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selection of the type of spillway or combination of types may also be n
critical. In this regard, the use of an auxiliary spillway may sig-
nificantly reduce the cost of accommodating the inflow design flood.

The economics of spillway selection should be recognized as a potentially
important ingredient to total project economics and as site specific as

are other factors.

Factors Involved in Selection of Spillway Gates

In the previous section, crest control was covered to the extent that the
basic question of gating of crests was discussed along with the factors
which should influence the selection of gated and ungated spillways.

This section addresses the question of gate selection. Some of the same
factors apply to selection of gates as to selection of spillway type.

A1l types of spf]]way crests can be gated. Certain common types of gates
can be used for any type of crest. Other gate types are only suited to a
particular type of crest. Limitations and special considerations are
covered in this section. Primary consideration is given to spillway
gates but it should be recognized that outlet works, while not considered
to be spillways by the WPRS, are frequently used for making flood releases
from a reservoir and in some cases are the main flood release provisions.
Whenever large outlets are required for reservoir evacuation, diversion
during construction, or for making project required releases to the
river, they should be used, if adequately reliab.2, along with the
spillways in routing floods through the reservoirs.

The most common types of spillway gates used by the WPRS are radial and
fixed wheel. Drum and caterpillar gates have been used on older spillways
but not in the past thirty years.. A ring gate was used on the shaft
spillways at Owyhee and Hungry Horse Dams, and a bascule gate is proposed
for addition to the Dickinson Dam spillway crest. The ring gates are now
considered undesirable because of low dependability and high maintenance
costs. Radial gates have been used almost exclusively in recent WPRS
spillway designs. A notable exception is the spillway for Morrow Point
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Dam which use fixed-wheel or wheel-mounted gates. Top seal radial gates
are used for large river outlet works such as Fontinelle, Twin Buttes,
Sanford, and Davis Dams.

For flood outlets, the most common types of regulating gates and valves
used are: high-pressure slide gates, hollow-jet valves, jet-flow gates,
and top-seal radial gates. Of limited use have been fixed-cone valves,
sleeve valves, and needle valves.

Selection of a particular type of gate for a spillway depends on the
geometry of the crest structure, hoisting equipment that can be economically
provided, potential ice problems, and the economics of the total instal-
lation. As with flood outlets, high reliability is of the greatest
importance. Possible settlement of the crest structure and wall deflec-
tions are extremely important considerations affecting gate reliability.

Automatic Controls for Gated Spillways

Spillway gates can be operated automatically by geared screw lifts,
hydraulic hoists, by electrical hoists with wire ropes or chains connected
to the gates, or hydraulically using floats and wire ropes. Only hydraulic
float-operated and electric hydraulic chain and wire rope hoists have

been used for large spillway gates.

Geared screw lifts are used on many small- or medium-sized gates and
valves. Hydraulic hoists have been widely used to supersede geared screw
lifts for large high-head gates due to the higher hoist capacities,
design simplicity, ease and flexibility of control, and operat{ng reli-
ability of hydraulic hoists. The electrical operating systems can be
used in conjunction with geared screw lifts or hydraulic hoists. All
systems can be operated manually or automatically to meet operating
requirements.

The use of automatic controls can reduce some human errors in gate
operations. Consequently, automatic control systems are often preferred



at locations where the qualifications of available operating personnel

are unknown or questionable. A fully automatic hydraulic control system
with float operated gates may be desirable where a reliable power supply
is not available. It is important to have a backup or auxiliary system

to operate gated spiilways under unexpected or emergency conditions. It
is also important that all the gates and operational systems be adequately
inspected, tested, and maintained to ensure proper operation and long
service life. Periodic testing of the automatic system is very important.
Present WPRS criteria for automation of spillway gates is presented in a
report of the Design Research Team for Automation of Spillway Gates dated
June 24, 1971, and approved by Chief, Division of Design, on July 22,
1971. A copy is included as appendix B.

Automatic. controls for gated spillways have been developed over a
period of many years. Early designs were very simple and many had
inherent deficiencies that led to abandonment. Later designs of the
general type now used have been modified to increase reliability.

The two general types of automatic controls used by the WPRS are the
hydraulic actuated float type and the water contact electric type. In
the first, a controlled inflow and outflow causes water to rise or fall
in float wells, which in turn raises or lowers the floats which are
connected to counterweighted gates by some form of linkage. The second
type consists of a probe which makes contact with water in a control well
reflecting reservoir elevation which actuates electric operated hoists.
<
The early designs of hydraulic operated systems introduced reservoir
water directly into a float well causing the gate to open. Control was
usually provided by a gated outflow pipe which made it possible to
control the level of water in the float well, thus it was possible to
lower the gate. The serious deficiency in this s 'stem was the outflow
gate which either had to be preset or manually operated during a flood.
This weakness made excessive releases possible if the outflow gate
opening was too small or prevented the gate from opening if the gate
setting was too large. In addition to the problem of properly control-
1ing the. float well water level, there is a tendency with this type of
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operation for the gate to overtravel. These deficiencies led to abandon-
ment of some early automatic systems.

The deficiencies of the early systems were corrected in later designs by
making the inflow-outflow relationship entirely automatic and sensitive
enough to avoid the overtravel problem. The initial attempts to accom-
plish this resulted in mechanical connections and moving parts which
brought into question the reliability of the automatic system. Problems
associated with a movable control weir and recommended modifications are
discussed in detail in a January 8, 1959 memorandum to Chief Designing
Engineer from Chief, Mechanical Branch, and included in appendix C.
Efforts of others outside the WPRS had similar shortcomings in the early
stages of development.

The latest WPRS designs of hydraulic float-operated systems have no
moving parts but rather use a system of fixed orifices to control inflow
and outflow which give the desired flexibility. The hydraulic auto-
matic float-operated system of gate control also adds redundancy to the
gate operation by providing for manual hydraulic operation which can be
used when the normal electric hoist system is inoperable because of power
failure. 7o add this feature, control valves are located in the water
piping in such a way as to bypass the automatic controls.

The electric contact automatic control system for gated spillways

is normally used to control the operation of electric hoists for making
flood releases. The system is comprised of a water supply pipe and
intake located in the reservoir at a distance not affected by the draw-
down caused by gate operation and a small control well at the spillway
gate structure, a probe used to make electric contact with the water in
the control well, and electric circuits to the gate hoists.

Advantages and Disadvantages of Gated Spillways

Whether a gated spillway should be used for a given project depends on
the site specific conditions, the type of dam (concrete or embankment),
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SELECTION OF CREST CONTROL FOR SPILLWAYS

INTRODUCTION

This report was prepared at the request of the Assistant Commissioner -
Engineering and Research to provide general information on selection

of type of crest control that is appropriate for various site specific
conditions and in particular, but not restricted to, embankment dams.

The report reviews the policy and selection criteria of the WPRS (Water and
Power Resources Service), other Government agencies, selected consulting
firms, and the USCOLD (U.S. Committee on Large Dams).

The general question of selection of spillways is addressed to introduce
factors that influence the choice of spillway type without regard to the
crest control features. Other factors are discussed in detail that are
important to the question of providing gate control of spillway releases.
The advantages and disadvantages of gated spillways are identified and an
assessment of risk is made for specific WPRS dams which were selected
because of major differences in site specific conditions and operating
requirements. Recommendations are made with respect to guidelines for
selection of the type of spillway contol and developing WPRS policy.

The definition of a spillway is not uniform throughout the world. The WPRS
restricts the term to the hydraulic feature that is designed to release
flood water at the surface or near the surface of a reservoir. For releases
of flood water at lower levels of the reservoir, the term floor outlet or
river outlet is used. In literature of the International Commission on
Large Dams, the terms surface spillway, midlevel spillway, and bottom level
spillways are used.

GENERAL DISCUSSION OF SPILLWAY SELECTION

Spillways can be classified in many ways with respect to type. The WPRS
terminology will be used in this report. Because of the wide variety of



combinations that are in common use, a simple classification is presented in
the following:

By use

Service, auxiliary, emergency

By type of waterway

Open chute, tunnel, conduit

By type of inlet Straight crest, curved crest, side channel,
double side channel (duckbill, bathtub),

shaft (morning glory), grade sill

By type of crest control - Gated, ungated (free overflow)

By terminal structure or
energy dissipator

Hydraulic jump stilling basin, impact basin,
plunge pool, flip bucket

These classifications are frequently used to describe or identify the type
of spillway and a description may use all five classification elements in
the order listed above. For example, a description could be: a service
spillway with open chute, straight gated crest, and hydraulic jump stilling
basin.

Each element making up a complete spillway is selected to best meet site
conditions and project purposes and an optimum combination is finally

determined.

Factors Involved in Selection of General Type

1. Site conditions. - Geologic and topographic conditions are important
to spillway selection and sometimes dictate the location, type, and
components of a spillway. These site conditions may limit the surcharge
elevation and volume, the spillway dimensions, the need for and type of
energy dissipator, and the suitability of a particular type of spillway
at the given site, etc. These site conditions and their impacts on the
selection of spillway types are given below.



The capability of a spillway crest to pass a given amount of inflow
design flood depends on crest length and head, and whether or not the
crest is gated. Topography may limit the alternatives that can be
considered for a crest structure and other features. This is especially
true for canyon sites where a gated spillway may be the only viable
choice. Other topographic settings may impose other limitation on
alternatives. For example, topography may limit the maximum storage
level which in turn may limit the surcharge storage and head on the
crest. Thus, in a flat land setting, a gated crest may be necessary to
avoid a free overflow crest of extreme length and exorbitant cost.

Geologic conditions limit spillway alternatives in ways similar to those
imposed by topographic conditions. Foundation strength limits the size
of structure that can be used which may eliminate use of high gates.
Inferior abutment rock may make use of tunnels and other underground
construction unattractive. Where space limitations and erosion resistant
rock exist in combination, a concrete dam with a free fall spillway may
be a satisfactory and economic choice. Space limitations also suggest
use of side-channel and morning glory type crest structures.

A chute-type spillway may be appropriate where site topography and
subsurface foundation conditions require that the discharge flow be

carried by an open waterway to the river channel downsteam from the
dam.

Tunnel and conduit spillways are often used for damsites in canyons with
steep abutments where open chutes may require excessive excavation, or
where a shaft or morning glory type crest control has been selected.

These few examples are only representative of the many geologic and
topographic conditions which may influence or even dictate the selection
of a spillway type and combination of elements.

2. Hydrologic and hydraulic factors. - One of the most important factors
to be considered in the design of a spillway is its capability to safely



pass an inflow design flood. This capability depends not only on the
reservoir storage volume, maximum allowable water surface elevation, and
the hydraulic efficiency of the spillway, but also on our ability in

flood forecasting and spillway operation. The runoff characteristics of

a drainage basin, the storage capacity of the reservoir, and the frequency
of releases through the spillway should be considered in balancing the
costs of increasing the dam height and other related items against the
costs of using a more expensive spillway or a more sophisticated operation.

Different types of spillways have different hydraulic efficiencies

of discharging flow under different hydraulic conditions. A morning
glory or shaft spillway can discharge its maximum capacity at relatively
low heads thus making this type of spillway ideal where maximum spillway
outflow is to be or can safely be limited, but this type is objectionable
where a reserve capacity for unanticipated inflow is desired. An
auxiliary spillway in conjunction with a service morning glory spillway
can be used to advantage, where site conditions permit, to pass flood
inflows of low frequency of occurrence above the design capacity of the
morning glory inlet.

The effectiveness of reservoir operation, especially with gated spillways,
depends on our ability to forecast the magnitude and characteristics of
the inflow design flood. Where the forecasting ability is insufficient

or unreliable, or where the "lag time" is short, an ungated spillway is
usually preferable to a gated spillway. Under conditions where a gated
spillway is the only viable choice, redundancy should be included in the
design, such as alternative operating provisions and automatic controls.
Auxiliary and emergency spillways should be considered where site
conditions are favorable in order to provide for uncertainties of

the inflow design flood and operating reliability of gated spillways.

3. Project objectives and flexibility requirements. - The project
objectives of a reservoir should be considered in the selection of
spillway type. Where a reservoir is used for recreational purposes, or
where shoreline development precludes large increases in reservoir level



during flood events, a gated spillway may be advantageous. However, an
ungated spillway is indicated for a short-lived reservoir such as one
which will fill with sediment after a short service life and the spillway
must pass the full flow of the river in a safe manner. In order to
fully utilize the maximum head available for hydropower generation for a
given height of dam (or because of topographic limitations), gated
spillways are preferred to avoid or to reduce surcharge storage. Gated
spillways have operational flexibility that can be utilized to economic
advantage as well as for safety considerations. For example, gated
spillways have the capability of making large advance releases when
inflow can be accurately predicted, can be used to make flood control
releases, and with respect to safety, can be used for rapid evacuation of
storage during an emergency, especially if high gates are used.

4. Hazard potential. - The most important factor which should be
considered in spillway type selection is safety or hazard potential.
Minor overtopping of a short duration can be tolerated for a concrete dam
but not usually for an embankment dam. Hazard potential is related to
the location of a dam, our ability in flood forecasting, and other
factors such as seismicity of the site. For a dam constructed above a
population center, the spillway and its associated operating equipment
such as gates, hoists, and control devices have to be designed to safely
pass the inflow design flood under the most severe conditions that can

be reasonably assumed. Ungated spillways are usually preferred for
embankment dams above population centers because of the possibility of
having equipment failure or operational errors during floods. If a gated
spillway is required for compelling reasons, a high level of redundancy
should be included in the design to provide an acceptable safety margin.

5. Operation and maintenance. - Operation and maintenance factors should
be given careful consideration in the selection of a spillway type.
Ungated spillways are less dependent on operation and maintenance

than are gated spillways. Where a gated spillway is selected for an
embankment dam, it is usually desirable for gates to operate automatically
and where electric power is used for manual and/or automatic operation of



the hoists, a secondary stand-by power supply should be provided and
operating instructions should be clearly written and provide for frequent
inspection, maintenance, and testing. It is good practice for designers

to select the least complicated equipment and operational plans prac-
ticable. This is especially important where the quality and reliability
of personnel involved in the operation and maintenance plans are uncertain.
This would mainly apply to work in developing foreign countries or work
outside the control of the WPRS.

6. Economics. - The preceding factors involved in selecting a type of
spillway for a dam were concerned with physical conditions at the site,
hydrologic influences, project objectives, consideration of operation and
maintenance, flexibility, and hazard potential. Reference was made to
cost in terms of being prohibitive or excessive, or indirectly with
respect to hydropower in terms of fully utilizing head potential. It was
also emphasized that safety of structures is a primary consideration that
must not be compromised to reach other objectives. Construction of

dams is not entirely risk free but those responsible for the designs must
be satisfied that the risks are acceptable.

Economic considerations are a valid part of good engineering practice and
may become critical ingredients in determining the value of engineering
works to a client. In WPRS work, the benefits must at least equal

the cost, and selection of a spillway may be a critical element of cost.
It is not uncommon for a spillway to equal or exceed the cost of a

dam.

In cases where spillway costs may become a dominant factor, the relation-
ship between reservoir storage potential and flood volume may be the key
to favorable or unfavorable economics. In such cases, optimization of
spillway capacity and surcharge storage, which is reflected in dam,
rights-of-way, and relocation costs, may be extremely important in the
overall economics of the project. When it is recognized that the economics
of accommodating the inflow design flood is of major importance,



selection of the type of spillway or combination of types may also be
critical. In this regard, the use of an auxiliary spillway may sig-
nificantly reduce the cost of accommodating the inflow design flood.

The economics of spillway selection should be recognized as a potentially
important ingredient to total project economics and as site specific as

are other factors.

Factors Involved in Selection of Spillway Gates

In the previous section, crest control was covered to the extent that the
basic question of gating of crests was discussed along with the factors
which should influence the selection of gated and ungated spillways.

This section addresses the question of gate selection. Some of the same
factors apply to selection of gates as to selection of spillway type.

A11 types of spillway crests can be gated. Certain common types of gates
can be used for any type of crest. Other gate types are only suited to a
particular type of crest. Limitations and special considerations are
covered in this section. Primary consideration is given to spillway
gates but it should be recognized that outlet works, while not considered
to be spillways by the WPRS, are frequently used for making flood releases
from a reservoir and in some cases are the main flood release provisions.
Whenever large outlets are required for reservoir evacuation, diversion
during construction, or for making project required releases to the
river, they should be used, if adequately reliable, along with the
spillways in routing floods through the reservoirs.

The most common types of spillway gates used by the WPRS are: radial,
fixed wheel, drum, and caterpillar. A ring gate was used on the shaft
spillways at Owyhee and Hungry Horse Dams, and a bascule gate is proposed
for addition to the Dickinson Dam spillway crest. Radial gates have

been used almost exclusively in recent WPRS spillway designs. A notable
exception is the spillway for Morrow Point Dam which use fixed-wheel or



wheel-mounted gates. Top seal radial gates are used for large river
out let works such as Fontinelle, Twin Buttes, Sanford, and Davis Dams.

For flood outlets, the most common types of regulating gates and valves
used are: high-pressure slide gates, hollow-jet valves, jet-flow gates,
and top-seal radial gates. Of limited use have been fixed-cone valves,
sleeve valves, and needle valves. All of the foregoing gates and valves
are considered to be highly reliable if properly installed and maintained.

Selection of a particular type of gate for a spillway depends on the
geometry of the crest structure, hoisting equipment that can be economically
provided, potential ice problems, and the economics of the total instal-
lation. As with flood outlets, high reliability is of the greatest
importance. Possible settlement of the crest structure and wall deflec-
tions are extremely important considerations affecting gate reliability.

Automatic Controls for Gated Spillways

Spillway gates can be operated automatically by geared screw lifts,
hydraulic hoists, by electrical hoists with wire ropes or chains connected
to the gates, or hydraulically using floats and wire ropes.

Geared screw lifts are used on many small- or medium-sized gates and
valves. Hydraulic hoists have been widely used to supersede geared screw
lifts for large high-head gates due to the higher hoist capacities,
design simplicity, ease and flexibility of control, and operating reli-
ability of hydraulic hoists. The electrical operating systems can be
used in conjunction with geared screw lifts or hydraulic hoists. All
systems can be operated manually or automatically to meet operating
requirements.

