
 
FOREWORD 

 
 
 

1st Edition (1984) 
 
This Bulletin has been prepared by a working group of the French Committee on Large Dams 

and is a collation and discussion of the data collected by the ICOLD Committee on Hydraulics for 
Dams by means of an inquiry and questionnaire, launched in 1978. 

 
The response of the 16 National Committees who sent in the information on which this report 

is based is particularly appreciated and they are thanked for their efforts. In all, the National 
Committees of Australia, Austria, Belgium, Brazil, China, Czechoslovakia, France, Japan, Mexico, 
Netherlands, South Africa, Spain, Switzerland, Thailand, United States and Zimbabwe forwarded 
details on 128 dams whose operation is considered typical of current practice and trends in those 
countries. Besides this, the report makes use of information available from the experience of the 
members of the working group. 

 
We should express our gratitude to the above organizations who kindly submitted the 

information necessary for the examples given in appendices.  
 
2nd Edition (l986) 

 
Further experience acquired since the first and second editions have been incorporated in this 

second revised edition, as Bulletin 49A. Several sections have been added and other sections 
modified to incorporate the advances in monitoring, operation, and communication technologies. 

 
Revision (2017) 

 
Further experience acquired, the long passage of time since the previous revisions, changes 

in technology and operational procedures required a major revision of this useful Bulletin. 
  



 
1. INTRODUCTION 

 
 
 
Some hazards relating to dams are frequent subjects of discussion, while others, which 

nevertheless may cause serious accidents, are ignored in the literature. Such is the case of operation 
of hydraulic appurtenances of dams. 

 
For them, hazards stem from the following particulars: 
 

 the structures are often complex; 
 they control considerable energies; 
 they must function unfailingly whenever necessary, 
 they may have to operate under extreme conditions at just those times when bad 

weather adversely affects access by operating staff, communications failures, power 
supplies and data transmission. 

 
Those hazards are generally not mentioned, since they are relating to the everyday operation 

and are not so easy to be identified and described as some others. 
 
To avert such hazards, the operation of hydraulic structures must be planned in depth and in 

advance: 
 

 at the design stage: it is important to choose experienced designers for having a 
skillful and robust design that does not ignore the conditions under which the 
appurtenances will operate; 

 at the operation stage: it is essential that clear and comprehensive operating 
instructions are ready at the time the dam is first commissioned and that appropriate 
management and command arrangements are set up, those operating procedures 
should cover the full range of the operating conditions, bearing in mind that the staff 
may be isolated from outside help just at the critical time when prompt action is 
needed; also, the hydraulic structures must be well maintained in good working order 
throughout their terms of use. 

 
It is only in this way the dam owner can discharge all his duties. 
 
This Bulletin deals more specifically with the following: 
 

 Chapter I: Importance of outlet works for dams and features the operator requires; 
 Chapter 2*: Part of operating personnel; 
 Chapter 3: Inspection and testing of hydraulic appurtenances; 
 Chapter 4*: Operation in flood seasons; 
 Chapter 5: Latest trends in operating practices; 
 Appendices: A few specific examples encountered in different countries, with the main 

emphasis on dam operation in seasons of high river flow. 
 
(*) Chapters 2 and 4 are both in two parts, the first describing current practices in various countries, 
and the second being a commentary thereon, with recommendations.   



 
2. DESIRABLE OPERATIONAL FEATURES 

 
 
 
Logically, operation of the hydraulic appurtenances must begin, so to speak, on the drawing 

board, because the design determines whether actual operation will be easy or difficult, and there are 
too many examples proving that the latter possibility can really happen. 

 
The designer must proceed with an eye to providing absolutely safe operational 

characteristics, as well as straightforward, easy operation and maintenance. These two features must 
guide all the steps in the design process; choice of basic type, detail design, incorporation in the main 
structure, plant and equipment, access, etc. 

 
As an example, it is very important for the dam operator to have outlets enabling the safe 

passage of floods and for the reservoir to be drawn down when required. While bottom outlets do not 
readily fit into some sites (as with very large reservoirs on very large rivers), there are still many cases 
where their absence is regrettable or where they are too small or ill designed. 

 
The dam operator may want large capacity bottom outlets which can easily discharge the 

common sorts of solid matter. 
 
Besides allowing the reservoir to be emptied in periods of low river flow, bottom outlets can 

also provide fine control of the reservoir during the most critical period of a dam's life, during the first 
filling, and drawdown the level whenever necessary thereafter. 

 
Environmental Flow Requirements (EFRs) have been introduced as a requirement for new 

and existing dams in many parts of the world to ensure the proper ecological functioning of the river 
system downstream of dams.  It is necessary to determine these EFRs in the planning stages of dam 
development as the EFR needs will require the size and location of the gates to be defined, which can 
have a major impact on dam design.   

 
These EFRs require variable discharge to mimic the natural flow patterns which occur in 

rivers.  The releases are often timed to coincide with natural flow events which occur.  The releases 
are also programmed to simulate flooding and drought events where the releases are scaled up or 
down as appropriate to follow the natural pattern of the trigger event.  There may also be special 
requirements to provide releases of specific temperature or water quality to provide spawning cues for 
fish which may require the provision of multiple level intake configurations. 

 
The EFR discharge pattern may typically require a small but varying discharge for 

maintenance of river base flow interspersed with occasional smaller floods or seiches.  However 
periodic floods of possibly up to 5 year return periods may also be required.  While many of the 
releases can be catered for by the normal outlets provided for the operation of the dam, there may be 
a special need to provide large capacity discharge gates to provide for simulated floods at all stages of 
storage capacity.  The flow capacity of these gates will be determined by the EFR requirements which 
will be unique for each dam and river system but could be quite large.  

 
From the operator's viewpoint, safety is the predominant requirement for spilling provisions. As 

they are designed to control very substantial amounts of energy and may have only infrequent use, 
they may affect the safety of the dam itself and the public downstream who would suffer the 
consequences of inadequate performance. 

 
There are two overriding qualities the dam operator requires of spillways to help in the 

demanding task of operating them correctly. 
 
The first is simplicity in terms of both design and construction, and in maintenance and repair. 

Simplicity of design and construction is conducive to simpler operating rules, and simple rules which 
can be implemented quickly are quite obviously a determining factor in safety. This means that an 
ungated free-overflow spillway is the ideal solution which all dam operators would prefer. And even if 
an automatic spillway is used, the design must still be a simple one, since it must be possible in 



practical terms to revert to manual control if the automatic system breaks down (and even here, 
simplicity is desirable in that the dam staff will have had less experience in operating the spillway). 
Simple maintenance is an important factor in ensuring that maintenance work is performed efficiently, 
and in shortening the time the spillway is withdrawn from service. This is an extremely important 
consideration on some rivers, especially those subject to flash floods. 

 
The second quality the dam operator looks for is plain strong construction to make the spillway 

durable and resistant to the extremely severe conditions under which it operates. Some design errors 
which have plagued many an operator spring immediately to mind: poor flow conditions causing rapid 
erosion, corrodible metal parts which are not accessible for repainting, lightweight gate trusses which 
quickly corrode and efficiently trap floating debris, exposed, poorly insulated electrical circuits, fragile 
gate seals, and many others. 

 
In the same way, the designer must consider carefully the inspection aspect at the design 

stage. 
 
Advancing technology in every field has opened the way to new opportunities, the major ones 

of interest to us being the development of mechanization, automation, telecommunication and remote 
control for hydraulic structures. It will be seen later that this is the most important trend reported to us. 
In this field, the need to safeguard the public and the dam from related hazards imposes special 
requirements on automatic systems which must be designed to ensure that the outlet works will 
operate with the highest reliability. 

 
Although all these new technologies present exciting possibilities for automated operation of 

dams, the use of automated systems must be weighed up for the context in which it will be used, the 
maintenance of complex systems and the possibility of failure.  At all times, the safety of the structure 
must be safeguarded catering for extreme events without placing lives and property downstream of the 
impoundment at risk.  To this end, the simplest infrastructure has often proved to be the most reliable 
and robust. 

 
Many dams were originally developed as stand-alone dams provided for a single purpose.  

More recently, dams often form a part of a multi-reservoir river system developed to serve various 
functions which can be conflicting in nature. (A reservoir used for flood mitigation is operated 
differently from that required to assure water supply in an arid area.) They may also be operated in a 
cascade or at basin level where a system of dams are operated to optimize water supply, power 
generation or flood control.  Any operating procedure must take into account all of the factors relevant 
to the particular dam. 
  



 
3. STAFFING 

 
 
 
After defining some of the more important terms used in this chapter, there follows a review of 

staffing practices and then a description of two particular types of organization. 
 
 
Firstly, to define terms, a full shift organization involves one or more attendants at their place 

of work throughout the full 24-hour day. Area shifts will be taken to mean that the attendant or 
attendants also keep watch on areas other than the dam (eg, power station) or several other dams as 
well. 

 
Partially attended schemes have one or more persons present during working hours and on 

call at home for the rest of the day. This means that the dam is unattended at night, over weekends 
and on public holidays, but the person in charge can be contacted at any time. 

 
Lastly, correlations that can be found between staff organizations and the schemes they 

attend and comparisons between the different approaches enable a few conclusions to be drawn. 
 
 

3.1. TYPES OF ORGANIZATION 
 
The most usual but also the most burdensome method is to have a three-shift system for each 

dam. Alternatively, the attendants may also watch over other dams or parts of the scheme such as the 
hydro-electric power station. In this instance, they are often stationed in the power house, where 
premises are more conveniently available. A further possibility is to use an occasional three shift 
system, e.g., only in periods of high river flow. Partially attended dams may also be allocated 
occasional full shifts or extra men as necessary. 

 
Most of the dams in a country usually employ the same type of organization. For example, 

some countries use three shifts for each dam (sometimes run by a full-shift service farther away, 
centralizing and supervising the operation of a group of schemes), but there would seem to be an 
increasing number of countries that are gradually moving over to partial attendance with temporary 
full-shift arrangements in flood seasons. In some countries, in fact, partial attendance appears to be 
practically the rule; while this reduces staff numbers, it must be accompanied by automatic controls of 
various degrees of complexity supported by the relevant infrastructure and a higher level of training. 

 
It is instructive to describe two particular types of organization in more detail. 
 
First example – Dams on Odra River, Czech Republic 
 
Permanent attendants, on one shift seven days a week, watch several dams within the same 

catchment area. These men are responsible for maintenance, measurement and other works not only 
on the lake and dam body, but all catchment areas upstream the dam. There are three (24/7) shifts for 
rapid action to operate the gates, clear the screens and so forth when the flood is expected. 

 
Second example - Rhone barrages below Lyons, France 
 
This is a cascade of twelve schemes on the same river. The aggregate installed hydro-electric 

capacity is 2.2GW and the total head is 200m over a 300km stretch. Each barrage and its power 
station is attended in normal working hours, usually with one engineer and two watchmen. These 
schemes are run automatically by computers, including the opening and closing of the gates. At mid-
length in the cascade, there is a monitoring centre with a shift attendant seeing that everything is 
working properly. If human action is needed, the computer notifies the attendant (at his home by 
telephone if necessary) and the shift engineer at the monitoring centre. His job is thus reduced to 
simply checking that the persons on call have been notified. This is a fairly flexible arrangement, and 
satisfactory from the safety standpoint.  

 



 
3.2. COMMENTARY 

 
 

3.2.1. Relationship between staffing and project features 
 
 
An attempt was made at correlating the answers to the enquiry to see if there was any 

discernible correlation between staff organization and the design of the scheme. Firstly, there are few 
attendants at dams with ungated spillways, as would seem normal. Only five dams out of twenty-three 
with this type of spillway are permanently or partially attended by maintenance staff. 

 
The following table compares dam types and staffing organization. 
 
The tabulated figures must be approached with caution, like those in the tables in paragraphs. 

4.1.2.2 and 4.1.3.2c, since they are based on a dam population that is too small to be truly 
representative of the actual situation worldwide. It will be remembered that they refer to questionnaires 
from 16 countries only. 

 
Dam Type Dam Height Dams with Operating Staff

Embankment < 95m 10 partially attended 
23 full shifts 

> 95m 8 full shifts 
Arch and multiple arch < 100m 7 partially attended 

6 full shifts 
> 100m 2 partially attended 

9 full shifts 
Gravity and buttress < 90m 4 partially attended 

> 90m 3 partially attended 
5 full shifts 

 
It is noticeable that dams are more likely to be attended round the clock as their height 

increases. All embankment dams in the sample more than 95 metres of height have full shifts. 
 
 

3.2.2. Discussion 
 
The main problem in staffing policy is to avoid delays in taking action. The most popular 

method is still to have three full shifts throughout the year stationed in a power station to keep watch 
on several dams, without it being possible to say whether it is the power station or the dams which 
require 24-hour attendance. The important point is that the shift system is used when there are 
enough operations in the power station or at the dams to justify it. 

 
There is a clear trend towards partial attendance, which can be made safe and economical 

provided that reliable warning systems are employed. It is thus intimately tied up with the trend 
towards automation. 

 
It would seem preferable in most cases to have a three-shift system for the dam in flood 

seasons. The oprators can check that all the outlet works are operating efficiently, and it is useful if a 
computer automated system, for example can relieve them of the task of deciding what gate opening 
or other action is necessary. It is not easy to provide automatic systems capable of checking that 
gates operate properly or flow in a discharge channel is unobstructed, and skilled human supervision 
is a much easier solution. Some (though not most) operators even consider shift working necessary 
right from the start of critical periods. 

 
One should note the very great advantages of the concept of a monitoring centre for a whole 

valley where a small staff can keep a continuous watch and alert the other individuals on call 
whenever necessary. 
  



 
4. INSPECTION AND TESTING 

 
 
 

4.1. INSPECTION 
 
The inspections dealt with in this chapter are general dam inspections covering the dam itself, 

intakes, etc., and not limited to the spillways, gates, and suchlike. 
 
A distinction is made between inspections by independent bodies and those made by the dam 

operator's internal organization. 
 
