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Government of India
Central Water Commission
Central Dam Safety Organization

Guidelines for Safety Inspection of Dams was first published in 1987. This comprehensive revision is
one in a series of several dam safety guidelines being developed under the Dam Rehabilitation
and Improvement Project (DRIP).

Disclaimer

Safety inspection of existing dams are conducted at periodic intervals, usually pre-monsoon and
post-monsoon, and after any extreme event such as a large flood or an earthquake. The
methods and requirements vary for the several types of dams and for routine periodic
inspections and post-event inspections. The Central Water Commission (CWC) is coordinating
the implementation of Dam Rehabilitation and Improvement Project (DRIP), and as part of
institutional strengthening component of DRIP, guidelines, and manuals are prepared to cover
different aspects of dam design, operation, maintenance, and rehabilitation. Every effort has
been made to specify the methods and requirements for safety inspection of the several types of
dams and their appurtenant works.

There can be several uncertainties associated with the specific inspections and there could be
variations in the implementation of the guidelines. CWC cannot guarantee the efficacy of these
inspections and absolves itself from any responsibility in this regard.

For any information, please contact:

The Director

Dam Safety Rehabilitation Directorate
Central Dam Safety Organization
Central Water Commission

3rd Floor, New Library Building

R. K. Puram, New Delhi — 110066.
Email: dir-drip-cwc@hnic.in
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MESSAGE

Dams are critical infrastructure for multipurpose uses such as irrigation, power generation,
flood moderation and supply of water for drinking and industrial purposes, which are
constructed with large investments. Other physical assets, such as, hydro power plants,
irrigation network, drinking and industrial network, municipal supplies etc., are also linked
with the dams. Safety of the dams is a very important aspect which has to be given priority
on a continuous basis for safeguarding the national investment and the benefits derived by
the nation from the projects. In addition, an unsafe dam (with high possibilities of failure and
sudden release of huge quantities of stored water) constitutes a hazard to human life as well
as animal life. Safety of dam is a matter of great concern to the general public as very large
numbers of human lives are involved.

Over the last fifty years, India has invested substantially in infrastructure necessary to store
surface runoff in reservoirs formed by large, medium, and small dams with associated
appurtenances. There are about 5254 completed large dams in the country (as per National
Register of Large Dams 2017), and many of them are having deficiencies and shortcomings
in operation and monitoring facilities on account of ageing; and some of them do not meet
the present design standards.

Therefore, it becomes very important to ensure that the existing dams continue to operate as
designed, producing benefits to the society in the form of water supply, irrigation, flood
control and hydropower. The current set of guidelines being prepared under DRIP attempt
to bridge the gap of directives in the field of dam safety standards which, while bringing in
the flavour of the best international standards, global protocols followed by advanced leading
countries are specifically carved to meet the Indian needs. Dam safety is very critical and the
dam owner is directly responsible for any consequences of a dam failure.

I am glad to know that the eatlier Guidelines on Safety Inspection of Dams prepared by
Central Water Commission in 1987 have been revised and updated under DRIP. This
guideline is intended to provide comprehensive guidelines and procedures for the
examination and evaluation of the large dams to engineering and technical personal at all
levels of Government (State, PSUs) and private dam owners.

I request all engineers responsible for upkeep of dam safety to rigorously make use of
current Guidelines for Safety Inspection of Dams which shall help all the stakeholders to the ensure
the safety of the structure itself and ultimately the safety of the people and properties as well.

QM‘ e “ﬁ
New Delhi (S Masood Husain)

January 2018 Chairman
Central Water Commission
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FOREWORD

The mission of the Dam Safety Program is to ensure that dams do not present unacceptable
risks to public safety, property, and welfare. Throughout history, in all parts of the world,
dams built to store water have occasionally failed and discharged the stored waters to inflict
sometimes incalculable damage in the loss of lives and great damage to property. Failures
may have involved dams built without proper application of engineering principles, but have
also involved dams built to, at the time, accepted engineering standards of design and
construction. The technology of dams has improved with the increased knowledge of design
principles and of the characteristics of foundation and dam materials, and it is generally
agreed that safe dams can be built and existing dams can be safely maintained with proper
application of current technology. It is the intent of these guidelines to outline management
practices that will help to ensure the use of the best current technology in the design,
construction, and operation of new dams and in the safety evaluation of existing dams.

The safety of dams has been a principal concern of dam owners that are involved with the
various aspects of their planning, construction, operation and ultimate disposal. Events of
the past several years have highlighted the need to review procedures and criteria that are
being employed by these agencies with the objective of ensuring that the most effective
mechanisms are established to give the best assurance of dam safety possible within the
limitations of the current state of knowledge available to the scientific and engineering
communities. The safety of such projects should continue to be accorded highest
consideration, and it is the responsibility of the head of each agency concerned to ensure the
adequacy of his agency's dam safety program.

To bring uniformity and standardization in safety inspection of dams across India, Central
Water Commission (CWC) published Guidelines for Safety Inspection of Dams in June
1987. However, a need was felt to revise these guidelines considering the technological
advancements, best practices worldwide and the experience gained from the dam safety
inspections carried out over the last thirty years. The revised guidelines address all aspects of
comprehensive dam safety inspection programmes. The guidelines also consider the
preparatory steps to be taken before planning the inspections, including selection of
inspection team and collection of needed documentation. Suggestions for writing an
inspection report help in consistency and understanding of all inspection reports. Inspection
report forms provided with these guidelines help in standardizing the same for uploading
onto the Dam Health and Rehabilitation Monitoring Application (DHARMA), the online
tool developed for maintaining the asset and health data of all large dams in India.

The each member of the drafting team are to be commended for their diligent and highly
professional efforts. Gratitude and appreciation are also due to the Review Committee
members involved for their whole-hearted interest and support. Central Water Commission
acknowledges the guidance and support given by Mr. Jun Matsmuto, past Task Team Leader,
DRIP as well as Dr. C Rajgopal Singh, present Task Team Leader, DRIP and their team.
These guidelines are intended to promote management control of dam safety and a common
approach to dam safety practices by all the agencies. I compliment all the individuals who
have contributed to the development of these Guidelines and hope that the effort will go a

long way in improving the dam safety in the country.
New Delhi N mm/

January 2018 Member (Design & Research)
Central Water Commission

Doc. No. CDSO_GUD_DS_07_v1.0 Page v



This page has been left blank intentionally.

Doc. No. CDSO_GUD_DS_07_v1.0 Page vi



PREFACE

The Central Water Commission is initiating, coordinating and furthering the schemes for
control, conservation, and utilization of water resources throughout the country. As part of
its institutional strengthening initiatives, CWC published several guidelines and manuals on
several topics associated with design, construction, operation, maintenance and rehabilitation
of dams. CWC is coordinating the implementation of Dam Rehabilitation and Improvement
Project (DRIP) with financial assistance from the World Bank. CWC took up the revision of
two of the existing guidelines and development of a few new guidelines along with dam
design review manuals under the aegis of DRIP.

In revising the guidelines for safety inspection of dams published in June 1987, CWC has
used the experience gained, and the technological advancements over the years. Best
practices adopted across the world and experience have been also considered in revising the
guidelines. Dam Health and Rehabilitation Monitoring Application (DHARMA), the online
tool for capturing asset and health data of all the large dams in India, is being developed
under DRIP. Standardization of inspection reporting formats helps in uploading the
inspection reports and for the analysis of the outcomes.

The guidelines cover Overview of dam inspection, dam safety inspection program, preparing
for an inspection, inspecting embankment dams, concrete and masonry dams including
spillways, outlets and mechanical equipment and general areas. Attempt has been made to
include all possible kinds of deficiencies which need to be looked into during inspections,
their documentation as also inspection by DSRP. A Comprehensive checklist for the dam
safety inspection has been included in a standard format.

Use of remotely operated underwater vehicles (ROVs) for upstream underwater inspection
of dam body and the reservoir floor and the unmanned aerial vehicles (UAVs) also called
DRONE:s for surface mapping of the downstream face of the dam and the catchment area
are increasingly being used in developed countries. Information regarding these advanced
techniques is briefly discussed in this guideline.

The revised guidelines comprehensively cover safety inspections specific to different types of
dams like embankment, concrete, masonry and composite dams and appurtenant structures
such as spillways and outlets. There are more than 5000 large dams in the country, and the
detail and frequency of inspections carried out by State Agencies may be at variance.
Consolidation of the inspection results and their analysis to develop policy initiatives for
sustainable dam safety is challenging. Implementation of these guidelines will improve the
efficacy of these inspections and provide consistency in analysing and writing reports. Users
may freely download these guidelines from DRIP (www.damsafety.in) and CWC
(www.cwc.gov.in) websites.
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Figure 5-7.  During construction (which began in 19106) the dam had a breach in 1917. Causes
of the breach noted uplift pressures on a thin clay lens in the sandstone. As a
result, methodically placed buttresses were constructed at various chainages along
the length of the masonry. (Tigra Dam, MP) .....ccccccccvuviiinniicinniciiiceeen. 89

Figure 6-1. An illustration of several types of spillways used in India. Many variations of these
spillway types are found i PraCtiCe. ... 100

Figure 6-2: Illustration of a typical stilling basin lined with rock riprap at a spillway outlet.... 107
Figure 6-3. Illustration of cathodic protection of buried a metal pipe. .......cccoevviviiiiriiiiiiniinnes 118

Figure 6-4. Failure of embankment dam resulting from piping erosion along conduit.
Compaction around seepage collars is difficult and creates an easy path for water to
flow that will initiate backward erosion and carryng of fines. Approximately 25
percent of all embankment dam failures are a result of internal erosion or backward
erosion (piping) associated with CONAUILS.......ccvvviiiviiviiiiiiiiicc, 121

Figure 6-5. Excessive vegetation on earthen auxiliary spillways decreases flow capacity and
endangers the dam. ..o 134

Figure 6-6:  Weepholes in spillway sidewalls and bottom slabs can become blocked with debris
and other Material. ......coooviiiiiiiiii s 136

Figure 8-1. An observation class ROV equipped with a high definition video camera, high-

intensity LED illumination, and a sonar mapping SyStem. ........ccceeueeeerevvereeneuinnes 149
Figure 8-2. Rotary system drones suitable for dam inspection are small and easily transported.
........................................................................................................................................... 150
Figure 8-3. In the case of a four-propeller UAV system (quadcopter) such as the one shown,
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LIST OF ACRONYMS

The following acronyms are used in this publication:

ACI
ASTM
CDSO
CwC
DDMA
DHARMA
DRIP
DTM
EAP
FSCT
LIDAR
NCDS
PMF
PMP
RCC
ROUV
ROV
SDSO
UAV
USBR

USACE

Alkali-Aggregate Reaction

American Concrete Institute

American Society for Testing Materials
Central Dam Safety Organization

Central Water Commission

District Disaster Management Authority

Dam Health and Rehabilitation Monitoring Application
Dam Rehabilitation and Improvement Project
Digital Terrain Model

Emergency Action Plan

Federation of Societies for Coatings Technology
Light Detection and Ranging

National Committee on Dam Safety

Probable Maximum Flood

Probable Maximum Precipitation

Roller Compacted Concrete

Remotely Operated Underwater Vehicle
Remotely Operated Vehicle

State Dam Safety Organization

Unmanned Aerial Vehicle

U.S. Bureau of Reclamation

U.S. Army Corps of Engineers
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Chapter 1. OVERVIEW OF DAM INSPECTION

The primary aim of these Guidelines for Safety
Inspection of Dams is to provide dam owners,
dam engineers, and other professionals with
information to help guide the planning and
execution of dam inspection programs. This
document builds upon earlier guidelines for
the safety inspection of dams developed by
the Central Dam Safety Organization
(CDSO) of the Central Water Commission
(CWC) (CDSO 1987 and 1988) and the
Bureau of Indian Standards).

The objectives of dam safety inspections are
to:

e ascertain the dam system is
performing as expected,

e identify deficiencies or areas that
need monitoring or immediate
repair,

e assess the soundness of the dam and
record any changes that have
occurred,

e collect information to  make
informed decisions about needed
remedial measures, and

e find out if the dam is being operated
and maintained propetly.

This guideline recommends procedures for
completing and documenting a dam
inspection. The term “inspection,” as used
here, includes the entire evaluation process,
consisting of a project file or data review, an
on-site examination (visual inspection), and
report preparation. The principles, concepts,
and procedures will be readily adaptable to
any organization that inspects dams and
evaluates their compliance with current
design  standards.  Various types of
inspections are discussed in Chapter 2.

A dam safety inspection is essential for the
long-term stability and safety of a dam and

should be part of every dam operation plan.
The purpose of the examination is to
evaluate the structural and operational
aspects of the dam, to detect and resolve
problems, and to verify that the parts are
functioning properly. An effective inspection
helps protect the downstream interests and
reduces the dam owner’s risk of financial
and legal liabilities that would result from a
dam failure. The inspections should be
scheduled and performed on a regular basis.
Inspection and maintenance of dams are
critical to their long-term performance.
However, it is stressed that inspections alone
do not make dams safe; prompt repairs and
maintenance are essential to the safe
operation of every dam.

Inspectors must report dam conditions
accurately and thoroughly to protect the dam
owner’s interests and to reduce potential
liabilities. It is important for inspectors to
document any limitations of their inspection.
For example, deficiencies or problems may
not be readily detectable at some dams if
excessive vegetation is present, if access to
certain features is not possible, or if there are
problems within the embankment or under a
structure that cannot be seen.

It is also important that all inspectors
develop an unbiased approach to inspections
and provide a complete and accurate
reporting of existing conditions. If an
inspector changes the safety rating of the
dam or one of its components from prior
ratings, as provided in Appendix B of this
guideline, substantive documentation needs
to be prepared to support the change.

The qualification of surveillance personnel,
along  with  their involvement and
commitment, is very important. A person
who loses interest, becomes uncritical or is
overwhelmed when faced with vast amounts
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of data collected should not be assigned to
such tasks.

The CDSO classifies dams into one of three
categories based on the hazards they present
to life and property. A hazard classification is
a rating (e.g., low, significant, or high hazard)
that is representative of the probable loss of
life and property damage that would occur
downstream from a dam in case of a failure
resulting in a breach/break or an
uncontrolled release of water from the
reservoir. The following definitions of
hazard classification apply to dams in India:

1) High hazard dam: a dam whose
catastrophic (breach) failure would cause
the loss of life and severe damage to
homes, industrial and commercial
buildings,  public j

utilities,  major
highways, or railroads.

2) Significant hazard dam: a dam whose
failure would damage isolated homes and
highways, or cause the temporary
interruption of public utility services.

3) Low hazard dam: a dam whose failure
would damage farm buildings,
agricultural land, or local roads.

This document offers guidance for
performing safety inspections for all three
classes of dams. Dam owners should refer to
current CDSO regulations to review the
specific inspection, reporting, and inspector
training requirements for their dams.
Chapters 4 through 8 give a quick reference
to be used in assessing observed conditions,
their probable cause, and consequences and
remedial actions that may solve the observed
problems or deficiencies. The dam
owner/operator can use the results of
inspections to detect changes in previously
noted conditions that may forewarn of an
impending safety concern. Quick corrective
action to conditions needing attention will
extend the useful life of the dam, prevent
costly future repairs, and reduce the risk
presented by the dam. Chapter 9 describes

how to document inspection findings.
Chapter 10 addresses the role of the Dam
Safety Review Panel (DSRP) and provides a
comprehensive approach to improving dam
safety inspections and additional reporting
requirements.

1.1 Why are Dam Safety
Inspections Needed?

The primary goal of the Central Dam Safety
Organization of the Central Water
Commission is to encourage and assist the
advancement of dam safety practices that
will help ensure operation of dams to their
full capacities and intended purposes, and
also to reduce the risk to lives and property
from the consequences of both structural
and operational dam incidents and failures.

Although most dam owners have an elevated
level of confidence in the structures they
own and are confident that their dams will
not fail, history has shown that on occasion
dams do fail and that often these failures
cause extensive damage to property, and
sometimes loss of life. Dam owners are
responsible for keeping these threats to
acceptable levels. The dam owner shall
ensure availability of adequate funds for
regular scheduled inspection and
maintenance of dams and appurtenant
structures.

To reduce the risk of dam failure, regular
inspections, effective instrumentation, and
diligent monitoring are needed to identify
potential problems and take corrective
actions to remedy those deficiencies before
serious consequences develop. Construction
deficiencies, earthquakes, and large floods
are some of the reasons for dam
deterioration that could lead to failure, but
ageing and inadequate maintenance are the
main causes. The processes of deterioration,
design practices that would help avoid those
problems, and the methods that might be
used to control or prevent the ongoing
effects of ageing are described in DRIP
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Information Bulletin No. 5 — India’s Ageing Large
Dams — Lessons from DRIP (CDSO 2016)

The need for dam safety inspections is
emphasized in the draft Dam Safety Bill, 2016
which was circulated to all the States and
Union Territories on August 09, 2016.
Furthermore, the draft Dam Safety Bill was
discussed during the 37th meeting of the
National Committee on Dam Safety (INCDS)
held on February 17 and 18, 2017. Following
the comments received from vatrious States
and the outcome of the NCDS deliberations,
some changes in the Bill were suggested, and
the matter was referred to the Ministry of
Law and Justice. The draft Dam Safety Bill
seeks to  “provide for surveillance,
inspection, operation and maintenance of
specified dams and to provide for an
institutional mechanism to ensure their safe
functioning and for matters connected
therewith or incidental thereto.”

Clanse 15 of the Bill (Surveillance and
Inspection) specifies that every State Dam
Safety Organization (SDSO) shall:

a) keep perpetual surveillance,
b) carry out inspections, and

¢) monitor the operation and maintenance,

of all specified dams falling under their
authority to ensure continued safety of such
specified dams and take such measures as
may be necessary to consider safety concerns
with a view to achieving a satisfactory level
of assurance as per the guidelines, standards
and other directions on dam safety.

Clanse 30 of the Bill requires that every
owner of a specified dam shall undertake
every year, through their dam safety unit, a
pre-monsoon and post-monsoon inspection
of such dams. Also, the owners shall inspect
or get inspected every dam by the dam safety
unit, during and after every flood,
earthquake or any other natural or artificial
calamities, and if any sign of distress or
unusual behavior is noticed in the dam,
appurtenance of reservoir rim.

People who carry out dam inspections need
to know about dam design, construction,
operation and maintenance to evaluate dam
conditions propetly. An inspector should be
a qualified dam safety professional with
experience in the technical issues met at a
dam. For instance, an inspector must have
knowledge of structural engineering if the
dam has a significant concrete spillway
structure, or knowledge of geotechnical
engineering if the dam has an earth
embankment. The recommended members
and competencies of a qualified inspection
team are discussed in Chapter 3.

1.2 Publication and Contact
Information

This document along with the dam safety
inspection report template is available on the
CWC website http://www.cwc.gov.in and
the Dam Rehabilitation and Improvement
Project (DRIP) website (DRIP 2017a)
http:/ /www.damsafety.in

For any further information contact:

The Director,

Dam Safety Rehabilitation Directorate,
Central Dam Safety Organization,
Central Water Commission,

3rd Floor, New Library Building,

R. K. Puram, New Delhi — 110060,
Email: dir-drip-cwec@nic.in
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Chapter 2. DAM SAFETY INSPECTION PROGRAM

The primary purpose of the dam safety
inspection program is to enhance the safety
of dams and appurtenant structures for the
protection of downstream life and property.
Dam safety inspections are conducted to
ensure proper operation and maintenance;
to discover unsafe conditions and determine
why they exist; to recommend remedial
measures to mitigate the deficiency or defect
that will safeguard the structure and
appurtenances, and to confirm that the dam
meets minimum  State Dam  Safety
Organization or State Dam Safety Cell
requirements.

2.1 Overview of Dam Types

There are many types of dams. Following is
a brief overview of the most common dam
types that are existing now or being built.

2.1.1 Embankment Dams

Embankment dams include earthfill and
rockfill dams. Embankment dams:

e Are the most common (and often
most economical) type of dam.

e Utilize materials, usually available
locally that do not require a high
degree of processing.

e Have requirements for an adequate
foundation that are not as extensive
or critical as those for most other
dam types.

e Are more susceptible to erosion.

e Require continuous maintenance
(including  substantial ~ vegetation
control methods in place to ensure
visual inspections of the structure).

2.1.2 Concrete and Masonry
Dams

Concrete dams include gravity, arch,
buttress, and roller-compacted concrete
(RCC) dams. Concrete dams:

o Are best suited for in-channel
overflow structures, as well as
narrow gorges.

e Are less susceptible to erosion.

e Rely on the weight of the structure
and/or the strength of the bond or
anchor at the abutments.

e Require solid impervious strata for
an  adequate  foundation  (an
extensive geotechnical investigation
is critical).

2.1.3 Composite Dams

Composite dams use an earthfill or rockfill
embankment for the non-overflow portion
of the dam and concrete or masontry for the
overflow spillways and/or special structures
such as hydroelectric power plants and
navigation locks. Embankment dams with
incidental concrete structures (such as
upstream face cladding, conduits, chutes,
aprons, retaining walls, slabs, footings, and
splash pads) are not typically considered to
be composite dams.

2.2 Inspection Elements

Every inspection should consist of three to
five elements, depending on the type of
inspection. All inspections should include
the first three of following items, while
comprehensive  evaluation  inspections
should also include the last two:

1) Review of past data
2) Visual inspection (field examination)

3) Report preparation
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4) Owner education

5) Report submittal to Central Dam Safety
Organization (CDSO) or State Dam
Safety  Organizations  (SDSO), as
required

It should be noted that the visual inspection
is just one component of the dam
inspection process and that a dam safety
inspection refers to the entire inspection
process including the five elements
described above.

First, an assessment of the background,
design, construction, and performance
history of the dam is conducted using
available data. Second, a thorough visual
inspection of the entire facility is made to
assess and document current conditions.
Then, the stability and soundness of the
dam are evaluated with conclusions and
recommendations for repairs or
improvements. Additional field, laboratory,
and analytical studies may be required if
adequate information is not available.

All dams may require  additional
comprehensive evaluation inspections on a
regular basis for as long as the dam exists,
depending on hazard classification and
current CDSO regulations. The amount of
background information needed, the
frequency of the inspections and the
reporting procedures are dependent on the
hazard classification, the size and type of
dam, and current CDSO regulations. For
example, high hazard dams that pose a
significant risk to downstream property
requite  more  detailed  background
information and more frequent and rigorous
inspections than low hazard dams with small
reservoirs. The level of inspection effort
should correspond to the hazard potential
of the dam.

After the initial, comprehensive evaluation
inspection and any required remedial
measures have been completed, dam safety
inspections  should continue to be
performed to monitor and detect any

unfavorable changes that might develop in
the condition of the dam that would
adversely affect safety. The inspection
program should continue to consider the
same basic issues that were dealt with in the
initial comprehensive evaluation inspection.
The continuing dam safety inspections
include more comprehensive evaluation
inspections for high hazard dams, and
maintenance, informal, and  special
inspections for all dams.

A scheduled inspection is a preventive
measure designed to develop solutions for
prevention of further degradation of the
dam.  Scheduled inspections involve
reviewing past inspection reportts,
performing a visual inspection, and
completing a report form and are carried
out by a qualified inspection team along
with maintenance staff or the dam owner.

For informal inspections, the evaluation
process typically consists of a review of file
data such as reports, photographs, or
monitoring data, visual inspection, and
completion of a report form or inspection
brief. An informal inspection can be
conducted at any time and may include only
portions of the dam or its appurtenant
structures. Informal inspections are usually
conducted by project personnel or dam
owners as they operate the dam to monitor
known problem areas or to provide an
update on site conditions between
maintenance and comprehensive evaluation
inspections.

Special inspections should be performed
when potentially dangerous events occur (an
extreme flood or seismic event, for
example), when the wupstream or
downstream watershed conditions change
(new development, for instance), when
newly developed, more realistic methods of
analysis become available, or as a follow-up
to a formal technical or scheduled
inspection to deal with a specific issue.
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A complete inspection report or inspection
brief should be prepared every time an
inspection is performed. A full report
should be prepared for comprehensive
evaluation inspections; an inspection report
form (see the Scheduled Dam Safety
Inspection Form in Appendix B) or
inspection brief may be used for all other
types of inspections. The inspection report
or brief should document the observations
made in the field, present any
instrumentation or other performance data
trends since the last report, present
conclusions on the dam's apparent
adequacy, and present any necessary
recommendations. An inspection brief is an
informal report that consists of a log entry
in a book or on a sheet of paper denoting
observed conditions, with conclusions,
recommendations, or other notes as may be
deemed appropriate. If at any time,
inspectors notice any adverse trends, they
should communicate them at once to the
owner of the dam. Dam owners should
refer to current or recent CDSO regulations
to determine agency minimal reporting
requirements for their dams.

The overall dam safety inspection program
is a continuing process of evaluating a dam's
performance based on review and analysis
of  performance records and field
observations. A dam safety inspection
performed on a regular basis is one of the
most economical means a dam owner can
use to assure a long life of a dam and its
immediate  environment. ‘The  visual
inspection, a component of all types of
inspections, is a straightforward procedure
that can be performed by any propetly
trained person to make a reasonably
accurate assessment of a dam's condition.
The visual inspection component involves
careful examination of the surface and all
parts of the structure, including its adjacent
environment. The equipment required is not
expensive, and the visual inspection
component can usually be completed in less
than one day. However, in some cases, the
entire inspection process will usually take
longer to complete, depending on the type

of inspection and the complexity of the
dam.

A dam, even though previously found safe
by analysis and demonstrated performance,
cannot be considered safe forever.
Continued  vigilance,  visually  and
analytically, is essential. The integrity of the
dam must be reevaluated whenever the
embankment or discharge structures are
damaged, and when upstream or
downstream  watershed conditions are
significantly altered.

2.3 Types of Inspections

Four types of dam safety inspections are
carried out for all dams, regardless of their
hazard classification:

1) Comprehensive evaluation inspections
2) Scheduled inspections
3) Special (unscheduled) inspections

4) Informal inspections

The frequency of each type of inspection
should depend on the hazard classification
of the dam, the condition of the dam, and
current CDSO regulations.

2.3.1 Comprehensive Evaluation
Inspections

A comprehensive evaluation inspection of a
dam typically consists of five components:

1) File review (or compilation of an
information database if it is the first
comprehensive evaluation inspection, or
if files do not exist or are inadequate).

2) Visual inspection, or field examination
of the dam and its appurtenant works.

3) Preparation of a detailed report of the
inspection.

4) Education and training of the dam
owner on the results of the dam
inspection and other issues relating to
dam safety, including potential dam
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failure modes. Dam owners should be
made part of the examination process so
that they take ownership of the results
and are committed to implementing
recommended remedial measures.

5) Submittal of the report to the CDSO if
so requited under current CWC
regulations.

This subchapter describes in more detail the
requirements for conducting a
comprehensive evaluation inspection.
Subsequent chapters describe the actual
inspection process in more detail.

The comprehensive evaluation inspection
should begin with a thorough review of the
project files and information database,
including records of site conditions, project
design, dam construction and performance,
maintenance records, and earlier inspection
reports. If the records are incomplete or
non-existent, an inspector or dam owner
should gather the needed information, or
compile a new database that becomes a
permanent part of the owner’s project files.

A comprehensive evaluation inspection
should begin with a review of the
hydrologic/hydraulic ~ calculations  and
geotechnical data to determine if the
structures meet current accepted design
criteria and practices. If these calculations
have not been performed, inspectors should
make an estimate of the adequacy of the
spillway and embankment stability based on
the best available information, followed by
recommendations for a hydrologic and
hydraulic analysis of the watershed and the
dam, and a geotechnical evaluation of the
embankment and foundation. It s
important that the calculations include
spillway capacity estimates, slope stability
analyses, and embankment seepage analyses.

A visual inspection or field examination of
the dam, its appurtenant works, and the
surrounding areas is conducted after the file
review, and information database is
completed. The visual inspections are made

to evaluate the safety and integrity of the
dam and appurtenant structures in all
aspects. Underwater examinations should be
performed as needed. Access routes to the
dam site and to the individual operating
stations should be examined for general
suitability, for reliability during periods of
adverse weather, and for access during
periods of high water or emergencies. A
review of the Emergency Action Plan or
Emergency Response Procedures should be
performed if one has been prepared.

After considering all relevant file data and
completing the field inspection, conclusions
should be made regarding needed
monitoring, or remedial measures for
repairing,  strengthening,  altering, or
restricting operations. Necessary monitoring
and corrective actions and their timing
should then be recommended.
Recommendations should also be made for
conducting more site investigations and
engineering analyses if they are needed.
Chapters 3 through 8 give added details on
how to prepare for, carry out and report the
visual inspection.

In some cases, enough information might
not be available in the files or from what can
be observed on the ground to provide a
solid knowledge base, or a basis for knowing
that the dam, its appurtenant works, or the
foundations are adequate as they currently
exist. In such instances, inspectors should
recommend specific investigations that
might be necessary to obtain the data,
including  geodetic  surveys,  geologic
mapping, drilling and sampling, laboratory
testing, installation of instrumentation,
hydrologic studies, geotechnical, and other
engineering analyses, especially if the dam’s
integrity is in question. The
recommendations for investigations should
be included in the inspection report that is
completed following the visual inspection.

A detailed inspection report should be
prepared after the visual inspection is
performed to document the background
information, design, construction and
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operational issues, as well as the field
examination,  with  conclusions  and
recommendations. The report should also
include pertinent photographs, a completed
Scheduled Dam Safety Inspection Form
(Appendix B), and relevant supporting data.
The report should be placed in the owner’s
project files and submitted to CDSO if
required under current CWC regulations.
Chapter 9. describes detailed procedures for
documenting and reporting dam safety
inspections.

Comprehensive dam  safety evaluation
inspections should be the initial inspection
for all dams, regardless of hazard
classification. After that, they should be
performed on high hazard dams every ten
years, unless otherwise required by current
CDSO regulations. The exact frequency of
comprehensive evaluations is based on all
previous assessments, complexity of the
dam, the operation history, recent
rehabilitation works, age of dam and hazard
potential. Comprehensive  evaluation
inspections are not normally carried out on
a routine basis for low and significant
hazard dams unless changing conditions call
for emergency actions.

Comprehensive evaluation inspections (see
Chapter 10 for more detail) typically are
made by a team of one or more professional
engineers, geologists, or qualified
technicians, accompanied by the dam owner
or his representative. The composition of
the group is determined by the type of dam
and its appurtenant works, and the
condition of the dam. The required
qualifications of personnel carrying out
comprehensive evaluation inspections are
described in Chapter 3. Inspectors must be
familiar with the design and construction of
dams and qualified to make assessments of
structure safety.

In summary, a comprehensive dam safety
evaluation inspection should follow the
steps outlined below:

Step 1. Existing data are collected, reviewed,
and compiled in an information
database (discussed in Chapter 3. ).
If 2 dam has instrumentation, the
data and analyses of the data should
also be collected and reviewed. If an
information database is already
compiled in a project file, the first
step consists of a file review.

Step 2. Using the existing data, an inspector
assesses the embankment, spillway,
and outlet adequacy and
performance. The embankment
must be stable under all operating
conditions, and the spillway and
outlet must be capable of safely
passing the design flood. The
absence  or  insufficiency  of
information essential to this part of
the inspection (such as foundation
characteristics, materials engineering
properties, hydrological data,
hydraulic ~ analysis, and site
seismicity) is noted, and actions
required to obtain the information
are recommended.

Step 3. A visual inspection (or field
examination) is then performed to
assess the present operational status
of the dam, to find existing or
developing dangerous conditions,
and to determine the risk to the
downstream areas. (Field
examination techniques are
described in Chapters 4 through 8.)
An inspection checklist is an
excellent tool to guide an inspector
during the field examination.
Photographic documentation should
cover all components of the dam,
including components that are in
good condition as well as
components that are deteriorating or
damaged. Photography of potential
downstream hazard areas should
also be obtained.

Step 4. The need for more information
should be noted in the inspection
report. If necessary, supplemental
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data should be acquired by
exploratory  drilling,  laboratory
testing, reference to published
hydrological data, estimation, and
special studies.

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

Step 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 Routine Dam Safety
Inspection Form  presented in
Appendix B, which includes a
comprehensive Inspection Checklist,
should be completed and included in
the report. If the dam safety ratings
on the Scheduled Dam Safety
Inspection Form change from the
earlier ratings, an inspector must
provide documentation to support
the revised ratings.

Step 7. After or during the preparation of
the inspection report, inspectors
should discuss the results of the
inspection with dam owners or their
representatives to share the results
with them. It is important that dam
owners are completely aware of the
findings and recommendations,
particularly if deficiencies were
discovered, and repairs or further
evaluations are required. Inspectors
should encourage dam owners to
perform all recommended repairs,
evaluations, monitoring, and
maintenance within a time that is
suitable for the necessary action.

Step 8. The  comprehensive  evaluation

inspection report may need to be

submitted to the CDSO for high
hazard dams, and for other dams.
This step also includes any report
revisions that may be asked for by
the CDSO. A copy of the report
should be placed in the dam owner’s
project file.

Step 9. Finally, inspectors should
summarize and document the dam’s
deficiencies in the Dam Health and

Rehabilitation Monitoring
Application (DHARMA)
administered by the CDSO (2016
and 2017).

The CDSO should be contacted for more
information concerning DHARMA, which
provides a complete information database
that should be assembled during the
comprehensive evaluation inspection if not
already available.

2.3.2 Scheduled Inspections

Scheduled 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. Scheduled inspections are also
performed to evaluate previous repairs.

The purpose of scheduled 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 liability costs and
will extend the life of the dam. Scheduled
inspections should be performed more
often than comprehensive evaluation
inspections to detect at an eartly 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
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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
Scheduled Dam Safety Inspection Form
should be completed during and after the
field visit.

Scheduled inspections should include the
following four steps 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 of the dam and its
appurtenant works;

3) Preparation of a report or inspection
brief, with relevant documentation and
photographs. The report should be filed
in the dam owner’s project files.

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

Scheduled inspections begin with a review
of past inspection reports and a cursory
review of the complete project file if
necessary, paying attention to potential
trouble spots. Inspectors 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, risky 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
scheduled 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.

Scheduled inspections should be performed
at regular intervals, usually at least once
every year, generally before and after
monsoons.  Comprehensive  evaluation
inspections may be carried out in place of
scheduled inspections, and the field
examination procedures are the same for
both. For example, if the subject dam has a
high hazard classification and requires
comprehensive  evaluation  inspections
periodically, an  additional = scheduled
inspection is probably not needed during
the years in which the comprehensive
evaluation inspection is conducted. The
scheduled inspections would be performed
in the years in which the comprehensive
evaluation inspections are not made.

For low and significant hazard dams,
comprehensive evaluation inspections are
not routinely conducted after the first
comprehensive evaluation inspection.
Therefore, the scheduled inspections are a
primary component in the dam operation
plan. Adjustments can be made in the
examination frequency where unusual or
special circumstances warrant. Successive
inspections may be made in different
months of the year 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 scheduled inspections. The dam safety
professionals involved in the comprehensive
evaluation inspections may accompany an
inspector if requested. Inspectors are guided
by their familiarity with the complete history
of the dam. Their observations, evaluations,
and recommendations should  be
documented on the Scheduled Dam Safety
Inspection Form or an inspection brief and
placed in the owner’s project file. Field
examination techniques for scheduled
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
scheduled inspections are the same as those
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employed during comprehensive evaluation
inspections.

2.3.3 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 impending 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
a special evaluation.

Special inspections should focus on those
dam components that are affected by the
unusual event and should include at least
three elements: 1) review of relevant 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.

2.3.4 Informal Inspections

The last type of inspection, an informal
inspection, is a continuing effort by on-site
personnel  (dam  owners/operators  and
maintenance personnel) performed while
carrying out their regular duties. Informal
inspections give 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.

Informal inspections are critical 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 not as all-
encompassing as comprehensive evaluation,
scheduled, and special inspections and will
only require that a formal report is
submitted to the dam ownert’s project files if
a condition is detected that might endanger
the dam.

2.4 Emergency Actions

During a safety inspection (usually during an
informal inspection) a condition may be
discovered that requires the dam owner to
take immediate measures to prevent the
problem  from  worsening, including
contacting repair contractors, notifying local
emergency  authorities, and  notifying
downstream  residents or  occupants.
Depending on the severity of the condition,
an emergency alert may need to be issued.
See Guidelines for Developing Emergency Action
Plans  for Dams (CDSO 2016) for the
emergency condition level (Blue for a
“watch”  condition, for a
“probable” failure condition, or Red for a
“pending” or “on-going” failure condition)
that corresponds to various signs of distress
at a dam.
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Chapter 3. PREPARING FOR AN INSPECTION

A thorough and effective dam inspection
requires a lot of preparation including (1)
assembling a knowledgeable inspection
team, (2) reviewing project records, (3)
collecting the equipment that will be needed,
and (4) scheduling interviews, file reviews,
and onsite visits. The safety of dam
inspectors should always be kept in mind
when preparing for and carrying out a dam
inspection.

3.1 Assembling the
Inspection Team

The knowledge needed by an inspector or
inspection team depends on the type of
examination being performed, the type of
dam, and the site conditions. The inspection
team members should be familiar with dam
design, the causes of dam failures, and the
telltale signs that reveal problems or
potential concerns. Following a visual
inspection, the team members should
compare their individual assessments of
observed conditions and prepare a single
composite report.

Dam inspectors are responsible for the
safety of life and property, so they need to
recognize when their level of knowledge is
inadequate. The Central Dam Safety
Organization and the State Dam Safety
Organizations provide specific inspection
training  for  engineers,  technicians,
maintenance personnel, and administrators
responsible for dams.

3.1.1 Comprehensive Evaluation
Team

A comprehensive evaluation includes a
visual inspection of a dam and its
appurtenances. The lead inspector of the
team is required to be a qualified engineer
who has broad experience in dam design

and operation. The needed size of the team
and the competencies of its members
depend on the type of dam and the
condition of the dam or the kinds of
problems that may be present. Because a
comprehensive evaluation involves study,
investigation, and analyses of many diverse
subjects and conditions, together with
assessments of their interrelationships,
skilled  specialists ~with the broadest
experience in all phases of dam design and
construction engineering are required.
Inspection team members may include,
geotechnical engineers, hydrologists,
geologists, mechanical engineers, and other
specialists, depending on the characteristics
of the of the dam.

The lead inspector may perform the visual
inspection alone if he has 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 single
person will have all the expertise that is
required, and an inspection team will be
needed. Larger organizations may be
fortunate enough to have staff that includes
mechanical engineers, hydrologists, electrical
engineers, geotechnical engineers, and other
specialists available to evaluate specific
features of a dam. Inspection team
members, regardless of their field of
expertise, need to have knowledge of dam
design methods, construction techniques,
and operational requirements. The dam
owner or his representative should always
be present during a comprehensive
evaluation inspection to learn as much as
possible about the dam and potential
problems.

3.1.2 Scheduled Inspection Team

A scheduled inspection (pre- or post-
monsoon inspection) is typically performed
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by the person(s) assigned responsibility for
the operation or maintenance of the dam
and its appurtenant works. The person
assigned this responsibility should be
familiar with the dam and should possess
sufficient knowledge to make an accurate
assessment of the dam’s condition.

3.1.3 Special (Unscheduled)
Inspection Team

The dam owner or his representative
typically performs informal inspections and
special inspections. Special inspection teams
are typically comprised of similar team
members conducting regular inspections.
Technical experts in various professions
may be needed to assist in investigating the
problems.

The dam inspector(s) should be thorough
and organized. To readily identify trends, it
is necessary to maintain records of
performance in an orderly way. Where
instrumentation and seepage measurements
are available, inspectors should evaluate
these files at regular intervals and in a
format 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 inspectors
are unable to interpret or evaluate observed
conditions, they should seck the advice of
more qualified dam safety specialists.

3.1.4 Typical Inspection Team
Requirements

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 inspection team member who is
broadly experienced in all aspects of dam
engineering, especially design. This person is
usually a civil engineer, but can also be a
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 examinations of conduits, or
geophysical investigations. These services
are readily available through specialized
firms and will usually require advance
notification and contractual arrangements.
Underwater divers will need to have enough
details of the project to plan safety and
procedural  particulars of the visual
inspection. Televised conduit inspection
may be necessary when conduit diameters
are small or when direct access is not
workable. Explorative drilling or other
geophysical services may be required if any
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 way the visual
inspection proceeds will depend on the site
and type of inspection being made. The
performance of the visual inspection will be
influenced by weather, ground cover, the
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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. An inspector should consider
situations when additional personnel will be
required to conduct the visual inspection
properly and to assure safety. Planning
ahead for such contingencies may eliminate
the need for a return trip.

3.2 Review of Project
Records

Proper preparation is essential for safety
inspections of all types. The project files
should be examined as the initial step in
every dam safety inspection. The extent of
the review depends on the kind of
inspection and how familiar an inspector is
with the dam. A complete dam project file
should contain four general kinds 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. Making a checklist of
items to be considered before the inspection
is helpful and will ensure that relevant
documents are not overlooked.

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 the
four general types of information listed
above. The 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 during a  field
examination, and have pertinent

information available in case of an
emergency.

3.2.1 Recommended Information
Database for Project Files

The project files created over the years are
essential for a periodic inspection program.
These records provide data that form a basis
for making engineering evaluations and
decisions and help familiarize and orient an
inspector. 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 the information in the
archives 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 staff
assignments change. Collecting this assorted
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, ordetly,
predetermined arrangement will facilitate the
use of the records 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 comprehensive evaluation
inspection will be conducted by a new
inspector, the entire project file should be
thoroughly reviewed. If an informal
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inspection 1is performed by the dam
maintenance staff, 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, three types of file review may be
performed as part of a dam safety
inspection: (1) preliminary file review, (2)
comprehensive file review, and (3) informal
file review. The type of review will depend
on the kind of inspection and an inspector’s
familiarity with the dam.

3.2.2.1 Preliminary File Review

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

e Seclect the appropriate records to
review in detail based on features of
the dam to be inspected.

e Schedule the visual inspection (time
of year for the desired operating
condition, and the amount of time
the inspection will take).

e Seclect members of the inspection
team.

e Arrange for the operation and visual
inspection of certain features.

Conducting a preliminary file review
involves gathering and examining general
information about the dam to be inspected.
The preliminary examination gives an
inspector an overall picture of the dam and
helps to discover inspection items that need
further research and preparation.

The aims of the preliminary data review are
to:

e determine the owner of the dam,

e note the exact location of the dam,

e ascertain the type of inspection to be
performed,

e identify the features to be inspected
and features with noted deficiencies,

e identify upstream and downstream
conditions,

e verify the timeframe for the visual
inspection (time of year and amount
of time the inspection will take), and

e determine the extent of
comprehensive review.

3.2.2.2 Comprehensive File Review

A comprehensive file review covering all
features of the dam should be done 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. The entire project file should be
considered for comprehensive evaluation
inspections. If the same people perform
every inspection, they may be able to spend
less time on some parts of the file and more
time on other parts. If an inspection is the
first comprehensive evaluation inspection
for inspectors, they should review the entire
file.

Preparation for a scheduled inspection may
include an examination of relevant portions
of the archive only, such as operational
performance records, construction records
of the major 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 inspection
and the potential problems that may be
encountered.

The goals of a comprehensive file review are
to:

e reveal potential dam  safety
deficiencies that may not be visible
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during the field examination, and
note potential dam failure modes,

e help interpret conditions that may
be seen onsite, and

e help develop an inspection plan that
will ensure a thorough onsite dam
safety inspection.

e status/performance of previous
repairs/rehabilitation works catried
out

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 considered during
the detailed data review:

e The type of dam to be inspected and
its individual features.

e The intended use of the dam and
reservoir.

e The underlying and surrounding
geologic conditions.

e Design and construction details
pertinent to the safety of the dam.

e Operational issues that affect
performance.

e The presence of instrumentation,
and results of data analysis.

e 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, and increasing

seepage).

e Past problems with the performance
or operation of the dam or any of its
features that need to be considered
during the inspection.

e Recent difficulties  with  the
foundation or abutments (during
construction or operation) that need
to be considered during the
inspection.

If a comprehensive evaluation of a dam
safety inspection is being performed, design
and  construction details should be
compared to current criteria to determine
whether materials or procedures used for
the building of the dam present a threat to
the safety of the dam by current standards.

3.2.2.3 Informal File Review

An informal file review consists of
reviewing select parts of the dam project file
in preparation for informal and special
inspections. For example, an inspector may
only consider the earlier inspection reports
or report forms prior to performing an
informal inspection. In some cases, an
inspector may review only the project
photographs. In most cases, informal
reviews are done by people 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
used to become familiar with the type of
dam, its location, and outstanding features
or concerns. The following list summarizes
the background information that should be
included in the project files.

e Dam owner and responsible parties
¢ Dam location

e Site topographic mapping

e Surface and subsurface geology

e Site geology reports

e Exploration techniques employed

e Regional and site seismicity (IMD
data)

e Regional seismic and earthquake
history (IMD data)

e Underground mine maps
e Soil surveys and land use
e Aecrial and site photographs

e Correspondence
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e Emergency Action Plan
e Expert consultant reviews

e History of site before construction

Over time, a situation or condition may be
created upstream or downstream of a dam
that has unfavorable impacts on safety.
Examples of upstream conditions that could
affect the dam include the construction of
another dam or a water conveyance system
or the creation of new population centers
along the perimeter of the impoundment. A
downstream condition might be
development in the floodplain that would
change the dam’s hazard classification.
Inspectors should try to discover any new
situations or changes in existing conditions
prior to conducting the field examination.

As part of the background research,
inspectors should research available seismic
history and mapping for the region where
the dam is founded. Seismic zones that are
distant from the dam may have an impact
on the structure if an earthquake occurs.

3.2.4 Design Information

Design information for dams varies widely
in form and detail. Records may be simple
pencil sketches with brief notations on the
dimensions, or 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 dam owner, design agency,
engineering firm, and administrative 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 layout. Design changes,
including items that may have been dropped
during construction, must also be identified.
As-built drawings should be reviewed when
available.

For some dams, 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
interviewed. The location or even the
existence of design documents may not be
known until this first discovery is made.

Familiarity with the geotechnical aspects of
the design can be gained through a 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. Because foundation and abutment
areas cannot be visually inspected,
knowledge of the geology of these regions
and how any geologic problems were
considered during construction are essential.
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 calculate how much freeboard
is needed. Rainfall and runoff are important
considerations when calculating the needed
spillway discharge capacity. Over time, there
may be changes to the land upstream that
will affect hydrologic conditions, such as
land clearing, residential and industrial
development, and conversion of forest to
agricultural land. 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, an 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 method used to determine if changes
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need to be made to the dam or the spillway
based upon current conditions or design
standards.

Inspectors should also examine downstream
conditions to assess 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 affect the
type and frequency of inspections that are
required, as well as CDSO reporting
requirements, depending on  current
regulations.

3.2.5 Construction Records

Construction records depict the quantities
and types of materials used, variances from
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 recorded 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. The
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 stability and
seepage potential of embankment dams.
This information is often collected during
construction and enclosed in the building

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 soil
classification are two more parameters
monitored during construction. Complete
project files should include information on
these important soil properties.

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 help evaluate a 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 understand an observed
condition fully. Photographs from previous
inspections, which would be available in the
dam owner’s project files, might help to
troubleshoot seepage problems along the
discharge pipe.

The geotechnical aspects of a design may
change during construction because of the
unforeseen foundation and abutment
conditions such as the presence of a weak or
fractured rock zone, or an underlying
porous soil layer. Unexpected effects of
excavations, blasting, and other alterations
on the ground water and hillside slope
stability may have been documented in the
construction records along with the
corrective or mitigating actions taken. When
available, photographs provide excellent
documentation of construction problems
and their resolution.

Construction  documents  will  usually
indicate the type of equipment used. For
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example, these records can help determine
the degree of compaction and the rate of
construction. The number of passes a soil
compactor made for each lift can be used to
indicate the level of compaction. The
presence or absence of special equipment
such as water trucks or discs could provide
clues to the in-place condition of
constructed materials. The type of soil
compactor used should be described,
including the kind of machine, size or
weight class, and the length of the
compactor pad feet. It is equally important
to determine the types of equipment used in
concrete construction such as transit-mix
concrete trucks, on-site batch plants, cranes,
conveyors, and pumps. It is important to
know the type of equipment used to install
discharge conduits.

Foundation and abutment preparation is a
critical construction task that should be well
documented with written records, maps, and
photographs. All vegetative and other
organic material should have been removed
and replaced with suitable, re-compacted
soil. Records of key trench excavation,
abutment preparation, backfilling, and
compaction effort can be helpful with
troubleshooting foundation drainage issues.

The preparation of the spillway subgrade,
especially  spillway conduits, should be
documented during construction. The type
of bedding used, the compaction efforts and
the method of backfilling conduit trenches
can have a significant impact on the
prevention of seepage. Methods of conduit
placement and joint sealing are also
prominent issues that can help understand
problems that may develop.

Specific  techniques or methods of
construction that were used may have been
documented. Hydraulic fills and mine
tailings or coal refuse embankments are
examples of dams constructed using special
methods. Hydraulic fill dams may be more
susceptible to seismic forces. Construction
of dams with hydraulic fills, mine tailings,
and coal refuse are not recommended and

should be avoided. These types of structures
can be impaired with both stability and

environmental issues.

A critical time in the history of any dam is
the first filling of the reservoir. Although
construction may be over by this time, the
reservoir  filling  might have  been
documented in  construction recotds.
Observations of seepage, cracks and other
conditions that appeared after the dam
began impounding water might be found in
these files.

Alterations or modifications may occur to a
dam at any time after construction is
completed. In some cases, an older structure
such as a wood crib dam may have been
reconstructed by adding earthfill or
concrete, completely covering the original
dam. Additional soil fill may have been
placed on embankment dams to flatten the
slopes or to repair defects such as settlement
or erosion. Spillways may have been
replaced or upgraded if the original
structures were deteriorating or damaged.
The design and construction records of
these subsequent changes, and whether they
followed applicable agency requirements,
should be reviewed, if available.

Dam owners should beware of modifying
their structures without proper design and
without obtaining required permits. Such
modifications can subject the owner to
potential legal and liability issues and could
result in regulatory fines, damage payments
to downstream property owners, or prison
when lives are lost if the dam fails because
of the modifications. Inspectors should note
any unapproved changes in the inspection
report.

3.2.6 Operational Performance
Records

Instrumentation data will be the least
available information for most dams. Many
smaller ~dams will not have any
instrumentation. The purpose and types of
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instrumentation that does exist should be
familiar to the inspection team. Systems for
monitoring the performance of a dam can
be complex or simple. The more complex
systems require experienced personnel to
retrieve and  evaluate readings and
measurements. Even if they do not possess
this expertise, inspecting personnel should
still be aware of the location, design, and
purpose of any monitoring devices to
evaluate their physical condition.

All available operation, maintenance, and
inspection records maintained by an owner,
regulatory agency, or another entity should
be reviewed. Operation records should
include any previous monitoring data.
Records may be examined before, during, or
after the inspection, depending on
availability and the field inspection findings.

Data collected from instrumentation and
monitoring systems should be stored in the
files and kept indefinitely unless qualified
technical personnel indicates otherwise.
Available monitoring records should be
checked for location, the type of
instrumentation, the method of data
collection, the purpose of instrumentation,
and type of data collected. Records may
apply to instrumentation added to a dam
before it was constructed or afterwards.
Instrumentation is usually installed after
construction to monitor a specific problem
which was not apparent during the original
design, or which developed after the
reservoir filling is complete.

3.2.7 Sources of Information

The information sources for a specific dam
may be in several locations, depending upon
the developmental history of the project,
previous file maintenance techniques,
personnel involved with the dam, and any
ownership changes. Engineering firms that
have been involved with the dam should
have project files concerning the work they
performed.

Recent aerial photographs are useful for
viewing  upstream  and  downstream
conditions and are recommended for use
during the dam safety inspections to map or
sketch dam features and deficiencies.

In some cases, information might be
obtained from the files of the contractor
who built the dam, but it will be of limited
extent and value. However, the opportunity
to get photographs should not be
overlooked.

Newspaper accounts will sometimes give
helpful  information, especially during
periods of dramatic events such as huge
floods or massive earthquakes. While
reliable facts and engineering considerations
will seldom be obtained from such accounts,
useful photographs may have been taken, or
historical events may have been recorded.

If the dam is noteworthy or unusual,
engineering and construction contracting
periodicals may have published some
reliable data concerning its design and
construction. Reliable accounts of dams
constructed many years ago sometimes
appear in old engineering periodicals. Indian
journals and technical publications of
engineering  associations  like ~ CBIP
publications, Indian Concrete Journal, or
ICOLD publications, etc., often have
reliable data on dams. However, such data
are usually available only for large, notable
dams.

Interviews with people associated with the
project during its construction and its
following operation can sometimes provide
answers to specific questions. These people
may include contractors’ representatives,
individual ~ workers, owners, owners’
engineers, operation and maintenance
personnel, CDSO representatives, and
members of the public. Responses obtained
by such interviews must be carefully
screened and evaluated, considering the
involvement and background of each
person.
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The records and files for existing dams vary
in their completeness, quality, and
usefulness. Their existence and character
would vary with the age of the facilities, the
type of ownership, and the project engineer
if there was one. In many cases, records
(especially of design and construction) may
be entirely nonexistent, fragmentary, or
inaccurate. It is important, however, that a
diligent search is made for all records,
because the information there may be vital
and unavailable from any other source (e.g.,
treatment of unusual or  difficult
foundations). Available data relating to the
general area around the dam and reservoir
should also be reviewed.

3.3 Inspection Field Kit

A wide range of equipment may be needed
by the team to perform the safety inspection
well. The equipment needs depend on many
parameters such as weather conditions, type
of dam, the complexity of design, the state
of the dam, instrumentation, and purpose of
the inspection. Personal equipment items
include clipboards, field notebooks, pencils,
pocket rulers, proper clothing, and pocket
knives. Also, a reduced copy of the drawings
for the dam being inspected is a convenient
means to have design data readily available
during the inspection. A listing of general
equipment, specialized equipment, and
safety equipment and protective clothing
which may be useful to the inspection team
is given in Appendix A. Contents of a
typical inspection field kit are shown in
Figure 3-1.

Equipment should be maintained propetly
and stored securely when not in use.
Instruments should be adjusted propetly,
inspected often, and calibrated regularly.
Misplaced or damaged equipment can
reduce the effectiveness of or even alter the
outcome of an inspection.

3.4 Inspection Scheduling

Inspection scheduling depends on many
factors, such as who will beo present, where

Figure 3-1. Contents of a typical inspection
field kit.

the dam is located, the type of inspection,
the time of year, and the condition of the
dam. All individuals who are to attend the
inspection must be notified of the date,
time, and location. The scheduled time and
date will need to accommodate everyone’s
personal schedule. Coordination with state
and federal agencies, local government
officials, industrial owner representatives,
engineering consultants, and individual
private  owners may be necessary.
Representatives of divisions or sections
internal or companion to the regulatory dam
safety agency may need to be included. If an
interview with the owner, operator, or
another individual is to be conducted
separately, the meeting location and time
should be arranged appropriately. In setting
the time for the inspection, travel times for
all parties should be considered. The
amount of vegetation on the embankment
and the level of water in the reservoir or
spillway can also have a direct impact on
inspection scheduling.

The dam owner or operating personnel
should be notified in advance if they will be
asked to assist in the inspection. For
example, areas may need to be dewatered, or
equipment may need to be operated.
Drawdown equipment should be checked at
least once per year to make sure it is
working properly. Also, arrangements for
gate or door keys, transportation, and
special equipment should be made ahead of
the inspection.
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There are two principal criteria for
determining the general time frame for a
dam safety inspection: the time of year (or
season) in which the inspection will take
place, and the time it will take to perform
the actual inspection. After the general
schedule is established, the specific day and
time of day can be programmed.

If many or all the features of the dam will be
inspected, the date of year or season in
which the inspection will take place can be
critical. The inspection may need to be
performed when the reservoir is at its lowest
point or after a large release of water so that
those features or areas of the dam that are
usually submerged are exposed.

Also, removal from service and inspection
of some features may be possible during
periods of limited operational requirements.
If the inspection requires that certain
features be tested or inspected as close to
full design load as possible (i.e., maximum
reservoir elevation), for example seepage,
the inspection may need to occur when the
dam is at its normal yearly maximum
elevation. This may also allow an inspector
to observe equipment as it operates under
maximum design loading conditions.

Inspector safety and convenience may play a
major role when scheduling a visual
inspection. While a dam should be
accessible any time of the vyear for
inspections if the embankment area is
heavily vegetated, it may be best to inspect
the dam when the vegetation is dormant
(late fall, winter, or early spring). This may
make it easier to find areas where settlement
has occurred, embankment cracking has
become a problem, and animals have
created burrows. Overgrown vegetation is
inappropriate for any dam and should not
be present to hinder inspection. If snakes
are present at the site, the inspection may be
scheduled for those periods when the
snakes are inactive (cool weather months).
Insect presence (bees, ticks) may also be a
determining factor for scheduling an
inspection. Inspecting a dam when it is

raining, snowing, or extremely cold or hot
could pose specific health and safety

concerns for some inspectors.

The amount of time needed to complete an
inspection should also be considered. A
comprehensive visual inspection could take
a full day or more than one day, and
additional travel arrangements may be
necessary. In some cases, it may be desirable
to return to view an identified problem area
under different weather conditions or other
circumstances. Return visits and inspections
extending more than one day may not
require the presence of all parties, who
should be so advised. After the features of
the dam that will be inspected have been
selected, review of the records of past
inspections may reveal how long the
inspection will take. Experience will also aid
in judging an inspection duration.

In summary, the amount of time needed for
a dam safety visual inspection depends on
the following factors:

e The size and complexity of
upstream and downstream areas to
be visited.

e The type of inspection being
conducted (e.g.,, a comprehensive
evaluation inspection will take
longer than a special inspection).

e The number and complexity of
appurtenances to be inspected.

e Whether the inspection requires
operation of drawdown or spillway
structures.

e The size of the structure. If the dam
is a long embankment dam, it will
take considerable time to walk and
inspect all the features (to inspect
the upstream slope, downstream
slope, and crest). If it is a large
concrete dam, it may have several
galleries.

e The size of the inspection team.
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e The condition of the dam and its
appurtenant works. Dams in bad
condition may require significantly
morte time to observe and document
the conditions.

e Dams inspected during inclement
weather will need more time.

e Underwater inspections and conduit
televised video recordings will take
considerable time.

o Whether the reservoir will be
inspected in addition to the dam,
and what method of inspection will

be used.

e The location of the dam; dams that
are a considerable distance from an
inspector’s  office  will  need
significant travel time.

e Unknown, unexpected conditions.

3.5 Personal Inspector Safety

Inspectors should be aware of and plan for
potentially hazardous site conditions that
may be found at dams. They should use
proper safety gear and clothing when
needed, and should always use extreme
caution when performing visual inspections
of dam spillways, embankments, riprap
areas, and shorelines. Potentially dangerous
areas and hazards include steep or wet
embankment slopes, spillways with high
sidewalls or flowing water, spillway
conduits, confined spaces, riprap areas with
large stones, outlet structures holding water,
shorelines with riprap and deep water,
concrete embankments, sinkholes, outlet
banks, and high grass or bushes. Some of
the dangers presented by these features
include slipping, falling, drowning, tripping,
lack of oxygen, or presence of noxious
gasses, stepping in holes, snakes, and bee
stings.

Low head dams constructed across streams
and rivers also present a safety hazard in the
area just downstream of the dam. The
whirlpools, hydraulic jumps, and eddies

created from the discharging water are
extremely dangerous to boaters and
swimmers, and there have been many
drowning accidents that have occurred in
such areas. It can be difficult or impossible
for swimmers and boats to escape from this
area, especially during periods of increased
flow following precipitation events.

Some dams are in remote areas where
people living in the region are involved in
insurgency or illegal activities such as drug
labs or drug cultivation. In cases such as
this, intruders, such as dam inspectors, may
not be welcome and could be in danger of
physical harm by the people taking part in
the illegal goings on. If a site has known
safety hazards, it is essential that the visual
inspection is carried out by more than one
individual. The use of two inspectors is
always a splendid idea because of the
potential to slip and fall into the water or
down the embankment.
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Chapter 4. INSPECTING EMBANKMENT DAMS

The purpose of this chapter is to help
owners and inspectors identify conditions
that threaten the safety and long life of the
dam. Although some of these conditions
can be corrected by normal maintenance,
more severe deficiencies may require further
investigation by qualified professionals with
expertise in specific areas of concern. The
end of this chapter contains sketches that
can be used to help the owner or inspector
identify and classify problems found on
embankment dams.

As described in Chapter 2. , there are four
types of dam safety inspections that typically
will be performed: 1) comprehensive
evaluation  inspections, 2)  scheduled
inspections, 3)  special  (unscheduled)
inspections, and 4) informal inspections.
This chapter covers all four types of
inspections on embankment dams but
focuses on the embankment structure only.
Additional embankment dam features, such
as spillways, outlets, and general areas are
covered in Chapter 6.

4.1 Types of Embankment
Dams

Embankment dams include any dam
constructed of natural soil materials. This
includes the following general types of
dams:

e FEarth Dam (or earthfill dam) — An
embankment dam in which more
than 50% of the total volume is
formed of compacted inorganic soil
material obtained from a borrow
area.

e Homogeneous Earthfill Dam — An
embankment dam constructed of
similar earth material throughout,
except for the inclusion of internal
drains  or  drainage  blankets;

distinguished from a zoned earthfill
dam.

e Zoned Embankment Dam — An
embankment dam, which s
composed of zones of selected
materials having different degrees of
porosity, permeability, and density.

e Rockfill Dam — An embankment
dam in which more than 50% of the
total volume is composed of
compacted or dumped permeable
natural or crushed rock.

The visual inspection procedures and
information presented in this chapter can be
applied to all the several types of
embankment dams. The information is
presented for each feature of the
embankment, including the crest, upstream
slope, downstream slope, abutments, and
groins.

The conditions or problems that may be
found on embankments can vary depending
on the location. For example, seepage
typically occurs on the downstream slope
areas and in the abutments and groins, while
damage from wave action occur on the
upstream slope other types of problems can
develop anywhere on the embankment, such
as  inappropriate  vegetative  growth,
differential settlement, cracking, or erosion.
Tailwater on the downstream slope of an
embankment can saturate the soils and lead
to embankment instability.

Typically, the cause of the problem and
safety concerns should be determined
before any repairs are made on dams.
However, if the problem is severe or an
emergency is  developing, emergency
response  actions may be  required
immediately. Short-term repairs,
downstream  notification, and  other
measures may be necessary for such
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instances. Short term measures may include
water  level  lowering, embankment
stabilization,  spillway enlargement, or
controlled breaching if the situation
becomes critical.

Inspecting dams to identify and resolve the
concerns addressed in this chapter can
minimize or eliminate the chance of dam
deterioration or failure. Inspectors should
be on the lookout always for any condition
that could contribute to dam failure.

4.2 Inspection Procedure

Typical features that require inspection and
are common on embankment dams are
shown in Figure 4.1. Dam features and
descriptions are referenced looking in the
downstream direction. For example, for an
inspector standing on the embankment crest
and looking downstream, the right abutment
is to his right, and the left abutment is to his
left. Other  features common  at
embankment dams that are not shown in
Figure 4.1 include toe drains, -cutoff
trenches, and riprap groin areas.

