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CHAPTER 1

INTRODUCTION

I. Purpose

The purpose of this guidebook is to‘promote dam safety and
to inform you, the dam owner, of your respoﬁsibility to safely
operate, maintain and repair your dam. This guidebook is
intended to be nontechnical yet provide a basis for discussion
between dam owners and state dam safety agencies. By the
nature of the topic, some technical terms must be used. It is
believed that the basic dam safety terminology contained in the
glossary (Chapter 2) will assist you in undefstanding your dam
and the impoundment behind it. The responsibilities 'and
liabilities of dam ownership, the role of governmental agencies
and emergency response will also be discussed.

To help you evaluate the condition of your dam, a dam
safety checklist is included. An operation plan form and
guidelines for emergency action plan preparation arelalso'
provided for you to use in meeting your responsibilities as a
dam owner. This guidebook 'does not override state specific

requirements. All state standards must be followed.

"II. Federal Roles in Dam Safety

Several government agencies play active roles in dam

safety.




The Federal Emergency Management Agency (FEMA) develops
and maintains policy guidelines for dam safety. FEMA develops
programs for preparedness planning and emergency response.
They also coordinate federal dam safety programs and encourage
nonfederal programs to reduce the public hazard of unsafe dams.
This Dam Safety Guidebook 1is one of FEMA's methods of
fulfilling this charge.

The Federal Energy Regulatory Commission (FERC) supervises
the dam safety program of the Federal Power Act. They issue
rules and regulations to ensure licensed projects are
adequately éonstructed, operated and maintained to protect
life, health and property. FERC's jurisdiction includes dams
at hydroelectric projects on navigable streams or on federally
owned land; projects using surplus water or waterpower from
federally owned dams; or dams affecting the interest of
interstate or foreign commerce.

The Department of the Army, Corps of Engineers, is
authorized by the Federal Water Pollution Control Act of 1972
and the River and Harbor Act of 1899 to issue permits for the
filling in of the nation's waterways. Under the National Dam
Safety Act of 1972, the Corps, working with individual states,
inventoried 68)153‘dams and insﬁected 8,818.

Five agencies within the Department of Agriculture are
involved with nonfederal dams. These include the Agricultural
Stabilization and Conservation Service (AsCcs), the Farmer's

Home Administration (FMHA), the Forest Service, the Rural




Electrification Administration (REA) and the Soil Conservation
Service (SCS). Technical engineering responsibility for dams
is assigned to the Soil Conservation Service. The other
agencies are involved with funding of projects.

The U.S Department of the Interior Office of Surface
Mining (OSM) provides support to state regulatory agencies in
dam inspection and monitoring as it relates to surface mining.
The Department's Bureau of Reclamation has a multipurpose water
development function which includes providing water for
irrigation, hydroelectric power industry, and recreation. This

is done with dams, canals and pipelines.

III. State Roles in Dam Safety

| The role of individual states in dam safety varies
from state to state. States do have regulatory authority over
dam safety, and require the owner to be responsible in the
désign and construction, operation, maintenance and repair of

the dam. Details are contained in Chapter 3.

IV. Scope

This guidebook will introduce the dam owner to dam safety
items and dam terminology. Stimulated by this guidebook, the
dam owner 1is encouraged to seek, when necessary, professional
legal, regulatory and engineering assistance. This guidebook
cannot replace the site specific study and evaluation of a dam

by the conscientious owner and professional consultants.







CHAPTER 2

GLOSSARY

I. Definitions

This chapter provides basic terminology used in this guidebook.
It is not a complete list but is meant to introduce some basic
terminology. Other terminology may be obtained from dam safety
books (see reference at end of chapter).

Abutment - That part of the valley side or concrete walls
against which the dam is constructed. See Page 2-4. Right and
left abutments are those on respective sides of an observer
when viewed looking downstream.

Alterations - Such changes in the design of the dam as may
directly affect the integrity of the dam and thereby affect the
safety of persons, property or natural resources.

Appurtenant Works - The structures or machinery auxiliary to
dams which are built to operate and maintain dams; such as
outlet works, spillway, powerhouse, tunnels, etc.

Berm - A horizontal step or bench in the sloping profile of an
embankment dam. See Pages 2-4 and 2-5.

Breach - A break, gap or opening (failure) in a dam which
releases impoundment water. See Page 2-5.

Core - A zone of material of low permeability in an embankment
dam. See Page 2-5.

Dam ~ A barrier built for impounding or diverting the flow of
water.

Dike (Levee) - An embankment, usually applied to embankments or
structures built to protect land from flooding. See Page 2-5.

Drain, Layer or Blanket - A layer of pervious material in a dam
to facilitate drainage. Includes toe drain, weephole and
chimney drain. See Page 2-4.

' prawdown - The resultant lowering of water surface level due to
release of water from the impoundment.

Embankment - Fill material, usually earth or rock, placed with
sloping sides. See also Embankment Dam and Page 2-5.

Embankment Pam (Fill Dam) - Any dam constructed of excavated
natural materials or of industrial waste materials. See Page

2—50




Homogeneous Earth Fill Dam - An embankment constructed of
similar earth material throughout, except for possible
inclusion of drains. Used to differentiate from a zoned
earth fill dam.

Zoned Embankment Dam - An embankment dam is composed of
zones of selected materials having different degrees of
porosity, permeability and density.

Emergency Action Plan - A predetermined plan of action to be
taken to reduce the potential for property damage and loss of
lives.

Engineer - A licensed or registered engineer in a given state;
offers experience and expertise in the design and inspection of
dams.

Failure - An incident resulting in the uncontrolled release of
water from a dam.

Freeboard - The vertical distance between a stated water level
and the top of a dam. See Page 2-4.

Gate or Valve - In general, a device in which a leaf or member
is moved across the waterway to control or stop the flow.

Impoundment ~ Water or wastewater held back by a dam.

Instrumentation - Permanent devices which are installed in/near
a dam to allow monitoring of the dam and impoundment. These
devices may include a staff gage (to measure impoundment
levels), piezometers, observation wells, settlement or
alignment points, rain gage, etc. See Page 2-6.

Maintenance - The upkeep necessary for efficient operation of
dams and their appurtenant works. It involves labor and
materials, but is not to be confused with alterations or

repairs.
Operator - The owner, or an agent or employee of the owner.

Outlet - An opening through which water can freely discharge
for a particular purpose from an impoundment. See Page 2-4.

Owner - Any person who owns, leases, controls, operates,
maintains or manages a dam or impoundment.

Phreatic Surface - The upper surface of saturation in an
embankment. See Page 2-4.

Piping - The progressive development of internal erosion by
seepage, appearing downstream as a hole or seam discharging
water that contains soil particles.

2-2




Plunge Pool - A natural or sometimes artificially created pool
that dissipates the energy of free-falling water. The pool is
located at a safe distance downstream of the structure from
which water is being released. See Stilling Basin and Page
2-4. K

Repair - To essentially restore a dam to its approved design
condition.

Riprap - A layer of large stones, broken rock or precast blocks
placed in a random fashion on the upstream slope of an
embankment dam, on a reservoir shore, or on the sides of a
channel as a protection against wave and ice action. See Page
2-4.

Silt/Sediment - Soil particles and debris in an impoundment.

Slump Area - A portion of earth embankment which moves
downslope, sometimes suddenly, often with cracks developing..
See Page 2-5.

Spillway System - A structure over or through which flows are
discharged. If the flow is controlled by gates, it 1is
considered a controlled spillway; if the elevation of the
spillway crest 1is the only control, it is considered an
uncontrolled spillway. See Pages 2-4 and 2-5.

Emergency Spillway - A secondary spillway designed to
operate only during exceptionally large floods.

Principal Spillway - The main spillway for normal and
flood flows.

Stilling Basin - A basin constructed to dissipate the energy of
fast-flowing water, eg. from a spillway or bottom outlet, and
to protect the river bed from erosion. See Plunge Pool. See
Page 2-4.

Stoplogs - Logs or timbers, steel or concrete beams placed on
"top of each other with their ends held in guides on each side
of a channel or conduit.

Toe of Embankment - The junction of the face of the dam with
the ground surface. '

Trash Rack - A structure of metal or concrete bars located in
the waterway at an intake to prevent the entry of floating or
submerged debris.

Other technical terms are explained in the text.
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CHAPTER 3

YOUR STATE GOVERNMENT'S ROLE IN DAM SAFETY

I. Historical Background

Recognizing the potential hazard created by construction of a
dam, the State Legislature acted in 1929 to provide the general
public with protection from loss of life or property through
malfunction or failure of a dam. - With this legislation, the
supervision of the dams and reservoirs of Arizona became a State
responsibility and was delegated to the State Highway Engineer.
This jurisdiction extended to all dams within the State that were
15 feet or ﬁore in height from ground level to the spillway
crest, or that impounded more than 10 acre-feet.

House Bill 3, enacted by the first session of the 30th
Legislature and signed into law by the Governor on April 13,
1971, transferred the responsiblity for the supervisioh of dams
program from the Highway Department to the Water Commission. The
House Bill provided for the transfer of the activity in its
entirety and specified that all nonfederal dams should bé under
jurisdiction of the State Water Engineer.

On July 1, 1971, the program for Supervision of Safety of
Dams under the direction of the Arizona Water Commission,vwas
fully operational, and with its own staff assumed complete
' responsibility for the program.

The Arizona Revised Statutes, defining the program, were
changed by Senate Bill 1271, which was signed by Governor

Williams on April 26, 1973 and went into effect July 26, 1973.

Significant among the changes was in increase - in the




jurisdictional size of dams to 25 feet or more in height or with
a storage capacity of 50 or more acre-feet. The statutes were
again revised in 1977, specifically excluding mine tailings dams

from state jurisdiction.

II. Current Regulations

The Arizona Revised Statutes (ARS 45-701. to 45-717; a copy
is included in the Appendix) currently give regulatory
responsibility to the Arizona Department of Water Resources
(formerly thg Arizona Water Commission). Arizona law includes
all of thebméjor areas suggested by both the U.S. Committee on
Large Dams and the national Association of State Dam Safety
Officials. The Sfate has the authority to and does (1) Review
and approVe plans to construct, enlarge, repair, alter or remove
dams, (2) Perform periodic inspeétions of construction, (3) Issue
licenses to operate, (4) Investigate every dam at least once each
five years, (5) Issue orders as needed to correct deficiencies,
(Gf Adopt rules, (7) Require a fee as part of the applicafion
process, (8) Require emergency action plans.

Additionally, the statutes establish the duties and
responsibiiities of both the State and the individual dam owners
regarding the proper maintenance and repair of dams, as outlined
'in Table 1. The law requires owners of any dam to properly
maintain the structure, giving due regard for life and propérty
while applying sound and accepted engineering principles.

Currently, there are about 190 dams within the state that

fall under these regulations (an inventory showing the number and




locations of dams in each county is included in the Appendix).
Nineteen are concréte 6r masonry. With the exception of one
steel dam, ﬁhe remainder are earth‘and/or rock. The average dam
is 37 feet high and stores 3330 acre-feet of water. Ownership is
as follows: City, County and State Governments 81, Private

Corporations and Individuals 72, Water Development and Irrigation

Districts 36, and Boy Scouts 1.




TABLE 1

DUTIES AND RESPONSIBILITIES REQUIRED BY LAW

General Item

1. Maintenance
& repair, in
general

2. Standards
for Proper
Maintenance

3. Inspections

4. Correcting
Deficiencies

5. Emergency
Conditions

State Responsibility
Supervise and monitor
the maintenance & up-

"keep of dams within

the state.
(Ref. ARS 45-712.A.)

Prepare guidelines for
the maintenance and/
or operation of dams
within the state.
(Ref. ARS 45-712.A.)

Make engineering
inspections of all
dams as frequently
as warranted.

(Ref. ARS 45-712.A.)

Issue orders direct-
ing owners within a
certain time-frame to
correct any mainten-
ance and/or operating
condition deficiencies
found during inspec-
tion of the dam.

(Ref. ARS 45-712.A.)

In emergency condi-
tions, take whatever
measures are appro-
priate (eg. lowering
the lake), and may
recover the cost from
the dam owner.

(Ref. ARS 45-712.)

Owner Responsibility

‘Maintain and keep in

good repair and/or
operating condition,
by exercising prud-
ence and due regard
for life or property,
and by applying sound
engineering princi-
ples.

(Ref. ARS 45-715.B.)

Maintain and/or oper-
ate in accordance
with all of the
rules, regulations &
guidelines of the
Department.

Cooperate with state
employees conducting
engineering inspec-
tions; provide access
to site and furnish
upon request any
pertinent informa-
tion.

a. Comply with pro-
visions of any state
order requesting
correction of any
deficiency noted.

b. Failure to comply
with an order of the
Department is a Class
2 Misdemeanor and
every day is a
separate offense.
(Ref. ARS 45-716. &
45-717.)

If emergency condi-
tions exist, contact
local and state emer-
gency authorities and
the State DWR (See
Section V of this
Chapter.




IIT. Inspections

In order for you to carry out your first duty and
responsibility of providing general maintenance for your dam, it
is récommended that you perform regular inspections of the dam.
These inspections, along with the State's periodic inspections,
should make you aware of any problems that develop so that
appropriate corrective measures can be taken in a timely
manner. To assist you in your inspection, a checksheet has been
provided in the Appendix, with explanations given in Chapter 5 -
Inspections.

The State's periodic inspection program involves an on-site
inspection of your dam at least once every 1 to 5 Yyears
(depending on size, downstream hazard potential and condition) by
an experienced staff member of the Department of Water Resource's
Safety of Dams Section. This inspector will be evaluating how
well your dam is being maintained and will identify any
noticeable deficiencies or problems; An inspection report is
then prepared and sent to you, outlining the results of the
inspection, noting any problems or deficiencies, and recommending
what corrective measures should be taken. A nominal inspection
fee of $50.00 plus $1.00 per foot of height is charged for each
. state inspection.

If deficiencies are notgd by these inspections and corrective
measures are recommended, it may be necessary for you to obtain
the services of a registered professional engineer who is

experienced in the design, construction and maintenance of

dams. For your information a list of some qualified engineering




firms that have experience in this area is provided in the

Appendix.

Iv. Application Requirements

Any routine maintenance or minor repair work needed to be
done on your dam does not require approval from the Arizona
Department of Water Resources. However, if major repair or
rehabilitation work is envisioned for your dam, approval from the
Department is required prior to beginning the work. Submit an
application for approval, including appropriate plans and
specifications. (A copy of an application form and instructions
are included in the Appendix). A $50 filing fee and a further
fee based on the estimated cost of the project must accompany the
application form. Staff from the Safety of Dams Section bf the
Department will review the proposed work and make its
recommendation to the Director of the Department. Once the
Director approves the proposed work, an approved copy of your
application will be issued to you, authorizing you to proceed
with the repairs.

Be sure to submit your application for a permit at least 2 to
3 months before you plan to begin major repairs or rehabilitation
work, Once you have submitﬁed a complete application to the
‘State, you should expect it to take from 60 to 90 days before the

Department will act on your application.




State Contacts

General Information

If you would like some information about the Dam Safety
Program, or any other information concerning your dam, you
should contact:

Arizona Department of Water Resources

safety of Dams Section

99 E. Virginia

Phoenix, Arizona 85004

(602) 255-1541
Insurance
Insurance is a worthwhile opportunity for you to "Share

the Risk" of being an owner of a dam. For information

concerning insurance for your dam, you can contact:

Arizona Insurance Department

801 E. Jefferson, Room 200 402 W. Congress
Phoenix, Arizona 85034 Tucson, Arizona 85701
(602) 255-5400 (602) 628-5386




Emergencies

In extreme emergencies, such as, if:
1. Your dam should be overtopped by floodwaters;
2. You anticipate your dam will be overtopped by
floodwaters in the very néar future;
3. Your dam begins to fail; or
4., You anticipate your dam will fail ‘in the very
near future;
Immediately notify:
-~— Arizona Department of Public Safety (602) 262-8011
~—-~ Your local county Emergency Services/Civil Defense
Director/Coordinator (roster included in Appendix)
--- State of Arizona, Emergency Services Division
(602) 244-0504
--- Arizona Departmént of Water Resources

(602) 255-1541 (Monday-Friday, 8:00 am - 5:00 pm)

VI. Financing

For private dam owners, the usual financing sources availgble
for obtaining funds for maintenance/repair work are banks,
savings and loans, credit unions, etc. For cities, towns and
conservancy districts, taxes usually provide the necessary
funding for operation and maintenance/repair expenses. The State
currently has no specific funding program for assisting dam

owners with any of their expenses.







CHAPTER 4

LIABILITY AND RESPONSIBILITY OF DAM OWNERS

Dam  ownership carries with it significant legal
responsibilities. The dam owner should be aware of the
potential liabilities and how to conscientiously deal with
these liabilities.

This chapter will deal with general legal and insurance
matters to help you minimize exposure to liability due to dam
ownership or operation. You will become familiar withithe
responsibilifies imposed by dam ownership. Since this
guidebook is intended to provide general guidance to dam
owners, it cannot answer specific legal issues. Dam owners and
operators should obtain competent legal counsel when dealing

with specific issues.

I. Potential Liability Problems for Dam Owners

A dam owner should first be familiar with the legal
obligation to maintain a dam in a safe and reasonable
condition. The general rule is that a dam owner is responsible
for its safety. Liability can be imposed upon a dam owner if
he or she fails to maintain, repair or operate the dam in a
safe and proper manner. This liability can apply not only to
the dam owner, but also to any company that possesses that dam,
or any person who operates or maintains the dam. If an unsafe

condition existed prior ‘to ownership of the dam, the new dam




owner could not be absolved of liability should the dam fail
during his term of ownership. Thus, the owner must carefully
inspect the structural integrity of any dam prior to purchase
and then provide inspection, maintenance and repair thereafter.

Since the dam owner is responsible for dam safety, it is
important to note what you must do to comply with that legal
duty. The dam owner must do what is necessary to avoid
injuring persons or property. This wusually applies to
circumstances and situations which can be anticipated. A dam
owner would generally not be responsible for those
circumstanceé that a reasonable person could not anticipate.
One key action is almost universally recognized: In order to
meet your responsibility to maintain your dam in a reasonable
and safe condition, virtually every jurisdiction will require a
dam owner to conduct regqular inspections of the dam and
maintain and/or repair deficient items. Regular inspections by
qualified professionals are virtually mandated if a dam owner

is to identify all problems and correct them.

II. Potential Personal Injury Liability

Dams and impoundments are popular places, even if located
in remote areas. A dam may be visited by employees,
contractors, invited visitors or trespassers. The presence of
these persons is a potential liability to the dam owner.
Liability or worker's compensation insurance should cover

employees, contractors or invited guests. However, the

trespasser presents a unique problem.




The majority of trespassers at a dam site are probably
members of the public who wish to use the site for fishing,
boating or swimming. While they may mean no harm, their
unauthorized use of the site is a serious liability problem for
the dam owner.

The dam owner is responsible for making and keeping his
premises safe. The general rule is that the dam owner must
avoid conduct or conditions which could injure any person, even
one who trespasses. If the dam owner knows that an unsafe
condition exists he is responsible to correct it and/or post
warnings (See Page 4-4). Typical dangers at a dam site include
fast moving water, open spillway (pipes) and thin ice. A
particularly dangerous area is the spillway which not only has
fast moving water but undertow at the spillway bottom.

Owners of dams are charged with greater responsibility
when the trespassers are children. By reason of children's
inability to understand the danger which a condition may pose,
a dam owner is expected to protect children from the dangers of
a dam site. In effect, this rule requires you to anticipate
what parts of the facility would be particularly attractive to
children. Since signs may not adequately warn children,
security fencing is necessar?. Dam sites located near state or
‘county roads, campgrounds or picnic areas, or near populated
areas will attract many more people. These popular dam sites

require frequent visits by the dam owner to inspect and assure

safety.
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III. Potential Liability Due to Operation of the Dam

In addition to 1liability problems arising oug of dam
ownership, operation of the dam is also a significant legal
issue. First and foremost is the simple right to operate.
State law requires a permit to construct, repair and/or operate
a dam. Your state dam safety agency  should bebconsulted for
particular matters regarding this issue. (Also, read Chapter 3
of this Guidebook.) In addition, a dam on a navigable stream
may involve federal government regulations which may govern
operation. |

Beyond the basic permitting question, all dam owners must
consider the effect of dam operation on the rights of other
water users, whether they are upstream or downstream from the
facility. For both upstream and downstream users, this
responsibility includes a duty to avoid negligent flooding of
their property.

A general rule in all states is that the dam ownef must
protect downstream land owners from additional flooding, if
those downstream owners have come to rely on the existence and
operation of the dam to reduce flooding. The extent of this
duty will vary from state to state, so the dam owner is advised
to consider dam operations in the light of the downstream land
owners' expectations and dependency on the dam to prevent

flooding.




In situations where there is no specific duty to protect
downstream owners from flooding, the dam owner must still
operate the dam conscientiously. As the dam owner, you must be
in a position to cleérly show that your dam did not increase
flooding.

Upstream users may also have the right to be protected
from damage caused by operation of the dam. Therefore, the dam
owner 1is advised to assess the legal as well as the physical
impact of amy change in the level of the impoundment, including

dam removal.

IV. Environmental Concerns

While there are/ an infinite number of potential
environmental issues, a few basic areas of concern should be
addressed before a dam is purchased or its method of operation
altered. Since this guidebook cannot address all environmental
issues, you should seek professional evaluation of potential
environmental problems. However, we can give you some géneral
guidance. .

Dams with gates for regulating the impoundment and
downstream flow can cause water levels to fluctuate. These
fluctuations can cause gain or 1loss of wetland habitat
affecting fish spawning, waterfowl, and shorebird nesting.
Fluctuations of water levels can also increase shore erosion,

cause unsafe ice conditions and the 1like. At this time,

virtually all states have laws concerning wetlands.




Variations in the impoundment and downstream elevations
can also impact fish in the impoundment or the river.
Evaluation of existing fisheries and the impact of changes will
require consultation with the state agency responsible for
fisheries.

Within a dam impoundment, it is likely that sediments have
accumulated over the vyears. Release of these sediments
downstream by operation of the dam, changing the impoundment
level, or removing the dam could result in significant damage
and liability to the dam owner. In addition, release of
sediments aownstream could adversely impact plant and wildlife
for significant time periods. It is also quite common that the
sediments contain pollutants. Thus, the dam owner should
carefully consider the possible impacts of dam operation and

how it affects the environment.

V. A Final Word About Liability

The dam owner is liable. This section on liability is
only a general introduction to the many issues regarding dam
owner liability. The discussion is only intended to provide a
basis for you to consider liability potentials and to encourage
you, the dam owner, to seek competent legal counsel and/or
technical experts to help resolve your problems. Where the
ownership and operation of dams and impoundments are concerned,
the old saying, "an ounce of prevention . . ." is appropriate.

Following it will truly save you the "pound of cure."”




VI.  Insurance

The purpose of this section is to provide dam owners with
general information about dam insurance. The primary goal of
dam insurance is to share the risk and protect the assets and
financial well being of the dam owner. 1Insurance cannot hake a
dam safe, or make an inherently faulty construction or
renovation project into a good one. Inadequaté coverages Or
insufficient limits on those coverages, coupled with a major
loss, can mean the financial ruin of a dam owner. In order to
obtain insurénce and get a reasonable rate, the dam owner will
have to show that the dam meets all state standards with regard
to design, constrﬁction and operation.

When insuring a dam, the owner should select and involve a
competent insurance agent or broker as early as possible.
Whenever a dam project requires new construction,
reconstruction or renovation, any lender involved will be very
interested in the adequacy of the dam owner's insurance
program.

The primary job of the agent is to serve as a contact
point between the client and the insurance companies, and to
place the insurance coverage with appropriate companies. The
agent, depending on his skill, dedication and relationship with
insurance markets, can greatly affect both the premiums quoted
by the companies and the availability of certain cdveraggs.

Although most types of insurance have standard contract forms,




many of the details of the coverage are open to negotiation and
can be tailored to meet the needs of the dam owner, except in
those areas mandated by law. It is important to work with your
agent to define conditions of the policy that are of real
importance and those that need modification.

Although the size of an agency is not an indication of its
quality or experience, large national firms will frequently
have more extensive consulting services available. Also, dams
are an unusual risk to most insurance companies and large
agencies often have personnel who have worked with other dam
owners and industries with dam experience.

Contact your insu;ance agency or state insurance
commissioner (Chapter 3) to get a 1list of insurance agencies
who may assist you with dam insurance.

There are various types of insurance the dam owner should
consider, in consultation with his agent. These include the
standard "All Risk" property damage policy with a flood
coverage amendment, business interruption insurance, .boiler
machinery coverage, general 1liability, automobile 1liability,
workers compensation, and umbrella.liability policy coverage.

Because of the many types of insurance protection required
and available, the development of an effective insurance
program requires care and planning. If you involve a qualified
insurance agent in the early planning and work diligently to

define your insurance needs, then an effective and economic

program can be developed.







CHAPTER 5

INSPECTION

The purpose of a dam inspection program is to identify
problems and/or unsafe conditions. Periodic - inspect{ons,
conducted either by the dam owner or by an engineer, may be
required under state statute. Inspection is an integral part
Qf a proper maintenance program for a dam. Failure to correct
identified maintenance and repair items could result in the
failure of a dam. Failure of a dam through lack of inspection
and maintenance can severely impact upstream and downstream
properties. Widespread personal injury and property damage
could result. Severe financial losses would be suffered, not
only from the dam failure, but through liability claims against
the owner.

This chapter will introduce the dam owner to two levels of
dam inspection. The major parts of a dam will be defined.
Common dam problems and how to récognize them wiil be-
explained. Finally, the dam owner will learn where to get

additional technical assistance.

I. When to Inspect

An inspection program for the dam starts during
consfruction and continues on a regular basis for the life of
the dam. A dam is an active structure, constructed of

materials that are subject to erosion, corrosion and




deterioration by wind, water, ice and temperature. Manmade
influences such as vandalism may sSpeed up deterioration or
damage to the dam. Water passing over, under and througﬁ a dam
exposes it to continuing deterioration and possible weakening
of its structural ‘elements. A well documented inspection
program will observe this deterioration, and identify needed
repairs and maintenance items that, if carried out, can prevent
structural failure of the dam.

All dams, new or old, require constant monitoring and
inspection. It has been well documented by the engineering
profession that a high percentage of dam failures occur during
or just after the initial filling of the impoundment. The
force of water on the dam as the impoundment is filled causes
significant stresses in the dam. Similarly as a dam ages,
inspection remains important because deterioration and

accumulated stresses take their toll.

II. Types of Dém Inspection

An inspection program usually has at least two types of
inspection. The first type is regularly conducted by the dam
owner or operator and is called an operation and maintenance
type inspection. This owner inspection includes; but is not
limited to, frequent visual inspections of the dam surface, and
recording of data from instrumentation at the site.

The second type of inspection, the engineering inspection,

will provide a thorough, systematic evaluation of the dam




condition. This engineering inspection often requires special
equipment and should be performed by a qualified engineer or by
a consulting firm with experience in the construction and
inspection of dams. The frequency of engineering inspections

may be dictated by state statute.

III. What Dam Parts Need Owners Inspection

To conduct an owners inspection, the dam owner should be
familiar with the type and parts of the dam, and with the words
commonly used to describe them. The brief glossary in Chapter
2 of this guidebook will give you most of the terms you will
need to know.

There are many possible dam types and designs. Some are
shown on Pages 5-4 and 5-5. Despite the differences in dam
types and styles, most dams will have principal parts that are
typical. Some of these parts are the spillway and/or outlet
works and assocliated mechanical equipment; earth embankments;
abutment areas; operating equipment; and appurtenant works.
Pages 5-6 and 5-7 show principal parts of dams.

Spillway Outlet Works

Spillway and/or outlet works are a means of passing water
around or through a dam structure. The spillway may or may not
have gate control. The spillway should be of sufficient
capacity to permit passage of flood flows without overtopping
the dam. Common terms used to describe spillway or outlet

works are as follows:
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Principal Spillway - The principal spillway may be a
concrete chute, concrete pipe, or metal pipe, with or
without gates. In either case, the principal spillway
passes water and regulates the water 1level of the
impoundment. Inspection of this structure for cracks,
settlement, rusty pipes, pipe Jjoint separation, pipe
alignment and deterioration is very important.

Emergency Spillway - An emergency spillway is
normally used when there is too much water for the
principal spillway to handle. Besides checking for
settlement or cracks, make sure it isn't blocked with
logs, fences, tree/brush growth or other debris. If your
dam doesn't seem to have an emergency spillway, advice is
available from your state dam safety agency.

Intake and Outlet Works - These may be gates, valves
or stoplogs which are used to regulate water for a
specific purpose. For example, an intake and outlet works
structure would be the gates in front of a hydroelectric
powerhouse or an irrigation channel. The operation of the
gates should be checked. Gates, chains, cables and guide
channels should be checked for rust and cracks, to be sure
they are in good condition. Any logs or debris shouldygbe
removed.

Trash Racks - These are part of the principal
spillway gates or intake and outlet works of the dam.

Trash racks and spillway gates must be inspected on a




periodic basis to make sure they are unobstructed,
operating well and allowing free flow of water.

Appurtenant Works

All mechanical and dam operation related equipment should
be frequently inspected to ensure it will operate as
designed. If equipment hasn't been used recently, the
inspection should include a test operation. One important item
is the drawdown facility and whether it is operational.

Besides the basic parts described above, dams often have
many other components. Operational parts should be checked
frequently and maintained.

Earth Embankments

Earth embankments are a main part of most dams. Concrete
or masonry spillways may have earth embankment portions that
connect the spillway to the natural ground area. This
combination of earth embankments and some type of spillway is
common .

Earth embankments are very susceptible to deterioration by
weathering and the erosive forces of wind, water, ice and
temperature changes. The older the structure, the more the
owner must be concerned about the embankment. Observations and
inspections should be concentrated on seepage (piping), cracks,
settlements, slumps, erosion, scour, vegetative cover and
animal burrows (Page 5-10). Each one of these is an indicator

of potential problems.
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Seepage -~ The passage of water through and/or
underneath the earth embankment or at the contact between
the embankment and other structures is called seepage. It
appears on the downstream side of the embankment and can
be indicated by cattails or other wet envifonment
- vegetation. Sometimes a drain system is provided to
collect and control the seepage water. If a collection
system is not provided, water normally finds its way to
the natural stream bed, creating an erosion channel.
Water can also saturate the slope, leading to slumping of
the embankment face. Seepage must be monitored for - the
presence of soil particles. If soil is moving, a piping
condition (internal erosion) may exist. This is a
dangerous condition and requires immediate contact with
the state dam safety agency and/or engineer.

