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Reserviors 

 A reservoirs has two categories:  

 Storage (conservation) [i.e., Atatürk dam] 

 Distribution (service) [for emergencies and fire fighting] 

 

 Physical Characteristics of Reservoirs 

 Primary function is to store 

 Most important characteristic: “Storage Capacity" 



Reserviors 

 Reservoir: Collects water behind a dam or barrier 

 Reservoirs are constructed for: 
 Drinking water 

 Irrigation, 

 Hydropower, 

 Flood mitigation 

 During a specified time interval; 

 

S (supply) < D (demand) 
 

Need for  “water storage” 



 Reservoir  

Dam body Spillway 
Upstream 

Downstream 

Spillway crest 
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Elevation-Area-Volume Curves 

To determine reservoir volume with given location & dam height 

Typical reservoir elevation-area-volume curves 



Elevation-Area-Volume Curves 

Area-elevation curve: 
 Is obtained by measuring the area enclosed within each contour in the 

reservoir site using a planimeter. 
 

 Usually a 1/5000 scaled topographic map is used. 
 

Elevation-storage curve: 
 Is the integration of an area-elevation curve.  

 

 The storage between any two elevations can be obtained by the product of 
average surface area at two elevations multiplied by the difference in 
elevation. 



 Normal pool level 

 Minimum pool level 

 Active storage 

 Dead storage 

 Flood control storage 

 Surcharge storage 

Total reservoir storage components 
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Reserviors 

 Normal pool level is the maximum elevation to which 
the reservoir surface will rise for ordinary  reservoir 
operations. 

 Minimum pool level is the lowest allowable elevation 
to which the reservoir surface level can fall. 

 Dead storage is located below minimum pool level. 
Top elevation is dictated by amount of sediment 
accumulation at the end of the life time of reservoir. 



Reserviors 

 The elevation of the lowest sluiceway must be 
located at the least minimum pool level. Water stored 
below this level is not available for any use. 

 The storage between minimum and normal pool 
levels is named as useful or active storage. 

 The flood control storage occupies between the 
retarding and normal pool levels. 

 The surcharge storage stays between retarding and 
maximum pool level. 



 Cost of dam  

 Cost of real estate 

 Topographic conditions to store water 

 Possibility of deep reservoir    

 Avoiding from tributary areas (sediment-rich field) 

 Quality of stored water  

 Reliable hill-slopes (stable against landslides)  

General guidelines for a reservoir location 



Reservoir Yield 

 Yield: Amount of water that reservoir can deliver in a 
prescribed time interval. 

 The yield is based on: 
 Inflow  

 Capacity 

 Its relation with capacity is important in design and 
operation of a storage reservoir. 

 Firm (safe) yield: Amount of water that can be 
supplied during a critical period. 

 



 Period of lowest natural flow 

 Can be never determined by certainty 

 Target yield: Specified for a reservoir based on the 
estimated demands in the most cases. 

 The problem is to provide sufficient reservoir capacity 
with a risk of meeting the target. 

 Secondary yield: Water available in excess of safe 
yield during high flow periods 

Reservoir Yield 



Selection of Capacity of a Storage Reservoir 

 

 Designing the capacity of a storage reservoir involves 
with determination of the critical period during  
Inflow < Demand 

Reservoir 



There are 4 approaches to determine the capacity 

 

 Mass curve (Ripple diagram) method, 

 Sequent-peak algorithm, 

 Operation study, 

 Optimization analysis  

Reservoir 



 Proposed by Ripple in 1883. 

 Graphical inspection of the entire record of historical (or 

synthetic) streamflow for a critical period. 

 Provides storage requirements by evaluating ∑(S-D) 

 Valid only when ∑D < ∑S during the period of record. 

 Works well when releases are constant.  

 Otherwise use of sequent-peak algorithm suggested 

Mass Curve Analysis 



Features of Mass Curve: 

 

 Cumulative plotting of net reservoir inflow. 

 Slope of mass curve gives the value of inflow (S) at that 

time. 

 Slope of demand curve gives the demand rate (D) or yield. 

