
46 

 

4. GENERATING CAPACITY ENHANCEMENT STUDY OF 

THE SAMANALA POWER STATION 

In chapter 3, the possibility of pond capacity improvement of the Laxapana pond was 

considered. Even if the modification was viable, only a small volume of spill water 

could be retained. Hence, in order to save the spill water further, a requirement of 

another method is raised. Then, considering the requirement and possible 

modifications, one of the viable solutions found is the enhancement of the power 

generating capacity of the Samanala PS. That is, installing another generator to 

increase the total generation capacity of the power station. Hence, in this chapter, an 

attempt is made to find the possibility of enhancing the generating capacity of the 

Samanala PS with the viability of the proposed modification. 

In order to carry out such a modification, the tunnel, which carries water to the 

Samanala PS, should be capable of withstanding a higher water flow. Usually, most 

of the tunnels are designed for a higher flow rate than the rated value but with high 

tunnel head-loss. However, the maximum flow rate that the water can safely flow 

and the head-loss at that particular flow rate are to be estimated. A report of a past 

study, Master plan for the Electricity supply of Sri Lanka in 1989 [9], states that a 

study that has been done to find the capability of generating capacity enhancement of 

several tunnels considering the capability of the tunnels.  

Taking the figure of maximum flow in the Samanala tunnel from the mentioned 

previous study as a base data, this study finds the optimum generating capacity of a 

new generator to be installed at the Samanala PS. 

4.1. Data of the Study Done in 1989 

• Maximum flow through the Samanala tunnel when two generators are run at full 

load = 39 m
3 
s

-1
 or 1377.27 cusecs (1250 cusecs or 35.39 m

3 
s

-1
 practically) 

• Tunnel head-loss when two generators are run at full load =  15.2 m (when the 

pond level is 377 MASL (Meters above sea level))  

• Maximum flow through the tunnel suggested with an extra generator = 55.0 m
3 
s

-1
 

= 1942 cusecs (this is the calculated maximum flow in the tunnel ) 



 

• Tunnel head-loss suggested

(when the pond level is 377 MASL)

Here, 377 MASL equals to 1237 feet above the sea level, and it is 9 ft head above the 

MOL (Minimum Operating Level) of the La

4.2. The Tunnel of 

The Samanala tunnel is 25400 feet long, and it is a U

“Partially lined” refers to the fact that the tunnel has sections where the concre

lining has been applied, and 

However, in the Samanala tunnel, only a smaller portion is lined. Therefore, it is 

interested to analyze the velocity of the tunnel when the maximum flow is gained. 

Then, it will be useful to verify whether t

4.2.1. New Water Velocities in the Tunnel

In order to find average flow velocities in the tunnel, two mentioned sections are 

chosen. One is a lined section and the other is an un

a lined section is shown in Figure 

 

 

 

 

 

 

 

 

 

 

 

Figure 20: Cross

loss suggested with extra generator at 55.0 m
3 
s

(when the pond level is 377 MASL) 

Here, 377 MASL equals to 1237 feet above the sea level, and it is 9 ft head above the 

MOL (Minimum Operating Level) of the Laxapana pond. 

The Tunnel of the Samanala Power Station  

tunnel is 25400 feet long, and it is a U-shaped partially lined tunnel. 

“Partially lined” refers to the fact that the tunnel has sections where the concre

lining has been applied, and also sections where no lining has been 

However, in the Samanala tunnel, only a smaller portion is lined. Therefore, it is 

e the velocity of the tunnel when the maximum flow is gained. 

Then, it will be useful to verify whether the velocities are in an acceptable range.

New Water Velocities in the Tunnel 

In order to find average flow velocities in the tunnel, two mentioned sections are 

chosen. One is a lined section and the other is an un-lined section. A cross

section is shown in Figure 20: 

: Cross-section of a Lined section of the tunnel of the Samanala PS
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s
-1
 flow = 24.67 m 

Here, 377 MASL equals to 1237 feet above the sea level, and it is 9 ft head above the 

shaped partially lined tunnel. 

“Partially lined” refers to the fact that the tunnel has sections where the concrete 

also sections where no lining has been applied. 

However, in the Samanala tunnel, only a smaller portion is lined. Therefore, it is 

e the velocity of the tunnel when the maximum flow is gained. 

he velocities are in an acceptable range. 

