






























































































































































AnnexuN - 2

ttts lDc
sr..teC ttlrLnttat IONAt P rY Ll D

l{cl : 5(r | 5i/0 }/0 | /05-06/54 I

Shri tJ tPal llora
Uxccutive Dirccbr (D&l))
N E ll,Pco Ltd.
NilEPC0 Bharran
ll.G. Bnruah Road

Gurvahati - 7tll005

28 n ugtrst 200()

liar No. : 016l-220Jllt7

Subjcct: Ktrnreng ll'E' Project' Arunachal I'ratlcsh -llichom l)anr Fishnay

Refcre ncc: Your lctter No' N U UPCO/GI ft ft-25120}6-07 n697 tla tctl I l l ull 2006

Our lcttcr tlcf: 5615-5/03/01/05-06/-189 dated 26 'lunc 2(X)6

Dear Sir.

In respotlsc to )our lcttcr rclcrcnccd above rvhere vou have requcstc(l SMli'C to submit a detailed

lavout ancl strttctttral dcsrgn oI ";';il;;t 'b; 
Biclrom dam' \w nrtrst rc-cmphasize that our flsh

eiperrs havc stucrictr trrc cr,Rr R";;;;;; ,i-ngt] oauit" against thc usc of a tlsh ladder at the

Bichom darrt.

Our reasoning is bascd on a detailed rcvierv of :*' C*[l rcD()rt 'rnd conclttdes current

international practicc in tn" "'""""iii'i*ay"s 
for high darns (heiglit '20 In) is to use t-rsh lifts

,"ii., *"" i,r, tada",s uased,bolh"oX:;;;*;t":[Jl':;j":l,i'"i'tJi':t::"tHif"il::1": i:l
ladders tbr high darns rvorld-u

,ptirl^* .f O"''"t structures greater than 20 m in height'

our internationalll rccognized lish expert' M: 
"]i::-,:l::tt i;:,r::""';illL H;:fi"i:'il

t:ril:l Jllt' $tt:,nl T:'i ;'; t":'! #:ijiln:Xl :; $ 
lli*l "Nl; 

. i,;
L"i::,il:Iii'i:l]Jil,i"l':1.; .,i,i"."J "ir'", 

against the cosr or our prop.s.r t" (r.' trrc rrsh

passage tlcsign.

SMEC recognizcs that some kind or frsh passage must.be provicled at thc llichom dam and as

NFIF-PCO's design consultant *lf f 
""f 

y' t"tlt't'J:td *lill":.Ttt"ve to bc itr the best interests or

bothNEEPCOunatn"p'ol""tti"l'"i"itt"rvillmeetthestatedobjcctiveofbeingabletopass
fish over the Bichom dam)

@iutgoiriglsar55103101105.06/0541

A- 1. 1sl f:lo' 
'

Tel 91 1l
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Please advisc horv yoLr rvould like to proceed.

Copy to:

l. Mr. J. Barkakati, Director Technical - NEEPCO Ltd - Shillong
2. Mr. FI.K. Das, DGM (C) - NEEPCO Ltd - Guwahati

@ir' t s:lrolro t/os-orlos+t

iri Russell
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	 ANNExuk6_ 

It lu)) SMEC 
SMEC INTERNATIONAL PTY. LTD 

0 

Ref: 56155/03/01/05-06/489 
26 th  June 2006 

Shri Utpal Bora 
Executive Director (D&E) 
NEEPCO Ltd. 
NEEPCO Bhawan 
R.G. Baruah Road 
Guwahati — 781005 

Fax No. : 0361-2203187 

Subject: Kameng H.E. Project, Arunachal Pradesh —Bichom Dam Fishway — Review of 
CIFRI Report 

Reference: Your Letter No. NEEPCO/GHy/D&E/T-14/2006-07/2374 dated 02 June 2006 
received 12 June 2006 
Our letter Ref: 56155/03/01/05-06/465 dated 08 June 2006 

Dear Sir, 

In relation to our recent proposal to design a high level fishway for the Bichom Dam our 
fishway experts have reviewed the Central Inland Fisheries Research Institute's (CIFRI) 
Report on Designing of Fish Pass Facilities for the Bichom and Tenga Dam of Kameng 
Hydroelectric Project, Arunachel Pradesh (2005) and provide comments in— the 
accompanying letter. 