 

 

Mass curve (Ripple diagram) method 



 The difference between the lines (a+b) tangent to the 

demand line (∑ D) drawn at the highest and lowest points 

(A and B, respectively) of mass curve (∑ S) gives the rate 

of withdrawal from reservoir during that critical period.  

 The maximum cumulative value between tangents is the 

required storage capacity (active storage). 

Mass curve (Ripple diagram) method 











 The mass curve approach is easy to use when short 

periods of data are to be analyzed. 

 SPA is a modification of the Mass Curve analysis for 

lengthy time series and particularly suited to 

computer coding. 

Sequent-Peak Analysis 





The steps of sequent-peak analysis are as follows: 

2. Locate the initial peak and the next peak  

3. Compute the storage required which is the difference between 

the initial peak and the subsequent trough in the interval, 

4. Repeat the process for all sequent peaks, 

5. Determine the largest value of storages as “STORAGE 

CAPACITY” 

Sequent-Peak Analysis 



Sequent-Peak Analysis 

 Analytical solution to SPA is good for computer coding 

 Equations below are used: 

 Vt = Dt – St + Vt-1     if positive   

 Vt = 0 otherwise 

 Vt     : required storage capacity at the end of period t 

 Vt-1  : required storage capacity at the end of previous period t 

 Dt     : release during period t 

 St      : inflow during period t 



 It is presumed that the reservoir is adequate  if the 
reservoir can supply all types of demands under 
possible losses such as seepage and evaporation. 

 The operation study is based on the solution of the 
continuity equation. 

 

 

 

 Where dv is differential storage during time dt 

 I and Q are the instantaneous total inflow outflow, 
respectively. 

Operation Study 

dV
I Q

dt
 



Is used: 

 To determine the required capacity, 

 To define the optimum rules for operation, 

 To select the installed capacity for powerhouses, 

 To make other decisions regarding to planning. 

Operation Study 



Is carried out: 

 Only for an extremely low flow period and presents 

the required capacity to overcome the selected 

drought; 

 For the entire period and presents the power 

production for each  year. 

Operation Study 



Optimization Analysis &  
Stochastic Models 

Reliability of Reservoir Yield 



 Monthly flows of a river during a critical period are 

tabulated below. Determine the active storage 

capacity of a reservoir to be constructed on this river 

by mass-curve analysis for 100% regulation. 

Problem 1 



 Since the reservoir will be 
regulated by 100%, the 
cumulative demands 
should be equal to the 
cumulative supplies during 
the period of interest. The 
mass curve is shown in 
Figure from which the 
required storage capacity 
is obtained as 
V = 18 x106 m3. 

Solution 1 



 The inflow yield values of a storage 

reservoir are tabulated in Table in 

terms of 106 m3. Determine the 

required active storage capacity using 

sequent-peak analysis. 

Problem 2 

t Dt St 

1 40 35 

2 40 50 

3 40 60 

4 40 35 

5 40 25 

6 40 30 

7 40 20 

8 40 13 

9 40 27 

10 40 55 

11 40 76 

12 40 55 

13 40 40 

14 40 30 

15 40 25 

16 40 20 

17 40 35 

18 40 50 

19 40 60 



Solution 2 







Problem 3 



Solution 3 

The available data are tabulated in columns (1) to (6) in table. Inflow (St), demand 
(Dt), rainfall (Pt), evaporation (E) and downstream requirements (Mt) are given in 106 
m3/month. The required monthly storages, V, are computed in column (7) by 
 
V = St – Dt + Pt – Mt – Et 
 
The required total storage, V, is obtained by summing the values in column (7) as 
33.38 x 106 m3. Column (8) gives the monthly contents of reservoir which is computed 
by 
 
Vt = Vt-1 + St – Dt + Pt – Mt – Et 



Solution 3, cont’d 

where Vt is the volume of water stored in the reservoir at the and of month. The 

computation of monthly reservoir contents starts from December because the 

reservoir must be emptied at the end of November which is also the end of critical dry 

period. Thus, the reservoir content at the end of November is zero. The monthly 

reservoir content cannot be more than 33.38x106 m3. So, during the months of April 

and May, the inflow which is in excess of the reservoir capacity must be spilled. This 

problem is a very simplified example of an operation study. More correctly the 

evaporation and precipitation amounts must be computed for actual levels of 

reservoir using area-volume-elevation curves.  



