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FOREWORD 
 
     (This Foreword is not part of the Model DPR) 
 
 
The Ministry of Non-Conventional Energy Sources, Government of India (MNES) have 
identified over 24,000 remote villages which are proposed to be electrified through small 
renewable energy sources e.g. Small Hydro Power, Biomass Gasification and Solar 
Photovoltaic Technology, so as to improve the well being of population living in the far flung 
isolated areas.  

  
To make the Remote Village Electrification (RVE) programme successful, it is necessary that 
the planning, design, execution and operation and maintenance of RVE projects is efficient 
and reliable and also economical in the long run. MNES, vide letters number 13/5/2005 – 06 
RVE dated 23.12.2005 and even number dated 09.03.2006 has asked the alternate Hydro 
Energy Centre, IIT, Roorkee (AHEC) to prepare model detailed project reports (DPRs) for the 
following four categories :  

 
1. Category “A – 1” Village with 40 households in the hilly area. 
2. Category “A – 2” Village with 40 households in the plain area. 
3. Category “B – 1” Village with 200 households in the hilly area. 
4. Category “B – 2” Village with 200 households in the plain area. 

 
The villages are to be selected from the States of Uttarakhand and Arunachal Pradesh to make 
the DPRs more versatile and practical so that these model DPRs can be used with slight site 
specific changes by even those users who may not have much technical expertise. 

 
This Document has been prepared for RVE through Hydro Electric Power Plant for the 
Category “B-1” village: Paro (Circle-Paro, District – Lower Subansiri, State – Arunachal 
Pradesh and also to serve as a Model Document recommended for use as a guide for RVE of 
similar category villages (including those ones having some variation in number of house 
holds) with plant and site specific modification. Any suggestions from institutions, 
organizations, users and interested individuals are welcome. Suggestions should be addressed 
to: 
 
 
 
 
Head, 
Alternate Hydro Energy Centre, 
Indian Institute of Technology, 
Roorkee – 247667, Uttaranchal, India. 
 
E-mail: ahec@iitr.ernet.in 
Fax: +91 – 1332 – 273517. 
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EXECUTIVE SUMMARY 

 
With the rapid changing scenario of fast depleting conventional energy sources, the future of 

conventional electric power system is getting uncertain. This has led to worldwide thrust on 

development and use of non-conventional energy sources for electric power generation and 

use. This coupled with almost no chances of extending the electric power grids to the remote 

hilly villages and particularly these located in the deep in the forest due to problems 

associated with drawing power lines though it and their O&M, use of non –conventional 

energy sources remains the only alternative for providing reliable electricity to such remote 

villages. 

 

Paro (Distt. Subansiri, Arunachal Pradesh) is a human settlement set deep in the forest having 

thickly vegetated mixed forest.  

 

Most of the village people have low income.  Micro hydro based electric power plant 

proposed for this village will be helpful for  

 

i. Improving the living conditions of the village people. 

ii. Generating new opportunities for over all upliftment  

iii. Providing light for study and promote education amongst children promising them 

better future.   

iv. Creating awareness about the renewable sources of energy and using them for enter 

premiership like micro cottage industries etc. thereby improving economic conditions. 

v.  Saving kerosene and forest wood presently being used for lighting. 

vi. Creating environmental awareness amongst the people and help control available 

destruction of the forest.  

 

The project is envisaged to be constructed in a period of 12 months from the date of singing 

the contract agreement. The proposed period takes core of the adverse conditions of monsoon 

season, transport problems and afford required time for better construction management and 

quality of works etc. 
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The economic condition of most of the villagers being low, one time contribution of Rs. 1000 

per house hold has been proposed towards initial construction of the plant (which, through, 

insignificant, will create a sense of belongingness thereby help make the scheme successful 

and send good message to other to follow suit) and a monthly payment of Rs. 60/- per month 

towards O&M (which they will be able to pay as they will have a monthly saving on cost of 

Kerosene). The balance cost of the O&M will have to be managed by the nodal agency. 

Source of funding for construction of plant and the system is proposed to be as: 

 

i. Incentive subsidy by MNES  Rs. 129.60 Lacs  

ii. Balance project cost    Rs.   12.90 Lacs 

iii. Total cost of the project   Rs. 142.50 Lacs 

 

The cost of   generation works out to Rs 2.17 per kWh and Rs. 3.25 per kWh without subsidy 

and Rs. 0.77 per kWh and Rs. 1.16 per kWh with subsidy at 90% and 60% load factor 

respectively  
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S-1  

SALIENT FEATURES  
 

I NAME OF PROJECT  : Paro Mini  Hydel Project,  
Talley Valley  

1 LOCATION  
 

  

 i. State  
ii. District 
iii. Circle  
iv. Village 
 
v. Village census code  

a. Latitude  
b. Longitude  

vi. Access  

: 
: 
: 
: 
 
: 
: 
: 

Arunachal Pradesh  
Lower Subansiri 
Paro   
Paro (Mentioned as Paro in the census 
record)  
001669100 
27029’33” 
94011’25” 
Gowahati to Itanagar (Banderdeva Check 
Gate)- 400 km by road 
Benderdeva Check Gate to Anand Tea 
Garden on NH-5 (90 km by road) 
Anand Tea Garden to Dullumukh (15 km by 
road) 
(6 months –Motorable ) 
Dullumukh to Paro Village (1 km) on foot 
with river crossing on foot. 

 

2 
 

HYDROLOGY  
 

  

 i. Name of River/Nallah  
ii. Dependable flow as 

adopted in design for 
power generation  

iii. Type of Nallah 
iv. Minimum flow  
v. Maximum flow (Flood) 
 

: 
 
: 
 
 
: 
: 

Paro 
 
0.5856 cumecs 
 
Perennial  
0.488 cumecs 
4.864 cumecs 

3 DIVERSION WEIR  
 

  

 i. Type  
ii. Shape   
iii. Length  
iv. Design discharge  
 

: 
: 
: 

Bush & Boulder  
Trapezoidal  
10 m 
4.864 cumecs 

4 INTAKE -CUM -POWER CHANNEL 
 

 

 i. Length   
ii. Shape/Material  
iii. Size  

a. Width 
b. Depth 

 
iv. Bed slope 

v. Full supply depth 
vi. Free board  
vii. Design discharge  

: 
: 
 
: 
: 
 
: 
: 
: 
: 

250 m 
Rectangular/ Stone masonry  
 
0.90 m + 0.30 ( Free Board ) 
0.45 m 
 
1 in 200 
0.45 m 
0.30 m 
0.586 cumecs 
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S-2  

viii. Free Board  
 

0.30 m  

5 
(i) 

DESILTING-CUM-FOREBAY TANK
Forebay Tank 

 

 a. Length  
b. Width 
c. Full supply depth 
d. Free board  
e. Type/material  
f. Design discharge  
 

: 
: 
: 
: 
: 
: 
: 

9.80 m 
2.50 m 
1.07 m 
0.30 m 
R.C.C. 
0.586 cumec 

(ii) Spillway  
 

  

 a. Length  
b. Width 
c. Depth  
d. Free board 
e. Type/Material  
f. Design Discharge  
g. Spillway length  
h. Head of water over crest  
 

: 
: 
: 
: 
: 
: 
: 
 

7.0 m  
2.5 m 
Total 2.5 m  
0.3 m  
RCC. 
0. 0.488 cumec 
2.30 m 
0.25 m 

6 PENSTOCK    
 

 a. Number  
b. Outer Diameter  
c. Thickness  
d. Length 
e. Design discharge  
f. Material   
 

: 
: 
: 
 
: 

1 No with bifurcation of 343mm I.D each  
492 mm  
6 mm 
230 m  
0.488 cumec 
Mild Steel  

7 POWER HOUSE    
 a. Type 

 
  
b. Size  
c. Capacity  
d. Gross head  
e. Net head  

: 
: 
: 
: 
: 
 
: 
: 

Stone Masonry with intermediate RCC. 
Pillars and C.G.l. sheet Roofing.  
 
11.0 m x 6.0 m x 4.0 m  
(Excluding office & Toilet ) 
2 x 75 kW 
56 m 
52 m (approx) 

 
8 TAIL RACE CHANNEL    

 
 a. Shape  

b. Size  
c. Length  
d. Free board                                    

: 
: 
: 
: 

Rectangular  
0.80 x 0.40 m  
25 m (Approx) 
0.20 m 
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S-3  

 

9 ELECTROMECHANICAL EQUIPMENT  
  

i. Turbine  
a. Type  
b. Number  
c. Capacity of each turbine 
d. Speed  
 

ii. Generator  
a. Type of generators  
b. Number  
c. Capacity  

 
 
: 
: 
: 
: 
 
 
: 
: 
: 

 
 
Cross flow  
2 Nos. 
75 kW 
750 rpm 
 
 
Synchronous  
2  
75 kW 0.85 PF,  50 Hz, 3 Phase  

10 POWER  :  
 

 i. Installed capacity  
ii. No. of Units generated  

a.  At 90% load factor  
                 b.  At 60% load factor  

 

: 
 
: 

2 x 75 kW  
 
1.183 Million Units  
0.788  Million Units  

11 TRANSMISSION AND DISTRIBUTION  
 

 
 

 11kV , 3 Phase  
 

: 
 

1.0 km  
 

12 ESTIMATES OF COSTS  
 

  

 i. Civil Works  
ii. Electro mechanical works  
iii. Transmission and Distribution Line 
iv. Other expenses  
a. Total Cost of project 
b. Cost per kW  
 

: 
: 
: 
: 
: 
: 

Rs. 59.73    lacs 
Rs. 64.68    lacs 
Rs.   6.00    Lacs 
Rs.  12.09   lacs  
Rs.142.50   lacs 
Rs.    0.95   lacs 
 

13. COST OF GENERATION PER kWh  
 
i.  At 90% load factor: 

a. Without subsidy 
b. With subsidy  

 

 
 
 
: 
: 
 

 
 
 
Rs. 2.17 
Rs. 0.77 
 

 ii. At 60% load factor: 
a. Without subsidy 

      b. With subsidy       

 
: 
: 

 
Rs. 3.25 
Rs. 1.16 

 



Photo-1: Village Paro is Approached on Foot by Crossing the River Dulang.

Photo-2: A View of Paro Nala.
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Photo-3 : Different Views of Houses in the Paro Village.
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Photo-4: A View of Houses on the lower Terrace in the Village Paro.
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Photo-5: Different Views of Diversion Site.
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Photo-7: Schistose Gneissic Rocks are Found in the Project Area.

Photo-6: A View of Power House Site.
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CHAPTER-1 
 

BACK GROUND AND BASIC DATA 
 

 
1.1 INTRODUCTION 

 
There is acute shortage of electric power generation in the country so much so that 

the areas already connected to the power grids are subjected to frequent power 

cuts. The available fuel resources being used for electricity generation are getting 

fast depleted. This problem and sensitivity coupled with drawing the electric power 

lines through deep forest, the cost involved in extending the power grids and cost 

and problems in O & M of the line of isolated remote villages make it almost 

impossible to make grid the electricity reach the remote villages. 
 

The economic and social conditions of the inhabitants of unelectrified remote 

villages in the Arunachal Pradesh are poor. Electricity being one of the basic 

infrastructural requirements for development and progress, the only hope in the 

above scenario is the use of renewable energy sources to generate and supply 

electricity to the remote villages. In an effort towards this end, this project has been 

conceived for immediate electrification of village Paro in the Lower Subansiri 

district of Arunachal Pradesh. Paro village falls along the border with Assam near 

Dullumukh 
 

1.2 PROJECT SPONSOR 
 

MNES, vide Letters number 13/5/2005 -06 RVE dated 23.12.2005 and even 

number dated 09.03.2006 has asked the alternate Hydro energy Centre, IIT, 

Roorkee (AHEC) to prepare model detailed project reports (DPRs) for the 

following four categories: 
 

1. Category “A-1” village with 40 households in the hilly area. 

2. Category “A-2” village with 40 households in the plain area. 

3. Category “B-1” village with 200 households in the hilly area. 

4. Category “B-2” village with 200 households in the plain area. 
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The villages are to be selected from the States of Arunachal Pradesh and 

Uttarakhand to make DPRs more versatile and practical so that these model DPRs 

can be used with slight site specific changes by even those users who may not have 

much technical expertise. 

 
MNES, GOI, is subsidizing the cost of RVE projects to large extent. The balance 

project cost is generally met by the Nodal Agency and the people of the villages. 

 
1.3 NODAL AGENCY & ASSOCIATED   ORGANIZATIONS 

 
Arunachal Renewable Energy Development Agency, Itanagar has been assigned to 

carry out development work through non-conventional sources by the Government 

of Arunachal Pradesh. For the present DPR works APEDA has been nominated as 

Nodal Agency by MNES. 

 
In identification and selection of the village to be electrified the cooperation was 

sought from department of APEDA. 

 
1.4       SELECTION OF VILLAGE FOR MODEL DPR 
 

Reconnaissance survey was undertaken to various remote villages located in the 

Lower Subansri District for selection of village(s) as per suggestion by APEDA. 

After gathering information and data, interacting with the local people and the 

village level organizations e.g Gram Panchayat, Survey and assessment of various 

aspects related to the generation of power through MHP and electrification of 

remote village, Paro was selected for preparation of Model Detailed Project 

Report. 

 
Here it is intended to electrify the remote village of Paro located deep within the 

forest along the foothills. The villagers are subjected to isolated life, having limited 

resources and access. Their income is also restricted to marginal cultivation, 

occasional labour and through poultry, piggery and other additional minor sources. 
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Due to complete absence of sources of entertainment, people have adopted to 

drinking habits (local wine) which has further deteriorated their economic status. 

