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Abstract: - This paper presents the energetic efficiency of a compensating tank (or the large sized upper 
part/partition/compartment) attached to the surge tank, which is used as a mean of protection for long adduction 
hydroelectric power plants. The compensating tank will supply the power duct with an additional flow, 
reducing the friction losses in the adduction pipe. By introducing this compensation tank the stability of the 
hydro-energetic system will not be influenced, and the diameter of the surge tank doesn’t need to be modified. 
For a reduced amount of time in which a hydroelectric power plant operates (3-6 hours) a large water volume is 
saved. The spared water volume can be used to produce additional energy, by increasing the amount of time in 
which the hydropower plant operates or we can consider that for the same water volume more electric energy 
can be obtained from the turbine-generator system. 
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1 Introduction 
In order to fully and rationally use the hydro-

energetic potential of the rivers situated in a certain 
area, in the engineering design of modern 
hydropower plants, complex hydraulic schemes 
were used, comprising many storage reservoirs, 
adduction tunnels, surge tanks and power plants. 

In Romania we can find several examples of 
operational hydropower plants provided with long 
adduction tunnels: Someş-Mărişelu – with an 
adduction tunnel that reaches a length of 8130 m; 
Lotru – with a 13582 m long adduction tunnel and 
Râul Mare-Retezat – the length of the adduction 
tunnel measures 18129 m. 

These long adduction tunnels have high friction 
losses that influence and reduce the amount of 
energy produced by the hydropower plant. In order 
to decrease the influence of high longitudinal 
electrical resistance, the use of a compensating tank 
is suggested. The compensating tank can be built by 
improving a nearby valley. The connection can be 
realized by using a pipe with the same diameter as 
the surge tank. Maximal elevation values and the 
water level in the compensating tank will equal the 
ones in the surge tank. The compensating tank will 
be similar to the differential chamber. The 
difference is that there will be no discharge from the 
well to the tank and that the chamber will have a 

very large diameter. The height of the compensating 
tank is considered equal to the value of .head loss on 
the conduit (it can be higher when a exploitation of 
the tank for a larger range of water levels in the 
storage reservoir is expected). When operating for 
few hours, the hydropower plant has a discharge 
which consists  in the compensating tank’s flow and 
the storage reservoir’s flow ( QT = QR+ QL ). As a 
result, by using a compensating tank, the head losses 
in the adduction tunnel will decrease and higher  net 
head values will be obtained. As a result of this 
situation, the flows are lower when operating at a 
constant power. The situation is comparable to the 
previous case. The introduction of this system, 
upstream the protection means, does not influence 
the stability of the hydro-technical system, because 
the surge tank is sized to provide the best conditions 
for the exploitation of the hydro-energetic system 
and placed in order to turn the hydraulic shock from 
the power tunnel into mass oscillation. The diameter 
of the surge tank should not be modified. This 
conclusion was also drawn after the section of the 
surge tank in complex layouts was determined. 

When functioning during the time slot 
corresponding to the maximum energetic 
consumption of the hydropower plant (for a reduced 
interval of about 3-6 hours), large volumes of water 
are spared. If the hydropower plant is used during 
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larger amounts of time, the hydro-energetic system 
can operate with no problems owed to the utilization 
of the surge tank, whose efficiency decreases along 
with the increasing of the time interval in which the 
plant is being used. After the full consumption of 
water volume in the compensating tank, the hydro-
energetic system will function as it would have 
normally functioned without the compensating tank. 
When the hydropower plant is turned off and the 
water level in the surge tank is stabilized, the 
compensating tank’s filling process begins. The 
filling time interval varies depending on the interval 
in which the compensating tank is functional and on 
its diameter. Therefore, after the compensating tank 
is filled the running cycle can be restarted. If a 
utilization of the hydropower plant before the filling 
of the compensating tank is expected, then the 
hydro-energetic system can be turned on. The 
efficiency of the compensating tank will be reduced, 
but comparing to the normal situation there will be a 
spared water volume proportional to the filling 
degree of the compensating tank. 
 

 

2 Problem Formulation 
The scheme of a hydroelectric power plant is 
considered. It consists of: a storage reservoir, an 
adduction tunnel, a surge tank, a power duct, 
turbines and a delivery pipe (Fig. 1). The system 
exploitation requires manoeuvers on the turbine 
valves, in which case the shock wave occurs. The 
hydraulic shock will be produced only in the power 
duct. The water movement slowly fluctuates in the 
adduction tunnel and in the surge tank [1], [5] [6].  

