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RULE CURVE FOR THE OPERATION OF 
AN IR'RfGlTIONR'ESERVOIR 

ABSTRACT 

The purpose of operating an irrigation reservoir is to regulate water 

supply to meet the irrigation requirements of growing crop. The operation 

may be guided by a Rule Curve to achieve the optimum irrigation benefit on 

a long term basis. The method of deriving a rule curve is discussed in this 

paper, taking the Minteh Reservoir as a sample case. 

The Minteh Reservoir, originally named the Houlung Reservoir, is located 

on the Lao-tien-liao Creek, Miaoli, Taiwan, Republic of China. It serves the 

irrigation needs of 1,509.41 hectares of farm land planted to rice and upland 

crops. 

This reservoir was built mainly to regulate the seasonal flow of the Lao­

tien-liao Creek for irrigation in ordinary years. For extraordinary years when 

a severe drought may last several months in a year, the flow of the creek 

would be so low that irrigation must depend entirely on the stored water in 

the reservoir. Water deficiency in severe drought years is bound to happen. 

A method to operate the Reservoir that could minimize the crop loss in the 

irrigated area due to drought, or maximize the irrigation benefit on a long 

term basis is therefore necessary. Such a method of operation has been 

studied, and a rule curve to guide such an operation established. 

A rule curve is a graph, in which the abscissa represents a date in a year 

and the ordinate the value of reservoir storage (represented by the Symbol RC). 

In actual operation on a particular date, one first finds out the current storage 

of the reservoir (represented by the Symbol S), and then compares S with RC. 

If S is smaller than RC, this means there is the possibility of water deficiency 

in the near future and the reservoir release for irrigation must be made 30 % 
less than the normal quantity in order to keep more water stored. If S is larger 
or equal to RC, then there is no need to reduce the normal release. It is in 

this way that a rule curve guides the operation of an irrigation reservoir. 
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In this study, the first step is to hindcast the reservoir opeartion relects .. 

ing water always in normal quantities. This gives the recurrences of 

reservoir storage in the period of study. For the Minteh Reservoir, the study 

period is 19 years from 1951 to 1969 inclusive. The daily effective rainfall for 

irrigated crops is studied in detail in order to make the estimation of dai ly 

irrigation requirement as well as the daily reservoir release more exact. 

Based on the recurrences of reservoir storage, five rule curves are obtained. 

Rule Curve 1 is made of the largest values of recurrences. Rule Curve 2 is 

made of the smallest values of recurrences. Rule Curves 3, 4 and 5 are made 

of values which have the recurrence frequences of 75%, 50% and 25%, res·· 
pectively. An arbitrarily determined curve is adopted as Rule Curve 6. 

Then, each of the six curves is taken successively to guide the operation 

of the reservoir. This means that the reservoir operation in the study period 

is hindcast six times, taking into consideration one rule curve at one time. 

The results of these six hindcast calculations are then compared ant. 

discussed, and Rule Curve 4, which is made of values having a recurrence 

frequency of 50%, is selected as the best rule curve. 

The entire study is done by the use of a computer program written iT:. 

PLII language. It takes 45 minutes to run the program on an IBM System 

360 Model 40 computer. 

Contents of this study are described in two parts. Part A explains the 

principle of reservoir operation and the best rule curve for the Minteh Reser .. 

voir, and Part B explains the computer program. 

This study can be updated whenever necessary by re-running the progrmY 

with new data available. 

The computer program can also be applied to the study of other irrigation 

reservoirs, requiring only some minor changes in the statements of the 

program. 
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Part A. Principle of Operation and the Best Rule 

Curve for the Minteh Reservoir 

I. Rule Curve for an irrigation reservoir 

An irrigation reservoir may be operated without the guidance of a rule 

curve. In such a case, the daily release of water from the reservoir can be 

done according to the normal irrigation requirement of the day. Reservoir 

inflow in the next few weeks and the current storage of the reservoir are not 

taken into consideration. Should the inflow drop appreciably in the next few 

weeks due to lack of rains, and should the reservoir be currently at a low 

storage level, then the reservoir would deplete rapidly. In this way, the 

release would be insufficient to meet the irrigation need, and the crop yield 

in the irrigated area would be affected. 

If there were reliable weather forecasts which tell the timing and the 

quantities of rainfall in the near future, the above mentioned problem could 

easily be solved. 

Since there is no weather forecast of this kind at present, the only practical 

way of solving this problem is to regulate the daily reservoir release by re­

ferring the current reservoir storage to a pre-set indicator. This indicator 

must fully reflect the real long-term experience or the result of a hindcast 

study of the operation of the reservoir in past years. 

This indicator is the Rule Curve. A typical rule curve assumes the shape 

of the curve shown in Figure 1. 
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Fig. 1. A typical rule curve 
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The abscissa of this graph represents the irrigation season, indicating 

the dates in a whole year. The ordinate tells the values of storage (or 

elevation of water surface) of the reservoir. The rule curve thus gives the 

value of storage at any given time in the irrigation season. 

