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Abstract: Reservoirs are designed to provide the balance between the flow brought by the river which is high variable in time 
and volume of water required for some usage purposes of the flow. The storage required on a river to meet a specific 
demand depends basically on three factors; the magnitude and the variability of the river flows, the size of the demand 
and the degree of reliability of this demand being met. Several procedures have been proposed to estimate storage 
requirements. Critical period methods are those in which required reservoir capacity is equated to the difference 
between the water released from an initially full reservoir and the inflows for periods of low flow. In the presented 
study reservoir capacity-yield-reliability relationships are investigated for a single reservoir named Sami Soydam 
Sandalcık Dam. For this purpose, monthly and annual mean flow data observed for a period between 1962-2013, of 
EIE-811 Suçatı Flow Gauging Station on Dalaman River in West Mediterranean Basin in Turkey are used as case 
study. The required reservoir capacity is estimated required to meet a prescribed demand for a given model of annual 
inflows in this study by using mass curve, Dincer, Gould’s Gama, McMahon. 
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1. INTRODUCTION  

Reservoirs are constructed on rivers in order to respond to the water demand during periods 
where inflow is less than the demand. Determination of the required capacity, i.e. the operation 
study, for a river reservoir is done using a data set corresponding to a period of time (Linsley and 
Franzini, 1979). When the sequence of flow in a month becomes important, which is the case for 
small reservoirs, the time interval should be reduced to a week or a day. 

The flow of a planned stream, such as energy production, storage and transportation, may show 
an irregular change in time. This may be different from the time needed for the amount of water 
required for such purposes. To correct this imbalance to some extent, it is being built storage 
reservoirs on rivers. Also it is necessary to determine the optimum volume of the storage reservoirs 
to meet the needs, according to the flow rate which change continuously over the time. The periods 
in which the natural flow of the river is greater than the demand are called wettest period, and vice 
versa is called dry period (Ağıralioğlu, 2004).  

The critical period, defined as the scarcity according to the demand, is also of great importance 
in the determination of the volume of the reservoir (Aksoy, 2001; Oğuz and Bayazıt, 1991). If the 
reservoir is considered full at the beginning of the critical period, it will be completely empty at the 
end of the critical period. The accumulation volume capacity meets the requirements at the 
acceptable risk level (Rao et al., 2001). The hydrological design of reservoirs is concerned with 
determining the storage capacity required to maintain a yield with a given probability of failure 
(Parks and Gustard, 1982).  

In this study, monthly and annual mean flow data observed for a period between 1962-2013, of 
EIE-Suçatı (811) flow gauging station on Dalaman River are used. Three probabilities of failure 
(0%, 5% and 10%) are considered for reservoir estimation. The percentage of draft are taken 60% 
and 80% for the estimation of reservoir capacity and at the end of the study a comparison is made 
between the results. 
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2. METHODS 

The volume of the reservoir that can meet the need of water depends on the size and variability 
of the stream, the amount of need, the level of reliability in meeting the need and the mode of 
operation (Bayazit, 1997). McMahon and Mein (1978) have classified the large number of different 
design procedures into three broad groups. The first group is termed "critical period techniques" 
which rely on analysing those events when the yield exceeds demand. Examples are provided by the 
methods proposed by Ripple (1883). This pattern is a common method used in the preliminary 
design stage, which is a commonly used method of adding water flows (Ripple diagram) as well as 
additional differences, minimum flows and successive peaks. However, it is not possible to define 
the risk that the reservoir volume predicted in these methods carries in the need. Methods such as 
Dinçer, and Gould Gamma where the appropriateness of a certain distribution is predicted and the 
risk can be expressed are found to be widespread application areas especially when risk is wanted to 
be defined (Mcmahon and Mein, 1986). 

2.1 Critical period techniques 

The critical period (CP) is defined as the period during which a reservoir goes from a full to an 
empty condition without spilling in the interim (Mcmahon and Mein, 1986). The CP represents a 
period of extreme low flows in the data record for which storage is required in the reservoir if the 
shortfall between the low inflow and the water demand placed on the reservoir system is to be met 
(Montaseri and Adeloye, 1999). 

2.1.1 Mass curve method 

Ripple (1883) determined the capacity of a reservoir by the mass curve method. This method is 
based solely on the historical inflow record. The reservoir mass curve has many useful applications 
in the design of a storage capacity, such as determination of reservoir capacity, operations 
procedure and flood routing (Bharali, 2015).  