In order to find average flow velocities in the tunnel, two mentioned sections are 

lined section. A cross-section of 

section of a Lined section of the tunnel of the Samanala PS 



 

From Figure 20, area of the cross

calculated is 172.81 ft

• Flow velocity in the tunnel when two generators are run at 

• Current rated flow is 1250 cusecs

• V = 
����

���.��
 = 7.2 ft s

• Flow velocity in the tunnel when three generators are run at Full load,

V = 
��	�

���.��
 = 11.23 ft s

• Hence, increasing the flow, the velocity in the tunnel will be increased by                 

1.22 ms
-1
; however, 3.42

A cross-section of an unlined section of the tunnel is show

 

 

 

 

 

 

 

 

 

 

 

Figure 21: Cross-section of an

• Cross sectional area calculated =

• Flow velocity in the tunnel when two generators

• V = 
����

��	.	��
 = 5.83 ft s

, area of the cross-section can be calculated. The effective area 

172.81 ft
2
. Then, the flow velocities can be calculated as below:

Flow velocity in the tunnel when two generators are run at full load, V =  

Current rated flow is 1250 cusecs 

= 7.2 ft s
-1 
or 2.2 m s

-1
 

Flow velocity in the tunnel when three generators are run at Full load,

= 11.23 ft s
-1 
or 3.42 m s

-1
 

Hence, increasing the flow, the velocity in the tunnel will be increased by                 

; however, 3.42 m s
-1
 will lead to higher head-loss. 

section of an unlined section of the tunnel is shown in Figure 2

section of an unlined section of the tunnel of the Samanala PS

Cross sectional area calculated = 214.471 ft
2
 

Flow velocity in the tunnel when two generators are run at Full load, V = 

5.83 ft s
-1 
or 1.765 m s

-1
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section can be calculated. The effective area 

be calculated as below: 

ull load, V =  

��

����
 

Flow velocity in the tunnel when three generators are run at Full load, 

Hence, increasing the flow, the velocity in the tunnel will be increased by                 

n in Figure 21: 

section of the tunnel of the Samanala PS 

are run at Full load, V = 

��

����
 



49 

 

• Flow velocity in the tunnel when three generators are run at Full load;  

V = 
����

���.���
 = 9.05 ft s

-1 
or 2.76 m s

-1
 

• Hence, increasing the flow, the velocity in the tunnel will be increased by 1 m s-1
, 

however, it is a lower increase compared to the lined section. 

In real construction, this tunnel had been constructed as a partially lined tunnel, in 

the sense that most of its length is unlined, and only a small section is lined. Hence, 

at maximum flow, the velocity of the tunnel is kept around 2.76 m s
-1
which is not a 

high value. 

4.3. Analysis of the Optimum Capacity of the New Generator  

From the above data, it was discovered that the maximum flow in the tunnel is 55-

m
3
s

-1
. However, the maximum flow is not the optimum flow. Hence, it should be 

restricted to a value given by the spill data of the Laxapana pond during past years. 

For the analysis, spill data of 2009, 2010 and 2011 are considered (see Appendix-II). 

From the spill data, an average spill rate for each day of spilling occurred is 

calculated. From the data, an average spill rate for each year is calculated and 

presented in Table 10: 

Table 10: Average spill rates of the Laxapana pond during three years 

 

 

 

 

 

• For a more reasonable value, the average value of above three figures is taken. 

• Hence, Average spill rate (for the 3 years) = 1055.128 cusecs 

However, due to the limitations of the capability of the tunnel and its parameters, the 

maximum flow through the tunnel should be restricted to 1942 cusecs. Hence, for the 

new generator, the maximum flow would be 692 cusecs (1942 cusecs -1250 cusecs). 

Hence, comparing the tunnel flow limitation of 692 cusecs and the spill rate 

Year Average spill rate (cusecs) 

(average of spilled days) 

2009 1279.087 

2010 575.630 

2011 1310.666 
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limitation of 1055.13 cusecs, for the new generator, the maximum flow is optimized 

to 692 cusecs (19.595 m
3 
s

-1
). 

