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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. 

All 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, \\hile not considered 
to pe 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��, 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 wa� 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 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 
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� locations where th� 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 electric operated hoists. 

t 

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_ 1stem 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 
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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 cont;ol 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. 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), 
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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 f o 11 owing: 

By use 

By type of waterway 

By type of inlet 

- Service, auxiliary, emergency 

- Open chute, tunnel, conduit 

- 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 dissipater - 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 dissipater, 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. 
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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 
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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 11 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 
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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 generat1on 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 
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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, 
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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 accomnodating 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. 

All 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 
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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 colllTion 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 
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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 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 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 

9 



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 natural 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), 
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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 [l]*. 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 limit 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. Economics. - 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 11 [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 
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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. 11 

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 11* **insofar 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. 11 

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. 

15 



Table 1, prepared by G .  A. Hathaway [1] in 1951, sunmarizes the type of 
100 spillways constructed under the supervision of the Army Corps of 
Engineers .  

Table 1. - Spillway serviceability classifications* 

Number of spillways 
i n each c 1 ass 

Number 
of Serviceability 

cl ass ific at ion 
of spillway 

Type 
of 

d am  

Tiee of control Total spil 1 ways 

Service Earthfi 1 1  
**Concrete-earthfill 

Gravity concrete 
Concrete arch 

Subtotal 

Limited Earthfill 
service Rockfill 

**Concrete-earthfill 

Emergency 

Subtotal 

Earthfi 11 

Subtotal 

Combination of Earthfill 
service and **Concrete-earthfill 
1 imited 
service or 
emergency 

Subtotal 

Grand total 

Gated 

5 

13 
10 

0 

28 

3 
0 
1 

4 

0 

0 

2 
2 

4 

36 

Ungated with 
(i. e., free stilling 
over-flow) bas ins 

19 24 19 
3 16 10 

6 16 13 
3 3 0 

31 59 42 

22 25 0 
1 1 0 
2 3 0 

25 29 0 

5 5 0 

5 5 0 

3 5 0 
0 2 0 

3 7 0 

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 spi llways for WPRS embankment dams 

Gates D i scharg� Type of Date of 
Name of dam No. si ze (ft ) Type tot al ( ft / s) conveyance complet i on 

1 Agency Valley 3 18xl7 Rad i al 10,000 Chute 1935 
2 Alamogordo ( Sumner ) 3 45x21 Rad i al 56, 000 Chute 1937 
3 Alcova 3 25-8x40 F ixed wheel 55,000 Chute 1938 
4**Ameri can Falls 5 44x25 Rad ial 87,000 Gravity crest 1977 
5 Angostura 5 50x30 Rad i al 247,000 Gravi ty 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 Rad i al 8 ,000 Chute 1939  
9 Boysen 2 30x25 Radi al 20, 000 Chute 1952 

10 Bradbury ( Cachuma) 4 50x30 Radi al 159,000 Chute 1953 
11 Bull Lake 3 29xll Radi al 11,000 Chute 1938 
12 Cabal lo 2 50x22. 5 Radi al 33, 200 Chute 1938 
13 Cascade 2 21. 20 Rad ial 12,000 Chute 1948 
14 Choke Canyon 7 49. 2x23. 7 Rad ial 251, 766 Chute UC 
15 Cle Elum 5 37x17 Radi al 45,700 Chute 1933 
16 Davis 3 50x50 F ixed wheel 214,000 Gravi ty crest 1950 

2 22xl9 Top seal radi al 43,400 Gravi ty crest 1950 
17 Deer Creek 2 2lx20 Radial 12,000 Chute 1941 
18 Echo 4 18xl7 Radi al 15,000 Chute 1931 
19 El Vada 1 36x24 Radial 24,700 Chute Rehab. 1955 
20 Enders 6 50x30 Rad ial 200,000 Chute 1951 
21 Glenn Elder 12 50x21. 8 Radial 178,000 Chute 1966 
22 Granby 2 2lx20 Rad ial 11, 500 Chute 1950 
23 Gray Reef 2 35x20 Rad ial 20,000 Chute 1961 
24 Green Mountain  3 25x22 Rad ial 25,000 Chute 1943 
25 Guernsey 1 50x50 Stoney 50, 000 Chute 1937 

2 64x14. 5 Drum 25,800 Shaft, tunnel 1937 
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Table 2. - Gated sp illways for WPRS embankment dams ( cont.) 

Gates 
Name of Dam No. size {ft) Type 

26 Hyrum 3 16xl2 Radi al 
27 Jackson Lake 1 7 8x7- 10 Rad i al 

2 10x7-10 Rad i a 1 
28 Kachess 1 50x8 Rad i a 1 
29 Lovewell 2 25x20 Rad i al 
30 McKay 6 20xl0 Rad ial 

31 Minidok a  4 10xl2 Top seal radial 
plus uncontrolled crest w ith 5-ft flashboards 

32 Moon Lake 2 24x16 Rad i al 
33 Norton 3 30x36. 35 Rad ial 
34 Olympus 5 20xl7 Rad ial 
35 Pal i sades 2 20x50 Rad ial 
36 Palmetto Bend 12 35x22. 61 Rad ial 
37* Pati 1 1  as 3 30x33.38 Rad ial 
38 P i neview 2 12x22 Radi al 
39 Rye Patch 2 18xl7 Radi al 
40 Scoggi ns 2 19x20. 5 Rad i al 
41 Shadow Mountai n 2 18x20 Radial 
42 T iber 3 22x38 Rad ial 

43 T i eton 6 65x8 Drum 
44* Toa Vaca 3 30x33. 38 Rad ial 
45 Trenton 3 42x30 Radi al 
46 Un i ty 2 24xl6 Rad ial 
47 Vall ec i to 3 37xl9 Rad ial 
48 Webster 3 33. 3x39. 5 Rad i al 

* Desi gned by WPRS for Puerto R i co Water Resources Authori ty. 
** Desi gned and constructed by Bechtel. 
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Di scharge Type of 
total ( ft3/s) conveyance 

6,000 Chute 
Gravity crest 

8, 690 total Gravity crest 
4,000 Chute 

35,000 Chute 
Ori gi nal 10,000 

increased to Side channel 
27,000 Chute 
7 , 900 Gravity crest 

99, 700 total Gravity crest 
10,000 Chute 
94, 600 Chute 
21, 200 Gravity crest 
48,500 Tunnel 

176,000 Chute 
79,000 Chute 
10,000 Chute 
20,000 Chute 
14,000 Chute 
10,000 Chute 
57,800 Chute 

modi fi cation 
38,000 Chute 
78,000 Chute 

133,000 Chute 
10,000 Chute 
30,000 Chute 

138,000 Chute 

Date of 
completion 

1935 
191 1 
1916 
1936 
1957 

1979 
1913  

1938 
1964 
1949 
1957 
UC 
1974 
1937 
1936 
1975 
1946 

1980 
1925 
1972 
1953 
1938 
1941 
1956 



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 OS* 1961 37,200 Emergency on 1 y 
3 Wasco 1959 13, 100 Emergency on 1 y 
4 Helena Valley OS 1958 10, 600 None 
5 Haystack OS 1957 6, 600 None 
6 Crescent Lake 1956 86,000 Emergency only 
7 Stubblefield 1954 16,200 8nergency on 1 y 
8 Vermejo No. 2 1954 2,900 Emergency on 1 y 
9 Vermejo No. 13 1954 5, 000 8nergency on 1 y 

10 Carter Lake OS 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 OS 1949 10,000 None 
13 Horsetooth Reservoir OS 1949 151,800 250 ft of dike 

4 ft lower 
than embankment 

14. Mary ' s  Lake OS 1949 900 None 
15 Wickiup 1949 187,300 Emergency with 

earth plug 
16 Long Lake OS 1948 65,000 Emergency only 
17 Willow Creek (Montana) 1911, 1941 32,400 Emergency only 
18 Pishkun Dikes OS 1931, 1940 46, 700 None 
19 Deer Fl at 1908, 1938 190,000 Emergency only 
20 Midv iew OS 1937 5, 800 Emergency on 1 y 
21 Soldier Meadows OS 1923 2,000 None 
22 Reservoir A 1907, 1922 3,000 None 
23 Nelson Dikes 1915, 1922 85,500 None 

*OS = 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. I t  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 spill way 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 fl oat-operated 
hydraulic automatic system with manual override. Electric power �or 
manual operation is supplied by corrmercial power with an engine generator 
as a backup auxiliary power source. Twenty-four-hour attendance is 
required when the spil lway is in operation. The gated spil lway is 
capable of evacuating the top 30 ft of the reservoir or about 40 percent 
of the active capacity of the reservoir. The river outl et works has a 
capacity of 350 ft3/s. The Tecol ote Tunnel inlet is located about 3 mi 
upstream from the dam and 90 ft bel ow the maximum conservation water 
l evel in the reservoir. It has a nominal capacity of 100 ft3/s. This 
tunnel can al so be used in conjunction with the spil lway 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 vol ume of 330,000 acre-ft. Reservoir drainage area is about 
420 mi2. 

Because of the large flood volume and the rel atively small storage 
capabilities, surface area of 3, 090 acres at top of active storage, 
a l arge capacity spil lway was necessary. A comparab l e  ungated spill way 
using the same reservoir rise as the gated design, 10. 5 ft, would have 
required an uncontroll ed crest length of 1, 500 ft. A structure of this 
magnitude wou l d  have been extremely difficult to locate at this site 
because of unfavorabl e  topography. In addition, elimination of the gated 
spill way wou l d  have required the inclusion of a large outlet of reservoir 
evacuation to replace the lost gated spil lway capacity . Rough cost 
comparisons at 1953 prices show that project cost with an ungated spil lway 
wou l d be increased by approximatel y  $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 lb of sandbags were placed on the two hangi ng counter­
weights of one of the gates. The following modifications on spillway 
gate controls were made after the incident: 

1. F ix 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 i f  necessary. 

3. Add a 1-ft splash plate to the top of each gate to permit full 
storage at elevation 750 ft wi thout danger of overtopping the gates. 

After these modifications, gates were operated satisfactorily duri ng 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 enbank­
ment dam approxi mately 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 reservoi r, which is located i n  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 w ith three 30- by 36. 35-ft 
radial gates as shown in f i gure 2. It has a capacity of 94, 600 ft3/s. 
The gates are controlled by a float-operated hydrauli c automati c  system 
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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 desi gn flow i s  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 hi gh cost of r i ght-of-way and relo­
cati ng of a rai lroad track, it was desirable to limit the maxi mum water 
surface elevation of the reservoi r 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 requi red additional track 
constructi on. In additi on, the railroad company was concerned about 
exceeding the maximum feasible grade for the track as desi gned. Any 
increase in water surface elevation would have compounded the problems 
associ ated with the railroad relocation. A comparable ungated spillway 
would have required an uncontrolled crest length of 660 ft. 

Eli mination of the gated spillway wou ld  have requi red the inclusi ons 
of a l arge flood control outlet. Rough cost compar i sons at mid-1965 
pr i ces 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 wi thout the 
use of any spi llway would have required approxi mately 30 ft additional 
hei ght to the embankment. This is unacceptable in view of the maximum 
feasible railroad grade and the high cost of right-of-way. 

The automati c  gate operation features and the incl usi on of a large 
fl ood control pool, along with the econom ic considerati ons, were prime 
factors used when selecting the final desi gn scheme. 

Per i od i c  i nspections of the spillway and gates ind icate that they are all 
in excel lent 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 d ue 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 3 3. 5-ft 
radial gates as shown in figure 3. It has a capacity of 3 3, 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 additi on, 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 j oint 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 limit 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. 
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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 ( 33,90 0  acre-ft) relative to the inflow design 
flood with a 3-day volume of 33 0, 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. 

31 



SUMMARY AND CONCLUSIONS 

Sel ection of type of crest control for spil l ways is a compl ex matter. It 
requires a comprehensive understanding of factors which shou l d  be considered, 
advantages and disadvantages of using different types of spi l l ways and 
gates, and current practice accepted by major agencies and firms with dam 
design and construction responsibil ities. Information and anal yses given in 
this report are general in nature. Case studies on four Service dams are 
used to il l ustrate certain types of crest control for spil l ways which were 
sel ected by the WPRS. Several concl usions can be drawn with respect to 
sel ection of type of crest control for spil l ways. The most significant of 
these concl usions fol l ow: 

1. A comprehensive anal ysis and eval uation of the geol ogic and topo­
graphic conditions, hydraul ic and hydrol ogic factors, project objectives 
and fl exibil ity requirements, hazard potential , operation and maintenance, 
and economics shoul d  be done before the sel ection on spil l way type is 
made. The minimum requirement for a spil l way is that it can be safel y 
and economical l y  constructed under the given geol ogic and topographic 
conditions to pass the infl ow design f l ood. It shoul d  be emphasized that 
safety of the dam is a primary consideration that must not pe compromised 
to reach other objectives. 