For a particular date in consideration, one compares the current storage 

at that date (represented by the symbol S) and the value of storage shown 

by the rule curve at that date (represented by the symbol RC). In case the 

position of S is above or equal to that of RC in the graph, this means ttat 

water deficiency will not occur in the near future and there is no need to 

regulate the reservoir release at that date, and the release remains to be the 

normal quantity of irrigation requirement of that date. If the position of S 

is lower than RC, then regulation of reservoir release is necessary. 

By regulation it means simply the reduction of the normal amount of 

reservoir release. A conventional way is to reduce it by 30 %, as the yield of 

crops would not be appreciably affected by this lowered water supply amoun" 

ting to 70% of the normal irrigation requirement in a short period. 

This regulating method can help narrow the difference in magnitude 

between RC and S in later dates. If the magnitude of S is brought up to 

that of RC or larger, the regulating should be stopped. 

By this way, one could avoid or minimize the danger of serious irrigation 

deficiency in drought periods. Therefore, the loss of crop yield in the irrigated 

area could be minimized. 

2. The Minl:eh reservoir 

The Minteh reservoir is located on the Lao-tien-liao creek, Miaoli, Taiwan, 

Republic of China. By constructing a rolled fill e~rth dam of 35.3 meters HI 

height, this reservoir was created for the main purpose of irrigation. 

The effective storage capacity of this reservoir is 1,650 hectare-meters. 

(1 hectare-meter equals to 10,000 cubic meters.) 

The total irrigated area is 1,509.41 hectares. 

The outlet structure on the north side of the reservoir connects with a 

tunnel and a main canal of 15.022 kilometers. The maximum capacity of the 

canal is 4.224 c. m. s., The main canal branches into laterals and sub-Iatends. 

All sub-laterals and ditches are arranged according to the needs of rotational 

irrigation and topography. 
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There is concete lining for all main, lateral and sub-lateral canals. Seepcge 

loss in the canal system is nearly non-existent. Regulating gates and struc­

tures are provided at all controlling points in the system. Effective manage­

ment and control of irrigation water is thus possible. 

The Minteh reservoir is operated for the seasonal regulation of the flow 

of Lao-tien-liao creek in ordinary years. For extraordinary years when a 

severe drought may last several months, the flow of the creek would be so 

low that irrigation depends entirely on the stored water in the reservoir. It 

was recognized in the planning stage of this project that the reservoir could 

not be built big enough to take care of all droughts for economic reasons. A 

method to operate the reservoir that could minize the crop loss in the irrigated 

area because of droughts, or maximize the irrigation benefit on a long-term 

basis, is therefore necessary. 

3. Irrigal:ed area, soil and crop 

The irrigated area of the Minteh reservoir is a piece of land sloping from 

foothills to the sea coast. Land configuration is rather complex. It is dividec'. 

into 4 zones according to topography and soil. 

Soil texture of this area varies from medium to coarse. Distributed most: 

extensively is the sandy soils of aeolian origin, which account for 64.95% 01 

the area. Alluvial soils occupy 6.62 % and reddish and brown soils 28.43 %. 

Multiple cropping is practised in this area. The first crop is cultivated 

from March to June, the second crop July to November, and the winter crop 

November to February. 

The areas, soils and crops of the respective zones are shown in the 

following table: 

Table 1 

Zone 1 Zone 2 Zone 3 Zone 4 Total 

---'--------:----- -----------

Area (ha.) 381.12 260.84 532.94 334.51 1,509.41 

Soil Silty-loamy Silty-loamy Loamy·sandy Sandy 

First crop Rice Rice Upland crop Upland crop 

Second crop Rice Rice Upland crop Upland crop 

Winter crop Upland crop I Upland crop Upland crcp 
or vegetable or vegetable or vegetable 

Upland crop : 
or vegetable I 
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4. Hydrological data 

This study is a hindcast study utilizing hydrological data covering 19 

years from 1951 to 1969 inclusive. (the Minteh reservoir started its operation 

in 1970.) 

Three kinds of hydrological data are used in this study. The first kind 

is the daily stream flow data of the Lao-tien-liao creek. This is used for the 

reservoir inflow estimation. 

The second kind is the dailY rainfall data at Houlung, a town situated 

near to the irrigated area. Such rainfall data are used for the effective rainfall 

estimation in the Irrigation Requirement calculations. 

The third kind is the pan evaporation data at Hsinchu. Although Hsinchu 

is located some distance away, it belongs to the same climatic region of the 

Minteh reservoir and its irrigated area as far as evaporation is concerned. 

The evaporation data are used to estimate the Evapo-transpiration of crops, 

and to calculate the evaporation loss from the water surface of the reservoir. 

As Hsinchu is located in a plain area and the Minteh reservoir in a hilly area, 

an empirical factor of 0.6 is applied to the evaporation data in the evaporation 

loss calculations. 

5. Seepage loss In res:ervolr 

The reservoir site is composed of tight rock of good quality. The geo­

logical structure there is simple. . It was judged that the seepage loss in 

reservoir would be negligible. 

6. Effective rainFall and irrigation requirement for rice 

It has been a good practice in Taiwan to estimate the effective rainfall 

for crops in the irrigated areas. This can make the estimation of irrigation 

requirement and the reservoir release more exact. 

The method of calculating the effective rainfall and irrigation requirement 

for rice is explained in the following: 
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