 
To uplift the life of this village dominated by, backward community, it is essential 

to provide electricity so as their living standard can be raised and they can augment 

their income through tourist industry which is likely to grow rapidly after 

availability of power in the area. 

 
It is difficult to link the village through State/National grid as it will be next to 

impossible to draw the HT line through the forest area. Therefore it has become 

imperative to provide the power to this remote village through a non conventional 

source of energy. Due to availability of a stream in the surroundings of the village, 

the electrification through micro hydroelectric power has been selected for the 

village. 

 
1.5       GENERAL INFORMATION – VILLAGE PARO 
 
1.5.1 Location and Access 

 
Paro village in the Lower Subansri District of Arunachal Pradesh is a human 

settlement set deep in the foothills having thickly vegetated mixed forest. It is 

linked with Dullumukh Town through 1 km. long foot track including the river 

crossing. Dullumukh is linked with Anand Tea State through unmetalled forest 

road (15 km.). Anand Tea State is linked with Bander Deva Check Gate through all 

weather metalled road (90 km.). 

 
The nearest Railway Station North Lakhimpur is situated at about 60 km from the 

village. From Anand Tea State, jeeps can be hired up to Dullumukh which is the 

only source of communication in the area. The nearest block office is  located in 

the village itself. The nearest 11kV substation is around 28km from the village. 
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1.5.2 Socio Economic Status 
 
Paro village is dominated by backward community having 120 households 

including staff quarters and 60 offices with a population of 300. Each family 

consists of 4 to 5 members.  

 
Most of the villagers are laborers having limited resources. Main crops of the area 

are Paddy, Wheat, Jwar, Bajara, corn, potato and vegetables etc.  

 
Nearly all the inhabitants are engaged in the casual labour and to cultivation on a 

minor scale. With the provision of power in the area it is expected that in the area 

cottage industry will get a boost and people will stay in the village only. The 

expected cottage industry will be in the field of wood works, power loom, etc.  

 
Wood is used for cooking and warming proposes. The forest department is the sole 

employee in the area. In general the income of a family varies between Rs.2500.00 

to Rs 3000.00. 

 
Additional Sources of Income  

 
To augment their income most of the families keep cows, buffalos, pigs etc. People 

are fond of pets also and nearly each family keeps a dog with them.  

 
1.5.3 Education 
 

Paro village is having a primary and junior high school in village. Overall 

education level of the village as revealed by mukhia is as follows: 

 
                     Graduate              : 5 

  12th standard  : 10 

  10th standard  :  15 

  8th   standard  : 20 

  5th   standard  : 130 
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1.5.4 Health 
 

People are in general having good health. In case of illness people have to travel 

for preliminary treatment at PHC at Dullumukh. For hospital facilities they have to 

go to Kimin or North Lakhimpur.Nearly all the villagers are suffering from 

malaria. 

 
1.5.5 Roads and Transport 
 

Village is connected with Dullumukh town through 1 km. stretch of foot track in 

which river is also to be crossed on foot. Unmettaled forest road (15km) from 

Anand Tea State links the Dullumukh. Whereas Anand Tea State is linked with 

Itanagar/ Banderdeva Check Gate through NH 52 ( Lakhimpur Highway ). Regular 

buses ply on the road between Itanagar/ Banderdeva Check Gate and Anand Tea 

State. 

 
1.5.6 Electricity Availability 
 

Village is located deep in the forest, where transmission lines cannot be drawn 

through thick forests. The village is un-electrified and the possibility of getting 

power from the grids is also insignificant. Power from the bordering State of 

Assam was possible and for that local network was laid but due to some disputes 

Assam Govt. refused to supply the power. Villagers do not have any solar home 

modules. Kerosene is being used for illuminating the houses. 

 
1.5.7 Water Availability 
 

Drinking and irrigation water is drawn from the Rivers and Nalas encircling the 

village. 

 
1.5.8 Communication  

 
The village is totally isolated and is not having any mode of communication with 

the rest of the world. 
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1.5.9 Haat Market 
 

Market facilities are available at Dullumukh. 
 

1.5.10 Grazing Ground and Fodder 
 

Open grazing ground is found by the sides of the village. Fodder in the form of 

leaves and grass is also collected from the forest. 

 
1.5.11 Wood as Fuel 

 
Villagers are collecting wood from the forest and use it for cooking and warming 

in the winters. Wood logs are also collected from the forest for construction and 

repair of the houses. Villagers collect the wood in their compounds for monsoon 

and winter seasons. Cow dung from domestic cattle is used for preparation of 

organic manure. 
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CHAPTER – 2 
 

LOAD ASSESMENT/ENERGY REQUIREMENT AND 
INSTALLATION CAPACITY 

 
2.1 LOAD ASSESSMENT/ENERGY REQUIREMENT  

2.1.1 Village Lay Out and Type Of Houses  

Village Paro is situated in the foothills of Arunachal Pradesh along the border with 

Assam closed to North Lakhimpur. The houses are spread over a large area on various 

terraces of river Dulang. 

 
The houses are mostly pakka with tin roofs. Few thatches roof houses also exist. 

Nearly 110 houses are having 3 to 4 rooms and the remaining 50 houses 5 to 6 rooms. 

There are 20 Government offices also at the site. 

 

2.1.2 Use of Electricity  

 i. Domestic Use 

ii. Public Lighting 

iii. Power Supply to Government Offices 

iv. Multipurpose Uses 

v. Future Expansion 

 
2.1.3 Use Requirement 

i. Domestic Use  

a. On detailed enquiry from the local people and the officials, it was gathered that 

out of 180 houses will opt for higher load and the remaining 70 houses some what 

lower loads. The domestic load is expected to comprise 2 Nos. 11 W CFLs, 1 

Nos. 60 W bulb and loads comprising radio/T.V., Fan, heating etc. The domestic 

load is assessed to be of the order of 750 W in  case of 110 households and 500 W 

in case of 70 assessed to be as: 

 
b.  Diversity Factor is assessed to be as: 

• CFLs   : 100% 

• Other Loads : 200% 
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c. Assed Load  

• CFLs   : 2 x 11 x 180  

3960 W or 3.96 kW 

• Other Loads  : ½ [110x (750 – 22) + 70 (500-22)]W 

56.77 kW 

Total  = 3.96 + 56.77 = 60.73 kW 

= Say, 60 kW    

d. Supply Hours 

The sum sets early and the village life settles down around 21 P.M. the supply 

hours are assessed as:  

• For Lighting : 6 hours (2 hours in the morning, say : 5 to  

7 A. M. & 4 hours in the evening, say: 17.30 to 

21.30 P.M.) 

• Other Loads : 10 hours 

e. Energy Consumption per day works out as: 

• CFLs  : 3.96 x 6 kWh  =  23.76 kWh 

• Other Loads : 56.77 x 10 kWh = 567.70 kWh 

Total   = 591.46 kWh 

ii. Public Lighting  
 

The public lighting may be used for 4 hours (1 hour in the morning and 3 hours in 

the evening). The requirement is assessed below: 
 

a. No. of light points  : Upto 20 

b. Type of load   : 18 Watts CFL 

c. Lighting hours  : 4 

d. Power required : Upto 18 x 20 W  = 0.36 kW 

e. Energy Consumption : Upto 0.36 x 4 kWh = 1.44 kWh per day 

 
iii. Government Offices 

Being a Circle Head Quarter, Govt. offices at Paro village need good amount of 

electric power for office equipment, communication equipment and miscellaneous 

uses. The power requirement has been assessed as 60 kW, after taking into 

consideration a diversity factor as 150%, and the period of supply as 10 hours per 

day, the energy consumption works out as 600 kWh per day. 
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iv. Multipurpose Use 

The power may be restricted to the period beyond supply hours of above loads. 

This requirement has, therefore, not been taken in to consideration for working out 

the installation capacity of the power house. The multipurpose access may be 

restricted to about 135 kW. 
 
2.2 POWER HOUSE INSTALLATION CAPACITY  
2.2.1 Installation Capacity  

Assuming the P.H. Consumption and line losses as 10% and the future growth as 20% 

in the next 10 years, the P.H. installation capacity is worked out below: 
 

i. Domestic Load   : 60.00 kW 

ii. Public Lighting  : 0.36 kW 

iii. Future load growth   : 0.2 x 60.36 = 10.072 kW 

iv. Govt. Offices Supply  : 60.00 kW 

   Sub-Total : 132.243 kW 

v. P. H. Consumption &   : 13.432 Kw 

System Losses  

  Total    :  145.675 kW 

2.2.2 Energy Consumption/Day  

i. Domestic Load  : 591.46 kWh 

ii. Public Lighting  : 1.44 kWh 

iii. Govt. Offices   : 600.00 kWh 

iv. P.H. consumption/Losses : 0.1 x 150 = 15.00 kWh 

  Total   : 1207.90 kWh 

 
The proposed daily use requirement of Electrical Power and Energy consumption is 

tabulated below: 
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Table – 2.1: Assessed Daily Use Requirement 

 
Daily Use of 

 

Sl. 

No. 

Use 

Power (kW) Energy (kWh) 

 
1. 2. 3. 4. 

1. Domestic Use 60.00 459.46 

2. Public Lighting 0.36 1.44 

3. Govt. Offices 60.00 600.00 

 Sub –Total 120.36 192.90 

4. Further Growth 12.07 Not Added 

5. P. H. Consumption, Losses  13.24 15.00 

 Total 145.67 1207.90 

 Say 150 1208 
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CHAPTER –3 
SURVEYS AND INVESTIGATIONS 

 

3.1 RECONNAISSANCE SURVEY 
 
Identification of the scheme was undertaken after Reconnaissance Survey of the 

entire area. During reconnaissance survey approximate location for diversion site, 

Desilting tank, forebay tank & power house were identified. 

  
3.2 TOPOGRAPHICAL SURVEYS  
 

Paro Micro Hydro Electric Project is a run off- river scheme on. The water will be 

diverted from the river upstream of village Paro and conveyed to powerhouse through 

a 250 m long feeder –cum-power channel, and about 230 m long penstock. 

Preliminary survey has been carried out by the staff of AHEC,IIT Roorkee and 

APEDA Itanagar  
 

3.3 REGIONAL GEOLOGY 

 
The Crystal lines rocks consisting of biotite gneisses and quartzites are found in the 

regional area.  

 
3.4 GEOLOGY AT THE LOCATION OF CIVIL STRUCTURE  

 
Geological investigation of the proposed scheme indicates that the rocks are not 

exposed in the area. The terraces having thick soil cover is obtained in the entire area 

over which thick vegetation exists. Soil cover-consist of rounded boulders and 

pebbles set in the matrix of grit, sand and silt. 

 
The geo-morphological setup of the area and the pattern of vegetation indicate that 
the site is stable and project can be executed safely. 
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3.5 SEDIMENT (SUSPENDED & BED LOAD) INFLOW & GRAIN SIZE 

COMPOSITION 

 
The water being mostly spring water from October to April is clear in the suspended 

solids. During rains between May to September water contains sufficient amount of 

fine silt and sand.  

 
3.6 DISTRIBUTION SYSTEM & RURAL ELECTRIFICATION  

 
The entire village is having net work of distribution line, which was laid in 

anticipation of getting power supply from the Assam State. Due to a number of 

disputes in that area the supply could not be managed from the Assam area.  

 
3.7 WATER QUALITY 

 
The quality of water in the stream is good in which no organic compound mixtures. or 

harmful minerals were observed for construction purposes, penstock pipe and turbine. 

 
3.7.1 Dissolved & Suspended Materials 

 
The water of Paro Nala is slightly hard. It contains lot of suspended silt and sand 

especially during the monsoon season for which suitable desilting arrangement has 

been proposed. 

 
3.7.2 Suitability of Water  

 
Being a Hydro Project the quality of water is not so important. However, since the 

water of Paro Nala is spring water, it dose not contains organic compounds in it. 

Whereas during rainy season a fair amount of suspended material is observed this is 

found to settle down rapidly. No corrosion is expected in the penstock or turbine due 

to quality of water after removal of silt particles up to 0.25mm size and above.  
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3.8 CONSTRUCTION MATERIAL SOURCES  

Cement, reinforcement steel, structural steel, C.G.I. sheets and trusses for roof, doors 

and windows of power house can be purchased from Itanagar or North 

Lakhimpur/Guwahati. Sand, Grit, Stone and stone ballast are available in the stream. 

 

Adequate man power will be arranged for collection of sand, stone, stone ballast from 

the nearby area and buffer stock will be maintained at suitable level near the 

construction location of the various project components. The material stock site will 

be so selected that the site is well above and away from the estimated and observed 

high flood level of the river. The site should also be safe from natural drains, safe 

from scouring/flushing due to rains. Adequate buffer stock of cement and steel will be 

maintained in the site store to safe guard the supply against blockage of roads due to 

rains etc. The supply of cement and steel will be staggered as per bar chart. 
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CHAPTER-4 
 

TECHNO-ECONOMIC STUDIES  
 

4.1       PRESENT DEVELOPMENT AND EXISTING POWER FACILITIES 
  

The area is deprived of all modern development and is amongst most backward area. 

There is no existing power facility as electricity is not available near the proposed 

scheme. Presently firewood and kerosene is used for cooking and lighting while 

traditional watermills are used for grains grinding. The area has fertile terraced fields 

but with little irrigation facilities. The agricultural production is low. Each village in 

Arunachal Pradesh has a stream near by, which feed them for centuries. These 

streams are perennial, clean and silt free and almost flood free due to strong 

vegetation in catchment area. Arunachal Pradesh is bestowed with hydro energy 

abundantly by nature and is a boon for the people. Harnessing of hydro energy will 

uplift the life of the remote villages. 
 