Independent inspection is rarely a legal obligation, although there is an example of a country 

where the operator must have dams more than 20m high visually inspected by a government agency 
every year plus a 10-year inspection of the parts under water. 

 
Whether or not legally required, inspection by the operator on the other hand is very 

widespread, at intervals of one to three years. A widespread arrangement for some groups of dams 
consists of a daily round by the dam attendant, inspection three times a year by an engineer, and 
inspection every other year by a safety board, although in general, the attendants' inspections are less 
closely spaced. 

 
 

4.2. METHODS FOR INSPECTING PARTS UNDER WATER 
 
Not every country inspects the underwater parts of dams, some being content to confine 

themselves to the dam galleries only. 
 
As an alternative, the reservoir can be emptied if it is not too large, enabling a full inspection to 

be made conveniently, although at the cost of considerable wastage of water. 
 
Divers can be used down to about 100 metres. They can only spend a limited amount of time 

under water, but video provides a hard record. 
 
Stoplogs are used on barrages to dewater the gates and operating mechanisms in turn. 
 
At larger reservoirs, a submarine* may be used. While this may seem an expensive answer, it 

has many advantages: 
 
(a) water is not wasted; 
 
(b) the submarine can carry two persons, the diving master and a dam specialist who needs to 

know nothing about underwater diving and so has his mind free for the inspection: 
 

 film can be shot under relatively good conditions; 
 the dam can be observed under normal conditions of load; 
 and most parts of the darn are accessible, regardless of depth. 

 
A less expensive alternative is the use of a remotely operated vehicle (ROV) to inspect 

underwater features. These devices are operated from the surface, and are controlled via an umbilical 
cord.  Video and still photography, along with the ability to manipulate, clean, measure and inspect 
subsurface features are possible with ROVs.  

 
Visibility is not always adequate, and of course nearby outlets must be closed during the 

inspection, but this is a minor nuisance. Both the dam operators and the inspections are generally very 
satisfied with this method. Modern technology in fact makes it possible to inspect submerged parts of 
the works at an acceptable cost, one of the possibilities being remotely controlled diving machines 
carrying cameras. Dam operators are strongly recommended to make use of these new methods. 
Inspections can be spaced quite widely apart, in the region of every ten years. 



 
Stilling basins are a rather different problem. If spilling is frequent, inspections should not be 

too far apart, some operators making it a yearly occurrence. If there are enough dams on inventory, 
the operator may be justified in maintaining his own team of divers and specially designed equipment 
for this job. 

 
If stilling basins are emptied for inspection, suitable precautions must be taken against uplift 

pressures. 
 

* See Report No. 13 to the 11th ICOLD Congress in Madrid titled 
Inspection des grands barrages par soucoupe plongeante opérations réalisées sur divers barrages 
français. 

 
 

4.3. OPERATIONAL TESTS OF BOTTOM OUTLETS 
 
Some dams have no low-level outlets, for example where it would be unthinkable ever to 

empty a very large reservoir. But they would seem a wise safety precaution in most cases, since they 
enable the reservoir to be lowered if it becomes suddenly necessary. Even if they are not a complete 
guarantee of safety, bottom outlets provide good control of headwater level during the first filling. 

 
Many operators regularly operate bottom outlets, at periods of a year or less. 
 
It would seem desirable to make these periodic tests under the full head, and open the gates 

as wide as is compatible with the flow that can be discharged downstream without inconvenience. The 
main advantage is that this familiarizes the staff with gate operation and removes the uncertainty that 
they might feel on the day when they must draw down the reservoir to protect the dam. 

 
Fear of vibration during closure of the gates is very widespread among operators, but 

experience shows that equipment can now be built with very satisfactory performance in this respect. 
It is a question of good design and construction. 

 
 

4.4. OPERATION AND MAINTENANCE OF BOTTOM OUTLETS 
 
In the very frequent arrangement where the bottom outlet has two gates, one behind the other, 

it can be controlled under normal conditions by closing the upstream and/or downstream gate. There 
are three policies among operators. 

 
The best approach is to keep the second (downstream) gate closed and the upstream gate 

open under normal conditions. This means that the upstream gate is not often subject to wear and so 
is always available for carrying out maintenance work on the downstream gate. Another point is that 
there are advantages in keeping the sluice full of water when it is lined with steel working in 
compression against the surrounding concrete, as is usually the case. Maintaining the inside pressure 
protects it against inwardly-acting pressures and keeps down leakage between the steel and concrete. 

 
The difficulties of working on bottom outlets and the seriousness of the consequences of any 

malfunction mean that the dam operator must demand very robust construction with corrosion-
resistant materials. A conservative margin must be included in the sizes of all parts for strength and in 
the dimensions of the flow path to prevent debris jamming in the opening. An unobstructed passage of 
3m2 will usually circumvent any problem in this respect. 

 
Provided the sluice is large enough, it is best not to fit bottom outlets with screens which may 

become blocked, unless a cleaning machine is also provided. 
 
 

4.5. SPILLWAY TESTS 
 
Spillway tests are usually prescribed but the intervals between them vary greatly at different 

dams and with different operators. The spillway gates are almost never opened completely because 



they are designed to release large amounts of water and any test to full opening would create an 
artificial river flood downstream and waste considerable water. Operators wait for a period of low 
reservoir level to open the gates fully, without losing water. Another way it to place stoplogs in front of 
the gates in turn, and open them in the dry; this does at least test their capacity to start opening under 
maximum load from the water trapped behind the stoplogs. 

 
The fact that there is no pressure on the gates during such trials means that they are not really 

representative. There are two limiting factors on spillway gate testing that can be termed ''hydraulic'': 
 

a) there is a danger of creating artificial river floods, especially in densely populated 
areas, and 

b) there is a wastage of water to which arid countries are the most sensitive. 
 
There are also “mechanical” factors, e.g., where testing the spillway gates causes difficulties in 

remaking the seal when they are closed again. In fact, this is probably in operators' minds more often 
than it would appear, a suppressed but nevertheless important reaction, and it also applies to the 
testing of bottom outlets. Properly designed, regularly and competently maintained gate plant must 
overcome this fear. It should be noted that while tests in the dry save water, they sometimes damage 
seals. 

 
As was said in connection with bottom outlets, spillways are important for safety, and must be 

capable of operating efficiently at only a fraction of their total capacity. Operation close to full capacity 
only occurs in the event of a very large flood of remote probability and usually results in very 
considerable damage downstream, so that operators must be prepared to withstand the external 
pressures on them in such an emergency situation. Regular gate tests help prepare them for this task. 
  



 
5. OPERATION IN FLOOD SEASONS 

 
 
 
Because of the very great diversity of operational methods and systems for routing floods, it is 

difficult to report answers to the enquiry concisely. In an attempt to clarify matters, we first examine, in 
a first section, the different ways the concepts of standby and flood procedures are understood. 

 
We shall then address flood warning methods and the information used for this purpose, and 

then look at the objectives of gate operation, i.e., the situation the flood rules seek to produce. Next 
the various methods of gate operation will be described, with an attempt to classify them. We shall 
conclude with a description of how the gates are actually operated, and the few problems associated 
with proper implementation of the flood rules. 

 
The second section briefly states the few lessons and recommendations that we have 

attempted to draw from this information. 
 
Before proceeding, it must be remarked that spillway operation is a very arduous issue. 

Compared with other hydraulic works, spillways have two specific aspects which can trouble 
operators. Firstly, there is no way of providing a full-scale test before occurrence of the real flood 
event. Second, there is no rule of thumb which may be followed while a flood persists. Flood operating 
procedures must give precise rules in all possible situations. 

 
 

5.1. CURRENT PRACTICE 
 
 

5.1.1. Standby and flood procedure periods 
 
The moment at which the flood procedure must be brought into operation can be defined quite 

easily, as being the start of the period when the first gate operation required under the flood rules must 
be performed, but a standby period is also usually stipulated. 

 
These two situations are understood differently in different cases. For some operators, 

standby begins when heavy rains are recorded over the reservoir catchment. Others set an inflow or 
reservoir level thresholds, or a given amount of precipitation over a given period of time. 

 
A flood is usually taken as commencing when inflow (or spillage) reaches a set level or 

reservoir level may be the set value. 
 
Four examples from specific dams illustrate this diversity: 
 

 Example 1: Three levels of alert, the first requiring men to be present at the dam. 
 Example 2: Flood defined on the basis of a set inflow into the reservoir, but there is a 

more serious level of alert when a flood so defined enters the reservoir when it is 
already full. 

 Example 3: Standby commences when an alert curve (level versus inflow) is reached. 
The surplus inflow is discharged through the turbines, but if this is not enough to bring 
flow down below the alert curve, the attendant on call goes to the dam and a flood is 
considered to have commenced. 

 Example 4: Standby and flood periods are defined for the whole catchment, rather 
than for each individual dam. 

 
To clarify the debate and arrive at a terminology that is directly relevant to the operator’s 

needs, we shall use the following definitions: 
 

 Standby period during which routine operation is suspended and special rules are 
followed to control certain parameters (water levels, flow rates, etc.). Either the routine 
operating staff (if any) or an automatic system can give the signal to start the standby 



period. 
 flood period is the period during which the gates are operated. 

 
It must be remembered that the distinction between routine operation, standby and flood 

period depends on the manner in which each dam is operated, including the amount of automatic 
control applied. 

 
For what we shall call "integrated'' operation, there is no clear demarcation between these 

three conditions. This is the case for example if the spillway is an ungated overflow type or has fully 
automatic gates, or if the dam (including the gates) is run entirely by computer. 

 
If the parameters are automatically monitored, standby is hardly different from routine 

operation. The distinction must nevertheless be made, since it is used by most operators. 
 
The effect of reservoir size on flood regulation will be dealt with later, but it can be remarked at 

this point that standby and flood rules are implemented earlier when the storage capacity is small as 
compared with river floods. 

 
The notation used in the rest of this chapter is defined as follows: 
 

 Reservoir level N 
 Rate of change in reservoir level dN/dT 
 Flow  Q 
 Rate of increase in flow dQ/dT 

 
 

5.1.2. Standby 
 
 

5.1.2.1. Different types of situations 
 
One can distinguish four types of situations as far as standby for the arrival of a flood is 

concerned: 
 

a) The first concerns dams with ungated overflow spillways requiring no human action. 
There is no standby period proper, except in certain cases where a warning signal is 
given either automatically or manually to let the personnel know that spilling is 
imminent. 

 
b) Warning of the flood may be given by the personnel collecting information. This may 

be done by taking readings of levels or flow rates at the dam or the information can be 
telemetered. Water level recorders which can be interrogated by telephone are a good 
example. We now have fully automatic systems connected directly to monitors and 
computers whose performance is obviously much superior. Such systems develop 
their full potential with fully automated dams (paragraph d) below). 
 

If it is a human decision which initiates the standby condition, heavy precipitation may be a 
determining factor. 

 
c) There may be an automatic system signaling the start of a standby period on the basis 

of one or more parameters. Water level and/or water level rate-of-change are most 
often used. The devices employed may be very simple and thereby reliable. They are 
often used in parallel with method b), the alarm being given by the personnel backed 
up by an automatic alarm system. Otherwise, an automatic alarm may be used alone, 
but the system must be regularly serviced to ensure proper operation and 
dependability. 
 

d) Lastly, there are schemes run automatically by computer. There is no standby period 
properly so-called, except insofar as the supervisory staff are kept informed of the 
situation (see remark above). 



 
We shall end with the remark that standby must be implemented earlier when reservoir 

capacity is small in comparison with the volume of flood inflow. 
 
 

5.1.2.2. Standby criteria 
 
From the answers to the enquiry, covering 120 schemes, the number of dams where each of 

the listed parameters is used to determine the start of the standby period is as follows:  
 

Factors Number of Dams 
- Precipitation 63
- Reservoir level rate-of-change  57
- Reservoir level  47
- Spillway discharge  46
- Measured stream flow upstream 43
- Measured stream flow into reservoir 40
- Rate-of-change in stream flow 33
- Water levels at points upstream 31
- Flow at upstream dams 28
- Discharge other than through spillway 27
- Tailwater level 24

 
From this it can be seen that a set of three or four factors is used on average for putting the 

dam on standby. 
 
It must be recognized that, despite the variety of parameters listed, many in fact only serve to 

determine the rate of inflow into the reservoir, which is the fundamental alert parameter. It can be 
determined in various ways, used separately or together. 

 
a) Rate of reservoir rise (dN/dt) is in very widespread use, although accuracy and 

effectiveness varies with reservoir size. With large reservoirs, the rate-of-change is 
slow and cannot be accurately measured because of waves, wind effects and so on, 
but this drawback is attenuated by the fact that a large reservoir can accommodate 
some degree of imprecision because of the large extra capacity that becomes 
available with each incremental rise. For a small reservoir with large stream flows, on 
the other hand, dN/dt can be accurately determined, but there is some time lag in 
assessing dN, with the attendant danger of gate operations being delayed. 
 

b) Outflow from dams upstream is a precise factor if they are not too distant (so that 
there is not too much intermediate runoff). On the other hand, there will not be so 
much warning for gate operation. 
 

c) Stream gauging stations upstream should preferably be close to the reservoir tail. At 
this point, the relationship (N↔Q) and the stream flow data so derived are precise, 
even more so than the estimates of flow through a spillway. Difficulties arise if there 
are many tributaries flowing into the reservoir. In addition, the data transmission links 
must be reliable. Certain operators apply a corrector factor to the gauging station 
rating curve based on the steepness of the wave front (see 4.1.4.1 below). 
 

d) With more remote upstream gauging stations, the main difficulty besides estimating 
runoff from the intermediate catchment area, is allowing for the time it takes the flood 
to reach the reservoir after it has been detected. Experience shows the best strategy 
to be a (usually statistical) correlation. The correlation must be reliable, and questions 
of data transmission must be overcome. Results are valid if the system is properly 
designed and the really major advantage is that inflow can be predicted well in 
advance. 
 

e) Meteorological data can obviously yield only an imprecise estimate of inflow, although 
often accurate enough to decide to put the dam on standby. Some operators base this 



decision on weather forecasts; such information is in any event significant enough to 
make preparations for standby. 