2. Factors considered in the sel ection of the appropriate type of 
spil l way shou l d  al so be considered in the sel ection of the most suitabl e  
type of crest control and whether the crest shoul d  be gated or ungated. 
With respect to gated, special considerations shou l d  be given to the 
geometry of crest structure, hoisting equipment, potential operation 
probl ems, the need for backup systems, and the economic comparison of 
gated and ungated spil l ways in terms of the total cost. 

3. Design simpl icity, ease and f lexibil ity of control , and operating 
rel iabil ity are important factors which shou l d  be considered in the 
design and sel ection of spil lway gates and hoists. To increase the 
operating rel iabil ity, consideration shou l d  be given to backup power 
supp l y, hydrau l ic fl oat operation, and a·utomation. 

32 



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 cr�st length; the ability to provide rapid 
drawdown from the top of the gate to spillway crest for emergency evacu­
ation, flexi bility 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 elevati on, gated spi ll ways are generally preferred. In cases 
where gated spi llways may have some economic benefi ts over ungated 
spi llways, the selecti on should not be at the expense of safety especi ally 
for an embankment dam constructed above a populated communi ty. 

7. Wherever gated spi llways are used ; they should be desi gned, i nsofar 
as practi cable, so that peak rates of reservoi r  release duri ng damaging 
floods do not exceed peak rates of the correspondi ng floods before the 
constructi on of the reservo i r .  I n  add iti on, the rates of increase i n  
reservoi r  releases should be li mited to values that would not consti tute 
a major hazard to downstream interests. 

8. A more cauti ous approach to crest control i s  needed for embankment 
dams than for concrete dams. Concrete dams can be overtopped i n  many 
instances w ithout damage to the dam or its foundati on .  Such i s  rarely 
the case for embankment dams . 

9. There are no standardi zed step-by-step procedures to follow i n  the 
selecti on of type of crest control for spi llways. Careful, systemati c, 
and comprehensi ve evaluati on and assessment of all perti nent factors and 
the advantages and di sadvantages of d i fferent feasi ble cho i ces based on 
site speci fi c factors and l imitati ons should be done before the fi nal 
selecti on i s  made. 

RECOMMENDATIONS 

The purpose of th i s  report is  to prov ide general i nformati on on select i on of 
the types of spillway crest control that are suitable for s ite specifi c 
cond it i ons, and to assess the vari ous factors that are important to maki ng 
such a selecti on .  Particular attent i on i s  focused on gati ng of spi llways 
for embankment dams wei gh ing the advantages and disadvantages. The recom­
mendati ons that follow are in  keeping with the li mited purpose of the 
report : 
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1. Guidel ines for sel ection of spil l way type and spil l way crest control 
shou l d  be prepared for use by the Division of Design in order that a 
systematic and comprehensive eval uation and assessment wil l be uniforml y 
appl ied to al l spil l ways with appropriate consideration given to dam 
safety. 

2. WPRS pol icy on means for control l ing spil l way rel eases shoul d  be 
fl exibl e enough to accommodate the many site specific factors that 
shoul d  be weighed for each dam and reservoir. 
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Automa:ticn cf S-:Jillw�-,,. Gates 

• . . ... . ,. .  � . .  - J.. .t - --.J.11 1.1 .L  v u u.� w .:. v  ... .i. 

Stateraent of Problc� . - By memorandum dated A�ril 14 , 1971 , concern� 
ing the su":>j ect "Criteria for Automation of Spillway Gates" the 
Chief , Divisio� of Design , assigned this Des ign Rese�.rch Team the 
following proble� : 

Develop criteria for use by Bureau of Recl�ation designers in · 
determining the need for automatic controls for spillway gates 
on reservoirs impounded by earth and concrete storage d�s with 
end without allocated flood control space , the selection o·r 
type of controls ,  limitations on  rise in reservoir water surface 
to actuate the controls and the rise in reservoir water surface 
to fully open t�e gates , arriving at the maxmtt� reservoir water 
surface e:l:-ev-a:tion to be documented , an_d the guidelines for 
determining freeboard. Develop a means of evaluating the relia­
bility of forecasting sno�;melt runoff and rainfloods , the relia­
bility of  the power source , accessibility , cost , and other 
factors which nay influence the omission of automatic controls . 

The Design Research Tea.� consisted of the f�lloving n:embers : 

Garry H .  Austin - Hydraulic Struct�es Branch 
Jar.ies Legas - Hydraulic  Structures Branch 
Ernest A .  LinchoJ..m - Hyd�aulic st�uctu�es B�anch 
John G. Starbu�k - Hydraulic Structures Branch - Manager 
Lewis M. Sti!n.son - 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 req_uirec. . · As our 
study progressed , it beca.�e apparent that hard and fast ru).es  for · 
criteria could not be determined . The need for automatic controls 
must be studied on its own merits for each proj ect . 

The study of this problem was made during Aprii , May , and June 1971 . 
During this tioe the tea� held eight meetings 2 hours in length and 
discussed auton1a.tic spill-we.y gates and controls vi th the following 
Bureau of Reclamation en.ployees : 

Paul L .  Anna 
Merlin D. Copen 
Ibnald A. Gray 
Peter E .  Hancon 
Lyle M. Johnstone 

· Fred D. Reed 
Edward A.  Serfozo 
Fred C. Walker 

Electrical Branch 
- Hydraulic Structures Branch 

Water O&M 
- Po�er O &M 
- Power O&H 
- Hydraulic Structures Branch 
- El ectrical Branc h 
- Hydraulic  Str1..1ctu!"es Branch 

. .  · - ------- ·- . -----·· -·· · 
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�iterature Search 

In an effort to obtai� more  �nfol"l!lation on the problem for Automation 
of Spilh:ay Gates the Bureau .library �as researched for engineerin·g 
referenc es , but info�1ation d.irec·tly related to the proble::i was not 
found . The information that vas found was of such a general nature 
that it could not be used.  

The research tea'n. re·,riewed the 1958 Abstract titled "Automatic 
Spil�vay Gate Control Questionnaire . "  

- Corres-oondence 

Correspondence vas received from the Pacific Gas . and · Electri c Company 
which elaborated on the use of local automatic contr�l ; this is  
discussed later . 

Considerations Determining Use of Automatic S�illway Gates 
. .. . . . . . . . . . . . 

A. · Automatic Controls on Suillvay Gates 

1.  Earth Dams . - Automatic  Controls may be needed primarily for 
safety conditions to . insure against overtopping 8i!ld resulting 
failure . Actual need should be determined based on consideration 
of degree of attendance , reliability of co?:::1unications , location 
of da..� on the watershed , exi stence of upstream control features , 
custody of the structure and consequences of  resulting · damage or 
failure . 

a. With allocated flood space . - JJ.loc�ted flood space is  
normally established by the U . S . Corps of  Engineers , both as  
·to volume and method of releas� 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 
local or remote . Since this control must be available until 
the flood pool is filled , it is ass'\Zled that s ir.dlar control 
is available after the pool is filled . Automatic  controls for 

.the spillway gat es might be  eliminat ed in this case . 

b.  Witnout allocated flood space . - Releases become a matter 
of maldng certain that out flow doe s  :1ot exceed inflow , and 
contro: of the reservoir water surfe:e a.�d maintenuncc of  
freeboard become important • .  Automat �c controls are  o f  greater· 
importa�ce for this cas e .  

2 .  Concrete D�ms . - The need for auto�atic  spill�ay 
dams is  not th� same problem as it is  on  earth d��s . 

2 

£ates  on concrc�e 
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dams are overtopped failure of the dam usually does not· occur . 
Ho�ever , the designers must consider dama�e or fai�ure of appur­
tenances loca�ed at the toe of the · structure . Automatic spillway 
gates usually are not required . 

:·. · · · · · · · · · ·. 
fynes of Controls 

- �  ·- -·----·· 
Two general types of controls ere ava.ilable : hydraulic  and electric . 
Electric control may be :further . divided into .loca,L .and ·supervisory • .  
Supervisory ·control is remote ._ manuai . . 

. 
. 

. . 

1.  Limitation of reservoir rise to actuate gates . -· This depends 
on the individual situation .  As a general guide a minimtlr.l of 
2 f'eet of reservoir r"ise is usually required for reliable full 
cycle . opening o�eration • . This minimum interval . will usually 

. minimize the effects of wind upset . For the smaller gates it 
allows a reasonable ratio of gate opening to res ervoir s ize for 
hydrauli c syste�s and a reasonable arrangement of probe settings 
for electric automa�ic systems . 

a .  Water surface to actuate controls·. - The actuating 
mecha.�ism should be ready to operat e

.
when the reservoir 

wa�ter surface re�ches 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 t o  fully open the gates . - This is  an 
economic design .problem involving the rate of reservoir rise , 
height of gates and the cost of daz:i height . The gates must 
not be too sensitive . to small reservoir rises . They must be 
sensitive enough to �is e when speed is required. A rate of 
5-foot gate rise to  1-foot reservoir rise is comnon. Gates 
50 feet high vould require a reservoir rise of about 7 feet 
before the upper nap:pe would clear the gate bottom. This 
7-foot added he ight of dam might be prohibitive in cost . 

C. Freeboard Guidelines ; 

1.  Con·crete Da'!ls . - The crest of the dam is usually set at the 
maxim.UI!l water surface , with a solid concrete upstream. parapet 
providing protect ion against wave action . 

2� Earth D�s . - Current general prac"ticc is to have 6 feet of 
freeboard on a surcharged reservoir or  8 feet or freeboa?"d above 
· the conservution pool without surcharge ; these are satisfactory 
under normal circums tances . Frecboard criterb .. should also con-­
sider vind :-:'etch . Under the safety of  de.ms progra'tl it  has been 
considered proper to reduce the freeboo.rci for an exist ine dar.i to 
as li ttlc an 4 feet , providing the top of  the d �-'i is  sound and to 
grade . Tne reduction in freeboard results fro� · a  rcc�alcation of 

:---..... ..... _____ .,:._ _________ ···- · · ·· . .  
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the des ign of-

Ev-aluatin� - ��d R�liability of Forecasting R-�noff 

1. · Snowmelt . - R��off from snowmelt can be forecast depending 
on the size of the watershed , nUI!lber o f  obser;e.tion stations 
and length of records vi th reasonable reliability as far as . ..  
total volu.'"':'1.e i s  concerned.. However , the intens ity or  concentra­
tion is  subj ect to a wide range of  variation because of possi­
bility of unseasonably warm weather , rain , �ind , ·and rain on snow . 

2 .· Rainfall . - Forecasting is not reliable because cloudbursts 
and -flash flooding may give -insufficient time to take act ion , and 
damaging storms in remote areas may not be kno'W'll . 

E. Factors Influencin� the Reaui�e�ent for Ailto�at ic Controls and 
Types of Aut.orm-.. :t i c  Cont.rols 

1 . Power source . - A r eliable source of J;)OWer is required for 
electric auto�ati c  controls .  A dam with a :pove�plant is  often 
considered to have a reliable sou�ce o f  J;)OWer . Engine generators 
can supplement an unreliable source o f  :power . 

2;  Attendance and acces s ibility . - If attendants are available , 
they will operate  the gates and automatic  centrals are not req_uired . 
If attendant s are not available the spillway gates should have 
automatic  or superirisory control . With the greater emphas i s  now 
being given to unattended dams , the use of · automatic gates nust be 
given thoroug� cons ideration especially if accessibility is  poor . 

3 .  Cost . - Not· only the initial but the 0�4 cost s must be con­
sidered vhen deciding whether to auto�ate and vhat type of auto­
mation . to use .  Where the final features are u_11...�nown , it may be 
necessar/ to increase reconnais sance or feasibility estimates . 

4 . Others . - Reliable supervisory· controls o ffer another alternative 
to the use of autq�atic  controls . Methods of signal tra.�smitta.l are : 

a. Leased telephone lines . 

b .  UHF radio . 

c .  Cables . 

d . Bur�au-owncd telephone lines . 

e . The des igncr should kno·.1 t l!e o.d11ante.�cs · a..."'ld di saiva:itaee:; 
of each . 