By using the mass curve method, the reservoir capacity is calculated as the next steps: 1- For the 
proposed dam site, construct a mass curve of the historical stream flows (annual or monthly data 
can be used for this method), 2- Determine the slope of the cumulative draft line for the graphical 
scales, 3- Superimpose on the mass curve the cumulative draft line for the reservoir, 4- Measure the 
largest intercept between the mass inflow curve and the cumulative draft line (Mcmahon and Mein, 
1986). 

2.1.2 Residual mass curve method 

McMahon and Mein (1986) defined Residual mass curve is a slightly more complicated version 
of the mass curve, but with a much more appropriate graphical scale for the determination of the 
storage size. This method used by subtracting the mean flow from each flow value of the record, the 
results called residual values are plotted cumulatively and the cumulative draft line is superimposed 
such that the draft line is tangential to each hump of the residual curve, after that measuring the 
largest intercept between the mass inflow curve and the draft line. 

2.1.3 Minimum flow approach 

In a minimum flow approach, drought curves are constructed from the lowest sub-sequences of 
flows of varying durations from the historical record e.g. 5, 10, 20, 40, etc. consecutive months. 
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Then a draft line is superimposed such that it passed through the origin, and the critical storage is 
estimated by a mass curve procedure (Nagy et al., 2002). The critical storage (Ccrit) is a given by the 
maximum intercept between the draft line and the drought curve (McMahon and Mein, 1986).  

2.1.4 Dincer's method 

The Dincer procedure, developed by Dincer and reported in McMahon and Mein (1978), is a 
theoretical approach based on normally distributed annual flows to estimate the mean first passage 
time to emptiness for a given reservoir capacity, target and draft. Equations 1 and 2 show the 
calculation of the capacity.  

CP= (Zp
2/4(1-D)2)* Cv

2 (1) 

τ = C/ µ = ((Zp
2/4(1-D)2)-d)* Cv

2  (2) 

In this method, CP: length of the critical drawdown period in years, C: reservoir capacity, Cv: 
annual coefficient of variation, zp: standardized normal variate at p%, D: regulation rate and ττ!: 
maximum required storage expressed as a ratio of mean annual flow, d: correction factor. 

2.1.5 Gould's gamma method 

This method can be described as a combination of Alexander and Dincer methods. It uses the 
fact that, while parameters for the normal distribution are easy to calculate and probability tables for 
it are readily available, the gamma distribution is usually a better approximation to the distribution 
of annual flow data. Gould’s procedure uses the normal distribution for the calculations, and then 
applies a correction to approximate the gamma distribution (Mcmahon and Mein, 1986). Table 1 
shows Gould’s correction factor d for various zp. 

τ = C/ µ = ((Zp
2/4(1-D))-d)* Cv

2  (3) 

C =τ x μ  (4) 

Table 1. Gould’s correction factor. 

Lower p percentile value zp d 
0.5 3.30 d not constant 
2.0 2.05 1.1 
4.0 1.75 0.8 
5.0 1.64 0.6 
7.5 1.44 0.4 
10.0 1.28 0.3 

2.1.6 McMahon’s empirical method 

McMahon (1976) took 156 Australian rivers and used Gould's modified procedure to estimate 
the theoretical storage capacities for four draft conditions (90%, 70%, 50%, and 30% of mean 
annual flow) and three probabilities of failure values 2.5%, 5% and 10%). 

τ = C/ µ = a*Cv
b (5) 

where, τ: reservoir capacity divided by mean annual flow, µ: mean annual flow and a, b: 
empirically derived constants tabulated in Table 2. 
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Table 2. Reservoir capacity yield equation coefficients for McMahon’s Empirical method. 

Draft 
% Parameter Probability of Failure % 

2.5 5 10 

90 a 7.50 5.07 3.08 
b 1.86 1.81 1.82 

70 a 2.51 1.81 1.21 
b 1.83 1.79 1.74 

50 a 0.98 0.75 0.51 
b 1.91 1.93 1.83 

30 a 0.28 0.22 0.15 
b 1.53 1.49 1.79 

3. CASE STUDY 

The Western Mediterranean basin which is shown in Figure 1, is one of the twenty-five basins in 
Turkey. There are Başöz, Eşen, Dalaman, Karacay and Kargıçay streams in the basin. The 
precipitation area of the basin is 20.953 km2 and average annual flow is 8.93 km3. Basin has seven 
flow gauging stations on rivers mentioned (Table 3). These stations are given in the next table (EIE, 
2011).  

 
Table 3. Number and names of stations at the Western Mediterranean basin. 

Number Stream Name 
808 Başgöz Çayı Çatallar 
809 Eşen Çayı Kavaklıdere 
811 Dalaman Çayı Suçatı 
812 Dalaman Çayı Akköprü 
815 Eşen Çayı Kınık 
818 Karaçay Kayadibi 
823 Kargı Çayı Yanıklar 

 

 

Figure 1. The study zone map at the southern west side of Turkey. 