 
 
One case of this system is the rainfall model in which rainfall stations are substituted for 

stream gauging stations, suitable for large catchments controlled by enough dams to warrant the cost 
of setting up the system. This can be illustrated with two examples drawn from the replies received: 

 
The first example (Vaal dam, RSA) is a reservoir with a capacity of 2,331 hm3 for a catchment 

of 38,500 km2, with precipitation (740mm per year) occurring mostly in summer storms. 
 
A hydro meteorological statistical model has been built giving daily values (and even hourly 

values) of the flood peak, flood volume and time to flood peak from input data on rainfall over the 
catchment and the antecedent dryness of the region (infiltration coefficient). The model was calibrated 
against 62 past floods and enables the computer to predict the gate operations required. A very large 
number of parameters are used, but the statistical relationships are based on two or three only, the 
others only being included for corrections. 

 
It would take too long to describe the method, but a few of the basic features can be briefly 

mentioned. A storm is defined by a given amount of rain. This storm is more or less equivalent to the 
standby period described above. Rainfall is measured at twelve stations, while other measurements 
include inflow into the reservoir at the start of the storm, storm duration, position and direction, etc. 
The season is also included (as determining the amount of vegetation retarding overland runoff) 
together with the dryness of the region (which depends on antecedent rainfall). This last factor, which 
concerns the infiltration of the rain into the ground, is undoubtedly highly important for the accuracy of 
the final results but extremely difficult to determine. Nevertheless, the operators seem satisfied with 
this model which, by improving their information, enables them to control the floods by considerably 
reducing the peak. However, such a comprehensive model is only considered valid for this specific 
case. According to the engineers involved, it is expensive to develop and run (computer) but is a 
viable proposition for the particular dam in question because there is a large urban and industrial 
complex below the dam, where flood damage used to be very serious before the system was 
introduced. 

 
The second example, Takase dam, (Japan), is located in a steep mountainous area. 
 
The capacity of the reservoir is 110 hm3, the catchment area is 150 km2 and the average 

annual precipitation is 2,500 mm. 
 
Flood inflows are estimated with a prediction method, in which the rainfalls are forecast using 

upper-meteorological data, and the actual rainfalls are measured in rainfall gauging stations set up in 
the catchment area. 

 
The upper-meteorological data from the Japan Meteorological Agency are transmitted by an 

N.T.T. (Nippon Telephone & Telegram) line. The data are those from four observational points which 
are about 500km apart from each other, covering the central part of Japan. The parameters are the 
atmospheric pressure, atmospheric temperature and humidity, the wind direction and the wind scale. 
Basing on these data, hourly precipitation for 15 hours is estimated, the forecast model has been 
calibrated on a 7-year experimental period by multiple correlation. 

 
In the catchment area, there are five rain gauges and their data are transmitted through 

microwave line. Examining 250 past rainfall examples, characteristics of rainfalls were divided into 
three patterns. Comparing the actual rainfall with these patterns, rainfall is forecast. Combining the 
actual rainfall of the past 48 hours and the rainfall estimation of the coming 15 hours, the flood inflows 
from the initial stage are computed and forecast. 

 
In operating of this system for seven years, the average deviation of the estimation to the 

actual value is about 7%. 
 
Having reviewed the factors used in determining inflow into the reservoir, two other 

parameters in flood warning systems must be mentioned 



 
a) Reservoir level, which of course is a measure of how much flood storage capacity is 

available. 
b) Tailwater level, used in certain special cases where there is a danger of flooding 

downstream or where set levels are required. 
 
In some climates, it is often pertinent for the relationship defining the start of the standby 

period (eg, N and dN/dt) to be amended to suit the season of the year. 
 
 

5.1.3. Gate operation 
 
Gate operation takes place within the framework of flood rules. 
 
 

5.1.3.1. Objectives 
 
The issue to be discussed now concerns the objectives that the rules for gate operation during 

floods seek to attain. 
 
The first objective for dam operators is the safety of the dam. Most of the time this usually 

means not allowing the headwater level to rise above a certain point, as overtopping would completely 
destroy fill dams and many gravity dams. The first step in ensuring safety against overtopping is of 
course to provide adequate spillways which are not really the subject here. 

 
In addition to this first and primordial objective, the dam operator is very often subject to other 

constraints, including: 
 

a) maximum storage: the operator may wish to have the reservoir as full as possible, and 
reach the maximum operating level at the end of the flood. For hydro-electric 
schemes, the object is to maximize generation. 

b) flood routing: flood control is a factor in most dams, even though it may affect them in 
different ways. Some dams are of course built solely for this purpose.  

 
Outflow is the controlling factor, e.g.: 
 

 the maximum flood discharge must not be increased 
 outflow must not be more than inflow 
 the rise in the rate of flow (dQ/dt) must not be increased. 

 

 
T Temps T Time 
Q Débit Q Flow 
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2. Débit lâché 2. Outflox 
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This means not steepening the slope of the natural flood hydrograph. The slope of the outflow 

time curve must always be less than the slope of the inflow curve (Fig. 1) 
 

c) the flood propagation rate must not be increased: if tl and t2 are the times at which 
inflow and outflow are Qo, regardless of the value of Qo, then time t2 must be later 
than time t1 (Fig, 2), 

d) the full inflow must be discharged when the reservoir is full, 
e) flooding downstream of the dam must be kept to a minimum. 

 
There may also be various other objectives in view: 
 

 Avoid spilling. 
 Control currents at certain places for navigation.  
 Control water level at the top end of the reservoir, this generally aims at protecting 

homes against flooding from the backwater curve, and usually implies lowering the 
water level at the dam, and sometimes releasing water and so increasing outflow at 
the start of the flood. Such circumstances make controlling outflow a complex problem 
and a thorough study is needed. They are often found at low-head barrage schemes, 

 Provide capacity in expectation of snowmelt, 
 Bank stability, which requires a slow rate of drawdown. 
 Flushing for sedimentation control. 
 Keep flow within capacity of downstream river channel. 
 Prevent any deterioration of water quality downstream of the dam. 

 
Commentary 

 
 The listed objectives are generally mentioned in connection with a single dam, but 

where rivers are developed as a string of dams in cascade, they must all be run 
together for optimum efficiency. A comprehensive approach for a whole group of 
schemes seems to be gaining widespread favor. 

 The above requirements may be mutually contradictory to some degree so that they 
can only be partially satisfied. 

 The variety of situations is infinite, but as a general guide, the examples given in the 
appendix describe the arrangements in some specific but typical cases. 

 
 

5.1.3.2. Operating rules 
 



(a) General 
 
This section deals with the flood rules themselves (i.e., how the set objectives are attained) 

and the way of determining how the gates must be operated. These two factors cannot be easily 
separated, and in practice are often interdependent. We shall also see the information used in 
determining what gate operations are required. 

 
In the first place, it must be remarked that gate operation is always based on processed data. 

The data must first be collected, and however this is done, there is always some lag between the time 
the event occurs and receipt of notification thereof. Furthermore, the processing of the data necessary 
for determining the consequent gate operations also takes time. This means that gate operation 
always lags behind actual events to some degree. This time lag must be evaluated with reference to 
the means and methods employed in each case, and the flood rules must take account of it. One 
simple example is where the reservoir level must not be allowed to rise above a certain elevation, and 
the alarm is given when it actually reaches a level a few centimeters lower. 

 
 

(b) Types of flood rule 
 
A practical way of classifying the types of flood rules reported is according to the operating 

methods of the gates. It must however not be forgotten that some dams fall into several categories 
and the following breakdown must not be considered as being rigid. 

 
 

A - Manual methods 
 
 

Rules based on outflow 
 
The most conventional method consists in filling the reservoir to the top and then releasing all 

the surplus inflow. 
 
There are various ways of filling the reservoir: 
 

i. Outflow can be increased in steps. For example, the staff uses curves showing, in 30-
minute intervals, the increase in outflow as a function of N and dN/dt in the previous 
30 minutes. 

 
Some operators use different charts for different seasons. 
 

ii. Spillage may be kept to a minimum. 
iii. Outflow may not be allowed to exceed a certain maximum discharge rate (to control 

flooding downstream). 
 
Gate openings are decided by the staff, using charts or tables. Practical applications of this 

type of operating procedure are of course limited. 
 
 

Rules based on water level 
 
Rules based on water level are often very simple. For example, water may be spilled once the 

reservoir has reached a certain level; the limiting water level may vary with the time of year. 
 
 

Rules based on whole catchment 
 
The rule may cover the whole catchment. 
 
 

B - Computer-assisted methods 



 
A large amount of input data (where there is a hydro- meteorological model for example) may 

require use of a computer to determine how the gates must be operated from the information 
collected. For example, the data on inflow into the reservoir, water level and weather may be fed into a 
computer which refers to a hydraulic diagram of flood storage and prints out the gate operations 
required, which are then performed by the personnel. Data may be fed manually into the computer, or 
the computer itself may interrogate the gauging stations (of 4.1.2.1). 

 
 

C - Integrated methods (*) 
 
The simplest system of this type is the ungated overflow spillway. It has the advantage of 

simplicity, robustness and reliability, and is recommended in mountainous, inaccessible sites. It is 
sometimes the last line of defense protecting fill dams against overtopping. However, it occupies a 
large site area when it must control large stream flows. 

 
(*) Where there are no clear boundaries between routine, standby and flood situations (of 4.1.1. 
above). 

 
A technically more sophisticated solution involves automatically controlled gates operating on 

the basis of water level and/or dN/dt. 
 
The mechanical system may be very simple if opening is controlled by a float or more 

complicated when using the dN/dt parameter. This system is also used as the ultimate line of defense 
in computer-controlled systems. The ultimate in automation is the system which collects and 
processes the data, determines the gate operations required, and automatically opens the gates 
without human intervention of any kind. Some dams are entirely controlled by computer, usually where 
there are dams in cascade. In this situation, two arrangements are possible: 

 
i. Each dam may have its own computer which operates the dam on the basis 

of data from the other dams. This is the "dedicated" system which has an 
advantage as regards safety, in that if one of the computers breaks down, the 
dam can be operated manually while the others continue in the normal way. 

 
ii. Alternatively, a central computer may control several dams for maximum 

overall efficiency while applying the rules specific to each dam. The 
advantage here is that it is much easier to arrive at optimum overall operation, 
but a computer breakdown does mean that all the dams must revert to 
manual operation. The question of transmission is also vital, and it is a fact 
that today’s communications are not perfect. 

 
 

Notes on factors used in determining gate operation 
 
The table that follows is a summary of the answers to the enquiry, the number opposite each 

item of information indicating the number of times it is used. It is similar to the one in section 4.1.2.2 on 
standby procedures, and provides some interesting comparisons. 

 
Factors Number of Dams 

- Reservoir level rate of change 71
- Reservoir level (1 measurement) 62
- Spillway discharge 60
- Precipitation 52
- Inflow 45
- Discharge, other than through spillway 43
-Measured stream flow upstream 40
- Tailwater level 39
- Inflow rate of change 36
- Water levels at points upstream 33
- Flow at upstream dams 29



 
These figures refer to the same 120 dams as before. 
 
It is readily apparent that gate operations are based on more parameters than the standby 

procedure - on average 4.3 variables as against 3.7. 
 
Water level is the most widely used. Precipitation data is used much less than for flood 

warning purposes. Note also that the inflow is determined by dN/dt or by the upstream gauging 
stations. 

 
 

5.1.3.3. Methods for gate operation 
 
Gate operation can be classified according to three criteria: 
 

 Whether the gates are opened automatically or require human control. 
 Whether they are operated locally at the dam or from some remote-control point. 
 Lastly, according to the energy source: usually electricity but sometimes hydrostatic 

head, manpower (in emergencies) or internal combustion engines (standby diesel). 
 
In the answers received, the most widespread method was local human control and motorized 

operation (usually electric). This is frequently found, although increasingly combined with remote 
control. In this case, a finger presses a button, but the operation takes place elsewhere. Hydrostatic 
head may provide the motive power but under human control. Automatic gate operation (for example 
on the basis of water level) is found at many dams. The energy source may be hydrostatic pressure, 
providing a completely self-contained system. Lastly, there are a few examples of fully integrated 
computer-based systems in which gate operation is automatic, usually with electricity as the motive 
power. 

 
We find then that local motorized operation still has a very important place. Nevertheless, 

automatic and remotely controlled operation are both gaining favour, the latter development being 
connected with the growth of the policy of having several dams supervised by a single set of operators 
(on a full or partial shift basis). 

 
 

Difficulties in following flood rules 
 
 

5.1.3.4. Noise 
 
"Noise" in the form of waves, backwater curves or seiches has the affect of concealing actual 

water levels.  
 
Various methods have been used to combat this problem. 
 
When the dam is run by a computer, it is easily overcome. The computer receives a 

continuous record or several records at set intervals, and smoothes out the curve. If inflow into a large 
reservoir is estimated from the rate-of-change in water level, then dN/dt will be evaluated from closely 
spaced measurements of water level and accuracy should be very good. The least disturbance can 
obviously affect the measurements considerably. 

 
In manually operated systems, the most common remedies are installing the instruments in 

wells to damp out disturbances, and/or taking measurements every few seconds, and averaging. 
 
A few special cases merit mention: 
 

 Allowance may be made for uncertainty as to the exact water level by setting the 
threshold level a few centimeters lower. Corrections may also be made to stream flow 
measurements. 
 



 In other cases, the gauging station stage/discharge relationship may be corrected to 
allow for the steepness of the wave front, the argument being that rating curves are 
different during the flood rise and flood recession periods. For slowly rising floods, the 
correction can be ignored; in other words, the shape of the flood hydrograph must be 
investigated at every individual dam. Such correction however is rarely necessary. 
 

 Sometimes, rainfall over the reservoir is used to correct the records from the gauging 
stations. 