When the spill data is considered, the fact that should be considered is the time 

duration that water spilling happens per day. The duration varies according to the 

rainfall, and it is not a constant value. However, for the calculations, a reasonable 

value should be assumed. Hence, an average value of the past three years is taken. 

From the past three years of spill data in Appendix-II, an average spilling duration 

per day is calculated. The average value is calculated only for the days that the water 

spilling has happened, and the average values are 15.9 hours, 13.6 hours and 15.9 

hours during the years of 2009, 2010 and 2011 respectively. From these three years, 

an average value of 15.13 hours per day is taken for calculations. 

For the given flow and for other parameters, the new capacity of a new generator can 

be calculated. Efficiencies of modern equipment are assumed and are shown below: 

• Turbine efficiency: 92 % ( for Francis turbine) 

• Generator efficiency: 98% 

• Total Gross head, 259 m (850 ft) +1 m (9 ft head at the Laxapana pond) = 260 m 

• Total Net head: 260 -24.67 = 235.33 m (head-loss is taken from previous study) 

• Maximum flow: 692 cusecs or 19.595 m
3 
s

-1
 

Then, estimated power of the generator can be calculated by the following equation. 

Power transferred to the generator is given by: �������ℎ����� where, 

��� = efficiency of the turbine and generator (��x��) 

Q    = maximum rated flow in the Penstock  

�     = density of flowing water (1000 kg m
-3
) 

�     = acceleration of gravity (9.81 m s
-1
) 

ℎ��� = maximum net water head (235.33 m) 

Then, ��� = 0.92 × 0.98 × 19.595 × 235.33 × 1000 × 9.81 = 40.8 MW 

Therefore, with the modern efficiencies, the maximum power delivered from the 

generator to be installed is 40.8 MW.  
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4.4. Annual Income from the 40.8 MW-Generator  

Assume that the 40.8 MW generator is installed. Then, the maximum rate that the 

spill water can be saved by the new generator is 692 cusecs. Considering the storage 

capability of the Laxapana pond for rainfalls, the maximum spill water volume saved 

to generate hydropower from the new generator, in a particular day, can be found as 

follows. 

• Water volume can be saved to generate power = spill rate (cusecs) x time in 

seconds (assume the generator is run, on average, 15.13 hours to get the maximum 

output from the spill water) 

= 692 x 60 x 60 x 15.13 = 37.7 million cubic feet/ day 

• The energy can be generated from 37.7 million cubic feet is 40.8 x 15.13 = 617.3 

MWh 

• Hence, energy generation of unit volume of water consumption for the generator 

is 16.374 (617.3 /37.7) MWh / million cubic feet. 

Hence, from the past spill data in Appendix-II, maximum annual savings of spill 

water by installing the new generator can be found, and is summarized in Table 11: 

Table 11: Annual spill water volume saving by installing 40.8 MW-generator 

 

 

 

 

Hence, it is reasonable to take the average value of 1355.9 million cubic feet /year 

from the three figures in Table 11 for the future calculations. Then: 

• Average annual energy generation with new generator = 16.374 x 1355.9 MWh 

                                                                                        = 22.2 GWh 

• Take the recent selling price of an energy unit as 14 LKR /kWh [7] 

• Hence, extra annual income by installing the new generator = 22.2 x 10
6 
x 14  

                                                                                         = 310.8 million LKR 

Year Annual Savings of spilling water by installing 40.8 MW 

generator (million cubic feet) 

2009 1611.5 

2010 1804.6 

2011 651.6 



52 

 

4.5. Cost of the Maximum Capacity Loss of the Existing Generators 

According to the mentioned study, when the generator is installed and run at full 

load, the head-loss through the tunnel will be roughly 24.67 m. Therefore, the 

effective water head to the existing generators will be lower. Then, the maximum 

capacity will also be lower, and the new capacity can be found by the usual 

equation, �� �����ℎ�����. When the scenarios of two-generator operation and three-

generator operation are considered, from a particular situation to the other, the 

effective change will be the head-loss difference. 