4.2.1 Planning a Route

It is helpful to prepare an inspection route
in advance to ensure that every part of the

dam will be visited. An inspector can take
many different approaches to examining a
dam, but the selected method should be
systematic to ensure that all features are
covered and to make the best use of the
time available. A recommended sequence to
assist with a visual inspection starts at the
top of the dam and proceeds downward.
Sometimes it may be more efficient to
inspect the easiest, or most readily accessible
areas first, or those areas of known
problems. However, no matter where an
inspector is located on the dam or spillway,
he should stop periodically and look around
for 360 degrees to observe other features
from that vantage point.

1) Dam crest — Walk across the dam crest
from abutment to abutment, observing
both upstream and downstream slopes
while inspecting the crest surface.

2) Upstream and downstream slopes —
Walk across the slopes in a parallel or
zigzag pattern along the embankment
from abutment to abutment, starting
with the upstream slope. Special
attention should be paid to the
downstream slope below the elevation
of the resetrvoit.

3) Embankment-abutment contacts — Walk
the entire length of the embankment-
abutment contacts (groin) on both sides

Figure 4-1. Illustration of typical embankment dam features (the left and right sides of the
embankment are referenced by looking in the downstream direction).
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Figure 4-2. Illustration of typical embankment dam features requiring visual inspection.

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) Auxiliary spillway — Walk along the
entire length of the auxiliary spillway in a
back and forth manner.

6) Abutments — Traverse abutments in a
practical manner 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 find residences and property that
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.

Typical embankment dam features requiring
visual inspection are illustrated in Figure 4-2.
Additional details of inspection procedures
for selected features are given in following
sections.

4.2.2 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
to see the entire surface area. From a given
point on an embankment slope, an
inspector can usually see minute details for
three to six meters in each direction,
depending on the roughness of the surface,
vegetation, or other surface conditions.
Therefore, to ensure that the entire face of
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the dam has been covered, an inspector
must repeatedly walk back and forth across
the slope until the whole area has been
viewed, giving greater scrutiny to the
downstream slope below the pool elevation.
The following two patterns can be used for
walking across the slope:

1) Zigzag — A zigzag path (Figure 4-3 a) is
one recommended approach for
ensuring that an  inspector has
completely covered the slopes. It is
preferable to use a zigzag path on small
areas or slopes that are not too steep.

2) Parallel — A second approach is to
make a series of passes parallel to the
crest of the dam, moving down the
slope (Figure 4-3. b). It is preferable to
use parallel passes on larger slopes or on
slopes that are steep because this
method is less arduous.

Both techniques are acceptable methods for
inspecting the dam slopes. Whichever
technique is used, the goal is to be able to
cover the entire area. Reaching this goal may
require that you walk the area several times
for dams with high embankments. At
regular intervals, while walking the slope,
inspectors should stop and look around for
360 degrees to check the alighment of the
surface. Inspectors should double check the
procedure to make sure that no areas or

Figure 4-3. a) Zigzag, and b) parallel

inspection path on an embankment slope.

deficiencies have been ovetlooked.

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
types of irregularities are not clear 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,
which become more visible because of the
reflection of sunlight.

4.2.3 Embankment Groins

Inspectors should thoroughly inspect the
areas where the abutments contact the
embankment by walking these areas. These
areas are called 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: Inspectors 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. Inspectors should
also check the toe of the embankment when
examining the groin areas.

4.2.4 Dam Crest

Inspecting the dam crest is like inspecting
the slopes. An inspector can use ecither a
zigzag pattern or a parallel pattern to carry
out the examination. Inspectors should walk
the crest as many times as necessary to
cover the entire area. Thorough coverage is
required to ensure that no deficiencies go
undetected. The important thing is to look
at every square meter of the crest surface.
Another helpful technique is to view the
crest from different perspectives (Figure 4-
4). Some deficiencies can be spotted close-
up, while other deficiencies can be seen only
from a distance.
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Figure 4-4. A helpful technique is to view
the crest from different perspectives. The
sketches on the left-hand side of the figure
show sighting along a straight embank-
ment, while the sketches on the right-hand
side show sighting of a bowed embank-
ment.

When checking the alignment of the crest
and any berms on the upstream and
downstream slopes, inspectors can use a
simple sighting technique to identify
misalignments and other problems. An
inspector should center his eyes along the
line being viewed and move from side to
side to look at the line from several angles.
The use of binoculars or a telephoto lens
can help spot irregularities because they
foreshorten distances and help highlight
distortions.

The use of a reference line can also be of
great help 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 artificial reference lines, an inspector
must make sure that the features have not
been displaced by other causes, such as
vehicles, lawn mowers, tractors, and
vandalism. When sighting along the crest, an
inspector needs to view the chosen
reference line from several 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, inspectors
should stand at one end of the dam and
sight along the waterline. Misalignment of
the waterline may show a change in the
uniformity of the slope.

4.3 What to Look For

Some of the more common conditions that
may be encountered during visual inspection
of the embankment include longitudinal and
transverse cracking, desiccation cracking,
depressions, settlement, slides, seepage, lack
of protection from wave action, erosion,
inappropriate  vegetation,  tree  root
penetration, poor maintenance, ponding
water, animal burrows, and debris. Many of
these concerns are interrelated and occur in
conjunction or because of each other.

A dam inspector should visualize the worst-
case conditions (i.e., the design storm is
occurring) when looking for potential
problem areas. For example, the maximum
loads on roads and other structures, highest
water levels in the reservoir, peak flow rates
from the principal spillways, discharge
through the auxiliary spillways, and winter
icing conditions should be considered.

The dam's crest usually provides the primary
access for visual inspections and where
embankment problems are generally most
notable. Because surface water will pond on
the crest unless that surface is well drained,
this part of the dam may require periodical
re-grading. Problems found on the crest
should not be graded over without
determining the cause. When a questionable
condition is found, regardless of location, it
should be evaluated, and a qualified dam
safety professional be consulted as
necessary. Quick corrective action applied to
conditions requiring attention will extend
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the useful life of the dam and prevent costly
repairs in the future.

The upstream slope needs a thorough visual
inspection, because the slope protection,
vegetation, debris, and reservoir water can
hide problems. Anytime the reservoir is
emptied, the slope should be thoroughly
inspected for settlement areas, animal
burrows, sinkholes, or slides. Also, the
bottom of the impoundment should be
inspected for sink holes or settlement
anytime it is emptied.

The downstream slope is of particular
importance during visual inspection because
it is the area where evidence of developing
problems appears most often. The
downstream slope requires detailed visual
inspection. Keeping this area free from
vegetative growth that obscures an
inspector’s view is crucial. When cracks,
slides or seepage are noted in this area, the
cause should be determined, and corrective
action should be recommended at once.

4.4 Cracks and Slides

Cracks and slides may signal serious
problems within the embankment. Looking
for and spotting cracks may be difficult,
particularly if the embankment is covered
with heavy brush or vegetation. An
inspector needs to walk along the slope in
such a way that all the cracks will be spotted.
Embankment slides are usually easy to find.

Cracks on embankments are divided into
three categories in this chapter: 1)
longitudinal cracks, 2) transverse cracks, and
3) desiccation cracks. Cracks in the
embankment are often the beginning of a
slide and further weakening the soil strength
by allowing more water to enter the
embankment. To help distinguish drying
(desiccation) cracks from other types of
cracks, the ground surface next to the dam
should be examined for similar cracking
patterns. Cracks should always be taken
seriously, and the cause of the cracking

should be determined so that the cotrect
remedy can be developed.

Cracks may be only a centimeter or two
wide but 0.5 to 1.0 metre deep. Usually, a
depth of more than 0.5 metre means that a
serious condition is present. Shallow cracks
may be harmless desiccation cracks. All
cracks over 0.3 metre deep should be closely
checked and evaluated.

Cracks may also be a sign of foundation
movement or failure, the beginning of
embankment failure, or a surface slide. For
example, a 6-meter-long line of recently
dislodged riprap along the upstream slope
could indicate a crack underneath the riprap.

4.4.1 Longitudinal Cracks

Longitudinal cracking may be a sign of
localized instability, differential settlement,
foundation settlement, and movement
between  adjacent sections of the
embankment. In recently built structures,
longitudinal cracks may be a sign of
inadequate compaction of the embankment
during construction. This form of cracking
can occur anywhere on an embankment.

Longitudinal cracking is characterized by a

settlement

compressible shell settles more than core

crest ( —~——————————— )

Figure 4-5. Longitudinal cracking caused
by differential embankment settlement.
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single crack or a close, parallel system of
cracks along the crest or slope in a direction
parallel to the length of the dam. These
cracks, which are continuous over their
length and are usually more than 0.3 meter
deep, can be differentiated from drying
cracks which are typically intermittent,
erratic in their pattern, shallow, narrow, and
many. Longitudinal cracking usually signals
the beginning of a slide or slough and may
precede vertical displacement as the dam
attempts to move to a position of greater
stability (Figure 4-5). In this case, the crack
usually develops into a scarp which forms
during movement of unstable slopes.
Vertical displacements on the crest are
usually accompanied by displacements or
bulging on the upstream or downstream
faces of the dam.

Longitudinal cracks can allow storm water
and reservoir water to enter the
embankment. When water enters the
embankment, the strength of the
embankment material next to the crack may
be reduced. The lower strength of the
embankment material can lead to or
accelerate slides and slope stability failure.

Longitudinal cracks usually get worse with
time because of rainfall, seepage, and the
decreasing strength of the embankment and
foundation materials. When the soil is
weakened sufficiently, or the ground below
the crack becomes saturated, sloughing or
sliding will occur. As the soil saturates, it
becomes heavier, resulting in an increased
tendency for the soil mass to move
downward. Weakening and removal of
foundation materials by water movement
will also cause increased settlement of the
embankment resulting in increased cracking.

If longitudinal cracking is found during a
visual inspection, the following actions
should be taken:

e Photograph and record the location,
depth, length, width, and offset of
each crack that has been discovered.
Stakes should be placed at the ends

of the cracks, and the distance
between the stakes measured and
recorded. Compare observations
with earlier results.

e C(losely monitor the crack for
changes and scarping.

e Recommend  proper  corrective
action be taken to repair or to
replace the damaged slope or crest
areas.

e Consult a qualified dam safety
professional to decide the cause of
the cracking if it is severe, or
becomes progressively worse.

4.4.2 Transverse Cracks

Transverse cracking may be a sign of
differential  settlement or movement
between adjacent segments within the
embankment or the underlying foundation
(Figure 4-6). Transverse cracking is usually a

ORIGINAL

SETTLEMENT

Cracking Due To Steep Abutment Siope

ORIGINAL
SETTLEMENT PROFILE

b)

RREGULAR

PRESENT SURFACE

PROFILE

Cracking Due To Irregular Abutment Surface

COMPRESSIBLE
FOUNDATION
MATERIAL

Cracking Due To Compressible Foundation Material

d)

CREST

Plan View

Figure 4-6. Transverse cracking caused by
differential settlement within an embank-
ment.
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single crack or a close, parallel system of
cracks which extend across the crest in a
direction perpendicular to the length of the
dam. This type of cracking is usually greater
than 0.3 meter in depth and can easily be
distinguished ~ from  drying  cracks.
Transverse cracking poses a definite threat
to the safety and integrity of the dam. If the
crack should progress to a point below the
reservoir water surface elevation, seepage
could occur along the crack and through the
embankment cross-section. This could
evolve into a piping situation, and if not
corrected, lead to breaching of the dam.

Transverse cracking often develops when
compressible material overlies abutments
consisting of steep or irregular rock, or
when areas of compressible or erosive
material are in the foundation. Soft or
weathered  rock  formations in  the
foundation may collapse or erode from
ground  water  action, leading to
embankment settlement. Limestone is
another potentially hazardous foundation
material that can dissolve in groundwater,
creating voids that can lead to embankment
settlement. For this reason, dams in karst
areas may be particularly hazardous.

If transverse cracking is seen during a visual
inspection,  actions  suggested  under
Paragraph 4.4.4 need to be followed:

Serious transverse cracking or repair
operations usually require lowering the
reservoir level.

4.4.3 Desiccation Cracks

Desiccation cracking is caused by the drying
out and shrinking of certain types of
embankment soils, usually highly plastic
soils that contain a large percentage of clay.
These types of cracks usually develop in a
random, honeycomb pattern on the crest
and the downstream slope (Figure 4-7). The
cracks may be oriented longitudinally or
transversely, or both. Desiccation cracking
may also develop on the upstream slopes
above the water level. Although not

Figure 4-7. Desiccation cracks that form
a honeycomb pattern.

normally used in embankment construction,
soils composed largely of silts will also
display desiccation cracking if exposed to
drying. As an example, desiccation cracking
can be observed in “mud puddles” that
completely dry out, leaving behind a series
of cracks in the bottom of the puddle.

The worst desiccation cracking develops
when a combination of the following two
factors is present:

1) A hot, dry climate accompanied by
extended periods in which the reservoir
remains lowered or empty.

2) The embankment is composed of highly
plastic soil.

Usually, desiccation cracking is not harmful
unless it becomes severe. The major threat
of severe desiccation cracking is that this
type of cracking can contribute to the
formation of gullies. Surface runoff erosion
concentrating in the desiccation cracks or
gullies can result in future damage to the
dam. Also, heavy rains can fill up these
cracks and cause portions of the
embankment to become unstable and to slip
along crack surfaces where the water has
lowered the strength of the embankment
material. Deep cracks that extend through
the core can cause a breach of the dam
when the reservoir rises, and the cracks fail
to swell rapidly enough to reseal the area.
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If desiccation cracking is spotted during a
visual inspection, the following actions
should be taken:

e DProbe the more severe cracks to find
their depth.

e Photograph and record the location,
depth, length, and width of any
severe cracks discovered.

e Compare the measurement of the
crack  dimensions  with  past
measurements to determine if the
condition is worsening,.

e Recommend corrective action be
taken to repair or to replace the
damaged slope or crest areas.
Usually, repairs by sealing and
grading are adequate.

e Consult a qualified dam safety
professional to determine the cause
of the cracking if it is severe or gets
progressively worse.

4.4.4 Embankment Slides

Embankment slides have various names
including displacements, slumps, slips, and
sloughs and can be grouped into two broad
categories: shallow slides and deep-seated
slides. Shallow slides are called sloughs, or
sloughing. Slides develop when the strength
of the soil in the embankment is less than
the forces that cause slope failure. Steep
embankment slopes, poor soil compaction,
improper soil composition, excessive water
in the ground, and seepage contribute to
slides.

Shallow embankment slides on the upstream
slope are often the result of an overly steep
slope and/or pootly compacted soils. These
conditions can be aggravated by a rapid
lowering of the reservoir. Shallow slides on
the upstream slope wusually pose no
immediate threat to the integrity of the dam.
However, shallow slides may lead to the
obstruction of water conveyance structure
inlets and larger, deep-seated slides.

Shallow embankment slides on the
downstream slope are caused by an overly
steep slope or pootly compacted soils. In
addition, these slides may also be the result
of a loss of strength in the embankment
material. A loss of strength in the
embankment material can be the result of
saturation of the slope from either seepage
or surface runoff. Additional loads from
snow banks or structures can aggravate the
condition. The dam owners or inspectors
should consult a qualified dam safety
professional if they are unsure whether the
slide presents a serious threat to the integrity
of the dam.

Deep-seated embankment slides (Figure 4-
8) are serious threats to the safety of a dam
and may be recognized by the presence of a
well- defined scarp or bulging on the slope
or at the toe. Arc-shaped cracks on the
slope are usually indications that a slide is
beginning. This type of crack may develop
into a large scarp at the top of the slide.

Scarp

Failure surface

Slide material

~ Toebulge

Figure 4-8. A deep-seated embankment slide
is a serious threat to the safety of a dam.

Bulging is usually associated with the lateral
spreading of the dam or with embankment
slides (Figure 4-9). Bulging because of lateral
deformation is accompanied by the
settlement of the crest and a potential loss in

Settlement
Bulge

Figure 4-9. An illustration of bulging and
associated crest settlement.

Doc. No. CDSO_GUD_DS_07_v1.0

Page 33 of 190



Guidelines for Safety Inspection of Dams

January 2018

dam freeboard. Bulging is most evident at
the toe of the dam. If an inspector suspects
a loss of freeboard, a survey of the crest
should be performed to verify if there has
been a loss of freeboard. The area above a
bulge should be checked for other indicators
of instability such as cracks and scarps.
However, not all bulges suggest a stability
problem. When the dam was constructed, it
may not have been uniformly graded by the
dozer or grader operator, so there may be
bulges in the embankment that were formed
during construction. Inspectors should
figure out the cause of the bulging and
recommend a course of action. Bulging
associated with slides is a more severe
problem. If bulging associated with cracks
or scarps is discovered, a qualified dam
safety professional should be contacted at
once.

Embankment slides are usually easy to spot
and require immediate evaluation by a
geotechnical engineer if they are large or are
continuing to show movement. However,
slides may be difficult to spot if a scarp has
not developed. Their appearance may be
subtle because there may be only a small
amount of settlement or bulging out from
the intended slope. A good familiarity with
how the slope looked at the end of
construction will help detect slides.

Most embankment slides have eatly warning
signs that allow their detection. They usually
develop over a brief period, beginning with
some form of surface cracking, followed by
measurable  vertical  displacement and
scarping, and potentially ending in complete
failure of the embankment or slope. A bulge
in the embankment and  vertical
displacement at a crack in the embankment
are usually signs of sliding. Storm water
falling onto or running into the slide area
may make conditions worse and accelerate
the instability of the slope. Longitudinal and
arc-shaped cracks are usually a symptom of
impending slides.

If embankment slides or bulges are detected
during a visual field inspection, the
following actions should be taken:

e Photograph and record the location,
depth, length, width, and height of
the scarp for each slide or bulge
found. Stakes should be placed at
the ends of the scarp, and the
distance  between  the  stakes
measured and recorded.

e Jook for any surrounding cracks,
especially uphill from the slide.

e C(losely inspect the area above a
bulge for cracking or scarps which
indicate that a slide is probably the
cause. Probe the bulge to figure out
if the material is extremely moist or
soft. Excessive moisture or softness
is further evidence that that a slide is
a cause.

e Look for evidence of seepage or
saturated soils in or below the slide.
Probe the entite area to find the
condition of the surface material.

e C(losely monitor the slide for
changes.

e Consult a geotechnical engineer to
investigate the cause of the slide if it
is severe.

e Recommend proper  corrective
action be taken to repair or to
replace the damaged slope or crest
areas.

e When deep-seated slides occur, the
reservoir water level will need to be
lowered to prevent breaching of the
dam.

4.5 Depressions

Depressions  can  be  small  and
inconsequential, or they can be large and
endanger the dam. Sinkholes are a serious
type of depression and are cause for alarm.
An effective way of distinguishing between
minor depressions and sinkholes is to look
at their profiles. Minor depressions have
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gently sloping, bowl-like sides, while
sinkholes usually have steep, bucket-like
sides. Some areas that appear to be
depressions may be the result of improper
final grading following construction.
Settlement on the crest is a serious form of
depression that can result in lowering of the
embankment, creating a potential for
overtopping.  Although  most  minor
depressions are not an immediate danger to
the dam, they may be early indicators of
more severe problems that are developing.
Depressions may also result in water
ponding on the crest of the embankment
which may lead to stability problems
because of soil saturation in the
embankment (Figure 4-10).

Sinkhole

Piping

Figure 4-10. A sinkhole caused by a collapse
into an animal burrow.

Depressions can be serious safety concerns
and are typically caused by:

e [.ocalized settlement in the
embankment or foundation.

e Embankment spreading in the
upstteam  and/or  downstream
directions. This type of spreading
may result in a loss of freeboard or
reservoir capacity and can cause
overtopping of the dam.

e Frosion by wave action of the
upstream  slope  that removes
embankment fines or bedding from
beneath  riprap may form a
depression as the riprap settles into
the vacated space. This may only
appear on the upstream slope or
may spread to the crest of the dam if
the damage is severe.

e Internal erosion (piping) that may
cause surface soils to collapse into

the voids created by the piping,
creating sinkholes.

e The collapse of soils into animal
burrows can create depressions or
sinkholes.

Depressions and other misalignments in the
crest (and embankment slopes) often can be
detected by sighting along fixed points.
Inspectors  should  sight and  take
photographs along guardrails, parapet walls,
or pavement striping. Some apparent
misalignment may be caused by the slightly
varied placement of the fixed points. For
this reason, irregularities should be
evaluated over time to verify suspected
movement. Sighting of irregularities is made
easier by surveying permanent monuments
along the crest to calculate the exact
location and the extent of misalighment. A
record of survey measurements also can
show the rate at which movement is
occurring.

Sinkholes are a serious type of depression
that can result in hazardous embankment
safety conditions. Sinkholes are formed
when the removal of some embankment or
foundation soils has caused the ovetlying
material to collapse into the resulting void.
The presence of a sinkhole may be a sign
that material has been transported out of the
dam or foundation through the process of
piping. In addition, animal burrows, and
flowing water under pipes, walls, and slabs
can contribute to the formation of
sinkholes.

The decomposition of embedded wood or
other vegetative matter in the embankment
also can cause sinkholes. If the embankment
depressions or settlement progresses to a
level below the normal pool elevation, the
reservoir may overtop the embankment,
resulting in breaching or total embankment
failure. The settlement also reduces the
storage capacity and freeboard of the dam
which could cause overtopping, breaching,
or failure by large floods.
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If depressions are found during a visual
inspection, the following actions should be
taken:

e Photograph and record the location,
size, and depth of the depression.

e Probe the floor of the depression to
decide  whether there is an
underlying void. An underlying void
indicates a sinkhole.

e TFrequently check the depression to
keep track of its development.

e Consult a qualified dam safety
professional to figure out the cause
of the depression if it is severe, or if
it progressively worsens.

e Recommend proper  corrective
action be taken to repair or to
replace the damaged slope or crest
areas.

4.6 Inadequate Slope
Protection

Slope protection is designed to prevent
erosion of the embankment slopes, crest,
and groin areas. Inadequate slope protection
usually results in deterioration of the
embankment from erosion, and in the worst
cases, can lead to dam failure.

Inspectors should look for inadequate slope
protection, including eroded and displaced
materials, and lack of vegetation during
every visual inspection.

The two primary types of slope protection
used on embankment dams include a
vegetative cover (grass) and riprap (rock).
Grass cover is usually applied to most
embankment surfaces, while riprap is often
used on the shoreline of the upstream slope.
Soil cement, concrete, asphalt, articulated
concrete blocks, are alternative protective
covers. The kind of slope protection
selected depends upon economics, how the
dam is used, and the prevailing conditions
found at the site. A healthy growth of grass
on an embankment provides excellent

protection against erosion caused by rainfall
and runoff. Deep-rooted grass that can
tolerate repeated wetting and drying cycles
should be used on embankments.

A lack of vegetative cover or insufficient
vegetative cover will result in rapid
deterioration of the embankment from
erosion. A lack of riprap or impropetly
designed riprap along the shoreline can
cause erosion of the shore soils if riprap is
needed to protect the ground against wave
action. It should be noted that not all dams
will require riprap shoreline protection.

Riprap should be properly sized and placed
to offer protection from erosion caused by
wave action, surface runoff erosion, and
scour resulting from the wind. Properly
designed upstream riprap slope protection is
made up of at least two layers of material:
(1) an inner filter layer or bedding to keep
the underlying soil from washing away; and
(2) an outer rock layer to prevent erosion.
The inner filter layer could be sand or fine
aggregate, or a geotextile.

When the protective riprap cover is
removed, the ground beneath the riprap is
exposed to erosion damage. Undercutting
by wave action, slides, and slope failure can
lead to failure of the upstream slope, a
spillway channel, a plunge pool, or, if
erosion continues unchecked, the breaching
of the embankment (Figure 4-11).

Inspectors should look closely for signs of

Rock Riprap

Figure 4-11. Wave action can remove tiprap
if it is not propetly sized and installed. The
illustration shows formation of a “beach” or
bench and a subsequent scarp.
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soil erosion and undercut in all riprap areas.
If the slope protection is found to be
inadequate, inspectors should:

e Photograph and record the location,
size, and extent of the area of
damaged riprap.

e Determine the cause of the problem,
if possible.

e Recommend corrective action be
taken to repair or to replace the
damaged areas. Monitor the area if
immediate repairs are not feasible
(e.g., the wrong season for planting
grass).

4.7 Weathering and Erosion

Erosion is a natural process, and will
eventually wear down almost any surface or
structure if left unchecked. Consequently,
the dam inspector should always be on the
lookout for signs and causes of erosion so
that corrective action can be applied to halt
its progression. Surface runoff erosion is
one of the most common problems on
embankment structures. If not corrected,
surface erosion can become a more severe
problem. An inspector should make sure
that the slope protection is adequate to
prevent erosion by looking for signs of
benching, scarps, and degradation of the
slope protection, as well as erosion of the
underlying filter layers or soil materials.

The worst damage from surface runoff is
manifested by the development of deep
erosion gullies on the slopes and groins of
both upstream and downstream slopes.
Severe gullies can cause breaching of the
crest or shorten the seepage path through
the dam, leading to piping. Gullies can
develop from poor grading or sloping of the
crest that leads to improper drainage,
causing surface water to collect and to run
off at the low points along the upstream and
downstream shoulders. Gullies resulting
from this type of runoff eventually can
reduce the cross-sectional area of the dam.

Bald areas or areas where the protective
cover is sparse are more susceptible to
surface runoff erosion problems. On the
upstream slope, erosion may undermine the
riprap and cause it to settle. Settlement of
the riprap may lead to the eventual
degradation of the slope itself.

Shallow gullies formed by soil erosion that
are less than 15 centimeters deep, which are
commonly called “rills”; are typical on many
earth embankments. The formation of rills
is hard to stop, especially on long slopes.
Storm water runoff will tend to concentrate
at one or more locations and form preferred
flow paths, resulting in surface soil erosion
in the shape of rills and gullies. Shallow rills
usually do not present a safety concern, but
they should be watched and repaired if they
worsen. These conditions should be
inspected following large or prolonged
storms. Shallow rills will often have grass
growing in them. If the vegetation has been
eroded and removed from the rills exposing
the bare soil, the rills may increase in size
every time storm water runoff flows
through them.

Inadequate repair of rills may do more harm
than good to the slopes when trying to
repair minor erosion, so sound engineering
judgment  will be  needed  when
recommending and scheduling repairs of
this type of damage (e.g., do not perform
repairs when the slopes are saturated, or
when the damage is minor and does not
show signs of accelerated damage).

Even the best-designed erosion protection
will usually experience degradation over
time. Degraded riprap or other types of
embankment protection should be watched.
If evidence shows that considerable damage
to the embankment is occurring, degraded
slope protection must be repaired or
replaced.

The constant action of waves on the
upstream slope may result in beaching,
scarping, and degrading of the slope
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protection, including  riprap.  Unless
measures are taken to maintain adequate
slope protection, wave action may begin to
erode the embankment material.

Benching is the removal of a part of the
upstream slope of the embankment by wave
action. Figure 4-11 shows the effects of
erosion and beaching on the upstream slope
of a dam. When beaching occurs,
embankment material is deposited farther
down the slope. In this extreme form of
erosion, the slope protection (i.e., riprap or
vegetative cover) and underlying material are
removed. A flat beach area with a steep back
slope, or scarp, is formed. Scarps should be
monitored and repaired if conditions
become serious.

Severe beaching could reduce the width and
the height of the embankment, leading to
increased seepage, instability, or overtopping
of the dam. Riprap installations in areas
exposed to many freeze-thaw cycles or high
winds are most likely to experience
problems. Inspectors should be alert for
riprap problems if the dam is exposed to
these conditions.

Adequate erosion protection is also required
along the contact between the embankment
and the abutments. Runoff from rainfall
concentrates in these groin areas and can
reach erosive velocities because of the steep
slopes. Berms on the upstream or
downstream face that collect surface water
and empty into the groins add to the runoff
volume. Inspectors should examine these
areas closely.

Erosion next to groins results from
improper construction or design, where the
finished flow line of the groin is too high
with respect to adjacent ground. This
condition prevents all or much of the runoff
water from entering the groin. The flow
concentrates alongside the groin, erodes a
gully, and may eventually undermine the
lining in the groin.

When examining the groins for erosion,
inspectors should make sure that: 1) the
channel in the groin has adequate capacity;
2) adequate protection and a satisfactory
filter have been provided; 3) surface runoff
can enter the groin channel; and, 4) its outlet
is well-protected from erosion.

Several exceptional circumstances can
contribute to or initiate surface erosion of
the crest and downstream slope. In some
areas, livestock may create trails on the
embankment which can damage the slope’s
vegetative cover. The passage of vehicles
can produce sunken tracks or grooves (ruts)
in the crest and can damage the slope
protection. Inspectors should be aware of
any unique problems that may be occurring
and past problems that were noted on
earlier dam inspections. During the visual
inspection, inspectors should:

e Make sure that the slopes and crest
protection are adequate to prevent
erosion. Bald areas or regions where
the surface protection is sparse are
more susceptible to surface runoff
problems.

e Jook for beaching, scarping, and
degradation of riprap or other
materials used on the upstream
slopes.

e Look for gullies, ruts, or other signs
of surface runoff erosion. Be sure to
check the low points along the
upstream and downstream shoulders
and groins because surface runoff
can concentrate in these areas.

e Check for any unique problems,
such as livestock or recreational
vehicles that may be contributing to
erosion.

If weathering and erosion are noticed,
inspectors should:

e Record the findings and photograph
the area.
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e Determine the extent, severity, and
cause of the damage. Measure
gullies, rills, and other erosion
damage so that its progression can
be checked if necessary.

e Recommend that corrective action is
taken to repair the areas damaged by
surface runoff and that measures are
adopted to prevent more serious
problems.

e If shorelines need to be repaired, or
extensive embankment excavation is
required, the reservoir level may
need to be lowered to construct a
foundation for a retaining wall, for
example.

e Consult a qualified dam safety
professional if necessary.

4.8 Inappropriate Vegetative
Growth

Inappropriate vegetative growth — which
includes insufficient vegetation, excessive
vegetative  growth, and  deep-rooted
vegetation — is  another = common
embankment problem illustrated in Figure
4-12. Insufficient vegetation exposes the
embankment soil which can lead to
accelerated  erosion.  The insufficient
vegetative cover may be a result of soil
conditions, environmental conditions, or
damage arising from traffic on the

Figure 4-12. Woody vegetation on the
embankment is detrimental to the health of
the dam by creating seepage paths along
the roots and overall impedes dam safety
inspections.

embankment. Soil conditions usually include
the lack of sufficient plant nutrients or poor
soil composition. Poor soil conditions can
be corrected in most cases. Environmental
conditions are uncontrollable and include
extreme heat and dry weather, excessive
rainfall, and high winds that can remove
fine-grained soils. Repeated vehicular and
animal traffic can destroy the grass on
embankments, leaving bare soil roadways or
paths which are susceptible to accelerated
erosion if left uncorrected.

Insufficient vegetation on the embankment
slopes can progress to serious problems if
left uncorrected for extended periods of
time. These conditions should be recorded
during a visual inspection along with
recommendations for corrective action. The
recommendations should also include a
proposed timeframe for completing the
repairs.

Excessive vegetation is a problem wherever
it occurs on an embankment dam. Excessive
vegetation can obscure large sections of the
dam which hinders visual inspection.
Problems that threaten the integrity of the
dam can develop and go undetected if they
are obscured by vegetation. Excessive
vegetation can also impede access to the
dam and surrounding areas. Limited access
is an obvious problem both for visual
inspection and maintenance and especially
during emergency situations when access is
crucial. Excessive vegetation can also create
an attractive habitat for rodents and
burrowing animals which pose a threat to
embankment dams by digging tunnels that
become potential seepage paths.

There should be no vegetation in the riprap
on the upstream slope. Vegetation in the
riprap  promotes  displacement  and
degradation of the slope protection.
Vegetative growth should be controlled by
periodic mowing or other means. No trees
or shrubs should be allowed to grow on any
embankment surfaces, or within 8 meters of
the abutment contacts. Grass cover should
always be kept less than 30 cm high.
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Although a healthy cover of grass is
desirable as slope protection, the growth of
deep-rooted vegetation, such as large shrubs
and trees, is undesirable. Large trees could
be blown over and uprooted during a storm.
The resulting cavity left by the root system
could reduce the embankment top elevation,
breach the dam or shorten the seepage path
and initiate piping. Accelerated soil erosion
will also develop in the cavity left by an
uprooted tree because of the exposed soil
surfaces. The cavity left by the uprooting of
a tree should be repaired immediately. The
method of cavity repair will depend on the
size of the tree and the location of the tree
on the embankment.

Root systems associated with deep-rooted
vegetation (trees, shrubs) develop and
penetrate the dam's cross section, causing
damage to embankment and spillway
structures. When the vegetation dies, the
decaying root system can form paths for
seepage and cause piping to occur. Even
healthy root systems of large vegetation can
pose a threat by creating seepage paths
which eventually can lead to internal erosion
and threaten the integrity of the
embankment. Trees and shrubs more than
0.5 m in height are undesirable growing on
of next to embankment dams and should be
cut down or pulled out before they reach a
critical size. When and how to remove well-
developed trees and root systems that are
already in place on the dam depends on the
size and location of the tree. If large trees
have been cut down, but the stumps and/or
root system have not been removed,
carefully inspect the areas where the trees
were for signs of seepage. The roots that are
left behind may rot over time resulting in
potential seepage paths.

During the visual inspection, inspectors
should:

e Look for excessive and deep-rooted
vegetation on all areas of the dam
and within 8 m of the abutment
contacts.

e Jook for trees and brush in the
spillways or near conduits.

e Look for insufficient grass covering
and exposed areas on earth
embankments.

e Jook for excessive grass growth;
grass should be mowed regularly and
kept below 30 centimetres in height.

e Make sure that there is no vegetation
growing in the riprap on the
upstream slope.

e Check for signs of seepage around
any remaining stumps or decaying
root systems on the downstream
slope or toe area.

If areas where vegetative cover is
inappropriate or inadequate are found,
inspectors should:

e Photograph the area and record the
findings.

e Note the size, location, and extent
of the areas in question.

e Recommend that corrective action is
taken to repair inadequate
vegetation, or to eliminate
inappropriate vegetation and that
measures are adopted to prevent the
future growth of undesirable
vegetation.

e Consult a qualified dam safety
professional if help is needed.

4.9 Debris

The collection of debris on and around the
dam is usually not an immediate danger to
the integrity of the dam. However,
unattended debris can lead to serious
problems. The buildup of brush and logs on
the dam can obscure the upstream slope and
can prevent adequate visual inspection.
Debris can accelerate the process of
degradation of the riprap or other slope
protection by impact from wave action.
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Debris can clog or block spillway and outlet
systems, resulting in potential dam
overtopping hazards. Woody debris can
become waterlogged and sink, blocking
outlet works, inlet, or spillway inlets.
Floating debris can also clog trash racks on
spillways with riser conduits. The blocking
of these inlet structures can cause
overtopping of the dam in case of a flood.
Certain animals, such as large semiaquatic
rodents, can contribute to the accumulation
of debris in and around the dam. Removal
of debris is usually an easy task. If inspectors
find debris in and around a dam, they
should:

e Determine the cause of the debris,
and, photograph, record, and report
observations.

e Recommend that proper corrective
action is taken to remove the debris
and that measures are taken to
prevent future accumulations.

4.10 Burrowing Animals

Animal burrows can be dangerous to the
structural integrity of the dam because they
may weaken the embankment and can create
pathways for seepage. Large burrowing
animals make nests and passageways in soil,
including many dam embankments. The
animal passageways can lead to piping in the
embankment soils when they connect the
reservoir to the downstream slope or
penetrate the dam's core. Shallow burrows
ot burrows that are confined to one side of
the embankment may be less dangerous
than these deep or connective passageways.
If shallow burrows are so prevalent that they
honeycomb an embankment, the integrity of
the embankment is suspect. A qualified dam
safety professional should be consulted for
severe cases to evaluate the embankment
condition and suggest corrective measures.
If burrowing animals are present, inspectors
should photograph the area and record the
findings, and recommend that measures be
taken before acute damage occurs to the
dam. Eradication or removal is usually the
recommended course of action.

Small burrowing animals such as crawfish,
mice, and moles are also common on earth
embankments. These animals live in small
burrows that usually do not pose a threat to
dam safety.

Crawfish dig vertical holes from the ground
surface to a level below the groundwater
surface, or phreatic surface, in the
embankment. These holes are small and are
usually vertical only, so they normally do not
create the potential for lateral water seepage
through the embankment. However, in
some instances, their holes have been found
to intercept the phreatic surface on the
downstream embankment slope, resulting in
concentrated water seepage from the dam.
In these cases, removal of the crawfish and
repair of the embankment may be required.

During the visual examination, inspectors
should:

e Look for signs of large and small
burrowing animals on earthfill
embankment sections of dams

e Photograph and record signs of
animal presence and damage they
have caused.

e Recommend that proper corrective
action is taken to remove the
animals from the dam and to repair
the damage.

4.11 Seepage

Water will flow through or under every
embankment because all earth materials are
permeable. The passage of water through or
under an embankment is known as seepage.
Seepage quantities and rates increase as the
depth of the water in the reservoir increases
because of the greater pressure upstream
(U/S) of the embankment. Downstream
(D/S) groin areas should always be
inspected closely for signs of seepage.
Seepage can also occur along the contact
between the embankment and a conduit
spillway, drain, or another appurtenant
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structure as shown in the figure below
(Figure 4-13).

U/S Reservoir

Top of Embankment
(TBL)

D/S Slope

Figure 4-13. Areas at an embankment dam
where seepage is commonly observed.

Seepage becomes a problem when
embankment or foundation materials are
moved by the water flow, or when excessive
pressure builds up in the dam or its
foundation. Problem seepage is often
referred to as uncontrolled seepage.
Excessive seepage and pressure can result in
embankment slides and instability. Slides
and other embankment problems are often
a direct consequence of seepage that has
saturated and weakened the embankment
soils. Problem seepage is a grave concern
and should be corrected before
embankment structural damage occurs.

4.11.1 Types and Location of
Seepage

Slides in the embankment or an abutment
may be the result of seepage causing soil
saturation or excessive pressures in the soil

pores (Figure 4-14).

Seepage can emerge anywhere on the
downstream face, beyond the toe, or on the
downstream abutments at elevations below

Rain or seepage

saturated slope

Slide

material
]

Figure 4-14: Uncontrolled seepage may
result in embankment slides and slope
failure.

normal pool and may vary in appearance
from a soft, wet area to a flowing spring. It
may show up first as only an area where the
vegetation is lush and darker green.

Some water will seep from the reservoir
through the foundation at most dams.
Where it is not intercepted by a subsurface
drain, the seepage will emerge downstream
from or at the toe of the embankment. If
the seepage forces are large enough, the soil
will be eroded from the foundation and be
deposited in the shape of a cone around the
outlet, which is known as a boil. Prompt
expert advice should be sought if boils

appear (Figure 4-15).

‘wew-w Foundation seepage ..o omua- d

Figure 4-15. Seepage may occur through the
embankment or foundation.

Seepage flow which is muddy and carrying
soil particles is evidence of piping, and
complete  failure could occur soon
afterwards if it is serious. Piping can happen
along a spillway and other conduits through
the embankment, and these areas should be
closely inspected. Sinkholes that develop on
the embankment may be signs that piping
has begun and could be followed by a

Figure 4-16. Photograph of a wirlpool along
the upstream slope of an embankment dam.
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whirlpool in the lake surface along the
upstream embankment (Figure 4-16) and
then a rapid and complete failure of the
dam. Emergency procedures, including
downstream evacuation, may have to be
implemented if this condition is noted.

A slow continuous drop in the normal lake
level could be the result of evaporation or
small controlled releases. However, an
inexplicable continuous recession in pool
level, or especially, a sudden drop in water
level is usually a sign that serious problems
exist, and immediate attention is required.
The entire embankment, the appurtenances,
and the area downstream should be
inspected for signs of increased seepage or
flowing water. This condition may be a sign
that a genuine problem exists that requires
close and frequent monitoring.

Uncontrolled seepage is a leading cause of
embankment dam failure. Seepage problems
can be divided into two categories based on
the type of problem it causes: stability
problems, and piping problems. Seepage
causes stability problems when high water
pressure and saturation in the embankments
and foundations cause the earth materials to
lose strength. If wuncontrolled seepage
emerges on the lower downstream slope, the
seepage will usually cause sloughing or
massive slides. If seepage is concentrated
through materials such as sands or
cohesion-less silts, the force of the flowing
water can start to remove matetial at the exit
point, and cause progressive erosion known

as piping.

Piping usually starts at or near the
downstream toe with the removal of the soil
material at the seepage exit, or outlet. A
sand boil may develop at the seepage outlet
if the material being eroded is coarse silt or
sand (Figure 4-17). However, not all piping
creates sand boils. As piping progresses, soil
erosion continues upstream, eroding a void
space, or pipe, through which the water
flows. Erosion usually continues until the
pipe extends all the way to the reservoir or
another source of water. Severe piping

problems can also occur when seepage
moves embankment material into voids in
rock foundations or rock fill portions of the
dam.

It can be difficult to determine the source of
seepage, because the exit may be the only
visible sign. It may not be clear whether the
water is flowing through the embankment
or under it. Seepage may originate in the
bottom of the reservoir, upstream of the
embankment, and travel through porous soil
strata in the foundation of the dam.

Some seepage is difficult to detect because
nothing is visible until the embankment
starts to collapse, or until a vortex appears
in the reservoir. A vortex is a rotational lake
surface disturbance which could appear if
water is rapidly conveyed through a seepage
path or pipe. Formation of a vortex
associated with significant seepage or piping
through an embankment is a sign of a severe
problem that needs to be resolved at once.

Seepage can vary in appearance and
location. Seepage may appear as a wet area,
as a flowing spring, or as a sand boil as
described above. Vegetation is an excellent
indicator of seepage. Areas with water-
loving vegetation, such as cattails, reeds, and
mosses, should be checked for seepage.
Areas should also be examined where the
vegetative cover appeatrs to be greener or
more lush than surrounding areas. Viewing
the downstream slope from a distance is
sometimes helpful in detecting subtle
changes in vegetation. A distinct line of
vegetation shows the intersection of the

|

Detail of sand boil

Progressive
piping
Figure 4-17. Illustration of progressive
piping in the foundation of an embankment
dam.
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seepage line with the slope.

The contacts between the downstream slope
and the abutments (or groins) are
particularly prone to seepage because the
embankment fill near the abutments is often
less dense than other parts of the
embankment, and therefore less watertight.
The fill near abutments often less dense
than elsewhere in an embankment because
compaction is  difficult along  the
embankment/abutment interface.  Also,
improperly sealed porous abutment rock
can introduce abutment seepage into and
along the embankment. Seepage in the
groins may be groundwater from the
abutments or valley walls and not seepage
from the reservoir. Seepage that is orange in
color or has an oily surface sheen shows the
presence of dissolved iron in the water.

The downstream embankment toe is also
prone to seepage, especially where it
contacts the natural ground. This area has
the greatest amount of water pressure and is
most likely to develop seepages. When
seepage occurs at the toe of an earthfill
embankment, a slide may result along the
downstream embankment slope. Saturated
embankment toes can cause catastrophic
slope failures. Proper treatment of the
foundation is  crucial  during  the
embankment construction to  control
seepage.

Difficulties with soil compaction around
conveyance structures like outlet works,
spillway  conduits, vertical ~walls, or
penstocks  make these areas more
susceptible  to  uncontrolled  seepage
problems. Seepage exiting from around
conveyance  structures is  particularly
alarming because it may also be a sign that
there is a crack or opening in the structure
that is allowing reservoir water under
pressure into the embankment. Rapid
erosion and an eventual breaching of the
dam can result from seepage around
conduits. This type of seepage is excessive
and will continue to erode the soils around
the conduit.

Seepage along and under spillway conduits
can find its way into the conduits, eventually
eroding and deteriorating the conduit itself,
as well as removing soil and bedding
material from around the conduit. The
conduit may settle or collapse if enough soil
is piped out from under the structure. This
type of seepage can be best observed when
reservoir levels are below the spillway crest.
In this situation, water will typically be
coming out of the spillway conduit but will
not be entering it from the inlet of the
spillway in the reservoir. Many times,
sediment, or deposited soils, will be visible
within or at the outlet of the conduit. High
reservoir water levels will aggravate this
condition.

Another usual symptom of seepage and
piping along the conduit is settlement and
depressions above the conduit, particularly
within the conduit trench. Again, this is the
result of the removal of soil from around
the conduit, allowing it to be replaced by
surface soils which fall into the wvoids
created by the piping condition.

Seepage can be caused by deep-rooted
vegetation on embankments, such as trees.
Tree roots can penetrate the embankment
and create passageways for water. Seepage
along root systems will usually start off at a
slow rate and get progressively greater with
time. This is another example of the
importance of early detection of seepages.
As discussed previously in this chapter,
uprooted trees can also cause seepage
problems.

Seepage from rock cuts on the abutments or
the floor of the dam can create several
potentially unsafe conditions. Inspectors
should evaluate the rate of seepage,
correspondence of seepage rates to reservoir
level, staining, and turbidity of seepage to
fully understand the problem. Seepage can
create excess hydrostatic pressure, weaken
the overall strength of the abutment or
foundation, and produce increasingly large
channels in the soil materials for water flow.
Openings can enlarge sufficiently to cause
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abutment or foundation movement or
collapse. Stains from seepage water indicate
solutioning of minerals which may reduce
the shearing strength of the rock materials
and cause rock consolidation. An inspector
may want to take samples of the seepage so
that the minerals can be identified.
Inspectors should also check the geological
data for evidence of deposits of limestone
or other rock especially subject to
solutioning that may underlie competent
rock. Turbid flow indicates that internal
erosion or piping is occurring. Inspectors
should check the construction records to see
if rock walls and slopes were grouted to
control seepage. If grouting was not done in
the past, this procedure might be able to
reduce the seepage. If prior grouting proved
inadequate to prevent or control seepage, a
qualified dam safety professional should
examine probable causes and sources for the
seepage and evaluate corrective actions.

Seepage problems may worsen rapidly after
they first appear. The location, quantity, and
flow rate of all seepage should be recorded
at the exit points. Recent precipitation
events that may affect the appearance and
amount of seepage should also be noted and
recorded.

During a visual examination, inspectors
should:

e C(Carefully inspect all the areas that
are prone to seepage, including
downstream embankment slopes,
embankment toe, the area
downstream of the toe, the
embankment groins, and along the
spillways.

e Look for all visual signs of seepage,
including wet areas, excessive
vegetative growth, lush green grass,
lowered reservoir pool levels, piping,
boils, sinkholes, flow into the
discharge conduit from the soil, flow
out of the discharge conduit into the
ground, and embankment slides.

If seepage is discovered during a visual
review, inspectors should:

e Record the findings and photograph
the area. Notes, sketches, and
photographs ~ are  useful in
documenting and evaluating seepage
problems.

e Determine the extent, severity, and
cause of the seepage. Measure and
photograph any damage caused by
the seepage so that its progression
can be monitored if necessary.

e Always measure the seepage and
flow rate on a regular and frequent
basis.

e The seepage should be checked for
turbidity which would show the
presence of soil in the water.

e Recommend that corrective action is
taken to control the seepage.

e Recommend that corrective action is
taken to repair the areas damaged by
seepage and that measures are
adopted to prevent more serious
problems.

e Consult a qualified dam safety
professional if necessary.

If extensive embankment excavation is
requited to determine the elevation or
location of a void or seepage path, the
reservoir level may need to be lowered.

4.11.2 Monitoring Seepage

Seepage may be or may become a severe
problem and should always be monitored,
regardless of the location, extent, or type of
seepage present. Different monitoring
procedures are available depending on the
condition as provided below in more detail.

The amount of seepage usually correlates
with the water-surface elevation in the
reservoir. As the water level rises, the
seepage flow rate increases. Any changes in
seepage flow rate which deviate from past
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seepage history are cause for concern.
Recording seepage flow rates and reservoir
levels will help assess a dam's seepage
problems.

Seepage  may  discharge  from  the
embankment at a single place, at several
locations, or across a broad area. Discharge
from a small area can often be easily
measured and used for future comparison.
The flow rate can be converted to a quantity
of flow over a given period, such as a day, a
week, or a month. These estimates can be
used to determine if the embankment
and/or foundation may be damaged from
the flows.

Seepage on the embankment slopes, groins,
or at the toe may occur over a large area
which does not lend itself to measurement
in terms of flow rate and quantity. In these
cases, the seepage may be measured best by
the width and length of the affected area, or
as a qualitative judgment of the physical
appearance of the seepage area. Alternately,
a dike, pipe or another conveyance device
could be installed on the embankment to
concentrate  the flows and  make
measurement easier. If a slide has developed
as is often the case, the dimensions of the
slide can be measured and recorded.
General descriptions of the amount of flow
and degree of vegetative growth are also
helpful. For example, seepage can be
described as visibly flowing on the ground
surface, or as a wet spot with standing water
puddles. If all the seepages flow to a single
downstream channel or ditch, the flow rate
may be estimated at that point.

If a sand boil or piping exit is discovered,
inspectors should first log the location and
then:

e Photograph and record the size and
depth of the exit, or outlet opening.

e Photograph  and  record  the
estimated quantity of the deposited
material if it is a sand boil.

e Monitor the flow rate, if possible.
The flow rate may be difficult to
ascertain if the pipe outlet or sand
boil is under water.

e Carefully measure the outlet opening
for depth and soil composition and
consistency.

e Make sure that all sand boils are
evaluated by a qualified dam safety
professional so that the right
remedial action can be taken.

Sometimes placing sandbags around the boil
to increase the depth of water (head) over
the boil will prevent the continued growth
of the boil. Another temporary repair is to
place a graded filter over the outlet opening
to prevent more soil from being carried out
of the pipe or boil.

In some cases, a dye test (using an
approved, environmentally safe dye) can be
used to determine whether the reservoir is
the source of seepage. A dye test is not a
routine procedure, is not always applicable,
and may be difficult to administer. The
origin of the seepage path must be in the
reservoir so that the dye can be placed in the
water near the area where water is entering
the seep. The length of time it takes to
conduct a test may vary because the dye may
take different amounts of time to penetrate
the embankment or foundation. In most
cases, records of seepage volumes that
correlate  with  pool  elevations  or
comparative water sampling and testing are
needed to show that seepage comes from
the reservoit.

Weirs, flumes, and dikes can be installed to
measure seepage, especially seepage exiting
from the embankment or foundation at
random point sources. When propetly
calibrated and kept free of silt and
vegetation, weirs and flumes can measure
seepage accurately. These devices can also
be used downstream of general seepage
areas where the water flows into a ditch or
channel. Weirs and flumes that are silted-in
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may indicate that the embankment or
foundation material is being piped out of
the dam, or sediment from surrounding
surface runoff erosion is collecting in the
structure. If weirs and flumes become silted-
in, the situation should be carefully
evaluated to determine the cause of the
siltation. Dikes can be installed across a
channel or ditch with a pipe installed to
measure flow.

Many toe drains have collector pipes that
discharge the embankment and foundation
seepage at accessible locations. Before
conducting a visual inspection of an
embankment dam that has toe drains,
inspectors should review the site plan to
determine the location of the toe drains and
outfalls. Previous data on both the reservoir
level and flow rate from the drain(s) should
be reviewed. Data on drain flow must be
looked at in conjunction with reservoir-level
data. Correlating the reservoir level with the
drain flow can help to determine if there is a
problem. If a drain flow is observed that is
atypical for the given reservoir level, more
investigation is essential. During the field
examination, inspectors should:

e [.ocate each toe drain outfall.

e Measure the flow. A simple method
of measuring the flow from a toe
drain outfall is to catch the flow
from the pipe in a container of
known volume and to time how
long it takes to fill the container.

e Compare the amount of flow with
the amount of flow expected for the
cutrent reservoir level based on
previous readings.

A drain that has no flow at all could indicate
that there is no seepage in the dam serviced
by the drain, or that the drain is plugged or
blocked. If the drain has never functioned, it
could mean that the drain was designed or
installed incorrectly. If the drain used to
flow but has now stopped flowing, it may
have become plugged. A plugged drain can
be a genuine problem because seepage may

begin to exit downslope, or may contribute
to internal pressure and instability. If
possible, blocked drains should be cleaned
so that the controlled release of seepage may
be restored.

Decreasing amounts of flow from a drain
for the same reservoir level may indicate
that the drain is becoming blocked.
Conversely, a sudden increase in drain flow
may indicate that the core is becoming less
watertight, possibly as the result of
transverse cracking.

If relief wells have been installed at a dam,
they may help to monitor seepage also.
Before conducting a visual inspection of an
embankment dam that has relief wells,
inspectors should:

e Review the site plan to determine
the location of the wells.

e Review previous data on both the
reservoir level and well flow. Data
on relief well flow must be evaluated
in conjunction with reservoir-level
data. Knowing how the reservoir
level affects the relief well flow can
help determine if there is a problem.

o If the flow from a relief well seems
to be unusual for the given reservoir
level, more investigation is essential.

During the visual inspection, the inspectors
should:

e Locate each relief well.

e Visually check whether water flow is
occurring.

e Compare the amount of relief well
flow measured with the amount of
flow anticipated for the current
reservoir level based on previous
readings.

If no water is flowing from the relief well,
determine if a flow should be present based
on the assessment of the previous readings
and the current reservoir level. If water is

Doc. No. CDSO_GUD_DS_07_v1.0

Page 47 of 190



Guidelines for Safety Inspection of Dams

January 2018

flowing, measure the rate of flow. The rate
of flow can be measured either at the well or
at the collector pipe discharge. Weirs,
flumes, or a bucket and stopwatch can be
used to measure the flow rate.

If the relief well flow is less than the amount
anticipated, the well screens or filters may
have become clogged and might require
cleaning. If the flow is greater than the
amount expected, there may be excessive
seepage. Make sure that the flow rate and
reservoir level are accurately recorded.
Inspectors should also note that there has
been a change from the well-flow trends
previously observed.

In addition to measuring the flow rate of
seepage, inspectors should evaluate the
clarity of the seepage. Turbidity is cloudy
seepage, which indicates that soil particles
are suspended in the water. Turbidity
indicates that the water passing through the
embankment or foundation is carrying soil
with it. Turbidity is cause for extreme
concern. Each time seepage is measured or
inspected, the clarity of the seepage should
also be evaluated for change.

An effective way of detecting a change in
turbidity is to collect several water samples
as follows:

(1) Collect a sample of the water in a
glass graduated flask. Date the flask
and note the level of clarity. Store
the flask in a safe location.

(2) Repeat step 1 each time seepage
flow is measured until several
samples have been collected.

(3) Each time a sample is collected,
shake up each flask and visually
compare the new sample with the
samples collected previously. Look
for changes in the cloudiness of the
samples. Also, note the amount of
sediment that accumulates in the
bottom of the flasks as suspended
material settles out.

If the seepage water is clear, but it is
suspected that it contains dissolved material
from the foundation (because, for instance,
seepage has increased without any signs of
turbidity), it may be necessary to perform
water quality testing.

The rate and turbidity of seepage flow
should be recorded during each visual
inspection. If seepage problems are
suspected, then the frequency of inspections
should be determined by a qualified dam
safety professional. If seepage problems
continue to occur, further testing should be
conducted by a qualified dam safety
professional. Seepage problems are a grave
concern, and uncontrolled seepage is one of
the main causes of embankment dam
failure.

Piezometers or monitoring wells can be
installed in the embankment to monitor the
level of water in the soil. These wells can be
useful for detecting changes in seepage
within the embankment, and for detecting
excessive seepage zones if they are installed
at intervals along the entire length of the
embankment. The level to which water will
rise in a piezometer is equal to the pressure
at that location. If there is no seepage
present, there will be no water observed in
the piezometer well. Piezometers can also
be installed in the foundation and
abutments to  monitor  groundwater.
Installation of piezometers requires a
qualified geotechnical contractor.

Piezometer monitoring is not as effective as
seepage monitoring because piezometers
only measure conditions at the exact
location at which they are installed but are
good indicators of the phreatic surface in
the embankment and monitoring the
effectiveness of zoned filters.

4.12 Embankment Dam
Inspection Sketches

Sketches of conditions that may be found
on a dam embankment during a visual
inspection are presented in the following
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Table 4-1 pages 49 to 71. While most of the
conditions shown in the drawings can be
corrected by routine and  periodic
maintenance carried out by the dam owner,
some of the problems noted are of a nature
that threatens the safety and integrity of the
dam and need the attention of qualified
engineers and geologists to decide on
remedial measures. For example, a
geotechnical engineer needs to be consulted
if a slope stability or soil issue exists. Or, an
engineer with hydrologic and hydraulic
experience may be needed to calculate the
needed spillway capacity. Depending on the
severity of a condition, the dam owner may
need to take immediate action to prevent
the problem from worsening, including
contacting repair contractors and notifying
local disaster management authorities.
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Guidelines for Safety Inspection of Dams

Chapter 5. INSPECTING CONCRETE AND MASONRY
DAMS

Systematic procedures are needed to inspect
concrete and masonry dams to ensure that
all features and areas are examined and to
reduce the quantum of time that is
necessary. Concrete and masonry dams are
usually  stable when  designed and
constructed propetly, and are not prone to
overtopping  failures, erosion,  slides,
burrowing animals, and piping, all of which
are common  safety  problems  at
embankment dams. However, these types of
dams require special visual inspection
techniques because of their steep faces.
Special safety harnesses, boatswain chairs,
boats, video equipment, and scuba divers
may be needed to complete the inspections.

5.1 Types of Concrete and
Masonry Dams

Concrete and masonry dams include gravity,
arch, roller-compacted, and buttress types.
Gravity dams depend on their mass for
stability and are well-suited to sites where
there is a sound rock foundation, or
occasionally a solid alluvial foundation. Arch
dams are best suited to sites where the ratio
of width between abutments to the height
of the dam is not large and where the
foundation at the abutments is solid rock
capable of resisting arch thrust. Buttress
dams rely on a sloping membrane, usually
made of concrete, to transfer hydrostatic
forces to a series of structural buttresses
placed at right angles to the axis of the dam.
The most common buttress dams are the
flat-slab and multiple arch types. Buttress
dams are best suited to wide valleys with
gradually sloping abutments; they can be
founded on rock or sound alluvium. Roller
compacted concrete (RCC) dams are
constructed with zero-slump concrete using
vibratory rollers and continuous-placement
methods.

Masonry dams are built mainly of stone,
brick, rock, or concrete blocks joined with
mortar. Most masonry dams are older
gravity dams, although a few are arch dams.
Two methods have been used to build
masonry dams: 1) placing shaped blocks of
stone with mortar in the joints between
them, and 2) binding various sizes of rock
or concrete together with mortar.

Masonry dams may be classified by the type
of stone embedded in mortar or concrete.
For example, a masonry dam made with
very large, irregularly shaped stone (known
as ¢yclopean stone) is called a cyclopean
masonry dam. Embankment dams with only
a masonry facing are not considered to be
masonry dams. Masonry dams are built less
often today because of their excessive cost
of construction in comparison to modern
concrete structures.

The rest of this chapter describes visual
inspection techniques for concrete and
masonry dams and the elements of
embankment dams constructed of concrete
or masonry. Spillways and outfalls on
concrete dams (and embankment dams) are
covered in Chapter 6. The information on
concrete spillways and outfalls also applies
to concrete dams and should be used as
necessary during visual inspections.

5.2 Inspection Procedure

Concrete and masonry dams are potentially
more dangerous than embankment dams
because when they fail, they do so quickly.
Some embankment dams have significant
concrete  structures (composite dams),
making their inspection a combination of
those for concrete/masonty and
embankment dams. Basic procedures for
inspecting concrete and masonry dams are
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like those for embankment dams, except
that the crest and faces of the dams may be
difficult to access. Therefore, inspector
access and safety should be a primary
concern at concrete and masonry dams.

The faces of concrete and masonry dams are
often extremely steep, often vertical, and the
upstream slope is usually damp and slippery.
Access to the downstream face, toe area,
and abutments may be problematic and
require special 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 video-recording the dam
faces from a safe point using an elevated
level of magnification on the camera. An
inspector can zoom in on the surface areas
and get a close-up view and recording of the
dam. Filming should start at a discernable
point, such as the top or toe of the dam face
at the point of contact with the abutment.
The camera should then pan slowly across
the face of the dam with smooth parallel
movements, continuing up or down the face
after a sweep is made across the entire
length of the dam. Sufficient overlap of
adjacent, vertical areas is needed 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. An inspector may
have to move along the face if the dam is
long. Every square foot of the dam surface
can be recorded if an inspector is careful
and methodical.

Inspectors  should look for common
ailments on concrete dams, including
structural cracks, foundation or abutment
weakness, deterioration from an alkali-
aggregate reaction, cracks at construction
joints (that is, the interfaces between
concrete placements), degradation because
of spalling, and leakage. Special contraction

joints are usually added to concrete and
masonry dam bodies 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 an inspection of tall concrete dams.
Reading of an established monitoring
network should be performed on a regular
basis.

5.3 What to Look For

From a safety standpoint, the principal
advantage of concrete and masonry dams is
that they will not erode during overtopping
(although the abutments or foundation
could). Embankment slides and piping
failures, typical of earth dams, are also
absent in concrete and masonry structures.

It is important that owners of concrete and
masonry dams are aware of the principal
modes of failure and that they can
distinguish between conditions that threaten
the safety of the dam and those that only
need repair. The design of a dam composed
of concrete or masonry is much different
than the design of an embankment dam,
and, therefore, an inspection team may need
a larger number of specialists.

Concrete and masonry dams fail for reasons
different than embankment dams. Potential
problems that may occur are discussed in
this chapter. If any of these conditions are
discovered during a visual inspection, the
owner should obtain qualified professional
help at once.

The essential items that are potentially
hazardous at concrete and masonry dams
are structural cracking, foundation or
abutment weakness, and deterioration. The
water in the reservoir exerts substantial
hydrostatic forces on the structures, which
in turn are transmitted to the foundations
and abutments.
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Damage or failure of a structural
component may occur because of an
external condition such as an embankment
slide, or a meteorological or a seismic event,
which has subjected the structure to
excessive design forces. Damage to a
structure may also be caused by the absence
of a formal design, poor design, or poor
construction. Structural problems usually
contribute to the dam's susceptibility to
failure during normal service.

5.4 Cracks and Structural
Problems

A crack is a separation of portions of a
concrete structure into one or more major
parts and is usually the first sign of distress
in the concrete. Cracks create openings in
the concrete that allow further deterioration
of the concrete. A concrete dam and its
appurtenances must withstand considerable
hydrostatic pressure from the reservoir and
groundwater. Hydrostatic pressure acting
along cracks through the concrete structure
may exert dangerous uplift forces on the
structure, leading to lateral propagation of
the cracks, settlement, sliding of a part of
the structure, and seepage. Inspectors
should examine all visible concrete surfaces
for any signs of cracking, structure
movement, and water seepage through the
dam.

Serious threats to concrete dams often
involve cracks in the dam body, the
abutments, or the foundation. Cracks may
develop slowly at first, making it difficult to
decide if they are widening or otherwise
changing over time. Even if a crack itself
does not present a serious threat, the
mechanism causing the cracking should be
measured and documented during a visual
inspection. Or, many cracks may be visible
within areas of a concrete sutrface, or the
cracking may affect the entire surface. This
condition is known as pervasive cracking.
Pervasive cracking wusually is a sign of
concrete deterioration.

Cracking in concrete may be a visible sign of
stress or movement, which the concrete
cannot handle. The underlying cause of
cracking may threaten the dam. For this
reason, inspectors should make every effort
to figure out the cause. An inspector must
have a thorough understanding of the soil /
rock conditions in the foundation and the
abutments when deciding on the cause of
cracking.