Cracks - Cracks in the earthen embankment indicate
movement of the dam and/or foundation. Cracks can weaken
the structure, leading to potential failure. Cracks
should be repaired and monitored to detect any subsequent
changes. Before cracks are repaired, seek advice from an
engineer.

Settlement - Settlement indicates a loss of material
or compression of material either within the dam or the
foundation. It causes a decrease in elevation of all or a
part of the dam. 1If the settlement is not uniform, cracks

may form or depressions (low spots) may result. The




settlement of the top of the dam reduces the amount of
freeboard. Observable settlement or settlement that
changes with time should be documented and evaluated by an
engineer.

- Scour - Scour is underwater erosion caused by the
rapid flow and turbulence of water from a spillway or high
velocity seepage. Because scour generally occurs
underwvater, it cannot always be directly observed. Scour
can sometimes be indicated by an island forming
downstream. Probing can be used to detect it. Scour
beneath.a concrete slab may cause the slab to crack or
collapse. A special effort, even hiring a specialist in
underwater inspection, is often warranted to identify this
condition.

Vegetative Cover - The earth ehbankment dam should
have a suitable cover of grasses. Woody vegetation such
as brush, trees and shrubs 1is undesirable since it
inhibits the inspection of the dam and can causevother
problems. For example, the root systems of large trees
help water get into the dam or large trees can be.uprooted
during a storm and cause gaps in the embankment. Also,
brush is good habitat for burrowing animals. It is very
important that grass be cut and brush and trees not be
allowed to grow on embankments. If you have trees on your
embankment, see your state dam safety agency for advice on

removal.
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Animal Burrows in the earth embankmeht are é sourée
‘of potential probléms.‘ Animal burrows result in a loés of
earth material, and can provide seepage paths. Animals
should be removed and holes backfilled with soil. Their
habitat should be destroyed.

Surface Erosion -~ When vegetative covefwis removed
due to water action or traffic patterns (people, vehicles
or animals), erosion can occur. Deep ruts or gullies
could form and threaten the saféty of ﬁhé aam.v Frequently
uséd'paths should be stabilized with stone éggregate or
fpavemeﬁt. Eroded areas should be filled and seeded. ”

Slumps (slide or slough) - A slow or sudden movement
of an earth embankment slope is an indication 6fu
instability and reqdires immediate response. Offén éracks
will also form which could lead to further slumping} The

slumps can occur on the upstream or downstream side.
Contact the state dam safety~agehcy Oor engineer for
advice. |

Abutment Areas

Abutment areas are the contact points between the ends of
the eartﬁ embankment or spillway and the natural grouhd, or the
contact points between embankments and spillways. These areas
should be closely and frequently inspected for any signs of
seépaée, cracks or erosion. Though seepage is common in this

area, it can cause serious problems.




Owner's Checklist

To help you start your dam inspection, a simple checklist
is included as Page 5-15. Your state agency has more detailed

inspection/checklist forms.

IV. An Engineering Inspection

The owner may be required by state statutes to have a
formal inspeétion conducted by ran engineer. An engineering
inspection should include the following procedures: a review
of past inspections, dam history, construction plans and
specifications, analysis of all data and information gathered
including thét from an on-site inspection.

Review Process

The review will only be as good as the data that is
available to the engineering consultant. 1If the owner has
conducted his inspections, that information should be provided
té the consultant. The first inspection by the engineer should
include a history of the dam with photographs if possible.
Quite often design plans ané specifications are not available
for older dams. It is also important for the engineer to know
about any dam modifications or repairs. A review of the state
dam safety agency's files on the dam is a good sou?ce for dam
history and records of modifications.

When conducting‘the inspection, the engineer should obtain
all available monitoring data. This includes impoundment

‘levels, discharge rates, gate openings, occurrences of floods




OWNER'S INSPECTION CHECKLIST

Dam Name:

Date of Inspection:

Your Name:

Surface cracks?

Slumping or cracking on
the upstream or downstream
. 8ide?

Erosion from runoff, wave
action or traffic?

Embankment/spillway seepage?
Water muddy?

Top of the dam settled?
Loss of riprap?

Trees, brush or burrows
on embankment?

Spillways blocked?
Exposed metal rusty?

Concrete deterioration or
cracks?

Cracké or uneven movement?
Scour?

Pipe joint separation?
Gateslpperational?

Trash racks blocked?

NO YES
o o
o 0O
O 0O
o 0
O 0O
o 0O
o 0O
O 0O
O o
O 0O
g 0O
o 0O
a 0O
O 0O
o 0
o 0O

IF YES
Contact state agency or
Contact state agency or
Repair and stabilize.

Contact state agency or

Contact state agency or

Contact state agency or

engineer.

engineer.

engineer.

engineer.

engineer.

Clear trees, brush and seed.

Clear spillway immediately.

Clean and paint.

Contact state agency or

Contact state agency or
Contact state agency or

Contact state agency or

engineer.

engineer.
engineer.

engineer.

Repair and make operational.

Clean out debris.




and excessive precipitation, observation well (piezometer)
readings and settlement/alignment data. This information will
indicate how the dam has functioned.

A book or diary of activity occurring at the dam is very
useful. Many dam owners make entries on a daily basis. I1f not
established, one should be started. This log book should
contain visual observations, dates of inspections, visitors to
the dam site, gate openings and settings, water levels,
maintenance performed and any unusual occurrences. Keeping a
log book could also prove to be invaluable in the event of
litigation proceedings.

. Past inspection reports are also important. These reports
assist the engineer in evaluating the structure.

Provided with the information above, the engineer=w111
become familiar with the dam and develop a good base for a
sound analysis of the dam structure.

Inspection Procedure

The owner should review or have the state dam Safety
engineers review the proposed inspection procedure before
authorizing the engineer to proceed. The 1initial inspection
should include an underwater inspection. The engineer should
be recording each inspection detail on a checklist.' The
checklist usually is included in the report as an appendix. It
should be emphasized that the checklists are not inspection
reports. Inspection reports must always include professional
judgements and opinions and be thoroughly documented (names,

dates, photographs, measurements, etc.).
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Analysis

The owner will not be directly involved in the detailed
analysis conducted by his engineer. The owner should insist
that the engineer has identified problem areas and
deficiencies; recommended remedial actions for problem areas;
established a priority list for dealing with the problems:
included a cost estimate for the repair items or other
inspections; and contacted the state dam safety agency to
arrange for a third party review of the dam safety inspection

report.

V. Repair Priorities

Timely repairs are a must after problem areas have been
identified. Conducting the two level inspection program will
provide evidence that the dam owner has properly cared for the
dam only as far as the recommendations for repair are followed.
Schedpling the repair of problem areas will guide a good
rehabilitation and maintenance program.

"The owner should be aware of the various items that will
be provided in an engineering inspection report. They are
emergency indicators, warning indicators and clues to potential
problems. |

Emergency Indicators - During a visual inspection of
the dam, emergency indicators would alert the engineer to

a severe problem at the dam that could result in a daim

failure. The engineering consultant should notify the
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owner and the appropriate state agency of the observed
deficiency in the dam. Accompanying such notification, an
immediate course of action should be provided to the
owner. This information will be verbal and may be given
during the on-site visit. Written confirmation should
follow. At this point, an emergency indicator would
activate the emergency action plan which is discussed in
Chapter 9 of this guidebook.

Warning Indicators - To a lesser degree, warning
indicators represent items of concern, requiring close
watching and monitoring. At this point, the engineer
should notify the owner and the state dam safety agencies
about the level and type of response that would be needed.

A warning indicator may result in on-site spoken
notification to the owner, followed by a written letter
prior to final drafting of the iﬁspection report.

Clues to Potential Problems - Clues to potential
problems are items that need further detailed technical
analysis. In the final report, the engineer will notify
the owner of these items. Corrective actions may require
further detailed study and analysis, or remedial repairs

and programmed maintenance of the items.
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VI. Where To Get.Help
Manuals or literature available from the state dam safety
agency will help you develop an owner's inspection program.
State personnel are also available to review and discuss an
inspection program with you. See Chapter 3 for more details.
The state dam safety agency can provide you with a list of
gqualified engineering consultants to assist you in conducting
‘ah engineer's inspection. Further, professional engineering
societies can provide you with guidelines for selecting an
engineering consultant. In general, the owner should check the
qualifications of an engineer based on:
Experience -~ Request references on previous dam
inspections and construction projects.
Expertise -~ Engineering consultants should have
expertise in hydrology, hydraulics, structural design and

analysis, and geotechniéal engineering.

VII. Summary

A good inspection program is én integral éart of the
operation and maintenance of the dam. Dam inspection
identifies deficiencies and the maintenance required to ensure
the integrity of the structure and to protect life, health and
property. The dam owner, working with a qualified engineering
consultant and in cooperation with the state dam safety agency,

can develop a sound inspection program.
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CHAPTER 6

MAINTENANCE

Te Why Maintain?

A good maintenance program will prolong the life of the
dam and protect against deterioration.

A poorly maintained dam will deteriorate. Nearly &all dam
components and materials are susceptible. A good maintenance
program provides not only protection for the owner, but for the
public in general. The cost of a proper maintenance program is
small compared to the cost of major repairs (caused by lack of
maintenance) or litigation. Lack of proper maintenance can be
used against the dam owner in civil and/or criminal negligence

suits resulting from damages caused by a failure of the dam.

II. Common Maintenance Items

The dam owner can develop a basic maintenance program from
his systematic and frequent inspections. An inspection should
be performed monthly and after major flood events. During each
of the inspections, a checklist of items to be maintained and
items to be observed should be recorded. See Chapter 5, Page
5-15 (Owner's Inspection Checklist).

Minor and routine maintenance items, such as cutting
grass, painting and equipment repair, should be regular and may
be handled by the owner. The maintenance items illustrated on

Page 6-2 should have special attention.
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Spillways

Spillway entrances and/or intakes must be clear of all
debris to allow uninterupted flow. Debris often accumulates
after storm events. A plugged spillway can lead to a rising
pool elevation which may overtop and breach the dam. Regular
and timely removal of trash and ‘debris is recommended.
Trash rack maintenance or feplacement'is a critical item.
Undersized or improperly spaced trash racks can significantly
reduce spillway capacity and endanger the dam, Your dam safety
agency should be contacted. Emergency spillways (earth
overflow typé) should be mowed and checked for erosion after
each use. Metal outlet pipes can also deteriorate by rusting
and corrosion. Leaking joints are also a problem that will
need attention.

Discharge Areas

High flow can cause underwater erosion (scour) which may
affect the stability of the dam, spillway slabs or walls. Some
spillways have a plunge pool or a stilling basin to dissipate
energy. Frequent surveillance of the discharge area is
required to identify excessive erosion. It may be advisable to
inspect or to probe underwater. If erosion is minor, the owner
can probably correct these items himself. However, if severe,
professional assistance will probably be required.

Drainage“
Most concrete spillway structures and earthen embankments

require the control of seepage and uplift pressures with




drains. With the concrete spillway, this is accomplished with
small drain holes (weep holes) in the concrete wall to permit
water to drain from behind the wall. These holes should be
periodically inspected and cleaned to prevent plugging.
Seepage through earth embankments can be controlled with a toe
drain. Periodic inspections and cleaning of these drains will
ensure they are free flowing.

Slope Protection

Trees and brush should not be allowed to grow on
embankments or in emergency spillways. Periodic
cutting/controlling of the embankment vegetation and adjacent
areas is recommended. It will also prevent the growth of trees
and brush.

Upstream slope protection is needed to protect against
erosion. This can be provided by coarse riprap.with a properly
designed soil or fabric filter underneath. Failed riprap
should be repaired. 1If the failures are frequent, professional
help should be obtained.

Concrete
Concrete spalling and cracking is a .common prbblem.

Spalling concrete (chipped, flaked or "pock-marked") or cracks

can lead to further deterioration of the structure over a

\
period of time. Spalled - concrete can expose steel

reinforcement and further deteriorate the structural integrity

of the dam. When it is observed, it should be repaired and




patéhed®to proteéct: theét structural! intedrity ‘of cohcretesparts
oFf- theé dam.”“'Cohdcrs te jointé~and “concretes pipe joints! shduld bé

pericddically ¢hecked and kept ‘water:t¥ghtii -.=sisla nuadizon

Appuritenant Works: i wiidonio amast ivs Cveye son dadd oo

- Damé may have some ‘type “of ‘mechahical, 'electrical and/or
‘Hydraulic: equipment-used’toractivate gatesy valvesy: hoists.rair
‘systems:and i other  moving: parts:- ’Theser mechanical -items«are
essential to the safety of the :dam~ because they :provide: the
means to pass flood flows and to draw down the impoundment in
case of emergencies. Instrumentation which is usedftbambnitbr
dam’ performance® also requires maintenancei"

Gates and - valves ‘arei:part of the overall“water ‘retaining
@structureis  They 'must be istructurally  sound and: functional.
These: parts willneed ‘lubrication rand  painting. The. dam: owner
should be :familiar: with gates and valves and  their operation.
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Sometimes air systems (bubblers) are provided near gates
in climates where ice can form on the impoundment. In the
northern states, it is common to find thick ice in the
impoundment that can exert extreme pressure against the dam and
its operating gates. The air system may not keep the gates
from freezing, but will help reduce the ice buildup around the
gate structure. The air system and compressor should be tested

to make sure they are functional.

III. Summary

This chapter lists common maintenance items that should be
addressed by the dam owner. Failure to maintain a dam in a
proper operating condition can lead to potential liability and
could cause failure of the dam. Systematic and proper
maintenance will help to extend the life of the dam and may

prevent a failure.

IV. References

1. "A Recommended Maintenance Program for Owners of Dams" by
Charles L. Hahn, MS, P.E., Division of Water, Ohio

Department of Natural Resources.

2. "*Maintenance of Equipment" by Bruce 0. Frudden, Mead &

Hunt, Inc., Madison, Wisconsin.




"pam Safety Manual," State Engineer's Office, State of

Colorado, June 1983.

"Operation, Maintenance and Inspection Manual for Dams,
Dikes and Levees, Ohio Department of Natural Resources,

Division of Water, Dam Inspection Section, November 1983.
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CHAPTER 7

REPAIR, ALTERATION AND REMOVAL

An engineering inspection report, or even the owner's
inspection, may identify the need for repair or modifications
of the dam. Repair is performed to essentially restore a dam
to its approved design condition. The dam owner may need to
seek engineering assistance to develop design . plans and
specifiéations for the repair, alteration or removal of the
dam. The dam safety agency should be consulted. Such repairs
or removal of the dam may require permits. Permit requirements
are described in Chapter 3. Please read that chapter
carefully. This chapter will identify some of the issues the

dam owner must address.

I. Seek Help from Engineers and Contractors

If an engineering inspection reveals the need for repairs
and/or further investigations, then an engineer shoﬁld be
retained to prepare plans and specifications and oversee the
repair work. It is very important that the dam owner select a
qualified engineer in the area of dam design, construction,
operation and inspection.

Just as important as selecting a qualified engineer, the

owner must select a qualified contractor. The construction or

repair work activity around a water retaining structure such as




a dam requires specialized skills, knowledge and experience.
It is important that the dam owner and/or engineer seek
references from the contractor to prequalify them for the work.
The competitive bidding process is not always the best
procedure. Although it may appear to save the dam owner some
cost, long—térm effects from an improper repair job or cost

overruns due to contractor inexperience can also occur.

II. Common Deficiencies and Remedies

Identifying dam deficiencies and remedies will probably
require the assistancevof an engineer who is able to assess the
relative severity of a problem, which most laymen cannot do.
Some maintenance items, if not promptly attended to, can
deteriorate to the point where major repair is required.

Common items that could require repair include slumping
and settlement, loss of riprap, _seepage, piping,  scour,
embankment erosion, and severe concrete . and metal
deterioration. |

A common hydraulic -deficiency is an uhdersized spillway
(that ‘is, inadequate capacity), through which a major flood
cannot be passed without overtopping the dam. This deficiency
is serious and can bé expensive to correct.. The state dam
safety agency can help the owner evaluate the spillway

capacity.




III. Dam Removal

Dam removal or breaching so as not to damage downstream
areas 1is the <choice an .owner must sometimes make after
considering safety conditions and costs of repair aﬁd removal.
It is recommended that an engineer be engaged not only to
prepare plans and specifications, but also to supervise
construction (actually "destruction") and removal phases. The
engineer should provide documentation that all environmental
protection measures are téken, and assure that upstream and
downstream uéers are protected during removal of the dam.

Removal does not necessariiy mean total removal of the

earth embankment. Removal may simply involve taking away the

stoplogs and lowering the impoundment. The state dam safety

agency should be contacted to determine the extent of removal.







CHAPTER 8

OPERATION

The purpose of a dam is to create an impoundment which may
be used for flood control, irrigation, water supply,
recreation, hydroelectric power production, land development,
or fish and wildlife habitat. Proper operation will ensure
that the purposes are achieved. This chapter will discuss the
daily operation of the dam and what the dam owner should

understand to safely operate his dam.

T's Know Your Watershed

A watershed is the area of land drained by a river or
river system. Within a watershed, precipitation will
infiltrate into the ground, move as surface runoff, evaporate
and transpire. Surface water runoff is part of the Hydrologic
Cycle shown in Page 8-2. Although a detailed study of
hydrology and the hydrologic cycle is not the intent of this
section, the dam owner should recognize that river flow is
dependent on precipitation (the quantity of rainfall or snow in
the watershed area) as well as soil types, land use, slope and
other factors. Large, rapid river flows into an impoundment
can result in rapid changes in impoundment levels. High river
flows are usually the result of heavy precipitation within a
watershed. However, other combinations of climatic and ground

conditions can cause large runoff. An example would be a
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moderate rain on frozen ground, combined with snow melt. In
this case, there would be little or nd infiltration and nearly
all the rainfall would move as surface runoff. Many other
situvations could occur.

In any event, the dam owner mqst be prepared to respond
correctly to high flows by adjusting the dam gates.

There are two approaches to understanding the watershed.
One would be the scientific approach and the other would be the
"rule of thumb" approach. The scientific approach is beyond
the scope of this guidebook, but guidance is available from
your state dah safety agency.

The "rule of thumb" approach is developed from experiencé
and observation. By compiling a history of precipitation,
ground conditions and corresponding river flow, the dam owner
can become aware of the length of time between rainfall events
and flow increases at the dam.

Specific information is available to develop the history
of a particular river and watershed. For many river bésins,
the United States Geological Survey (USGS), a branch of the
U.S. Department of Interior, maintains a stream gaging station
that provides information on river flow. Dam owners should
contact the state dam safety agency for locations of USGS
gaging stations. Stream flow data from gaging stations is

published yearly. Precipitation data can be obtained from the

National Weather Service. "Based on a review of this




information and consultation with the dam safety agency., the
dam owner can learn more about the response of the river to a
particular rainfall event.

For smaller river basins, the GSGS can also provide
information or de&elop a correlation study to the particular
dam site. Dam safety agencies within the state government can
also provide you with guidance or sources of information
concerning flood events in and around your particular
watershed. An inquiry to the state agency involved with flood
insurance studies developed for your particular area can also
provide useful information.

Other sources of information are flood forecast stations
operated by the Weather Service, as well as television and

radio weather stations.

II. Plan Your Operation

Your response to rainfall events will be determined by the
operation plan you develop with the watershed information. To
pass flood flows, critical equipment must be operable and well
maintained.

It is also advisable to have backup equipment to operate
gates and pass flood flows in case equipment breaks or there is
‘power failure. |

In developing an operation plan, the owner should also be
aware that log jams, debris and ice buildup can block a

spillway and prevent passing the flood flow.
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The operation plan should be in writing. This will
provide you, the dam 6wner, with a logical set of instructions
for yourself, your operating personnel, or future owners of the
dam.

The operation plan should also provide for 1limiting
access. Fencing, gates and locks should be provided on the
structure so unauthorized people do not damage or misoperate .
the dam. Particular areas to fence are the spillways,
mechanical equipment aﬁd the outlet tubes. Signs that detail
the specific dangers must be posted. For example, if
electrical tranémission lines from a power generating plant are
essential in the dam's operation, signs should state "High
Voltage." Another example is a spillway sign stating "Danger
of Swift Currents, Undertow and Thin Ice." Page 4-4 shows some
of the recommended features of a limited access dam. The

operation plan should include maintenance of these signs.

III. Operation Plan Details

Detailed operation plans are a good idea and méy be
required by the state. This plan should be passed on to new
owners. If there is an operating plan already, it can be kept
with this guidebook.

A sample operation plan which you can use to get started
is on Pages 8-6 and 857; The operétion plan addresses the

questions: Who? What? When? How? and Where? For example, to

detail the cleaning of trash racks, the owner should know: who




SAMPLE DAM OPERATION PLAN

Dam Name:

Date:

Owner Name:

WHO
1. Who operates the dam? (Owner or other agent/employee.)

Address:

Telephone number: ( )

2. Who is the backup operator?

. Address:

Telephone number: ( )
3. Wﬁo maintains the dam:

Address:

Telephone number: ( )
4, Who must be called in an emergency?

Address:

Telephone number: ( )

WHAT

1. What downstream structures would be affected by a flood?

2. What minimum flow, if any, is required for downstream
users? : :

3. What impoundment levels are required to protect upstream
users?

Maximum Elevation
Normal Elevation
Minimum Elevation




SAMPLE DAM OPERATION. PLAN (Continued)

WHEN

1. When are gates operated during storm events?

2. When are -gates operated during normal conditions?

WHERE

1. Where is emergency power?

2. Where is engineering assistance?
HOW

1. How are gates operated?

2. How often is mechanical equipment operated?




is responsible; what problems can develop: what equipment is
used; when or how the trash racks‘should be cleaned: and where
they are located.

Your operation plan should specify how and when to release
water in normal and flood times, what equipment is needed and
who is responsible; The operation plan must take into account
that a minimum flow release may be required for downstream
users, as well as fishery and wildlife habitat protection.
These minimum flows should be determined in cooperation with
downstream water users and the state dam safety agency.

In addition to the items on Pages 8~6 and 8-7, the
operation plan should detail the impoundment levels required to
protect upstream users. This may require that minimum, normal
and maximum impoundment 1levels be established. If the
impoundment is raised, flowage rights or easements must be
checked. The operation plan éhould also contain the Emergency
'Action Plan which will be discussed in furthér detail in
Chapter 9.

Any drawdown of the impoundment will require detailed
calculations of the amount of flow that can be released from
the structure without causing downstream flooding.
Investigating silt load in the impoundment and analyzing its
potential for downstream damage should be addressed.
Provisions for a drawdown should be in the operation plan, but
it must be carefully planned by consulting with your state dam

safety agency or other qualified professionals. Also, the rate




‘ of the drawdown (or speed at which the pond level is dropped)

should be controlled so as not to cause structural damage to

the dam or any damage to properties upstream or downstream from

the dam.







CHAPTER 9

EMERGENCIES

I. Can an Emergency be Anticipated

Dams should be designed with sufficient safety factors so
as not to fail. However, conditions beyond the control of the
dam owner and engineer “can occur due to natural forces,
mistakes in operation, negligence or vandalism. The purpose of
this chapter is to identify typical dam failure scenarios. We
will explain the effect of dam failures on upstream and
downstream users and help the reader formulate an emergency
action plan. The emergency action plan will include procedures
for warning local units of governments. Local evacuation plans
should be coordinated and developed with the local government
agency. |

Since the existance of a dam can pose a threat to public
health, safety and welfare, the dam owner is responsible«for‘
keeping these threats to a minimum. A carefully conceived and
implemented emergency action plan is one positive step the dam

owner can take.

II. Types of Failures
In preparing emergency plans, two types of failures are
usually considered. They are termed rainy day and sunny day

failures. A rainy day failure could occur when heavy

precipitation, in excess of that normally observed in the




watershed above the dam, leads to a high runof £ period. If the
high water was to overtop the dam or add too much pressure, a
rapid failure could result. The dam owner should be an astute
weather watcher and be responsive to precipitation events.

A normal storm event could lead to overtopping the dam if
the outlet works are plugged with debris, if the gates jammed
or were broken, or if a power failure prevented operation of
key mechanisms. 'All the items 'can be controlled by proper
operation and maintenance of the dam. -

Dams ' have also failed without any heavy precipitation.
These failures are called sunny day failures. They are usually
the result of neglected inspection programs and poor
maintenance ‘and operation of the dam.' As an example, failure
to consider embankment seepage could lead to piping (internal
erosion). A sunny day failure could be caused by vandalism of
the outlet works, such as damage to gate mechanisms, or if the
outlet works are plugged with debris. Sunny day. failures are
more likely at unattended dams than frequently visited dams.

Both rainy and sunny day failures can occur at new dams.
New dams are very susceptible during initial filling and for a
few years after filling. In fact, many dams have failed their
first filling. Emergency action plans are a good idea for all
dams. Some states even require one prior to construction.

The downstream effect of a dam failure can be devastating.
When a break in a dam (breach) develops, water discharge

increases due to' the uncontrolled release of water stored by




the dam. Destruction of homes and property has been well
publicized. ‘Thé fnrce of water througn eiisting bridges and
culverts and over roads can cause their collapse. It has been
documented that the flood wave from a small dam can overtop
roads and wash cars from the roadway. ,Ovértopping of the roads
also makes them impassable for emergency vehicles. Dam
failures can kill people;

Damage to the environment and to upstream users from a dam
failure can‘also be catastrophic. A breach in the dam and
rapid loss of the impounded water can cause heavy silt loqu‘to
be passed downstream. These sediments, after a period of time,
will settle out, clogging and covering the flooded land and
stream bed. Fish and wildlife habitat can also be damaged.
Upstream . slopes can fail and boaters could be washed
'downstream.

The Federal Emergéncy Management Agency (FEMA)  has
prepared guidelines for the preparation of emergency action
plans for dam owners. The following sections of this guidébook
discuss, in general, the contents of an emergency action plan.
Each should be modified for a specific dam site. Dam owners

may need to retain an engineer to help prepare the .emergency

action plan.




III. Emergency Action Plans

Emergency action plans for dam failures usually consist of
three sections: preplanning, on-site assessment and initiating
warning and evacuation plans. Each part of the plan calls for
action by the dam owner.

Preplanning for an emergency may require detailed analysis
by an engineer. (Normally, the state dam safety group would
not supply this service). The engineer will analyze and
determine flooding that would happen after a dam failure. He
or she will prebare flooding maps to be used for the evacuation
portion of the emergency action plan. ' The analysis will also
predict and map flood wave height and speed. All affected
downstream land owners and buildings will be identified, so you
can develop a list of who to contact with flood warnings and
evacuation notices.

It is also important to provide early warning of possible
dam failure. This may include installation of sound alarms at
unmanned dams. The consulting engineer or your state dam.
safety group can advise you as to whether or not alarms are
needed.

During the time precedihg a possible dam failure, the dam
owner is responsible for implementation of the emergency action
plan. Page 9-5 is a simplified "flow chart" to help you make

decisions and respond correctly to a failure of your dam. Two

9-4




wavn \ocal

emevagenc

uniy avou
proviem

problem
detection

will

failure - o

+ry {0 veduce
sevevit

. || proviem ‘with
dam eatety agevicy

. occuy
immediately ?

contvactovr
assistance
fov equipmen¥

intriate Ytempova
vepaiv povary
proceduves

and materials
for vepairs

contact enqneev
and state 'dam

safety agency

dam ownevs decision and wnofification procedures




types of failures are normally considered,; the instantaneous or
rapidly developing failure (the failure will occur
immediately), and the slowly developing failure.

For a slowly developing failure, there may be time to take
remedial or corrective actions to reduce the impact of the
failure. For example, a controlled drawdown of the impoundment
could be done. For the rapidly developing failure, immediate
contact with local emergency authorities is essential.

The dam owner is responsible to provide early warning of
the problems at the dam to the local emergency unit. The owner
is responsible to convey the message; however, it is the
ultimate responsibility of the local and state agencies to make
the decision to initiate evacuation plans and re-entry plans.

It is a good idea to have a telephone list like that shown
on Page 9-7. Keep this list up to date and readily accessible.
Many dam owners post it by their phones. In an emergenéy, it
will save time searching for a number. Also, if you or your
normal operator are absent, the substitute can rapidly respond

to the emergency.

IV. Summary

The development of an adequate emergency action plan
requires coordination between the dam owner and the local and
state agencies. It 1is important that each individual
participating in the warning procedures and evacuation plan be

provided with a copy of.the plan. The plan should be updéted

annually and reviewed by all participants involved.




DAM OWNER/OPERATOR TELEPHONE LIST

1. Local Police/Sheriff Department

( )

2. State Police/Patrol

()

3. Downstream and Upstream Dams and Operators

- Dam

Telephone ( )

- Dam

Telephone ( )

- Dam

Telephone ( )

4. Downstream Residence/Business

o ()

5. Hospital/Ambulance

( )

6. Contractor

Name

Telephone ( )

7. State Dam Safety Agency

Name

Telephone ( )

8. Engineer

Name

Telephone ( )

Post this list in a prominent place at the dam and give a copy
. to all of your operators.:
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Developing and preparing an emergency action plan gives
the dam owner the ability to make correct responses in times of
emergency. As we haVe stated throughout this guidebook, you
are responsible for the operation, maintenance and activities

at your dam. This remains true - even in an emergency.

V. References

1. "Emergency Action Planning Guidelines for Dams," by
Subcommittee on Emergency Action Planning of Interagency
Committee on Dam.Safety, Federal Emergency Management

Agency, February 1985.







CHAPTER 10

FINANCIAL ASSISTANCE

This guidebook points out -~ that the dam owner is
responsible for the repair, security, maintenance, and
operation of the dam. It is common that the dam owner will
need professional .= assistance in fulfilling these
responsibilitiés. Repairs and maintenance of a dam can also be-
costly. So the dam owner is often faced with the dilemma of
the lack of finances along with the responsibility of
maintaining a'éafe dam. This dilemma is not easily resolved.
Conscientious dam owners always prepare for the time when
costly repairs will be needed.

Thefe are many possible sources of financial assistance
including federal, state, local g?vernment and private sources.