6 

Our detailed review of the CIFRI report concludes support for our proposed high level 
fish lift concept and advises against a fish ladder as proposed by the CIFRI based on 
current international practice in the area of fishways for high dams (height >20 m) where 
numerous failures of fish ladders have occurred. 

b.. 

We would be pleased to discuss our proposal with you further at your convenience. 

Yours si cerely, 

A_A 

Colin Russell 
Project Manager 

Encl. As above 

Projects \Kamene002 Conespondance - Client\Outgoine0489 - Bichom Dam Fishway doc 

A - 1, 1st Floor, Chirag Enclave. New Delhi - 110 048 	C'4 
	 t> 

Tel. : 91-11-26421513, 26421514 Fax: 26421515 
E-mail : smec@vsnl.com  
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Review of CIFRI report on 'Designing of Fish Pass Facilities for Bichom and 
Tenga Dam of Kameng Hydroelectric Project, Arunachal Pradesh 

Fish Biology and Ecology (sections 1 to 5) 

The description and detail of the fish biology and ecology of migrations is very thorough and 
provides more background on a single project than we have seen on any fish pass project  in 
the last 20 years. 

Fish behaviour in fishways 

A major factor in a successful fishway is accommodating fish behaviour. This is particularly 
important in long fishways. If a species has a particular diel moment pattern, either day or 
night, and these fish do not complete their ascent within that diel period then the fish will 
return back downstream. This has been specifically recorded in Australia (Mallen-Cooper 
1999) and it presents one of the most significant risks to the Bichom project. 

Accommodating fish behaviour in baffle design is critical. Baffles with orifices are specifically 
known to inhibit and in some cases prevent the passage of some species (Monk et al. 1989). 
Vertical-slot baffles are now the preferred pool-type fishway design used throughout the 
world as they pass bottom, mid-water and surface-dwelling fish species and also function at 
varying headwater and tailwater levels (Mallen-Cooper 1994a, Larinier et al. 2002). 

Fish swimming speeds (section 4.4.4) 

Extrapolating fish swimming speed to fishway design needs to be conservative to ensure fish 
reach the top of the fishway. As the fishway length increases this becomes more critical. 
The standard maximum water velocity in pool-type fishways for salmon is 2.4 m/s (0.3 m 
head loss between pools) and for non-salmonids in Australia it is 1.8 m/s (0.165 m head loss) 
(Mallen-Cooper 1994b, 1999) and in other countries 2.0 m/s (0.2 m head loss) is used (Clay 
1995). 

For a very long fishway, such as proposed for Bichom Dam, the maximum velocity should 
possibly be less than the maximum used for salmon. However, this would make the fishway 
longer and more expensive. 

An important aspect of these quoted standards for maximum water velocities for other 
fishways are that apply only to relatively thin baffles (0.1 to 0.2 m thick), so that the fish only 
need to maintain a high swimming speed over a short distance of 0.2 m to pass through the 
baffle. In the Bichom fish pass design the baffles appear to be 1.5 m thick and so the fish 
need to maintain a high swimming speed for a much longer distance, which takes much 
greater effort for the fish. There is a significant risk that fish will not be able to negotiate 
these baffles and the risk increases with the high number of baffles and the length of ascent. 

In pool-type  fishways  fish need  to  negotiate the maximum velocity  between  each  pool and 
the  turbulence in each  pool.  Turbulence  or  Energy Dissipation  Factor  (EDF) is  quoted  in the 
report as  150 Watts per cubic metre  (W  m-3), which is used in Europe for non-salmonids but 
125  W  M-3  is used in Canada for non-salmonids and 100  W  m-3  is used in Australia for non-
salmonids. Fishways for  salmon use up  to 200 W  M-3  but these are for  much  shorter 
fishways than the one proposed for  Bichom  Dam. 