5.4.1 Types of Cracking

There are two general types of cracking
found in concrete structures: 1) individual
cracks, and 2) pervasive cracks. A concrete
structure may have one or a limited number
of individual cracks that can be measured
and documented during the visual
inspection. Structural cracks usually occur
cither singly or in groups. Often, many
cracks may be visible within areas of a
concrete surface, or the cracking may affect
the entire surface. This condition is known
as pervasive cracking. Pervasive cracks tend
to have different appearances depending on
their cause. This type of cracking usually is a
sign of some form of concrete deterioration.

5.4.2 Individual Cracks

The American Concrete Institute (ACI)
Report No. 201.1R-08 “Guide to making a
condition survey of concrete in service”
(ACI 2008) has developed standardized
terms to describe the appearance of
individual cracks. After cracks have been
classified as either individual or pervasive,
inspectors should further describe the
cracks using the ACI terminology for
individual cracks, or the terminology
described below for pervasive cracks.

5.4.3 Pervasive Cracks

The ACI uses three general classifications to
describe extensive or pervasive cracking of
concrete surfaces based on the shape of the
cracks: 1) pattern cracking, 2) D-cracking,
and 3) checking. Therefore, widespread
cracking should be further classified based
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on these shape descriptions. When the
concrete  exhibits  extensive, pervasive
cracking, the focus of the visual inspection
should be the nature and extent of cracking
rather than the dimensions of individual
cracks (Figure 5-1).

Cement hydration in mass concrete causes
heat resulting in expansion. This, followed
by differential cooling and shrinkage of the
outer surface, is a major cause of thermal
cracking. Reactions within massive concrete
sections may continue to generate hydration
heat for decades. Restraint by rigid
foundations ot old lifts of concrete is also a
factor. Thermal cracks are deep, often
extending through thin sections.

Inspectors should be especially alert for
thermal cracking in the massive concrete
monoliths of concrete structures or dams. A
pattern of hairline cracks in an orthogonal,
blocky “dried mud puddle” configuration
inside of galleries, usually accompanied by
considerable leakage, is a sign of thermal
cracking. Another sign of thermal cracking
is the presence of vertical cracks continuous
through walls, ceilings, and floors of
transverse galleries resulting from cooling of
concrete and restraint near the foundation.
If thermal cracking is suspected, installing
temperature gauges for thermal studies
offers a means of collecting relevant data.

If available, the mix designs for the dam
structure should be reviewed. Failure to use
low-strength concrete for the interior and
high-strength concrete on the exterior of the
structure may have promoted thermal
cracking.

Construction records should be checked for
lack of such measures as the use of thinner
lifts, controlling  concrete  placement
temperature, replacement of cement with a
pozzolan, and a reduced construction rate to
deal with hydration heat.

An alkali-aggregate reaction can also cause
pattern cracking. This condition is a reaction
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Figure 5-1: Illustration of the different
forms of pervasive cracking.

Thermal Cracking

Figure 5-2: Illustration of thermal cracking
in a massive concrete monolith.

between soluble alkalis in the cement and
silica in the aggregate and can cause
abnormal expansion and cracking that may
continue for many years. If an inspector sees
pattern cracking in areas exposed to wet-dry
cycles, the cause may be an alkali-aggregate
reaction. Alkali-aggregate reactions are
described more fully in the following
subchapter on deterioration.

Freeze-thaw action is another common
cause of pattern cracking and D-cracking;
cracking increases geometrically with each
freeze-thaw cycle. The freeze-thaw cycle
starts when water enters pores, cracks, and
joints in the concrete. When temperatures
drop, water in the concrete freezes and
expands, causing the concrete to crack.
Water then enters the new cracks, and when
temperatures drop again, the water freezes
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and expands, forcing the cracks to open
wider.

Inspectors should examine areas of concrete
exposed to moisture for damage from
freeze-thaw action. Exposed horizontal
surfaces such as slabs and vertical walls near
the water line are especially subject to
freeze-thaw damage. Surfaces with a
southern exposure can have accelerated
damage because of daily freeze-thaw cycles.
Use of entrained air helps protect concrete
from freeze-thaw damage. Lack of entrained
air in pre-1940 concrete elements, or an
improper percent of entrained air, may have
resulted in concrete that is vulnerable to
damage.

5.4.3.1 Chequered

Chequered, or “checking), consists of the
development of fine, pervasive cracks on
the surface of concrete; the cracks show no
evidence of movement, are shallow and are
closely spaced at irregular intervals. These
cracks may be several meters long and are
typically caused by expansion and
contraction or shrinkage of the concrete
surface with alternating wet-dry periods.
Rapid drying of newly placed concrete may

also result in a chequered concrete surface.

5.4.3.2 Hairline Cracks

Hairline cracks are surface cracks and are
less than a one-fourth of a centimeter in
width and depth. They may consist of single,
thin cracks or pervasive cracks in a craze/
map-like pattern. A small number of surface
or shrinkage cracks is common and does not
usually cause any problems. Minor or
hairline surface cracking can be caused by
weathering, the quality of the concrete that
was applied, freezing and thawing, poor
construction practices, chemical reactivity,
and other factors as described above under
pervasive cracks.

Hairline cracks are usually harmless and
pose no immediate threat to the stability of
the spillway structure. This type of cracking
should be noted and monitored on a routine
basis for signs of additional deterioration.
The location, orientation, length and width
of the hairline cracks should be reported by
an inspector.

The results of this minor cracking can be
the eventual loss of concrete, which exposes
reinforcing steel and accelerates

Table 5-1. ACI Standardized Terminology for Individual Concrete Cracks (ACI 2008)

Crack Characteristic

Descriptive Terms

Direction 1. Longitudinal

2. Transverse
3. Vertical
4. Diagonal
5. Random

Width 1. Fine: less than 0.5 mm
2. Medium: between 0.5 and 2 mm
3. Wide: over 2 mm

Depth Measured depth

Note — Consistent with terminology used for cracking in embankment dams, some

nomenclature for cracks in concrete dams differentiates cracks, on and parallel to the crest of a
structure - termed longitudinal - from cracks on faces of the structure, which are designated as
horizontal. ACI uses the term longitudinal to describe cracks in either location that are parallel
to the crest.
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deterioration. Minor surface cracking does
not affect the structural integrity and
performance of the concrete structure.
However, even if a crack itself does not
present a serious threat, the mechanism
causing the crack may threaten the structure.
Cracking in concrete may be a visible sign of
stress or movement which the concrete
cannot accommodate. The underlying cause
of cracking may pose an immediate threat to
the dam and should be determined.
Therefore, inspectors should try to figure
out the cause of any cracking that they find.

5.4.3.3 Structural Cracks

Structural ~ cracks usually result from
movement of portions of a structure or
overstressing. External stresses may be
caused by extreme or differential loading
conditions, foundation settlement, voids
under or along the structure, seismic
activity, design or construction errors, ofr
deficiencies in the concrete materials. Flaws
in structure design may result in stresses too
great for the concrete to withstand.
Concrete mixtures with deficient strength or
elastic properties may crack under design
stresses. Poor construction techniques may
also be the cause of deficiencies that
promote cracking. Deep and wide cracking
is usually caused by stresses that are
primarily from shrinkage, structural loads, or
loss of foundation material.

Structural problems are indicated by
cracking, exposure of reinforcing bars, large
areas of broken-out concrete, misalignment
at joints, undermining, and settlement in the
structure. Rust stains that are noted on the
concrete may indicate that internal corrosion
and deterioration of reinforcement steel is
occurring. Spillway floor slabs and upstream
slope protection slabs should be checked for
eroded underlying base material
(undermining). Concrete walls and tower
structures should be examined to determine
it  settlement and misalignment of
construction joints have occurred. Cracks
extending across concrete slabs that line
open channel spillways or provide upstream

slope wave protection structures can
indicate a loss of foundation support
resulting ~ from  settlement,  piping,
undermining, or erosion of foundation soils.
Piping and erosion of foundation soils may
be the result of inadequate under-drainage
and/or cutoff walls.

Items to consider when evaluating a
suspected structural crack are the concrete
thickness, the size, and location of the
reinforcing steel, the type of foundation, and
the drainage provision for the structure.
Floor or wall movement, extensive cracking,
improper alignments, settlement, joint
displacement, and extensive undermining
are signs of major structural problems.
Drainage systems may be needed to relieve
excessive water pressures under floors and
behind walls. Because of their complex
nature, major structural repairs require
professional advice and design. The method
of repair will depend on the size of the job
and the type of repair required.

Cracks in concrete surfaces exposed to
flowing water may lead to the erosion or
piping of embankment or foundation soils
from around and/or under the concrete
structure. In this case, the cracks are not the
result of a problem but are the detrimental
condition which leads to piping and erosion.
Seepage at the discharge end of a spillway or
outlet structure may indicate leakage of
water through a crack. Proper drainage for
open channel spillways lined with structural
concrete floors is necessary to control this
leakage. Flows from underdrain outlets and
pressure relief holes should also be watched
and measured. Cloudy flows may be a sign
that that piping is taking place beneath or
next to the concrete structure. This could be
detrimental to the foundation support.

Inspectors should look for structural cracks
at areas of stress concentrations, such as
corners of openings, contraction joints,
areas of large temperature gradients,
foundation and abutment material changes,
slope changes, or direction changes in
relation to the section of the structure.
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Temperature variations between the air and
reservoir water in freezing weather can
cause cracks extending from the structure
crest down each face. Structural cracks often
are wide, change widths with load changes
or temperature cycles, include significant
leakage. Inspectors should compare their
observations with the drawings, photos, or
sketches from past inspections, and be alert
for new cracks and for changes that differ
from past trends.

Concrete surfaces next to contraction joints
and subject to flowing water are of special
concern, especially in chute slabs. The
adjacent slabs must be flush, or the
downstream slab should be slightly lower to
prevent erosion or cavitation damage of the
concrete and to prevent water from being
directed into the joint during high-velocity
flow.

Visual inspection of intake structures, trash
racks, upstream conduits, and stilling basin
conctete surfaces that are below the water
surface is not usually possible during a
regularly scheduled inspection. Typically,
stilling basins require the most regular
monitoring and maintenance because they
are holding ponds for rock and debris,
which can cause extensive damage to the
concrete surfaces during the dissipation of
flowing water. Therefore, special inspections
of these features should be performed at
least once every five vyears by either
dewatering the structure or when operating
conditions permit. Investigation of these
features using experienced divers is also an
alternative.

5.4.4 Structural Cracking

Structural cracks are caused by overstressing
of portions of the dam and are usually the
result of inadequate design, poor
construction techniques, or faulty materials.
Structural cracks are often irregular,
meaning they run at an angle to the major
axes of the dam and may display abrupt
changes in direction. These cracks may also

have noticeable radial, transverse, or vertical
displacement.

Overstressing in a concrete dam normally
creates areas of distress and cracking that
usually can be recognized visually during a
visual inspection. Cracking, the separation
of construction joints, changes in leakage
rates, and differential movements are all
indications of overstressing. The
overstressing may occur along the
foundation because of differential or
extreme foundation movements or at any
location in the concrete or masonty section
of the dam. The overstressing may be
caused by wunusual external loading
conditions, temperature variations,
contraction  joint  grouting  pressures,
foundation movement, or excessive uplift
pressure in the foundation or along
unbonded lift joints.

The extent of displacement associated with
structural cracking often varies along the
length of a crack. This variation usually
occurs because a part of the dam may have
moved in relation to the original alighment.
In any case, the presence of structural cracks
could be a sign of the progressive failure of
an abutment, the foundation, or the dam
body. An inspector should record the
location of the structural cracking, as well as
the direction, width, and depth of the
crack(s). Qualified engineers should be
brought in to examine structural cracks
when they are discovered.

Masonry dams without adequate block
joints may be subject to structural cracking
in areas of stress. In some cases, one or
more expansion joints may need to be
added to the structure. This is a major
design issue, and experienced structural
engineers should be consulted to decide on
the remedial measure. Cracks may be serious
and should be evaluated to decide if they are
active and have structural implications.

Inspectors should learn to recognize
structural cracks that may affect the safety
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of the dam. A structural crack compromises
the integrity of concrete and masonry
structures and, therefore, may pose a safety
problem. In appearance, a structural crack
may be:

e Diagonal or random with abrupt
changes in direction.

e Wide (greater than 5 mm), with a
tendency to increase in width

e Next to concrete that is noticeably

displaced

e Occasionally narrow and diagonal,
which signals an inability to handle
shear stresses

e Long, single or multiple diagonal
cracks  with  displacement and
misalignment

5.4.5 Joint Cracking

Contraction joints accommodate volumetric
changes, which occur in the structure after
concrete placement, and are sometimes
referred to as “designed” cracks. These
joints are built so that no bond or
reinforcing, except non-bonded water-stops
and dowels, extend across the joint.
Cracking at contraction joints is common,
and typically results in the formation of
spalls (that is, a fragment, usually in the
shape of a flake, detached from a larger
mass) and minor leakage. Inspectors should
examine all joints and look for cracking,
spalling, and seepage.

5.4.6 Shrinkage Cracking

Shrinkage cracks often occur when
irregularities or pockets in the abutment
contact are filled with concrete and not
allowed to cure fully prior to placement of
adjacent portions of the dam. Subsequent
shrinkage of the concrete may lead to
irregular cracking at or near the abutment.
Shrinkage cracks are also caused by
temperature  variation. During  winter
months, the upper part of the dam may
become significantly colder than those

portions that are in direct contact with the
reservoir water. This results in cracks that
extend from the crest for some distance
down each face of the dam. These cracks
will be at contraction joints if provided.

Shrinkage cracking can be caused by several
factors, the principal ones being a badly
designed mix (too much water, poorly
graded fine aggregate having a high
proportion of very fine material), and
inadequate curing.

All concretes and mortars shrink on drying
out, and shrinkage will tend to widen cracks
caused by other factors. The total shrinkage
is made up of irreversible shrinkage and
reversible shrinkage. On initial drying out an
appreciable amount of the total shrinkage is
irreversible, but after several cycles of
wetting and drying the shrinkage becomes
entirely reversible. Shrinkage can be partly
restrained and crack width and spacing
controlled using reinforcement.

Shrinkage cracks are usually confined to:

e non-structural members that have
only nominal reinforcement for
handling, such as precast units;

e floor toppings, screed concrete, and

e parapet walls with inadequate
distribution of steel.

5.4.7 Thermal Cracking

During the setting and hardening process of
concrete, considerable heat is evolved by the
chemical reaction between the cement and
the mixing water (hydration). This results in
an appreciable rise in temperature in the
concrete.

The peak temperature, the time taken to
reach the peak, and then cool down,
depends on many factors. As the
temperature of the maturing concrete rises
the concrete expands, and as it cools down
it contracts. The coefficient of thermal
expansion (and contraction) depends on
several factors, the principal ones being the
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type of aggregate and the mix proportions.
With similar mix proportions, a limestone
aggregate concrete has a significantly lower
coefficient of thermal expansion than
concrete made with hard mineral such as
flint.

Thermal contraction cracking is caused by
the inadequate distribution of reinforcing
steel to take the stresses arising when the
maturing concrete cools down from its
maximum temperature.

5.4.8 Pattern Cracking

Pattern cracking is a form of pervasive
cracking that consists of openings on a
concrete surface in the form of a pattern
and is caused by ecither shrinkage of
concrete near the surface or a volumetric
increase in concrete below the surface layer.
Thermal stress, alkali-aggregate reaction, and
freeze-thaw actions cause changes in the
volume of concrete.

This is really a special type of drying
shrinkage cracking and can be very difficult,
if not impossible, to eliminate completely.
Pattern cracks usually are a sign of a
problem, such as freeze-thaw action or
some type of chemical reaction in the
conctrete.

The crack widths are usually in the range of
0.1 mm to 0.3 mm, and the depth seldom
exceeds 0.5 mm. This type of cracking
occurs in the very eatly life of concrete, but,
because of the fineness of the cracks, is
often not noticed or reported for months or
even years. This type of cracking does not
adversely affect the durability of the
concrete.

5.4.9 D-Cracking

D-cracking is another form of pervasive
cracking that exhibits fine parallel cracks at
close intervals, usually along joints or edges.

This type of pattern cracking is an early sign
of damage from freeze-thaw action. Low-

quality limestone aggregates are usually the
cause of D-cracking, which is often seen at
the exposed corners of slabs and walls
formed by joints.

D-cracking is the progressive formation of a
series of fine cracks at close intervals, often
in random D-shaped patterns along a joint.
D-cracking is caused by repeated freezing
and thawing after moisture infiltration at the
joint. AS freeze-thaw cycles continue, the
cracks extend farther away from the joint
and become more severe, leading to a
progressive structural deterioration of the
concrete.

Figure 5-3. D-cracking along a
contraction joint in a floor slab.

It usually takes several years for D-cracking
to progress to the concrete surface where it
first becomes visible as a series of small
cracks, often preceded and accompanied by
dark discoloration of the surface. However,
air-entrainment ~ of  concrete  during
placement reduces the effect of freeze-thaw
deterioration. Inspectors should especially
look for D-cracking in concrete dams built
without the wuse of air entrainment
technology (those built before about 1940).

5.4.10 Abutment and Foundation
Cracking

Concrete dams transfer large loads to the
abutments and foundation. Although the
concrete of the dam may endure, the natural
terrain may crack, crumble, or move in a
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massive slide. If this occurs, support for the
dam will be lost, and the dam may fail. Fault
planes or weaknesses in the abutment may
deteriorate with time, resulting in movement
of the natural material in the abutment.
Structural cracks in the concrete will be
induced because of the movement in the
abutment. This situation creates the
potential for failure of all or a part of the
concrete or masonty structure, resulting in
the release of reservoir water. If inspectors
discover structural cracking, they should
examine the foundation and abutments for
signs of geological stresses or movement.
Impending failure of the foundation or
abutments is hard to detect because initial
movements are often small.

Cracks in the abutments and foundation of
a dam may signal a weak soil or rock zone, a
settlement from consolidation, piping of
soils or soluble rock from around or
beneath the dam, or an overstressing caused
by seismic activity or the load of the dam
and reservoir. Foundation failure may allow
the dam to start to move because of the
force of the water behind the structure. In
the worst-case scenario, the dam may
collapse and allow the water to be released
from the reservoir. Inspectors should look
for signs of weak foundations, including
cracking, dam movement, foundation
seepage, and wet, soft foundation soils.

Abutment cracking is of primary concern at
arch dams because the loadings on the dam
are concentrated at the abutments.
Inspectors should examine downstream
appurtenant  structures and abutment
contact areas for signs of potential
problems.

If cracking is discovered during a visual
inspection of a concrete dam, inspectors
should take the following actions:

e Photograph and record location,
depth, length, width, and offset of
the cracks. Note prominent cracks,
cracking over large areas, and the
trends that are developing,.

e JTook for structural damage,
including misalignment, settlement,
vertical and horizontal displacement.

e Look for any surrounding cracks.

e (lassify and describe the cracks
using the terminology defined
earlier.

If extensive new cracking is found, consider
starting a crack survey to document all
cracks in the structure and their
characteristics ~ thoroughly.  Contact a
qualified dam safety professional if there is
uncertainty about the severity of cracking or
if the following conditions are found:

e A major new crack.

e (racks that have changed
significantly since the last inspection.

e Cracks are suggesting a movement
that might be detrimental to the
structure or to equipment operation.

e Significant leakage.

e Look for evidence of seepage or
saturated soils in or below the
cracks. Also, look for signs of
foundation soil erosion. If there is
an excessive amount of water
flowing through a crack,
recommend repairs. Check with a
structural engineering specialist to
select proper repair procedures.

e Decide if other dam structures, such
as the spillways or outlets, could be
affected by the cracking.

e C(Closely monitor the cracks for
changes.

e Try to determine the cause of the
cracking; this can help identify
effective corrective actions.

e Consult a qualified dam safety
professional to ascertain the cause of
the cracking if it is severe or gets
progressively worse. Serious
cracking or repair operations may
require lowering the reservoir level.
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e Recommend proper  corrective
action be taken to repair, monitor,
or replace the damaged areas. The
recommended corrective actions
should be consistent with an
inspector’s training and experience.

If instruments have been installed to
measure the growth of severe cracks, the
data may supply reasons for the cracking.
Measurements of leakage and movement are
particularly important for assessing the
development of cracks, as well as for
evaluating joints, which also are subject to
leakage and movement. Reading of an
established monitoring network should be
performed on a regular basis.

5.4.11 Leakage through Cracks

Insignificant amounts of leakage through
cracks in concrete and masonry dams,
although unsightly is not usually dangerous,
unless accompanied by structural cracking.
The worst effect may be to promote minor
deterioration through freeze-thaw action.
Increases in leakage might show that
materials are being leached from the dam
and carried away by the flowing water. A
comprehensive analysis of the problem may
be needed before it can be decided that
repair is necessary for other than cosmetic
reasons.

Inspectors should examine carefully all
visible concrete surfaces for the presence of
cracks. If water is seeping from cracks on
the downstream face, an underwater
inspection of the upstream face may be
needed, depending on the severity of the
problem and the amount of water seeping
from the cracks.

5.4.12 Reporting Cracks

Inspectors should examine and report all
types of cracks using the ACI terminology
described earlier. Therefore, inspectors will
have to be able to detect and describe cracks
to be able to inspect concrete structures
effectively. Structural cracks are serious and

should be carefully evaluated and
documented.

If the problem associated with the cracks is
serious and potentially affects the integrity
of the dam or its appurtenant works, a crack
survey may be called for. A crack survey is
an examination of a concrete structure for
finding, recording, and describing cracks
and of noting the relationship of the cracks
with other signs of distress. A design
drawing or inspection drawing is often used
to record the location and extent of cracks
in this type of survey. A grid system created
with paint or chalk on a structure's surface
can be used as an aid to determining crack
locations.

A crack survey should catalog characteristics
of the cracks such as length, width,
direction, trend, depth, offset, and location.
It should also describe the cracks based on
the definitions presented above.

For monitoring purposes, measurement
points should be marked, and the sharp
edges of cracks should be protected with a
thin coat of clear epoxy. This will prevent
spalling or degrading of the edges which
would give falsely high width measurements.
Inspectors should use a feeler gage, a
handheld illuminated microscope or a
comparator to measure the width. A
comparator is an instrument printed or
inscribed with lines of various widths on a
transparent background. An inspector places
the comparator over a crack and matches
crack width to a line. Two versions of
comparators exist. One is a lighted
magnifying glass with an eyepiece scribed
with lines. The other is a transparent plastic
card printed with lines.

Whenever possible, external cracks should
be correlated with internal cracks. Where
repairs have been made to the concrete,
crack surveys are difficult to perform and
may be unreliable because cracks beneath
the repairs may be a sign of degradation at
greater depths. It is significant, however, to
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note whether new cracks have developed in
the repaired concrete. Such cracks may
indicate continuing structural deterioration.

Other conditions or deficiencies are often
associated with cracking, such as leakage,
deposits from leaching or other sources, and
spalling of crack edges. These conditions
should also be reported. Inspectors should
always look for seepage into or out of
cracks. Water from seepage or leakage may
compound the problem, leading to further
degradation, including:

e The development of excessive
hydrostatic ~ pressures on some
portions of the structure

e Attacking the concrete chemically
e Freeze-thaw damage to concrete

e FErosion or solution of the
foundation material

e Leaching of the concrete

Sometimes the leakage source can be
determined by comparing leakage water
temperature  with ground water and
reservoir temperatures. Dye tests are
another means of identifying the leakage
sources. Approved dyes can be placed in the
water upstream of the structure, in drill
holes, or in other accessible locations. The
location and time the dyes appear
downstream can find the sources and
velocity of leakage. Chemical analysis of
leakage water and deposits may be advisable
if other problems begin to develop.

The most common leakage measuring
devices include a container and stopwatch,
weir, flume, and flow meter. A container
and a stopwatch may be used to measure the
leakage from a crack if the water can be
conveniently contained. It may be necessary
to use a plate or other device to get the
leakage to spring free from the concrete
surface and into the container. Sometimes
the seepage water may have to be collected
or measured at a point downstream of the
source to make it convenient to do so. It is

not always easy to collect and measure water
flow rate from seeps; an inspector may have
to be creative to implement a collection and
measurement procedure.

Movement between adjacent concrete
surfaces or between concrete surfaces and
the foundation can be measured with survey
instruments, foundation baseplates,
settlement Sensofrs, inclinometers,
extensometers, tiltmeters, plumb lines,
measurement  points, calibrated crack
monitors, joint meters, embedded strain
meters, stress meters, and temperature
gauges. Inspectors should note all instances
when  monitoring  equipment  reveals
enlargement or other changes in a crack.
Also, they should examine other
instrumentation measurements for evidence
of conditions that may have caused changes
in the crack.

If instrumentation has been installed to
monitor serious cracks, the data may supply
reasons for the cracking. Measurements of
leakage and movement are particularly
important for evaluating cracks, as well as
for evaluating joints, which also are subject
to leakage and movement.

Any recommendations an inspector may
make for simple corrective actions should
be reviewed by qualified dam safety
professionals. Extensive corrective actions
that may be taken in response to inspection
findings include:

e Tor cracks that may be leaking but
there is not a high hydrostatic head,
treatment may consist of grouting
the crack by injecting either a
hydrophilic compound (if crack
movements are expected, such as in
a block joint) or a UV resistant,
cementitious mortar.

e TFor cracks where leakage is
accompanied by high hydrostatic
pressure, installation of a drainage
system may be necessary.
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e If a structural analysis shows a crack
has affected the structure's stability,
post- tensioning between
components of the structure or
between  the  structure  and
foundation rock or anchors may be
needed.

e Collapsed slabs and wall may need
complete replacement and
foundation repair.

e Concrete conduits may need to be
replaced if the damage is severe.
Conduit linings may also be
applicable.

Repair materials that may be used include
epoxy grout, methacrylate, polymerized
concrete or mortar, fiber-reinforced
concrete, and low water-cement ratio
concrete.

5.5 Deterioration

Deterioration is any adverse change on the
surface or in the body of a dam that causes
the structure to separate, break apart, or lose
strength. Deterioration is normally caused
by the forces of nature such as wetting and
drying, freezing and thawing, oxidation,
decay, and erosive forces of wind and water.
Activities of humans can also contribute to
deterioration by altering the chemical
composition of water through the
application of chemicals on or near a dam.
A subjective evaluation of the extent and
effects of deterioration should be made.
Sometimes deterioration will be extensive
enough to cause other detrimental
conditions such as structural failures of
concrete or masonty.

The greatest weakness of masonry dams is
the tendency for the masonry or mortar
between blocks to deteriorate with resultant
leakage, deformation, and  general
disintegration. Other than that, deterioration
of the structural components masonry dams
is similar to what takes place in concrete
dams. For this reason, procedures for

inspecting concrete dams apply to masonry
dams as well. With these points in mind, the
remainder of this chapter refers mostly to
concrete dams and, unless stated otherwise,
the discussions apply to both concrete and
masonry dams.

5.5.1 Concrete Deterioration

Concrete deterioration is a progressive
reduction in properties that may make
concrete no longer serviceable for its
intended wuse. This may be a physical
“removal” of materials from the surface of
the structure leading to a reduced cross
section or an internal change in strength,
modulus of elasticity, Poisson’s ratio, or
density that reduces its overall structural
load-carrying capacity. For example, surface
deterioration and loss of material caused by
freeze-thaw deterioration of concrete can
lead to a reduced cross section of a concrete
dam. The reduced cross section increases
the stresses of the remaining section
proportionately to the amount of material
removed. As another example, internal
expansion of a concrete structure caused by
alkali-aggregate reaction (AAR) may reduce
the strength and modulus of elasticity of the
entire structure. Swelling and cracking of
concrete outlets or spillways caused by AAR
leads to reduced structural performance, and
the cracking may accelerate other
deterioration mechanisms, such as freeze-
thaw detetioration.

The joint effect of deterioration and cyclic
loading may be very detrimental to concrete
and mortar. Cyclic loads, even at low
stresses, may cause permanent strains to
accumulate. It is possible that, if the loads
are high enough in comparison to the
concrete strength, these strains may cause
failure even at small stresses.

There are several known processes of
concrete  deterioration. These include
physical and chemical processes acting on
the inherent structure of the cement and
concrete and processes related to “flaws” in
construction that may affect the safety of
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the structure. The following sections
describe typical deterioration mechanisms.

5.5.1.1 Freezing and Thawing
Deterioration

A freeze-thaw attack is a form of internal
disruption of the concrete paste caused by
the formation of ice crystals in saturated
concrete.  Freeze-thaw deterioration s
particularly  severe in the northern
mountainous zones of India, which may
experience 50 to 100 cycles of freeze-thaw
each year.

Deterioration is especially severe in the
splash  zone of hydraulic structures
experiencing freeze-thaw cycles. Ice expands
about nine percent upon freezing, causing
forces of up to 200,000 kPa, which is
enough to crack concrete if it is not
protected against this action. Freeze-thaw
deterioration is a progressive attack, starting
from the exterior of the concrete and
moving inward. As some of the concrete
fails and is removed by spalling, the depth
of freezing progresses inward.

5.5.1.2 Alkali-Aggregate Reactions

AAR is a chemical reaction between the
alkalis in cement and certain “reactive”
aggregates that produces a gel that will
expand in the presence of water. AAR gel is
sufficiently expansive to fracture aggregates
and concrete paste and cause the concrete
to swell and crack. Dams experiencing AAR
have been known to swell as much as one
foot in height and length.

AAR occurs in two basic forms: alkali-silica
reaction  (ASR) and  alkali-carbonate
reaction. ASR can happen in concrete
containing cement having an alkali content
greater than 0.6 percent and glassy siliceous
volcanic rocks and other potentially
deleterious rock types such as chert, opal,
shale, and certain quartzites (Figure 5-4).

Typical AAR deterioration results in
swelling and cracking of the concrete,

Figure 5-4: Positive identification of ASR at
Rihand Dam, India using red dye to
demarcate areas of cracks and seepage. no
known cure except to minimise exprosure
to moisture to slow down reaction.

accompanied by a decrease in strength and
modulus of elasticity. The cracking also
provides avenues for moisture to enter the
concrete and contribute to accelerated
freeze-thaw attack in cold climates. Methods
to prevent ASR include identifying
potentially  reactive  aggregates  using
petrographic techniques, limiting their use,
and specifying low-alkali cement and
pozzolans.

5.5.1.3 Sulphate Attack

Sulphate attack is both a chemical and
physical attack of the internal microstructure
of the concrete paste. Sulphates in
groundwater and soil can migrate into the
concrete and cause an expansive disruption
of the paste, leading to cracking and failure
of the concrete. Severe sulphate attack can
disrupt and fail concrete in as little as 5 years
or less.

Physical sulphate attack involves saturation
of porous concrete with sulphates that,
under certain drying conditions, can
precipitate as crystals within the cement
matrix, disrupting its internal structure.
Chemical sulphate attack is a chemical
reaction between sulphates and cement
hydration products that forms expansive
compounds and causes dissolution of the
paste. Chemical sulphate attack is common
where high evaporation rates cause
sulphates to concentrate in the upper soil
strata. Most sulphate attacks in concrete
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happen when the cement has a large amount
of tricalcium aluminate.

5.5.1.4 Abrasion-Erosion and Cavitation
Damage

Abrasion-erosion damage is a physical
wearing of the concrete by water-born
sediments, gravels, and rocks. Abrasion
erosion damage can be caused both by
concrete with low strength and poor
aggregates and by design related problems
that may sweep rocks and sediments from
downstream back into spillway and outlet
works stilling basins, resulting in particles
abrading the surface in a roller-mill fashion
(Figure 5-5). Structural damage from
abrasion erosion damage can be quite severe
at large dams.

Cavitation damage 1is caused by the
formation and subsequent collapse of sub-

Figure 5-5. Abrasion and cavitation of
Gate 1 of Maneri Dam, Uttarakhand, after
severe 2013 flooding. Reservoir silted up to
the spillway crest elevation allowing
boulder-size and quartzite material to flow
over spillway.

atmospheric ~ water  vapor  “bubbles,”
releasing tremendous positive pressures on
the surface of the concrete. Cavitation
damage is a concern for high-velocity water
flows in spillways and outlets. Cavitation is
aggravated by aggregate pop  outs,
construction related offsets, and deposits of
carbonates  (leaching  product  from
concrete). In outlet works, cavitation can be
caused by insufficient air supply to gates,
defective construction, and sometimes by
the way the gates are operated.

Both  abrasion-erosion and cavitation
damage can be reduced by using high-
strength concrete, changing the design and
operation of spillways and outlets, and
eliminating of significant construction
offsets. Modern repair materials with
compressive strengths of up to 100,000 kPa
now give greater abrasion-erosion resistance
to areas prone to damage from abrasive
particles and rocks.

5.5.2 What to Do

If deterioration is of concrete surfaces is
found during a visual examination of a
structure, inspectors should:

e Photograph and record location,
type, and extent of the deterioration.

e Note prominent features, and
whether cracking is also present.

e JTook for structural damage,
including misalignment, settlement,
vertical and horizontal displacement.

e Look for any surrounding damage to
structures or foundation. Inspectors
should look closely for changes in
the spillways and outlet structures
that may be affected by structural
damage to the dams. Items to check
include wvertical, horizontal and
lateral ~ displacements,  structural
cracking, and tilting of spillway
walls.
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e C(lassify and describe the
deterioration using the terminology
previously defined.

e If deterioration is  extensive,
consider starting a condition survey
or surface mapping to document all
problems in the structure and their
characteristics thoroughly. Contact a
qualified dam safety professional if
there is uncertainty about the

severity of deterioration.

e Look for evidence of seepage or
saturated soils in or below the dam
and on the abutments. Also, look
for sign of foundation soil erosion.
If there is an excessive amount of
water, or water, which cannot be
handled by the drainage system, is
flowing through a crack,
recommend repairs. Check with a
qualified structural engineer to
identify proper repair procedures.

e Determine if other dam structures,
such as the spillway or outlet, could
be affected by the deterioration that
is observed.

e C(losely monitor the problems for
changes.

e Try to figure out the cause of the
deterioration; this can help plan
effective corrective actions.

e Consult a qualified dam safety
professional to decide on the
reasons for the problem if it is
severe or becomes progressively
worse. Serious deterioration or
repair  operations may require
lowering the reservoir level.

e Recommend proper  corrective
action be taken to repair or to
replace the damaged spillway or
outlet areas. The recommended
corrective  actions  should  be
consistent with an inspector’s
training and experience.

Although outlet system deterioration is
usually not a problem at concrete dams, the
frequency of such damage is higher because
of the greater average hydraulic head. Visual
inspection of the outlet system should be
emphasized during an inspection of tall
concrete and masonry dams.

5.6 Other Deterioration
Mechanisms

Several other mechanisms may act on
concrete and masonry structures and either
cause damage themselves or accentuate
other more common forms of detetrioration.
These forms of deterioration include acid
attack, chloride contamination (resulting in
reinforcing steel corrosion), wetting and
drying volume change, and carbonation
shrinkage.  Though these forms of
deterioration are severe, most dams are not

significantly affected by them (Figure 5-6).

India’s dams are not normally exposed to
severely ~ corrosive  environments — or
environments high in chloride. Damage
because of corrosion of reinforcing steel is
often associated with defective construction
practices resulting in inadequate concrete
thickness over reinforcement. However,
there is potential for corrosion of trunion

13/02/2014

Figure 5-6. View of typical calcareous
deposits on all Gallery appurtenances. All
equipment in Gallery is affected by the
aggressive quality of the water as it mixes
with the masonry mortar. Upstream
industries contribute to the problem with
releases of conatminated water into the
reservoir (Barna Dam, MP)
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pins in spillway gates caused by carbonation-
induced  shrinkage cracking and a
subsequent drop in passive resistance to
corrosion provided by the high pH of
cement paste. In addition, aging concrete
and masonry dams have suffered from
increased porosity of the cement paste
because of leaching of calcium hydroxide.

5.7 Ineffective Internal
Drainage Systems

Ineffective or nonexistent foundation and
internal drainage systems in concrete and
masonty dams can create  excessive
hydrostatic pressures along the base of the
dams and within the dam bodies.

These extreme pressures could cause
structural failure of a dam by sliding and
extensive cracking within the dam body that
could lead to structural failure (Figure 5-7).

Where they already exist, the monitoring
and maintenance of internal drains is
essential. Regular drain flow observations
must be part of any inspection program.
Accumulation of deposits in the drains is
checked by probing to determine the
location and  characteristics of  the
obstructing material.

When uplift forces are steadily increasing or

Figure 5-7. During construction (which
began in 1916) the dam had a breach in
1917. Causes of the breach noted uplift
pressures on a thin clay lens in the
sandstone. As a result, methodically
placed buttresses were constructed at
various chainages along the length of the
masonry. (Tigra Dam, MP)

when seepage flows have decreased the
need for cleaning drains or drilling new ones
is warranted. When drains become so
obstructed as to impair their function, and
the deposits are soft, they can be cleaned by
washing. However, this is often only a
temporary remedy. A better solution is to
re-drill the old drain or to drill new drains.
Where drains do not exist or are inadequate,
new ones can often be drilled into the
foundation from existing galleries or from
the downstream face.

5.8 Special Inspection
Techniques and
Requirements

Access and safety are concerns that need to
be planned for in advance of a visual
inspection. The conditions normally met at
concrete dams make it difficult to gain close
access to all features.

The faces of concrete dams are often
vertical, and the site is often a steep-walled
rock valley. Access to the downstream face,
toe area, and abutments may be challenging
and usually demands special equipment such
as safety ropes or a boatswain's chair. Close
visual inspection of the upstream face may
also need a boatswain's chair or a boat.
Without this equipment, visual inspection of
all surfaces of the dam and abutments may
not be possible.

A boat may be needed to access the
upstream face that is above the water. In-
channel dams such as low head dams, and
areas downstream of large outfalls are
dangerous and demands extreme caution
during visual inspections. The high-velocity
water current, whirlpools, hydraulic jumps,
and eddies that form in these areas can
create conditions that trap and sink boats
and swimmers. Inspectors should always
wear life preserver jackets when using a
boat. Experienced underwater divers may be
needed if the submerged part of the
upstream face must be inspected. Radio
communication between the diver and an

Doc. No. CDSO_GUD_DS_07_v1.0

Page 89 of 190



Guidelines for Safety Inspection of Dams

January 2018

experienced inspector on the surface is
preferred during this exercise.

Regular visual inspection with a pair of
powerful binoculars can initially detect areas
where the change from surrounding areas is
occurring. When these changes are noted, a
detailed close-up inspection should be
performed. Any questionable condition
demands immediate evaluation by a
qualified dam safety professional. Because
the failure of concrete dams can occur
suddenly, even a hint of a problem must be
evaluated.

Another technique that can be used is to
video record of the entire structure. A high-
power zoom lens can be used to get close-
up video of the dam faces and discharge
structures. The tapes can then be examined
closely in the office for visual problems.
Problems that are detected may then require
closer wvisual inspection in the field.
Problems that may be met with this
technique include gaining access to points
where filming will be effective and obtaining
full and complete coverage.

5.9 Concrete and Masonry
Dam Inspection Sketches

Sketches of conditions that might be found
at concrete and masonry dams during a
visual inspection, the hazards created, and
possible remedial measures are presented in
Table 5-2, page 91 through 98. While most
of the conditions can be corrected by
routine and periodic maintenance carried
out by the dam owner, some of the
problems are of a nature that threatens the
safety and integrity of the dam and need the
attention of qualified engineers and
geologists to decide on remedial measures.
Depending on the severity of the condition,
the dam owner may need to take immediate
action to prevent the condition from
worsening, including contacting repair
contractors and notifying local disaster
management authorities.
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Guidelines for Safety Inspection of Dams

January 2018

Chapter 6. INSPECTING SPILLWAYS, OUTLETS AND
MECHANICAL EQUIPMENT

The purpose of a dam safety inspection is to
identify deficiencies that potentially affect
the safety of the dam. An inspector should
develop a systematic procedure for visually
checking a dam to ensure that all features
and areas are examined and to minimize the
amount of time spent on-site. This chapter
focuses on the visual inspection of dam
spillways and outlet structures. These
structures are part of the appurtenant works
of embankment and concrete dams.

Information presented in this chapter helps
identify common problems that affect the
performance of spillways and outlets in
dams, and outline visual inspection
procedures. The general technique for
visually inspecting spillways and outlets is to
examine each feature up close. All visible
defects should be measured, evaluated, and
recorded. Some form of report or
documentation with recommendations for
corrective action is then prepared for the
dam owner’s project files. Some spillways
and outlets may be difficult to access and
may require special equipment to carry out a
visual inspection.

6.1 Types of Spillways and
Outlets

The spillway system consists of the
structures over or through which base
inflows and flood flows are safely
discharged. If the flow is controlled by
gates, it is a controlled spillway; if the
elevation of the spillway crest is the only
control, it is an uncontrolled spillway.

Inspectors should review the dam owner’s
project files for design capacity calculations
to make sure that the dam spillway system
can safely handle the inflow design flood.
They should also look for signs of high

water levels when they are carrying out their
visual inspections.

Spillways typically include all or most of the
following four components, each serving a
different function: 1) entrance channel, 2)
control section, 3) outlet channel, and 4)
terminal structure. The entrance channel
conveys water from the reservoir to the
control section and is wusually required
except for drop inlet spillways located in the
reservoir and overflow spillways on concrete
dams. The control section governs the
spillway discharge. Control sections may be
orifice-like openings, conduit entrances, or a
crest in the form of a shaped weir or a sill.
They may be either unregulated or regulated
by gates, flashboards, and valves. The outlet
channel conveys and returns the water to
the stream beyond the dam or into other
topographic  depressions  beyond  the
reservoir basin. The terminal structure
prevents excessive erosion of the stream
channel or damage to adjacent structures
and the dam from the high-energy spillway
discharges. Stilling basins, roller buckets,
baffled impact- type basins, and lined

aprons are used as terminal structures.

Spillway systems typically consist of a
principal spillway and an auxiliary spillway
(often referred to as an emergency spillway).
The principal spillway is the first-used
spillway during base inflow and flood flows.
The auxiliary spillway is a secondary spillway
designed to operate in conjunction with the
principal spillway; when used, the principal
spillway aims to pass floods that occur
often, and the auxiliary spillway is set to
operate only after such floods are exceeded.
The combination of the principal and
auxiliary spillway should safely pass the
design flood without overtopping the
unprotected part of the embankment.
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The following types of spillways are used at
dams; however, many variations of these
spillways are found in practice:

e Drop Inlet Spillway (also called
Morning Glory Spillway, or Shaft
Spillway) — A vertical or inclined
shaft into which flood water spills
and then is conducted through,
under, or around a dam by a conduit
or tunnel. If the upper part of the
shaft is splayed out and ends in a
circular horizontal weir, it is termed
a “bellmouth” or “morning glory”
spillway. The vertical part of the
spillway is called the riser. The risers
are usually reinforced concrete pipes
or boxes. Shaft spillways are often
used as the principal spillway and are
usually referred to as drop inlets or
risers.

e Side-Channel Spillway — A spillway
formed on the natural ground along
the side of an embankment.
Auxiliary spillways are usually side-
channels. However, principal
spillways may also be side channel
spillways.  Side-channel  spillways
may be constructed with energy
dissipation structures, such as baffles
or stilling basins, to reduce discharge
velocity and energy.

e Conduit Spillway — A spillway
consisting of a closed channel, or
conduit, that conveys the reservoir
discharge under or through the dam
embankment. The closed channel
may be a vertical, horizontal, or
inclined shaft and may be used in
conjunction with most forms of
control sections, including overflow
crests, drop inlet entrances, and side
channel crests. Conduit spillways are
sometimes used without another
type of control structure.

e Ogee Spillway — An overflow weir in
which the cross section of the crest,
downstream slope and bucket have
an “S” (or ogee) form of a curve.
The shape is designed so that the

Straight Drop Spillway .
Ogee Spillway

Spillway Crest

Side Channel & Chute Spillway
Drop Inlet

Drop Inlet Spillway with Discharge Conduit

Figure 6-1. An illustration of several types of
spillways used in India. Many variations of
these spillway types are found in practice.

underside of the nappe matches the
upper extremities of the weir.

Spillways are critical to the safe operation of
every dam and must be inspected closely.
Many problems that occur at spillways may
not be visible until damage or failure occurs.
This is particularly true with problems that
develop along or wunder conduits in
embankments, or under concrete linings
(FEMA 2005b). The riser on a shaft spillway
is usually submerged in the reservoir,
making it difficult if not impossible to
examine all parts of the spillway. Boat access
may be needed on some, while professional
scuba divers may be required to inspect
others. For this reason, inspectors must be
alert for any signs of deterioration or
damage that may be present, but may not be
visible during a surface inspection.

Seepage, or filter, diaphragms are newer
technology and have replaced the anti-seep
collars as the preferred method of seepage
control. A diaphragm is an engineered filter
placed near the downstream end of the
conduit that prevents seepage water from
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removing the soil from around or under the
conduit. Filter diaphragms are connected to
a horizontal granular layer or pipe drain to
convey seepage from the diaphragm away
from the embankment. Anti-seepage collars
may contribute to piping problems due to
difficulty in compaction around collars.

The outlet is the structure through which
water can be freely discharged from a
reservoir. Outlets are used to reduce the
reservoir level in dams or to maintain a
desired flow downstream of the dam. An
outlet may also be referred to as a reservoir
drain. The primary function of the outlet
(also called outlet works, or outlet system) is
to control the release of water from the
reservoir. The outlet system is used to
release water downstream for irrigation, dam
repairs, emergencies, and other uses. The
size of the outlet system is set by the rate of
demand downstream or the desired rate of
drawdown that may be needed for
maintenance. Except in an emergency, the
rate of drawdown of the reservoir should be
slow; not exceeding 30-cm per 24-hour
period is typical. In an emergency,
drawdown should be carried out as quickly
as possible without creating excessive
hazards at the dam, its appurtenances, or the
area downstream.

The outlet works components may include
the following: entrance channel, intake
structure, waterway or conduit, a control
section, terminal structure, access shafts,
bridges, and tunnels, and operation/
maintenance stations.

The entrance channel (if present) conveys
water to the intake structure of the outlet
works. The intake structure establishes the
ultimate drawdown level, guards against the
entry of trash, and may incorporate water
control devices (gates/valves) for flow
regulation, or closure devices for dewatering
the outlet works during visual inspection
and maintenance. Intake structures may be
vertical or inclined towers, drop inlets, or
submerged, box-shaped structures. Intake
elevations are determined by the head

needed for discharge capacity, storage
capacity for siltation, the required amount
and rate of withdrawal, and the desired
maximum drawdown level.

The waterway conveys the released water
from the intake structure to the point of
downstream release. Waterways may be
steel-lined  sluiceways or ports through
concrete dams, lined or unlined tunnels in
abutments, or from the reservoir basin
elsewhere, open channels, or closed
conduits beneath the dam. Closed
waterways may be designed for pressure and
non-pressure flow. Pressure pipelines and
penstocks may be extended through non-
pressure conduits and tunnels, affording
access and pressure relief.

The control section regulates the flow of
water through the outlet works and may be
located at the upstream or downstream
limits of the waterway, at intermediate
positions, or at several positions. It houses
and  supports control  devices  that
proportion or shut off outflow. Types of
valves and gates used for control devices
include wheeled / slide gates; commercial
gate valves; butterfly valves; ring follower,
fixed-wheel, and roller train leaf gates;
needle, tube, jet flow, hollow-jet, and
Howell-Bunger valves; and radial gates with
or without top seals. For satisfactory
performance, the type of valve or gate must
be matched to service conditions such as the
maximum pressure, flow velocity, in line or
free discharge, fully open, closed, or partially
open, and unbalanced or balanced head
operation. Emergency or stop log gates
with lifting beam and hoisting gantry/
monorail cranes are provided to allow
maintenance of the service gates.

The terminal structure delivers the flows to
the point of downstream release. The need
for and the type of terminal structure are
defined by the purpose of the outlet works.
The terminal structures can be separate
structures similar in principle to those for
spillways, or the outlet releases may be
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conveyed through the spillway discharge
conduit and terminal structure.

Inspectors should visually inspect the outlet
and all its components. Arrangements
should be made with the dam owner to have
someone operate the outlet; Inspectors
should not operate the outlet to avoid
potential liability issues involving the release
of water, or possible breakage or sticking (in
open position) of control valves.

6.2 Inspection Procedure

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, inspectors 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, an 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/other underwater divers/ROVs may
need to be used to see 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.

6.3 What to Look For

There are four general types of problems
that can prevent a spillway or outfall from
functioning  properly: (1) cracks and
structural damage; (2) inadequate erosion
protection; (3) deterioration or lack of
maintenance; and (4) obstructions. As soon
as any of these problems is found, remedial
steps should be taken to correct the defect.

Each of these types of problems is
described in detail in this chapter.
Additionally, special concerns of conduits
and outlets are discussed separately,
including visual inspection guidelines and
testing procedures.

The spillway is an important part of a dam.
If it has not been designed with adequate
capacity, or is not constructed and
maintained propetly, overtopping of the
embankment may occur during a large
storm. This could cause failure of the dam
or its components and severe damage to
downstream properties, or even death of
downstream residents. A spillway should
always be kept free of obstructions, be able
to resist erosion and be protected from
deterioration. An inspector must visually
examine spillways and outlets for potential
deficiencies to ensure the continued safety
of the dam.

In general, spillways are either open
channels or conduits. Open channel
spillways are easier to inspect because they
are typically easier to access. Steep sidewalls
or flowing water in open spillways may
make visual inspection dangerous for an
inspector. Many dams in India use pipes (or
conduits) that serve as principal spillways or
outlet structures. Pipes placed through
embankments may be difficult to construct
propetly, can be extremely dangerous to the
embankment if problems develop after
construction, and are usually difficult to
inspect and repair because of their location.
Great attention should be directed to
visually inspecting and maintaining these
structures.

Frequent visual inspection of the spillway
and outlet conduits is necessary to ensure
that they are functioning properly. All
conduits should be inspected thoroughly
once a year as part of the scheduled
inspection program. Conduits which are 75
centimeters or more in diameter can be
entered and visually inspected with proper
precautions and equipment. The conduits
should be inspected for improper alighment
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(sagging), elongation, separation,
displacement at joints, deformation,
undermining, cracks, leaks, surface wear,
loss of protective coatings, corrosion, and
blockage. Problems with conduits occur
most often at joints. Therefore special
attention should be given to the joints
during the visual inspection. The joints
should be checked for gaps caused by
elongation or settlement and loss of joint
filler material. Open joints can lead to
erosion of embankment material or cause
leakage of water into the embankment
during pressure flow. The outlet should be
checked for signs of water seeping along the
exterior surface of the pipe. Depressions in
the ground surface above the conduit may
be a sign that soil is being removed by
internal erosion.

An inspector must be careful when entering
closed conduits. These areas are potentially
confined spaces and may hold noxious
gasses, or may lack enough oxygen. If in
doubt, inspectors should use a portable gas
meter to check the air in a conduit before
entering. Conduits also present potential
hazards to an inspectot’s physical safety.

Inspectors should look carefully for signs of
structural damage to spillways and outlets
that could create a safety hazard. Structural
damage usually results from foundation
problems or settlement of fill material
around or under the structure. Cracking and
displacement of the structure are typical
outward signs of structural damage.

Outlets (drains or drawdown structures)
should be operated every time formal
technical or scheduled inspections are
performed. In addition, they should be
operated at least twice annually and
especially just before the annual flood
season, typically April/May in India. This
will help keep the equipment in working
order and verify its performance. Unused
outfall valves and controls can become
corroded or blocked with sediment, so
routine testing can help keep these devices
working properly. Precaution must be

exercised to prevent downstream flooding
by releasing too much water. Dam owners
are responsible for operating the outlet
structures during an inspection; inspectors
should not take on this task.

A visual inspection of the outlet may require
planning to allow outflows to be shut off
and inundated areas to be pumped out.
Inspection by the owner or his
representative  can  usually  discover
complications with the outlet. In most cases,
a qualified dam safety professional will be
needed to recommend corrective action
when problems are found.

The rest of this chapter focuses on the
visual inspection and identification of
specific problems that may be found on
spillways and outlets. The information is
presented by the type of deterioration (i.e.,
cracks and structural damage, inadequate
erosion protection, and obstructions) for the
several types of spillways and outlets that are
usually found.

6.4 Cracks and Structural
Damage

Minor cracking is sometimes present on
concrete-lined spillways, concrete pipes, and
conduits. Significant cracking, however,
often causes (or is the result of) vertical
and/or  horizontal  displacement, and
misalignment of the structure. Structural
damage may affect any type of spillway or
outlet structure and is usually caused by
foundation problems in the soil or rock
below the structure in question. Cracks may
also be considered as deterioration, but they
are discussed separately because of their
importance to structure stability. Concrete
structures are often undermined by water
seepage or piping, and eventually,
experience structural damage as the concrete
settles into the underlying voids.
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6.4.1 Concrete Spillways and
Outlets

Cracks are defects that are often found on
concrete spillways; they are less common in
outlets, although they still occur there.
Cracks may be caused by foundation
problems,  water  pressure,  concrete
expansion,  freeze-thaw  effects, poor
concrete mix design, poor construction
practices, and chemical reactions. The
discussion of cracks in this section applies
to both spillways and outlets.

A crack is a separation of portions of a
concrete structure into one or more major
parts and is usually the first sign of concrete
distress. As described in Chapter 5. there are
two broad categories of cracking found in
concrete structures: (1) individual cracks,
and (2) pervasive cracks. When spillway
concrete exhibits pervasive cracking and has
extensively cracked surfaces, the primary
focus of the visual inspection should be the
location, nature, and extent of cracking
rather than the dimensions of individual
cracks. If individual cracking is spotted, the
location and dimensions should be recorded
for each crack and whether they are
structural  or  surface  cracks. ACI
standardized terms to describe the
appearance of individual cracks includes
direction, width, and depth.

Cracks in the concrete may be structural or
surface cracks. Surface cracks are less than a
2-mm wide and less than 2 mm deep. These
are often called hairline cracks and may
consist of single, thin cracks, or cracks in a
craze/map-like pattern. A small number of
surface or shrinkage cracks is common and
does not wusually cause any problems.
Surface cracks are caused by freezing and
thawing, poor design or construction
practices, and alkali-aggregate reactivity.
Large cracks present the greatest potential
for safety concerns and usually develop
because of structural problems. Large cracks
will usually result in rapid deterioration of
the spillway. Misalignhment and displacement
of spillway walls and chute slabs are often

associated with large cracks. These cracks
may be caused by uneven foundation
settlement, foundation erosion, slab
displacement, or excessive earth or water
pressure. Large cracks will allow water to
wash out the materials below or behind the
concrete slab, causing erosion and leading to
more cracks. Extensive cracking can cause
the concrete slab to be severely displaced,
dislodged, or washed away by the flow.
When large cracks are found, inspectors
should look for structure alignment and
foundation problems.

Cracks create openings in the concrete that
permit further deterioration of the concrete.
A concrete spillway may have to withstand
considerable hydrostatic pressure from the
reservoir and groundwater. Hydrostatic
pressure acting along cracks through the
concrete structure may exert dangerous
uplift forces, leading to lateral propagation
of the cracks and uplifting, settlement, or
sliding of a part of the structure. A severely
cracked concrete spillway should be
examined by a qualified dam safety
professional.

A crack in a concrete conduit through an
embankment dam could allow teservoir
water under pressure to enter and erode the
embankment along the conduit. Cracks that
cause leakage into the embankment or into
the pipe from the reservoir should be
repaired at once. These cracks are usually
structural cracks in the conduit walls and
floor, caused by uneven settlement or
foundation erosion.

Large cracks may be a sign of structural
problems and are potential safety concerns.
The location, width, length, and orientation
of the crack(s) should be recorded during
the visual inspection. Large cracks are often
the result of serious problems under the
concrete. Inspectors should also decide if
concrete around the crack has deteriorated
ot whether reinforcing bars are exposed.
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Spillway retaining walls or chute slabs may
be displaced from their original position
because of foundation settlement, ot earth
or water pressure. An inspector can sight
carefully at the upstream or downstream end
of the spillway near the wall to decide if it
has been tipped inward or outward. Relative
displacement or offset between adjacent
sections of concrete can be readily detected
at the joint. The horizontal and vertical
displacement should be measured and
recorded. If a fence line was constructed on
top of the retaining wall, it could be used to
help decide if the wall is distorted. Fences
are usually erected in a straight line at the
time of construction. Therefore, a curve or
distortion of the fence line may show that
the wall has deformed.

The entire spillway chute should form a
smooth surface. Measurement of relative
movement between neighboring chute slabs
at the joint will give a good sign of the slab
displacement. Large cracks and associated
problems are usually easy to see during a
visual inspection. A clear description of
crack patterns should be recorded and
photographed to help understand the cause
of the displacement.

A large crack is often a structural crack and
may demand immediate repair. A large crack
in a concrete spillway or discharge channel
also could allow the erosion of undetlying
material, resulting in loss of support and
failure of the spillway. A badly cracked
channel wall might fall when subjected to
pressure from a large discharge. Inspectors
should always closely evaluate large cracks
and assess their potential impact on the
safety of the dam.

6.4.2 Earthen Spillways, Fuse
Plugs and Flush Bars

Earthen spillways may be affected by the
same type of cracking problems found on
embankments (see Chapter 4). However,
cracks observed in earthen spillways are
usually not as critical as those on
embankments because the spillways are

typically on in situ ground. Desiccation
cracks in an earthen spillway or channel are
usually not regarded as a functional problem
but should be noted on the inspection
report nonetheless. Deep cracks that are
wider than 1 cm may be signs of slope
stability issues, including sloughing or
sliding.

The side walls of earthen spillways are
usually more vulnerable to stability
problems than the floor because they are
steeper and may contain groundwater seeps.
Seepage from the reservoir or in situ ground
may saturate spillway soils, making
conditions for a slide favorable. Cracks that
are deep and wide (greater than 1 cm) may
be an indication that a slide is developing in
the soil. Cracking should be considered as a
serious problem if it is the beginning of a
slide. Slides are structural problems that can
reduce the spillway capacity by obstructing
the flow path, or can lower the elevation of
the spillway control section, depending on
the location of the slide. Inspectors should
monitor the condition frequently for
sloughing, bulging, or the formation of
scarps.

If cracking or slides are observed during a
visual inspection of an earthen spillway, the
following actions should be taken:

e Photograph and record location,
depth, length, width, and offset of
the cracks or scarps, if present.

e Make sure that the spillway control
section and discharge channel are on
in situ ground. If not, note this as a
serious concern.

e Look for any surrounding cracks.

e If a bulge is present, closely inspect
the area above the bulge for cracking
or scarps which might indicate that
sliding is a cause. Probe the bulge to
determine if the material is
excessively moist or soft. Excessive
moisture or softness usually shows
that sliding is imminent.
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e Look for evidence of seepage or
saturated soils in or below the cracks
or slide. Probe the entire area to
determine the condition of the
surface material.

e Determine if other dam structures,
such as the embankment, could be
affected by the cracking or slide in
the spillway.

e C(losely monitor the cracks or slide
for changes.

e Consult a qualified dam safety
professional to determine the cause
of the cracking or slide if it is severe
or gets progressively worse. Serious
cracking, slides or repair operations
may require lowering the reservoir
level. In most instances, deep-seated
slides near or at the control section
will require the lowering or draining
of the impoundment to prevent the
possible breaching of the dam.

e Recommend appropriate corrective
action be taken to repair or to
replace the damaged spillway areas.

Inspectors should consider the worst-case
scenario when evaluating earthen spillways.
This typically means a condition in which
the spillway is flowing at maximum design
levels. The frequency, duration, depth and
velocities of potential spillway flows need to
be considered.

6.5 Inadequate Erosion
Protection

When a large storm occurs, the spillway
system is expected to carry a significant
amount of water for many hours. Severe
erosion damage or complete wash-out could
result if the spillway lacks the ability to resist
erosion. If the spillway is excavated in a
hard rock formation or lined with concrete,
erosion is usually not a problem. But, if the
spillway is excavated in sandy soil,
deteriorated rock, clay, or silt deposits, then
erosion protection is critical. Resistance to

erosion can be increased if the spillway
channel has a mild slope, or if it is covered
with a layer of grass or riprap with bedding
material.

Erosion at a spillway outlet, whether it be a
pipe or overflow spillway, is one of the most
common problems encountered. Severe
erosion or undermining of the outlet can
displace sections of pipe, cause slides in the
downstream slope of the dam as erosion
continues, and eventually lead to complete
failure of the spillway or dam. Water must
be conveyed safely from the reservoir to a
point downstream of the dam without
endangering the spillway or embankment.
Often the spillway outlet is adequately
protected for normal flow conditions, but
not for extreme discharges. It is easy to
underestimate the energy and force of
flowing water and/or overestimate the
resistance of the outlet material, such as
earth, rock, or concrete. The required level
of protection is hard to establish by visual
inspection, but can usually be determined by
hydraulic calculations performed by a
professional engineer. Missing rocks in a
riprap lining can be considered as a breach
in the protective cover, and this should be
repaired as soon as possible. Inspectors
should look for signs of erosion and
inadequate erosion protection at the outlet
of all spillways and outlets.

Stilling basins are used at outlets to absorb
the discharge energy and consist of a lined
depression at the outlet of the spillway or
outlet conduit. Stilling basins are usually
lined with loose rock riprap and a suitable
bedding/filter material. Displaced rtiprap
placed inside stilling basins can result in
more scouring in the pool which creates a
deeper  or larger  depression  and
sedimentation downstream. If the scouring
is severe, it can erode the toe of
embankment dams, or undermine the outlet
of spillways and outlets. Inspectors should
look for signs of rock displacement and
scour, especially in the downstream end of
the basin, and sedimentation in the receiving
channel.

Doc. No. CDSO_GUD_DS_07_v1.0

Page 106 of 190



Guidelines for Safety Inspection of Dams

January 2018

Vegetative lining (grass) is often used in
auxiliary spillway discharge channels. Grass
linings can protect soil on flattened slopes
and low discharge velocities. Bare spots, or
areas where the grass is sparse, are
susceptible to erosion problems and should
be carefully inspected for erosion rills and
gullies. Wide grass-lined spillways should be
examined for erosion gullies and rills from
storm water runoff within the spillway.

The runoff from rainfall will often
concentrate in specific areas in the spillway
and erode the surface soils. Although this is
usually not a problem, it should be corrected
before the erosion gullies get too deep.
Shallow erosion rills should be monitored
for additional damage from rainfall. Erosion
rills and gullies become worse with time.
Inspectors should determine the cause of
the formation of the erosion features and
recommend repairs that correct this
problem. Often it is the result of uneven
grading practices that tend to make the
runoff flow to one spot or route in the
spillway.

Many new synthetic lining materials are also
available that will protect soil spillways from
erosion at much higher velocities than grass.
The degree of protection offered by these
linings varies with the manufacturer and
type of material. These materials are
installed as blankets and should be inspected
for undermining, tearing, displacement, and
exposure to the sun.

Reservoir outlet works usually discharge
into the spillway terminal structures, and the
discharge from these structures may be
intermittent. When the outlets include a
separate outfall point and terminal structure,
they should also be examined in the same
manner as the spillway structures.

