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Preface

The purpose of these Guidelines is to provide owners of small dams with the requirements
that they must meet to construct and operate a small dam. The emphasis throughout is on
measures to achieve safe management of small dams. The general engineering requirements
illustrated in this guideline apply specifically to small dams, and in areas where downstream
hazards are minimal. The requirements illustrated apply to a hypothetical dam at a specific
site. Since conditions and materials vary widely from site-to-site, it shouid be recognized
that the guidelines may not directly apply.

Commonly, smali dams are constructed of earth materials, but they may be made of
concrete, boulders (rockfill}, or other materials. For economic reasons and convenience
most small dams are constructed of earth materials. Nearly all smali dams in Ethiopia are
constructed of earth materials. Even though this guideline will focus on earth dams, the
principles and safety issues in design and construction of concrete gravity and rockfill dams
are also covered.

The guideline is aimed at owners of dams, engincers/technical advisers, supervising
bodies/authorities and contractors, and others owning responsibility and a duty of care for
dam safety. Dam ownership carries with it significant legal responsibilities. Dam owners
should be aware of the potential iiabilities and how to effectively minimize their exposure to
these liabilities.

It is important to appreciate that these guidelines focus on aspects which should be
considered and procedures which should be followed to achieve a safe dam. They do not
constitute a design guideline or operations manual for implementation. Design guidelines
and other appropriate technical references must be used for detailed methods of
investigations, analysis and design. The guidelines are not necessarily all embracing nor will
cover every conceivable situation: ultimately the owner and technical advisers to the owner
must decide what is appropriate.
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storage of water, and generally do not use the foundation other than to support the works
themselves. in the case of dams, however, account has to be taken of:

* dam site topography which usually cannot be altered significantly because of cost

o dam site and regional geology which greatly influences water retention and structural
safety

e the most appropriate materials to build the dam from and the dam structure
arrangements to assure a safe operable dam

* the earthquake forces which the dam with its stored contents may experience

+ the potential floods which may pass through the reservoir and how these may be
taken past the dam and returned to the river without risk of dam overtopping (unless
specifically designed for overtopping), or erosion damage

¢ the surveillance, maintenance, and operational procedures (which may include the
operation of flood gates) to ensure the dam works as intended

¢ the management of sediment passage down the river

it is the close interaction between the natural ground and manmade structures, together
with water stored at a higher level, which most strongly characterize the special nature of
dams. From the time it is first stored and for the whole life of the dam, the retained fluid has
the potential to escape through any geclogical or manmade weakness. Dams age and
deteriorate through ongoing geological and chemical processes and also may be found to be
iess safe than is desirable through technological advances which improve knowledge of dam
and foundation behaviour, and earthquake and flood risk. Dam faiiures resulting in the
uncontrolled escape of the stored contents can be catastrophic and preservation of safe
conditions requires never ending vigilance.

As well as all dams constituting a special class of structure, each dam will have unique
characteristics, particularly in terms of site geology and geometry. The variations in geology,
building material types, geometry, earthquake and flood risk and the like, mean that it is not
practicable to develop a standardized code-type design for dams. Each dam must be treated
individuaily, taking all relevant factors into account.

[.2 Dam safety objective

The overarching dam safety objective is to protect people, property and the environment
from the harmful effects of misoperation or failure of dams and reservoirs.

To ensure that dams and reservoirs are operated and that activities are conducted so as to
achieve the highest standards of safety that can reasonably be achieved, measures have to be
taken to achieve the following three fundamental safety objectives:

. to control the reiease of damaging discharges downstream of the dam,

. to restrict the likelihood of events that might lead to a loss of control over the
stored volume and the spillway and other discharges,

. to mitigate through onsite accident management and/or emergency planning the

consequences of such events if they were to occur.
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6. Limitation of risk to individuals: measures for controiling dam safety risks should
ensure that no individual bears an unacceptable risk of harm. Justification and
optimization of protection do not in themselves guarantee that no individual, including
employees and operators, bears an unacceptable risk of harm.

7. Protection of present and future generations: people, property and the
environment, present and future, should be protected against the effects of dam failures
and other reservoir risks. Due account must be taken of the fact that dam safety
management decisions made in the present will affect future generations, and therefore
have impacts that span many human generations.

8. Prevention of accidents: all reasonably practicable efforts shoutd be made to prevent
and mitigate dam failures and accidental releases. To ensure that the likelihood of an
accident having harmful consequences is extremely low, measures have to be taken to
achieve the following:

* To prevent the occurrence of failures or abnormal conditions (including breaches
of security) that could lead to uncontrolled release of all or part of the stored
volume;

+ To prevent the escalation of any such incidents or abnormal conditions that do
occur.

9. Emergency preparedness and response: appropriate arrangements shouid be made
for emergency preparedness and response for dam failures and accidental releases. The
primary goals of preparedness and response for a dam breach emergency are as follows:

» To ensure that arrangements are in place for an effective response at the scene
and, as appropriate, at the local, regional, national and international levels, to a
dam breach emergency

+ To ensure that, for reasonably foreseeable incidents, inundation consequences
would be minor

« For any incidents or failures that do occur, to take practical measures to mitigate
any consequences for human life and health, property and infrastructure, and the
environment.

The dam owner/responsible entity, the employer, the regulatory body and appropriate
branches of government have to establish, in advance, the arrangements for emergency
preparedness and response for a dam breach emergency at the scene, at local, or regional
level.

1.4 Dam Definition and classifications

‘Dam’ is not specifically defined in any of Ethiopia’s regulations or directives. In this
Guideline, the word dam refers to an artificial barrier, and its appurtenant structures, that is
constructed to store, control, or divert water.

The term ‘dam’ includes the embankment and all other parts such as spillway, outlet and
valves. Construction of a dam may be from earth or other suitable materials such as rock,
concrete, etc,

There is no any guidcline to classify dams in Ethiopia. The ESRDF's (Ethiopian Social
Rehabilitation and Development Fund) smali scale irrigation guideline has defined a “micro
dam” as an embankment dam having heights not exceeding |5m above deepest river section
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beginning of the irrigation season. Major maintenance works that require input of experts
and materials are handled to the respective BoWR of the Regions. However, operation and
maintenance are mostly overlooked and are not a major activity of BoWR. There are no
routine inspections. When a major problem arises, the BoWR will look for solutions. These
days, Woreda Water and Agricultural Bureaus are established to carry out the operation
and maintenance (O&M) of water and irrigation infrastructures among other duties. But the
budget allocated to them is small and they don't have the required capacity to carry out this
job.

1.6 Dam ownership

Dam owners are responsible for the safety and the liability of the dam and for financing its
upkeep, upgrade, and repair. The common legal understanding is that the dam owner is the
developer of the dam, and is therefore responsible for the potential impacts, which the
impoundment of water may have on upstream or downstream life, property and
environment.

As most infrastructure facilities, such as roads, bridges, and sewer systems, are owned by
public entities, large dams are also owned and regulated by the Federal Government.
However, the recent proclamation (Proclamation No. 197/2000) allows a person/legal
person to construct waterworks including dams after obtaining a permit from the
Supervising body. In some developed countries the majority of dams are privately owned.

The few existing large dams in the country are owned by the Ministry of Water and Energy.
But it is a usual practice that dams are operated by various agencies depending on the
ptimary purpose for which the dams were built. Thus dams constructed for hydropower are
operated by Ethiopian Electric and Power Corporation (EEPCO) and those constructed for
water supply are operated by Water Supply Authority. This has created a sense of
“ownership” of the dams by these agencies. However, Ministry of Water Resources
oversees dam operation during critical periods {i.e. droughts and floods).

Many smail/micro dams were designed and developed for SSI by Regional Governments. The
operation and maintenance of these small dams are carried out by Regional and Woreda
Water Bureaus and the beneficiaries.
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issue permits and certificates of Professional Competence;

require submission of plans and proposals from any person who apply for a permit to
undertake any kind of water works and approve. rejects, or amend such plans and
proposals;

establish quality standards for surveys, design and specification of waterworks as well
as standards for the construction of waterworks necessary for the development of
water resources; it shall alse supervise compliance of waterworks with the
established standards;

prepare directives, in consultation with public bodies concerned, in order to ensure
that water resources are not polluted and hazardous to health and environment;
issue directives pertaining to the safety of hydraulic structures for the prevention of
damages caused by dam water to dams. persons, property and crops;

give an order of rectification or suspension of waterworks which are incompatible or
inconsistent with the Ethiopian water resources policy, relevant Basin Master Plan
Studies and water resources legislative framework; and ensures its implementation

In considering environmental issues, the Federal and Regional Authorities will be concerned

with dam safety in relation to potential environmental impact.

2.3 Engineers/ Technical Advisers and Contractors

Technical advisers and contractors cover a wide scope of activities in the dam industry.
Various aspects of investigation, evaluation, design and construction demand a high level of

specialist expertise, particularly in the case of large dams or technically complex dams.