The use of automatic controls can reduce some human errors in gate
operations. Consequently, automatic control systems are often preferred
at locations where the qualifications of available operating personnel



are unknown or questionable. A fully automatic hydraulic control system
with float operated gates may be desirable where a reliable power supply
is not available. It is important to have a backup or auxiliary system
to operate gated spillways under unexpected or emergency conditions. It
is also important that all the gates and operational systems be adequately
inspected, tested, and maintained to ensure proper operation and long
service life. Periodic testing of the automatic system is very important.
Present WPRS criteria for automation of spillway gates is presented in a
report of the Design Research Team for Automation of Spillway Gates dated
June 24, 1971, and approved by Chief, Division of Design, on July 22,
1971. A copy is included as appendix B.

Automatic controls for gated spillways have been developed over a
period of many years. Early designs were very simple and many had
inherent deficiencies that led to abandonment. Later designs of the
general type now used have been modified to increase reliability.

The two general types of automatic controls used by the WPRS are the
hydraulic actuated float type and the water contact electric type. In
the first, a controlled inflow and outflow causes water to rise or fall
in float wells, which in turn raises or lowers the floats which are
connected to counterweighted gates by some form of linkage. The second
type consists of a probe which makes contact with water in a control well
reflecting reservoir elevation which actuates e]ectric'operated hoists.

The early designs of hydraulic operated systems introduced reservoir
water directly into a float well causing the gate to open. Control was
usually provided by a gated outflow pipe which made it possible to
control the level of water in the float well, thus it was possible to
lower the gate. The serious deficiency in this system was the outflow
gate which either had to be preset or manually operated during a flood.
This weakness made excessive releases possible if the outflow gate
opening was too small or prevented the gate from opening if the gate
setting was too large. In addition to the problem of properly control-
ling the float well water level, there is a tendency with this type of



operation for the gate to overtravel. These deficiencies led to abandon-
ment of some early automatic systems.

The deficiencies of the early systems were corrected in later designs by
making the inflow-outflow relationship entirely automatic and sensitive
enough to constantly provide a closing tendency, thus solving the over-
travel problem. The initial attempts to accomplish this resulted in
mechanical connections and moving parts which brought into question the
reliability of the automatic system. Problems associated with a movable
control weir and recommended modifications are discussed in detail in a
January 8, 1959 memorandum to Chief Designing Engineer from Chief,
Mechanical Branch, and included in appendix C. Efforts of others outside
the WPRS had similar shortcomings in the early stages of development.

The latest WPRS designs of automatic control systems have no moving parts
but rather use a system of fixed orifices to control inflow and outflow
which give the desired flexibility and natura1.tendency for the gates to
close rather than a tendency to continue to open. The hydraulic auto-
matic float-operated system of gate control also adds redundancy to the
gate operation by providing for manual hydraulic operation which can be
used when the normal electric hoist system is inoperable because of power
failure. To add this feature, control valves are located in the water
piping in such a way as to bypass the automatic controls.

The electric contact automatic control system for gated spillways

is normally used to control the operation of electric hoists for making
flood releases. The system is comprised of a water supply pipe and
intake located in the reservoir at a distance not affected by the draw-
down caused by gate operation and a small control well at the spillway
gate structure, a probe used to make electric contact with the water in
the control well, and electric circuits to the gate hoists.

Advantages and Disadvantages of Gated Spillways

Whether a gated spillway should be used for a given project depends on
the site specific conditions, the type of dam (concrete or embankment),

10



and the objectives of the project. The advantages and disadvantages of
using gated spillways are discussed below.

1. Flood control effectiveness. - Detailed comparisons of flood
control effectiveness of gated and ungated spillways were made by
Hathaway [1]*. Two plans of gate operation were studied by Hathaway.
Plan A requires gates be opened at the rate necessary to maintain an
outflow rate equal to the reservoir inflow rate until all gates are
fully opened. Plan B requires gates be raised in unison by small
increments and 1imit the raise to a predetermined surcharge curve.
Hathaway's comparison showed that an ungated spillway has lower
maximum rate of discharge and a lower rate of discharge increase than
a gated spillway operated under either plan A or B. The advantages of
lower discharge and lower increase in discharge with an ungated
spillway is even greater during floods of smaller magnitude than the
inflow design flood.

However, if the spillway is designed to pass a given peak discharge,
the storage volume required by a gated spillway is less than an
ungated spillway. Thus, the use of gated spillways has an economic
advantage provided the greater rate of release would not have adverse
downstream impact.

2. Operation and maintenance. - Constant attendance and regulation of
the control device by an operator is highly desirable for gated
spillways even where automatic controls are provided and should be
mandatory where automatic controls are not provided. They also
require regular maintenance and repairs, whereas ungated spillways are
basically free from these problems.

3. Discharge capacity. - For a given spillway crest length and
maximum allowable water surface elevation, a gated spillway can pass
higher discharge than an ungated spillway. Sometimes this advantage

* Numbers in brackets refer to references at the end of report.
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is the determining factor in selecting a gated spillway instead of an
ungated spillway in order to meet limitations on spillway crest length
and maximum surcharge elevation.

4. Emergency evacuation. - An ungated spillway cannot draw down
water below its crest. The ability for a gated spillway to draw down
water from the top of the gate to the spillway crest is an advantage
where emergency evacuation to reduce critical head is a matter of
concern.

5. Project objective and flexibility. - Gated spillways are often
preferred for flood control reservoirs because the gates can make a
wide range of flood control releases in addition to having a large
capacity for releases larger than the flood control limits. Large
flood outlets can sometimes be avoided to reduce project cost. If a
reservoir is designed for hydropower generation, a gated spillway is
usually preferred due to its ability to take advantage of a given dam
height by maintaining a higher and more constant head because sur-
charge storage can be avoided or be reduced. For a multiobjective
reservoir (especially recreation, fish and wildlife uses), a gated
spillway is often chosen due to its capability of maintaining a

more constant water level during flood inflows.

6. Data requirements. - Because gated spillways may require constant
control when in operation, they require more hydrologic and hydraulic
data to ensure proper operation. Reliable hydrologic data are essential
to accurate flood forecasting. A gated spillway cannot be operated to
its maximum capability without reliable means of accurate flood
forecasting.

7. Hazard potential. - The maintenance and operation free nature of
an ungated spillway reduces the hazard potential associated with
improper maintenance and operation of a spillway. However, if a gated
spillway is properly maintained and operated, it could have an added
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safety factor over an ungated spillway due to the flexibility in
operation of a gated spillway, such as the greater capability of
preflood season drawdown.

8. Economicsf - While improved economics should not be at the

expense of safety, economic considerations often determine whether a
spillway should be gated or not. The ability for a gated spillway to
pass greater discharge at a given combination of spillway length and
maximum allowable water surface elevation are among the advantages of
using gated spillways from an economic point of view. The flexibility
in operation of a gated spillway is an attractive factor to be con-
sidered in maximizing the overall economic benefits of a multiobjective
reservoir.

CURRENT PRACTICE

The general guidelines on the selection of spillway type for Federal

dams are given in "Federal Guidelines for Dam Safety" [2]. It states

that "Spillways * * * should be selected to meet the site specific purposes
of the project. For a drainage area with short concentration time combined
with reservoir storage capacity that is small relative to the flood volume,
especially for embankment dams, the spillway should usually be uncontrolled."
Although the general guidelines suggest the use of uncontrolled or ungated
spillways wherever they are feasible, the final selection on spillway type
should fully take into consideration the site specific conditions and
purposes of the project.

It should be emphasized that the selection of a spillway type to satisfy
site specific purposes of the project should not be at the expense of safety
especially where a dam is constructed above a populated community. The
policy recommended by the USCOLD (U.S. Committee on Large Dams) [3] is that
"The policy of deliberately accepting a recognizable major risk in the
design of a high dam simply to reduce the cost of the structure has been
generally discredited from the ethical and public welfare standpoint, if the
results of a failure would imperil the lives and lifesavings of the populace

13



of the downstream flood plain. Legal and financial capability to compensate
for economic losses associated with major dam failures are generally con-
sidered as inadequate justifications for accepting such risks, particularly
when severe hazards to life are involved."

In addition to the above guidelines and policy, the following quotations
from "Design of Gravity Dams" [4], published by the WPRS, list general
factors which should be considered in the selection and design of spillways.
"In determining the best combination of storage and spillway capacity to
accommodate the selected inflow design flood, all pertinent factors of
hydrology, hydraulics, geology, topography, design requirements? cost, and
benefits should be considered. These considerations involve such factors as
(1) the characteristics of the flood hydrograph; (2) the damages which would
result if such a flood occurred without the dam; (3) the damages which would
result if such a flood occurred with the dam in place; (4) the damages which
would occur if the dam or spillway should fail; (5) effects of various dam
and spillway combinations on the probable increase or decrease of damages
above or below the dam (as indicated by reservoir backwater curves and
tailwater curves); (6) relative costs of increasing the capacity of spill-
ways; and (7) use of combined outlet facilities to serve more than one
function, such as control of releases and control or passage of floods.

“A comprehensive study to determine alternative optimum combinations and
minimum costs may not be warranted for the design of some dams. Judgment on
the part of the designer would be required to select for study only the
combinations which show definite advantages, either in cost or adaptability.
For example, although a gated spillway might be slightly cheaper overall

than an ungated spillway, it may be desirable to adopt the latter because of
its less complicated construction, its automatic and trouble-free operation,
its ability to function without an attendant, and its less costly maintenance.

"Where site conditions are favorable, the possibility of gaining overall

economy by utilizing an auxiliary spillway in conjunction with a smaller
service-type structure should be considered. In such cases the service
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spillway should be designed to pass floods likely to occur frequently and
the auxiliary spillway control set to operate only after such small floods
are exceeded."

Similar factors are also considered by the U.S. Army Corps of Engineers
and other agencies in their selection and design of spillways.

The integrity and safety of a spillway not only depends on engineers'

sound judgment of the above factors in their designs but also on operational
procedures used especially for gated spillways. The general procedures used

by the U.S. Army Corps of Engineers are given in Engineering Manual 1110-2-3600
"Reservoir Regulation" [5]. It states that "* * * jnsofar as practicable,
reservoirs controlled by gated spillways should be designed and operated to
accomplish the following objectives during periods when the reservoir is

filled or nearly filled:

(1) Peak rates of reservoir release during damaging floods should not
exceed peak rates of the corresponding floods that would have occurred
under runoff conditions prevailing before construction of the reservoir.

(2) The rate of increase in reservoir releases during a significant
increment of time should be limited to values that would not constitute a

major hazard to downstream interests."

Essentially the same operational policies are used by the WPRS and other
agencies with dam construction responsibilities.

Table 2 lists the gated spillways for embankment dams constructed by
the WPRS.

Table 3 lists embankment dams that do not have service spillways but
rely on flood outlets or emergency spillways or both.
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Table 1, prepared by G. A. Hathaway [1] in 1951, summarizes the type of

100 spillways constructed under the supervision of the Army Corps of

Engineers.

Table 1. - Spillway serviceability classifications*

Number of spillways Number
Serviceability Type in each class of
classification of Type of control Total spillways
of spillway dam Ungated with
(i.e., free stilling
Gated over-flow) basins
Service Earthfill 5 19 24 19
**Concrete-earthfill 13 3 16 10
Gravity concrete 10 6 16 13
Concrete arch 0 3 3 0
Subtotal 28 31 59 42
Limited Earthfill 3 22 25 0
service Rockfill 0 1 1 0
**Concrete-earthfill 1 2 3 0
Subtotal 4 25 29 0
Emergency Earthfill 0 5 5 0
Subtotal 0 5 5 0
Combination of Earthfill 2 3 5 0
service and **Concrete-earthfill 2 0 2 0
limited
service or . . - .
emergency
Subtotal 4 3 7 0
Grand total 36 64 100 42

* Compilation based on review of plans for 100 larger dams constructed
under supervision of the Corps of Engineers, Civil Works, Department of the

Army.

** Valley section of concrete (incorporating spillway and outlet facilities)
and earth embankments connecting to abutments.
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Table 2. - Gated spillways for WPRS embankment dams

Gates Dischargs Type of Date of
Name of dam No. size (ft) Type total (ft°/s) conveyance completion
1 Agency Valley 3 18x17 Radial 10,000 Chute 1935
2 Alamogordo (Sumner) 3 45x21 Radial 56,000 Chute 1937
3 Alcova 3 25-8x40 Fixed wheel 55,000 Chute 1938
4**American Falls 5 44x25 Radial 87,000 Gravity crest 1977
5 Angostura 5 50x30 Radial 247,000 Gravity crest 1949
6 Anderson Ranch 2 25x22 Radial 10,000 Chute 1950
7 Blue Mesa 2 25x33.5 Radial 33,700 Tunnel 1966
8 Boca 2 19x16 Radial 8,000 Chute 1939
9 Boysen 2 30x25 Radial 20,000 Chute 1952
10 Bradbury (Cachuma) 4 50x30 Radial 159,000 Chute 1953
11 Bull Lake 3 29x11 Radial 11,000 Chute 1938
12 Caballo 2 50x22.5 Radial 33,200 Chute 1938
13 Cascade 2 21.20 Radial 12,000 Chute 1948
14 Choke Canyon 7 49.2x23.7 Radial 251,766 Chute uc
15 Cle Elum 5 37x17 Radial 45,700 Chute 1933
16 Davis 3 50x50 Fixed wheel 214,000 Gravity crest 1950
2 22x19 Top seal radial 43,400 Gravity crest 1950
17 Deer Creek 2 21x20 Radial 12,000 Chute 1941
18 Echo 4 18x17 Radial 15,000 Chute 1931
19 E1 Vado 1 36x24 Radial 24,700 Chute Rehab. 1955
20 Enders 6 50x30 Radial 200,000 Chute 1951
21 Glenn Elder 12 50x21.8 Radial 178,000 Chute 1966
22 Granby 2 21x20 Radial 11,500 Chute 1950
23 Gray Reef 2 35x20 Radial 20,000 Chute 1961
24 Green Mountain 3 25x22 Radial 25,000 Chute 1943
25 Guernsey 1 50x50 Stoney 50,000 Chute 1937
2 64x14.5 Drum 25,800 Shaft, tunnel 1937

17



Table 2. - Gated spillways for WPRS embankment dams (cont.)

Gates Discharge Type of Date of
Name of Dam No. size (ft) Type total (ft3/s) conveyance completion
26 Hyrum 3 16x12 Radial 6,000 Chute 1935
27 Jackson Lake 17 8x7-10 Radial Gravity crest 1911
2 10x7-10 Radial 8,690 total Gravity crest 1916
28 Kachess 1 50x8 Radial 4,000 Chute 1936
29 Lovewell 2 25x20 Radial 35,000 Chute 1957
30 McKay 6 20x10 Radial Original 10,000
increased to Side channel
27,000 Chute 1979
31 Minidoka 4 10x12 Top seal radial 7,900 Gravity crest 1913
plus uncontrolled crest with 5-ft flashboards 99,700 total Gravity crest
32 Moon Lake 2 24x16 Radial 10,000 Chute 1938
33 Norton 3 30x36.35 Radial 94,600 Chute 1964
34 01ympus 5 20x17 Radial 21,200 Gravity crest 1949
35 Palisades 2 20x50 Radial 48,500 Tunnel 1957
36 Palmetto Bend 12 35x22.61 Radial 176,000 Chute uc
37* Patillas 3 30x33.38 Radial 79,000 Chute 1974
38 Pineview 2 12x22 Radial 10,000 Chute 1937
39 Rye Patch 2 18x17 Radial 20,000 Chute 1936
40 Scoggins 2 19x20.5 Radial 14,000 Chute 1975
41 Shadow Mountain 2 18x20 Radial 10,000 Chute 1946
42 Tiber 3 22x38 Radial 57,800 Chute
modification 1980
43 Tieton 6 65x8 Drum 38,000 Chute 1925
44* Toa Vaca 3 30x33.38 Radial 78,000 Chute 1972
45 Trenton 3 42x30 Radial 133,000 Chute 1953
46 Unity 2 24x16 Radial 10,000 Chute 1938
47 Vallecito 3 37x19 Radial 30,000 Chute 1941
48 Webster 3 33.3x39.5 Radial 138,000 Chute 1956

* Designed by WPRS for Puerto Rico Water Resources Authority.

** Designed and constructed by Bechtel.
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Table 3. - Examples of WPRS embankment dams without service spillways

Completion Total storage
Name of dam date (acre-feet) Spillway

1 Soldier Creek 1973 1,106,500 None

2 Steinaker 0S* 1961 37,200 Emergency only

3 Wasco 1959 13,100 Emergency only

4 Helena Valley 0S 1958 10,600 None

5 Haystack 0S 1957 6,600 None

6 Crescent Lake 1956 86,000 Emergency only

7 Stubblefield 1954 16,200 Emergency only

8 Vermejo No. 2 1954 2,900 Emergency only

9 Vermejo No. 13 1954 5,000 Emergency only

10 Carter Lake 0S 1952 112,200 Section of canyon
rim 2 ft lower
than dams

11 North & Dry Falls Dams 1951 1,275,000 None

(Banks Lake)

12 Jackson Gulch 0S 1949 10,000 None

13 Horsetooth Reservoir 0S 1949 151,800 250 ft of dike
4 ft lower
than embankment

14. Mary's Lake 0S 1949 900 None '

15 Wickiup 1949 187,300 Emergency with
earth plug

16 Long Lake 0S 1948 65,000 Emergency only

17 Willow Creek (Montana) 1911, 1941 32,400 Emergency only

18 Pishkun Dikes 0S 1931, 1940 46,700 None

19 Deer Flat 1908, 1938 190,000 Emergency only

20 Midview 0S 1937 5,800 Emergency only

21 Soldier Meadows 0S 1923 2,000 None

22 Reservoir A 1907, 1922 3,000 None

23 Nelson Dikes 1915, 1922 85,500 None

*0S = Offstream
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Besides Federal agencies, private consulting firms also design and con-
struct major spillways. Generally speaking, private firms follow the
aforesaid guidelines and policies with varying degrees of modifications to
satisfy the requirements of their clients. There are very few published
documents which state private firms policies on the selection of spillway
type. It appears that they are more inclined to the use of gated spillways
than Federal agencies in order to maximize the economic benefit, especially
where hydropower is a factor of concern. For example, among the 26 spillways
designed by Harza Engineering Company [6] with initital year of operation
between 1942 and 1985, only three are ungated.

CASE STUDIES OF GATED SPILLWAYS USED FOR MAJOR WPRS DAMS

The spillways for four major WPRS embankment dams have been selected

for special study and evaluation. Each dam has site specific conditions
such as hydrology, geology, topography, and hazard potential, and project
requirements that are different from the others. The four dams are:
Norton, Palmetto Bend, Bradbury, and Blue Mesa.