 
 
Fig.1 The layout design of a hydropower plant 

Where  L- length of the adduction tunnel; 
W – water speed in the tunnel; 

Z - water level in the surge tank. 
P’, R’ – longitudinal head loss 

coefficients in the tunnel and respectively, local 
head loss coefficients in the throttling of the surge 
tank; 

Vs – water speed in the throttling duct of 
the surge tank; 

F – area of the horizontal section of the 
surge tank; 

f – area of the adduction tunnel section; 
QT – flow rate; 
t – time; 
g – acceleration due to gravity 

Differential equations of the tunnel-surge tank 
system oscillations are written in a simplified form 
for the hydropower plant in Fig.1. 
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And the flow is governed by relationship (4) which 
corresponds to the automatic running of the plant at 
constant power. 
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With the sole result given by the initial conditions  
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We write the differential equation of the volume 
fluctuation for the compensation reservoir equation 
derived from the differential equation of fluctuations 
for the surge tank  
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That represents a second degree differential 
equation with homogeneous and constant 
coefficients. 
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For the initial situation, without compensating tank, 
total power  N is given by the formula: 

HTQN ηγ=                                                  (9)  

Where   zHrhHH −=−= 00  
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For the situation in which a compensating tank is 
involved  
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The spared water volume while using the 
compensating tank   V* 
V*=V-VR  - VL                     (15) 
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The stability of the fluctuations is assured if the 
section of the surge tank is higher than [2], [3], [4] 

Hrhgf

QL

F
12

2
1

min >                                              (17) 

 
 
2.1 Case study 
Lotru hydropower plant, situated in the northern part 
of Oltenia, is the largest hydropower plant built on 
an inland river in Romania, having an installed c 
capacity of 510 MW at a head of over 800 m. The 
main adduction tunnel measures 13.582 km in 
length and has a diameter D = 5 m; the surge tank 
DCE=7.60 m with compartments, internal overflow 
and ground hydraulic resistance; the power tunnel 
has a length of 1.3 km and a diameter of 4 m; the 
underground plant is provided with three Pelton 
turbines with vertical shaft of 170 MW each; the 
spillway tunnel is 6.5 km long and has a 5.35 m 
diameter [5]. A compensating tank placed at the 
upper part of the surge tank is considered. The 
diameter of the connection piece is 7.60 m (the same 
as the surge tank’s diameter), the connection being 

placed under the upper chamber at the nominal 
level.  Calculations will be done for a diameter of 
the compensating tank comprised between 250 m 
and 1000 m.  

 
Fig.2. Lotru hydropower plant with compensating 
tank 
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The maximum water level in the storage 

reservoir is 1291.50 m, and the minimum level is 
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1242 m. We can consider a 25 m height of the 
compensating tank, value that equals the head losses 
in the tunnel. This height can assure the 
functionality of the hydropower plant for 24 hours 
up to a reasonable efficiency. 
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Fig.5. Saved equivalent energy 

 
Fig. 6. Efficiency of the compensation tank as a 
function of hydropower plant operation time and 
water level in the tank 
 

Calculations will be done for a running cycle of 
maximum 6 hours. Afterwards the plant is going to 
be turned off for a while. 

Building a compensation tank by following the 
Lotru hydropower plant example yields the 
advantage of substantial water volumes saving, 
directly proportional to the increase of tank’s 
diameter. We note a substantial growth in the 

efficiency of water saving for the range of  250 – 
500 m for the tank’s diameter. For the following 
dimensions, 750 m and 1000 m, although the 
diameter is longer, the efficiency is considerably 
reduced. Therefore, the increase of the diameter of 
the compensating tank while the hydropower plant 
is running for a reduced number of hours (during the 
maximum energetic consumption time) does not 
achieve a substantial proportional increase of 
efficiency and of water saving. 
 
 

3 Conclusion 
The resulting water volumes can be used to obtain 
electric energy; even if the additional time in which 
the hydropower plant will run with this water 
volume is reduced, substantial quantities of 
electricity are achieved due to the distinctive 
features of this type of hydropower plant. 
 By functioning for 3 hours, with diameters 
between 250 m - 1000 m, 36-45 MWh additional 
energy is acquired, and by running for 6 hours, the 
hydropower plant achieves 59 – 89 MWh (which 
represents a 7-8.82 % increase and 11.50-17.45% 
increase for the second situation). 
 The additional energy achieved this way is 
similar to the quantity produced by smaller 
hydropower plants from Romania. 
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