Typical skills and related roles include:

875

ird

engineering geology and geotechnical engineering skills for appraisal of foundation and
dam constituent materials and their behaviour

hydrological and hydraulic engineering skills for assessment of river flows and
hydraulic design of spillways and other hydraulic structures

seismological skills for appraisal of earthquake risk and selection of design criteria
environmental assessment and engineering skills to identify issues and effects and
achieve environmentally appropriate solutions

dam and rclated structure engineering skills for design and detailing of the key
structures and mechanical equipment, and establishment of maintenance and
operating procedures

skills in evajuating and managing construction risk, particularly floods during
construction

project management and quality assurance skills to ensure approved designs are
translated into effective construction

construction competence, experience, and integrity to ensure all works are built to
the standards required - on larger or more complex projects, this will require
selection of a range of spccialist Construction Contractors for different parts of the
works

peer review and appraisal capability to overview technical advisers work or
undertake periodic surveillance and safety reviews of existing dams
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3 Legal and Regutatory Framework

Ethiopia does not have specific dam and dam safety legislation or administration as some
other developed countries do. Many countries have dam safety laws that require application
to be made and subsequent approval obtained prior to the construction of new dams or the
repair or removal of existing dams. In addition, legislations require that all dams be
periodically inspected to ensure that their continued operation and use does not constitute
a hazard to life and property downstream. Some low-hazard dams are exempt from the
provisions of some dam safety laws. In most instances, these are dams less than 5 m in height
or that impound a volume of water less than 20,000 m’. The height of a dam is measured
from the highest point on the crest of the dam to the lowest point on the downstream toe.
The volume impounded by a dam is measured at the highest point on the crest of the dam.

There are some broader legal obligations under Ethiopian law which owners need to
appreciate. The policies and legislations which are somehow rclated to dams and dam safety
issues are described below:

3.1 Ethiopian Water Resources Management Policy

The Ethiopian Water Resources Management Policy formulated in 1999 by the Ministry of
Water Resources with the belief that an appropriate water resources management policy for
the sector will enhance the development and management of the country's water resources
to make optimum contribution to an accelerated socio-economic growth. The overall goal
of the policy is to enhance and promote all national efforts towards the efficient, equitable
and optimum utilization of the available Water Resources of Ethiopia for significant
socioeconomic development on sustainable basis.

The policy aims to ensure access to water for everyone fairly and in a sustainable manner,
protect water resources and sources, and promote cooperation for the management of
river basins, The policy underline the fundamental principles that water is a natural
endowment commonly owned by all the peoples of Ethiopia and that every Ethiopian citizen
shali have access to sufficient water of acceptable quality, to satisfy basic human needs.

3.2 Ethiopian Water Resources Management Proclamation

The Pariiament of the Government of Ethiopia (Gok) issued Ethiopian Water Resources
Management Proclamation No. 197/2000 within the framework of the Water Resources
Management Policy. The purpose of the Proclamation is to ensure that the water resources
of the country are protected and utilized for the highest social and economic benefits for the
people of Ethiopia, to follow up and supervise that they are duly conserved, ensure that
harmful effects of water are prevented, and that the management of water resources is
carried out properly.

The Proclamation provides that all the water resources of the country are the common
property of the Ethiopian people and the state. The Ministry of Water Resources shall
ensure and administers that the management of any water resource is put to the highest
social and economic bencfit of the Ethiopian people and the management of water resources
of Ethiopia shall be in accordance with a permit systems. The Ministry is entrusted with

NEREE
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The Proclamation states that the details shall be determined by directives to be issued by the
Ministry.

3.3 Water Resources Management Regulations

Ethiopian water Resources Management Regulations issued by Council of Ministers
{Regulation Ne. 115/200) in 2005. A review of the regulations shows that it mainly contains
a further elaboration of the Proclamation providing in detail the main requirements for the
issuance of permits for a water use, water works and waste water discharge, the conditions
for the issuance, as well as the level of water charge and requirements and classifications for
profession licensing of consultants and contractors in water works, and provisions for fees
and charges.

In this Reguiation, the key points related to dam and dam safety is given in Article 7:
Article 7: Application and Manner of Dealing with them

1) An application for the construction, maintenance or alteration of water works shall be
made to the Supervising Body.

2) The application to be submitted shalt contain the design and safety measures along with
the detailed study of the water works.

Specific directives need to be worked out with regard to dams and dam safety and issued by
the MoWE.

3.4 Environmental Laws

Environmenrtal issues are given more and more emphasis in Ethiopia, with the recent
development of a set of laws, following the Policy (Environmental Policy of Ethiopia, 1997)
and strategy (National Conservation Strategy}. The Ethiopian Environmental Protection
Authority (EPA) has drafted three major laws regarding Environmental Pollution Control
(N0.295/2002), Environmental Impact Assessment {No 299/2002) and Establishment of
Environmental Protection Organs (No. 295/2002) and the Proclamations are issued by the
Parliament.

The Environmental Impact Assessment (EIA) Proclamation has made it mandatory that
development projects are required to be subjected to EIA scrutiny. It means that EIA is a
legal requirement. This proclamation is a backbone to harmonizing and integrating
environmental, economic, cultural, and social considerations into a decision making process
in 2 manner that promotes sustainable development.

EPA has also developed EIA Assessment Guideline Document in 2002 and EIA Procedural
Guideline in 2003. This guideline provides advice on how best to comply with the
Environmental Impact Assessment Proclamation, Environmental Protections Organs
Establishment Proclamation, Environmental Policy of Ethiopia and other relevant laws, and
thereby ensure effective environmental assessment and management practices by all those
who may be required to engage in EIA.
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Sometimes flushing is done during periods of high inflows, but this is only possible after the
nature and ievel of the contamination has been determined to be safe. Maintaining a regular
flow rclease from an outlet pipe can prevent the bottom water becoming anaercbic often
identified as a ‘rotten egg smell’,
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The most common causes for failure of small dams in Ethiopia would be as follows:

a) Design is not adequate (hydrological, geotechnical, hydraulic).

b) Very limited site investigations are undertaken and consequently understanding of
site conditions is poor.

¢) Embankment placement methods are substandard eg. soil compaction methods.

d) lack of watershed management practices

e) Maintenance or inspection frequencies are inadequate.

Many failures result in total loss of the dam. in those cases where damage can be repaired,
the costs of repairs can be very high, and possibly greater than the original cost of
construction of the whole dam. Many dams, even of modest size, should be designed and
their construction supervised by an experienced dam engineer. The advice of an experienced
engineer should also be sought if any problems or uncertainties occur after the dam has
been in service.

4.3 Dam Hazard classification

The destructive force unleashed by an uncontrolled escape of water stored behind a dam
has the potential to harm people, property and the local environment. The consequential
losses can include loss of life, socio-economic, financial and environmental losses.

The risk that a dam poses is related to both the consequences of failure and the likelihood
that a failure could oceur. Measures can be taken to reduce the risk to an acceptable level
and that is what dam safety is about.

The height of the dam, its maximum impoundment capacity, physical characteristics of the
dam site and the location of downstream facilities should be assessed to determine the
appropriate hazard classification.

When considering hazard in terms of dam classification, it is important to realize that the
term “Hazard” is not the same as “Risk”. For example, a large dam may be rated a high
hazard structure because its location is such that a catastrophic failure and sudden release of
water could adversely threaten downstream life and property. However, the same dam also
could be at low risk for failure because it is conservatively engineered, receives regular
inspections, and is exceptionally well maintained. Thus, its probability for failure is very low.
In other waords, risk is the product of hazard multiplied by the probability that a failure will
oceur.

Another example to illustrate this concept would be a smaller sized irrigation reservoir
located miles from human habitation. In this situation, the dam is rated a low hazard
structure because of its location, but it could be at high risk for failure because it was not
praperly designed by an engineer, it has never been inspected, and it is poorly maintained.

It is important to realize that 2 dam’s hazard rating does not define the physical condition of
the structure. instead, “Hazard” is the definition that is used to estimate the amount of
damage that could occur in the event the dam was to suddenly fail and release the contents
of its reservoir. For that reason, any dam that is rated a high hazard structure must be
properly designed, regularly inspected, and maintained in the best condition at ail times
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5 Planning of small Dams

5. General

The following chapters relating to new dams outline recommended principles and
procedures to achieve a safe dam. The key components and principal safety issues which can
arise in a dam development are outlined and then the recommended procedures are
described. Procedures are covered in general terms and are to be applied for small dams
with low hazard categories.

Small dams are commonty constructed of earth materials because of economic reasons and
convenience. Even though this guideline will focus on earth dams, the principles and safety
issues in design and construction of concrete gravity and rockfill dams are also covered.

5.2 Dam types

Small dams are usually built using suitable materials found locally where the dam is to be
located. Various materials are used for dam construction including earth, timber, rock,
concrete and steel. If focal materials are not suitable then they may have to be brought in
from other areas. The embankment types of dams (earthfill and rockfill } and concrete
gravity dams are discussed briefly below.

§.2.1 Embankment dams

[COLD defines an embankment dam as, "any dam constructed of excavated materials placed
without addition of binding materials other than those inherent in the natural material. The
materials are usually obtained at or near the dam site”

Dams constructed of soil, of rock, or of a combination of soil and roclk are called
embankment dams. Embankment dams are most economical where the materials at the dam
site can be used to construct the embankment with little or no processing.

The materials available locally control the size and configuration of the dam. Small
embankment dams can be built of a single type of soil, which must hold back the water and
provide enough strength for stability of the embankment. Large dams are usually “zoned,”
with fine soils (silts or clays) at the center of the dam (the “core™} to hold back the water,
and sand, gravel or rockfill in the upstream and downstream parts of the dam (the “shells™)
to provide the strength needed for stability of the embankment.

An important element in a zoned dam is an impermeable blanket or core which usually
consists of clayey materials obtained locally. in locations where naturally impermeable
materials are unavailable the dams are built of rock or earth-rock aggregates, and the
impermeable layers of reinforced concrete, asphaitic concrete, or riveted sheet steel are
placed on the upstream face of the dam.