The study evaluates the major factors that are present at each dam and those
that were actually considered in making the spillway selection. Performance
information is also presented and a rough assessment is made of current
risks. From this assessment, suggestions are made which will enhance the
safety of these dams with respect to accommodating major floods.

Bradbury Dam

Bradbury Dam, completed in 1953, is located on the Santa Ynez River about
25 mi northwest of Santa Barbara, California. The dam was constructed as
a zoned earthfill embankment approximately 3,350 ft long and has a height
of 206 ft between dam crest and streambed elevations. The impounded
reseroir has a capacity of 210,000 acre-ft at top of active storage. The
reservoir surface area is 3,090 acres and has a length of approximately

7 mi. The reservoir is located in a broad open valley with gentle

sloping shorelines. There are several residential and commercial develop-
ments along the river downstream from the dam.
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The spillway has a gated crest with a reinforced concrete chute with four
50- by 30-ft radial gates as shown in figure 1. It has a discharge
capacity of 159,000 ft3/s. The gates are controlled by a float-operated
hydraulic automatic system with manual override. Electric power for
manual operation is supplied by commercial power with an engine generator
as a backup auxiliary power source. Twenty-four-hour attendance is
required when the spillway is in operation. The gated spillway is
capable of evacuating the top 30 ft of the reservoir or about 40 percent
of the active capacity of the reservoir. The river outlet works has a
capacity of 350 ft3/s. The Tecolote Tunnel inlet is located about 3 mi
upstream from the dam and 90 ft below the maximum conservation water
level in the reservoir. It has a nominal capacity of 100 ft3/s. This
tunnel can also be used in conjunction with the spillway and river outlet
works to evacuate the reservoir.

The inflow design flood is a rainstorm flood having a peak of 183,000 ft3/s
and a 3-day volume of 330,000 acre-ft. Reservoir drainage area is about
420 mi2.

Because of the large flood volume and the relatively small storage
capabilities, surface area of 3,090 acres at top of active storage,

a large capacity spillway was necessary. A comparable ungated spillway
using the same reservoir rise as the gated design, 10.5 ft, would have
required an uncontrolled crest length of 1,500 ft. A structure of this
magnitude would have been extremely difficult to locate at this site
because of unfavorable topography. In addition, elimination of the gated
spillway would have required the inclusion of a large outlet of reservoir
evacuation to replace the lost gated spillway capacity. Rough cost
comparisons at 1953 prices show that project cost with an ungated spillway
would be increased by approximately $3,500,000.

The automatic gate operation feature and economic considerations were the
prime factors considered when selecting the final design scheme.

For the first time since construction of the Bradbury Dam, the reservoir
was filled during the heavy storm in April 1958. While the automatic
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controls have been satisfactorily tested many times in the dry, it was
discovered that with 6 inches of water running over the gates, the
controls were inadequate for fully automatic operation. As an emergency
measure, 6,500 1b of sandbags were placed on the two hanging counter-
weights of one of the gates. The following modifications on spillway
gate controls were made after the incident:

1. Fix one control wier crest at elevation 750 ft to establish
the maximum storage level and the second weir crest at elevation
757.75 to establish the maximum surcharge level.

2. Modify the overriding feature to enable an operator to bypass the
automatic control if necessary.

3. Add a 1-ft splash plate to the top of each gate to permit full
storage at elevation 750 ft without danger of overtopping the gates.

After these modifications, gates were operated satisfactorily during the
1962, 1965, and 1969 flood releases.

Norton Dam

Norton Dam, completed in 1965, was constructed on Prairie Dog Creek
approximately 2 mi upstream from Norton, Kansas. The dam is an embank-
ment dam approximately 6,500-ft long and has a height of 101 ft between
streambed and crest elevation. The reservoir has a capacity of 136,700
acre-ft which includes an exclusive flood control pool of 100,000 acre-ft.
The reservoir, which is located in a broad open valley with gentle

sloping shorelines, has a surface area of 6,740 acres and is approximately
10 mi long.

The spillway is a gated reinforced chute with three 30- by 36.35-ft

radial gates as shown in figure 2. It has a capacity of 94,600 ft3/s.
The gates are controlled by a float-operated hydraulic automatic system

23



I1I

]
®
?

25%0%~

€ Arm-,

Wo!l plofe-~~

“re ~Fioe! guide ~Flootwent
WM’

Ll E < Mon:ghrind | € Infermedicte
l‘*' . - pror

QO e e e

. A‘“tﬁm_ﬂ?l{ﬁ%:hﬂﬂﬂ_m. . o.
B I Anchor pirdere . -« “Access shoft

SECTION C-C
Side se0/ ond gude shoe assembly

€ Arn—"’ Trunnion pia \\

\ p -Revorate

At SECTION 88 ;

~30'r 36.38"Rodigl
gote

~
¢

$

&

Leal— [

<

€ A :?
<

b {With orm rototed 1o horizontol position) \
]
- . . € Gole-, t
"""" =€ 'afermediote piers J“'ﬁ /
PLAN OF SPILLWAY .
m _l_,
SECTION O-0 e ? i mcTimuey € Flool eefl
_ 4 latermedichs plers..—--—=~===<-ae__ roed postia Sto. 655,25 -~ a
. e 1515 ond ropes for odjocent
! . s o) LR rotes not shoem
- 1 R .a"-n"Di
1 I ==z 1 S s X 40D pate
. -~
e s .Fl =2 | +ioot ropes fzseaso, oLl
Hoisting ood lowering ropest +| | 3
Mox WS EL2341.00-.,
- 1
15’052 5 of Sop of el pldtes ~1-15™0 4" 5 ot 1op of woll plotes i :
[
[~ - Battom of gote in rozed t v
T Gom poSiion, €L 233875 -~ b, b
h-t- HE
Flocd control i | ' H
Top 0'”"—\ o . '—:- 900l EL235/.60-. ; ! ---‘Tm dmﬂm j : :
Fom=—= mmmmme—m——es -~ ~ a y H ; HE
= ! ! ! Fo
: - P
! : Arc of rototios i )
. i . a5z a7----"""" (R
>»Stiophele ! | : Pl
i sappart % now ' f [ |
o ' U C
J ] bl | Th b
. $ - i t
: ] | ’ | 1 i
Sia 1507072~ }l : \ \{\ H
B 1 1 ] 1
Weided ! | . : 1 - e b
t S < ot NG 1§
\ [ i ]
e | Jova g s /N\
| ¢ f 5; i y | stnsletos ; i E
B ¢ | &
. ™ s, B 2308 962 i i i ;
! = 1 L ' !
\ _ o H ' |- SBCTION A-A ! :
1 Side seor M:;lliw caq --.«i--{ur-- SRR '
. . E12300.30--_ '
Lo s - il et . =
(Y i ! i raw’ ¥,
- Ty = b B £ vgase . R Wi
N 22 ] ! NoTes ol W S
Mase mmmmmeeooe T oo - - gec- po—a| Tdvee gates reqaornd. ro st 4 A
I ~e gl Boliors f’_'_ﬂ’“““‘“i:"’ hiton o et ploks * For insioltion egtes see D 452-0-209 :] . ""‘%\; ;:';"O‘ ";‘ b“;""“m
| | a 5 Hood | SPILLWAY - GATE STRUCTURE
! [ T Aachor 30°z 36.33° RADIAL GATE
l = { | , INSTALLATION
i . i }, ! R BETAIL E

Bottom seo! vssertly -

v T e s —aee

UPSTREAN ELEVAT(DN. ;zﬂ, . ¢ <
CTNVER Pt Lo N 492-y cuo

—~3a

————

Figure 2. - Norton Dam Spillway

24



with manual override. The river outlet has a capacity of 330 ft3/s.
The dam will be attended on a 24-hour basis whenever more than one-half
of the exclusive flood control capacity is filled.

The inflow design flow is the result of a rainstorm on a drainage

area of 712 mi2. The flood has a peak of 172,000 ft3/s and a 4-day
volume of 284,800 acre-ft. Due to high cost of right-of-way and relo-
cating of a railroad track, it was desirable to limit the maximum water
surface elevation of the reservoir as much as practical. Approximately
8 mi of track relocation was needed for construction of the dam as
designed. Any higher water surface would have required additional track
construction. In addition, the railroad company was concerned about
exceeding the maximum feasible grade for the track as designed. Any
increase in water surface elevation would have compounded the problems
associated with the railroad relocation. A comparable ungated spillway
would have required an uncontrolled crest length of 660 ft.

Elimination of the gated spillway would have required the inclusions

of a large flood control outlet. Rough cost comparisons at mid-1965
prices show that project cost with an ungated spillway would be approxi-
mately $9,300,000 while the cost for construction of the project as
designed was $5,700,000. To store the inflow design flood without the
use of any spillway would have required approximately 30 ft additional
height to the embankment. This is unacceptable in view of the maximum
feasible railroad grade and the high cost of right-of-way.

The automatic gate operation features and the inclusion of a large
flood control pool, along with the economic considerations, were prime

factors used when selecting the final design scheme.

Periodic inspections of the spillway and gates indicate that they are all
in excellent operational condition.
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Blue Mesa Dam

Blue Mesa Dam, completed in 1966, was constructed on the Gunnison River
approximately 30 miles downstream from Gunnison, Colorado. Blue Mesa Dam
is a rolled earth embankment approximately 770 ft long and has a height
of 340 ft between streambed and crest elevations. A powerplant with a
capacity of 60,000 kW is located approximately 800 ft downstream of the
dam centerline in the river channel. The primary purposes of the project
are hydroelectric power generation and flood control. Except for the
downstream Morrow Point and Crystal Reservoirs, there are no developments
in the rugged canyon for many miles.

The reservoir is located in a broad open basin with steep canyon walls on

the left side and generally gentle slopes on the right side. The reser-

voir has a total storage capacity of 941,000 acre-ft, of which 748,000 acre-ft
is used as joint use storage. The reservoir surface area at top of

active storage is 9,200 acres and has a length of about 26 mi.

The maximum water surface was limited because of environmental considera-
tions, specifically the inundation of prime resort developments between
the reservoir headwaters and the city of Gunnison and the worsening
effects of river ice jams due to reservoir backwater. Extension and
relocation of a U.S. highway and a railroad were required.

The inflow design flood is a snowmelt flow with a peak of 38,800 ft3/s,
a 60-day volume of 2,477,000 acre-ft, and a 30-day volume of 1,737,000 acre-ft.

The spillway is a gated concrete lined tunnel with two 25- by 33.5-ft
radial gates as shown in figure 3. It has a capacity of 33,700 ft3/s.
This capacity combined with the river outlet capacity of 5,100 ft3/s is
capable of passing the peak of the inflow design flood thus resulting in
no surcharge storage. The gate controls do not have automatic operating
features. In case of power failure, one turbine unit of the powerplant
shall be started to provide power for operating the gates. The gate can
be operated manually at the dam or can be operated remotely at the
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Montrose Control Center where reservoir water surface and gate openings
data are telemetered. In addition, an alarm system was included in the
designs to alert operators should a sudden reservoir rise go unnoticed.
Spillway gates are protected against ice formation by an automatic ice
prevention system.

The topographic setting of Blue Mesa Dam severely limited the designer
options for selection of spillway types. Although the reservoir storage
capacity is large, the volume of the flood is such that storage of the
flood is not practical. The narrow and deep canyon walls that make up
the dam abutments dictated that tunneling was the only option for a
conveyance system. An economic comparison was made between the existing
gated tunnel spillway and an uncontrolled morning glory entrance tunnel
spillway. The cost increase using the ungated plan, including 9.5 ft
increase in dam height, came to approximately $3,000,000.

The large joint use reservoir pool along with the gated spillway afford
excellent reservoir operation flexibility for accommodating snowmelt
floods and for providing flood control benefits. Since the safe channel
capacity below the series of dams is 15,000 ft3/s, controlling of large
floods are of great value.

Prime factors considered in the selection of final designs included the
limitation on maximum water surface elevation, the topographic setting of
the damsite, the project purpose of hydroelectric power generation and
flood control, and the economic advantages.

The spillway discharged for several days during June and July of 1970
with maximum discharge reaching 3,500 ft3/s. The gates were operated
satisfactorily. Some minor damages on the tunnel during the flood
release were repaired.

Palmetto Bend Dam

Palmetto Bend dam is currently being constructed on the Navidad River
about 7 mi south of Edna, Texas, and approximately 15 mi inland from
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the Gulf of Mexico. There are no residential or commercial developments
between the dam and the gulf. The embankment dam is approximately 8 mi
long and has a height of 55 ft between streambed and crest elevations.
The impounded reservoir has a capacity of 170,300 acre-ft at top of
active storage, elevation 44. The reservoir surface area is 10,370 acres
and has a length of about 35 mi. Topographic considerations 1limit the

maximum reservoir water surface at this site to an elevation of about
47.0

The spillway is a gated, reinforced concrete chute with twelve 35- by
22.61-ft radial gates as shown in figure 4. The capacity of the spillway
is 176,000 ft3/s. The gate controls are float operated electric
automatic with manual override. The energy source is from a commercial
powerline with two engine generators as backup.

The inflow design flood is a rainstorm flood having a peak of 193,000 ft3/s
and a 10-day volume of 770,000 acre-ft. Because of the limited surcharge
height, 3 ft, and the large volume of the flood compared to the reservoir
capacity, it was necessary that the spillway have sufficient discharge
capacity to pass approximately the flood peak. These constraints dictated
the use of a gated spillway.

A comparable ungated spillway would have required a crest length of
9,500 ft which could not be economically justified nor would such a
design be practicable. In addition, the gated spillway is capable of
evacuating the top 50 percent of the reservoir. If an ungated spillway
were used in the designs, a much larger river outlet would have been
needed.

Topographic limitation at the damsite, reservoir evacuating capability,

and economic advantages were the prime factors considered in the final
selection of spillway type for the Palmetto Bend Dam.

29



W Ranndtoe Lo r,
roraie of repeeed 1 i
W poa Arecied -
o Lenr 5™ erca & be o T D g- ®
-0 — . Brevard by tomrecior f §. ;,_4‘.,
)"’n o — -Tc «f::v-mu‘lmﬂed gLy 1.]}-! § g
se-p - rested T T & H
o a-0e atr-0 50 * Sewtre tocll § pg
- - St rye0am s
7 Porets ot 48-0 = 333-0 J/‘ :", :”. Ste gee Sfo. 290 0250 ™ 5 .
nofondac it o dAneantanon fe AnNAnSannan\anane Y :: 1.5 o / !;{( Kortrg pcty = s
; 800 ‘ H &
‘ B : - :! :: ’-\ % -~ ] vs
e - it o Sk provrctcy i I 38 mi"is e ster poty ¥ ]
N Rt nooln oo oo : P St e 8 >
o~ - ' ety F S I RN B f
{ioSeleiinislalinliEsinlaka ~inno 8B, STR&E LY o ] b D1 o i
8 H e m, / " i K\‘i-‘ ;E; i llll -l Z\ PR H 2 R
. T gt gngryng 2 L ] ] b St Mgl r e vob e =y ™o
p'b"\m il MR B i et 3 s S S (R Vc ~ A A S R D : " T."::‘j-\i_: x.‘z <., - $PILLOAT DISCAPOL B TROUSAND CEA
00 410 <IN ’ ' 4 — DISCHARGE - TAILWATER CURVES
N IS SR AR R A tgr A ¥ Lot i :: i i ! : ; Y A
4v~f:,9_J_._.,.1 - Ludy S5, 2T+ 500 i L ™ N ! —_—
Yu¥) O} ; ————
—T T T 277337387 —y{——r T L. gubs apd-gulnpdepiianiudie o] | ;__'
3 S L ﬁ, n0-5n8 5'-"“”""{ T T NOTES
g RIT SR o |
B TEd= root
: ¥ . ﬂzlﬁ'kmgm”:?ﬂ A‘ _______ _l_’_ ____________________________________________ —~ DETAIL OF FOOTING FOR fﬁmﬁﬁmﬁcyﬁnfq@“wmp- . caf
S O A ‘ﬁ‘T‘L‘ITT LIGHTNG POLE ol gt preled < sion, s
q m g =3 15 of the spuls g autirt .
i n e L e ) SECTIOR e-9 u':muamrw e:n;g.uu-n?ntq'
1 1 o o (4 D embonsaent 200wt ond @ B o gofin
H \ B ! muz 73 Is2i 7 Brcss cormope o, or¢ {ginel from oo ST, 130+ &0 0 Do 1 133+ 58,
At b . TELTTEAY T L T By e
[ ' . e -5, . i
: . Hoat gect & M=y /L Surtoce of cxcre Fvon stow o g septie 3ip [=] infccty brbw
+ > £ Mars? arch, Sta. 28+ 7LOS breiga, a5t shoxe P Py foon 559 bt
S—-sax Sa 248003 B Y ; S provectan SOV oot sierotin of rebprode surfoee,
S st eatD~ ! Sta 250 PO~y Sta 2eesers f-‘ = L& -
. : malhe
z REASURELIENT POINT DETAIL
¢ ] .
&
.
(I
Boo ~ 2] SEcTION E£-2 REFERENCE DRATINGS
. . 20 Tocst=.a DNLLEAY ACD OUTLET wokeS
o PEp— - L o -
25¢0 5% 29+ 2503 s
Eﬁ‘;":nm g : et
— i v v Sl Lo Aie il
Jo PLAON 7 B -0
2 ? . _ 2 . ' torecies
TeAT o FREY - . SECTION C-C k_,nux'ﬂu '-onc__j
- £ -
- - Mmm ‘o
o - bl
. E“ —
. ) T e e ——— T s N
t= b2 ey . rmowm ' M/ .
-] - ——— 2 S o
P — et - ‘ {tortes wrpad g - — 1 ] -2 ®
s /’"ffrqdmaw—-—-\ haind ke ~ {“m ) 1o 71?“7’[” ’
- R ;- - naw \ | ~onm : g v fe RGO 1Y) T t _-! bt g
T S T i - =~ | i ]
¥ mrar ! pee Z ol i S T H H " % D -
g WS o 'E == = |RH . S AL A% T sPiiloar
: e el e = R ik ke et se ous \3 . 5 - a4
B s oy e e T T e T ST TR T S A _ﬁ":dv 1 | R il . LLA8 AN0 SECTH
3 a-u’.u:’wm ) . i . .
.. \wyﬁdz@‘ - - . - o " .
e N et gty B B -39 - - .
CLEVA TIon 4-a - ) S8ECTION D'D. )
s

30

.Figure 4;

- Palmetto Bend Dam Spi]iﬁayi

..,..