4.2 AVAILABILITY OF DISCHARGE  
 
Discharge in Paro Nallah which is a perennial tributary of river Dulang has never 

been measured in the past. The discharge was measured by AHEC team on 3.6.06 as 

1.464 m3/sec. The lean period discharge has been taken as 40% of the measured 

discharge on 3.6.06, which is 0.5856 m3/sec. This figure has been assured on the basis 

of local information and considering the prolonged rainy season in the area. 
 

4.3 LOAD FORECAST  
 

As discussed earlier the load has been assessed as 150 kW. 
 
4.4 POWER POTENTIAL 
 

Power potential kW   =  9.81 x discharge x head x Tg ηη ×  

gη     = Efficiency of generator  = 0.86 

Tη     = Efficiency of cross flow turbine = 0.7 

Gross head  available    = 56 m  

Net head available    = 52 m  

Discharge available    = 0.5856 cumecs 

Power potential     =  9.81 x 0.5856 x 52 x 0.86 x 0.7  

   =  179.83 kW 

Power potential available is 179.83 kW against load demand of 150 kW 
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4.5 DETAILS OF VILLAGE COVERED BY THIS SCHEME 

 
Name of village    = Paro  

Distance from Power House  = 1 km 

No. of house hold   = 120 Nos. 

No. of Govt. offices    = 60 Nos. 

Population     = 500 Nos. 

 
4.6 INSTALLATION CAPACITY AND NO. OF UNITS 

 
It is evident from the power potential calculations that power potential available is 

179.83 kW. 2 Units of 75 kW each are proposed for installation to avoid total shut 

down of the plant during closure for maintenance and forced outage of one 

Generating Unit.   

 
4.7 ENERGY GENERATION 
 

90% Plant Load Factor  = 11.82 Lacs Unit 

60% Plant Load Factor  =   7.88 Lacs Unit 

 
 
 
 



AHEC/MNES/C-347/AAS/Model DPR/MHP 
 
 

16

CHAPTER - 5 
 

CIVIL WORKS 
 
5.1 GENERAL 

 
Simple and cost effective type of civil works have been planned for the scheme. The 

location of the scheme is shown in Drg. No. C-341-1.  General layout of the scheme is 

shown in Drg. C-341-2. The L-Section of water conductor system is shown in Drg. 

No. C -341-3. 

 
5.2 DIVERSION WEIR AND INTAKE  

 
A diversion structure is required across the nallah for diverting its water for power 

generation. The nallah bed consists of pebbles, gravels and boulders. The site is also 

remotely located. Keeping in view the availability of boulders etc. in abundance 

locally, the Bush & Boulder type weir is proposed to be provided to divert the water 

from nallah to intake channel. Such weirs are also suited for mountainous streams as 

they do not much interfere with the regime of the stream. It is proposed that the weir 

shall be constructed in full width of stream to avoid any restriction to flow that could 

cause an afflux. The design features of weir are as follows. 

 
(i) A Bush & boulder type weir (with height from river bed  as 950 mm & apron  

length 4750 mm) is provided across the stream for a width of 10.00 m. The 

top level of the weir is kept at EL 261.996 m. This shall ensure that the stream 

regime is not changed. This will be a overflow weir. 

(ii) The intake structure shall be provided on right side of the stream. This shall 

ensure 

passage of water (0.586 cumecs) to the intake channel (250 m long).  

(iii) The weir has been designed for a design flood of 4.464 m3/sec. The top of 

abutments and operation deck of non-overflow weir are therefore provided at 

suitable elevation. 

(iv) A vertical trash rack consisting of 12 mm x 50 mm mild steel flats at 30 mm 

clear spacing in full depth of intake channel is provided so that the entry of 

stones, boulders etc. into the weir is checked. The clogging of the trash rack is 

not envisaged for more than 50-60 percent. 



AHEC/MNES/C-347/AAS/Model DPR/MHP 
 
 

17

 

5.3 FEEDER-CUM-POWER CHANNEL  

 
The water fed from diversion weir is lead to desilting tank through a rectangular 

stone masonry channel (bed width 0.90 m x depth 0.45 mm). The channel will be 

lined by 13 mm thick plastering of cement mortar. 

 
 The channel is designed on the following criteria: 

 
(i)   To keep incoming sediment moving in the supply channel upto desilting tank, (at 

RD 250 m), the flow velocity is kept 1.452 m/s which is more than the critical 

velocity to move the particles upto 25 mm size. The slope of channel is provided 

as 1 in 200. 

(ii)   Design discharge of the intake channel is 0.586 m3/s. 

 
5.4 DESILTING-CUM-FOREBAY TANK  

 
As per site condition & requirement desilting tank and forebay is constructed 

combinally here desilting tank and forebay detail is given separately.  

  
 Desilting tank Paro Nallah carries not much appreciable quantities of coarse silt 

during rainy season. However for precaution and safe operation a desilting chamber is 

considered necessary to minimize the abrasion effect on the turbine runners. 

Consequently a desilting chamber has been proposed in order to remove sediment 

particles above 0.25 mm size. The design has been made according to CBIP 

publication No. 175, entitled “Small Hydro Stations - Standardization”. The design 

was also checked through computer programme. Wherever required the tank may be 

covered by a slab on which proper earth cover be provided to provide insulating layer 

for avoiding any chances of water freezing etc. The design features of desilting tank 

are as follows. 

 
i. The discharge outgoing from desilting tank for power generation is 0.488 cumec.  

To provide for continuous flushing of silt during monsoon periods, a provision of 

20% of design discharge i.e. 0980 cumecs has been provided. 

ii. Particles coarser than 0.25 mm size have been proposed to be trapped in the tank, 

keeping in view the turbine type proposed. 
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iii. The flow velocity has been taken 0.22 m/s. The size of tank is fixed as 9.80 m x 

2.50 m x 1.07 m (depth). 

iv. A longitudinal slope of 1:13.42 is provided in the bed of the tank accompanied 

with suitable transverse slope for smooth travel of settled sediment towards 

depressions. 

v. Suitable channel transitions of 2.40 m length in upstream are provided. 

vi. One valve has been provided at outlet for silt flushing from the desilting tank. 

The silt-ridden water is discharged back into the nallah. 

vii. Suitable protection works are proposed at the junction of channel to the river for 

disposing the silt ridden water. 

viii. Free board in desilting tank is 0.30 m is provided. 
 

5.5 FOREBAY  
 

The forebay, penstock and powerhouse are treated as an integrated unit so far as their 

location is concerned. The desilting forebay has been located on a rather flat area 

followed by the penstock provided along moderately sloping hill side leading to the 

power house on a flat terrace. The geology and terrain is favourable. The layout will 

not involve any significant excavation for the forebay. The forebay is provided to 

ensure supply of immediate water demand on starting the generating units. The 

design features of forebay tank are as follows. 
 

i.   Storage time has been kept 2 minutes as per guide lines issued by Central 

Electricity Authority-1982. Thus a storage capacity of 58.56 m3 (32.35 + 26.21 

the capacity of desilting tank) has been provided for a design discharge of 0.488 

m3/s. Accordingly, the size of tank is kept as 6.50 m x 2.50 m x 2.0 m. Suitable 

provisions are made for free board allowance of 0.30 m, silt storage allowance of 

0.20 m and allowance for water head of 0.250 m required above spillway for 

passing the discharge. 

ii.   A minimum water cover of 2.408 mm is provided over the crown of penstock 

intake from the FSL in the forebay tank to prevent any possible air entry into the 

penstock. 

iii.   A locally depressed pocket of 2.50 m x 2.50 m x 3.10 m (depth) is provided at 

the penstock intake in the forebay to reduce the structure height/its cost. 

iv.   A storage of 0.20 m (depth) is provided below the penstock invert for possible 

silt deposition which would be removed manually once a while, through a silt 
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flushing pipe. 

v.   A mild slope for the silt movement is provided in the floor towards the silt 

flushing outlet. 

vi.   The penstock intake is provided with bell mouthing to have smooth entry of 

water to reduce the entry losses.  

vii. A mild steel trash rack with racks at 30 mm clear spacing is provided at penstock 

intake to check the entry of trash into penstock. 

 
5.6 PENSTOCK 

 
Water from forebay is being taken to the powerhouse to run hydraulic turbine through 

pressurized penstock pipe running from forebay tank. The penstock pipe of mild steel 

s proposed to be erected as penstock made of other material such as R.C.C., are not 

economical for such sizes & site conditions in comparison to steel pipes. Various 

criterion adopted for penstock design are as follows 

 
i.   A steel penstock of 0.492 mm outer dia is proposed from economical point of 

view. The penstock thickness is kept as 6.0 mm.  

ii.   The optimum diameter is determined by minimizing the sum of annual loss of 

generation due to friction and annual working cost including interest on capital 

loan, depreciation, O&M charges. This diameter will develop maximum 

velocity in the penstock. 

iii.   The design head for the penstock pipe is about 56 m plus 50% for water hammer 

pressure. 

iv.   The penstock is proposed to be partially buried in the ground for about 1.0 m 

with earth / muck cover over it. 

v.   The penstock intake is provided with bell mouthing to have smooth entry of 

water. 

vi.   A gate valve of 492 NB is proposed near the penstock intake to control the flow 

in penstock. 

vii. A trash rack before the bell mouthing is provided for preventing entry of trash in 

the penstock. 

viii. An air vent tube of 50 mm dia is provided just downstream of penstock intake to 

release the air if entered into penstock. 
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5.7 SPILLWAY AND SPILLWAY CHANNEL 
 

To allow the water to escape from forebay tank in case of emergency shut down of 

the machines, spillway is provided in the upstream of forebay tank to divert the water 

into the nallah through a monsoon drain already existing on site which meets the 

Nallah. The area has exposed rocks and energy dissipation would be easily done. The 

design details of spillway are as follows. 

i. The spillway is designed for the flow of 0.488 cumecs discharge i.e. discharge 

coming from the feeder channel power channel minus 20% for flushing conduct. 

 
ii. The length of spillway is kept as 2.30 m. The depth of water (head over spill 

way crest) required to pass the discharge is determined as 0.25 m.  

 
iii.  The spill channel will be in a slope of 1:100 the total length of channel upto 

drain has been taken as 50 m with size 800 m x 400 m with a free board of     

200 mm. 

 
5.8  POWER HOUSE BUILDING  
 

Powerhouse building is a simple structure housing the generating units, auxiliary 

equipment, control panels and suitable outlet for tail water discharge. The main 

features of the powerhouse building are as follows. 
 

i. The building of size 11.0 m x 6.0 x 4.0 m in plan is provided to accommodate 2 

Nos. turbine of 75 kW control panels, auxiliary equipments etc. (with out office 

& toilet) 

ii. The height of the building is kept 4.00 m including the provision of crane to 

facilitate handling of equipment during erection and maintenance. The power 

house building may be partly below the ground level in order to provide proper 

insulation from ground. 

iii. Walls of the building are made of stone masonry with R.C.C. columns running 

in between the walls as shown in the drawing. 

iv. A H.O.T. Crane of 5 ton capacity is provided to facilitate the handling of 

equipment over rails supported on R.C.C. columns. 

v. Stop logs are provided at the tail race channel outside power house building. 

vi. A trench of 0.3 m x 0.3 m with slope I in 100 for drainage may be provided 

around the power house building discharging into tail race channel. 



AHEC/MNES/C-347/AAS/Model DPR/MHP 
 
 

21

vii. Machine foundation has been provided as block foundation of reinforced cement 

concrete of M 20 for these reciprocating machines. 

viii. The floor of power house building is provided at an elevation of 204.00 m which 

is well above the highest flood level of Pongte River. 

ix. Thermocol false ceiling in roof and wooden floor shall be provided in order to 

provide thermal insulation to the power house building. 

x. All the windows and ventilators be provided on southern side in order to arrest 

maximum sun rays. 

5.9 TAIL RACE CHANNEL  

 
Turbine discharge shall be disposed off to river through the tail race channel. A 

combined pool is provided outside of the powerhouse to collect the discharge from 

independent units from where an open channel takes off and disposes the water to 

river located nearby. The width of channel after the pool is 0.80 meter with a depth of 

water as 0.40 m and free board 0.20 m. The length of tail race channel is 

approximately 25 meter and channel is provided with the slope suitable to the terrain. 

The channel is proposed to be constructed in stone masonry. At the end of channel, 

where it joins with river protection works have been provided consisting of boulders 

in crates. 

 
5.10 APPROACH ROAD 

 
A suitable approach road (2 km) is envisaged to reach powerhouse area and for 

transportation of equipment to the powerhouse.  
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CHAPTER –6 

 
ELECTRO MECHANICAL WORKS 

6.1 GENERAL  
 
Based on Techno-Economic studies and choice of the scheme, selection of 

electromechanical equipment has been worked out as discussed here.  

 
6.2 CHOICE TURBINE  

6.2.1 Application Range for Various Type of Turbines  
 

The various types of turbines available for the available head (52m) and their specific 
speeds are given in the Table-6.1 below: 

 
Table- 6.1: Parameter Applicable for Various Types of Hydro Turbines  

 
Head Application (m) S. 

No. 
Type of Turbine Specific Speed

Min. Max. 
1 2 3 4 5 

1. 
 
i. 

Reaction (Francis; mixed flow 
turbine) 
Francis (horizontal, vertical) 

 

80-400 
 

 

 
 

10 

 
 
250 

2. 
 
i. 
 
ii. 
 
iii. 