Embankment dams have been buiit on a variety of foundations, ranging from weak deposits
to strong rock. An advantage compared with concrete dams is that the bearing strength
requirements of the foundation are much less. Minor settlement during and after
construction is generally not seriocus because of the adjustability of the material.

18| Fage



524 Earthf“ i dams

An earchﬂi! dam is an embankmert dam, ccns.truﬁted pr ' ".an}y of cempa ot
- homogenéous or zoned, and crmtam:ng more than 50% of earth. An earth da'm b
trapewidai embankment bi it_' a_' vaileyw ferm: wate T

reser*volr

'_Earthf" li dams have many ad' : "_tsges aver equwa%ant "ccncrete structures
b _appmpnate for farm o other t 3 to. '
' '-_'_:-smes and corrccdy desagned and{cons’cructed us;' gt_:; 'd earthworks materia%s,
- usmg reEatwely unsophhmcated des:gn pmfedures;and équlpmeﬁt ‘

o :.The slapmg water tface is- caliad !:he L!PStl'eam 53933 "(face)-' and the da‘wmt
o dcawnstream siupe |f“10!'e gen__,raliy, the mainy featu _.es adamare shown in-

25 e
,WMWWW‘ ""‘\r--.----»m-m ]

#«M S




membrane may be a thick blanket or core of earth or a thin diaphragm or deck of wood,
concrete, steel, asphalt, dry rubble masonry or stone masonry. The auxiliary support
members help to sustain the membrane or parts of the main rockfill. These components are
similar to the shell, core. and appurtenances of the earth-fill dam and are analyzed in a
similar way.

Rockfill is particularly suitable when there is no satisfactory carth available and when a
plentifui supply of sound rock is at hand. They require design by professional dam engineers.

ROCKFILL
with central core of moraine

ROCKFILL
with upstream face of
concrata or asphall

ROCKHLL
with ceniral core of asphalt

Figure 5. 2 Sections of rockfill dam

§.2.2 Concrete dams

Dams constructed out of concrete and which rely solely on its self weight for stability fali
under the nomenclature of gravity dams. Concrete gravity dams gain their strength from
their mass providing resistance to sliding and overturning. [t has a cross section such that
with a flat bottom, the dam is free standing. The dam has a center of gravity low enough that
the dam will not topple if unsupported at the abutments. Because of their lack of flexibility
they are generally founded on rock. A favorable site usually is one in a constriction in a valtey
where the sound bedrock is reasonably close to the surface both in the floor and abutments
of the dam. A section of a conventional concrete gravity dam is shown on Figure 5.3. Small
concrete dams generally may have no internal galleries.
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manner, Similarly the dam and spillway design nced to be integrated to ensure that flood
flows do not overtop the dam.

The embankments (and its foundations) must have adequate strength to withstand the
applied forces and be sufficiently water tight to maintain the storage and prevent seepage
from eroding the materials of the dam (it is unlikely there will be no seepage).

Areas of risk affecting safety can be extensive and inciude:

e not correctly assessing material properties or not correctly placing materials during
construction, thereby leading to lower strength than required

e material types, thickness and disposition being inadequate to control seepages,
leading to internal erosion

» overtopping and erosion of the embankment

(it}  Foundations including abutments: the areas of ground on which the dam is
jocated and the areas of ground adjacent, form part of the total water barrier. i the
foundations do not adequately support the basic dam structure, or are themseives weak or
prone to high seepage flows and forces, then they can create an area of high risk. As for the
dam structure, areas of risk can be extensive and include aspects such as:

s geological defects in rock structures which are points of weakness and/or of high
seepage flow potential, leading to poor structural performance and potential
instability due to seepage

» weaknesses in the abutments making them vulnerable to slope failures

e lack of information, inadequate identification or provision for seismic forces and
movements

(iv)  Spillways: the spillway has to carry the flood flows safely past the dam and can take
several forms. These include the use of a separate auxiliary spillway which operates only in
floods which are very large, or have very low frequency. In some situations, particularly
where the reservoir is not permitted to rise significantly during a flood, flood gates are
installed and opened progressively to bypass the incoming flood flow.

Spillways and flood gates constitute a high risk part of the dam, with failure of the spillway
system putting the dam or abutments at risk of severe erosion damage possibly leading to
collapse. Areas of spillway risk inciude:

¢ flood sizes being underestimated with consequential undersizing of components

* Secondary effects such as debris blocking the intakes. This is often important for
smaller structures with less spillway capacity.

s energy control arrangements at the end of the spillway being inadequate, causing
erosion and structural coliapse by undermining

» spiliway chute details allowing high energy flow to create destabilizing uplift pressures
at structural joints

¢ flood gates not operating as intended and auxiliary spilt paths for this eventuality not
being adequate
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i. the competence and experience of the owner’s agents relative to the nature
and dam hazard category of the dam, must be appropriate in all areas.

if. there must be a cooperative and trusting relationship between the owner and
technical advisers, and the designers must be given full control over decision
making in critical areas.

if. the owner must agree to apply the appropriate level of funding for
investigations, design and construction to reduce the chances of critically
important issues (particularly related to foundations) being not sufficiently
well assessed or under protected.

iv. the designer/technical adviser has a duty not to compromise unduly due to
financial pressures from the owner, developer or contractor.
V. continuity of key technical advice should be maintained throughout all stages

of the dam from development, through design, construction and
commissioning, to reduce chances of critical points of design philosophy and
intent being misinterpreted during construction or commissioning.

5.5 Site Investigations

Meost failures are due to lack of appreciation of how the particular dam site would react to
the superposition of the dam and reservoir. it is therefore essential that a detailed site
investigation takes place and the results are appropriately used by engineers.

In the planning stage possible dam sites will have been chosen from contour maps and aerial
photography, selected primarily on topography. A narrow gorge is best, hoping for minimum
quantities in the dam and a valley opening upstream to provide the required storage. There
may be alternative sites along the length of a river and hence further investigation has to be
done to ascertain the best possible position.

A wide range of issues needs to be considered. To overlook one or more of them may, in
particular circumstances prove crucial to the operation and safety of the dam. A checiiist
for site investigation is provided in Appendix B.

Pre-design and design investigations, depending on the situation, will encompass:

’ defining topography

. defining hydrology, particularly flood characteristics

. defining geology and site specific foundation conditions and properties
. determining the properties of construction materials

. determining seismic and volcanic hazards and earthquake forces

. determining the potential impact and environmental effects

. local knowledge of previous designs in the vicinity

The degree to which each area of investigation is taken depends on the potential impact ,
scale of project and value of the investment to the owner. However, the importance is
stressed of undertaking an adequate level of geological and foundation investigation by
suitably qualified Specialists, working closely with appropriately qualified dam designers. Many
dam safety issues and incidents and also dam failures, are attributable to inadequate
tnvestigation and/or application of sufficiently well qualified personnel. Even small or low
hazard dams can have high likelihood of foundation related problems.
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. A good understanding of local geology - whether the investment. ground in the
vicinity of the reservoir is suitable for the storage of large volumes of water;

. Knowledge of the properties of the foundation materiai beneath the dam.
Whether it will support the load without excessive deformation, and control
seepage within acceptable levels;

. Understanding of the materials from which the dam will be built. Whether they
have adequate strength, durability and impermeability, and from where they may
most economically be obtained.

(d) A good location for a spiliway that will effectively handie runoff and minimize erosion.
(e) Watershed activities that can affect the water quality or quantity of runoff.

The storage basin must also be impermeable to hold water and where this is not so,
expensive clay lining may be required.

5.5.2.2 Environmenta! Considerations

Dams with their associated reservoirs can have substantial environmental effects and any
existing dam or new project must comply with environmentai legislation and associated
ficensing or permit requirements. The Ethiopian EIA guideline has identified issues for
environmental assessment of dam and reservoir projects. it should be recognized at the
outset that dam developments have effects extending beyond the immediate confines of the
dam and inundated areas. For example;

» Reservoir slope stability, may become a dam safety issuc due to the risk of
overtopping caused by large volumes of reservoir water being displaced by slope
failures.

o Siting of the dam/reservoir must take into consideration the local earthquake and
faulting activity which may cause breaching of the dam

* Groundwater level changes may affect stability and fand use around the reservoir
margins and possibly adjacent to the downstream river, as a result of changed water
levels.

o Trapping of sediments in the reservoir can result in upstream shoaling and ioss of
reservoir storage.

o Foraffauna effects may occur in storage basin, downstream, and in passage around
and through the dam.

*  Minimum flow maintenance downstream of the dam to ensure the survival of fiora
and fauna, and to reduce causes of stream bed deterioration.

» Social development/changes to downstream use given the changed flood situation.

Flora and fauna

Waterways provide habitat and water to support a wide range of native plants and animals.
When a dam is built in such areas, these habitats can be lost through inundation and the
physical barrier the dam poses.

There are also changes to the flow patterns resulting from dam construction and operation.
Existing native in stream and riparian {streamside) vegetation can be lost through permanent
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The outlet pipe has benefits in that it is 2 means for releasing water from the storage in the
event of a problem with the dam wail. When the dam is full, a spillway is used to pass excess
flows.

5.6 Dam Design

Many dam designers in Ethiopia make reference to dam design guidelines for small dams
developed by Continental Consultants under ESRDF. The guideline can serve as a baseline
for further update and revision.

A manual for small dams’ design is recently prepared by Investment Centre of Food and
Agricultural Organization (FAO) and is available at FAQ’s web site. The manual can be used
for small earth dams no higher than 5 m from streambed to finished crest level.