·4 . �--
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/ Automatic spillw�y gat es usually will not be required on reservoirs 
_/, h a,J.Jocated flood �pace or where major upstre&� storage structures 

/;;�ia.e controJ.J.�d relea3e:; , 

e. �e deeis i.on to provide or omit auto:c.atic  spillvtay gates on head- · ·. --< --· 
v�ter �torage structures should be based on the following cons iderations : 

l. Bapidity of inflow and time available for operation 
2. Attenda.'l'lce 

· · 
3 .  Accessibility and communications 
4 . .  Custody of structures and degree of control - a..�d maintenance 

of automatic  system 
5 . . Consequences of overtopping 
6, Reliability of forecasting 

F . The type of control select ed should be based on the degree of 
. r�li�bility required . Hydraulic controls are considered to · be the 
�ost reliable . Sooe conditions for !X)Wer supply :eight allow a close 
approach in relia.bili ty of electric.al controls . 

G, Usu.ally auto�atic spillway gates are not required on concrete da-:is . 

H.  Water O&M should update and disseminate the data contained in the 
1958 survey "Automatic Spillway Gate Control Questionnaire . n  

: 
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/c�teria of Other P�encies 

J. . Govern�ent .. - The Bureau 0£ Recla-nation apparently is  the onl:r 
Governc�nt agency that i s  a maj or user of autom�tic  spillway gate 
controls .. This is the result of building major storage structures 
near the hea:1:;,"aters of  drainage systems , a.llm-ring .. :econornics to 
cont!ol · the choice of gated versus fre� overflov structures and a 
·policy o! reducing operational staffing to � mininnk� . 

2�. · Privat e . - PG&E uses automatic spillway gates  for local auto­
matic control that respond �t preset reservoir levels and are 
sequential in operation . They are also used in backup for the 
supervi sory in the event of .control or microwave failures .  PG&E 
reports that vandalism has become critical in their automatic  
systems· operation . 

Cons iderations for Des i�n and Oueration 

1. Planning . - Definite determination relative to  proj ect operation 
should be made in the planning stage and be included in the design 
data as to the staffing and pro j ect operation . This should be in 
the earliest plannir.g stage practicable a..�d a definite commitment 
-made no later than in specifications des ign data .  Incoming des ign 
data should be reviewed by Regional Director ' s  staff for state:aent s 
regarding the adequacy and the proposed �ethod of operation . Dat a 
should be proj ected into the future to  determine whether · the method 
of operation will re�ain stable . 

2. Operating hydrology . - Hydrologists must give and perfonn the best 
fore.casting techniques relative t� flood and reservoir operation . 

3 .  Operation a.�d maint enance . - Instructions on operation and main­
tenance of automatic gates should be stated in such a way that they 
are readily understood .  The competency of the operating and main­
tenance personnel should be subj ect to review. 

Recommendations and Conclusions 

A� No arbitrary rule can. be made tq_ omit or include. a��omatic  spil�way 
gates . The designers , in cooperation with the Proj ect , Region , and O&M 
forces , should be given the task of deciding the solut ion for each 
structure . 

B .  Dcfini te  de termination relative to proj e.�t operat ion should be made 
in . the planning stag� and be included in the dcs ie;n data .  This shoul_d be  
ma.de in the car Liest  planning sto.ge and a definit e commitment t1adc �n  the 
SFecifications des ign data . 

C. Automatic spi ll".J:1.y g�t� controls generally will' not be req_u:i.re:d !'or 
' eerth d�s where ti p,w·�:-plant o:r pro ject  ·ope::-:e.t ini hcadq_u.arter s  p!"'ovid.c 

a 24-hour watch or another hic;h degree o f  attcnde.nce . 
, 
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/. Autpmatic spillway gates  usually vill not be required on reservoirs 
� ilh sl-located flood space or where major upstrce..ru storage structures 

;..;�vide controlled releas es . 

s. The decis ion to provide or omit automatic spillway gates on head-
�ater storage structures should be based on the following cqnsiderations : 

l.  Rapidity of inflow and time available for operation 
2. Att endance · · 

3 .  Accessibility 2nd colE!lunications 
4 . .  Custody of structures e.nd degree of control- end maintenance 

of auto�atic  system 
5. Consequences of overtopping 
6. · Reliability of forecasting 

F. The type of contr-ol selected should be based on the degree or 
. reliability required. · Hydraulic controls are considered to · be the 
most  reliable . Scee conditions for power supply might allow a close 
approach in reliability o f  electric.al controls . 

G. Usually automati�  spillway gates are not required on concrete dar.is . 

H.  Water O&M should undate · and disseminate the data contained in the 
1958 S.,.,�,.e�

.,
- " �· •+c-a;+ 1· c- S-.; ll,. .. a1 ,. Ga+ ° C ........ + ........ , "• 1 0 �+ .; ,..,.,,,., �; .... e " \.A...L. V • •'°4 1.#  � W Z' .a.  f'I J lftl "-"  .,,_, .,. v_. �.._ �'-".,..� w ..- ..., •••••-• • 
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1. l,!el:orsudu:u of K:.y 13, 1953, "Testi�z of Spill�-1a7 Gate�-­
Cach1.1.i'"'a!:! D,:.::-l, "  :rro� F"ield Zuzi_neer, CschlSla Bra.11ch to Chief 1 

: Coiwtr-�ctio� Di\"ision. 

o >.� - · · 2 .  :�ferorc.:1du:l for lr..lcs c.a.ted. June 3, 1958, 'by T .  A. ·= Polley, Rec;ion _ 2. 

ic� 

3. !£tter of �o¥�bcr 13, . 1958, · ix� Assis't<."'..�t Co�ssioner 
to Re�o:1e.l. Di!-cctor, CC:l�� • ..; �� i:lstr-..1ction.s for oper1.1.tj.on 

· .flu.--0�1 the 1958-59 i'J.ooi s�c.s.:)n. . . . . . . .. . '· 

. . ·- .... 

1�. · Report by the ,\r�� !!!1;11:eer, D\!..-:!r.i;O , Colorll.clo, 
re5a.i·d:i.:i� o:p�r.;".tion oi" v-�11 ccito Rcs�r,roir, J'uly 2:� through 
�uly 27, 1957, 'l-ri. t!: tra:��n! t� let·;;.er <k'\ tcd Aucust 15, 1957 . 

5 .  · .  "Abstract of Ja.utci:��tic S:;,illw�Y Ga.to Control. «,uestion­
na.ir:?s, " _ prc�-.i ... �d by Ir:i. .. �z.tion Op�ro.tionn Division (Table I)_. 

1l'"n.e m� ar.:.d Flooa Ron.ti11; Con.:;idcr�tions 
, 

Ce.churr� Do.:n iz loc:?.tca in Sj,D,ta. Bn.�·bo.ra County, 
C2.lifor:.1i3., on th� s�--·�:'v!! Y1:cz River. It \.r-.S corilpletcd in 1953,  
uncle� Sr:,-�cif:Lco.tio:1s Ko . 3c-34.  It is  o..vi c:i:thfill :rtructu:a 
276 i.9i:Ct hir;1, h�vinG a co:-!c:.·ctc CI)iLL\,�y of 161, 000 ci':; c�p=.city. 
The ·t, .. o 30-:bc.� river out:!.!?t vaJ:,.,.-cs ho.vc a ccr.:bi�cd cc.r..::.cit:, or 
nboat 7�0 c�s �t ����11�'n hc�l, ru�d �re of ncGliciblc co��cquonce 
in noad. l·cu·tin�. Tllo· cpilluc.:r· invert io o.t olcvc.tiou 720 . �10 
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fo rin UfC• U . I NFORMAT I ONAL ROUT I NG ' 
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H.uc�u " t  �,· cl 1;n111 t >  o:, . . . ,j,-,cJ ,.·" ·_ii... . 
1 

-. . 
· . . )  

) 

r--- -- --- -
;.:.::=c:.;·:ccl�4:1. Danver, Colo��eo 

JQ.llUC.r:tf. 8, -1959- - - -Chic� r:��ic,.1in� Eu5inccr 

""'i• � ..,.-:­,.,!...-""- , 1-� C:::!..11.i�c:il. B�:mch 
I _ _ _ _  :_ _ _  _ 
I 
I r--- --- - -

. P�opc::;.�d a.l·c·-c.r ... �.Juio'.!le to the control synter.1 for the four .50- qy - - - - - - - -
30-1·00-t eu.tcr.:1t,ic i'loat-opzratcd Gpilll:ay radial gates at i 

. C�cir��� :D.:'.":1--C�clm·.,·'.\ Project r- - --- - - --
1 

P-lll-:)0:3c of �nir. 1.��0ran.d.1t:1 • ,---- - - - - - -

. As a. r:;sult o:r the 1:;��ri.11d.u."n for Files by T .  A. Po)trcy _ _ _ _  - -- - -
da.-tcd Ju:.'la 3, 1-953 (rcfcrc:icc 2 1>e1ow ) ,  the task of �"1o.lyzin� I AUTHOR 
the m.:.b.;e�t co:itrol Gys-'c;m� vz:.c ussio1cd to R. w. Fo'7lm.· of thj�� - - ---- - - --

.. • GPO 84586' 

branch . s�� CZ.T?Zcrcus features vcre discovered, and corrective 
me(i.S'l.trcs �e reco;-r-:�:ac.cd. 

Rcferc!1ce3 

1. M�1ors.ndur:1 of M:.y 13, 1953, ''Test:J.nr; of S:pill1-ray Ga.tes-­
Cr!cht� Tr.;;.;:"l, " from Field. Zn�eer, C�ch�-,a, B:re.nch to Chief 1 
Ccnst1��ctio� DiYision. 

2 .  !,�oor.:mdum tor �cs ca:tcd. Juue 3, 1958, b:, T.  A. 
Polley, ReGion 2. 

3. Latte::.· c,:r !�oi.t�Z::)cr 13, · 1958, :f'rc:;a Assistca .. nt Comil"issionar 
to Re�:io::-ci Director, c�Z'l.ta.in.in.; instr.1ctions for operatj.on 
f�1ro�� th'Z! 1958-59 fJ.ood. s�::.son. 

11-. Repol--t by tha ,\r�c. :!:!nr;ir.ecr, �ango, Color�do, 
rcs.:!J.•d.:L'1.3 O}?�l\t,;tion o:C' Vallacito Rco�r,:oir, �Tuly 2!� th:rough 
July 27, 1957, wi-'�� tra:1s1:iitt� lct·�er dated Auclst. 15, 1957 . 

5 . .  "Abstruct of }Jlto-::��tic S:pillm::.y G�te Control Q.uestion­
n�ir�3 , "  prcpJ.r.:d by m-i��tion Cp0r:..itionn Division (Table I) . 

I 
Tile I):,x1 :lnd FJ..ooa Ron.ti11r.: Co�.:;iclcr�tione 

Cc.churr.:.t �".a 1$ loc:?.tcd. in S�'ta Ba:-b1ra C01.mty, 
California, on th� Sc..-:it!'.! Y�:cz Ili vcr. It v:is co!·J.ple:tcd in 195 3, 
tmc1�:- 5!,)-:!Cific�:tio:is Ko. 3c\ll1- . It is c.n e3:thi'iJ.l otructu! .. c 
2''i6 i:cct hiQt, h:.!v:i.n:3 a. CO:lC�C°tC c�illl.r-.:, Of 161, 000 Ci°G C:l.po.city. 
Tl!c ·t, . .-o 30-:!.!1ch river outJ.ct vJ.lvcs h!l.vc e ccr.:binccl ca.r�cit:r or 
a.bo�1t 7r;c cfs �t :�.L.�ilm!J:l hc-:'.u., u1.1d :ire of nco.iciblc co:incqucncc 
in :Clovd. 1·0util1�. Tho· O:r>illuo.:, il1vcrt ia o.t clcvo.tiou 7�. Tho 



. • : . . · . 
.• . . : -· , .  

. · :  , . .. . . , :  
. . .. ' 

·, ., .. . . .  . ·• 

0 

. .... - . 

�op ·o.J"t ·'-1,"' n.,..,.; , 1 • r·l'f  .. r;-., -•.,..-=- •1�1cl .a."�� to-n Ol.._ ' the co·,� ..... �,_., .... -: on -ooJ.. nr--• 
1, -4 '-'-• - -...:::_J. __ .,. ..,..., LJ"'"" I.#.., .... '--• '-"..,t.,: J:' • •  L4u ._  .. i,...,..,  __ .. !.> r.. ..., 

c:t clr-!''l::!t�o:i 750. !:-�··d::ri.:zi c::m:;,::r-:i�tio:.1 ::rto�s:.�c a.t cl<::vo:tion 750 
iz �£'LO) OCG �ere-feet, a.no.. rozc1·vc,ir cur:r�ca c.rea. c.t t!1:�t elevation 
i;:j c 1::�:.-�lc i�1·� t}1�;� 3, C00 o.c:-c= . 'j:hc dcsi01 i1,:,,:id, 1;:i.,a,-;.;inc; 
-- _, ; ,°\ ...,. - --�, � ., � �  ·- , ,o ,. 1 d t· • • • ' r r·; ·j .  :,�.J-!J- -.;:,;:.. , .!..5 .t...:.;.) . vtJ� -c:r:2 �:-,�a,i: ; ·�� :1� r.-:.�-:irJ1.:u:1 ui:n;or:..c , . . . 