Impulse Type Turbine 
 
Pelton wheel 
 
Turgo Impulse (inclined Pelton) 
 
Cross flow 

 
 
12-30 
 
20-70 
 
20-100 

 
 

100 
 

40 
 
1 

 
 
500 

 
200 

 
200 

 

6.2.2 Choice  

For net head 52.0 m the choice for turbine is Francis or impulse or cross flow. 

i. Francis Turbine  

 Ns    = 4/5H
Pn  

Where P   =  Turbine out put in metric H.P.  = 
736.0

75kW  

 H   = Net Head     = 52.0 m  

 n   = Speed of turbine  

 ng   = efficiency of generator   = 0.86 
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 ns   = 
( ) 4/50.52

736.086.0
75
×

n
 

    = n x .0779   

Trial Specific Speed   = 
0.52

1553     to   
0.52

2334  

  = 215.36   to  323.66 

Trial Speed    = 
0779.0

36.215   to   
0779.0

66.323  

  = 2764.6 rpm     4154.80 rpm 

The trail speed is very high, hence Francis turbine is not suitable. The choice therefore goes 

to Turgo Impulse or Cross Flow type turbine. 

 
ii. Turgo Impulse Turbine  

Discharge  = 
82.086.00.5281.9

75
×××

kW  = 0.208 m3/s 

Absolute velocity of water C1 = Kc gH2  

= 0.5281.9298.0 ××  cumecs 

= 31.30 cumecs 

Optimal Jet diameter d = 
1

4
C
Q

π
 

= 
30.31

208.04
×
×

π
 

= 0.0919 m 

= 92.0 mm 

Optimal peripheral velocity, 1μ  = Kμ gH2  

Where Kμ is a coefficient,   =  (Kμ  = 0.46, 0.46 ------0.49) 

  1μ    = 5281.9249.0 ××  

= 15.651m/s 

Pitch Circle Diameter D  = 
gn

T
π
μ ×× 160  

T    = Transmission Ratio 

= 
TurbineofSpeed

GeneratorofSpeed
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gn     = Speed of Generator  

D    = 
gnπ

1651.1560 ××  = 
gn
79.298  

 
gn  = 1500    D  = 199.0 mm 

gn  = 1000    D  = 298.0 mm 

gn  = 750    D  = 398.0  mm 

gn  = 600    D  = 498.0 mm 

Table – 6.2: Parameters of Turbine Corresponding to Jet Diameter of 92 mm 

Sl. 
No. 

Speed (ng) 
rpm 

Jet Diameter (d) 
mm 

Pitch Circle Diameter 
(D)  
mm 

No of Buckets 

d
D

2
π

 

1 2 3 4 5 
1. 1500 92 199.0 3.39 
2. 1000 92 298.0 5.06 
3. 750 92 398.0 6.78 
4. 600 92 498.0 8.45 

 

Since the minimum number of buckets should be at least 16, the turbine should have 
more than one jet, maximum 6 jets.  

Adopting maximum six jets. 

Jet diameter, d    = 
1

4
C
Q

π
 

= 
36.316

208.04
××

×
π

 

= 0.0375 m 
= 37.0 mm 

Table 6.3: Parameter of Turbine for Jet Diameter of 37 mm 
 

Sl. 
No. 

Speed (ng) 
rpm 

Jet Diameter (d) 
mm 

Pitch Circle Diameter 
D  

mm 

No of Buckets 

d
D

2
π

 

1 2 3 4 5 
1. 1500 37 199.0 8.45 
2. 1000 37 298.0 12.65 
3. 750 37 398.0 16.90 
4. 600 37 498.0 21.15 

 

Normal standard generators are manufactured for 750 rpm and 1000 rpm.  There fore Turgo 
implule turbine of 750 rpm is suitable. The no of buckets cannot be in fraction. The jet 
diameter is selected for 18 buckets.  

Jet diameter for 18 buckets   =  
18

379.16 ×  mm 

     =  34.73mm 
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a. Design Parameter to be Adopted 
 
For Turgo impulse turbine. 
 
Pitch circle diameter    = 398.0 as per design 

= 400 mm as adopted 
Jet diameter    = 34.73 mm 
No of Nozzles    = 6 
No of buckets    = 18 
Bucket height (h)   = (2.10 ----------2.7) d 

= 2.5 x 34.73 
= 86.825mm 

Outside dia of runner    = D + 1.2 h 
= 400.00 + 1.20 x 86.825 
= 504.19 

Bucket width    = (2.50-----3.20) d 
= 2.80 x 34.73 
= 97.24mm 

Specific speed, ns   = 4/5H
Pn   

= 750 x 0.0779 
= 58.425 

b. Features  
 

A Turgo Impulse turbine is a high capacity, medium head, free jet impulse turbine. Its 

very large jet of water impinging on runner of small diameter gives the turbine a very 

high specific speed. For a given head and output, the Turgo Impulse wheel will run 

faster than the more complicated double jet Pelton wheel. In Turgo Impulse turbine 

also, a jet of water enters the runner at one side and discharges at the opposite side 

falling by gravity in the tailrace as in case of Pelton wheel. This is easy to govern and 

may be looked upon as the simplest and reliable type of impulse turbine. 

 
An impulse turbine is one having one or more free jets discharging into an aerated 

space and impinging on the buckets of a runner. Efficiencies are often 90% and 

above. In general, an impulse turbine will not be competitive in cost with a reaction 

turbine in overlapping range. However, certain hydraulic conditions or surge 

protection requirements may warrant investigation into the suitability of an impulse 

turbine in the overlapping head. 

 
Single nozzle impulse turbines have a very flat efficiency curve and may be operated 

down to loads of 20% of rated capacity with good efficiency. For multi-nozzle units, 

the range is even broader because the number of operating jets can be varied. The 
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efficiency of Pelton Turbine is 90% for a load variation from 40% to 100% and 85% 

at 20% load. 

 
Control of the turbine is maintained by hydraulically operated needle nozzles in each 

jet. In addition, a jet deflector is provided for emergency shut-down. The deflector 

diverts the water jet from the buckets to the wall of the pit liner. This features 

provides surge protection for the penstock without the need for a pressure valve 

because load can be rapidly removed from the generator without changing the flow 

rate. 

 
Control of the turbine may also be accomplished by the deflector alone. On these 

units the needles nozzle is manually operated and the deflector diverts a portion of the 

jet for lower loads. This method is less efficient and normally used for speed 

regulation of the turbine under constant load. 

 
Runner on the modern impulse turbine is a one-piece casting. Runners with 

individually attached buckets have proved to be less dependable and, on occasion, 

have broken away from the wheel causing severe damage to powerhouse. Integral cast 

runners are difficult to cast, costly and require long delivery times. However, 

maintenance cost for an impulse turbines are less than for a reaction turbine as they 

are free of cavitations problems. Excessive silt or sand in the water however, will 

cause more wear on the runner of an impulse turbine than on the runner of most 

reaction turbines. 

 
Draft tubes are not required for impulse turbines. The runner must be located above 

maximum tail water to permit operation at atmospheric pressure. This requirement 

causes an additional head loss for an impulse turbine not required by a reaction 

turbine. 

 
Impulse turbines may be mounted horizontally or vertically. The additional floor 

space required for the horizontal setting can be compensated for by lower generator 

cost on single nozzle unit in the lower capacity sizes. Vertical units require less floor 

space and are often used for large capacity multi-nozzle units. 
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iii. Cross Flow Turbine 
 
Velocity of water before entering runner 

V     = gH298.0  

= 0.5281.9298.0 ××  

= 31.30 m/s 

Peripheral velocity of wheel, μ  = 0.50 x V Cos α  

α     = Angle between V with the tangent to periphery= 160 

= 0.50 x 31.30 cos 160  

= 15.044 m/s 

Peripheral Velocity, μ   = 
60
Dnπ  

Where, D    = Diameter of runner 

n    = Speed in rpm 

60
Dnπ     = 15.044 

D    = 
n×

×
π

044.1560  

= 
n

22.287  

When Speed, n   = 750 rpm 

D    = 282.96 mm (Say, 385 mm) 

Direct formula for diameter is also given below. 
 

Diameter of runner (D)  = 
n

H819.39  

= 
750

0.52819.39  

= 383 mm 
Width of rotor B0 is given by the equation 

Q    = 0
00

360

2 απφ SinghDB
 

0φ     = Admission arc angle = 900-1200 

H    = Net head 

Q    = Discharge  = 
70.086.00.5281.9

75
×××

kW   

= 0.244 m3/s  
α     = Angle between absolute velocity water before  
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entering runner with the tangent to the periphery 
of runner  

= 160 
Adopting 0φ    = 1200 

Q    = 1.2787 b0 D H  
0.233    = 1.2787 b 0.385 0.52  
b0    = 656 mm 

Say   = 660 mm  
 

a. Parameters of Cross Flow Turbine 

 
Diameter of runner  = 354 mm 

Width of runner   = 660 mm 

Speed    = 750 rpm 

Specific speed   = 58.42 rpm 

 
b.  Features  

 
A cross flow turbine may best be described as an impulse type turbine with partial air 

admission. This type of turbine is offered by Ossgerger Turbine Fabrick Co of 

Wessenburg, Germany and has the name “Ossberger Turbine. 

 
Performance characteristics of this turbine are similar to an impulse turbine, and 

consist of a flat efficiency curve over a wide range of flow and head conditions. The 

wide range is accomplished by use of a guide vane at the entrance which directs the 

flow to a limited portion of the runner depending on the flow. This operation is 

similar to operation of multi-jet impulse turbine. 

 
Peak efficiency of the Cross Flow turbine is less than that of other turbine types. 

Guaranteed maximum efficiency of foreign make is 83 percent. The efficiency of 

Indigenous cross flow turbine is 70%-72%. 

 
At the present time the largest size runner produced by cross flow is 4 feet in 

diameter. This limits the unit capacity but multi-unit installations are often used. 

Allowable heads range from 20 to 600 feet.  

 
Cross flow turbines are equipped with a conical draft tube creating a pressure below 

atmosphere in the turbine chamber. Therefore the difference between the turbine 

centerline elevation and the tail water is not lost to a Cross Flow Turbines as is the 
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case for an impulse turbine. Air is admitted into the chamber through an adjustable air 

inlet valve used to control the pressure. 

 
Cross Flow turbines are free from cavitation, but are susceptible to wear when 

excessive silt or sand particles are in the water. Runners are self-cleaning and, in 

general, maintenance is less complex than of the other types of turbine. 

Floor space requirements are more than for the other turbine types, but a less complex 

structure is required and a savings in cost might be realized. 

 
The turbine shall be capable to with stand runway speed continuously without any 

detrimental effect. 

 
The speed of turbines have been selected 750 rpm because a 750 rpm generator 

coupled with turbine will have 8 poles resulting more uniform distribution of 

magnetic flux and hence less distortion of sinusoidal wave form. Further the vibration, 

wear and tear in bearings and other moving parts will be less in comparison to 1000 

rpm or 1500 rpm turbine-generator set.  

 
From the above discussion, it is apparent that Francis turbine is not suitable. Turgo 

Impulse or Cross Flow Turbines both are suitable for this scheme. There are very 

limited indigenous manufacturer to supply Turgo Impulse turbine in Micro range. The 

design of cross flow turbine is very simple and is manufactured in India by several 

manufacturer but its efficiency is very low. The maintenance of cross flow turbine is 

less complex and cheap than for other type of turbine. A less complex civil structure 

is required in cross flow turbine and saving in cost may be realized. In view of above, 

cross flow turbine is preferred for this scheme. The turbine shall be capable to supply 

10% continuous over load.  

 
The most suitable type of turbine and layout, to the site, however shall depend upon 

the actual tendering of the equipment. The selection for the turbine is recommended 

on the basis of cost of turbine and associated civil structure and over all efficient and 

operating range.  

 
In view of above discussions, 2 Units, each of 75 kW capacity, consisting of Cross 

Flow turbine with Synchronous Generator, Electrical Control, Protection and 

metering equipment are recommended for installation here. 
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6.3 SYNCHRONOUS GENERATOR  
 

Horizontal synchronous generator of 75 kW at 415 V, 0.85 PF, 3 Phase A.C., 50 Hz, 

750 rpm, natural air-cooled self ventilated with brush less excitation will be used. The 

generator shall be capable of delivering 10% continuous over load. The generator 

shall be star connected complete with stator, rotor, bearings, stator temperature 

detector, oil coolers for bearings, brush less excitation system comprising high 

frequency generator, diode wheel, AVR and protection equipment. 

 
The generator shall be designed to with stand the runway speed of the turbine 

continuously without any detrimental effect. The generator shall be able to operate in 

parallel with other generator and with grid also. The generator stator and rotor shall 

have class F insulation and designed for continuous operation at 10% over load with 

screen-protected enclosure. The generators are designed to conform to IS 

4722/2001/IEC-34/BS 4999. 

 
The six terminals from three main windings shall be brought out to the terminal box. 

The generator neutral shall be directly connected to earth through earthing link. The 

generator shall be capable to operate with either leading or lagging power factor by 

control of excitation. The power factor commonly ranges between 0.85 and 0.95. 
 
The synchronous generator will be capable to establish its own operating voltage and 

maintain frequency while operated isolated. Thus if interconnection to the power 

system is severed, the generator may continue supplying the station and local load.  

  
6.4 GOVERNOR  

Each Turbine shall be equipped with suitable non flow control digital shunt load 

governor (electronic load controller), which switches/adjust load so as to match 

available generation. 

Digital shunt load governor shall be digitally controlled (Mini Processor Based 

Controlled) electronic governor for following control. 

 
i. Speed Control 

ii. Unit Control 

iii. Suitability for Isolated Operation 

iv. Suitability for Parallel operation 

v. Suitability for Grid Operation 
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The governor controls the out put load only. Standard controllable load (like Water 

Heater) shall be provided along with governing system. The load on the machine will 

be maintained constant using these loads in such a way, so that user gets stable 

voltage and frequency. The governor shall be of proven design, capable of 

maintaining control of speed under all conditions of head, discharge and load.  

Parallel operation with grid is achieved by dead band in ELC operation between 48.5 

Hz & 51.5 Hz frequency. Time delayed over speed protection is provided for inlet 

valve closing. 