• Hence, �� � �. ℎ��� 

• Then, applying the equation for one existing generator for the two situations: 

���

���

=

�����

�����

   →
��.�

���

=

(���	
�.�)

(���	��.��)
 ; 

 Pg2 = 36.05 MW (new maximum capacity when new generator is run at full load) 

Hence, 1.45 MW will be lost in each of the existing generator, and a total of 2.9 MW 

will be lost from both generators when all the generators are run at full capacity. This 

will happen only during rainy days. During the considered three years, annual 

average hours of rainfall happened can be calculated as 904 by the data in Appendix-

II. Hence, after the installation of the new generator, the loss of energy due to extra 

head-loss on rainy days can be calculated as follows: 

•  Annual energy loss due to the  high head-loss; 2.9 x 904        = 2621.6 MWh 

• Taking the unit cost 14 LKR /kWh, the cost for the head loss = 36.7 million LKR 

4.6. Cost of the Modification 

For the modification, a new penstock, generator, transformer, powerhouse and civil 

structures are needed. 

4.6.1. The Penstock cost  

In order to obtain an approximate estimation for the penstock to be established, an 

average diameter and average wall thickness are assumed. 

For the average flow velocity in new penstock, average flow velocity in the existing 

penstock is assumed.  
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• Penstock inside diameters of existing generators = 2.29 m - 2.05 m  

• Hence, average penstock diameter, Dp’              = 2.17 m  

• Average flow in each penstock (existing), Q’     = 17.698 m
3
 s

-1
 (625 cusecs) 

• Average flow velocity in existing penstock; v    = 
��

π��′
� = 

�×��.���

π×	.���
 = 4.785 m s

-1
 

• Maximum flow in the  new penstock                  = 19.595 m
3
 s

-1
 

• Average internal diameter of the penstock, Dp    =���

π

 =�� 

����.���

×�.��
� = 2.28 m 

4.6.1.1. The Penstock wall thickness 

Using the steps and the equations used in section 2.3.2, the wall thickness is 

calculated. 

• Wave Velocity in the penstock, a                          =   �	.�×���  
×�

������
, where D is 

penstock internal diameter  and t is penstock wall thickness 

• Take t (wall thickness) = 47.65 mm as the estimated value, then; 

• Wave Velocity in penstock (a)                              =   �	.�×���  
×��.��×����  

���×��.��×����  �	.	�
 

• Wave Velocity in penstock (a)                              =    1091.8 m s
-1
 

Surge/Peak Pressure (hs) developed can be calculated as below. 

• Surge Pressure (hs)                                                =    
�×∆�

�.��
 (m) 

Then, the entire length of that penstock pipe will experience this surge pressure.  

Let ∆V = 4.78 m s
-1
   (∆V is velocity change in the pipe in a surge) 

Hence, Peak Pressure (hs)               =  
����.� ×�.��

�.��
  =    580.71 m 

Then, again, the thickness can be calculated using equation below: 

• ���� =

ρ������
	�	


��
     where, 

���         = Ultimate Tensile Strength for steel (410 x 10
6 
Pa) 

S             = safety factor (2.5 is taken)  

D            = penstock internal diameter (2.28 m is taken) 
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hmax =  maximum pressure head (static + dynamic) 

However, for an average value of static pressure, the midpoint of the penstock is 

selected. Then, 118 m, half of net head, is taken as average static pressure. 

• hmax    = 118 m + 580.7 m = 698.7 m 

• tmin=  
����∗�.��∗���.�∗�.��

�∗���	���/�.

  = 47.65 mm 

Since tmin= t (estimated), the initially assumed t was correct. Therefore, correct 

average thickness has been estimated, and, for corrosion, keeping 2.5 mm, actual 

thickness can be taken as follows. 

• tactual  =  tmin. +  tcorrosion 

• tactual  = 47.65 mm + 2.5 mm ≈ 50 mm 

Hence, the average thickness of the penstock is assumed to be 50 mm. In addition, 

for the new penstock, the length would be as same as the length of the existing 

penstock, 582 m. Hence, the average steel volume required to construct the penstock 

can be calculated as follows: 

• Steel volume required for  the construction of new  penstock, � =
�

�
(d2� − d1�)l, 

The parameters of the equation are as follows: 

• Average inner diameter; d1 = 2.28 m 

• Average outer diameter; d2 = 2.28 m + 50 x 2 mm (d2 = d1+ 2t) 