During the visual inspection, inspectors
should look for inadequate erosion
protection:

e Make sure that the grass, riprap, or
other erosion protection is adequate

Figure 6-2: Illustration of a typical stilling
basin lined with rock riprap at a spillway
outlet.

to prevent erosion. Bald areas or
areas where the surface protection is
sparse are more susceptible to
surface runoff and flowing water
problems.

e Look for gullies, ruts, or other signs
of surface runoff erosion. Be sure to
check the low points at the spillway
outfall, and areas where storm water
runoff can concentrate.

e Check for any unique problems,
such as livestock or recreational
vehicles that may be contributing to
erosion.

If the spillway protection is found to be
inadequate, inspectors should:

e Record the findings and photograph

the area.

e Determine the cause and extent to
which the spillway has been
damaged (i.e., spillway foundation or
soil material has been removed).

e Recommend that corrective action is
taken to repair or to replace the
inadequate spillway protection.

e Consult a qualified dam safety
professional if necessary.
If erosion is discovered, inspectors should:

e Record  their
photograph the area.

findings and

e Determine the extent, severity, and
cause of the damage.
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e Recommend that corrective action is
taken to repair the areas damaged by
surface runoff and that measures are
taken to prevent more serious
problems.

e If spillway control sections need to
be repaired, or extensive
embankment excavation is required,
the reservoir level may need to be
lowered.

6.6 Deterioration

Deterioration is any adverse change on the
surface or in the body of spillways and
outlets that cause the structure to separate,
break apart, or lose strength. The term,
deterioration, is most used in reference to
the general condition of a construction
material such as concrete, rock, metal,
plastic, or wood and can result in the
complete destruction of material. The
amount of deterioration which has occurred
in a material is evaluated with respect to its
original condition.

Deterioration of material is normally caused
by the forces of nature such as wetting and
drying, freezing and thawing, oxidation,
decay, ultraviolet light, and erosive forces of
wind and water. Activities of humans can
also contribute to deterioration by altering
the chemical composition of water through
the application of chemicals on or near a
dam. A subjective evaluation of the extent
and effects of deterioration should be made.
Sometimes deterioration will be extensive
enough to result in other detrimental
conditions. These include riprap
deterioration because of bedding erosion,
structural failures of concrete because of
reinforcing corrosion, erosion, and piping
caused by metal pipe corrosion, and plastic
pipe cracking from ultraviolet light
deterioration.

Outward signs of deterioration include
conditions such as the collapse of side
slopes, weathering of material, the
disintegration of riprap, the breakdown of

concrete lining, erosion of the concrete
spillways, sloughing of discharge channels,
excessive siltation of a stilling basin or
discharge channel, and loss of protective
grass cover. These conditions can lead to
flows under and around the protective
material which can cause severe erosion.
Remedial actions should be taken as soon as
any sign of deterioration has been detected,
even during storm flows. Cracks are a form
of deterioration; cracking has been discussed
in detail eatlier.

Inspectors should try to understand as fully
as possible why deterioration has occurred.
Understanding the cause may reveal a
solution or measures that would prevent
further damage. A large concrete spall next
to a joint, especially on a spillway slab, will
require careful examination of the joint. As
an example, loss of joint filler and
replacement with sand or sediment can
make joints too rigid to expand, causing
spalling. Cleaning debris from joints and
application of new joint filler might prevent
further spalling.

6.6.1 Concrete Structures

Most concrete structures experience some
form of deterioration from the severe nature
of the climate and the dam environment.
Most forms of concrete deterioration
develop over an extended period with visual
warning signs. So, there is usually sufficient
time to repair the structure before total
failure occuts.

Deterioration of concrete may be caused by
many  factors, including  weathering,
mechanical impacts, internal pressure,
drying shrinkage, thermal stress, chemical
action, leaching by water seepage, poor
concrete mixes, poor concrete design, and
freeze-thaw action. The use of excessive mix
water is the single most common cause of
damage to concrete. It may be difficult to
isolate the specific cause of concrete
deterioration. If inspectors are not sure, they
should obtain professional help, or define
the potential cause within a range of two or
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three plausible causes. Sometimes, more
than one mechanism may be involved. For
example, cracking from thermal stress or
drying shrinkage may lead to freeze-thaw
action or leaching by water seepage.

Deterioration can weaken the design
strength of a concrete structure and cause it
to fail. Concrete deterioration may cause
leakage and associated water pressures to
increase. Deterioration may also result in
distortion of a structure, causing binding of
mechanical features such as gates which
must operate to ensure the safety of a dam.
Inspectors should look for damage to other
equipment and structures because of the
concrete deterioration.

Deterioration may be isolated to some
concrete elements or may be caused by a
serious flaw in all the concrete used in a
structure. When stresses such as hydrostatic
pressure or earth loads exceed the strength
of a weakened element or structure, the dam
or appurtenances may fail catastrophically.
Some forms of deterioration may soon be
affecting the safety of the structure. Seepage
through a weakened concrete structure is a
genuine problem and needs immediate
attention. Inspectors should examine all
concrete surfaces for seepage, and record

any findings.

If a poor concrete mix is a cause of
deterioration, inspectors should examine
construction records for information about
the concrete. Poor concrete mix design
involves larger areas of the structure.

Often, concrete that is cast around
corrugated  spillway  conduits  creates
problems caused by differential expansion
and contraction. The two dissimilar
materials expand and contract at different
rates which may result in cracks in the
concrete. Another problem created by
casting concrete around corrugated pipes is
the potential lack of adhesion between the
concrete and pipe surfaces, resulting in
seepage along the pipe. Inspectors should

carefully examine areas where pipes and
conduits are connected to other structures
for signs of deterioration and seepage.

An inspector also should look for failure of
repairs. Corrective action for concrete
deterioration often includes removal of the
deteriorated concrete and replacement with
superior concrete or another repair material.
Shallow repairs with epoxy materials may
fail with large drops in air temperatures.
Patched areas tend to shrink and crumble,
and often the patch material does not
adhere well to the original surface.

An inspector can use the following terms to
describe concrete deterioration. Many of the
terms are interrelated, with one type of
deterioration producing one or more other
types. The use of common terminology will
help reviewers to understand the defects and
problems better. ACI 116, Cement and
Concrete Terminology, is a reliable source
of information to use to describe concrete
deterioration.

6.6.1.1 Disintegration

Disintegration is the crumbling or
deterioration of concrete into small particles
which could cause failure of a concrete
element or structure. Disintegration is one
of the most serious forms of concrete
deterioration that can be a result of many
causes such as freezing and thawing,
chemical attack, and poor construction
practices.

All exposed concrete is subject to freeze-
thaw, but the concrete’s resistance to
weathering is determined by the concrete
mix and the age of the concrete. Concrete
with the proper amounts of air, water, and
cement, and a propetly sized aggregate will
be much more durable. In addition, proper
drainage is essential in preventing freeze-
thaw damage. When critically saturated
concrete (when 90% of the pore space in
the concrete is filled with water) is exposed
to freezing temperatures, the water in the
pore spaces within the concrete freezes and
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expands, damaging the concrete. Repeated
cycles of freezing and thawing will result in
surface scaling and can lead to the
disintegration of the concrete. Hydraulic
structures are especially susceptible to
freeze-thaw damage because they are more
likely to be critically saturated. Older
structures  (pre-1940) are also more
susceptible to freeze-thaw damage because
the concrete was not air-entrained. In
addition, acidic  substances in  the
surrounding soil and water can cause
disintegration of the concrete surface
because of a reaction between the acid and
the hydrated cement. Inspectors should
record visible signs of deterioration and try
to determine the cause while at the site.

Large areas of crumbling (rotten) concrete,
areas of deterioration which are more than
about 7 to 10 centimeters deep (depending
on the wall/slab thickness), and exposed
rebar are signs of severe concrete
degradation. If not repaired, this type of
concrete deterioration may lead to structural
instability of the concrete structure. A
registered professional engineer should
prepare plans and specifications for repair
of serious concrete damage.

6.6.1.2 Scaling

Scaling is the flaking or peeling away of the
concrete or mortar surface. Scaling also
results in  susceptibility to  further
deterioration of the structure. Scaling is a
milder form of disintegration.

6.6.1.3 Spalling

Spalling is the loss of larger pieces of
concrete (usually flakes or wedge-shaped
pieces) from a surface, often at edges,
caused by a sudden impact, external
pressure, weathering, internal pressure (e.g.,
corroded rebar near the surface), expansion
within the concrete mass, or fires built on or
against structures. It often occurs in
concrete on exposed surfaces at corners or
at joints. Concrete spalling could be the
result of freeze-thaw action, a repair which

has deteriorated or stresses on a concrete
structure which exceeds the design. In
spillways or outlets, it may be caused by the
impact of rocks or other debris against the
flow surface. Joint spalling is usually caused
by erosion, weathering, and ice damage but
can also be caused by structure movement.
Other causes include reinforcing
deterioration,  chemical  reactivity — of
aggregates, and vandalism. When found, the
structure should be checked for other
degradation, displacements, and structural
damage.

Spalling usually affects only the surface of
the structure, so it is not ordinarily
considered dangerous. However, if allowed
to continue, spalling will cause structural
damage, particularly if the structure has a
thin cross section. Spalling often results in
exposed reinforcing; leakage paths opened
around embedded water-stops at joints;
offsets on flow surfaces; and development
of points of structural weakness. Repair is
necessary when reinforcing  becomes
exposed to the elements. The method of
repair of areas where spalling is taking place
depends upon the depth of the
deterioration. Repair should be considered
temporary unless seepage through the
structure can be halted. However, if a
fragmented piece of concrete is large and
causes structural damage, a registered
professional engineer should prepare plans
and specifications to repair the damaged
area.

6.6.1.4 Popouts

Popouts are a form of small-scale spalling,
and occur when a small part of the concrete
surface breaks away because of internal
pressure. Popouts are usually formed as the
water in saturated coarse aggregate particles
near the surface freezes, expands, and
pushes off the top of the aggregate and
surrounding mortar to create a shallow
conical depression. Popouts are typically not
a structural problem, but they do make the
structure susceptible to further
deterioration.
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6.6.1.5 Pitting

Pitting is the development of small cavities
in the concrete surface caused by localized
disintegration. Once pitting begins it usually
continues to worsen There are several
causes of pitting including weathering
(freeze-thaw cycles), mechanical damage,
and local chemical attack.

6.6.1.6 Efflorescence

Efflorescence is the leaching of calcium
compounds from within the concrete and
deposition on the surface because of water
leaking through joints, cracks, or the
concrete itself. It appears as a white,
crystallized substance on the concrete
surface. The seepage water dissolves soluble
calcium hydroxide from cement within the
concrete and carries it to the exposed face
of the concrete. As water evaporates from
the concrete surface, calcium hydroxide is
deposited. These deposits react with carbon
dioxide in the air to form calcium carbonate
or the hard, white deposits normally
observed. The problem with water seepage
is that as calcium hydroxide is leached from
the concrete around the joint or crack, the
opening widens allowing increased seepage.
Widening of joints and increased seepage
can lead to increased rates of deterioration
and eventual loss of concrete strength.

By itself, efflorescence is not a problem
except for the obvious undesirable effect on
the concrete appearance. The amount of
efflorescence and any increases in this
amount over time should be visually
evaluated to determine the potential for
seepage to affect the integrity of the
concrete structure.

Efflorescence is usually located near hairline
cracks or thin cracks on spillway sidewalls.
Efflorescence is usually accompanied by
seepage. The seepage can make the concrete
more susceptible to freeze-thaw action. In
some cases, openings may be sealed against
additional leakage by deposits. The deposits
may even stop up drain holes and other

leakage control features. Efflorescence
should be monitored because it can indicate
the amount of seepage finding its way
through thin cracks in the concrete and can
signal areas where problems could develop,
such as inadequate drainage behind the
conctrete or conctete deterioration.

6.6.1.7 Drummy concrete

“Drummy” concrete is concrete with a void,
separation, or other weakness beneath the
surface, detected by a hollow sound when
sttuck with a hammer, bonker, or another
steel tool. Drummy concrete may result in
diminished strength of concrete and
susceptibility to further deterioration.

Faulty concrete mixes usually result from
improperly graded aggregates, improper
cement to water ratio, lack of or improper
percent of entrained air, inadequate mixing,
placing, or curing procedures or equipment,
or improper use of additives. A faulty
concrete may have a lack of strength or may
be susceptible to deterioration.

6.6.1.8 Chemical sulphate attack

Chemical sulphate attack is a reaction
between sulphates (calcium aluminate
compounds) in soil and groundwater with
concrete. This type of deterioration may be
caused using pre-1930 mix designs that did
not consider sulphate attack. The presence
of sulphates in local soil or ground water
may also be the cause. Sulphate may be
derived from natural sources, manufacturing
plant  wastes, or agricultural runoff
contaminating the reservoir water. The
concrete usually appears light in color and
falls apart easily when struck with a
hammer. Other signs of chemical sulphate
attack include cracking, spalling, scaling,
stains, or total disintegration of the structure
or portions of the structure. Guidance for
highly resistant sulphate attack cement is
provided in BIS code IS-12330.
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6.6.1.9 Chemical acid attack

A chemical acid attack is caused by the
action of acidic water on calcium hydroxide
found in hydrated Portland cement,
limestone, or dolomitic aggregates. Acidic
water in the reservoir may originate from
sewage discharges, coal mine drainage,
cinder storage piles, atmospheric gasses
from nearby industry, industrial wastes, or
severe acid rain. A chemical acid attack
often leaches away acid-soluble compounds
in the concrete, potentially resulting in
complete removal of the concrete surface or
a color change of the structure surface.
Corrosion and weakening of the reinforcing
may also occur, resulting in overstressing of
adjacent concrete, which may crack or spall.

Alkali-aggregate reaction results from a
chemical reaction between soluble alkali
present in cement and certain forms of silica
present in some aggregates. The use of
marine sediments as aggregates or shale
from river gravels composed of cherts may
cause  alkali-aggregate  reactions.  This
chemical reaction produces byproducts in
the form of silica gels which cause
expansion and loss of strength within the
concrete. Alkali reaction is characterized by
certain observable conditions, such as
cracking, usually of the random pattern on a
large scale, and by excessive internal and
overall expansion. Additional indications are
a gelatinous exudation and  whitish
amorphous deposit on the surface, and
chalky appearance of the freshly fractured
concrete. The reaction takes place in the
presence of water. Surfaces exposed to the
elements or dampened because of dam
seepage  will show the most rapid
deterioration. Once suspected, the condition
can be confirmed by a series of tests
performed on cores drilled from the dam.

Although the process of deterioration is
gradual, an alkali-aggregate reaction can be
economically stabilized with extraordinary
efforts. Continued deterioration often
requires total replacement of the structure.
Deterioration of concrete from alkali-

aggregate reaction may cause abnormal
expansion and cracking that may continue
for many years. Low-alkali Portland cement
and fly ash pozzolan can be used in new
concrete to eliminate or minimise the
deterioration by reactive aggregates.

6.6.1.10 Metal corrosion

Metal corrosion is the formation of iron
oxide, or rust when water (especially salt
water) reaches steel in the concrete. It may
also be corrosion of aluminum if used when
water reaches aluminum embedded in or on
the concrete. It is often caused using deicing
salts on bridge decks and similar structures
that can cause cotrrosion without initial
deterioration of concrete.  Corrosion
typically results in an increase in the volume
of the reinforcing metal that causes cracking
and spalling of overlying concrete (mostly
affecting thin structures). Typically, the
bond is broken between the steel (or
aluminum) and concrete, destroying the
structural strength. Visible signs of metal
corrosion include straight, uniform crack
lines above reinforcing, rust stains on the
surface, spalling, exposed reinforcing, and
deterioration  of concrete next to
unprotected  aluminum  fish  ladders,
hydraulic pumps, gates, and guard rails.

6.6.1.11 Concrete erosion

Erosion of concrete is caused by fast-
moving water carrying abrasive material
such as sand and gravel, debris, and ice.
Ballmilling is a form of erosion which is the
grinding away of a surface, usually in a
circular pattern, especially within stilling
basins. Erosion results in the wearing of
softer aggregates, or of the matrix material
around the aggregates. Inspectors should
also look for abrasion erosion at points of
abrupt change in flow channels or at
corners, and the loss of concrete from the
surface. Erosion in its worst form may result
in the severe destruction of concrete.

Erosion from abrasion results in a worn
concrete surface, with polished-looking
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aggregate. It is caused by the rubbing and
grinding of sand and gravel or other debris
on the concrete surface of a spillway
channel, conduit, or stilling basin. Minor
erosion is not a problem, but severe erosion
can jeopardize the structural integrity of the
concrete.

Erosion caused by cavitation results in a
rough pitted concrete surface. Cavitation is a
process in which sub-atmospheric pressures,
turbulent flow, and impact energy are
created and will damage the concrete. If the
shape of the upper curve on the ogee
spillway is not close to its ideal shape,
cavitation may occur just below the upper
curve, causing erosion. If the concrete
becomes severely pitted, it could lead to
structural damage or failure of the structure.

6.6.1.12 Joint Deterioration

Spillway retaining walls and chute slabs are
normally constructed in sections. Between
adjoining sections, gaps or joints must be
tightly sealed with flexible materials such as
tar, epoxies, or other chemical compounds.
Sometimes rubber or plastic diaphragms or
copper foil is used to seal the joint
watertight. During the visual inspection,
note the location, length, and depth of any
missing sealant. Also, probe the open gap to
see if soil behind the wall or below the slab
has been removed by the erosive action of
watet.

6.6.1.13 Cavitation

Cavitation, a form of erosion, is the result of
the formation of excessive negative air
pressures in hydraulic structures. This
condition is often caused by offsets or
irregularities that produce turbulence. The
results are usually pitting and spalling of the
flow surfaces. Cavitation may be difficult to
identify because it may be similar to other
types of deterioration such as abrasion or
corrosion of concrete, rock, and metal
surfaces. Cavitation is not normally a
problem where hydraulic heads are less than
40 meters. If evidence of cavitation is

discovered, the history of flooding is needed
to determine what event may have caused
the damage and to evaluate the potential for
additional cavitation to occur. Severe
cavitation can produce extreme vibrations
and erosion which may lead to structural
damage and failure. Air vents to flow
passages are often wused to prevent
cavitation. The vents should be examined
visually or by pouring water into them to
ensure that they are not obstructed.

Cavitation typically occurs downstream of
gates and valves, and on steep spillway
chutes, tunnels, or conduits. Cavitation
creates the potential danger of rapid failure
of a spillway or outlet works, and that may
result in failure of the dam during large
floods.

6.6.1.14 Surface defects

Surface  defects are other concrete
deficiencies that may not be progressive in
nature; that is, they do not necessarily
become mortre extensive with time. Surface
defects are usually shallow and do not
normally present an immediate threat to the
structure. However, they may make the
concrete more susceptible to more
significant deterioration. Surface defects
may include:

e Shallow deficiencies in the surface of
the concrete

e Textural defects resulting from
improper construction techniques

e Jocalized damage to the concrete
surface

Concrete structures often show signs of
some form of detetrioration described above.

Spillway entrance floors and walls may
display a loss of lining, scour, and
undermining of the structure. The spillway
control section floor may suffer from
broken slabs, undermining of the structure
and exposing the foundation, cracking and
spalling, exposed reinforcing, pitting, and
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scour. Typical causes of these problems
include initial construction with poor
concrete, high erosive forces, and

unbalanced hydraulic pressure against the
slab.

The control section pier, walls, and overflow
crest may show signs of cracks, spalls, pits,
scour, exposed aggregate, and exposed
reinforcing. These deficiencies are the result
of poor concrete mixes, chemical attack,
erosion, alkali-aggregate reaction, and
cavitation.

The discharge channel may display rough
patches, loss of concrete, foundation
erosion, and exposed reinforcing. These
conditions are caused by cavitation resulting
from rough surfaces or irregularities, and
erosion from carried debris. Foundation
erosion is caused by seepage under the
structure.

Common problems in the stilling basin and
submerged roller buckets include scour
holes more than 15 ¢cm deep in the floor,
damaged baffle blocks, loss of floor slabs,
exposed and damaged reinforcing, and
boulders in the basin. These problems are
most often caused by inadequate hydraulic
jump formation, and gravel or boulders that
roll into the basin or bucket.

Non-submerged flip buckets may have
visible scour holes (over 30 cm in diameter),
blocks of broken concrete, and exposed
reinforcing. The wusual cause of these
conditions includes heavy debris not swept
out of the bucket during operation.

Chute blocks or baffle blocks may develop
damaged or displaced blocks, and exposed
reinforcing caused by cavitation or large
rocks or other hard debris in the basin or
bucket.

The concrete outlet works usually consist of
conduits. These structures may suffer from
pattern cracking, pitting, and spalling. The
most common cause of this damage is from

chemical attack, erosion, cavitation, or
deformation caused by high loads from
earth embankments.

6.6.1.15 Reporting Concrete
Deterioration

Condition surveys may be required to help
evaluate concrete deterioration. Condition
surveys are detailed engineering studies of
concrete conditions that include reviews of
engineering data, field investigation, and
laboratory testing. If a condition survey was
performed on a dam or its appurtenant
structures, the survey should provide a basis
for assessing the concrete deficiencies that
may be encountered.

Surface mapping involves documenting
concrete defects in a systematic manner. All
types of concrete deterioration should be
included. Surface mapping consists of
developing a detailed record of the cracks
on paper or on film so that future changes
can be monitored. The mapping can be
carried out wusing detailed drawings,
photographs, or video to record the current
features and deficiencies. When
photographs are used, a ruler or familiar
object should be included to give an idea of
the scale. A grid is sometimes used to
overlay a section of a drawing, so the
location of cracks and other defects can be
shown easily.

If differential movement at joints or stress
concentrations could have caused the
damage,  inspectors  should  review
instrumentation or measurement data for
evidence of these conditions, or recommend
that more instrumentation is installed to
monitor the affected area.

If deterioration is found during a visual
inspection of a concrete spillway or outlet,
inspectors should take the following actions:

e Photograph and record location,
type, and extent of the deterioration.

e Note prominent features, and
whether cracking is also present.
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e JTook for structural damage,
including misalignment, settlement,
vertical and horizontal displacement.

e Look for any surrounding damage to
structures or foundations.

e C(lassify and describe the
deterioration using the terminology
defined eatlier.

e Consider starting a condition survey
or surface mapping to document all
problems in the structure and their
characteristics thoroughly.

e Jook for evidence of seepage or
saturated soils in or below the
structures. Also, look for signs of
foundation soil erosion. If there is
an excessive amount of watet, or
water which cannot be handled by
the drainage system is flowing
through a crack, recommend repairs.
Check with a concrete specialist to
choose the correct repair
procedures.

e Determine if other dam structures,
such as the embankment, could be
affected by the deterioration in the
spillway or outlet.

e C(losely monitor the problems for
changes.

e Try to find the cause of the
deterioration; this can help plan
effective corrective actions.

e Consult a qualified dam safety
professional to determine the cause
of the problem if it is severe or gets
progressively wofse. Serious
deterioration or repair operations
may require lowering of the
reservoir level.

e Recommend corrective action be
taken to repair or to replace the
damaged spillway or outlet areas.
The  recommended  corrective
actions should be consistent with an
inspectot’s training and experience.

6.6.2 Metal Structures and
Materials

Metal structures serve several functions in
dams and appurtenances. These structures
may include trash racks, metal gates and
valves, conduits, cranes and hoists, and
operating and access bridges. Some of these
structures must always be operable to ensure
the safety of a dam. Metal structures often
serve as part of the outlet works that
controls reservoir levels and releases excess
flows, and so are especially crucial to dam
safety. The failure of metal structures could
form obstructions that would endanger a
dam.

Metal suffers more damage from corrosion
than from any other cause. Most metal
deficiencies are types of corrosion, are
related to corrosion, or eventually will
involve corrosion. Coatings prevent or delay
corrosion in metal. Therefore, failure of a
coating may result in failure of the metal
structure because of corrosion. Inspectors
should be able to recognize the types and
hazards of metal corrosion and distinguish
hazardous metal corrosion from corrosion
that is just a maintenance problem.

Destruction of metal parts obviously occurs
by processes other than corrosion (e.g.,
abrasion, fatigue); however, these processes
are often accompanied by corrosion of
varying intensity. Corrosion may be
widespread over the surface of a structure
resulting in uniform loss of metal, or it may
be highly localized, resulting in pitting of the
surface and penetration of the metal. Either
form may be destructive, depending upon
the operating requirements of the structure.

6.6.2.1 Corrosion

Corrosion is a frequent problem of pipe
spillways and other conduits made of metal.
Exposure to moisture, acid conditions or
salt will accelerate the corrosion process.

Corrosion of any metal part should be noted
because it can weaken metal parts, decrease
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wall thicknesses, and hinder the operation of
mechanical equipment. This identification
should cover mechanical structures /
equipment, gates, valves, pipe spillways, lake
drains, internal drain pipes, and other
structural steel elements.

Frequently, corrosion is a significant
problem with metal conduits, pipe and riser
spillways, and drains. The type of pipe
(smooth steel, corrugated metal, ductile
iron), the protective coating or corrosion
protection system and the wall thickness of
the metal are factors that control the
corrosion rate and severity. Seepage around
a metal pipe at the outlet end may be an
indicator of corrosion if joints are known to
be watertight. Both water quality and soil
conditions are other factors affecting the
rate of metal corrosion. Metal conduits
through embankment dams need to be
examined with exceptional care for signs of
corrosion. Corrosion holes and perforations
could allow water into the surrounding
embankment from the conduit, or into the
conduit from the embankment. Either of
these situations can result in piping through
the embankment.

Corrosion of mechanical parts such as valve
stems and guides could prevent operation of
a drain or gate system in an emergency. A
gate or valve broken during operation can
also result in the unexpected draining of the
impoundment and the danger of a sudden
drawdown, which could trigger earth slides.
Inspecting personnel should be alert and try
to find the most probable cause of
corrosion. Design errors, poor maintenance,
severe weather conditions or a change in
water quality could be contributing factors.

Corrosion may manifest itself in several
diverse ways. Fontana (1987) describes eight
different forms of corrosion as follows.

1) Uniform Attack — This is the most usual
form of corrosion which progresses
uniformly over a large area; resulting in

2)

3)

4

5

0)

7)

8)

uniform thinning of the surface and
eventual failure if not controlled.

Galvanic or Bimetal Attack — Formed
when different metals from the galvanic
series are coupled. Corrosion 1is
predictable according to the galvanic
series.

Crevice Corrosion — Often intense and
localized. May occur under gaskets,
within lap joints, under surface deposits,
mud, or other detritus.

Pitting Corrosion — Intense, highly
localized corrosion resulting in holes of
small diameter and large depth. May
result in penetrations and leaks.

Intergranular Corrosion — Most often
noted in or near improperly executed
welds in stainless steels. May appear as
“knife line” corrosion (as if the metal
has been slit) or as thinning of the
material in the heat-affected zone next
to the weld.

Selective Leaching — The removal of
one material from a solid alloy by
corrosion. In cast iron, the removal of
iron from the alloy, leaving only the
catbon matrix  (graphitization). In
brasses, the removal of aluminum or
zinc from the alloy (de- alumification or
dezincification). In either case, the
remaining material has little strength.

Erosion Corrosion and Cavitation —
This is deterioration of metals because
of high-velocity impingement on the
surface; resulting in directional pits and
grooves.

Stress Corrosion — Often results in
cracking of highly stressed materials
(bolts, for example) in corrosive or
mildly corrosive environments. Failure
can be unanticipated and catastrophic.
Stress corrosion cracking can also occur
in impropetly heat-treated metals. The
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failure of the part could be at a load that
is much less than the intended design.

Common methods of protecting metals
from corrosion include protective coatings
(paint) and cathodic protection. A third
method is used in the design process by
incorporating, in the construction, materials
that are immune from corrosion in the
expected.  Unfortunately,
except for the occasional replacement of
parts, this method is unavailable to the
operator of an existing structure.

environment

Metal pipes are available which have been
coated to resist accelerated corrosion.
Coatings can be of epoxy, aluminum, zinc
(galvanized), polymers, or asbestos. Coatings
applied to pipes in service are not effective
because of the difficulty in setting up a
bond. Bituminous coatings cannot be
expected to last more than one or two years
(in flowing water.

Corrosion of metal can also be controlled or
arrested by installing cathodic protection. A
metallic,  sacrificial anode such as
magnesium, zinc, or aluminum is buried in
the soil and is connected to the metal pipe
by wire. Degradation of the anode produces
an electrical current that flows from the
magnesium (anode) to the pipe (cathode)
and will cause the magnesium to corrode
and not the pipe.

Another method of cathodic protection
consists of the impressed current system.
which includes a rectifier that converts an
alternating power supply to a direct current
that is properly calibrated to give the
required protection. Because the power
source is delivered to the anode and is not
generated by its degradation, the impressed
current system can be calibrated to meet the
site’s  conditions.  Current can  be
automatically and continuously adjusted to
meet varying conditions. The voltage

provided by sacrificial anodes is too high
when new and too low when old, so the
impressed current system provides a means
for supplying the right amount of current at
all times. However, the best way to avoid
corrosion in spillway conduits is not to use
metal pipes.

Corrosion of metal parts of operating
mechanisms may be effectively treated and
prevented by keeping these parts greased
and/or painted. Inspectors should look for
these signs of preventive maintenance, and
recommend that they are implemented if
not now used.

Most of the metal corrosion that inspectors
find during a visual inspection will be a
maintenance concern. Inspectors should be
able to recognize when corrosion is a
potential safety issue that threatens the
safety of the dam. Metal corrosion becomes
hazardous when it makes critical metal
structures inoperable. Inoperable gates,
valves, or cranes and hoists endanger a dam
when the ability to release flood flows is
hindered, and the dam is in jeopardy of
being overtopped. Corrosion that is not
particularly severe or extensive may interfere
with the operation of moving mechanical
parts or cause them to bind.

Metal girders used as supports for an
operating or access bridge might buckle if
weakened by extensive corrosion and
prevent access to the gate and wvalve
controls. Inability to operate spillway gates
during a flood could cause the dam to
overtop.

Pitting can perforate a metal conduit and
allow water to erode an embankment dam
from within. Inspectors need to pay careful
attention to areas where the coating is
missing or defective. A small opening in a
coating can result in severe, concentrated
corrosion at that spot.
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Test the operation of gates and valves at
regular  intervals and  during any
comprehensive  evaluation  inspection.
Testing operation is the best way to decide
if corrosion is hindering the proper
functioning of these devices (the owner
should perform all testing).

If metal corrosion is found during an
nspection:

e Photograph and record location,
type, and extent of the deterioration.

e Note prominent features, and
whether another area is damaged.

e Jook for structural damage,
including misalignment, settlement,
vertical and horizontal displacement.

e Look for any surrounding damage to
structures or foundation.

e (lassify and describe the corrosion
using the terminology previously

defined.

e Consult a corrosion specialist if:

® Hazardous metal corrosion may
endanger the dam either because the
part in question is sensitive to small
degrees of corrosion (as in a
mechanical device such as a gate) or
because the corrosion is severe and
extensive enough to cause a metal
structure to fail.

e It is suspected that metal has been
lost to corrosion on an inaccessible
sutface, such as the outside of
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Figure 6-3. Illustration of cathodic
protection of buried a metal pipe.

buried metal conduit. Ultrasonic
thickness  measuring  equipment
operated from the opposite side can
estimate metal thickness, but the
extent of pitting corrosion is
difficult to determine because
damage tends to be highly localized.
The conduit may need to be
excavated for a thorough
examination.

e TEvaluate pitting, an ordinary form of
corrosion, by counting the number
of pits (if sites are few) or by using a
system of rating charts, which are
based on the percentage of pitted
area.

e Document all observations and
recommend corrective action and
timing.

6.6.2.2 Cracking and Deformation

Cracking in metal is a separation into two or
more parts, while deformation is the
bending or twisting of a metal object into
other than its design shape.

Metal cracking and deformation tend to
afflict mechanical devices, such as cranes
and hoists, or structures subjected to static
and dynamic stress, such as gates and valves.
Uneven hoist pull is a cause of gate frame
and lifting beam distortion, broken gate
connections, and broken lifting chain or
wire rope. Deep or extensive cracking is a
sign that failure caused by tearing and
rupture is pending, while deformations may
interfere  with mechanical operations.
During flooding or other emergencies,
inoperable equipment could endanger a dam
by being unable to release flood flows.

Metal cracking and deformation usually
includes three types of deficiencies: (1)
cracking and stress corrosion cracking; (2)
fatigue and corrosion fatigue; and (3)
overload failure.

Cracking and corrosion in metals may be
closely related; stress corrosion cracking and
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corrosion fatigue involve both corrosion
and mechanical forces. Stress corrosion
cracking results from a combination of
tensile stress and a mildly corrosive
environment. Inspectors should look for
signs of stress under corroded areas to
decide if there was a mechanical force
involved that caused fatigue of the metal.

Metal fatigue is a loss of strength from
repetitive  bending, which known as
corrosion fatigue when combined with
corrosion. The affected area weakens,
cracks, and then tears or ruptures. Sharp
notches and reentrant corners without fillets
are often points (called “stress risers”)
where a crack starts.

An overload failure is the result of a single
stressing beyond the tensile, shear, or
compression strength of a metal part. An
example is the buckling of a conduit or a
liner because of an internal vacuum or
external pressure.

During dam safety visual inspections, an
inspector will see far more corrosion than
cracking and deformation of metals.
Cracking and deformation usually affect the
integrity of a metal part, and therefore are
likely to be hazardous to the safety of a dam.

If inspectors discover metal cracking or
deformation that may affect the safety of
the dam, they should do the following:

e Photograph and record the extent,
location, and probable causes of
cracks and deformations.

e Compare observations with prior
inspection reports

e Consult a qualified dam safety
professional for further evaluation
and proposed corrective measures.

6.6.2.3 Metal Coatings

Metal coatings are coating systems that have
been specifically formulated to adhere to
metal (or other materials) and protect it

from corrosion. Metal coating systems for
dams and associated structures (penstocks,
power plants, administrative and
maintenance structures) can be divided into
four broad categories:

1) Coating systems that will be fully
immersed in water or covered with
backfill (buried).

2) Coating systems that will be both
immersed in water and subjected to
atmospheric exposure.

3) Coating systems that will receive
exterior atmospheric exposure only.

4) Coating systems that will receive interior
atmospheric exposure only

Some coating systems overlap one or more
of the above categories. Although it is
possible that exposure to severe chemicals,
saltwater, severe chemical fumes, or salt
spray could occur, and a coating system that
would resist these types of exposure would
be required, it is not likely that such
exposure conditions would be experienced
with freshwater dams and dam-related
structures in India.

Coating systems control corrosion in one or
more of the following ways:

e Creating a barrier between the metal
and corrosive agents in the
environment. It is important to
realize that there is no such thing as
a completely and indefinitely
impervious coating system.

e Gradually  releasing
inhibiting chemicals.

corrosion-

e Sacrificial action in which the sole or
major component of the coating,
such as zinc, sacrifices itself to
protect the metal underneath. The
coating in effect offers a kind of
cathodic protection.

Defective or missing protective coatings
expose metal parts and structures to
corrosion and, therefore, to ultimate failure.
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Failure of metal structures such as gates,
bridges, and conduits can result in dam
failures. ~ All  coatings  systems  fail
prematurely for one or more of the
following reasons:

e DPoor surface preparation (very
frequent cause)

e Poor application
(frequent cause)

procedures

e Improper specification of a coating
system for the underlying metal or
exposure conditions it will be facing
in the field (infrequent cause)

e Defective or off-standard coating
system materials because of mistakes
or contamination during their
manufacture (infrequent cause)

e Physical or mechanical damage,
resulting from impacts, cavitation, or
erosion from water carrying abrasive
sediment

Identifying and quantifying metal coating
system deficiencies is accomplished by
periodic visual inspection of the applied
coatings. This inspection is easily carried out
on the coating systems that are exposed to
the atmosphere, either indoors or outdoors,
and are reasonably accessible. Visual
inspections of immersed coating systems on
gates and the interiors of penstocks can be
made when those structures have been
dewatered. Buried coating systems on the
exteriors of pipe or other structures cannot
be directly inspected unless they have been
uncovered for some reason. If there is a
corrosion monitoring system in place, the
coating systems can be indirectly inspected
for their general conditions. Among the
tools required for the visual inspections are
a knife, a magnifying glass, and a thickness
gauge. A pitting gauge or other means of
measuring, or at least reasonably estimating,
the depth of pits is also necessary.

The first areas to exhibit coating failure are
usually welds, bolt heads, edges, and areas
where access is difficult. The thickness

gauge is used to measure decreases in
coating system thickness from erosion,
chalking, and abrasion. Thicknesses are
usually measured in microns. Pitting is often
the most serious defect and can cause rapid
failure of piping or other structures while a
major part of the remaining metal is intact.
This defect can be serious in a metal conduit
running through an embankment dam, for
example, because the escaping water can
erode the dam from within. Measuring the
depth of pits enables a calculation to be
made of the pit depth versus the thickness
of the steel.

A knife is one of the best and most
important  inspection  instruments for
checking corrosion and pitting. It is
necessary for removing corrosion so that
pitting can be measured, and for removing
loose coating system material so that
corrosion undercutting of the coating
system film can be discovered. A knife is a
good instrument for checking adhesion to
see how much adequately bonded coating is
left if there is local peeling or other signs of
removal of the coating system. It can also be
used to check flexibility and discover
embrittlement of coating system films and
to break blisters to check the condition of
the metal underneath.

Quantification of coating system defects can
be carried out by using ASTM pictorial
methods. These methods are available in
Pictorial Standards of Coating Defects published
by the Federation of Societies for Coatings
Technology  (FSCT  1979).  Pictorial
standards are available for Dblistering,
chalking, checking, cracking, erosion,
filiform corrosion, flaking, mildew, and
rusting. Both a number and a description are
given, such as No.4-medium dense blisters.
Using these standards, it is possible to
convey the appearance of a coating system
defect to people who have not seen it
personally. It is important to record the
locations of defects accurately. An imaginary
grid system can be used if the location of
the grids is recorded. Another method is a
verbal description, such as upper left or
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center left of a gate whose dimensions are
given. In pipes, the distance and direction
from reference points, such as the pipe
outlet or maintenance holes, can be given.

Recording the results of both scheduled and
unscheduled  coating  system  visual
inspections is extremely important. The
records of the coating systems on all
structures must begin with the coating
systems that were originally applied. A
complete history must be kept of all the
coating systems that have been applied to
the structures, including records of
touchups. An existing system must be
overcoated or touched up with a compatible
coating. The records can track the rate of
deterioration of coating systems and make
pre-planned maintenance and a recoating
possible. Also, the records can supply the
information needed for decisions on
whether to touch up, repair and overcoat, or
remove the existing coating system to metal,
prepare the surface, and completely recoat
with the same or a different coating system.

6.6.2.4 Cavitation

Cavitation damage can be detected visually
in areas where cavitation is likely to occur. It
is distinguished by the loss of material in a
pitting pattern which appears as though the
lost material was “sucked” off or, in some
instances, by removal of the coating system
and evidence of an attack on the metal
underneath.

Cavitation is likely to occur at the same
locations in metal pipes as in concrete pipes,
as described earlier. Cavitation may be
reduced by introducing air through a vent
pipe at a point downstream of the control
valve, where a pressure drop is expected.
The vent pipe enables atmospheric pressure
so that a partial vacuum is not created, and
cavitation is avoided. Cavitation is also
found on valve surfaces.

6.6.3 Conduit and Pipe Special
Concerns

Many dams have conduit systems that serve
as principal spillways and outlets. These
conduit systems are required to carry normal
stteam and flood flows safely past the
embankment throughout the life of the
structure. Conduits through embankments
are difficult to construct properly and can be
extremely dangerous to the embankment if
problems develop after construction.
Conduits are usually difficult to inspect and
repair because of their location within the
embankment. Also, replacing conduits
requires extensive excavation. Attention
should be directed to maintaining these
structures to avoid difficult and costly
repairs.

The most frequent problem noted with
spillway conduit systems is undermining of
the conduit. This condition typically results
from water leaking through pipe joints,
seepage along the conduit or inadequate
energy dissipation at the conduit outlet. The
typical causes of seepage and water leaking
through pipe joints include any one or a
combination of the following factors: loss of
joint material, separated joints,
misalignment, differential settlement,

Figure 6-4. Failure of embankment dam
resulting from piping erosion along conduit.
Compaction around seepage collars is
difficult and creates an easy path for water to
flow that will initiate backward erosion and
carryng of fines. Approximately 25 percent
of all embankment dam failures are a result
of internal erosion or backward erosion
(piping) associated with conduits.
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conduit deterioration, and pipe deformation.
Problems in any of these areas may lead to
failure of the spillway system and breaching
of the dam.

Undermining is the removal of foundation
material surrounding a conduit. Any low
areas or unexplained settlement of the
earthfill in line with the conduit may be a
sign that undermining has occurred within
the embankment. As erosion continues,
undermining of a conduit can lead to
displacement and collapse of the pipe
sections and cause sloughing, sliding or
other forms of instability in the
embankment. As the embankment is
weakened, a complete failure of the conduit
system and, eventually the dam may occur.
Undermining along the entire length of
conduit is referred to as piping.

In addition, undermining can occur as the
result of erosion resulting from inadequate
energy dissipation or inadequate erosion
protection at the outlet. This undermining
can be seen at the outlet of a pipe system
and can extend well into the embankment.
In this case, undermining can lead to other
conduit problems such as misalignment,
separated joints, and pipe deterioration.

Inspectors should look for signs of
undermining  and  piping,  including
sinkholes, water seepage, loss of pipe-joint
material, sediment build-up at the outlet,
and movement of pipe sections.

Seepage along the conduit from the
reservoir can occur because of poor
compaction around the conduit. If seepage
control devices have not been installed, the
seepage may remove foundation material
from around the conduit and eventually lead
to piping. Seepage is usually easy to spot
around conduits.

Pipe deformations are typically caused by
external loads that are applied to a pipe,
such as the weight of the embankment or
heavy equipment. The collapse of the pipe

can cause failure of the joints and lead to
erosion of the supporting fill. This may lead
to undermining and pipe settlement. Pipe
deformation may reduce spillway capacity.
Pipe deformation must be checked on a
regular basis to ensure that no further
deformation is occurring, that pipe joints are
intact and that no undermining or
settlement is occurring. A common cause of
pipe deformation is inadequate compaction
of fill under and around the conduit.

Conduit systems usually have construction
and/or section joints. In all cases, the joints
will have a water stop, mechanical seal
and/or chemical seal to prevent leakage of
water through the joint. Separation and
deterioration of the joints can destroy the
watertight integrity of the conduit system.
Joint  deterioration can  result from
weathering, excessive seepage, erosion or
corrosion. Deterioration at joints includes
loss of gasket material, loss of joint sealant,
and spalling around the edges of joints.
Separation at a joint may be the result of a
more serious condition such as foundation
settlement, undermining, structural damage,
or structural instability. Separated pipe joints
can be detected by inspecting the interior of
the conduit. Both  separation and
deterioration of joints allow seepage
through the conduit. The seepage can erode
the fill underneath and along the conduit
causing undermining, which can lead to the
displacement of the pipe sections or
embankment piping. A visual inspection
program is needed to determine the rate and
severity ~ of  joint  separation  and
deterioration. Joint separations should be
monitored on a regular basis to determine if
the movement is continuing.

Deterioration of conduit material s
normally caused by the forces of nature
such as wetting and drying, freezing and
thawing, oxidation, decay, ultra-violet light,
cavitation, and the erosive forces of water.
Deterioration of pipe materials and joints
can lead to seepage through and along the
conduit and eventually failure of conduit
systems.
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Removal or consolidation of foundation
material from around the conduit can cause
differential settlement. Inadequate
compaction next to the conduit system
during construction may compound the
problem. Differential settlement can lead to
undermining of the conduit system or
embankment piping. The differential
settlement should be monitored with visual
inspections  and
observations.

documentation of

Alignment deviations can be a sign of
movement, which may exceed the design
tolerances. Proper alignment is important to
the structural integrity of conduit systems.
Misalignment can be the direct result of
internal seepage flows that have removed
soil particles or dissolved soluble rock.
Misalignment can also result from poor
construction practices, the collapse of
deteriorated conduits, the decay of organic
material in the dam, seismic events, or
normal settlement from the consolidation of
the embankment or foundation materials.
Excessive misalignment may result in other
problems such as cracks, depressions, slides
on the embankment, joint separation, and
seepage. Both the vertical and horizontal
alignment of the conduit should be
inspected on a regular basis.

All conduits should be inspected thoroughly
once a year as part of the scheduled
inspection program. Conduits that are 75
cm or more in diameter can be entered and
visually inspected with proper ventilation
and confined space precautions. Small
inaccessible conduits may be monitored
with video cameras. The conduits should be
inspected for misalignment, separated joints,
loss of joint material, deformations, leaks,
differential settlement, and undermining.

Problems with conduits occur most often at
joints, and special attention should be given
to them during the visual inspection. The
outlet should be checked for signs of water
seeping along the exterior surface of the
conduit. This is noted by water flowing
from under the conduit and/or the lack of

foundation material directly beneath the
conduit. The embankment surface should
be monitored for depressions or sinkholes.
Depressions  or  sinkholes on  the
embankment surface above the spillway
conduit system develop when the underlying
material is eroded and displaced. Inspectors
should photograph all problems that are
observed in the conduits.

Accessible portions of conduits, such as the
outfall structure and control, can be easily
and regularly inspected. However, several
problems are associated with deterioration
or failure of portions of the system which
are either buried in the dam or normally
under water. The following are some general
guidelines for inspecting conduits:

e Conduits that are 75 cm or greater in
diameter can be inspected internally,
provided the system has an
upstream valve, allowing the pipe to
be dewatered. Tapping the conduit
interior with a hammer will help
locate voids which may exist behind
the pipe. This type of inspection
should be performed at least once a
year during scheduled inspections.

e Small diameter pipes can be
inspected by remote video cameras.
A camera is moved through the
conduit and transmits a picture to an
equipment truck, where it can be
viewed by a technician. This type
inspection is expensive and usually,
requires the services of an engineer.
However, if no other method of
visual inspection is possible, the use
of  remotely-controlled video
equipment is recommended at least
once every five years.

e Qutlet intake structures, wet wells,
and outlet pipes with only
downstream valves are the most
difficult to inspect because they are
usually under water. These should
be scheduled for visual inspection
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when the reservoir is drawn down or
at five-year intervals. If a definite
problem is suspected, or if the
reservoir remains full over extended
periods, divers should be hired to
perform an underwater inspection.

6.6.4 Testing the Outlet System

Dam drawdown valves and outlets must be
operationally tested on an annual basis or
before the onset of the flood season
(typically March in India) to verify their
performance and to help keep them in
operating order. Unused outfall valves and
controls can become corroded or blocked
with sediment, so routine testing can help
maintain these devices. To verify that the
valve is still functioning, but to minimize the
quantity of silt and/or poor-quality water
that may be released downstream, the
following procedure is to be used:

(1) The area immediately in front of the
drawdown  structure  shall be
checked for debris that might be
drawn into the opening, and cleared
of such debris as much as possible.
If there is a reason to believe that
sediment may have built up
immediately in front of the opening
at an elevation equal to the invert of
the outlet or higher, the structure
shall not be tested until such silt is
removed, complying with all
regulatory requirements prior to
doing so.

(2) The structure shall be opened a
minimal amount, enough to allow a
small discharge and then closed
fully, to verify ability to operate in
that direction.

(3) The structure shall then be fully
opened, and immediately closed
again, minimizing the open period as
much as possible.

(4) If there is any sign of erosion
occurring downstream during the
process, the operation shall be
halted, and the structure closed.
Remedial actions shall be taken to
prevent erosion from the flows prior
to the test being repeated or
completed.

(5) If the valve fails to fully close, either
in steps two or three, an emergency
contractor and a dam safety engineer
should be immediately notified.

The outlet system should be checked
through the full range of gate settings.
Slowly open the valve, checking for noise
and vibration. Certain valve settings may
result in greater turbulence. Check for a
noise that sounds like gravel being rapidly
transported through the system. This sound
indicates that cavitation is occurring. Note
the operating range that produces this noise,
and, if possible, avoid operating under these
gate settings. Check the operation of all
mechanical and electrical systems associated
with the outlet. Backup electric motors,
power generators, and power and lighting
wiring should function as intended and be in
a safe condition.

The outlet, or lake drain, should always be
operable so that the pool level can be drawn
down in the case of an emergency or for
necessary repair. Lake drain valves or gates
that have not been operated for a long time
present a special problem for owners. If the
valve cannot be closed after it is opened, the
impoundment could be completely drained.
An uncontrolled and rapid drawdown could
also induce more serious problems such as
slides in the saturated upstream slope of the
embankment. Drawdown rates should not
exceed 30-centimeters per day for slopes of
clay or silt material except for emergency
situations. Level surfaces or slopes with
free-draining upstream zones may be able to
withstand more rapid drawdown rates;
however, the owner should consult with
CDSO or a qualified dam safety
professional before using a more rapid
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drawdown rate. Large discharges could also
cause downstream flooding. Therefore,
before operating a valve or gate, it should be
inspected, and all appropriate parts
lubricated and repaired. It is also prudent to
advise downstream residents of large and/or
prolonged discharges.

To test a valve or gate without risking that
the lake will be drained, the inlet upstream
of the valve must be blocked. Some drain
structures have been designed with this
capability and have dual valves or gates, or
slots  for stoplogs/bulkheads) located
upstream of the drain valve. Divers can be
hired to inspect the drain inlet and may be
able to construct a temporary block at the
inlet for testing purposes. Farly detection of
equipment problems or breakdowns and
confidence in equipment operability are
benefits of the periodic operation.

Sediment is another problem that may be
encountered when operating the lake drain.
Sediment deposits can build up and block
the drain inlet. Debris can be carried into
the valve chamber, hindering its function if
an effective trash rack is not present. The
potential that this problem will occur is
decreased if the valve or gate is operated
and maintained periodically.

Many older dams have drains with valves at
the downstream end. If the valve is located
at the downstream end of a conduit
extending through the embankment, the
conduit is under the constant pressure of
the reservoir. If a leak in the conduit
develops  within  the  embankment,
saturation, erosion, and eventually failure of
the embankment could occur in a brief
period. A depressed area of the soil surface
over the pipe may be a sign soil is being
removed from around the pipe. These older
structures should be monitored closely, and
owners should plan to relocate the valve
upstream or install a new drain structure.
Inspectors should closely examine the drain
outlet for signs of possible problems when
valves are located at the downstream end of
the drain.

6.6.5 Mechanical Equipment

Mechanical equipment includes spillway
gates, sluice gates or valves, stoplogs, sump
pumps, flash boards, relief wells, emergency
power  sources, siphons and  other
equipment associated with spillways, drain
structures water supply structures, Stoplogs,
flashboards, etc.

Mechanical and  associated  electrical
equipment should be checked for proper
lubrication, smooth operation, vibration,
unusual noises, and overheating. The
adequacy and reliability of the power supply
should also be checked during operation of
the equipment. Auxiliary power sources and
remote-control systems should be tested for
adequate and reliable operation. All
equipment should be examined for
damages, deterioration, corrosion, pitting,
loosening, worn out, or broken parts.

Gate stems, guides, and couplings should be
examined for corrosion, loose, broken or
worn parts, and damage to protective
coatings. Fluid passages, leaves, metal seats,
guides, and seals of gates and valves should
be examined for damage from cavitation,
wear, misalignment, corrosion, and leakage.
Sump pumps should be examined and
operated to verify reliability and satisfactory
performance. Air vents for pipes, gates, and
valves should be checked to confirm that
they are open and protected. Wire rope or
chain connections at gates should be
examined for proper lubrication and worn
or broken parts. Rubber or neoprene gate
seals should be examined for deterioration
or cracking.

Hydraulic hoists and controls should be
checked for oil leaks, loss of viscosity and
wear. Hoist piston and indicator stems
should be examined for contamination, gate
creep while in full open position and for
rough areas that could damage packings and
requires timely replacement.

Many dams have structures above and
below ground that require some type of
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access. Water supply outlet thimble works,
lake drains, gated opening spillways, drop
box spillways, and toe drain utility access
hole interceptors are typical structures that
will require bridges, ladders, or walkways.
Care should be taken to properly design,
install, and maintain these means of access
for the safety of persons using them. Access
requirements for walkways may include toe
plates and handrails. Fixed ladders should
have proper rung spacing and safety
climbing devices, if necessary. Access
ladders, walkways, and handrails should be
examined for deteriorated or broken parts
or other unsafe conditions.

Under highly moist environments, access
ladders, walkways and handrails fabricated
from stainless-steel or vulcanized materials
need to be protected by using anti-corrosive
paint.

Availability of stoplogs, bulkhead gates, and
lifting frames or beams and trash racks
should be examined for their fully functional
conditions.

Flashboards should not be installed or
allowed unless there is enough freeboard to
safely pass the design flood. Some
flashboard installations are designed to fail
when subjected to a certain depth of flowing
water, thereby recovering the original
spillway capacity. However, flashboards
designed to fail may not be reliable and are
not recommended. Maintenance consists of
repairing or replacing broken boards. The
support structure for the flashboards should
be examined for damage caused by wear,
misalignment, corrosion, and leakage, and
repaired as necessary. The flashboards
should be removed periodically (at least
once a year) as a check for freedom of
movement and deterioration of the boards.
Leakage is a frequent problem. Unless there
are extenuating circumstances, flashboards
should be removed prior to the onset of
monsoon season (typically March in India)
and reinstalled when conditions permit.

6.6.5.1 Quick Checklist of HM
components for Periodic Reviews

For ability to conduct condition monitoring
of HM components, it is advisable to review
and understand the major elements for
periodic reviews. Provided in this paragraph
are brief explanations that need addressing
during the visual inspection. Many of these
involve the assistance from project staff for
operation of the gates to check for smooth
operation without any binding of the gates
with the gate frame or embedded parts and
access to confined areas. As with all other
site inspections, attention to personal safety
procedures are required. In summary this
quick check list includes:

e Abnormal wear and tear
e [.oose and broken fasteners

e (racked, deteriorated, corroded, skin
plates, structural member welds, etc.

e Inadequate greasing or lubrication of all
moving components such as wheels,
side guide wheels, shoes, hoist
equipment, etc.

e Tunctioning of safety control devices
e Cardium layers on wire ropes

e Tight connections of wire ropes to
drums

e Creeping of gates due to hydraulic
leakages in the lifting system

6.6.6 Earth and Rock Materials
6.6.6.1 Earth Spillways

When examining an earth  spillway,
inspectors should decide if whether side
slopes have sloughed, or whether there is
excessive vegetative growth in the channel.
The entrance and exit of the spillway should
be unobstructed by trees, brush, or general
vegetative  overgrowth; during severe
flooding, accumulation of drift in these
areas can significantly reduce spillway
capacity, increase erosion and contribute to
overtopping of the dam and failure.
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Inspectors also should look for signs of
erosion and rodent activities. Use a probe to
obtain a comparative feel of the hardness
and moisture content of the soil. Note the
location of particularly wet or soft spots. See
if the stilling basin or drop structure is
properly protected with rocks or riprap.
Because some erosion is unavoidable during
discharge of water, decide if whether such
erosion might endanger the embankment. If
the spillway is installed with a sill, check to
see if there is any cracking or misalighment
of the sill. Also, look for any erosion
beneath or downstream of the sill.

If spillway side walls slide and block the
spillway entrance or channel, the dam may
become susceptible to overtopping because
of reduced capacity to pass flood flows.
Erosion of plunge pools and return
channels may expose the toe of the dam to
erosion and undercutting which can lead to
a slope failure.

6.6.6.2 Rock Cuts

Dams built in areas where the bedrock is at
ot near the surface may include outlet works
and  spillway channels and tunnels
constructed in or through the rock. Fallen
rock may block discharges through a tunnel
or channel, or rock falling into the reservoir
just upstream from the dam could make
outlet works, penstocks, or spillways
inoperable. Abutment movement may
restrict ~ or  prevent  operation  of
appurtenances found in or on the abutment.
Loosened rock could block or damage
structures in their fall paths. Any of these
conditions may cause the dam to be
overtopped.

Rock deficiencies can be described by one
of the following categories:
e Inadequate hardness or strength

e Discontinuities (faults, shears, joints,

bedding planes)

e Weathering, or deterioration
(temperature  variations  (thermal

stresses), freeze- thaw  action,
erosion, plant and animal activity,
chemical action)

e Solutioning (chemical weathering of
mineral or rock into solution by
seepage flow)

Excavated rock slopes and tunnel walls are
subject to spalling and weathering from
freeze-thaw action. The rock has joints (also
called fractures or discontinuities) along
which  water can pass, resulting in
deterioration. Movement at these joints
caused by an earthquake or from excessive
hydrostatic pressure may result in large rock
falls.

Inspectors should be alert for potentially
large rock falls, slides, and resulting
obstruction of tunnels and spillway
channels. These potentially hazardous
conditions are typically caused by instability
of rock slopes, degradation of rock slopes,
seepage from cut faces, and deficient rock
reinforcement.

Slope instability in rock spillways usually
results in slides or movement on the slopes.
Look for signs of rock movement at
fractures and joints which might be a sign of
a future rock fall or slide. Movement is
often indicated by fresh cracks on the rock
surface, cracks in dam concrete where it
joins the rock, blocks falling from
abutments, displacement of vegetation, and
arc-shaped cracks on or above slopes. Slides
on slopes next to spillways are especially
hazardous because of the potential for
blockage, or damage to the structure
preventing operation. In rock abutments,
next to a concrete dam, look for freshly
exposed rock at or near the dam body-
abutment contact. Check any
instrumentation data that may exist for
indications that rock walls or slopes have
moved. Movement of abutment rock can be
serious, resulting in loss of support for the
dam. If data show progressive movement
and increasing seepage pressure, the dam
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and abutments may be in danger of
destabilization.

Degradation of rock slopes is usually easy to
spot. Look for evidence of past rock falls,
and check the floors of rock-cut spillways
and unlined rock tunnels for excessive
amounts of rock chips and pieces. Examine
the walls for general deterioration. If there is
evidence that portions of a concrete
structure have moved because of thermally
or chemically induced expansion or other
causes, check rock abutments next to the
structure for spalling and crushing of rock at
joints and fractures caused by pressure from
concrete movement.

Seepage from rock cuts or from the floor of
spillways cut in rock can create several
potentially unsafe conditions. Inspectors
should evaluate the rate of seepage,
correspondence of seepage rates to reservoir
level, staining, and turbidity of seepage to
fully understand the problem. Seepage can
create excess hydrostatic pressure, weaken
the overall strength of the rock walls, and
produce increasingly large channels for
water  flow.  Openings can enlarge
sufficiently to cause slope movement or
collapse. Stains from seepage water indicate
solutioning of minerals which may reduce
the shearing strength of the rock materials
and cause rock consolidation. Inspectors
should take samples of the seepage so that
tests can be carried out to assess the mineral
content of the water.

The geologic data should also be checked
for evidence of deposits of limestone or
other rock subject to solutioning that may
underlie competent rock. Turbid flow is a
sign that internal erosion or piping is
occurring. Inspectors should check the
construction records to see if rock walls and
slopes were grouted to control seepage. If
grouting was not done in the past, this
procedure might control the seepage. If
prior grouting proved inadequate to prevent
or control seepage, a qualified dam safety
professional should examine probable

causes and sources of the seepage and
evaluate corrective actions.

Deficient rock reinforcements, if used, can
also result in slope stability problems in
spillways  cut in the rock. Rock
reinforcements such as bolts, anchors,
dowels, and tendons may be installed in the
rock tunnels and slopes of dams. Be sure to
make a record of deficient rock
reinforcements, including deterioration of
the rock around fastening plates, loose bolts
or plates, and corroded bolts, fastening
plates, or wire grids (especially near
seepage).

If inspectors find rock deficiencies that may
affect the safety of a dam, they should:

e Record the location and extent of
the deficiencies, and photograph the
affected areas.

e Ascertain definitely the cause of the
damage, if possible.

e Notify a qualified engineer at once if
abutment movement or a rockfall in
an unlined tunnel or spillway
channel is suspected or observed.

6.6.6.3 Riprap

Riprap is deficient when it does not protect
the underlying earth from erosion. Many
riprap deficiencies can be dealt with through
routine maintenance, such as adding rock to
areas where riprap has started to become
displaced. More severe riprap deficiencies
may threaten the safety of the dam.
Undercutting by wave action, slides, and
slope failure can lead to failure of a spillway
channel, a plunge pool, or, if erosion
continues unchecked, even the breaching of
an embankment dam or dike.

Riprap may suffer from displacement or
rock degradation. These deficiencies may be
related, with degradation often leading to
displacement. Filter or bedding material may
become exposed, or the riprap layer may
become thinner, thereby reducing the level
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of protection offered by the rock coverage.
Reasons riprap can be displaced include:

e an inadequate thickness of the riprap
layer;

e improper sizing or gradation of the
riprap in relation to the filter or
bedding material (inner layer is
washed through outer layer);

e improper anchorage at the base of
the protected slope;

e loss of foundation support;

e missing, inadequate, or improperly
sized filter or bedding material;

e wrong shape (too elongated/flat, or
too round: most problems are
caused by stones being too round
and easily rolled by waves or flows);

e rock weight insufficient (because of
small size or low specific gravity) for
expected wave action or flow
velocity;

e too much wvariance in size and
weight;

e average weight reduced by rock
deterioration;

e nondurable rock;

e damage from ice movement in the
reservoir;

e bedding not propetrly installed;
e poor grading of the slope;
e improper foundation preparation;

e rock sizes
placement; and

segregated  during

e loose placement that results in large
voids.

Rock degradation may be caused by high
abrasion loss, structural weakness (cracks
and fractures), high absorption rates (freeze-
thaw damage from absorbed water), and
impact damage from debris. Types of rock
degradation include cracking, spalling,

splitting or delaminating along bedding
planes and joints, de-aggregating and
disintegrating ~ of  poorly  cemented
sedimentary rock, and dissolving.

Riprap installations in areas exposed to
many freeze-thaw cycles or high winds are
most likely to experience serious problems.
Be especially alert for riprap problems if the
dams being inspected are exposed to these
conditions.

Riprap exposed to high-velocity flows or
turbulence on a spillway channel, or in the
lining of a plunge pool, is especially
vulnerable. Rock may be displaced or may
degrade by becoming weathered and
breaking down, thereby allowing damage to
the underlying slope. All riprap degrades
over time, but wetting and drying and
freeze-thaw cycles accelerate degradation in
spillway and outfall structures. Look for
signs that the riprap is smaller near the
waterline that rocks are shattered, or that
thinning of the riprap layer or gaps in the
riprap have developed. The riprap layer may
be so degraded and displaced that erosion of
the underlying material has begun.

If riprap deficiencies that may affect the

safety of the dam are found, inspectors
should:

e Record the location and
approximate dimensions of riprap
deficiencies.

e Look for signs of foundation and
bedding deterioration.

e Photograph the area.

e Recommend temporary corrective
actions.

e Consult a qualified dam safety
professional to evaluate the need for
major repair.

6.6.6.4 Gabions

Gabions may be used as lining and support
in spillways, stilling basins, and other dam
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outfall ~ structures. A gabion is a
prefabricated rectangular wire cage or basket
filled in place with rocks. Gabions are free-
draining and capable of being stacked for
erosion protection. The term “gabion wall”
may be used to refer to stacked gabions,
while “gabion mattress” refers to a layer of
gabions used to protect a chute or basin
floor.