 
6.5 MAIN INLET VALVE  

 
The main inlet valve of the turbine shall be butterfly/other type for connecting to 

penstock. The valve shall be suitable for slow opening and closing so as to avoid 

water hammer pressure rise/drop in the penstock and control of unit by electronic load 

controller. The valve shall be manually/geared motor opened and closed if required by 

counter weight, so that it is capable of being closed under all emergencies. The valve 

shall close automatically under normal and emergency shut down conditions. The 

valve shall be complete with inlet pipe, outlet pipe with dismantling joint, by pass 

arrangement if required for equalization of pressure on either side of the valve etc.     
 

 The valve shall meet all requirements specified in IS 7326-1902. The main inlet 

valve for each unit shall be suitable for penstock outer diameter.  

 
6.6 ELECTRICAL CONTROL, PROTECTION AND METERING SYSTEM  

6.6.1 Control System 
 

Microprocessor based automation systems for the governing and control of power plant will 

be adopted. The complete metering and protection scheme is shown in drawing No. E-347-1. 

 
6.6.2 Protection  

 
The following protection will be provided by using integrated numerical generator 

protection relay on generator. 

 
i. Generator  

Following electrical protections are recommended for use here. 

a. IDMT Over Current and Instanteous over current in stator (50/51) 

b. Stator earth fault relay  
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c. Phase unbalance relay 

d. Generator Reverse Power Protection  

e. Over speed electrical / Mech. 

f. Over Voltage and Under voltage Protection 

 
 Following Mechanical Protections are proposed to be provided here.  

 
a. RTD (PT – 100) in stator core and in bearing for indication, alarm, recording and 

shutdown of the unit, for stator and bearing temperature control. 

b. Governor oil pressure low. 

c. Over speed for normal and emergency shutdown. 

ii. Generator-Transformer  
 

a. Over current protection with high set unit on 415V side (50,51)  

b. Stand by earth fault protection (64S) on 11 kV side. 

c. Oil temperature high Alarm/Trip (OT) 

d. Winding temperature high Alarm/Trip (WT) 

e. Bucholz Relay – Alarm/Trip (B) 
  

6.6.3 Metering System 
 

The power generated shall be metered at generator terminal through metering CT and 

PT. The power transferred to 11 kV Feeder shall also be metered through CTs and PT. 

Following metering instruments shall be provided on relevant panels. 
 

a. kW Meter 

b. kWh Meter 

c. kV Meter 

d. Ampere Meter 

e. PF Meter 

f. Frequency/Speed Meter 

g. Temperature Meter (only on generator panels) 
 

6.6.4 CT for Generator (6 Nos.) 

 
a.   150/5, 5P10, 15 VA, 1.1 kV for protection 

b.   150/5 class ‘0.5’, 15 VA, 1.1 kV for metering 
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6.6.5 PT for Generator (6 Nos.) 
 

 
3

415V
/ 

3
110V

 class ‘0.2’, 100 VA 1.1 kV for metering, protection and synchronizing. 

 
6.6.6 Generator Breakers (2 Nos.) 
 

1.1 kV 200 Amps, 10 kA for one second, shunt release Indoor type ACB/MCCB will be 

used. The control switches, terminal boards, indicating instruments will also be provided 

on this panel. It will be equipped with electrically and manually operated mechanism. It 

shall also have trip free mechanism. 

 
6.6.7 Transformer Breaker (415 Volt Side, 1 No.) 

 
1.1 kV 400 Amps 10 kA for one second, shunt release Indoor type ACB/MCCB will be 

used. The breaker shall be complete with protective CTs, protection relays, control 

switches, terminal boards, indicating instruments etc. It will be equipped with electrically 

and manually operated mechanism and trip free mechanism. 

 
6.6.8 CTs for Transformer Breaker (415 V side, 3 Nos.) 

 
 300/5 5P10 15 VA 1.1 kV for protection  

 300/5, class 0.5, 15 VA, 1.1 kV for metering  

 
6.6.9 PTS for Synchronizing (1No.) 
 

 
3

110/
3

415 VV  class 0.5 100 VA 

 

6.6.10 Generator Transformer (1 No.) 
 

250 kVA, 415V/11 kV, Yn d 11, 50 Hz, three phase, oil immersed, off load tap 

changer on H V side (+ 2.5% to – 7.5 % in step of 2.5%), ONAN cooling suitable for 

out door mounting. 

 
6.6.11 11 kV Feeder Circuit Breaker  
 

400 A, 8 kA, 12 kV vacuum circuit breaker indoor type, complete with CTs, PTs, 

control switches, terminal board, indicating measuring instrument, relays etc. It will 

be equipped with electrical and manually operated mechanism. It shall have trip free 

mechanism. 
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6.6.12 CTs for 11 kV Feeder  
 
 20/5 15 VA 5P10 12 kV for protection  
 20/5 15 VA class 5, 12 kV for metering  
 
6.6.13 VTS for 11 kV Feeder  
 

 
3

110/
3

11 VkV 100 VA class 5 for metering and class 3 P for protection  

 

6.7 STATION AUXILIARIES  

6.7.1 Mechanical Auxiliaries   

i. Cooling Water System 

ii. Fire Fighting System 

iii. Ventilation system 

6.7.2 Electrical Auxiliaries 
 

i. 24 V Batteries /Charger/DB. 

ii. Switchyard 

iii.  Earthing System 

iv. Power and Control Cables 

v. Station service board 

vi. Lighting System   

vii. Chain pulley block/Turfer  

 
6.7.3 Cooling Water System  

 

Suitable provision for providing cooling water for the bearings of turbine shall be 

made. The water should be free from silt and other suspended particles. If quality of 

water is not proper, a separate water storage tank may be provided. The tank be filled 

with forebay water through motor pump. A suitable control system is to be developed 

so that motor is operated on predetermined water level for filling the tank. Suitable 

strainers may also be provided for removing suspended particles. Alternatively, 

desilting arrangement may be provided in this tank.   

 
6.7.4 Fire Protection System  

 
 

Portable fire extinguishers are used for protection against fire in Micro Hydro Power 

Station. The portable fire extinguishers are of following types. 
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i. Soda Acid Type 

ii. Foam Type 

iii. Dry Powder Type 

iv. Carbon Tetrachloride (CTC) Type 

v. Carbon Dioxide Type 

 
Soda Acid Type extinguishers is suitable only for Class ‘A’ fire i.e. fire in ordinary 

combustible material such as wood, paper etc. It is used in office areas. 

 
Foam Type is suitable for oil fires (Class ‘B’ fires). Soda Acid and foam type are not 

suitable for electrical fire.  

Dry powder type, CTC and CO2 type extinguishers are suitable for class A and B as 

well as class C (Electrical Apparatus) fire and should be provided in adequate 

quantities in areas housing electrical apparatus. 
 

Portable CO2 fire extinguishers will be put up for general use. Portable foam type for 

oil fire. Dry powder type will also be provided for electrical equipment. The fire 

extinguishers of appropriate capacity will be provided. This system of fire protection 

is proposed since the power station is small. Elaborate CO2 protection has not been 

considered necessary as these generators being of open ventilation and the ventilating 

air being drawn from both the ends of the generators and is discharged at the top of 

the machine. Two Nos. portable CO2, two Nos. portable foam type, 2 Nos. dry power 

type each of 9/10 kg capacity will be sufficient for the power house. 2 sets, each 

containing 6 buckets filled with clean dry sand and water will also be kept, one in 

erection bay and another in switchyard.  

 
6.7.5 Ventilation System 
 

Natural ventilation system will be used for this powerhouse. Natural ventilation 

means ventilation by providing adequate size of windows and ventilators. The object 

of providing windows and ventilators is two fold i.e. to get fresh air and light. The 

area of windows and ventilators to be provided in powerhouse shall be one-fifth of the 

floor area. Efforts should be made to develop cross ventilation. The air intake should 

be at least 1.25 m above ground or deck level to reduce dust intake. The ventilators 

should be fixed as high as possible for proper expulsion of warm air.   
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6.7.6 Station Battery, Charger and DC Distribution Board   

 
24 Volt 100 AH, nickel cadmium batteries high discharge type complete with stands, 

insulator, inter cell connector with float and boost charger and D.C. distribution board 

shall be required for control and protection system, D.C. emergency lighting of power 

house and tripping and closing coils of 415 V and 11 kV switchgear, field circuit 

breaker of generator etc. The charger will be automatic voltage regulated, static type 

full wave complete with filters, rectifier, AVR, Voltmeter, moulded case circuit 

breaker, miniature circuit breaker, fuses etc. The battery shall be open type single cell 

construction. The capacity will however be designed taking into consideration of 

various load of powerhouse.  

 

6.7.7   415 Volt Station Service Board (1 No.) 

 
The 415 Volts station service board is required for distribution of power at 415/240 

Volts, 3 Phase, 4 wires 50 c/s to various auxiliaries of two number generating units 

and station auxiliaries of powerhouse. The source of power supply to station service 

board is 415 V, 3φ , 4 wires, 50 c/s supply from main generator bus through 15 kVA 

415V/415V Isolating transformer and 10 x VADG set. MCCB and MCB used in 

station service board will be rated for 10 KA short-circuit with stand capacity for one 

second.  

 
6.7.8 Lighting System 

The complete powerhouse, appurtenant works and switchyard shall be adequately 

illuminated as per relevant norms. The system shall include lighting fixtures, 

distribution boards, lighting board, junction boxes, switchboard, cable wire conduits, 

poles etc. Following illumination levels are to be observed. 

 
Machine Hall   200 Lux 

Control Room   300 Lux 

Office    300 Lux 

Battery Room   100 Lux 

Switch yard     50 Lux 
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6.7.9 Chain Pulley block (Tripod, 1 No.) 
 

 

For erection and subsequent maintenance of the turbine/ generating units as well as 

for handling other equipment, Chain Pulley Block of 1 Tonnes capacity shall be 

required. This will handle all the equipment inside and outside powerhouse machine 

hall. The cost has been included with the cost of main plant. 
 

6.8 SWITCH YARD  
 

 

Consideration for Switchyard layout shall be simplicity in layout, closeness to 

generating station, following standard REC layouts, conformity of equipment fully to 

Indian Standards and as far as possible to REC standards, easy in operation, reliability 

in power supply and economy in cost in order to sell power at a reasonable rate to 

consumers. Safety considerations are of paramount importance and suitable 

clearances are to be provided. Fencing is to be provided around the switch yard to 

make it accessible to only authorized persons. All the following equipment shall be 

provided in the switchyard with structures and proper Earthing.  
 

i. 250 kVA 415 V/ 11 kV Step up transformer (1 No.) 

ii. 11 kV Line isolator with earthing blade (2 No.) 

iii. 11 kV Lightning arrestors (6 Nos.) 

iv. Switchyard structures for 11 kV system 

v. Pale fence etc. 

 
6.8.1   11 kV Isolator (1 No.) 

 
12 kV 400A 8.0 KA for one second, triple pole, suitable for outdoor installation, 

manually operable will be used. 
 

6.8.2  11 kV Lightning Arrestor ( 1 Set each of 3 Nos.) 
 

9 kV, 5 kA heavy-duty non-linear resistance, metal oxide type gapless lightning 

arrestor will be used. The lightning arrestor will be self-supporting type in single pole 

assembly suitable for outdoor mounting on 11 kV isolator. 

 

6.8.3  Earthing  
 

Suitable provision has been made for Earthing all the electrical equipment, 

powerhouse and switchyard etc. as per I.E rules. A proper Earthing network will be 

designed to provide full protection to equipment and working persons against step 
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potential and touch potential due to short-circuiting and other faults. The resistance of 

earthing network shall be less than 1 Ohm for the switchyard and for the powerhouse. 

 
6.9 POWER AND CONTROL CABLES  

 
i. 1.1 kV x 185 Sq. mm single core Alluminium conductor HRPVC insulated 

armoured. FRLS cable to connect generator terminals to 415 V Generator bus. 

 
ii. 1.1 kV x 2 R x 185 sq. mm single core aluminum conductor HRPVC insulated  

armuored FRLS cable to connect generator bus to main transformer.  

iii. 11 kV 25 sq mm 3.0 cores aluminum conductor HR XLPE insulated armoured 

FRLS cable to connect 250 kVA 415 V/11 kV transformer to 11 kV bus  

vacuum circuit  breaker and VCB to 11 kV isolator. . 

iv. Multi core 2.5/4.0 mm aluminum conductor PVC insulated FRLS armoured  

control cable will be used for CT, control and protection circuit. 

 

6.10 POWER EVACUATION  

 
 

The power generated will be stepped upto 11 kV through 1 No. 250 kVA, 415V/11 

kV step up transformer and shall be delivered to Paro town through 11 kV lines. The 

11 kV lines will be constructed on steel tubular pole (410 – SP – 21) by AAAC 7/2.00 

mm conductor (revised squirrel equivalent). A provision of 1 km 11 kV lines have 

been made in the project report.  

 
The distribution of power at 415/220 Volts will be done by 2 Nos. step down 125 

kVA 11 kV/415V transformers and through L.T. Lines.  The L.T. lines are already 

existing in the town.  
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CHAPTER -7 

COST ESTIMATES 
7.1 GENERAL  

 
Cost of the scheme is worked out in sufficient details so as to arrive at realistic cost 

estimate. The estimates for Civil Works have been prepared in Annexure-III. The basis of 

working out cost as below: 

 
i. Rates for various components of civil structures have been adopted as given in the 

schedule of current rates published by Department of power. Govt. of Arunachal 

Pradesh, price obtained from manufactures for the items which are not included in 

the schedule. 

ii. Provisions made for  

a. Establishment charges at the rate of 2% of the cost of works. 

b. Audit and accounts charges at the rate of 1% of the cost of works. 

c. Losses on stock at the rate of 0.25% of the cost of works. 

iii. Cost of electromechanical units including generators, control panels etc. is based 

on budgetary price quoted by several manufacturers in the country. Cost of other 

equipment such as switchyard equipment, chain pulley block, ventilation system 

equipment etc. are based on local inquiry from equipment manufactures. 

iv. Duties, taxes, freight and insurance charges have been included in the cost of 

electro-mechanical equipment. The estimates include inspection, erection and 

commissioning charges, losses on stock and maintenance during construction. 