• Penstock length;                 l = 582 m 

• Hence, �      =
�

�
�2.38� − 2.28�� x 582 = 213 m

3
 

• Steel weight = 7500 x 213 = 1597 tonnes (density of the penstock steel is 7500 kg 

/m
3
) 

• The estimated cost for the penstock = 1597 x 800 = 1278000 USD (cost of 800 

USD per tonne of penstock steel is taken) 

• Installation and other cost (200%) = 2,556,000 USD 

• The total cost for the  penstock and installation is 3,834,000 USD  

• The total cost for the penstock and installation is 490.75 million LKR. (128 LKR 

/USD is taken) 
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4.6.2. Cost of the new generator 

Generator specification 

• Turbine type               : Vertical Francis 

• Rated Speed               : 500 RPM 

• Capacity                     : 51 MVA 

• Rated Power factor    : 0.8 

• Voltage                       : 12.5 kV 

• Control and protection system is a modern PLC and relay based system. 

• Modern market values are around 1 million Euros per MVA for a generator, 

turbine and other auxiliary parts. 

• Hence, the total cost for one generator is estimated to 51 million Euros. 

• The total cost of one generator = 8670 million LKR (taking 170 LKR / Euro)  

4.6.3. Transformer cost 

• Voltage    : 12.5/132 kV 

• Capacity  : 17 MVA x 3 single phase transformers 

• Mode       : ONAF (oil natural air forced) 

• Cost         : 102 million LKR (2 million LKR / MVA taken as current market rate) 

4.6.4. Civil cost 

As a civil construction cost, constructing a new powerhouse and its elements are 

studied. As a rough cost, 125 million LKR is suggested. 

4.6.5. Plant Outage cost 

Outage of the Samanala PS is needed when the new penstock is connected to the 

surge shaft.  

• The estimated outage time is 1 month.  

• Energy loss: 30 x 850 MWh = 25.5 GWh (from past data, 850 MWh /day is taken 

for the average daily generation of the Samanala PS during dry seasons). 

• The cost of loss of energy in the outage; 25.5 x 20 x106 
= 510 million LKR (take 

the cost of loss of generation as 20 LKR /kWh)  

• Water in the Laxapana pond will be spilled during the outage period. 
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4.7. Cost-benefit Analysis for the 40.8 MW generator installation 

Cost benefit analysis is done in order to find out the viability of the modification. 

Cost benefit analysis would be as follows: 

Components                                                              Cost (million LKR) 

 • Generator and other electro mechanical cost 8670.0 

 • Operations and Maintenances cost (1% of above value) 86.7 

 • Penstock cost 490.8 

 • Civil construction cost  125.0 

 • Transformer cost 102.0 

 • Cost of maximum capacity loss of existing generators 36.7 

 • Cost of loss of generation during  outage time 510.0 

 • The estimated total cost for the completed project 10021.2 

 • Annual income 

 

310.8 

• Simple Payback Period (in years) 32.2 

 From the cost-benefit analysis, a SPP of 32 years is calculated. Nevertheless, this 

value is a higher value than the lifespan of the components. Hence, the project is not 

viable. It happened due to under utilization of the new generator. 

Plant factor of new generator = 
������ ������ ������	
�� (��)

���
��� ������ ������ ��� �� ������	�� (��)
 

                                                = 
�����

��.�×��×��� 

 = 0.062 = 6.2% 

To be precise, the plant factor of the new generator is 6.2%. That is, the generator is 

almost unutilized. Hence, in order to find the possibility to make the project viable, 

installing a generator with a smaller capacity is suggested. 

4.8. Consideration of Installing a Small-Capacity Generator 

In the previous case, a maximum flow of 692 cusecs is utilized for the new generator 

suggested, and an almost unutilized plant factor was found. Then, expecting more 

utilized generation, the flow of one third of the above value, 231 cusecs (6.54 m
3 
s

-1
), 

is randomly selected for the new generator. Then, the maximum spill water saving 

per day would be 12.6 (231 x 60 x 60 x 15.13) million cubic feet.  
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By the new generator, daily, only 12.6 million cubic feet of spill water can be used 

for hydropower generation. In this case, the rest of the spill water will spill into the 

river. 