 
All these problems may therefore be overcome satisfactorily and do not cause any particular 

difficulty in running the dams, 
 
 

5.1.3.5. Teletransmission channels 
 
It is found that transmission links are usually duplicated except in exceptional circumstances 

where dedicated buried lines are used. They are doubtlessly more expensive to install but are 
protected against weather and are extremely reliable, so that only one channel is needed. 

 
As a general rule, a variety of means are used and appear to be determined more by local 

conditions than by any set technical policy. 
 
One does, however, find national trends. For example, there may be high-frequency links over 

electricity lines backed up by a public telephone line through an automatic or manual exchange. 
Alternatively, the automatic telephone system may be used except for dams belonging to a group of 
schemes run by a computer, when there may be a high-frequency carrier system an electricity lines (or 
underground lines), with the telephone system as a standby. 

 
Another possibility is automatic exchange public telephone lines being used as the main link, 

with radio as backup. 
 
To combat faults in the transmission links therefore, use is made of redundancy but repeated 

measurements or recordings may also be employed. No operators mentioned systematic circuit 
monitoring with alarms to notify of faults. In most cases, it must be considered that measurements at 
regular intervals provide an adequate check on the functioning of the link. 

 
 

5.1.3.6. Means of overcoming faults 
 
Faults can be classified into three types: 
 

a) Faults in computers and automatic systems 
 
The remedy is simple in theory, but sometimes difficult to put into practice. Manual control 

must take over, meaning, for a cascade of dams, a set of written standby rules that are simple to 
follow. Breakdown of the remote-control system means local operation of the spillway gates. 

 
But prevention is the best cure, and one must endeavor to have quality components in a well-

designed and maintained installation. 
 

b) Fault in plant 
 
The best remedy is regular, conscientious maintenance and testing 
(see Chapter 3). 
 

c) Power failures 
 
Standby generating sets are always used when the energy source is electricity. 
 
A three-source system is often used: hydro power station, grid, standby generating set. Mobile 



generators may be useful. Some operators use hydrostatic head or counterweights, etc. as emergency 
power. But artificial floods must be avoided.  

 
Lastly, the gates can often be operated manually (crank handle, manual oil pump) although 

this is not possible on very large spillways. 
 
 

5.2. CONCLUSIONS AND RECOMMENDATIONS 
 
The facts that have come to light on current practice make it possible to draw certain 

conclusions applicable to the whole question of operating procedures in times of flood. 
 
 

5.2.1. Effect of reservoir capacity on flood rule 
 
Quantitative analysis with realistic assessments of the characteristics of the site is necessary 

in preparing flood rules. The rules must clearly state the order of priority in the objectives to be 
attained.  

 
For example, the size of the reservoir in respect of possible floods is a determining factor in 

the design of the rules, and it is interesting to go into this relationship a little more deeply. The "relative 
reservoir capacity" can be defined as the ratio between the live storage capacity and the flood volume 
of annual return period. It is, so to speak, a measure of the vulnerability of the reservoir to floods. 

 
 

5.2.1.1. Large relative capacity 
 
All reservoirs taking more than a year to fill can be classified as having a large relative 

capacity. The usual rule (leaving aside the process of filling a reservoir) is to try to have outflow equal 
to inflow. Determining inflow is difficult (there are often several tributaries into a large reservoir and the 
level rises very slowly) and may involve a considerable lead time. The shortcomings are however 
offset by the very large surface area of the reservoir providing excellent control over the water level. 

 
It is hardly appropriate to use the rule-of-change in level therefore, as it cannot be precisely 

monitored and the information would not be available early enough. Under these circumstances, gate 
opening is governed chiefly by reservoir level.  

 
In a large reservoir, therefore, controlling the outflow is not accompanied by any high degree 

of control of reservoir level, although this is not a very serious problem. Often in fact, hydro generation 
is sufficient for flood routing. 

 
 

5.2.1.2. Moderate relative capacity 
 
To give an idea of the order of magnitude involved, this category will include dams where the 

filling time is reckoned in months. The usual rule is to have outflow less than flood inflow. Ways of 
releasing this flow may vary (see 4.1.3.2 Manual Methods). Less time is needed to obtain the inflow 
data, and the parameters most often used are reservoir level N and its rate-of-change dN/dt. 

 
 

5.2.1.3. Small relative capacity 
 
A reservoir has a small relative capacity if the flood volume represents a substantial proportion 

of, or is several times larger than the live capacity, with filling times in the region of one day. 
 
The following rules are found in this case: 
 

 Q outflow ≤ Q inflow with very short time lag between inflow measurement and outflow 
determination, and/incidentally, 

 



 Q outflow > Q inflow at the start of the flood (reversal of reservoir movement). In other 
words, the reservoir is partially emptied before the flood arrives. But it must not be 
forgotten that one must be definitely sure that a flood of known magnitude is going to 
arrive, otherwise water is wasted. In any event, this approach increases the flood 
propagation rate. 

 
River regulation of dams in this category is never easy, and more parameters (multiple-level 

gaugings, especially at the top of the reservoir, rainfall data, and even meteorological data) must be 
considered so that action can be taken earlier. Determination of the necessary flood gate operations 
becomes very complicated and a computer is often needed. 

 
The computer may determine gate operations but not actually perform them, or it may run the 

whole system automatically, without human action. 
 
An example is Ikehara dam in Japan, where the live capacity to flood volume ratio is 0.35. It 

concerns mountain rivers where sites suitable for development offer only moderate storage capacities, 
and storms are brief, violent and localized, making them difficult to predict. All this creates a need for 
early warning (rainfall and runoff model) and centralized control for a number of dams in cascade and 
close to each other. Real-time computer processing of data is used. 

 
Five dams are run by a computer at the control centre. The criteria are: 
 

 Maximum flow, inflow, rate-of-change in flow dQ/dt and flood propagation rate must not be 
augmented. 

 
 The reservoir water levels must be held between set limits. 

 
Computer input data include reservoir level N, rate-of-change dN/dt, inflow Q, spillage, turbine 

discharge, dQ/dt, stream flow at upstream gauging stations, rainfall and tail water level. According to a 
flood rule (one for each dam), the computer decides for example the following sequence of gate 
opening (Fig. 3). 

 

 
 

Fig. 3
T Temps T Time 
Q Débit Q Flow 
1. Débit entrant 1. Inflow 
2. Débit lâché 2. Spillage 

 
 

Flood operation starts by spilling 1,500 m3/s for 30 minutes (AB), and then outflow is kept 
parallel with the rising flood (BC). Once the peak is reached (C), outflow is kept steady (CD) until Q 
inflow -equals Q outflowꞏ(D), this situation being maintained (DE) until the flood has passed. This 
assumes that available capacity in the reservoir at the start of the flood will be enough to contain the 
volume shown hatched in the figure. 

 
 



5.2.2. Advantages and shortcomings of automation 
 
The foregoing description clearly illustrates the advantages of automation. It is a distinct 

improvement in the running of reservoirs with small relative capacities because it offers real-time 
control with earlier warning and a very short reaction time. But the introduction of automatic systems 
implies certain constraints in the design of the equipment as well as in operating practice. These two 
aspects are examined below, after the notes on standby. 

 
 

5.2.2.1. Notes on standby 
 
Starting with the question of standby procedure, progress in the development of simple, 

reliable systems should promote the more widespread acceptance of automatic devices to set the 
system on standby. Automation is used at many installations. The current trend is to make use of 
digital equipment rather than analogs. 

 
The most elaborate solution is obviously the comprehensive computer controlled system in 

which the computer is fed data on stream flow and all other parameters and refers to the operating 
rules to open the gates, so that there is no very great difference between routine, standby and flood 
operation. 

 
Flood detection systems based on the measurement of water level and its rate-of-change (N 

and dN/dt) are not very accurate even if sophisticated techniques like data processing are used. They 
are nevertheless highly valued by the dam operators that have them. 

 
It would appear that the most important factor to be considered in the standby procedure is 

inflow into the reservoir. One of the quickest and most accurate methods of obtaining this information 
is to use records from gauging stations upstream of the reservoir (with particular attention paid to data 
transmission reliability). Properly engineered stream gauging stations can be used to determine gate 
opening patterns because they measure flow immediately and directly, an important advantage over 
estimates of discharge through dam spillways or rise in water level, which cumulate two factors of 
error, as well as requiring time for the calculations. A station close to the reservoir will tend to produce 
more accurate data. 

 
 

5.2.2.2. Design implications 
 
The need for a very high degree of reliability of spillway operation and the specific problems 

arising in this respect has already been emphasized. 
 

 The importance of the risks involved means that the design of an automatic spillway 
system is quite different from what is usually encountered in the normal run of 
automation. One of the most important points is the need for redundancy, which 
greatly reduces the probability of failure. Alternative backup procedures must be made 
effectively independent. The power supply for example must make use of one or more 
standby sources giving an almost infinite assurance of reliability. Where computers 
are used, redundancy (two computers) and appropriate subroutines provide the facility 
for a constant cross-check that ensures the system is functioning correctly at all time. 

 
One of the main risks of malfunction in fact resides more in the software than the 
hardware, at least once the system is to any degree complex. Having two computers, 
then, is no safeguard, one must write the programs with the greatest care. Special 
guidelines have been issued for this type of automation by some operators. 

 
 It is generally considered that automatic control should not be built onto old 

installations, experience showing that they are often incompatible because of their 
condition, original design or technology. 

 
 Automation is only a meaningful advantage if it is cost-effective without affecting 

safety. 



 
Notes 

 
1. The section above concerning the types of flood rule describes two approaches to 

water management at a group of dams based on the computer. The first uses a 
computer at each dam, the second having one computer with remote control facilities, 
Experience would indicate that the first approach is preferable where the dams are in 
a linear cascade. 

 
2. Automatic systems making use of hydrostatic head are very attractive in theory, but in 

some cases, they may give rise to extremely awkward breakdowns, usually jamming, 
gate hunting, or obstructions of various sorts. The theory of their response must first 
be investigated very thoroughly, and the actual constructional arrangements given 
careful attention. The design should be simple and use systems preventing the gates 
from jamming. There should .be no hesitation about installing screens of very ample 
size to prevent obstructions, complete with automatic cleaning systems. 
Sedimentation in float chambers can be overcome by giving them self-cleaning 
shapes. 

 
3. It is important to stress the advantages of the ungated overflow spillway which needs 

very little inspection and maintenance and would appear to be the most reliable and 
simplest solution in very many cases. Although old in concept, it is still very widely 
used and should be adopted whenever reasonably and economically possible, in 
preference to more sophisticated arrangements involving more difficult maintenance 
and repair. 
 
It must not however be forgotten that the overspill weir involves a loss of capacity 
(corresponding to the head on the crest), as compared to a gated spillway; the loss 
may be the determining factor against it. 

 
 

5.2.2.3. Operational implications 
 
Although offering undisputed advantages, spillway automation must not blind the operator to 

the absolute need for: 
 

 first-class maintenance, 
 arrangements for quick, efficient repairs, 
 an alternative operating method explicitly setting out in detail in the dam operating 

rules the procedures to be followed in the event of a breakdown. This applies to all 
types of automatic system. 

 
This means that provision must be made for reverting to manual operation. At some schemes 

controlled entirely by computer, operators regularly and systematically switch over to manual operation 
even though the computer is operating correctly. This enables the operator to keep his hand in for 
such time as the computer may break down when manual control must be substituted in response to 
developing conditions (often because of the small relative capacity of the reservoir). 

 
Such experience can be improved by means of simulators to give the staff the necessary skills 

in all types of operation (computer operation, manual operation, etc.) and familiarize them with various 
types of event (such as flood arrival) which they will meet with only rarely in the real world, and are not 
prepared to deal with. The consequences of a large flood can be very serious, and it is therefore 
advisable to ensure that the operating staff are not caught unawares. Simulator training is extremely 
useful. 

 
The adoption of automation is accompanied by the need for specific monitoring of the 

automatic and remote-control equipment, even if computers monitor the performance of the 
component parts of the control system. Otherwise, the gates and related equipment need more careful 
monitoring. Although automation reduces the workload on the operating staff, experience shows that 
some of the staff saving must be ploughed back into keeping watch on how the equipment (especially 



the outlet works) performs in times of river floods. The temporary shift system is a wise answer to this 
need in many cases. For the rest of the time, partial attendance is flexible and not cumbersome. 

 
 

5.2.3. Communications During Flooding  
 
 

5.2.3.1. Purpose of Communication 
Flood operation – Flood operations rarely occur at most dam and hydroelectric projects and 

typically involve a few to many personnel. Communications amongst these personnel, as well as other 
personnel, are critical to enable safe, efficient measure implementation. This is especially true since 
the events are rare and personnel may not be fully aware or trained of condition identification and 
required actions. 

 
Safety evaluation and notification – Communication between personnel and systems will be 

used to assess the level of safety concern and to communicate the assessed results to the appropriate 
personnel for action. 

 
Public awareness – The public is, in many cases, much more aware of the safety impacts 

caused by a dam that is undergoing loading conditions, such as flood levels, that are rarely 
experienced. The public will make their own assessments that maybe incorrect and can cause public 
concern that is incorrect. These perceptions are both conservative and un-conservative.   

 
 

5.2.3.2. Methods of Communication Available 
 
The methods of communication available in the recent years have shown great improvement 

parallel to the improvement in the relevant technological fields. What we now consider to be the 
decade of technology has a huge impact on the communication methods and technologies available 
today. 

 
The methods of communication available can be separated in two fields, internal 

communication and external communication. 
 

 The internal communication refers to the communication within the project site. 
Various options exist for this need of communication, starting with the basic direct 
lined communication between the various locations on site. For this to be functional 
physical hardware, most importantly wires must be installed. Two way radios are also 
being used for a long time and provide safe communication between parties. It must 
be ensured that equipment and batteries are properly maintained. The above stated 2 
methods will provide communication under emergency situations as well. Closed 
Circuit Television (CCTV) sensor remote transmission (can be even part of SCADA) 
can be considered as the new wave on communications either internal ore even 
external between dam operator and dispatch. 