7.2 ABSTRACT OF COST  

Abstract of item wise cost of civil and electromechanical work is available in Table-7.1. 

The estimated total cost of the project is Rs. 142.50 lacs with transmission line. The cost 

of installation works out to be Rs. 0.95 lacs per kW. 



Sl. Item Cost 
No. (Rs. in Lacs)

1 2
I A   Preliminary 0.50

B  Land 1.00

C  Civil Works (as per Table - 7.2) 59.73

J  Power Plant (as perTable  -7.3) 64.68

K Buildings 0.00

M  Plantation 0.20

O  Miscellaneous Fixed Assets (as per Table 7.4) 1.25

P  Maintenance (1% of I works less A, B & Q) 1.29

Q Special T & P 1.50

R Communication 2.50

Y  Losses on stock (0.25%  of I-work) 0.33

Total I - Woks 132.98
II Establishment (2% of I works excluding Buildings) 2.66

III Oridinary T & P (1% of I – works) 1.33

IV Suspense Nil

V Receipts and recoveries (-) 1.80

VI Indirect Charges (1% of I – works for Audits Accounts) 1.33

VII Transmission and Distribution (as per Table - 7.7) 6.00

Total Project Cost 142.50

Table - 7.1 : COST ESTIMATE 

3
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Sl. Item Cost 
No. (Rs. in Lacs)
1 2

1 Diversion Weir & Intake 7.22

2 Feeder cum Head Race Channel 9.76

3 Desilting Cum Forebay Tank With Spillway Cannel 7.83

4 Penstock, Anchor and Saddle Block 23.75

5 Power House  and Tailrace Channel 11.17

Total 59.73

Table - 7.2: ABSTRACT OF COST OF CIVIL WORKS

3
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Sl. No. Particulars Quantity  Amount Rs 
in Lacs

1 2 3 4
1 GENERATING PLANT AND EQUIPMENT

1.1 Turgo Impulse / Cross flow Turbine to deliver 75 kW at Generator terminals with shaft,
runner, casing, bearings, oil pressure units etc. and all other auxiliaries with 10%
continuous over rating

2 Nos. 13.00

1.2 Synchronous Generator 75 kW, 0.415 kV, 3 Phase, 0.85 Pf, 50 Hz+ 3%, 750 rpm, class 'F'
insulation, terminal equipment like neutral grounding system, CTs, PTs, LA/SC and other
auxiliary system with 10% continuous over rating

2 Nos. 7.50

1.3 PLC based Generator/Turbine control panels including Protection, metering systems all
indicating instruments and switches etc . with one synchronising panel

2 Set 8.00

1.4 Electronic load Controller including electronic panels complete in all respect and suitable
for above system with ballast load

2Sets 8.50

1.5 Main inlet valves suitable for fixing on penstocks for emergency closing 2 Nos. 4.00

1.6 Spares for 5 years operation 1 Set 0.50

Sub Total 41.50
2 STATION AUXILIARIES

2.1 Mechanical Auxiliaries
2.1.1 1 Tonne chain pulley block 1 No. 0.10
2.1.2 Ventilation system 1 Set 0.05
2.1.3 Fire Protection system 1 Set 0.15
2.2 Electrical Auxiliaries

2.2.1 Power and Control PVC cables 1.00
2.2.2 Lighting in the power house and appurtent works 1.00
2.2.3 24 Volts 100 AH D.C. battery, charger and Distribution Board. 1.00
2.2.4 L.T. Distribution Board including busbar & MCCBs of adequate capacity. 1.00
2.2.5 Earthing of power house equipment including earthmat. 0.50
2.2.6 150 A 10 KA 1.1 KV Generator breaker 2 Nos. 1.00
2.2.7 300A 10 KA 1.1KV breaker for Transformer L.T.side with CTS, PTS and protection

relays
1 No. 0.75

Sub Total 6.55
3 Switch Yard

3.1 Step up Transformer 250 kVA, 0.415/11 kV ONAN cooling complete with all accessories,
oil, spares for 5 years 

1 No. 2.20

3.2 Plinth for the transformer 1 No. 0.05

3.3 400A, 8KA, 12KV isolator with lightning arrestor, fuseset, 4 pole structure fencing and
earthing.

2 Sets 0.60

3.4 400A, 8KA, Vaccum Circuit Breaker. 1 No. 3.00
Sub Total 5.85

 Total 53.90
4 Freight, insurance and octroi of (1) to (3) charges @ 10% (Material is to be transported by

road about 500 Km from Gohati in interior hills. 
5.39

5 Erection & commissioning  of  (1) to (3) @ 10% 5.39
Total E&M Works 64.68

                TABLE - 7.3 : ELECTRICAL & MECHANICAL WORKS PARO MINI HYDRO PROJECT (2X 75 kW)
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Sl. 
No.

Description of Work

1 2 3
1 Photography and Publication 0.10
2 Medical aid and health sanitation 0.10
3 Printing technical material 0.15
4 Foundation stone laying ceremonies and Project

Inauguration
0.25

5 Entertaining guests & invitees 0.35
6 Miscellaneous 0.30

Total 1.25

Sl. 
No.

Item of work Qty Rate (Rs.) Amount (Rs. 
lacs)

1 2 3 4 5
1 Workshop Machine and Tools L.S L.S 1.50

Total 1.50

Sl. 
No.

Item of work     Qty Rate Rs. Amount (Rs. 
lacs)

1 2 3 4 5
1 Construcion of approach road to site      L.S 2.50

Total 2.50

Table - 7.6: COMMUNICATION

Table - 7.4 : O-MISCELLANEOUS

Amount (Rs. lacs)

 Table - 7.5: SPECIAL T & P (Q)
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Sl. No Item of works Rate 
(Rs. lacs )

Amount
(Rs. lacs)

1 2 3 4 5
1 11 kV Line on AAAC 7/2.00 mm conductor and

steel tubalar poles (410-SP-21) 8.5 m long.
1 km 2.90 2.90

2 125 kVA 11kV/415 V substation on double pole
structure with 11 kV isolator, fuse set, LT Cable
and distribution pillar/distribution box consisting
of MCCBS.

2 Nos. 1.50 3.00

3 Miscellaneous L.S. 0.10

Total 6.00

 Table- 7.7: TRANSMISSION & DISTRIBUTION LINES (2 X 75 kW PARO MHS)

   Qty
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CHAPTER -8 
 

FINANCIAL AND ECONOMIC STUDIES 
 
8.1 ESTIMATES OF COST AND PHASING  
 

The total project cost is estimated as Rs. 142.50 lacs comprising of Rs. 59.73 lacs for 

Civil Works, Rs. 64.68 lacs for Electro-Mechanical Works, Rs.6.00 lacs Transmission 

and Distribution and Rs. 12.09 lacs for other expenses. The installation cost worked 

out to be Rs. 0.95 lacs per kW. 

 
The total fund required is Rs. 142.50 lacs without MNES subsidy. 

 
8.2 GENERATION COST  
 

i. Cost of generation per kWh of power depends on total annual generation and 

annual working expenditure.  

ii. The annual expenditure will consist of  
 

a. Operation cost @ 1% of works cost 

b. Maintenance cost -@ 1% of cost of I works less preliminary, land and 

special T & P cost. 

@ 2% of cost of electro-mechanical works 

c. Depreciation charges- considering life of civil works and electro-

mechanical works as per standard norm given in the Gazette of India 

Extraordinary Part-II Section -3, Subsection (ii) Published by Ministry 

of Power and Non-Conventional Energy Sources, Deptt. Of Power 

Govt. of India, vide notification No. 82, Jan 31, 1992 with assumption 

10% as scrap value. 

d. Interest @ 12% per annum on capital invested. 
 

iii. The annual working expenses has been worked out and given in Table-8.2. 

iv. Annual units generated are computed as 1.183 million units at 90% load factor 

& 0.788 MU at 60% load factor. The generation cost per kWh has been 

worked out and given in Table - 8.1 (a) Table - 8.1 (b). 



Sl. 
No.

Item Amount 
(Rs. Lacs)

1 2 3

1  Project Cost 142.50

2 Annual Interest during Construction 8.55

3 Total Project Cost 151.05

4 Annual working expenses ( as per table - 8.2) 7.50

5 Interest @ 12 % on total project cost 18.13

6 Total annual expenses 25.62

7 Annual generation at power house (Million Units)

i.  at 90% load factor 1.183

ii.  at 60% load factor 0.788

8 Cost of generation per kWh (in Rs.)

i.   at 90 % load factor 2.17

ii.  at 60% load factor 3.25

 Table - 8.1(a) : COST OF GENERATION WITHOUT SUBSIDY
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Sl. No. Item Amount 
(Rs. Lacs)

1 2 3

1  Project Cost 142.50

2 Capital Subsidy As per MNES 129.60

3 Balance Project Cost 12.90

4 Annual Interest during Construction 0.77

5 Total Project Cost 13.67

6 Interest @ 12 % on total project cost 1.64

7 Annual working expenses ( as per table 8.2 ) 7.50

8 Total annual expenses 9.14

9 Annual generation at power house (Million Units)

i.  at 90% load factor 1.183

ii.  at 60% load factor 0.788

10 Cost of generation per kWh (in Rs.)

i.   at 90 % load factor 0.77

ii.  at 60% load factor 1.16

 Table - 8.1(b): COST OF GENERATION WITH SUBSIDY
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Sl. Items Cost 
No. (Rs. Lacs)
1 2 3

1 Operation cost @ 1% of works cost 1.43

2 Maintenance cost of C-works @ 1% 0.60

3 Maintenance of E&M works  @ 2% 1.29

4 Annual depreciation charges (as per Table 8.3) 4.18

Total 7.50

 TABLE 8.2: STATEMENT OF YEARLY WORKING EXPENSES 
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Sl. No. Items Life 
(Years)

Cost  
(Rs. Lacs)

Rate of  Depreciation 
(%)

Depreciation 
(Rs. Lacs)

1 2 3 4 5 6
1 Land Infinity 1.00 NIL NIL
2 Diversion Structure, Intake

channel,Desilting Chamber,
Forebay, tail race approach
road and other misc. works

50 24.81 1.95 0.48

3 Power house building, Penstock
pipe,  valves etc 

35 34.92 3.40 1.19

4 Turbines, generators, cables and
other E&M works

35 42.70 3.40 1.45

5 Transformers, switchgears, LT
distribution board ,
transmission line, Isolators

25 14.55 5.06 0.74

6 Fire Fighting Equipment,
Ventilation equipment 

15 0.15 8.24 0.01

7 Batteries with charger 5 1.00 21.55 0.22

8 Lighting System including
wiring and fittings

15 1.00 8.24 0.08

9 Earthing of Power House and
Switch Yard

50 0.50 1.95 0.01

Total 4.18

 TABLE - 8.3: ANNUAL DEPRECIATION OF ASSETS
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CHAPTER – 9 
CONSTRUCTION PROGRAMME 

 

9.1 PRE-CONSTRUCTION ACTIVITIES  
 

Pre-construction activities, viz: preparation of bid-document, purchase of bid-

document by prospective bidders, study and submission of bid will take some time. It 

will be followed by opening of bid, its finalization, and placement of order and 

signing of contract. A period of 3 months is considered sufficient for these activities. 
 
9.2 CONSTRUCTION ACTIVITIES/PERIOD  

 
Construction activities have been shown in the Bar Chart (Fig. 9.1). The period for 

various construction activities have been taken as below:  

          Days 
9.2.1 Pre-Construction Activities        

i. Preparation of Bid document      30 

ii. Notice Inviting Bid & Bid Receipt     60 

iii. Bid finalization, placing Order & Signing of  Contract  30 
 

9.2.2 Construction of Civil Works      

i. Diversion Structure & Intake       120 

ii. Feeder Cum Head Race Channel     90 

iii. Desilting Cum forebay Tank      60 

iv. Installation of Penstock       120 

v. Power House and Tail Race Channel     120 
 

9.2.3 Electro-Mechanical Works        

i. Receipt of Electro-Mechanical Equipment at site    150 

ii. Erection of Electro-Mechanical Equipment    120 

iii. Erection of Control Panels & other Auxiliaries    60 

iv. Installation of Station Auxiliaries      60 

v. Construction of Distribution Line     30 

vi. Trial run         15 
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9.2.4 Testing and Commissioning       61 

 
The construction of total civil works will be completed in 180 days and of Electro 

Mechanical works will be completed in 150 days as shown in the bar chart. The 

Testing and Commissioning will be completed in 60 days. 

 
Trial run period of 30 days has been considered to ensure safe and reliable operation 

of the plant.  

 
The place being remote, located deep in the forest and connected through kachcha 

forest road which becomes problematic during monsoons and rainy days, some period 

is likely to be lost causing delays. Some time margin has been considered for the 

same. However, the contractor may finish the whole work in lesser period if possible. 

The O & M will start after successful commissioning and operational trial of the plant 

and the system. 

 
9.3 CONSTRUCTION MATERIAL  

 
The natural material like stones required for either stone masonry and for 

manufacturing of aggregate and sand, screened gravel and grit are available in the 

nearby area. However, their sources have to be finalized after carrying out necessary 

test for their acceptance. 

 
Planning and procurement of item like cement steel and timber has to be initiated well 

in time. 