4.9. The New Equivalent Capacity and the Cost of the Generator 

For 37.7 million cubic feet of water saving, 40.8 MW is suggested. Hence, for 12.6 

million cubic feet daily saving, the capacity can be estimated as follows: 

• Capacity = (40.8/37.7)x 12.6 = 13.6 MW; 17 MVA (considering 0.8 power factor.) 

• The generator cost = 17 million Euro ≈ 2890 million LKR (taking 170 LKR /Euro) 

 

4.10. Annual Income from the 13.6 MW-Generator 

In Appendix-II, the annual saving of spill water by the reduced-capacity generator is 

calculated, and the values are summarized in Table 12: 

Table 12: Annual saving of spill water by installing the 13.6 MW-generator 

 

 

 

 

 

For the future prediction of spill water saving by the new generator, the average 

value of the above figures, 653.73 million cubic feet per year is taken. 

• Hence, new annual generation =(653.73/12.6)x 15.13 x 13.6 MWh= 10.676 GWh 

• Annual Income (assuming 14 LKR/kWh)                              = 149.5 million LKR 

 

4.11. Plant Outage cost 

As in the previous case, for one-month outage of the Samanala PS, the cost of 510 

million LKR is taken. 

 

Year Saving  spill water volume per year by 

installing  the 13.7 MW generator (million 

Cubic feet) 

2009 727.4 

2010 971.8 

2011 262.0 
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4.12. New cost for the maximum capacity loss in the existing generators 

In order to find the new full load capacity loss in the existing generators, the current 

head-loss in the tunnel is to be decided. 

From the previous study and from estimations, 

• When the generators are run at (37.5 x 2) MW, head-loss is 15.2 m 

• When the generators are run at (37.5 x 2 + 40.8) MW, head-loss is 24.67 m 

The head-loss when the capacity of 88.7 (37.5 x 2+ 13.6) MW is being delivered can 

be found by the following known equation: 

• � � ����ℎ����� ;where ℎ��� is net head 

• � � ���� (� − ℎ����)�� where ℎ���� is head-loss and  H, gross head = ℎ��� + ℎ���� 

• � �−(Qρg)�	
�� + η�QHg 

• Y= -mX + C 

Then, for two known situations, such as the existing configuration (hloss= 15.2 m at 

75 MW) and the previous configuration (hloss= 24.67 m at 115.8 MW) is taken with 

unknown head-loss when 88.6 MW is being delivered. The unknown head-loss (H’) 

can be found as follows. 

24.67 − 15.2

115.8 − 75
=

�′ − 15.2

88.6 − 75
 

New head-loss (H’) is 18.36 m 

The new maximum capacity of the existing generators can be found by the usual 

equation, �� � ����ℎ�����. However, during the scenarios of the two-generator 

operation and the three-generator operation, for a particular generator, the effective 

change, from one situation to the other, is the head-loss difference. 

Hence,  ���	ℎ���, applying the equation for the two situations and for one existing 

generator, 

���

���

=

�����

�����

→
��.�

���

=

(���	
�.�)

(���	
�.��)
  ; 

Pg2 = 37.02 MW (new maximum capacity when new generator is run at full load) 
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Hence, 0.48 MW will be lost from each existing generator, and total of 0.96 MW will 

be lost from both generators when all the generators are run at full capacity. This will 

occur only during rainy days. During the considered three years, annual average 

hours of rainfall happened can be calculated as 904 by the data in Appendix-II. 

Hence, the loss of energy from the existing generators due to the extra head-loss 

during rainy days could be calculated as follows: 

• Annual energy loss due to extra head-loss 0.96 x 904 = 867.84 MWh 

• Taking the unit cost as 14 LKR /kWh, the cost for the capacity loss = 12.15 

million LKR 

4.13. New Costs for the New Generator and the Components 

4.13.1. Transformer cost 

• Voltage  : 12.5/132 kV 

• Capacity: 6 MVA x 3 single phase transformers 

• Mode     : ONAF 

• Cost       : 36 million LKR (2 million LKR per MVA is taken) 

4.13.2. Civil cost 

As in the former case, the rough cost of 125 million LKR is suggested. 

4.13.3. Penstock cost 

In order to get a rough estimation for the penstock to be installed, as in the previous 

case, an average diameter and average wall thickness are assumed. For the average 

flow velocity in the new penstock, the average flow velocity in the existing 

penstocks is assumed. 