Dams have to be designed by professional engineers. There are only a relatively small
proportion of professional engineers (even among civil engineers) who have experience in
dam design or construction. it may be tempting to select a ‘general practitioner’ consulting
engineer because of their proximity or cost, but you are aiming here to guard against
possible costs far greater than the consultant’s fees.

Dams which are larger in size and potentially hazardous require a range of specialist
disciplines, applying industry accepted state of the art analysis and design procedures, and
involve considerable effort in identifying the most cost effective design. It is important to
translate designs into clearly understood construction specifications and drawings, backed by
an appropriately extensive design report which records all design data, philosophy and
assumptions, and defines areas requiring re-evaluation or confirmation during construction.
The design must be buildable. A check sheet is provided in Appendix C to guide review of a
dam design.

5.6.1 Embankment dams Design

VWhen considering embankment design, there are several variables and elements that have to
be specified,

. Crest width

. Side slopes

. Earth cuts

* impervious core

. Seepage control

. Wave protection

. Freeboard

. Ermbankment vegetation, and
. Aliowance for settlement

The design has to ensure:

a} It is impermeable enough to prevent excessive loss of water from the reservoir.
b) The design must ensure stable slopes,
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dependent on data to be of use to small dam designers. The guideline developed by DFID
and HR Waliingford can be used in the absence of local references. The guideline contains
appropriate methods for predicting, and where possible reducing, siltation rates in small
dams in semi-arid zones in Eastern and Southern Africa.

6 Construction of a Dam

The quality of construction is all-important to dam safety. The dam components will not
have the level of safety targeted or adopted by the designer if construction materials or
workmanship do not equal or exceed the design specifications.

As far as construction is concerned, the following requirements are necessary from the dam
safety viewpoint:

* the contractors must be suitably experienced and committed to achieving the
standards of work specified

s the level of supervision of the works, quality assurance procedures and designer
continuity, must be appropriate to the scale and complexity of the dam.

. the owner must recognize that inherent uncertainties may remain after design
investigations and only be revealed during construction, and have funding in place
to deal with costs arising from additional requirements identified during
construction

. any area identified in the design process as requiring confirmation by the designer
during construction, must be totally under the designer’s control, and no design
change, however small, shali be made without the designer’s review and formal
approval

. a suitabiy detailed design report and drawings showing the as-built structure of all
components of the dam and foundation shall be developed as an on-going and
integral part of the construction supervision process, and be prepared after
completion of each component so that there is a reliable record to refer to at all
times in the future

6.1 Selecting a Contractor
Beware of the ‘bargain price’ in dam construction!

The use of inexperienced contractors and/or inadequate supervision can develop into an
expensive liability. Nothing can take the place of a reputable contractor, using appropriate
equipment and experienced machine operators and working under supervision of an
experienced engineer.

Check the standard of previous work and ask if they have done any work under the
supervision of an engincer experienced in dams. Check out any references given!

6.2 Construction Supervision

Construction supervision is an important phase of dam construction. Supervision is meant to
ensure that the design factors and specification requirements have actually been included in
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£.3.7 Embankment Materials and Construction

6.3.2.1 Selection of Materials

Most dam walls are constructed of earth materials. VWhile construction of dams has to be
practical, and is limited by available materials within economical distance, selection of
appropriate materials is vital for dam safety and performance.

This applies not only to the materials used in the embankment, but also materials on which it
is founded as noted above.

Figure 6.1 Typical embankment slips resulting from construction or material defects

The embankment must be capable of securely retaining water. This is generally done by (a)
ensuring that the materials for the embankment contain sufficient clay, and (b) ensuring that
the materials are adequately compacted.

Small dams tend to be built from a whole range of soil types from sand to the stickiest of
black clays. Each general soil type has its own characteristics and problems, which must be

considered when designing the dam.

Soils most susceptible to problems are:

. Dispersive clays which are those that will disintegrate spontaneously in the
presence of water. They are very common in arid climates and their presence can
be suspected if water in local dams and streams normally has a muddy
appearance. They may be free of problems during construction of an
embankment, but problematical when the dam is filled or filling,

. High plasticity clays suffer from swelling and shrinkage causing cracking problems.
Water can escape through the cracks and erode the embankment. These soils are
also difficult to compact without leaving voids internally.

. Low clay centent material that does not have sufficient clay to provide strength
and impermeability.

Use of any of these materials can result in leakage that may lead to piping or tunnel erosion
{(ie. the removal of soil unseen within the dam embankment while surface soils remain
intact). If such erosion is unchecked, this will lead to rapid failure; it usually becomes
apparent as surface leakage only when the internal erosion has already well progressed.
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cause the pieces to become tightly wedged together. Not more than |5% fines should be in
the dumped rockfill, since they prevent good compaction and make drainage of water
difficuit.

Rolled Rockfill - if the rock is soft and breaks readily into pieces less than a third of a cubic
metre, a rolled rockfill can be used. It is placed in layers and then rolled by heavy rubber
tyred rollers and heavy vibrating rollers. Four to eight passes are required for compaction.

Reshaping the Fill - the dumped rockfill assumes side siopes of the angle of repose. if a flatter
slope is required it can be formed by introducing horizontal berms as required.

6.3.2.6 Decked rocifills
The membrane used to deck the rockfill may be a thick blanket or core of earth or a thin
diaphragm or deck of wood, concrete, steel, asphalt, dry rubble masonry or stone masonry.

Cement concrete face has a very long life, it is an obvious watertight membrane on rockfill
dams. The facing can be tied to the dam in two ways, either poured directly onto the rubble
transition zone. A mortar bed is initially placed which penetrates into the rubble a few
centimeters. This is immediately covered with the concrete to form a menolithic mass which
extends into the rubble and is thus bonded ta the dam. Or, ribs are placed in the bottem of
the slab by forcing grooves in the facing. The ribbed support, however, is unnecessary if the
bonding with the backing is effective.

6.3.3 OQOutiet Pipes or Structures in Embankment

Qutlet pipes under the dam wall are used for the controllied relcase of water from the dam.
If not properly instatled, they can readily provide a path for leakage from the dam, resulting
in faiture of the embankment and uncontrolled release of water.

Proper installation requires the backfilling and compaction to be carried out with extreme
care. Using cut-off 'collars’ at intervals along pipes passing under a bank can reduce the
possibility of leakage. However, special care is required to ensure adequate compaction in
thesc areas, and this may require the use of special smali equipment.

Qutlet pipes or other works shouid be placed in original ground rather than in the
embankment. As far as possible, the location of such structures in the embankment itself
should be avoided. it is likely that they will be damaged during construction of the
embankment and/or when any settlement occurs, but such damage will be unseen. Because
of difficulties with compacting backfill properly around an outlet pipe it is better to backfill
with concrete. Never use sand or other granular material as pipe backfill or bedding.

|[deally, steel pipe with cement mortar lining and backfilled with concrete should be used.
Unlined steel pipe can corrode and perforate within 20 years and lead to internal erosion of
the embankment or abutment and result in dam failure. The use of concrete cut-off collars
and an upstream guard valve is considered to be highly desirable, but such features
themselves create an additional need for special care and attention to detail in both design
and impiementation.
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Most commonly used methods are pre ceoling, post cooling and reducing heat of hydration
by proper mix design. The ideal condition would be simply to place the concrete at stable
temperature of dam and heat of hydration removed, as it is generated, so that temperature
of concrete is not allowed to rise above stable temperature. However this is not possible to
achieve practically. Therefore, the most practical method is to pre cool concrete so as to
restrain the net temperature rise to acceptable ievels.

6.4.3 Aggregate production

Huge guantities of aggregate would be required for the construction of a massive structure
like a concrete gravity dam. The acceptability of the natural aggregate is to be judged upon
the physical and the chemical properties of the material and the accessibility, proximity to
site and economic workability of the deposit. A suitable quarry has to be identified in the
neighbourhood that can supply continuous source of aggregates.

6.4.4 Concrete production and handling

Standard practice is for materials to be batched by weight. The procedure to be adopted for
moving concrete from the mixers on to the dam will be governed by site conditions. Having
produced a good placable concrete, the problem is to transport it to the dam site with the
least possible segregation or change in consistency, so that it may be compacted uniformly
into the dam without reasonable effort. Nowadays a cableway laid across the dam valley is
often used with buckets of large capacity. At many construction sites concrete is placed
using chutes or even a belt conveyor. It is recommended that concrete shall have to be
placed in position within 30 minutes of its removal from the mixer.

6.4.5 Concrete placing, consolidation and curing

For laying concrete over the rock foundations, it has to be ensured that the surface is clean
and free from mud, dirt, oil, organic deposits, or other foreign material which may prevent a
tight bond between rock and concrete. In case of earth or shale foundations all soft or loose
mud and surface debris shail have to be scrapped and removed. A layer of concrete (lift) that
is laid is generally kept as |.5 m, in a view to ease construction and limit excessive
temperature rise. The concrete of subsequent lifts has to be placed after allowing sufficient
time for the previously laid concrete to cool and attain its initial set and become hard. Once
a lift is cast it is thoroughly compacted with vibrators.

Curing of concrete is important but a difficult task for the construction engineer. Primarily it
is necessary to maintain satisfactory moisture content in the hardening concrete. This may
be achieved either by the application of water (usually from sprinklers or perforated hoses)
or by prevention of loss of water (by application of some membrane to the surface).