Gabions are wusually subject to various
deficiencies that may cause deformation and
the toppling of gabion walls. These
deficiencies include inadequate foundation
support, foundation erosion, settlement of
the rock within the basket, rock degradation,
and failure of the wire baskets. Settlement
and displacement of gabions can result from
inadequate foundation support or from
erosion of the subgrade. Foundation soils
may be eroded when gabions are used
because water flow can occur at the bottom
of the basket. Proper foundation treatment
is essential when gabions are installed in
waterways. Rock within a gabion can shift
and combine into a smaller space than when
the basket was filled, creating unsupported
space at the top of the basket. Rocks within
gabions may spall, split, disintegrate, or
dissolve. Flowing water can then wash
pieces of rock through openings in the
basket. The loss of rock mass makes the
gabions susceptible to being lifted and
moved by flows, and consolidation of rock
within ~ the  basket creates empty,
unsupported space at the top of the basket.
The wires of the baskets may become
corroded, broken or cut by wvandals, or
deformed by rapidly flowing water. Rocks
may be washed out of a damaged basket,
and the basket can be deformed by the
weight of shifting rocks or other gabions
and fail.

Failure of gabion channel protection may
result in the exposure of slopes or channel
floors to erosion and undercutting, leading
to complete failure. When gabion structures
consist of stacks or rows of baskets, the
integrity of individual baskets is crucial to
the integrity of the structure. Baskets are

prone to deformation because basket wires
can bend, cotrrode, and break, and stones
can shift, deteriorate, or be dislodged.

Some settlement of a gabion installation is
normal. Gabions are designed to be flexible
and allow for some degree of settling. Minor
deterioration in a gabion installation is a
long-term maintenance problem rather than
a hazard to the dam. Hazardous gabion
deficiencies are those that destabilize the
installation or cause it to fail entirely, usually
because of deficiencies in a limited number
of baskets.

The lower baskets in a vertical or battered
gabion wall support the greatest weight and
are most likely to become deformed.
Because of their position, failure of lower
baskets carries the potential to destabilize a
gabion installation. Defects such as broken,
cut, or deformed wires and missing rock can
lead quickly to the failure of an individual
gabion followed by the failure of the entire
wall. Look for damaged baskets or baskets
crushed by overlying gabions, and for
movement and undermining caused by
waves ot current.

If inspectors discover gabion deficiencies
that may affect the safety of a dam, they
should:

o Record the location and extent of
defective areas, and describe the
nature of the deficiency; i.e., broken
basket  wires, the degree of
deformation or settlement, and the
approximate amount of missing rock.

e If the underlying slope is exposed,
record the extent of slope damage,
using such measurements as the
length, width, and height of the
affected area.

e Photograph the damaged area.

e Recommend corrective action and
timing.
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6.6.7 Synthetic Materials

Synthetic materials are often used in
spillways and outlet works for discharge
(conduits or pipes), drainage and seepage
control (geotextile separators, geomembrane
liners), and for filter media. Synthetic
materials are also commonly referred to as
geo-synthetic materials because they are
often used to replace earth materials in
construction. In general, synthetic materials
are not visible for examination during an
inspection. Inspectors will detect most
deficiencies in synthetic materials by noting
indirect signs, such as changes in drainage
amounts, or foundation erosion. Synthetic
materials used at dams fall into in three
broad categories: (1) geotextiles, (2)
geomembrane linings, and (3) plastic piping
and tubing (often referred to as geopipes).

A deficiency in a geotextile or geomembrane
lining may severely affect the integrity of the
incorporating structure. In the case of
geotextiles within a dam, the deficiency
could cause the dam to fail from internal
erosion or piping. Deficiencies of geotextiles
used for slope protection could result in a
slope failure. The deficiency may affect a
structure crucial to the safe operation of a
dam, such as a spillway or a plunge pool.

Inspectors are usually most successful with
detection of deficiencies in geotextiles and
geomembrane linings in dams when they
record the amount of seepage at drains and
check the clarity of the water that is
collected. If seepage has decreased and
water pressure within the embankment has
increased, as measured by a piezometer,
geotextiles within the embankment may be
clogged. Undrained seepage may be building
hydrostatic pressure inside the embankment,
weakening soil strength, or eroding the
embankment. Turbid flow suggests piping
and loss of material.

The following subchapters describe specific
safety concerns for the wvarious synthetic
materials that may be used at dams and
spillways.

6.6.7.1 Geotextiles

Geotextiles are water permeable, are made
from polypropylene or polyester, and can be
woven, nonwoven, or a combination of
woven and nonwoven segments. Uses for
geotextiles include separation between layers
of materials, drainage, reinforcement, and
filtration. In dams, geotextiles may have
temporary or permanent construction uses.
Geotextiles placed as embankment dam
core and foundation filters would be
extremely difficult to replace if problems
develop, and such uses have been avoided.

Geotextiles are sometimes used in place of
granular filters beneath other erosion
control materials such as riprap on the dam
embankment or surfaces in spillways and
plunge pools. The geotextile filters prevent
the movement of soil fines under riprap or
similar materials used for slope protection
and for lining spillways and plunge pools.
Punctures and other deficiencies may result
in loss of bedding material and erosion of
foundation material beneath the geotextile,
leading to sunken areas and voids under the

riprap.

When a geotextile fails, the failure may
jeopardize the structure which incorporates
the geotextile. If seepage in a protected
slope is restricted from entering a collector
drain because of a clogged geotextile,
excessive hydrostatic pressure could develop
in the embankment or slope which could
lead to slope failure. A ruptured geotextile
could lead to internal erosion of the
embankment material because the filtering
capacity is lost, at least locally.

Clogging of geotextiles under riprap may
also cause a buildup of hydrostatic pressure
at the toe, saturating the slope, and
potentially resulting in a local failure that
bulges at the slope toe until the geotextile
breaks. After the geotextile breaks, a
washed-out area will develop.
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If deficiencies in geotextiles that could affect
the safety of the dam are found, inspectors
should:

e Photograph  and  record  the
observations that indicate possible
problems with the geotextiles.

e Determine the function of the
geotextile and the cause of the
problem.

e Refer problems with geotextiles to a
qualified dam safety professional.

6.6.7.2 Geomembranes

Geomembrane linings are impermeable and
are typically used as water barriers.
Geomembrane linings may be composed of
various materials, the most commonly used
being PVC (polyvinyl chloride), CSPE-R
(chloro-sulfonated polyethylene-reinforced),
HDPE (high-density polyethylene), VLDPE
(very  low-density  polyethylene), and
neoprene. Dams with seepage problems
may deploy a geomembrane on the
upstream face of the dam to control
seepage.

A failed geomembrane reservoir liner can
permit seepage through porous foundation
zones which might cause piping to develop.
For reservoirs sealed with a geomembrane
liner, unaccountable losses from the
reservoir may be the first clue that the liner
is leaking. Seepage around the reservoir rim
is another indicator. Inspectors should
examine the reservoir floor with the
reservoir drawn down if possible. Examine
the protective layer over the membrane liner
for gaps, plant growth, animal burrows,
damage from vandalism, and piercing of the
liner.

If deficiencies in geomembrane linings that
could affect the safety of the dam are
discovered, inspectors should:

e Photograph  and  record  the
observations  that show likely
problems with the geomembrane
linings.

e Determine the cause of the problem.

e Refer indications of geomembrane
lining failure to a qualified dam
safety professional.

6.6.7.3 Geopipes

Plastic piping and tubing (geopipes) are not
recommended in India. Furthermore, plastic
pipes have not been proven to be safe in
spillway applications. Most geopipes are
made of PVC (polyvinyl chloride), ABS
(acrylonitrile butadiene styrene), and PE
(polyethylene).

Plastic pipe is used for conveying water and
other fluids, but the pipe must be protected
from mechanical damage. Plastic piping and
tubing usually are embedded in concrete or
buried  underground  for  protection.
Common uses for plastic piping and tubing
include:

e Piezometer tubing used to measure
water pressure in earth structures or
foundations and abutments

e Tubing in stilling wells
e FElectrical conduit

e Scepage collectors in  drainage
systems (PE)

e Outlet works conduits (PE and
PVC)

Deficiencies of plastic pipes that affect the
safety of the dam involve drainage systems.
Malfunction of plastic pipes used as seepage
collectors in drainage systems could result in
excess or leaking drainage water building
hydrostatic pressure inside the embankment,
the dam, or in the foundation, causing a loss
of strength, reduction of safety against slope
failure or sliding, and failure at the
downstream toe or slope. Seepage also may
erode soil from within the dam or
foundation into a broken or damaged
collector system.

Inspectors  should check for safety
deficiencies in plastic pipes used in drainage
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systems. Past inspection reports and other
documentation may contain  drainage
measurements to compare with current
observations. Signs of potentially hazardous
conditions in plastic piping and tubing
include leaking fittings and joints, visible
impact damage, warp or creep, silted or
obstructed flow area, plugged outlets
obstructing free flow (lack of flow — works
only during wet weather), crushed pipe,
burned surfaces, and turbidity or sediments
in the discharge.

When inspecting unexposed pipe, reduced
flow, turbid flow, or lack of flow are
indicators of potential problems with the
pipe. The following procedures can be used
to help identify problems with unexposed or
buried pipes:

e DPull a plug through the pipe to test
for obstructions (if open at two
ends)

e Inspect the pipe interior using a
video or television camera-mounted
remotely operated vehicle

e Use a motorized drain cleaning tool
to clear obstructions

e For a pipe that should be watertight,
pressurize the pipe with air or water,
and check the pressure to detect
leaks (not recommended unless low
pressures are used, because a sudden
break or release could damage the
embankment)

If a deficiency in plastic piping and tubing
that may affect the safety of the dam is
observed, inspectors should:

e Record the observations and
procedures used to investigate
changes in drainage patterns.

e Describe any findings concerning
the causes of the deficiency, and
possible corrective actions.

e If the volume of leakage into the
embankment is sizable, consult a
qualified dam safety professional for
further evaluation.

6.7 Obstructions

Obstructions can reduce the capacity or
operation of spillways and outlets.
Obstructions of surface features are usually
easy to detect. However, obstructions within
buried or submerged conduits and other
structures may not be noticeable. The
spillway, the approach to the spillway, and
the downstream exit channel could be
obstructed by excessive growth of grass and
weeds, thick brush, trees, debrtis, or landslide
deposits. An obstructed spillway will have a
reduced discharge capacity. This reduced
capacity can create serious problems,
including embankment overtopping or
complete dam failure.

6.7.1 Excessive Vegetation on
Auxiliary Spillways

Earthen auxiliary spillways are particularly
prone to excessive vegetative growth (Figure
0-6). There should be no trees, shrubs, or
brush in any auxiliary spillway. Structures,
unless considered in the original design for
spillway adequacy, should not be built in
auxiliary spillways. Inspectors should always
recommend the removal of trees, shrubs,
and other obstructions in an auxiliary
spillway.

Tall weeds and brush should be periodically
cleared, and trees removed as soon as they
are noticed. Brush and debris can be
entangled with trees to form an effective
obstruction. When this happens, an even
and smooth flow pattern cannot be
maintained. Consequently, the effective
width and capacity of the spillway is reduced
and the potential for erosion increased.

Any large deposits of dirt in the spillway
channel from sloughing, a landslide above
the channel, or sediment transport into the
area must be removed at once. Timely
removal of large rocks 1is especially
important. The presence of rocks in the
channel can obstruct flow and encourage
erosion. A sudden plunge of the spillway to
the stilling basin also results in abrasion of
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Figure 6-5. Excessive vegetation on
earthen auxiliary spillways decreases flow
capacity and endangers the dam.

the channel lining and damage to the stilling
basin.

6.7.2 Plugged Spillway Inlets

Many dams in India have pipe and riser
spillways. Pipe spillway inlets that become
plugged with debris or trash reduce spillway
capacity. Thus, the potential for overtopping
the dam is increased, particularly if there is
only one spillway. If the dam has an
auxiliary  spillway channel, a plugged
principal spillway will cause more frequent
and greater than normal flow in the auxiliary
spillway. Because auxiliary spillways are
designed for infrequent flows of short
duration, severe damage may result. For
these reasons trash collectors or racks must
be installed at the inlets to pipe spillways
and lake drains and trash must be removed
whenever it restricts the inlet capacity.

A well-designed trash boom will stop large
debris that could plug the discharge pipe but
allow unrestricted passage of water and
smaller debris. Some of the most effective
trash racks allow flow to pass beneath the
trash into the riser inlet as the impoundment
fills. Racks usually become plugged because
the openings are too small, or the head loss
at the rack causes material and sediment to
settle out and accumulate. Small openings

will stop small debris such as twigs and
leaves, which in turn cause a progression of
larger items to build up, -eventually
completely blocking the inlet. Trash rack
openings should be at least 15 c¢cm across
regardless of the pipe size. The larger the
principal spillway conduit, the larger the
trash rack opening should be. The largest
openings should be used, up to about 0.6
meters.

The trash rack should be properly attached
to the riser inlet, and strong enough to
withstand the hammering forces of debris
being carried by high-velocity flow, a heavy
load of debris, and ice forces. If the riser is
readily accessible, vandals could throw
riprap stone into it. The size of the trash
rack openings should not be decreased to
prevent such vandalism, but rock that is
larger than the openings or too large to
handle should be used near the riser.

The lack of a trash rack is unacceptable and
creates the potential for an extremely
hazardous condition. Trash racks
constructed from thin wire, such as
“chicken wire,” that can be easily damaged
or destroyed is also unacceptable. Trash
racks that are “flat” and cover only the
opening of a riser (L.e. that are constructed
like a grate over a drop inlet on streets) are
also safety concerns because of the potential
for clogging. In either case, inspectors
should recommend the installation of a
proper trash rack.

Maintenance should include periodically
checking the trash rack for rusted and
broken sections, and repairing it as needed.
The trash rack should be checked often
during and after large floods to ensure it is
functioning propetly and to remove
accumulated debris.

Vegetated ecarth spillways are used as an
economical means to provide auxiliary
spillway capacity. Normal flows are carried
by the principal spillway, and infrequent
large flood flows pass primarily through the
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auxiliary spillway. For dams with pipe-
conduit spillways, an auxiliary spillway is
always needed as a back- up in case the pipe
becomes plugged. These spillways are often
neglected because the owner rarely sees
them flow.

Large semiaquatic rodents may present
problems at dams where they may live
because they have a natural tendency to
block off spillways with brush and sticks.
They should be eliminated or moved if they
become a problem, or a control device
should be constructed at the spillway to
prevent their approach.

Periodic mowing in the grass-lined spillways
is needed to prevent trees, brush, and weeds
from becoming established, and to
encourage the growth of grass. A poor
vegetal cover will usually result in extensive,
rapid erosion when the spillway flows and
will require more costly repairs. Trees and
brush may reduce the discharge capacity of
the spillway. Inspectors should evaluate the
degree of vegetative growth in the earthen
spillways. Tree and shrub removal should
always be recommended if these plants are
present.

Erosion can be expected in the spillway
channel during high flows, and can also
occur because of rainfall and local runoff.
The latter is more of a problem in large
spillways, creating gullies where low flows
tend to concentrate and may need special
treatment, such as terraces or pilot channels.
Erosion of the side slopes deposits material
in the spillway channel, especially where the
side slopes meet the channel bottom. In
small spillways, this can significantly reduce
the spillway capacity. This condition often
occurs soon after construction is completed
and before vegetation becomes established.
In these cases, it may be necessary to
reshape the channel to increase its discharge

capacity.

Auxiliary spillways often are used for
purposes other than the passage of flood

flows. Among these uses are reservoir
access, parking lots, boat ramps, boat
storage, pasture, and cropland. Permanent
structures (such as buildings, boat docks,
and fences) should not be constructed in
these spillways.

During a check of spillways and outlets for
obstructions, the inspectors should:

e Describe the location, type, and
extent of any obstruction that may
be present.

e Photograph the obstruction.

e Recommend corrective action and
timing.

6.7.3 Blocked Weep holes

Weepholes, or drain holes, in the concrete
allow free drainage and relieve excessive
hydrostatic pressures from building up
underneath or behind the structure (Figure
0-6). Excessive  hydrostatic  pressures
underneath or behind the concrete could
cause it to heave or crack which increases
the potential for accelerated deterioration
and undermining. Weepholes can become
plugged by debris, infiltration of fines, iron
incrustation, and carbonate deposits and
should be checked for the accumulation of
silt and granular deposits at their outlets.
These deposits may obstruct flow or be
signs of the loss of support material behind
the concrete surfaces. Periodic monitoring
of the weephole drains should be performed
and documented on a regular and routine
basis to ensure that they are functioning as
designed.

Walls of spillways are usually equipped with
weepholes. Occasionally, spillway chute
slabs are also equipped with weepholes. If
all holes are dry, it is probably because the
soil behind the wall or below the slab is dry.
If some holes are draining while others are
dry, then the dry holes may have been
plugged by mud or mineral deposits. Probe
the plugged hole to determine probable
causes of the blockage. Plugged weepholes
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Figure 6-6: Weepholes in spillway sidewalls
and bottom slabs can become blocked with
debris and other material.

increase chances for failure of the retaining
wall or chute slab. Try to clean out dirt or
deposits and restore draining ability. If this
does not work, rehabilitation work must be
performed under the supervision of a
qualified dam safety professional as soon as
possible.

6.8 Spillway and Outlet
Inspection Sketches

Sketches of problems that may be found on
the spillway or outlet of a dam during an
inspection are presented in the following
Table 6-1. from page 135 to 143. While
most of the conditions on the following
tables can be corrected by routine and
periodic maintenance conducted by the
ownet, some of the conditions noted are of
a nature that threatens the safety and
integrity of the dam and require the
attention of a qualified dam safety
professional (if immediate emergency action
is not necessary).

A qualified dam safety professional is a
person with specific experience in the field
of concern. For example, an engineer or
geologist with geotechnical or geological
experience may need to be consulted if a
slope stability or soil issue exists. Or, an
engineer with hydrology or hydraulic

experience may be needed to calculate the

spillway capacity.
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Chapter 7. INSPECTING GENERAL AREAS

Inspectors should examine other areas
around the dam and reservoir while
performing routine reviews. An awareness
of the complete dam environment will help
the owner maintain a dam and be able to
make improvements if conditions warrant.
The following features and areas should be
examined during every routine dam
inspection:

e Access

e Shoreline

e Reservoir area

e Submerged areas

e Watershed and tributary channels
e Mechanical and electrical systems
e Instrumentation

e Retaining structures

e Downstream hazards

e Downstream channel obstructions
e Upstream and downstream dams
e Bridge pier alignhment and settlement

e Natural features, such as springs,
sinkholes, rock outcrops

Inspectors should examine these features
and areas and record any changes or
concerns in the inspection  report.
Photographs should be taken of problem
conditions, and measurements of some
problems may need to be made, such as
slides on shoreline slopes, or cracks in
access roads. Measurements and
photographs will allow an inspector to
monitor changes from one inspection to the
next. Recent aerial photographs are helpful
in evaluating changing conditions in the
upstream and downstream watersheds. The
dam owner should be alerted to any
conditions that may present a potential

safety hazard. Deteriorated access roads,
unauthorized activities, large landslides,
upstream and downstream development,
and severe sediment buildup are potentially
hazardous concerns.

Access to the dam, the reservoir, and the
appurtenant works is important for several
reasons, including dam maintenance, dam
inspections, dam emergencies, and use of
the dam and reservoir for its intended
purpose. Inspectors should visually check all
adjacent roads and access roads to the dam
and crest and assess them for emergency
access potential. They should note any
deterioration and obstructions that may be
present, and record them in the inspection
report. Photographs should be taken for
damaged road sections, and corrective
measures recommended.

The shoreline and reservoir area should be
checked for erosion, landslides, cracks,
whitlpools, debris, burrowing animals,
sediment buildup, and changes made by
people such as building construction.
Landslides into the reservoir can reduce the
storage capacity which, in the worst case,
may cause the dam to be overtopped during
large floods. Signs of landslides include
embankment cracking, scarps, and sloughs.
Steep slopes along the shoreline are
particularly vulnerable to slides.

Erosion along the shoreline will result in
more sediment entering the reservoir and
filling up water storage space, as well as
reducing the available reservoir area.

Submerged areas of the reservoir should be
checked for changes in sedimentation
profiles and possible formation of shoals
and islands,, debris, and excessive vegetative
growth, including algae. Sedimentation from
upstream areas is an ongoing problem in
most teservoirs and is difficult, if not
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impossible to stop. When sediment deposits
become severe, they should be removed; the
usual method is dredging. Although
sediment buildup is a concern because it
diminishes the wvalue and wuse of the
reservoir, it normally does not affect the
dam’s storm water storage capacity unless
the sediment levels rise above the normal
water level. Algae are not normally a safety
concern, but they make the reservoir
unsightly. Safe treatments for algae are
available. Algae are often caused by
excessive soil nutrients being carried into
the reservoir by storm water runoff, usually
from farm fields and lawns.

If the dam or reservoir includes mechanical
and electrical features, they should be
inspected  for any  damages and
deterioration. This includes items previously
discussed, including spillway gates, sluice
gates or valves, stoplogs, flashboards, relief
wells, and siphons. It also includes
emergency power sources, guardrails along
roads, signage, buried cables and utilities,
outfall pipes, and conduits entering the
reservoir. All mechanical and electrical
equipment should be operated at least once
per year, and preferably more often. The
tests should be conducted by the dam
owner or operator and should include the
full operating range of the equipment under
actual operating conditions.

Each  operating device should be
permanently marked for easy identification,
and all operating equipment should be kept
accessible. All controls should be checked
for proper security to prevent vandalism,
and all operating instructions and manuals
should be checked for clarity and
maintained in a secure, but readily accessible
location.

Inspectors should always check
instrumentation that may be wused to
monitor dam performance or dam safety
concerns. This includes items such as
piezometers, inclinometers, tilt meters,
weirs, flumes, and flow meters. This
equipment should be inspected to make sure

it is in good condition and has not
deteriorated or been damaged.

Retaining walls are often constructed along
shorelines, discharge areas, and other dam
areas to help stabilize steep slopes, or to
support features such as roads, buildings,
and parking lots. The retaining walls should
be checked for potential stability concerns,
such as structural cracking, horizontal
displacement or tilting, settlement, erosion
of the foundation area, and uncontrolled
seepage. The failure of a retaining wall may
create potential safety hazards, especially if
they support parking areas and roads, or if
the failure results in a large landslide into the
reservoir.

The upstream watershed should be checked
primarily for new development which can
increase the amount of runoff that enters
the reservoir. Impervious areas, such as
parking lots, rooftops, and roads will
dramatically increase the amount and rate of
runoff. Construction sites that disturb large
areas of soil will also result in increased
runoff as well as increased sediment. New
dams in the upstream watershed may also
impact the dam that lies downstream. Dams
and reservoirs will alter the runoff patterns
and the timing of the peak runoff rates.
Urban development in the watershed can
increase the size of flood peaks and the
volume of runoff, thereby making a
previously acceptable spillway inadequate.
The dam hydrologic and hydraulic analyses
may have to be updated if the upstream
development is significant, or if a new dam
is constructed upstream. Improvements to
the dam appurtenant facilities, such as
spillway  size, outfall linings, and
embankment top elevation may have to be
implemented if the development creates a
significant increase in inflow to the
reservoir.

Downstream development may create new
safety hazards for the dam owner if the dam
would fail. New houses, roads, and other
buildings that are occupied by people may
change the hazard classification of the dam
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if these features are within the area which
would be inundated if the dam failed. New
features must be reported to the dam owner
as soon as they are found.

Downstream channel obstructions,
including dams, can have an impact on the
reservoir discharge if the new facilities are
close enough. Tail-water that backs up from
dams and other obstructions during floods
may reduce the discharge capacity of the
upstream dam, especially if the upstream
dam has a conduit spillway. The hydrologic
and hydraulic calculations for the new
features, if performed, should take the
upstream dam into account. Tail-water from
obstructions should be carefully evaluated to
determine if it will impact the upstream dam
discharge structures.
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Chapter 8. VISUAL INSPECTION USING REMOTELY
OPERATED VEHICLES (ROVS)

Remotely operated vehicles are vehicles that
are controlled by an operator who is not in
the vehicle. These can be controlled by
radio or through a cable or line connecting
the vehicle to the operator’s location. A
remotely operated underwater vehicle
(ROUYV), more commonly called an ROV is
an underwater mobile device. An unmanned
aerial vehicle (UAV), wusually called a
“drone,” is a remotely controlled aerial
vehicle.

8.1 Use of Remotely
Operated Underwater
Vehicles (ROVs)

Over the past four decades, ROVs have
become a well-proven part of basic toolkits
for working underwater in a wide variety of
environments. In many cases, the impetus
behind adopting and evolving  this
technology has been to reduce the risks and
costs involved in using divers to perform
these tasks. In other cases, the ROV is asked
to do things that divers were never able to

do.

The use of ROVs for visual inspection of
dams (Figure 8-1) is a practice that is
becoming increasing practical (Coutand et

Figure 8-1. An observation class ROV
equipped with a high definition video
camera, high-intensity LED illumination,
and a sonar mapping system.

al. 2016, International Water Power and
Dam Construction 2016). The main use of
ROVs for dam safety inspections is
obtaining a visual record of underwater
structural damage along the dam face inlet
structures and at outlet structures, and
sediment deposition around the inlets of
low-level sluices.

Although ROV technology cannot replace
all the services offered by commercial
divers, it can help reduce inspection-related
risks for deep-water inspections and
overheads. ROVs can be configured with a
high-definition (HD) video camera with
high intensity LED illumination, a sonar
mapping system, and other tools to navigate
and collect valuable information in
conditions unsafe for diver entry. ROVs
also offer the possibility of streaming live
data back to the control station.

Some limitations of ROVs are:

e restricted mobility in fast currents,

e difficulty staying in position in
turbulent flows, and

e reduced visibility in the turbid/
murky water.

8.2 Use of Unmanned Aerial
Vehicles (UAVs)

Dam inspections are applications perfectly
suited to the use of UAVs (drones), such as
the rotary system shown in Figure 8-2. Using
drones to video and scan for cracks,
erosion, corrosion and defects in areas that
would otherwise require an inspector to
climb, repel, hang from a rope/harness or
erect scaffolding is a safer and faster way to
carry out a visual examination. Visual
inspections also include many exterior
features that are crucial to the safety and
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integrity of a dam that are easily viewed by
drones including spillway gates, downstream
slopes, surge tanks and remote locations on
penstocks. Visual inspection by a drone of
the upstream face of an arch dam is shown
in Figure 8-3. Other uses for drones include
aerial photography, construction
monitoring, and monitoring of a dam and
reservoir during flooding.

Some benefits of UAV inspections of dams
include:

e Portability — Drones come in a
variety of sizes. Rotary system UAVs
that are well-suited for dam
inspection range in width from
about 0.3 to 0.5 meters and are easily
transported to the site (Figure 8-4).

e Speed — Once on site, a drone can
be deployed in a matter of minutes,
and with no need to put clearances
or hold orders in place. Depending
on what is being inspected, the set
up for a rope access inspection
could take several hours to ensure
the safety of the climber and all
others involved.

e Agility — Drones can perform
emergency inspections in hard to
reach locations or in areas that are
unsafe to place personnel.

e Cost Savings —  Rope-access
inspections are expensive. Drone
use is more cost effective.

Figure 8-2. In the case of a four-propeller
UAYV system (quadcopter) such as the one
shown, diagonal pairs of properllers spin in

opposite directions

A

Figure 8-3. Rotary system drones suitable
for dam inspection are small and easily
transported.
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Figure 8-4. An inspection drone at work
photographing the downstream face of the
Tseuier Dam in Valasi, Switzerland
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Chapter 9. DOCUMENTING AN INSPECTION

The purpose of a visual inspection is to find
deficiencies that potentially affect the safety
and operation of the dam. An inspector
should draw up a systematic procedure for
inspecting a dam to ensure that all features
and areas are examined and to make
efficient use of time spent in the field. First,
the earlier inspection reports should be
reviewed to note any areas that will require
special attention. However, the inspection
should not be limited to the items covered
only in past inspections. Second, inspection
equipment should be assembled, necessary
file reviews should be performed, relevant
people should be interviewed, and
arrangements should be made to access the
dam site. Then, a plan of action should be
prepared for the visual inspection of the
dam. Finally, the inspection should be
documented.

Additional provisions may be needed,
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.

9.1 Method of Documentation

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. The dam
owner should create a permanent file in
which to keep inspection records, including
documentation of actions taken to correct
conditions found in the inspections. Chapter
3. gives details on the type and extent of
records that should be kept in the project
file.

9.1.1 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 dam inspectors as they traverse
the entire structure. An example of a
detailed checklist can be found in Appendix
B as Part 2a of the Scheduled Dam Safety
Inspection Form. 1t is wise to complete a
checklist for comprehensive evaluation
inspections and scheduled inspections. A
checklist will not typically be needed for
informal and special inspections.

Each type of inspection may have its own
checklist format, and the format used for an
inspection may be predetermined by the
owner or CDSO. The benefits of using a
checklist include: 1) a checklist is easy to
follow, and comprehensive (if properly
prepared); and 2) a checklist allows an
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 the CDSO
for high hazard dams.

9.1.2 Field Sketches

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 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.
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9.1.3 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 (such as seepage and
foundation movement) 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
in digital format) and provided with brief
descriptions of the locations shown in the
pictures.

9.1.4 Monitoring Data

It may become necessary to make
measurements of assorted items during 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.

9.1.5 Inspection Report Form

Current CDSO regulations require the
completion and submittal of a Scheduled Dam
Safety Inspection  Report  Form (shown in
Appendix B) for comprehensive evaluation
inspections on high hazard dams. A detailed
written report incorporating the Inspection
Report Form, a summary of findings,
recommendations, conclusions,
photographs, and other supporting data
must be prepared for comprehensive
evaluation inspections.

9.1.6 Notebooks

An inspector may choose to keep a field
notebook  that documents all the
observations and findings in addition to a

checklist. Notebooks offer convenient
records of dam inspections if they are
formatted in a logical manner and are
thorough.

9.1.7 Voice Recorders

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

9.1.8 Smartphones and Laptop
Computers

Smartphones, tablets, and laptop computers
are convenient tools for entering field
inspection data in reports being prepared in
the office. While laptop or notebook
computers have traditionally been used for
data collection, advances in smartphones
and tablets make them an excellent choice
for the field. Smartphones have a variety of
peripherals available and can operate for
weeks  between  charging or  battery
replacement. One of the biggest advantages
and potential for smartphones lies in their
capabilities for customization.

9.1.9 Global Positioning Sensors
(GPS)

Handheld GPS units (included with most
smartphones) are commonly used to record
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.

9.1.10 Inspection Notes

Whatever the form of the documentation,
inspectors should record their observations
in the form of written and digitally-recorded
notes. These notes should include
information that can be used later to write
an inspection report, a letter to the dam
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ownet, a Dam Safety 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
recognized during the records review should
be noted and, during the inspection, its
current condition should be recorded. The
information recorded in written or voice-
recorded notes should typically include:

e Names and responsibilities of the
inspection team members.

e C(Climatic  conditions,  especially
rainfall (amounts if known), just
prior to and at the time of the
inspection.

e Operating conditions such as
reservoir and tailwater elevation,
spillway and outlet discharge.

e The condition of all inspected
features.

e Any mechanical or electrical
features.

e All location, elevation, and other
descriptive information.

e All quantitative  measurements,
including instrumentation readings
and surveying results (if taken).

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

e Descriptions of changes in the
upstream and downstream areas.

e Notations on any verbal information
gathered, prior to or during the
inspection, from operating staff and
other individuals who are not
members of the inspection team.

Unless the dam owner or a regulatory
agency has a specific policy on how notes
will be taken, inspectors will need to decide

whether to use written or tape-recorded
methods for recording information during
the inspection. Inspectors should not rely
solely on the use of voice-recorded notes. If
an inspector chooses to voice record most
of the inspection notes, 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 joint use of written and voice-recorded
notes will allow an inspector to take
advantage of the good points of both
methods.

9.2 Visual Inspection
Documentation

Visual records should always be made to
supplement a visual inspection. This form of
record keeping illustrates any features or
phenomena that an inspector observes
during a dam safety inspection. The three
types of visual records used during a dam
safety inspection are 1) photographs, 2)
video recordings and 3) annotated drawings
and sketches. Each of these three types of
records can be an effective means of
recording information and should be
included as part of the report.

Photographs are an excellent means of note
taking, and they offer a permanent record of
current conditions for future comparisons.
A digital camera should be used to take
photographs during an inspection. These
cameras typically have provisions for
zooming in to magnify the features being
filmed. It is often hard to desctibe in words
what can be captured in a single
photograph.

It is helpful to make a written or voice-
recorded note of the picture number, what
the photograph portrays, where the
photograph was taken, and the direction
from which the photograph was taken and
other reference information. Having notes
about the photographs taken will help an
inspector remember valuable information
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about the photographs after they are
developed.

A large variety of photographs should be
taken during each inspection, including both
wide-angle shots and close-up shots of
features. In addition, it may be helpful to
take a series of photographs that later can be
taped together (or “stitched” together in the
case of digital images) to create a panoramic
view of the dam and its features.

When choosing the position from which to
take photographs, select the camera angle
that best illustrates the feature being
inspected. Whoever is reading the final
inspection report should be able to
understand what an inspector is trying to
illustrate  about each  feature. The
photographs should present an accurate,
pictorial essay of what an inspector or other
team members saw. The pictures should
visually recreate the inspection so that the
readers feel as if they were at the dam site.

There are three camera positions that are
typically used when taking photographs:

1) A similar position as before: This allows
comparison with the latest photographs
with earlier ones.

2) A different angle than before: This
allows a different aspect of the feature
to be viewed compared to what was
photographed previously.

3) A wvariety of angles: This allows the
feature to be studied from several
different directions to highlight the
different surrounding characteristics.

A thorough study of earlier photographs
provides an excellent method of reviewing
the condition of the soon-to-be-inspected
dam. Such careful review of previous
pictures is also important so that an
inspector can take photographs of the dam
features from similar perspectives.

One other factor that should be taken into
consideration ~ when  choosing camera

position is the quality of available light. Poor
lighting will result in poor pictures. Choose
the camera position to make the most of
angle and lighting. Also, watch out for
shadows that will block out key details or
the sun in the camera lens.

It is always helpful to include recognizable
objects in the photographs, providing,
whenever possible, references for location
and scale. For detail photographs, the scale
can be indicated by using a familiar object
such as a pencil or notebook and placing it
next to the object to be photographed. A
measuring tape or ruler, if properly placed,
can help show the approximate size of such
aspects as a joint opening or the width of a
crack.

A video camera, especially with audio
recording, is effective for recording either
general or specific coverage of a dam's
features. Divers often will use a closed-
circuit  television camera during an
inspection to make a video recording. The
use of closed-circuit television cameras
offers two benefits: it documents the
inspection, and it allows for instructions to
be given to the divers. Closed circuit
television cameras can also be used to
record the conditions inside a conduit,
which cannot be accessed by an inspector. It
is important to include references for
location and scale in the video recording
using the same techniques that are used for
still photographs. Location references can
be achieved by beginning with a broad shot
of the area to be filmed and then slowly
changing to a close-up shot. Measuring
devices or common objects can be used to
show the dimensions of a feature or
deficiency. If a measuring instrument is
used, make sure it is large enough to be seen
on the video.

There  are  both  advantages  and
disadvantages to documenting an inspection
with video recording. The quality of a video
record is often not as good as that of
photographs unless it is a modern digital
camera. It is hard to compare earlier
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photographs or old video recordings with
more recent video. This difficulty may
lessen an inspector’s ability to recognize the
changes that have taken place over time.
However, the ability to combine audio and
visual records is a definite advantage. The
audio part of a video recording can be an
excellent means of documenting the
sounding of concrete structures with a
hammer or bonker while photographing the
location and visual appearance of the
concrete surface. Even if a video recording
is used to document a dam safety
inspection, inspectors should also take still
photographs.

Drawings and sketches provide graphic
representations of a dam feature or
condition that is being evaluated during an
inspection. Drawings are often effective
forms of note taking because they can
document and show the location of a
deficiency. In general, three types of
drawings are useful for inspection
documentation:

1) Sketches can be drawn of major features
or of a localized area of interest. It is
important to record the precise location
(e.g., station, elevation, and monolith
number) of the feature being sketched.
This information will be needed if an
inspection report is prepared.

2) Existing drawings (e.g., a standard
sketch of the dam or reduced as-built
plan or elevation view of the dam) can
be used to make notes about a feature or
to record surveying notes,
measurements, or other information. A
circle or an arrow can be used to
highlight the features or areas of
concern.

3) Aerial photographs of the dam or
appurtenant works are now readily
available and can be used to locate
specific features accurately.

9.3 Writing an Inspection
Report

Inspectors  should first gather all the
information that will be used in the report.
The notes developed during the first data
review and onsite inspection are two
essential elements. All other pertinent data
and photographs that are gathered, analyzed,
or reviewed should also be included.

Inspectors should examine their inspection
notes before leaving the dam site or shortly
thereafter, to make sure that they
understand the notes while their memories
are still fresh. They should also ensure that
all noted deficiencies are described fully and
documented with photographs, including
the precise location and important
quantitative measurements. Voice-recorded
notes should be transcribed, and the printed
version should be reviewed. Often the
transcriber (if other than an inspector) will
not be able to understand everything an
inspector has said.

Inspectors should compare their written or
transcribed notes with the photographs.
Comparing the photographs to the notes
helps to ensure that the notes are complete
and correct. Photographs may reveal
concerns that were overlooked in the notes.
It is important for inspectors to label
photographs while the information is fresh
in their minds. If video recording is used, it
is wise to review the video now. It may be
useful to have other inspection team
members review the notes. The goal is to
make sure that the notes are complete
before report writing begins.

The next step is to evaluate all the
information that has been gathered. The
amount and kinds of information collected
may vary depending on the type of
inspection  conducted and inspection
policies and procedures. After the onsite
inspection is completed, an inspector may
need to evaluate the information collected
during the inspection using the information
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contained in the project file to understand
the situation fully. This evaluation can also
be done in the field. The results of this type
of assessment may point to another area of
the dam or feature to verify or explain an
observed  condition.  Evaluating  the
information gathered allows inspectors to
put their thoughts together and develop
tentative conclusions and recommendations.
Inspectors  should  think about the
significance of their findings before writing
about them.

An inspector must integrate the findings
from the data review with the observations
made in the field to evaluate the information
collected. Field measurements should be
checked against design or as-built plans, if
available. Instrument readings taken during
the inspection should be checked against
previous records. Comparisons should be
made  between  previously  reported
deficiencies and current conditions. The
status of previously recommended follow-
up actions should be determined. An
evaluation of both previous and current data
can help identify trends and can be used to
assess the seriousness of any deficiencies
observed.

The depth and scope of an inspection report
depend on the type of inspection that was
performed. For example, an initial
comprehensive evaluation inspection report
typically requires a greater level of detail and
explanation than a scheduled or informal
dam safety inspection report. In addition, an
initial comprehensive evaluation inspection
report will be broader in scope because it
includes a comparison of design and
construction data against current criteria.
The greatest differences among types of
inspection reports are the degree to which
project features are described and the extent
to which design and construction data are
analyzed. The depth of a report's
conclusions and recommendations also may
vary depending on the type of inspection
performed and the extent to which data
were reviewed during the inspection. A
comprehensive data review will enable an

inspector to draw conclusions that are more
thorough and to make recommendations
that are more extensive. Although the extent
and scope of inspection reports may differ,
a comprehensive description of the
conditions seen during the onsite inspection
should be included in all reports.

The format of the report is dictated by the
type of inspection performed (i.e., formal
technical, maintenance, informal, special)
and will decide how the content of the
report is to be organized. The detailed
evaluation inspection report will be the most
comprehensive, while a special or informal
inspection report may be brief, and may
consist of only a letter with attached field
notes and photographs. Comprehensive
evaluation inspection reports should be
submitted to SDSO/CDSO for all high-
hazard dams.

9.3.1 Comprehensive Inspection
Report

A comprehensive evaluation inspection
report needs to be a complete written and
bound document that includes at least the
following components:

1) A title sheet that includes all the
following information:

The name of the dam.

b. The state inventory
identification number (or PIC) 1.

c. The district and river or stream
where the dam is found.

d. The owner's and operator's
names, addresses, and telephone
numbers.

e. The date of inspection.

f. The name, address, and
signature of the professional
engineer who oversees the
inspection report.

2) An executive summary.

1 Reference to the National Register of Large
Dams or NRLD.
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3) A table of contents.

4) A background section that includes the
history of  construction including
completion date, ownership, operation
and any past modifications, problems,
incidents and/or failures on the
structure.

5 A project information section that
includes all the following dam specific
information:

a. The geological setting and
general site conditions.

b. The purpose of the dam.

c. A description of the dam,
spillway  system, and other
principal features, together with
pertinent data.

d. A summary of available designs,
geotechnical,  instrumentation,

maintenance, construction,
repair, and alteration
information.

e. A reference to past inspection
reports.

f. A map that shows the location
of the dam.

g. A regional and local earthquake

zonal contour map.

6) A field inspection section that includes
the following:

a. A completed Dam Inspection
Report (Scheduled Dam Safety
Inspection Form).

b. A description of the physical
condition of all features of the
dam and appurtenant structures,
including the impoundment
level, as they were seen during
the field inspection.

c. A description of the
downstream area with particular
emphasis on existing hazards
and changes from earlier
nspections.

7)

8)

9)

d. Dated and captioned
photographs of the dam, its
appurtenances, the downstream
channel, and all deficiencies
cited in the report.

e. The justification for changing
the overall condition rating
and/or changing the evaluation
of a condition on any
component from an earlier
inspection.

A structural = stability section that
includes a visual assessment of the
stability of the dam based on available
data, together with the observations of
the field inspection and the results of
any calculations performed including a
summary description of pertinent
available information, such as any of the
following:

Geotechnical design data

b. Seismic considerations based on
current IMD data

Seepage
d. Slope stability analysis
e. Previous evaluations

A hydrologic and hydraulic section that
includes a visual assessment of the
adequacy of the spillway system based
on available data and impact, if any, on
sedimentation,  together with the
observations of the field inspection and
the results of any calculations performed
including a summary description of
pertinent available information, such as
any of the following:

a. Hydrologic design data
b. Drainage area

Changes in the watershed
d. Records of floods
e. Previous evaluations

An operation and maintenance section
that includes all the following:

a. An assessment of operating
equipment and procedures
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b. Evaluation of the current
maintenance plan

c. Recommended changes to
operation and  maintenance
procedures

1. Instrumentation data covering
latest observations and analyses
and recommended mitigation
measures addressing negative
findings.

10) An emergency preparedness and security
section.

a. Review comments on prepared
emergency action plan (EAP)

b. Review of on-site warning
systems and their condition

11) An overall evaluation of the structure's
condition, spillway capacity, operational
adequacy, and structural integrity based
on current inspection, past performance
history, existing documentation and
recent analyses.

12) A determination of whether deficiencies
exist that could lead to the failure of the
structure.

13) Recommendations with a schedule to
complete for:

a. Maintenance, repairs, and
alterations to the structure to
eliminate deficiencies, including
the recommended schedule for
necessary upgrades to the
structure

b. Further detailed studies or
investigations

c. An assessment of the adequacy
of the current hazard potential
classification if appropriate

14) Appendices  that include all the
following:

a. Engineering plans for the dam,
if available, or sketches of the
dam and its principal parts,
including a plan view and cross-

sectional views of pertinent
features

b. If there have been changes to
the dam because the submittal of
previous plans or sketches,
supplemental plans or sketches
that depict the changes shall be
included

c. If engineering plans 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 plans or
sketches in subsequent reports

d. Details of all changes in hydro-
mechanical equipment installed
at the dam

e. Design modifications, treatment
or  strengthening  of  the
structural components carried
out since the last inspection, if
necessary

f.  Supporting documentation for
any of the parts within this
section

The comprehensive dam safety inspection
report must be submitted to the CDSO and
the SDSO for all high hazard dams.
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Chapter 10. COMPREHENSIVE DAM SAFETY REVIEW

Comprehensive Dam Safety Review is a
procedure for assessing the dam safety as an
entirety, which comprises a detailed study of
dam engineering with specialist supports,
and assessment of the records and reports
from investigation, design, construction,
commissioning, operation, maintenance,
instrumentation monitoring and surveillance
activities.

A comprehensive dam safety review should
assess the integrity of a dam against known
failure modes, review of monitoring
program, program on-site inspections, and
review mechanisms for the various types of
dams based on current acceptable safety
criteria (e.g. engineering standards, dam
safety guidelines) or risk management
criteria, which may defer from original
construction time of the dam.

Comprehensive dam safety review report is
produced to document the results of safety
review and to recommend remedial or
maintenance work. Dam owners may use
risk assessment techniques with safety
reviews to determine the urgency and extent
of works and to prioritise remedial works
for their dams

In view of ever changing economic
importance of the dams as well the changing
hazard perceptions for the downstream, the
comprehensive safety reviews of the dams
are generally being conducted globally at
regular intervals of typically 5-30 vyears
(Switzerland- 5 years, China, 6-10 vyears,
Canada, 5-10 years, United Kingdom -10
years, Japan-30 years etc.).

All over the world the usual practice of
supervision of dams is based on the “four-
eyes principle”. This applies to dams in state
or public ownership or privately-owned
dams as well as. The fundamental principle
is that the first pair of eyes belongs to the

dam owner or dam operator — who is
responsible for self-supervision or internal
supervision — and the second pair of eyes
has to belong to an independent body —
usually a supervisory authority, boards of
experts, consultants or a mixture of the
above-mentioned bodies.

The need for comprehensive safety review
of a dam has also been emphasised by the
Ministry of Water Resources, River
Development and Ganga Rejuvenation in
the National Dam Safety Bill 2017, which is
in the active stage of consideration for
introducing in the Parliament.

The draft National Dam Safety Bill 2017
requires owners of specified dams to
arrange for comprehensive safety evaluation
of their dams through an independent panel
of experts.

As pointed out in ICOLD Bulletin 154, the
main purpose of the comprehensive safety
review is to obtain an overall view of the
actual state of safety of the dam, and
determine  whether any  rehabilitation
(structural as well as non-structural)
measures, modifications or alterations, atre
necessary to ensure that the level of safety is
appropriate, and ensure that the principle of
continual improvement is observed.

The Dam Safety Review Panel should be
constituted to carry out a comprehensive
assessment of the dam system and provide
answers to the following questions:

e Does the dam conform to current
regulatory requirements?

e Are the managerial and
organizational arrangements
currently in place sufficient to
maintain the levels of safety in
conformance with the above
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requirements  until  the  next
comprehensive safety review?

Comprehensive safety reviews are normally
conducted periodically with the frequency
depending on the level of risk to people,
property and the environment. The interval
for comprehensive safety reviews is
generally from 5-10 years; sometimes up to
30 years depending on the potential
consequences of the failure of the dam. The
safety review has to be performed by
experts with adequate education, experience
and expertise. In practice for all large dams
the review is often made by a group or
‘Independent Panel of Experts’ (comprising
of qualified engineers and experts in other
fields, e.g. geologists, dam safety expert,
seismic expert etc.), called “Dam Safety
Review Panel (DSRP)”. In India, it is
proposed that DSRP evaluations of each
large dam are undertake once in 10 years.
During  this  evaluation, the dam
performance, any safety incidences, results
of safety inspections, instrumentation data,
major repairs and maintenance activities are
comprehensively analysed.

10.1 Compulsory
Comprehensive Dam
Safety Reviews in Certain
Cases

The comprehensive dam safety evaluation
should be compulsory in the case of:

(a) major modification to the original
structure or design criteria;

(b) discovery of an unusual condition
at the dam or reservoir rim; and

(c) an extreme hydrological or seismic
event.

10.2 Comprehensive Dam
Safety Review Procedures

The terms of reference of the
comprehensive dam safety evaluation shall
include but not limited to:

b)

d)

Review of all available relevant
information including databases,
design reports, construction reports,
past rehabilitation records and
surveillance records to determine
exact cause of problem. It may also
include any design limitations, and
deficiencies in performance, and
indication of adverse trends, if any.

General assessment of hydrologic
and hydraulic conditions in view of

the mandatory review of design
flood.

General assessment of seismic safety
of dam, especially if there is a
change in the seismic zoning of the
dam location or any old dam not
designed for seismic loading at that
point of time.

Detailed on-site inspection of the
dam and appurtenant structures;
including changes that were made
and the reasons for such changes or
design  revisions. Review any
potential for the development of
unsafe conditions (e.g. unexpected
foundation conditions, presence of
seepage, indications of distress or
movements, erosion, mechanical
and electrical equipment
malfunctioning, ageing of the dam
etc.)

Site inspection and witnessing of
testing of gates, hoists and valves
that fulfil dam and reservoir safety
functions (including their operating
equipment, power supplies and
control, protection and
telecommunication systems). Testing
may not be necessary if the Dam
Owner  has  completed and
documented recent tests that
adequately ~ satisfy  the  test
requirements (both hydraulically and
structurally; however, the operation
and performance records for the
tests should be reviewed in depth).

Assessment of the adequacy of the
dam and its appurtenant structures,
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including  all  gates, hoisting
arrangements and valve systems that
fulfil dam and reservoir safety
functions, to safely perform to
current intended functions for all
loading conditions. The reviewers
are unlikely to reanalyze the dams
but may identify if there is a need
for further analysis, design or
assessment of an element of the
facility and identify this as a dam
safety issue.

2) Review of the dam  safety
management system for its adequacy
and compatibility with current state-
of-the-art design methods and
approach, and operating,
surveillance, maintenance and
testing procedures and records, and
providing any, clarifications on
matters relating to operations or
dam safety to surveillance staff.

h) Review previously identified dam
safety issues, and the adequacy of
their resolution, or whether there are
impediments that prevent their
resolution.

1) Review of the organization of
operational resources and
infrastructure.

j) Review of emergency preparedness
including  procedures,  training,
exercises, facilities and equipment,
and implementation part with all
concern  disaster =~ management
agencies.

k) Review of known potential hazards
and dam safety threats

) Review of the Dam Hazard
Classification

m) Review of the outputs from the
identified potential failure modes
and  their  key  performance
indicators. determine  the
appropriateness of the design loads
and conditions such as the need to
revise flood estimates, seismic

loadings, update current material
properties.

Planning,  secretarial ~ assistance  and
coordination of a visit of DSRP team for
inspection of identified dams shall be done
by the concerned dam owner agency.
Sufficient time (blocked period of visit) shall
be allocated for inspection of each dam
depending upon size of dam and for
finalization of inspection report. The period
and timings for dam inspection must serve
the basic purpose of comprehensive review;
it may sometime require the multiple
inspections.

10.3 Details to be provided to
DSRP before inspection

A memorandum for dam inspection shall be
prepared by the concerned dam manager/
Executive Engineer covering: the dam
salient features; recommendations of eatlier
safety inspections and compliances; design
flood revisions; understanding of present
problems  and  anticipated  remedial
measures; and any difficulties being
encountered in  the operation and
maintenance of dam. The memorandum
shall be made available to each member of
DSRP team for examination at least three
months ahead of proposed inspection.

If possible, owner agency must facilitate the
DSRP team to interact with experts who
had been involved in construction stage of
dam, important rehabilitations, any past
Expert Group constituted for some need
based unscheduled inspections etc. in order
to have one to one interaction for
comprehensive assessment of past issues.

The technical memorandum shall consist of
all relevant details/data/drawings for the
dam project to be inspected by the Panel of
Experts and in general includes:

(a) General Information
1. Scope of project

ii. Basic data and salient features
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iii. Issues related to safety of dam (e) Dam and Spillway
v. Previous Inspection reports 1. Special problems
v. Details of key personnel i. Foundation treatment including
. . . . treatment of faults / shear zones
vi. All manuals i.e. Reservoir Operation . / o /
. . weak zones, curtain / consolidation
Manual, Operation and Maintenance d deai .
. routin rainage provisions, an
Manual, Security Manual etc. & & Craiage prov > Ay
other special treatment, cutoff
vil. Emergency preparedness - trench, diaphragm walls etc.

Communications, Auxiliary Power,
Downstream Warning system &
Security of site.

(b) Hydrology

1.

1.

Description of drainage basin

Original inflow design flood report

iii. Highest observed inflow flood along
with date and time

iv. Spillway capacity at FRL & original
MWL

v. Elevation-Area-Capacity of  the
reservoir

vi. Bathymetry report/data if any, to
assess present gross and live storage
of dam

(c) Geology

i. Dam  site  geology  including
geological reports

i. Quality and sufficiency of the
geological investigations.

iii. Special problems and their treatment

iv. Reservoir competency as  per
geological report.

v. Slope stability issues along reservoir

rim.

(d) Layout including Drawings

1.
1.

iit.

1v.

Dam
Spillway

Junction between Embankment &
Concrete/Masonry dams

River/Canal outlets

Instrumentation

1.

1v.

V1.

Vil.

Viil.

IX.

x1.

Design criteria and result of stability
analysis

Special studies (Finite element,

Dynamic analysis etc.)

Design and drawings of spillway
gates, hoist arrangement, sluicegates,
emergency gates, auxiliary gates,
review of adequacy of strength of
existing  gates and  hoisting
arrangement especially in case older
system not conforming to present
design criteria if any, auxiliary power
arrangement etc.

Adequacy of design — from dam
safety considerations

Hydraulic design of Spillway and
Energy Dissipation Arrangements
including past model study reports if
any.

Instrumentation — analysis and
interpretation of instrumentation
data including structural behavior
reports.

Pre-construction material  testing
reports including adequacy of field
and  laboratory  investigations,
appropriateness of materials selected
etc.

Post-construction testing reports, if
any.

Parameters
National
Design

Seismicity  (Seismic
approved by  the
Committee on  Seismic
Parameters for Dams)

f) Construction history

g) Dam

incidents/failures, remedial

measures/modifications undertaken
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h) Reservoir Operation & Regulation
Plan

i.  General
ii. Reservoir filling
. Operation manual

iv. Water release protocol— normal
condition and during floods.

All these pertinent records (including design
records, construction records along with in
built drawings, recent operation and
maintenance records along with
instrumentation data) shall be made
available at dam site during inspection by
the dam manager/Executive Engineer for
examination by the DSRP team.

Further investigation may be required prior
to concluding a comprehensive dam safety
review. The investigation may include:

e where insufficient data exist, the
dam may have to be surveyed and
new plans drawn

e sampling and testing of materials in
the dam and its foundations in
conjunction  to  the  required
geotechnical drilling and mapping

e calculation of new revised design
flood and flood routing studies,
hydraulic model studies etc.

e Any advance modelling to assess the
exact behavior of dam and predicted
forecasting of critical parameters;
may require in-situ various material
properties as input

e revision of seismic loadings

10.4 Composition of DSRP

Due to large number of dams in each State,
the some of the States may have more than
one DSRP with a view to ensure and timely
completion of all specified comprehensive
dam safety evaluation. In order to ensure
uniformity  and  standardization = of
composition, the tramework for

constitution and composition of the DSRP
shall be as follows:

a) Each DSRP shall consist of at least six
key experts- with one 'Chairman' and
others designated as 'members' as per
the detail given in Table.10-1. The core
personnel shall be identified based on
their  comprehensive dam  safety
expertise. For ensuring the continuity
and workability, the core composition of
any team shall normally not be altered
except for compelling reasons.

b) During any evaluation by DSRP, one or
more experts from the required
disciplines of Central/State may be
included as ‘additional member’ of
DSRP team for facilitating sufficiency
and for meeting need-based
requirements of domain expertise for
specific  inspections. In special
circumstances, based on
recommendations of the DSRP
Chairman, more experts shall also be
included in the team as ‘special invitee’.

C) The members of DSRP may comprise
of working as well as retired officials
from  the  Central  Government
Organisations,  State ~ Governments,
Public Sector Undertakings, Reputed
Private Institutions, reputed freelance
experts etc. The Chairman of any DSRP
team shall be a reputed expert having
proven credentials in dam safety area
along with adequate experience in
dealing with dam safety matters. The
minimum qualification and experience
of the other DSRP members as per the
details given in the Table.10-1. A
minimum of fifty percent of the
members of DSRP shall be from outside
of the State.

d) During the inspection by DSRP, DSRP
team shall be accompanied by an officer
of not less than a Chief Engineer/
General Manager in rank, of dam
owning agency, and wrap up meeting
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shall be with the Head of Department.
In case of any unscheduled inspection
during hydrological or seismic event,
wrap up meeting shall be with Principal
Secretary/Executive Director of dam
owning agency.

DSRP will consist of the members of the
following domain expertise:

1. Dam Safety Specialist

. Design Expert

. Construction Supervision Expert
iv. Geologist

v. Hydrologist

vi. Hydro — Mechanical Expert

vil. Instrumentation Expert

viti. Seismic Expert

Members of DSRP shall have sufficient
experience in the field of safety of dams
preferably from the areas of dam-design,
hydro-mechanical engineering, hydrology,
geo-technical investigations,
instrumentation, seismic, dam-rehabilitation
ot such other field etc. The requirement and
minimum qualifications of various members
of the DSRP are described in Table 10-1.

10.5 Reports of
Comprehensive Safety
Evaluation

Separate report shall be prepared by DSRP
for each inspected dam, and shall include,
but not limited to:

a) The outlines of Comprehensive Dam
Safety Review report should include
these Chapters; (i) Description of
dam and its operation, (ii) Evaluation
of Design, Construction and Analysis
detail, (iif) Inspection, Testing and
Examination Detail, (iv) Hydrologic
Review, (v) Seismic Review, (vi)
Instrumentation and Evaluation, (vii)
Risk Consequences, (viii) Future
Performance Monitoring, (ix)
Recommendations; issues for short

b)

iii)

1v)

term and long term rehabilitations,
material testing, Physical modelling,
Advanced Modelling etc. (x) Key
Records/Information/Reports,  (xi)
Key Drawings-original and modified
(xii) Relevant photographs and detail
of videos

Recommendations of DSRP may also
include:

any emergency measures  Of
actions, if required, to assure the
immediate and long-term safety of
the structure.

remedial measures and actions
related to design, construction,
operation, maintenance,
monitoring and evaluation, and
inspection of the structure, if
required.

additional detailed studies,
investigations and analyses, if
required.

recommendations for
improvements in routine

maintenance and inspection of
dam, if required.

short-term  and long-term risk
reduction measures (structural well
as non-structural), and comments
on time frame for their
implementation

After dam inspection visit by DSRP,
a wrap up meeting shall be arranged
by dam owner, wherein head of
department along with concern Chief
Engineer, and his/her complete team
dealing with dam matters shall attend
it. In case unscheduled dam safety
inspection 1.e. unusual flood event or
seismic event, wrap meeting shall be
arranged with concern Principal
Secretary or higher rank official in
case of Water Resources Department,
or with CMD in case of Public Sector
Undertakings, with highest authority
in case of private owner to appraise
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d)

critical issues experienced by the
DSRP.

The report shall be prepared by
DSRP team jointly within a
reasonable time after completing the
visit, and each report shall be signed
by every member of the DSRP team
before its submission to the Water
Resources Department or Dam
Safety Organization of the State as
well as further onward transmission.

In case final report submission by
DSRP needs more time, an Interim
Report highlighting various
important issues needs to be
submitted within two months from
the date of dam inspection visit and
final report submission may be
discussed with concern dam owner,
as well as CDSO in case DSRP has
been constituted by CDSO under
special conditions.

10.6 Roles and the

Responsibilities of Dam
Safety Review Panel

The roles and the responsibilities shall
include as under.

a)

DSRP members shall have the desire
and ability to make a comprehensive
review of all data related to the dam
and make a thorough onsite
examination. They should be capable
of making in-depth evaluations and
arriving logical conclusions. DSRP
should be observant, have good
analytical reasoning, and not be
disconcerted when confronted with
voluminous detail. They should be
able to concentrate on safety
considerations and conditions
conducive to dam failures and be alert

for changed conditions. Team
members should be suspicious,
inquisitive, non-complacent,
methodical, and possess sound

engineering judgment. They should
have an independence view and avoid
quick,  unfounded  conclusions.

b)

d)

f)

9)

Operators and field personnel familiar
with the dam and its operation should
join the Team for the onsite
examination.  They  should be
capable of answering or obtaining
answers to questions the Team may
have concerning existing conditions
and the operation of the dam.

Dam Inspection shall be carried out
by DSRP as per these Guidelines for
Safety Inspection of Dams-covering
inspection items as brought out in
Annexure-I, and focusing on features,
events and evidence as brought out in
Annexure-1II of this chapter.

The DSRP will be advisory in
function and provide an expert
opinion on safety conditions of the
dam and various studies conducted
and  give recommendations /
suggestions for further improvement
and rehabilitation requirements.

For  implementation  of  any
rehabilitation project for any dam, all
necessary reviews must have been
completed and the review panel’s
recommendations must have been
discussed with the Chief Engineer and
Senior Officers of Water Resources
Department and  Dam  Safety
Organisation.

Any rehabilitation work proposal to
be undertaken by a dam owner must

include the recommendations of
DSRP.
In cases, where DSRP after the

comprehensive dam safety evaluation
recommends a remedial action, the
State Dam Safety Organisation shall
pursue with the concerned owner of
the large dam to ensure that remedial
measures are carried out in time, for
which the concerned dam owner shall
provide adequate funds.

In cases where there are unresolved
points or issues that emerged between
DSRP and the owner of the dam, the
matter shall be referred to the State
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Dam Safety Organisation, and in case,
no agreement is arrived at, the matter
shall be referred to the Central Dam
Safety Organisation (CDSO) which
shall give required guidance wherever
necessary and send their
recommendations to the State
Government concerned for their
implementation.

10.7 Empanelment of Members
of DSRP

CDSO will maintain a register of
accredited experts who may be appointed
as members of the DSRP by the States/
dam Owners. Accreditation of DSRP
members will be done by the
Empanelment Committee under the
Chairmanship of Member (D&R), CWC.
Basic information about the potential panel
members is collected by CDSO through
online invitation of application on official
web site of CDSO/CWC and submitted to
the Committee for approval. The
Committee after the review may seek any
additional information as necessary and
evaluate the candidate based on the
defined criteria and recommend the
suitability ~ of  the  candidate  for
empanelment as a member of DSRP and
will upload the detail of empaneled experts
on official web site for the reference of
dam ownets.

DSRP members are enrolled for a initial
period of 3 years. The performance of the
DSRP members to be reviewed based on
the dam safety evaluation reports
submitted by them, their readiness for
performing the assigned evaluations in the
defined time frame and the quality of the
recommendations and suggestions, as well
as feedback of dam owners.

The Empanelment Committee considers
the performance evaluations and
determines the renewal of the accreditation
for a further period of 3 years or dropping
their names from the list of accredited dam

safety experts. Appropriate communication
is sent to concern expert and the dam

owning agencies that have engaged them as
DSRP Membets.
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Table 10-1. Minimum Qualification Criteria for the Members of DSRP

Engineering/Hydrology
or Master degree in
Geology or Engineering
Geology

SL. Experts Minimum Experience
No. p Qualification p
Experience in handling dam safety related issues
of minimum of 5 number of large dam projects
B.E./B.Tech. or Additional weightage in case candidate had been a
equivalent degree in Civil member of team that handled disasters of any
Engg. Preferably Master type (especially related to dam disasters) at
Degree in Geotechnical national and international level.
1. Dam Safety Engg. / Geological Engg. Have at least 15 years of related experience in
Expert / Water Resources design, construction, safety evaluation, and/or

operation of dams. Experience of rehabilitation of
old dam structures would get additional
weightage.

Professional expetience of inspection of dams,
instrumentation, emergency action planning etc.

2. Design Expert

B.E./B. Tech. or
equivalent degree in Civil
Engg. Preferably Master
Degree in Structural
Engg. / Hydraulic Engg.
/ Water Resources
Development

Experience in planning and designs for minimum
of five large dam projects.