• Average flow velocity in existing penstock; v = 
��

π��
�  = 

�×��.���

π×	.���
 = 4.785 m s

-1
 

• For the new generator, flow velocity in the new penstock of  4.785 m s
-1
 is taken 

• Maximum flow in the new penstock = 19.595 /3 m
3
 s

-1
 = 6.5 m

3 
s

-1
 

• The Average diameter of new penstock, Dp = 
��

π

= �� 

� � �.�

×�.��
� = 1.32 m 
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4.13.3.1. Wall thickness calculation 

Using the steps and the equations used in section 2.3.2, the wall thickness is 

calculated. 

• Penstock wave Velocity, a =   ��.�×���  
×�

������
 (same calculations as in 4.6.1.1.)  

Take t (wall thickness)                =    27.58 mm as the estimated value, then: 

• Wave Velocity in penstock ,a   =   ��.�×���  
×��.�	×����  

���×��.�	×����  ��.
�
 

• Wave Velocity in penstock , a    =    1091.74 m s
-1
 

Surge/Peak Pressure (hs) developed can be calculated as below. 

• Surge Pressure = 
�×∆�

.	�
 (m) 

Then, the total length of the penstock pipe will experience this surge pressure. 

Let ∆V = 4.78 m s
-1

 

Hence, Peak Pressure, hs  = 
1091.74×4.78

9.81
 = 580.68 m 

Then, again, the thickness can be calculated using equation below.  

• ���� =

ρ������
����

��
   (Refer the section 4.6.1.1.) 

• hmax= maximum pressure head (static + dynamic)  

However, for an average value of static pressure, the midpoint of the penstock is 

selected. Then, 118 m (half of net head) is taken as average static pressure. 

• hmax    = 118 m + 580.68 m = 698.68 m 

• tmin=  
����∗�.��∗���.��∗�.��

�∗���	���/�.

  = 27.58 mm 

Since tmin = t (estimated), initially assumed t was correct. Therefore, for the correct 

average thickness 27.58 mm is taken. For corrosion, keeping 2.5 mm, the actual 

thickness is taken as follows: 

• tactual = 27.58 mm +2.5 mm ≈30 mm 
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Hence, the average thickness of the penstock is assumed to be 30 mm. For the new 

penstock, the length would be as same as the length of existing penstock pipes, 582 

m. Hence, the average steel volume required to construct the penstock can be 

calculated as follows: 

Steel volume required for the penstocks,   � =
�

�
(d2� − d1�)l where, 

Average inner diameter; d1   = 1.32 m  

Average outer diameter; d2   = 1.32 m + 30 x 2 mm (d2 = d1+ 2t) 

Penstock length             l     = 582 m 

� =
�

�
�1.38� − 1.32��582  = 74.05 m3 

• Steel weight of the penstock = 7500 x 74.05 = 555.38 tonnes (density of the steel 

of the penstock is taken as 7500 kg /m
3
) 

• The estimated cost for the new penstock   = 555.4 x 800  = 444,300 USD (800 

USD per tonne of steel in penstock is taken) 

• Installation and other cost (200%)                = 888,600 USD 

• Total cost for the penstock and installation  = 1,332,900 USD  

• Total cost for the penstock and installation  = 170.6 million LKR (128 LKR /USD 

is taken) 

4.14. Cost-Benefit Analysis for 13.6 MW-Generator Installation 

Components, costs and income (in million LKR) are summarised below. 

• Generator and other electro-mechanical cost 2890.0  

• Operations and Maintenances cost (1% of above value) 28.9 

• Penstock cost 170.6 

• Civil construction cost  125.0 

• Transformer cost 36.0 

• Cost of maximum capacity loss of existing generators 12.2 

• Cost of loss of generation in outage time 510.0 

• Total estimated cost 3772.7 

• Annual income 149.5 

• SPP (in years) 25.2 
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According to the results, the payback period has reduced to 25 years. However, the 

modification is still not considerably viable to utilize the generator more in order to 

save the spill water that spills from the Laxapana pond. 

Plant factor of new generator =
������ ������ ������	
��

��
��������� ������ ��� �� ������	��
 

Plant factor = 10676 / (13.6 x 24 x 365) = 0.1206 = 8.9 % 

The Plant factor has now improved relative to the previous case; however, the plant 

has still not been utilized properly.  

