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ABSTRACT:  Water flow in rivers during flood season can be 10 to 100 fold higher than normal 

seasons (low precipitation) in Japan and predicting flood runoff is essential for operating 

reservoirs with discharging gates. Abundant experiences and knowledge are requisites for 

operators to be able to make efficient decisions at work. 

This research investigated a method to transfer technical knowledge by acquiring skills and 

knowledge from actual dam operators and by using the information to construct an educational 

training system. The purpose of the research was to enable the execution of a secure and rational 

reservoir operation during flood period.  

The educational training system for reservoir operation was developed with the focuses on 

acquiring knowledge on hydraulics and hydrology and learning about decision making related to 

the reservoir operation as well as the timing of control.  

The system is capable of conducting education that corresponds to individual levels in each 

location. Of the educational training methods, a lecture method that uses textbooks is effective for 

the understanding of basic knowledge and concepts while a training method that uses a simulation 

device is essential for the practice of advanced and specialized procedures in specific fields. 

Simulation devices are used in operational training for airplane flight and driving cars and trains.  

The educational system presented here was designed to provide further assistance to those who 

have acquired basic knowledge and concepts through textbooks and also to allow them to perform 

the satisfactory operation of dam equipment.  

Our research proposes a method which can realize a system to acquire technical skills – the skills 

which are the foundation of technical knowledge and operation. 

 

 

1 OUTLINE OF RESERVOIR OPERATION 
 

There are approximately 3,000 reservoirs in Japan, and about 500 of them require operation at the 

occurrence of flooding.  

When flooding is forecasted, operations staff at those reservoirs stands by on three 8-hour rotating 

shifts and performs the responsibilities in accordance with the condition of the freshet. Freshets in 

Japan are known to quickly increase their flow in a short period. A delay in operation can cause a 

disaster and the decision making for the timing of operations is a crucial task. 

Fundamental decision making involved with reservoir operation includes weather forecasting, 

prediction of the inflow, the timing of the gate operation, communication prior to operation, 

initiation and completion of operation (initiation of storing the inflow). 

 



Especially, the decisions related to the gate operation can result in a severe accident when they are 

made too early or too late. Therefore, prior decision making experience on operation and weather 

forecasting is important. Fig. 1 shows the standard procedures for reservoir operations.  

 

It should be pointed out that operational decisions are not based on the water level, but on the 

inflow. It is because the inflow is capable of altering its volume in a short period. However, this 

approach may produce a number of errors.  

This is due to the fact that a direct measurement of inflow is impossible so that the water level of 

the reservoir or river is measured and used to estimate the inflow.  

 

Making a prediction on reservoir operation as well as making a judgment based on the data with 

possible errors is a difficult task, attributing to the importance of experience and knowledge of the 

operators’. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A) A water level where the operation of flood control gates is permitted 

 

Reservoirs in Japan are used for flood control as well as for power generation and agriculture. No 

matter what purpose a reservoir is used for, operation at a fixed water level is requested as the 

reservoir is prepared for flood in order to ensure a reliable and controlled operation. 

 

B) A flow level where flood control is permitted to start 

 

Because a reservoir is used for multiple purposes, including flood control, power generation, 

agriculture, and so fourth, when there is no flood, the reservoir water level is kept as high as 

possible to secure an advantageous state for water use. It is regulated that no flood discharge 

should take place until the inflow reaches a specific fixed flow level. 

 

i) Discharge prior to flooding 

Water in a reservoir for power generation is always kept high to be used for generating power.  

When a flood is predicted, it is required that the water level is lowered to the level A) (the flow for 

power generation is increased and the water level is lowered) before the inflow exceeds the flow 

level of the flood control initiation.  

If the prediction were a mistake, it would create a situation where the flow would not increase 

while the water level would remain at its reduced level.  

Fig. 1 Process of reservoir operation（concept chart） 
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Generating power would be impossible in the situation, resulting in a loss. For that reason, 

operational judgments are important. 

 

ii) Initiation of the discharge at flooding 

When the water level is low enough to initiate flood control and the inflow reaches the level where 

flood control is permitted, flood discharge is initiated. In many cases, the flow increases while the 

water level is still dropping and operation is often delayed. 