Turbulence or EDF figures also only produce an average figure for dissipation of energy, and 
the pattern of energy dissipation is critical for optimal fish passage. Two fishways with the 
same figure for EDF can have very different performance in passing fish. Vertical-slot 
fishways dissipate turbulence more evenly than orifice fishways. 

Review of options — current international practice in fish passage at high dams 

In section 6.1 the major methods of fish passage at high dams are presented. However, 
these are not critically reviewed for the site and the current international practice in fish 
passage at high dams is not presented. 

The present international practice is: 

• for low barriers (up to 6 m or 8 m high), use 
o pool-type fish passes, 
o Denil fishways, and 
o rock-ramp fishways 

• for medium-level barriers (up to 6 m 20 m high) use 
o fish locks (if there is a low biomass and no behavioural issues of fish entering 

and leaving the lock, or remaining in the lock) 
o use fish lifts (if the biomass is high, 'or if there are behavioural issues that 

prevent the use of a fish lock) 

• for high-level barriers (>20 m high) use 
o fish lifts, or 
o trap-and-transport systems, which usually require a short fish lift to enable 

fish to be placed in a specialised tanker. (trap-and-transport systems work 
well where the fish have very well-defined and predictable migration season 
so that staff can be employed for the same fixed period each year) 

There are a few exceptions to these, such as some high fish locks, but the dominant trend at 
high barriers is to use fish lifts. Long pool-type fishways have failed over the last 40 years 
and high fish locks have failed at sites with high biomass, particularly in South America. 
Countries following the trend of fish lifts at high barriers include France, US, Australia and 
countries in South America. 

Risks 

The risk of the proposed fishway not enabling fish to fully ascend is very high. The only 
method of reducing this risk is to test the fish in full-scale experimental models, where the 
model produces the same maximum water velocities, the same average turbulence and the 
same patterns of flow and energy dissipation. In this method fish behaviour is tested as well 
as fish swimming ability through the baffles; this approach has been very successful for low—
level fishways up to 6.5 m high (Mallen-Cooper 1992, 19944, 1994b, Stuart and Mallen-
Cooper 1999). 

However, we do not recommend this approach as the results from a short experiment model 
could never be extrapolated with confidence to a very long fishway. In addition, the present 
international practice of fish lifts at high dams developed over many decades partly as 
response to the failure of long pool-type fishways. In essence it is very easy to trap fish in a 
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single chamber in a fish lift where swimming speed and turbulence is not limiting and can 
also be manipulated in commissioning. to optimise fish attraction. 
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T:entrai inland Fisheries Research Institute 
(Indian Council of Agricultural Research) 

3arackpore. Kolkata 700 120. West  Bengal India 

Phone  (033)  2592 0177  (0),  Fax 033 2592 0388, EPBX2592 1190  /  91 Ext 

mail On @vsnl  corn  kuldeepvass  rediffmaii corn 

O 3C,Lk  - 	2-2_ 12 G 
No.CIFRI/PS/55/05 	6  -3 	 Dated :.13.4.06 

To 
The General Manager (Planning), 
North Eastern Electric Power Corporation Ltd., 
Brookland Compound, 
Lower New Colony, 
Shillong-793 003. 

Sub 	Consultancy services for Design of Fish pass facilities for Bichom 
And Tenga dam of Kameng Hydro Electric Project (600 MW), 
Arunachal Pradesh — submission of final report regarding. 

Ref : Your letter No.GM©/Planning/E&F-9(Pt-III)/2006-07/27 dated 
10.4.2006 

Sir, 

I invite a reference to your above cited tette. -  The desired modification of 
the Bichom dam fish pass design as per discussion held in New Delhi on 20 th 

 December 2005 has already been incorporate, .; ,•nd is enclosed. The design of 
Tenga dam fish pass is also submitted but you -  constraints in releasing the 
required flows will hamper its functioning. This points has been brought to your 
notice earlier too during discussion & writing also. Hence, as per the terms and 
conditions of our consultancy assignment, the work assigned to us stands 
completed. Hope, you will kindly release the remaining amount of the 
consultancy assignment at your earliest. 