 
9.4 MANUFACTURING ITEM  

 
The manufactured or bought out items include:- 

 
i. Fabricated structure like trash rack, gate, roof trusses, chain pulley block (if 

required) and their fittings  

ii. Generating equipment –turbine, governor generator, control panels, switchgear 

and other auxiliary equipment. 

iii. The other bought out items like pipes, valves, ventilation, equipment, fire 

fighting equipments, lighting fitting/accessories and their building accessories. 
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9.5 CONSTRUCTION OF CIVIL WORKS  
 
i. In the civil construction of various structure, the following are the major items of 

works: - 

a. Excavation in soil 

b. Plain cement concrete 

c. Reinforcement cement concrete 

d. Stone masonry in cement sand mortar 

e. Installation of penstock 

f. Foundation of hydro mechanical equipments and structural steel works 
 

ii. The main civil works are listed below: 
 

a.   Diversion Weir and Feeder Channel 

b.   Desilting Tank cum Forebay Tank 

c.   Spillway 

d.   Penstock Layout Anchor & Saddle Block etc. 

e.   Power House Building  

f.   Tail Race Channel 
 
9.6 CONTRACTUAL PERIOD OF O & M 

 
The initial O & M is proposed to be carried out by the contractor for initial 5 years 

and thereafter the plant will be run by the villagers. 



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

I PRE-CONTRACT ACTIVITIES
1 Preparation of bid document
2 NIT & bid Receipt
3 Bid Finalization, placing order and signing of contract
II CONTRACTUAL ACTIVITIES
1 Contractor mobilization
2 Survey & investigation
3 Preparation of Drawings , Documents & Submission
4 Checking of Drawings & approval by Purchaser
5 Construction of Civil Works
5.1 Diversion Structure & Intake
5.2 Feeder cum Head Race Channel
5.3 Desilting cum Forebay Tank
5.4 Installation of Penstock
5.5 Construction of Power House & Tail Race Channel
6 Manufacture & supply of Equipment, Material F.O.R. Site
7 Construction of E&M works

7.1 Receipt of E&M equipment at site
7.2 Erection of E&M equipment
7.3 Installation of Control, Protection & Metering System
7.4 Installation of Station Auxiliaries
7.5 Installation of Distribution line, House wiring & Meters 

(Where necessary)
8 Testing & Commissioning
9 Trial Run
10 O & M of plants for 5 years
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O&M Period
Sl. 
No. YearsMonths

ACTIVITIES

Pre-
Construction 

Period

Months

Construction Period

FIG. 9.1- BAR CHART : MINI HYDRO BASED ELECTRIC POWER PROJECT : PARO (DISTT. : SUBANSIRI, ARUNACHAL PRADESH)



AHEC/MNES/C-347/AAS/Model DPR/MHP 
 

52

CHAPTER -10 
OPERATION AND MAINTENANCE OF PLANT & SYSTEM 

 
10.1 GENERAL  
 

After the plant and system is tested, commissioned and the trial period is over, the 

operation and maintenance for 5 years period will be the responsibility of the contractor 

who has supplied, erected tested and commissioned the plant and the system. The 

contractor may not use100% of his own staff and require certain number of additional 

persons for managing O&M under the guidance of his limited staff. The Nodal Agency 

(Arunachal Renewable Energy Development Agency, Itanagar) is proposed to form a 

Village Energy Committee  from amongst the villagers to take care of the plant & the 

system and O&M of the plant. The VEC may arrange for the staff from amongst the 

people of the village, depending on the age, physical and mental health, willingness and 

the educational qualifications. 
 

10.2 FORMATION OF COMMITTEE FOR SUPERVISION OF O & M  
 

i. Executive Committee  
 

The VEC will make an Executive Committee of 5 persons which will supervise and 

monitor:  

a. Day to day functioning of the plant & system 

b. Monitor day to collection of revenue & Expenditure  
 

ii. Staff 
 

Following Staff is proposed to be appointed by VEC from amongst the villagers: 
 
a. Manager   :  1 No. 

b. Operational Staff  :  6 Nos. 
 

iii. Record Keeping  
 
Following record is suggested to be kept and maintained by the VEC. 
 

 
a. Stock Register recording : Sl. No., Date, Quantity Received. 

b. Issue Register: Recording Sl. No., Date, Quantity issued and signatures of the 

receiver. 

c. Cash receipt register. 
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d. Cash book. 

e. Ledger. 

f. Bank Pass Book & Cheque Book. 

g. General Stock & Issue Register. 

h. Register for Consumables. 
  

iv. Supervision & Maintenance of Record  
 

a. The manager will keep maintain the record, write cash book & maintain the 
account 

 
b. VEC executive will check the accounts monthly 
 
c. General Meeting of VEC will be held every quarter in which manager will place 

before it the records, accounts and status of the plant. 

 
d. An annual audit of accounts assets and liabilities will be got carried out by a 

competent chartered Account appointed for the purpose by the Nodal Agency 

Appropriate action will be taken by the Nodal Agency after careful examination. 
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CHAPTER – 11 
ENVIRONMENTAL IMPACT AND BENEFITS 

 
11.1 ENVIRONMENTAL IMPACTS 
 

The Micro Hydro Power Plant-will utilize the potential energy of the water of the stream, 
which is being lost at the present in friction etc. The civil and other construction work being 
limited small, there will hardly be an adverse impact on the nature. It will help to conserve 
the other natural resources e.g. the forest and therefore, will improve the environment.  

  
 

11.2 BENEFITS 
 

i.   With the provision of electricity in the village, the life of SC/ST and Backward 
Community constituting the population of the village will be uplifted. 

ii. Provision of electricity will provide opportunities to the villagers to have cottage 
industries. This will enhance their economic status. 

iii. School going children will have better studying conditions in the homes. 
iv. With the provision of power in the area, the pressure on wood will reduce considerably. 

This will benefit the forests nearby. 
v. With the betterment of living conditions due to co-operation from the forest department, 

the people will have a different attitude towards the forest resources, which will 
ultimately result in saving of the forest. 
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     Sheet 1 of 7 
DESIGN CALCULATIONS OF MAJOR CIVIL WORKS 

 
 

1.0 GENERAL  
 

The Paro Mini Hydro Project comprises of the following Civil Works. 
 

i. Diversion Weir  
ii. Intake Channel Cum Power Channel 
iii. Desilting Cum Forebay Tank 
iv. Penstock 
v. Power House Building 
vi. Tailrace Channel 

Levels of structures, rated head and discharge based on the preliminary survey conducted 

by a joint team of AHEC and APEDA the parameter have been fixed as given below: 
 

 
 Calculation of F.S.L. in forebay and gross head   

 River bed level at diversion site  = 261.046 

Bed level of Intake Channel at Diversion  = 261.546 

Water level in intake channel at starting  = 261.996 
point   

Length of Intake cum Power Channel = 250 m 

Slope in power channel   = 1 in 200 

Water level F.S.L. in Forebay   = 260.746 

Ground level at powerhouse site  = 204.00 

 Centre line of penstock     = 204.00 + 
2

0.492 +0.50 

= 204.746 
Gross head       =  260.746 – 204.746 

=  56.00 m  

Head loss in penstock    =  4.0 m  (Ref. Sheet 6 of 7) 

Net head      =  56.00 – 4.0    

=  52.00 m  

 Length of Penstock    = 230 m 

 Discharge required for generator   = 2.0 x 0.244 

= 0.488 cumecs 
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2.0 POWER POTENTIAL AVAILABLE  
 

 Taking efficiency of turbine and generator and 0.70 and 0.86 respectively.  
 

 Discharge required for 150 kW generation  =  
5286.070.081.9

150
×××

 

       = 0.488 cumecs 
 

It is proposed to provide two machine of 75 kW for generation  
 
3.0    FIXING OF DISCHARGING CAPACITY FOR VARIOUS CIVIL STRUCTURES 

i. Design discharge for Penstock and   =  0.488 cumecs  
 tail race channel  
ii. Design discharge of Intake cum Power 
 Channel add 20% discharge for silt  
 flushing etc.     =  0.488 x 1.20   

       = 0.586 cumecs  
 

4.0 INTAKE CHANNEL CUM POWER CHANNEL  

 Length of channel     = 250 m  

Q   = 0.586 m3/s 

S   = 1 in 200 

n    = 0.018 

    Q   = 
n

SAR 2/13/2

 

Provide  B   = 0.90 m 

    D   = 0.45 m 

Free board     = 0.30 m 

Flow velocity     = 1.452 m/s 

    A   = 0.405 m2 

Discharging capacity    = 0.588 m3/s 
 

5.0 DESILTING-CUM-FOREBAY TANK 

5.1 Design Calculation of Desilting Tank 
 

Taking particle size to be removed as 0.25 mm  
 

Design discharge     = 0.586 m3/s 

 Flow Velocity (Vf)    = 0.22 m/s 

        Particle size to be removed    = 0.25 mm & above  
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Sheet 3 of 7 

Settling velocity (Vs)    = 2.75 cm/sec 

Width proposed  (W)    = 2.50 m 

Depth required  
fVW

Q
×

  = 
22.050.2

586.0
×

 

      = 1.065 m 
Depth provided     = 1.07 m 

Moderate settling velocity    = ss V
D

V ×−
132.0  

= ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−

07.1
132.010275.0  

(Where Vs & D are in meters)  = 0.024 m/sec 

Settling length     = Depth
V
V

s

f ×  

 = 07.1
024.0
22.0

×  

     =  9.80 m 

Depth       = 1.07 m  

Width       =  2.50 m 

Provide U/s transition length   = ⎟
⎠
⎞

⎜
⎝
⎛ −

×
0.2

90.050.23  

      = 2.40 m with a mild slope of 1:50 

Provide Free Board     = 0.30 m 

5.2 Desing Calculation of Forebay 

Design discharge for forebay   = 0.488 m3/s 

Storage required     =  2 minute  

Capacity of tank     = 0.488 x 2.0 x 60  

= 58.56 m3 

Net capacity of forebay (deducting  = 58.56 – 26.21 
capacity of Desilting Tank)   = 32.35 m3 
Taking water depth     = 2.0 m 
Provide width     = 2.50 m 

Length      = 
0.250.2

35.32
×

 

      = 6.45 m  
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Sheet 4 of 7  

Provide Length     = 6.50 m  

Free board      = 0.30 m 

 

6.0 DESIGN CALCULATION OF SPILLWAY AND SPILL CHANNEL  

6.1 Spillway  

Discharge capacity Q   = 0.488 m3/s 

  Q   = CLH3/2  

  C   = 1.70 

   H   =  Head over the crest of spillway 

= 0.250 m (Assume) 

    L   = Length of spillway 

= 
( ) 2/325.070.1
488.0

×
 

Say,   = 2.30 m 
 
6.2 Spill Channel  
 
 Discharge to pass     = 0.488 + Discharge coming from silt  

flushing pipe 
= 0.586 m3 

Spill channel is designed as rectangular section to cater a discharge of 0.586 m3/s. 
Rectangular section with slope as per terrain is proposed with water width 0.80 depth 0.4 
m & a free board of 0.20. 

 
 
7.0 PENSTOCK  

 F.S.L. at Forbay    = 260.746  
 

Centerline of penstock   = 204.746 
 
Gross head     = 260.746 – 204.746 

= 56.00 m 

Net head     = 56.00 – 4.0 

= 52.00 m 

Taking velocity    = 2.70 m/s 

Discharge     = 0.488 cumecs 
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Area of Penstock    = 
70.2

488.0  

= 0.180 m2 

 Diameter of Penstock    = 0.480 mm 

 Provide     = 0.480 mmφ  

7.1 Calculation for Thickness of Penstock Pipe 
 

Gross Head      = 56.00 m 

Stress in steel      = 1050 kg/cm2 

Diameter of penstock     = 480 cm  

Pressure rise due to water hummer  = 50% (assured) 

Total Head     = 56.00 + 28.0 = 84.00 m  

= 8.40kg/ cm2 

Thickness of steel liner    = 
σ×

×
2

DP  

 Penstock 

    = 
10502

48040.8
×
×  

= 1.92 mm  
Add 1.5 mm for corrosion and abrasion  

Thickness of pipe for main penstock   = 1.92 mm + 1.50 mm 

= 3.42 mm  

Provide thickness pipe    = 6.0 mm (minimum) 

Inner Diameter  = 480 mm 

  Outer Diameter  = 492 mm 

Unit penstock Inner Diameter  = 343 mm  

  Outer Diameter  = 355 mm   

7.2 Thickness from Handling Criteria 

 t      = 
400

50+D  

 t      = Thickness of pipe in cm 

 D      = Diameter in cm 

= 
400

5048 +   

= 0.245 cm ~ 2.50 mm 

Hence        6.0 mm is safe 
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8.0 CALCULATION OF LOSSES IN THE PENSTOCK  

Length of penstock    = 230 m 

Inner Dia of Penstock    = 0.480 m 

Taking velocity,    = 2.70 m/s 

 
g

v
2

2

     = 0.371 m 

Sl. 
No. 

Type of losses Coefficient 
factor 

Formula for 
loss 

 Losses  
(m) 

1 2 3 4 5 6 
1. Friction loss in pipe f = 0.012 

gd
vfl

2

2

 
gd

vhf 2
230012.0 2

×
×× 2.136 

2. Track Rack Loss Kt=0.35 
g

vktht
2

2

=  
0.35 x 0.371 0.130 

3. Entrance Loss Ke=0.25 
g

vkh ee 2

2

=  
0.25 x 0.371 0.093 

4. Bend losses taken n = 5 
bK =0.2 

g
vknh bb 2

2

×=  
5.0 x 0.20 x 0.371 0.371 

5. Exit loss Ktb=1.0 
g

vkh exex 2

2

=  
1.0 x 0.371 0.371 

6. Valve loss n = 2 Kv=0.5 
g

vnkh vv 2

2

××=
0.50 x 2.0 x 0.371 0.371 

7. Due to butterfly  Kbf = 0.60 
hbf = Kbf 

g
v
2

2

 
0.60 x 0.371 0.223t 

8. Transition & bifurcation Ktf = 0.65 
htb = ktb 

g
v
2

2

 
0.65 x 0.371 0.241 

 Total Loss 3.936 
 Say 4.0 m 

 

9.0 TAIL RACE CHANNEL  
 

Tailrace channel is designed as rectangular section to cater design discharge 0.488m3/s.  