6.5 Commissioning

Commissioning the dam provides the first test of the design and construction and may not
be fully completed for some time due to the time required to fill the reservoir, estabiish
stable seepage conditions and provide a flood which realistically tests spillway performance.
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A safety surveillance inspection includes taking appropriate measurements and keeping
concise accurate records of observations made. Particular techniques and equipment that
might be used are outlined in Appendix E. For small dams it is prudent to obtain
professional engineering advice to set up the program first, using a simple set of check sheets
to record observations. They are just as sensible - in fact much more so, given the potential
for costs to you if it fails- as having your car checked and serviced regularly, even though you
do not think the car is about to give up on you yet! These procedures form part of a dam
safety management program and are intended to catch problems early and enable action to
be taken to prevent them developing further once detected.

7.3 Frequency of Inspections

The frequency of inspection required for an effective program of surveillance depends on a
variety of factors including:

. Size or capacity of the dam;

. Condition of the dam; and

. Potential for damage resulting from failure of the dam (represented by the hazard
category).

Adoption of the inspection frequency for a particular dam is the responsibility of the owner,
though professional advice should be sought for large dams or those categorized under
significant and high hazard dams. As a guide, Table 7.1 gives suggested frequencies for a two-
level surveillance program adopted from guidelines for managing small dams in Rwanda. The
higher level would comprise a full inspection using the relevant equipment and techniques
outlined in Appendix E. The second level is envisaged as a more frequent quick visual
inspection aimed at detection of unusuai changes during the period between thorough
examinations.

Table 7.1 Suggested inspection frequencies quick visual inspection and comprehensive
examination

[ Quick Visual Inspection
Dam Hazard [ Dams equal to or | Dams smaller than |5 [ Small dams less than |
Potential i higher than 15 merers | meters - megaliter
: classification
High daily twice weekly weeldy B
Significant twice weekly L weckly | fortnightly
. Low weekly fai:i:'nightiyu o . monthly
i | |
| S - )]
Comprehensive Examination
Dam Hazard [ Dams equal to or | Dams smaller than |5 [ Small dams less than |
Potential higher than 15 meters | meters . megaliter
| classification i
l :
‘High weekly monthly 3-monthly ;_
Significant | monthly 3-monthly twice-yearly o
J

18)Cage



. pipe) |
durmg and after-_'s'_" €

- lnspecmons should be madé durmg and after con_
. .;_.-after the ﬁrst ﬁ!lmg of the Storagc '




outlet pipes or erosion holes. Seek experienced help. Lives can be put at risk trying to save
dams using inexperienced persons.

7.6 Inspection of Rockfill dams

An inspection of a rockfill dam should follow the same principles as that for an earth dam,
particularly if the impermeable barrier is located within the body of the dam. The upstream
slope, crest, and downstream slope should be examined for evidence of erosion, slumping,
seepage, and large vegetation. An upstream lining for a rockfill dam should be inspected for
conditions that could result in leakage. These could be cracking in a concrete facing or
tearing and crimping in a flexible lining. Any significant cracking in a concrete facing or
tearing/crimping in a flexible lining should be repaired. The protective layer over a flexible
lining should also be maintained to ensure its continued performance.

7.7 Inspection of Concrete dams

Concrete dams are more rigid than earth or rockfill dams and are thus less tolerant of
maovement. A small displacement of one section of the dam could affect the stability of the
structure or result in significant leakage through or under the dam. Any movement of the
structure could also compromise its contact with an abutment. in addition, any concentrated
seepages at the downstream toe or the abutment contacts should be examined to ensure
that piping is not occurring through the foundation or abutment areas.

Concrete surfaces should be examined for spalling and deterioration due to weathering,
unusual or extreme stresses, alkali or other chemical action, erosion, cavitation, vandalism,
and other destructive forces. Tapping the surface with a hammer or some device will locate
"drummy," unsound concrete.

Structural problems are indicated by cracking, exposed reinforcing bars, large areas of
broken- out concrete, misalignment at joints, undermining and settlement. Rust stains may
indicate internal rusting and deterioration of reinforcement steel. Spiliway floor slabs and
upstream slope protection slabs shouid be checked for undermining {erosion of base
material).

7.8 Inspection Checklists

The most thorough method and best way to keep records is to use a checklist to record the
findings of regular inspections. It will remind you of what to look for and become a record of
the condition of the dam when you last inspected it. Of course, such records must be
systematically stored so that the information on them can be readily retrieved. This can be
useful in the event of a problem developing, as you wiil thereby be able to show that you
have exercised due diligence with respect to the dam. It is a similar activity to doing a
routine roadworthy check on your motor car. It is not only good pro-active management of
your asset, but may also help to protect you against liability in the event of your dam causing
foss or damage. Appendix E provides a sample dam Inspection checklist for your information.
It may need to be modified to suit your particular dam.
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8 Operation and Maintenance of Dams

Effective and ongoing operation, maintenance and surveillance procedures are essential to
ensure the continued viability and safety of a dam and its appurtenant structures. Poor
operation, maintenance and surveillance will invariably result in abnormal deterioration,
reduced life expectancy and possibility of failure. The proper operation, maintenance and
surveillance of a dam provide protection for the Owner and the general public.
Furthermore, the cost of good operation, maintenance and surveillance procedures is small
compared with the cost and consequences of a dam failure which could include major
repairs, loss of life, property damage and litigation.

The term ‘operation’ when applied to a2 dam may at first be regarded as applicable only to
larger dams. Typically, such dams have a variety of control equipment in use as part of the
structure (such as valves, flood gates and electrical control panels). However, when we
define it as any activity or practice which allows the owner to keep inflows and outflows
under control, or which safeguards the integrity of the dam, it can be seen that even smail
dams without elaborate equipment can be, and should be, operated.

This is because the nature of the responsibility carried by a dam owner is the same for a
smail dam as for a large one. The only difference is in the scale of the responsibility and that
is then reflected in the smaller scale and sophistication of activities which usually applies for a
small dam compared with a large one.

The definition of operation given above also implies that monitoring of performance, and
maintenance, are inherently part of the duty of care which attaches to the responsibility of
ownership of a dam, regardless of its size.

The following sections deal only with some very basic aspects of operation and maintenance.
8.1 Control of Flows

Operation of a dam includes the control of flow of water from or around a dam via by-pass
channels, outlet works or spillway structures. ‘Contrel’ refers to activities or design features
aimed at ensuring that :

. inflows do not overtop or endanger the dam structure;

. outflows achieve the required environmental {compensation) fiow rate where this
is applicable;

. and outflows are delivered in such a way as not to endanger the dam or to cause

damage downstream ( in larger dams this may include flood regulation; in small
dams it will include avoiding erosion of the toe of the dam, the spillway channel
or the area downstream).

8.2 Routine Surveiliance

Routine surveillance or inspections can also be called operation activities because they are
not specifically maintenance. Surveillancef/inspections involve observing the behaviour of the
dam and recording flows into or out of the dam or water level gauges. It is geared to
securing both safety of the dam and satisfactory technicai performance.
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Figure 8.1 Seepage from the reservoir in one of the small/micro dams in Tigray

Untess the flow is clear and the rate only small and not increasing, most forms of leakage
represent the first warning. Seepage indicated by green patch of potentially serious problems
and indicate the need for dry grass early repair work.

It is important that the embankment is well maintained and grass kept relatively short (70
mm is good) so that seepage is readily identified if it occurs.

Appendix D lists the most commonly encountered forms of seepage and leakage, and the
means by which repairs might be made be made. The only commen factor is that, uniess the
cause is readily apparent and the repairs immediately effective, expert professional advice
should be sought.

2. Cracking and Movement
(a) Cracks

During dry periods, there will always be minor cracking as the embankment dries out but
good topsoil and grass cover will help prevent this. However, some soil types are more
prone to cracking than others and, where these types of soil are common; cracking is often a
serious problem.

Transverse cracks running across an embankment can allow water to start seeping through,
Longitudinal cracks running along the embankment can fill with water during 2 storm and, as
a result, saturate lower layers which may cause part of the embankment to slump. deally,
large cracks should be filled as soon as possible with compacted clay, but, in practice, this
can be difficult and it may be necessary to trench out the cracks before filling them so the
clay can be compacted. Waterproof layers such as a compacted gravel surface on the crest
help prevent drying and cracking.
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{(d) Sinkholes

Sinkholes are holes or depressions at the surface resulting from internal erosion, which has
caused underground cavities into which the surface material eventually subsides. Sinkholes
are often a sign of severe and widespread hidden damage, and rectifying this problem is
difficult, It is necessary to determine the nature and trace the extent of such damage, and to
backfili all eroded areas with well compacted clay before dealing with the visible surface
holes or depressions in a similar manner. This is tedious, and it is difficuit to ensure that the
whole extent of the problem has been addressed. Unless the defect is found to be
superficial and associated with flows from rainfall run-off rather than leakage from the dam,
professional advice should be sought.

(e) Wind Erosion

Erosion due to wind action can occur when the embankment material has high sand or silt
content, and vegetation cover is poor. It is often associated with the passage of stock. Re-
establishment of good grass cover is the best remedy.

4, Stock Damage

Keep stock off the embankment. A fence to exclude stock should be constructed around the
perimeter of the embankment, storage area, spillway and spillway downstream slope as soon
as possible after the dam is completed. Apart from damaging the grass cover and creating
‘stock paths’ which can lead to serious erosion, the water in the storage can become turbid
and polluted by continued stock access. The best alternative is to provide stock water from
a trough, or install a fenced walkway to a restricted area of the stored water.