 
 The external communication will allow the plant operators to contact various 

people/authorities who are located outside the plant. The methods available start with 
the direct line hardware; however, this method is not often possible in remote areas. In 
the recent years, the use of mobile phones has also increased, but reception can be a 
major issue in remote locations. Where reception becomes an issue, satellite phones 
are a good but costly alternative. Due to the availability during emergency situations, 
satellite phones are seen as the most reliable and safest way for external 
communication 

 
Another way of information transmission and communication can be deployed, using the Text 

Messaging of GSM/mobile phones, as the different messages can be routed to selected areas. As 
mobile data coverage is extended phone apps can be used to deploy information and even ensure 2-
way transmission between parties. 

 
In order to transmit the decisions, appropriate communication means are to be used in relation 



to the endowment of the dam/reservoir and community. 
 
Notifications and warnings are to be performed by the Emergency Situations structure 

established at county or regional level, depending on local governance rules, based on information 
received by the structures that monitors the risk sources. This activity represents the transmitting of 
authorized information on the imminence or occurrence of disasters by local government authorities, 
as appropriate, in order to avoid surprise and facilitate the implementation of protective measures. 

 
To achieve external notification the following means have yielded results: local network 

communications (intercoms), local authorities notification equipment and alarming systems, local or 
national radio broadcasting and TV stations, telephone fixed and mobile connected to the territorial 
telecommunications system, paths and fixed circuits and mobile connected telecommunications to the 
territorial broadcasters system - Reception and radio receivers, radios in the volunteer organization or 
equipment for the emergency service and risk source of economic operators. 

 
The population alarming is performed by the local government authorities by special means of 

acoustic (electrical sirens, electronic, moto-sirens or any other large broadcast method) and acoustic 
regular means (steam whistles, sirens hand, loudspeakers, megaphones…etc). 

 
Transmission of information and decisions, according to the information flow is as follows: 
 

 In advance by radio means – or equivalent –transmission- reception from the dam to 
the dispatcher  

 By telephone, mobile, mobile messaging, internet platform apps, email and fax from 
the dispatch to the rest of superior bodies. 

 
Transmissions are not limited to the indicated environments and aim that, throughout the crisis 

or chain of events, the flow of information is transmitted and received. 
 
 

Alarm systems 
 
The thresholds are usually established for each individual dam according to their importance 

and extracted from the evacuation and warning plans, based on risk assessments and flood 
management plans. 

 
 If Attention warning level is deployed – only the dam operator communicates with the 

dispatch or information is collected directly by the dispatch via CCTV (this only 
ensures one way transmissions) 

 If Alert warning level is deployed.  Decisions are to be transmitted to the superior 
bodies of decision like water administration centre or government. Transmissions for 
information is to be carried out both ways from the local action centre up to central 
body. 

 If Danger warning level is deployed. Decisions are initiated immediately and alarm 
state is issued for the downstream area, covered by the flood analysis results, and 
then according to the information flow of the superior bodies. 

 
Electric Sirens of the dam, located in the downstream of the reservoir or in the adjacent 

village/town/city centres, designed to sound a specific pattern as to announce the population in the 
area susceptible to get to safety and to take measures to reduce damage 

 
Examples of such used patterns or alarm programs / notification shall include, depending on 

the requirements of emergencies that may arise, thus communicating different messages like: Air 
alarm, Alarm Disaster, Pre-Alarm, Termination of the alarm etc. These patterns have to be drilled for 
the population in the adjacent areas and information posters have to be available. 

 
Addressing public by speech with pre-stored messages or directly from the microphone 

system can also be effective if the infrastructure exists. 
 
 



5.2.3.3. Opportunities and Hazards of Communication Systems 
 
Ideally arrangements will be in place for critical gated storages such that operations staff will 

be able to physically access the dam during an extreme event, be supported over the duration of the 
event by relief operators as necessary and by provided essential external management support. 

 
To manage a flood event reliably the local storage operators require a physically secure center 

where they can see that the equipment they are controlling actually responds to their inputs, along 
with clear and concise data on the storage level and the ability to easily access any data available 
from upstream streamflow gauging stations. 

 
The ability to access available weather forecasts, receive guidance and support from 

experienced personnel on the control approach to be used and communicate situation status and local 
decisions back to their host organisation is also imperative. 

 
However, the nature of extreme events is such that access, electrical power, data transfer, 

communications and even satellite communications can be lost, potentially leaving the local operator 
to manage an event larger than has ever been experienced in the past without basic guidance and 
support. 

 
A basic but essential element of successfully managing an extreme flood is that operators 

have a clear flood release and dam safety plan that they can work to should they be isolated and 
unable to access other guidance. 

 
Nonetheless, where more data is available it will be possible for those controlling a dam to 

better manage a flood event, potentially reducing its impacts on those above and or below the storage.  
Flood forecasting models are available to do so that range from simple to sophisticated and can 
provide accurate and timely information if their cost and complexity can be justified by the storage 
owner.  

 
A flood forecasting system is not a single component or model, but a suite of tools used to 

support flood operational decision making and relies heavily on the ability to gather data from a range 
of sources and interpret this data to make accurate predictions. 

 
Best practice would indicate that critical dynamic data should have at least two “pathways” to 

the operators and dam managers and that there should be a capacity to filter bad or suspect data. 
 
Communications systems from the storage to the flood forecasting / modelling team also need 

to be robust with local power backup at each site in place to mitigate against likely electrical power 
loss or damage due to falling trees and other storm effects. 

 
The ability to record these events, trace actions and model predictions and the data that they 

are based on at any one time is also indispensable in the aftermath of a flood event to assist operators 
and owners to learn from the experience.  These tools also enable owners and operators to satisfy the 
expectations of external stakeholders who often do not appreciate the complexity of operating a critical 
storage and may rightly or wrongly believe that the storage as operated inappropriately. 

 
 

5.2.3.4. Public Eyes 
 
The way we handle and surveil dams changes over time. Many dams have no longer a dam 

keeper who is living close to the dam and monitoring it. Dams are inspected as scheduled in a dam 
safety program and personnel changes more frequent. Consequently, dam owners are in general no 
longer that familiar with their dams as before. Probably, there are people who are not related to the 
dam owner, who visit the dam sites and the adjacent structures more often than the dam owner’s 
personnel, for example people doing recreational activities or living close to the dam. There is an 
opportunity to use those people who are familiar with the dam as “public eyes” for dam surveillance. 
They can contribute with observations as valuable support for the dam safety program. 
Communication technology allows individuals to become observers and reporters with little effort. 
Observations can be documented by e. g. photographs and submitted to the dam owner for further 



evaluation and follow-up. 
 
An important aspect is to validate incoming information and to have a dialogue with the 

reporting people to avoid misunderstandings. Most people perceive dams and adjacent structures 
differently than engineers and seldom-operated structures might cause concern even if they are 
properly performing. For example, emergency inquiries from the public about a possible dam failure 
caused gossip during a flood in Colorado – in one case the Dam Safety received phone calls because 
the public saw flow in an area not seen before. But it turned out to be flow through the spillway that 
had been used very infrequently. Another example was overheard at a Starbucks that a dam is failing, 
because the river flow went up when the spillway started to flow, which was unusual in the fall in 
Colorado. In reality, they observed properly operating spillways, which they never before had seen 
spilling water. 

 
The people’s perception of hydraulic structures could be more realistic, if they would know 

more about dams and adjacent structures. Consequently, inquiries and reports would become more 
precise. The dam society and dam owners can contribute to increase the understanding about dams in 
the public. Modern communication technology can be involved as a useful medium to distribute 
information and to illustrate operation of hydraulic structures such as a spillway under operation. The 
dam owner can facilitate giving feedback by promoting specific designed programs or applications for 
documenting observations and proper registration of the location. In addition, such a system can be 
useful in the dialogue with the reporting people to ask for further specification of the information, 
updates on conditions or to alert them about expected operation of certain structures such as spillways 
and bottom outlets. 

 
Involving the public in dam surveillance will furthermore increase the public awareness of 

dams. Consequently, a better understanding of the structures will probably have a positive effect for 
the public safety around dams.  

 
 

5.2.3.5. Recommendations for Effective Communication 
 
Multiple channel methods – As discussed in this document, the times of having a large staff 

presence continuously at a dam project is diminishing, as they are being replaced by instrumentation 
and remote monitoring and operation. On many projects, the instrumentation may be the only source 
of information during times of flood, due to impediments for site access. Relying on one set of data to 
correctly relay dam safety conditions may be a bit risky and multiple channels of information are 
preferred. 

 
Plan development – Each dam owner/operator should have a communications plan that 

includes multiple channels of data gathering and dissemination. This can include visual observation by 
local operators or citizen neighbors, monitoring of critical components or conditions, data retrieval and 
review by knowledgeable dam safety personnel, and defined assignments for personnel at and away 
from the dam. Such plans should be part of an Emergency Action Plan that is understood by all 
participants. 

 
Regular plan testing – Emergency Action Plans or response plans need to be tested on a 

regular basis to indicate issues within the plan that need to be improved, to provide the training 
needed, and to evaluate the effectiveness of the plan. Table-top exercises are typically performed 
annually and include the emergency personnel associated with the dam. The exercise is performed in 
a formal meeting with participant working through the EAP response requirements. A Functional 
Exercise involves actual field implementation of the EAP response requirements assuming one or 
more potential failure modes. This type of exercise is typically expensive and, therefore, performed at 
about five-year intervals. 
  



 
6. CONCLUSION 

 
 
 
The design of a dam and its hydraulic appurtenances is governed by numerous factors: 

hydrology, dam type, topographic and hydrological potential of the site and existing technology. This 
means that there is a wide variety of schemes and it is impossible to lay down any precise rules. The 
replies to the enquiry have shown that the same applies to operating methods, especially in periods of 
flood. 

 
But the diversity of the situations reported nevertheless concealed a clear trend towards the 

increasing use of automation, telemetering and remote control in all operations connected with the 
hydraulic works at dams, including in times of flood. 

 
This relieves the operator of his former obligation of keeping a permanent shift of attendants at 

the dam, or at least allocating them several dams to watch, the staff can be put in charge of complex 
installations such as hydro-electric power stations or pump stations. Even in these cases, shift work is 
tending to give way to a system of partial attendance in normal working hours, with the staff on call for 
the rest of the time at home, provided telemetering and remote alarm systems are installed. The 
situation can be different in times of flood. A full shift system is sometimes moved in for the occasion 
(made up of the maintenance personnel) but even in this case, automatic systems are taking over 
more and more jobs, from detection of the arrival of a flood to determination and execution of the 
relevant gate operations. There are examples where no human intervention at all is necessary, even 
during severe floods, except to keep a watch that there is no malfunctioning. 

 
The trend towards increasing automation is even affecting the definition of a flood: 

traditionally, the distinction is made between routine work, readiness or standby just before the flood, 
and flood operation. Insofar as automatic systems are becoming responsible for detecting the 
approaching flood, the standby period may entirely disappear; if these automatic systems determine 
what releases are necessary and actually operate the gates, then flood periods will hardly be 
distinguishable from normal routine operation. 

 
Whatever method of operation is used, the flood will be better routed if information on inflow 

into the reservoir (especially if the reservoir is small) is received early. In this context, there are 
advantages in having gauging stations upstream of the reservoir, and it is important for the data 
transmission links to be reliable. 

 
Dam operation in flood periods is in fact the usual problem of regulation to which the type of 

solution is closely tied up with the capacity of the reservoir. Where it is large or moderate as compared 
with the flood volume, approximate regulation based on monitoring the headwater level and the speed 
at which it changes is often sufficient. Hydraulically operated automatic gates may be suitable where 
discharge is not too great, provided the automatic system is properly designed (mishaps have 
occurred). When the reservoir is small compared to floods, regulation becomes more difficult, more 
data must be obtained earlier, gate operation must be quickly calculated and performed, and 
computers can be very useful for this purpose. One therefore observes increasing use of this type of 
equipment. It is all the more advantageous when a series of dams on a single basin must be operated, 
because gate operation can be coordinated from a single control centre (and the gates may even be 
actually opened from that centre, either directly or by remote setting of threshold values). Computer 
redundancy and adequate software provides for a constant cross-check that each system is 
functioning correctly. It is not so much the hardware as program design that is the problem. 

 
Automation, telemetering and remote control do have shortcomings. Operational safety 

requires that more redundancy must be built into the system, including alternative power supplies, 
than with conventional regulation systems. Furthermore, human involvement cannot be entirely 
dispensed with, especially during floods. In most cases, it is necessary for quite skilled personnel to 
keep a watch and the equipment, and take remedial action in the event of faults, rules must clearly 
state in detail what action must be taken to switch over to manual operation if there is a breakdown in 
the control system or communications channels. 

 



Lastly, the use of such modern technology is only conceivable with a high standard of 
maintenance and availability of skilled service for prompt repairs, which implies having skilled staff. It 
is impossible to overstress this point. 

 
Generally speaking, the principal factor in operational safety for hydraulic structures is proper 

maintenance. This calls for systematic inspection of all parts, both the civil works and the electrical and 
mechanical equipment. Means are now available for inspecting underwater parts, by diver or 
submarine (manned or remotely controlled). However, such inspection of underwater parts is costly 
and it is not generally necessary too often. Inspections are generally made every 5 to 10 years. 

 
An overriding requirement is for regular testing (preferably under maximum head and 

maximum discharge conditions) of the deep outlets. This provides a check on the operation of the 
gates and conduits, and gives the operating staff enough confidence so that they will not hesitate to 
use them when needed. 

 
It is generally more difficult to make systematic tests of the spillway gates. This makes 

maintenance and inspection even more important. 
 
We shall conclude with the paradox that the best hydraulic appurtenances are those that do 

not exist: spillways in the form of free overflow weirs have all the advantages of good regulation and 
unequalled reliability. They cannot of course be used in every case, but they can be recommended 
whenever their cost would not be prohibitive. 
  