:ZJ..oocl, !�:..:::ch 1933, �.:-a.s 43, 700 .. ci·c :pea.lt. Ar....rlual r.mo£t l1a.s bcc::t 
VC":7.v� e:rr�·;;ie; ., irO-r,�dnc; i':::"C!il z0ro :!.n 191:a , . to lt.'"{o , 000 A. F • . in 1941'. 
!;=c.i��zc e:.�·cu is l}�l sq_uc.rc .rd.las . Tl:ere 3.l.'e ccvcral z�nll tmma 
iP .. -tl!�� Do.::1� Ynez Valley do· .. -:1�trciJrl fi•cn1 the d!:-7.1 ; and the ri vcr i� 
C!.'o.:;:;eJ. b;;." t-tlc �or:.tl:::.cra P�ci:Z:!.c 
otl1c�· le�rK::!· hi:)1�1.J.y:i . 

RJ.ilro�d., U. 8 .  liir,hw�y 101, ��d 

· :C-�si.?- 0� ·t�!:1� n.�tor:�tic s-nill'\·:Z.:T t!;..·ccs 
.. �� : .. " ·.- ,. . . - '. � .... 

Pi[.:.--:�rc I; c1 :i.'ree!J.an.d scl:..cn:�tic of' the o�l'lti..·ol syst�!:l is in- · 1 .. .. ..  . .. . - . .. . - · . .. . J.'T .. .  d c_1..1r.cct :�n -c.tt:.s -r.,�� .... 01::-.�a.�"J.. an c.n a.i.ct ,:;o uuaer3·ca11C1.ll1g vne uenicn �� .. 
cn�rc:�ic;.J. · o� -th-a r-:c.tcs ·. '::31.:: dcoir·:-�1 is described c.s it wo.s ori:?-� .. 3.ll .. , � . ..., _  - . ._ -.,; 

· "' )1zt.:.:l1 1 ed., e.�1a. rc.s i-'c, ��c durins the S})"' l 1 inc; r,cricd of' A}?ril 195G , an 
. 1-�::o::.·tGu. ·oy Z{::.-- . Polle:,- (2) . (T'"ne l'.ssis-'c:i.'lt Cor.cissioner ' s letter of 

'. · ·J!Y:l0z±�� 13, 1953: (3) O!"d��ed th.:1.t control inlc·t 't-Tcirs be lm,el"ed and 
· .- :. ·- -� :  th�-t- the · o...ro:-rici i :�c fea:tu.ra of t�1e hoist clutch be e1m-t n�tod :ror 

. _'.: _ _  ._
..,: .. _ ·:- � - : : ·:< 0:?�1·�.tion tln-01..t[:.)l tb.e 1953-59 flooc. �ea.so11 . These ere ·th� onl:, · · ·  ·.>. ·· · . .- ;:. · · :rc�-!- -.. 'T'� C! -'·!1d· ·°'O\.f ui , .. .r·�...,. -::-ro:r.1 .1.he ile ... c.,..ipt; on- which .L">ollov1' ... ) • 

· :  .. . . . 

· . •. . - : . · ........ · ·  --: : ·  . . ,�...-«....:. -.> _ 1.,  .:.l, 1,1  u - .L �  ...
. 

- .., � - - - • .J. , ..:)  • 

. .. ... . . ·-..... . . . ... . - -. . .. 
C ... � ..... --c '-'--,.....,_-

o:- . . . -�_... . .. Thcra· EU·e f'o1.u-· 50- _by 30-foot radial setes ho.v'-'-"'1£: 
> .. · le'Y;e1' mov.:.:.ted coun.-'�:;�;e i&�·c:l .  · �1� gc.tcs aJ."e hoisted in .,,he � :  - · > · ,.;ay by; wiz-� rope!; attached to tb.a up�tre� sk:i n plat.es • 

usuctl 

·, 

. · : t: . . . ·- : 
· : : · : . . ..... � - := A 3-hor�epom�r; 2 foot pe1· trl.nute el�ctric hoist is pro-

. . . �-; �'°\a. .t.t�.� �r ..... •.a. . ,..,� J. .<:J, -'·"'I. -,,-", .. 1 �-�n"'· ti.,n no-:·� " -<:110.,, t  onc.,,.-:-4--? o-,.· . '· · -�. '· . . . · . "-�- J.v- _._.... C,'-'" �- ..,..., ..,�1.>l:'----w:::::-'-' .u...., .._..,,.t,i;,,J. .&..  �" - ... ...  ..,_ � ,  
. · ·_ ·. · - · . . :·: . .  · &i vt1::: t.h.ro'..l�� c.n o�.rer�mil?C clu.tch so tha.t :f'loo.t c11eration will 
· � ; ·. '.� ·./ -: _: - : . · · . . . elw:!.ys t��(!' over to r:1ine the r;ate :!.i' the reservoir rines o.bo1.9e · 

. _-: -_-: - · , . :; · . .  ·._: -� / : . e prcd.t:(GCr=='.!.ned loYcl • .. A 7-1/2-kilm·tatt �cnera.tor; :powered b:_t a 
· • ··- -·- :_ . �-:�_- · · f:asolin.e c..:1r:;i�e , is :pro-lided for s·tru1dby electric power supply .. . , 

• .. . . 
..... . 

. . : 

..... , .  

.-.· ·, 

. . • , 

c.-ci. 

r) 
\.._ 
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··- t::> thE} hoist rJOtcrs . . · · · ;: · · . . 
-
·. . '• .. . · .• : .  

. . . . .. .. . . · .... . 
. ,, . . 

:. ·. · T\ro floats m--e conn.t!cted. by ,:r1:-e ropes to · th·e b.oitit or 
e�ch catc, one at each sicl.a, wcichinz a total of 37,00G :pounds and 
hc.ving a co:ibined bu.c:,rancy o:r l�,lCO poundz. per �oat 0£ G�bmcrecncc .. 
�ch �lo:..,/', ir, 9 fee-', l · inch h:!.Gh• · · .  . . . : .. :· . -� - .� = .  • ! . • : .

-

. . . - . . .. . . 

_ Tt·70 CO!lC:-c·c.a countel."WCi('.hts ·or� nttc.ched. by wirl? ropes to 
' .:' · t1le ho:tnt of c:ich ca.te to il�cint the electric hoist or the flo:.....,ts 

· L"'l raioin:;; the Gata . Tot=u. \tei�t of the two co--.mtcrueic;lltG is 
11.0 1 000 I"-i\u.lUU • . . ' . . "" . ' � 

Th3 i'lco.::; ucll:J o:r ell four c�tca c.re intercott:."lcc-'cccl 1)y a. 
· 3.$-j_r.ch hcid.-�r :;.::, th��, f.ric·:;io!.l :.:.nd Ol)o�atin� forcos beinc; the 
::��� , t.hc c;c.tc:i ;;oulJ. t11.c::,r·YGica...Uy o,er�t� in uninm1. l·!:lte1r ic 
ac.::.l:!:t-tcc� to t�1� i'lc::r� oyct�1 wh,;!!.l the 1·esorvoir overi'loir� cit!1cr 
of t.\.•o 30-i:1c!1 cli�-=�i:c:- ,tcil"3 loca·�cd in tho abutm�nto cd.jo.cc�t to 
the G:{)illw:::.y, and �lmr3 ou·� of the syate!:1 th.r�� two 3-inc..1t . sqil�·c 
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·- m-�tcrins o�.:!.i"ic2s· locc-:l;cd in. the v .. :�zy bo·t;to::i ot· tho syfitel�� n: 
!.:.1flol:- ovc� t�:-;a co:.1-'cz-oll:i.n.::; w�irn e:-:cecds outflow fro:.1 the · ..... """-t �•: c -:of'_:: 'l' T'!'\•1- ,-. "':,4 T.•-f 1 1 ..,_.; ,., ,-:-. -; �") +.� te � o�•},_'T7r.-1l� n .... d -?•_1'\ e  rrr,-4•:",-.._, y p•j ll  1w,·- ---- ·-�.,• ,, .... t., ..,. ,..  \4 ---· • - ;., '- -- vJi.- _ J. -1.  � v v "- tJ ._ ... ,.. .., ... •· ._, ..,., w_ ,• -· • ·; --.-• . .., :t ,  -=·� ... � .,...,....,..,.,....7 ....,, ,._. �.;� �i· .c' � er�, .......... � ,...., -- � � . ... , .,...,., ,,..,.., "' �  , "" C''C"' . Ja-\,; V - -- Y-'lw �.;: -··"'-' "·.J ( ..•..• C- -�--- n·  ..,�"' - -- w·.-J...J , .a.1 .J. ... � .J. V \  - ·- _ _  ...,u 
ti)�':1 o�:rci'l.o\v·, tho cs:!;,?o i,!ll z1ovc in the· closing c!:trcc-;ion. ��1e 
1:irh..t :t1iLe::-:·t. 1-;cir is s:tt�·:i.l�d. ·i;o the ho:t:.;t o:r t11� richt cc.tc ; o.nd , . I , th,� leii; inlet �rcir to t-he hoist cf ·the left · c�te, by . 3 lo-inch 
1;:lrc ro�s . When tte= rit:'l1t or ·1ei-t ga.tc in 1·ei::cu, the 
C:Jl"':·tC:lj_10�;tling 17'7:ir i5 r3iOCd .11_�0 · - · about 1/4 O.::l l"!l'U.Ch -a.s the tate� 
... �·c.1e c:�:::!.·�csln.e th•:; i!li"l.01.r o:f.' \t4l."'v�r a.ncl c.rr,�ntinc Ul)W�rl �o-ticn of 

. - ·�he e:�atcs .  · s:L'1.ce the �cir movo1:-... :mt� ia l/l� thn.t of the · za.tes , c.u 
incrG�nc o'Z 8 feet ::.i-� :.·esc-:l. ... �vvir lcv-�l :ts ·  i:cq_aircd. to ro.lze the 
en.te� the �u:11 30 :r�et� · Orig::.11� i11ctruc·tions called �ol• the richt _. 
•"n-. l -••• . •  ,.. .•, - •o ,_ "'  --. -J• ,..J. e"" c•-J•••o.,.. • 7co ,, . ..,,.._ nn("'I •'•"� .... ln.t:I.'• ••n, - .!- T -� -: ... � ....t..':: v  'l1·;:.-.:. t., &.JC.. o� u c;.:, t, · .!.  '-i'� v.:O � -,, .•;1,=:: '"...c. L i...i..:.;..;: -....J. v J.. ...... � u  v,•.� .w.. 
at. clev�.t:!.01:1 750 .9;  e.nd for -'�he min. cantilever cotm·tc1-,;ci5l1ts "'�a 
be £"v.1jus·tcd so ._the · fu.•y eo.tes would bczi:i to rise ,d th i'lo�ts r.i.bou·t 
il.r;J.:r s�"vr:iel"c;ed • . · �is was done ·i:-i i:-;,ay 1953.  . (Ref • .  {l) . ) 

� . -� · .. : · · .: . . ·· : · · • . . . · .. ... . :! �: ... .  · • • • . • .
• 

' 

Si.z:r.1�-r .or . Fi�ld T2st· D1-t.� 
: . -_.: . . ·· � 
.· -:: 

. : .. : , . . . 
; :...: :· .-.. . : : . . ·: ::_ :·· . ,. -

. . . .... . , 

Follo-:;Fb.c ·is a. brie� o.nd s:l:G:pl:11':ted s�ary ct tl1e ·1-b.y 13, 
19.53 Zicld. tcs1; :re1:ort �...;.7.cl of r1� .  Polley-' s rc:p�rt . of the teffC.3 o:r A;;:::-il 8 
c.=1J. l.5-J.6, 1958 . For the p-.i.:..�ot;e of nmplificn.tio�1,  only 9:l:te �-Jo . l 
d�:l:t;:. w�J 1 be . f�l.lcwed, ·t.lle . infor-.naticu in _1-� . �olley'·s rap�r.,� bcir1:; · 
l:lC-�. "'Ounl1 a-!� .-:, OU th-:,+ r.:·.,te • . ._. · . · · """'  

.
-"": .l.l·! • "-' V'W'... . ......�. �..... • · .- . . . · · :· · 

:· .· 

• . 
. . .• . -� · . .. : · • . =:· 

. 
:· • : 

. · 1 .  Ili the ·· f..ry tests ·of' l·""Y 1953; the fl.c�.t sulm:-eri:;e!l.ce to 
becili ra.isi:�s t-�:;.e c;at�= .-ras abot'.t, h-1/2 :f'cc>:t .. ao . l giite rcqu.h--cd 
th�· moz·t lJ.O�t · 0\1Ct!::.�r:;e11ce at li . 91 feet . 