5. Dispersive Clays

The presence of dispersive clays on the ground is often the cause of severe discoloration of
reservoirs and streams, but that is not the main issue here. The issue is that their presence
in a dam embankment can result in the loss of material from the embankment by internal
erosion and consequent major leakage problems and failure. The failure may appear to
develop gradually but the final stage often occurs very rapidly, and with little or no warning.

As far as possible the use of dispersive clays in construction of a new dam should be avoided
but, where unavoidable, the design of embankment and filters has to take account the nature
of these material into account. Application of chemicals can help to stabilize these kinds of
soils. Compaction of dispersive clays must be carried out to very high standards in
accordance with specifications prepared by an experienced engineer. The moisture content
for compaction must be carefully controlied, which can only be determined by laboratory
testing of the material.

6. Defects in appurtenant structures
(2) Spillway Blockage

Debris, bushes, trees, shrubs, fences and tall grass shouid be regularly cleaned from all parts
of the spillway, including the approach area. These will tend to obstruct flow and also catch
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(b) Weed Control

Aquatic weeds in dams can block pump and pipe inlets, deter stock from drinking and, in
some cases, taint the water. If weeds are treated when they first appear, dams can be kept
relatively free of some of the more troublesome species. All plants can become a problem
and each may require a different control method. However, in all situations the same
factors should be considered in deciding what control methods, if any, should be used.

In each case: determine whether there is a problem and, if so, what it is; identify the specific
plant causing the problem; find out what control methods are available and which of them
could be used; investigate whether these control measures couid cause any other problems
(eg. toxicity to fish and livestock) and, if so, whether they can be avoided; and decide
whether or not all factors considered, control is practical, desirable and worthwhiie.

9. Sedimentation and watershed management

Sedimentation occurs in every reservoir of a dam. Sedimentation rates vary widely and
depend on many factors of the watershed areas. In Ethiopia, most of the sediment enters
reservoirs with floods occurring during the rainy seasons of the year.

The best way to avoid sediment problems is to reduce erosion in the watershed area.
“Watershed management” — including afforestation and the promotion of farming
conservation practices (such as contour tillage, strip-cropping, conservation cropping
systems, and other land improvement practices } which reduce soil erosion — is frequently
advocated as the best way of cutting sediment deposition in reservoirs..While these schemes
may be recommended in project plans, they are rarely implemented: dam-building agencies
are usually more interested in putting their funds toward building dams than planting trees
and digging field terraces.

As most dam owners do not control the watershed land, other means must be found to
minimize the effects of sedimentation. One way is by dredging. However, this is expensive
and will eventually have to be repeated because the sedimentation process never stops.
Disposal of the dredged material is often a problem. Periodically opening the drain valve will
help keep sediment from obstructing or burying the drain inlet.

For ponds with smaller drainage areas, vegetated strips around the pond will act as filters
and trap much of the sediment. These are especially effective for ponds where much of the
runoff enters as sheet flow rather than in small streams.

The control sedimentation needs to be based on the correct identification of source areas of
sediment, a knowledge of the processes by which water and sediment are moved over the
tand surface, and an understanding of how these processes are affected by the physical
environment and socic-economic factors. Soil conservation can be achieved through
watershed management by targeting erosion control measures at critical locations in the
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8.8 Personnel and Training

Safe management of dams is a frame of mind and involves all the people concerned from the
owner to operations Staff. Education and training must therefore be conceived along the
lines of developing awareness of the need for ongoing vigilance, surveillance and maintenance
in addition to giving instruction in the ‘nuts and bolts’ mechanics of the relevant and
desirable procedures. The training and awareness raising must be related to the specific
characteristics and potential hazard classification of the dam.

Clearly, the personnel involved must understand and fulfill their respective roles and be
suitably trained in their areas of responsibility. This is particularly the case for caretakers
and operational staff who may be recruited into their positions without prior specific
experience.

8.9 Community Participation

For dams being financed by governments or other agencies for community operation and
management, it is essential to consuit lacal people. Try to obtain a representative view, not
that of just important or elderly people in a community, but also those who will be most
directly affected or benefit from any dam, to determine their needs and views. This is
particularly important where the community is expected to contribute towards the
construction (i.e. with the provision of labor and possibly local materials) operation and
maintenance of the dam. It is very vital for future maintenance and longevity of the dam.

Training local people in all aspects of dam repair and maintenance may need to be included
in the construction program. VWhere local participation is expected in the construction
process any contracts awarded to private contractors should clearly define all contributions
to be made by the community and the contractors asked to modify their work programs and
practices accordingly. This may lengthen the construction period and increase costs but may
prove worthwhile in the long term in enhancing responsibilities and skills amongst the
beneficiaries.

9 Emergency Action Planning

Dams should be designed, constructed, operated and maintained to minimize the risk of dam
failure. Nevertheless, incidents can occur either naturally or precipitated by phenomena such
as floods, earthquakes, sabotage or mal-operation which could create an emergency
situation with respect to dam safety. For this reason emergency action planning should be
undertaken for high and significant potential hazard Classification dams to minimize the
adverse effects of such incidents. Emergency action planning is likely to have less importance
for small dams with low hazards.

The plan should list actions that the owner, operators and relevant government and local
authorities should take if an incident or emergency develops. The process of developing an
emergency action plan (EAP) may involve some or all of the following actions:

. identify safe access routes to the dam for the conditions anticipated
. determine the inundated area from assessments of the possible effects of a dam
failure

B0 2



-9 L ::E_x.t.l.'.em\ﬁ-vaients | .ﬁ_ S

_' '._-:_'Extr'eme events such a"
. prevantatwe amcm ‘may

should £ont
- '_"dam safe

”9 2 Emergency P-f.

' --;_".f'33you ' dam ""_pears immis




Prers

5w

L

2.3 How to Deal with a Dam Failure Concern
Immediate action is required on recognition of a threatening condition deveioping:

|. If faijure is imminent (eg. water is rising and approaching the top of the embankment, or
heavily colored water is leaking from the embankment or foundation} then you should
immediately contact:

. An engineer, to seek advice
. Police, and local government bodies
. Your neighbours downstream, to inform them that you have concerns but are

working on the problem.

2. If failure appears imminent or is actually in progress (eg. water is spilling over the
embankment, or erosion of the embankment, spillway or foundation is occurring). If there is
no chance to save the dam, inform the following at once:

. Downstream neighbours,
] Police;
. Local government bodies

Advise that you cannot do anything and need help.

3. Where major flooding is expected or in progress upstream of the dam site, then inform
the following:

. Downstream neighbours
. Local government bodies;
. Paolice;

2.4 Emergency Checklist

Addressing an emergency situation could require many pecple and organizations to be
informed at the earliest opportunity. Keep in mind that preservation of human life must
always have firsc priority. A contact list should be prepared and kept accessible and up to
date.

A * Dam Safety Emergency Plan’ that may be useful and can be hung on the wall near the
telephone. It provides procedures to follow in the event of certain circumstances occurring
and therefore allows response by persons not fully familiar with dam safety procedures.

Contact Organizations for Advice

There are a number of potential problems that may threaten the safety of a small dam.
These can be expensive to remedy. Consequently, it is imperative that dam owners seek
advice from an expert when in doubt. In the event of a problem on a dam, Regional and
Woreda Water Bureaus and non government organizations may be able to provide advice
or a service.

In any particular area the best advice can usually be obtained from a consulting engineer with
local experience in design, construction, maintenance and repair of dams. Many consulting
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The site should be reinstated and revegetated to a stable condition. Care shouid be taken to

make sure that no material (usually silt) can be washed downstream or affect other dams.
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Appendix A: Technical Terms Definitions
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Abutment The natural ground formation between the base of the dam and its crest.
The natural material below the excavation surface and in the immediate surrounding
formation above the normal river level or flood plain against which the ends of the
dam are placed.

Acceptable Risk —The level of risk (the combination of the probability and the
consequence of a specified hazardous event)which the public are prepared to accept
without further management. Acceptability of risk may be reflected in government
regulations.

Appurtenant Works Includes, but are not limited to, such structures as spillways,
either in or beside the dam and its rim; low level outlet works and water conduits
such as wnnels, pipelines, either through the dam or its abutments.

Base of Dam The area of the lowest part of the dam resting on the foundation
exciuding the abutments. It excludes isolated pockets of excavation which are not
representative of the base extending from heel to toe.

Beaching Rock placed to dissipate the erosive force of waves on banks. The term
can mean dumped or hand placed rock, usually located on a prepared bed of gravel
size material.

Catchment The area of land drained by the landform, streams or waterways down
to the point at which the dam is located.

Consequences of dam failure Impact arcas downstream as well as upstream of
the dam resulting from failure of the dam or its appurtenances. The result of a dam
failure in terms of loss of life and damage to property and/or services, as well as
economic and environmental damage,

Contractor/constructor For the purpose of this document, a person employed to
carry out construction works in accordance with plans and specifications in the
construction of a dam.

Criteria: This term refers to the numerical values or other standards adopted by
the world-wide dam industry for aspects of dam design and per—formance. It is
important to note that technological advances or empirical evidence may lead to
criteria changing with time.

Crest of Dam Used to denote the top level of a dam wall or embankment (not the

spiilway level). The uppermost surface of the dam proper, excluding parapets,
handrails etc.

Cut-off An impervious barrier of material to prevent seepage flows through or
beneath a dam. lt is also used to prevent seepage flow along structures such as
pipelines or spillways.
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Foundation The material of the valley floor and abutments on which the dam is
constructed.

