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HEP 
development
• HEP des ign  and construct ion i s  an  

i terative process that  takes  p lace  

over severa l  years .  Above a l l , i t  i s  

chal lenging .

• The des igner  must  confront  and 

overcome numerous hurdles –

env ironmenta l , techn ica l , soc ia l , 

f inanc ia l  and regu lator y  – be fore the 

HEP can become operat iona l . 
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The HEP development 
process



Development 
activities

HEP 
Design

Technical 
studies & 

engineering

Contractor 
selection & 
contracting

Social impact 
assessment, 
resettlement 

& 
compensation

Environmental 
impact 

assessment, 
mitigation & 
management

Regulatory 
activities, 
power 

planning & 
power sales

Financial 
planning & 
financing

• HEP des ign ordinar i ly  
enta i l s  six processes 
intended to carr y the 
project  from identi f ication 
to operation .

• Al l  s ix must be carr ied out 
in paral lel ; the fa i lure of  
one could enta i l  the fa i lure 
of  the project . 
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Design 
phases

Concept

Pre-feasibility

Feasibility

Engineering design

Construction design

• HEP design usual ly goes 

through f ive phases 

before construct ion can 

commence .

• These commence with 

site identif ication and 

end with f ine-tuning the 

ult imate design. 
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Contractor 
selection

Project procurement 
strategy

Contract strategy & packaging 

Tender preparation

Contract 
preparation

Tendering process & bid 
evaluation

Contract negotiation & 
award

• Al l  projects require the 
se lect ion of  a  contractor 
to carr y out construct ion of  
the HEP.

• Fina l  contract  l ike ly to be in 
l ine with internat iona l ly-
recognized construction 
precedents , e .g . F IDIC Red, 
Yel low or S i lver Books.
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Social impact
• Al l  HEP projects have 

social  impacts , assessed 
v ia  a  h ierarchy of  studies 
us ing the Equator Pr inc ip les , 
IFC Performance Standards , 
or World Bank Standards .

• High social  impacts make 
many projects in feas ib le 
because of  the reputat iona l  
r i sks to investors and 
lenders .  
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Involuntary displacement of 
communities
Water quality reduction and 
water borne diseases
Loss of agricultural land
Loss of commercial 
opportunities (e.g. fishing, 
mining, tourism)
Loss of spiritual or other 
indigenous sites 

Appropriate site selection
Resettlement and livelihood 
restoration
Payment of compensation
NB: No mitigation possible for 
an unsuitable site

So
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Environmental 
impact

• Al l  HEP pro jects  have 
cumulative environmental  
impacts , assessed us ing  the 
us ing  the Equator Pr inc ip les , 
IFC Per formance Standards , 
or  World  Bank Standards . .

• Can cause pro jects  to  fa i l  
due to weak cost /bene f i t  
rat iona le  and reputat iona l  
r i sk  to  investors  and lenders .
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Impact on 
wildlife

• Flooding of natural habitats, possibly including endangered species
• Effects on fish and other aquatic life
• Floating aquatic vegetation
• Loss of terrestrial wildlife

Wider 
impact

• Downstream hydrological changes due to streamflow, sediment 
transport, water quality, etc.

• Reservoir sedimentation
• Greenhouse gas production from reservoirs
• Water borne diseases

Potential 
mitigation

• Appropriate site selection
• Environmental offsets
• NB: No mitigation possible for an unsuitable site



Financial 
planning

• Enta i l s  the ra is ing of  funds 
for construction via  debt , 
equity and/or government 
funding .

• Unless funded entirely by 
government , the vast  cost  
of  HEP projects means that  
many projects fa i l  at  th is  
stage .
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Financial analysis

Tariff analysis

Equity funding options

Debt funding 
options 

Financing
agreements



Regulatory 
activities

• Enta i l s  the establ i shment of  
the legal  and regulatory 
framework for the 
implementat ion of  the 
project .

• Requires l ia i s ing with 
multiple agencies at  the 
loca l , reg iona l  and nat iona l  
governmenta l  leve ls .   
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Power purchase agreements

Land acquisition agreements

Water rights agreements

Project implementation/concession agreements

Any other necessary permits 



HEP 
design



STEP 1:

Project concept
• Identify project site based on national 

inventory and master plans.

• Screen candidates to meet forecast 

demand.

• Desk study to create concept .

• Budget for future development 

activities .
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STEP 2:

Pre-feasibility study
• Assess f inancial viabil ity of process and 

select technical concept .

• Conduct data collection and prel iminary site 
investigation .

• Evaluate technical options (run-of-r iver, 

storage work, pumped hydro).

• Undertake cost/benefit analysis .

• Assess market and run economic and f inancia l  

analyses.
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STEP 3:

Feasibility study
• Confirm the technical , economic , f inancia l  and 

commercia l  v iabi l i ty of  the project .

• Entai ls  a detai led site investigation

(hydrology, sediment, geology, etc . ) ; optimization

and design of the preferred opt ion. 

• Further requires a detai led cost/benefit 

analys is ; construction planning ; and fur ther 

f inancial and tariff  assessment .
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STEP 4:

Engineering design
• Prepare the detailed design and 

specification for all construction lots.

• Entails :

• Engineering analysis;

• Preparation of tender drawings;

• Preparation of technical specif ications;

• Construction planning.
15
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STEP 5:

Construction design
• Finalize the project design in conjunction 

with the contractor.

• Entails the f ine-tuning of detai led designs 

for each component of the f inal HEP, including 

headworks, tunnell ing, turbines and 

transmission l ines. 
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HEP 
components



Main HEP components
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Dam
• The  dam se r ve s  to  impound  

water, and  i t  may  a l so  se r ve  a s  a  
s t ruc ture  upon  wh i ch  ga te s  and  
sp i l lway s  a re  l oca ted .