GENERAL ASSESSMENT OF RISKS

Detailed case studies of the Bradbury, Norton, Blue Mesa, and Palmetto Bend
Dams concluded that the logical choice to achieve project objectives under
the given site specific conditions and economic constraints was to use gated
spillways.

The primary concern of using gated spillways is the risk involved. For
embankment dams with small reservoir storage capacity relative to the flood
volume located above residential or commercial developments, the Service
generally prefers the use of ungated spillways provided that site specific
conditions permit. If gated spillways are needed for site specific reasons,
it is the Service's policy that redundant or auxiliary devices be built in
the design and operation of gated spillways.

Among the four case studies made in this report, Bradbury Dam is the only
one with several residential and commercial developments along the river
downstream from the dam. Bradbury Dam is also the one with small reservoir
storage surcharge capacity (33,900 acre-ft) relative to the inflow design
flood with a 3-day volume of 330,000 acre-ft. Consequently, special attentions
were given to the design of Bradbury Dam on its evacuation capacity and the
auxiliary or redundant devices to operate the gates. The gated spillways
can evacuate 40 percent of the active reservoir capacity. The river outlet
works and the Tecolate Tunnel have a combined capacity of 450 ft3/s for
reservoir evacuation. The gates are equipped with hydraulic automatic
system with manual override. Electric power is supplied by commercial power
with a backup engine generator. In addition to these redundant and safety
features, 24-hour attendance is required when the spillway is in operation.
Periodic inspection, tests, and improvements have been made on the Bradbury
Dam to insure that gates are in excellent operational condition. The design,
operation, and maintenance procedures used by the Service have significantly
reduced the risks of using gated spillways for the Bradbury Dam. Similar
procedures were used to reduce the risks for the Norton, Blue Mesa, and
Palmetto Bend Dams. The risks involved in using gated spillways in these
four cases are considered acceptable.
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SUMMARY AND CONCLUSIONS

Selection of type of crest control for spillways is a complex matter. It
requires a comprehensive understanding of factors which should be considered,
advantages and disadvantages of using different types of spillways and

gates, and current practice accepted by major agencies and firms with dam
design and construction responsibilities. Information and analyses given in
this report are general in nature. Case studies on four Service dams are
used to illustrate certain types of crest control for spillways which were
selected by the WPRS. Several conclusions can be drawn with respect to
selection of type of crest control for spillways. The most significant of
these conclusions follow:

1. A comprehensive analysis and evaluation of the geologic and topo-
graphic conditions, hydraulic and hydrologic factors, project objectives
and flexibility requirements, hazard potential, operation and maintenance,
and economics should be done before the selection on spillway type is
made. The minimum requirement for a spillway is that it can be safely

and economically constructed under the given geologic and topographic
conditions to pass the inflow design flood. It should be emphasized that
safety of the dam is a primary consideration that must not be compromised
to reach other objectives.

2. Factors considered in the selection of the appropriate type of
spillway should also be considered in the selection of the most suitable
type of crest control and whether the crest should be gated or ungated.
With respect to gated, special considerations should be given to the
geometry of crest structure, hoisting equipment, potential operation
problems, the need for backup systems, and the economic comparison of
gated and ungated spillways in terms of the total cost.

3. Design simplicity, ease and flexibility of control, and operating
reliability are important factors which should be considered in the
design and selection of spillway gates and hoists. To increase the
operating reliability, consideration should be given to backup power
supply, hydraulic float operation, and automation.
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4. Advantages of using ungated spillways include their ability to pass a
given inflow design flood with a lower maximum rate of discharge and a
lower rate of discharge increase than gated spillways, basically free from
operation and maintenance problems, and higher degree of safety and
reliability. The disadvantages include the requirements of higher
surcharge elevation, larger storage volume and longer spillway crest to
pass a given inflow design flood, the lack of ability to provide emergency
evacuation from the critical upper reservoir level, the lack of flexibility
in the reservoir operation (especially for multiobjective reservoirs),

and the inability to accommodate a given inflow design flood without
surcharge or without exceeding a restricted maximum allowable reservation
water surface elevation.

5. Advantages of using gated spillways include their ability to pass a
given peak discharge with lower surcharge elevation; smaller storage
volume and shorter spillway crest length; the ability to provide rapid
drawdown from the top of the gate to spillway crest for emergency evacu-
ation, flexibility in reservoir operation, especially for hydropower,
flood control, or other multiobjective reservoirs; and the flexibility
afforded in maximizing the overall economic benefits of a multiobjective
reservoir.

The disadvantages include higher rate of release and higher rate of
discharge increase than ungated spillways for a given inflow design
flood, the need for regular maintenance and constant attendance and
regulation of control device, higher maintenance and replacement costs,
the need for more hydrologic data in flood forecasting to ensure proper
and effective gate operation, and higher hazard potential associated with
improper maintenance and operation of a gated spillway.

6. Wherever a dam is built upstream from a population center and a short
flood concentration time is combined with reservoir storage capacity that
is small relative to the flood volume, ungated spillways are generally
preferred if they are economically feasible. Wherever operational
flexibility is combined with limitations on spillway crest length and
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surcharge elevation, gated spillways are generally preferred. In cases
where gated spillways may have some economic benefits over ungated
spillways, the selection should not be at the expense of safety especially
for an embankment dam constructed above a populated community.

7. Wherever gated spillways are used, they should be designed, insofar
as practicable, so that peak rates of reservoir release during damaging
floods do not exceed peak rates of the corresponding floods before the
construction of the reservoir. In addition, the rates of increase in
reservoir releases should be limited to values that would not constitute
a major hazard to downstream intere§ts.

8. A more cautious approach to crest control is needed for embankment
dams than for concrete dams. Concrete dams can be overtopped in many
instances without damage to the dam or its foundation. Such is rarely
the case for embankment dams.

9. There are no standardized step-by-step procedures to follow in the
selection of type of crest control for spillways. Careful, systematic,
and comprehensive evaluation and assessment of all pertinent factors and
the advantages and disadvantages of different feasible choices based on
site specific factors and limitations should be done before the final
selection is made.

RECOMMENDATIONS

The purpose of this report is to provide general information on selection of
the types of spillway crest control that are suitable for site specific
conditions, and to assess the various factors that are important to making

such a selection. Particular attention is focused on gating of spillways

for embankment dams weighing the advantages and disadvantages. The recom-
mendations that follow are in keeping with the limited purpose of the
report:



1. Guidelines for selection of spillway type and spillway crest control
should be prepared for use by the Division of Design in order that a
systematic and comprehensive evaluation and assessment will be uniformly

applied to all spillways with appropriate consideration given to dam
safety.

2. WPRS policy on means for controlling spillway releases should be
flexible enough to accommodate the many site specific factors that
should be weighed for each dam and reservoir.
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Statement of Problem. - By memorandum dated April 1k, 1971, concern-
ing the sudject "Criteria for Automation of Spillway Gates" the
Chief, Division of Design, assigned this Design Research Team the.
following problea:

Develop criteria for use by Bureau of Reclemation designers in-
determining the need for automatic controls for spillway gates
on reservoirs impounded by earth and concrete storage dams with
and without allocated flood control space, the selection of
type of controls, limitations on rise in reservoir water surface
"~ to actuate the conirols znd the rise in reservoir water surface
to fully open the gates, arriving at the meximum reservoir water
surface elcvaulon to be documented, and the guidelines for
determining freeboard. Develop a means of evaluating the relia-
bility of forecasting snowmelt runoff and rainfloods, the relia-
. bility of the power source, accessibility, cost, and other
factors which may influence the omission of automatic controls.

The Design Research Team consisted of the folléwing zembers:

Garry H. Austin - Hydraulic Structures Branch
. Janes Legas - Hydraulic Structures Branch
Ernest A. Lincholm - Hydraulic Strugctures Braach
John G. Starbuck - Hydraulic Structures Branch - Manager
Lewis M. Stimson Hydraulic Structures Branch
Victor E. Smith Mechanical Branch

The problem as stated indicated the need for criteria for the use of
automatic spillway gates where a gated spillway is required. " As our
study progressed, it became aprarent that hard and fast rules for
criteria could not be determined. The need for automatiz controls
must be studied on its own merits for each project.

The study of this problem was made during April, May, and June 19T1l.
During this time the team held eight meetings 2 hours in length and
discussed automatic spillwzy gates and controls with the following
Bureau of Reclamation employees: . '
Paul L. Anna ~ Electrical Branch
. Merlin D. Copen - Hydraulic Structures Branch
Donald A. Gray - Water O&M
Peter k. Hanson = Power 0&M
Lyle M. Johnstone - Power 0&{
‘Fred D. Reed - Hydraulic Structures Branch
Edwerd A. Serfozo - Electrical Branch )
Fred C. Walker - Hydraulic Structures Branch




- Correspondence S : .

Jiterature Search

In an effort to obtain more information on the problem for Automation
of Spillwey Gates the Bureau library was researched for engineering
references, but information directly related to the problem was not
found. The information that was found was of such a general nature
that it could not be used.

The research team reviewsd the 1958 Abstract ititled "Automatic

Spillway Gate Control Questionnaire."

Correspondence was received from the Pacific Gas and-Electric Company
vwhich elaborated on the use of local automatic controlj; this is
discussed later.

Considerations Determining Use of Autometic Spillway Gates

A. - Automatic Controls on Soillway Gates

l. Earth Dams. - Automatic Controls mey be needed primarily for
safety conditions to insure against overtorping end resulting
failure. Actuzl need should be determined tased on consideration
of degree of attendance, reliability of cormunications, location
of dam on the watershned, existence of upstrezm control features,
custody of the structure and consequences of resulting damage or
failure,

a&. With allocated flood space. — Allocated flood space is
normally established by the U.S. Corps of Engineers, both as
‘to volume and method of release while the reservoir water
surface is within this flood space. These controlled releases
are used to lower the floodwater at some downstream location
or to limit releases to safe channel capacity.

These controlled releases require operative attention whether
locel or remote. Since this control must be available until
the flood pool is filled, it is assimed that similar control
is available after the pool is filled. Automatic controls for
the spillway gates might be eliminated in this case.

b. Witnout allocated flood space. - Releases become a matter
of making certain that outflow does 1ot exceed inflow, and
contro. of the reservoir water surface and maintenance of
freeboard become important. . Automatic controls are of greater:
importaace for this case.
2. Concrete Dams. - The need for automatic spillway gz2tes on concrete
dems is not the same problem as it is on earth dams. When concrete



‘dems are overtopped failure of the dam usually does not occur.

However, the designers must consider damege or failure of appur- -
tenances located at the toe of the structure. Automatic spillway
gates usually are not required.

Tyves of Controls

/ Two general tyvpes of controls ere available: ﬁ&drahiic and electric.
Electric control may be further divided into local and supervisory.
Supervisory control is remote - manual. :

o

C.

l. Limitation of reservoir rise to actuate gates. - This depends
on the individual situation. As a general guide a minimum of

2 feet of reservoir rise is usually required for reliable full
cycle opening operation. . This minimum interval will usually

-minimize the effects of wind upset. For the smeller gates it

allows a reasonable ratio of gate opening to reservoir size for
hydraulic systems and a reasonable arrangement of probe settings
for electric automatic systems.

a. Water surface to actuate controls. - The actuating
mechanism should be ready to operate. when the reservoir
wafter surface reaches the top of the conservation or flood
control pool. However, a small rise in the water surface
should be required to actuate the gates. -

b. Water surface to fully open the gates, - This is an
economic design problem involving the rate of reservoir rise,
height of gates and the cost of dam height. The gates must
not be too sensitive to small reservoir rises. They must be
sensitive enough to rise when speed is reguired. A rate of
5-foot gate rise to l-foot reservoir rise is common. Gates
50 feet high would require a reservoir rise of about 7 feet
. before the upper nappe would clear the gate bottom. This

T-foot added height of dam might be prohibitive in cost.

Freeboard Guidelines

l. Concrete Dams. - The crest of the dam is usually set at the
maximum water surface, with a solid concrete upstream paranet
prov1d1ng protection against wave action.

2. Earth Dazms. - Current general practice is to have 6 feet of
freeboard on a surcharged reservoir or 8 feet of freeboard above

‘the conservation pool without surcharge; these are satisfactory

under normal circumstances. Freeboard criteriz should also con-
sider wind :Jetch. Under the safety of dams program it has been

considered proper to reduce the freeboard for an existing dam to
as little as b feet, providing the top of the dam is sound and to
grade. Tre reduction in freeboard results from'a recvaluation of
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freeboard should not be considered adeguate for the design of
pnew daas. :

...... oo te teewoes e . tee  eeessee cesses

BEvaluating and Reliability of Forecasting Punoff

1. Snowmelt. - Runoff from snowmelt can be forecast depending

on the size of the watershed, number of observation stations

and length of records with reasonable reliabvility as far as

total volume is concernsd. Howesver, the intensity or concentra-
tion is subject to a wide range of variation because of possi-
bility of unseasonably warm weather, rain, wind, 'and rain on snow.

2. Rainfall. - Forecasting is not reliable because cloudbursts
and flash flooding may give insufficient time to take action, and
damaging storms in remote areas may not be xnown.

: .E. Factors Influencins the Reguirement for Automatic Controls and
)/ ] Types of Autcomztic Controls

/ 1. Power source. - A reliazble source of power is required for

' electric automztic controls. A dem with a powerplant is often
considered to have a reliable source of power. Engine generators
can supplement an unreliable source of power.

,
-,

b

2. Attendance and zccessibility. - If attendants are available,
they will operate the gates and autometic ccntrols are not reguired.
If attendants are not available the spillway gztes should have
automatic or supervisory control. With the greater eamphasis now
being given to unattendsd dams, the use of automatic gates nust ve

given thorough consideration especially if accessibility is poor.

(

3. Cost. = Not only the initial but the 0&1 costs must be con-
sidered when deciding whether to automate and what type of auto-
mation.to use. Where the final features are unknown, it may be
necessary to increase reconnaissance or feasibility estimates.

4, Others. - Reliable supervisory controls offer another alternative
to the use of automatic controls. Methods of signal transmittal are:

.

a. Leased telephone‘lines.
b. iUHF radio.

c. Cables.

d. Bureau-owned telephone lines. .

€. The designer should know the advaniteces and disadvanteges
o of each.
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/‘Automatic spillway getes usually will not be required on reservoirs
.n alloceted flood space or where major upstream storage structures
//,,vide controlled releases., v

g. The decision to provide or omit automatic spillway getes on head-
vater storage structures should be based on the following considerations:

2. Attendance

3. Accessibility and communlcatlons

h.. Custody of structures and degree of control-and maintenance
of automatic system :

5. Consequences of overtopping

6. Reliability of forecasting

1. Rapidity of inflovw and time avallable for operation

F. The type of control selected should be based on the degree of
.reliability required. Hydraulic controls are considered to-be the
most reliable. Some conditions for power supply might allow a close
epproech in relisbility of electrical controls.

I}
{

G. Usually automatic spillway gates are not required on concrete dams.

e H. Water 0&M should update and disseminate the data contained in the
{\/ . 1958 survey "Automatic Spillway Gate Control Questionnaire.”
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/Criteria of Other Aszencies

1. Governmént. -~ The Bureau of Reclamation apperently is the only
Governnent agency that is a major user of automatic spillway gate
controls. This is the result of building major storage structures
near the heaiwaters of drainage systems, allowing.economics to
control the choice of gated versus free overflow structures and a
policy of reducing operational staffing to a minimum.

2. - Private. -~ PGZE uses automatic spillway gates for local auto-
matic control that respond a2t preset reservoir levels and are
sequential in operation. They are also used in backup for the
supervisory in the event of control or microwave failures. PG&E
reports that vandalism has become crltlcal in their automatlc
systems’ operation.

Considerations for Desizn and Overation

l. Plenning. - Definite determinztion relative to project operation
should be made in the planning stage and be included in the design
data as to the staffing and project overation. This should be in
the earliest plannirng stage practicable and a definite commitment
made no later than in specifications design data. Inccming design
data should be reviewed by Regional Director's staff for statements
regarding the adequacy and the provosed method of operation. Data
should be projected into the future to determine whether the method
of operation will remain stable.

2. Operating hydrology. -~ Hydrologists must give and perform the best
forecasting techniques relative to flood and reservoir operation.

3. Operation and meintenance. - Instructions on operation and main-
tenance of automatic gates should be stated in such a way that they
are readily understcod. The competency of the operating and main-
tenance personnel should be subject to review.

Recommendations and Conclusions

A. No arbitrary rule can be made to omit or include auntomatic spillway
gates. The designers, in cooperation with the Project, Regicn, and 0&4
forces, should be given the task of deciding the solution for each
structure. -

B. Definite determination relative to project operation should be made
in the planning stage and be included in the design data. This should be
made in the carliest planning stage and a definite commitment mads in the
specifications design data. . :

C. Automatic spillway gate controls generally will not be required for
eerth dems where a no:erplant or rroject opereting headquarters provide
a 2U-hour watch or another high degreec of attendence.



Vanlt ] ) ' s

/ // autemetic spillway getes usually will not be reguired on reservoirs
' oin gllocated flood space or where major upstreem storage structures
/ av1de controlled releases.

z The decision to provide or omit automatlc spillway gates on head-

o

vater storage structures should be based on the following considerations:

1. Rapidity of inflow and time avallable for operation

2. Attendance - .

3. Accessibility and cozmunlcatlons

4. Custody of structures end dsgree of control-end maintenance
of automatic system :

5. Consequences of overtopping

6. Reliability of forecasting

F. The type of control selected should be hased on the degree of
.reliability required.  Hydraulic controls are considered to-be the
most reliable. Some conditions for power supply might allow a close
approach in reliability of electrical controls.