Freeboard The vertical distance between the spillway crest level and the top of the
dam {crest).

Full Supply Levei (FSL) The maximum normal operating level of a reservoir, as
distinct from flood surcharge. This is also the level of the spillway crest when water is
just about to pass through the spillway.

Hazard: This term is used to describe a source of potential harm or a situation
with a potential to cause loss. Factors such as earthquakes, floods, and possible
deficiencies in the dam or its foundations, which may lead to unsafe behaviour of the
dam can be considered hazards. Unsafe behaviour may result in the Potential Impact
being realized.

Hazardous dam A dam is hazardous if, because of its size and/or location, could
pose a threat to life, property or the environment, if it were to fail.

Height of Dam The difference in level between the natural surface level, bed of a
gully, stream or waterway at the downstream toe of the dam and the crest.

Impervious Describes a relatively waterproof soil such as clay through which water
percolates very slowly making it suitable as a water barrier.

Impermeability Describes property of a soil such as clay through which water
percolates very slowly.

Infrastructure Includes roads, bridges, water supply systems, waste water systems,
recreation facilities and other community investments.

Inspection An examination of a dam in accordance with a given Dam Safety
Guidelines.

Interim Diversion Limit A means for estimating the water available for
harvestable catchment

Maintenance Actions required to maintain existing works and systems (civil,
hydraulic, mechanical and electrical,) in a safe and functional condition.

Monitoring Recording of data from measuring devices and visual observations to
check the perfarmance and behavioural trends of a dam and appurtenant structures.

Optimum Moisture Content This is the moisture content of earthen material
with suitable clay content at which the best compaction can be easily achieved. (This is
the general meaning. In the case of a particular sail, the Optimum Moisture Content is
defined by a special standard laboratory test).

Organic Material Silt or clay containing plant remains. It has low bearing capacity
and is compressible when it rots.
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Surveillance The continuing examination of the condition of a dam and monitoring
procedures in order to determine whether a deficient trend is developing or appears
likely to develop.

Tailwater level -Level of water in the discharge channel immediately downstream of
a dam.

Toe of dam -junction of the downstream (or upstream) face of dam with the ground
surface (foundation). Sometimes “heel” is used to define the upstream toe of a
concrete gravity dam.

Top of Dam (Crest) The elevation of the uppermost surface of the dam proper
not taking into account any camber allowed for settlement or kerbs, parapets,
guardrails or other structures that are not a part of the main water retaining
structure. This elevation is usually the roadway or walkway.

Waterway/water course A term for any river, creek, stream, or watercourse and
a natural channel in which water regularly flows but not necessarily continuously and a
channel resulting from the alteration or relocation of a waterway.

Woaterway with high ecological A wetland or marsh; or values a waterway with
remnant native vegetation (either in-stream or riparian}; or a waterway known to
support flora and fauna of conservation significance.
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Appendix C: check sheet to guide a review of a dam design

The design of a dam will differ greatly depending on the type of dam, local geology, type of
impoundment, size of structure, seismic zone, downstream hazard, upstream conditions etc.
This is an example of the check sheet that Engineers uses to guide a review of a dam design.
Not all components are applicable to alt dams, but it gives the design engineer an idea of
what will be under review. Ultimately the dam designer and owner are responsible for

constructing and operating a safe structure and the review process in no way creates a
warranty for the adequacy of the design. Some analyses (although not all inclusive) that could
be parts of a dam design are as follows:

| Stability Analysis - Many times this is inciuded in the geotechnical report
o loading Condition with acceptable factor of safety :
o End of Construction (static)
o Steady State Seepage
© Rapid Draw Down
o Seismic
2. Foundation suitability
o Liquefaction potential
o Ability to support the load/settlement
o Fault traces or bedrock fractures
o Horizontally contiguous zones of high permeability, etc.
3. Embankment settlement

© Seepage Analysis - flow net, numeric analysis, etc.
o Sediment Transport - as it relates to inflow of sediment into the reservoir or
scouring and deposition downstream.
4. Material properties
o Susceptibility to alkali-aggregate reaction
o Dispersive soils
o Filter compatibility between zones
5. Describe the drainage area
6. Extreme events
o Flooding
* Storm choice design discharges.
* Runoff calculation methodology
* Flood routing through the reservoir
o FEarthquake
o Stability analysis - especially for liquefaction
o Deformation analysis
Embankment slopes
Curves showing elevation/discharge relationships for ali outlets and spiltways

7
8. Elevation/discharge relationships
9.
10. Dam break/overtopping analysis

o s Might be necessary for development of an EAP
o Inundation mapping
o . Time to wave front
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Appendix D: Common Problems in and around dams and Solutions
Introduction

The following information is presented to help the dam owner identify problems that could
arise in and around dams and are likely to cause them to fail. The possible cause and
concerns or potential consequences are also indicated, and appropriate action
recommended.

A number of the conditions described in the following tables can be corrected by routine
and periodic maintenance by the owner. However, significant proportions of the conditions
which are identified herein threaten the safety and integrity of the dam and require the
attention of an experienced professional engineer.

Quick, corrective action applied to conditions requiring attention will promote the safety
and extend the useful life of the dam, whiie possibly preventing costly future repairs. it
should be noted that it is not possibie to cover in this appendix all the problems that might
arise. Only the most commonly experienced ones are included.

As a general rule, if the owner has any concerns at all he should get help from an
experienced professional engineer.

Note: ‘experienced professional engineer’ means an engineer who is qualified professionally
and who is experienced explicitly in dam design and construction for the relevant type of
dam. Experience in construction only is not considered appropriate. Note that even among
professional civil engineers, most practitioners are not experienced in dams, which is a
specialist area.

Reference:

Materials for this section are taken from the following publication: Inspection of small dams,
Alberta Environmental Protection, 1998.
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2 Cre_n_st___problems

RUTS ALONG CREST Causes!
[ I 1. The main cause is inadequate drainage of the crest
e . allowing water to stand.
o ___m,___ﬂxf_;’,.f:;:f;r\,ﬁrﬂ_,‘,_r____,..m..J 2. Vehicle crossing when surface is soft or wet. i

Concerns:

1. Allows standing water to collect and saturate the

. crest.

| 2. Vehicles crossing the crest can get stuck causing |
further damage.

Recommended action:

1. Re-grade and re-compact crest to original elevation

with & slope toward the upstream slope.

o l T 2. Provide surface resistance to rutting by adding
‘ | gravel.

Causes:

1. Uneven settiement within the embankment or
R foundation.

© 2. Slope instability.

I e N R e st |
|
|
[ IR Concerns:

i WT&T{!T © 1. Provides an entry point for surface water which can

' ; | k premote movemant. |

2. Can reduce the effective crest width.

Recommended action: ‘
1. An enginger should determine the cause of the
" crack and recommend a course of action.

2. The crack({s) should be excavated and backfilled
with compacted material t6 prevent seepage.

3. Arez should be closely monitored for future

! mavement.
i e —— . — e —— : . . .. . _______._,___l-
¢ TRANSVERSE CRACKING Causes: i
A t 1. Uneven movement between two adjacent

sagments of the embankment.
2. instability of the embankment or foundation.

Concerns: i
1. Provides an entry point for surface water.

2. May create a seepage path from the reservoir and
| a potential piping fallure.

Recommended action:

1. An engineer should determine the cause of the
crack and recommend a course of action.

2. The crack{s) should be excavated and backfilled
with compacted material to prevent seepage.

3. Area should be closely monitored for future
movement.
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DISPLACED OR WEATHERED RIPRAP Causes:
ety 1. Wave action.
s T 1 2. Poor quality riprap.

3. Same size rock, leaving gaps which allow waves to
erode underlying material.
4. over steepness af upstream slope

Concerns:
1. Allow increasing erosion which can reduce the
width and height of the embankment.

Recommended action:

1. Repair erosion damage.

2. Re-establish adequate slope protection with
L underlying filter bed.

i 3. An engineer should determine the cause and |
recommend further actions to be taken ;

LARGE CRACKS i Causes: |
1 ) e 1. Slope instability. ;
el ~__] | 2 Differential settlement.

e ;'-':f-*—-r.—.:" '«—"“\{. T S S S

: Concerns:

o T 1. Almost always precedes a slope failure or large °

HILURUBUUNES I\LT WTT ZWT!,!‘{ T | scale settlement. '
|

'1 1]

Recommended action:

1. The reservoir should be drawn down.
2. The engineer should determine the cause and !
recommend a course of action. :

Causes:
— . 1. A foundation failure.
Twe ] | 2. Too steep a slope. -.
e =1 | 3. A rapid draw down of the reservoir. i
e Concerns:

1|§W\W 1. Can lead to a failure of the dam.
‘l | 2. Slide debris can block low level outlets.

3
|

Recommended action: !
1. Draw the reservoir down. Should advise affected
downstream owners who would be affected by
i releases.

2. The engineer should determine the cause and
recommend a course of action. :
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| WET AREAS/SEEPAGE Causes: |
| il " EEP o —— ! 1. Seepage through the embankment or under the ©

5 e e foundation.
. 2. Surface water entering through cracks or animal |
e burrows. '

! {]'i IE%!TT‘{ Ity Concerns:
‘\1 4_‘. l1 ! l pitd \ 1. Creates slope instability which can lead to a failure,

2. Indicates the possibility of a piping failura.

. Recommended action:

1. The outflow should be examined for dirty water - an
indication that piping may be occurring.

i 2. The area and flow should be monitored and the :
reservoir drawn down if flows increase.