• Based  on  cons t ruc t ion  mater i a l s  
t hey  c an  be  genera l l y  c l a s sed  a s  
concrete , ear then , o r  a  
comb ina t ion  o f  t he  two 
represen ted  by  t he  concrete  
face  rockf i l l  dam t ype .

• The  se l ec t ion  o f  dam t ype  
depends  on  the  t ype  o f  
founda t ion  and  loca l l y  av a i l ab l e  
mater i a l s .
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Types of dam
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Spillways
• Sp i l lways  are  used to re lease  

f loods  to the r iver  be low the 

dam in  a  contro l led manner 

(no damage) , but  may have 

other app l icat ions  (e .g . 

sed iment  management) .

• At some s i tes , f lood 

surcharge can exceed 20m. 

Gates  a l low the f lood 

surcharge to be contro l led 

and used benef ic ia l ly. 
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Types of spillway
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Intakes
• Run-o f -R i ve r  HEPs  a re  

su scep t i b l e  to  sed imenta t ion . 

• I n t akes  shou ld  be  des i gned  w i th  
t he  i dea  o f  m in im i z i n g  
en t r a i nment  o f  s and  w i th  t he  
d i ve r ted  wa ter.

• A bas i c  p r i nc i p l e  o f  RoR in t ake  
des i gn  i s  to  w i thdraw water  f rom 
as  h i gh  i n  t he  wa te r  co lumn  a s  
pos s i b l e  u s i n g  a  sur face  intake .

• A deep intake , on  the  o ther  
hand , i s  more  app l i c ab l e  to  
s torage  re se r vo i r s  i n  wh i ch  
sed iment  ha s  no t  ye t  reached  the  
dam . 
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Types of 
intake
• I n t akes  may  be  de f i ned  by  t he i r  

dep th  re l a t i ve  to  the  re se r vo i r ’s  

minimum operat ing  leve l  

(MOL) .

• A sur face i n t ake  commences  a t  

t he  su r f a ce  and  then  t e rm ina te s  

j u s t  be low the  MOL ; a  deep

i n t ake  i s  s i t u a ted  en t i re l y  be low 

the  MOL .  

• Both  i n t akes  may  i ncorpora te  a  

wa te r  sea l  to  p reven t  vor tex ing .
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Conveyance 
elements
• The  powerhouse  may  be  loca ted  i n  

or  immed i a te l y  ad j a cen t  to  the  dam .

• Where  the  powerhouse  i s  l oca ted  
downs t ream o f  t he  dam , wa te r  i s  
conveyed  f rom the  headworks  to  the  
powerhouse  by  t he  headrace  and  
o ther  e l ement s .

• The  headrace  t e rm ina te s  w i th  t he  
pens tocks , wh i ch  then  feed  i n to  a  
spher i c a l  v a l ve  ( i n l e t )  t ha t  connec t s  
to  the  tu rb i ne .
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Types of conveyance elements
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Turbines
• Turbines harness water 

de l ivered from the reservoir  

to create mechanica l  

energy.

• Turbine des ign may var y.  

The two main types are 

Francis and Pelton
turbines .
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Types of turbine
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Tailrace
• The ta i l race del ivers the 

water that  exi ts  the turbine 
back to the r iver. 

• In  many p lants the dra f t  
tube discharges very c lose 
to the r iver and the ta i l race 
is  ver y shor t , but in  some 
plants (NJHEP) i t  can 
cons ist  of  a  long tunnel .
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HEP 
construction



Challenges
• NJHEP, a l l  to ld , took over 10 
years to  des ign  and construct  

( Januar y  2008 to December 

2018) .

• Mult ip le  s ign i f i cant  

cha l lenges , typical  of  the 
Himalaya :

• Diver s ion  and  excava t ion ;

• Tunne l l i n g ;

• Surge  sha f t ;

• Powerhouse .
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Diversion and 
excavation
• Neelum River f i rst  had to 

be diverted ( through an 

upstream cof fer dam and 

then divers ion tunnel ) .

• Hil l s ide on le f t  bank needed 

to be cut away to a l low for 

construct ion of  desander 

structure .
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Tunnelling
• Greatest construct ion 

chal lenge for NJHEP:

• 58km of tunnels through 
di f f icult  geology, including 
Muzaf farabad Fault .

• Lowest point 178m under 

Jhelum River.

• Specia l ised tunnel boring 

machine (TBM) required.
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Headrace 
bifurcation
• Need to min imize tunnel  

d iameter due to poor 

geology means that  the 

headrace must be sp l i t  into 

two tunnels .

• Adds s ign i f icant ly  to the 

amount of  tunnel l ing 

required.  
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Headrace 
lining
• Headrace tunnels  under the 

Jhe lum River need to be 

l ined with steel  cans , 

necess i tat ing the 

construct ion of  a  factory 

near the project  s i te .

• Each can is  12m long and 

weighs 72 tons .
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Surge shaft
• As par t  of  the tunnel  des ign , 

a  surge shaf t  must be 
constructed from the point  
at  which the headrace 
enters the penstocks to the 
surface .

• The resul t ing shaf t  i s  353m 
high; for compar ison, the 
E i f fe l  Tower is  330m high .
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Powerhouse 
cavern
• In  the process of  excavat ing 

the powerhouse , rock 
support issues developed.

• Owing to h igh-stress zones 

caus ing br i t t le  fa i lure in the 

sandstone bed, 15m rock 
anchors had to be sunk 

into the wal ls .
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