Have at least 15 years of related experience in
planning and design of large dam projects.
Experience of rehabilitation of old dam structures
would get additional weightage.

Construction
3. Supervision
Expert

B.E./B. Tech. or
equivalent in Civil Engg.
Preferably Master Degree
in Structural Engg. /
Hydraulic Engg. / Watet
Resources Development

Experience of Construction, Work Supervision
and Quality Assurance for a minimum of 5 large
dams.

Experience of rehabilitation of old dam structures
would get additional weightage.

Professional experience of at least 15 years in
construction of dam projects.

4, Geologist

Master Degree in
Geology / Engineering
Geology

Experience of handling various geological aspects
of minimum of 5 large dam projects.

Professional experience of at least 15 years in
dealing with engineering geological aspects of
water resources projects

5. Hydrologist

B.E./B. Tech. or
equivalent in Civil Engg,
Preferably Master Degree
in Hydrology / Hydraulic
Engg. / Water Resources
Development

Experience in dealing with hydrological planning
of major dam projects especially design flood
estimation, review of design flood, design storm
inputs, sedimentation aspects etc. of at least 10
large dam projects.

Additional weightage for an expert having
exposure to vatious relevant hydrological
modelling tools, work done for dam break
modelling, inundation mapping, development of
emergency action plan and its implementation etc.
Professional expetience of at least 15 years in

dealing with hydrological aspects of water
resources projects

Hydro-
6. Mechanical
Expert

B.E./B. Tech. or
equivalent. in Civil /
Mech. Engg. Preferably

Experience in planning and design of Gates &
Hoists for a minimum of 5 large dam projects.
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SL. Experts Minimum Experience
No. p Quualification P
Master Degree in Experience in rehabilitation of spillway gates,
Structural Engg. / Water under-sluice gates, emergency gates, erection of
Resources Development H.M. works etc. would get additional weightage.
Demonstrate relevant experience during the last
10 years prior to empanelment
Professional experience of at least 15 years in
designs of HM Works of large dam projects and
especially works done at detail engineering
projects and rehabilitation HM works done.
Experience in planning and installation of all
BE./BTech kinds of dam instruments for a minimum of three
: / -Lech. or large dam projects.
equivalent in Civil Engg. . .
. Preferably Master Degree Demonstrate relevant experience during the last
7 Instrumentation in Structural Engg, / 10 years prior to applying for empanelment.
' Expert Water Resources Experience of rehabilitation of old dam structures
Development, or Master would get additional weightage.
Degree in Physics Professional experience of at least 20 years in
design of dam projects.
Experience in planning and designs for minimum
of five large dam projects accounting for seismic
BE./B. Tech loadings, having the exposure of time history
E/ 1' cc .(')r'l series as well as seismic spectra will be an
equ;va ZTtﬁCIVI Fngg. additional advantage. Also work done for site
Pres crably ) Ester D/egree specific seismic design parameters would be given
in Structural Engg. dditional weioht
8. Seismic Expett Physics. / Water 2 onatwelghtage ) .
Resoutces Development Demonstrate relevant experience during the last
ot Master degree in 10 years prior to applying for empanelment.
Geology/ Engineering Experience of rehabilitation of old dam structures
Geology would get additional weightage.
Professional experience of at least 15 years in
design of dam projects.
Experience in architectural planning, design and
landscaping of Water Resources Projects
Additional weightage for any work related to
Architectur tourism development done for any dam which
Pl Cnnixe1C c nd B.Arch. degree in may include planning, design, supervision during
9 L;‘l dscaé;)in A Architecture and Planning construction, and any other works related to it
. Expert . Prefera.bly M. Arch degree Professional experience of at least 15 years in
in architecture activities related to Architecture planning and
landscaping.
Demonstrate relevant experience during the last
10 years prior to applying for empanelment

Note: The DSRP expert listed at SI. No.9 shall be part of DSRP team in case dam is having Tourism
Component or development of Tourism Component is being proposed by dam owning agency keeping in view the
tourism potential as well as financial implication ete.
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ANNEXURE-I: INSPECTION I'TEMS

1. This annexure - provides guidance for performing field inspections and may serve as the
basis for developing a detailed checklist as per Appendix B of this guideline for dam-
specific items necessary for each dam.

2. Concrete Structures in General

(2)

(b)

©

CY

®

()

(h)

@

Concrete Surfaces

The condition of the concrete surfaces should be examined to evaluate the
deterioration and continuing serviceability of the concrete. Descriptions of
concrete conditions should conform with the "Guide for making a conditions
sutvey of concrete in service", American Concrete Institute (ACI) Journal,
Proceedings Vol.65, No.11, November 1968 pages 905-918 vide Annexure-1.

Structural Cracking

Concrete structures should be examined for structural cracking resulting from
overstress due to applied loads, shrinkage and temperature effects or differential
movements.

Movement - Horizontal and Vertical Alignment

Concrete structures should be examined for evidence of any abnormal
settlements, heaving, deflections or lateral movements.

Junctions

The condition at the junction of the structure with abutments or embankments
should be determined.

Drains - Foundation, Joint, Face

All drains should be examined to determine that they are capable of performing
their design function.

Water Passages

All water passages and other concrete surface subject to running water should
be examined for erosion, cavitation, obstructions, leakage or significant
structural cracks.

Seepage or Leakage

The faces, abutments and toes of the concrete structures should be examined for
evidence of seepage or abnormal leakage, and records of flow of downstream
springs reviewed for variation with reservoir pool level. The sources of seepage
should be determined, if possible.

Monolith Joints - Construction Joints

All monolith and construction joints should be examined to determine the
condition of the joint and filler material, any movement of joints, or any
indication of distress or leakage.

Foundation

Foundation should be examined for damage or possible undermining of the
downstream toe.
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G) Abutments
The abutments should be examined for sign of instability or excessive
weathering.

3. Embankment Structures

(a)  Settlement
The embankments and downstream toe areas should be examined for any
evidence of localized or overall settlement, depressions or sink holes.

(b)  Slope Stability
Embankment slopes should be examined for irregularities in alignment and
variances from smooth uniform slopes, unusual changes from original crest
alignment and elevation, evidence of movement at or beyond the toe, and
surface cracks which indicate movement.

(c) Seepage
The downstream face of abutments, embankment slopes and toes, embankment-
structure contacts and the downstream valley areas should be examined for
evidence of existing or past seepage. The sources of seepage should be
investigated to determine cause and potential severity to dam safety under all
operating conditions. The presence of animal burrows and tree growth on slopes
which might cause detrimental seepage should be examined.

(d) Drainage Systems
The slope protection should be examined to determine whether the systems can
freely pass discharge and that the discharge water is not carrying embankment or
foundation material. Systems used to monitor drainage should be examined to
assure they are operational and functioning propetly.

(e)  Slope Protection

The slope protection should be examined for erosion-formed gullies and wave-
formed notches and benches that have reduced the embankment cross-section
or exposed less wave resistant materials. The adequacy of slope protection
against waves, currents and surface run-off that may occur at the site should be
evaluated. The condition of vegetative cover should be evaluated where
pertinent.

3. Spillway Structures

Examination should be made of the structures and features, including bulkheads, flash-
boards and fuse plugs of all service and auxiliary spillways which serve as principal or
emergency spillways for any condition, which may impose operational constraints on the
functioning of the spillway.

(2)

Control Gates and Operating Machinery

The structural members, connections, hoists, cables and operating machinery
and the adequacy of normal and emergency power supplies should be examined
and tested to determine the structural integrity and verify the operational
adequacy of the equipment where cranes are intended to be used for handling
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gates and bulkheads, the availability, capacity and condition of the cranes and
lifting beams should be investigated. Operation of control systems and
protective & alarm devices such as limit switches, sump high water alarms and
drainage pumps should be investigated.

(b)  Unlined Saddle Spillways

Unlined saddle spillways should be examined for evidence of erosion and any
conditions which may impose constraints on the functioning of the spillway.
The ability of the spillway to resist erosion due to operation and the potential
hazard to the safety of the dam from such operation should be determined.

(c)  Approach and Outlet Channels

The approach and outlet channels should be examined for any conditions which
may impose constraints on the functioning of the spillway and present a
potential hazard to the safety of the dam.

(d) Stilling Basin (Energy Dissipators)

Stilling basins, including baffles, flip buckets or other energy dissipators should
be examined for any conditions which may pose constraints on the ability of the
stilling basin to prevent downstream scour or erosion * which may create or
present a potential hazard to the safety of the dam. The existing condition of the
channel downstream of the stilling basin should be determined.

4. Outlet Works

The outlet works examination should include all structures and features designed to
release reservoir water below the spillway crest through or around the dam.

(a) Intake Structure

The structure and all features should be examined for any condition which may
impose operational constraints on the outlet works. Entrances to intake
structure should be examined for conditions such as silt or debris accumulation
which may reduce the discharge capabilities of the outlet works.

(b)  Operating and Emergency Control Gates

The structural members, connections, guides, hoists, cables and operating
machinery, including the adequacy of normal and emergency power supplies
should be examined and tested to determine the structural integrity and verify
the operational adequacy of the operating and emergency gates, valves,
bulkheads and other equipment. In case of existing arrangement does not
conform to present design guidelines and practices, then adequacy of strength
and required factor of safety need to be checked to ensure prevention of any
untoward incidence.

(©) Conduits, Sluices, Water Passages, etc.

The interior surfaces of conduits should be examined for erosion, corrosion,
cavitation, cracks, joint separation and leakage at cracks or joints.
(d) Stilling Basin (Energy Dissipater)

The stilling basin or other energy dissipater should be examined for conditions
which may impose any constraints on the ability of the stilling basin to prevent
downstream scour or erosion which may create or present a potential hazard to
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the safety of the dam. The existing condition of the channel downstream of the
stilling basin should be determined by soundings.

(e)  Approach and Outlet Channels
The approach and outlet channels should be examined for any conditions which
may impose constraints on the functioning of the discharge facilities of the
outlet works, or present a hazard to the safety of the dam.

® Drawdown Facilities
Facilities provided for drawdown of the reservoir to avert impending failure of
the dam or to facilitate repairs in the event of stability or foundation problems
should be examined for any conditions which may impose constraints on their
functioning as planned.

5. Safety and Performance Instrumentation

Instruments which have been installed to measure behaviour of the structures should be
examined for proper functioning. The available records and readings of the installed
instruments should be reviewed to detect any unusual performance of the instruments or
evidence of unusual performance or distress of the structure. The adequacy of the
installed instrumentation to measure the performance and safety of the dam should be
determined.

(2)

(b)

(©)

(C)

(e)

Headwater and Tail-water Gauges

The existing records of the headwater and tail-water gauges should be examined
to determine the relationship between other instrumentation measurements such
as stream flow, uplift pressures, alighment and drainage system discharge with
the upper and lower water surface elevations.

Horizontal and Vertical Alignment Instrumentation (Concrete Structures)

The existing records of alignment and elevation surveys and measurements from
inclinometers, inverted plumb bobs, gauge points across cracks and joints, or
other devices should be examined to determine any change from the original
position of the structure.

Horizontal and Vertical Movement, Consolidation and Pore-water
Pressure Instrumentation (Embankment Structures)

The existing records of measurements from settlement plates or gauges surface
should be examined to determine the movement history of the embankment.
Existing piezometer measurements should be examined to determine if the
pore-water pressures in the embankment and foundation would under given
conditions impair the safety of the dam.

Uplift Instrumentation

The existing records of uplift measurements should be examined to determine if
the uplift pressures for the maximum pool would impair the safety of the dam.

Drainage System - Instrumentation

The existing records of measurements of the drainage system flow should be
examined to establish the normal relationship between pool elevations and
discharge quantities and any changes that have occurred in this relationship
during the history of the project.
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® Seismic Instrumentation

The existing records of seismic instrumentation should be examined to
determine the seismic activity in the area and the response of the structures to
past earthquakes.

6. Reservoir

The following features of the reservoir should be examined to determine to what extent
the water impounded by the dam would constitute a danger to the safety of the dam or a
hazard to human life or property.

(a) Shore Line

The land forms around the reservoir should be examined for indications of
major active or inactive landslide areas and to determine susceptibility of
bedrock stratigraphy to massive landslides of sufficient magnitude to
significantly reduce reservoir capacity or create waves that might overtop the
dam.

(b) Sedimentation

The reservoir and drainage area should be examined for excessive sedimentation
of recent developments in the drainage basin which could cause a sudden
increase in sediment load thereby reducing the reservoir capacity, with attendant
increase in maximum outflow and maximum pool elevation.

(o) Potential Upstream Hazard Areas

The reservoir area should be examined for features subject to potential back-
water flooding resulting in loss of human life or property at reservoir levels up
to the maximum water storage capacity including any surcharge storage.

(d) Watershed Runoff Potential

The drainage basin should be examined for any extensive alternations to the
surface of the drainage basin such as changed agriculture practices, timber
clearing, railroad or highway construction or real estate developments that might
extensively affect the runoff characteristics. Upstream projects that could have
impact on the safety of the dam should be identified.

7. Downstream Channel

The channel immediately downstream of the dam should be examined for conditions
which might impose any constraints on the operation of the dam or present any hazards
to the safety of the dam. Development of the potential flooded area downstream of the
dam should be assessed for compatibility with the hazard classification.

8.  Operation And Maintenance Protocols
(a)  Reservoir Regulation Plan

The actual practices in regulating the reservoir and discharges under normal
and emergency conditions should be examined to determine if they comply
with the designed reservoir regulation plan and to assure that they do not
constitute a danger to the safety of the dam or to human life or property.
DSRP shall check the availability of Reservoir Operation Manual during
Normal as well as Exigencies etc.
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(b)  Maintenance

The maintenance of the operating facilities and features that pertains to the
safety of the dam should be examined to determine the adequacy and quality of
the maintenance procedures followed in maintaining the dam and facilities in
safe operating condition. DSRP shall also examined the availability of
Operation and maintenance Manual, Safety Manual etc. along with annual
budget requirement sought be dam manager and the annual budget allocations
done by authority. Availability of all this information shall be reflected
appropriately in the Inspection Report

9.  Disaster Management Plan

All large dams are supposed to have operational disaster management plan in place along
with standard operating protocol procedures during any exigency. The Plan needs to
conform latest guidelines for Development of Emergency Action Plans for Existing
dams. The DSRP may review the document as per the standard guidelines. Also, DSRP
may also take stock of situation whether annual mock drill, pre-monsoon security and
safety mock drill is conducted with all stakeholders. It is also important to review the
implementation part of these Plans whether an effective coordination mechanism exist
with all disaster management agencies at district, State and National level in the available
Plan.

10. Security Arrangement for Dam and Dam Appurtenances

All dams of national importance are supposed to have a fool proof security arrangement
in place to ensure security of dam and appurtenances from any kind of man made
threats. DSRP may interact with security in charge in place, may review the Standard
Operating protocols of this system. This arrangement shall be reflected in Inspection
Report.

11. Basic Dam Facilities

The basic dam facilities covers the approach roads to dam, access roads to dam top as
well as road to downstream still basin arrangement, Guest House, proper lighting within
the dam complex as well as inside the various drainage galleries, guest house, adequacy of
staff quarters for permanent staff deputed to dam site during normal as well as flood
season, public conveniences, proper signage at appropriate locations including proper
numbering of blocks inside the inspection as well as drainage galleries along with proper
elevations, central control room housing SCADA and Surveillance system along with
instrumentation monitoring etc. need to be reviewed by DSRP and shall be reflected in
the Inspection Report.
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2.1

2.2

2.3

24

25

ANNEXURE-II: STRUCTURES, FEATURES, EVENTS AND EVIDENCE TO BE
EXAMINED DURING INSPECTIONS

General

The performance of dams and appurtenant structures is controlled by
1) their designs,

2 the characteristics of their constituent materials,

3) the nature of their foundations, and

4 their regional settings.

The fundamental objective of dam safety inspections is the detection of any existing or
developing structural of hydraulic weakness. In searching for weaknesses, dam inspectors
must recognize and understand the inter-relationship of the demands which control
performance.

Changes In The Characteristics Of Materials

General: Observe for defective, unsuited or deteriorated materials. A variety of different
materials makes up the different types of dams and appurtenances. The quality and
durability of these materials must always be determined in every instance and the need
for such critical examination and what to look for as listed in this section are not
normally repeated in the sections on specific structures.

Concrete

(1)  Alkali — aggregate reaction, pattern of crushing and cracking
(2) Leaching

(3) Abrasion

(4)  Spalling

(5  General deterioration
(6)  Strength loss

Rock

(1)  Degradation

(2)  Softening

(3) Dissolution

Soils

(1)  Degradation,

(2) Dissolution

(3) Loss of plasticity

(4)  Strength loss

(5) Mineralogical change

Soil-Cement

M
@)

Loss of cementation
Crumbling
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2.6 Metals
(1) Loss of cementation
(2) Corrosion
(3)  Stress-corrosion
(4) Fatigue
(5) Tearing and rupture
(6) Galling
(7)  Steels Chains, steel (wire ropes/pulleys-wear and tear, loss of greasing)

2.7 Timber
(1)  Rotting
(2)  Shrinkage
(3) Combustion
(4)  Attack by organisms

2.8 Rubber
(1) Hardening
(2) Loss of elasticity
(3) Heat deterioration
(4)  Chemical degradation

2.9  Joint-sealers
(1)  Loss of plasticity
(2)  Shrinkage

(3) Melting
3 Generic Occurrences
3.1 General: Observe occurrences for their characteristics, locations and frequency. These

occurrences are of a universal nature regardless of structure type of foundation class. The
details of what to look for in observing these occurrences, actual or evidential, are not
repeated in the sections on specific structures.

32 Seepage and leakage
(1)  Discharge - stage relationship
(2) Increasing or decreasing
(3)  Turbidity and piping
(4) Colour
(5) Dissolved solids
(6) Location and pattern
(7) Temperature

(8) Taste
(9)  Evidence of pressure
(10) Boils

(11) Frequency and duration

3.3 Drainage
(1)  Obstructions
(2)  Chemical precipitates and deposits
(3)  Unimpeded outfall
(4)  Sump pump facilities
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34

3.5

36

4.1

4.2

4.3

44

5.1

(5) Bacterial growth

Cavitation

(1)  Surface pitting
(2)  Sonic evidence
(3)  Vapour pockets

Stress and strain: Evidence and clues

(1)  In concrete-cracks, crushing, displacements, offsets, shears and creep

(2)  In steel-cracks, extensions, contractions, bending & buckling

(3) In timber crushing, buckling, bending, shears, extensions and compressions

(4) In rock and soils-cracks, displacements, settlement, consolidation, subsidence,
compression, zones of extension & compression

Stability, evidence and clues

(1)  In concrete and structures — tilting, tipping, sliding & over turning

(2) In embankment structures, cut slopes natural slopes — building, sloughing,
slumping, sliding, cracks & escarpments

(3) In rock cut slopes, foundation and unlined tunnels — slumps, slides, rockfalls,
bulges & cracks

Operation and Maintenance

Service reliability of outlet, spillway sump pump mechanical — electrical features
(1)  Broken or disconnected lift chains and cables

(2)  Test operation including auxiliary power sources

(3)  Reliability and service connections of primary sources

(4)  Verification of operations understanding and ability to operate

(5 Case and assurance of access to control stations

(6)  Functioning of lubrication systems

Gate chamber, galleries, tunnels and conduits
(1)  Ventilation and heat control of damp, corrosive environment of mechanical —
electrical equipment

Accessibility visibility

(1) Obscuring & vegetal overgrowth

(2)  Galleries-access ladders & lighting

(3)  Access roads and bridges

(4) Communication and remote-control lines, cables and telemetering systems

Control of vegetation and burrowing animals

(1) Harmful vegetation in embankments-oversize & dead root channels
(2) Harmful vegetation in structural concrete joints

(3)  Obstructing vegetal growth in hydraulic flow channels

(4)  Ground squirrels, rats and beavers

Behaviour

Every attempt should be made to anticipate and have engineer- observers present on
site at items of large spillway and outlet discharge. Resident operational personnel can
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52

53

5.4

5.5

6.1

6.2

often supply valuable information and may be the only available observers (during
earthquakes) for example.

Warning, safety and performance instrumentation

(1)  Piezometers, flow recorders, accelerometers, seismoscopes, joint meters & gauge
points, strain meters, stress meters, inclinometers, direct & inverted plumb lines,
surface reference monuments, stage recorders, extension meters.

(2)  Serviceability

(3)  Access to readout stations

(4)  Type and location suitable for conditions being observed

(5)  Need for recalibration

(6)  Faulty readings, sources and reasons

(7)  Alarm systems operable and at appropriate set points'

(8) Random check readings during inspections

(9)  Quiz operators to determine their understanding of purpose and functioning of
instruments.

During and after large floods

(1)  Drift marked high waterlines

(2)  Evidence of taxed spillway capacity

(3)  Undesirable or dangerous spillway flow patterns directly observed or deduced from
flow strains, erosion trails, swept vegetation & deposition of solids.

During and after large outlet releases
(1) Undesirable or dangerous spillway flow patterns, dynamic pressures, vibrations &
cavitation sonics.

After earthquakes

(1)  Cracks, displacements, offsets in structural features

(2) Cracks, slumps, slides, displacements, settlements in embankments, cut slopes
and fill slopes.

(3) Broken stalactites in galleries, tunnels & chambers.

(4) Toppled mechanical equipment

(5)  Sand boils.

Concrete Dams

(Any of these observations are applicable also to reservoir impounding power intake
structures, spillway control structures lock walls).

Stress and Strain: Evidence and clues

(1) Cracks, crushing, displacements, offsets in concrete monoliths, buttresses, face
slabs, arch barrels visible on exterior surfaces and in galleries, valve & operating
chambers and conduit interior surfaces.

(2) Typical stress and temperature crack patterns in buttresses, pilasters, diaphragms
and arch barrels.

©) Retention of design forces in post tensioned anchorages and tendons.

Stability: Evidence and Clues
(1) Excessive or mal-distributed uplift pressures revealed by piezometels, pressure
spurts from  foundation drain holes, construction joints and cracks.
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(2)  Differential displacements of adjacent months, buttresses and supported arch
barrels or face slabs.

3 Disparities in region near the interface between arches and thrust blocks.

4) Movement along construction joints.

(5) Uplift on horizontal surfaces revealed by seepage on downstream face and in

galleries at construction lift elevations.

6.3  Hillsides and river channels adjacent to the abutments and river section foundation along
the downstream toe of the dam.
1) Leakage
2) Seepage
(3 Stability

@ Boils
6.4  Special attention to stability and seepage control at discontinuities and junctures
1) Embankment wraparound sections
2) Water stops in monoliths and face slabs
©) Reservoir impounding backfill at spillway control sections and retaining walls.

6.5 Foundation

1) Piping of weathering products from old solution channels and rock joint
structure.

(2) Efficiency of foundation seepage control systems - drains, drainage holes, grout
curtains, cutoffs & drainage tunnels.

3) History of shear zones, faults & cavernous openings.

4@ Zones of varying permeability

©) Orientation of stratification and bedding planes - effect on permeability, uplift &
foundation stability.

(6) Subsurface erosion and piping.

(7) Thin weaker interbeds - effect on stability.

7 Embankment — Type Dams

7.1 Stress and strain: Evidence and clues
1 Settlement
2) Consolidation
3) Subsidence

“) compressibility

5) Cracks, displacements, offsets, joint opening changes in concrete facing on
rockfills

(6) Loss of freeboard from settlement

(7) Zones of extension and compression visible along dam crest or elsewhere

(8) Crushing of rock points of contact

9) Differential settlement of embankment cross sectional zones visible along dam

crest, indicating stress transfer along region of zone interface (increases
possibility of hydraulic fracturing).
(10)  Dam top (crest)- drainage arrangement

7.2 Stability: Evidence and clues
1) Cracks, displacements, openings, offsets, sloughs, slides, bulges, escarpments on
embankment crest and slopes and on hillsides adjacent to abutments.
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7.3

7.4

7.5

7.6

8.1

8.2

8.3

2) Sags and misalighments in parapet walls, guardrails, longitudinal conduits or
other alignments parallel to embankment axis.
3) Irregularities in alignment and variances from smooth, uniform face planes.

“) Bulges in ground surfaces beyond toes of slopes.

Inadequate seepage control: Evidence and clues
1 Wet spots
2 New vegetal growth
3) Seepage and leakage
“ Boils
5) Saturation patterns on slopes hillsides and in streambed
(6) Depressions and sinkholes
7 Evidence of high escape gradients

Erosion control

1) Loss, displacement & deterioration of upstream face riprap, underlayment and
downstream face slope protection.

2 Leaching

Foundation

) See 6.5 also
2 Consolidation
3 Liquefaction

Other endangerments
(D) Utility pressure conducts on, over or through embankments.
2 Diversion ditches along abutment hillsides.

Spillways

Approach channel
(1) Obstructions
2) Slides slumps and cracks & cut slopes

Log booms
(1) Submergence
2) Uncleared accumulated drift

(3) Parting
4) Loss of anchorage
(5) Inadequate sleck for low reservoir stages.

Hydraulic control structure

(1) Stability

2 Retention of capacity rating

3 Erosion at toe

4) Unauthorized installations on crest, raising storage level and decreasing spilling
capacity.

(5 Gate piers

(6) Trash control systems

() Nappe and crotch aeration

(8 Siphon prime settings
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8.4

8.5

8.6

8.7

8.8

9) Glacis- surface erosion, pitting, abrasion etc.

Headwater control (gates, flashboards, fuse plugs)

1) Unauthorized position

2 Wedging

3) Gate trunnion displacements

@ Loss of gate anchorage post-tensioning

5) Undesirable eccentric loads from variable positions of adjacent gates.

(6) Gate-seal
(7) Erosive seal leakage

8) Failure of system
) Availability of bulkhead facilities for unwatering, and of cranes and lifting
beams.

Operating deck and hoists

1) Broken or disconnected lift chains and cables

2) Unprotected exposure of electrical-mechanical equipment to weather, sabotage,
vandalism.

3 Structural members and connections.

Shafts, conduits and tunnels

1 Vulnerability to obstruction

2 Evidence of excessive external overloading-pressure jets contorted cross-
sections, cracks, displacements & circumferential joints.

(3) Serviceability of linings (concrete and steel), materials deterioration, cavitation &
erosions.

“) Rockfalls

5) Severe leakage about tunnel plugs

(6) Supportt system for pressure conduits in walk-in tunnels.

Bridges

(1) Possibility of collapse with consequent flow obstruction.

2 Serviceability of operational and emergency equipment transport.

Discharge carrier (open channel or conduit)
1) Vulnerability to obstruction

2) Evidence of excessive external sidewall leading - large wall deflections, cracks,
differential deflections at vertical joints.

©)) Invert anchorage and foundation support — dummy soundings, buckled lining &
excessive uplift.

“) Observation of evidence of dangerous hydraulic flow patterns — cross water,

inadequate freeboard, wall climb, unwetted surface, uneven distribution, ride up
on horizontal curves, negative pressures at vertical curves & pressure flow

deposition.
(5) Drain system serviceable
(6) Air injection and expulsion
(7) Tendency for jump formation in conduits
®) Buckling & slipping of slope lining
9) Erosion of unlined channels.
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8.9

8.10

9.1

9.2

9.3

9.4

9.5

Terminal structures

1) Inadequate dissipation of energy
2 Jump sweep out

(3) Undercutting

“4) Retrogressive erosion

5) Loss of foundation support for flip bucket substructure

(6) Unsafe jet trajectory and impingement

7 Erosive endangerment of adjacent dam or other critical structures.

Return channels
1) Impaired outfall
2) Obstructions

3) Slides, slumps & cracks in cut slopes

4 Erosion of deposition creating dangerous tailwater elevations or velocities.
5) Evidence of destructive eddy currents.

Outlets

Genera! : Many of the observations made of outlet components are similar in nature and
purpose to these made for spillway components, stilling basins for example.

Approach channels (may seldom be directly visible and may require underwater

inspection).
) Siltation
2) Underwater slides and slumps

Intake structure (including appended, inclined and free-standing towers with wet and
dry).

(1) Lack of dead storage

2) Siltation

(3 Potential for burial by slides and slumps

4) Damage or destruction of emergency and service bulkhead installation facilities
5) Availability of bulkhead, cranes & lifting beams

(6) Serviceability of access bridges

Trash racks and raking equipment

(1) Clogging of bar spacing

2 Lodged debris on horizontal surfaces
3) Collapse

Gate chambers, gate valves, hoist controls electrical equipment, air demand ducts

1 Accessibility to control station under all conditions
2 Ventilation
3 Unauthorized gate or valve positions

“) Binding of gate seals

©) Seizing

(6) Erosive seal leakage

(7) Failure of lubrication system

3) Drainage arc sump pump serviceability

(9)  Vulnerability to flooding under reservoir pressure through conduits, by- passes
and gate bonnets surfacing in chamber.
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9.6 Conduits and tunnels
) See 8.6 also
@) Seepage or leakage along external periphery of conduit

3) Extension strains in conduits extending through embankments
“) Capacity and serviceability' of air relief and vacuum valves on conduits.
9.7 Terminal structures

See 8.9 above

9.8 Return channels

See 8.10 above

Doc. No. CDSO_GUD_DS_07_v1.0 Page 183 of 190



Guidelines for Safety Inspection of Dams January 2018

This page has been left blank intentionally.

Doc. No. CDSO_GUD_DS_07_v1.0 Page 184 of 190



Guidelines for Safety Inspection of Dams January 2018

ANNEXURE III: DEFINITION OF TERMS ASSOCIATED WITH DURABILITY OF

CONCRETE
Al Cracks: An incomplete separation into one or more parts with or without space
between.
A1 Cracks will be classified by direction, width & depth: The following adjectives

can be used: Longitudinal, transverse, vertical, diagonal and random. Three width
ranges are suggested as follows: fine - generally less than 0.5 mm; medium -
between 0.5 mm & 2mm; and wide - over 2 mm.

A1.2 Pattern cracking: Fine openings on concrete surfaces in the form of a pattern,
resulting from a decrease in volume of the material near the surface or increase in
volume of the material below the surface, or both.

A.1.3 Checking: Development of shallow cracks at closely spaced but irregular intervals
on the surface of mortar or concrete.

A.l1.4 Hairline cracking: Small cracks of random pattern in an exposed concrete surface.

A.1.5 D-cracking: The progressive formation on a concrete surface of a series of fine

cracks at rather close intervals, often of random patterns, but in highway slabs
paralleling edges, joints & cracks and usually curving across slab corners.

A2 Deterioration: Deterioration in any adverse change of normal mechanical, physical
and chemical properties either on the surface or in the whole body of concrete
generally through separation of its components.

A2.1 Disintegration: Deterioration into small fragments or particles due to any cause.
A2.2 Distortions: Any abnormal deformation of concrete from its original shape.
A2.3 Efflorescence: A deposit of salts, usually white, formed on a surface, the substance

having emerged from below the surface.

A2.4 Exudation: A liquid or viscous gel-like material discharged through a pore, crack or
opening in the surface.

A.2.5 Incrustation: A crust or coating generally hard formed on ti-1e surface of concrete
or masonry construction.

A.2.6 Pitting: Development of relatively small cavities in a surface due to phenomena
such as corrosion or cavitation, or in concrete, localized disintegration.

A2.7 Popout: The breaking away of small portions of a concrete surface due to internal
pressure which leaves a shallow, typical & conical depression.

A2.7.1 Popouts, small: Popouts leaving holes upto 1 cm in diameter, or the equivalent.

A2.7.2 Popouts, medium: Popouts leaving holes between 1 and 5 cm in diameter, or the
equivalent.

A2.7.3 Popouts, large: Popouts leaving holes greater than 5 cm in diameter, or the
equivalent.

A.2.8 Erosion: Deterioration brought about by the abrasive action of fluids or solids in
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motion.

A.2.9 Scaling: Local flaking or peeling away of the near surface portion of concrete or
mortar.

A29.1 Peeling: A process in which thin flakes of mortar are broken away from a concrete

surface; such as by deterioration or by adherence of surface mortar to forms as
forms are removed.

A.29.2 Scaling, light: LLoss of surface mortar without exposure of coarse aggregate.

A293 Scaling, medium: Loss of surface mortar upto norms 1 cm in depth and exposure
of coarse aggregate.

A29.4 Scaling, severe: Loss of surface mortar aggrel cm in depth with some loss of
mortar surrounding aggregate particles 1 to 2 cm in depth so that aggregate is clearly
exposed and stands out from the concrete.

A2.9.5 Scaling, very severe: Loss of coarse aggregate particles as well as surface mortar
and mortar surrounding aggregate, generally greater than 2 cm in depth.

A.2.10 Spall: A fragment, usually in the shape of a flake, detached from a larger mass by a
blow, by the action of weather, by pressure, or by expansion within the large mass.

A.2.10.1 Small Spall: A roughly circular or oval depression, generally not greater than 2 cm
depth nor greater than 15 c¢cm in any dimension, caused by the separation of a
portion of the surface concrete.

A.2.10.2  Large Spall: May be a roughly circular or oval depression, or in some cases an
elongated depression over a reinforcing bar, generally 2 cm or more in depth and 15
cm or greater in any dimension, caused by a separation of the surface concrete.

A2.11 Joint Spall: Elongated cavity along a joint.

A2.12 Dummy area: Area of concrete surface which gives off a hollow sound when
struck.
A.2.13 Stalactite: A downward pointing formation, hanging from the surface of concrete,

shaped like an icicle.

A.2.14 Stalagmite: As stalactite, but upward formation.

A.2.15 Dusting: The development of a powdered material at the surface of hardened
concrete.

A.2.16 Corrosion: Disintegration or deterioration of ~ concrete or reinforcement by

electrolysis or by chemical attack.

A3 Textural Defects

A3.1 Bleeding channels: Essentially vertical localized open channel caused by heavy
bleeding.

A3.2 Sand streak: Streak in surface of formed concrete caused by bleeding.

A.3.3 Water pocket: Voids along the underside of aggregate particles or reinforcing steel

which formed during the bleeding period. Initially filled with bleeding water.

A3.4 Stratification: The separation of overwet or over-vibrated concrete into horizontal
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A.3.5

A.3.6
A.3.7

A.3.8

layers with increasingly lighter materials towards the top: water, laitance, mortar and
coarse aggregate will tend to occupy successively lower positions in that order; a
layered structure in concrete resulting from placing of successive batches that differ
in appearance.

Honeycomb: Voids left in concrete due to failure of the mortar to effectively fill
the spaces among coarse aggregate particles.

Sand pocket: Part of concrete containing sand without cement.

Segregation: The differential concentration of the components of mixed concrete,
resulting in non-uniform proportions in the mass.

Discolouration: Departure of colour from that which is normal or desired.
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APPENDIX A. INSPECTION FIELD KiT EQUIPMENT

General Inspection Equipment

Inspection Checklist — Serves as a
reminder to inspect for all important
conditions. An example is presented in
Appendix B.

General Embankment Sketch — A sketch
of a typical dam embankment may be used
to denote the location and dimensions of
deficiencies on the embankment and
abutments of the dam. A ruler may be
useful for scaling dimensions on the sketch.
A high-resolution aerial photograph of the
dam is recommended for use during dam
inspections.

Notebook and Pencil — It is important to
write down observations at the time they are
made. This reduces mistakes and the need
to return to the area to refresh an inspector's
memory. A clipboard can provide a sturdy
writing surface.

Voice Recording Device — A small
portable voice recorder can be wused
effectively to make a record of field
observations when it is not convenient to
make written notes. Most smartphones can
record voice messages.

Camera — Photographs offer a reliable
record of observed field conditions. They
can be valuable in comparing past and
present configurations. An inexpensive
model usually takes pictures good enough
for inspection records. Modern digital
cameras are excellent for the development
of comprehensive photographic records.

Hand Level — This is needed to find areas
of interest accurately and to determine
embankment heights and slopes. A
surveying rod (stadia rod) or another type of
measuring rod is a useful aid in making
measurements.

Probe — A probe gives information on
conditions below the surface, such as the

depth and softness of a saturated area. Also,
by observing moisture brought up on the
probe's surface, an inspector can decide
whether an area is saturated or simply moist.
Probes with a metal tip are preferred. An
effective and inexpensive probe can be

made by removing the head from a golf
club.

Tape Measure — Many descriptions are not
accurate enough when estimated or paced.
The tape measure provides accurate
measurements which allow meaningful
comparisons to be made.

Flashlight — The interior of an outlet in a
dam can often be inspected adequately
without crawling through by using a good
flashlight or fluorescent lantern.

Shovel — A long-handled shovel is useful in
clearing drain outfalls, removing debris, and
locating monitoring points. A short-handled
shovel may suffice and is more convenient
to carry.

Rock or Geologist Hammer -
Questionable-looking riprap or concrete can
be checked for soundness with a rock
hammer. Care must be taken not to break
through thin spots or cause unnecessary
damage.

Bonker — The condition of support material
behind concrete or asphalt faced dams
cannot be found out by observing the
surface or facing. By firmly tapping the
surface or the facing material, conditions
below can be determined by the sound
produced when the material is tapped.
Facing material supported fully by fill
material produces a “click” or “bink” sound
while facing material that is over a void or
hole in the facing produces a “clonk” or
“bonk” sound. The bonker can be made of
30 mm diameter hardwood dowel with a
metal tip firmly affixed to the tapping end.
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A rubber shoe like those on some furniture
legs is recommended for the other end to
allow the bonker to be used as a walking aid
on steep, slippery slopes.

Binoculars — These are useful for
inspecting limited access areas especially on
concrete dams. They are also helpful for
inspecting risers and trash racks that are not
accessible from the dam embankment.

Bucket and Timer — These are used to
make approximate measurements of seepage
or leakage flows. Calculating the time
needed for the seepage flow to fill the
bucket enables an inspector to calculate the
number of gallons per minute. Various
container sizes may be needed, depending
on the flow rates. More exact measurements

can be made with a flow meter when the
discharges are large.

Stakes and Flagging Tape — These are
used to mark areas requiring future attention
and to stake the limits of existing
conditions, such as cracks and wet areas, to
allow future comparison.

Knife or Machete — These tools can be
useful for clearing weeds and brush, and for
scraping rocks or soil.

First-Aid Kit — A basic first-aid kit should
be part of every dam inspection kit in case
of injury. At a minimum, it should include
assorted bandages, antiseptic medicine, pain
relief tablets, sunburn lotion, ice packs, a
splint, sterilized gauze, scissors, tweezers,
and sterilized tape.

Special Equipment

Video Camera — A video camera,
preferably digital, can be used to record the
entire site; this may be especially useful for
concrete and masonry dams or spillways
where access is difficult. A high-power
magnification can be useful when video
recording concrete and masonry dams. Most
video cameras are equipped with sound and
date recorders.

Inclinometer — An inclinometer is used to
make quick measurements of embankment
slopes.

Flow Meter — This instrument is used to
measure flow velocity and quantity. The
flow must be large; small amounts of
seepage cannot be measured with a flow
meter.

TV Monitor — A TV monitor is used to
view and record conditions inside pipes and
conduits that are inspected with a video
camera mounted on a remote-controlled
vehicle.

Two-way Radios — These are useful for
communications when more than one
inspector is present on large sites.

Confined Space Access Equipment —
This includes equipment for personnel
access to vertical risers or discharge conduits
where emergency retrieval may be necessary.
This includes such things as ropes,
harnesses, and ladders. It also includes
portable gas meters for testing confined
spaces for harmful gasses that may be
present. These may be required when
entering discharge structures under the
ground.

Boats — A boat may be required for access
to areas on the reservoir, including
shorelines and spillways.

Piezometer Gage or Water Level
Indicator — Used to measure depth to water
in piezometer or water wells.

Laptop Computers — These portable
computers are a convenient tool for making
field inspections cost effective and efficient.
The computers must have software that is
designed for dam inspections and must be
compatible with other office equipment so
that the information can be readily
transferred to the inspection report. Pocket
PC’s are often referred to as “PDA’s.”
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Global Positioning Sensor (GPS) -
Handheld GPS units are recommended for
use in mapping deficiencies found during
inspections, such as areas were water is
seeping from the ground, slides, and cracks.
GPS units can be used to monitor the

progression of deficiencies over a period of
time if they are accurate enough. GPS units
access GPS satellites to determine the user's
position. The best units can be used to find
both spatial coordinates and ground surface
elevation.

Safety Equipment and Protective Clothing

Hard Hat — A hard hat is recommended
for inspecting large outlets or when working
in construction areas.

Rope — Can be used when inspecting steep
slopes or conduits. A rope can also be used
when inspecting areas along the shoreline.
Another person should be present to assist
with using a rope.

Insect Repellent — Biting insects can
reduce the efficiency and effectiveness of an
inspector and sour his disposition. Ticks and
mosquitoes can cause skin irritations and
severe health problems in some instances.

Snake Bite Kit — In areas where poisonous
snakes might be present, a snake bite kit
should be included in the first-aid kit;
protective leg guards are also available.

Watertight Boots - These are often needed
when inspecting various areas of the dam
site where standing water is present. Waist-
high waders are useful for riser inspection.

Steel-toed Shoes — Steel-toed shoes should
be used when there is a danger of debris
falling on an inspector’s feet.

Sturdy Hiking Boots — Hiking boots may
help prevent slipping and falling when
traversing slopes and wet areas. Good ankle
support can aid in preventing injury to
ankles.

Life Jacket — A life jacket is a safety
measure to be used when inspecting areas
where there is a danger of falling into the
water, especially along the shoreline of a
deep reservoir, or a reservoir with steep
upstream slopes. They are a necessity if an
inspector is using a boat and a lifeline if
hanging from a safety scaffold.

Smartphone — A smartphone can come in
handy in emergencies or when additional
information is needed from the office or the
owner’s office.

Safety Glasses — May be needed in some
cases for eye protection.

Gloves — May be useful if stakes are being
installed, or if riprap and deteriorated
concrete are being investigated.

Reflective Safety Vest or Coat — If
inspections are performed during hunting
seasons, bright colored clothing is a good
preventative measure to avoid shooting
accidents.
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APPENDIX B. SCHEDULED DAM SAFETY INSPECTION
INSTRUCTIONS AND FORMS

A form designed for use during scheduled dam safety inspections — including pre- and post-
monsoon inspections — follows. The form contains a comprehensive checklist (Part 2a) of items
that are found at dams that need to be evaluated during a safety inspection. The checklist
consists of (1) a series of questions that need to be answered as Yes/No/Not Applicable for
each inspection item, (2) a remarks box in which critical aspects can be commented upon
following each question, and (3) a final condition assessment (Unsatisfactory/Poor/Fair
/Satisfactory) for that inspection item. Not all inspection items will be found at a dam. The form
concludes with a Consolidated Dam Health Status Report (Part 2b).

The following information is provided for :
B.1  Personal Safety

For safety reasons, it is advisable to have two or more personnel on each inspection.
This applies particularly travel to, and operations in, isolated areas.

B.2  Equipment

The following equipment items are noted here to ensure the Inspector is reminded of the
importance to her/his personal safety. Additional detail is in Chapter 3 and Appendix A
of this guideline:

e Checklist (enclosed), field book, pens and pencils
e Recording devices, including GPS, camera(s) both still and video

e Hand level, clinometer, tape measure, stakes and flagging material, crack gauge,
probes and binoculars

e Safety gear including waders, harnesses, hard-hats, goggles, safety boots, SCBA (self-
contained breathing apparatus, gas detector (carbon dioxide and other gases) for
confined space entry, torch (“mine-safe”) for unventilated conduits, tunnels or adits,
first-aid kit, lock-off labels and anything else to comply with safety regulations

e Safety equipment for upstream water inspections from boat or elevated platform,
includes life vests and life-lines

e Shovel, bucket, sealable plastic bags and a Geologist hammer
B.3  Recording Inspection Observations

Check and record the status of all items in the attached checklist under the remarks
column. Provide accurate location (GPS or ground measurement) of questionable areas
and take photographs. Note extents and limits of such areas (length, width, height or
depth, volume). Provide a brief description of any anomalous condition such as:

*  Quantity/quality of drain outflows, seepage and its source(s)
¢ Location, type and extent of deteriorated concrete

¢ Location, length, displacement and depth of cracks

* Extent of moist, wet, or saturated areas

*  Defects, deterioration, damages, non-functional components such as detection and
measuring devices, mechanical or electrically operated instruments and HM controls

Doc. No. CDSO_GUD_DS_07_v1.0 Page B-1



Guidelines for Safety Inspection of Dams January 2018

This page has been left blank intentionally.

Doc. No. CDSO_GUD_DS_07_v1.0 Page-B-2



¢-q 9%eq 014 L0 SA AND OSAD ©N 2o

"9A0qE WIOJ B 1FeJ AQ PIIFOAOD JOU SIUIWWOD FO UONBWIOJUT [eUORIPPE AUt opraoid osea|d
syrewray vonoadsuy - qf e

........... T 1249 vonepunoy 3sadoa (8
Tttt T PRq FOATY 1S9MOT Q

............... wHMH ‘M_”Doz MU
............ T 321D Leaqndg (P [9A87 Buljjoaiuo) jueniodwi
................. ‘I_N— ‘l—\mm AU
............... ‘Hm ‘H\vw/z A@
....... qm ‘Hmvh AN
ISUONIPUOT) IIYIEI A\ :9pmiduory
...... aary (Wt ssorn () (WD) Aioede) a5er01g :opmpe|
:uonoadsur Jo a1ep a1 uo omST
SI19WI UT [AJ] J91EM ITOATISIY Pmsid
:uonoadsuy jo are(q NId/21e1s /51D
:Aq uonoadsug :91e (] SUTUOISSTUIUIO))
:uonoadsuy Jo odA T, aoreradQ we(q
IUONEDISSE[D) PIEZEeL] PUMQ Wwe(
:9soding we(Q :dAy wreQq
((01d) 2P0oD 1 ¥3ford PureN weq

:s[re1d(q uonodadsuy - ef 1red

wiyo,J uondadsuy L1o§eg wre(q pI[NpPayYss

8107 Axenue( swe(] Jo uondadsu] £19Jeg J0J SaUIPpINL)



p-¢ 98eq 0CA LO SA AND OSAD ©N 2o

GIUSWIQAOW WEP O} NP S[[eM JO SuIdUJ ‘sajod Jo Juswusiesiw Auy | ¢'1°1

curedpooyj weansumop oy Ut 3uowdo[oadp Aqreou mou Aue 219 ST | Z°1°1

¢uonoadsur 1se] 911 20UIS WEp Y3 01 SAZuBYD JO suonesAe Jolew Auy | 1°1'1

uontpuo) erousy | 1'1-4

(uounjuequiy) Yoedy Wwe( pue weq-g

dsonssT Fopo AUy | L]

¢ITOATISOT PUNOIE PUE UT }203s9A]] 0 ojdoad axop a1y | 9°1°7

"JU2IX9 PUEB SUONRELIO[ JPYI 2IBIIPUT ‘OS JT

wr
JTOAIISIF O} UT BIFE OPI[SPUE] 2ATIOBUT JO DATIOE JO[ew JO SUONELIPUI AUy | G'1°]

@1u2s23d sprqop Suneo ST | $°1°1

duonrsodop JUSWIPIS JUII9F JO SUSIS 239 2TV | €'

afarrenb so1em UT SUTO9P JO SUSIS 9P XY | T

¢MO[ JO Y31y A[ensnun [9A9] JOIeM JIOAFISII OUYI ST | ['1'1

yonIpuo)) [eIdUdn) | ['I-V

ITOAIISIY-V

(£30100SDIEG ¥901¥0 Sunoadsur

/3reg/ioodg/ pazroyine 93 Jo ‘Aue VN IN A
Ay0108)STIESU())| JI ‘SUONEPUSIUIUIODIT

Juonipuo) pue suoneardsqQO

waly uondadsuy | "ON 'S
Asuodsay

ASIPOIYD) uonoadsug - eg wreJ

810¢ Arenue[ swe(] Jo uondadsu] £19Jeg J0J SaUIPpINL)




G-g 98eq 0CA LO SA AND OSAD ©N 2o

*SUONEI0[ 93 BIIPUT ‘OS JT

¢S[ITY JUE JO S[eWUe SULMOIING JO SIUSPOF
£q opews $9[0Y JO SI[OY qEId JO 90UISIX smoys 2dofs weansdn oy s20(T | L2 1

*SUOTIED0[ 93 2BIIPUT ‘OS JT

dwep
oy yo voniod Aue J0A0 spoam JO soysnq jo YImois osngord Aue oxompd ST | 97

¢(des-dmr) vopoaroxd odoys 01 wonepesdop Auy | 671

‘Buryoird weamsdn Jo OPIPUOD [BIUIS ) 9IBIIPU

"SSOUDANDIJJO SIT pue pardope JuoUIEIR
JO PpoyIow oY) ‘UONEIO[ PUE SIUIPIOUI U JO S[IEIOP JOIIq 9AIS ‘OS JT

cuwrep oy jo ared Lue
ur owp Aue 1e padpou sadofs Jo AIIqeIs 01 $SONSIP JO sudrs Aue JPYIAYA\ | +'7°1

dSYOBID ISIVASUEI) JO [BUIPMIISUO] JO 90UISAIJ | €7

¢o[qEIs pue
punos A[eanionns yeadde odofs wreonsdn pue wep 913 JO UONIIS 93 S20(T | ' T

(om] 3s8B9]
e ‘SUONEOO0[ WOPUEF 1€ [9A3] put 2dE) (PIM SUONDIIS-$50FD o1 dn 2oy)))

"JU9IX9 PUEB SUONEIO[ IO BIIPUT ‘OS JT

¢(suorssaxdop) £11a€oU00 30 SUIS[NQ JO SUSIS AUV | 1°2'

ddog weansdn) | z'1-4

(£30100SnIEg 190130 Sundsadsur

/ireg/300g/ | pazwmoymneaypjodue | VN [N | A
Ayo108ISTIESU())| JI ‘SUONEPUIWIWIOIIX

UORIpuo) puUe sUONEAIdSqO

wy uopdddsuy | "ON °S
Osuodsay

810¢ Arenue[ swe(] Jo uondadsu] £19Jeg J0J SaUIPpINL)



9-q 9%eq 0CA LO SA AND OSAD ©N 2o

¢qumid pue orgord sodoid ur readde 15010
oy 3o sa3pa oy 18 papraoid [ea 1odered pue souols prens ‘syopeay oy o(J | 6T

dSOPIS FOUAT UO IBUI[ 3T InoySnoryy sdi[s [ed0] WOIJ 993F 18910 o3 ST | §°¢C'[

JUAPIM 9ATIDJO PIONPII UT SUNNSIT
dn 1nd> pue poporo 103 SABE] 15930 JO SIS 9 JO VONIPUOD o STILYA\ | L°C'T

"SI[2BID JO
woNoq 1) MO[oq SUIPUXD soypuan Uado Supyel Aq pauTeIFodse oq Isnw
s)oe10 Jo pdo(] "IULIXD pPuEB SUONEIO[ JOY3 Sumoys dew e yoeie ‘os |

¢SUONDIIFIP [EUIPNIISUO] JO ISIDASUEH) UT S3[eFd J[qIsia Aue do[oaap 11 s20(T | 9°¢']

d(paTeasun /pofeas) PeOF $$920¢ 0 UONEPEIZIp AUV | G'¢'T

d90eJINS PeoI FoPEIM-[[E Ut op1aoxd Ir soo(T | $°¢°]

é3uraeay
30 suoIssardop [€D0] PUE SUONE[MPUN WO 99JJ 1S9ID U JO 908JINs o) ST | €°¢C']

(100dse st SurAFasSqO JOJ PAY[EISUT 9q Isnw s1uT0d JUSTIDPISS 90BJING)
“JUSWIINIS JO J1UIIXD PUE STONEIO] YoNS 9ILIIPUT ‘OS JT

GIUDWIDPIAS UDAIUN JO /PUE DAJSSIIXD JO suds Aue moys 31 s20(J | 2°¢'1

(JoAS] Sunyel £q SUONEIO] WOPUES 1B PI3IYD 1831 2q OT)

¢uoneadd rodoxd e oryord 3soxo oy ST | 1°¢°T

WEqIo I | ¢Td

dsonsst ¥opo AUy | 871

(f3010¢snIEg 190130 Sundsadsur

/ireg/300g/ | pazwmoymneaypjodue | VN [N | A
Ayo108ISTIESU())| JI ‘SUONEPUIWIWIOIIX

UORIpuo) puUe sUONEAIdSqO

wy uopdddsuy | "ON °S
Osuodsay

810¢ Arenue[ swe(] Jo uondadsu] £19Jeg J0J SaUIPpINL)



L-q 9%eq 0CA L0 SA dND OSAD ©N 2o

dwep
oy yo wopzod AUk JOA0 spPaam JO saysnq JO YImor3 asnyoxd Aue oxoya ST | L]

*Aue J1 ‘soSetrep SULIINDIT JO UONEIO] JEDIPUT 98I
¢po03 opew put parean Arodord s[ouueyd UOISOId PUE SIND UTeT 33 [[¢ 93V | 9'4']

4UONEIO0] AU 1€ 1U2s23d S[PUUEBYD UOISOID /SIND UTEI 9TV | G'[

¢sodo[s Jo A[IqeIs o3 03 SSAMSIP JO SUTIS AUV | 4]

dSYOBID ISIDASUEI) JO [BUIPNILSUO[ JO 9DUISAIJ | €'

*SUIPUL oY) PF02F put A[[NJorFed Wy
SUTWEXD PUE JIMOI3 UONEIIFIA JAISUIIXD JO $oyydIed FOJ INO JOO[ 3SEI[

"JU9IX9 PUE SUONEIO[ IO BIIPUT ‘OS JT

@901 913 30 s9dO[S WEITNSUMOP ) VO PIAFISO SI[ILN
30 s3urrds ‘syea Pa1enIu2dU0d Aut JO saydted Aysn[s 0 Jom AUt 219D ATV | T

¢(suorssaxdop) L1aBoU0D J0 FUIS[NQ JO SUSIS AUY | 14

9doJS wreansumo(q | +'1-94

¢sansst o0 Auy | $1°¢']

¢don wrep e yuowaSuesre Sunydi 3odoid | ¢1°¢'T

¢UOTEDO0] AUE 3B SOUYsSN /Spaam JO yamoI3 asnjoxd 10 991, | Z1°¢C'1

¢1S93D WEP TO JYD0ISIAT JO DUIPIAT | 11°C'T

Irem qand wieansumop o 1odered wieonsdn 01 vopepeidop Auy | 01°¢C’ T

(f3010¢snIEg 190130 Sundsadsur

/ireg/300g/ | pazwmoymneaypjodue | VN [N | A
Ayo108ISTIESU())| JI ‘SUONEPUIWIWIOIIX

UORIpuo) puUe sUONEAIdSqO

wy uopdddsuy | "ON °S
Osuodsay

810¢ Arenue[ swe(] Jo uondadsu] £19Jeg J0J SaUIPpINL)




g-g 93eJ

0CA L0 SA ANO OSAD ©N 2o

............... HHﬁuﬂﬁ.ﬂuo‘l\—” AQ
.................. [9A9] Wep 93 JO ATUIDIA OU3 UT S[[94 SUNSIX 93 WOIJ
191em punoid ‘xepy (e JUOPIAD SE WEIFISUMOP U} UO [} Jorem punois jo yadop oy sr1eyp) | S°S'1
dBUTUTEIP 993 PUE FLID APNUSIOLJINS BITE WEINSUMOP O3 ST | $°S°[
"SUOTIEDO0[ JAIS ‘OS JT swrep
93 JO 201 WEIFNSUMOP 93 JO LAITUIDIA 93 UT PIAFISQO S[IOq AUE 29I 23 | €°G']
901 JO WEINSUMOpP W ()0¢ 03dn Paxdayd 2q O,
“JU2IX PUE SUONEIO] FIOY} JAIS
‘0S J[ ¢WEp JO WEIFNSUMOP U3 UT 193eM JO sjood Surpuels Aue 23071 91y | 7°S°[
901 JO WEINSUMOP W ())¢ 03dn Pas[d9yd 2q O,
SUWEP ) JO WEITISUMOP ) UO SpIom
onenbe Jo PMOIS JO SUORIPUOD AYSN[s ‘GUISIO[ JoreMm JO SUSIS AUB 913 23V | [°C'|
35eUTer(] WeansuMo(Q S'1-9
¢SONSST JOI0 AUV | [14°T
SBuruTEIp 991 PUE STIQOP JO JLID BITE WEINSUMOP O3 ST | 0T+
20]
3003 pue Sugin /3uryoird WeansuMop JO UORIPUOD [£30U23 oY) 21eIIPU]
¢(Bumgany) vonooroxd odors 01 wonepesdop oo Auy | 641
‘SUOIEI0] 93 91EDIPUT ‘08 JT ¢S[[IY IUE JO S[EWIUE SUIMOIING JO SIUIPOX
£q opewr $9[0Y JO $I[OY qEID JO IDUIISIXI SMOYS 2dO[S Weansumop o3 s20(J | §'+'1
*SUONEI0] 93 2JBIIPUT ‘OS JT
(f3010¢snIEg 190130 Sundsadsur
¢ VN N | A
/e /ioodg/ ﬁowﬁoau:« ay3 jo ‘Aue w1y wonoadsug ‘ON 'S
Ayo108ISTIESU())| JI ‘SUONEPUIWIWIOIIX ssuodss
Juonpuo) puUe suoneArdsqQ ° ul

810¢ Arenue[

swe(] Jo uonosadsu] £19Jeg JOJ SOUTPPIND)




6-d 93ed

0CA L0 SA ANO OSAD ©N 2o

JUONEIO] AUE 1B SIND UTeT 939495 dO[oAIP 01 £oUdpual & aaey 2dO[s 911 20(] | $°9°]
¢STEQOP PUE YIMOI3
uoneldsoa Jo 2013 pue poureurews Apodord surerp oy [B 91V | €O
¢30%3UT SUTEIp 2593 03 Sutaed oy3 ST | 2°9°]
¢h3010835MES ‘popraord
J1 ‘syuowoSuerse oFeuresp odo[S  WEINSUMOP OY) JO UORIPUOd Yl ST | ['9']
3doJ[g wWeanSUMO(] JO 95 UTeI(] d0ejIng 9'1-g
SUIMOI3 poam JO 3a1EM JO s[ood JuruSels AUt MOUS UTEIP [[€JIN0 I} S20(]
dpaureurews pue pauedd AFodoxd uresp [ezIno oyp s (q)
d8ururesp A[9233 pue opeid pue 2deys sodord ur uresp Jepno o 7 (e)
eI EPnO | 8°S1
“AUe 31 ‘SUTEIP Y3 UI PIdHOU $109§9p JOUIO JLDIPU] Al
SSUTEIP 9SO UT YIMOIS poom AUt 23013 S| "I
¢10v3UT suresp 9soy 03 Juryond oyr s W
¢8ururesp
A[2933 pue UOND3s FLNSOT UT WEP Y3 JO 201 WEINSUMOP O} PUOLIq
SUTEIP $SOFD Pasodxod pue uresp 201 [BUIPMISUO] JO suonsod oy ¥y T
“SUTEIP SSOID PUE SUTEIP 207, | L°G'[
¢A[Ir0108ISTIES SURIOM SUTEIP Pasodxa oy [[e 2TV | 9°G"]
...... [9AS] FTOATISIY C[PAI] ForEM
Surpuodsarzo) (p JIOAJOSOF UT SUOBIIEA DUl M ODUEPIOIDE Ul UOHELEA PIsFew Aue
............... e (@ MOUS  I[qE} FEM O3 SIO(J 203 JO WEINSUMOP W ()¢ 0idn paspayd 2q O,
(f3010¢snIEg 190130 Sundsadsur
/3reg/100g/ | pozpoyme oy jo Aue | VN IN | A worT uonosdsy O -
A3010€ySTIESU())|  JI ‘SUOIIEPUIWIUIODIT L I B
: : : Lsuodsoy
UORIpuo) puUe suoneArdsqQ
Q107 Axenue( swe(] Jo uondadsu] £19Jeg J0J SaUIPpINL)




01-9 23ed

0CA L0 SA ANO OSAD ©N 2o

@9[qrssa0e A[ISEo UONI9s SUryoLaIq oYl ST | 1°8°']
(papraoxd J1) Uondsg Sungoearg 81-d
¢A3010€ STIES SIUOWIOINSEIW 93edoos SUIEl JO POIOW O3 ST | L°L°]
dS9PO7) QI IUBAJ[IF A}
I 9DUEPIODDE UT 938d29s JO SIUIWOINSEIW O[BI[DF PUE IJLINIDE JAIS O) SE
0S PaUTEIUTEW PUE PIoNIIsu0d ‘paredo] Axadord syutod Summseow ot 23y | 9727
JUBMOIS UONEIIFIA JO 9933 pue syred pue sdois sodoxd yaim o[qrssodoe Aiseo
98edoos jo syutod Sunmsesw jo weansumop pue weonsdn vonzod o sT | 67 /°
(w) Aoy W_MOZQWMM g oun(3se[ 90UIS WNWIUIA Il
won 5Fedons OAMHMV ( oun( 1se[ 90UIS WNWIXEN ‘Il
b 3o e 9 uonoodsur juosord Jo Aep otp U
ey (e ‘ ‘
{[PA] JTOATISOF PUE 21EP 1M MO[J 95edoos JO 218F Paynseaws oy STIBYA | +°L°T
@sed oy ur voneoo[ Aue Je 93e1s AUt Je PaAFIsqo uouswouayd
B UONS SB/\ ¢93e1s AU Je INOJ0d PIqing & moys 95ed2as oy s20(T | €'/
¢UOTBAD[D [9AJ] JIOATISIT UTEITID
€ 01 UONE[2F AUE DALY 3T SOOP ‘0S JT J[[€J FO ISTX [ewIOUqE AUt MOUS I S9O( | Z°L'T
‘SUOTBATISQO PIODIT PUE SIIISIIOT I} JIIYD ISBI[J (PIPIOIDT
pue painseow A[pedrporad Jo0 Arep Suraq a8edoos yo Apuenb o sy | 147
JUSWOINSEIy 9.0edo0g L'1-9
-odors
WEIISUMOP JO 9FEUTEIP 90BJINS ) UT PIONOU $109J9P FOYI0 AUt Jerownuy | G'9']
(f3010¢snIEg 190130 Sundsadsur
/3reg/100g/ | pozpoyme oy jo Aue | VN IN | A L
Ayo108ISTIESU())| JI ‘SUONEPUIWIWIOIIX ssuodss w311 vopoadsuy NS
Juonpuo) puUe suoneArdsqQ ° ul

810¢ Arenue[

swe(] Jo uonosadsu] £19Jeg JOJ SOUTPPIND)