. 
.- · · · ... . .. . . . . .. � · .· · . . . . 

2.  
.
J\i??:11. a·, i958, l-rith 2!: . • a ·  reet of ua.t�=- sta-ridiil� a.30..inst 

-�clle (;Ctes , the l'��l.dred f1cat SU"bE:ir�ence to be�il"l _ho:istill;3 W�3 
a"bo:it 3 feet ;n�:-a thc.!1 :ror .,6e o:r.iJ g�:tes . · . lt t-ta3 7.  93 1·eet for 
no.· l ce .. tc. Tl..:us ,  tl!e requu'"cd :c�pe pu.il. w�s 12, ltoo po·�de G;;:ea.tcr 

._. .  � ·: t�� for thq dr'J gat� . -- . : · · .  - · ·  7 • •  

. �· . . . 
. . 3 .  By .. April 13., t..':i: reservoir. had. ·risen to el,.?va.tion 750 � 6 ,  · 

over-toJ.)pil'\..£� t}1c? 5:1-tcc o .6  :foo·t ,. c.n.d .the floo:'cs failed. to raise any . 
0� .the fo�� g�tc� . · . �ill �oats were conplctely cub�erecd • 

. l:. . A11ril 16., 1958 . Hoist cc�-:.tc�reiGht of Gate !"lo . l wa3 
incre�etl. 5 , 500 :po,..1�1d3 .  · Then, wit:h o .6 :roo·t o:r v.a:tcr ovcrtopping 
.,�he t::�t�, float �u"::i�-�rc:rc�cc to 1)er;:i.n hoisti:1g ,,..u3 8 . 6,'.;. feet; or, 
the r.opc pu..U '\.iO.S zo ,Coo r.,om1cln o:e�tr!r thr:.n '£0:: the dl.7 c;�tc . . . ,· 

5 .  While on i'J.o!l.t eo:.1t1--ol tho cu:tc9 hunted cont:l1mo.1lj,., 
c.'vout 0 . 1� foot, \!hich r,:::-oa.t'tccd � ra£cc,l f1cq cl>....'1l.·t ou ttc do�-;:i-

. str��.i :t·cco:-d�:-, �1d zr�dc i� dii'!ici.tlt to CC!i!putc \,.uter 1·elc�scn .  

01.�o:--c.tiou 
}!r . ?olley ' s  roco�cncb.tion� for correctinc the no�t 
o.:-o az i'ollo�,·o : 

1 .  fili.":rl.11!!.t� oi.--crflo"r of th� c�tcn by lewcria� t�1e coritrol 
l.·cir� ·or 1,y c.cldit1r:; 6 or 8 inch�� to t=ie top of' each c;ate . 

3 
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2.  Jul·l 3 �ce"c to t!1e c1.c�t:--i o� ·e�ch · :float, ·e..,cl �'bout

= 

4,  COO 
T',. .. ,.,...r1 c- -!·c) ,.: ,., �11 1 .. oJ." �· co·,�1.,_,::,,-,.,,:-".\i'·"1·'" · · ··· . .L"';,.,'-'J.•�'"' v ,_ ._.., •• u I.I � "-'-'"" �' '- L} II •  

':t p....,""', .... ",,.,. .:., .. -:. 3/1 � , ,J..• "":3�-o--..·=- .·n�� � .. ,""'�'"'-�-i ,, ,.... ·�'C " r�-f r" . : '. .· 
..... . _ ,-:.��, ... -..., ... .:....� .._t_, - .• ., <.:; • J....,,,.___ "' '-'¥' ...,..,. .A.L"., . .J ·.1.=.- v.--v "-- , , ,:- - .,;, . 

• T"� .1., , t:/li·� -T,•·i -r, _,_.o�-. -. -'- 1"'  -c..:'!uc,-:. �·o-.r.i. ,:.0:• ..... �-1•c11 ne"ll"'\"� -l• . -'•h� T.te.C ,-..-. +o "• .- Y- _; ...,, �· -- - - • �h_,.. .., ... .- � ..... .. .::,--- � I.I• .... ._. • J •• .._ __ " · \# '- \T ..z..._ W V 

�=-r� ccct:rcn.t�ly :rollc,; -�;1.e :::o·v<r-!_;.--nt of "',ho :f1oo.ts , . �nd- thereby . . 
· -� � · · r o  � •. ,,...J.. ·1 ·:t""' Oi' 4t!:l.e. �""' .a. � c . . .  · 

. 

.- . · . . .  · · · •  ,_. 
- · · 

· _. · 
• -"'-""-� «._,... w_, _, - 4.,'"'" v"'"-' • •. _; {. :.<.,' :/)_/ · ,; - : �- -:· :. :·. ' '.;' · : _- f, , : , 

,• .� • I t  • •" ' "•• 
. 
Di�cussic::1 ot 1:·ield. CZ:�st !}2.,tc. 

!:o:;.s·C.in3 
o ,,6  l .. oot 

· =· · 

�··· 

A,,; 
� 
.:j .  

c. · n. 
E. 

. 

. . 

F�rc�s co�t�i�utin,z to _the 20,Boo-,cund .incrcase · in  
cff,n··t �:, oe v:cr.-ter rises 1.ip. 

-µ10 e:c.tc and. ovei·tlowG . the · -top 
.rl .-:- -:-.) ;:1_-;1 ., . 

. . . 

�._'- J.:  ...,,.. -.. • _ : ·  . . ··: -:_ 
�:. :· 

I:r-.--1 .. ��·Ul. -! C 1 o'!') ,-, o-:-• �· c--. O.u .-.,��· ·rr.-:i -'·a · ·',\. ,. . •.._J \..:..:.. ..._..,, -. -. ...,.'i.l. 4,.i1. .... J.I • .L l..•-'-- l..,,.... &..,'- • . • . , 

Hyfu ... �:.aic lca.i c:.i 'Lrcr-1: of c::.t,.J duo to curvature 
· Ir!crco.zc of l1e:-zil'i-e au.d se�l tr:.ctio:r.i' . 

··.: Hyfu·�.ul:tc lccd o;:i bot-co1� 6:.?..to sca.1. 

-� . . · 

.,: I • • 

: Unl�:c";� hy,i=zu..lic lc::.cili.,e fat� .to po·ssiblo irrcQ.!lc.:tii'ies 
in zhs.pc o� upstrc� cl�il.1 plat3 -�. . . 

.
. ' .- . . . 

' ·  Iter�1· A· is �iz.-;,l.y ·..r'2:l�� a.rGa. of. th.e tol) · pla.te · nr�tir,licd. by-
the �tcr d�pth �1a. de.�zity; er 2,Soq pol.l:\.c:1.s_. . .-.:, . .. . . , . . . . . . . . . .. : :: . - -. " : - �:>-<:: :· · :_:. .  . . -� . 

.. . . . .  : .Ite:-11 B _is· apl')rm:irc-.3.tely _l·,200 :po·.m�. :--:°· ·� . :·�:· � -- -�--- ·:··<�- .  <."- -.. · .. . 
• • .; � ..... . :.•. ,t ·: • . · •  .• •• :· 

. . . 

It-e;a- C inci·cas�e o.s t1lc · squara.· oi, �atcr · depth a."l.4 ·vculd be 
e:��c·!:.�d to be. s.�ou·� 2, COO J?0-..1.J.""llis . · · 

. 
. _,. � ..

.

. ·.' · . . ;: ·:· • · · · · . . . - . 

--�1 "':" � � J_rJ ._....,_"'::"..., • 

· r-� D 
. . . ·- . 

is t:"le area o:r 
. ' 

. 

� :. . . . � 
' . .  ·• •. · • . 

. :  

�he seo..1. projection titles h; or · 5,800 
·. • ·  · ;  . . .  . . . .; ·· �-- . :'' · , .  , .·· ·· · . . _:.;: �i::-:.('< ·: /-;_, . .  , · . . , :  . . . 

,.;.. -+ 'B +. C + D a 1.i.,oqo p-�nnds . . ·. · · .� . · _..::_ :.i. :.·, i :: •. .- · .••· · • • · · 
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. · . ..: Ite::J 'E ::i 20, U1.,;0 . - lJ..,  800 er 9, 000 pom,u..s . . . . . . ..
. 

. . . • 't f • •• t • 
• 

• 
• 

. 
• t 

O 
• • • • � • ... 0 : • 

• 
I 

J::.· tc.e cane of . the. test of· April 8, 
. · , · . . 

· . . A �· ·o,· B tt.a O, C = 1., 300; � - � _l�, 900 - . . 

. .· . , - . . . . .. ..  

. . . . 
E =· 12·, 400 - 6; 200 1�undo = 6,200 pounds· 

t 

• • • 
•

• • 
• • . •

• · u  

. ... . 

t-Jhat.avcr the Ui--icxi1lai:t1e::1 Force E co�_pi�i�os , it incrcc.scG 
O.!)-r:ro:d!;Utcly o..s tile cquc.:-e of -cha hc�d �o.�n:.i.,, the c�te • 

.. .. . 

. ... 

�ho 1::. .. ,,�cct:!.:1� no·�tora anc1 ciao &c�s in·troducc cxccf;si vc · :'l1ictio11 
c:.; �,1. ,-:.:.::::t::..bl6� r.yd!"':.�"J.lic lo:i.1.un5, l'"oqu5.r:ln� 0:-co.t-�1· 11oat c�.p=.ci ty e.nd.}:.�:1cli­
c::::,l'i�::; �u-t:;-:;:.°)..tic o;:�1·�--'.:,ion; 1n.:·c not�lin�! cr.:..."1 bo clOll·� about ·�his e.t c�c1�1..ir::.:i. 
,:: :.ila J��.:� 1·�,��::':."-;01.�· rc�..:.inc u1, O!l t.�c ca.tc�., \;11ich t-:J.Y be :for c�vcl·o.l 
�-,::�:.:-;·, . � -, i..:, c:.,u�::l or th,i u:10,�1,ln.:tucu. h:rd:raul"lc lo:.1.u.inc io likcwiDa 
:lu .. -:.�ccct..:!.1.,J.t.: . Dl.1Jco t.ho r,:.1-J.;: .. "'...�J C.:l.i.1.tJCQ o:r t.ho 1ncr0�u,1 '1  lo,.:.u.1nc; a.ro 

' . 
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•.,• •-�v.· •U •lll<!IJI• •1•11-1 "'ll ••"t: 
, . ., u P .;,•:-1•1 •1 ....a• C _.,, ••\•' •tn , .. 4•"11 

� r•a,1.1, .atl• •• t•••t ", .• ., ... ,,.., �• •-.a"r 
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I 
I 
I 

.,... ., .. ,.,,. '" , . .,, ... ., •'"-"'' . I 

•�11.•1·1 tv• •"I ., .. ,.. IJU\I 
.,., • •·•"•' •• I• .. ·I••• • •11.,, a1,u•1t 

•: ,., ·�···" •"1 ,, .................... r.n .... ,, 11·1,ch 
•I •• v.qa ..,. P '"'I·• r11•111 ,,,,. �� 011 , ... 1 

••• •••I• •V 1••• ,._ 1:VI aq"\ .,, ,.a,..1•t• """"'••,u•I 

I , .. , )'''• ti ... ,-,.� ,,. 1••1.1 "'ll 1••• 1-'-•u1,a 
I ••. •·& • •UI• •• 1 •1•11 l�•J 11•111 'l•·IJI •·,4J.J 
t•s,.•,11r1 ••IP••• •1 ·_,,.,.,. •"11"• ,..,,. ,..11 ,1,,a 
t ,.,., •"-'• •J1 ,v•·•t..,r,•" •1•-• 11• 11•••1 .• ,,,..: 
i .......... ,. , .... ,. ,,. .. ,, ., ... ,,. ..... ," ........... . 
I �·u • ••I'"' ••.t • .,, •I'""' ... :1u•.11 ••1: 
t • .t1•t • •I ..... , q I• l'l•(CJ�··· .... •·•:: .ll•1AJl.t• •lfS 
I •o:i •• ,a.•• ••wt U\,tr '-"tlld• •q1 '" 11"1\I 
I ••.a.a-1 .•I\ .. •I'• .1••J I�••• •V •I •.l•ltl , ... ,1 

\.> •• 1t•l'l 'I 11•·1,1.11 •l•A •Ill,,. •Pl->1/J,JI 

• ,.,,-..,. ... , ,., ,u ..... --o: 
l \uatut• • ., .• 1'11 t•,J\V•,.;, .-,1_._., ..• u, .. •.1•�: 
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r�h�·:1:3::..�,G 87, 000 ci"G .  · If' Gat� m, . .  1} ,:c�l? to otick clozcd, the ct11cr 
.:����-�=! f�t-ns 1-�·!nltl b:t{!.n o:-g�r�'lnf� r.;:i.01:ly .3."'u i:.n .  �lc-v��ticn 750.5, .,�!�-... 
-r,-.� - "' ,; -,. �,-J .� _;: .., ._ c·-· ··,to•'\ ·--il· ..:.,l'"" .. ,, ... r .. ,.,:" •• ;.-... �1�'"' 'It. "  t"t 7�, l ,·. \·1r1 1�1 ') •• -.,y..,.._.a., "'- ..,_.:., ... ·�i,J •j_.-.___. ._. '6 • .,. .:.i�t,J .J� U V•'-'-•• •l • tJ  • 

-: -;- •  . 
·
.� W. . _,. � -- ·  · -

, ·: · I:r ·_ci:�hei' of t,'hc 3/1.6-in�h 1-1.!.ro ropez ·w:1ich ·su�:oe:nd the t1-11) 
... 1,·,·:r·-... l'.U U,!':\, ·=-o b" .. ,:��!�- or.lJ.. -��;,1� t'"•"'!.,, i.;,,ro "-�,· 1 ld "'ro yj do o·cen 1-r- ·'".h·-- "Pt'"'� "• l..- - _., • J. ....  """ .a. -.;.,;-....;:., <.- .,. ,., ,.  • ..,;_-.. • ..,, .. � \owl, "' l-:. -- .t .& � " ... l , . ...... 