EIE-811 Suçatı Flow Gauging Station on the Dalaman stream in the western Mediterranean 
basin is located at (37° 05΄ 38΄΄ N – 29° 06΄ 12΄΄ E) coordinates and 595 m elevation. The 
precipitation area of the station is 3890.6 km2. Sami Soydam Sandalcık Dam and Hepp is under 
construction in the downstream area of the current flow gauging station used in the study. It will be 
the biggest hydroelectric central of the Aegean Region. The type of soil is clay core rock fill. It’s 
height from foundation is 115 m and its power capacity is 129 MW.  

The flow values of station 1962-2013 are available. In the study, it is aimed to determine the 
necessary storage volume with different methods in the literature. Evaporation losses are not taken 
into consideration since the reservoir capacities to be obtained by different methods are intended to 
be compared.  
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4. APPLICATIONS 

The preliminary design methods which used to determine the reservoir capacity at this study are 
critical period methods. Some critical period methods have been preferred in reservoir volume 
calculations as they are used more in practice. Three probabilities of failure (0%, 5% and 10%) are 
used for reservoir estimation. The percentage of draft didn’t identified at the official reports because 
of that the percentage of draft at this paper were taken 60% and 80% for the estimation of reservoir 
capacity. 

4.1 Mass curve method 

At this paper the mass curve method was used for reservoir capacity estimation. The interval 
from 1962 to 2013 (52 years = 624 months) are used at calculations for this method to get the 
maximum available capacity to this reservoir as shown at Figures 2 and 3. 

  

Figure 2. Reservoir capacity yield analysis by mass curve 
for draft equal 60%. 

Figure 3. Reservoir capacity yield analysis by mass 
curve for draft equal 80%. 

The monthly data is used for reservoir estimation. For draft 60%, the slope of the draft line is 
21.87 x106 m3/month, taken as 60% of the mean monthly flow 36.45 x106 m3. The required storage 
was resulted 840.53 x106 m3. On the other hand for draft 80%, the slope of the draft line is 
29.16 x106 m3/month, taken as 80% of the mean monthly flow 36.45 x106 m3. The required storage 
was resulted 2043.4 x106 m3. 

4.2 Residual mass curve 

The reservoir storage capacity is calculated for monthly flow at the interval from 1962 to 2013. 
At Residual mass curve method, draft 60 and 80% were used to estimate reservoir capacity with 
monthly mean 36.45 x106 m3/month. The slope of the draft line is 21.87 x106 m3/month for draft 
60% and for draft 80% is 29.16 x106 m3/month. Figure 4 and 5 show the storage capacity of a 
reservoir with draft 60% and draft 80%. 

  

Figure 4. Residual mass curve method for determining the 
storage capacity of a reservoir with draft 60%. 

Figure 5. Residual mass curve method for determining 
the storage capacity of a reservoir with draft 80%. 



 H. Alrayess et al.  112 

The monthly data (624 months) is used for reservoir estimation. For draft 60%, the required 
storage was resulted 858.23 x106 m3. On the other hand for draft 80%, the required storage was 
resulted 2071.92 x106 m3. 

4.3 Minimum flow approach 

The reservoir storage capacity is calculated for monthly variation flow for 624 months with draft 
60% and 80%, for 60% draft the mean was resulted 13646.9 x106 m3/month and for 80% draft the 
mean was resulted 18195.872 x106 m3/month. Reservoir capacity in draft 60% was resulted 
814.22 x106 m3 but for draft 80% was resulted 2145.74 x106 m3 as shown in Table 4. Figure 6 
shows both of the results for 60% draft and 80% draft.  

 
Table 4. Minimum flow estimation table. 

Duration 
(months) 

Lowest Total 
Flow (106 m3) 

Draft 60% 
(106 m3) 

Reservoir Capacity 
(106 m3) 

Draft 80% 
(106 m3) 

Reservoir Capacity 
(106 m3) 

5 11.42 109.35 97.93 145.8 134.38 
10 75.7 218.7 143 291.6 215.9 
20 179.83 437.4 257.57 583.2 403.37 
60 709.55 1312.2 602.65 1749.6 1040.05 
80 1047.56 1749.6 702.04 2332.8 1285.24 

110 1591.48 2405.7 814.22 3207.61 1616.13 
120 1821.71 2624.4 802.69 3499.21 1677.5 
140 2336.5 3061.8 725.3 4082.41 1745.91 
200 3997.83 4374 376.17 5832.01 1834.18 
260 5435.87 5686.2 250.33 7581.61 2145.74 

 

 

Figure 6. Minimum flow approach for determining the storage capacity of a reservoir with various drafts. 