The alternative suggestion in the event of the fish pass for Tenga dam being 
not considered, is to artificially produce the sego's of the affected fish species by 
establishment of hatcheries/farms at suitable places. 

However, the feasibility of this will have ',o he examined separately, which 
can not fall within the ambits of present work. 

Yours 	ithfully, 

N  0• L. 

nos"  

eJ iu 

( K. K. Vass ) 



Report on Bichum Dam Fish Pass (Modified Ladderlength) 

1 INTRODUCTION 

1.1 The Report on Bichum Dam Fish Pass with all details 

was submitted in August 2005. The designed length of 

Fish Pass Was 797.50 m. 

1.2 This Report was discussed in a meeting convened by 

NEEPCO during December 2005. After detail discussions 

on various issues namely location of the Fish Pass, river 

flow and Fish Pass details, the NEEPCO requested to 

examine the possibility of reducing the length of the Fish 

Ladder in view of high cost involved to provide a 797.5 m 

length of the Ladder and the budgetary constraint. 
I A. 

1.3 All the issues (Item 2, Item 3 and Item 5) discussed in 

details in the August 2005 Report on Bichum Dam Fish 

Pass remain unchanged except Item 4, viz.  Design Aspect 

due .o reduction in the length of the ladder and indicated 

in Item 2 below. 

2 DESIGN ASPECT 

2.1 The drop between baffle to baffle has been limited to 0.33 

m and velocity generated is 2.54 m/sec. Which is close to 

allowable limit of 2.60 m/sec. of cruising velocity for the 

type of fish population in Bichum dam. 



2.2 The spacing (c/c) of each of the baffle wall has been kept 

at 3.30 m. The slope of Fish Ladder provided works out 

to 1 in 10 which is the allowable upper limit for the Fish 

Ladder design compatible to the type of fish population 

observed in the project area of Bichum Dam. 

2.3 The alignment of the proposed Fish Pass has been 

marked on a 40 m contour interval map of the survey of 

India (Drawing No.DP/F.P.B./Fig.1). 

There are 197 number of baffle walls each of thickness 

1.3 m and height of 2.0 m over 0.20 m thick sub-strata. 

The details are shown in drawing no.(DP/F.P.13./06 

Rev.1). The length of the Fish Ladder now comes to 

645.20 m measured from center line of the first baffle 

wall (Ch.0.00). 

A 1.5 m width cement concrete (M25) cut-off has been 

provided at the end of the Fish Ladder (Ch.645.85 m). 

The bottom of the cut-off should be taken upto 0.4 m 

below the scour level or upto firm rock level whichever is 

earlier (Drawing No.DP/F.P.B./06 Rev.1). 

2.4 The following drawings (Originally sent with the August 

2005 Report on Bichum Dam Fish Pass) are now 

enclosed after necessary changes as required. 

(1) Drawing No.DP/F.P.B./03 Rev.1 

(2) Drawing No. DP/ F.P.B. /05 Rev. 1 

(3) Drawing No.DP/F.P.B./06 Rev.1 

(4) Drawing No.DP/F.P.B./Fig.1 Rev.0 
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KAMENG HYDRO ELECTRIC PROJECT (600 MW) 

SALIENT FEATURES ( Tender Stage)   

I. Location : Located in the West Kameng District of 
Arunachal Pradesh. 

Bichom Dam : Across river Bichom 3.65 Km downstream 
of the confluence of Bichom & Digien. 

Tenga Dam : Across river Tenga 12.5 Km upstream of 
confluence of Bichom and Tenga river. 

Power House : On the right bank of Kameng river near 
Kimi village in the West Kameng District. 

II. Bichom Dam 
Catchment Area : 2277 Sq. Km. 
Design Flood Discharge : 9434 cumecs. 
SPF 
Dam Height : 75 m (above deepest foundation). 
Length : 230 m. 
Type : Concrete Gravity. 
Average river Bed Level : 706 m. 
Top of Dam : 773 m. 
Pond Level (FRL) : 770 m. 
Deepest foundation : 698 m 
Level 
MDDL : 766 m 
Maximum water level : 771 m 
Live Storage : 4.32 MCM 
Spillway : Ogee shaped concrete spillway having 6 

radial gates, of size 12 m x 15 m and 
crest level at an elevation 755.00 m. 