S•-:"•'l·· ri,:..' .,.'.,., ·=--� 1 :. .r.. :1  , .. ,,. • •  .,,., ... !':t --, r.:o t:. -r -:,.,-1 f':'t�,:-:."'9 -! " �-"ne C""r.or.1 of +110 r.: r,1�· ...__ - .,1,,. .., '-- '·' .,. • ..,,_,. 41�·... l,i '-'J. 1.,. .JI • V •,J -'•-v-".._ _. -'-L4 , ..,_ ..-.J"° - •;,.r U 

"'"'�--, �-· c·1o -
!

t;, " � -·i ·M
1.

,� "' ,:, on 0-!' ...... ,. , ... ln·::'-;. "!,Tr .. ·? .,. . . . . .- . 
� w..,_.., , . .1... ..,-•G. -"' ,_._ .... .,...,_.� �. �L- -....- � ''"-""' 11 . 

: . . · .  . . . 

· �nl�cc fir•.! not r{.".r.otc p:Jo::ib::.11.-f�:tcs; 1=-J.t even if they -ware 
ya.:�"� ..... --t• 0 •}-_1"1.-:i, . -: --;)J ... '-,; ., .. ......  r.ts!: �--.. , •i oa t.:""o G._.., ... .,. t.o ... �,....,.�{ -•"--..r ... ..,,.__....,. .. , � • ......... v u � �., • 

rr:h.:-- ,-.·1.··':\-�"'�-:r:'!1·:n,.,. C1 !"?"P-h .. �,:::�·!··•1•e o-c:• tt .. .:-. cl0ct· "t .. ic �,o4 nt� ;-.-, � 
._ ._ ._,__ ,.,.. � Jt- • ....._. •• ..:...... C,.. _,....a., ,_ ..,_  _ _.,.. �_ • .., ..._  .J. :t.,1, _ _. :,.;: ,.. M .-t,J .,.. ,., -. .. ., 

· i::1.tc�ded � a s�fcg-�r�'7l co,j ns·t e.n clce·t1·ic c.1":l ve beinc le�".;, enotsco. m1il 
· p::--z:vc�ti11s �;.:1.toz:.!:t:tc :rl.o�-t 01,e:::-.:.tion ox the gate . Bo1-:-cve.r, .,&!:Ls fe.:::�;1re 
l�s·;;·�c t.r:e o;:cr.1.to1"" r ... ::�;c1--2cs!J �o lo-t�r:!1· a ca·�-;� i-£ one should cccc:�10 st.u'=k · 
in a !":..ir;;(:..:;. �:,citicr1 , or if coz:1:::: er.£:1".:en.cy shoi1.ld a.rice v:1ich r.l-t tzh:t. 
l"'�q'.l.ir:? r�d}.1cticn of flocd. r�l:::=:lsc . I b�lS.oYc ii; is alm.ont, U!li·'7'crsru.J..y 
-:�"·� � �  .:.:--7-;-� -·- -.� --··o-,.: ,-:-·� o�"' �1-:,.,. , 1  • .:: 1-,c 1� �! -1 � J'

.L
O"'· °h"'iT?;· -:, r.r.-i.· ,-. -r- '!',':'t+ 

.
.... �, .. � -r  � e- -..11· -1 n··,, .c�l"'. �� " .r,• 1.IJ- 1..:..\i.- -� .. -..,.. U J.J.;., \I _ .,;,,.. ..A. .,._..,, ...,._� -, .. 1.,.....,\.,•'- .L .,t,,I J: .... i,,J.;J .. -� -.,,.\A. ._,...,.....,.,. 1.1' .,,_ y  L...a..•• --. u.£, .., ,. ..., "' ,_.._ 

"t.!1� 1-:��c�zni·�y z::.�l5cs . TJ1e case oi9 t::i.� i'lood bc1cw Vallcc:t-to Daw. in 
: •"JuJ:y 1957, iii c. vcr:; g�c�l cz:-.�:,lc. (See Roi'c1 .. cnc� 11- } .  ifor.a -'chc-
1;;;:lc;..-:I:o11.e 1:J...;.1c -:...--� CJU.t- �d 0:9�:i."e.:tiu� }!croc�1.eJ. '-T�rc t17in� to keep 
::."�lr;;�s-c;3 ·u:2:loTJ :flccd st.a.:::;e -ch.rouc;;h the nig'ht mr::-il people could. be 
t.z.:,.::·i��d r1.c:ct, �1oi':!ing. Hc1:o·,:cr, :::.t l}; l:.o a.n1. Jal::l 271 the �.utc-�,1.1-c.ic 

· . .f!.cnt. co�·t�:::-ol.� ·teak O":cr 1 orierc:.to1"Z '' 1os"'� control., 1' �he three opill1�.�r 
..... ��--�,· �,-: -� ,::". �-,Tll, .. � ... -. ,::.�- �l, ,:,hr� ··'- J., -r•:-u.Yt -:in -� "·}1c ,.-n-: 11 .t: -c�e""ner"I .,,..,..""r.• ... ,bO" "'·'· �:..--��·<e#;.J ,_J .., - '"'"""-'4,."\i,,,,o•• J \,,;:

.!...
• "-':..:J.i.., • � ... ...... �v ..,, - "' '-......, , �-'4. l...l. w .. • ,.l..a.,.&, ... � ,.... .a... ... v� a. -.t. V 

l� ; O!)O a::s -!A) 12., 000 ci'� . :ch!:1�e w::ia �c-�e :r�J./..:,y judZ:"ile.9'.ii r;n tl1c p:?..rt o-Z 
.,... • .,�.-::r...,: ,..l. -"7 -, .·.:- .. .: .�"'i'T::!'" ""•�"11 ,..,"i . "" " \';" • ..: �  .,4� '""""'!"' i� .,.=  '1-.,r.;.l!.'cll �1-.. 1r .. +r.. �a·; -,-r�·nii; "0""'•:·.ro1 .,.. ·..,,;� 
\•'.:..• \;  .. M• •••-1 !.:_, J:1 ....... _ -.JJ..-'-41i,,..C._) iJ -. v  _,/, \, .... 1.;.� • .i__.._ t..- .... ._, -..,ilJ' W - VI, W L 4 V  -, V,4 o._, 

.· r-:.. ....... ,., 17 ,:,. · �  .... - ·, 1  ·] - 1, 0 . ·" ···-: , .. o.i-r..,"::-; "\r 1-.'!!':,"1<.·,;. �- o!":>1"'- ..., .. .,�t
l ·,ec• ... �_,::...,..._.._, ,_..,..__._ , �-.....,;\.lo ._,,,�-V , ,i..1.&;;, V ,._ , U "- '- !. •  J.I&-.""' .-,. �-.) • 

T�e clutch · i."'l t!1� C.:l�1mia hciot� ca:1 1�a easily con7c1�ca. t� a. 
c:1:;.ru:��c j �!.·1.-1 · ty.[;t= -:k.ich ,...-1.1:!. dri-:rc :!.n c:l"thc� .. di1�cct:!.cn', 1:;y wc..1lf...i:.-1G; il? tl:t:;! 
.t:1°: V .... .. ... 1 r, ,v .--! .�,�_. \·vi '  o!-1--:e -� ��'"'!.:. r,:-, /l !��O:'\Chi•·,•1 � 7  •",.. .. 'h t:'l"'I\ � "'i l "=' .,.:"' • (f�,:,.-:-. T"l-:'""''\":rl t1 f'I' � .. - -�-·u _._........,.,.,_ --- .....,_ v ""- ·�..., ,_.,J.._... 0 .� � .... .

... 
� •4 '-".;,,&. '-'"'i·· ..;r.._ � .._. � .__.  .u.--... .• ..,., ... �'> 

.•. O:i� - ... �q "!"\ .  --·�o � . .  �. -� ... , ) . o·"'\ ....... � ... ,!-,.-, .. :--i,ou1 ··1 "· c 1}"\C""·"--�-:-.,-. ...  , .r. ....,  ) .-,:"\•'"'e .f-l- ,:, 
l,•;rJ • .:r-�--.:.>- ;_;.:.. , .. .:.'-4 oL.. .).. i  • ;.,.:-. .. .. wu;jJ ..,J.., _._ V -.:.> u- - -� v� -... �--' -'-�-< · ..,._.,_ 
<:J..u-�ch(?� di£e;it:c.zod. c.:�4c.Jpt �ll�i c. £p.:te in S¥�>�c.cd. ti: crcon. 

· . . · · Tl·�c c.i�c�c.:r�e con.t�"Ol or5.ficc;--; are no�r locu·tcd at the 
bottc� -:.-r "i:.h-:: 3E'-inc'i1 :tlc.�t l-icll· b:i�cr, ·,,here they could 'be p.'.!.u.m.:ed 
b�f ,r:_fJTI'lCl�C·.:::. o�jcct::; o.ud. cc.:ise ·t'ho G,;c:.tcs to 011�1 oore than intcndc.:l. 
T:1-�t:e ohouJ.d. be locatc,1 nt �he cc.rr��r lin� of tho heu.C.c1•, cll!vat:to:l 715 . 50l 
Llld i'cr t.h� s:;.-!rc vf uccur-... 1cy ru:d. c:u.;c of li!�:J.chL"'l.inc, t;hould b� rom-:icl iJ.1-
r:te:iC: o·r s��1!..'!!."�. Ti1cy \uould t:1cn ce rclo.ti \"ely safe f!'o:11 plut-:::t.'1.S c-:,· 
, .... ,-: •:, ,.,,·•.-vc,::: c· ... i'='i u,._ "'-,. -r n r• O''jcc""·n .. ........................ c!l .... ... .. ... ,... ......... l:, ·1J ...... . 

P"!•r)�;o!;:t.��I AJ:tc:.'�:t.:ton o'f: Cl"ntrt)l W.r�tcr T.:1 lt:'t.n -..--.:-.....-...-._.... ___________________ , _____ , . .
..
. 

, ,•. 

In orC!tll· to r-:i:.:,cvc t!�� ;,oc�1.1,:tl:tty oi' ac11d.in� unprcccdcntca 
;{'J.�,,� r:.� c-11;,�11 t1°l� l._t ..-m• C:.�.te t-0 ot:1.C.!:1:il:, of tl. r:a.t� 01• l,;t:cr.1.ko.:;c Oi' a '\:Cil."' 
<h.bl� ti:t t�1..,h;.�\::� ::. .. t c.1.1,:�v .. , ,  c.:1r.\ ul.::c:, w oli,.i.tu, .. � ,  .. � hunti1,c; or tho (�1:i.tco, f.L 
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:;-'r::1 t� ci" ::;t.'.:.-tlo�!:r:r blr-!t, 1:-0:b:n r;nd or:i.ficcs he.� been �:o:-l!:cd cui; \."'hich � � . "' �.; 1 "! .-- ·: -:-#, -:··�"!,-. f·"'-r.-·i •.• ,..� -=J "! -: c, l�. ••- ..,i;J C> l, .... 1·-:.'l'7-'�·� "l•�·--c...-;ro.i: - f.'U .. '"t"'.�1,-, ... ,,. .. � c:r..r"" -·"I.,:� 
.,...,. .. � :

.;.
· "'  ( ll> _, 1,."•• -.J C.'lt• • • •• _. ,. \.,«.  ..,. _  llli.l' . .J. C..- • ii.),._. 'J •11 w -.o '-- .,. .,_ V  - ...,,. ,I '- ,•- · "-:-
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• .J ... 