G. Usually automatic spillway gates are not required on concrete dams.

- H. Water O&M should update and disseminate the data contained in the
\:) . 1958 survey "Autcmatic Spillway CGate Conircl Questicnnaire.” :



APPENDIX C
Memorandum - Proposed Alternations to the
Control System at Bradbury (Cachuma) Dam,

Cachuma Project

39



Frn DEC-11 _

-5%)

—

'INFORMATIORAL ROUTIHG R

iurcou of Rccimuut)on , A .l ’ R ) I ) . '

(W

[ . e, . o — ———— ahes e ——

Worcrandi ' - : . Denver, Colorzdo

1 43
p:‘

Caiﬂ" esigaing Bagincer L - Januery 8,7 X959————

C‘““..‘, Mochanfeal Branclz | L 0 Lot T T T

-

- . L. ’ ’ " ‘
s Propesed zlferations to the co*rhrol system for the four 50- by~~~ ————-
- 20-T'00t cutonntic ;lo.z“-cpcratcd .,pm";ay rar.ial gatcs at . | . :
- Coclnma n....*“——Cchu...a Project . ) [T T
- Purmose of This Momorandwa | . o+ L e, L o0 : "—_ ——————— --
- As a xreosult of tnc fnictnloxs &u:n for Files .,,,r T. A. Pom_‘e‘_‘f —————————

dated June 3, 1558 (refcrence 2 be lc'r), the task of anzlyzing | AUTHOR
- the .u.uue et control srysten was assigned to Re. W Fowler of thiz~~—~"~—--~-—

. brawoch. Scae dangercus features were discovered, and corrective
Zeasures oxe recoiziendad, : E

GPO 845867

. Referencea . e ;,' ~ SREAR

. . -

"1, Merorsnduwa of Moy 13, 1953, "Pesting of s—».nm.; Cates--
Cechld"..“.!. van," from Field .,ag_uee; ) Q.c.rmm Branch to C'1ie:.,
Coas’:.ru tioa Division. S e

.2, emorendua for Filcs a:rLed Jx.ne 3, .'1.953 'b] T, A,

Polley, Region 2. L . .

..

3. Letier of Noverber 13 58 fron Assistant Commissioner

. to Regionzl Director, c.,.‘tc.:ar.:;; instructiorns fer ox...ru:bion
dzrou{;n the 19,\3-,9 :ﬁo.,.. s2as3n.

b, cho*t b; ke Area IDagireer, Dur?.n,_,o , Coloralo,

re~'=*'u:r.-1" cperation of Vallecito Reservoir, July 2+ through

J- iy 2” l,),, with 'raasmittcl let cer date d Iagust 15, 1957,
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- Propesed altwrationas to the coatrol system for the four 50- By~~~ ——~ -
30-1'00% eutcuatic {lozt-opzrated spillway radial gates at - |

oclizay Dom--Cachuma Project

[m-——————-

Puiacae of Thic Mamorangim . . . c, T T T T T
) s ' L) . . ' ——————————
. As a rasult of the memorandum for Files by T. A. Pollcy

CI20X
2 belcw), the task of analyzinzg ! AUTHOR

c assirmed to Re W. Fovler of this~~~~~— -~~~
CGPO 84586

the subject coatrol systonn w
branch. Scaz dzngercus features were dilscovered, and corrective

L )
meGsures are recommended.

dated Juee 3, 1553 (refercace

Referonces
i 1. Memorsnduam of Moy 13, 1953, "Testiag of Spillway Gates--
Caclusn Dan,"” from Field Ingireer, Cachuma Brench to Chief,
~Construction Division. .

N 2. lemorendum for Files dated Jure 3, 1953, by T. A.
Jo Polley, Region 2. o -

3. Ietter of Foverker 13, 1958, froa Assistent Comnissioner
- to Regionzi Dircctor, contoining instructions for oreration
Zhrovgh the 1933-59 fl.o0od s2ascn.

A - b, Report by the Area Engirnecr, Durango, Colorado,

" . “ - K - b

regaxrding oueration of Vallecito Reserveolr, suly 2¢ through
Juiy 27, 1957, with traasmittal letter datcd fugust 15, 1957.

5. . "Abstract of Autoratic Spillwsy Gate Coantrol Guestion-
naires,"” preparad by Irrigation Cperaticns Division (Table I).

: 14
The Dam ord Flood Routing Considerations

Cechnmer Tam 4s locoted in Santa Barbara County,
C2lifornia, on the Sanltz Yooz River. It was completed in 1953,
wider Specifleations No. 308%. It 1s en earthfill structure

276 feet high, having a coacmeic cpillwoy of 161,000 cefs capacity.
Tiie two 30-inch river outlet valves have & ccorblied capacity of
cbout 750 cfs at maxdimn head, and are of negligidble coascquence
in fQood roubing. The oplllwey invert is at elevotion 7T20. Tho



O " ' %op of the snillvay gates wnd e {op of the coaservation pool arc
" - ab elsvation 750. lMaximen couscrvation storzze at elevation 7H0
“is 210,000 acreo-lect, 2ad roservoir surface area ot that elevation
S i3 2 LIl more thaen 3,200 acrac. Thie dosicn f3028, Docwing o
Fu. 3535-D-332, is 183,000-cfs weal; ead the wadrmm uwistoric '

-
N fa) = - ’ . ) . < -
Fioad, Mawmeh 1930, was 43,700-cfs pezit. Anzmazl rumoff has bee:

very erratic, varying frem zero in 1843, to 473,000 A.F. in 1gki. T :
Droduzze coce 35 O sounre miles. There are coveral saall tovis L
in Tha Soats Yrez Valley desustreana frem the dofi; and the river is .

“ergsged by tae Southiern Pacivic Railrozd, U. 3. IMighwey 101, and
. othuer lesser hiphways. . - R S U

©- "Dosism 0f the auviormaile snillwzy rates - o
. Firure I, a ivechand schemztic of the control system is in- - -0 -
cludzad ian this marorondrm as on aid to understanding the design cad .
.. Gperatica ol the gobes. The desiga is deseribed es 1t woes originally
- insialled, 2nd a3 1t wos durins the spilling pericd of April 1933, es

g

e e T etter of
AT e ot Havember 13, 1533, (3) ordered that control inlet weirs bte lowerad aa
Pt e Chal the lovorriding feature of the koist clutch be eliminated Tor
L. omerddion throush the 1950-59 floed season. These are the only
: Teabures that now differ from the Cescription which follows):

.- roported by M. Polley (2). (The Assistaont Commissioner's
<

[=]]

s - -

There ere four 56- by 30-foot radial gotes having canti-
e lever mounted counterweighis. Tahe gates are hoisted in the usual
wey by wire ropes attacked to the upstreza skin plates. -

. A 3-hersepover, 2 foot per minute electric haist is pro- 7

- viQod for aceh gabe Lo supplement the rormel float onerztios, SRR
o+ @riving through ea overrwaadng cluteh co that float cperatica will R
- elweys tele over €0 raise the gate if the reservoir rises cbove . 1

. ‘@& predsiernined level. A T-1/2-kilowatt gecerator, powered by a
- pasoline caglie, is provided for standby electric power supply

R L =1 C L A
S to the holst moterss.

C et

"o floats oxe conmected by wire ropes %o the hoist of

- , . e

i each gate, one at each side, weishing a totul of 37,000 pounds and
.7+ hovlag e cozbined busyancy of 4,180 pounds per foot of gubmeryence. ... .
.o . Dach flozt 45 9 feet 1-imch high. ool PTTEE B

o 7ot - Tyo concrete countervelghts ere atteched by vwire ropes to
A - T'the holst of each gate to assict the electrie holst or the floots

- .. .. .. - in ralsing the gata. Total weizht of the two counterveishts is
- 7. 40,000 pouwada. L F S

L g e
S .

- - . - The {lecat wells of &1l four gates cre interconnccted by &
L -39-incil header 59 thai, ITriction and operating Lorces teing the
e camn, the pates would theoratlically omerat: in uniszon. Water s
Ce o aduddted to the fleot sycieu whean the rescrvolr overflows either
/“) - o twd 3T-inch diwnoter weirs located in the abutmonts edjaceat +o
\ P the spillwvay, and flows out of the system through two 3-inch squrxe

. - -7
’ . . LN . o . ot

e e o e e e . et e aa s - e e s e . - ——
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{:‘\ R ‘maboring o"i.u..c =3 "o"f‘tcd in 1 "1c vary botbton of the system., IT
o o Laviow over tha o atroiling wolrs cxceeds outlflow from the:

. oxificas, waber will rise io the floatiwells and the gates will
2 - ~

-~

Jeeva I .:‘..c cozning dirasiion, C""-"*“"l;;, if wrflor is los

Lo oani.'.o“ 5 the gstes will ziove in the clesing directica. Tae

-‘

risht Inded welr is sittaciiod Lo the holst of the ri"‘ nte, snd
- the left zn;.e— vielr Lo .,-x»* hoist 67 the left rate, by 3/16-inch
“wire ropes. When the rizht or le gate is 1‘3.L..,cu., the o
ooy ﬁ':.-:l:f_“g; -.n-.-*f r is raised also.- about L/4 as much as tnc rate,
©. - thas Gooreasing $he Inilow of x.c:'ue and axresting upward moticn of
the gates. Since the welr movemant is 3/% that of the gates s &n
nerease of O feeb ino: **Tﬂvw“ level is-roquired to ralse the o
gotes the fvll 39 fe=t. iginzd instructions called fox t.‘nc- ri;h“c R
. ini=2t welir €O be set &b eleva "'"O_. 750232 and the left inlets wailr
: ab. elovetion 758.9; and Tor the nzin caatllever comberveizlits %
. ve adjusted so the &y gules would begia %o r.:.se wlth Tloz=tis abew

. 1217 swomerged. . Thiz was Gone :1' .;:‘,' 3."5.» \:L;. (l) )

R . . . "y R

U Follewing is a trier and clrplified sumai y cf the 1 fy 13,

. 3953 Tield tesh reyort and of Mr. Polley's report.of the tests of Anril O
Cemd 15-316, 1653. Por the pirrose of .»:L,r’)lii'l stica, only Cate Fo. % :
: - 8z%a wAd Te "o-_:::;.a, che informeticn In Mo, "olley‘s r'_pcr’c bcin:;'
{!} S '--“r;- ccu..le’ue- ’Chu"" I‘ce- BRI SR PR
et AR 1. T the '-‘J::r te's‘as ‘of M= 953, tne ﬂoc.t submer ence 1o
‘ cin raizizg the gatec was e.’.:o-:'c. ko1/2 feet, ol 1 c;ate "e.q"' vod
‘-‘*f- 'a'“b 1.:.0..1. sebmarsence at 4.61 I‘eet. T e
AR ; 2. Aprid B, 1953, with ”1' 8 ‘c of vater s;,and:LA" sainst
oL tthe gates, the ::o.c;u‘ zd flcat submsrgence 10 bezin hoisting was
C w0 ghoub 3 Peedh more than fcv* "-e ary gotes. 1t waz 7.93 reet for - .
. s Hoe A gabe. 'T"“"s the reg “e:l rope p.u_:. wes 12 1;00 pounds greater
Ty fhen for the ¢ J’ (,..i,-. S e e T :

T B E*- .ﬂmll ’5, tﬁ‘ reservolr had risen to elevation 750.6,
: over‘:,opp_ o tiwe getes O. G foot, cad.the floats failed. to r'n.:.. any.
ol tte Tour gates. .,1\_..:. ﬁOu'bS were cor.mle tely ..ubmcrced.

Y

b, '.fmril 16, 1953. I’oist co*mton.elc,"xt of Gate No. 1: was

-
0 [¢] .

reased 5, GG pounds.’ Then, with 0.6 oot of water overiopring
tho gebe, flozt sutmergence to begin hoistiug wasz 8.6% fect; or,
the rope p*:_}J. was r_O,qu r.-o-n‘c:s (:2: ate T th-n i‘o*' he d:ry c.'z..s..

5. %hlle on 1loa ¢o: 1"**01 tha cu..:ca huntcd. col tinually,
) evout 0.4 foot , which produced a ragped flew chext on the dowa-
- strean reeoxder, ond made It diffisult to coamute watexr releases.

. '_ Mr. Dolley's recormendstions for correcting the float
Yy - ouevohion are as {follows: . e

. : LN ]
: ) . R N .-
N . . N . | N . e L

= 1. ZIlininatz overflow of tha gates by loweriag the control
velrs or by cdding 6 or 8 '7“01’: to the top of cach gate.

0 . »
- -

B T T Gy N U - - e e i A e



2. Add 3 feet to the dogil of ekch i‘lcu», end about 4,000 ..
.pounds to cach ho.s."" Cowrsex i:,h e L S

2. 7‘*”\"""0 $he 3/‘“3-1 ira-Tope nOW SupY o*t:?_' tho edra

. . .

with “/lo-\ rire-rons to reduce iope sire ch, peral th- weirs to
zore accurately follew the movemant cf t.,JG ﬂod,t _end. thereby. -

. - N 1 4
T2UCS O .-uu..nl” 01 ‘C.l‘-‘ Ca-:es.

R fu

'Licc;zss:’.cal o 'Ll‘" '3. Cﬁst Dato

yoie
L TForces contribus
* o enela s ~ aaple =%
Yoiseting offort ao r.‘ae wate

.t 2 3. Lo > -
0.5 Toct dzzp c.‘,.'.‘",

ng to the 20 800-—~v~z.na fnercese in:
ses 1 Ip ";l*'o {\,e.":.n a.nl ove"u..m the tcp

=+ 8. Tydwanlic load ou top of the 'ca"’e ST
' 3. Hydrasiic leal ca baek of gute duo So chv..‘LLre N RS
- €. - Increase of ':M“.mf' and ..c.-""‘-. friction - ,;' - IO
Dl Hydstalie lead on co‘cta" g2xte seal .. I T
L B. | Ummora byd :.o.J ie loading duz to pos ub.;.e irre 3 ..‘oi rvies .
. 7% in shape of u‘pstrc::a .,..n.r. ~3la.«~ el L
a, .-I_,. '

tera A is sizply 4he crea of the 'con pla:te Tl ti‘;...:.eo. by
m el kel

- *.
.. :

: 'Item D is the area of the seal projecti-?n tizes a; or 5 ,800 o

tL + B + C + D l".,BOO PD’JTLS

R I I’ca.a E = 20 uco ~' 800 = 9, 600 pom;&.a

= u.e cam o“‘--*e tes’c 01 np*'..l 8

A O,BHO Ct=3.,300,.;u1!900

n - L,hoo - o,"CO Ifomzds = 6,:00 pou»as A

. ataver 'the uz\.x},lai*.cd ?orce E co:::p'- as, it increcses
a*w-o-rn:\..“"l,)' cs the cauere of the nhead egainct the gal

- The pmolectlng notton end eslde ceads introduce exce <‘siv~"i*iction
i@ \erdeble kydeaalie lrua_m' recuirlag creatar {dloat copaeiiy endluadi-
canndinn autiimitle opmaction; Lri’. nGiuing crm bo don2 about this et Cucliuna
vihiile e rosorvoly remzins up on the gates, witleh nay be for cevern .
".-:.:... 3 euwva of the u.‘.o:mlnlacd. hydaraullc le2xding ia likewilse
Incocesullle.  Since tho pr..::arf cauncn ol tha .l.nc.rco.m.d lom.a.z.n;* axo

vl . »..»'-'.’



o
b JPURPET %3 n gy ='e app, F o 2. .y
cplocinz.  Control wolza ghoul

“dezira which °Lca..cn te \.04.».3 r"d. &u corT2 cteds .- .

. . AN . ’
‘ ! ¢ P
no% oeccooible af p‘?::":‘.’t, 1t widt be ne :""&I"J to provide .f.».‘: out 3 -
Loah of aflitional Lleat deg FEL S0 absorh Fhe .......‘:3 .:.oad, a8 .. .t
rrocasiiaded Y 2r=’ . :Jll....,. S BRSO ‘ g
o . U R Coan T :‘f'_ ‘
v . 'i‘ha-resczjm“ s’***' 2 not be pers :?w., d to vertop a floate
oporated gole.  Co :i:?.'al weirs ghould ue et Jow caough, or the pate
shisULe B2 DIz ennugh fe preciude 0"0*10*--*::_,‘,. Ja the eage of
Cadingin, with r.::;;:_..::,a iericahion ostorase level estsuliched ok

- e sy =r ; o= 'y o om - L) KR
elevation T50.0, snl aboub 9 feet. of surchnrpre peraitied, the boc

-

(%
wiil Be %0 add o 1-300% splashnlate 4o the 4op of czeh gatc.
s &l é’.‘-ld te ned to elosc $he pates as the ves
gates veminning

svaiticn 720.0, whlelhr will necessitete the
reaoevolr yises 2 or 3 touths of & fool above eloevallon -
eizce Iriciticon ragulres some éifferontisl bLetueen opening ond
oA Z e o tenth or so above minimua coaterol
lovel co winds piling wabter sazinst the daa will pod cauze felse gute
s na s S onen . . ' T L e

Vuh--. wkaldo b @ R I O ) .
- X .
.. . R LA . R e - R LI

‘Tunting is objecticnable fros the s“a:*clpo:’.n"c of waicr
% ~. Poiley. . IL 2loo cauces wsar oi Ca.te
‘b

reoording, as msaticnod by . A
cead hoisht poartc end gives vielitors ga Imnression of pooxr contiols It
should e ollminzted 1T possivle. Tae Dlvizica of .E':::i:_;a’:-ion va::;':'.uicnu
Csont ouh crestiomalres early in 2.3‘3, v 2l projecis m:"'.'.z,u AL
matieziir-controlled spilivey galten.  The xeplldes hove roeczably beexn
austincted, {Toble I} end hunting of the goies is by far the ""s*&' A
TYEHIIont o r-.'.:.'n"?:w Howaver, ue r:'m.:.u‘.:_e consequencay of huting are
eotuelly - loss .3: ws thom 1;’:.3 30S :2. le conseguences of some o tue
DEQIUrES LaliEn c*:\::':c:ﬂ-, To T e R D Tt e
CoaT Ghg .r::L_:.-g o e C-.cmr:' gates 13 not aue to "‘?‘r"'!'-r._nn; of
the walr esuies. Cevle shrotcon weuldl rodace e m:a *"cu't of the L'\;i'.‘:. and
wend o r"-:‘.:r.'c. ey 1{;. Hunting of the Catirumn a'te., :... due 1o thae ,
Irdereont choraedoriatics of the moving '“'clr conirol systcme A nocons of
c*.?-:‘“c-:.*:." = the hunt i;tg; aotion is orwo hierelin, s..o.f‘u‘)‘c ey, as L
¥y, Polley shtaled, (b ov“r“o*min': vy "’:: gatos would \,on'iﬂ‘" uie o
- ruanting Qe 1o :‘-’.‘as ox. 'R l::':.z.o“x vith tro L'*'*‘f':lng. ; '..‘ e
ot . [N . ‘,' o -.“:-.

There ars '-"hnr scric;::s" y ﬁn.n"croas i‘ec.‘curef‘ of "“1'-' ek c‘b:. ng

.. . R . - .
. . .