4.4 Dincer's method 

Reservoir capacity was estimated for drafts 60% and 80% and probability of failure 5% and 
10%. This capacity has to be adjusted to compensate for the annual auto correlation is obtained 
from appendix A (Fig. A-3) McMahon and Mein (1986), this capacity is represented at Table Cadjust. 

 
Table 5. Storage capacity required by Dincer’s method. 

Draft Probability 
of failure % Zp d C 

(106 m3) 
CP 

(yrs) 
C adjust 
(106 m3) 

60% 5 1.64 0.6 218.39 1.2 633.32 
10 1.28 0.3 133.03 0.8 312.63 

80% 5 1.64 0.6 436.78 5 1528.72 
10 1.28 0.3 266.07 3 824.81 
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According to the results at Table 5, the reservoir capacity for draft 60% probability of failure 5% 
was resulted 633.32 x106 m3 and for probability of failure 10% was resulted 312.63 x106 m3. On the 
other hand, for draft 80% probability of failure 5% was resulted 1528.72 x106 m3 and for 
probability of failure 10% was resulted 824.81 x106 m3. 

4.5 Gould's gamma method 

The results obtained with Gould's Gamma Method for the annual flow data of the stationary 
station are presented in Table 6. 

 
Table 6. Storage capacity required by Gould’s Gamma method. 

Draft Probability 
of failure % Zp d τ C 

(106 m3) 
C adjust 
(106 m3) 

60% 5 1.64 0.6 0.321 140.44 323.01 
10 1.28 0.3 0.215 94.06 197.52 

80% 5 1.64 0.6 0.8234 358.83 1220 
10 1.28 0.3 0.5192 227.09 635.86 

 
The reservoir capacity for draft 60% probability of failure 5% was resulted 323.01 x106 m3 and 

for probability of failure 10% was resulted 197.52 x106 m3. On the other hand, for draft 80% 
probability of failure 5% was resulted 1220 x106 m3 and for probability of failure 10% was resulted 
635.86 x106 m3. 

4.6 McMahan’s empirical method 

Using the McMahon Method and annual flow data, the calculated values for reservoir capacity 
are presented in Table 7. This capacity has to be adjusted to compensate for the annual auto 
correlation is obtained from appendix A (Fig. A-5) McMahon and Mein (1986), this capacity is 
represented at table Cadjust. 

 
Table 7. Storage capacity required by McMahon’s method and probabilities of failure 5% and 10%. 

Draft 
% 

Probability 
of failure 

% 
aCv

b C 
(106 m3) 

Probability 
of failure 

% 
aCv

b  C 
(106 m3) 

90 

5 

1.69 739.20 

10 

1.02 446.35 
70 0.61 267.12 0.42 184.07 
50 0.23 101.67 0.17 73.46 
30 0.09 38.95 0.05 22.14 

 

  
Figure 7. Interpolation on log-linear plot for McMahon’s 

method with Probability of failure 5%. 
Figure 8. Interpolation on log-linear plot for McMahon’s 

method with Probability of failure 10%. 

The reservoir capacity for draft 60% probability of failure 5% was resulted 424.1 x106 m3 and 
for probability of failure 10% was resulted 270.4 x106 m3. On the other hand, for draft 80% 
probability of failure 5% was resulted 1459.16 x106 m3 and for probability of failure 10% was 
resulted 819.54 x106 m3. 
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Table 8. Storage capacity adjusted by McMahon’s Empirical method. 

Draft % Probability 
of failure % 

C 
(106 m3) 

C adjust 
(106 m3) 

60 5 184.395 424.1 
10 128.765 270.4 

80 5 503.16 1459.16 
10 315.21 819.54 

 
The final results by using Different Methods for EIE-811 Suçatı Flow Gauging Station data are 

represented at Table 9, which shows that the probabilities of failure and draft percentages which 
used at calculation procedures. 

Table 9. Reservoir Volume by Different Methods for EIE-811 Suçatı Flow Gauging Station. 