However, chances of obtaining federal, state and local

‘governmental financial assistance are remote. Financial

assistance 1is further complicated by the fact that ﬁany
programs depend on the dam location, type of ownership; jobs
created and the like. The dam owner should not be discouraged
by the many conditions to be met to obtain such financial
assistance. You should instead become innovative in applying
for assistance.

This chapter will present some basic information on
sources of financing for dam and dam safety projects from
federal and state sources. Funding through private sources-and

hydroelectric projects will also be described.




I. Public Sector Funding

The federal government has played an important role in
providing funds for dam owners. Obtaining federal funding
often requires meeting complex and varied requirements, and
doing a myriad of paperwork. The successful use of these
programs requires the dam owner to present the project with
innovation and sophistication. 1In addition, most programs
require local matching funds, while private projects must
utilize funds from private sources.

The U.S. Department  of Agriculture, Farmers Home
Administration (FMHA) has several different programs to assist
dam owners with renovation projects. The agency functions as a
lender of last resort, only when private sector funding is not
available at reasonable terms.

The Environmental Protection Agency, through its office of
Research and Development, offers a series of grants related to
energy and water quality. Other programs are available thfough
the Soil Conservation Service and the U.S. Forest Service.

The U.S. Depattment of Commerce, Economic Development
Administration provides business development assistance loans
under three different programs to businesses and industries.
vadroelectric power projects may qualify if they are generating
power for new or expanded business and industrial 6perations.

The U.S. Department of Interior, Bureau of Reclamationj

serves the 17 westernmost contiguous states and offers several
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financing programs to public and privately owned dams in that
region. The Bureau's Regional and Washington offices may be
contacted for additional information on the following programé:
Irrigation Distribution System Loans
Irrigation Systems Rehabilitation and Betterment Loans
Small Reclamation Projects
State governmeht funds may be requested for dam repair
projects. Since these programs are constantly changing, any
definitive statement regarding the availability of funding from
the sources is not possible. However, as a general guideline,
Page 10-4 is‘included to indicate applicability of various
funding programs for a given state. Specific information
regarding such programs  should be obtained from the

administering agency, or from the state dam safety agency.

II. Private Funding Sources

‘Dam owners are most offen faced with funding dam repair
projects without government assistance. Owner genetated
funding could come from conventionai sources such as commercial
banks, savings and loan organizations, insurance companies, or
private foundations.

In order to tap such .conventional funding sources, the
‘borrower must "sell the project," This will undoubtedly
require the owner to retain specialists in the field of dam

repair or modification to assure that proper engineering and

construction practices are followed.




y-01

FUNDING SOURCES BY STATE

Illinois Indiana Michigan Minnesota Nebraska Wisconsin
Community Development v
Block Grants XX XX XX XX XX XX
Bureau of Reclamation ; ' XX
Great Plains
Conservation Program XX
State Certified
Development Co. XX XX - XX XX
Rural Development «
Loan Fund Intermed XX XX XX
Small Business
Revitalization XX XX XX
‘State Equity/Venture
Capital Corporation XX XX XX
Industrial Revenue _
Bonds-Local Level XX XX XX XX XX. XX
Industrial Revenue
Bonds~State Level XX XX XX
Umbrella Bonds XX XX XX
Loan Guarantees XX XX
Direct Loans XX XX
Development Credit Corp. XX XX
Job Training XX XX XX XX
Property Tax Abatements XX XX XX XX
Investment Tax Credlt XX XX XX
Job Creation Tax Credit XX
Energy Tax Credit XX XX XX XX XX XX
Industrial Fuels XX XX XX T XX XX XX
Machinery and Equipment XX XX XX - XX XX XX
Pollution Abatement XX XX XX XX XX XX
Water Supply
Loans and Grants XX XX
Water Recreation
Loans and Grants XX XX
Flood Control
Loans and Grants XX XX
Source: "Financing Dam Safety Projects"




A dam owner whose dam benefits others may attempt to
spread the costs of dam maintenance and repair by forming a
lake management district, a non-profit organization or unit of
government., In this way, dues from the membership could be
used to finance dam repair projects. Refer to Chapter 3 for
specific state statutes that provide for this. It is advisable
for the dam owner to establish a "sinking fund" in preparation
for the day when repairs or modifications ﬁo his dam will be

necessary.

III. Hydroelectric Possibilities

The rising cost of fossil fuels, together with the high
cost of nuclear generated electricity, has renewed interest in
the use of water to generate electricity. Currently, there are
many dams which are retired hydroelectric sites or dams which
could be retrofitted to hydrqelectric generation. A dam owner
» would be well advised to research the possibilities of
retrofitting the site for the purpose of generating
electricity. The biggest benefit from retrofitting is that the
dam may become income producing and hence self-supporting. The
revenue can vary greatly depending on the flow characteristics
of the river, environmental constraints, size of dam and other
variables.

Hydroelectric lsites are often expensive to develop.
Besides the conventional sources previously listed, there are
hydroelectric developers who specialize in financing and

developing these projects. -
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.There are certain Internal Revenue code benefits that
apply to small hydroelectric projects. Also, investment tax
credits may be availabie. However, as is the case with Federal
Legislation, changes in. the law can occur, and thus specialists
knowledgeabie in these areas should be consulted regarding

specific projects.

-IV. References
"Financing Dam Safety Projects," Federal Emergency

Management Agency, Washington, D.C. 20472.
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DAM HEIGHT
Feet

Acre-Feet

RESERVOIR CAPACITY
A JURISDICTIONAL DAM is either twenty-five feet or
more. in height or stores more than fifty acre-feet.
If it is less than six feet in height regardless
of storage capacity or does not store more than
fifteen acre-feet regardless of height, it is not
in jurisdiction.

THE HEIGHT is the vertical distance from the lowest
elevation of the outside limit of the dam at its
intersection with the natural ground surface to the
spillway crest elevation.

. THE CAPACITY is the maximum storage, in acre-feet
which can be impounded by the dam when there is no
discharge of water.
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ARIZONA REVISED STATUTES - TITLE 45, WATERS, CHAPTER 3 - DAMS AND
RESERVOIRS, ARTICLE I SUPERVISION OF DAMS, RESERVOIRS AND
PROJECTS '

45-701.
45-702.

§ 45-703.
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45-704.
45-705.

45-706.
45-707.

45-708.
45-709.
45-710.
45-711.
45-712.
45-713.
45-714.
45-715.

45-716.
45-717.

Definitions

Jurisdiction of Director of Water Resources; records;
rules and regulations

Approval by Director of proposed dams or enlargements
of existing dams; application for construction or
enlargement _

Estimated cost of dam; application fees

Charges against irrigation projects; disposition of
proceeds o

Approval of repair, alteration or removal of dam
Approval or disapproval of applications; commencing
construction

Inspections and investigations during construction;
modifications; notice

Notice of completion; 1license of final approval;
removal of dam

Petition for review

Time for filing petition: board of review

Supervision over maintenance and operation; remedial
measures; lien ; :
Inspection upon complaint

Investigations for review of design and construction
Liabilities of state and owners of dam in action for
damages '

Violations; classification
Action and procedures to restrain violations




ARTICLE I - SUPERVISION OF DAMS, RESERVOIRS AND PROJECTS

‘ § 45-701. Definitions

In this article, unléss the context otherwise requires:

1. "Dam" means any artificial barrier, including appurte-
nant works for the impounding or diversion of water
except those barriers for the purpose of controlling
liquid borne material, twenty-five feet or more in
height or the storage capacity of which will be more
than fifty acre feet, but does not include any such
barrier which is or will be 1less than six feet in
height, regardless of storage capacity, or which has or
will have a storage capacity not in excess of fifteen
acre feet, regardless of height.

2. "Height" means the vertical distance from the lowest
elevation of the outside limit of the barrier at its
intersection with the natural ground surface to the
spillway crest elevation.

3. "Owner" includes any person or entity who owns,
controls, operates, maintains, manages or proposes to
construct or modify a dam, except the United States
government and its agents or instrumentalities, if a
safety program at 1least as stringent as the state

. program is applicable to and enforced against such
agent or instrumentality.

4, "Person" means any person, firm, association, organiza-
tion, partnership, business trust, corporation, company

or district.

5. "Storage capacity" means the maximum volume of water
that can be impounded by the reservoir when there is no
discharge of water.

§ 45-702. Jurisdiction of director of water resources; records;
rules and regulations

A, All dams shall be under the jurisdiction of the
director of Water Resources. Dams of the state, or any
political subdivisions thereof, or dams of public
utilities, and all dams within the state except those
of the United States or its instrumentalities are
included within the jurisdiction conferred by this §.
It 1is unlawful to construct, reconstruct, repair,
operate, maintain, enlarge, remove or alter any dam
except upon approval of the director.

B. . The records pertaining to dam supervision shall be
. public documents. The director shall adopt and revise
rules of procedure and regulations and issué general

orders to effectuate this article.

1




§ 45-703. Approval by director of proposed dams or enlargements

of existing dams; application for construction or
enlargement ‘ o '

Construction of a dam or enlargement of an existing dam
. shall not be commenced until a written approval of

plans and specifications has been obtained from the
director.

A separate application for each dam shall be filed with
the director upon forms provided by him, reciting the
name and address of the owner or ‘his agent, the
location, type, size and height of the proposed dam and
appurtenant works, the storage <capacity of the

" reservoir, and such other information as the director

requests. The application shall also set forth the
area of the drainage basin, rainfall and stream flow

records, flood flow records and estimates and other’

similar information required by the director. The
director may require information concerning. subsoil and
foundation conditions and may require that the site be
drilled or otherwise prospected.

When the physical conditions and the size of the dam do
not require the information provided in subsection B,
such information may be waived by the director.

The means, plans and specifications by which the stream

"or body of water is to be dammed, by-passed or control-

led during construction shall be stated in . the
application, or such means, plans and specifications
shall be submitted to the director for approval prior
to beginning construction. The director shall have the
same authority over the construction and maintenance of
such means of damming, by-passing or controlling the
stream or body of water during construction of the dam
as he has over similar work on the dam itself.

The application shall further state the proposed time
of beginning and completing construction, the estimated
cost of construction, the use to which the impounded or
diverted water is to be put, and shall be accompanied
by maps, plans and specifications and state such
details and dimensions as the director may require.
The maps, plans and specifications shall be a part of
the application. _

Prior to the approval of plans and specifications, the
director may require a surety company bond in an amount
sufficient to secure the costs to the state in assuring
the safety of any dam left partially constructed. The
bond may be required only when the director questions
the financial ability of the owner or contractor, or
otherwise deems the bond advisable. '




§ 45-704.

A.

§ 45-705.

A.

Estimated cost of dam; application fees

The estimated cost of the dam or alterations  thereof

- shall include the cost of all 1labor and materials

entering into the construction of the dam and appurte-
nant works. The cost of the preliminary investigation
and surveys, the construction plant and all other items
properly included in the cost of the dam shall be
chargeable to the cost of the dam. '

Application fees shall be based on the cost of the
dam. Applications shall be accompanied by a filing fee

.of fifty dollars. There shall be a further fee paid at

the time of filing the application, or upon receipt of

the proceeds of bonds and prior to beginning actual
construction if the dam is to be constructed from the
proceeds of bonds, on the following basis:

1. For the first two hundred fifty thousand dollars,
one per cent of the estimated cost.

2. For the next seven hundred fifty thousand dollars,
one-half of one per cent.

3. For the next four million dollars, one-fourth of
one per cent.

4. For all cost in excess of five million dollars,
one-tenth of one per cent.

An application shall not be considered until the filing
fee has been paid, and no construction shall be permit-
ted until the additional fees required by subsection B
are received.

Charges against irrigation projects;

disposition of proceeds

Upon all projects for which approval is required by the
state certification board, or which involves examina-
tion, supervision and inspection by the director,
whether in connection with the construction of a dam or
otherwise, the following shall be paid:

1. For irrigation projects of any kind involving
twenty~-five thousand acres or less, an annual tax
levy of ten cents per acre shall be levied and

collected.

2. For such irrigation projects in excess of twenty-
five thousand acres, an annual tax levy of five
cents per acre shall be levied and collected.




A.

§ 45-707.

A.

The levy shall be made only in the years required for
construction of the project, and shall be made and
collected in the same manner as provided for the levy
and collection of taxes made for other expenses of the
particular district. Such collections shall be trans-
mitted to the state treasurer and credited to the state
general fund.

All fees collécted by the director under this article
shall be paid to the State treasurer who shall credit
them to the state general fund.

The fees provided by this article shall be required of
all applicants including the state and its departments,
institutions or agencies.

Approval of repair, alteration or removal of dam

Before commencing the repair, alteration or removal of
a dam, application shall be made for written approval
by the director, except as otherwise provided by this
article. The application shall state the name and
address of the applicant, shall adequately detail the
changes it proposes to effect and shall be accompanied
by maps, plans and specifications setting forth such
details and dimensions as the director requires. The

director may waive any such requirements. The applica-

tion shall give such other information concerning the
dam and reservoir required by the director, such infor-.
mation concerning the safety of any change he may
require, and shall state the proposed time of commence-
ment and completion of the work. The application shall
otherwise conform to the requirements of § 45-703.

/

When repairs are necessary to safeguard 1life and
property, they may be started immediately, but the
director shall be notified forthwith of the proposed
repairs and of work under way, and they shall be made

to conform to his orders.

Approval or disapproval of applications;

commencing construction

Upon receipt of an application, the director shall
approve, disapprove or approve subject to conditions
necessary to insure safety.

A defective application shall not be rejected, but
notice of the defects shall be sent to the applicant by
registered mail. If the applicant fails to file a
perfected application within thirty days, the original
shall be canceled unless further time is allowed.




§ 45-708.

A.

No application shall be approved in less than ten days
from its receipt, nor shall an application be retained
more than sixty days after it 1is filed unless the
director finds that additional information is neces-
sary.

If the director disapproves an application, one copy
shall be returned with a statement of his objections.
If an application is approved, the approval shall be
attached, to the application and a copy returned by
registered mail. Approval shall be granted under
terms, conditions and limitations which the director
deems necessary to safequard life and property.

Construction shall be commenced within one year after
the date of approval of the application or such
approval is void. The director upon written applica-
tion and good cause shown may extend the time for
commencing construction. Notice by registered mail
shall be given to the director at least ten days before
construction is commenced.

Inspections and investigations during

construction; modifications; notice

During the construction, enlargement, repair,
alteration or removal of a dam the director shall make

- such inspections, investigations or examinations as he

deems necessary to enforce the provisions of his
approval and the plans and specifications as
approved. If thereafter as the work progresses the
director believes amendments, modifications or changes
are necessary to insure safety, he shall revise the
approval.

If, during construction, reconstruction, repair, alter-
ation or enlargement of any dam, the director finds the
work is not being done in accordance with the provi-
sions of the approval and the approved plans and
specifications, he shall give written notice by
registered mail or personal service to the person who
received the approval and to the person in charge of
construction at the dam. The notice shall state the
particulars in which compliance has not been made, and
shall order immediate compliance with the terms of the
approval, and the approved plans and specifications,
The director may order that no further construction
work be undertaken until such compliance has been
effected and approved by the director. A failure to
comply with the approval and the approved plans and
specifications shall render the approval revocable
unless compliance is made after notice as provided by
this section.




§ 45-709. Notice of completion; license of final approval;

A.

removal of dam

Immediately upon completion or enlargement of a dam,
notice of completion shall be given to the director.
As soon as possible thereafter supplementary drawings
or descriptive matter showing or describing the dam as
actually constructed shall be filed with the director
which shall include:

1. A record of all grout holes and grouting.

2. A record of permanent location points and bench
marks.,

3. A record of tests of concrete or other material
used in the construction of the dam.

4, A record of other items of permanent value bearing
on safety and permanence of construction.

When an existing dam is enlarged, the supplementary
drawings and descriptive matter need apply only to the
new work,

The owner of a completed dam shall file an affidavit of
the total cost of the dam comprised of items set forth
in § 45-704, and furnish such evidence in support
thereof as the director requires. No license of final
approval shall issue until the affidavit is filed. The
completed dam shall be inspected by the director, and
upon finding that the work has been done as required
and that the dam is safe, he shall issue a license of
final approval forthwith, subject to such terms as he
deems necessary for the protection of 1life and
property. In the event the total cost exceeds the
estimated cost, the fee shall be recomputed in accor-
dance with the schedule in § 45-704, subsection B, The
owner shall pay the difference between the fee already
paid and the recomputed fee.

Pending issuance of the license, the dam shall not be
used except on written consent of the dlrector, subject
to conditions he may impose.

When a dam is removed the owner shall file with the
director evidence showing that a sufficient portion has
been removed to permit the free passage of flood
waters. Before final approval of the removal of the
dam the director shall inspect the work to ascertain
its safety.




§ 45-710.

§ 45-711.

A.

§ 45-712.

A.

Petition for review

Except as otherwise provided in this article, a peti-
tion for review by a board of review of any approval,
disapproval or order of the director concerning plans,
specifications, construction or maintenance pertaining
to any dam may be filed by the owner or applicant, or
by three land owners whose property would be endangered
by the failure of the dam.

Time for filing petition; board of review

The petition for review shall be in writing and shall
be filed with the director within ten days after
issuance of the approval, disapproval or order of which
complaint is made. Upon receipt of the petition, the
director shall prepare a list of ten qualified
experts. Within ten days the petitioner shall select
three individuals from the list who shall then serve as
the board of review. The board shall serve at the
expense of the petitioners. Within thirty days from
its designation, or within such further time as the
director allows, the board shall report to the director
and he shall forthwith affirm, change or modify the
report, and his action shall be final and not subject
to further review. No board of review shall be
appointed to consider any action taken by the director
relative to emergency regulation and control of a dam
under § 45-712.

Pending examination, change or modification by the
director, his approval, disapproval or order issued
shall remain operative. Operations shall be suspended
if an applicant or owner files a petition for a board
of review unless the director orders work to proceed
because of emergency conditions.

Supervision over maintenance and operation;

remedial measures; lien

Supervision over the maintenance and operation of dams
to safequard life and property is vested exclusively in
the director. He shall make complete inspections,
require reports from owners or operators and shall
issue rules, regulations, and orders necessary to
secure maintenance and operation of dams which will
safeqguard life and property.

If the director determines that the dam under consider-
ation is dangerous to the safety of life and property,
and that there is not sufficient time to issue and
enforce an order relative to its maintenance or
operation, or if the director believes that imminent

floods threaten = the safety of the dam under




consideration, the director shall immediately employ
remedial measures necessary to protect 1life and
property. : :

In applying remedial measures the director may lower
the water 1level of a reservoir by releasing water
impounded, may completely empty the reservoir, may
destroy the dam or reservoir or such portions as appear
necessary, or may construct, reconstruct, repair or
enlarge the dam, and may exercise any other control of
the dam, reservoir and appurtenances essential to safe-
guard life and property. The director shall remain in
full charge and control of the dam, reservoir and
appurtenances until they have been rendered safe or the

emergency has terminated.

‘The costs and expenses of the control, regulation and

abatement provided by this §, including costs of
construction work done to render the dam, reservoir, or
appurtenances safe, shall constitute a lien against all
property of the owner, and the lien shall be prior and
superior to all other mortgages, liens or encumbrances
or record. The lien shall have the force and effect of
a mechanic's and materialman's 1lien, and may be
foreclosed at any time within two years.

The lien referred to in subsection D may be perfected
and foreclosed in advance of construction or repair or
after completion of the repairs. If in advance, the
lien shall be perfected by the filing of an affidavit
of the director setting forth the estimate of the costs
of construction or repair with the county recorder in
the county in which the dam is located in the same
manner as prescribed for mechanics' liens in Title 33,
Chapter 7, Article 6 and may be foreclosed in the same

manner as a mechanic's and materialman's lien. When -

the affidavit is filed, the amount set forth in the
affidavit shall be a lien in such amount against all
property of the owner. If the actual cost of construc-
tion or repair exceeds the estimated cost, the director
may amend the affidavit setting forth the additional
estimated cost. If the estimated cost exceeds the
actual costs of construction or repair at completion,
the director shall file an amended affidavit at comple-
tion. If a 1lien 1is perfected in advance and the
construction or repair is not commenced with two years
from the date of perfection, the lien shall be void.
The director shall file a satisfaction of lien upon
payment of the costs of construction or repair by the
owner. »




§ 45-713.

§ 45-714.

§ 45-715.

A.

§ 45-716.

A.

Inspection upon complaint

Upon receipt of a written complaint that the person or
property of the complainant is endangered by any dam,
the director shall inspect such dam unless his records
disclose that the complaint is without merit. If the
complainant insists upon an inspection and deposits
with the director an amount sufficient to cover costs

'of inspection, the inspection shall be made. If an

unsafe condition is found, the director shall cause it
to be corrected, and the deposit shall be returned. 1If

-.the complaint was without merit the deposit shall be

paid into the general fund.

Investigations for review of design and

construction

The director shall make investigations and assemble
data for a proper review and study of the design and
construction of dams, reservoirs and appurtenances, and
shall make watershed investigations to facilitate
decisions on public safety. The director or his
representatives may enter upon private property for
such purposes.

Liabilities of state and owners of dam

in _action for damages

No action shall be brought or maintained against the
state, or any of its departments, agencies or officials
thereof, or any of their employees or agents, for
damages sustained through the partial or total failure
or any dam or its maintenance by reason of control and
regulation thereof by any of them pursuant to duties
imposed upon them under the provisions of this chapter.

Nothing in this article shall relieve any owner or
operator of a dam from the legal duties, obligations
and liabilities arising from such ownership or opera-
tion.

Violations; classification

It is unlawful for an owner, director, officer, agent,

employee, contractor "or his agents to construct,
reconstruct, repair, enlarge, alter or remove a dam
without an approval as provided in this chapter, or
contrary to an approval issued. It is unlawful for the
agents or employees of the director to permit such work
to be done without immediately notifying the director.

A person who violates this article, except as otherwise
provided, is guilty of a class 2 misdemeanor, and each

day such violation continues constitutes a separate
offense.




§ 45-717. Action and procedures to restrain violations

A.

B.

The director may take any legal action proper and
necessary for the enforcement of this chapter.

An action or proceeding under this § may be commenced
whenever any owner or any person acting as a director,
officer, agent or employee of any owher, oOr any
contractor or agent or employee of such contractor is:

1. Failing or omitting or about to fail or omit to do
anything required of him by this chapter or by any
approval, order, rule, regulation or requirement
of the director under the authority of this
chapter; or

2. Doing or permitting anything or about to do or
permit anything to be done in violation of or
contrary to this chapter or any approval, order,
rule, regulation or requirement of the director
under this chapter; or :

3. In the opinion of the director, in any manner in
violation of this chapter.

Any action or proceeding under this section shall be
commenced in a court of appropriate jurisdiction in
which:

1. The cause or some part thereof arose; or

2. The owner or person complained of has his princi-
pal place of business; or

3. The person complained of resides.
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. RULES AND REGULATIONS

"~ PERTAIN{NG TO THE
SUPERVISION OF DAMS

CHAPTER 15

DEPARTMENT OF WATER RESOURCES
(Authority: A.R.S. § 45-101)

All former Sections renumbered. Refer to Historical Notes
fol lowing each Section (Supp. 82-5).

ARTICLE 1. DEFINITIONS, FEES, PROCEDURAL
RULES FOR HEARINGS

R12-15-151; Fee schedule.

R12-15-152, Fee credit account,

ARTICLE 12, DAM SAFETY PROCEDURES

R12-15-1201. General provisions,

R12-15-1202. Professional -engineering requirement,
R12-15-1203. Application procedure,

R12-15-1204. Final inspection and license of approval.
R12-15-1205, Plans and specifications,

R12-15-1206. Construction control.

NOTE: THESE RULES AND REGULATIONS ARE THE MOST CURRENT ON FILE WITH THE SECRETARY OF STATE.
»
THE FOLLOWING CLERICAL CHANGES SHOULD BE NOTED:
1. THE STATE WATER ENGINEER 1S NOW THE DIRECTOR OF THE

DEPARTMENT OF WATER RESOURCES.

. 2. THE DIRECTOR'S OFFICE IS LOCATED AT 99 E. VIRGINIA, PHOENIX, ARIZONA.




Chapter 15 NATURAL RESOURCES

ARTICLE 1. DEFINITIONS, FEES, PROCEDURAL,

RULES FOR HEARINGS

R12-15-151, Fee schedule

The Department shal!l not accept or take action on an appiication or filing without payment

of the appropriate fee as listed below., Payment may be made by cash, check or by entry in an

existing Department fee credit account established pursuant to R12-15-152.

7.

9.

SAFETY OF DAMS
Application for revieWw..iseeeveosssssrsssassscsnnssssss 50,00
Review of plans, studies
As a portion of Dam Cost (in dollars):
first 250,000... 00000000 vsenncnns N I ¢ ¢ 4
next  750,000...c.ci00etvtiennnncccncas P 10
next 4,000,000................;....................... 25%
over 5,000,000, ...000000ca0t0etsnssosssnesssssccarases o108
Safety Inspections
Per Inspection.....ceevenevacnsecoceans fesreeeteessnans 50.00

Plus, per foot of height.eiiesrienssencerssssencnasass 1.00

OTHER CHARGES
PhOTOCOPIES . ecveeeriniascnoncrsssscsosisasssassssseessens . s20€aCh
Computer reports: First page of report.ciieseescensessea?5.00

Additional pages....evvecucesessseees .25each

Certified "True Copies"........ cerenns setsesssessesensss 2,50each




Chapter 15 NATURAL RESOURCES

R12-15-152, Fee credit account

Any person Qho may pay more than two hundred doliars in fees annually ﬁay apply to the
Deparfmenf fo hévé a fee crediT aééounf established forvperiodic billing. The Department retains
discre%ion to refuée Tb.esfablish é“credif account and shall set reasonable terms for payment and
interest for any creﬁifi account established pursuant to this Rule. Any person who has
esfablished-é.trédif account for fees with the Department who does not comply with the terms of

the account shall lose the privilege of mainTéining such an account,

ARTICLE 11.
ARTICLE 12, DAM SAFETY PROCEDURéS
R12-15-1201. General provisions
. A. The State Engineer's office is located at 222 North Central Avenue, Suite 800,
Phoenix, AZ. All notices and contracts with the State Engineer shall be sent to and hade'
at this address,
B. Forms with reépecf to these Rules and Regulations may be picked up or requested by
mail at fhe address of the State Engineer. Copies of these Rulesvwill also be avaitable
at the office of the State Engineer. A copy of the abplicéfion'form is shown as‘Exﬁibif

A following this Article,

Historical Note

Adopted eff. Nov., 2, 1978 (Supp. 78-6). Former Section R12-15-01 renumbered without

chénge as Section R12-15-1201 eff. Oct. 8, 1982 (Supp. 82-5).




Chapter 15 NATURAL . RESOURCES

R12-15-1202. Professional engineering requirement
A. The plans and specifications accompanying an application for construction of a new
dam or alteration, repair, enlargement, or removal of an existing dam shall be prepared
by o; under the Wdirecfion of a professional engineer registered under the laws of
Arizoné, having proficiency ;n civil engineering as related To.dam technology.
B. Engineersvof the United States Soil Conservation Servicé who design and construct
dams for ownersvofher than the United States are not required to be registered in Ari;ona

for purposes of these Rules.

Historical Note
Adopted eff. Nov. 2, 1978 (Supp. 78-6). Former Section R12-15-02 renumbered without

change as Section R12-15-1202 eff. Oct. 8, 1982 (Supp. 82-5).

R12-15-1203. Aphlgcafion;procedure
-A. An application for the construction of a new dam or eﬁlargemenf, repair, alferafioﬁ,
or removal of an existing dam shall be prepared in duplicate and sent to. the State
Enéiﬁeer on ?orms furnished Sy the State Engineer.
B. fhe application shall include at least the following information:
l.‘ One complete set of plans and specifications prépared by a registered professionai
engineer (or U.S. Soil Conservation Service engineer).
2. Geotechnical engineering data including fhe results of foundation and materials
exploration.
3. Engineering design data including basis assumptions as to loads and limiting stresses

and as to methods of analyses for all structures, including the dam.




Chapter 15 NATURAL RESOURCES

4, Hydrauiic engineering data used in determining capacity of spillways and outlet works
and hydrologic data used in deriving required spillway capacifty.

C. Upon comptetion of the project, the total cost shall be tabulated and the fee
recomputed in accordance with the taw. - |f the recomputed fee exceeds the fee paid with
the application then the owner shali pay the difference between the fee already paid and
the recomputed fee.

" D. Plans for the proposed work shall be filed in the form of paper prints. Notification
‘of any changes required by the State Engineer will be given to the applicant,
Thereafter, the drawings designated for.approval by the State Engineer shall be submitted
in friplicate together with two sets of specificafions. After approval by the State
Engineer one set of signed prints and approved apﬁlicafion shall be returned to the
appiicant, one set of the drawings shall be retained for the permanent State records of

. the State Engineer and the third set shall be used for construction.

Historical Note
Adopted eff. Nov. 2, 1978 (Supp. 78-6). Former Section R12-15-03 renumbered without

change as Section R12-15-1203 eff. Oct. 8, 1982 (Supp. 82-5).

R12-15-1204. Final inspection and |icense of approval

A. Upon compietion of construction, the State Water Engineer shall be notified in

writing and shall finally inspect the work as soon as practicable.
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B. After final inspection by a field engineer, the applicant is required to file the

fotlowing:

1. Affidavit of cost of construction. Attach breékdown of costs, including éngineering.

2. Additional fee if final cost exceeds estimated cost, pursuant to Arizona Revised

Statutes.

3. As-constructed plans, in the form of paper prints.

C. A license of approval shall be issued by the State Engineer after payment of all fees
“and upon a finding ‘that the dam and reservoir are safe to impound water. No water shall

be stored nor .shall the' reservoir be used without wriften permission of the State

Engineer, pending issuance of a license of approval.

Historical Note
Adopted eff. Nov. 2, 1978 (Supp. 78-6). ~Former Section R12-15-04 renumbered without .

change as Section R12-15-1204 eff. Oct. 8, 1982 (Supp. 82-5).