S The uoe of Ol‘.lf t'o contiol welrs connected o Gatos 1 cad b,
©otut sorving the float wells of ell fony gates through a ecmmwa beader,
sintroduces a very dcfinite hoazurde Double the historic {loccd could

» be reloased with rosorvois water level only T50.6. I Gate lic. 1 -
vore o ctick clozed eo thoat tho riclit control wolr would not be .
'-.\.1 sed with tha xdsing resexvoir, the othor Shree gates would begin
or<cning ab water gurlace 7505 wund would ba wildo cpen b (D00,




-
. - - - Pa— PN cow o+ wewm - . . . . ® @ s e s e eee emt, temiiie 1 em re— s LumeiivmcaTmoTisel €S .
: ANTRATP (W AP WAPIY SPITINAY UTY ARYINAL (sA (e inr] . x
-
‘ 1) ™) (s) ) «r) ") " (1%
T Prgeet 0 (L] te,ef tl'w cary 1 Cates are g Are aub, | Bw J16 0 Please su.geet any ] O yuu © wolder oA eatle [y VAl 4c you LRl 2 1 Vhat hat Veen ynir o0tk 4 o f ojeseti.e .
[ ] L 1 e § rcate-3s g cantent [} Jeprivesents In Acelyn [] el of oplllvay <ntes [} aut @atl= opilivar va [] wwn ¢ rede Lo Pull ir searly oot : ,
s M $ s s 1 AV N gleewr lae 1 .40 Lopr jerenten g te te et Vgt ] enatr | oo o esfety N A
[ : 1) s R} teateni? ¢ 3 ) rred cone grjeralie, IF: or s rance, [ -1 . . [ . . .
hd ] : 1 3 H H ] L (%) e 1 . ] fl : 3]
[] [] s K] ] s s .1 s 1—“","{ 5, [ 1 ) . . . .
23 Mrlee T 1 Anterea 1 2 L Fe) [ R P | YU I P s ) [ A . ¢ 0n thle pridecl slser fleve susl Ve tThey n L pecrosar) pverglast ihe tr elevacl l-l .
3 1 Rased t 1 [] ] ] ] [ 1 -t 1onjutained at as neer & Cuistant fate 0uper lent a1 o L.re are If cluseidtsrharce to oal *red et Avente
] ] $ -1 ) 3 [] 3 ] [] t 1psaible. At eatir cantr.le lave a tenle 3etleitance ard f].ve are Fesdated by rd.eereativn of tefl & ant frecaste f-r (l o9
4 ] ] ' 1 ] [] ] t t ] L . 1010y W Burt acd aare e2All rla . Ve ) vo) Pupecants. teontrnl, . .
M . ) ] ] t - ] ' ' ] ' " tyrefer tn mave lar el farlery ¢
. ’ Tt 1 1 ) ] ] 13 3 ’ t tegart ar.l to kave e of alt ] 1 .
L8 . ) 3 ] ] H ] ] ] t . B trhasee ARl Lica «f rrange, Nireally flrwsy ot .
Y ' 3 ' ' [ 3 ' ] t et . : e tere re,cdoted by Fla ) tontr ] furevasta, 3 ) ..
) 3 H 1 ] ] ] [} ] 3 1 i J 1
3 3 0 0 3 1 1 t
T Aawt 'l'": tatity s 2 : B 134 s NAN s : : %o :Cmblutlmxl\dnn deolan with elese .. Plver flrve Awnetrees 1/ rwlly have lD' ot Lel iPlemarses are crnteulied by Boemace :f R
2 F} 3 [ . . ] [ ’ ' of b-th 1 ectrating snd e be casel- 1y reqd. 1 2.4 1t J6 necese (4am 1o atientel ot all tises oF {0 t1afl » oid F1v.3 0 recoste, S .
t t ] 1] 4 ] ) N L] ] leantenle ¢y What the ceretader be of all tel coely sheervet, [}
.t ] . s 8. ] 3 ] [] ] ] - e « tchvaves. diad pllacip can ca aste ) . . [ R . ..
1] [ B ) ’ ) ’ 1 [] ] W - LN tehanses an? leherent hat astertaties resatl? . s . - - .
s [} ) (] 3 3 L} (] t 1 C. 1in Dinting ard wosewent f sates whea ot 0 . hd ] .
(] 3 1 [] T ] (] ] ] . . .- reyareds Tie-tarse 1o w raally crintrdlea: L ]
] 3 t 3 1 L (] (] t ] 10y flesel furecasts, L} . ’
3 L i — : H : - : ¢ 3 : ‘|
[ 1 3 3 0 . 0 ] 3 ) .
X P Autimatie contecle are esnaltive to 1% Lw fop-ortant @ fact.r where 4av 18 Resulatian (o In a-cordarse vith Infl v
: Stee : e : : : a : i : i : ' : : ::‘5:‘\- ll:”“:::' entin] char,we 1n rearrv.ir vater ic ely attenied atd cdeerved durtng tre 1f7recacte ani f1l o cutr | plare.
. 1] L] ] ] [ ] L] t 1 § recundie tuesl an are -llnu cnus =4 by water pile 1erttical Clidlng gerted, 1]
s $ .. L 1} ] L} 1§ 0 tinned et salne [l ] ) .
1 1 ] 1 L] ] [] L} L} $ ittt 1talned 1ta vater nul- e elevali.ina cavee urnee ' [}
£ 1\ [ ) 1 . ) s (73 18ary arsl ereatic wisament oF the ,ares 1 .
’ 4 . 3 ] ’ ] ] (] VR tn 8 .dlen an) o .Lotent fal Pluetuet )
M £ L} ] ] 3 1 ) [} wr, Zuen ] . ¥
' i 3 [ $ ] L ) s €0ty withit varning ca e dlse 3 . 1 .
s ’ ¥ [] 1 t T [} t ttress and daznse olns the elver, Nt 4 3 )
s s b4 : [} ’ ‘1 ] s . referal.le that ctanges tn ¢l n [ 1 R
' ' t e 1 1 » : ] . eliverate, sratal @A tn acrirtance ullh s 1
T 3 ’ t ] i ’ 1 ] tane, ] ' N
H : ] 1 t 1 1 ] A 1 3 t
h s ] 3 1 s 0 O ] 3 1 1 3 J
1 fmtille 1 w0y s € 1 2 ' 30 12 s 2 3 1 debably 10ma ves iTvn olphun sgllivaye are . | Mave nt eel thes o, have i 1T 4, met belleve hat Yhey oh.uld be TAs Ints resed
L3 [} 1 1 1 [} ] ) 1 ara A\, 1rhanss tn 10901t 1abs the dan orlll-i, tesjeriences tn comsent On, tdegeardel virike It seene ther IP Lhe tthe valepahe.
P ] L 13 [ t ] t (] t Une Lo O.Asgrav 18trerture vhirh offridy ] 10ttt atin 8o critlcal saush For the and tPe sate
H s [} ) 3 ] [} 1} ] [ alere re 1aidltirnal caerqency cajan- ISut.eatic vates s tare o 0w with e N1
: t 3 ] 1 3 ] (] (] 1 1741t ot the;gty, ] 1t sharse shaulg be »a hase erost If a=v o .?
- T 3 L] * [) [] ] [} ' Ihuee, 1 ] ture 18 . 110 ALt se up resers IF ojace
4 13 ] t. ] 1 ] ' ' ' ] ) tin eweh ¢ re se A wuh ta Aoratrons o
L ] ) ] 1 ] t ] 1 s ] . 3 1velt vaye the § asidiigtr
* t ] ot t 1 n ] ] ] ] 1 . . + t1tran e oteely fliw, 1€an e rasALN, 01as p eTace,
1 . 3 t t t J ] 1 ' ' t t A ] 1anInee (feevies 1A WU ISl w
N ] ] ] [} 3 ] ] ] ] ] ] 1 ’ 1 et 18e The urly IR ° . be d.ne vvn
R s ] [} ] 1 ) [} [) 3 ] ' 1 (3 . ipnae 18 an thr ogh,
' (3R 3 ] 1 ] 1 . 3 ] 1 t ' A J ] . weorly Pull, | o-
’ 4 1 s L) [} ? ] 1. ] 1 ] ' 1 1tafl v & I8 tay en) L. -
: s : ] 3 : 4 1 ' ] t 3 r - : ¢ ' -
. ! R ' ' ' [ [ ' t 1 ' v 1 ¥ 1 ;
M t Nefee t e "@gyuy 1 /3 « N o) 1 ] ? Prdadly 1 1 1%, Auteantle rontend Car Ar.e vu'ee s taacal ¢ atrd OFf gates o .00l
i 3 ’ 1 (ens) 3 . ’ v ’ t ot are & . 1oi4 wiek IF e vinl tever ' . -
] ] ] ] ] [ ] ] $ ot vael, ¢ 3 tlomi-cheA lane the vind cau vane ta bel .
H 4 ’ ' ’ ] ] : ] ' ' -8 10 .reed anl A 1r@ qale vn antiaatis enutiigl . .
) N ' : M ' ' [ 1 ' s 19111 folliw \lree wavaeo M.cemert of the 3 !
i : 1 s t ) . 3 ] H ' ] 1rim cte anplifies Lhe vaves and In & 3
t 4 s * 3 ] t ' s 3 ] ] . 107y tize the 1rem /atee emte gerlAle 8
R ' ' s ' ] t * s ' s s . im.vevents vhICh 11Croase s the waves are | '
) 3 s ] ] ' 3 t : 3 s ' sanptifiel. T have vat-hLed the Ara vsat s S
4 1 2 ] L] ] 3 3 1 ] 3 3 1At Alach Canyn [as when they vere placed t e ‘
: s 14 1 ] ' s ] 3 1 3 190 sut matlc € Atral. A Less than 2 [ . \
4 4 t ' ' 3 t 1 ¢ ' ' theurs after She wite) € anenved L. bW the g '
3 ’ ’ ] [ T s s 1 ' ' : uth as | feet ami G eng
i i i 1 1 s [ ] 1 " 1rlse Lo e a0t elevat! & Ln \Re aatter f )
H 2 [ d ] 1 ] [ ] [] ] 1 3 18 very fev afntes, The langser Whe Jalee ¢ N
i M M s ) ' 1 H ] s ) 3 teere +n a.le@atle rratenl thi oore v ]
: J 3 ’ ¢ ’ t t 1 ] ] ] 1 ithe m vesent af the (oteo, t
s 3 2 L] H H : 3 t 1 ) : ) t
. ) t 0 : 3 t ] 0 1 v 3 '
S 1 N 3 Aronrp (I TR S L s A7 3 [ S . Pewrd Plga 1 10Ff1ciale of the Vele lrri.atl o District e Peoere.ie desel Lo A4r ATl the
D o 3 Wl ' s s ' ' s ipdedrnds 1 ifeel theee 1 £ (e sotes Wre S.reriitentors d €8 pt
= s s ' ' ' ' ' M Flnat ' 3Lhn af the 1 tleeve the lemallate elcintty. The mtee are
‘—-7' ] L} ® ] H ] 1 14 ) tagjmretia 3 thenepvielr $ teante Aled war. ally.
) ' $ s ) H ] s t et of ' :fev B.nifed yarde fr @ Lhe A ' '
r . ’ 3 1] [ [} 3 i 1 torder, 1 tmtes “huntel™ whon firet jle el aoe g 3
1] s 1 3 k1 3 1 ] ] ] 1 teatl- “jeratin o ] . 4
n'l 1 E 3 ] ' [} 3 ] 1 ' ' 1l tie aut eatl- 1 1
s 4 ' 4 1 ' ] 1 s ' ] IThe C1-at vell fret Jlue 100 » : 1
‘ 3 1 1 ] 3 3 1 3 1 1 toluc =t arel tie Clrat aj;aralie 13 wt uf 3 ) e
; 3 : s ’ J ] ] ] ' 1 ' $arder, 1 ] -
l,__.{ : 3 1 [ f t 1 B ' ' 1 ¢ ' s
l . :
[
.




- * . O a®
- . . .
. s
B . . -
. . . . B . * .
({}) ) ) ©®) ) 3] m LY ) ) (1n}
. N ] ] ] ] ] 3 'Y [] 3 _ 1The ¢ules cea protally te | Bot georrnily, Tuese gotes felled to 1 Tre terafite apjear L0 Le oulvelgled Ly 3 Gates tnitlally bad to L@ relend “y elestric
' . $ t N ' ] t ] . ] tante €2 upersle (K Ly 843K 0j<n autosativally vien flrst tried, 1 Wha poastutlingies of -df«n.\lu and 1 mtore (assial tcolrol). Autosatic cperstics
28 s I » 3 s ] 3 ) (laslequate 11100 ¢f ctrvte. Flcats 1 One gate vis ande t0 Ojernte eutomaticallyt the ugmr (41713 eo-l. t 1o engacted L0 Lo uied, afrer siificotim, o0’
s » t ngt ] ] [} ] t [} Igon all lcountere  30h0uld have been deslyned § by adding 30 lte, tu fts countsrvel it .} elier ooe Of all four potea. . .
[] ae 3 Cas ) pl L} fad ' o ] s LI | x e ",.‘,‘“ tlarqer for greater margin b ] . 1 : . L e
s 1 s ‘ t ] ] 1 H [] lef eefity, -1 ! [ .
0 N > M M ; K N " ; "System bae operuted only | The forsiay veter surfece aust te beld " . : . .
s .3 ' ] ' ' : 4 axane. Ro protieas €olatent aid te dete ke auteaLic cous |
s ] ) [] s 4 ' s ¢ ' 'uu be=a diezloved. trole here worted vary vell. Wiile o ' 4 .
: s t oy sw ' 2 diny 'z ! Pogee ! ) €310 terder 18 ci tle ieb sicund U H $o commssy ' . 80 commnnt *
3t 1 t 3 1 1 1 I 1 l ! e1ok, W sutamatic cuntrol ¢iv ' ' : e
L 4 t ' M ' ! i ' 4 ! comldvun.lo freedos L0 gursuws othep '
- ' s . ] ' ] ] ] t .1 ] ' dutics. .ot t
" 1 [ 3 [ 3 1 ] 1 3 ] ] 3 [
3 t 1 ] 0 H [} ] [ t 3lnetdl roller Leariogs ort It all dejerds vjon cpersting regulre- 1 t Toe sluicere; qatee ot lejertal Laa wticea
s L ] ] 1 ] 3 ] ] (] tbe selngs with less (rictiod meale, Tie osrd fOr cOnstarnt Siltention | $ 01 wed o rpdite U Spersting level of
1 ] 1 [} [} 4 ] t ] ] 1enl grovide for close 1 80 asel cloas regulation of tde Colorsdo  # b e Llase are aawally cper ™
] t 1 [] 1 13 1] 1 $ 1} 1sdjustamnt of gate 2 Miver ot laperial Pas proclules tiwe voe | b 07eration ¢lves ws teller cootrol,
] 1] ) ] 1 ] [] 1 1 1} ] 3 OF autumatic controis. The etoreye ejece | § aatie contnl device of tra ) Gils Tasl,atee
[ ¥ 1 Iy ] 1 ] t ] 1 13 % alove the dus, es:e 1,90) scr-feet, 1o 8 1 16 for t3° gurjoee of ‘alriel.ltg a cor~tanl
1 I ] [] ] 1 [} ] ) ) (] t wtillzed to coreerve Lha flov, ard avold 3 ¥ elevetion In tle Jesiltlag tasic vaed vaier
alter & 1sgeriad s 12 ] " ] 7 VAllorted X 8 $ o iIDlsematied 1 0 unnesoassry veate, Thie entalle ojerating! Under sose comditioas they are ] tep of \be velr crest
Zeayoe s’ £ 03 03508 iI\6m 1 glealiy d ' ] ' ] 1 the at verious le necensary ' stion 16 26, Lalow
[} $ [} 1} 1 3 [ t ) [} [} 0 Tte leval of tbe lake lo aleo verted o ! . 4 wvelr creo\ tLese 10 €3 reguire fee Qe
[ ] ] ] H [} [ ] ) T 1 majataln diveralons wies Lhe treoh luas ) 4 sutasatlc contrel. The L2 Cal.fovets slvlces
. ' ] ' ' s ' s [ 1 4 30 very beacy. ! t vay (otes wore oy 3 o1ta evtomatle sooe
] 1 ] [] ] ] ] [} ) 4 ] . [] ? trole for escd N gatas tut tuiting, 4 tle
s . H ] s [ T ' [} [ t [ . 3 Beed (or even dletricstion ¢F Ve flov W
1 3 3 ] ] H i ] t 1 ] ] . 4 prevect ergaldn, sale |t Ofteesary W3 Sle.coe ,
3 ] ] I3 1 1 3 ) s t 1 1 § tioue e wie of tee actomstic ¢cotrule.

lelormtion comaeentag 1o actonatie gates ot tde 3iproo Drep Pover Pleat forelay was suiplied Ly the Tuma Froject,
ore vell matataised e LAl Lley arv alvess realy 0 vaste veter rejectad By the pover pleat, They ere

Toe Cila Frolest sataltied taformation regesriing the severel autcealle vestevey gates OA the Glle Mala Cenad anl on
the Welltoniiisact Civtelan. Mat Of Sese galeo are FOr the puryose Of jrotectiog tbe canal fros suliea tarlove of
s water, Tiay are cteckeld fre wently ot regular fotervale L0 18sure that tdey are coostantly (a realimen (O
cparela,

Tha Laperial Trrigation Llstesct oupsiled Lnfarmation oo (he Automatic ¢etes 0o t2e All Amrlcan Casel Including

Ucoe ot t2e P1152 250 951ilvay valch are geslpws RO veete oF re)e:tead by tde dtstrict’s power plant, Oruge

3,2, )08, 008 ) 2ave Wes prre i1y vith avtcmatic ¢ated L0 pruvide safely is canal and pover ogereticas. Al of B
Wrse Crted 477 Wil ward s ept B0, 1 Vil B las Leen Gle:actied 31050 (U ves 80U Aeoded nov. TDe lajertal

Irrigetice Clotrict 2es rveoriad serersl of e eyl atlc ¢ole Mectagi®es, L0 lagrove LDels cperetion, by foatallleg

larger rope €nme and frictiocless Leorirgs, TLe sutomalic gates are servirg very welil,

Tee Conctalla Valley Couty Vater District furmiece] Gata O3 the sutcwmatie gotes oo tie Coactalla Canal wiich serve