Rectangular section with bed slope as per the terrain is proposed for tailrace channel, so that 

the flow velocity may be limited to 1.5m /sec.  

9.1 Discharge of Tailrace Channel 

Discharge  Q    = 0.488m3/s 
Velocity     = 1.50 m/s 

n    = 0.018 
Let B      = Width of Tailrace 
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Discharge     =  B x D x V 

0.488   = 5.1
2
××

BB  

B2   = 
5.1

2488.0 ×   

= 0.65 m 
Provide  B   = 0.80 m  

D   = 0.40 m 

Provided free board   = 0.20 m 



Sl.No. Items Unit Rate in Rs.

1 Excavation 
(I) In ordinary soil m3 101.00
(II) In soft rock and dense hard soil excluding Blasting m3 244.00
(III) In Hard Rock including blasting m3 407.00
2 Earth filling m3 46.00
3 Providing and laying PCC conforming to Grade M-10 including all materials,

labour, T & P etc.
m3 4127.00

4 Plain cement concrete M15 (1:2:4) in foundation, flooring slabs m3 4807.00
5 25 mm thick damp proof course with PCC. (1:2:4) m3 198.00
6 Reinforced cement concrete M15 (1:2:4) excluding cost of reinforcement in

foundation, slabs, anchor blocks etc. 
m3 5257.00

7 Providing and laying RCC conforming to Grade M-20 including all materials,
labour, T & P excluding steel reinforcement including formwork.

m3 6758.00

8 Stone masonry in cement mortar 1 : 6 including supply of all materials, labour, T&P
etc.  Complete.

m3 3344.00

9 Boulders in wire crates m3 1466.00
10 Steel reinforcement including supply, bending, binding and placing in position with

all labour T&P complete.
M.T 37100.00

11 Pointing in 1:3 cement sand mortar on stone masonry m2 111.00
12 12 mm thick cement plaster 

(a) 1:4 C.M. on stone masonry m2 133.00
(b) 1:6 C.M. on stone masonry m2 111.00

13 Providing distemper/colour wash in 3 coats including supply of all materials,
labour etc.

m2 36.00

14 White washing in 2 coats with cost of all labours,materials,T&P etc. m2 12.00
15 Supply and fixing of G.I. Sheets roofing complete with all materials, labour, T&P

etc.
m2 780.00

16 Supply and erection in position the mild steel Gate including fabrication, painting
transport, erection etc. as per drawings and specifications complete. 

M.T 84800.00

17 Supply and erection in position the mild steel trash rack at intake including
fabrication, painting transport, erection etc. as per drawings and specifications
complete. 

M.T 74200.00

18 Penstock pipe including supplying, fabrication, transportation, and painting etc
complete. 

M.T 84800.00

19 Supply and laying of well graded filter including labour, T&P complete. m3 1657.00
20 Structural steel like channels, angles etc. including fabrication and erection. M.T 74200.00
21 Water proofing and guick setting compound Kg 276
22 Centering and shuttering including strutting propping and removal of prop Sqm 175.00
23 Supply, providing and fixing 5 mm thick glass with aluminium beading frame on

shutters including Labour, T & P complete
Sqm 1729.00

24 Supply and fixing 38mm thick sal/shisham/deodar wooden doors and windows
including Labour, T & P complete

Sqm 1358.00

25 Masonry with pre-cast cement concrete 1:3:6(1 cement: 3 coarse sand:6 graded
stone aggregate 20 mm nominal size) blocks in cement mortar 1:4 in
foundations,plinth and superstructure

m3 6784

26 Installation and erection of penstock pipe @ 30% of the cost as per S.No.5. MT 25440

ANNEXURE -II
SCHEDULE OF RATES 
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Annexure -III
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S. NO. ITEM UNIT QUANTITY RATE (RS.) AMOUNT  (RS.)

1 2 3 4 5 6

1 Earth work in excavation in foundation trenches in ordinary soil
and softrock and disposal of excavated earth as obtalined to a
distance upto 1 km inlcuding all leads and lifts, travelling, ramming
the foundation trenches, removing roots of trees, shurbs all
comptete as per approved design, specification and direction of
E/I.

(i) In soft rock and dense hard soil excluding blasting Cum 28.68 244 6998

(ii) In Hard Rock including Blasting Cum 43.02 407 17509

2 Earth work in filling in layers not exceeding 150 mm thick, well
watered, rammed, fully compacted and fine dresseed with earth
obtained after cutting within a lead of 1 km and all lift compelte as
per specification and direction of E/I. (Mode of measurement
compacted volume).

Cum 21.51 46 989

3 Providing P.C.C. M-15 with nominal mix of (1:2:4) with 4 cm
down graded coarse aggregate, approved coarse sand and
cement including scaffolding, vibrating, providing construction
joints, finishing, curing , T&P etc. complete as per direction of E/I.

Cum 18.89 4807 90804

4 Providing PCC. M-10 with nominal mix of 1:3:6 with 4 cm down
graded coarse aggregate, approved coarse sand and cement
including vibrating finishing, curing, T&P etc. as per direction of
E/I.

Cum 6.48 4127 26743

5 Providing R.C.C. M-20 with nominal mix of (1:1.5:3) with 2 cm
down graded coarse aggregate, approved coarse sand and
cement including scaffolding, vibrating, providing construction
joints, finishing, curring (but excluding the cost of reinforcement)
T&P etc. complete as per direction of E/I.

m3 4.12 6758.00 27843

6 Providing TOR steel reinforcement as per approved design and
drawing including cartage to work site bending and binding with
annealed wire with cost of wire removal of rust placing in position
all complete as per specification and direction of E/I.

MT 0.322 37100.00 11946

7 Supply and laying of well graded filter including labour, T&P 
complete.

m3 17.08 1657.00 28302

8 Boulders in wire crates with all labours material T&P & as per
direction of E/I. 

m3 84.8 1466.00 124317

9 supply of fixing gate at intake channel & under sluice gate in weir
with all cost as per drawing & direction of E/I.

L.S. 75000.00 75000

10 Providing stone masonry in cement mortar in 1:6 cement coarse
sand of 2 to 2.5 F.M. including cost of screening, carriage of
materials, curing, taxes and Royalty all complete as per
specifications and direction of E/1. 

m3 86.8 3344.00 290259

Total Rs. 700710
Add Contigency 3% 21021

Total Rs. 721732

DIVERSION WEIR AND INTAKE 
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S. NO. ITEM UNIT QUANTITY RATE (RS.) AMOUNT  (RS.)
1 2 3 4 5 6
1 Earthwork in excavation in ordinary soil and soft rock and disposal

of excavated earth as obtained to a distance upto 1 km. Including
all leads and lifts, levelling, ramming the foundation trenches,
removing of roofs of trees, shurbs all complete as per approved
design, specification and direction of E/I.

(I) In soft rock and dense hard soil excluding blasting Cum 161.50 244 39406

(ii) In Hard Rock including Blasting Cum 242.25 407 98596

2 Earth work in filling in layers not exceeding 150 mm thick well
watered, rammed, fully compacted and fine dresseed with earth
obtained after cutting within a lead of 1 km and all lifts compelte
as per specification and direction of E/I. (Mode of measurement
compacted volume).

Cum 37.5 46 1725

3 Providing PCC. M10 With nominal mix of (1:3:6) in foundation with
approved quality of stone chips 40 mm down grated and clean
coarse sand of F.M.2.5 to 3 including screening, shuttering, mixing
cement cuncrete in mixer and placing in position, vibrating, curing
taxes and royalty all complete as per specification and direction of
E/I.

Cum 47.5 4127 196033

4 Providing stone masonry in cement mortar in 1:6 cement coarse
sand of 2 to 2.5 F.M. including cost of screening, carriage of
materials, curing, taxes and royalty all complete as per
specifications and direction of E/I. 

Cum 151.275 3344.00 505864

5 Providing 13mm thick cement plaster (1:4) with clean coarse
sand of 1.5 F.M. including cost of carriage screening curing, with
all leads & lifts,scaffolding, taxes and royalty all complete as per
specifications and directions of E\I.

Sqm 800 133.00 106400

Sub Tatol Rs. 948023
Contigency @ 3% 28441

Total Rs. 976464

FEEDER AND HEAD RACE CHANNEL 
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S. NO. ITEM UNIT QUANTITY RATE (RS.) AMOUNT  (RS.)

1 2 3 4 5 6

1 Earth work in excavation in foundation trenches in ordinary soil
and soft rock and disposal of excavated earth as obtalined to a
distance upto 1 km inlcuding all leads and lifts, travelling, ramming
the foundation trenches, removing roots of trees, shurbs all
comptete as per approved design, specification and direction of
E/I.

(i) In soft rock and dense hard soil excluding blasting Cum 64.3 244.00 15689

(ii) In Hard Rock including Blasting Cum 96.4 407.00 39235

2 Earth work in filling in layers not exceeding 150 mm thick well
watered, rammed, fully compacted and fine dresseed with earth
obtained after cutting within a lead of 1 km and all lift compelte as
per specification and direction of E/1. (Mode of measurement
compacted volume).

Cum 39.64 46.00 1823

3 Providing P.C.C. M-10 with nominal mix of (1:3:6) in foundation
with approved quality of stone chips 40 mm down graded and
clean coarse sand of F.M. 2.5 to 3 shuttering, mixing cement
concrete in mixer and placing in position, vibrating, curing, taxes
and royality all complete as per specification and direction of E/I.

Cum 13.64 4127.00 56292

4 Providing stone masonry in cement mortar in 1:6 cement coarse
sand of 2 to 2.5 F.M. including cost of screening, carriage of
materials, curing, taxes and royalty all complete as per
specifications and direction of E/I. 

m3 21.60 3344.00 72230

5 Providing 13mm thick cement plaster (1:4) with clean coarse
sand of 1.5 F.M. including cost of carriage screening curing, with
all leads & lifts,scaffolding, taxes and royalty all complete as per
specifications and directions of E\I.

Sqm 90.00 133.00 11970

6 Providing RCC. M-20 with nominal mix of (1:1.5:3) with 4 cm down
graded,stone gravel approved coarse sand and excluding cost of
reinforcement and including shuttering, scaffolding vibrating,
providing construction joints, finishing, curings(but excluding the
cost of reinforcement) T&P etc. complete as per direction of E/I.

Cum 40.36 6758.00 272753

7 Supply and erection in position the mild steel trash rack at intake
including fabrication, painting transport, erection etc. as per
drawings and specifications complete. 

MT 1.47 74200.00 109074

8 Providing TOR steel reiforcement as per approved design and
drawings including cartage to work site, bending and binding with
annealed wire with cost of wire removal of rust, placing in position
all complete as per specifications drawings and directions of E/1.

MT 3.2 37100.00 118720

Total Rs. 697787
Add Contigency 3% 20934

Total Rs. 718721

DESILTING CUM FOREBAY TANK  AND SPILLWAY CHANNEL
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S. NO. ITEM UNIT QUANTITY RATE (RS.) AMOUNT  (RS.)
1 2 3 4 5 6
1 Earth work in excavation in foundation trenches in ordinary soil

and soft rock and disposal of excavated earth as obtalined to a
distance upto 1 km inlcuding all leads and lifts, travelling, ramming
the foundation trenches, removing roots of trees, shurbs all
comptete as per approved design, specification and direction of
E/1.

(i) In soft rock and dense hard soil excluding blasting Cum 12.4 244.00 3026

(ii) In Hard Rock including Blasting Cum 18.6 407.00 7578

2 Earth work in filling in layers not exceeding 150 mm thick well
watered, rammed, fully compacted and fine dresseed with earth
obtained after cutting within a lead of 1 km and all lift compelte as
per specification and direction of E/1. (Mode of measurement
compacted volume).

Cum 4.07 46.00 187

3 Providing P.C.C. M-10 with nominal mix of (1:3:6) in foundation
with approved quality of stone chips 40 mm down graded and
clean coarse sand of F.M. 2.5 to 3 shuttering, mixing cement
concrete in mixer and placing in position, vibrating, curing taxes
and royality all complete as per specification and direction of E/I.

Cum 5.18 4127.00 21377.86

4 Plain cement concrete M15 (1:2:4) in foundation, flooring slabs Cum 25.39 4807.00 122049.73

5 Reinforced cement concrete M15 (1:2:4) excluding cost of
reinforcement in foundation, slabs, anchor blocks etc. 

Cum 18.57 5257.00 97622

6 Providing TOR steel reinforcement as per approved design and
drawings including cartage to work site, cutting bending and
binding with annealed wire with cost of wire, removal of rust,
placing in position all complete as per specifications, drawings
and directions of E/I.

MT 1.46 37100.00 54166

7 Providing and Laying butterfly valve 350 mm dia as per direction
of E/I.

No. 2 50000 100000

8 Supply steel bends for penstock including cutting welding all
complete as per direction of E/I.

No. 5 20000 100000

9 Supplying at site steel pipe with bends for penstock including
cutting welding, testing, painting etc. as per drawings,
specifications & direction of E/I. 

MT 16.33 84800.00 1384784

10 Installation and erection of penstock pipe @ 30% of the cost as
per S.No.8.

MT 16.33 25440.00 415435

Total Rs. 2306226
Contigency 3% 69187

Total Rs. 2375413

PENSTOCK 
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