R12-15-1205. Plans and specifications
A. Engineering drawings shall be in sizes ranging from 22 inches by 36 inches to 28
inches by 42 inches. Letter size drawings are not permitted. Drawings shall be prepared
on conventional drawing material such that clear legible prints can be obtained.
Submittal of blue line or black line prints for final approval and signature will be
satisfactory. in preparing the drawings, each sheet shall contain, in addition to the
normal titie block in the lower right hand corner, space approximately 4" x 5" somewhere

in proximity to ‘the lower right hand corner for application of the State Engineer

signature block,
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B. The minimum requirements of maps and drawings for small dams gonsisf of the
foliowing:

1. Location map of the dam and the drainage basin above the structure.

2. A topographic map of the dam, spiliway, outlet works and the reservoir, The scale
should be large enough to accurately locate Tﬁe dam and appu?fenances and to indicate cut
and fill lines. Elevations should be to a real datum base, rather than an assumed
elevation., Contour intervals should be compatible with height and size of the dam and
its appurtenances. An area capacity curve of the reservoir can be shown on this sheet.

3. Profile and section of the dam. The profile of the dam may be drawn to different
horizontal and vertical scales. - However, the maximum section of the dam should be drawn
to a true scale., For a small dam the outlet conduit can be shown on the maximum section
if this is typical of the proposed construction.

4, Details of the outlet works., This should include the intake structure, the gate
system, conduit details, the trashrack, and the downstream outlet structure. Details
should be sufficiently complete to accurately 1lay out the structure and build ift.
Schematic drawings are not acceptable.

5. Plan, profile, and control section of the spillway. This will also include details
of any concrete work that may be contemplated. A compiex control structure, a concrete
chute, or an energy dissipating device for a terminal structure, will require additional
design details.

C. Drawings required for technical review of a major structure cannot be listed in
detail because each dam is different. The following maps and drawings are required  for
the typical large structure:

1. Drainage basin above the proposed dam.

2. Location map for all foundation drill holes, auger holes, test pits, frenches, and
borrow areas. Also, bench marks with elevations, reference points, permanent ties,

should be shown, These may be shown on a reservoir map.
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3.: Log of foundation drill holes and auger hoies.
4. Topographic map of the damsite.
5. A topographic map of the reservoir, with area and capacity curves.
6. Pian, profile and .sections of the dam, aii at natural scales. Camber, crest details,
interior drains, and zone details should be -included.
7. Foundation plan showing éxcavafion with proposed grout and drain holes.
-.8. .Outlet works showing plan, profile, sections, and details. .
9. Spillway showing plan, profile,.sections and details.
10. Details-of diversion scheme if applicable.
. Db. If there is question as to whether a dam is considered a small dam or a large dam the
owner may present any .information he deems pertinent .to the State Engineer and the State
Engineer will then decide which category applied.

E. .Specifications concerning the .proposed method of construction shall be filed in

duplicate with the application. The specifications shall include a detailed description

of the work to be performed and a statement of the requirements for the various types of
.maferials that will enter into the permanent construction; including but not limited to,

foundation preparation, placement of materials and concrete quality control. Also any

special techniques should be carefully described.

F. |f not included in the .specifications, the construction schedule:and a statement of

the sequence of construction operations shall be filed in duplicate with and form a part

of the application,

Historical Note

Adopted eff, Nov. 2, 1978 (Supp. 78-6). Former Section R12-15-05 renumbered without

change as Section R12-15-1205 eff, Oct. 8, 1982 (Supp. 82-5).
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R12-15-1206. Construction control
A. The owner is responsible for safety during and after complefion of any consfrucfion
of a new dam, enlargement, repair, aiferation, or removal of an existing dam, and is
responsible for inspections and completion of the work in accordance with the plans and
specifications approved by the State Engineer.
B. The State Engineer shall determine that proper construction control is being
exercised by the owner or the owner's engineer and any unsatisfactory condition shall be
remedied by the owner or his engineer with the contractor,
C. The foundation of the dam shall be inspected by the State Engineer or his designee.
The foundation shall not be covered over prior to such inspection and written approval of
the foundation by the State Engineer or his designee. Inspection for the foundation for
the outlet and spillway structures is also required and written approval of the State
. Engineer or his designee is required before covering over these foundations.
D. The State Engineer and his designee shall have access to the job for purposes of
inspecting all phases of the construction, including, but not limited to, mechanical
instaltations, concrete work, placement methods and strength test records.
E. Any deviations from the approved plans and specifications must be approved in writing
by the State Engineer or his designee before proceeding therewith. Any problems
encountered during construction which required any deviation from the plans and
specifications approved by the State Engineer shail be immediately reported to the State

Engineer.

Historical Note

Adopted eff. Nov. 2, 1978 (Supp. 78-6). Former Section R12-15-06 renumbered without

change as Section R12-15-1206 eff, Oct. 8, 1982 (Supp. 82-5).




g
e

" State of Arizona
Department of Water Respurces

Divison of Safety of Dams

‘ Application No. ' Filed
{Apptlicant shall not fill in above blanks)

APPLICATION FOR THE APPROVAL OF THE PLANS AND SPECIFICATIONS
FOR THE CONSTRUCTION, ENLARGEMENT, REPAIR, ALTERATION OR REMOVAL
OF A DAM AND RESERVOIR

(This application involves in no way the right to appropriate water. To secure the right to appropriate
water, application has to be made to the Department of Water Resources, Division of Water Rights on forms

which will be furnished upon request.)

This application is for the of the Dam.
(Construction, Repair, Alteration,.Etc.)

LOCATION OF DAM

This dam is in County, in the — 4, Sec. . Tp.

R % GA&SR, B&M., and is located on
‘ ' (Creek, River or Watershed)

tributary to

{Creek or River)

OWNER
Name
Address
(Street and Number, or P.O. Box)
“_LQ_ISYJ___, . _(State) . _. (Zin) _ o o ATalanhanal. — o e
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J

HYDROLOGIC DATA

12. Maximym Recoroed Rainfall __ inches in hours.
Date Location

13. Maximum Recorded Streamflow ' L cubic feet per second.
Date : . ,L‘ocation ,

14 DrainageA"rea S i éduare miles.

GENERAL INFORMATION

15. Description of Work (repair, alteration, etc.)

16. Use of Stored Water

17. What provisions to divert flood flows during construction?

: 5
18. Construction will begin —_— Estimated Completion ,
(Date) (Date)
19. Estimated cost of dam, reservoir, and appurtenances: $
20. Fees accompanying this application: $
21. Investigations, plans and specifications prepared by
Signed:
Address:
Legal capacity if other than owner:
Date:
APPROVAL OF APPLICATION No. —______, INCLUDING THE PLANS AND SPECIFICATIONS
This is to certify that Application No. | including the plans and specifications for

Dam and Reservoir has been examined and the same is hereby approved, subject to the following termé and limita-
tions: , ) .

1. Construction work shall be started within one (1) year from date. v




STATE OF ARIZONA
DEPARTMENT OF WATER RESOURCES
ENGINEERING DIVISION/SAFETY OF DAMS SECTION

INSTRUCTIONS FOR FILING AN APPLICATION

OCTOBER 1986

An application is required for’ébnstruction of a new dam or
enlargement,vrepair, alteration, or removal of an existing dam.
Applications shall be prepared in duplicate and sent to the
beparfment of Water Resoufces npon forms which will be furnished
free on request. ' The Department's‘address is: 99 East Virginia,
Phoénix, Ariéona 85004; Attention: Engineering Division, Safety
of Dams Sectién.

In addition to the application form, two cbmplete sets of
engineering drawings, specifications and an engineering design
report shall be considered a part of the application and shall be
submitted to the Department with the proper application fees.

The drawings, specificatiéns and engineering report shall be
prepared by a professional éngineer registered in Arizona and
expérienced in the design and construction of dams. The éngi—
neer's seal and signature shall appear on all drawings, the spec-
ifications and the design report. The Director may waive or
enlarge any requirements for information to accompany an applica-
tion.

As prescribed in the Statutes, no application shall be given
consideration unless accompanied by a filing fee of $50 and a
further fee based upon the esfimated cost of the project (see
paragraph on Fee Requirements) as well as appropriate support

data.




Plans for the proposed work shall be filed in-the form of
paper prints. After review of the pléns and specifications, the
Department will hotify the.appiicantbéf any required changes. A
conference may also be arranged torwork'out revisions which will
meet the Department's requirements. The revised drawings shall
be submitted to the Department in ﬁriplicate aléng with two sets
of reviséd specifications for approval. Upon approval, one set:
ofvsigned prints and the approved application'will be returned to
the appiicénﬁ, one signéd set of drawings rétained for permanent
State recdrd and the third set retainéd for use by the Department
during construction. A half-size set, if available, will be

acceptable for the construction set.

FEE REQUIREMENTS

Payment of the application fees, including the filing fee and
the further fee; is required for all ﬁew construction, altera-
tion, repair, enlargement or removal épplications for dams. The
filing”feé for all applicatidns is $50.00. The further fee is_
baséd‘upbn the estimated project cost. The project cost shall
include éll costs associated With conétruction of the dam and
appurtehant works. Preliminary investigations and'surveys, engi-
neefing design,nsupervision of construction and any other engi-
>neering-costs shall be included. All costs of construction of

the project shall also be included.




Based upon these total costs the further fee will be compﬁted
. accofding to the foliowing schedule:
1. For the first $250,000, one (1%) percent of the
" estimated cost.

2, ‘For the next $750,000, one-half of one (0.5%) per-
cent.

3. For the next $4,000,000, one-fourth of one (0.25%)
percent.

4, For all costs in excess of $5,000,000, one-tenth of

one (0.1%) percent.

Upon complétion of the project, the actual total cost shall
be tabulated and the fee recomputed for this amount in accordance
with the schedule above. If the recomputed fee exceeds the fee

. paid with the application be $50.00 or more, then the owner shall
pay the difference between the fee already paid and the recomput-
ed fee. If the recomputed fee is less than the original fee by
an amount of $50.00 or more,.then the owner shall be entitled to
a refund by the amount of the difference between thé fee aiready
paid and the recomputed fee. When the amount indicated in less
than $50.00 there will be no refund, and likewise there will be
no additional fee if the indicated amount is less théh $50.00.

Example of amount of fee to accompany application.

ESTIMATED COST $6,420,000.00
Filing Fee 50.00
1% x $250,000 2,500.00
0.5% x $750,000 3,750.00
0.25% x $4,000,000 10,000.00

0.10% x $1,420,000 1,420.00

. ' TOTAL FEE $ 17,720.00




If the actual cost for this project were $6,482,500.00 .

the recomputed fee would be:

ACTUAL COST $6,482,500.00
Filing Fee 50.00
1% of $250,000 2,500.00
0.5% x $750,000 3,750.00
0.25% x $4,000,000 10,000.00
0.10% x $1,482,500 ] 1,482.50
Recomputed Fee : $ 17,782.50
Original Fee : : $ -17,720.00

DIFFERENCE $ 62.50

In this case the owner wouid be required to pay an addi-
tional fee of $62.50. If the actual cost were
$6,320,000.00 then the recdmputed fee would be
$17,620.00, the difference would be $100.00, in the

owner's’favor; and the owner would be entitled to a

refund of $100.00.

If, after review of the final cost statement by the Depart-
ment, a refund is indicated, a refuﬁd may be obtained by request-
ing‘it in writing. Upon receipt ofza refund request, the‘Depart—
menf.will initiate the refund process.

PLANS AND SPECIFICATIONS

ENGINEERING DRAWINGS - All drawings submitted shall be from

22" x 36" to 28" x 42" in size.
Drawings should be prepared on conventional drafting material
such that cléar, legible prints can be obtained. Submittal of

blue line orublack'line prints for final approval and signature

will be satisfactory. 1In preparing the drawings, each sheet .




shall contain, in addition to the normal title block in the lower
. right hand corner, a space at least 2-1/2" x 4" in proximity to
the lower right hand corner for application of the Department's
approval signature block.
Drawings accompanying the application shall include:

1. A topographic map of the daﬁ, spillway, outlet
works and the reservoir on a scale large enough to
accurately locate the dam and appurtenances and to
indicate cut and fill lines. Elevations shall be
to a real datum base, rather than an assumed eleva-
 tion. Contour intervals shall be compatible with

the height and size of the dam and its appurten-

ances.
. 2. Area and storage capacity curves and tables for the
reservoir.
3. Spillway and outlet rating curves and tables.

4, A location map showing all exploration drill holes,
test pits, trenches, adits, borrow areas and.bench
marks with elevations, reference points and perma-
nent ties.

5. Geologic information including geologic maps of the
damsite and reservoir area at scaleé compatible
with the site and geologic complexity; soils and
geologic profile along the dam centerline, showing

logs of exploration drill holes, test pits, trench-

es, and adits.




6. A foundation profile showing the existing ground.

~and proposed cut and fill elevations. | ‘

7. A Profile and sufficient cross sections at the dam
to adequately describe it; _Embankment camber,
crest details, interior drains and zone details
must be shown. The profile of the dam may be drawn
to different horizontal and vertiéal scales. As a
minimum, a maximum section of the dam shall be
included. It shall be drawn to a true scale (ver-
tical = horizontal). The outlet conduit may be
éhown on the maximum section if this is typicai of
the proposed construction.

8. A foundation plan showing excavation with proposed
grout and drain holes. _ ‘

9. Details of the outlet works, including the intake
structure, the gate system, conduit details, the
trashrack and fhe downstream outlet structure.

10. The plan, profile and céntrol section of the'spill—
way, including details of any concrete work that is
contemplated. A complexAcontrol structure, a con-
crete chute or an energy dissipating device for a
terminal structure will‘require additional design
details. |

11. Hydrologic data, drainage area and flood routing
criteria, as appropriate.

The Director may waive or enlarge any requirements for infor-

mation to accompany an application. .




shall contain, ‘in addition to the normal title block in the lower
right hand corner, a space at least 2-1/2" x 4" in proximity to
the lower right hand corner for application of the Department's
approval signature block.
Drawings accompanying the application shall include:
1. A topographic map of the dam, spillway, outlet
.
works and the reservoir on a scale large enough to
accurately locate the dam and appurtenances and to
indicate cut and fill lines. Elevations shall be
to a real datum base, rather than an assumed eleva-
tion. Contour intervals shall be compatible with
the height and size of the dam and its appurten-
ances.

2. ‘Area and storage capacity curves and tables for the
reservoir,

3.  Spillway and outlet rating curves and tables.

4, A location map‘showing all exploration drill holes,
test pits, trenches, adits, borrow areas and'bench
marks with elevations, reference points and perma-
nent ties.

5. Geologic information including geologic maps of the
damsite and reservoir area at scales compatible
with the site and geologic complexity; soils and.
geologic profile along the dam centerline, showing
logs of exploration drill holes, test pits, trench-

es, and adits.




6. A foundation profile showing the existing ground
and proposed cut and fiil elevations.,

7. A Profile and sufficient cross sections at the dam
to adequately‘déscribe it; Embankment camber,
crest details, interior drains and zone details
must be shown. The profile of the dam may be drawn
to different horizontal and.vertlcal scales. As a
minimum, a maximum section of the dam shall be
included. It shall be drawn to a true scale (ver-
tical = horizontal). The outlet conduit may be
éhown on the maximum seétion if this is typical of
the proposed construction.

8. A foundation plan showihg excavation with proposed
grout and drain holes.

9. Details of the outlet works, including the intake
structure, the gate system, conduit details, the
trashrack and fhe downstream outlet structure.

10. The plan, profile and control section of the-spill-
way, including details of any concrete work that is
contemplated. A complex control structure, a con-
crete chute or an<energy dissipating device for a
terminal structure will‘require additional design
details.

11. Hydrologic data, drainage area and flood routing
‘criteria, as appropriate.

The Director may waive or enlarge any requirements for infor-

mation to accompany an application.




SPECIFICATIONS - The specifications shall include a detailed

. description of the work to be performed and a statement of the
requirements for the various types of materials that will enter
into the permanent construction. Of particular importance are
those sections describing foundation preparation, placement of
materials and concrete quality control. Any special techniques
should also be carefully described.

If not included in the specifications, the construction
schedule and a statement of the anticipated sequence of construc-

tion operations shall be filed in duplicate with the application.

DESIGN REPORT

In addition to plans and specifications, a design report is
. required for all structures. As a minimum, this report should
contain the following:

1. Hydrology calculations and a summary table of data
used in determining the required spillway capacity
and freeboard. |

2. Hydraulic characteristics and engineering data of
the structure used in determining the capacity of

- outlet works and spillway.

3. Results and analysis of subsurface investigation
including logs of test borings and geologic cross-
sections.

4. Material testing results and the location of test

pits and the logs of these pits.

. 5. Design of the grout curtain and cap.




6. - Sample calculations and basic assumptions on loads
“and  limiting stress 'as for the reinforced concrete
design.

7. A stability analysis of‘tﬁe damﬂincluding'appropfié

-.ate seismic loading, safety factors and embankment
zone characteristics. The seismicity of the proj-
ect area and activity of faults in the vicinity
must be discussed. |

- 8. Geologic investigation of the damsite and reservoir
basin.

9. flans to adequately compensate for geological weak-
ness in the dam foundation or in the abutment
areas.

~10. Flow net considerations including the cutoff trench
design or other cutoff facilities.

11. Internal drainage design including instrumentation
necessary to mdnitor the drainage system.

12. Foundation treatment and abutment contact deéign.

13. APost—construction vertical and horizontal movement

- monitoring system. Systems for monitoring piezo-
metric levels and seepage flows. Strong motion
instrumentation may be required at some sites.

14. A statement of the designer's intent with regard to
testing frequencies, foundation guidelines, etc.

The Director may waive or enlarge: any requirements for infor-

mation to accompany an application.




CONSTRUCTION CONTROL

Application approval is valid for a one year period in which
construction must begin. If construction does not begin within
one year, the Department must review the application again in
light of changes which may have occurred since the approval was
originally‘given. Upon written application and good cause shown
by the owner, the time for commencing cohstruction may be extend-
ed.

The owner and his engineer shall assure that construction of
a new dam, or enlargement, repair, alteration or removal of an
existing dam is carried out in accordance with the plans and
specifications approved by the Director. Construction super-
vision shall be under the direction of a registered professional
engineer having proficiency in the design and construction of
dams.

The Safety of Dams Section will inspect construction and
determine that proper constrﬁction control is being exercised by
the owner's engineer. Any unsatisfactory condition shall be
remedied by the owner or his engineer with the contractor,

The Department shall have access to the damsite for purposes
of inspecting all phases of the construction including the foun-

dation, embankment or concrete placement, inspection and test

records and mechanical installations.




The owner or his engineer shall immediately report to the
Department any ¢onditions encounteredjduring construction which
require any deviation from the plans and speéifications approved
by the Director. The owner or his engiﬁeer shall promptly submit
a written request fbr approval of any necessary change and suffi-
cient data to justify the proposed change. Construction pursuant
to the proposed change may not commen@e without the written

approval of the Director.

AFTER COMPLETION

Upon complétion of construction, the Department shall be
notified to that effect in writing and a final inspection will be
made as soon as practicable.

As soon as possible after completion of the work and final
ihspection by an engineer from the Section, the following shall
be filed by the owner or his engineer:

A. An Affidavit of thé actual cost of construction.
Attach a detailed breakdown of the costs, including
all engineering costs (see paragraph on fee
requirements).- |

B. An additional fee or refund request, as appropriate
(see éaragraph on fee requirement;).

C. One set of fuli sized as—constructed plans, in the
"form of paper prints.

D. ‘Construction records such as grouting, materials

testing and permanent bench marks.

10




E. A brief completion report summarizing the salient
features and causes for changes or deviations from
the approved drawings and specifications which were
made during the construction phase.

F. An Emergency Alert Plan including inundation map.

G. An operating manual for the dam and its appurtenant
structures including schedules for surveillance
activities.

Upon completion of these items and finding that the dam has
been constructed in accordance with the approved plans and épeci—
fications, a iicense of final approval will be issued. Pending
issuance of a license, use of the reservoir shall require written

permission from the Department.

11




LIST OF REFERENCES

~ Included below is a brief list of references which have prov-
en useful in coping with basic dam design problems. The list is
not intended to be all-inclusive. However; moét of these refer-
ences do include cbmprehenSive bibliographies which may provide
additional assistance in locating more detailed reference materi-
als. When complex dam design problems are encountered, it is

advisable to retain a qualified specialist.

AMERICAN SOCIETY OF CIVIL ENGINEERS, U.S. COMMITTEE ON LARGE DAMS

Design and Construction of Dams 1967.

ARIZONA DEPARTMENT OF WATER RESOURCES, ENGINEERING DIVISION,

SAFETY OF DAMS SECTION, Guidelines for the Determination of

Spillway Capacity Requireﬂents, (Revised 1986).

CEDERGREN, H.R. - Seepage, Drainage, and Flow Nets, Second Edi-
tion New York: John Wiley and Sons, Inc. 1977.

COMMITTEE ON SAFETY OF EXISTING DAMS. Safety of Existing Dams--

Evaluation and Improvement. Prepared under auspices of Water

Science and Technology Board, Commission on Engineering and
Technical Systems, National'Research Council. Washington,
D.C.: National Academy Press. 1983.

'DAVIS, C.V. and K.E. SORENSEN, New York: McGraw-Hill Book Com-

pany, Inc., Handbook of Applied Hydraulics, 3rd Edition.

1969.

12




. HANSEN, E.M., J.T. RIEDEL, and F.K. SCHWARZ. Probable Maximum
Precipitation Estimates--Colorado River and Great Basin

Drainages. Hydrometeorological Report 49. Silver Spring,

Maryland: National Weather Service, National Oceanic and
Atmospheric Administration, U.S. Department of Commercé.

1977.

KING, H.W. and E.F. BRATER, Handbook of Hydraulics, 5th Edi-

tion, New York: McGraw-Hill Book Co., Inc. 1963.

SHERARD, J.R., R.J. WOODWARD, S.F. GIZIENSKI & W.A. CLEVENGER,

Earth and Earth-Rock Dams, New York: John Wiley and Sons,

Inc., 1963.

U.S. DEPARTMENT OF THE ARMY, CORPS OF ENGINEERS, Recommended

Guidelines for Safety Inspection of Dams.

. U.S. DEPARTMENT OF THE INTERIOR, BUREAU OF RECLAMATION, Design

of Small Dams, A water resources technical publication, 2nd

Edition, Washington, D.C.: U.S. Government Printing Office,

1973.
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OWNERS LETTERHEAD
AFFIDAVIT OF TOTAL COST

. ARIZONA DEPARTMENT OF WATER RESOURCES
DIVISION OF SAFETY OF DAMS
99 EAST VIRGINTIA, sulTe 150
PHOENIX, ARIZONA 35004

GENTLEMEN:
I;'
(OWNER)
AM THE
(OWNER, CR AUTHORIZED REPRESENTATIVE OF OWNER)
OF THE

(NAME OF DAM AND RESERVOIR)

THE FINAL TOTAL COST OF CONSTRUCTION (REPAIR, ALTERATION) OF
THE DAM AND APPURTENANT WORKS TO COMPLETE THEREOF IS AS FOLLOWS:

* 1. ENGINEERING v
1.1 PRELIMINARY INVESTIGATIONS AND SURVEYS $

1.2 PRECONSTRUCTION SURVEYS, GEOLOGIC, ,
~ HYDROLOGIC, TESTING, DESIGN tvvivrvss 3

1.3 CONTRACT ADMINISTRATION AND CONSTRUC-
TION SUPERVISION svvrsrvarsraansinnas

1.4 CONSTRUCTION QUALITY CONTROL TESTING  §
TOTAL ENGINEERING 4avevsrinansoorovnnsress 9
* 2. CONSTRUCTION CONTRACT PAYMENTS
. ** 2.1 FINAL PAYMENT FOR CONTRACT BID QUANTITY
LIST tavorronnnvennsnessnntvensnssons
** 2,2 FINAL PAYMENT FOR CHANGE ORDERS TO BID
QUANTITY LIST vervvnnnnnvesnnrnnonsss
TOTAL CONSTRUCTION CONTRACTS tivssrrsanns 9
TOTAL CONSTRUCTION COST 4evsvrvrrsnsnssnesnnnens 3

I HEREBY DECLARE UNDER PENALTY OF PERJURY THAT THE ABOVE STATE-
MENT IS TRUE AND CORRECT.

EXECUTED ON AT ., ARIZONA.

(OWNER'™S SIGNATURE)

(MOTARY) (DATE)

* The cost breakdown must include all applicable costs as indicated.
For projects with two or more features an allocation of total
project cost items to each appropriate feature may be made.
Allocations of project cost items may be combined when properly
icentified to fit the individual circumstances.

** Attach forms showina contract bid quantities with prices and
. firal pay quant:ities incluling change order 1tcms.
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State of Arizona
DEPARTMENT OF WATER RESOURCES
Division of Safety of Dams

LICENSE OF APPROVAL

Pursuant 1o Chapter 3, Title 45-Waters, of the Arizona Revised Statutes, the DIRECTOR, Department of Water

LU )’3@)‘@’

™
}

Resources authorizes the use Of: ........ococooooiioieiiieiiiiieeeeeeeeenee Dam and Reservoir, Application Number .......................

Locatedin Sec. ................... Y s R ,G. &SRB &M. oo County, State of Arizona to

3:9:9.9:9918/8.9

~
i

impound water in accordance with and subject to the following terms and conditions:

;.

-
]

19

This license of approval supersedes every. previous consent for use

DR

w
|

issued by the State of Arizona relative 10 said dam and reservoir.
Witness my hand and seal of the Arizona Department

of Water Resources

LRI LR U

D
N

[
|
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STATE OF ARIZONA
DEPARTMENT OF WATER RESOURCES

ENGINEERING DIVISION/SAFETY OF DAMS SECTION
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PREPARED BY:
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GUIDELINES FOR THE DETERMINATION
OF SPILLWAY CAPACITY REQUIREMENTS

INTRODUCTION

The Arizona Revised Statutes assign the responsibility for
the supervision of the safety of dams to the Director of the
Department of Water Resoufces. The statutes require that, in
order to maximize protection of the public against loss of life
and property by virtue of the failure of the dam, the construc-
tion, repair, enlargement, maintenance and operation of such dam
must be under the approval and supervision of the Director, act-
ing under authority vested in the Department of Water Resources.

One of the most important among the many factors affecting
the safety of a dam is that of the adequacy of the emergency
spillway. The Department of Water Resources is frequently asked

. to provide guidelines and hydrologic criteria for spillway and
freeboard requirements for dams within jurisdiction. These
guidelines have been prepared to assist the owner, his engineer,
and other interested individuals involved in the design or modi-
fication of spillways on jurisdictional dams. The Guidelines
will be reviewed periodically and revised as needed.

The following procedures and requirements will apply to all
existing dams which are being enlarged or improved, d&ams which

are being reevaluated for safety and proposed new dams which will

be under the statutory jurisdiction of the Director.




GENERAL REQUIREMENTS

The basis for assiéning the hydrqlogic requiréments for .
spillway capacity determination lies primarily in the potential - -
hazard posed by the dam. The hazard:classification assigned to a
dam is dependent on many factors all of which must be carefully
evaluated in terms of their effects on the safety of the dam and
on the magnitude of economic, environmental and human losses in
the evént of failure of the dam. These factors include, but are
not necessarily limited to: height of dam; storage capacity;
existing and probable future downstream development; uses of
reservoir; operational procedures; condition of dam; type of dam;
type of spillway; site and foundation geology; size, slope, mate-
rial composition and configuration of downstream channel; dis-

tance from dam to nearest significant downstream development; and

the relative location of the spillway to the dam.

Spillways acceptable to the Depaftment of Water Resources
must be sized in accordance with the claésification of hazard
potential for the dam and may range in capacity from a size cap-
able of safely passing the outflow from a storm with a recurrence
interval of 100-years fér dams of low hazard potential to that of
the Probable Maximum Flood for high hazard potential dams.

The minimum acceptable size of the spillway must have a

capacity large enough to safety handle the 100-year flood inflow.




DOWNSTREAM HAZARD POTENTIAL CLASSIFICATION

Classification of downstream hazard potential has no rela-

tionship to the condition of the dam but rather is dependent on

an evaluation of probable loss of life and damage downstream in

the event of a dam failure.

The hazard potential classification

for each dam is determined by the Department in accordance with

the following table.

ically’and revised as needed.

TABLE 1

This assessment will be reevaluated period-

HAZARD POTENTIAL CLASSIFICATION

ECONOMIC LOSS

more than a small
number of habitable
structures¥*

-.CATEGORY URBAN DEVELOPMENT
Low No permanent structure Minimal (undeveloped
for human habitation to occasional
structures or
agriculture
Significant No urban development and Appreciable (Notable
: no more than a small agriculture,
number of habitable industry, or other
structures* structures)
High Urban development with Excessive (extensive

community, indus-
try, agriculture)

* Because this definition does not cite a specific number of
lives that could be lost, some difficulty has been experienc-
ed in determining whether dams should be categorized as hav-

ing "significant or high hazard potential”.

The issue is

clarified by emphasizing that the hazard potential classifi-
cation should be based on the density of downstream develop-

ment containing habitable structures.

For example, dams

located upstream of isolated farmhouses would be classified
as having significant hazard potential, and those located
upstream of several houses or residential development would

be classified as having high hazard potential.




SIZE CLASSIFICATION : )

Dams are classified into small, medium and large sizes. A .
numerical rating procedure, based on the descriptive characteris-
tics of height and reservoir capacityjhas been developed to
determine the dam size classification.

Height is measured from the lowest elevation of the outside
limit of the dam (usually the downstream toe) to the spillway
crest, or top of spillway gates if so equipped. For dams with no
spillway, the height is measured to the crest of the dam.

Capacity, in acre-feet, is measured to the spillway crest or
top of the spillway gates, if so equipped. For dams with no
spillway, capacity is measured to the‘dam crest.

The categories and corresponding tating factors are shown

below:
TABLE 2
SIZE CLASSIFICATION
CATEGORY RATING FACTOR CATEGORY RATING FACTOR
Height (feet) Reservoir Capacity

(acre-feet)

15-499 ........
500-999 .......
1,000-2,999 ......
3,000-9,999 ......
10,000-24,999 .....
25,000+ .......

6-24 (.ceeeenne
25-39 iieeccenn
40-59 (i eeeecnn
60-79 ..ceiecenn
80-99 .(ieicenenn
100+ ceeeccoenns

N W HO
Ul W N O

A numerical rating is computed for each dam by adding the
corresponding rating factors for each of the two categories. For
example, a dam that is 65 feet in height and has a reservoir
capacity of 22,000 acre-feet would have a rating of (3+4=7).

