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Schematic layout of hydroelectric reservoir 
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Ç Normal pool level: Maximum elevation to which the water surface will rise during normal 
operating conditions; the corresponding storage is referred to as total capacity.  

Ç Minimum pool level: Lowest elevation to which water is drawn from a reservoir under 
normal operating conditions. 

Ç Maximum pool level: Maximum elevation to which the water surface is expected to rise 
during the design flood of the spillway.  

Ç Dead storage: Volume of water held below the minimum pool level, which cannot be used 
for any purpose under normal condition. It depends on: 

Ç the volume of sediment that is expected to be deposited into the reservoir during 
its design life; 

Ç the elevation of the lowest outlet of the dam; 

Ç the minimum head required for efficient functioning of the turbines. 

Ç Useful storage: Volume of water stored between the normal pool level and the minimum 
pool level, i.e. difference between the actual storage and the dead volume; also referred to 
as active storage, as water can be used for various purposes. 

Ç Useful capacity: Total capacity after subtracting the dead storage. 

Ç Surcharge or flood storage: Uncontrolled volume of water stored between the normal and 
the maximum pool level; it exists only during floods and cannot be retained for later use. 

Characteristic elevations & storage components 



Storage-elevation & area-elevation curves 
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Ç Graphs illustrating the change of reservoir storage, s, 
and impoundment area, a, against the water level, z. 

Ç The relationships s = f1(z) and a = f2(z) are extracted 
on the basis of data sets (zi, ai) that either estimated 
by measuring the associated areas on a topographic 
map or are calculated automatically (and with high 
accuracy) by using the digital elevation model of the 
area of interest.   

Ç The two curves can also be expressed 
analytically, as power functions of z, i.e.: 

s = ˁ  (z ς z0)
 ˂

s = ˁ  (z/z0)  ˂ 

where ˁ  and ˂  are parameters that are 
estimated through regression, and z0 is 
a characteristic low level, e.g. the dead 
volume level or the foundation level.   



Ç Dam: Barrier constructed across a river, thus forming an artificial lake (reservoir) to hold 
back water and raise its level. Generally, they are classified into two groups: 

Ç Embankment dams, constructed from natural material excavated or obtained 
nearby (further classified into earthfill and rockfill); 

Ç Gravity dams, either from conventional vibrated concrete (CVC) or concrete mixed 
with earth materials, e.g. roller compacted concrete (RCC) or hardfill. 

Ç Ancillary hydraulic structures: 

Ç Bottom outlet, which allows emptying the reservoir in case of emergency; 

Ç Intakes and penstocks, controlling the water releases through the reservoir; 

Ç Spillway system, typically consisting of a controlling weir, a channel (chute) and a 
stilling basin, to safely pass overflows downstream when the reservoir is full; 

Ç Spillway gates, to regulate floods flows and further increase both the storage 
capacity and the available head (mainly applicable to large hydroelectric works); 

Ç Power station, located at the end of the penstock, to host the electromechanical 
equipment (turbines, generators, transformers); 

Ç Internal drainage works, collecting seepage within the body of the dam;  

Ç Auxiliary structures (used during the construction phase): 

Ç Cofferdams (the upstream one is often incorporated into the main dam); 

Ç Diversion system (tunnel or channel), to bypass the river flows during construction;    

Major hydraulic structures 



Layout of hydroelectric system: Kastraki, Achelous 
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River diversion during dam construction 

Ç The period of construction may exceed ten years, thus 
the upstream cofferdam and the diversion tunnel are 
designed to retain floods of return periods 20-50 years. 

Ç Usually, another (smaller) cofferdam is built downstream 
of the main dam site to prevent water flowing back into 
the construction area. 

Ç After the end of construction, two closure actions are 
employed to allow first impounding, i.e. a temporary 
closure of the entrance by using gates, and a permanent 
closing, by implanting a concrete plug inside the tunnel.   

Entrance & outlet of diversion tunnel 

during construction of Hilarion dam 



Outlet bottom 

Ç Bottom outlets mainly are safety works, to 
ensure conveyance of water into downstream 
river and to lower the level of the reservoir, in 
case of emergency evacuation.  

Ç The intake is constructed close to the 
foundation, while the inlets of main conveyance 
works (e.g., penstocks) are sited at much higher 
elevations (lower operation level).  

Ç Modern bottom outlets are also designed to 
provide ecological flow to the downstream river, 
as well as to discharge sediments, thus 
increasing the economic life of the dam. 

Louros dam, pilot 
operation (1954) 

Plastiras dam, 
downstream view Cerro del #Ǝǳƛƭŀ 

Dam, Peru (2015) 



Intakes and associated works 

Ç Usually horizontal, followed by a curve to an 
inclined or vertical power tunnel or a penstock. 

Ç Horizontal layout facilitate the 
placement of gates, trash racks, 
bulkheads and stoplogs.  

Kremasta dam: 
Power intake 

Kastraki dam: trash racks and gates 

Stratos dam: inclined intakes under construction 



Penstocks and associated works 

Plastiras dam, diversion penstock, H = 577 m 

Kastraki dam: four exposed  
(surface) penstocks, H = 76 m  

Ç For large hydroelectric systems, the number of penstocks typically equals the number of 
turbines (expensive design); otherwise a single penstock of larger diameter is applied that 
splits at the power house (increase of local losses).  

Ç General design recommendations: 

Ç Total hydraulic losses should not 
exceed 5% of gross head; 

Ç  Velocity should not exceed 6 m/s 

Ç Major design issue: water hammer (surge tank 
or pool, in case of large pipes and large heads) 