� i;...:--.. . , &...  
· �  .. ..,... ... .,... � ··1,.,· tr·•:, ,: �,,....., .,:._..., . •  •-.-r--� r� r:>"' n ..-;n •. ":'.� ..• . i �· ,_,· ·,•n""•:"'Il>'; '"O'r .,. _"l o�r'-'1 -'- ·· ·l' £..; f' •; T"I cnr.. .. , •; 1'l r.• 
�,,t,. ' - ·- •. , :..:> •  _,_...._, IJ., .... ., _..._ l,>..a- \J t/  ... � �. -, ... --.. ... . ...... .... .,," . ..  � .. ,.. ... .._. • � .... � . ..  , � , ... ,�......... J:F .... -�� 
t...:.t. to ·:!�nr;lot;J cl�::;i;i� cf t,;�e f-;3.t1."?-!l, · u. clci'i.111:'ca level ·to co:n�;?let.� 

· cn;-tlrlS t:�t to 1�8�:!.u clc;'.;i::�, c.n-i ir!tC:-!!!.edia.i:-c lcv�1,1 o.t ,rhie.;"1. . ci.ei"icl·�e 
'1'::.•i;.c � ..... .. :, :- .. :� ·�n c• -'!"": ·! , 1�e i-f-�.tr.·.�9'\·tr� --i by 4 �, �-1.c 0 .... 1.P·! ccs . . "'l", . ..  .,-=--: o·':""':! an...i ,,..,. • .: • .,..,10"·'' .. t._..- !.,.._,_ . ..,_ «-'M ti..•. -� t,_._.:..... � '-'1t\.:.; ,.,_,""'w�-..""U. ..........,.,.. .&. .Ii. ..  e ..L.,.LI.•-'- \·,. v �� "'-' VIJ. ._,.,_ .;.,;, 
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. ..
. . . ,. ·_.:; · ·

·
·q = CA 2r;a 

Values oz C "t.Tn!6n obti·1il""l!=d i'ro� .2�1e <1st.a. of 
F•.::-"•r , -!-_ ..... _ .. !=-'·-... � ..'·".1 _·;..,., s;.:r�_....i-.-·,-· r, !Jn ,. � c--u.l.,::,, 1 s· ---·-'-,;'-'.:.I, wi-,-a. lJ- , '->... . ... i.• ••.4.1. .:..LJ� . � ,.,, �-

.· . .. l:Iqo.raulic.;;" !-fcG2 .. mr Tiill, 192G� 
. . .. . ' 

3o . Fla;.: fu�:C{J.gr.! :r"v..n,:t.� ,._..�rt:;.ctl O'!."'lfS.cea :flo,r�s v-�1rti!:. ... 1.ly full 
· ·-:r. ct .... �. � ... 1 '1 '? � -:- ,-• .:i ........ �--�. e-� ,:; .;-� y�·-• ·:-� n.-,, ,·J·� .. � t '°'l.f T .  C c��·e··'-"'1"$ •1-,,, J., ... .... f\C- IT'i:'  , .. . , ......... t,;-.:..-- ·-··- ..r--u. .a.-v.a �_,, � ... -.... v._ .. _ ... '""'4 ... ., u ,.  • JJ •.# v c.;� � �!,l-... �.,'-'__, 

:: 
!·.·. 

.. �7r;:,-_..,.., ,"=' 1 r,·:' 1�· ... ,�"?���-1 -· .... r.- 7°'..('.:°"r.:•·�,i · .��. -... 10-.:::,7 _ u .. .... ., _.,.._.. ""'"- --","? _...,. .... � ...... - J ,  ..,.",.... ...... :.,..-..., ... , _,,., . -. 
. 

: ' 
. · .. . 
:�. . :• 

' 

d�::ci:•ib�� 

.. . ,· . . . 

�t ... 2 foll�;in .. {:: c.ln::;l."::111s � chS-.i._.is, eid ·G-�bles .are 
.•.-;..r., · ·r.·.�-.-..... ,� •:, ·� c·,� ... �-.... � C"""<I'_...::: ... ; . · �·1u" .:! .�- � o--e-.,.i·i,.·- • 
�·'-· ;.t-" �-.;.1,_,.::,.._1,,,.. 

\..:-h.t,t. ..,..., .... ., aJ v� j_ c.� ..i.. l;,t-.) l: .i. ,w.,  v ...... 
i:ncl:.lc.ea. .,co · 

.. . .. · . . . .  F1.s--.::;:·e· .I!, f.:1ch�e1z::i.c c.ic:51·�-::-. o� J?ro�osc-Q. corrtroJ.. sy�t<:.11 
-r;:.; r-.--:u .. � T"°J .,. 'r' .. �-1-�,......;.: ,.,,7+·i ,Y,,,. · ..... .,-:1 �.L- -.; ·-,i·. su�<:-.:,···,.._ . .,_�.,,...e 4' .....;,..,"'� """' .... • �, __.._ r.,..:,_: -•·......,--.. _,,.. .,_._. V.1. .a,,, · '-" V a..:,1,-_,...a,. (:,�l. • 
rr,.-,1)1 -, ..,.J.""'

J. c .. , ,  �-� ·- -:-·1• ·0d con...:·,ro 1 · ,":-:.{·•, 
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F:t�-;u1.·� YN, C:·:tt� IJGt� ... �iOJl �"1d :flO�!.t si;-�te!n l--r.d:cr level c.n.d. flc..r 
· · . . plottsd as ::'!1�1.ctto"s of. 1--��ervoi::.:· .w'":!.tel" :�ve::l 

. • . . . 

I. .. , .=-_...l.,,....f -.-�-.: , ... .,,, o? -Vi�c ,,. .. ,-�.:- ,"'····' �01 1 o,� .. Tl. '"'�·--w -.,� ,.._!JI �.._t... •'- � "'w Ci.) "�
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. 1. Th:·co fc\;t ,.��l<i. ·oe ac!dcc. to tl:a ho!!';ht o� ee!ch fl·":>o.t, 
:' !:�::tng t-he::1 l.2. 0.3 r <!{;"� h'iEh, �r.1a .. b�t-t.c� o.t !'loo.tn ·�oulQ 'bo �t 
.-· ·. e�e·,�r�icu 715 . 0  ,,i.:vh t�·tcs clo�e:d. . ;: 

2 .  Rc.:::n�.ble l-inc.'1 ucnh acrce?:� ·wm.1ld bo plo.ccd a.t the 
· ir1lc·;;i; of t!�o '\:ei:. .. ,;ells . O�c--fom--th-inch :aech ccrc::n!l \."O"..tld be 
,:..Jldcd ovc:-:• the: 1:c�-��'l o1diJ or tJ.�a cover r-.;i·a-'�inc oi" CC"..ch 1"1o!.':.t ,;ell 
U!"'l<l 1;cil• u-::ll. 

3. . I!!lct ,r�ir� 't."O�u.cl bo linco�:1.cc·:Nd fro:i t.i-ic cato ho:lt:r'�!J 
c-•• nd i'i::t!d ,rt <.::lcv:.;t.:!.0:1 ''{50. 0 i',:>::• ... ��.c i·:.tr;1,t ,roir o.nd 7:;7.  75 i'vi· · 
t.:.'!c l<:d't '\i.'c:1.1·. -i::�c bot:tr,�ri end o!.• 'tho r1c,l.rt, '1-::l1· e.01-m:lt10"..tt ,10\tld 
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...... ,. , . • .L· .t - ,::, .... :i :...,..::-r, ·r·- ·., ..f.,. .... '-' 1/� 1� ...,":,,. ro,·,nd 0° -:t"", cns , ... � · �lr .. bft .. ? .. ,.. � . ..  , , ,.,.a. .. �--... I,.; J.J.� ,,,_.,., .• t. a...,.;,. � .. C:AA.�� •J •• •-' J._. .&:.:- J.;.;..., 1 41'  1. _.  -'. ..L .1. 'w 'l'Jl.1. -1.. W • .& u 1.r�'-.; 

1:n. the v�1·;:.:!.c��1 !)ip� -.;::i.11 a-".:. clcv:.1.tietn .. ,1�1. �8 . A 5-7/6-inch re:imd 
j_j l.:.c·� o;.·1��.e:-e �-c�1lc: �::::> :�c i!!�"G-'.J.lJ.ci in t,h� l'f r"''1t c.1.-:-r��1c���t at 
t1lc··:.��"'ir.:i. 7!�,� 0 33 i"or t:lC: )i11rpor.c of rs.r.1id.J.y filli1�-·111,? fJ..c�t syzt.(::h 
r,,t-. •  � r._ .. ,� /,.,-.'-'" -� :"l·"h c--.--7 -""{ r-..,·• �.-ro·· l� ":"',O.&. ,.. .,..�1'!1,..,4. o.ct·1·,l .,..o"'!.rc-n�1"'· 0-1-• "'· t,r.. , • .,, .J • •  ,c· 
..,J.,L'-· ;, I ___ ._._ ,l,J. .... ... ........ �. "' ..... •.• � ,..,, __ -.;;.,_ u I ,:.;, .... T ·'"'\; .. 9# - "" ·'- 4,.')\,;• Y"-· 

GG c::,u-�;r,.,.l ;,?,!.:SB�s to -;;1�0 3-1/2-inch orii'icc::i at elc'\-a·:.;ion 741.3 b,�fcn:e 
��--U.J • • f ,-..,,-, o n - -.• • '14C' T .. n •!•r• ,·• r�, .... � r• � --,-,,,.,-,. 0;:,, -f•'-ic lc-<-"-,1. -._,-,,-f - .P•-.,'t- -=--� f"lc}, •.-,•• • �,. ,.� ..:.. ¥�-.au • '-'�,..__ U :>  .L:,. �.&.'-• � �:.,,..;.J.fll-..illi.4 v ·� �J." · .L I.,  11'9 ._;. _...c., ; .,. 1.., ._r. .a.  ._, .,_.. • ..&.4 .a. j4�.J.."""-

. vc:.,..e:i.�n.J.. c:."lfic-c� ·trcu1d b� i::J::;tnllrxl -:c- � ·� one at ele"�t:ton 750. 5, 
· O!"•-� l: -;·. P7::;t1. C· ""�·,i·.:, � -� -::-::;.� 0 •"I • .,..<:·, ov,:-, ·--·t 7c:.�7 0 All o�·-; ---·" c<°'"" "':T","• 1 u1 -:--.c · . . • � ..... .. .. , .,,,  • e : .... -. ..... e.;, (JI , .,,, ,., .  ji .......... ...  41,,4 - U, _, ' e • · �  • .A .:..  ---� 1'4'-''--- 'll 

·. · n.D..chi11e� ii1. f°"J.:..1.t st.:J.inl,�;'j3 etcel pL�-'�t�a und boJ. tcd to prc_pn.r�d s;c::ats 
: on i:.�b.t:: out::S .. d.o _ of the �:d.n·;�i.ng 10--il1ch c1::n-w.r;;pouts • . : 

lt- . 
• • ; I 

!" � • 
• 

• 

• 

�i::.e o�.::tlct co!!t.rol orifice$ 1:;culd be t-r.:o 3·1/2-inc1l c.:!.C!�cte::r 
0-,..-f-f'·: r-·">'!: "'·:•. ,-::, "! .

...... :-.-.-:·.-i oY< ,.,�, 7 0 �-�·,c +:."'!"' 0-1:'> i',.\'-ll -:J(.- � n  .... -� -P'1 ,  .. :� �- .... r-.i+r:\•,, .... - .. ..... �... '-·· �  ,......,_..,,. ti -- #if#�. ·- ··- ft, , ._,.s,... .....� ._, .I.. �.&.-� .,J-...,,-� --- '-'� • J-i,J..... ... ->41 g "'-J.\4 

hcud.eT. Tt::) sc--1 ; . 3/l.}-u1dl dl'"o.5-u cl"'ifj.cez c.re provided ro pr�v·ei1t. ·. , . ) : i: at�tioa. 
. : . <? .' . ,· _ - ,. .·, ,, <> _ .,� ; -;,', · 

.: ;. · '  · , 
. 