Small dams have a rating in the range 0-2, medium dams in the

range 3-7 and large dams, 8 or greater. .




REQUIRED HYDROLOGIC CRITERIA

An evaluation of the performance and capaciiy of an existing
spillway or a hydrologic design study for a spillway at a propos-
ed dam is required to determine the ability of the structure to
safely pass”a fiood whose magnitudeyie established on the basis
of the size and hazard potential classifications assigned to the
dam.

The Inflow Design Flood (IDF) for a specific spillway is
determinea by-the runoff hydrograph selected primarily on the
basis of the size and hazard classifications assigned to the
dam. vAs there are many factors to consider in the selection of
the magnitude of this flood, it is not the purpose of these
-guidelinee te require a specific flood frequeney, volume or rein—
fall depth for each classificatioﬁ. However; the fellowing table
does prOV1de ranges of flood magnitudes from Wthh the Inflow
De31gn Flood may be selected on the basis of the de51gnated haz-
ard potentlal and size cla551f1catlons. These ranges of flood’
magnitudes generally define the limits acceptable to the Depart4

ment of Water Resources for use as the basis for sizing the

spillwayQ




TABLE 3 | R
SPILLWAY CAPACITY REQUIREMENTS
RECOMMENDED SPILLWAY DESIGN FLOODS

INFLOW DESIGN FLOOD

HAZARD CATEGORY SiZE DESIGNATION MAGNITUDE
Small ‘ - 100-year
Low Medium ‘ 100-yr. to 1/2 PMF
Large 1/2 PMF
Small ‘ 100-yr. to 1/2 PMF
Significant . Medium : 1/2 PMF
Large 1/2 PMF to PMF
' Small ~ 1/2 PMF
High Medium ‘ 1/2 PMF to PMF
: : Large’ ‘ e . PMF

The flood magnitudes shown in the above table are derived

from rainfall depths for various durations and severities of

storms. Both general frontal and thuhderstorm type stormsvshould .
be studied with due consideration gi?en to tropical storm poten- |
tial and orographic influences that may greatly inérease rainfall
amounts. |

Recorded rainfall and flood flows in Afizona are rathér
sparse, and the period of record is uéually short. Consequently,
rainfall data are usually obtained frém data published by the
National Weather Service as listed in the References. SYnthetic
flood hydrographs are than developed by modeling the watershed's
rainfall/runoff response and employiné the unit hydrograph

approach.




The peak inflow flow rate usually has a greater influence
than the runoff volume on the spillway capacity requirement for a
dam with a small reservoir storage that is subject to storm in-
flow from a large watershed. 1In this case, the Inflow Design
Flood (IDF) peak flow is essentially equal to the peak outflow
rate. Conversely, a reservoir that is relatively large compared
to contributing watershed will usually attenuate the IDF peak; in
this case, the spillway peak discharge may be considerable less

than the IDF peak.

A.spiliway capacity less than outlined above will be accept-
able, for (1) all new dams, (2) existing dams which are being
enlarged or improved, and (3) dams being reevaluated for safety,
where the owner (or his engineer) can demonstrate to the Depart-
ment that the incremental damages due to failure of the dam are
insignificant and will not cause loss of lifé. The analysis
shall be based upon the dam failure caused by a flood which just
exceeds the routing capacity of the reservoir. The result shall
be compared to the pre-failure conditions such as the spillway
discharge and any reasonable rainfall runoff occurring between
the dam site and the point(s) of interest below the dam. The

burden of proof rests with the owner.




RESERVOIR ROUTING REQUIREMENTS

The adequacy of the spillway for an existing dam is normally
determined by routing the Inflow Design Flood through the reser-
voir and spillway. Flood routings fof spillway capacity deter-
minations will normally be requiréd to commence wiﬁh the reser-
voir'storage level at the spillway crest elevation. ‘Infrequent
exceptions would be: (1) normal conservation storage level is
below the spillway crest of a reservoir without a flood storage
pool, (2) the normal upper surface of‘the conservation pool is
limited to a level that is coincident with the bottom level of
the flood control pool allocation or (3) the reservoir is used
exclusively for flood control and would normally be empty. Devi-
.ations from the normal starting level of routing at the spillway
crest elevation must be considered on the basis of risk and

reservoir operating procedure.

FREEBOARD REQUIREMENTS

Total freeboard (the distance between the top of the dam and
the spillway crest) is determined by the type of dam, the maximum
water surface during discharge of the Inflow Design Flood, maxi-

mum anticipated wave height and runup, and by economic factors.

The minimum permissible total freeboard shall be four feet.




Residual freeboard (the distance between the maximum water
surface and the top of the dam) depends on dam type, wave height
and rﬁnup, the slope and finish of the upper part of the upstream
facé, and the Inflow Design Flood. Generally, the minimum per-
missible residual freeboard for an earthfill or rockfill dam
shall be the greater of either the sum of wave height and runup
or three feet. This requirement may be reduced in those cases
where the Inflow Design Flood is the 1/2 PMF or greater.

The minimum residual freeboard for a concrete dam of any type
without either a parapet wall or protection against overpour
shall be the same as that of an earthfill or rockfill dam.

Concrete dams provided with parapet walls exceeding the mini-
-mum residual freeboard height, or cdncrete dams providedeith
adequate splash impact protection at the toe, need no other
residual freeboard requirements except those which the owner may

wish to provide.

DEFINITIONS

The following definitions may be helpful to those concerned
with the design of an emergency spillway. The terminology is
largely based on data published by Federal agehcies.

100-Year Flood - The flood runoff whose magnitude is expected

to be equaled or exceeded, on the average, once in 100 years.
Stated another way, it is a flood that has a one percent change

of being equaled or exceeded in any one year.




Concrete Dam - Any dam constructed of concrete. Some exam-
ples are: arch, gravity, arch—gravity, slab and buttress, multi-
ple arch. A dam having only a concrete facing should not be

referred to as a concrete dam.

Drainage Area - The area that drains naturally to a partic-

ular point on a river or stream.

Earth Dam (EBarthfill Dam) - An embankment dam in which more

than 50% of the total volume is formed of compacted fine-grained

material obtained from a borrow area.

Embankment Dam (Fill Dam) - Any dam constructed of excavated
natural materials or of industrial waste materials.

ggggg - The straight line distancé between a dam and the
farthest reservoir shdre. The fetch is one of the factors used
in calculating wave heights in a reservoir.

Flood - The runoff from rainfall or snowmelt of significant
magnitude and often related to a theoretical frequency of occur-
rence. Flood is inflow to the water control structure.

Flood Routing - The determination of the attenuating effects

of storage on a flood passing through a valley, channel, or res-

ervoir.

Hydrograph - A graphical representation of discharge, stage,

or other hydraulic property with respect to time for a particuiar
point on a stream. (At times the term is applied to the phenome-

non the graphical representation describes: hence a flood hydro-

graph is the passage of flood discharge past the observation

point).

10




- Inflow Design Flood (IDF) - The reservoir flood inflow_whose

magnitude has been selected for design requirements based on the
size and assigned hazard classification of the dam. The magni-
tude of the IDF may range from the 100-year flood to the PMF.

Masonry Dam - Any dam constructed mainly of stone, brick, or

concrete blocks that may or may not be joined with mortar. A dam
having only a masonry facing should not be referred to as a

masonry dam.

Maximum Water Surface (MWS) - The maximum elevation of the

reservoir water surface attained during routing of the Inflow
Design Flood (IDF).

Normal Water Surface (NWS) - The storage level at which the

.reservoir is uSually operated. This level is usually at or below
the spillway crest, except in the few instances where the storage
level is normally maintained above the spillway crest by means of
gates or flashboards. |

Outlet Works - A closed channel under the dam or through an

abutment for the discharge of water. An outlet works may>be
controlled or uncontrolled. An outlet works is subject to plug-
ging by debris and is generally not eligible for classification
as a spillway.

Parapet Wall - A solid wall built along the top of a dam for

ornament, for the safety of vehicles and pedestrians, or to pre-

vent overtopping.

11




Peak Flow - The maximum instantaneous discharge that occurs

during a flood. It is coincident with the peak of a flood hydro- .
graph. |

Probable Maximum Flood (PMF) - The flood runoff that may be

expected from the most severe combinaﬁion of critical meteorologQY
ic and hydrologic conditions that are reasonably possible in the
region.

1/2 PMF - That flood hydrograph with ordinates equal tQ one-

half the corresponding ordinates of the Probable Maximum Flood

Hydrograph.

Probable Maximum Precipitation (PMP) - The precipitation

depth which generates the PMF.

Reservoir Capacity - The storage capacity of the reservoir

when the storage level is at the crest of the spillway, or at the

top of permanently mounted spillway gates in closed position.
For dams with no spillway the capacity is measured to the dam

crest.

Reservoir Routing - The computation by which the interrelated

effects of the inflow hydrograph, reservoir storage, and dis-
charge from the reservoir are evaluated.

Residual Freeboard - The vertical distance between the maxi-

mum water surface elevation and the minimum dam crest elevation.

Rockfill Dam -~ An embankment dam in which more than 50% of

the total volume comprises compacted or dumped pervious natural

or crushed rock.

12




Spillway - A structure over or through which flood flows are
discharged. If the flow is controlled by gates, it is considered
a controlled spillway; if the. elevation of the spillway crest is
the'only control, it is considered an uncontrolled spillway.

Spillway Design Hydrograph (SDH) - The routed outflow flood

derived from the Inflow Design Flood (IDF). In some cases the
IDF and the SDF hydrographs are essentially identical; however,
the SDF hydrograph will usually have a lower peak discharge value
because of attenuation of the IDF peak due to reservoir rout-
ing. The SDH peak discharge is the maximum discharge capacity of
the spillway.. -

Surcharge Storage - The storage volume above the spillway

.crest.

Total Freeboard - The vertical distance between the spillway

crest and the crest of the dam.

13
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AZ. DEPT. OF WATER RESDURCES DAMS UNDER JURISDICTION NOV. 5, 1986
DaM ND, DAM NAME SECTION TOWNSHIP N or S  RANGE E or W HEIGHT-FT  CAPACITY-AF TYFE
Lo UDALL 21 14 N 27 E 2h 3000 EARTH -
[.002 ~ CONCHO SPRINGS 7 f2 N 26 E 20 918 EARTHROCK
1,003 LYMAN ] 1N 28 E 65 30600 EARTHROCK
1,005 TYLER RESERVOIR 1 8N ol E 9 375 EARTH
1,007 NORTON , 29 8N gl E L0 232 ERRTH
1,008 ELLIS WILTBANK 14 8 N 27 E 12 203 EARTH
1,01 BUNCH RESERVOIR 36 8N 2t E a2 aie EARTH
1,011 NELSON 28 8N 0E 34 770 EARTH
1,012 WHITE MOUNTRIN 17 TN 21 E 16 2390  ° EARTH
1.014  RIVER RESERVOIR #3 b 7N 28 £ 58 2146 EORTHROUK
1,015 HOG WALLOW 19 7N 28 E ' 7 1060 EARTH
1,06 POOL CORRAL 29 TN 28 E 12 930 EARTH
{.18  ATCHISON 13 7N 28 E 8 203 EARTH .
1.019  CANYON _ 13 TN 28 E 17 ] EARTH
1,020 MEXICAN HAY LAKE 2 7N 2B E 3 821 EARTH
1.021  EAGAR-SLADE 18 N 29 E 18 oec EARTH
1,024 BLEN LIVET 6 7N 30 E 18 110 EARTH
1,085  GLEN COE I 7N 29 E 14 81 EARTH
1,086 JRRVIS 20 7N 30 E 7 120 EARTH
1,027 NUTRIOSO ' ! 7H 30E & 145 EARTH
1,028  LEE VALLEY 4 &N 271 E 20 399 EARTH
1.029  RIVER #1 3 6N 27 E 19 724 EARTH
1,030  CRESCENT LAKE 18 6N 28 E 2e 3800 ERRTH
1,031 BIG LAKE 29 6N 28 E 24 9300 EARTH
1,033  ROGERS 3 6N 29 £ 12 183 EARTH
1,036 LUNA 16 &N 31 E 27 1390 "EARTH
1.043 ~ SHEEP SPRINGS 31 BN 27T E 28 3933 EARTH
1.044  BOYNTON LRKE 4 9N 2b E el 98 EARTH
. 1,046 CORONRDD GENERATING STRTION 3 13N 29 E 93 5600 EARTH
1.048  SPRINGERVILLE BEN. STA. RBF #1 36 11N 29 E 27 122 ERRTH
2.002  PRARKER CANYON 18 23§ 19E 80 . 3710 EARTH
3.001 - KAIBAB i3 22 N eE 36 830 EPARTHROCK
3,002 WEST CRTRRACT CREEK : 30 2N 2t 3 415 EARTH
3.004-  RAILROAD : 33 22 N 2E 42 215 MASONRY
3.006  STEEL #f 3 21 N 1 u 30 97 STEEL
3,007 MASONRY #2 4 2l N 1 W 48 247 MASONRY
3.008  McLELLAN 4 21N 1E 24 60 GRAVITY
3.009  CITY 4 2t N 2E 35 111 EARTH
3.010  DOBTOWN i2 2l N 2E 3 1129 EARTH
3.013  WILLOW SPRINGS 29 1N 14 £ 80 3654 ERARTHROCK
3.017  LOWER LAKE MARY 17 20 N 8E 33 8600 EARTH
3.018  UPPER LAKE MARY 27 20 N 8E 38 16576 EARTH
3.019  MORTON 36 18 N 10¢ 12 283 EARTH
3.022  HAY LAKE 19 16 N 11 E 26 3300 EARTH
3.023  COCONIND 29 19N 9E 30 253 EARTH
3,024 KINNIKINICK 33 8N 10 E 13 2820 ERARTH
3.025 - WDODS CANYON 13 it N 13 E 43 1014 . EARTH
3.087  KNOLL 16 12N 12 E 58 1350 EARTH
3,030 BLUE RIDGE 33 14 N 1 E 150 15000 ARCH
3.034  BEAR CANYON 29 2N 13E 30 1430 EARTH
3.039  CHEVELON CANYON o 13N 14 E 84 7000 EARTHROCK
3,042  ASHURST LAKE 13 19N 9E 8 : 3924 EARTH
3.043 FREDONIA 13 41 N 2 23 1136 ERRTH
3.044  CONTINENTAL 81 18 21N 8E 32 71 EARTH
3.043  CONTINENTAL #2 19 21 N 8E 36 611 EARTH
3.046  CONTINENTAL #3 19 21 N 8E 42 195 EARTH
3.047  ODELL a2 18N 7E 14 206 EARTH
3.048  NAVAJO EVAPORATION POND 60-2 35 41N 9E 30 606 EARTH
3,043 NAVAJO EVAPORATION POND NE-1 36 4L N 9E 33 384 EARTH
4,010  60LD GBULCH 24 IN 13 E 2 370 EARTH
4.012  RAFFINATE 24 { N 13E £ 23 EARTH
4,013 GOLD BLLCH #2 24 1 N 13E 99 420 EARTHROCK
. 4,014  ASARCO 82 14 35 15E 43 113 ERRTH




A7, DEPT. OF WATER RESOURCES

5. 002
5. 004
5. 005
5, 006
5.007
5. 008
5. 009

5. 010

5.014
53,016
5,017
5. 018
5.019
5. 021
5. 022
3. 023
5.024
5,025
5.026
5. 027
=028
5.089
3. 030
5.031
6. 002
6,003

6.005 -

7.017
7.021
7.022
7.023
7.024
7.028
7.029
7.030
7.031
7.032
7.033
7.035
7.036
7.038
7.039
7. 040
7. 041
7.042
7.043
7. 044
7. 045
7.046
7. 047
7.048
7. 049
7. 050
7.051
7.082
7.053
7.054
7.055
7,056
7.057
7.038
7.059
7.060
7.061

ROGERS RESERVOIR
CLUFF RANCH #3
RIGES FLAT
CENTRAL DETENTION
FRYE CREEK

RIGGS RESERVOIR

LERANON RESERVOIR #2 {LOWER)
LEBANON RESERVOIR #1 (UPPER)

JUDY WASH RETARDING

GRAVEYARD WASH RETARDING

FREEMAN WASH RETARDING
STOCKTON WASH RETARDING
FRYE CREEK RETARDING #3
ROPER

SAVAGE

HARALSON

GRANT MORRIS

HOWRRD

CHESLEY-WAMSLEE

FOOTE WASH

ﬁﬂ NAME WASH

EE

INDIAN FARMS
RILLINGSLEY
SILVER BASIN

TRILINGS WATER RECLAIM
COLUMBINE

CAVE CREEK
HeMICKEN

WADDELL
CAMP DYER DIVERSION
BILLESPIE

WHITE TANKS #3 FRS
WHITE TANKS #4 FRG
LITCHFIELD PARK FRS
FOUNTRIN HILLS
FOUNTAIN HILLS #7 FRS
FOUNTAIN HILLS #4 FRS
WEST PARK FRS

EAST PARK FRS

FOUNTAIN HILLS #36 FRS
FOUNTAIN HILLS &6 FRS
FOUNTAIN HILLS #11 FRS

- FOUNTRIN HILLS #19 FRS

BUCKEYE FRS #1
GURDALUPE

BUCKEYE FRS #2
BUCKEYE FRS 43

NORTH MTN. FLOOD DETENTION #2A
NORTH MTN, FLOOD DETENTION #3

SUNNYCOVE FRS
SUNSET FRS
SPOOKHILL FRS
DETENTIDN BASIN #7
SADDLEBACK FRS
HARBUAHALA FRS
PYNGS EVARORATION POND
NEW RIVER FRS
DREAMY DRAW FRS
ADOBE FRS

CAVE BUTTES FRS

THUNDERBIRD PARK RESERVOIR

SIGNAL BUTTES FRS
APACHE JUNCTION FRS

'DAMS UNDER JURISDICTION
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278
251
21t
161
2034
3200
17
337
11000
16800
157590
337
3600
2633
1036
130
32
110
150
103
21
284
164
1635
72
8195
298
780
920
39
66
219
53
992
120
7600
8000
6200
43520
317
13650
46600
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1365
300

NOV. 5, 1986.

EARTH
EARTH
EARTH
EARTH
ARCH
EARTH
ERRTH
EARTH
EARTH
ERRTH
EARTH
EARTH
EARTH
EARTH
EARTH
EARTH
EARTH
EARTH
EARTH
EARTH
EARTH
EARTH
ERRTH
EARTH
EARTHROCH
EARTH
EARTH
MULTIPLE
EARTH
MULTIPLE
GRAVITY
MULTIPLE
EARTH
EARTH
EARTH
EARTH
EARTH
EARTH
EARTH
EARTH
EARTH
EARTH
EARTH
ERRTH
EARTH
EARTH
EARTH
EARTH
EARTH
EARTH
EARTH
EARTH
EARTH
EARTH
EARTH
EARTH
EARTH
EARTH
EARTH

" EARTH

EARTH
EARTH
EARTH
EARTH
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8,002
6.008
8,009
8. 010
9, (03
9, 004
9., 003
3. 007
3, 003
g.011
3,013

3,014

9,016
9,018
9,015
3, 020
9,024
§.027
9,028

10,002
10, 008
10, 007

10,008

10,012

10,013
. 10.014
10. 015
11,002
11, 003
11. 006
11,011
11,012
11,013
12:001
12,005
12,006
12,008
13.001
13. 002
13,003
13. 004
13,005
13.013
13.014
13,015
13.016
13.017
13.018
13.019
13.020
13. 024
13.022
13,026
13.027
13, 034
13.035
13.036
13,038

JOSHUA CROSBY

W. F. CRTTLE COMPANY
SHORT CREEK SOUTHSIDE #2
SHORT CREEK SDUTHSIDE #1
CLEAR CREEK #1

FIVE MILE WASH
WOODRUFF

MILLETT SWALE

LONE PINE

DABGS

JAAUES

8COTT

LAKESIDE

WODDLAND

FOOL HOLLOW

BLACK CANYDN

LAKE OF THE WOODS
CHOLLA BOTTOM ASH POND
CHOLLA FLY ASH POND
CHOLLA COOLING POND
TROPHY LAKE

CLEAR CREEK #2

TWIN LAKES

SCHOENS

ROCKING K RANCH ESTATES
BOLDER #2

DUvAL LERCH FLOOD #1
LOWER ROSE CANYON
ARIVACA

KENNEDY PARK

SABIND CANYON RESERVOIR
GREEN VALLEY
POWERLINE FRS

MAGMA RETARDING
FLORENCE RETARDING
VINEYARD ROAD FRS
RITTENHOUSE FRS
MINERAL CREEK ARCH FRS
OR0 BLANCO

PENA BLANCA

LAKE PATAGONIA

KIND SPRINGS

CANYON MOUTH

RAILROAD EMBANKMENT
PAN

WILLISCRAFT

FORT ROCK RANCH

WILLOW CREEK

GRANITE CREEK

LYNX CREEK

MESA RESERVOIR

LOWER GOLDWATER

UPPER GOLDWATER
HPSSAYAMPA CHECK

LYNX LAKE

BILLINGSLEY #2
BILLINGSLEY %3
BILLINGSLEY #4

STEHR LAKE

SLURRY POND #1

BOULDER FLOOD BASIN
MAMMOTH WASH DETENTION
JuMBO

~ DAMS UNDER JURISDICTION
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41 N
18 N
17 N
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EARTH
EARTH
EARTH
EARTH
MRSONRY
EARTH
EARTH
EARTH
EARTH

_ERRTHROCK

EARTH
EARTH
EARTHROCK
EARTH
EARTHROCK
EARTH
EARTHROCK
EARTH
ERRTH
EARTH
EARTH
EARTH
EARTH
EARTHROCK
EARTH
EARTH
EARTH
BRAVITY
EARTH
EARTH
ERARTH
EARTH
EARTH
EARTH
EARTH
EARTH
EARTH
ARCH
EARTH
ERRTHROCK
EARTH
EARTH
EARTH
EARTH
MASONRY
EARTH
EARTH
ARCH
ARCH
ARCH
EARTH
GRAVITY
BUTTRESS
BRAVITY
EARTHROCK
ERRTH
EARTH
EARTH
EARTH
EARTH
EARTH
EARTH
EARTH



ARTZONA DEPARTMENT OF WATER RESOURCES

CHECKLIST FOR
EVALUATION OF OPERATIONAL DAM

Name of Dam, Dam No., Reservoir Storage Level, Freeboard and Contacts.

MAIN STRUCTURE:

CONCRETE STRUCTURE :

CONCRETE CONDITIONS: See A.C.I. Guide for condition survey of concrete.
Cracks, disintegration, efflorescence, exudation, pitting, popout, erosion,
scaling, spalls, drummy, corrosion, chemical attack, stains. Deterioration,
continuing serviceability of concrete surface. Location and description of
structural cracking, differential movements. Settlement, heaving, deflection,
junctions. Drains foundation, joint, face functioning properly? Flowrate.
Seepage: Flowrate, increasing? Detrimental? Monolith and construction joints:
movement, distress, leakage, filler. Foundation Conditions.

EMBANKMENT .

CONDITION OF EMBANKMENT: Damage by erosion, rodents, livestock; sloughing,
sinkholes or spalling of dam or abutments, slope protection. Is crest level?
Slope stability: Are slopes regular? Areas of settlement. Undesirable vegeta-
tion. Leakage: Location, nature, and flowrate. Saturated embankment or abut-
ment, location. Drainage system, nature and rate of flow. Instrumentation:
Survey records, piezometers, etc. Cracking: Transverse, longitudinal, location,
station, upstream or downstream slope, crest, dimensions, length, depth, width,
cause, dessication, settlement, other. Compare with previous conditions.

QUTLET WORKS:

GENERAL GATE: Size, type, location, open or closed during inspection? _
Operable? Last operated. Condition of approach, aiv vents, trashrack, stilling
basin, outlet channel. Conduit: (Size), corrosion, cavitation, cracking, joint
separation leakage, erosion.

CONCRETE STRUCTURES: See A.C.I. Guide for condition survey of concrete:
Cracks, scaling, spalls, popouts, corrosion, chemical attack, stains.

SPILLWAY:

Type of spillway - Condition of approach, control section, channel, stilling
basin, outflow channel - Gates, open, closed, operable, flashboards, in, out,
loss of freeboard, undermining, debris, obstruction, scour, condition of lining,
drains (quantity), does capacity appear adequate?

REMARKS AND RECOMMENDATIONS:

CHANGES SINCE LAST INSPECTION: Reéervoir, shoreline, landslide areas,
upstream hazards (flooding), downstream hazards, owner, staff, operation, unusual
developments and events, high water for period. Normal operation.

OVERALL CONDITION OF DAM: Excellent, good, fair, poor - Needed improve-
ments or studies - by, (date) - Comments to owner. Is hazard classification

correct? Inspection frequency? Suggest approximate date of next inspection. Date -
Photos. ‘




PARTIAL LIST OF ARIZONA CONSULTANTS

WITH EXPERIENCE IN DAM QONSTRUCTION

Black & Veatch Engineers & Architects
3020 E. Camelback Rd., Suite 155
Phoenix, Arizona 85016

Phone No.: (602)-957-2795

John Carollo Engineers
1314 N. 3rd St., Suite 300
Phoenix, Arizona 85004
Phone No.: (602)-257-9200

Coen Engineering Corp.
930 W. Birchwood

Mesa, Arizona 85202

Phone No.: (602)-835-1111

Coe & Van Loo

4550 N. 12th Street
Phoenix, Arizona 85014
Phone No.: (602)-264-6831

Dames & Moore

Pointe Corporate Center

7500 N. Dreamy Draw, Suite 145
Phoenix, Arizona 85020

Phone No.: (602)-371-1110

DMIM/Adam, Hamlyn, Anderson
300 W. Clarendon, Suite 400
Phoenix, Arizona 85013
Phone No.: (602)-264-1397

Franzoy & Corey
Engineers & Architects
5030 E. Sunrise Drive
Phoenix, Arizona 85044
Phone No.: (602)-838-8626

Geological Consultants

2822 W. Northern Ave., Suite B
Phoenix, Arizona 85021

Phone No.: (602)-864-1888

Harza Engineering Co.

5025 E. Washington St., Suite 120-
Phoenix, Arizona 85034

Phone No.: (602)-244-0992

HDR Infrastructure

100 W. Clarendon, Suite 1222
Phoenix, Arizona 85013

Phone No.: (602)-264-0731

Robert R. Koons, P.E., Inc.

4645 S. Lakeshore Drive, Suite 7
Tempe, Arizona 85282

Phone No.: (602)-820-3104

Leedshill-Herkenhoff, Inc.
Airport Center

120 N. 44th St., Suite 300
Phoenix, Arizona 85034
Phone No.: (602)-267-8894

Wayne Linthacum, P.E.
3002 E. Montecito Ave.
Phoenix, Arizona 85016
Phone No.: (602)-955-9174

MK Engineering, Inc.