 

iii) Highest water level 

When the inflow reaches its maximum value and then drops to the point that permits flood control, 

the control operation needs to be ended. The highest water level is recorded at this point.  
 

iv) Storing of the inflow 

When the water level is lowered and kept at the level where the gate operation for flood control is 

permitted, and furthermore, increasing of the inflow is not predicted, the water level is permitted to 

rise again for power generation. 

 

As described above, decisions related to the inflow and operations are crucial for reservoir 

operation. 

 

 

2 ACQUISITION AND ORGANIZATION OF THE KNOWLEDGE TO REALIZE 

EFFECTIVE RESERVOIR OPERATION 

 

Information on basic procedures for reservoir operation was collected by interviewing dam 

operators with over 30 years of experience. The collected information was categorized into 

procedures, decision items and training items as shown in Fig.2. 

 

The interview focused on the actual freshet events encountered by the interviewees and the 

following data; 

a) referred information items and their contents,  

b) information reference methods, and  

c) decision making methods: criteria and their values (in case the acquired information required a 

decision to be made), were collected. The phenomena that had occurred during the freshet events 

and the referred information were organized along with a time scale. For the cases that required 

decision making (initiation time of discharge, etc), decision items and the values and actions 

resulted from the decision making were used for the selection of the training subject items. 

 
 

3 FUNCTION OF THE EDUCATIONAL SYSTEM FOR RESERTVOIR OPERATION 

 

To actualize a reliable operation while dealing with challenges with the reservoir operation in 

Japan, the educational support system for reservoir operation was developed to achieve the 

followings; 

(1)Provide a learning opportunity that matches each user’s skill level 

(2)Promote active learning among users by clearly presenting the importance and objectives of the 

reservoir operation subject selected by users. 

(3)Guide users in a way that they can learn at their own pace. The system is to perform the 

functions described below: 

As actual reservoir operations utilize various media, the content of the teaching materials provides 

a learning environment that feels real to users. 



 

Multimedia such as movies, images and sounds are effectively used to help users get a sense of 

real operation. Explanations are provided with videos of discharging state, images from the 

weather satellite  (Himawari) and weather charts.  

The media used in the system include narration/sounds, videos, still images, text 

information/graphic animations and combinations of the above. A minimal unit of the information, 

which is created to be learned, consists of the combinations of the media. 

 

 

 
Fig.2 Procedures for reservoir operation and educational training items 

＜Basic Procedures＞ 



(4)Have an interactive ability as a learning activity is assisted with appropriate messages provided 

by the system. Thus, the system is to have the following abilities: 

 

Alter the displaying messages and learning items in response to the answers to the training 

exercises provided by users 

Help users achieve their learning objectives by correcting operational errors and offering adequate 

messages such as advice and hints, even though learning proceeds along with the procedures or 

contexts, which have been established by the system in advance  

Understand the user’s state of learning and actively provide information 

Suggest users to speed up the pace, take a break, or employ tools if necessary as a delay in the 

learning is detected 

 

To actualize the functions above, the following three functional systems; educational training, 

educational management, and system regulations were applied. 

 

(1)Educational Training Function 

 

1) The system has the ability to construct training based on the user’s skill level (experience). 

2) It consists of two learning modes; one is to explain a phenomenon first and then have users try 

exercise questions so that the learning activity proceeds as understanding is well established, the 

other is to have users try the questions first and then supplement the part in which users showed 

insufficient understanding. 

3) Its operation is simple and unified. The following abilities are integrated. 

・Only mouse input is required by users. 

・Online help is offered to explain about operation, windows, buttons, and hotspots which are the 
elements necessary for executing the system. 

4) The following information is always displayed at the same locations on the screen. 

・Media information (sounds, videos, etc.) 

・Text information (text-base explanation) 

・User control instruction (guiding display of the training content） 
5) The following information is displayed when necessary and the location and size on the screen 

remain the same. 

・Messages and instructions from the system 

・Tool options including terms, laws and regulations and maps 

・Explanation of operation using the online help 
6) Hot spots are set up to explain laws and regulations and other information related to the content.  