11-d 95ed

0CA L0 SA ANO OSAD ©N 2o

§91970U0D JO AFUOSEW JO AITUIDTA U3 UT JFOM [3FBD 913

Jo [earoydn J0 JUOWOPIOS ‘SuIdEId ‘suoneredos joj Aouopuol Aue 239 ST | TG
"SSUIPUTY O} PFOD23F PuE SOIMbUD WOIJ UTEIFIISE 958 dowmn Aue Je pIqind
uIny 31 $20(T ¢23E3E] o3 JO INO[0d puk Nex ewnrxordde oy st reym ‘os JT
dsyr0Mm ATUOSEW PUE JFOM [ITBD U22M12q suondun| ap jo Lumia
S UT [JOM (338 91 UT s10ds 1om 3O sSULIds ‘Syed] JO 90UISIXD AU X3 ST | G’
SI9NI0 PUE SUONDIS WEP 919J0U0,) /ATUOSEJN (PIM SFOM (IIe] Jo yonoun| 6'1-9
¢sonsst oo Auy | 1°g']
¢UONEPEIZOP JU209T JO 2DUIPIAY | 9'§']
"oourwirogrod s
pu® UoNo9s U OEaIq JO uoNerado JO JUIAD 1591€] O 21EDIPUT PUE UTEIFIISY | G'Q']
UO®2Iq U} F91JE UONINIISTOIIT JOJ PUE UORIIS SUryoeaq o3 Jo
uonesodo 01 PaIe[dF SUONINFISUT o) JO dFeMEe AJ[NJ JJLIS 2OULTUNUTBW o) S|
$$900¢ JO sanox a[qeimg (q
[erFo1ewW JUSWUBquD JOJ Axreny) (e
GOOUBAPE
Ul POPIOOP SW9II SUIMO[[OJ 9U3 238 [DBdIq O} JFOIJ& UONINIISU0III FOJ | $'§°[
¢PT0293 UO J[E[TEAE TGOS
Sumyoeorq o) 91e39do 01 MOY PUE USYM O) SE SUOHONIISUT JO 210U 93 ST | €'Q']
¢A3010%3SNES UONIIS SUTYDOLIIq 93 JO VONIPUOD 3} ST | 7'’
(f3010¢snIEg 190130 Sundsadsur
e /100 szpoyme oyp jo ‘Aue | VN | N | A
/3red/rood/ p o 4 B3 w1y uondadsuy ‘ON 'S
Ayo108ISTIESU())| JI ‘SUONEPUIWIWIOIIX ssuodsay :
e
LUOnIpu0) pUE SUONEAIISqQ
810¢ Arenue[ swe(] Jo uondadsu] £19Jeg J0J SaUIPpINL)




21-9 93ed

0CA L0 SA ANO OSAD ©N 2o

"‘uon22dsur Jo 91ep 93 UO [[oM I[FUTS
® WOJJ PIAIISQO I3IBYDSIP WNWIXEW pPUE I3FLYDSIP [€10] 21eDIPUT ‘OS JT

cpoureuTEWN
[[P4 JOT[oF YOBD WOIJ 23FLYISIP JO SIUIWINSLIW [ed1pOorFad JO PF0od2x 21 ST | S'OT°T
¢IOPFO Y3 Y
J[qe[reAt ‘S[[PM JOI[X o3 Suruead 3o Juswdmba pue jue[d Aressodou oy 23y | 01T
.UM:U
Surdims 1xou oy pue Juruesd pue 3uISINS ISE[ JO SAEP U3 2IEJIPUT ISEI[J | ¢'OT°T
¢Arearporrad paues pue pasins Arodord Jorpr oy o3y | 2011
¢[[PM SuTUONOUNY PUE UONIPUOD SUNIOM POOS UT S[[M JII[I oY 23V | [°0L'L
SIPA\ JOIPY orr-d
dSONSST IOPO AUV | G'6'
‘AUt JT ‘paATISQO SIDUIDIFIP 23 AEIIPU pue “Orqrssod
J1 OpISUl WOJXj JO WEIFISUMOP OU) WOIJ A[[NJoIed IMPUOd 9Y) SUNWEXE]
¢93exea] puE SYOBID ‘SIuTOf
uodo ‘108330 w03y 2933 pue ogoid pue Jopio 199339d UT IMPUOd O JO
ISUD[ 9FNUD Y3 ST ‘VOMIIS WEP [3FLd U UT PIILIO[ ST INPUOD I9PN0 93 JT | $°6°1
cuonoun|
oy 1e Aipiqeisur odofs J0 UOISOId 9deyIns 3o Aduopual Aue 219l ST | €61
*£5UDIDIFOp JO 2JNIBU 10EXD SUJ PUE SUONEDO[ Y3 IBIIPUT ‘OS JT
(f3010¢snIEg 190130 Sundsadsur
/3reg/100g/ | pozpoyme oy jo Aue | VN IN | A L
Ayo108ISTIESU())| JI ‘SUONEPUIWIWIOIIX ssuodss w311 vopoadsuy NS
LUOnIpu0) puUe suoneArdsqQ ? ul
810¢ Arenue[ swe(] Jo uondadsu] £19Jeg J0J SaUIPpINL)




¢1-g 95ed

0CA L0 SA ANO OSAD ©N 2o

é(s1urof uado /195330 /pade[dsIp) JUSWONIDS [ENTIIIP JO DUIPIAY | +°7°T
d(saurof Suore ‘Tewroy Tern1onys) 1uosaxd SurPEId ST | €71
¢(uwonersaursip ‘Suryoea] ‘Surreds) vonesorraop Ayuosewr /21910000 | 77T
¢(uoneoynens ‘Gururels ‘GUIqUIOILIUOY) $I09J9P 9IJINS JO DUIPIAY | 1°C'T
3oeg weonsd( | 10
dIUSWIAOW WEP O} NP S[[eM JO SuIdUdJ ‘sajod Jo Juswusiesiw Auy | ¢'1°1
curerdpooy} weonsumop oy ur 1uawdo[aAdp AqQFeou mou Aue o3l ST | Z°1°]
¢uonoadsur 1se] 911 20UIS WEp 93 01 SaZueYD JO suonese Jolew Auy | 1°1'1
UODIPUOIEISUSHI [FEIED
(A3u0seyy /91910U0))) Yoeay /3d0]g Wwe  pue wed | [-D
gsansst yopo Auy | 9° 11°T
¢(Buganm ‘des-dir) wonoaord odors weonsumop /dn 01 vonepeidop Auy | G 11T
¢saysnq /spoam Jo pmois asnjord 10 saoxT, | $°11°]
¢Arrqeasur odofs J0 UOIS0Id JO 20UPIAd AUV | ¢'T11°]
SYTOMUITED JO [earaydn JO JUSWIPIOS ‘SUROEId Jo 2ouasaxd Auy | Z'11°T
gruounnge oy} 7eau s3ods 1om 3o sSurrds ‘syea] yo 2ouasard Auvy | 1°11°T
$10€IU0)) 1I0ounnNqy 1r'-9
(A3010¢ySnEg I901j0 wcﬁovmmwﬁ N N x
Gt oos s o ol oot | o'
Juonpuo) pUE SUONEAIISqQ
810¢ Arenue[ swe(] Jo uondadsu] £19Jeg J0J SaUIPpINL)




1-d 93ed 0CA LO SA AND OSAD ©N 2o

¢sdois 39em 10 /pue sjurof 01 9Sewrep JOUPO AU JO DUIPIAY | 94T

d(s3o0[q uoam19q SIUTO[ UT (AMOIT) UONEIIFIA JO 90UISAAJ | 4]

é(s1urof uado /195330 /pade[dsTp) JUSWONIDS [ENTIIIP JO DUIPIAY | $'47]

¢(saurof Suore ‘TewIoy) ‘[eIMIdNAS) FUINILID JO DU | €'

¢(uoneisaursip ‘Suryoed] ‘Surreds) uoneioalop Aruosew /23910U0)) | 71

¢(uoneoynens ‘GuruTels ‘GUIQUIODI-A3UOY) $1D9JIP 9I€JINS JO DUIPIAL | [

0e weansumo( | v'I-D

dSonssT ¥op0 AUV | 9°¢'|

Iress qand wieansumop o 3odered weonsdn 01 vopepesdop Auy | G'¢']

¢PBOJ $S900 01 UONEPEISIP AUV | $°¢°]

fuonedo[ Aue 1e s1ue[d /sserS /Spoom JO YimoIsd asnjord | ¢¢']

¢(surof Suore ‘TewIoy) [eIMIONAS) FUINIELID JO DU | Z°¢'T

¢(srurof uado /195330 /pade[dsIp) JUSWONIDS [ENTIFIP JO DUIPIAY | [°¢C'T

WeJO 1593 | ¢'1-D

gsansst oyIo AUy | L1

¢sdois 3a1em 10 /pUe sjurof 01 oSewrep JOUIO AUt JO DUIPIAY | 97T

¢(s300[q uoamiaq sjurol Ut Y1moI3) UONELIdSoA JO 90UISAI] | 7T

(f3010¢snIEg 190130 Sundsadsur

/ireg/300g/ | pazwmoymneaypjodue | VN [N | A
Ayo108ISTIESU())| JI ‘SUONEPUIWIWIOIIX

UORIpuo) puUe sUONEAIdSqO

wy uopdddsuy | "ON °S
Osuodsay

810¢ Arenue[ swe(] Jo uondadsu] £19Jeg J0J SaUIPpINL)



G1-d 93eq 0CA LO SA AND OSAD ©N 2o

é(s1urof uado /195330 /pade[dsIp) IUSWONIDS [ENTIIIP JO DUIPIAY | +°7°T

¢(suresp uopepunoj Jo0 snojod pad3o
‘A3o[Te3 3O SuIs30[ Jo3EM ‘sITEIS A30ddI[S) 9SRUTEIP 91enboprur JO swalqoid | €71

¢(uonemuaa 30 3unydy ‘sprerpuey aenbopeur) sansst A193es Auy | 77" ]

¢(wononnsqo) 13eys /£327e3 Supoadsur 30 Surssadde swarqoid Auy | 17T

uonIpuo) yeys/Aismen | '1-d

¢20) wep jo Lruia ur Juiroq 3o 2ouspiad Auy | 7 '

JWEP JO WEINSUMOP A[21eIPawl SULSSO] I91eM JO UORIPUODd Aysn(g | 1'1°]

gyonipuo) [erdudn | 1°1-g

(Ayuoseyy /91930u0))) d3eurei(g pue yeys /A1en | O

¢SONSST IOPO AUV | $°G'

cuonedo[ Aue 1e s1ue[d /sserS /Spoom JO YimoIsd asnjoid | €G]

GIUDWIANIIAS JO FUIIEId JO 2duasard Auy | 7'

d@uaunnge jJo Arumia ur s30ds 1om Jo ssurrds ‘syesy jJo souasard Auy | 16

$15'1U0) 1UdWNNqy | §°1-0

¢SoNSsT IR0 AUV | 61

¢90kJ WEINISUMOP UO UONEIO[ AUE 1€ 95e)e] JULIYIUSIS | g+

¢990t] Wea1sumop uo uonedo]| Aue Je mcﬂudwkrw\nwmwgwww QAISSIOXH | L'V'T

(&3010¢3snEg 190130 Sundsadsur

/ireg/300g/ | pazwmoymneaypjodue | VN [N | A
Ayo108ISTIESU())| JI ‘SUONEPUIWIWIOIIX

UORIpuo) pue suonearasqQ

w1 uondadsuy ‘ON 'S
Lsuodsoy

810¢ Arenue[ swe(] Jo uondadsu] £19Jeg J0J SaUIPpINL)



91-g 23eq 0CA LO SA AND OSAD ©N 2o

"SI[ES PIA[OSSIP F0J
s3urrds yons wosy sojdures Fo1em JO OpEW 2FE SSUMSI) [EDTWAYD JT UTEIFIOSY
*219 2U0Z JNeJ ‘Sa3Ap oy reou Aprenonred sjods oFedoos yons 303 1IN0 oo
08edoos smp Jo axmyeu [edrsAyd oyl 21eIs puE SUONEDO[ Y3 IEDIPUT ‘OS JT
¢o3oyM AUE BOFE WEIFISUMOP 93 UT paarasqo s3utrds yo1em oSedoos Aue oxy | 11771

“Aue J1 ‘s1[eS PIAJOSSIP JO 20In0s d[qeqoid oy
PUE 1[NS23 913 MNBIIPUT ‘0s JT ¢UoNSOduWOd [EI1WYD JOJ PIUTWEXD A[FB[N3o3
Suroq o8edoos oy woig ‘Aue Jr wsodop o pue jorem oSedoos o ST | OI'CL

"SUTUEDD 913 J9IJB PUE 9J0J9q 95FEDSIP 93edoos o3 UT PoAFISqO UONEIFLA JO
JU9IXO PUE SUIUEI[D UONS JO 9JBP ISB[ U 21eDIPUT JSUnIDf Fo1eMm JTe PUE [00)
Surwreas Y pauedd A[esrporrad sojoy snojod pue uonepunoj oyl € 23y | 67T

‘pasyoyd safoy jo
JoquINU 2eDIPUT ‘08 JT JSI[OY UTEIP 9 JO SUTYOYD O NP I S ¢SUONEPUNOJ
o ySnory 28edoss o UT BONONPIIT JAISSII30Id [enueIsqns Uaaq 9193 e | 87T

¢A3010BJSDES SIUDWDTULIFE DAOE I} Ty
¢SO PIOvO g
PUYV ¢SUTEIP UONEPUNO,] 7
¢sodid snorog T

-woiJ A[oreredos poinseows 28edoos o ST ¢AIo[[ES
oy 03Ut 93ed99s JO JUIWDINSEIW I} O] apew sjuowodueire sodord axy | 17T

*(s)uoneoo] apraoxd ‘saf JT durerp
snozod / 33eys /A39[[eS SUOTe UBONEIO] AUE 18 9Fe)LI] AISSIIXD JO IUBIPIUSIS | 9°7']

ayeys /32718 Suore uonedo] Aue 1e Suneams /o8edoos JA1SSIIXT | G7'T

(f3010¢snIEg 190130 Sundsadsur

/ireg/300g/ | pazwmoymneaypjodue | VN [N | A
Ayo108ISTIESU())| JI ‘SUONEPUIWIWIOIIX

UORIpuo) puUe sUONEAIdSqO

wy uopdddsuy | "ON °S
Osuodsay

810¢ Arenue[ swe(] Jo uondadsu] £19Jeg J0J SaUIPpINL)



L1- 98eq 0CA LO SA AND OSAD ©N 2o

oy uoym oSedoos oy pm oredwOd 11 SOOP MO JUOBIPUOD [N 9e[
ye wep ayp ur sadid snoxod oy wosy A3o[[eS ojur 9Fedoos [e101 I ST IBYM | b

ATRIdS pue Wed JON,JO (9193000 /ATuoselN) e Apod | v'1-d

gsonssy yotpo Auy | Z1°¢°T

¢ (918yD®a]) JO[OD [ENSNUN SABY JIBM IFBUTEIP 93 S90(T | [1°C'T

¢3e[n3o131 /d1peiods A[qeadnou uTesp 9yl UI MO[J 93 ST | O1°¢C'T

¢UOTDIS PAdNPaF SUIALY /PIYI0[q ST TTEIP 913 JO 9DUIPIAD IO AUY | €]

dpaUTEIUTEW PUE UEI[D [P dwms 93039 UY20U-A ST | §°¢C'T

dpauTeluTeWI PUE UEI[D oM dwns sT | £°¢']

@uowdmbo pajeosse pue dund Jo uonesorrlap Auy | 9°¢'[

¢uonerado wpoows Sunredwr Jo Sunuaasrd uononmnsqo Auy | G¢'p

¢dwnd Sunoadsur wojqoid Luy | $7¢°1

¢revonerado A[ngy vonels surdwnd Surraremap sy | ¢°¢'1

quresp Ut s31sodop J9U0 FO WNDEd JO 90U | 2°C'T

dMOT IO Qmﬂﬂ %zNSmSQS UreJp ol ur Moy od ST | 1°¢'1

uonrpuo) ureiq | ¢'1-d

¢sansstxoyo Auy | €171

uonedo] apraoid saf 31 squonrsodop o1eydes] Aue 939 ST | 2171

(f3010¢snIEg 190130 Sundsadsur

/ireg/300g/ | pazwmoymneaypjodue | VN [N | A
Ayo108ISTIESU())| JI ‘SUONEPUIWIWIOIIX

UORIpuo) puUe sUONEAIdSqO

wy uopdddsuy | "ON °S
Osuodsay

810¢ Arenue[ swe(] Jo uondadsu] £19Jeg J0J SaUIPpINL)



81-d 2%¢eq 0CA LO SA AND OSAD ©N 2o

oy woiy pue AI9[ES oyl uI sulesp snoiod oY) woIj 93ieydSIp o3edoads
Jo siuowoinsesw [edrporrad oy Jummoys syderd pue SIoSISr o Iy | 6L

*AOUDTOIFOP JO JUIIXD PUE IINJBU I3 2IBIIPUT
90U T JUORNIPUOD POoOS Ul wep oy Jo 2ovy weamnsdn vo Junutod oy ST | g4

"SUOMBAIISO JO S[IEIOP 3 2IELI[PUI
‘os 31 ¢8uruado o Jo 908y o3 JO A1PW0a3 Ul a5ueyd 1dNIqe JO SUONEIO]
JO 201 9} IYI[ $9SSFIS JO VONELNUIDUOD Jo syutod a1y yeau A[erdadso
90B] WEINSUMOP I} UO PIAFISqO JUIDIEId 30 Suroms Aue o103 ST | L4

(sSurpul 93 91EJIPUI PUE SUIYDEI[
pue o8edoos yons 10j sjutol WONONISUOD JO  POUVOW OU)  SUTWEXF )

JWEP 21 JO 228]
WEINISUMOP 9} UO SUONEdO[ Aut 1e 3uneoms 98edoos oATSSI0X 970) ST | 94

¢sonzodord 9AISOIFOD PUE 9ATIDEIT JOJ PIISI)
ApemSor Suroq Fo1eM JIOATOSOF pue Jolem 98edoos oy yo sojdures oy 23y | G

¢s10ds 11x0 9Gedoos oty yeou owiy yo vonisodop
pue 1o1em o8edoos oYy wWOIJ SUMYDED] O[EIOPISUOD UIIQ INP S | b

cwep
OU31 JO 90BJ WEIMSUMOP 9yl UO Suneoms jo 2duereadde oarssorord pue
sadid ydnoxyy oSeuresp jo uononpas [enpeid 10 AOUIPUD) B U22q I} SEH | €'

*2J0JOFOU} SUOSEI [qeqoid o3 91edIPUT
pue urelrodsy ¢o5edoss SIYI UI UORONPJ [eNUISqNS UJI] SBY 939Ul I | T

([oAs] 391EMm SUTPUOdsa110d 913 JO,]) JPI[ ISFY SBM JIOAFISIX

(£30100SnIEg 190130 Sundsadsur

/ireg/300g/ | pazwmoymneaypjodue | VN [N | A
Ayo108ISTIESU())| JI ‘SUONEPUIWIWIOIIX

UORIpuo) puUe sUONEAIdSqO

wy uopdddsuy | "ON °S
Osuodsay

810¢ Arenue[ swe(] Jo uondadsu] £19Jeg J0J SaUIPpINL)



61-d 93ed 0CA LO SA AND OSAD ©N 2o

oy pue wep oy JO Apoq o3 UYSNoIyl SUIILd] put 25edods JAISSIIX A
93rdn DATISSIOX Al

‘suonepunoy
30 qrem £Apoq o3 jo 1red Aue ur JuSWOMIAS FO [earoydn pue SUROEID) NI
SurpI[s [enpeis Jo Aouapuay, Il

uSISop
JO owm 9y 1€ TONIIFIP I[qIsstrad 03 109dSoT YIIM UOTIII[JOP IAISSIOXT I

-JO WI0J 9y1 Ul SUOREPUNO]
pue Aemyds wrep oy3 UT PIONIOU SSIFISIP [€INIONIS JO SUSIS AUE 239U 93y | [°9°]

suonepuUNo,J We(] Jo sUuoniog 10, PUe JON, 23 Jo douewnroyrdd rexnjonng 91

¢uayel /pasodoid ore sornseow [erpawor 3eYm ‘os JT ¢siuruarindde
JOUI0 PUE [[eA IPIAIP ‘S[[EM IPINSG 0 SUIUTWIIPUN JO SITBWEpP AUL 9I9) 9TV | G'G'|

¢uayel /pasodoid o3 soInseow [BIPIWDT Jeym
0s JT ¢V ¥O/PUe Feq 93 JO PIS WELINSTMOP UO JUINO0IS AUL 9303 ST | $°G']

dsunurod pasu Jeq FoM 91SEM JO 9DBJ WEINSUMOP put wearsdn oyl s20(] | €°S'T

JUONIPUOd poo3 ur Jeq Aem[pids o3 3040 urdod o3 ST | 76"

¢uonosadsur jo 21ep oy Uo
93eyeo] /o8edoog Jo Ainuenb oy ST 1Ry X\ POUTEIUIEW TUDWRINSEIW dFey e[
JO P30223 9} ST ¢98e eI oY) SUIZIWUIUTW JOF UaYel /pasodoid ore sornseowr
[eIPoWaF JeyM ‘OS J] JUONEPUNOJ oY) WOo3J O AFuosew oY) YySnoryl 23exed]
Aue 2303 ST ¢uoNIpUOd pood ur seq Aemyuds Aygosews /91930000 oYl ST | ['G'

PuUUey) [Te T, pUe Jeg IO\ 9ISEA\ S'1a

¢91IS 1B POUTEIUTEW S[QAD] OYB[ SNOLIBA B 908 WEdHISUMOP

(f3010¢snIEg 190130 Sundsadsur

/ireg/300g/ | pazwmoymneaypjodue | VN [N | A
Ayo108ISTIESU())| JI ‘SUONEPUIWIWIOIIX

UORIpuo) puUe sUONEAIdSqO

wy uopdddsuy | "ON °S
Osuodsay

810¢ Arenue[ swe(] Jo uondadsu] £19Jeg J0J SaUIPpINL)




0c-d 23ed 0CA LO SA AND OSAD ©N 2o

dsonsst ¥opo Auy | Z1°1°]

¢s1e[3 Aem[ids uo uoneoo[ Aut Je 93eyes[ JUBdIUSIS | [1°1'T

¢s108[3 Aemids uo uopedo[ Aue e Funeoms /98edods dAISSIIX | OT'T'T

¢sdoiszarem 10 /pue syurof 03 a8ewrep 19110 AUt JO DUIPIAY | 61T

4(syo0[q u2am12q s3uTOf UT (PMO0IT) UONEIIFIA JO DU | §°1°T

¢(uoneisaursip ‘Suryoed] ‘Surreds) voneioalop Aruosewr /23910000 | L'T°]

J(uoneoynens ‘Sururels ‘SUIqUIOILOUOY]) $109JOP 90LJINS JO DUIPIA | 9° ']

¢(syurof Suore ‘TewIoyl [eIMIONAS) FUINIELID JO DUISAIJ | S 1']

¢sautof uodo 30 3195330 ‘paode[dsIp JO 20UASAIJ | +°1°

¢@uowrodrojuras
pasodxo "39) s1P[3 UO JNODS JO UONEITABD ‘UOISEIQE JO DUIPIAH | ¢ T'T

dfemids o JO WeEoNSUMOP A[21BIPaWWT JO UT SUONONHSqo Auy | Z'1°]

d(remieo poSewrep ‘ssoode pajonnsqo) Aempds Sunoodsur swopqoxd Auy | 1171

Aemqds | 1T H

srmionng uopedissiq AS1ouy pue Aemds |

suonepunoj oyl JoO [em \A.TOQ
2431 Jo QOﬁHOQ Aue ur muQDQOQEOU 1O sTeralews JO mﬁﬁw—vﬂudog mSOSUMQWQOU 91

‘aonepunog

(£30100SnIEg 190130 Sundsadsur

/ireg/300g/ | pazwmoymneaypjodue | VN [N | A
Ayo108ISTIESU())| JI ‘SUONEPUIWIWIOIIX

JUonpuo) puUe sUONEAIdSqO

wy uopdddsuy | "ON °S
Osuodsay

810¢ Arenue[ swe(] Jo uondadsu] £19Jeg J0J SaUIPpINL)



12-4 23ed 0CA LO SA AND OSAD ©N 2o

30 Sureds Gupper ‘Gunnd  Jo SUOREJIPUI AUE 9JOUl 9y JUORIPUOD
poo3 ur (39yong J0) uorde pue uIseq SUIMRS U JO 9DBJINS 939IOUO0D 93 ST | €1°C'T

219
asnoy Jomod 9opno ‘Aem[pids ‘wep jo s1uouodwod SNOLIEA U3 O DUIIJIF
AIM UOTISOID [oNS JO UONEI0] PUE 1UIXD 93 91BDIPUT ‘OS JT [oUULBYD [rel 22
U UOISSOF30119F PUE UOISOF dAISSIF30Fd ST 9FOU) JT UTEIFOISE SOUUBYD [Ied UT
SYFEW 20U239JoF pue sue[d JNOIVOD PUE S[OAI] O3 JO UONBUTWIELXD ) WOK] | 2171

"(3oydnq

¥0) urseq SuIms JO UON22dsUr JO JUSAD ISE[ S} IEDIPUT PUE UTEIFIISE
9SO ¢SULIOIEMIP JOJ I[qE[IEAL SOANEUIIE I 9F€ Jeym 0U JT J193dnq
JO urseq Surms 93 Jo uonodadsur 103 A[Ises pauresp aq puod [re3 oyp ue) | 11°7°1

¢(soroy uresp uado o 93exdo[q) aFeuTeIp-TopuUn PIM swa[qord Auy | 01°2'T

¢sautol 01 93ewrep 3910 AUt JO DUIPIAY | 6T T

¢(s320[q U22m19q SIUIOf UT YAMOI3) UONEIIFIA JO 90U | 87’1

¢(uonerdaursip ‘Suryoea] ‘Surreds) vonerorraop Ayuosewr /21910000 | L7 T

¢(uoneoynens ‘Sururels ‘SUIqUIOIASUOL]) $109J9P 99¥JINS JO DUIPIAY | 97T

¢(surof Suore ‘TewIoy) ‘[eIMIONAS) FUINILID JO DU | SZ'T

¢sautof uado 10 3195330 ‘paose[dsIp Jo 20U | +°2°T

¢23m1oNn1s ToNedISSIP UO IN02S JO UONEBIIAED ‘UOISEIE JO 2DUIPIAY | €T

¢23m30n1s UonedISSIP JO WeINSUMOP A[PIEIPaWWI IO UT SUONINASAO AUV | Z'2'1

¢armonns vonedissip ASrous Sunoadsur sworqord Auy | 171

SIMONIIG UONedISSI(] ASPuy | T'I-d

(£30100SnIEg 190130 Sundsadsur

/ireg/300g/ | pazwmoymneaypjodue | VN [N | A
Ayo108ISTIESU())| JI ‘SUONEPUIWIWIOIIX

UORIpuo) puUe sUONEAIdSqO

wy uopdddsuy | "ON °S
Osuodsay

810¢ Arenue[ swe(] Jo uondadsu] £19Jeg J0J SaUIPpINL)



ze-d 2%ed 0CA LO SA AND OSAD ©N 2o

¢(sso00e
9JBSUN /Pa31dNniIsqo) 23NIdNIS 1[N0 /oxerur Supdadsur swarqoid Luy | 17T

SINIONIIS 9OUEBASATO)) J9IeA\ | T T-d

dSonssT ¥op0 AUV | 9°1°]

SUONEIONINIP AIUOSELW /939I0U0D JO /PUE $109JP 2IBJINS JO IDUIPIAD AUY | G' 1]

¢(Buppoerd ‘syutol uado /195330 /pade[dsIp) SSOMSIP [EFNIONTIS JO 2DUIPIAD AUY | $°1°]

¢9INIONIIS I9[INO /33BIVT UO INOIS JO UORPEBIAED ‘VOISEIQE JO DUIPIAH | ¢'1°]

£9INIdNIIS I9PNO /IYEIVT JO WELIIISUMOP JO weansdn ‘ur suoponnsqo Auy | 7'1°1

d(sso00e
9JESUN /Pa1dNAISqO) 2FNIDNTS 19PNO /axeruT Sundadsur swarqord Auy | 1°1°]

ImdNNS IPPNQ/33e] | I'T-A

9IMIONIIG IDUBAIAUOD) IEA\ PUE 1IdINQ /35eIu] |

ésansst Yo Auy | G171

J[[oA SUTUONOUNY Pue JEI[D s9[oY uresp uado a3
e 27y ¢£r010eysmes (39yonq JO) UISeq SUIDS Y JO 2TeUTEIp IOpUN 9 ST | 1T’ T

*08eWEp JO 1UIIXD PUE OIMIBU JO S[IEIDP 23
9413 osea[d ‘os JT J[[Is PU° 9y pue Jutod JUISUE] JOMO[ O3 JedU IDBJINS 9
‘Y3991 I2[[OF PINIO[S PUE SIYDO[q 2INYD ¢ SY20[q UONILIJ 1 A[[erdadss (91070U00
jo Sumiid) oSewep UONEIIABD pPUE UOISEIqe JO UONEDIIPUl AUt 9JoU3 ST | €1°C'T

"o8eWEp O3 JO JUAIXD PUE JIMBU
93 JO S[re3ap 2418 asea[d ‘0s JT ¢91930U0D SUIPPaq JO 298JINS O JO FUFLIM

(f3010¢snIEg 190130 Sundsadsur

/ireg/300g/ | pazwmoymneaypjodue | VN [N | A
Ayo108ISTIESU())| JI ‘SUONEPUIWIWIOIIX

UORIpuo) puUe sUONEAIdSqO

wy uopdddsuy | "ON °S
Osuodsay

810¢ Arenue[ swe(] Jo uondadsu] £19Jeg J0J SaUIPpINL)



¢c-d 2%eq 0CA LO SA AND OSAD ©N 2o

PUE SODUDSDIOP JO S$109J9P JO 93MBU oYl 91¥IS JOU J] (¢SIUdP PuUE
Surddiyo ‘Gunoerd ‘Feom USAIUN ‘VOISOIFOD WO 99JJ PUE UOXIPUOD PuNos
ur sSo[-dois pue s91e3 AouoSrowd ‘so1e8 Aemynds Jo sired popaquuo oy Iy | LT°]

dP2IBDTIqN] [[2A SID[[OF o) 2FY/
dhrumroyrun sore[d yoen oy yonoy (opqesrdde roaoroym) SII[OF oY O | 91T

§o2BJINS SUIELIS
oy1 Suofe [e A[wIrojrun SUTYONOl WO0N0q PUE IPIS JO STEas FqqnF o) Iy | S'T'T

¢9BeWEp puUE SULIEd) JO SURYDEID ‘SUIUIPIEY ‘GULIOYIBIM JO SUSIS MOUS
STe9s FoqqnI 913 JO AUE O(J ¢S[BIS F2qqNF JO UORTPUOD [eIdUd3 ou3 STIBYM | +°1°T

'§139J9P JO S[1e19p 9243l 21edIput
‘os I mﬁuomdaw.@ J0 PauoasOO] s[eas roqqni JO s3JOq Uond2uuod Aue Y | € T'T

¢P23eIONa3op
HGM.NQ 20ejIns 9Ul puE 20tJjIns [9931S 9y} JO UONIPUOD 29Ul ST | T°1°T

¢(ss220¢ oFesun /paronmnsqo) sdol-doig /a3 Funosadsur swarqord Auy | 111

(s91e3 opewoiny ‘sared 11 [eONIDA ‘sared [erpey) saren) Aemyudg | 1'7-O

dummg pue jusuoduro) esTueys9N-0IpALH | [-D

¢SONSST IO AUy | L7

¢9INIONIIS DUBAIATOD JOJeM WOITJ 9Fexed] JO 98edoas Jo 2ouapIad AUy | 9°7°]

<UO0NEIONI]OP [eLralelu MO\.TGN $329J9pP 92eJINS JO 90UIPIAI \AG< <1

¢(Buppoerd ‘syutol wado /195330 /Pade[dsIp) SSOMSIP [EFNIONTIS JO 2DUIPIAD AUY | 7'

¢2J1n3101Ni1S UO JNoJS 1O YONEIIALD ngoﬂwdun—.& JO DUopIAY | ¢€°C' T

¢2JMmdNNs
2DUBAIATOD Fyem JO Weasumop 1o Q\Swwuumnwg AQH suononnsqo %Q/& 1

(f3010¢snIEg 190130 Sundsadsur

/ireg/300g/ | pazwmoymneaypjodue | VN [N | A
Ayo108ISTIESU())| JI ‘SUONEPUIWIWIOIIX

UORIpuo) puUe sUONEAIdSqO

wy uopdddsuy | "ON °S
Osuodsay

810¢ Arenue[ swe(] Jo uondadsu] £19Jeg J0J SaUIPpINL)



-4 93ed 0CA LO SA AND OSAD ©N 2o

Jsuoperado poows Sunredwr 1o Sunuaasrd suononnsqo Auy | GT°1°T

(¢speas ‘s3j0q BUROAUUOD)
juowdmbo jo ¢Sumoesd Jo ¢Sumid GBureds JUOISOIFOD ‘VONEIONIIP AUV | $1°1']

4(soALo[ 91ES pue
weaq Supjr ‘sSo] dois LouoSrowo) juowrdmbo Jo oSero1s Y sonsst Auy | €T 1T

¢IHS 943
e paureluTews Juswade[dox Juonboxy pasu oYM soreds JO D03 IUIPEINS ST | 21711

"s[re3op 2418 2sea[d ‘os JT ausuodwod semonsed Aue 01 oSewep FuINdII JO¥
£ouopual Aue 9593 ST "S[1eIoP 2AIS 2seI[d ‘OS J dFBOM DATSSIOXD 01 paidalqns
S[E9S JO SIOUISE] put s1USUOdWODd [BIMIONIS JO [EdUBYIIW U3 JO AUt 23y | [1'T'

‘pPaonou oFeweEp JO 2INIBU
U 91ED1pUT ‘OS JT ¢sared [B9s oy 01 pasned Feom JO oFewep Aue 2193 ST | OT'T']

¢pareorrqn] A[rodoxd so1e3 [erpes Jo sSumreaq UorUuUNI 9 ATV | ¢ 11

oymonms 98pug  (0T)

sodoz ormm /sureyD)  (6)

3oxorIq UOTUUNI],  (8)

syoexy, ()

souerd Anueo)  (9)

sweaq sunyry  (S)

s§oydoag  (v)

JOPHI3 YO X / sIOPIS uoruunil, (g
swire puyg (2)

STOUDJJNS PUE Jeo[ e (1)

:sgurpury oy3 23edrpur pue s1uop pue Jurddiyo
‘GUOLID ‘GUITEDQ UDAJUN ‘JEOM UDAIUN ‘SUOHNDIUUOD PIIJAIF PUE PII[O]
‘POP[eA PUE SIOQUIDW [[B JO S$SIUPUNOS [EFNIONAS JOJ SUIMO[[O] o3 29yD) | §' 1T

*$100JOP UONS SUIPFESF ‘AUE JT ‘UONETATIS(O

(f3010¢snIEg 190130 Sundsadsur

/ireg/300g/ | pazwmoymneaypjodue | VN [N | A
Ayo108ISTIESU())| JI ‘SUONEPUIWIWIOIIX

JUonpuo) puUe sUONEAIdSqO

wy uopdddsuy | "ON °S
Osuodsay

810¢ Arenue[ swe(] Jo uondadsu] £19Jeg J0J SaUIPpINL)



Gz-d 93ed 0CA LO SA AND OSAD ©N 2o

dA[1I7010€ISTIES SURIOM SISTOY 2P 9TV | 1'Z'1

SWISTURDOJA] SUNEIad() pUe sauer)) ‘SIsloy | Z'I-9

¢sansst Y30 AUV | 971 ]

dpouaysn Aredoird soSeroyoue pue s1joq SURIOUUOD JO SINU AU [[B 9FY | GZ'1']

“Aue J1 “SIUDAD YONS JO 2OUIINDI0 JOJ
armbus ases[ "AJ10ods pue sures o) J0J sasNEd OYI UTLIFIDSE ‘0s JT ihem[ids
o JO Supjrom [emde Jupmp paSrowqns 193 031 A9y SUOUUNR 9Y) IV | $T°1°T

SPOUTEITTEW [[oM $193DEIq 9} PUE qNY TOTUTNR 93 9TV | ¢T'T°T

‘syrun Teuonesrado [[e 30J 3,UOp, put Sop, YA suoponnsur sunerad( (7)
'$91Ep QUOp PpUE onp,

pue fouonbory s ‘vonerodo yoeo Juikjroods sompoyds odouruAUIE] (1)

gsirun

oY1 ¢ JO UONEIO0] 2ANJ2dSOT 9YI 1B PAUTLIVTEW SIUDWNIOP SUIMO[[OF 9 23y | 72 1'T

¢santqrsuodsar pue syuawormbar qol o3 IIM JUEBSIOATOD
pue pauren ANy ‘paousrodxd [[oA ‘SUONE[[EISUL [ED1I09[0 put siuowdmbo
‘s3s107 ‘s91¥3 Jo uonerodo PuUE 2DULUIUTEW JOJ 231s 913 1€ paisod JJess oy sT | 1Z°1°T

dS9A00I3 91930U0D 01 dFewep AUV | 0’ 1'T

d9INIONIIS $SIIDE JOUTFIILM 2A0qeE sired poppaquuo 01 d3ewep Auy | ¢1°1'1

@019 JUONEDLIqN] ¢SWIFE 91EF ¢surd UoTuNI) 91BL) [BIpeY O3 Sadewep Auy | Q1'1'1

¢S9A00I3 91¥3 913 UT 0319 ‘SHqQop AUV | L1°T'T

¢(uoneoyuqny
oenbopeur  ‘syoer  Suryonol 1ou) sidox oy . swojqoxd Luy | 9111

(f3010¢snIEg 190130 Sundsadsur

/ireg/300g/ | pazwmoymneaypjodue | VN [N | A
Ayo108ISTIESU())| JI ‘SUONEPUIWIWIOIIX

UORIpuo) puUe sUONEAIdSqO

wy uopdddsuy | "ON °S
Osuodsay

810¢ Arenue[ swe(] Jo uondadsu] £19Jeg J0J SaUIPpINL)



9z-d 23ed

0CA L0 SA ANO OSAD ©N 2o

d9Jes pue punos A[ernidonns a3prrq oy Jo wiyopre[d pazonboyp oya sT | Z'¢'|
¢punos A[ernionsis syemied pue d3pLiq [9Ad] UOTUUNT) O3PIIq
1s10Y “08priq Aemyids jo siroddns [ernonms pue sopIs ‘SUINDIP o 23V | 1°C']
SH[eaen RopHHI[PA [ UOIUUNLY oo PHHNISIOH T 3SPRHARM[IdS €rO
gsonssy yotpo Auy | 212’1
¢ (odourumUTEW
Supnp ugrs | FoSuep,, JO e[ 'S'9) sUFUO0D A19JeS puT I AUV | [1°7']
cuonerodo wpoows Sunreduwr 3o Sunuoasrd suononmsqo Auy | 0121
¢s3red SutAOw FOYI0O PUE SI[QED IIIM O} IFEWEP JO FeaM AUV | 6T ]
(¢frOoM
jured “ooeyIns ‘sppom ‘sijoq Sunoouuod) Juowdmbo Jo uoneromaep Auy | 871
Sur{rom 3s101] JO WasAs vonerodo puey 2eUIN[E P ST | LT T
¢Arodord Sunprom vonerado 213 105 woIsAs 1omod dANEUIAN[E OYI ST | 9°7°]
JUONTPUOD PUNOS UT SULIIAM [EJIFII[2 91 ST | G'Z' [
¢SPUEIIS UIYOIq WOIJ 99IF PUE
UONIPUOD PUNOS UT ISTOY 13 JO 2dOF 931 JO SUTEYD U3 JO WPSUI] [[NJ 93 ST | $°C°T
¢IHs Y3
e paurejurews Juawode[dar Juonbaiy posu yorym sareds JO Y201s JUIDYINS ST | €°7°]
cwstueydow uperado /ouerd /istoy Sundadsur sworqord Auy | 77T
(f3010¢snIEg 190130 Sundsadsur
/3reg/100g/ | pozpoyme oy jo Aue | VN IN | A L
Ayo108ISTIESU())| JI ‘SUONEPUIWIWIOIIX ssuodss w311 vopoadsuy NS
LUOnIpu0) puUe suoneArdsqQ ° ul
810¢ Arenue[ swe(] Jo uondadsu] £19Jeg J0J SaUIPpINL)




LT-4 8eq 0CA LO SA AND OSAD ©N 2o

"SOTOUDIDIJOP JO 9FNIBU 93 9JBIIPUT JOU JT dAF010€ISnES so[oy doom
oy woij (opqeordde yoadroym) s[em oyl JO SOPIS Ydoeq JO 23eUTeIp 93 ST | T°S']

¢saredox
PUE 20UBUIUTEW ‘TOTO2dSUT JOF O[ISSIIIE [[eA YONS JO SUOREIO] O [[¢ 9TV | 'S’

(srqeordde
10U ST JIAIYDIYM 11O IYMIS) 019 s[rem Aexdg /s[rem uanidy /s[rem uonodun(/s[rem SpIAL(] /S[[eM IPINo S[TeA\ S'1-O

dSonssT FoR0 AUV | 41

@uowdmbo paled0SsE pue JA[EA JO UODEIOLNDP AUV | ¢4

¢uoperado poows Funredwr Jo Sunuaadrd suononnsqo Auy | 74|

gaATeA Sunoadsur swopqoid Auy | 141

SOATEA | V'I-OD

410%1UT PUE PUNOS A[[eINIONIIS SOULID ANUES JOJ S[IEF O8N 9P 7Y | 6'C' ]

as¥ard op 01 pazoypus AFodoxd Aemyem oya sT | §°¢'|

Jparuted pue ojes ‘punos saSpriq o3 3940 Jurpres Jo 1odered oy sT | /¢

¢A301083snes syuted PUE JFOM [991S JO 90€JINS I ST | 9°C’

@se[ parured syuouodwod [991S 93 a1oM USYA\ | S°¢°T

dUOISOJIOD WOJJ 993 PUE PUNOS SIUIO[ PUE SIOqUIDW [BINIdNHS U1 23 | $°¢C°]

¢SOSPIIq PUE SOIMIONAIS [OFIVOD
oy ojur Anus pazpoyineun 1u2A3d 01 JuswaSuLIFe A30108JSNES 9JOU) ST | €°¢C'T

(f3010¢snIEg 190130 Sundsadsur

/ireg/300g/ | pazwmoymneaypjodue | VN [N | A
Ayo108ISTIESU())| JI ‘SUONEPUIWIWIOIIX

UORIpuo) puUe sUONEAIdSqO

wy uopdddsuy | "ON °S
Osuodsay

810¢ Arenue[ swe(] Jo uondadsu] £19Jeg J0J SaUIPpINL)



8z-d 23ed

0CA L0 SA ANO OSAD ©N 2o

UOISOJ9 9AISSIOX9 puUE SINoO dooms se yons ‘Aue JT nQOﬁNEUw@O JUIIIOpP
pue soAmd mﬁﬂ-ﬁu Flem [rel paAtasqo WO} OUCNEMOMHDQ 9yl UIel1908y/

(orqeordde yoaa3oyMm) dsorpas
[PPOW JO SIMS2F 2U) [PIM JUSWISe ul 2ourwirojrod ornespAy oy S|

¢[I's pua pue voxde ‘SYd0[q d3Feq $I93dN( JO IILJINS ) O
J8ewep UOISEIqE PUE SUIUANYD SIT 9SNED PUE 193N 93 OIUT [BIFIBW MEIP

01 £ouspu9) & dary (3oxdoNq F0) UISEq SUIIS Y3 U SUORIPUOD MO[F oY1 O(T | ['L'T
SIToWosUeITy UONEAISSI(] AGIOU] JO J0UBUION™g OINEIPAL LT
*o8ewep Yons JO JUIXD PUE TOMEIO] JO S[IBIDP IAIS ‘08
JT ¢FPM UONS JO WEIRNSUMOP 2IEIPIWWT U UO PIDNOU FNOJS AUE 239D ST | €°9°]
S[Te19P 9AIS ‘OS JT
¢ooyINS
A3uosew J0 21950000 o} jo Sureds jo Funid ‘vorsoro Aue 2393 ST | O]
dI[qISSBIIST | 19T
P PUH 91O
"o3ewep o JO S[IEIDP 2AIS ‘0S JT ¢spung opms 03 oFewep Aue 239U3 ST | L°G'|
“Po21IOU $109J9P U} JO S[IEIOP JALS ‘OS J[ (SUR[H PUE SHIEID JO
siuowdo[oasp QuowopIas [ensnun jo swoldwAis Moys s[em oy} Jo Aue Oo(J | 9°G'
s[rea yons jo £poq 10 998J 01 ‘pasned dSewWEp /UOSOID 928Jins AUt 939U ST | G°G']
-o3ewep yons JO JUIIXD PUE DINJBU JO S[IEIIP U3 DALS ‘OS J[ ¢S[[EM
yons Jo AIUIDIA OY) UI PIdHOU JNOIS JO UOISOID UOHEPUNOJ Aut 219Ul ST | $°S°|
¢S[[BA 91 JO SPUD U3 INDFIPUN O FIIEM U3 JOJ AdUdpual AUe 939U ST | €°G'[
(f3010¢snIEg 190130 Sundsadsur
/3reg/100g/ | pozpoyme oy jo Aue | VN IN | A L
Ayo108ISTIESU())| JI ‘SUONEPUIWIWIOIIX ssuodss w311 vopoadsuy NS
UORIpuo) puUe suoneArdsqQ ? ul

810¢ Arenue[

swe(] Jo uonosadsu] £19Jeg JOJ SOUTPPIND)




6C-d 23ed 0CA LO SA AND OSAD ©N 2o

¢A1ddns zomod Aqpuess /dn-3oeq jo vorsiaoid syenbopeur 30 SutssTAl | 9°6'T

¢uonerado poows Funredwr 10 Sunuaasrd suononnsqo Auy | §'¢T

¢s1red SUTAOW JOYIO PUE SI[QED I 01 9FLWEP JO Jeam AUV | $°6']

(¢yrom juted “ooeFIns ‘spom ‘s3joq SUTDOUUOD “WSTULYIIW
Sunerodo ‘sormonns ANues ‘sLo[jor [9oym) Juswdmba jo uoneromaep Auy | €61

¢(uowooe[dox
yenSox Suprmbox Aremonied) sired oxeds orenbopeur 3o SutssTIA | 2761

gouTydew SUTUEI]D YoBr ysen Sunodadsur sworqord Auy | 16T

SSUIYDREIA SUIUed[) Soey YserL, | 6'IT-9

¢sansst 1opo AUy | £°Q'T

¢(sope[q paSewep pue ‘VOISOIIOD ISTT) OB USEI) JO UONELIOHNIP AUy | 9'8°]

Z3uruead arenbopeur 30 /pue SIIQIP JAISSIIXD JO SWIQOIJ | G'8'[

aoex ysen Sundadsur swoqoid Auy | 81

JUREIY PUNOS UT 2By YSeI], UO YIOM SUIP[M 93 ST | €'Q°T

JNDOUL \Aﬂ 10 Tenuewi 11 ST mmqad®~u Joopowr oy st1eyAX\ | 7°]°1

¢9[qeAOW JO PIXIJ YOvJ YSer) oY ST | 1'Q']

SPP USUIL | 8'1-D

“UOISSII30FI9F PUE SII[[OF ATepuodas Jo suonedo] pue sjood a8un(d sopun

(£30100SnIEg 190130 Sundsadsur

/ireg/300g/ | pazwmoymneaypjodue | VN [N | A
Ayo108ISTIESU())| JI ‘SUONEPUIWIWIOIIX

UORIpuo) puUe sUONEAIdSqO

wy uopdddsuy | "ON °S
Osuodsay

810¢ Arenue[ swe(] Jo uondadsu] £19Jeg J0J SaUIPpINL)



0¢-d 23ed

0CA L0 SA ANO OSAD ©N 2o

¢oyes pue punos 23prq yoeordde pue

wrojreld Sunerodo ‘Jomol [onwod oy 30A0 Furres 3o 1odered oy ST | LTT°]
cAzo1003sTes JuTEd PUE JTOM [993S JO 20BJINS O ST | 9' 11T
dase] parured syuouodwiod [993s 9 oM UIYA | S 11°T
JUOTSOII0D WOJJ 993 PUE PUNOS SIUIO[ PUE  SIOQUIDW [BJNIDNKS O} 23V | ' 1[°]
¢39PNO O3 JO SITMIONFIS [OFIUOD
oy} 03UT ANUD pazEoyineun 1u2A23d 01 JuowaSuLIFe A70108FSTIES 93D ST | €' 11°T
¢oyes pue punos Aernonns wroyie[d Sunerodo oyl Jo IO O ST | TIT°T
Jdpunos A[Ternionmns
23puiq yorosdde jo syxoddns Jenionns pue s¥opHS SuppPap o ATy | T'T1°T
:{(SI9pno J0)) UIqed pue wope[d uvoperado 90 pIJq yoeorddy | [T'T-D
gsansst 1opo Auy | +°01°T
auawdmba pajeosse pue dund jo uoneroralop Auy | €011
¢uoperado poows Sunredwr Jo Sunuaasrd suononnsqo Auy | Z°01°T
¢dumnd Sunoodsur swojqord Auy | 1°01°T
sdumnd or'r-o
¢sansst 7opo Auy | §°6°'1
¢ (odourumUTEW
Supmp udrs | Jo8uep,, JO Y2¥[ '3°9) SUIIOUOD A19Fes pue ey AUy | L°G[
(f3010¢snIEg 190130 Sundsadsur
/3reg/100g/ | pozpoyme oy jo Aue | VN IN | A L
Ayo108ISTIESU())| JI ‘SUONEPUIWIWIOIIX ssuodss w311 vopoadsuy NS
Juonpuo) puUe suoneArdsqQ ? ul
810¢ Arenue[ swe(] Jo uondadsu] £19Jeg J0J SaUIPpINL)




1¢-4 23ed 0CA LO SA AND OSAD ©N 2o

JO PIISISUT 9q P[NOUS FLJA] 2ADJUNSI(T,, & 91¥3 Jo uonisod paso[d 1oije

£[qm303 parerado Suraq 3stoy 213 19pno Jo Arqrssod o Isurede prend o7, (I
uaye) 9q

01 Sposu Os[e 2inssaxd Jojem JO UONIPUOD Padue[eq F9pun 21e3 AOUa3Iowd

o1 Jo uvoperado o3 FOJ el 9YJ, "SUONIPUOD ISIYI FIPUN SUISO[I-J[S

303 91€3 AouaSrowo jo Ayrqedes oy 3531 03 vonisod uado Aenyed ur 91€3

9DIATOS M UDYEl 9 [[eys 21€3 AouaSrowo o3 Joj [ern sunerado oyl ()

-910N]

"SOATEA 221G (V)
*(s)21e3 So[-doig  (g)
*(s)o1e3 LouoSrowrg (2)
*(s)21e3 901839G  (T)
"AU® JT ‘pOOTIOU S109JOpP PUE SUOREAFISCO
o3 prodox pue popraoid se Sumoroy oy jo spem uopeiodo oyel, (e)

dA30108]SDES
Superodo (popraosd  10A030UM) JATEA-UT-SUT[[ /9ATeA ssed-04q o3 ST | G'ZT°T

¢s10[s
21E3 PUE [[eA ISEII 919IOVOD IMPUOD dY) 01 pIadpou dFewep Aue 250 ST | 211

"JU9IXO PUB UONEIO[ SIT JO S[TBIOP 9ALS ‘OS JT JAFUOSEW JO 919JOV0D
1mpuod o pue 3odoid [ oy YySnoryy paazasqo oFexed] Aue 23oU1 ST | ¢Z1°T

J[[oA 9YeIUT O3 01 SITBWEP [eIMIDNAS AU 9JOYI 93V | 2°Z1°]

¢pauesd Afearporrod Juoa e od ST | 1711

PpnO | 2I'T-O

(£30100SnIEg 190130 Sundsadsur

/ireg/300g/ | pazwmoymneaypjodue | VN [N | A
Ayo108ISTIESU())| JI ‘SUONEPUIWIWIOIIX

UORIpuo) puUe sUONEAIdSqO

wy uopdddsuy | "ON °S
Osuodsay

810¢ Arenue[ swe(] Jo uondadsu] £19Jeg J0J SaUIPpINL)



Z¢-d 93ed

0CA L0 SA ANO OSAD ©N 2o

¢sare[d oB1 oY YyONOo1 SIOOF O3 & O(T | S'C€T°T
dATuroyTun
2oeJIns 3Urreaq 911 SUIYONO) WO0II0q PUE SIOPIS JO S[BIS FoqqnI o3 7Y | $'¢1°]
¢sauowaoe[dox
PooU puUE 2FBWEP PUE SULIDUIEIM JO SUSIS MOYS S[BIS JoqqNI 9P O(J | €°€1°T
dpagewrep J0 pouaysdn Arodoxd sfeas 3oqqny Jo s1[0q SURIPUU0D 9P XY | Z°CT°]
¢paresorralop Jured o puE $ES JO 90eJIMS AR ST | [°CT°T
SO BP0 | CI'TD
¢8urdid pue uorsosa (swep ypIes Jo
9S€D U]) 9SNEd 03 A[IYI[ IT SI “OS J] JSUONIPUOD WEINSUMOP I} JO SUONEAFISAO
O} WO POUTEIIDSE SE IMPUOD U1 punoje padnou o3edoss Aue orop ST | ¢Z1°1
*$199JOp AU} JO JUIIXD PUE FBU JO
S[reIop 2418 90U JT ¢Jooxd Yeo] A[qeuoseas pue punos AJernonis JINpuod oy ST | 8711
"93BWEp JO JUIIXD PUE SFMILU JO S[IEIIP
9AIS ‘0s JT ¢ormonms uonedissip AS1ous oy 01 oFewep [exmonmas Aue IO S|
$S9BxeysIp
o [& FOJ A[roloejspes Supgom Juowaduesre uopedissip ASrous oy ST | LT
dAITFOADS JIOU) UTEIFOISE O] UML) SUONEBATISO [ed1porrad Aue a3 ‘0s JT
down Aue
e $21ES 19] -InO Jo uoneiodo Ul PIdNOU JSIOU PUE SUONEIQIA 29I 9y | 9°Z1']
*SOUDIIMS JTWI] 93 JO SUTUORIUNJ U3 JIIYD
(f3010¢snIEg 190130 Sundsadsur
/3reg/100g/ | pozpoyme oy jo Aue | VN IN | A L
Ayo108ISTIESU())| JI ‘SUONEPUIWIWIOIIX ssuodss w311 vopoadsuy NS
LUOnIpu0) pUE SUONEAIISqQ ° ul

810¢ Arenue[

swe(] Jo uonosadsu] £19Jeg JOJ SOUTPPIND)




¢¢-g 2%eq 0CA LO SA AND OSAD ©N 2o

¢911s 91 1%
pouteruTews Quotuode[dor Juonboiy poou Yorym ‘soxeds JO Y201s JUIOPINS ST | 9T°CT'T

*s[re3ap 2413 aseo[d ‘os J1 ¢s1uouodwod
30 Juouodwod yemonied Aue 01 oSewep SUIINMIIF JOJ AoUSPU) AU 3o ST | GT°CI'T

*S[Ie19p 9AIS 95a[d ‘OS JT JFBIM DAISSIIXD

JO SUSIS MOYS ISIOY JO SIOUISEJ 91€3 o) JO sired [BINIONIIS JO [BITULYDIIW
o3 Jo Aue o( ‘swo[qoxd JO JUIXS PUE JINIBU ) UTEITIISE 10U JT
"UONIPUOD Pa[[2Ad] UT put opio Surjrom 3odoxd ur sweaq Sunji oyp [ 23y | +1°¢1°1

¢pauaysn Arodord syoyoue pue 1[0q FUNDOIVUOD JO SINU I [[BFY | CT°CL' ]

JSPUBMS U9YOIq AUt WOIJ 99JJ PUL UORIPUOD I[BIDTAIIS
ur 3stoy o3 jo (o[qeordde roadroym) odox o Jo SUD[ [Ny o3 ST | Z1°CT'T

JUONTPUOD PUNOS UT s1Bas /sareld [eds oyt o3y | [1°¢CT']

JUONTPUOD AJ010EJSTIES
ur s8o[ dois oy pue soAL9] 913 AOUISIOWD JOJ JUSWISUEITE SULI0IS 9 ST | OT°CT'T

dP91EdTIqN] [[94 SWSTUBYDIW ISTOY PUE S¥BIS O [[B 9FY | 6°CT°]

dqpoows put aenbope SWSIUEYdIwW
1STOU] PUE $91¥3 91 JO SUMIMO] put SUnJI Jo suonerodo [en1de o] oFy

Jypoows s91e3 1opno jo uonerado oy s | §°¢CT°]

@y3rens A[309330d $91€3 o3 BuUnNJI JOJ SPOI WIS OYI IV | L'CL'T

dparedtaqny [[PM SISM[OF Y3 21y | 9°¢CT']

(f3010¢snIEg 190130 Sundsadsur

/ireg/300g/ | pazwmoymneaypjodue | VN [N | A
Ayo108ISTIESU())| JI ‘SUONEPUIWIWIOIIX

JUonpuo) puUe sUONEAIdSqO

wy uopdddsuy | "ON °S
Osuodsay

810¢ Arenue[ swe(] Jo uondadsu] £19Jeg J0J SaUIPpINL)



y¢-d 93ed 0CA LO SA AND OSAD ©N 2o

¢(Surouoy pue s21e3 Surpnpur) 2318 Wep Jo Aumdas Supmsud swoqord Auy | 1777

uontpuo) [elousy | I'I-H

peoy ss99oV | I-H

*28ewep jo
JUDIXD PUE DINITU JO S[IEIOP IAIS ‘OS JT ([QUUEYD WEINSUMOP Y3 UT PIOHOU
UOTS$2130719F AUt 239() ST "98EWIEP JO JUIIXD PUE 2INIBU 21EDIPUT 10U JT

¢A3010€)snes JUdWoSUEIFe UonedIssIp 310U JO UORIPUOD 93 ST | 8+ '

dIMPUOD 93 JO DUISIDAUOD
weonsumop pue weonsdn oy 01 oFewep Aue ¥y ST | LI

¢90BJINS IMPUOD Y3 YSNOIY) 95e3ed] J0 95edoas Aue 21013 ST | 941

‘Aue
J1 ‘5913 o ySnoryy o3eyed[ oup Jo Anuenb syewrxordde oy o1ed1pUT 9SBI[J | ST

@019 ‘Sunrsap 303 pauado 1se] $91ES o1 2FoM UIUN\ | 1T

4oorm[s o3 Jo wearnsdn oy UO SUN[IS DAISSIIXD 9FOUI ST | CH'[

JdUOOSUOW 9J0Joq pPoued[d (popraoid JoAdIOUM) SYOBF [SeR O3 9%V | g¥1'1

"PO21OU $109J9P U3 2IBIIPUT 10U JT J[ern Sunerodo Sunyer £q pourelsodse
se £zo10egsnes (Sol-doig /LouaSrowry /901430G) 91E3 oy Jo uonesado oyl ST

¢£30108FSTIES SIDIN[S JOATF /SYFOM JO[INO IDALF JO TONPIPUOD [EIIA0 O3 ST | ['H1°T

90M[§ AR /I9PNQ JANY | $I'T-O

(£30100SnIEg 190130 Sundsadsur

/ireg/300g/ | pazwmoymneaypjodue | VN [N | A
Ayo108ISTIESU())| JI ‘SUONEPUIWIWIOIIX

UORIpuo) puUe sUONEAIdSqO

wy uopdddsuy | "ON °S
Osuodsay

810¢ Arenue[ swe(] Jo uondadsu] £19Jeg J0J SaUIPpINL)



G¢-g 93eq 0CA LO SA AND OSAD ©N 2o

¢sansst oo Auy | 21 T°T

4 (SuryoeId ‘sopraed ‘sajopod ‘siny) 90€JINS PLOF O UONEPLISIP 90 AUy | [1°1°']

¢(peox 01 3uooE(pe J0 UO Fo1EM SUurpuels) swoaqoid aSeureIp Auy | O1°1'T

¢PBOF $59208 JO AITUIDIA UT JO UO SSBIS /SPaam JO TIMOI3 9snjoid | ¢ 11

¢(sadors 1uaoefpe 30 JuswUEqUIS prol) sansst Aqels odoys Auy | 17T

d(wrn
-3uo] 30 Arexodwol) peOF $S900E 01 DULHUD I8 JO SUOTE suondnnsqo Auy | ' 1'1

asaredox JuaSrown J03 Ayouryoew jued Jo oFessed
Suimore J03 oFes A[oienbope SpeOI $S900E OU} UO SIIMWONMS IO} [[¢ IV | 9'1']

dSPBOI $5900%
SNOIEA UO $9JNIONIS AJUOSBW O3 [[& JO UONIPUOD [eFOUd3 o3 ST Jeyp\ | S 1']

"SWEP S[PPES [V "SWI] PUE SIUSWISULIIE 9FeUEIP WEIFISUMOP
‘urep 3res Jo 20, $91E3 19PN FOM0] [0FITVO0D 19N SITdUNNJe pue yopdun|
urseq SUI[HES WEINSUMO(] 2JNIONIIS 9SPLI¢] SIIXD Pue SIPe “AIo[[ES 93eurer([
juowoduesre Supsioy pue soyen) Aemyudg we( jo doy, ¢siredor pue
2oUrUAUTEW ‘VOND2dsur 30J s1uouodwiod  SUIMO[[OF oYl 01  SIUSWISULITE
peOI $SO00E  pauTBIUIEW [[PA4  pue pajonnsuod  Appodoxd oromp ary | 411

JUODIPUOD S11 PUE PeOF $S9208 91 Jo Juowoaed op jJo odA&y oy staeym | €' 1°1

¢911S WEp 2} 01
PEOJ $S200€ JOUIEIM [[B PAUTEIUTEW [[94 put pajonnsuod AFadoxd e oxomd s | 2°1°1

(f3010¢snIEg 190130 Sundsadsur

/ireg/300g/ | pazwmoymneaypjodue | VN [N | A
Ayo108ISTIESU())| JI ‘SUONEPUIWIWIOIIX

JUonpuo) puUe sUONEAIdSqO

wy uopdddsuy | "ON °S
Osuodsay

810¢ Arenue[ swe(] Jo uondadsu] £19Jeg J0J SaUIPpINL)



9¢-g 23ed 0CA LO SA AND OSAD ©N 2o

gsansst 3opo Auy | OT' 1T

gsonsst £303es o1pqnd 30 J03€30d(O) | 6’11

SUONDIY[0D BIep Pa1dnIraIurun JO3 9IS O 1€ PIUTEIUTEW
€219 SWoIr ATEUONEIS ‘Sa8NES F91sEW ‘s93NneS ‘soreds JO $D0IS JUIDIINS Iy

¢91ep-03-dn parordwod e1ep vonEIVIWNASUL 93 JO Suniofd oy [[e 21y | §°'1°]

*J91SI89J O3 [eNIUI PUE SUODBAIISCO
1591 9Y[e3 9SBI[ ¢oep-03-dn porsod suONELAFISqO JO SIAISISOT O3 [[6 XY | L]

"9)EDTPUT PUE FOPIFO JO INO SUTO3
SJUDWINFISUT JO SISED ) UTLIFIISY ¢FOPIFO SUINFOM UT SIUSWNFISUT O3 [[E 9TV | 9°['

¢(wsepuea
‘3unsni) JUSWNHISUT JO UORIPUOD O) UONEPEIZIP JO 90UIPIA AUY | G' 1]

¢(uonemuoa
‘SunySI) JWAWNASUT JO SUTUONOUNY 1093300 Sulnsua swo[qoid Auy | +'1°1

¢(uonoaoid srenbopeur) 13913 70 2FewEp 01 S[EIIUNA JUSTWNIISUT Y3 ST | €' 1°T

¢(s$920¢ oFesun /pa3onisqo) Juswnmsur Supdadsur swapqoid Auy | 71T

¢a8ewrep jo sonrqissod woiy
pa1oan01d A[prenbope pue paremuoa ‘parysy LAFadoxd suoneso] o [[e oxy