A L R e R L [ T R o O v

© W PITACL 120 cazal ageleet daaays Frie otcre veter ealerirg W2e capal and fna other bign vater coniitiane. As fe . .
W ¢aoe af L Lirve proceedizg Peports, sctOwtl: gatee Leare sre depl mioteloed 10 opersdle cooditica and they are .
Geyroiod VI/B Lo L0f0rd Lte prutection Ley were &r#d (or. :
. . ' . . . ' ' R s Yoo, Woen 2\-Scur eootiouous Operstieg ¢ They are very desiredle, 3 Ordioartly e gates e operniad aa tie
Balt Biver ' 2orecedon ' ] M uns ' E H al) MR ' ¢ " Yoo M : $o comment ) Bbifee are 3ot matetalned, sutometie t 3 teservolr (o Cilling to lajte flood
N M H . ’ H N N ) N . g ©otes qaa reduce flood Canage. ' g dLacharges cal to cormelaws vity We
a N M " A 'Y A A L = - 2. g &ometrens ressrvolg,
The €41t Bionr Proect aleo reported that aa suttmutic eptllvey gale ao (0 Qrand Cacal bad been Labea out . o ,
6f oferetion 37 dlsmariiieg Sero-ss LN (L0801 chanber had & Lonlensy §6 0150 vp ant I\ could pot be dejerded . !
wpam Lo pretect Um cazel from flead Wetsre,
4 3 s " s & 1 pAd L3 3{=d Bk § L4 -
: : : : : 1 1 s s jeatic costrols was unnlr to ulnt-u [V} axﬂ unu\ll of the reter- g . [} 2‘“.::‘:::: ::x’:a:‘:.ﬁ: z.nur-
N N ‘ t 1 M " ' 3 unsatiefactory es orjmily; YoIr et0rage by aadual cootrul aa Las teessg . ] “"'_ roached 63118 level, The ccotrale
. ' ' N N N M ' 1 1 ylostalled. The getes coney pcositle by sutomatic cootral, after ta- § Tt Shaniei ) T evar storags srge sadoe
[} " N 3 ] ' ] ] (] totadtly rateed and liverd; provvcesny Of lolet plplag. [} Fxcellent 1 g1t h‘:‘;‘
o M I ' ' teven, frem wind ection ca o s 1 -
R Werer Rlver Bche : Y : 18 : 5T fana : ' ) oxcolleat | (e rveervotr. 1a 1033, 1 ' s . .
s M N ' s T 1 1 * 1the )° laley plpe was ree [} ]
" N ' ' N 3 % . ' 1placed vith o /A pipe Lot - . ] - 3
N . . N N ' t ' . 1tbe flost wells, TUe auto; - ) L 3
N s M ' N $ [} 3 ] 1matic contrale oowbcid ] .
N N ' s ' s t 1 N itha meervolr e o8 N 1
. . ' ' M t ] s . 1alacet cotatast o with 1 1
'Y M . Y N ' L 1 ] 1f1vctuatiog lnflnv, t ] ]




DG -

. . . . . - - . - .
e
o~ e o™ \' . I3
~ . . .
. ‘ : C . . T ~ v * . . ¢ :
31} 2 N §)) () )] 16) m . - AR ) . . .- (9 RN - {10y
3 - i . t
' ] [] ] ’ ] : - ' LA 'Cates F1a¢ 100 wuck wiea : Yes. Autosatle operstlon provides & 1 Gur erperiesse 1o Al 1y are o U aq o rule we tse tta gea mitors to0 1L
[ [} ] R . 4 3 ' ' : -0 . Jopentag and clcae too ' snfety fazlor, Qften the cojacity elee ! uloly Cevice. - - o) e eatee wd o rucalls 2o
[ ' [] .0 ¢ ] ' [ " . uch viien clogleg esilrg | vation ls evached at IGL oud an atle ! . . .3 bt allov tle eutonatic ecutrole to crente
rostar 'woatwe ' 2 ¢ 2 ' any fen S a0 yes 1. 'the outflow more erratie | BlgEL verch s unresrasary vIb wutovatle ' B . . ©0 5 T8 f2 v base urter-estizsted LLe fi0w bacess
I . . N B R .. . : - AU L T R e tatlew, o bigh 3 eentrale. Alio, the Loiensy of feuy) ol . : ¥ sury to Lalesie tbe Joflew,
. ’ ] [ SRR ¢ ‘ ’ ' Yind 10w trfiove are vaalto use llelr ovd uicient 63 to eafe ! ‘
s 3 t [ ’ ] ] LI ] tersgporsted, Velevativn, etc,, for atcrege o dargely ! ¢
¢ M T ] ] ' ] ] ] t . 1 | aveecomr tp el aitaratic ecnitrals, L L
' 0 » 0 ] ] v ] »Trarx 20, 8 ihave SOt ci~tatel TLA EoU0; Lebet 8 U;00 CIFcucitairts, Jateute OF 1 Toeew (s alvays tle gqueatics of § Toe gate ves uved ccie, to 1932, slece It
[ 2] ] [} ] ] t -t t 1 gste tue 4 206cargh to detaruine a0l 00; Jov valer Lbe epllivey has bot tres 1we g dajuintetlling of tSeas gates, becauss | lostrllation Lo 19§, fefore M vir
1 I [l 1 [ [] 0 [} ] 1 o6t cparact 1protedure has tern faraus | Quired 10 o;<rate for the past 6 evasors, 3 of thwir e:nsviat lotricate desten, 1 sutows’ 11y aa lctecded, scae alterstic.s
LN - BT A ) [ S X 0 tes forb 12eted to test the gerforwes Aleo there 1o an exargency sfllleny which 1 whish Jetracte from thelr vae as & 1 vegn catreaaiy o Jle orlgieal Geslqe, asi-dy
s Boviod 1 Bevtoe 'Y M RS Y . 1 1 yrace,, s tence 30 aiveoce of & 3 Bas tcen used 1o tlhe past. Par tiree ) snfety device. 0 13 e walr glete ard the cullet §ife Froa
s 1 ) . d 3 " c 9 " " ' ., 1potentiel fload, 3 re3scas theme 1 ocas Queetion viatber or § . - 1 the flost welle,
M N .. v, o3 ' () X [ ] ] 1 vot ao sulcmatio oplllivey Lo tra ) " (]
] ] [ 13 1} (] 1) L 1 L L] 1 projer fogeallatien 1o tiie co [] ’
N ' [ RS ] 1 [] ] § Vere ¢ s’ Cootrole ICarnat suggest say 1 23, Ve 40 10t Lellose thst aurszanie 3 ary wdore there (e ajlciuats atd The orly L15e 1L bas teed o ¥y Lo
’ 1 Tt 1 ] ] 3 4 1 2ty 1951.0  are - lisprovearers. 4 contral cf spilivey ¢etas at vellectto ! Letdance. ' operate t2e gylllvay g anlete
' . 3 | . 1 ] ] L § Rot testedio;eratle, $ {2 pezesaary because during the jertol s $ avzesnive t271ov 1o tte Freer¥OlP ses OO
H N ) ' s 1 s ] !yt ot ¢ 1 1 G2e reservolr fa Full or rsarly o5 the ] 1 nay 2¢ est T, LJST. Por crtatle of Wle
3 Plee River ! Vallecite ! 3 8 Tt 19 Ay ¢ 1 x 4 yer, 1 1 ! peoervotr Susl, g0 fe corotant siread. ¢ ) pjerative aee Feicrt altasied to letter of
s ' > 3 ] ] ] ] ] ] [} ® anie, VLA & pcaltive mechbiatcal eouteol d ¥ oagase 18, 1557, ers
s ’ [} $ I3 3 1 I 3 1 1) ! of tha getes gelcasne can be e ' . 1 galt Lase Siiy 8O As
] [] ) ) ] L [} ] 1 ] ) ! aacurately regulated. 4 § e3ief L-gimmer, Lrever, Ju
: : : : : : : : : : : : : : of Aute atls €ratrol of 5 tlivey ‘cate
. Sollezito Cras-Fina Slrer I'ro’ torelds,®
[} 3 N} 1 ) [ ) ] ] 1 tBe sure thal alejuate pro.i Yes, Iscelleot for zalztalnicg level of 1 Mot 00 gOovS a8 & goeitive saZety ) Auzaoatl: corttuls weed wiar resssvoir 19
] [] P ) [} [} ] B} ] [} [] 1tection or teusleg Prom  § 1be Lade. Vould euggest Ghat Lo cone t device. Dapendadility scoretat Quese B .11 5y cet2iig Ritt aviienss %o pruvent
Lrecsee ' [ ] ] ) 1 L] 3 3 $the westhar 1o prcvfded sti trols Le desluaed Lo ojerste Over & 1 stocalle, Proledly edeiuate 3 full gate Ojengrg fe cuse cf euart clrcatt,
& stervge 1§ Jose . 2 19 1 36 1R [ 33 1 Yeo ' 1the tipr OF 1nstsilation, § grester ra.ge 1n 6. 1 pratection will or bes renedied \Bie 1 Ralry €. 30rcl (G O;erals the gates mite
s s . ' [} ] [} 1 [] ] ] ] 1 oo 0,erete over o ) sttwatios, b frejanily Vet In ezaller Ceirees of cpealig
s 1 . ] 3 t ] 1 ] t [} 1 of reaervolr eterage, s:.,m; 3 . 8 ta spreciing staz e lo dle:
] [ . . [ [] L ] ] [ ] ] ) eystes to reduce puatep cf coiitacts, ) [}
3 i i 0 i 3 ) 0 s ] Tea floal cjernting mech- § Too, As 8 safety device, Ib oilit10a T ! T4 automtlc crotiols are 8alely 3 Tta gates c,wratel eutriatizaliy 1o jees
? [} [} 1 [} q 4 (] ] % taniens bave not ceca & 1 tte ayscnatic coatrola he gatas oy e | dovl viea 3ere 1o no coatrol of 1 thre eoF finate o 1 (.Y
. s & 2 ] (] (] [} ] [) taefntenaxce prodles, Scaet rafeed by gesoline fovervl tolets snd ty ol streas flov o t2e Caa a3l 80 I be "‘..“,‘ atagve €7 tiase flote, (e
s t Carloand t alasogmds » 3 [] A ¢+ 20 a3 s 213 b {11 ) 1ed justamnt ebould Be pra- 1 crad¢ ca the bolets, By gasaline pover all flond varulog e sveilsble, 6163, 18 . 3 gateg were i ervled avzually ratar tiso
n s . . » s [} ] [ 1 1v14ed Co Darnit the reesr=1 gates may de opened 10 aleut ed bour. By I case enargetcy ojeraiiou e coccapary 3 By e (It contrcde. fo guwersl, e
[] . [} [} t ] [] 1 L [] trolr elevation to be Beld B Band crera It vould take 19:1/2 duurs feor § and thare lo felluse of the m-ckantesl ) grtes orv apecssted oucbasically
’ ] [ ) ] [} 3 ] ) () le, withla | gate., VIttout U autowile flcet coatrull scans of cperatton. Wit caly cos § proagt:le as etasiter Cicve gac te s2lce
] ] ] 1) L] ] 1 ' ’ [} vould $ here coull e sarious Lroitle In timm Of I 4niloyes staticred ot tue daam, tle aulo-! taidel. Jead flowe a3 frej-eatly te geo
s N s . 1 [ ] . ] ] 181ep212y plasosd ojeres 1 flovd 1f Lbe gesdlire pener folled. Tale ) satlc cootrole are vary dealralle ia 1 duced sceertat by placaed oy eratice,
L [ 14 ] [ ] L} (] 1} ] 3 137 '™ t 16 Jaes sertous ejace the bulldirg of e § tless Of emeryeccy. ] -
1 ] [] 4 3 1 $ 3 ¥ 1 1 4 ] T gsarserizy oplilvay thas 1t vas tefore, t I}
. O = v ¥ v N N L . "Each gete should oparete * Autiantfc coatrol 1.as mever Leen exjars  ° 1€ o davtadder Ly statforal &% the dsa ° Rave wend suatlllary p.rzing to flost wwily,
: s [ ] ] H [] ] ] 1 1 Jindegententl y, t ferzed &2 Cotallo, If eontitlo:s of stors’ ard double caecual ‘sticas syetea, teles ! o 1952, o't Llke Cacello set-up 0f B
’ : [ [] (] . ? 1 : : : . : 80 abould develop LLat mighs redult 18 3 reilo, and ojea Blghvay are ¥ Ploet velle telog ecolrclled from Sema falet
? P10 Crecda | Catalls ¢t 3 0 ! 2 o s b ¢ Yoo sutaatic cyacieg of tie splllvay gates wal i ¢on't thled the Sutaastiic ¢ source.
s ? ’ ’ t vt ] 5 t ? ] t vould close the velve to the folet fa ! ecatrols are oecessery for safety, 1
$ [} [ 3 L} ] A} ] H ) ) [} ' } oxlar to preveal ojeatng €a river coadte ! ]
. ¢ s ] ] $ ] .t ] * s ' | t1ons belov the daa 3ust be coosgdered. ! « 1
b [} [] [ ] . ] ] ] v ] ] § Sloring of & flcod peak for & fov bours ! | ]
[ s ] » ' ' [ ’ ’ s 4 1 orcve elevetion for autamstic ¢janing ! ] -
. 8 ] ] 3 ’ ] ] ] 3 L4 [] t might prevect serious flood Caza e 18 ! 3 . -
[ ] t ] T ' [ v ' s ' 1 yleys dyiow Lo dea. ! )
I [} ] 3 ) 3 ] s [} D ] It vas Dac S Tes, 30 splte of malfunctioning viea Uy | They ere all rlight $Ff Xept 10 good D™ . Tome s
H 3 3 s ] ] 1 : 1 T . t%azrle plates LO proveat 1 Cirst operatad. The firet tlee the reser-! op{\uu conditico. ’ ‘ ] \h“:u::a.:x::c.::- dg:;a.:::::‘:‘:u
‘ M ' ) ’ . s v vy, I (] 1 1o spdashing of wnves §o-1 volr level vao alloved 0 Evt baar sorwl § ¥ anger of opralag wide dusiag storwa
° emwrss tRlllae T 3 ¢ ? 1+ 1 1Ay t Tt Yoo ¢t ‘' ito the float wlle, t meilwia, strocg vinte cuued vares to ] ’ : ¢
, 8 t ' 1 ' [ -8 ) 1 ] . ’ T break uver \he 1050 Of te Plory end 1oto § ’ .
s 1 ’ s ] ] [} [} [ 4 t . [] ! the float weils opeoisng tie [} (] ] .
i ] . ) . s [] [] ] ] ] ] 8 relesaing & big bead 0F vater. falfle O s
R ' . ] [} ' ] ] ] ] ] [) 0 pletas vere (netalled to prevent thie, ] [} N M *
' 1 ) ] ] ] ’ [] ] 3 ' 1 8ee lottar of Cct, 4, 1551, to Chtep ] ]
PR ] ] ] [} s ] 1 [} ] s 1 Zogipier from Riverton Project Merager, (]
‘ '] [ [ 3 ] ] ] t ] ] ) 1 gublect, *spillvey gate 1 lade [axn.® ¢ ]
T T Eetare T 6 3 wQ ¢ Tal4 ¢ g : Yoo : 180 cacment. 1 Yea. A ¢ingle operntor {e la sltestarce, } Tty are oftes aa  eaceonical Grelqn ! 30 asgeriesce to dare,
7 ] s s ] ] ’ 3 ' 1 o the event of tllraes or scctéent, dan ? altermative Cor loag Overfiow secticae, &
[ 1 . 3 [ [ t ( [ t U ! aicht be u-atterded tea~ruelly ) : [}
¢ T e rvatoe <) H a3 - » *aa) K LR b ) H T comeat, T Tee. A eligle 0j4ralor 1o In alieniasie, ° S8/ F9 02000 G0 ¢COTOMICAL 4¢8:80 .m”,l.". o
: : : : : : : : : : : : Ia ;!‘n‘:nat of u:n:u or ce:“on dan ! Alterrative for locg averflov secttoce.d
. (s uragienis em;crartly. ) 1
I 0 1 [ ] ] ] 0 O 3 iTres susmaslco o7 (14 Al-i Tea. & SIZgie Oretor 16 o Alieidenct, § TLey are OfL4U AD €200 mices iss 0 "
N s . N ' ' T Py N ' .;u;\ln;: v;:;:'os“:‘/\;:.: shy ::‘::-‘:vonl e‘l'cil'ltn:u or ‘::l ] udmun for Jong overflov u:ﬁou. [ Bo Gaperienie 1o cats.
©ssourt 1 ' ] ' [ 3 -yeedle Bae 0 usaaties wrAtlended teagorarily. '
: nvrer : Lovewel1 : 2 n : 20 10 1 t 38 Tee l"-“"l- Ve are preaently; [] :
s Buls ¢ 1 ' ] ' ' ' ' ’ ireplectag 1ba slsgle 18-, ' ' »
M t ' M 2 ' ' ' Y ' plach cable with ol ol 3 s N
s N M N M M ' " ? » 1ltads and are providieg 3 . ) N Ty :
H M H M H N ™ N ' ' 1des 30 prevest rotstton ' 1
M H . H : ) ' ' H : £ the wir, Tbls should ; i H
3 ) [] ] 2 3 ¢ i 1 T . pelint-ate 41fficulttes 1 M . . : N
v ' ' " N t N t . . artatog from toraticd s ' N
N N ’ M M y N ' ) t (otrvenee 12 the calles. 1 1 '