III. Tenga Dam 
Catchment Area 1019 Sq. Km. 
Design Flood Discharge : 2438 cumecs. 
Dam Height : 27 m (above deepest foundation). 
Length : 85 m. 
Type : Concrete Gravity. 
Average river Bed Level : 753 m. 
Top of Dam : 773 m. 
Pond Level (FRL) : 770 m. 
Deepest foundation : 747 m 
Level 
MDDL : 765.0 m 
Crest Level : 758 m 
Maximum water level : 771 m 



Live Storage : 0.32 MCM 
Spillway : Ogee shaped concrete spillway having 2 

radial gates, of size 14 m x 12 m 

IV. Low Pressure Tunnel 
Shape : Modified Horse shoe concrete lined 
Length & Diameter : 14.527 Km, 6.7 m dia. 
Design discharge : 140 cumecs. 
Velocity : 4.0 m/sec. 
Invert Level at Bichom : 750 m. 
Slope of tunnel : 1 in 1000 

A.  Adit-I 
Shape : D Shape 
Length : 84.30m 
Invert at Portal : EL. 749.00m a.s.l. 
Outward Gradient : 1 in 216.32 
Invert at Junction : EL. 749.31m a.s.l. 
Length of HRT under : 5100m (785.0m + 4315.0m) 
Adit-I 

B. Adit-II 
Shape : D Shape 
Length : 388.450m 
Invert at Portal : EL. 764.30m a.s.l. 
Outward Gradient : 1 in 16.67 
Invert at Junction : EL. 741.00m a.s.l. 
Length of HRT under : 4266m (4123.0m + 143.0m) 
Adit-II 

C. Adit-III 
Shape : D Shape 
Length : 281.200m 
Invert at Portal : EL. 760.00m a.s.l. 
Outward Gradient : 1 in 14.42 
Invert at Junction : EL. 740.50m a.s.l. 
Length of HRT under : 2684m (280m + 2404m) 
Adit-III 

D. Adit-IV 
Shape D Shape 
Length 348.97m 
Invert at Portal EL. 725.522m a.s.l. 
Outward Gradient Upward 1 in 129 (100m) 

Inward 1 in 27.50 (248.97m) 
Invert at Junction EL. 717.233m a.s.l. 
Length of HRT under 2427.50m (2295m + 132.50m) 



Adit-IV 

V. Surge Shaft 
Type 

Diameter 
Diameter of orifice 
Top of surge tank 
Up Surge Level 
Down Surge Level 

VI. High Pressure Tunnel 
Type 

Number 

Diameter of main 
penstock 

VII. Power Houe 
Type 
Size of Power House 
Length of Service bay 
Width of Service bay 
Height of Service Bay 
Length of each unit of 
Machine hall 
Width of each unit of 
Machine hall 
Draft Tube Floor 
Turbine and MIV Center 
line Level 
Turbine Floor Level 
Generator Floor Level 
Operating Floor Level 
Service Bay Level 
Top of Control Room 
Level 
Top of Crane Beam 
Level 
Installed Capacity  

Restricted orifice type surge shaft located 
at the end of Low Pressure Tunnel. 
25 m (expansion chamber). 
3.75 m. 
794 m. 
788.2 m. 
743.4 m. 

: Combination of underground-overground 
- underground steel lined pressure 
tunnel. 

: 1 no of 5.3 m dia of length 601.16 m 
taking off from surge tank, bifurcating 
into 2 nos of 3.75 m dia of length 
1415.813 m & 1415.497 m respectively 
and then each bifurcating into 2 nos of 
2.65 m dia of length 52.15 m to feed 4 
units of 150MW. 

: 5.3 m 

Surface. 
120 m x 37.3 m (between A& E line). 
36 m 
20 m 
± 19.5 m 
27.3 m 

: 20 m 

: 221.20 m 
: 225.50 m 

: 228.00 m 
: 232.00 m 
: 236.70 m 
: 243.50 m 
: 248.50 m 

: 258.00 m 

: 4x 150 MW 



Type of Turbine : Vertical Francis Turbine. 
No. & capacity of 
generating unit 

• 4 units of 150 MW. 