3. An engineer should assess the situation and
. recommend a course of action.

| 4. Consult an Engineer immediately if flow vslume
increases or dirty water is present.

CAVE INJCOLLAPSE | Causes: o |
- . : 1. Poor compaction during construction.

2. Internal erosion / piping through the embankment
or foundation.
3. Animal burrowing.

Concerns:
| 1. Can cause increased seapage.
2. Indicates a potential failure.

Recommended action:

1. Monitor the area for change.
| 2. An engineer should determine the cause and |
recommend a course of action. j

Causas:
. Livestock traffic.
| 2. Surface runoff.

Concerns:
Encourages further erosion.

Recommaended action:
1. Re-grade slope and sow a cover crop.
2. Keep livestock away from the embankment.

i
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i PIPING /SEEPAGE ALONG QUTLET

CONDUIT IN POOR CONDITION

o Crack
,
J
e Holea

Joint separation

| Causes:

Ei 1. A break in the outlet pipe. :

2. A path for flow has developed along the cutside of |
the outlet pipe. {poor censtruction).

Concerns:
1. Continued flows can lead to rapid erosion of |
embankrment materials and failure of the dam.

Recommended action:

1. Thoroughly investigate the area by probing 1o see
if the Cause can be determined.

1 2. Determine if leakage water is carrying soii
particles. '
3. Determine guantity of flow.

4. if flow increases or Is cartying embankment
| materials, dam water level should be lowered until
| leakage stops.

5. A gualified engineer should inspect the condition ;
and recommend further actions to be taken

Causes:

1. Rust.

2. Joint separation,

3. seftlement or poor construction practice

Concerns:

1. May lead to serious internal erosion and & possible
piping failure

2. excessive seepage, possibie internal erosion

' Recommendad action: ;
1. Check for evidence of water sither entering or .
exiting pipe at crack/ holefete.

2. Tap pipe in vicinity of damaged area, listening for
' hollow sound that shows a void has formed zalong the
outside of the conduit.

3. If there is any suspicion at ali of a progressive |
failure, request urgent engineering advice.

4. install upstream valve to isolate pipeline and enable
inspections

{ 5 An engineer should determine the cause and
recommend a course of action.

8 Spillway problems
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BURRQWING ANIMAL ACTIVITY Cause:

1. Burrowing animals.

Caoncerns:
1. Can weaken the embankment.
2. Can cause a piping failure.

Recommended action:

1. Control radents.

2. Remove favorabie habitat conditions.

3. Backfill rodent burrows with compacted fill.

Ditn,
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Probe - a ten-millimeter diameter by one meter long blunt end metal rod with right
angle "T" handles at one end. The probe can provide information on conditions
below the surface such as depth and softness of a saturated area. Soft areas indicate
poor compaction or saturated material; and

Hammer- to test soundness of concrete structures.

Observations to be recorded

All measurements and descriptive details that are required to portray an accurate picture of
the dam’s current condition must be recorded. This information falls into three categories:

Location - the location of any questionable area or condition must be accurately
described to allow it to be properly evaluated. The location along the length of the
dam should be noted, as weill as the height above the toe or distance down from the
dam's crest should also be measured and recorded. The same applies to conditions
associated with the outlet or spillway;
Extent of area - record the length, width and depth or height of any area where a
suspected problem is found.
Descriptive detail - a description of a condition or observation must be given which is
brief but yet containing al! relevant details. Some factors to include are:

- Quantity of seepage from point and area sources;

- Color or quantity of sediment in water;

- Location, length, displacement, and depth of cracks;

- is area moist, wet or saturated?

~ is protective cover adequate (topsoil/grass)?

- is surface drainage satisfactory?

- do batter slopes look too steep?

- are there bulges or depressions on the slopes!

- does deterioration appear to be rapid or slow? and

- have conditions changed? (note in what way etc),

Note: A sketch plan of the dam is a helpful aid to recording observations. it should

preferably be approximately to scale and the locations of all observations should be indicated

on it.

This is not a complete list but serves as an initial guide. If a condition has changed since the
last inspection, it must be noted; a photograph should also be taken and put in the diary,
noting the date and a description of the scene shown in the photograph.

Remember, a primary purpose of the inspection is to pick up changes which have occurred
since the previous inspection, and that if a situation looks as if it is worsening or otherwise
causes concern the owner should not hesitate to get professional help.

A typical form of checklist for noting defects and keeping long term records of behaviors is
given below.
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Dam inspection checklist for Concrete Gravity dam

Date:...... o oodiine..

Owneri__  Location:
Dam Name ....cooivveinvnnnnna.
r . : 1
Areas of dam ltems to address/check Observations/ Change |
| ! from last inspection
" i e Deteriorated joints
 Upstream o Cracking/Spalling
Face '
s Deteriorated joints |
Crest s Cracking/Spalling
¢ Poor alignment
¢ Deteriorated joints i
| Downstream e Cracking/Spailing
Face o Seepage
f o ° _Vegetationferosion
| Abutments v Sloughing/slides/cracks
» Secpagefwetness
T - e Erosion/undermining
Toe o Scepage/wetness
o Foundation drains
N » Deteriorated }oih-ts )
' Gallery o Cracking/Spalling
; ¢ Seepage
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“Inspection Procedures ~

- Getting the most out of an-inspection requires some preparatory work:

“first to note any a

-_j-;{;’)ownsnream sicpe‘“ o

g Any scepage areas,
BLE Qutlet, and
e Splilway
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Figure 2 Parallel coverage path

On the downstream slope a zigzag path is recommended to ensure that any defects are
detected.

Stop and Look

At several points on the slope, you should stop and iook around through 360 degrees to
check alignments and to be sure that some important feature of the slope has not been
overlooked.

Particular Techniques

The following is a list of methods that can be used to monitor changes, which will occur over
a period of time,

Sighting

A sighting technique, similar to that used when selecting straight pieces of timber, can be used
in identifying misalignment as well as high or low areas along a surface. The technique is
illustrated in Figure 3.

i LINE /
li {4 VIEWING /
] 1 / |
| \‘ fr ‘
MAN SIGHTING THROUGH EYES THROUGH EYES
| 2 3

Figure 3 Sighting techniques

The same methaod can be used to sight along the crest of 2 dam (see Figure 4). Centre the
eyes along the line being viewed. Sighting along the line, move from side to side a little to
view the line from several angles.
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A method of monitoring surface movement on the upstream or downstream slope is to place
a straight line of stakes down the slope with a string tape attached to the top of each stake.
The point at which a slide takes place will cause the uphill stakes to be pulled over, whilst
those just downhili of the movement would show a slackening of the string tape.

Noting Changes in Yegetation

The density or lushness of vegetation can also be an indication of extra moisture at a
particular iocation and the possibility of a leak. Probing the area will usually confirm whether
or not a problem is developing.

Evaluation of Observations

The record of observations taken at periodic inspections is used to develop a mental picture
of the dam’s performance. Accurate measurements pay off here because small changes, which
could go undetected if simply looked at rather than measured and recorded, will show a
pattern or trend.

immediately following the inspection, the observations should be compared with previous
records to see if there is any condition, reading, or trend that may indicate a developing
problem. The owner can then begin to address any potential problem before it becomes a
threat to the dam. When a significant change is detected, any design drawings for the dam
should be examined carefully to see if an obvious reason for the change could be found.

If 2 questionable change of trend is noted, a professional engineer experienced in the field of
dam engineering should immediately be engaged to determine if any action, such as increased
monitoring or detailed investigation of the condition, is required.

These actions will help ensure the safety, safe operation, and long, useful life of the dam.
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Sedimentation

Estimation of the sediment regime and total sediment transport (suspended
plus bed load) of the river in the project area.

Study of the proposed reservoirs trapping efficiency, forecasting of dead
storage volume and the future rate of reduction of the live storage.

Geology and Geo-technical studies
Review of previous relevant studies

Foundation investigation of dam sites including along the spillway and the
retaining wall shall be collected.

Geological test pit at a reasonable interval depending on the topographic
feature of the dam sites along the cross section and longitudinal section of the
site shall be taken.

Analyze the geology and tectonic structures of the area and interpret the
result.

Analyze the seismicity and earthquake intensity of the area.

|dentification and recommendations of appropriate type of foundation
treatment

Perform soil and rock laboratory tests on foundation and construction
material Conduct resistivity study (for rock fracture analysis overburden
thickness analysis)

The log profile shall indicate clearly the material composition of the
foundation material, the foundation level, and ground water condition.

The project shall also indicate the type and quantity, availability, quality and
proximity of local construction material, and access road route shali be
selected, whenever necessary.

In addition, all other data considered necessary and relevant for the study
shali be carried out.

Geology and Geo-technical design

Interpretation of geotechnical investigations results and providing appropriate
recommendations of design parameters for the dam and appurtenant
structures design. Recommendations will be based on the suitability of the
specific formations with respect to the proposed structures,

Analysis of laboratory test results and suitability for the intended purpose
Study and design foundation treatment works
Reviews analyze all foundation conditions and decide on design parameter.

Carry out detail design of dam with available construction materials to make
easy construction work, The detailed design of the embankment dam will
cover:

o Review of ali geotechnical investigations covering the embankment
foundations and fill materials, including confirmation of quality and
quantities of construction materials from borrow area and quarry
sites;

o Embankment zoning and internal drainage;
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Appendix G: Typical Plan, Profile and Section of a Small
Embankment Dam
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