10240 N. 31st Ave., Suite 213
Phoenix, Arizona 85021

Phone No.: (602)-997-4050

PRC Engineering

4131 N. 24th St., Suite 110
Phoenix, Arizona 85016
Phone No.: (602)-954-9191

Sergent, Hauskins & Beckwith
3940 W. Clarendon

Phoenix, Arizona 85019

Phone No.: (602)-272-6848

The Earth Technology Corporation
3116 W. Thomas Rd., Suite 601
Phoenix, Arizona 85017

Phone No.: (602)-269-7501

Western Technologies

663 W. Second Ave.

Mesa, Arizona 85202
Phone No.: (602)-834-3964

NOTE: THE DEPARTMENT DOES NOT GUARANTEE THE COMPLETENESS OF THIS LIST.
FURNISHING OF THIS LIST SHALL NOT BE CONSIDERED AS RECOMMENDATION OR
ENDORSEMENT OF ANY OR ALL OF THE FIRMS BY THE DEPARTMENT OF WATER RESOURCES.
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© STATE OF ARIZONA

3tate of Arizona

EMERGENCY SERVICES/CIVIL DEFENSE
DIRECTORS/COORDINATORS

5636 E. McDowell Rd.

Division of Emergency Services Phoenix, AZ 85008
Director, Mr. Richard A. Colson 955-2049 (Res)
APACHE COUNTY CO-DIRECTORS:
C. Art Lee 2.0. Box 518 337-4364 X 29 (3£f)
Sheriff 3t. Johns, AZ 85936 337-4996 (Res)
Clarence Bigelow P.0. Box 428 337-U4364 X 204 (0off)
County Manager St. Johns, AZ 85936 333-2176 (Res)
COORDINATORS:
Monty M. Stansbury P.0. Box 238 337-U4364 X 265 (GfE)
Coordinator St. Johns, AZ 85936 333-2075 {(Res)
Archic WaTK ing
Beb-bilehrist P.0. Box 518 WT-U3KY X 290 fo0F)
Undersheriff St. Johns, AZ 85936 Sl d3—Ree)
Eagar Gordon C. Henrie P.0. Box 78 333-4128 (0Orf)
(] ES Director Eagar, AZ 85925 333-2990 (Res)
Kathleen Stewart P.0. Box 78 333-4128 (Off)
ES Assistant Eagar, AZ 85925 333-2030 (Res)
COCHISE COUNTY Sam Rumore P. 0. Box 696 432-5703 X 496 (Off)
Director Bisbee, AZ 85603 378-6669 (Res)
John N. (Dutch) Schultz P.O. Box 696 432-5703 X 497 (Off)
Deputy Director Bisbee, AZ 85603 458-2212 (Res)
Benson George McMinimy P. 0. Box 2228 586-2211 (0Off)
Director Benson, AZ 85602 586-3956 (Res)
Bisbee ~ James Busk 306 Purdy Lane 432-7127 (Off)
Director Bisbee, AZ 85603 432-4756 (Res)
Douglas Edward J. Greenough 1400 - 10th St. 364-2481 (F.D.)
Director Douglas, AZ 85607 364-7721 (Res)
Huachuca City Terry McGriff 500 N. Gonzales Blvd. U56-1354 (Off)
Director Huachuca City, AZ 85616 456-1388 (Res)
1
003~01¢ 6/15/86




STATE OF ARIZONA

. EMERGENCY SERVICES/CIVIL DEFENSE

DIRECTORS/COORDINATORS .
Sierra Vista = - Captain Bruce Thompson 1327 Fry Blvd. 458-3319 (Off)
Sierra Vista, AZ‘ 85635 456-1512 (Res)
Tombstone George Kruse P. 0. Box 339 457-3562/2202 (0ff)
City Clerk Tombstone, AZ 85638 457-3721 (After Hours)
Willeox Bill Morales 151 West Maley 384-4271 X 221 (OffF)
Willcox, AZ 85643 384-2894 (Res)
COCONINO COUNTY Joe Richards, Sheriff P. 0. Box 39 ‘ 774-4523 (Off)
Acting Director Flagstaff, AZ 86002 526-2212 (Res)
Dave McPherson Kachina Village Fire Dept. 525-1717 (Off)
Coordinator 568 Kona Trail
In6STAFE DenNiS MART{N Kachina Village, AZ 86001 525 1323 (Res)
Fire MARSHAL - 628 (0FF)
. . - . . - [ - » » . . L ] ] - - IS’J(REf‘
Fredonia Mark Johnson Town of Fredonia 643 7241 (Off)
Coordinator " Box 217 o
Fredonia, AZ 86022 - - 643-7021 (Res)
Grand Canyon* Butch Farabee Grand Canyon National Park  638-7708 (Off) .
Coordinator ‘ Box 129
Grand Canyon, AZ 86023 638-2349 (Res)
Page VACANT
3.3
Sedona konnobh—WrHammes P. 0. Box 554~ a il
; LT. Lol FERREBEF Sedona, AZ 86336 ‘ 282-5686 (Res)
Argy Pric®, Fes Chict 201 Borx (42 L3s~2¢373 (of€)
Williams Jee—Réeha%d§==éHsptﬁf P+0Box—39 FHU=4523—(OLE)
Acting Director Eiagstaff,—AZ 86002 5262212 —(Res )
Wirtiams, ne £6¢76 b 35~9709 (Laes)
GILA COUNTY Carmen Corso County Courthouse 425-3231 X 360 (Off)
Director 1400 E. Ash St. ' ‘
Globe, AZ 85501 | 425-4745 (Res)
Globe Carmen Corso County Courthouse 425-3231 X 360 (Off)
Director ) 1400 E. Ash St.
Globe, AZ 85501 425-4745 (Res)
Hayden Daryl Reinertson 520 Ray Ave. 356-6205 (Off)
' Coordinator ‘ ~ Hayden, AZ 85325 ~ 356-6098 (Res)
* f
Department of Civil Defense and Emergency Services .
2
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STATE OF ARIZONA

EMERGENCY SERVICES/CIVIL DEFENSE
DIRECTORS/COORDINATORS |

Miami

Payson

Payson

Winkelman

GRAHAM COUNTY

Safford

Thatcher

GREENLEE COUNTY

Clifton

Duncan

LA PAZ COUNTY

Parker

003-01e

A. J. Castaneda
Coordinator

Jack W. Monschein
Coordinatcr

Steven Craig
Assistant Coordinator

Daryl Reinertson
Coordinator

Joe Carter
Director

Joe Carter
Director

Joe Carter
Director

Greenlee County
Board of Supervisors

Tom Candelaria
Administrator
Vieia Andazela
Canlos—Ristanrs
Administrator

Thomas L. Freestone
Mayor

Ed Kramer

Director

William Verkamp
Director

Bob Caples
Director

Lt. Ron Hill
Asst. Director

804 Sutllivan
Miami, AZ 85539

303 N. Beeline Hwy.
Payson, AZ 85541

303 N. Beeline Hwy.
Payscn, AZ 85541

520 Lay Ave.
Hayden, AZ 85325

County Courthouse
Safford, AZ 85546

County Courthouse
Safford, AZ 85546

County Courthouse
Safford, AZ 85546

County Courthouse/Box 908
Clifton, AZ 85533

County Courthouse/Box 908
Clifton, AZ 85533

P. 0. Box 1415
Clifton, AZ 85533

P. 0. Box 916
Duncan, AZ 85534

P.0. Box 916
Duncan, AZ 85534

Buckskin Fire Dept.
Route 2, Box 721
Parker, AZ 85344

P.0. Box 609
Parker, AZ 85344

P.0. Box 609
Parker, AZ 85344

473-2466
473-4208

U74-5242
474-3750

L74-3288
474-4944

356-6205
356-6098
428-3250
428-5261

428-3250
428-5261

4283250
428-5261

865-2072

865-2072
687-1300

865-2901

(off) -
(Res)

(ofrf)
(Res)

(off)
(Res}

(ofrf)
(Res)
(Off)
(Res)

(orr)
(Res)

(Off)
(Res)

(orr)

(Off)
(Res)

(Off)

S6TmIt5—Lhws)

359-2791
359-2046

359-2111
359-2460

667-3321
667-2212
667-2700

669-2265
667-3373

6642264
669-5686

6/15/86

(Off)
(Res)

(Off)
(Res)

(off)
(Secy)
(Res)

(0ff)
(Res)

(off)
(Res)




STATE OF ARIZONA

EMERGENCY SERVICES/CIVIL DEFENSE
DIRECTORS/COORDINATORS

MARICOPA COUNTY'

Avondal=

Buckeye

Chandler
El Mirage
Gila Bend
sibert

Glendale

Goodyear
Guadalupe

Mesa

Paradise Valley

Peoria

Frank Russo
Acting Director .

Hawley L. McCreary
C. D. Director

Roy A. Erwin
Director

William B. Beckwith
Fire Chief

Edward Rios
C. D. Director

Richard W} McComb
C. D. Director

Kent Cooper
C. D. Director

Martin Vanacour
C. D. Director

William Lamb
C. D. Coordinator

Mark Gaillard
Leting C. D. Director

Vacant
C. D. Director

- Bruce L. Solomén

C. D. Coordinator

Herb Donald
C. D. Director

MichAel ¥, Fused
Royp-tottz—

C. D. Director

2035 N. 52nd St.
Phoenix, AZ 85008

525 N. Central
Avondale, AZ 85323
401 Monroe Ave.
Buckeye, AZ 85326
200 E. Commonwealth

Chandler, AZ 85224

14405 Palm
El Mirage, AZ 85335

644 W, Pima St.
Gila Bend, AZ 85337

119 N. Gilbert Rd.
Gilbert, AZ 85234

5850 W. Glendale Ave.

Glendale, AZ 85301

7022 N. 58th Dr.
Glendale, AZ 85301

119 N. Litchfield Rd.
Goodyear, AZ 85338

8413 S. Avenida del Yaqui

Guadalupe, AZ 35283

55 N. Center St.
Mesa, AZ 85201

5338 E. Camelback Manor Dr.
Paradise Valley, AZ 85253

0.0, gox 3¢
Peorig: AZ 85345

. ‘ ,
Department of Civil and Emergency Services

003-01¢

273-1411 (OfFf)
877-1315 (Res)
229-0117 (Car Phone)

§932-3670 (Off)
932-5219 (Res)

386-2777 (Off)
935-4532 (Toll Free)
386-2324 (Res)

899-.9827 (0fr)
963-1463 (Res)

933-5583 (0Off)
972-6282 (Res)

£83-2255 (0ff)

683-2003 (Res)

892-0802 (Off)
892-9520 (Res)

435-4241 (OFF)
938-4454 (Res)

931-5614 (Off)
932-3910 (Off)
No Home Phone
820-9193 (Off)
834-2290 (Off)
969-8879 (Res)

gu8-7u411 (OfF)
840-8692 (Res)

371D
979-4222-(0ff)
9739279 (Res)

6/15/86
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DIRECTORS/COORDINATORS

Phoenix
Scottsdale
Scottsdale

Sun City

Surprise
Tempe

Tollesonv

Wickenburg
Wittmann

Youngtown

Sterling R. Pruitt
C. D. Liaison

Michael G. Gannon
C. D. Director

Marsha Simmons
C. D. Coordinator

VACANT

Harold Yingling
C. D. Director

James L. Alexander
C. D. Director

Lt. Fred Davis

C. D. Director

Scott Lupke
C. D. Director

James R. Welch
C. D. Director

Martin M. Wise
C. D. Director

DISASTER

Capt. Terry Meissner

Capt. Steven Spies

251 W. Washington Rm 410
Phoenix, AZ 85003

3939 Civic Center Plaza
Scottsdale, AZ 85251

3739 Civic Center Plaza
Scottsdale, AZ 85251

12604 Santa Fe Dr.
Surprise, AZ 85345

31 E. 5th St.
Tempe, AZ 85281

9555 W. Van Buren
Tolleson, AZ 85353
553 Whipple
Wickenburg, AZ 85358

21315 E. Laura
Wittman, AZ 85361

12030 Clubhouse Square
Youngtown, AZ 85363

PREPAREDNESS OFFICERS
832 CSG/DW
Luke AFB, AZ 85309-5000

82 ABG/XPRD
Williams AFB, AZ 85224

262-4833 (0Off) .
278-2054 (Res)

994-2422 (Off)
946-0493 (Res)

994-2634 (Off)

977-3369 (OfF)
584-1151 (Res)

1 (0ff)
3 (Bes)

936-7111 {(Off)
936-7186 (Emerg)
936-3137 (Res)

684-3152 (Off)
684-2715 (Res)

388-2476 (Off)
388-2574 (Res)

933-8286 (Off)
933-6368 (Res)

856-7386 (Orf)
843-5760 (Command Post)

988-6689/988-6545 (0Off)

969-7461 (Toll Free
Switehboard)

981-6892/981-2269 (Res)

6/15/86
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EMERGENCY SERVICES/CIVIL DEFENSE
DIRECTORS/COORDINATORS

MOHAVE COUNTY

Bulihead City

Kingman

Lake Havasu

NAVAJO COUNTY

Heber/
Overgaard

Holbrook

Pinetop/
Lakeside

Show Low

Snowflake

Taylor

Winslow

003-01e

Jerry D. Hill
Director

Darrell Raburn
Director

Lou Sorenson
Director
Bob Weber

Director

Navajo County Board
of Supervisors

Ed Koury
Director of Admin.

Charles Settle
Fire Chief

George E. "Teen" DeSpain

R. W. Arthur

VACANT

John Stewart

Gerald Gullick

Melvin Alkire

P. 0. Box 390
Kingman, AZ 86401

1355 %. Ramar Rd.
P.D. Box 1408
Bullhead City, AZ 86430

310 N. U4th St.
Kingman, AZ 86401

145 N. Lake Havasu Ave,
Lake Havasu, AZ 86403

Navajo County Gov. Complex
P. 0. Box hh8 ,
Holbrook, AZ 86025

Navajo County Gov. Complex
P. 0. Box 668
Holbrook, AZ 86025

P. 0. Box 200
Overgaard, AZ 85933

P. 0. Box 70
Holbrook, AZ 86025

Town of Pinetop - Lakeside
Police Department

P. 0. Box 1429D

Lakeside, AZ 85935

P. O. Box AE
Snowflake, AZ 85937

Taylor Town Hall
P. 0. Box 158
Taylor, AZ 85939

215 Taylor
Winslow, AZ 86047

753-9141

X 393
753-6333
757-6572

763-9400

753-5561
753-5244

855-1141
855-3252

524-6161

(24 nr,

5246161

(24 hr.

535-4346
535-4315

 524-6225

534-3802

367-5835

536-7688
536-7557

536-7366
536-4966

289-2091
289-2722

6/15/86

& X 394 (off)
(Emergency)
(Pager)

(off)

(ofr)
(Res)

(off)
(Res)

X 405 (Off)
)

X 405 (ofr)

@

{F.D.)

(Res)

(ofr)
(Res)

(24 nr)

(P.D.)
(Res)

(Off)
(Res)

(off)
(Res)
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TUCSON/PIMA
COUNTY

Ajo

Green Valley

Oro Valley

South Tucson

PINAL, COUNTY

Casa Grande

Casa Grande

Coolidge

Eloy

Kearny

Mammoth

F’of"ﬂ‘;e

003-01¢

Junc o

Richard Casanova
Director

Noel Gene Talley
Coordinator

VACANT
Coordinator

Werner Wolff
Coordinator
(Chief of Police)

George Felix
Director

Jay Bateman ,
Co. Admin./Coordinator

Rodger Bennett
Director

Leo Hall
Coordinator

Eugene Wieneke
Coordinator

Edward Cibbarelli
Chief of Police

Betty Stodoard
Coordinator (Acting)

Ysidro C. Ruiz
Coordinator

Kev Bochnaind
C(J cderAimaTer

H. Rriecd Cow

Caardin 6Ty ~

" 2545 E. Ajo Way :
Tucson, AZ 85713-6296

9 W. Third Avenue
Ajo, AZ 85321

Green Valley Dist.
014 N. LaCanada
Green Valley, AZ 85614

£80 W. Calle Concordia
Oro Valley, AZ 85704

South Tucson Fire Dept.
P. 0. Box 7307
South Tucson, AZ 85713

P. 0. Box 827
Florence, AZ 85232

300 E. 4th St.
Casa Grande, AZ 85222

520 N. Marshall
Casa Grande, AZ 85222

P. O. Box 1498
130 W. Central
Coolidge, AZ 85228

628 N. Main
Eloy, AZ 85231

P. 0. Box 639
Kearny, AZ 85237

P. 0. Box 30
Mammoth, AZ 85618

,':/'rlr’¢< nZ ¥Fy232

joot M, LoAnhe KA

pprache Jumcitad, 2 /Jl?—‘
T

624-2379
624-2370
T47-8103

387-6280
625-0139
625-0607
625-0856

Th2-5445

(Off)
(off)
(Res)

{Res)

(Off)

(Off)

(TH2-5229) EM ONLY
DO NOT GIVE OUT

622-3309
886-7011
868-5801
868-4972

836-7414
836-0080

836-8156
836-8445

723-5361
723-9798
466-7324
466-3333

363-5547
363-5566

487-2331
487-2305

(off)
(Res)
(off)
(Res)

(off)
(Res)

(Off)
(Res)

(off)
(Res)
(Off)
(24 -hr. FD)

(ofrf)
(24 hr., PD)

(Off)
(Res)

Py 7389 0ff)

quAJLQOCUﬁQ)
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DIRECTORS/COORDINATORS

SANTA CRUZ
COUNTY

Negaies

Patagonia

Tubac

YAVAPAI COUNTY
Clarkdale
Chino Valley

Cottonwood
Jerome

Prescott

Prescott Valley

Bipce Cpwyer
f:l‘l""' v.¢T.

003-01¢

Lawrence McWilliams
Director

BuweSauaer

Assistant Director

Tim B&iTéL

Coordinator

THKEY SPENCER
Joas_z;—éa—Osea

Coordinator

William Bergier
Coordinator

Bill Grubb
Coordinator

Harry Stevens
Director

C. Pat Spence
Chief of Police

Joe Amore
Director
Doy, eBenic
Mo plimi-parois
Fire Chief

Lyan FoRMIERE
A llen,

_ olice
&Chief/Coordinator

Jim Culbreth
Acting City Manager

Ron Prince
Fire‘Chief

Steyen Thompson
Town Manager

S\'T(piun) g C:/}f e
/::"f‘l C‘/“l"f/()dc!‘t/{h‘a"iu’/

P. 0. Box 1150
Nogales, AZ 85621

26 East Camino de Aramonte

Rio Rico, AZ 85621

Ro. Boek %017
WO Perdia-bom—bire

632
287-2%F4= (0fF)
287-2074 (Res)

623-6546 (Off)
1-800-231-2838
24 hours)
281 8223 (Res)

1-0535-(Off/

RioRICO—AZ—-85624 TABRC JAZ 281-8491 (Res)

P00 BOX 322

Nogales, #AZ 356@4

ELOEN, Al 8504
P. O. Box 146
Patagonia, AZ 85624

P.0. Box 2881
Tubac, AZ 85646

Courthouse Plaza
Prescott, AZ 86301

P. 0. Box 308
Clarkdale, AZ 86324

P.0. Box 406

Chino Valley, AZ 86323

827 N. Main
Cottonwood, AZ 86326

Box 335
Jerome, AZ 86331

P. 0. Box 2059
Prescott, AZ 86302

1700 Iron Springs Rd.
Prescott, AZ 86301

P. 0. Box 25456

Prescott Valley, AZ 86312

poBoxr 7¢7
Bincie Canyen Gﬁy

5640

£8324

gés-‘flq
Jmishl8 (OfF)
28+=9437 (Res)
455-563%
4589540 (0Off)
394-2026 (Res)

398-2255 (0ffF)
398-2600 (24 hours)

634-9591 (Off)

634-2921 (24 hours-P.D.

445-7450 (Off)
445-9733 (Res)

636-4223 (0ff)
636-4649 (Res)

274 5
634—met (OFF)(2{ houss)
634-7241 (OfFf)

634 Apelbem (24 hours)

6342245 (0Off)
(24 nours)

445.3500 X 220 (Off)
778-207T (Res)

Jl45.5555 (Off)
778-2895 (Res)

772-9207 (Off)
(24 hours)

379-9993 (eFO .

99 q-3t."0 (€ox)

6/15/86




STATE OF ARIZCH
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YOMA COUNTY

San Luiz

Somerton

A werLrom
Yuma

% TNSERT

003-01c

John Teague
Director

Ed Jenkins

Dir. Public Safety

Paul DeAnda

Coordinator
MAY ROOKS

COOCAINAYOR
John Teague

Director

298 W, Uth St.
Yuma, AZ 85364

P. 0. Box 3740

" San Luiz, AZ 85349

P. 0. Box 638

Somerton, AZ 85350

#8871 OAKIAND AveNu
WEITOM, A%, AISSSGf

298 W. hth St.
Yuma, AZ 85364

783-1271
783-5960
782-2037

627-8881
783-2456

627-8866
627-2011

(off) X 261
(Direct Line)
(Res)

(OFF)
(Res)

X 28
(Emerg 24 hr)

N85-33ys (O0FF + RES)

783-1271
782-2037

6/15/86
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{Res)




A Synopsis of NWS Models for Predicting the
Flooding Due to Dam Failures :

hy D.L. Fread*
April 3,1985

l. INTRODUCTION

Catastrophic flooding occurs when a dam 1{s breached and the impounded
water escapes through the hreach into the downstream valley. Usually the
response time avallable for warning 13 much shorter than for precipitation-
runoff floods. Dam fallures are often caused by overtopping of the dam due
to inadequate spillway capacity during large inflows to the reservoir from
heavy precipitation runoff. Dam failures may also be caused by sesepage or
piping through the dam or along internal conduits, slope embankment slides,
embankment cracks or liquefaction of earthen dams from earthquakes, and
landslide-generated waves within the reservoir. Middlebrooks (1952)
describes earthen dam failures occurring within the U.S. prior teo 1951.
Johanson and Illes (1976) summarize 30N dam failures throughout the world,

During the last decade some major improvements were made in models
which predict the changing celerity and magnitude of a flood wave emanating
from a breached (failed) dam and propagating through the downstream valley.
Such improvements included consideratfon of the breach dynamics, use of the
one~-dimensional equations of unsteady flow to route the flood wave through
the downstream valley, and consideration of the effects of downstream
bridge—-embankments, dams, and dead storage areas on the propagating wave. .

The National Weather Service (NWS), having the respoasibility to advise
the public of downstream flooding when there is a failure of a dam, has
developed three models to aid NWS hvdrologists who are called upon to fore-
cast the extent of flood inundation and available evacuation time. This
paper briefly describes the three models (BREACH, DAMBRK, SMPDBK) used to
forecast dam~break floods. These models are also used extensively for a
multitude of purposes by planners, designers, and analysts who are coacerned
with possible future flood inundation due to. dam-hreak floods and/or
teservolr spillway floods, or any specified flood hydrograph.

Essentially, BREACH can -be used to predict the size and timing of the
development of the breach in earthen dams. DAMBRK can be used to develop
the outflow hydrograph due to a breached dam (earthen or concrete) and
determine the extent and timing of the flooding that occurs at various
locations downstream of the dam. SMPDBK can do the same thing. as DAMBRK
except in a relatively siwmple manner which usually yields more approximate
results,

*Senior Research Hydrologist, Hydrologic Research Laboratoryv, VNational
Weather Service, NOAA, 8060 13th Street, Silver Spring, Yarviand 20910.




2. BREaCH

An earthen dam .is subject to possible faillure from either overtopping
or piping waters which erode a passage (breach) through the dam. The bhreach
formation 1s g’radual with respect to time and its width as measured along
the crest of the dam usually encompasses only a portion of the dam'’s crest
length., In many ianstances, the bottom of the breach progressively erodes
downward until it ceaches the bottom of the dam; however, in some cases, {t
may cease its downward -progression at some intermediate ‘elevation between
the top and bottom of the dame. The size of the breach, as constituted by
{ts depth and {ts width (which may be a function of the depth), and the rate
of the hreach formation determine the magnitude and shape of the resulting
breeach ocutflow hydrograph. This {s of wvital {nterest to hydrologists and
engineers concerned with real-time forecasting or avacnation planning for
floods produced hy dam failures.

BREACH is an enhanced version of a mathematical model (Fread, 1984b)
for predicting the breach characteristics (size, shape, time of formazion)
and the breach outflow hydrograph. The model 1is physically based on the
principles of hydranlics, sediment traasport, soil mechanies, the geometric
and material properties of the dam, and the reservoir properties (storage
volume, spillway characteristics, and time dependent reservoir {nflow rate).
The dam may be either man-made or naturally formed as a consequence of a
landslide. 1In either, the mechanics of breach formation ars very similar,
the principal differance being one of scale. The landslide-formed dam 1s
often much larger thaa even the larzest of man-made earthen dams. The
cricical material nroperties of the dam are the {internal friction angle,
cohesion strangth, and average grain size diameter (DSO)'

The BREACH model differs from the parametric approach which the author
has used in the NWS DAMBRK Model (Fread, 1977, 1984a). The parametric model
uses eapirical observacions. of previous dam failures such as the breach
width-depth relation, time of breach formation, and depth of breach ¢to
develop the outflow hydrographe. The breach erosion model can provide some
advantages over the parametric breach model for application to man-made dams
since the critical properties used by the model are measurable or can be
estimated withia a reasonable range from a qualitative description of the
dam materials. However, it should he emphasized that even if the properties
- can be measured thers i3 a range for their probable value and within chis
range outflow hydrographs of varying magnitude and shave will be produced by
the model. The hydrologist or engineer should investigzate the most critical
combinacion of wvalues for the dam's material properties. 1t i3 considered
essential when predicting breach outflows of landslide dams to utilize a
physically based model since observations of such are essentially non-
existent, rendering the parametric approach {nfeasihle.

2.1 General Description

The breach erosion model (BREACH) simulates the failure of an earthen
dam as shown in Fig, 1. The dam may be homozeneous or iI may consist of two
materidls, an outer zone with distinet material nroperties (3 ~ friccion
angle, € - coheslon, Deg = average yrain size (zm), and y - unit weight) and
an inner core with its 3, C, Dga» and v values. Also, the downstream face




Figure 1. Side View uf Uam Showing Conceprual ized Overcopping Failure Sequunce.

of the dam may be specified as having: 1) a grass cover with specified
length of efther good or fair stand, 2) material identical to the outer por-
tion of the dam, or 3) material of larger grain size than the outer portion,
The geometry of the downstream face of the dam 1is described by specifying
the top of the dam (H,), the bottom elevation of the dam (Hl) which can also

denote the original streambed elevation or the lowest level that the breach
.will form, and its slope as given by the ratio 1 (vertical) : ZD (horizon-
tal)., Then, the geometry of the upstream face of the dam 1s described by
specifying 1its slope as the ratio | (vertical) : ZU (horizontal). 1If the
dam is man-made it 1s Further described by specifying a flat crest width
(wcr) and a spillway rating table of spillway flow vs. water elevation, in

which the first elevation represents the spillway crest, Naturally formed
landslide dams are assumed to not have a flat crest or, of course, a
spillway.

The storage characteristics of the reservoir are described by specify-
ing a table of surface area (Sa) in units of acre-ft vs. water elevation,

the initial water surface elevation (Hi) at the beginning of the simulation,
~and a table of reservoir inflows (Qi) in cfs wvs. the hour of thetir

occurrence (Ti)'

If an overtopping fallure is simulated, the water level (H) ian the
reservolr must exceed the top of the dam before any erosion occurs. The
first stages of the erosion are only along the downstream face of the dam as
denoted by the line A-A in Fig. | where, initially if no grass cover exists,
a small rectangular-shaped rivulet {s assumed to exist along the face. An
erosion channel of depth-dependent width {s gradually cut {nto the down-
stream face of the dam. The flow into the channel {s determined by the
broad-crested weir relationship:

o yle5
Q, = 3 BO(H-dc) (D

in which Q, is the flow into the hraach channel, B8  1is the instantaneous

[e}
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width of the initially rectangular-shaped channel, and Hc 1s the elevation

of the breach bottoms As the breach erodes into the downstream face of the
dam, the breach bottom elevation (H,) remains at the top of the dam (W),

and the most upstream point of the breach channel moves across the crast of
the dam towards the dam's upstream face. When the bottom of the erosion
channel has attained the position of line RB-B8 ia Fig. 1, the breach bottom
(Hc) starts to erode vertically dowaward. The hreach bottom is allowed to

progress downward until {t reaches the bhottom elevation of the dam (Hz) ot

in unusual clrcumstances to an elevation that may be speclfied as lower than
the bottom of the dam.

1f the Aownstream face of the dam (line A-A in Fig. 1) has a grass
cover, the velocity of the overtopping flow along the grassed downstream
face 1s computed at each time step by the Manning equation. This velocity
1s compared with a specified maximum permissible velocity for grass-lined
channels (see Chow, 1959). Failure of the downstream face via erosion {is
" initiated at the time when the permissible velocity is exceeded. At that
time a single rivulet having dimensioas of one (ft) depth x two width is
instantly created along the downstream face, Erosion within the rivulet is
allowed to proceed as in the case where a grass cover does not exist. The
velocity (v) along the downstream face i3 computed as follows:

q = 3(H-c) 13 (2)
e 0.6

y = ’ (3)
1.49¢1/20)%*>

n' = aqb (8)

v = q/y (s)

in which q is the overtopping flow per foot of crest length, (H-He) {s the
hydrostatic head (ft) over the crest, n' is the Manning coefflclent for
grass—-lined channels (Chow, 1959), a and b are ficting coefficients required
to represent in mathematical form the granhical curves givea in Chow.

If a piping breach 1is simulated, the fLnitial water level (H) ia the
reservoir must be greater than the assumed center-line elevation (HP) of the

tnitially rectangular-shaped piping channel before the size of the pipe
starts to increase via erosion. The bottom of the pipe Is eroded vertically
downward while {ts top erodes at the same rate vertically upwards. The flow
into the pipe i{s controlled by orifice flow, i.e.,

Qb a A EZZ(H—Hp)/(I + EL/D)}{"J (8)
in which Qb s the flow (cfs) through the pipe, g is the gravity accelera-

tion constant, A is cthe cross-sectional area (££2) of the pipe channel,
(8-Hp) 1is the hydrostatic head (ft) on the pipe, L is the lengch (ft) of the




plpe channel, D is the diameter or width (ft) of the pipe, and f {s the
Darcy friction factor. computed from a mathematical representation of the
Moody curves (Morris  and Wiggert, 1972) and the breach material average
grain size (D50). As the top elevation (H,,) of the pipe erodes vertically

upward, a point {s reached when the flow changes from orifice~control to
weir-control. The transition s assumed to occur when the following
inequality i{s satisfied:

H < Hyy + 20Hp, = Hy) (7

The weir flow is then governed by Eq. (1) in which Hc is equivalent to the
bottom elevation of the pipe and B, is the width of the pipe at the instant

of transition. Upon reaching the {instant of flow transition from orifice to
welr, the remaining material above the top of the pipe and below the top of
the dam 1s assumed to collapse and is traasported along the breach channel
at the current rate of sedimeat transport before further erosion occurs.
The erosion then proceeds to cut a channel parallel to and along the remain-
ing portion of the downstream face of the dam between the elevation of the
bottom of the pipe and the bottom of the dam. The remaining erosion process
is quite similar to that described for the overtopping type of failure with
the breach channel now in a position similar to line A-A 1in Fig. 1.

The preceding general description of the erosion process was for a man-
made dam., If a landslide dam is simulated the process is identical except,

due to the assumption that the landslide dam has no crest width (Wcr), the

erosion {initially commences with the breach channel in the position of line
B-B in Fig. l. A failure mode of overtopping or piping may be initiated for
a landslide-formed dam.

2.2 Breach Width

The method of determining the width of the breach channel is a critical
component of the breach model. In this model the width of the breach is
dynamically controlled by two mechanisms. The first, assumes the breach has
an initifal rectangular shape as shown in Fi{g. 2, The width of the breach
(Bo) is governed by the following relation:

By = By (8)

in which Br is a factor based on optimum channel hydraulic efficiency and v
is the depth of flow in the breach channel. The parameter B, has a value of

2 for overtopping failures while for piping failures, B_. is set to l.0. The

rC

model assumes that y 1s the critical depth. at the entrance to the breach
channel, i.e.,

y = 2/3(H-H_). (9)

The second mechanism controlling the breach width is derived from the
stabilicy of soil slopes (Spangler, 1951). The initial ractangular-shaped
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Flgure 2, fFront Viuw of Dam with Breach Formstion Sequence.

channel changes to a trapezoidal channel when the sides of the breach
channel collapse, forming an angle (q) with the verrcical. The collapse
occurs when the depth of the breach cut (Hé) reaches the critical depth (')

which 1is a function of the dam's material properties of internal
friccion (¢), cohesion (C), and unit weight (y), if.e.,

4 C cos 9 sin S;(_l
H"‘ m * ® e k = 1,2,3 (10)
y {1 = cos (&, = 9]

in which the subscript k denotes one of three successive collapse conditions
as shown {a Fig. 2, and 8 is the angle that the side of the breach channel
makes with the horizontal. Angles (8) and (a) are computed as follows:

o= (8" ,* 8)/2 (1

a= /2 - 8 . - (12)

The subscript (k) is incremented by ! at the Instant when
He > He. | (13)

where: H.= H.' - y/3 (14)




The term (y/3) is subtracted from H. to give the actual free-standing depth

of breach cut in which the supporting influence of the water on the stabili-
ty of the sides of the hreach is taken into account. Through this mecha-
nism, it 1s possible for the breach to widen after the peak outflow through
the breach has occurred since the flow depth (y) diminishes during the
receding flow. '

Erosion {s assumed to occur equally along the bhottom and sides of the
breach channel except when the sides of the bhreach channel collapse. There-
upon the breach bottom is assumed not to continue to erode downward until
the volume of collapsed material along the breach i{s removed at the rate of
the sediment transport capacity of the breach channel at the {instant of
collapse, After this characteristically short pause, the hreach bottom and
sides continue to erode.