 
ANNEXES 

 
 
 

1. Barrage mobile totalement automatique : 
Caderousse sur le Rhone (France) 

 
2. Exploitation globale et intégrée d'une chaine d'ouvrages : 

Sonohara sur Ia Katashina (Japan) 
 

3. Solution idéale du déversoir a seuil libre : 
Mattmark sur Ia Saaser Visp (Suisse) 

 
4. Exploitation manuelle assortie d'un système de vannes : 

Aldeadavila sur le Duero (Espagne) 
 

5. Exploitation d'un grand ouvrage comportant une retenue très importante : 
Gariep sur /e fleuve Orange (A/rique du Sud) 

 
6. Exploitation d'un barrage sur un cours d'eau soumis a des crues soudaines et 

puissantes en climat tropical : 
Luis L. Leon (El Granero) sur le Rio Conchas (Mexique) 

 
7. Exploitation d'un barrage à buts multiples appartenant à une grande organisation : 

Folsom sur /'American River (Californie (Etats-Unis) 
 

  



 
APPENDICES 

 
 
 

1. Fully automatic barrage, 
Caderousse on the Rhone River,France 

 
2. Integrated operation of a cascade, 

Sonohara on the Katashina River, Japan 
 

3. The ideal uncontrolled spillway solution, 
Mattmark on the Saaser Visp River, Switzerland 

 
4. Manual operation combined with automatic gate system, 

Aldeadavila on the Duero River, Spain 
 

5. Operation of a large dam with a very large reservoir, 
Gariep on the Orange River, South Africa 

 
6. Tropical climate, large flash floods. 

Luis L. Leon (El Granero) on the Rio Conchos, Mexico 
 

7. Multi-purpose dam run by a very large operator, 
Folsom Dam on the American River, USA 

 
  



 
APPENDIX l 

FULLY AUTOMATIC BARRAGE 
 

 
 

CADEROUSSE ON THE RHONE RIVER. FRANCE 
 
 

The Compagnie Nationale du Rhône (CNR) was granted the concession for developing the Rhône 
River (France) in order to harness the potential of the river with the threefold objective of generating 
hydroelectricity, ensuring navigation and providing water for agricultural use. The resources on the 
Rhône River developed and operated by CNR are composed of 18 hydropower schemes in series of 
which 6 are located upstream of Lyon on the Upper Rhône and 12 downstream of Lyon on the Lower 
Rhône (figure 1-1). 
 
The average annual generation of all these hydropower schemes is 15.7 TWh. Apart from the dam 
furthest upstream (Génissiat), which is a medium head hydropower plant, they are all equipped with 
gate structure dams. For two of the structures, the dam is built adjacent to the plant (Seyssel and 
Vaugris HPP). The other hydropower schemes have a diversion canal on which the hydropower plant 
is built. These are low head hydropower plants with heads from 6.1 m (Vaugris) to 22 m (Donzère 
Mondragon). The hydropower plants, dams, locks, canals and associated structures are operated by 
the Compagnie Nationale du Rhône. 
 
The average discharge of the Rhône River at Caderousse is 1,515 m3/s. The ten year flood discharge 
is 7,200 m3/s. 

 
Drawing advantage from the rise in water level due to the dam, the hydropower plant has a head of 
8.6 m. Six bulb type turbines are installed, generating a total output of 156 MW for a discharge of 
2,280 m3/s, generating 843 GWh on average year.  

 
 
The dam has eight radial gates, 22m wide and 12.10m high. Four of these gates have flaps on 

top. The dam is designed to discharge a maximum of 12,500 m3/s, representing the thousand-year 
flood (figures 1-2). The flood of yearly return period represents approximately 200 times the live 
pondage, making the scheme very sensitive to floods. 

 
 

Objectives 
 

The operating objectives are set out in specifications. The operating procedures are based on 
a level of the reservoir at a regulation point located at kilometre 203.2, 10 km upstream of the dam: 

 
If 0 < Q < 2,285 m3/s, the level of the regulation point must be between 35.5 and 35 elevation 

with a tolerance of +/-10 cm,  
If 2,285 m3/s < Q < 3,850 m3/s: the level of the regulation point must be set at 35.5 elevation 

with a tolerance of +/-10 cm. 
If 3,850 m3/s < Q < 6,160 m3/s: the level at the regulation point rises so that it is equal to the 

elevation of the water line before the development scheme, 
If Q > 6,160 m3/s: the level is set at 35.9 elevation at the regulation point located at 5.2 km 

upstream of the dam. 
 
The objective is to produce the maximum amount of energy without stepping outside the 

operating procedures resulting from the obligation to avoid exacerbating flooding. 



 
 

 
 

Fig. 1-1
Usines Hydro-électriques du Rhône, de Genève à la mer

Hydro-electric power stations on the Rhône river, from Geneva to the sea 

 

 
 Figure 1-3 : Coupe transversale du barrage de Caderousse 

 
Figure 1-3: Cross section of Caderousse dam 



 
 
 

 
Barrage de Caderousse/ Caderousse dam 

 

 
Usine et écluse / Hydropower plant and lock

 
 
 

Fig. 1-4
Caderousse

Plan général des abords du barrages
Layout of the barrage

 
 
 
 
 

Overnight storage 
 

Normal operation makes use of overnight storage to carry off-peak energy over to peak hours. 
Pondage is turbined by drawing down the headwater level slightly, and making it up at night.  

 
 
 

Automated operation 
 

The Compagnie Nationale du Rhône decided to automate the operation of this series of 18 
development schemes as much as possible, including the operation of dams during floods. To this 
end, a computer was installed in each plant. 
 
The entire series is monitored from a centralised telecontrol centre based in Lyon (Rhône Telecontrol 
Centre, CTR). Its general mission is to perform the remote monitoring and control of the hydropower 
schemes on the Rhône 24h a day 7 days a week. 
 
 
The architecture of the operating and monitoring system is organised in several hierarchical levels. In 
particular, the local computer located at the hydropower plant permits totally safe and independent 
operation. Thus, the link with the CTR can be cut without impacting the hydraulic safety. 

 
 

Operation during floods 



Flooding is declared when the discharge entering the hydropower scheme exceeds 5,400 m3/s. 
Management of operation is fully integrated and performed by a computer specific to each plant of the 
series of power plants. 
 
The computer receives large quantities of information automatically: 
 

 Discharges at dams located upstream 
 Discharges at gauging stations upstream  
 Levels at several points of the reservoir  
 Discharge downstream  
 Discharge flowing through the dam  
 Discharge through the turbines. 

 
The PLC1 receives processes and compares these different parameters in real time, calculates the 
theoretical incoming discharge and compares it to the real discharge; it determines the operations to 
be performed and orders their execution. 
 
The computational power of the new equipment has led to developing the concept of "predictive 
regulation". The computerised operating system comprises an embedded numerical model of the 
reservoir and is capable of determining the impact of the operations it controls on the progression of 
the level of the reservoir. The performance of the computers allows repeating this simulation every 100 
seconds and managing the dynamic behaviour of the reservoirs with great accuracy. 
  

                                            
1 Programmable Logic Controller 



 
 
 

Staff 
 

A standby system is used and 4 people are on permanent standby with different levels of 
responsibility. These personnel are present at the plant or at their homes. Therefore the dam is not 
usually manned. 
 
The personnel perform routine maintenance tasks and monitor the efficient operation of the computer 
and all the installations. 
 
A “general” directive specifies the rules to which the operator must conform for managing the different 
operating modes. In particular it identifies the situations that require permanent human presence in the 
control room of the hydropower plant or dam. Thus it sets out the value of the maximum discharge 
without human presence for computerised automatic operation (DMSPH) for each hydropower 
scheme. 
 
The threshold of the DMSPH can be lowered temporarily when commissioning a new computer or 
when modifying the software. It cannot exceed the value set by the general directive. 

 
 
 

The Rhône Telecontrol Centre (CTR) 
 

All the hydraulic and energy information relating to the 18 CNR hydropower schemes on the Rhône 
are centralised in this facility.  
 
To fulfil its mission successfully, the CTR provides a continuous service organised in three eight hour 
shifts and implements dedicated tools. Both the operator at the CTR and the local operator at the site 
have a complete view of the hydropower scheme updated in real time, provided by computerised 
applications in network. 
 
A standby site has been installed outside Lyon to ensure service continuity. This site houses several 
replicated servers. In case of failure of the main site, it permits carrying out all the CTR’s missions 
(monitoring and control of the hydropower schemes). 
 
The architecture of the Rhône operating and telecontrol system comprises no less than 70 servers, 18 
operating computers and 300 PLCs interfaced with the process. The telecontrol systems are fully 
replicated without manual intervention. 
 
The CTR is equipped with central SCADAs2. The operator has several Man/Machine Interfaces 
available on which he can visualise all types of information on the inflows of the Rhône and its 
tributaries, the discharges flowing through the dams and plants, the levels at different regulations 
points, the presence of operators in the structures, the regulation mode, generation programs, and so 
forth. The SCADA receive this information automatically via two separate ways. The supervising 
operator transmits the production programs to the computers of the 18 hydropower schemes.  
  

                                            
2 Supervisory Control And Data Acquisition 



The essential missions performed by the CTR are: 
 Monitoring levels and discharges, 
 Transmitting and displaying production programs formulated on day D-1 by the Rhône 

Production Management Centre, 
 Implementing actions on an infra-daily basis to optimise production and minimise the 

economic impact of variations on the balance perimeter, 
 Coordinating operation in case of flooding or exceptional manoeuvres. 

 
If a local computer or item of equipment fails, the different alarms are sent to the CTR and the 
personnel on standby at the site. It is then up to the supervising operator to check that the standby 
personnel have been warned in good time. 
 
Transmission 
 
The information from the different measurement points are transmitted by replicated links (wire, optical 
fibre, radio). 
 
Transmission between the plants, dams and points required for supervising and operating the process 
(certain isolated level meters, pumping stations, etc.) and the CTR is done via CNR's own optical fibre 
network. It is replicated by looping ensured by other operators (figure 1-5). 
 
Some points are too remote to be connected to the optical fibre network, so classical radio links 
operating at 400 Hz are used. The topography of the terrain generally allows establishing point to point 
links. 

 
 

Figure 1-5 : Schéma du réseau de transmission par fibre optique 
Figure 1-5: Diagram of the optical fibre transmission network  



 
Fault prevention methods 

 
In the case where excessive loss of information occurs, an alarm is triggered and the operator must 
switch to manual control. Likewise if the data stray too far from reality (the computer tests the data 
consistency) or if the computer itself crashes. 
 
Whatever the case, a basic automatic and fully independent system installed on the dam performs 
precautionary manoeuvres if the level of the reservoir is too high or low. 
 
Lastly, the electric power supply is installed in triplicate: the main supply, the plant, and a fuel driven 
generator set. 

 
 

Inspection and testing 
 
Full gate manoeuvrability is tested every three years, using the stoplogs. 
 
Every year, a check is performed to ensure that hydraulic conditions allowed each gate to be opened 
by one tenth of its opening. If this is not the case, a real test with opening by one tenth is organised. 
 
The automated switching of the dam electric power supplies is tested regularly. 
 
Conclusions 
 
The operation of hydropower schemes such as that of Caderousse is fully automatic and provides 
many advantages regarding early availability of information, speed of action and precision 
manoeuvring. Automation allows taking into account a large number of parameters and obtaining far 
more efficient operation. 
 
However, the progress achieved in the performance of automatic operating systems should not call 
into question the basic principle of ensuring safe dam operation: human operators must be capable of 
taking over control of the hydropower schemes at any moment. It is essential to have simple means 
available to act directly on the safety devices and have qualified and trained personnel. 
 
Lastly, CNR is especially vigilant when it comes to keeping the devices that ensure hydraulic safety in 
operational condition. It ensures constant monitoring, fast and efficient repair in case of need, and 
serious and regular maintenance. 
  



 
APPENDIX 2 

INTEGRATED OPERATION OF A CASCADE 
 

 
 

SONOHARA ON THE KATASHINA RIVER, JAPAN 
 
The Sonohara dam in Japan lies on the Katashina River, one of the tributaries to the Tone 

River which flows eastward to the Pacific Ocean. The project of the upper basin of the Tone River 
consists of six dams; Fujiwara, Aimata, Sonohara, Yagisawa, Shimokubo and Kusaki. The purposes of 
the Sonohara dam, a concrete gravity dam 76.5 m high and 127.6 m long at the crest, are flood 
control, power generation and irrigation, Gross storage capacity is 20.3hm3 with an effective capacity 
of 14.1 hm3. Annual runoff is 316hm3 for the catchment areaꞏof 493.9hm2, and it takes 16 days to fill 
the reservoir. The dam is owned by theGovernment of Japan.  

 
 

Gate 
 
There are three Conduit Gates at the base of the dam controlled by 3.56 m x 5 m gates under 

a head of 51.45 m. Maximum discharge capacity of these gates is 1,550 m3/s. There are also four 
Crest Gates (7.5 m x 8.363 m) at the dam crest. Lastly, a Howell Bunger Valve at the bottom of the 
dam has a discharge capacity of 12 m3/s. 

 
 

Maintenance 
 
This is executed to achieve the purposes of this dam every year. That is, there are tasks 

related to the facilities management such as inspection, maintenance and repair for securing the 
safety of the dam body and areas around the reservoir, and the proper functions of various facilities. 
The purposes of dam construction can be achieved only when all of these tasks are performed safely 
and reliably. 

 
 

Operation 
 
Operational problems in the Tone basin are quite unusual. Because of the geography, it is not 

possible to have a large storage reservoir at the head of the scheme to control floods. The individual 
reservoirs are small and spillage from each dam must be managed to the best effect. Floods occur in 
summer, covering about 20 days per year. 

 
 

Purpose of development 
 
The general arrangement of the dams is shown in Fig. 2-1. Flood regulation operates as 

shown, the figure on the upstream side of each dam representing the inflow, and the figure on the 
downstream side being the spillage for the reference flood pattern used as a basis for calculating 
outflow. 