Solution 3, cont’d 



Determine the reservoir contents and the surface 

elevations at the and of each month of a reservoir 

having an area-elevation, A(h) = 600 h1,8 where h is in m 

measured from the minimum reservoir bed elevation 

and A is in m2. The mean monthly rainfall and 

evaporation values are given in Table. Assume that 

initial water elevation is 26 m above the reservoir bed. 

Problem 4 



Problem 4, cont’d 



Volume – elevation relation of the reservoir is obtained by 

integrating the area elevation relation: 

 

 

 

and the initial storage is 

V0 =214.3 x (26)2.8   = 1.963 x106 m3   for  h = 26 m.  

The solution is presented in table. 

 

Solution 4 



Solution 4, cont’d 



Solution 4, cont’d 



Surplus and deficit of supply demand for a river are indicated as 

(S) and (D), respectively. The data is tabulated in terms of 106 

m3/s, as below.  Determine required active storage.  Assume 

that the storage at beginning is full, and find eventual storage. 

Problem 5 

S1 D1 S2 D2 S3 D3 S4 D4 S5 D5 

21 19 12 21 13 19 25 16 17 9 



Total surplus should be greater than total deficit 

∑S>∑D  

∑S=88 

∑D= 84 

∑S>∑D 

Firstly, initial storage should be selected as the biggest deficit as 

Vinital=21. This value should be verified. 

Solution 5 



Solution 5, cont’d 

Initial storage 
D1 S2 D2 S3 D3 S4 D4 S5 D5 

19 12 21 13 19 25 16 17 9 

Vinitial=21 2 14 -7 21 is not satisfied 

Vinitial=21+7=28 9 21 0 13 -6 27 is not satisfied 

Vinitial=21+7+6=34 15 27 6 19 0  25 9 34 17 

As can be seen that required active storage is 34x106 m3/s. The eventual storage is 17x106  m3/s.  



Problem 6 

Recorded inflow monthly data on a river for one year is tabulated in Table in terms of 

106 m3 as below. The required water demand is constant and 24x106 m3 for each 

month. Determine required useful storage and spill (release) overflow for a year 

using recorded data. Assume that the storage at beginning is full. 

Months 1 2 3 4 5 6 7 8 9 10 11 12 

Inflow x106 26 32 51 40 92 20 12 11 10 17 23 27 



Solution 6 

Months 1 2 3 4 5 6 7 8 9 10 11 12 

Inflowx106 26 32 51 40 92 20 12 11 10 17 23 27 

Demand 24 24 24 24 24 24 24 24 24 24 24 24 

Surplus/Deficit 
  

S1 S2 S3 S4 S5 D1 D2 D3 D4 D5 D6 S6 

2 8 27 14 68 -4 -12 -13 -14 -7 -1 3 

Total surplus should be greater than total deficit 

 ∑S > ∑D 

 ∑S = 122 

 ∑V = 51 

 ∑S > ∑D 



Solution 6, cont’d 

Firstly, initial storage should be selected as the biggest deficit as Vinital=14. This value 

should be verified. 

İnitial storage 
D1 D2 D3 D4 D5 D6 S6 

-4 -12 -13 -14 -7 -1 3 

Vinitial=14 10 -2 14 is not satisfied 

Vinitial=14+2=16 12 0 16 is not satisfied 

Vinitial=14+2+13=29 25 13 0 29 is not satisfied 

Vinitial=14+2+13+14=43 39 27 14 0 34 is not satisfied 

Vinitial=14+2+13+14+7=50 46 34 21 7 0 50 is not satisfied 

Vinitial=14+2+13+14+7+1=51 47 35 22 8 1 0 51 is satisfied 

As a result, required active storage is 51x106 m3/s.  
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Reservior Sedimentation 

Sediments: 

 fill all reservoirs 

 determine useful life of reservoirs 

 important factor in planning 

 

 Rivers carry suspended sediment and move bed load (larger solids along the bed). 