If necessary, users retrieve the information and have it displayed. The location and size on the 

screen are individually established. 

7) Icons with easily recognizable design are used. 

 

(2) Education Management Function 

 

1) The level of knowledge and skills at the time of starting the training is determined for each user 

based on his/her registration information. The user model and teaching model, which have been 

developed in advance, are used for this process. 

2) Items are selectively suggested to be learned based on the level of knowledge and skills at the 

time of starting the training. 

3) Appropriate advice is created based on the user’s training history for comprehensive exercises. 

The user model and teaching model, which have been developed in advance, are used for this 

process. 



(3)System Control Function 

 

The system control function comprises activation/termination ability, communication control 

ability, and input-output control ability. 

1) Activation and termination of the system require a simple operation. 

2) Communication control ability efficiently regulates the network in the system and supports high 

quality replays of sounds, voice, and videos. 

3) Text, graphics, natural still images, animations, and videos can be displayed. 

4) Recorded sounds/voice and synthesized speech can be output to speakers and headphones. 

5) Animation and videos, and sounds and voice can be displayed/output as they are synchronized. 

 

Fig. 3 shows an example of the screen display of the educational training system into which the 

abilities described above are integrated. 
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Fig3. Educational training system (ex) 

 

 

4 APPLICATION 

 

The system was applied to approximately 300 technical experts, who were in charge of dam 

management, over the period of 67 months (5 years and 5 months). The results are as follows. 

Training subjects were categorized into two groups; basic and advanced. A subject was selected 

based on the background of the user.  

 

The subjects under the basic training were skills in hydraulics and hydrology (the foundations of 

dam management), knowledge of rules and regulations required for dam management, 

management procedures during the freshet events.  

 

Those under the advanced training were knowledge of rules required for making operational 

decisions, skills involved with a flood prediction method, securing the safety in downstream rivers, 

and confirming the timing of the notification and reporting to the parties concerned.  

 

The advanced training focused on the understanding of the procedures because it was developed 

with an assumption of concrete activities for reservoir operation in mind. 

 



Total number of users was 2,391 over the period. On average, about 400 people per year took the 

training or one person participated in the training once per year. The results of the subject selection 

by the users are shown in Table 1. 

 

Table 1.  Selection results of the educational training subjects 

 

 

 

 

 

 

 

 

 

 

 

 

The selection share of each training subject is shown in Fig. 4. Of the basic subjects, the selection 

share of the subject, “dam management during freshet events,” was the highest. Of the advanced 

subjects, the selection share of the subjects, “operational regulations” and “notification and 

reporting,” was the highest.   

 

Those are the subjects of which knowledge are relatively difficult to obtain in the actual dam 

management setting. The research results identified the users attempting to understand those 

subjects by utilizing the structured education system.  

 

The results also showed the effectiveness of the system 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig4. Selection share results of the educational  training subjects 

 

5 CONCLUSION 

 

During a freshet event, a wide range of procedures for reservoir operation need to be executed and 

relevant decisions need to be made in a short period. Those include understanding the weather 

information, predicting the future weather, estimating the inflow into the reservoir, and 

determining the timing of the discharge operation, discharge volume, and gate operation. 

For that reason, prior experiences are essential for reservoir operators to produce reliable 

performance and there has been a solid demand for a system that can transfer the knowledge 

acquired from the past events. 
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Outline of the dam 3102 Outline of the dam 2487 

Basic dam management  3239 Operation regulations  3107 
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procedures 
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In our research, it became clear that effective knowledge transfer is possible when knowledge from 

technical experts is extracted and systematically organized and then presented as a structured 

educational training system.  

 

The training system described in this paper was applied to actual dam operators. The research 

results revealed a learning mechanism in which the system users attempt to obtain knowledge 

through the simulated training activities, and the attempts tend to be stronger for the knowledge 

which is only obtainable during the real freshet events (operation procedures during the freshet 

events, notification and reporting procedures, etc.). 

 

This indicates the feasibility of the knowledge transfer using a computer system. 
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