 
The ultimate object is to control floods so that flow at Yattajima at the downstream end is 

14,000 m3/s instead of the natural 17,000 m3/s. 
 
 



 
 

 
 
 

Fig. 2-1 
Aménagement de la rivière Tone – Diagramme de contrôle des crues 

Tone river project – Flood control diagram 
 

R: River R : Rivière
DAM BARRAGE

Flows in m3/s Débits en m3/s

 

Fig. 2-2 
Barrage de Sonohara – Laminage des crues 

Sonohara dam – Flood routine 

 
T. Temps (en heure) 
Z. Niveau du réservoir 
Q. Débits (m3/s)
1. Niveau minimum exploitation : 543,40 
2. Niveau maximum de retenue : 565 
3. Niveau de la retenue 
4. Débit entrant
5. Debit évacué

 Débit entrant <1 000 m3/s : débit évacué sans 
laminage

 1 000 m3/s < Débit entrant < 2 350 m3/s : le débit 
évacué est : 1 000 = (débit entrant – 1 000) x 
0,296 m3/s

 Au-delà, les vannes de surfaces sont ouvertes 

T. Time (hours)
Z. Reservoir Water level (m) 
Q. Flows (m3/s)
1. Low water level : 543,40 
2. Maximum water level : 565 
3. Water level
4. Inflow
5. Outflow

 Inflow <1 000 m3/s: discharge is free flow 
 1 000 m3/s < Inflow < 2 350 m3/s discharge is: 

1 000 = (Inflow – 1 000) x 0,296 m3/s 
 After this, survace gates are opened 

 



 
 

 
 
 

Flow control 
 
The probable maximum flood discharge at the dam is estimated at 2,820 m3/s. The following 

rule applies to an inflow less than 2,350 m3/s (design high water discharge), 
 
The 2,350 m3/s flood must be reduced to 1,506 m3/s by storage in the reservoir. The conduit 

gates thus release up to 1,550 m3/s as shown in the hydrograph in Fig. 2-2. The full inflow is 
discharged so long as it is less than 1,000 m3/s. beyond which spillage is governed by: 

 
Qoutflow = 1,000 + (Qinflow – 1,000) x 0.296 until reaching the flood peak. 

 
When inflow begins to decline, the outflow rises to 1,550 m3/s. This means that inflow is stored 

Fig. 2-3 
Barrage de Sonohara 

Répartition de la capacité de la retenue 

Fig. 2-3 
Sonohara Dam 

Allocation of storage capacity 



during the flood and released afterwards, because most of the reservoir capacity is designed solely for 
flood control (Fig. 2-3). The crest gates are opened above 2,350 m3/s. 

 
 

Irrigation 
 
Irrigation releases of 140 m3/s must be permanently maintained at Kurishashi 49 km 

downstream of Yattajima to irrigate 1,200 hectares. This compensational water requirement thus 
applies to all six dams. 

 
 

Hydro power 
 
Maximum turbine discharge is 20 m3/s and the installed capacity is 26 MW. 
 
Determination of gate operation during floods for early data collection and rapid response, an 

electronic computer is quite indispensable. It runs all six dams, continuously receiving data directly 
from the dams and the water level and rainfall gauging stations. 

 
The computer assembles, processes and selects this data and uses them to calculate inflow 

(Fig. 2-4), inputs are water level, rate-of-change in water levels, spillage, turbine discharge, measured 
and predicted rainfall. The computer determines gate openings with reference to the rules described. 
Data is transmitted over underground lines or radio communication lines. 

 
 

Staff 
 
The dam has staff round the clock operating the gates, based on the computed results. The 

conduit gates are remotely controlled while the crest gates are operated from the dam top. 
 
The dam staff also observes whether everything is working properly. 
 
The gates have a hydrostatic head operating mechanism. 
 
Operation of the Tone River basin requires early warning and rapid responses. Speed and 

precision are reconciled through a computer which assists in the running of the installations. This is a 
typical situation in which such a solution is beneficial. 

 
Note Readers are referred for further information to Report 25, Question 41, 11th ICOLD Congress, 
1973. 
  



Fig. 2-4 
Operation organization 

 



 
APPENDIX 3 

THE IDEAL UNCONTROLLED SPILLWAY SOLUTION 
 

 
 

MATTMARK ON THE SMSER VISP RIVER, SWITZERLAND 
 
Mattmark dam was built between 1961 and 1967 on the Sasser Visp river near Saas Fee in 

the Valais region of Switzerland. It is an earth dam 120m high with a crest length of 770m. Reservoir 
capacity is 100 hm3 at an altitude of 2,197m. Annual inflow from the Sasser Visp and tributaries is 
120hm3 (Fig. 3-1, 3-2). 

 
Mattmark reservoir is at the head of a hydro-electric system comprising two main power 

stations (74MW and 160MW) in cascade supplied from the Mattmark Lake, and a 42MW pumped 
storage scheme to improve water management. The dam is also designed for flood control. These 
objectives are stipulated in a specification and internal rules, and can be summarized as follows: fill in 
summer (snowmelt) and draw down in winter. 

 
The dam has a bottom outlet, 3.20m inside diameter and 968m long, with a capacity of 

50m3/s. On the right bank, there is an uncontrolled overflow spillway with its sill at elevation 2 197m 
followed by a 4m id tunnel 480m long, capable of 150m3/s. At elevation 2 174m, there is an 
intermediate outlet tunnel designed for 20m3/s, discharging into the spillway (Fig. l-3). 

 
Regulations require an annual internal inspection through the inspection galleries. 
 
The bottom outlet tunnel is controlled by two gates in series, the downstream gate being used 

under normal conditions. 
 
The dam attendants are responsible for maintenance and monitoring. 
 
Three shifts of 4 men each, shared by the hydro-electric powerstations, operate the whole 

scheme from the Stalden power station farther downstream, the running of the hydraulic parts is 
obviously greatly simplified. Turbine discharge is governed by power requirements and the 
uncontrolled spillway discharges anything over elevation 2 197m. 

 
Floods represent only one week per year on average. 
 



 
 

 

 
Fig. 3-1

Aménagement de Mattmark – Plan de situation
Mattmark project – Location plan

  
1. Usine de Zermeiggern : 74 MW 1. Zermeiggern powerstation : 74 MW 
2. Usine de Saas Fee : 1,5 MW 2. Saas Fee powerstation : 1.5 MW 
3. Usine de Stalden : 180 MW 3. Stalden powerstation : 180 MW 
4. Réservoir de Mattmark : 100 hm3 4. Mattmark reservoir : 100 hm3 
5. Adductions rive droite 5. Right bank catchwater 

 
Fig. 3-2

Aménagement de Mattmark – Profil en long
Mattmark project – Longitudinal profile

Z Altitude (m) Z Elevation (m)
1. Usine de Zermeiggern : 74 MW 1. Zermeiggern powerstation : 74 MW 
2. Usine de Saas Fee : 1,5 MW 2. Saas Fee powerstation : 1.5 MW 
3. Usine de Stalden : 180 MW 3. Stalden powerstation : 180 MW 
4. Réservoir de Mattmark : 100 hm3 4. Mattmark reservoir : 100 hm3 
5. Adductions rive droite 5. Right bank catchwater 



 
   

Fig. 3-3
Aménagement de Mattmark – Vue en plan

Mattmark project – Plan view

Volume de réservoir utile 100 hm3 Reservoir useful volume : 100 hm3 
Cote des plus hautes eaux : 2 197 Maximum water level : 2197
 
1. Corps du barrage 1. Dam body
2. Évacuateur de crue 2. Spillway
3. Vidange intermédiaire 3. Intermediate outlet
4. Vidange de fond 4. Bottom outlet
5. Prise d’eau 5. Intake
6. Galerie d’amenée Headrace tunnel
7. Galerie de drainage Drainage gallery
8. Galerie d’injection Grouting gallery
9. Galerie d’accès Assess gallery

 



 
APPENDIX 4 

MANUAL OPERATION COMBINED WITH AUTOMATIC GATE SYSTEM 
 

 
 

ALDEADAVILA ON THE DUERO RIVER, SPAIN 
 
The Aldeadavila dam on the Duero River lies in a steep-sided gorge and impounds a reservoir 

of 114.8 hm3 capacity, of which 56.6 hm3 is live storage. The river at this point divides Spain from 
Portugal, and the frontier portion has been split into two zones, one run by each country. The 
Aldeadavila scheme belongs to, and is run by, Iberduero S.A. for hydro power. An underground 
powerstation near the dam houses 6 Francis sets each rated at 140MW turbining 103 m3/s under a net 
head of 139m. Average generation in normal years is 3.4 TWh. The dam is an arch gravity structure, 
140m high and 250m long at the crest. 

 
The Duero rises in old Castille near Soria, and flows westwards to the Atlantic at Oporto, in 

Portugal. Annual runoff at Aldeadavila is approximately 12 000 hm3. Like most Spanish rivers, the 
Duero is very irregular. The design flood peak was taken at 12 000 m3/s and a flood of 10 000 m3/s 
was experienced during construction of the dam. There are eight surface gates (14 x 8.30m) with ski 
jump chutes (see Figs.) for a maximum capacity of 10 000 m3/s. Another surface spillway with two 
gates and a tunnel through the right bank can handle 2,800 m3/s. Lastly, there are two bottom outlets 
providing 300 m3/s capacities. 

 
Inspection is not compulsory but is made by divers or by drawing down the reservoir if 

problems are suspected. 
 
The bottom outlets are exercised every six months at full opening under maximum head, a 

good example of recommended practice. The surface spillway gates are exercised twice yearly, to full 
opening, when the reservoir level is below the sill. There is no requirement for compensation water. 

 
There is one attendant in the powerstation and another at the dam on a shift basis. Periodical 

overhauls are done with 5 extra men. 
 
 

Operation during floods 
 
The criterion in flood periods is not to increase the maximum stream flow or rate of 

propagation. There are rain gauges over the whole Duero basin. The Hydrology Department collects 
the information and uses it for its predictions. Standing snow and its possible effect in the event of 
sudden melting is also measured. Floods are predicted mainly from the accurate information from 
dams farther upstream (5 on the Duero and 3 on the Tormes). This provides fully effective warning, 
because inflow into the reservoir itself is small. 

 
Water levels are measured with gauges installed in wells to damp out the waves. There is 

72 hours warning of the arrival of the flood. 
 
 



 
 

 
 

Fig. 4-1 
Aldeadavila 

Plan de situation – Location map 
 

Fig. 4-3 
Évacuateur de crue latéral 

Lateral shaft spillway 
 

1. Niveau de retenue normale 2. Normal water level 



 
 
 

 
The flood criterion is when flow exceeds 1,000 m3/s. If the flood arrives when the reservoir is 

Fig. 4-2 
Aldeadavila 

Vue en plan – Plan view 
 

1. Entonnement (évacuateur 
de crue) 

1. Intake (spillway) 

2. Dérivation provisoire 2. Diversion tunnel
3. Barrage – Déversoir 3. Dam -spillway
4. Prise d’eau (usine) 4. Intake (powerstation)
5. Conduites forcées 5. Penstocks
6. Usine 6. Powerstations
7. Caverne des 

transformateurs 
7. Transformer cavern 

8. Cheminée d’équilibre 8. Surge tank
9. Poste haute tension 9. Switchyard

10. Accès au barrage et à la 
prise d’eau 

10. Access to dam and 
intake

Fig. 4-4 
Aldeadavila 

Coupe sur l’évacuateur de crue de surface 
Section through overflow spillway 

 
1. Niveau des plus hautes 

eaux 
1. Maximum water level 

2. Niveau de retenue normale 2. Normal water level
 



full, there is an alert (considered more critical than ordinary flood period). The shift attendants collect 
information hourly and send it to the Central Operations Office which decides how much must be 
spilled with reference to the reservoir level and its rate-of-change, turbine discharge, spillway 
discharge and outflow from upstream dams. 

 
The Central Office instructs the dam attendants as to the required discharge rate, and they 

open the spillway gates by the requisite amount, using charts showing discharge against gate opening 
and reservoir level. 

 
The gates are remotely operated, although direct motorized operation is possible in the event 

of a fault in the system. 
 
The above procedure refers to the gated spillways at the dam. 
 
Operation of the side tunnel is simpler. The control gates are opened automatically on the 

basis of headwater level by a system responding to the percent of gate opening and the reservoir level 
(by means of a float switch). 

 
The main data and criteria are sent over a power line high frequency circuit. Standby 

communications are provided by radio and a manual public telephone line. 
 
Water level readings and gate opening signals are transmitted over dedicated underground 

lines. 
 
The gate operating mechanisms have a double power supply and electrical circuitry. There is 

also a standby generating set if the normal supply breaks down. 
 
We have here a large dam with a small relative capacity. Floods are severe but well 

monitored, because the Duero is controlled upstream of Aldeadavila. There is a shift service for the 
powerstation and gate operations, working on orders given by the Central Operations Office. An 
automatically controlled, gated spillway, opening as the reservoir level rises, relieves the attendants of 
the responsibility for discharging small floods. 
  



 
APPENDIX 5 

OPERATION OF A LARGE DAM WITH A VERY LARGE RESERVOIR 
 

 
 

GARIEP (PREVIOUS NAME:HENDRIK VERWOERD) ON THE ORANGE RIVER, RSA 
 
Gariep dam is the cornerstone of the complex Orange River Development system, near the 

town of Colesberg in South Africa. It is an arch dam, 88m high, crest length 914m, with gravity wings 
at each end. Reservoir capacity is 5,955 hm3. The catchment area down to the dam is approximately 
850,000 km2. 

 
The Orange river rises in Lesotho and flows westwards across southern Africa into the 

Atlantic. It is a lively river with summer floods of up to 8,000 m3/s and an annual runoff of 9,940 hm3. 
The whole basin has been developed for the purposes of hydro power, irrigation, flood control, and 
domestic and industrial water supply, with three dams, Welbedacht, Gariep and P.K. Le Roux (now 
called Vanderkloof), built and run by the Department of Water Affairs. 