 Large suspended particles + bed loads 

 deposited at the head of the reservoir 

 form delta. 

 

 Small particles suspend in the reservoir or flow over the dam.  



Sediment accumulation in a reservoir 

Velocity and turbulence intensity are reduced in a reservoir. Therefore, the larger 
suspended particles and most of the bed load form delta. 



Sediment accumulation in a reservoir 

Bed load: 

 ≈ 5 to 25 % of the suspended load in the plain rivers 

 ≈ 50 % of the suspended load in the mountainous rivers 

 

Unfortunately, total sediment transport rate in Turkey > 18 times that in whole 

Europe (500x106 tons/year) 

 

 Reservoir sedimentation effects life time of a dam. 

 Therefore, extensive surveys are needed for planning studies.  



Reservior Sedimentation Rate 

Based on survey of existing reservoirs, containing  

 Specific weight of settled sediments  

 % of entering deposited sediment 

 

“TRAP EFFICIENCY”: 

  % of inflowing retained sediment in a reservoir 

  function of the ratio of reservoir capacity to total inflow. 



Reservior Sedimentation Rate 



Important Notes 

 Prediction of sediment accumulation:  
  

 Difficult due to large variability 
 
 Continuous hydrologic simulation models  
 

 Prediction purposes   
 

 At least 2-3 years daily data are required for model calibration.  



Important Notes 

 To control amount of entering sediment: 

(a) Upstream sedimentation basins,  

(b) Vegetative screens,   

(c) Soil conservation methods (i.e., terraces),  

(d) Implementing sluice gates at various levels. 

(e) Dredging of settled materials, but not economical  



Problem 7 

A reservoir has a drainage area of 100 km2. Mean annual inflow to the reservoir is expected to 
be 80 x 106 m3. Using the Brune trap efficiency curve given in Figure, plot the variation of the 
reservoir capacity with respect to time. Assume that the initial reservoir capacity is 40 x 106 m3. 
Determine the expected time for which 50% of the initial capacity is reduced by sediment 
accumulation. 



Abrasion of Turbines 

 All types of hydraulic machinery can be strongly abraded by sediment-laden water. 

 The sediment directly effects performance of turbines, pumps, valve and gate seals. 

 Large amount of sediment can break down hydraulic machinery.  

 Grain sizes over 0.1 mm should be removed from water for heads exceeding 50 m. 

 Even silts should be removed from water if heads exceed over 200 m.  

 Abrasion is a function of head.  

 Namely, abrasion tends to increase  with heads exceeding over 400m. 

 Pelton wheels can be abraded by 0.05 mm quartz in suspension for high heads. 



Abrasion of Concrete Structures 

 Spillways, aprons, outlets can be abraded by sediment 

 Traditional concrete has threshold abrasion resistance value. 

 Concrete structures should be covered with abrasion-resistant materials such as stone, steel, 

timber fiber-reinforced (at least 2 cm thick). 

 Dressed  dense granite is strongly resistant to both abrasion and shock, but costly. 



Solution 7 

With the information given, annual sediment yield is obtained as 153244 m3 from equation. The 

solution is given in Table for capacity decrements of 5 x 106 m3. Column (2) is the storage capacity to 

inflow ratio which is obtained by dividing the values in column (1) by (80 x 106). Column (3) is the 

trap efficiency which is obtained from Figure 2.11. Columns (4) and (5) show the increment volume 

and the average trap efficiency for increment, respectively. Column (6) and (7) are obtained as 

follows; Column (6) is 153244 x Column (5) and Column (7) = 5 x 106/Column (6). The relation 

between reservoir capacity and cumulative time is shown in Figure 2.14 from which one obtains 

approxmately 140 years for 50% loss of the initial capacity. 



Solution 7, cont’d 



TEŞEKKÜRLER 

Doç. Dr. Abdüsselam ALTUNKAYNAK 

www.altunkaynak.net 