Firm Power 163 MW. 
Energy Generation 3592 MU. 
Unit spacing : 20 m centre to centre. 
Tail Water level (Max) : 256.60 m. 
Tail Water level (Min) : 233.59 m. 
Tail Water level : 234.64 m. 
(Normal) 
Gross Head : 536 m. 
Rated Head : 504 m. 
Rated Discharge per 
unit 

: 32.8 cumecs 

Normal Speed : 428.6 r.p.m. 
Generator Parameters 
Type • Synchronous & Semi Umbrella type 
Phase . 3. 
Rated Power • . 150 MW 
Frequency • 50 Hz 
Generation Voltage . • 13.8 kV 
Length of Tail race 
channel 

• 50.0 m. 

VIII.  Switchyard surface, 132 kv & 400 kv; double & 
transfer bus arrangement 

IX.  Construction Period : 5 Years 

X.  Project Cost : 2496.90 crores (i/c IDC= Rs. 249.09 
crores) at march 2004 price level) 

XI.  Tariff 
Levellised : Rs. 1.31 per unit 
1 st  year • Rs. 1.72 per unit 



KAMENG HYDRO ELECTRIC PROJECT (600 MW) 

SALIENT FEATURES  (REVI_ED) 

I. I Location Located in the West Kameng District of 
Arunachal Pradesh. 

Bichom Dam Across river Bichom 3.65 Km downstream 
of the confluence of Bichom & Digien.  

Tenga Dam Across river Tenga 10.5 Km upstream of 
confluence of Bichom and Tenga river.  

Power House On the right bank of Kameng river near 
Kimi village in the West Kameng District.  

II.  Bichom Dam 
Catchment Area 2,277 Sq. Km.  

9,216 cumecs! ‘ Approved by CWC vide CWC. U.O. 

No.4/334/2010-Hyd(NE)/418 dtd 24-10-2011) 

Design Flood Discharge 

Dam Height 69 m (above deepest foundation). 
Length 264.15 m. 
Type Concrete Gravity. 
Average river Bed Level 706 m. 
Top of Dam 773 m. 
Pond Level (FRL) 770 m. 
Deepest foundation Level 

H
  704 m 

MDDL 764.5 m 
Maximum water level 771.49 m (Based on model study and confirmed by 

SMEC's letter no.56155/03/01/09-10 
/1183 dtd.l5 th  Sept'09.) 

Live Storage 5.718 MCM 
Invert level of Breast 
wall 

746.8 m (Based on model study and confirmed by 

SMEC's letter no.56155/03/01/09-10 
/1183 dtd.l5 th  Sept'09.) 

Spillway 

CL of trunion of radial 
gate 

I  
-
  

 

Ogee shaped concrete spillway having 6 
radial gates, of size 9 m x 11.8 m and 
crest level at an elevation 735.00 m. 

745 	m 	(Based on model study and confirmed by 

SMEC's 	letter 	no.56155/03/01/09-10/1183 	dtd.15 th 
 Sept'09._) 

III.  Tenga Dam 
Catchment Area 1,019 Sq. Km. 
Design Flood Discharge 3,862 cumecs. (Approved by CWC vide CWC. U.O. 

No.4034/2010-Hyd(NE)/418 dtd 24-10-2011) 

Dam Height : 24.5 m (above deepest foundation). 

Length 103 m. 
Type : Concrete Gravity. 
Average river Bed Level 756 m. 
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T  Top of Dam 773 m. 
Pond Level (FRL) 770 m. 
Deepest foundation Level 748.60 m 
MDDL 763.00 m 
Crest Level 756 m 
Maximum water level 771.67 m (based on model study & apprvd SPF) 

Live Storage 0.5 MCM 
Spillway Flat apron type concrete spillway having 2 radial 

gates, of size 14 m x 14 m and crest level at 
an elevation 756.00 m. 