2.3 Reservoir Level Determination

Conservation of mass i{s used to compute the change in the "reservolr
water surface elevation (H) due to the {nfluence of reservoir {nflow (01)-

spillway outflow (0 crast overflow (Qo), breach outflow (Qb), and the

op)»
reservoir storage characteristics. The coaservation of mass over a time
step (At) in hours is represented by the following:

= -~ = = A 43560
= Q@ *Q, * Q) =3, “Fr 3600

(15)
in which AH is the change in water surface elevation during the time {inter-
val (aAt), and 5, is the surface area ia acres at elevation H., All flows are

expressed .in units of c¢fs and the bar (~) indicates the flow is averaged
over the time step. Rearranging Eq. (15) yields the following expression
for the change in the reservolr water surface:

J0.08268t 5 _5 3 -3
3 (Q; = - @ Q,) (16)

s o
a p

A

The rveservoir elevatiod (H) at time (t) can easily he obtained from the
relation,

H=H' + aH (17)
in which H' is the reservoir elevation at time t-at.

The reservoir {nflow (6i) is determined from the specified table of
inflows (Qg) vs. time (Ti)' The spillway flow (OS) s determined from the
specified table of spillway flows (Qs) vs. reservolr alevarion (H),. The
breach flow (Q,) is computed from Eq. (6) for pininz flow. When the hreach
flow is weir-tvpe, £q9. (1) is used when A, = Hys however, whea H, < 4, the

following broad-crestad weir equation is used:
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1.5 - 2. "
Q, = 38 (8 - Hc) + 2 tan(a) (H HC) (18)

fa which B, 1g the bottom width and q is given by Eq. (12). The crest
overflow 1is computed as broad-crested weir flow from Eq. (1), where B, is
replaced by the crest length of the dam and He is replaced by Hu'

2.4 Breach Channel Hvdrauligs

The breach flow is éssumed to be adequately described by quasi-steady
uniform flow as determined by applying the Manning open channel flow
equation at each At time step, l.e.,

19 03 AL+67
% 0.67
. n P

(19)

in which S8 = 1/2D, A i3 the chaanel cross—section area, P i3 the wetted
perimeter of the channel, and n {s the Manning coefficient. In this’ model,
n 1s computed using the Strickler relation which {s based on the average
grain size of the material forming the breach channel, i.e., .

N0.167
n = 0,013 D50 (20)

in which Dgy represeants the average grain size diameter expressed in mm.

The use of quasi-steady uniform flow is considered appropriate hecause
the extremely short reach of breach channel, very steep channel slopes
(1/ZD) for man-made dams, and even in the case of landslide dams where the
channel length i3 greater and the slope is smaller, contribute to produce
extremely small variatfon in flow with distance along the breach channel.
The use of quasi-steady uniform flow in contrast to the unsteady flow equa-
tions as used by Ponce and Tsivoglou (1981) in their breach erosion model
greatly simplifies the hydraulics and computational algorithm, Such simpli-
fication is considered commensurate with the other simplifications inherent
in the treatment of the breach development in dams for which precise meas-
urements of material properties are lacking or impossible to obtain and the
wide variance which exists in such properties in many dams. The simplifted
hydraulics eliminates troublesome numerical ccmputation problems and enables
the breach model to require only minimal computational rasources.

2.5 Sediment Traasoort

The rate at which the breach 1is eroded depends on the capacity of the
flowing water to transport the eroded material. The Mever-Peter and Muller
sediment transport relation as modified by Smart (1984) for steep channels
is used, {.,e.,

2/3
: 0.2 D 1.1
Qg = 3.64 (Dgo/DBO) - S (DS=0.0054 Doy 7o) (21)

where:
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.= a T (22)
" = cos 5 (1, - 154 tan o) (23)
0= tan~! ¢ (24)
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Tc' = 10 lod9 & «35(logg 1.48). e S R* ¢ 200 (26)
o= 0.062 ~ Tt e300 < Re ¢ ggoo (27)
1
S =2F (28)
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R* 2 159, Dso (Ds) : (29)
12 which 0 is the Sedimene transpore rate (cfs), 030, DBO' D90 (mm) are
8rain g{zaq at which 30 0, and 9 Percent of the total welight ig finer D
1s the hydra lic depth o Flow ), is the Slope of the downSCream face
of the dam; gapg Té 1s the Shielgds critiea] shear Stresg,

It is Possible for the breach to be enlargeq by 4 rather Sudden col-
lapse failure of the Upper Portions of dam ip the viciniey of rhe breach
development. Such 4 Collapse would congist of a wedge-shaped Portion of the
danm having a2 vertica] dimensigq (

€Scaping through he Suddenly enlargey hreach check fop Collapse Is made
at ege At time Step durtng the simulation. € collapse check Consiseg of
Summing the Ofces acting 4g he wedge of heighc, e forceg are those




2.7 Computational Algorithm

The sequence of computations in the model are fterative since the flow
fnto the breach is dependent on the bottom elevatlion of the breach and its
width while the breach properties are dependent on the sediment transport
capacity of the breach flow; the transport capacity 1is dependent on the
breach size and flow. A simple iterative algorithm {s used to account for
the mutual dependence of the flow, erosion, and hreach properties, An
estimated {ncremental erosion depth (AHé ) 1is used at each time stap to

gtart the [tarative computation. This estimated value can be extrapolated
from previously computed lacremental arosioa depths after the first few time
steps. The computational algorithm is described elsewhere (Fread, 1984b),

2.8 Computational Requirements

The hasic time stap (At) Is specified; however when rapid erosion takes
place the basic time step s automatically reduced to At/20. The specified
value for the basic time step i{s usually about 0.02 hrs with slightly larger
values acceptable for landslide dams. For typical applications, the BREACH
model requiras less than 10 seconds of CPU time on a Prime 750 computer and
less than 2 seconds on an IBM 360/195 computer, both of which are mainframe
computers. Although {t has not heen used on wmicrocomputers, it would he
quite amenable to such applications.

The model has displayed a lack of numerical {nstability or convergence
problems. The computations show very little sensicivity to a reasonable
variation {a basic time step size. Numerical experimentation indicates that
as the time step 1s {ncreased by a factor of 4, the computed peak flow (Qp),

time of peak (TP), and final breach dimensions vary by less than 10, 4, and

0.5 percent, respectively.

2.9 Model Applications

The BREACH model was applied to two earthen dams to determine the
outflow hydrograph produced by a gradual breach of each. The first was the
piping failure of the man-made Teton dam in Idaho, and the second was an
overtopping failure of the landslide~formed dam which hlocked the Mantaro
River ia Peru.

2.9.1 Teton Dam

The Teton Dam, a 300 ft high earthen dam with a 3000 ft long crest and
262 ft depth of stored water amounting to about 250,000 acre-ft, failed on
June 5, 1976. According to a report by Ray, et. al (1976) the failure.
started as a piping failure about 0:00 AM and slowly {ncreased the rate of
outflow until about 12:00 noon when the portion of the dam above the pipling
hole collapsed and in the next few minutes (about 12 ~inutes according to
Blanton (1977)) the breach became fully develvoed allowing an estimated 1.5
to 2.8 million cfs (best estimate of 2.3) peak flow {3rnwn and Rogers, 1977)
to be discharged {into the valley below. At the time of peak flow the breach
was estimated from photozraphs to be trapezoidal shape having a too width at
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- the original water surface elevation of about 500 ft and side slopes of
about 1 vertical to 0.5 horizontal. After the peak outflow the outflow
. gradually decreased to a comparatively low flow 1in about five hours as the
reservoir volume was depleted and the surface elevation receded. The
downstream fac® of the dam had a slope of 1:2 and the upstream face 1:2,5.
The crest width was 35 ft and the bulk of the breach material was a DSO size

of 0.03 mm. The inflow to the reservoir during faflure was insignificant
and the reservoir surface area at time of failure was about 1950 acre-ft.

The BREACH model was applied to the pilping generated fallure of the
Teton Dam. The center-line elevation for the piping hreach was 160 ft above
the hottom of the dam, and an 1initial width of 0.1 ft was used for the
assumed square-shaped pipe, The material properties of the breach were
assumed as follows: § = 40 deg, C = 250 1b/ft2; and y = 100 1b/ft3, The
Strickler equation was judged aot to be applicable for the extremely fine
breach material, and the n value was computed as 0,013 from a Darcy friction
factor based on the D5y grain size and the Moody curves. The computed

outflow hydrograph is shown in Fig., 3. The timing, shape, and magnitude of
the hydrograph compares quite well with the estimated actual values., The
computed peak outflow of 2.3 million cfs agrees with the best estimate made
by the U.S. Geological Survey and the time of occurrence is also the same .
The computed breach width of 460 ft agrees closely with the estimated value

30~
. Q, =02cfs
3r =1,
¢ = 250 Ik
25 ® = 30 deg
Q, = 2.180.000 cfs (1,600.000-2.800.00)
T, = 22 hr (195212
T 20 - T. = 0.1 hr 10.03-0.20}
: W = 362 ft 650}
3 0 = 262 ft (262
(5]
Py a = 44 deg (45}
j=}
Q. *
§ 185 * 'observed vaiues)
3
2
5 10
05 =
|l 1 1 1 |
10:00 AM 11:00 AM 12:C0 i00PM 200 P\ 300 PM

Tigure 3, Tezen dam: Pradizzed ang Teserves Zraaer lucflow Hvcrsgrasa ina

. 3reaca ?rocerzies.
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of S00 ft at the elevation of the initlal reservoir water surface. A larger
estimated actual breach width of 630 ft hreach width was reported by Brown
and Rogers (1977); however this was the final breach width after additfonal
enlargement of the breach occurred. The (BREACH) model produced a final
width of 560 ft when the reservoir water elevation had receded to near the
reservolr bottom; the additional widening of the hreach during the recession
of the outflow is due to the influence of the depth (y) in Eq. (l%).

Sensitivities of the peak breach outflow (0,), time of peak flow (1)

and the top width (W) of the trapezoidal-shaped breach to varlations in the
specified breach material properties, cohesive strength (C) and {nternal
friction angle (¢), are shown in Fig. 4. The dashed lines apply to the
Teton simulation. Peak outflow 1is moderately affected by the cohesion; how-
ever it 1is sensitive to the ¢ value which mostly controls the enlarzement of

the breach width. Qp is sensitive to a full range of ¢ values, however

the ¢ value may vary by £ 10 degrees with less than 20% variation in ij

The breach width (W) was moderately sensitive to variations in the cohesion
(C), and somewhat more sensitive to the ¢ value. The time to peak outflow
(Tp) was almost insensitive to variations in C and ¢ .

2.9.2 Mantaro Landslide Dam

A massive landslide occurred in the valley of the Mantaro River 1in the
mountainous area of central Peru on April 25, 1974, The slide, with a
volume of approximately 5.6 x 1010 ft3, dammed the Mantaro River and formed
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a lake which reached a depth of about 3560 ft before overtopping during the
period June 6-8, 1974 (Lee and Duncan, 1975). The overtopping flow very
gradually eroded a - small channel along the approximately l-mile long
downstream face.of the slide during the first two days of overtopping. Then
a dramatic increase in the hreach channel occurred during the next 6-10 hrs
resulting in a final trapezoidal-shaped breach channel approximately 350 ft
in depth, a top width of some 800 ft, and side slopes of about 1:l1. The
peak flow was estimated at 353,000 cfs as reported by Lee and Duncan (1975),
although Ponce and Tsivoglou (1981) later reported an estimated value of
484,000 cfs. The breach did not erode down to the original river hed; this
caused a rather large lake to remain after the breaching had subsided some
24 hrs after the peak had occurred., The slide material was mostly a mixture
of silty sand with some clay resulting in a D size of about 11 mm with
some material ranging in size up to 3-ft boulders.

The BREACH model was applied to the Mantaro landslide-formed dam using

the following parameters: ZU = 17, ZD = 8.0, H, = 560 frc, Dgg = 11 mm,

P, = 0.5, S, = 1200 acres, C = 30 1b/ft2, ¢ = 30 deg, <y = 100 1b/ft3

B. = 2, and At = 0.1 hr. The Manning n was estimated by Eq. (20) as 0.020

and the {nitial breach depth was assumed to be 0.3 ft. The computed breach
outflow is shown in Fig. 5 along with the estimated actual values. The
timing of the peak outflow and its magnitude are very similar except for a
somewhat more gradual rising limb of 10 hr compared to the estimated actual
of 6 hre The dimensions of the gorge eroded through the dam are similar as
shown by the values of D, W, and q in Fig. 5.

The sensitivities of Qp, T, and W for variations in C and ¢ are shown

P
in Fig. 4. The solid line denotes the Mantaro application. Most notably,

Qp is very sensitive to the cohesion (C) while much less sensitive to the

internal friction angle (¢) + T, 1is almost insensitive to the value of C
and quite insensitive to ¢. W is not very sensitive to C and moderately
sensitive to ¢; a variation of £ 10 degrees in ¢ results in a change ia W of
less than 20%. '

3. DAMBRK

The DAMBRK model represents the current state-of-the-art in understand-
ing of dam failures and the utilization of hydrodynamic theory to predict
the dam-break wave formation and downstream progression. The model has wide
applicability; 4t can function with various levels of input data ranging
from rough estimates to complete data specification; the required data 1is
readily accessible; and 1t 1is economically feasible to wuse, {.e., 1t
requires a minimal computation effort on mainframe computing facilities and
can be used with microcomputers.

The model consists of three functional parts, namely: (1) description
of the dam failure mode, i.e., the temporal and geometrical description of
the breach; (2) computation of the time history (hydrograph) of the outflow
through the breach as affected by the breach description, reservoir inflow,
reservolr storage characteristics, spillway outflows, and downstream
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and Breach Propertices.

tailwater elevations; and (3) routing of the outflow hydrograph through the
downstream valley in order to determine the changes in the hydrograph due to
valley storage, frictional resistance, downstream bridges or dams, and to
determine the resulting water surface elevations (stages) and flood-wave
travel times,

DAMBRK {s an expanded version of a practical operational model first
preseated in 1977 by the author (Fread, 1977). That model was based on
previous work by the author on wmodeling breached dams (Fread aand Harbaugh,
1973) and routing of flood waves (Fread, 1974a, 1976).

3.1 Breach Descriotion

The breach is the opening formed in the dam as it €alls. Earthen dams
which exceedingly outnumber all other types of dams do naot tend to
completely fall, nor do chey £fall d{instantaneously. ‘The fully formed
breach_ in earthen dams tends to have an average width (b) in the range
(hd <b< 4hd) where’ hd is the height of the dam. The middle ‘portion of

this range for b is supported by the summary report of Johnson and TIlles
(1976). Breach widths for earthen dams are therefore usually much less than
the total length of the dam as measured across the valley. Also, the breach
requires a finite i{nterval of time for its formation through ernsion of the
‘dam materials %y the escaping watar. Total time of failure may be in the
range of a few minutes to a faw hours, depending on the height of the dam,
the tvpe matarials used in construction, the extent of compaction of the




materials, and the extent (magnitude and duration) of the overtopping flow
of the escaping water. Piping failures occur when {nitial breach formation
takes place at some point below the top of the dam due to erosion of an
{nternal channel through the dam by escaping water. As the erosion pro-
ceeds, a largef and larger opening is formed; this is eventually hastened by
caving-in of the top portion of the dam.

Concrete gravity dams also tend to have a partial breach as one or more
monolith sectlons formed during the construction of the dam are forced apart
by the escaping water. The time for breach formation is {an the range of a
few minutes.

Poorly constructed earthen dams and coal-waste slag piles which impound
water tend to fail within a few minutes, and have average breach widths in
the upper range or even greater than those for the earthen dams mentioned
above.

In DAMBRK, the failure time (1) and the size and shape of the breach
are selected as Input parameters similar to the approach used by Fread and
Harbaugh (1973). The shape (see Fig. 6) 1is specified by a parameter (z)
identifying the side slope of the breach, {.e., 1 vertical: =z horizontal
slope. The range of 2z values is: 0 < z < 2. Rectangular triangular, or
trapezoidal shapes may be gpecified -in this way. For example,-z=0 and b>0
produces a trapezoidal shape., The final bhreach size is controlled by the 2z
parameter and another parameter (b) which i{s the terminal width of the
bottom of the breach. As shown 1in Fig. 6, the model assumes the breach
bottom width starts at a point and enlarges at a linear rate over the
failure time 1interval (1) until the terminal width is attained and the
breach bottom has eroded to the elevation h which 1is usually, but not
necessarily, the bottom of the reservoir or outlet channel bottom. If t is
less than 10 minutes, the width of the breach bottom starts at a value of b
rather than at a point. This represents more of a collapse fallure than an
erosion faillure,

During the simulation of a dam failure, the actual breach formation
commences when the reservoir water surface elevation (h) exceeds a specified
value, hcs This feature permits the simulation of an overtopping of a dam
in which the breach does not form until a sufficient amount of water {is
flowing over the crest of the dam. A piping failure may be simulated when
hf is specified less than the height of the dam, hd'

b
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Selection of breach parameters before a breach forms, or in the absence
of observatlions, Introduces a varylng degree of uncertainty {n the model
results; however, errors in the breach description and thence {n the
resulting time _rate of volume outflow are rapidly damped-out as the flood
wave advances downstream. For coanservative forecasts which err on the side
of larger flood waves, values for b and z should produce an average hreach

width (b) in the uppermost tange for a certain type of danm. Failure
time (1) should be selected in the lower range to produce a maximum outflow.

3.2 Reservoir Cutflow Hydrngraph

The total reservoir outflow consists of broad-crested weir flow through
the breach and flow thtouzh any spillway outlets, {.e.,

Q = Q +Q (30)
The breach outflow (Qy) 1s computed as:
Qp = ¢y(h=ng)!*d + cy(heny )23 ' (31)
where:
Cl = 3,1 bi CV ks . (32)
€y = 245 z ¢, kg (33)
@ )
_ By =g = (g=hy ) =+ €T (34)
hb = hbm if cb >t (35)
bi = b tb/f if cb S 4 (36)
2,002 2 -
¢y = 1.0 +0.023 Q°/(3y (h=h, )" (h=h )] (37)
hc-hb
kg = 1.0 if —— < 0.67 (38)
b
otherwise:
ht-hb 3
kg = 1.0 - 27.8 | =3 - 0.67] | (39)

{ia which hb is the elavation of the breach bottom, h is the reservoir water

surface elevation, bl {s the {iastantaneous breach boacrtcon widch, ty is time
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fnterval since breach started forming, c, 1is correction for velocity of
approach, Q is cthe total outflow from the reservoir, B; 1s width of the

reservoir at tbe dam, k. is the submergence correction for tallwater effects

on weir outflow (Venard, 1954), and h, Is the tailwater elevation (water

surface elevation immediately downstream of dam).

The taillwater elevation (ht) Is computed from Manning's equation, l.e.,

1.49 (172 8373
L

Q = s
B2/3

(40)

in which n is the Manning roughness coefficient, A is the cross-sectional
area of flow, B {s the top width of the wetted cross-sectional area, and S
is the energy slope. Each term in Eq. (40) applies to a representative
channel reach immediately downstream of the dam. The S parameter can be
specified by the user; it does not change with time; 1f it is not specified,
the model uses the channel bottom slope of the first third of the downstream
valley reach. Since A and B are functions of h, and Q 1is the total dis-
charge givea by Eq. (30), Eqe. (40) provides a sufficiently accurate value
for ht if there are no backwater effects immediately below the dam due to
downstream constrictions, dams, bhridges, or significant tributary inflows.
When these affect the railwater, Eq. (40) is not used-and the dam is treated
as an 1iaternal boundary which is described in a following section on
multiple dams and bridges.

If the breach is formed by piping, Eq. (31)~(39) are replaced by the
following orifice flow equation:

Qy = 4.8 Aé(h—ﬂ)l/z (41)
where;

Ap = [Zbi+4z(hf-hb)] (hf-hb) ' (42)

h = hf if ht < ZhE - hb (43)

h = ht {f ht > ;hf - hb (44)

and hd 1s replaced by he 1n Eq. (34) to compute Ay However, {f h = hf and
h = h < 2.2(hf—hb) : (43)

the flow ceases to be orifice flow and the bhrnad-crasted weir flow, Eq.
(31), 1is used.




.

The spillway outflow (Qs) i3 computed as:

RS v 1045 LS
o, = csLs(h-hs) + chg(h hg) + chd(h hy) *+Q, (46)

ia which ¢4 is the uncontrolled spillway discharze coefficient, h_ s the

(]
uncontrolled spillway crest elevation, ¢, is the gated spillway discharge

coefficient, h_ {s the centar-line elevation of the gated spillway, 4 is

=4

the discharge coefficient for flow over the crest of the dam L, is the
splllway length, A, is the gate flow area, L; is the length of the dam crest
less Ls, and Qt is a constant outflow term which is head 1independent. The

uncontrolled spillway flow or the gated spillway flow can also be
represented as a table of head-discharge values. The gate flow may also be
specified as a function of time.

The total outflow is a function of the water surface elevation (h).
Depletion of the reservoir storage volume by the outflow causes a decrease
in h which then causes a decrease ian Q. However, any inflow to the
reservoir tends to iacrease h and Q. In order to determine the total
outflow (Q) as functina of time, the siaultaneous effects of reservoir
storage characteristics and reservolr inflow require the use of a reservoir
routing tachnique. DAMBRK utilizes 3 hydrologic storage routing technique
based on the law of coaservation of mass, L.e.,

I - Q =ds/de. _ (47)
in which I {s the reservoir inflow, Q Is the total rceservoir outflow, and

dS/dt is the time rate of change of reservoir storage volume. Egq. (47) may
be expressed In finite difference form as:

(T+1')/2 = (0+Q')/2 = AS/At (48)

in which the prime (') superscript denotes values at the time t-at and
the A approximatesiche differential. The term AS may be exprassed as:

) :
AS = (A5+As) (h=h')/2 (49)
ia which Ag is the reservoir surface area coincident with the elevation (h).

Combining Eqs. (30), (31), (46), (48) and (549) result in the following
expression: ‘

(A+A ) (h=h )/ac + . (h=h ) ' & ¢ (h=n )% + ¢ (h~n)!"?
s s 1 ) -2 h s b

* ey (h=h )% ¢ cyh-htd s 0+ 0t - T -1 =0 (50)

Since As s a function of h and all other terms except h are known, Zq. (50)
can be solved for the unknown h using Newton-Raphson itaration. OCnce h is

-]18=-




obtained, Eqs. (31) and (46) can be used to obtain the total outflow (Q) at
time (c). In this way the outflow hydrograph Q(t) can be developed for each
time (t) as to goes. from zero to some terminating value (te) sufficlently
large for the reservoir to he drained. In Eq. (50) the time step (at) is
chosen sufficiently small to incur minimal numerical {integration erroc.
This value is preset in the model to t/50.

3.3 Downstream Routing

After computing the hydrograph of the reservoir outflow, the extent of
and time of occurrence of flooding in the downstream valley 1s determined by
routing the outflow hydrograph though the valley. The hydrograph {s modi-
fied (attenuated, lagged, and distorted) as {t is routed through the valley
due to the effects of valley storage, frictional resistance to flow, and
downstream obstructions and/or .flow control structures, Modifications to
the dam~break flood wave are manifested as attenuation of the flood peak
elevation, spreading-out or dispersion of the flood wave volume, and changes
in the celerity (translation speed) or travel time of the flood wave. If
the downstream valley contains sgignificant storage vnlume such as a wide
flood plain, the flood wave can be extensively attenuated and {ts time of
travel greatly increased. Even whea the downstream valley approaches that
of a uniforam rectaangular-shaped section, there is appreciable attenuation of
flood peak and reduction in wave celerity as the wave progresses through the
valley.

A distinguishing feature of dam-break waves is the great magnitude of
peak discharge when compared to runoff-generated flood waves having occurred
{n the past {n the same vallev. The dam=break flood is usually many times
greater than the runoff flood of record. The above-record discharges make
it necessary to ex:rapolate certain coefficients used in varlous flood
routing techniques and make 1t impossible to Ffully calibrate the routing
technique.

Another distinguishing characteristic of dam=-break floods 1is the very
short duration time, and particularly the extremely short time from begin-
ning of rise until the occurrence of the peak. The time to peak is {n
almost all 1instances svnonymous with the breach formation time (1) and,
therefore, {s in the range of a few minutes to a few hours. This feature,
coupled with the zreat magnitude of the peak discharce, causes the dam~hreak
flood wave to have acceleration components of a far g¢reater significance
than those associated with a runoff-generated flood wave.

A hydraulic routing technique (dynamic routing) based on the complete
equations of unsteady flow is used to route the dam-break £lood hydrograph
through the downstream valley. This method 1{s derived from the original
equations developed by Barre De Saint~Venant (1871). In this method the
important acceleration effects are properly considered. Also, the only
coefficient that must be extrapolated bevond the range of past experience is
the coefficient of flow rasistance. It so happens that this 1is usually not
a sensitive parameter in effeczing the wmodificatlons of the flood wave due
to {ts orogression cthrougch the downstream vallev. The dynamic routing
technique properly considers the effact of downstream constrictions and flow
control structures such as Sridee-road embankments or dams.




The Saint-Venant unsteady flow equations consist of a conservation of
mass equation, i.e.,

alA+A )
3 o .

and a conservation of momentum equaticn, i.e.,

2 .
3Q , 3(Q7/4) 3h -
33'+ = + gA(3;<+ sf + se) +L=0 (52)

where A is the active cross-sectional area of flow, A  1is the lnactive (off-
channel storage) cross-sectional area, x s the longitudinal distance along
the channel (valley), t is the time, q is the lateral inflow or outflow per
linear distance along the channel (inflow is positive and outflow is aega-
tive in sign), g {s the acceleration due to gravity, Sg is the friction
slope, and S, is the expansion-contraction slope. The friction slope is
evaluated from Manning's equation for uniform, steady flow, il.e.,

2
s = nlolo | ' (53)

£ g.21 4% g%/3

in which n is the Manning coefficient of frictional resistance and R {s the
hydraulic radius defined as A/B where B is the top width of the active
cross-sectional area. The term (S,) is defined as follows:

2
s ok aco/a) | (56)

e 28 ax

in which k (Morris and Wiggert, 1972) is the expansion-contraction coeffi-
cient varying from 0.0 to =1.0 (+ if coatraction, - if expansion), and
4(Q/A)2 is the differeace ian the term (Q/A)2 at two adjacent cross-sections
saparated by a distance Ax. L 1is the momentum effect of lateral flow
assumed herein to enter or exit perpeandicular to cthe direction of the main
flow, This term has the following form: 1) lateral {inflow, L = 0;
2) seepage lateral outflow, L = =0.5qQ/A; and 3) bulk lateral outflow,
L = -qQ/A. :

Eqs. (51)=(52) which are nonlinear partial diffarencial equations, must
be solved by numerical zechniques. An {mplicit 4~pt. finite difference
technique 1s used to obtain a solution to either set of equations. This
particular techalque (Fread, 1974) 1is used for its computational efficiency,
flexibility, and convenience in the application of the equations to flow in
complex channels existing in nature. 1In essence, the technique determines
the unknown quantities (Q and h at all specified cross-sections along the
downstream channel-valley at various times fato the future; the solution is
advanced from one time to a future time by a finite time fnterval (time
step) .of magnitude At. The flow equations are expressed in finite diffar-
ence form for all cross-sections along the valley and then solved simultane-
ously for the unknowns (0 and h) at each cross-secztion. Due to che non-
linearity of the parcial differencial equations and their finite difference

~20=




reprasenctations, the solution is {terative and a highly efficlent quadratic
{terative technique known as the Newton-Raphson method is used. Convergence
of the iterative technique 1is attained when the difference hetween succes-
sive iterative. solutions for each unknown 1is less than a relatively small
prescribed tolerance, Usually, one to three iterations at each time step
are sufficient for convergence to be attained for each unknown at all cross-
sections. A more complete description of the solution technique may be
found elsewhere (Ameln and Fang, 1970; Fread, 1974a, Fread, 1977).

3.4 Tributary Inflows/Outflows

Unsteady flows associated with tributaries downstream of the dam can be
added to the unsteady flow resulting from the dam failure. This is accom-
plished via the term q in Eq. (51). The tributary flow is distributed along
a single ax reach. Backwater effects of the dam-hreak flow on the tributary
flow are 1ignored, and the tributary flow is assumed to enter perpendicular
to the dam-break flow, Outflows are assiyned negative values. Outflows
which occur as broad-crested weir flow over a levee or natural crest may be
simulated, The crest elevation, discharge coefficlent, and location along
the river-valley must be specified. The head 1is computed as the average
water surface elevation, along the length of the crest, less the crest
elevation. '

3.5 Multiple NDams and Bridges

The dam=-break flood forecasting model can simulate the progression of a
dam-break wave through a downstream valley containing a reservoilr created by
another downstream dam, which itself may fail due to being sufficiently
overtopped by the wave produced by the failure of the upstream dam, In
fact, an unlimited number of reservoirs located sequentially along the
valley can be simulated. When the tailwater helow a dam is affected by flow
conditions downstream of the tailwater section (e.g., hackwater produced by
a downstream dam, flow constriction, bridge, and/or tributary inflow), the
flow occurring at the dam 1Is computed by using an internal houndary condi-
tion at the dam. In this method the dam is treated as a short Ax reach in
which the flow through the reach is governed by the following two equations
rather than either Eqs. (51)-(52): :

Qt = Oi+1 ) (55)
Q = Qy + 05 (56)
in which 0, and Qg are breach flow and soillway flow. - In this way, the

flows Q and Q+1 and the elevations h; and Nj4p are in balance with the

other flows and elevations occurring simultaneously throughout the entire
flow system which may consist of additional dams which are treated as
additional internal boundary conditions via Egs. (53)~(56),

dighway/railway bridses and their associated earthen embankments which
are located at points downstream of a dam may also he treated as internal
boundary conditions. Fgs. (53)=(56) are used at each bridge; the term 0. in
Eq. (56) is computed by the following exprassion: S




1/2 /2

- 3
o, = ¢/77 &, (hy=h  OYE + cp (hmh) (s7)

i1+l

,

in which C is .a coefficlent of bridge flow, C; 1s the coefficient of flow
over the crest of the road embankment, hc is the crest elevation of the

embaukment, and ks 1{s similar to Eqs. (38)~(39).