-4

—

L) -
L
. . v
. S
. - . - - - . .—-.. .
. o . . . [
. . . . . MR o R * . -'_ . 5 e . * e ' i N .., Lt ‘f ' - "L :' e
. . v . s . . . . e VT e X . . B
) (£} ) L)) (9 (6) ) m ) {9 (30}
4 . 1 t 4 : B ! ' 'Pree su3pension ol' the waet Yoo, A s1ngle ojerstor $o ta stietdance. § Tney are often an scorcatesl dostgn ? B3 espertenze 1o date, .
Rlesoust : 1} ] L] ] s 3 ] ] $Justatie welrs 0a 1,0-1ncd! 1n tke eveat €f Lllaess or sceident, Can l slteratlye for lorg overflov secvions, ! . . ..
"::u \ Vedeter : ) : 3.9 : x.u: ay )y : : 3 : Yoo : . : :g.m tas proven unsatioe : AlgSt o usetiended teaporerily. ‘ ' -,
Pectory. Ve Pave replacedt . R 1 v
: . ] [} s 1 ' ' 1 ] O ithe originad stov stesl A SR . . o8 L ) .
! ' ' ’ t ’ ] -1 frojes vita ooaerctetiog ! . s '
¢ s ] ] [ 3 ] ] [ froges. If LLls 1o oot avd ‘ s N ’ .
’ 3 s ] [l [ ] [ ] 1quace ve vill grovide [ ) e ) - s
] ] ] ] [] ) [] s . tgutdes Lo preveot rutationt . [ R B : : . .
] s s ' ', t ' s ' 162 L0 velre 3 1 t -
3 -
M : : : : : : : : 'n- autvwatie cuctrol @ b-': 53, Cpemting conn:lcn al Alcove ::‘ : Bct deelipatle for tAle epplicetica. : Cols‘un of Al:ova reservolr de;enls u;va
. . . . n used beleuse 8ot peraft the wee Of sutovatic cortecle. ses from Patl D azd frue
. : : : : . : : : : : e OoL peeled ot : Bre letter of April 22, 1553, to Regtosal : : Alcova. Ploep £l 1a tie Casjer arwe
M : N N N N ' : M Jibis daa, 3 Dirvctor, Detver, froa Acting Projest N 3 dust be lizited to adat 7,080 cfs. L0 pre-
Seodsiel | Moo s 3 W, 2.67,A1n 9 Xy ¢ T ' y Necager, Sublect, * loforaatieo oo ' g veat nu‘v. Lreigstion eante roguins vp
N ' H M H H ' ’ ' N ) 3 Sutcoatie spillvay gate coutrole,® ' )
' ' 1 ' ' ' 'R ' 1 1 : ' 1
' . t 1 [} ] [} [ ] ] 13 : . 3 .
]
: : : : : : : : . : : : M ¢ YSUle tke operstor ls bolllag et vatsdizg
- s .
1 L ' ‘ : 1 ' ) ' : s L. g e <o,
0 ' 1 s [
M ' : : N : : : : sVe Deve added o poelilve : Yes. Turse gets contrcls Bave Leca wied ; Autcastic cxctrols provide same safety 4 B3t saitietle, Recervolr te msictaled
Calorndo-dig; Rualer 2 B ; 20 ,u 3 ¢ Y 1puwer teterlok to W ¢ vory Mittde t¢ date tecovse tbe control  § aqmlcst overetc;ilrg tie Sam or sde | witila cee fooi ¢f 6
Thogsas § Aastats N s M N N ' N - M (PALes Lo prevert poseitle ¢ cculd stifted froa eut¢ratis to o Corly ctas log relcssss éw to poor ] '
(] N s s N N T ' t $fleale telov SLaldow Movoe y§ avoeal froa te Craaty Fus;leg Plunt aod | mvzead ojeretic, Eovewsr, safety ' .
[] ' . ' M M N ’ 1 stato ss & €0 trol eco- s marzal ojeration was greferred ln tbe 4 fucclicas ape O7f-0et by L20 pcosi3iliny, .
s ' ' . g ' N M M 138:0r OF 1f eujervisory 4 pest. Tha gates vere plazed 10 sutOonstic.; of faalty sitczatle cperstios ceusleg ¢ .
L s ' " 1 1 1 N N 10Quigwant functicred lae  cperstica Ltis sPricg and unler cerlals  § the st tyje 3f Liilag RZal they ang s .
] ] s N ’ ’ s N P pregerly. 1 reconmcnl  inflov corditicns, relleve \he ¢} 3 Prevest from ojerstiog errcrs. ' H
] . 1 ’ t M M M ' st azy sctumaticallye | of tie weisaslty of ccastenily el t s 1
i J (] geortrollel gite Rave such ; flcve. TiAre sre oiber coraliticns veers H
s . : : : : : : : 180 loteriack Or & mectan. : autcontis ojecellon ¢f tbe getes o 1ot : E
s . 3 ' . ' 3 ¢ N ‘yleal toterlock whicd cao ¢ desiredle as it 1§ oezessary to catn- 3 s H
' ' M s s 'K t 1 ' sbe aljusted to prevent 3 taln suffictect bead differvace tetvess ' :
(] N ] s ' '} N . ' quntuly vide ojecied and 4 Grand Laxe ard Shadow Mouataio Lake to 1 1 .
s 3 . 't s s M ? M |‘4|l=t"“‘:‘ r:s1 ‘.durln‘ 3 perstt tke 1oflov 13 pess tirougd, . ] .
' ' ] ' 3 ] 3 1 [} bines v2ed large date ] ' |
t s - N ' M N : ' M §04a31ng0 vould nol be ree N t '
[ 1 . ] 3 s ‘s ' I 1quired for aorral opers- ' 1 ’
. ] t [N L) ' s s ] gtiee. - 3 ] t h
: : : ! ' [] ! s 1 iThe autozatic cootrole arvi Mo, Tbe floet coo:rule 63 Craoty gates ! I €0 BoL reecunsnt Liew ot oF sdjecest | .
M N . . 4 s s ' 4 dooL cperatle becawse the b dave oever ieen used as tbe reservolr bas ! 1o attecded fzstalleticus. . . i
H L . : : : : : : : :u:;x: plye Lo the :lul : 0ever reached 1t emrlnem capazity, Dus : : . :
‘ . ve, o brutes and 1t bas ! ¢o 1be large ares of Cracly Peservolr I
' 3 t ' ' ' s ' Ibeeo ¢ ' ' ' :
pped to preveot do tat wiiak 3t will ever te 0 ]
““"""‘: Gready : 2 : a : 20 sy 0 x 1 T o § Bettber lesturation of the €as. ! Lo use tle float ccatrcde for the proe 3 s :
Nagea H . ' o ! 4 ' 4 ' ' 1 tection Of 1be dan and dlses and 1f ' ' I
’ : H ' o ' ! 4 ¥ (e Feservolr Soes Trach lts suisua, ' J ‘ * )
' v . 4 t 4 ' 4 ' ¥ yory clcer regulstion will be made to 4 . t .
M . H : : ' ' ! M 4 ? Beop e 2311l to & cleteus to svatd ' . s . .. .
. H 5 : ! ' H M ' 4 ¥ dassge to the spillvay and the sirvane | '
' K . 14 1 L : 4 T bed bedov, J 40 oot belteve autecstie ’ ]
' . : : R 4 s ¢ ' s ' 1 oprration should be dojezled upza vbere ] ’
. M M r ' ' ! ! i ' 3 operstors ere tensonatly svailavle for ¢ s N '
' . H M ' ' 1 ' ! ' § ganual ¢ontrol of the gates and shere s [ S ' H
' ' ' : : ] ] ? [} t ! foatvertest azzess openings would result * . 4 - .
' ' : L4 ¢ 4 s 1 1o mstor floods, ' [} 4 N
] L} L (] [] ] [} a 3 . t L} oo




releasios 57,000 efs. - IZ Gute Mo.. 0 were o otick closcd, the cther
Sownren 14 vozin ormding siowdy abl vwes. 2lcovatlon T30.5, thon
qe=s-T 3

D wn NS g
USGLA reuiily Gpen 2ll) tac wny HOTWest weds TH el wnd 7Sl.2. .

.

CUIT eidtex of the 3/if-inch wire ropas which suspend the twm

Cowelss wers o brewdi:, £l fonr goths would ro wide ogen 1T the wator
Csuxicee ab fhe tlme were T5C.0 or Righer in.the case of the right

-
wzliv, or T5L.2 in the cese of ihe lefe welrs - o0 - L T

- .
. . P

| Thece are nod renote possitilifiles; tub even If they were

, RSTS R et w3 - . - Sol A .
rexghbe, the risk would be 100 greot To gustidy. -

- »
- ..

, eruniing ciulich feature of the clectric hoists wus
intended as a sofeozuard opadnst en cleetric érlve bedng ell ensarced ond

i ie flosh operaution ef the gate. However, this feature
deswon The oporaioy poucrlezs U0 lower o gabe 1L cne ehonld beccae stack- |
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B L.LiﬂfoL"i 0§ end Lwd 3-1/2—5.1:cr\. round orifices would be 1::,13..1
b

in the veriicel pine wall &% clovotion (1;1.8 A S~7/8-inch round

(VP AaN

. O e ¥ N L Lo - —aada
33000 osulices would glzo e il" wuiled In the xd """ ) (.'.“".'EIC ouv at
Y ry ~ )

'~lc":':cim i+ Te33 for the purpose of rapidly fi]lm.,, the i‘lo...t eystomn
Gei/d-ineh orifice would not cifect actual movemeab of the '§"tgc

qu-l.m o “a de dudn
a5 coubrol »esses to the 3-1/2-inch c.ri‘.ice:s a2t elevation T4Ll.3 beiore
_ onotica cesurs. In the doumspout €f the left wedr, fomr Feinch rouad
1 omifiess would Be dnstnlled # # % cne at elevaltlon T50.5;

«C, ome ab 735.0, ond onz et T57.0. Al orisices would e
in 1"1-.1*{: sm:.f;_-._.,s gteel plates ond Lolted to p.‘c_,_ ared szals

:'.':.:’-,:*c t.“. ;,..)..,....n-f .:.(‘-» ch wwmpom:s. e o

he gutlet on’:rol orificzes 1‘culd bg_ two 3e1/2-inch dicuoter
&% elevabion 7 O 'ch ton of the 3o-inch floas sysben

Tud amedd 3 dz's.u_a. c**.:.ﬁ.ce., eye provided o prevent

Do vns < ~

ufficicnt wail '-,'d: (o, OuO to 7,000 uoums) wuld te added
Rpetvis) u‘.:...r c ‘un’é:.a‘m‘-e:t.g;’::‘?. so The gzlcs would begin to ricc
serged G-1/2 feeb, xr}: i vc.,ervo-r vater sur feg

t

. e * . St e

T letion of the consyol wounld dhmm b2 o3 i‘ollo-*s-

) z servoir level reaches elevation 7h7.l, vater
Cowild JC_,.T.J. Tlowing ntrel systen oh..’Och'_',{.‘- the in*.fcr*; of the
'-;.,.S- 7/C-ineh £iiling crifice in the right dnlet. Most of the inltiazl
Ciniay w1 be effective in PIilding ‘ch.’: yetam; Lal a cawll amoumnd
a3l be iosl Tfrom the o 3/ araln holcs. Vater begins floving
out of %the G *04./4."".:.4041 zatering ori“icc.s cnlj e:""er ‘the 3C-inet
lowt syuten houder, .':':.s hren D1dled RS : '

T L
s
,}.
: o
{}

P4
-,

. (b} A“.r.l wmer .1..er:_:‘r' the et .ulet v.zt pass hroush ixe ;
o Ze1fe-L poh orifices &t eleveilen TBL.8 iz e doumspouty bab
2hesc do 100 control the inrlow until after whe LO-inch c.iezc‘c.er inled
wveir 4s oversopood at elevezion T50. Contxol of the inflow then
pacsen fxca ihe 5-7/0-ineh orifice te the Yvo 3-1/2-inch oriflces.
eIl Gho ) ¥

onl the roscrveilr wator Jevel rsachos 750.3, the inflow tc e f{loat
o.s-l-»\\

oystan will e sui Ticient 'Lo pegin ralging the g.xtes.

(c) Mo exiciing lOoin..u inlet pipc v ll be fixed in 'Lnr- 1ols

gide of the 1"LJ.", tr..,h its craeat vy clevation TST.TH, and having

-,

Touyr 3=inch "oan or.t...ig.oa tlnoush 14s alde al clevaiilous 750.5, 794,

153, ond THYe I Sue roservolr continues to rloe, water will flow
Lo the zlo.u. ey 'Lx rc"'u cach of ‘Lhc':o oriiin.ca, conpecutively,

. L. .
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R TR T T - . waet S . -
. Plel., Wheao rerervolyr maseos eiteeiion 75, the rate of
= Alnca, et L . ¥ 3o Ve an . . - L] .
ug?...-n, Wi gatoe is nccolzraied oo Whal they will © de
. PP W VR P o+ o ooy omiede = . »
S oeptn wntn the et dnlsh welr ie overterpzd.e As WRi i )
‘ o o7 - o i L+ "y ~ 3%y Fan
ot sation TST.T5 ic ovexlonped, Ihe gotes will otzc'z

haty

R 2 M . R - £ . - PN .p S:%
wersdining Sow lnohens cnu wvion the roservolr subzildos below e

‘ ez o e waln, “he zatos uill bogin 40 closeoes  Labervalory medel
Lcstuddes choued e Grawdonm of 0473 Joot with woageled splliluwny wnd )
<. ezorvolr sivlvee e:u-.'cv::t.'-on t:n‘J.- Thererioye; t’.m reseevsiy waler sl
T sandaso will be ot aporoxing "-?"r cl v""*o 73 .£~ fnen the left weir
An ovestopnede D et : DR

2a : . RN ST
AR {a} 1'""‘\,.,....3,, prineipa il i:‘*-'“"ﬂ.z, wiil require some gecliney
cLLed veloee sny Summwnrd -;:)‘.rc‘..”.':.n'.‘; of the gotes from e
P X4 . 1 wrisaadn "q Lc Y i"‘ls'j sk y ':0 { ¥ Ll.l.\ IV, } Z‘-' e QLS le’
e AY the rerevvell }:-"mwr‘ at elsvelicn 752.0, ..uc aotes wor '.3. roach an
Lo enming of choul hel/2 Jast wuld rezasn there until the rescrvols
et gunsdded o eievation TIL, w ae gates would bagin t clo:-::. This
e QAfforence becomes laes ow the guates opon wider, dug 10 decrsase in
o0 o el Doledlon as the getes LE9% out of the waler. . L =

LTI s . . M

g 3 S L I 1 7 30 N P
.ar;nch J.w -"c—c& the uc:.:s..‘.’.:..l;tw cZ
Yivg Ghe resmyvolr Lillo, sesuliing

m.\\_' .

rronph oponing of the goles. . Ths
:zoyvoly mokes this copeelolly .
efna calenlodions, a LCD-year flcjct'z

o ol andi ‘-o""'“.:..:e‘ l COw2¥e Do r:'-J .;-mvw 2d by S Floo-.‘!. réaclosy

Scation.  Acc o :F.:-:f.*- i of 55,000 ei'y was aszused &8 the

C. rezsyvciy r"'r*wo:,‘:izrzz. sleration :S(;, ;.n—z exinr eonser J::*.;'?o‘l cloprase
ce U7 Jevele Tils wouls : a »aservolr afoe of 0.42 fool pox minsta.
' ST waa celoniniad “b‘z‘rc... ""19. Tioud eyatom wonld Le Tilled sufliciar 3 Ly

4o becin oponlog Che gubtes in 33 ninutes after the rogervolr passed
elcvation 7503 cexnd in z‘:-" ) 'c:...c e rRssvoly would have rise uO

. e..,v =icn 750.T6e A 1lZ2-inch splash plate on ton of tho prozent .
' tezn would be sufficioat xv Yils condlbicne (See Figare V.) .
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1. -Tke present autous t te pote eoutrols at Caclmma om are unzafe

. S
S X . . . *
. .. . .

(2) Sticiing of cithier end futs coudd oause the othen ihwie

leat Ve

ceates to onpon coiplotely vl on dncroase of only 1/10 foo% in rvservolr
e lovel, m'.l...g..“g z..;ou*‘ twice tie historle i‘loor..
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{v) If cue o th slcader 3/3 6-wir-. rc»;peu vhich sucpend ..he
contrOLl woirs worta U0 vreck, cnd ressrvoir waber surlace were &0y
IR 1 v T50.0, 211 four ;:.‘_"ces "‘u..u Ouc.l ...o:.plet.el;r, epilliiag

et Iod
= RV R g — e --_‘N-

g l-’-)yooo c....». . '~ ) e

(c) ? the

. .y
:;':,..es are operating

Tastially or Fdly, the opoxater '.’.s
all with thie elnct*‘*c E*o"t. falis ic bc'"-
ciuten c"*'J.r. hoist

oy wiaich tne 21

Tivn

il

. prasent {loats are nob large
orsin of cofoety for ralcing

Loyt - Yaxe, Y - . w——yoe 3 3
felieticy, uyc..a.'ﬂ.a.b prosoure dovaverd on the
—nrn Temp fagid - - A
umimean ydraulic forces....Thwe causes of uwe

swisica be permzoently retained.)

20

ca e e femaen s

0:1 i'\o.s.t coo.‘t;z‘o1
swerless o

and are’ o-o'*n
lower the gates at

sc of the overrunalag

18 coauceted. - .

rates. ;.mo Is due O s«
votton seel, 2ad othar
se foreces wiil not be

enoush to provide an adeguate

‘eecassivle vnti ’*'.- :e“'*“m iv is &ram & :o.-m t0o el mu...on T20.
_ 3. ' Sebting the control weirs b ove the f'a:b crosts as they now
are, CU2aUo3 and "hﬂr desmrard icad when the water overiops the gates.
b The z:o:.z';lg o.,. ccIp n 58 ...n\, wcirs :m'crouucx_ a nun ting cuicn
vihich is uwadesirabla.” i
5. The present Tload control o_."charc;e orli“ic..s are in the
tothon of the 35-i:ch header vhere sz.b*mr;;oﬁ df-*‘bm., -coulcl clog %liem. -
. 6. Seresns’ ..ave no., an 1':Jv..d:x:::. ‘bo *. ep &e obr.u; cut of the
conirol systom. | - . P ‘
‘ '?.;-c:“::::v .au;o* o s
1. It is recomicnded that the control weirs to 2ixed y rether
~othon moving, to clirdnale the flood hazawd aad huabing wiich e.“a
izheront i thz codble suspexded weirs: oue wely cerest to be fived at
clevetion 750.0 o establish the muviman storage ievel, <the cecond ieir
To e ITixni @b elevation T57.75 to esbaulish the mosisnea surchoarge
ievel. A systes of fixed crifices o establish the desired ratio of
gate opaning $O recerveir Jevel is proposed herein, . e
2. It i3 recomzended thot the pres ca"c overriding featiare of the
electric hodst oluteh he elindmnatzd by walding an d vemachlniag the
clutelr Jjuws, to en2hle sn op01 SVory to b,,'pass the automatic contrecl if
It chwould be- nocessarys ¢ Project bc n instiucted to do this
roxr carration thvoush the 19,\:-,0 flood. £Ceson, arxd it ia rccom:.:..ac.cd
9.9, 2 e 3
iy tho e
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3. ..::r: 1¢h 1. Polley's *"\"c::'.'.“.:: d:rL.;o*z.. ’ it is recomwnded
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