IV. Low Pressure Tunnel 
Shape Modified Horse shoe concrete lined 
Length & Diameter 14.527 Km, 6.7 m dia. 
Design discharge 140 cumecs. 
Velocity 4.0 m/sec. 
Invert Level at Bichom 750 m. 
Slope of tunnel 1 in 1000 

A. Adit-I 
Shape D Shape 
Length 84.30m 
Invert at Portal EL. 749.00m a.s. l . 
Outward Gradient 

1-, 1 in 216.32 
Invert at Junction EL. 749.31m a.s.l. 
Length of HRT under 
Adit-I 

5100m (785.0m + 4315.0m) 

B. Adit-II 
Shape D Shape 
Length 398.60 m 
Invert at Portal EL. 764.30m a.s. l . 
Outward Gradient 1 in 16.67 
Invert at Junction EL. 741.00m a.s.l. 
Length of HRT under 
Adit-II 

4266m (4123.0m + 143.0m ) 

C. Ad it-III 
Shape D Shape 
Length 
Invert at Portal 

277.35 m 
EL. 760.00m a.s.l. 

Outward Gradient 1 in 14.42 
Invert at Junction EL. 740.50m a.s.l. 
Length of HRT under 
Adit-III 

2684m (280m + 2404m) 

D. Adit-IV 
Shape D Shape 
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Length 348.97m 
Invert at Portal EL. 725.522m a.s.l. 
Outward Gradient 	• Upward 1 in 129 (100m) 

Inward 1 in 27.50 (248.97m) 
Invert at Junction EL. 717.233m a.s.l. 
Length of HRT under 
Adit-IV 

2427.50m (2295m + 132.50m) 

V.  Surge Shaft 
Restricted orifice type surge shaft located 
at the end of Low Pressure Tunnel. 

Type 

Diameter 25 m (expansion chamber). 

Diameter of orifice ••
, 3.75 m. 

Top of surge tank 794 m. 

VI.  High Pressure Tunnel 
Type Combination of underground-overground  -

underground steel lined pressure tunnel. 
Number 1 no of 5.3 m dia of length 601.16 m taking 

off from surge tank, bifurcating into 2 nos of 
3.75 m dia (at Valve House) of length 
1415.813 m & 1415.497 m respectively and 
then each bifurcating into 2 nos of 2.65 m dia 
of length 52.15 m to feed 4 units of 150MW. 

VII.  Power House 
Type Surface. 
Size of Power  House 

H-1  120 m x 37.3 m (between A & E line). 
Width  of each unit of 
Machine  hall 

20  m 

Installed Capacity 4 x 150 MW 
Type of Turbine 

H
 Vertical Francis Turbine. 

No. & capacity of 
generating unit 

4 units of 150 MW. 

Firm Power 168.86 MW. (CEA dtd 09.01.2012) 

Annual Energy Gen 

[
-
-
  3431 MU. (CEA dtd 09.01.2012) 

Design Energy @ 95% 
m/c availability 

3353 MU (CEA dtd 09.01.2012) 

Annual Load Factor 65.1 % 
Lean Period Load factor 35.0 % 
Efficiency of TG Set 92.98% (CEA dtd 09.01.2012) 

Unit spacing 

1--  20 m centre to centre. 
Tail Water level (Max) 253 m (D&E/T-16)187 dtd 17/04/2012) 

Tail Water level (Average) 234.637 m (CEA dtd 09.01.2012) 

Tail Water level (Min) 233.59 m. 
Gross Head 536 m. 
Head Loss 40.78 m (HCD,CWC(NW&S)/1410 dtd 28/11/2011) 

Net Head 

[--  492.75 m (CEA dtd 09.01.2012) 

Hydrology Series : 1969-70 to 1981-82 (CEA dtd 09.01.2012) 
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Dependable year 
Peaking (Hours) 

: 
: 

1981-82 (CEA dtd 09.01.2012) 

6.75 (CEA dtd 09.01.2012) 

Generating Voltage • : 13.8 kV (CEA dtd 06.01.2012) 

VIII.  Switchyard surface, 132 kv & 400 kv; double & 
transfer bus arrangement 

IX.  Construction Period --I  5 Years (approval) 
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