3.6 Suoercritical Flow

The DAMBRK model can simulate the flow through the downstream valley
when the flow s supercritical. This type of flow occurs when the slope of
the downstream valley exceeds about 50 ft/mi. Slopes less than this usually
result in the flow bheing subecritical to which 31l preceding comments per-
taining to the downstream routing apply. When the flow 1is supercritical,
any flow disturbances cannot travel back upstream; therefore, the downstrean
boundary becomes superfluous. Thus, for supercritical flow, a downstreanm

. boundary condition 1Is not required; however, an additional equatioa other

than the rveservoir outflow hydrograph 1is needed. To satisfy this require-
ment, an equation similar to Eq. (40) but with a time-dependent enerzy
slope, 18 used at the upstream bouandary. Multiple reservoirs on super-
critical valley slopes nmust be treated using a storage routing technique
such as Eq. (50) rather than the dynamic roucing technique.

3.7 Floodplain Compartments

The DAMBRK model can simulate the exchange of flow between the river
and floodplain compartments. The floodplain compartments are formed by one
or two levees which run parallel to the river on either or both sides of the
river, and other levees or road embankments which run perpendicular to the
river. Flow transfer between a floodplain compartment and ‘the river {s
assumed to occur along one AX reach and is controlled by broad=-crested weir
flow with submergence correction. Flow can be either away from the river or
into the river, depending on the relative water gurface elevations of the
river and the floodplain compartment. The river elevations are computad via
Egs. (51)-(52), and the floodplain watar surface elevatioas are computed by
a siample storage routing relation, i.e.,

c t-At t t :
Ve =V, T+ (17 = 07) ac/43560 (58)

in which Vz is the volume (acre-ft) in the floodplaln compartmeat at time ¢

or t-At referenced to the water elevation, I {s the inflow from the river or
adjacent floodplain compartzents, and 0 {s the outflow from the flsodplain
compartment to the river and/or to adjacent floodplain compartmeats. Flow
traasfer between adjacent floodplain compartments {s also controlled by
broad-crested weir flow with submergence cocrection. The broad-creszed weir
flow is according to the Following:

I=¢s, (h - h._

5 Ty £oi (?9)

o el




)3/2 (60)

0=c sy (hfp - h
in which ¢ {s a specified discharge coefflicient, hr Is the river elevation,
hfp {s the water surface elevation of the floodplain, and sy, 1is the

submerzence correction.factor, i.e.

Sb = 1.0 hr < 0.67 ) (61)
sp = 1.0 - 27,8 (#_ = 0.67)° h. > 0.67 (62)
e = (hg=n, )/ (ng,-h,) (63)

and h, is the specified elevation of the crest of the levee. The floodplain
elevation (hfp) is obtained {teratively via a table look-up algorithm from

the specified table of volume-elevation values. The outflow from a flood-
plain compartment may also include that from one or more pumps associated
with each floodplain compartment. Each pump has a specified discharge-head
telation given in tabular form along with start-up and shut-off operation
instructions depending on specified water surface elevations. The pumps
discharge to the river.

3.8 Routing Losses

Often in the case of dam~break floods, where the extremely high flows
inundate coansiderable portions of channel overbank or valley flood plain, a
measurable loss of flow volume occurs. This is due to infiltration into the
relatively dry overbank material, detention storage losses, and sometimes
short-circuiting of flows from the main valley into other drainage basins
via canals. Such losses of flow may be taken into account via the term q in
Eq. (51). An expression describing the loss is given by the following:

q, = =0.00458 v, P/(L T) (64)

in which Vy 1s the outflow volume (acre-ft) from the reservolr; P is the

volume loss ratio which may range from 0 to as high as 0.3; L is the length
(ni) of downstream channel through which the loss occursy; and T is the
average duration (hr) of the flood wave throughout the reach length L; and
Ay is the maximum lateral outflow (cfs/ft) occurring along the reach 1,

throughout the duration of flow. The mean lateral outflow is proportioned
in time and distance along the reach L.

3.9 Landslide Generated Waves

Reservoirs are sometinmes subject to landslides which rush into the
reservolr displacing a portion of the reservoir contents, aad thereby




creating a very steep water wave which travels up and down the length of the
reservolr. This wave may have sufficient amplitude to overtop the dam and
precipitate 3 failure of the dam, or the wave by itself may be large enough
to cause catassrophic flooding downstream of the dam without resulting in
the failure of the dam as perhaps in the case of a concrete dam.

The capability to generate waves produced by landslides 1s provided
within DAMBRK. The wvolume of the landslide mass, 1its porosity, and time
{aterval over which the landslide occurs, are {nput to the model. Within
the model, the landslide mass is deposited within the reservoir {n layers
during small computational time steps, and simultaneously the original
dimensions of the reservolr are reduced accordingly. The time rate of
reduction {n the reservoir cross-sectional area creates the wave during the
solution of the unsteady flow Eqs. (51)=(52), which are applied to he cross=-
gections describing the reservoir characteristics.

3.10 Model Tasting

The DAMBRX model has been tested on five historical dam-break floods to
detarmine 1its ability to recoanstitute observed downstream peak stages,
discharges, and travel times. Those floods that have bheen used 1in the
testing are: 1976 Tetoa DNam, 1972 Buffalo Creek Coal-Waste Dam, 1839
Johnstown Danm, 1977 Toccoa (Kelly Barnes) Dam, and the 1977 Laurel Run Dam
floods. However, only the Teton flood will be presented herein,

The Teton Dam, a 300 fr. high earthen dam with a 3,000 ft. long crest,
failed on June 5, 1976, killing 11 people making 25,000 homeless, and
{nflicting about $400 million in damages to the dowastream Tetoun-Snake River
Valley. Data from a Geological Survey Report by Ray, et al, (1977) provided
observations on the approximate development of the breach, description of
the reservoir storage, downstream cross—-sections and estimates of Manning's
n approximacely avery 5 wmiles, indirect peak discharge measurements at three
sites, flood peak travel times, and flood peak elevations, The inundated
area is shown in Fig. 7.

The following breach parameters were used in DAMBRK tn reconstitute the
downstream flooding the downstream flooding due to the failure of Teton Dam:
T = 125 hrs, 8B = 150 ft, z = 0, hy, = 0.0, he = hy = hy = 261.5 fc.

Cross-sectional properties at 12 locations shown in Fig. 7 along the 60 mile
reach of the Tetoan=Snake River Valley beleow the dam were used. Flve top
widths were used to describe each cross-section. The downstream valley con-
sisted of a narrow canyon (approx. 1,000 ft. wide) for the first 5 miles and
thereafter a wide valley which was {nundated to a width of about 9 miles.
Manning's n values rvanging from 0.028 to 0,047 were provided. from field
estimates by the Geological Survey. Values of Ax between cross-sections
gradually increased from 0.5 miles near the dam, to 1.5 miles near the
downstream boundary at the Shelly gaging station (valley mile 59.5 dowa=-
stream from che dam). The rteservoir surface area-elevacion values were
ohtained from Geological Survey topo maps. The downstream boundary was
assumed to he channel f{low control as reoreseated by a loop rating cucve
given by Eq. (40).
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Figure 7. OQutflow Hydrograph and Flooded Ares Downstream of Teton Daa

The computed outflow hydrograph is shown 1in Fig. 7. It has a peak
value of 1,652,300 cfs. (cuble feet per second), a time to peak of 1.25 hrs,
and a total duration of about 6 hrs. The peak is about 20 times greatert
than the flood of record. The temporal variation of the computed outflow
volume compared within 5 percent of observed values. The computed peak dis-
charge values along the 60-mile downstream valley are shown in Fig. 8 along
with three observed (indirect measurement) values at miles 8.5, 43.0, and
59.5. The average difference between the computed and observed values is
4.8 percent. Most apparent is the extreme attenuation of the peak discharge
as the flood wave progresses though the valley. Two computed curves were
assumed, 1i.e., Q, = 0; and a second in which the losses were assumed to be

uniform along the valley. The losses were assumed to vary from 0 to a maxie
mum of q. = ~0.30 and were accounted for in the model through the q term in

Eq. (51). " Losses were due to infiltracion and detention storage behind
irrigation levees.
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The a priori selection of the breach parameters (r and BB) causes the
greatest uncertainty in forecasting dam=~break flood waves. The sensitivicy

of downstream peak discharges to reasonable variations in ¢ and b is shown
in Fig. 9.

Although there are large differences in the discharges (+45 to =25
percent) near the dam, these rapidly diminish in the downstream direction.
After 10 miles the variation is +20 to =14 percent, and after 15 miles the
variation has further diminished (+15 to =8 percent). The tendency for
extreme peak attenuation and rapid damping of differences fn the peak dis-
charge 1s accentuated in the case of Teton Dam due to the presence of the
very wide valley, Had the narrow canyon extended all along the A0-mile
reach to Shelly, the peak discharge would not have attenuated as much as the

differences 1in peak discharges due to variations in t and b would be more
persistent. 1In this instance, the peak discharge would have attenuated to
about 350,000 rather than 67,000 as shown in Fig. 9, and the diffarences in
peak discharges at mile 359.5 would have been about 27 percent as opposed to
less than 5 percent as shown in Fig. 9.

Computed peak elevations compared favorably with observed values. The
average absolute error was l.5 ft, while the average arithmeric error was
only 0.2 ft.
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The computed flood peak travel times and three observed values are
shown in Fig. 10, The differences between the computed and ohserved are
about 10 perceat for the case of using the estimated Manning's n values and
about 1 percent if the n values are slightly increased by 7 percent.

As mentioned previously, the Manaing's n must be estimated, especially
for the flows above the flood of record. The sensitivity of the computed
stages and discharges of the Teton flood due to a substantial change
(20 percent) in the Manning's n was found to be as follows: 1) 0.5 ft. in

“computed peak water surface elevations or about 2 percent of the maximum
flow depths, 2) 16 percent deviation in the computed peak discharges,
3) 0.8 perceat change in the total attenuation of peak discharge incurred in
the 60-mile reach from Teton Dam to Shellv, and %) 15 percent change in the
flood peak travel time to Shelly. These results indicate that Manning's n
has little effect on peak elevations or depths; however, the travel time 1is
affected by nearly the same percent that the n values are changed.

A typical simulation of the Taton flood as described above involved
73 Ax reaches, S5 hrs of prototype time, and an initial time step (aAt) of
0.06 hrs. Such a simulation run required onlv 19 seconds of CPU time on an
IBM 360/196 computer system; the assoclated cost was less than $5 per run.
Microcomputer runs require about 10 min for the Teton simulation.

Information on similar testing of DAMBRK on the Ruffalo Creek flood can
hbe found {in Fread (1977, 198%4a). The results showed a similar degree of
comparison between computed and observed values.
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‘4,  SMPDBK

SMPDBK is a simple model for predicting the characteristics of the
floodwave peak produced by a breached dam (Wetmore and Fread, 1984). It
will, with minimal computational resources (hand-held computers, micro-
computers), determine the peak flow, depth, and time of occurrence at
selected locations downstream of a3 breached dam. SMPDBK first computes the
peak outflow at the dam, based on the reservolr size and the temporal and
geometrical description of the breach. The computed floodwave and channel
properties are used in conjunction with routing curves to determine how the
peak flow will be diminished as it moves downstreaam. Based on this
predicted floodwave reduction, the model computes the peak flows at speci-
fied downstream points. The model then computes cthe depth reached by the
peak flow based on the channel geometrvy, slope, and roughness at these
downstream points. The model also computes the time required for the peak
to reach each forecast poiat and, Lif a flond depth 15 entered for the pointc,
the time at which cthat depch (s reached as well as when the floodwave




recedes below that depth, thus providing a time frame for evacuation and
fortification on which a preparedness plan may be based. The SMPDBK Model
neglects backwater effects created by downstream dams or bridge embankments,
the presence of which . can substantially reduce the model's accuracy.
However, 1its speed and ease of use together with its small computational
requirement make it a attractive tool for use ia cases where limited time
and resources preclude the use of the DAMBRK Model. In such {instances
planners, designers, emergency managers, and consulting engineers responsi-
ble for predicting the potential effects of a dam failure may employ the
model in situatlons where backwater effects are not significant for pre-
event delineation of areas facing danger should a particular dam fail.

4.1 General Description /

The SMPDBK model retains the critical deterministic components of the
numerical DAMBRK model while eliminating the need for large computer fac-
ilicies. SMPDBK accomplishes this by approximating the downstream channel
as a prism, neglecting the effects of off-channel storage, concerning itself
with only the peak flows, stage, and travel times, neglecting the effects of
backwater from downstream bridges and dams, and utilizing dimensionless
peak-flow routing graphs developed using the NWS DAMBRK model.. The appli=-
cability of the SMPDBK model {s further enhanced by 1{its wminimal data
requiraments; the peak flow at the dam may be calculated with only four
teadily accessihle data values and the downstream channel may be defined by
a single "average™ cross-section, although prediction accuracy increases
with the number of cross—-sections specified.

Three steps make up the procedure used in the SMPDBK model. These are:
(1) calculation of the peak outflow at the dam using the temporal and geo-
metrical description of the breach and the reservolr volume; (2) approxima-
tion of the channel downstream of the dam as a prismatic channel; and
(3) calculation of dimensionless routing parameters used with dimensionless
routing curves to determine the peak flow at specified cross sections down-
stream of the dam.

4,2 Breach Description and Peak Qutflow Computation

) Since earthen dams generally do not fail completely nor {astantane-

ously, the SMPDBK model allows for the 1investigation of opartial failures
occurring over a finite interval of time. And, although the model assumes a
rectangular-shaped breach, a trapezoidal hreach may be analyzed by specify-
ing a rectangular bhreach width that 1s equal to the average width of the
trapezoidal breach. Fallures due to overtopping of the dam and/or failures
in which the breach bottom does not erode to the hottom of the reservoir may
also be analyzed by specifying an appropriate "H" parametar which is the
elevation of the reservoir water surface elevation when hreach formattion
commences minus the final hreach bottom elevation (l.e., "H" is the depth to
which the breach cuts).

The model uses a single equation ton determine the maximum hreach out-

flow and the user is required to supolv the values of four variables for
this equation. These variables are: 1) the surface area (As. acres) of the
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reservoir; 2) che depth (H, ft) to which the breach cuts; 3) the time (tg,
minutes) required for. hreach formation; and 4) the final width (Br' fc) of
the breach. These parameters are substituted {nto a broad-crested weir flow
equation to yleld the maximum breach outflow (0y_..) in cfs, i.e.

3

c
=q +3.138, (% c__) (65)
60  /H

Qbmax

whera: C = 3 (66)

and Q is the gpillway flow and overtopping crest flow which 1s estimated to
occur simultaneously with the peak hreach outflow.

Once the maximum outflow at the dam has heen computed, the depth of
flow produced by thig discharge may be determined based on the geometry of
the channel {immediately downstream of the dam, the Manuing "r" (roughness
coefficient) of the channel and the slope of the downstream channel. This
depth {s then compared to the depth of water {ia the reservoir to find
whether it {s necessary to include a submergence correction factor for tail-
water effects on the breach outflow (i.e., to find whether the water down-
stream is restricting the free flow through the hreach). This comparison -
and (if necessary) correction allows the model to provide the most accurate
prediction of maximum bhreach outflow which properly accounts for the effects
of tailwater depth downstream of the dam.

The maximum breach outflow must bé corrected {teratively for submer-
gence resulting from tailwater effects if the computed maximum outflow stage

(hmax) 1s greater than (0.67 h,,y.) where h_,, . 1s the head over the weir

(breach) at time te as expressed by the following relation:
(67)

where C is defined by Eq. (66).

If cthe ratio of (hmax/hweir) is greater than 0.67, a submergence

correction factor must be computed as follows:

* ’ ,hﬂax ER
R, =1=-27.8 [F— - 0.67 ] (68)
s welrc

This wvalue for Ks* is substizuted i{ntoe Eg. (4A9) rto obtain an averaged
) . RAASICL SN
submergence correction factor given hv cthe following:




K k ,_s s (69)

where the k superscript is the {teration counter and the first iteration
value for KSO is 1. This correction factor is applied to the hreach outflow

as follows

Q. = K 0 | (70)

where: Qbk"1 = Qbmax {s the first {teration. The correctad breach outflow

(Qbk) is then used to compute an outflow depth (h k). The computation of

max

hmax is described later via Eq. (75). Also, hecause there 1s decreased flow

through the breach, there 1s less drawdown. Thus, the head over the welr

(h ) must be recalculated using the relation:

welr
t. (sec.)
k k-1 k-1 k £
hweir hweir * (Qb Qb ) 248 (sq.ft.) (71)
Now the ratio of the two new values, maxx/hweirk is used in Eq. (68) to

compute a new submergence correction factor. If the new maximum breach
outflow computed via Eq. (70) 1is significantly different (& 5%Z) from that
computed in the previous iteration, the procedure 1is repeated. Generally,
within two or three iterations the K_, value will coaverge and a suitable
value for the maximum breach outflow (Qb) i{s achieved which properly
accounts for the effects of submergence.

4.3 Channel Description

The river channel downstream of the dam to the specified routing point
is approximated as a prismatic channel by dafiniang a single cross-section
(an average section that incorporates the geometric properties of all inter-
vening sections via a distance weighting technique) and fitting a mathemati-
cal function that relates the section's width to depth. This prismatic
representation of the channel allows easy calculation of flow area and
volume in the downstream channel which i{s required to accurately predict the
amount of peak flow attenuation.

Approximating the channel as a prism requires three steps.  First,
topwidth vs. depth data must bhe obtained from topographic maps or survey
notes. For each depth (hi)’ a distance weighted topwidth Bi is defined

producing a table of values that may be used for fitting (using least-
squares or a log-log plot) a single equation of the form 3 = Kh™ to define

the prismatic channel geometry. The fitting coefficients (E and m) are
computed using the following least squares algorithm:
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- ) [(log ht) '(log ﬁi)] - I (72)
m = Al
2
! (log h) - ([ log b))
I
_ J log B _ Jlogh
log K = - L. 2 -——-—f—i (73)
% = 10(108 K) | (74)

After comput: ‘2 X and E, the depth (h) may be computed for a giveﬁ
discharge (Q) by using the Manning equation, {.e.,

h o= (Q/a)° | (75)
where: a = lﬁi& Sl/2 K (76)

(5—#1)5/3

b = 3/(3m+5) ‘ - an

Also, S 1is the channel bottom slope (ft/ft), and n is the Manning n appro-
priate for the section of river-valley assoclated with the computed depth
(k). . In this manner hoax Of Eq. (68) can be computed Lif Q... 1s substi-

tuted for Q and the fitting coefficients K and m apply only to the taflwater
section.

4.4 Downstream Routing

The peak outflow discharge determined 1in the praceding step may be
routed downstream using the dimensionless routing curves. (See Fig. l1-13.)
These curves were developed from numerous executions of the NWS DAMBRK Model
and they are grouped 1into families based on the [Froude number associated
with the floodwave peak, and have as theilr Y-coordinate the ratio of rhe
downstream distance (from the dam to a selected cross-section) to a distance
parameter (Xc)' The Y-coordinate of the curves used {n predicting peak
downstream flows is the ratio of the peak flow at the selected cross section
to the computed peak flow at the dam. To determine the correct family and
member curve - that most accurately predicts the atteauation of the flood,
certain routlng parameters must be defined.

The distinguishing characteriscic of each curve family i{s the Froude
aumber developed as che flondwave moves downstraam. The distinguishing
charactaeristic of each membher of a family is the ratfo of the volume in the
reservolcr to the average flow volume {a the downstrezam channel. Thus it may
be seen that to predicz the peak flow of the floodwave 3t a downsczream
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point, the desired distinguishing characteristic of the curve family and
member must be determined. This determination Ls %“ased on the calculation
of the Froude number-and the volume ratio parameter. To specify the dis=
tance in dimensionless form, the distance parameter must also be computed.

- .

The distance parameter (Xc) 1s calculated using Eq. (78) as follows:

(a+1) voL, 6
X, (£t) = ~ (78)

X Hdm+1 1+ 4 (0.5)"!

where: VOL. = volume in reservoir (cubic ft)
Ksa = average channel geometry fitting coefficients
Hd = height of dam (ft)

Within the distance (Xc) 1a the downstream reach, the floodwave attenu-

ates such that the depth at point XC is hx (see Fig. 14), which is a

function of the maximum depth (hmax)' The average depch (h) in this reach
is: ,

- hmax M ht

h = ; =9h _ - (79)

where 8 {s an empirical weighting factor that must be determined {itera-
tively. The starting estimate for § is 0.95.

The average hydraulic depth (Dc) in the reach is given by Eq. (80) as
follows:

(80)

/2 2/3 |
V.= (o) (81)

where S is the slope of the channel from the dam to the routing point,




The average velocity (vc) and hydraulic depth (DC) are substituted {nto

Eq. (82) to determine the average Froude number (Fc) {in the reach ag
follows:

\

v
F, = —— (32)
/gDc :

where: g = 32.2 ft/sec2 (acceleration of gravity),

The dimensionless volume parameter (V*) that identifies the specific
menber of the curve family for the computed Froude number is the ratio of
the reservoir storage volume to the average flow volume within the XC

reach. The average cross-sectional area of Fflow (Ac) is given by Eq. (83)
as follows:

s m
Ac = K(Shmax) Dc : (83)

The volume parameter (V*) is determined by dividing the average flow volume
(Acxc) into the reservoir storage volume (VOLr), feo.,

VoL
r

AKX
cc

*
Vv =

(84)

With the values of Fc and V*, rhe specific curve (Fig. 11-13) can be
used (interpolation may be necessary) to determine the routed discharge.
The ordinate of the routing curve at X* = | is the ratio of the peak flow
(Op) at X. to Q, . Knowing Q,» the stage (h,) at X. may be determined

max
using Eq. (75) with the average channel fittiang coefficients. The value
of 8 is checked by rearranging Eq. (79), i.e.,

(85)
2 h

_ max
If there is a significant difference {n the new value of 2 from the inicial
estimate of 9 (e.g., +5%), Egs. (80)-(84) are recalculated and the new value
of 8 rechecked. Generally, within two iterations the value for 3 will
converge. A

The distance(s) downstream to the forecast oolat(s) are non-
dimensionalized using the following:

%*

Xi .
Xi =< (85%)
o _

-

whera ¥ is the downstream distance zo cthe i‘h forecast poinc, i =
1,2,3,¢..The peak flow ac Xy is deterainei from the proper family of routing

curves and the ocdinate of the specific V* curve at Yi*. Multiplying the

-37-




value of this ordinate by Obmax produces the peak flow (OP) at X; ailes

downstream of the dam;

The time of occurrence of the peak flow at a selected cross section 1is
determined by adding the time of failure to the neak travel time from the
dam to that cross-saection. The travel time 13 computed using the kinematic
wave velocity which s a known function of the average flow velocity
throughout the routing reach. The times of first flooding and “de-flooding"
of a particular elevation at the cross section may alsc be determined.

The time of travel for the floodwave to is computed by first calcu-
lating the ceference flow veloeity at the midpoint hetween the dam and Xy
The user must determine, from the routing curve, the peak flow (Oxlz) at

(Xi/Z) miles downstream of the dam. This flow is multiplied by the factor

(0.3 + m/10) and substituted {nto Eq. (87) to find the reference depth
(htef)' Thus, b

2) (87)

htef = (a

The reference hydraulic depcth ts ziven by Eq. (88), Lf.e.,
href
X m+i

D (38)

The reference flow velocity (in) in ft/sec 1is given by the Manning

equation, {.e.,

1.:9 si/2
{ X

¢ = 2/3

x (89)

This value for in is substituted into the wave celerity equation (Eq. (90))
to find the wave speed (¢) in mi/hr, i.e.,

C = 0.682 v (5/3 = 2/3 (2] (90)
o+l .

The time to peak is then given by Eq. (91) as follows:
£ =t -t . | (91)

where: tp = time (hr) of peak occurrences

te = time (hr) of failure for dam

To compute the peak depth at mile X;» K and m coefficients are fitted

for that cross-section by substituting che speciflc depths and topwidths at
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mile X; into Egs. (72)-(74). Eq. (75) 1s used to find the peak depth (hxi)
at aile Xj.

The SMPDBK allows the bption to determine the time at which flooding
commences and/or the time at which it ceases. To do this, a flow rate (Q )
that corresponds with flood depth at the cross-section 1is computed as

follows:

Qf = a3 h (92)

£

where: hf = flood depth
and a and b are defined hy Eqs. (76)=(77) using the K and m coefficients

fitced for the cross-section at mile Xi.

This value for Q¢ 1s substituted iato Eq. (93) to determine the time to
flooding (tfld) as follows: _

) ¢ - (93)

where: tp = the time (hr) to peak calculated in Eq. (91)
{ .

te = the time (hr) of failure for the dam, and -
0, = the flow (spillway/turbine/overtopping) other than flow.

To determine the time flooding ceases, tg, the value of Qf {s substituted
into the following relation:

2442 VOL_ Qpi- Q¢
ty = :Pi + Q———-—. - - tf) [Q—-——-. - ) _ (94)
Py o Py o '

where: VOL,. = the reservolr storage volume (ac-ft).

. To route the peak flow downstream to cross-sections 3 34,600, the
discance-weighted average cross-section must be determined between the dam

and the routing point and new K and = parameters must be fi{tted to this
average cross section. The distance~weighted average cross section may be
determined as follows:

For each depth (h ), the distance weighted topwidth (3.) is glven by the
relation: t

‘(B. + B, ) (B + B, )
> i, s J = y
) i, 1 2 (XZ-XI) PN i,J-1 1,7 (X%, )
B, = = : (95)

J=1
(KJ - Xl)
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where: h; = the Lth depch, 1 = 1,2,3 ... 1 (number of topwidths per

cross=-section

Bi'j = ¢he LCh topwidth (corresponding to the ith depth hi) at
the jth cross-section where j = 1,2,3, .es J (number of cross-
sections)

B, = the velghted LR eopuidth

h

Xj = the downstream distaance to the jc crogs-section.

The table of values produced by defining a distance-weighted topwidth (Ei)
for each depth (h;) may then be used for fitting a single equation of the
form B = Xh™ to define the prismatic channel geometry. The fitting
coefficients X and m may be computed using the least squares algorithm given
in Eqs. (72)=(74).

With these welghted average K and m coefficlents, the peak depth is
recomputed at the daa using new routing parameters from Eqs. (79)-(84). The
flow may then be routed to cross-section 3,4,.... by following the procedure
given above.

4.5 Model Testing and Limitations

In both real-time forecasting and disaster preparedness planning, there’
1s a clear need for a fast and econnmical method of predicting dam-break
floodwave peak stages and travel times. The SMPDBK model fills this need,
producing such predictions quickly, inexpensively and with reasonable accu~
r£acy. For example, in test analyses of the Teton and Buffalo Creek dam
fallures where the progression of the floodwave was not affected by back-
water, approximating the channel as a prism, calculating the maximum breach
outflow and stage at the dam, defining the routing parameters, and evaluat-
ing the peak stage and travel time to the forecast points required less than
20 minutes of time with the aid of a non-programable hand-neld calculator
while the average error in forecasted peak flow and travel time was 10-207
with stage errors of approximately 1 ft. Furthermore, comparisons of SMPDBK
model results with DAMBRK model rasults from test runs of theoretical dam
breaks show the simplified model produces average ervors of 0% or less.
The authors had the advantages, however, of prior experience with the model
and possession of all required input data, the collection of which consumes
precious warning response time in a dam-break emergency.

The SMPDBK Model can be a very useful tool in preoaring for and during
a dam faflure event, however, the user aust keep 1ian mind the mwrodel's
limitations (Fread 1981). First of all, as with all dam breach flood
routing models, the validity of che SMPDBK model's oradictioan depends upon
the accuracy of the required 1input daca. To produce the most reliable
rasults, the user should endeavor to obtain the best estimates of the
various 1input parameters that time and resources allow. Secondlv, because
the wmodel assumes normal, steady flow at the peak, the hackwacer effects
created by downstream channel constrictioas such as bridge embankments or




dams cannot be accounted for and the model will predict peak depths upstreanm
of the coanstriction that may be suhstantially lower than those actually
encountered, while peak depths downstream of the constriction may be over
predicted. Filnally, because the "slowing down"” of the floodwave caused by
temporary off-channel dead storage s not accounted for by the model, the
predicted time to peak at a certaln point may be somewhat shorter than the
actual time to peak. Recognizing these limitations and exercising good
engineering judgment, the SMPDBK model may provide useful dam bYHreak flood
{aundation information with relatively small expense of time and computing
resources.

5 SUMMARY AND CONCLUSIONS

Three NWS models for predicting the flooding due to dam failures were
presented. The Breach Model can aid the hydrologist/engineer in determining
the properties of the piping or overtopping initiated breach of an earthen
dam. This information can be used 1n conjunction with historical breach
data to create the dam breach hydrograph and route it through the downstrean
channel-valley using the complex DAMBRK Model or the simplified -SMPDBK
Model. The choice of either the DAMBRK or SMPDBK model is influenced by the
available time, data, computer facilities, modeliang experience, and required
accuracy for each dam break analysis. Complexities in the downstream
channel wvalley such as highway/railway embankment-bridges, significant
channel constrictions, levee overtopping, flow volume losses, downstrean
dams, weirs, lakes require the DAMBRK Model to be ‘used rather than the
SMPDBK Model since latter model ignores such factors.

Notwithstanding the capabilities of state~of-the-art models (BREACH,
DAMBRK, SMPDBK) the accuracy of the predicted magnitude and timing of down-
stream flood 1inundation can be subject to significant error (two feet or
more in the crest profile) due to iInaccuracies 1in the following: 1) the
reservoir inflow computed from hydrologic precipitation—runoff models;
2) the breach characteristies; 3) the downstream cross-section properties;
4) the estimated flow resistance coefficients; 5) the neglected effects of
transported debris of flow resistance and blockage of constricted cross
sections; 6) the neglected infiltratina and detention storage losses of
flood volume; 7) the neglected sediment transport effects on bottom eleva~-
tion and flow resistance of the downstream channel-flood plain and 8) the
highly turbulent flows and complex flow patterns not adequately described by
one-dimensional flow equations,
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