[mxauuy 3od sy *(as1] 9rexEdos YOEIIY) ¢I[qISSIIDE PI[[LISUT SIUDWINNSUT OY) [[E 23y | ']
HORTPUODIEISUST) I'TI
uoneLIUdWNISU] -1
(£30100SnIEg 190130 Sundsadsur

/ireg/300g/ | pazwmoymneaypjodue | VN [N | A
Ayo108ISTIESU())| JI ‘SUONEPUIWIWIOIIX
UORIpuo) pue suonearasqQ

wy uopdddsuy | "ON °S
Osuodsay

810¢ Arenue[ swe(] Jo uondadsu] £19Jeg J0J SaUIPpINL)




L€~ Feq 0CA LO SA AND OSAD ©N 2o

dsururem pue sarnpadoxd suniodas
£oUa8rowd JO WISAS 91} INOQE PIWIOFUT SONTIOYINE PIUIIITVOD 9 93y | §°1°

dSONTFOINE PIUFIOVOD O] d[qe[eat pue pajepdn sdewr vopepunur oxy | L'1°]

dwAlshs Jururem /TonedrunNWwod oy Sunerado Jo Surssodoe swoarqoid Auy | 9 1°]

¢Arenuue parepdn 3uroq o€ UONEBWIOJUT
STWEUAP JOUIO PUE S[IEIDP IDBIVOD /SITI0IDIFIP TONELIITNWIWOD 91y | G 1]

<dvd
P M JULSIDATOD APUDIOGINSTUT FO dFBMEUN SINTIOYINE PIUIIOUO0D AUV | $°1°T

<dvd
O I JULSIOATOD APUDDIIINSTUT FO dFemeun JJels wep Aue o3¢ 10U IT | ¢'1'T

dparepdn ase] sem JVH UOUYM | 2 T°1T

sourepm3 jo uoneredord Jo a1ep pa19adx2 93 IOU T ¢SOUIPPINSG [eUONEU
oy 3od se wep oy 303 paredord (JyH) Ue[ UONIY AdUaSrowrg o3 ST | 1'1°]

Ue[J Uondy >UQO.W.HUEMH TIX

ssouparedarg AouaSrowry | -3

(£yessooou se 210 ‘vopedo] 93ed aresrpur aseo[d) onsst rotpo Auy | 27T

1PUINUT /Xe,] /onqow / ouoydo[oT, ssopIA\ (1)

¢911S WIEP e S[qE[IEAL SINI[IOEJ SUIMO[[0] 91V | ['T']

SonoeJ uUoneounuwo)) | 7' I-I

(£30100SnIEg 190130 Sundsadsur

/ireg/300g/ | pazwmoymneaypjodue | VN [N | A
Ayo108ISTIESU())| JI ‘SUONEPUIWIWIOIIX

UORIpuo) puUe sUONEAIdSqO

wy uopdddsuy | "ON °S
Osuodsay

810¢ Arenue[ swe(] Jo uondadsu] £19Jeg J0J SaUIPpINL)



8¢-d 2%eq 0CA LO SA AND OSAD ©N 2o

"WEP 9} JO SOINPIDOIJ DUEL[ISIA PUE DULUNUIEY (0)
'soxnpadoi sunerad( Surpurlg (q)

“eroIr)) uonerad() s Foudso(y ()
“SUTUFodTOD SONIIqISUOdSaT IPYI YIIM JULSISAUOD A[[NJ
pue pouren A[o1enbope jjels 0oUBUIUTEW U JO  SIOQUIDW O} [[€ 23y | €'T']

oW O3 oW wolj ﬁ@u.ﬂﬁ&ﬂ PUE PomIIAdT SIUWINDOP JUBAI[I UL 24y | C°C° 1

[enuew A PUE O A
jjoog ®1R( Al

130doy vonodwon |

dvd n

sSummerqapng sy I

¢froyne juaradwod oy

£q paaoxdde pue paredord o3e syuowmdo(] £193eg We(] SUIMO[[O] FYIYA\ | 121

SpI053Y Jo uond3dsuy | 7'1-M

g¢sanssr oo Auy | 11°1°]

¢SIOPIOYa3ElIs pauiaduod oyl [[e O Pajeurwaassip JVH 243 seo | OT'T'T

P91oNPUOD ISIDIIXD
[P SPOW YPIIM SUOE SUNIOW UORNEINSUOD JOP[OYIYEIS [eNUUE ISE[ JO Ne( | §'1°]

dSYIOM WEP 23 01 93¥I0qES PUE WSIEPULA ‘ssedsor) pazpoyineun Jo
sased Sunuaaard pue wep oYl Jo A3INd9s J03 apew syudwasueire 3odoxd a1y | §'1°1

cWiEep 9yl 1e WDTTVOHQ SONI[IOE] pUE SIOTAIP WQMGHN\K/ OMNUTOTN RV

dSonIoyINt pauiaduod 9yl O3 UMOUY oprld
pue paygnuspr wep oyl JO Wea3sumop a4yl uo muO&m b@.«dm Aqe[reAt 21y | 6°T'1

(f3010¢snIEg 190130 Sundsadsur

/ireg/300g/ | pazwmoymneaypjodue | VN [N | A
Ayo108ISTIESU())| JI ‘SUONEPUIWIWIOIIX

UORIpuo) puUe sUONEAIdSqO

wy uopdddsuy | "ON °S
Osuodsay

810¢ Arenue[ swe(] Jo uondadsu] £19Jeg J0J SaUIPpINL)




6¢-d 23eq

0CA L0 SA ANO OSAD ©N 2o

‘uopN[OsaF
wo[qord 30 UOnOE [BIPoWDF ADUISIOWD FO 9BIpowwl soxmbox 1ey) PozIuSooox ST AoUdPop A19jes wep Y - £1010ejsnesu)

"A¥eSSO00U 23 SIIPNIS PUE SUONEINSIAUT JOIIN,] "ADUIDOP A)2Jes
wep enuatod e Aypuopr yorym syojowesed SISAeUE [ED0IFD O SB ISTXO SONUIEIFIOUN UM Pasn 3q OS[e AeW JOO "AFEsso00u
ST UONOE [eIpoWoy ‘INdd0 A[[ednsiear Aewl UDIUM SUORIPUOD SUIPLO[ JOJ PIZIUS009F SI AJUadpgop £19Jes wep Y - J0OJ

"UOTIOE JOUIINJ ¥} 03 23Ut 93 Ul o Aews sty "AoUdroryop £19jes Wep € Ul 3nsdT AL SJUDAD ITWSIOS
; qHng o3 3 Ut °q s PYap A9 P T Uy st

30 /put JISO[OIPAY SWIMXI JO 238y ‘SUONIPUOD JUIPELO] [BWIOU JOJ PIZIUS09F 93¢ SAUIDFP A19Jes wep Sunsixo ON - Ie,J

"SOUI[OPING YSIX J[[BII[0} JO BIIANLID A¥0re[n3ox o[qedrdde oy yaIm 90uepI00t Ur (OTWSIAS ‘OISO[0FPAY “ONEIS) SUORIPUOD SUIPEO]
[T 39pun pa1oadxa st oouewroyrod o[qerdoddy 'PazIuS009F 1€ SIDUIDIIP A19jes wep [enualod 10 SUNSIXa ON] - AJ010BJSHES

1

:M\0J3q PaqLIosap se A1010BJSIESU 10 J00d ‘I ‘A10)0eJSIeS Jaylis Se UoNIPUOD 8y} 8Jel 8ses|d :UOIIPUoD,

"(WN) 81qeaijdde jou 1o (N) ou ‘(A) saA usyns puodsay,

11 - 2anxouuy 32d se paystuing oq 01 vopewrojuy | T'T'T
sydeuaboloyd uondadsul | T'T-71
saredor LouaSrowrg (1)
‘'syonemIs AOUaSIoW JO saInpadoid suniodoy (u)
“JOTABU[D( JUDIOOP JO SUSIs Jo uoneoynuopy (H)
*SIUSWINHSUT [[ JO uonerad( pue ooueuNUIEN  (})
a[payog vonexrad() aen) ‘sompaydg uonerad() 10AIsY  (3)
‘syuowrdmbo [onuod [re jo uvonerodo pue souruNUTEN (P)
(&3010¢3snEg 190130 Sundsadsur
/3reg/100g/ | pozpoyme oy jo Aue | VN IN | A L
Ayo108ISTIESU())| JI ‘SUONEPUIWIWIOIIX w311 vopoadsuy NS
: : : Lsuodsoy
Juonpuo) pUE SUONEAIISqQ
810¢ Arenue[ swe(] Jo uondadsu] £19Jeg J0J SaUIPpINL)




0¥-d 23ed 0CA LO SA AND OSAD ©N 2o

e
1 (8)oImeudIq pue (S)UONBUSISI(T “(S)[E1PHF() JO dWEN

yeaf o) SUBMP [EIYTIODT IFE YDIUM SIINSLIW [BIPIWT JOUTW — [[] £3¥039187)
‘somseow [erpawos 1dword Summbos sopuspyop Jolew — 11 45089180
foIn[rey 03 Pa] ABW YITYA SIMOUIYIP — £308938))

_H_ - we ays Jo £303938)) £395EG [[BFA0

(drerrdoadde o) £103108F5NEG /IT8,] /300 /£30108ISNESUN — UONDIdSUT 9A0qE TO Paseq Wiep JO UONIPUOD [[BIIA(Q)

0T

PO9TION] SII0UPYIQ

53
P1s933ng SAINSELITN] [EIPIWY 1uedgIuUSIg /SUONEAIISqO

NS

nxoday smelg Ifed ] We( pPaIreprosuo)) — qg e J

810¢ Arenue[ swe(] Jo uondadsu] £19Jeg J0J SaUIPpINL)



1¥-d 95ed

0CA L0 SA ANO OSAD ©N 2o

‘dwe |
J1e JoyJ sisjawiowlay |

Jalawoied

Jalswioway |
ging Aip pue 19\

19PJ10339Y
WbBI8H ane

13PJ1033Y
uona.Id PUIM

1api02ay
AN20[BA PUIAA

Ja1swiodens ued

JusWIYIIRD
ay1 ui sbneburey

weq uo abnebuiey

SINIWNHLSNI TVOID0T104d0d13dN-OddAH

(z) () (or) (6) (8) 9] C)) €)) ) © @ @
(ON/SOA) (ON/saA) | Buissaooud UOREIQI®D | (on/saA) | (e A
onso8) | 1anar prey | pue uonoslioo | (oN/saA) XU yomipuod | /uruoN) quewnasul | ON
speway | ¢ HE o Te auop e1ep 10} paureiurews | 19¥®A | Buppiom | pejreisur | uoneso | ‘soN ! Omcuhm |
0sd a1 elep Jo a|qisuodsal | suoneAIBSqO | TTars Ao ul usym ) N ‘IS
UsS eleQ uomelqied
SIsSAleuy Aouaby 1se] areq | APUIRUM RIS
goneodo are(J Jo swreN

[-2Inxduuy

SINVA HOUV'I NO AHTIV.LSNI SINHIWAYLSNI SQOTdVA 40 LSI'TIDHHD

810¢ Arenue[

swe(] Jo uonosadsu] £19Jeg JOJ SOUTPPIND)




-4 93ed

0CA L0 SA ANO OSAD ©N 2o

uopEpuUNoJ
siqeswrad 30,1 (1)

1190 aanssaad 11jdn

orm Sunesqip (ar)
aqny, v, (1)
opueidese) ()
odid pumag (1)
sJa318Wozald

T

SININNHLSNI TVOINHOI1-039

(m)

m

0]

Aue J1 ‘sjuswinaisu|
[ea1fojoa0a1ew

-04pAH 18420 | €1
snewony (1)
28 yars (D)
a1eb |aAd] J1I0AI3S9Y | 7T
uonels
JayleapA o1eWwoINY | TT
‘dwe |
Ja1e A J10AJBS9Y
Joj slglawowayl | ‘ot
(49 an (on) (6 (&) 03) 9) () &) (©) @ ()
(ON/SIA) (oN/saA) Buissaooud UORBIGIEY | (550 0) (Jea A
ool | 1anag pre | pue uonosjios | (oN/saA) XU yompuod | /uiuo ) quewnnasur | ON
sIeway | ¢ €l 0 e auop elep 10} paurelurew 104 s1ed Bupjiom | pajeisul | uonedoT | 'SON ! o?wm _
osd elep Jo a|qisuodsal | SUONRAISSAO | Tems nion ul usym 4 N IS
1Uas B1RQ uolre.aqijes
sIsAjeuy Kouaby 1se| 818Q] BETSIETTNV 20UIS
810¢ Arenue[ swe(] Jo uondadsu] £19Jeg J0J SaUIPpINL)




ch-d 93ed

0CA L0 SA ANO OSAD ©N 2o

woISAS
uonismboy wre (1)
18301 v1e( ()

uoljewolny

s22189p PO (1)
PION-A - (0
1UBWaINSea|N
abedass

[eorny (1)
earueyl (1)
1919\ SSa41S

axr/\ Sunesqin (1)
oouelsisay (1)

Sla)awowday |

o Supeiqin- (1)
1919|A uleuls

o3nen)
Ureng ey (1)
98nen) ureng
porueydN - (1)
abneo urens

QOﬁ.ﬁuCSOm
spoyg 1o (W)

(z1) an

(or)

(6)

(8)

(L)

(9)

(<)

) (€)

()

((9)

(ON/saA)
Aldenbau
0sao
1Uas B1RQ

SYJeway

(ON/saA)
[9N3] pIaly
e auop
elep Jo
sIsAjeuy

Buissaosoud
pue uoI193]|02
©1ep 10}
a|qisuodsau
Aouaby

(ON/ssA)
paurejurew
suoneAlssqO

uoneuqijes
1Xau
10J a1eq

uone.qgijes

]se| ale

(ON/S?A)
uollIpuod
Bupjiom
ul
SEINENY

(4ea A
JUIUON)
pajrelsul

uaym

3ouIS

uo11e207 | 'SON

sjUsWINIISU|
JO aweN

‘ON

810¢ Arenue[

swe(] Jo uonosadsu] £19Jeg JOJ SOUTPPIND)




- 93ed 0CA LO SA AND OSAD ©N 2o

()

)]

®

Aue JI ‘sjuswinaisu]
[e21Uy281089) 48YI0 | °0T

F010WOUTPUT (TTA)
IO
jelelsidicatellg
JUSWIOIDG
uonepuno,] (1a)
TP LT (4)
JUSWIAOW
Juto| TeuzoUT
303 3930t JUTO( (AT)
Juswaoedsi(y
o0BJINg
303 s93nen)
spqeydea (1)
PpoIFoAUT
—qog qunid (1)
10931
—qogqunid | 6

szoindwor)y (1)

(49 ((19) (on) (6 (&) 03) 9) () &) (©) @ ()
(ON/SOA) (oN/sBA) Buissaosoud UOREIQI®Y | 5\ /saA) (4ea A
K _U_M :mrol_ [9A3] P8t} | pue U0I133]]02 (ON/S?A) xeu uoInIpuod | /YIUOA) SQQUAWNISU "'ON
sIeway | ¢ €l 0 e auop ©1ep 10} paurelurew 104 s1ed Bupjaom | pajeisul | uonedsoT] | 'SON ! o?wm _
osd elep Jo a|qisuodsal | SUONRAISSAO | Tems nion ul usaym 4 N IS
1Uas B1RQ uoneagies
sIsAjeuy Kouaby 1se| 818Q] BETSIETTNV 20UIS

810¢ Arenue[ swe(] Jo uondadsu] £19Jeg J0J SaUIPpINL)




S 25eq

0CA L0 SA ANO OSAD ©N 2o

ydeiboia|adoy

C

ydeabowslias

T

SINIWNALSNI DINSI3S

saje|d JUBW.INSS

€

siaxe|N Aanuns

K4

uonels [e1o|

T

SININNALSNI 2113A03D

(49 an (on) (6 (&) 03) 9) () &) (©) @ ()
(ON/SOA) (oN/sBA) Buissaosoud UOREIQI®Y | 5\ /saA) (4ea A
ool | 1anag pre | pue uonosjios | (oN/saA) XU yompuod | /uiuo ) quswnasut | oN
sIeway | ¢ €l o e auop elep 10} paurelurew 104 s1ed Bupjiom | pajeisul | uonedoT | 'SON ! o?wm _
Oosdao elep Jo a|qisuodsal | SUONRAISSAO | Tems nion ul usaym 4 N IS
1Uas B1RQ uolre.aqijes
sIsAjeuy Kouaby 1se| 818Q] BETSIETTNV 20UIS

810¢ Arenue[

swe(] Jo uonosadsu] £19Jeg JOJ SOUTPPIND)




Guidelines for Safety Inspection of Dams January 2018

This page has been left blank intentionally

Doc. No. CDSO_GUD_DS_07_v1.0 Page B-46



Guidelines for Safety Inspection of Dams January 2018

Annexure-I1

PHOTOGRAPHS TO BE ATTACHED IN THE INSPECTION REPORT

All photographs shall be color photographs. Photographs shall be clear and include scale
references where applicable. Photographs shall include, but not be limited to the following:

1. Overview of dam from upstream

2. Overview of dam from downstream

3. Overview of upstream face from right abutment

4. Overview of upstream face from left abutment

5. Overview of dam crest from right abutment

6. Overview of dam crest from left abutment

7. Overview of downstream face from right abutment
8. Overview of downstream face from left abutment
9. Overview of spillway from upstream

10. Overview of spillway from downstream (tailrace or channel area)
11. Overview of right training wall

12. Overview of left training wall

13. Overview of stilling basin

14. Overview of Galleries

15. Overview of downstream channel

16. Overview of Control Room exterior

17. Overview of Control Room interior

18. Overview of Gates

19. Overview of Hoisting Arrangements

20. Outlet inlets and discharge points

21. Overview of reservoir

22. Areas of specific deficiencies (e.g., cracks, erosion, displacement, seeps, deterioration,

etc.)

Each photograph shall include a caption indicating the subject of the photograph as well as highlighting any specific
deficiencies pictured. Al photographs shall be presented with no more than two (2) photos per page.
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APPENDIX C. GLOSSARY OF TERMS FOR DAM SAFETY INSPECTIONS

The purpose of this glossary is to create a common vocabulary of dam safety inspection terms
for use within and among Central and State Government agencies. Terms have been included
that are generic and apply to all dams, regardless of size, owner, or location.

Abutment — The part of a valley side (wall)
against which a dam is built. An artificial
abutment is sometimes constructed as a
concrete gravity section, to take the thrust
of an arch dam where there is no suitable
natural abutment. The right and left
abutments are those on respective sides of
an observer looking downstream.

Aggregate — (1) The sand and gravel part
of concrete (65 to 75% by volume), the rest
being cement and water. Fine aggregate
consists of particles ranging from 4 mm
down to that captured on a 200-mesh
screen. Coarse aggregate ranges from 4 mm
up to 75 mm. (2) That which is installed to
change drainage characteristics.

Air Vent — A pipe designed to let air into
the outlet conduit to reduce turbulence and
prevent negative pressures during the release
of water. Extra air is usually necessary
downstream of constrictions.

Alluvial Soils — Soils developed from
transported and recently deposited material
(alluvium)  characterized by a  weak
modification (or none) of the original
material by soil-forming processes.

Alluvium — A general term for all detrital
material deposited or in transit by streams,
including gravel, sand, silt, clay, and all
variations and mixtures of these. Unless
otherwise noted, alluvium is unconsolidated.

Anti-Seep Collar — A projecting collar,
usually of concrete, built around the outside
of a pipe, tunnel, or conduit under or
through an embankment dam to lengthen
the seepage path along the outer surface of
the conduit.

Anti-Vortex Device — A facility placed at
the entrance to a pipe conduit structure,
such as a drop inlet spillway or hood inlet

spillway, to prevent air from entering the
structure when the pipe is flowing full.

Appurtenant Structures or Works —
Auxiliary features of a dam that are needed
for the safe and proper operation of the
structure. The term may include each of the
following: 1) the spillway system; 2) outlet
works; 3) gates and valves; 4) tunnels; 5)
conduits; 0) levees; and 7) embankments.

Apron — A pad of non-erosive material
designed to prevent scour holes developing
at the outlet ends of culverts, outlet pipes,
grade stabilization structures, and other
water control devices.

Arch Dam - A dam constructed of
concrete or masonry that is curved to
transmit the major part of the water
pressure to the abutments.

As-Built Drawings — Plans or drawings
portraying the actual dimensions and
conditions of a dam, dike, or levee as it was
built. TField conditions and material
availability during construction often need
changes from the original design drawings.

ASTM - American Society for Testing
Materials, an association that publishes
standards and requirements for materials
used in the construction industry.

Atterberg Limits — Method used to
describe the consistency of fine-grained soils
with varying degrees of moisture content.
Depending on the amount of moisture
present, fine-grained soils can be categorized
by one of four states: solid, semisolid,
plastic, and liquid. The Atterberg Limits
define the transition between each of these
states as: (1) the shrinkage limit, which is the
moisture content at which the transition
from solid to semisolid state takes place; the
plastic limit, which is the moisture content
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at which the transition from semisolid to
plastic state takes place; and the liquid limit,
which is the moisture content at which the
transition from plastic to liquid state takes
place. The Plasticity Index is the numerical
difference between the liquid limit and the
plastic limit of soil, which is the range of
moisture content within which the soil stays
plastic.

Auxiliary Spillway — Any secondary
spillway that is designed to be infrequently
operated, possibly in anticipation of some
degree of structural damage or erosion to
the spillway that would occur during
operation.

Axis of Dam — The horizontal centerline of
a dam in the longitudinal direction between
the left and right abutments.

Backwater — The rise in water surface
elevation caused by some obstruction such
as a culvert, narrow bridge opening,
inefficient channel, dams, buildings or fill
material that limits the area through which
the water shall flow. Backwater reduces the
capacity of a waterway or conduit.

Barrage — While the term barrage is
borrowed from the French word meaning
“dam” in general, its usage in English refers
to a type of low-head, dam that consists of a
number of large gates that can be opened or
closed to control the amount of water
passing through the structure, and thus
regulate and stabilize river water elevation
upstream for wuse diverting flow for
irrigation and other purposes.

Base Flow — Stream discharge derived from
groundwater sources as differentiated from
surface runoff. Sometimes considered to
include flows from regulated lakes or
reservoirs.

Beaching — The removal by wave action of
a part of the upstream (reservoir) side of the
embankment and the resultant deposition of
this material farther down the slope. Such
deposition creates a flat beach area.

Bedrock — The solid rock in place either on
or beneath the surface of the earth. It may

be soft, medium, or hard and have a smooth
or irregular surface.

Benchmark — A marked point of known
elevation and geodetic coordinates from

which other elevations and locations may be
established.

Bentonite — Highly plastic clay consisting
of the minerals, montmorillonite, and
beidellite that swell extensively when wet.
Often used to seal soil to reduce seepage
losses.

Berm — A horizontal step or bench in the
upstream or downstream face of an

embankment dam. It is sometimes called a
bench.

Blanket (Drainage Blanket) — A drainage
layer placed directly over the foundation
material, typically to control  water
movement to prevent soil particle migration
and erosion.

Blanket Drain — A drain that extends in a
horizontal direction (much like a blanket)
under a large area of the downstream
portion of the embankment, intercepts
seepage through the embankment and the
foundation, and pre- vents further
saturation of the downstream toe. Grout
Blanket — See Consolidation Grouting.
Upstream Blanket — An impervious layer
placed on the reservoir floor upstream of a
dam. In the case of an embankment dam,
the blanket may be connected to the
impermeable element in the dam.

Boil — A disturbance in the surface layer of
soil caused by water escaping under pressure
from behind a water-retaining structure such
as a dam or a levee. The boil may be
accompanied by deposition of soil particles
(usually granular) in the form of a cone-
shaped ring (miniature volcano) around the
area where the water escapes.

Borrow Area — A source of earth fill
material used in the construction of
embankments or other earth fill structures.

Breach — An opening or a breakthrough of
a dam resulting in a release of water. A
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controlled breach is the deliberate,
controlled removal of embankment material
to release water from the reservoir at a
controlled rate. An uncontrolled breach is
typically caused by rapid erosion of a section
of earth embankment by water or other
natural, uncontrolled forces.

Breach Analysis — The determination of
the uncontrolled release of water from a
dam (magnitude, duration, and location),
using accepted engineering practice, to
evaluate downstream hazard potential.

Breach Inundation Area — An area that
would be flooded because of a dam failure.

Buttress Dam — A dam consisting of a
watertight upstream face supported at
intervals on the downstream side by a series
of buttresses.

Cavitation — Wear on hydraulic structures
where a high hydraulic gradient is present.
Cavitation is caused by the abrupt change in
direction and velocity of the water so the
pressure at some points is reduced to the
vapor pressure and vapor pockets are
created. These pockets collapse with
significant impact when they enter areas of
higher pressure, producing high impact
pressures over small areas that eventually
cause pits and holes in the surface. Noises
and vibrations may be easy to hear during
high flows.

Channel — The part of a natural or artificial
watercourse which periodically or
continuously contains moving water, or
which forms a connecting link between two
bodies of water. It has a defined bed and
banks that serve to confine the watet.

Channel Stabilization — Protecting the
sides and bed of a channel from erosion by
controlling flow velocities and flow
directions using jetties, drops, or other
structures and/or by lining the channel with
vegetation, riprap, concrete, or another
suitable lining material.

Chimney drain — A vertical or inclined
layer of permeable material in an

embankment to facilitate and control
drainage of the embankment fill.

Chute — A high-velocity, open channel
(usually paved) for conveying water down a
steep slope without erosion.

Clay — (1) Soil fraction consisting of
particles less than 0.002 mm in diameter. (2)
A soil texture class that is dominated by clay
or at least has a larger proportion of clay
than either silt or sand. Clay displays the
property of cohesion when the moisture
content is below the liquid limit and above
the plastic limit.

Cofferdam — A temporary structure that
encloses all or part of a construction area so
that construction can proceed in a dry area.
A “diversion cofferdam” diverts a river into
a pipe, channel, or tunnel.

Cohesion — Property of unconsolidated
fine-grained soil by which the particles stick
together by surface forces. Cohesion is a
property that lets soil be molded or rolled
into shapes without crumbling.

Cohesive Soil — A sticky soil such as clay or
silt that exhibits cohesion; its shear strength
is about one-half of its unconfined
compressive strength. When unconfined, it
has considerable strength when air-dried
and significant strength when saturated.

Compaction — Mechanical action that
increases soil density by reducing voids.

Concrete Lift — The vertical distance
between successive horizontal construction
joints.

Conduit — A closed channel for conveying
discharge through, under or around a dam.
A pipe and a box culvert are conduits.

Consolidation Grouting (Blanket
Grouting) — The injection of grout to
consolidate a layer of the foundation,
resulting in greater impermeability and/or
strength.

Construction Joint — The interface
between two successive placings or pours of
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concrete where a bond, not permanent
separation, is intended.

Contact Grouting — Filling, with cement
grout, any voids existing at the contact of
two zones of different materials, i.e.,
between a concrete tunnel lining and the
surrounding rock.

Contour — An imaginary line on the surface
of the earth connecting points of the same
elevation. May also be called a contour line.
Topographic maps are developed to depict

contour lines.

Control Section — The part of a spillway
which regulates the outflows from the
reservoit. A control structure limits or
prevents outflows below fixed reservoir
levels and regulates releases when the
reservoir rises above that level.

Cote — The impervious or impervious
material forming the central part of a dam
or embankment. Where a dam has a core,
the outer zones are usually formed of more
permeable materials. Some dams are
constructed entirely of a homogeneous,
impermeable material with no distinct core.

Core Wall — A wall built of impervious
material, usually concrete or asphaltic
concrete, in the body of an embankment
dam .

Corrosion — The chemical attack on a metal
by its environment. Corrosion is a reaction
in which metal is oxidized.

Crest Length — The length of the top of a
dam including the length of the spillway,
powerhouse, navigation lock, and fish
passages where these structures form part of
the dam. If detached from a dam, these
structures should not be included.

Crest of Dam — The top of a dam (See Top
of Dam).

Crest Width or Top Thickness — The
thickness or width of a dam at the level of
the top of the dam. In general, the term
“thickness” is used for gravity and arch
dams, and “width” is used for other dams.

Crib Dam — A gravity dam built up of
boxes, cribs, crossed timbers, or gabions
and filled with earth or rock.

Crown of Pipe — The elevation of the top
of the pipe.

113

Cross Section — A “cut” across any
structure, such as an embankment, to depict
the composition or dimensions of the
structure at the point of the cross section. It
may be a graph or plot of ground elevation
across a stream valley or a part of it, usually
along a line perpendicular to the stream or
direction of flow.

Culvert — A closed conduit used for the
conveyance of water under an embankment,
roadway, railroad, canal or another
impediment.

Cut — (1) A portion of land surface or area
from which earth has been removed or will
be removed by excavating. (2) The depth
below the original ground surface to the
excavated surface.

Cut-and-Fill — The process of earth
grading by excavating part of a higher area
and using the excavated material for fill to
raise the surface of an adjacent lower area.

Cutoff — An impervious construction or
material which reduces seepage or prevents
it from passing through foundation material.

Cutoff Trench — A long, narrow excavation
(keyway) constructed along the center line
of a dam, dike, levee, or embankment and
filled with impervious material intended to
reduce seepage of water through porous
strata.

Cutoff Wall — A wall of impervious material
(e.g., concrete, asphaltic concrete, steel sheet
piling) built into the foundation to reduce
seepage under the dam.

Dam - An artificial barrier, including
appurtenant works, built for impounding or
diverting water. Dams may be constructed
to retain normal runoff from streams and
land surfaces, flood waters, water pumped
from a stream or a well, and mining
operations. Off-channel reservoirs may also
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have a dam to control the water elevation
and discharge.

Dam Failure — Failures in the structures or
operation of a dam which may lead to the
uncontrolled release of impounded water
resulting in downstream flooding affecting
the life and property of the people.

Dam Incident — A problem occurring at a
dam that has not degraded into a “dam
failure” such as the following:

a) Structural damage to the dam and
appurtenant works;

b) Unusual readings of instruments in
the dam;

¢) Unusual seepage or leakage through
the dam body;

d) Change in the seepage or leakage
regime;

e) Boiling or artesian conditions
noticed below an earth dam;

f) Stoppage or reduction in seepage or
leakage from the foundation or body
of the dam into any of the galleries,
for dams with such galleries;

@) Malfunctioning or inappropriate
oper-ation of gates;

h) Occurrence of any flood, the peak
of which exceeds the available flood
discharge capacity or 70% of the
approved design flood;

i) Occurrence of a flood, which
resulted in encroachment on the
available freeboard, or the adopted
design freeboard,;

j) Erosion in the near vicinity, up to
five hundred meters, downstream of
the spillway or waste weir; and

k) Any other event that prudence
suggests would have a significant
unfavorable impact on dam safety.

) Any measurable earthquake that may
disrupt the operation and safety of
the dam

Dam Inspection — On site examination of
all  components of dam and its
appurtenances by one or more persons
trained in this respect and includes
examination of non-overflow portion,
spillways, abutments, stilling basin, piers,
bridge, downstream toe, drainage galleries,
operation of mechanical systems (including
gates and its components, drive units,
cranes), Interior of outlet conduits,
instrumentation records and record-keeping
arrangements of instruments.

Dam Owner — The Central Government or
a State Government or public sector
undertaking or local authority or company
and any or all of such persons or
organizations, who own, control, operate or
maintain a specified dam.

Dam Safety — The practice of ensuring the
integrity and viability of dams such that they
do not present unacceptable risks to the
public, property, and the environment. It
requires the collective application of
engineering principles and experience, and a
philosophy of risk management that
recognizes that a dam is a structure whose
safe function is not explicitly determined by
its original design and construction. It also
includes all actions taken to identify or
predict deficiencies and consequences
related to failure and to document,
publicize, and reduce, eliminate, or
remediate to the extent reasonably possible,
any unacceptable risks.

Dam Safety Professional — A dam safety
professional is an engineer or geologist with
specific experience in the design, operation,
and construction of dams and appurtenant
works. A dam safety professional must have
specific knowledge of the dam under
consideration; for example, an engineer or
geologist with geotechnical or geological
experience would be needed to evaluate a
slope stability or soil concern. Or, an
engineer with hydrologic and hydraulic
experience would be required to determine
spillway capacity. Dam safety professionals
are qualified if they have specific experience
relevant to the issues or concerns that are
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present at any dam. A qualified dam safety
professional is required to supervise and
prepare  the Inspection Report for
comprehensive evaluation inspections on

high hazard dams.

Design Flood — The largest flood that a
given project is designed to pass safely. The
reservoir inflow-discharge hydrograph used
to estimate the spillway discharge capacity
requirements and corresponding maximum
surcharge elevation in the reservoir.

Design Life — The period for which a
facility is expected to perform its intended
function.

Design Pool Elevation (maximum design
pool elevation) — The highest water level
impounded by the dam resulting from the
design flood, assuming both of the
following: 1) No debris blockage, unplanned
restrictions, or improper operation of the
spillway; 2) pre-storm water level at the level
of the principal spillway.

Design Storm — The depth of precipitation
that is used to calculate the volume and time
distribution of runoff from a watershed that
a spillway system must safely pass without
jeopardizing the safety of the dam. The
depth of precipitation typically ranges from
fifty to one hundred percent of the probable
maximum precipitation, depending upon the
hazard classification.

Design Wind — The most severe wind that
is possible at a particular reservoir for
generating wind set-up and run-up. The
determination will include the results of
meteorological studies that combine wind
velocity, duration, direction and seasonal
distribution characteristics in a realistic
mannetr.

Dewatering — The removal of water from a
reservoir or another area.

Dike — An embankment used to confine,
divert, or control water. Often built along
the banks of a river to prevent overflow of
lowlands. A dike is also known as a levee.

Discharge — Usually the rate of water flow.
The volume of fluid passing a point per unit
time expressed as cubic meters per second,
liters per minute, or millions of liters per
day.

Diversion Dam — A dam built to divert
water from a waterway or stream into a
different watercourse.

Divide (drainage) — The boundary
between watersheds.

Downstream Toe of Dam — The
lowermost portion of the downstream face
of a2 dam where the embankment intersects
with  the ground surface. For an
embankment dam, the lowermost portion of
the upstream face is the upstream toe.

Drainage Area or Watershed — An area
that drains naturally to a point on a stream.
For dams, the upstream area that drains into
the lake, including the lake.

Drainage Layer or Blanket — A layer of
permeable material in a dam to relieve pore
pressure or to ease drainage of fill (see
Blanket).

Drainage — The removal of excess surface
water or groundwater from land by ditches
or subsurface drains. Also, see Natural
drainage.

Drainage Improvement — An activity
within or next to a natural stream or a man-
made drain primarily intended to improve
the flow capacity, drainage, erosion and
sedimentation control, or stability of the
drainage way.

Drains — 1) Relief Wells — A vertical well or
borehole, usually downstream of impervious
cores, grout curtains, or cutoffs, designed to
collect and direct seepage through or under
a dam to reduce uplift pressure under or
within a dam. A line of such wells forms a
drainage curtain. 2) A buried slotted or
perforated pipe or another conduit
(subsurface drain) or a ditch (open drain) for
carrying off surplus groundwater or surface
water.
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Drawdown — The lowering of water surface
level by releasing water from a reservoir.

Drop Inlet — A structure in which water
enters over a horizontal lip, drops through a
vertical or sloping shaft and then discharges
through a conduit to the receiving waters. It
is also referred to as a riser in dam
construction. A drop inlet typically
comprises three components: an overflow
control weir, a vertical transition, and a
closed discharge channel or conduit. (See
Spillway.)

Embankment Dam (Fill Dam) — Any
dam constructed of natural fill materials.

Earth Dam (Earthfill Dam) - An
embankment dam in which more than 50%
of the total volume is formed of compacted
fine-grained material obtained from a
borrow area.

Homogeneous Earthfill Dam - An
embankment dam constructed of similar
earth material throughout, except for the
possible inclusion of internal drains or
drainage blankets; distinguished from a
zoned earthfill dam.

Rockfill Dam — An embankment dam in
which mote than 50% of the total volume
comprises compacted or dumped natural or
crushed rock.

Rolled Fill Dam — An embankment dam of
earth or rock in which the material is placed
in layers and compacted by using rollers or
rolling equipment.

Zoned Embankment Dam - An
embankment dam, which is composed of
zones of selected materials having different
degrees of porosity, permeability, and
density.

Emergency Action Plan (EAP) — A
written document prepared by the dam
owner or the owner’s professional engineer
describing a detailed plan to prevent or
lessen the effects of a failure of the dam or
appurtenant structures.

Emergency Condition Level — The
following three emergency condition levels
are considered:

1. BLUE — An event has taken place that
is developing slowly and needs to be

monitored closely. Immediate
correction action is required.
2. — Dam failure is highly

probable but might be avoided with

corrective actions.

3. RED — Dam failure is imminent or
ongoing.

Emergency Repairs — Any repairs that are
considered temporary in nature and that are
necessary to preserve the integrity of the
dam and prevent a failure of the dam.

Emergency Spillway — An auxiliary
spillway designed to pass a large, but
infrequent, the volume of flood flow, with a
crest elevation higher than the principal
spillway or normal operating level.

Energy Dissipater — A device used to
reduce the energy of flowing water to
prevent erosion.

Erodibility — Susceptibility to erosion.

Erosion — The wearing away of the land
surface by water, wind, ice, gravity, or other
geological agents. The following terms are
used to describe different types of water
erosion: accelerated erosion — erosion much
more rapid than normal or geologic erosion,
primarily  because of  anthropogenic
activities; channel erosion — an erosion
process whereby the volume and velocity of
flow wears away the bed and/or banks of a
well-defined channel; gully erosion — an
erosion process whereby runoff water
accumulates in narrow channels and, over
relatively short periods, removes the soil to
considerable depths, ranging from 0.5
meters to as much as 30 meters; rill erosion
— an erosion process in which numerous
small channels only several centimeters deep
are formed; occurs mainly on recently
disturbed and exposed soils (see Rill); splash
erosion — the spattering of small soil
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particles caused by the impact of raindrops
on wet soils; the loosened and spattered
particles may or may not be subsequently
removed by surface runoff; sheet erosion —
the gradual removal of a fairly uniform layer
of soil from the land surface by runoff
water.

Face — The external surface of a structure,
such as the surface of an appurtenance or a
dam.

Failure Mode — A potential failure mode is
a physically plausible process for dam failure
resulting from an existing inadequacy or
defect related to a natural foundation
condition, the dam or appurtenant
structures design, the construction, the
materials incorporated, the operations and
maintenance, or aging process, which can
lead to an uncontrolled release of the
reservoit.

Fetch — The-straight-line distance across a
body of water subject to wind forces. The
fetch is one of the factors used in calculating
wave heights in a reservoir.

Filter (Filter Zone) — A band or zone of
granular material that is incorporated into a
dam and is graded (either naturally or by
selection) to allow seepage to flow across or
down the filter without causing the
migration of material from zones next to the
filter. Filters and associated drains within an
earthen embankment permit drainage or
removal of liquids to avoid saturation of the
downstream toe of the embankment and/or
to control seepage forces, while preventing
the removal of finer sized particles. Filters
associated with erosion protection on slopes
of dams or in channel linings prevent the
removal of finer sized particles by wave
action or turbulence from beneath the
larger- sized material (see blanket drain and
vertical or sloping filter).

Filter Blanket — A layer of sand and/or
gravel designed to prevent the movement of
fine-grained soils.

Filter Fabric — See Geotextile Fabric.

Flashboards — Structural members of
timber, concrete, or steel placed in channels
or on the crest of a spillway to raise the
reservoir water level but intended to be
quickly removed, tripped, or fail in case of a
flood.

Flip Bucket — An energy dissipater located
at the downstream end of a spillway and
shaped so that water flowing at a high
velocity is deflected upwards in a trajectory
away from the foundation of the spillway.

Flood or Flood Waters — A general and
temporary condition of partial or complete
inundation of normally dry land areas from
the overflow, the wunusual and rapid
accumulation, or the runoff of surface
waters from any source.

Flood Frequency — A statistical expression
of the average time between floods equaling
or exceeding a given magnitude. For
example, a 100-year flood has a magnitude
expected to be equaled or exceeded on the
average of once every hundred years; such a
flood has a 1% chance of being equaled or
exceeded in any given year. Often used
interchangeably with “recurrence interval.”

Flood Hydrograph — A graph showing, for
a given point on a stream, the discharge,
height, or another characteristic of a flood
with respect to time.

Flood Peak — The highest stage or greatest
discharge attained by a flood, thus peak
stage or peak discharge.

Flood Routing — The determination of the
attenuating effect of storage on a flood
passing through a wvalley, channel, or
reservoir.

Flood Stage — The stage at which overflow
of the natural banks of a dam or a stream
begins.

Flume — A constructed channel lined with
erosion-resistant materials used to convey
water on steep grades without erosion.

Foundation Drain — A pipe or series of
pipes that collects groundwater from the
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foundation of a dam or the footing of
structures to improve stability.

Foundation of Dam — The natural material
on which the dam structure is placed.

Freeboard — Vertical distance between a
specified still water reservoir surface
elevation and the top of the dam, without
camber.

French Drain — A drainage trench
backfilled with a coarse, water-transmitting
material; may contain a perforated pipe.

Gabion — Rectangular-shaped baskets or
mattresses fabricated from wire mesh, filled
with rock, and assembled to form overflow
weirs, hydraulic drops, and overtopping
protection for small embankment dams.
Gabion baskets are stacked in a stair-
stepped fashion, while mattresses are placed
parallel to a slope. Gabions have advantages
over loose riprap because of their
modularity  and  rock  confinement
properties, thus providing erosion
protection with less rock and with smaller
rock sizes than loose riprap.

Gallery — a) A passageway within the body
of a dam or abutment; hence the terms
grouting gallery, inspection-gallery, and drainage
gallery; b) A long and narrow hall; hence the
following terms for a power plant: valve
gallery, transformer gallery, and bus-bar gallery.

Gate — A device in which a leaf or member
is moved across the waterway from an
external position to control or stop the flow.

Bulkhead Gate — A gate used either for
temporary closure of a channel or
conduit to empty it for inspection or
maintenance or for closure against
flowing water when the head difference
is small, e.g., a diversion tunnel closure.
Although a bulkhead gate is usually
opened and closed under nearly
balanced pressures, it nevertheless may
can  withstand a  high-pressure
differential when in the closed position.

Crest Gate (Spillway Gate) — A gate
on the crest of a spillway to control
overflow or reservoir water level.

Emergency Gate — A standby or
reserve gate used only when the normal
means of water control is not available.

Fixed Wheel Gate (Fixed Roller
Gate, Fixed Axle Gate) — A gate that
has wheels or rollers mounted on the
end posts of the gate. The wheels bear
against rails fixed inside grooves or gate
guides.

Flap Gate — A gate hinged along one
edge, usually either the top or bottom
edge. Examples of bottom-hinged flap
gates are tilting gates and fish belly gates,
so-called because of their shape in cross
section. Flood Gate — A gate to control
flood release from a reservoir.

Guard Gate (Guard Valve) — A gate or
valve that operates fully open or closed.
It may function as a secondary device
for shutting off the flow of water in case
the primary closure device becomes
inoperable, but is usually operated under
balanced pressure, no-flow conditions.

Outlet Gate — A gate controlling the
outflow of water from a reservoir.
Radial Gate (Tainter gate) — A gate with
a curved upstream plate and radial arms
hinged to piers or other supporting
structures.

Regulating Gate (Regulating Valve)
— A gate or valve that operates under
full pressure and flow conditions to
throttle and vary the rate of discharge.

Slide Gate (Sluice Gate) — A gate that
can be opened or closed by sliding it in
supporting guides.

Gauge — (1) A device for measuring
precipitation, water level, discharge, velocity,
pressure, and temperature; (2) a measure of
the thickness of metal.

Geomembrane — An essentially
impermeable geosynthetic composed of one
or more synthetic sheets.
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Geosynthetic — A planar product
manufactured from a polymeric material
used with soil, rock, earth, or other
geotechnical engineering related material as
an integral part of a man-made project,
structure, or system.

Geotextile Fabric — A woven or non-
woven, water-permeable synthetic material
used to trap sediment particles, prevent the
clogging of aggregates with fine-grained soil
particles, or as a separator under road
aggregate. It is also used as a filter.

Geotextile Liner — A synthetic,
impermeable fabric  used to seal
impoundments against leaks.

Gradation — The distribution of the vatious
sized particles that constitute sediment, soil,
or another material, such as riprap.

Grade — (1) The slope of a road, a channel,
or natural ground. (2) The finished surface
of a canal bed, roadbed, top of the
embankment, or bottom of excavation; any
surface prepared to a design elevation for
the support of construction, such as paving
or the laying of a conduit. (3) To finish the
surface of a canal bed, roadbed, top of
embankment, or bottom of the excavation,
or another land area to a smooth, even
condition.

Gradient — (1) A change of elevation,
velocity, pressure, or other characteristics
per unit length. (2) Slope.

Grading — The cutting/or filling of the land
surface to a desired slope or elevation.

Grassed Waterway — A natural or
constructed waterway, usually broad and
shallow, covered with erosion-resistant
grasses and used to conduct surface water
from an area safely.

Gravity Dam — A dam constructed of
concrete and/or masonry that relies on its
weight for stability.

Groin Area — The area at the intersection of
cither the upstream or downstream slope of
an embankment and the valley wall or
abutment.

Ground Cover (horticulture) — Low-
growing, spreading plants useful for low-
maintenance landscape areas.

Grout — A thin cement mortar used to fill
voids, fractures, or joints in masontry, rock,
sand and gravel, and other materials. As a
verb, it refers to filling voids with grout.
Grout is usually applied under pressure.

Grout Blanket — An area of the foundation
systematically filled with a thin mortar or
cement slurry to a uniform shallow depth.

Grout Cap — A concrete filled trench or
pad  encompassing all grout lines
constructed to impede surface leakage and
to provide anchorage for grout connections.

Grout Curtain (Grout Cutoff) — A narrow
barrier produced by injecting grout into a
vertical zone, through the embankment, into
the foundation to reduce seepage under a
dam; or a grout barrier injected into the
foundation before the dam is constructed.

Hazard Classification — The classification
of a dam that reflects the potential for loss
of life and property if an uncontrolled
release of the structure’s contents occuts.
The India classification includes high
hazard, significant hazard, and low hazard.

Head — (1) The height of water above any
plane of reference. (2) The energy, either
kinetic or potential, possessed by each unit
weight of a liquid, expressed as the vertical
height through which a unit would have to
fall to release the average energy possessed.
Used in various compound terms, such as
pressure head or velocity head.

Head Loss — Energy loss from friction,
turbulent eddies, changes in velocity,
elevation, or direction of flow.

Headwater — (1) The source of a stream.
(2) The water upstream from a structure or
point on a stream.

Heel of Dam — The upstream lowermost
portion of the dam embankment where it
intersects the ground surface.
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Height of Dam - The difference in
elevation between the natural bed of the
watercourse or the lowest point on the
downstream toe of the dam, whichever is
lower, and the effective crest of the dam.

Hydraulic  Fracturing —  Hydraulic
fracturing in soils is a tensile separation that
is created because of increased fluid
pressure. Initiation and/or propagation
cracks in the core sections of earthen dams
because of hydraulic fracturing affect
adversely structural safety of the dams.

Hydraulic Gradient — The change in total
hydraulic pressure per unit distance of flow.

Hydraulic Jump — The abrupt rise in water
surface that may occur in an open channel
or stilling basin when water flowing at high
velocity is retarded or suddenly slowed
down.

Hydrograph — A graphic representation of
discharge from a reservoir, or runoff from a
watershed with respect to time for a
particular point.

Hydrology — The science of the behavior
of water in the atmosphere, on the surface
of the earth, and underground. A typical
hydrologic study is undertaken to compute
flow rates associated with specified floods.

Hydrostatic pressute — The pressure
exerted by water at rest.

Impervious — Not allowing infiltration.

Impoundment — Generally, an artificial
water storage area, such as a reservoir, pit,
dugout, or sump.

Inclinometer — An instrument, usually
consisting of a metal or plastic casing
inserted in a drill hole and a sensitive
monitor either lowered into the casing or
fixed within the casing. This device
measures at different points the casing’s
inclination to the vertical. The system may
be used to measure settlement.

Infiltration — Passage or movement of
water into the soil.

Inflow Design Flood - The flood
hydrograph used in the design of a dam and
its appurtenant works particularly for sizing
the spillway and outlet works and for
determining the maximum storage, the dam
height, and the freeboard requirements.

Instrumentation — An arrangement of
devices installed into or near dams that
provide for measurements that can be used
to evaluate the structural behavior and
performance parameters of the structure.

Internal Erosion — A general term used to
describe all of the various erosional
processes where water moves internally
through or next to the soil zones of
embankment dams and foundation, except
for the specific process referred to as
backward erosion piping. The term internal
erosion is used in place of a variety of terms
that have been used to describe wvarious
erosional ~ processes, such as scour,
concentrated leak piping, and others.

Inundation map — A map showing areas
that would be affected by flooding from
releases from a dam’s reservoir. The
flooding may be from either controlled or
uncontrolled releases or because of a dam
failure. A series of maps for a dam could
show the incremental areas flooded by
larger flood releases. For breach analyses,
this map should also show the time to flood
arrival, and maximum = water-surface
elevations and velocities.

In-situ — In the natural or original position.
With respect to dams, in situ usually refers
to the existing, undisturbed earth. For
example, in situ spillways are spillways
constructed within the undisturbed ground,
usually next to the embankment fill.

Intermittent Stream — A stream that does
not maintain water in its channel throughout
the year; it normally stops flowing at various
times of the year.

Invert — The inside bottom of a culvert or
another conduit.

Keyway — A cutoff trench dug beneath the
entire length of a dam to cut through soil
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layers that may cause seepage and possible
dam failure. A keyway may also refer to
benches excavated on existing ground for
the purpose of creating a stable interface
between the existing ground and fill placed
in an embankment.

Laminar Flow — Flow at a slow velocity in
which fluid particles slide smoothly along
straight lines everywhere parallel to the axis
of a channel or pipe.

Large dam — A dam which is above 15 m
in height, measured from the lowest portion
of the general foundation area to the top of
dam; or a dam between 10 m to 15 m in
height and that satisfies at least one of the
following, namely

a) The length of crest is not less than
500 m;

b) The capacity of the reservoir formed
by the dam is not less than one
million cubic meters;

¢) The maximum flood discharge dealt
with by the dam is not less than
2000 m’/s;

d) The dam has particularly difficult
foundation problems; or

¢) The dam is of unusual design.

Leakage — Uncontrolled loss of water by
flow through a hole or crack. See Seepage.

Levee (Dike) — A long, low embankment
usually built to protect land from flooding.
If built of concrete or masonry the structure
is usually referred to as a floodwall. The
term “dike” is commonly used to describe
embankments that block areas on a
reservoir rim that are lower than the top of
the main dam.

Lining — With reference to a canal, tunnel,
shaft, or reservoir, a coating of asphaltic
concrete, reinforced or unreinforced
concrete, shotcrete, rubber or plastic to
provide water tightness, prevent erosion,
reduce friction, or support the periphery of
the structure. May also refer to the lining,

such as steel or concrete, of an outlet pipe
or conduit.

Low-Level Outlet (Bottom Outlet or
Sluiceway) — An opening at a low level
from a reservoir used for emptying or for
scouring sediment and sometimes for
irrigation releases.

Low Head Dam — A dam of low height
(usually less than 5 meters) made of timbers,
stone, concrete or some combination
thereof that extends across a stream or
channel.

Maintenance — Those tasks that are
recurring and are necessary to keep the dam
and appurtenant structures in a sound
condition and free from defect or damage
that could hinder the dam’s functions as
designed, including adjacent areas that also
could affect the function and operation of
the dam.

Masonry Dam — 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 Storage Capacity — The
volume, in millions of cubic meters (Mm’),
of the impoundment created by the dam at
the effective crest of the dam; only water
that can be stored above natural ground
level or that could be released by failure of
the dam is considered in assessing the
storage volume; the maximum storage
capacity may decrease over time because of
sedimentation or increase if the reservoir is

dredged.

Mulch — A natural or artificial layer of plant
residue or other materials covering the land
surface which conserves moistute, 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.

Normal Storage Capacity — The volume,
in millions of cubic meters (Mm’), of the
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impoundment created by the dam at the
lowest uncontrolled spillway crest elevation,
or at the maximum elevation of the
reservoir at the normal (non-flooding)
operating level.

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

Non-cohesive Soil — Cohesionless soil
consisting of single-grained or
honeycombed particles that show 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 may rise
under normal  operating  conditions,
exclusive of any provision for flood
surcharge.

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
reduce 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.

Outlet works — A dam appurtenance that
provides release of water (generally
controlled) from a reservoir.

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 (Flow) — The largest
instantaneous flow from a given storm
condition at a specific location.

Penstock — A pressurized pipeline or shaft
between the reservoir and hydraulic
machinery.

Percolation — The movement of water
through the soil.

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

Perennial Stream — A stream that keeps
water in its channel throughout the year.

Permeability (soil) — The quality of the soil
that enables water or air to move through it.
It also refers to the rate at which water
moves through the soil. Usually expressed in
centimetres per second, centimetres per
hour, or centimetres per day.

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

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

Phreatic Surface — The free surface of
groundwater at atmospheric pressure.
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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 ground 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 specified depth and shape. The pool
may be protected from erosion by various
lining materials.

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.

Pressure Relief Pipes — Pipes used to
relieve uplift or pore pressure in a dam
foundation or in the dam structure.

Principal Spillway — A dam spillway
constructed of a permanent material and
designed to regulate and discharge water
from the reservoir.

Probable Maximum Flood (PMF) — The
flood that may be expected from the most
severe combination of critical
meteorological and hydrologic conditions
that are possible in the drainage basin under
study.

Probable Maximum Precipitation (PMP)
— 'Theoretically, the greatest depth of
precipitation for a given duration that is
physically possible over a given size storm
area at a particular geographical location
during a certain time of the year.

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.

Rainfall Intensity — The rate at which rain
is falling at any given instant, usually
expressed in millimeters or centimeters per
hour.

Reach — The smallest subdivision of the
drainage system, consisting of a longitudinal
section of an 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.

Repairs — Any work that may affect the
integrity, safety, and operation of the dam.

Reservoir — Any impoundment or potential
impoundment created by a dam. A natural
or artificially created pond, lake or another
space used for storage, regulation or control
of water. May be either permanent or
temporary.

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

Reservoir Storage — The retention of water
ot delay of runoff in a reservoir either by the
planned operation, as in a reservoir, or by
temporary filling in the progression of a
flood wave. Specific types of storage in
reservoirs are defined as follows:
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a) Active storage — The volume of the
reservoir that is available for some use
such as power generation, irrigation,
flood control, or water supply. The
bottom elevation is the minimum
operating level.

b) Dead storage — The storage that lies
below the invert of the lowest outlet
and that, therefore, cannot readily be
withdrawn from the reservoir.

¢) Flood surcharge — The storage volume
between the top of the active storage
and the design water level.

d) Inactive storage — The storage volume
of a reservoir between the crest of the
invert of the lowest outlet and the
minimum operating level.

e) Live storage — The sum of the active
and the inactive storage.

f)  Reservoir capacity — The sum of the
dead and live storage of the reservoir.

@)  Surcharge — The volume or space in a
reservoir  between the controlled
retention water level and the maximum
water level. Flood surcharge cannot be
retained in the reservoir but will flow
out of the reservoir until the controlled
retention water level is reached.

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.

Retention Facility — A facility designed to
hold a specified amount of storm water
runoff without release except by ans of
evaporation, infiltration or pumping. The
volumes are often referred to in units of
cubic meters. Dams are retention facilities.

Revetment — Facing of stone or another
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 centimeters

deep.

Riprap — A layer of large stones, broken
rock, boulders, or precast blocks placed in a
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.
Large riprap is sometimes referred to as
armoring. Revetment riprap is material
graded such that: 1) no individual piece
weighs more than 50 kg; and 2) 90-100%
will pass through a 300-mm sieve, 20-60%
through a 150-mm sieve, and not more than
10% through a 38-mm sieve.

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

Risk analysis — A procedure to identify and
quantify risks by establishing potential
failure modes, providing numerical estimates
of the likelihood of an event in a specified
time period, and estimating the magnitude
of the consequences. The risk analysis
should include all potential events that
would cause the unintentional release of
stored water from the reservoit.

Risk Assessment — The process of
deciding whether existing risks are tolerable
and present risk control measures are
adequate and, if not, whether alternative risk
control measures are justified. Risk
assessment incorporates the risk analysis
and risk evaluation phases.

Rockfill Dam — See Embankment Dam.

Rock Anchor — A steel rod or cable placed
in a hole drilled in rock, held in position by
grout, mechanical means, or both. In
principle, the same as a rock bolt, but
usually the rock anchor is more than 4
meters long.

Rock Bolt — A tensioned reinforcement
element consisting of a steel rod, a
mechanical or grouted anchorage, and a
plate and nut for tensioning or for retaining
tension applied by direct pull or by torquing.
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Rock Reinforcement — The placement of
rock bolts, un-tensioned rock dowels, pre-
stressed rock anchors, or wire tendons in a
rock mass to reinforce and mobilize the
rock’s natural competency to support itself.

Rockfill Dam — An embankment dam in
which more than 50% of the total volume is
composed of compacted or dumped
cobbles, boulders, rock fragments, or
quarried rock usually larger than 3-inch size.

Roller Compacted Concrete Dam — A
concrete gravity dam constructed using a
dry mix concrete  transported by
conventional construction equipment and
compacted by rolling, usually with vibratory
rollers.

Rubble Dam — A stone masonry dam in
which the stones are not shaped or set in a
continuous, usually horizontal, layer.

Runoff — That part of precipitation that
flows from a drainage area on the land
surface, in open channels, or in storm-water
conveyance systems.

Saddle dam (or dike) — A subsidiary dam
of any type constructed across a saddle or
low point on the perimeter of a reservoir.

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 or Scouring — 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 steep, 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.

Sediment Discharge — The quantity of
sediment, measured in dry weight or by
volume, transported through a stream cross-
section in a specified amount of 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 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.

Seiche — An oscillating wave in a reservoir
caused by a landslide into the reservoir or
earthquake-induced ground accelerations or
fault offset or meteorological event.

Settlement — 'The vertical downward
movement of a structure or its foundation.

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

Significant Wave Height — Average height
of the one-third highest individual waves.
Usually estimated from wind speed, fetch
length, and wind duration

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

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

Sinkhole — A low section of ground that
indicates subsurface settlement or particle
movement, typically having clearly defined
boundaries with a sharp offset.

Siphon — An inverted U-shaped pipe or
conduit, filled until atmospheric pressure is
sufficient to force water from a reservoir
over an embankment dam and out of the
other end.

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

Slope — Degree of deviation of a surface
from the horizontal, measured as a
numerical ratio or percent; usually expressed
as the ratio of the horizontal distance (run)
to 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 percent 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.

Slough or Sloughing — 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
ground from the surface through all
horizons.

Soil Structure -The relation of particles that
give 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 components (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 fixed temperature to (2) the weight in air
of an equal volume of distilled water at a
fixed temperature.

Spillway (Spillway System) — A structure
or structures that convey flow through,
around, or over the dam. A spillway system
typically consists of the following: 1) A
principal spillway. 2) An auxiliary 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.
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Stillwater Level — The elevation that a
water surface would assume if all wave
actions were absent.

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 closute versus a permanent
bulkhead gate.

Storm — A storm that can be categorized as
having a specific frequency for a given
duration. For example, a 10-yr. frequency,
24-hr duration storm 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-
yt, 10-yr. or 20-yr storm.

Storm-water 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.

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

Streambanks — The natural 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
because of temperature or moisture
variations, settlement, or any other cause,
would result in the harmful displacement of
adjoining structural components.

Subarea/Sub-basin — Portion of a
watershed  divided into  homogenous
drainage units which can be modeled for
purposes of determining runoff rates. The
subareas/ sub-basins 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 ground below which roots do not
normally grow.

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

Sub-watetshed — 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. The surface
soil is usually darker in color because of 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 usually
without flowing water. Swales conduct
storm water into primary drainage channels
and may provide some groundwater
recharge.

Tailwater — The water surface elevation at
the downstream side of a hydraulic structure
such as a culvert, bridge, weir or dam.

Time of Concentration — 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 Drain — A system of pipe and/or
pervious material along the downstream toe
of a dam used to collect seepage from the
foundation and embankment and convey it
to a free outlet.
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Toe of Dam — The lowermost portion of
the dam embankment where it intersects the
ground surface. Also referred to as
“downstream 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 or railings.

Top Thickness (Top width) — The
thickness or width of a dam at its top
(excluding corbels or parapets). In general,
the term thickness is used for gravity and
arch dams, and width is used for other
dams.

Topography — The representation of a part
of the earth's surface showing natural and
artificial features of a given 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 the A-horizon, of a soil; when
present it ranges in depth from a few
millimeters to a meter. (2) Equivalent to the
plow layer of cultivated soils. (3) 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.

Uniform Flow — A state of steady flow
when the mean velocity and cross-sectional
area remain constant in all sections of a
reach.

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 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).

Vicinity Map — A map that shows the
location of the dam and surrounding roads
that provide access to the dam. This map
should display the location of the dam in
relation to major roads and streets and
should include a north arrow and scale bar.

Volume of dam — The total space occupied
by the materials forming the dam structure
computed between abutments and from top
to bottom of the dam. No deduction is
made for small openings such as galleries,
adits, tunnels, and operating chambers
within the dam structure. Portions of power
plants, locks, and spillways are included if
they are needed for structural stability of the
dam.

Watercourse — Any river, stream, creek,
brook, branch, natural or artificial drainage
channel in or into which storm-water 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
storm-water facilities. Watersheds are often
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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.

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

Wave Protection — Riprap, concrete, or
other armoring on the upstream face of an
embankment dam to protect against
scouring or erosion because of wave action.

Wave Runup — Vertical height above the
still water level to which water from a
specific wave will run up the face of a
structure or embankment.

Weep hole — An opening left in a retaining
wall, apron, lining, or foundation to permit
drainage and reduce pressure.

Water-stop — A strip of metal, rubber, or
another material used to prevent leakage
through joints between adjacent sections of
concrete or masonty blocks.

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.

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.
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Central Dam Safety Organization

Central Water Commission

Vision

To remain as a premier organization with best technical and managerial
expertise for providing advisory services on matters relating to dam safety.

Mission

To provide expert services to State Dam Safety Organizations, dam owners,
dam operating agencies and others concerned for ensuring safe functioning
of dams with a view to protect human life, property and the environment.

Values
Integrity: Act with integrity and honesty in all our actions and practices.

Commitment: Ensure good working conditions for employees and encourage
professional excellence.

Transparency: Ensure clear, accurate and complete information in
communications with stakeholders and take all decisions openly based on
reliable information.

Quality of service: Provide state-of-the-art technical and managerial services
within agreed time frame.

/ Quality Policy \

We provide technical and managerial assistance to dam owners and State Dam
Safety Organizations for proper surveillance, inspection, operation and

maintenance of all dams and appurtenant works in India to ensure safe
functioning of dams and protecting human life, property and the environment.

We develop and nurture competent manpower and equip ourselves with state
of the art technical infrastructure to provide expert services to all
stakeholders.

K We continually improve our systems, processes and services to ensure /

Dam Rehabilitation & Improvement Project