As in the former example, the capacitance of the generator can be further reduced to 

get a more utilized generator. Nevertheless, it will reduce the saving of spill water, 

and, ultimately, it will not satisfy the necessity of saving spill water from the 

Laxapana pond. Thus, it is wiser to discover an alternative method to utilize the 

generator instead of reducing the capacity. 

4.15.  Consideration of Utilizing the Generator 

After the rehabilitation project of the NLPS, both generators are expected to run at 

110 MW or more. It is, at least, an increase of 10 MW. Hence, the water discharge 

rate of the NLPS will be 880 cusecs at full load of the generators. From the OLPS, 

water, in the rate of 500 cusecs, flows into the Laxapana pond at full load. Then, 

altogether, to the Laxapana pond, the rate of 1380 cusecs will be stored when all the 

generators are run at full load. However, the existing generators at the Samanala PS 

consume only 1250 cusecs at full load of 75 MW. Then, the difference among the 

rates of inflow and outflow, 130 cusecs, can be utilized for the new generator 

throughout the year. Then, at full load of all the generators mentioned, a stable pond 

level in the Laxapana pond can be maintained. 

Equivalent capacity for the 130 cusecs =  
����� ���� (������)

����� �	
�����	
 ���� �� ��

 �
 
�� ��
����	� (������/��)

 

                                                       =  

���

���/��.�
 = 7.65 MW 
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Hence, 7.65 MW capacity out of 13.6 MW can be utilized by keeping a stable level 

of the pond. If this capacity is used throughout the year when there is no heavy rain, 

the generator will be automatically partially utilized. For this, the cost will be the 

water in the reservoirs and the production cost only. This hydro generation can be 

used to replace costly thermal power during peak and off-peak time. 

• Assume 11 LKR /KWh as a save for unit generation of the new generator. 

• Then, the plant can generate 7.65 x 16 x 305 = 37.33 GWh (16 hours per day and 

305 days per year are assumed taking out 60 days as usual spilling days)  

• Income from running at 7.65 MW is 410.6 million LKR 

• Total annual income from the generator is (149.5 + 410.5) = 560 million LKR. 

 

4.16. Cost-benefit Analysis after the utilization 

New cost benefit analysis can be presented as follows. 

Components, costs and income (in million LKR) are summarised below. 

• Generator and other electro mechanical cost 2890.0 

• Operations and Maintenances cost (1% of above value) 28.9 

• Penstock cost 170.6 

• Civil construction cost  125.0 

• Transformer 36.0 

• Cost for maximum capacity loss of existing generators 12.2 

• Cost of loss of generation in outage time 510.0 

• The estimated total cost of the project when done 3772.7 

• Annual income 560 

• Simple Payback Period/ SPP (years) 6.7 

 

Now the payback period is reduced to 7 years and this is highly acceptable as the 

generator lifetime is more than 30 years. 

Annual minimum total generation of the generator = 10.68 GWh (saving spilling 

water) + 37.33 GWh (as a hydro plant for Peak and off-peak generation) = 48 GWh 
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Plant factor after the utilization =
������ ������ ������	
��

��
��� ������ ������ ��� �� ������	��
 

Plant factor after utilization = 48000/ (13.6 x 24 x 365) = 0.403 = 40.3 % 

Hence, the plant factor has been now increased to almost 40%, and it can be said that 

the plant is now utilized well compared to the previous situations. 

Moreover, in this section, the minimum generation of the new generator is estimated, 

and, still, the plant can generate more power and energy whenever water is available. 

Hence, the practical benefit would be much higher than estimated. Hence, installing 

the new generator of 13.6 MW is viable, and the proposal of adding another 

generator to minimize spill water is successful to a considerable extent. In addition to 

that, here, the calculations are performed exclusively for two capacities of 

generators. The capacities considered are 40.8 MW and 13.7 MW and proposed 

generator of 13.7 MW is recommended be installed. However, 13.7 MW is taken 

randomly, and it is not the optimum capacity even if the project is viable. Hence, the 

benefit can be further optimized by analysing the cost and benefit for different 

generators of different capacities. 

 

 

 

 

 

 

 

 

 

 

 