Method Probability 
of failure 

Storage estimate (106) 
Draft 60% Draft 80% 

Mass Curve 
0% 

840.53 2043.4 
Residual Mass Curve 858.23 2071.92 
Minimum flow approach 814.22 2145.74 
Dincer's method 

5% 
633.32 1528.72 

Gould's method 323.01 1220 
McMahan’s method 424.1 1459.16 
Dincer's method 

10% 
312.63 824.81 

Gould's method 197.52 635.86 
McMahan's method 270.4 819.54 

5. CONCLUSION 

The effect of the method selection on the reservoir volume to be determined is clearly visible, 
from Table 9, which shows the reservoir volumes obtained for different methods. As a result of the 
evaluation of the applied methods it is possible to make the following comments: 

n There is no relationship between storage volume and risk in critical period approaches such 
as minimum flow method, which changes the volume of the reservoir over time. Large 
volumes are usually estimated by these methods. 

n Six design techniques (Mass Curve, Residual Mass Curve, Dincer's method, Gould's method, 
McMahan’s method and Minimum flow approach) are used in determining reservoir 
capacity, monthly and annual mean flow data observed for a period between 1962-2013, of 
EIE-811 Suçatı Flow Gauging Station on Dalaman River in West Mediterranean Basin in 
Turkey are used as case study. 

n Three probabilities of failure (0%, 5% and 10%) and two percentage drafts (60% and 80%) 
are used for reservoir estimation. For 5% and 10% probability of failure three methods 
(Dincer's method, Gould's method and McMahan's method) are used to discover the range of 
difference between the two probabilities of failure. For 0% probability of failure the highest 
reservoir capacity was resulted for methods Mass Curve, Residual Mass Curve and Minimum 
flow approach at the range between 814.22 to 852.74 x106 m3 for draft equal 60% and at the 
range between 2043.4 to 2145.74 x106 m3 for draft equal 80%. On the other hand when high 
value of probability of failure (5% and 10%) are used for estimation, the reservoir capacity 
values were resulted lower than the other methods which estimated with probability of failure 
equal zero. 

n When using other critical period methods (Dinçer and Gould's Gama methods) that predict a 
certain distribution suitability of low current sequences, it is possible to make more reliable 
estimates and to identify the risk relation with reservoir volume. 

n It should be remembered that McMahon's empirical relationship, developed using Gould's 
probabilistic matrix method, is derived from streams in the Australian areas, although 
McMahon and Mein (1986) stated that it gives very good results in practice. 

n Dinçer or Gould's Gamma Method seems to be the best method to be used in the preliminary 
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design phase for long-term critical periods (large storage). Choosing a method with 
acceptable assumptions for the distribution of the data array will increase the reliability of the 
results. 

REFERENCES 

Ağıralioğlu, N., 2004. Baraj Planlama ve Tasarımı. Su Vakfı Yayınları, Volume 1. 
Aksoy, H., 2001. Storage Capacity for River Reservoirs by Wavelet-Based Generation of Sequent-Peak Algorithm. Water Resources 

Management, 15: 423-437. 
Bayazit, M., 1997. Biriktirme Haznelerinin Tasarımı ve İşletilmesi. İTÜ Civil Engineering School Press, Istanbul. 
Bharali, B., 2015. Estimation of Reservoir Storage Capacity by using Residual Mass Curve. Journal of Civil Engineering and 

Environmental Technology, 2(10): 15-18. 
Elektrık Islerı Etut Idaresi Genel Mudurlugu, T.C., 2011. Su Akımları Yıllıgı. 
Linsley, R. K., Franzini, J. B., 1979. Water Resources Engineering. McGraw-Hill Book Co., New York 
McMahon, T. A., 1976. Preliminary estimation of reservoir storage for Australian streams. Civil Engineering, Transactions, 18(2): 

55-59. 
McMahon, T. A., Mein, R. G., 1978. Reservoir Capacity and Yield. Elsevier, Amsterdam. 
Mcmahon, T. A., Mein, R. G., 1986. River and Reservoir Yield. Water Resources Publications, Littleton, Colorado. 
Montaseri, M., Adeloye, A. J., 1999. Critical period of reservoir systems for planning purposes. Journal of Hydrology, 224: 115-136. 
Nagy, I. V., Asante-Duah, K., Zsuffa, I., 2002. Hydrological Dimensioning and Operation of Reservoirs: Practical Design Concepts 

and Principles. Kluwer Academic Publishers, Boston. 
Oğuz, B., Bayazıt, M., 1991. Statistical properties of the critical period. Journal of Hydrology, 126: 183-194. 
Parks, Y. P., Gustard, A., 1982. A reservoir storage yield analysis for arid and semiarid climates. Optimal Allocation of Water 

Resources, 135: 49-57. 
Rao, Z., Moore, I. N., O’Connell, P. E., Jamieson, D. G., 2001. An Interactive Management System for Operational Control of 

Kirazdere Reservoir (Turkey). Water Resources Management, 15: 223-234. 
Ripple, W., 1883. Capacity of storage reservoirs for water supply. Minutes of Proc., p. 71. 

 
 

 