 
Gariep dam has a hydro-electric powerstation at the toe, housing 4 generating sets of 80MW 

rating. The bottom outlets are controlled by two gates in series. The main spillways are high head 
types, with chutes behind. There are three on each gravity wing, and their capacity is 8,500 m3/s. A 
free overflow central section adds a further 8,000 m3/s. 

 
Internal regulations require diver inspection of submerged parts every three years. The bottom 

outlets and spillway gates are tested to full opening monthly. 
 
 

Original Operation 
 
Stream flow is apportioned to various uses, and operation endeavors to have the reservoir full 

at the end of the flood, to attenuate floods, and to maintain a certain minimum water level in the river. 
 
Three-man shifts operate the dam and powerstation, and reinforcements are available during 

floods. The staff regularly collects data from the water level recorders, the Aliwal North gauging 
station, spillway discharge, turbine discharge and outflow from Welbedacht dam on the Caledon river. 
This information is transmitted over a manual public telephone line. 

 
Calculations are made to determine: 
 

 the flood peak, 
 its time of arrival, 
 ways of lowering or retarding it. 

 
Operation of the three dams on the Orange River is optimized by running them together. Gate 

operations are therefore determined and effected locally by the personnel. The gates are motorized, 
with electricity supply from a standby generator in case of breakdown of the main source. 

 
We have here an example of an operating method that is found in many countries. The dam is 

staffed on a shift basis, to determine what gate operations are necessary, and perform them. Safety is 
overriding in this instance, because of the size of the reservoir. This is reflected in the frequent full 
tests of the gates. They are an assurance of safety, giving the personnel full confidence in the 
equipment. 

 
 

Operational Changes 
 
The Hendrik Verwoerd Dam was renamed Gariep Dam and PK le Roux Dam was renamed 

Vanderkloof Dam after the advent of democracy in 1994. 



 
Initially the yield of the Orange River system exceeded the demand by a considerable margin 

which allowed the system to be operated to maximize hydropower generation.  This in effect meant 
that any surplus water available was used as required to generate hydropower.  Hydropower 
generation was concentrated in winter when power demands were highest but river flows were 
normally lowest.  As environmental needs of river systems were developed, it became apparent that 
this created seasonal inversion of flows which were identified as adversely impacting on the ecological 
functioning of the river.  

 
Over the years, the needs of downstream users have increased which required the 

introduction of operating curves to safeguard assurance of supply.  These operating curves were 
based on storage capacity at a particular time and restricted hydropower generation when storage 
levels fell below the operating curves. The operating curves provided minimum storage levels for the 
Gariep and Vanderkloof Dams for each month of the year.  While storage levels are above the 
operating curves, hydropower generation could take place as required and while storage levels are 
below the curves, the downstream demands determine the water available for hydropower generation.   

 
In the mid nineteen eighties, systems analysis models were introduced into South Africa for 

water resource management and the planning and operation of multiple reservoir systems.  These 
models have been developed and refined to cover most of the country and allow for the allocation of 
water resources to users with different risk profiles.   These sophisticated models are run on at least 
an annual basis to determine allocations and any need for restrictions as well as the level of restriction 
required for each user category.  These runs are also used to determine any surplus water available 
for hydropower generation beyond releases for downstream requirements.   

 
More recently, as the demand on the system has approached the yield of the system, the 

operating curves are converging on the full supply level of the dams.  The stage has now been 
reached where the downstream demands fully determine the water available for hydropower 
generation.  Extra hydropower can usually only be generated while the dams are spilling or while 
annual system analysis operating runs indicate that excess water is available for this use.  This limit 
on releases has resulted in the hydropower generation now being operated mainly for peak lopping. 

 
For flood operation, there have also been modifications over the years.  With the introduction 

of sophisticated computer models and real-time data links, it has become possible to centralize 
decision making where the impact of timing of arrival of flood peaks can be simulated and decisions 
made on controlling releases from the storage reservoirs to prevent flood peaks coinciding at 
confluences of tributaries.  This is also achieved by not making releases and allowing the natural 
attenuation of the full reservoir to flatten the downstream discharge hydrograph. This has removed 
decision making from local dams to a remote flood control centre at which the larger impact of 
operations can be assessed and managed at river system level. The actual operation of gates is 
effected by local staff at the dam. 

 



 
 
 

 
 

Fig. 5-1 
Aménagement de l’Orange – Plan de situation 

Orange project – Location map 
 

1. Aménagement de l’Orange 1. Orange project
2. Fleuve Orange 2. Orange river
3. Rivière Sundays 3. Sundays river
4. Rivière Fish 4. Fish river

 

Fig. 5-2 
Barrage Gariep – Plan de la retenue 

Gariep dam – Reservoir map 
 

1. Barrage 1. Main dam
2. Prise d’eau 2. Intake
3. Galerie Orange-Fish 3. Orange-Fish rivers tunnel 
  

 



 
 
 

 

Fig. 5-3 
Barrage Gariep – Vue en plan 

Gariep dam – Plan view 
 

1. Crête déversante 1. Overspill
2. Évacuateur rive droite (3 vannes) 2. Right bank flood gates (3 gates) 
3. Évacuateur rive gauche (3 vannes) 3. Left bank flood gates (3 gates) 
4. Vannes de dévasement 4. Silt outlet valves
5. Vidanges 5. Outlets
6. By-pass 6. By pass gates
7. Prises d’eau 7. Intakes
8. 4 conduites forcée 8. 4 penstocks
9. Usine 9. Power house

10. Tapis de réception 10. Apron
 

Fig. 5-4 
Barrage Gariep – Élévation aval 

Gariep dam – Downstream elevation 
 

1. Crête déversante 1. Overspill
2. Évacuateur rive droite 2. Right bank flood gates
3. Évacuateur rive gauche 3. Left bank flood gates
4. Vannes de dévasement 4. Silt outlet valves
5. Vidanges 5. Outlets
6. By-pass 6. By pass gates
8. Conduites forcée 8. Penstocks

10. Tapis de réception 10. Apron
  



 

 
 

 
  

Fig. 5-5 
Barrage Gariep 

Gariep dam  
 

1. Coupe sur la partie déversante 1. Overspill section
2. Coupe sur la partie non déversante 2. Non-overspill section
  

Fig. 5-6 
Barrage Gariep – Évacuateur latéral – Coupe sur un pertuis 

Gariep dam – Section through flood gate opening 
 

1. Vanne segment (pertuis libre de 
8,53 m de large et de 7,62 m de 
haut) 

1. Radial flood gate for 8.53 m wide x 
7.62 m high clear opening 

2. Servomoteur à huile 2. Hydraulic operating jack
3. Batardeau pour pertuis de 8,53 m de 

large et 12,19 m de haut. Batardeau 
en 3 éléments. 3 sections 

3. Maintenance flood gate for 8.53 m 
wide x 12.19 high clear opening. 
Gate in 3 sections

4. Élément de batardeau de 4,06 m de 
hauteur 

4. Maintenance flood gate section 
4.06 m hight



 
APPENDIX 6 

TROPICAL CLIMATE, LARGE FLASH FLOODS 
 

 
 

LUIS L LEON (EL GRA.NERO) ON THE RIO CONCHOS. MEXICO 
 
North Mexico is an arid region with a tropical climate and large flash floods. The Luis L. Leon 

dam was built on the Rio Conchas from 1965 to 1968 to control these floods and irrigate 11,000 
hectares. The river runs northwards in the Chihuahua province, and the dam lies near the town of 
Aldama. 

 
It is a rockfill structure with central core (height 62m, crest length 330m). It impounds 850 hm3 

of water, of which 260 hm3 is live storage. The catchment area is 58,340km2, yielding an average 
annual runoff of 610 hm3. Precipitation is approximately 450mm per year. The maximum recorded 
inflow (28th September 1958) is 1,550 m3/s. The operator and the owner is the Secretaria de 
Recursos Hidraulicos (SRH). 

 
 

Discharge and intake works 
 
There is a gated surface spillway on the left bank with a capacity of 7,000 m3/s. The five gates 

are 10m wide and 15.10m high, operated electrically from a bridge over them. The spillway chute, 
59m wide and 150m long, is curved, with a slope of 0.23. There is a stilling pool 5m deep, 10m wide 
and 59m long after the chute. 

 
The intake structure is on the right bank, with two tunnels 4.5m in diameter and 780m long. 

One is used for irrigation, and the other, for the moment plugged off with concrete, is to supply a 
hydro-electric powerstation in the future. The irrigation tunnel is controlled by two gates at the 
downstream end; maximum capacity is 20 m3/s. The equipment has required no major repairs so far. 

 
 

Operation 
 
The reservoir is drawn down annually. 
 
There is a permanent 5 operator shift service operating the dam and appurtenant works. Extra 

staff are available when necessary. 
 
The flood warning procedure involves firstly data from a national agency which monitors 

weather events and possesses information on conditions at the more important reservoirs. It uses 
these data to elaborate runoff predictions with a computer model. 

 
The model uses these predictions to optimize the dam water management strategy, aiming at 

keeping spillage to the minimum and safeguarding the dam and the public (for example, outflow from 
the dam is limited to 1,200 m3/s) with reference to possible errors between the calculated hydrograph 
and the hydrograph recorded at a gauging station slightly upstream of the dam. The model can include 
for spillage from other darns farther upstream. 

 
It has been found that the abundance of data available on the catchment gives an accuracy of 

around 10% in the flood predictions. Physically, the information reaches the Central Office by radio or 
telephone. The Office processes the data to determine gate operations required. Instructions are sent 
to the dam attendants who open the electrically operated gates. 

 
The operator is very pleased with the improvement this procedure has brought. Inclusion of 

precipitation data in the analysis considerably speeds up the estimating of flood flows, leaving time to 
prepare and implement the stream flow regulation policy most appropriate to current runoff conditions. 

 



 
 

Fig. 6-1 
Barrage Luis L. Leon – Vue en plan 

Luis L. Leon dam – Plan view 
 

1. Barrage 1. Dam
2. Prises d’eau 2. Intakes
3. Galerie 3. Tunnels
4. Évacuateur de crue 4. Spillway
5. Vannes 5. Gates



 
 

  
Fig. 6-2 

Barrage Luis L. Leon 
Luis L. Leon dam 

 
A. Plan de situation (petite échelle) A. Location map (small scale)
B. Plan de situation (grande échelle) B. Location map (large scale)
C. Évacuateur de crue rive gauche C. Left bank spillway
1. Vannes segment 1. Radial gates
2. Coursier 2. Chute
3. Bassin d’amortissement 3. Stilling basin



 
APPENDIX 7 

MULTI-PURPOSE DAM RUN BY A VERY LARGE OPERATOR 
 

 
 

FOLSOM DAM ON THE AMERICAN RIVER, CALIFORNIA, USA 
 
Folsom Dam, built on the American River in California in 1956, is a concrete gravity structure 

104 m high and approximately 450 m long at the crest. The main overflow spillway surmounting the 
crest, controlled by eight surface gates and ski-jump chute, is designed for 16,000 m3/s.  Eight bottom 
outlets through the dam are controlled at their downstream ends. 

 
Gross reservoir capacity is 1,246 hm3, roughly equal to one-third of annual inflow.  The flood 

season lasts from early November to early May. 
 
Folsom Dam is a multi-purpose dam providing hydropower, irrigation water, flood control, 

domestic and industrial water supply and recreational facilities.  It is owned and operated by the U.S. 
Bureau of Reclamation (Reclamation). 

 
Construction of a new auxiliary spillway project is underway.  The auxiliary spillway project will 

construct: (1) an 1,100-foot (335 m) long approach channel; (2) a control structure containing six 
submerged tainter gates and six bulkhead gates; (3) a 3,027-foot (923 m) long spillway chute; and (4) 
a stilling basin that acts as an energy dissipater.  The control structure will operate in conjunction with 
the existing spillway gates on Folsom Dam to manage releases from Folsom Lake.  The new control 
structure will provide enhanced flood protection measures with dam safety risk reduction by allowing 
more water to be safely released earlier during a storm event.  It will also reserve the flood storage 
space in the lake to accommodate the peak inflow and remaining storm volume as the water drains 
into the lake from the watershed.  The computed maximum discharge capacity of the new spillway is 
estimated at 317,000 cfs (8,976 cms).  The estimated construction completion date is October 2017. 

 
 

Inspection and testing 
 
Internal regulations stipulate an underwater inspection done by diver every two years. 
 
The bottom outlet control gates are tested to full opening at three monthly intervals, and the 

operating mechanisms are inspected yearly.  The surface is tested preferably when the water level is 
below the sill to avoid releasing large flows into the river. 

 
 

Routine operation 
 
The control of Folsom Power Plant is performed by remote supervisory control at the Central 

Valley Operations Control Center (CVOCC).  Folsom Lake is operated as part of a system, called the 
Central Valley Project (CVP), composed of several reservoirs supplying water and energy 
requirements in the Central Valley of California, USA.  Each of the major CVP power plants are 
controlled from the CVOCC. The CVOCC is manned 24 hours each day of the year.  A small number 
of operators are on standby in the field to manually perform power plant control should the supervisory 
control system experience an outage. 

 
Standing operating procedures for each Reclamation dam lay down, in considerable detail, the 

operations required under all circumstances. 
 
 

Operation during floods 
 
Communication channels are open between the technicians scheduling reservoir releases, the 

controllers at the CVOCC, and attendants at the dam.  The CVOCC serves as the focal point for 



emergency operations. During a flood operation, releases from the reservoir are adjusted by 
manipulating spillway gates. These gates are motorized and operate under direct control.  There are 
three power sources: power station, grid, and standby generator. 

 
The Folsom Water Control Manual is being updated in conjunction with the construction of the 

new auxiliary spillway project. The objective of the Water Control Manual update is to include the new 
capabilities of the auxiliary spillway to maximize flood risk management benefits while also conserving 
as much water as possible. The estimated completion date of the Water Control Manual update is 
April 2017. 

 

 
 



 
 
 



 