5� ��'i.:f::fj.cid.n:t �.:::i.riht (6, 000 to · 7, 000 pom1�0-) .r-:,\:.ld be o.dded. 
: : to e�i.-:h u: .. :d.n . c:)u�·ce1..,_.-:�:tgh:t ao tha g:i"tcs .-10ul-cl bet::L"l to r:i.c � �hen the 
. . . ·, flo�tz are :::.ul;.:!!c.rgsd 9-1/2 feet, ·with reservoir "-79.te:!9 ·suri'�o� at 

· · : . elevation 750A ·. : -

.tct.J.-::�1 c-r 

. . . .  1. - ·· 

... ,..'.':) �..c ,i.;. 

. . ·· . . 
:-

cr�r!.trol '1;-011:,_d t.h�n b,� aa foll.o: . .m :  · 
. .  , 

fils.:ng ).•cSCr'/OiI# • .... . ... �:: .·: .--: · ·  ; !' ·:� • 

- .. . · ... :.p • . 

. .-·_
·
· .

. . . . 
· · 

· (a )· · Hi:en the rc!?�:::·voir le .. .rel re:iches elcYat.ion 747 . 1, l:a.tcr 
. ,-rill be[;iil flo·win.._

f'.5 :L"1t,o the ccl4"tre:J. eyntc:!l th::.-ou;-.)l the in ... --ert oi .. tl'".i.� 
• . 

C'. ..., �.:, • • , • - � .. • .,. • • .z.. • .. • -I , • • ,: ..A, � • .. .. • • " 1 . . ·, . . ;,- l 1 w-1nc�1l l:1..l.J..1!!Z cr:.�·l.c� l.11 �z�e l·:t.�.�'l'v J.n_c�. L'-.i.OS u ox: -.:,r.1:� 1n1-�:i.�-
.· : ···rt J':''\ O""r ..... � 1 1 �..,,:-> � .P.f'n�.!. � \:-�, .: ,.., -?!! ,_ .,  ., n .... ..:-.i.....-. f':!.i ·�+,::., ... • , .. �.,.t- !'t l'!::-·, ...  ll _..T.<'!0'' • .,., -!· ..£l;.,!. .,,.. I \•-- i., .,.  .,_ .., .., � .., VJ. \_: � - --..1.,.1, ..... .;., '-•.a.•-· �.;J U C.,,--..�, 1.JI.J'. W - w·:J-.u. �:J '-•'''":-" 

. ·: .  vl·1 J . 't·e loz1; fr.:,:;i the t'!,Jo 3/i�-inch d!0-:J.in ho�:; .. Wl:.tel4 b_{��L"l� i'lmri:.ng 
o-:.tt. of .,iihe ·<i-:.;-.? 3-.1/2-:L.1ch n:·:.:ri:,c1·i11�;; orifices only a.:.;tcr the 36-il1.cl1 

· -f"1 c·.,·1- r.,"!rr·•·'!- r--, 1.; •":, •• ,";.,..� °h•'I <'! i-. - . 1') ;'\  -."•1 1 1  , ...... , 
. . 

• ••-- c.;.,. ..,  1,,,,,:1 ._.ir ,.,-.,..,,,,." U\w"-li'-"""' • . ·--•� : .. ..._ ... _.., ••-.....�'-- • . . 

(b
·,· r, -; ,  ... -.�··�-n c·1J·12.-·T- -, tl� �- � --, ,:-?.,�- J} Ti 1 °t �1 1--:-t -··, .i:-:s �. ,., ,,.OU'"11 t11 -· ... � ., .... ... -.;� • ""'·-"'t.> ...... "· -::.-"· " J..!.1--... ..... � J;''-'.J '1 ........ • :,� . u  

.;.'fro -:, ' l2--'! · · ��- · o ... ...: f-; c .,3 �-.,� c= ,�v ... -:-� c..:.., -1,1 8 ·! :-� •.. ,,,., c.c··n�nc.)·,.rt- •  bat 
.., ..,, . ..., .. ....  ; � : '.,--& · .-.. J.  .. �- --· .._._,. C"- ..-A- • J ., • -'-� ...... ... •J�. '--'.!. itl, 
·these c.o i1ot. · con·�ro1. "'..lie il:..ilcl;." w1.t,iJ_ u.f'te:..� ·c..he 10-i�ch C!.iara.cte:r i.r.,le"t. 
, . .-·,:!ir is o·:c�:l!iP�d. n.t elcYu.'tia, 750. Co:1.t1·ol cf the i..�l'lov then 
pa=��ll frc�1 �·ie 5-r-(/8-1J1ch on.fi.cc to the ... v1ro 3-1/2-inch orliiccc . 
��::1cr1 t.1�c l'C!icrvoir 1.;:i"'t:,c1"' J.{:·i·�l l"'�z.eb�s 750. 3, ·e,11� iriflo"t-1 to t!,e i'lo"�t 
...... . -:-.a. ,-., ... ..... :lll , . .,. c-u-i'!Oi"� .... .. '·'n·l--. to .. ,,�-, .. -h .. ,_ ., ,...y ."..,.  -:.':"nc ""•t"'c. Ui,)' .a ._.._..,,  

. 

\c ... .._ . U • • - '- • '-'  'I .
_.

C.i..:.,ol.•4. • •-l-V--.&� ""' • � .4  lo.� • . 
(c ) . Tilt,! <'!.:dc"<,ina 10-inch 1nl�t pii•c \rlll be fb::cd in th� l�ft 

n:tdc of: tl1n opil:!:;r�'lY, 1r1.:�h i�n cr�::11; nt clcv�tioa 757 • 75, ru1a. h�w1.n� 
i'o:;.--: 3-:!.nc'h :;ouml 01 .. !fic:e.o th:.-o,?�)l it:; oidc at clcv.:-i.tioun 7!i0. 5, 75.J J , 
·,� -�, :.,.u:.1 'l:i'7 • If ��l!c rcoci•,.,oir c.h1atinuco to r:J.ou, -w:1.tc, .. vLll :r10-.1 
ir::�o t�c X-loat ey�·::,,�!:1 ti!i·c�:.:u c.ich or �he!Jo or11"1cca, conoocutiv..:.1:,1 
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I-.. ) \ 0  Ii' o,1e o-;.' ·�ho r,lcnd�1· 3/16�".,rlre ro:pc·n l:hich · cucpcncl th� 
co::.1�::ol ,-;cirs �c�-� t.o brc�t., 
1' -- , ,,.,.. J  .-.-: , ·.·-� .. ,rr:-r, ;'� "'�ll -+"(>',� ,,,.."--- '-'" <..4 . '--' v '.,; _.,v . v 1 _. ..; •. """'--
�t lc�ct .li5 ,COO cfs . 

o.r:d r�sel·voir wat.�1.· mu .. :a.cc. \;er� a..-zy-­
r::itez ,-!o;tl.:l o_;,c!l co�1plct.cly, r.!}i:!..linz; 

. . --- . ·- · �· ----· 
( C )  !f the [;�;tc� are opc�n.tinc; 0:1

. 
i'101t C0lltl"01 tllld arn . Open 

r-��-t,:;_:.::..u.y Cl' i'u.lly, the or,��·�tor ia po.;crlczs to lower the c;:1tcs a:t; 
c.11 1-r:'..tit --�21.;� clcc-'�ric h�:t�t . '1:"hi:; iz becc.uzc of the ovcrran11:t!lc 
clu-tcll C"'.f 1,"il.iC�l tao Cl(!C":.ric hOi.5t is CO::lUCCtcd. · · 

. .  

2 .  The :prcsc'!'lt f'l�to G.l"c: !l·jt large· eno�?l to provide a.;-i a.dcq_uoj;e 
:.:.�z::..n or =.::.:':!-cy fol· :r.-.:i.izil!G e�d. lo�rc�ine th� co. .. c;es . '?ilis is clu.:? to scru. 
,f·-.. · ·: �+·= r:� � � �v--·�-,., l ,  "\ ,'\ -n---··� .... to .. , -;  .. � ,, .... --·�- -.� ·on 'I'-� .-.  1·,ot..,,_n,.., . ,.if"!:' -;  !':)""Id 041l� .... - - - - .... - ·,� :; .1. -.., \.A..i. '- ,.:.,i,..,__ J::·• '- ..,..,\.-..:. \:: ..,,_v ,1 l.1..J...._ _ .i. v.:..L� .., 1.,,._.,.. ,.;i _'-"..1.-, 4-��� '- -• 

uU::�:c�m hy\:.l"��1.lic forces . ·. � .� ::l!c c��zas o? -'.;l"!eOC! fo�ccs w:Ul. not be 
·ecc��s:.ble l:.:·::til the rescrvo1_t'" is dl .. am1 c1oiin to elevc:tion "'{20. 

3. s-.�rctir..� the coutrol weirs a.bo-\'-e tlie gata crc�ts o.s th�y :imt 
�·e ,  c::::."eatc.1 c.:.,ot!lor ctc��"t.-.:!.rd. loo.d. when the water ovcrto:ps the �u.tcs .  

1� . Th� �·;-7 11� or cc:ipen.sati."'1.Z veirs· in·trod.uce e. hu1itinz a.ction 
vhicll is 1.'.:.'ldesira.bl·;; .· ·  • ,. - ·- • I  

· 5 .  �h.e :p:-eseo.t :flo:-:.t ·co�tro1 cliccha.rc;e orifices -are in the 
botto:a ci· t.ho 35-ici:ll head�r lr1".i.el"e cul>�rc;ed debriG ·could clog them. 

6.  S�r-�-�ns 'have u.ot· been provid-ed to keep debris C\.l.t Of tho 
C!O:W.-Cl"Ol s:,t.s·t��. 

·:·· . . . 
• • •• . , I' 

� . .. .. ... :,,, . R�·co:-�:�:1=:1,_a .. !:io11� .. . .. 

- J... I·t; is rcc:>:...:��!l.cea tha-c. tlJ.e control l;e:!.rs be :'::.,"'-:ed., rc.tlle� 
then r.:o-..,-:tn.c, to cliJ.tlns.t� ��e t·lo�d haza�·d and htu1ti1� wi1ich e:.-a 
� -1-,,:,•.• � ri•). .; , .,  -l•\1� t"'!

'"
t:,1,-. , . ..  , --,.. �\":'",;:C,�l •••�,: ""-=' • o"\ � T.• "l,� �'t er�•"'':- t"'- ,,c :t"'� V""

_. (:, :::, �  ..... � . .... ..  v• - "- -• u. ·- '- ..,.,., - a';.J �.:>.!.'�-'-" .. •• .._ .i...., w • ...r.\;; _n �.i.- '-o'> .., ..., .., """'"-.:;; , � u  
clc:\".:.tic.,?"i 7::;0 .0  to _ estebli�h th� :�:irxiX:. s·torage :i.evcl, ·t.1!� eeco:1d. ,:�ir 
-� --. -;�� �; ..... ,�. ::: �+. r.,"l •-""'""' -f· ·i -� 1�1 7:; t" c�·'-�'! ,l·.1.' ,:,li .,_

\,
, .. r ... r.•r.•,.;-,-,.,, ,� � G .. ,u,,�, :'") 't•"'.·.::ii v"""' '-''- _ .,,_..__ , .  '-- .,..  �.i. ..... v ....., " -"'',._. .,, • • .,,,  ..1 ;.,,, v�, ,_,_,. ••"-- ................ �� � \.£ • ..,,.- Lt...,. 

lc-;c:l . A systc:-:1 of.' f:b:ed O!:"ii':i.ceG to establi:.:;h the desire<! ro.tio of 
c:::.tc Ol);?:d ... "fl� �to :t-�ccrvoi:- J..cn=-�i" is :proposeo. herein . �· . 

2 .  I-'c 13 ::eco�:�n�d .,�c.t the lJr�scut oi;errid.in3 featt!rc of the 
electric ho:L�fb �lutc:1. 'he alilair!J.-tzd by �"alaitlG and :-c:J�chin:Li.13 tllc 
clutch j�:.wn , to e:��Jlc a11 O.i)c:t·�tc:· to b:,rpo..:Js the a.utor.,.o.tic co1�trcl ;L:f 
lt ::;l:,oi.0..d lK: · 11occs:::c.1j"• (Z.ac I>;:oicct h�s 'bean i11st1�ctcd to do 'thic 
:i:or cp.:r�.ldo;l th.:.·o-:.t::ll tl'lc 195£3-59 fl.ocd £ce.so11, a.nd it is recom;u.eue.od 
that t!!:� r{}Viciozi ba r,c1"r�ntly rctair..cu.. )  
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