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Run-of-river HEP 
headworks



Headworks
• The headworks in a  run-of-

r iver HEP inc lude 
everyth ing constructed at  
the s i te of  the r iver i tse l f .

• This inc ludes not only the 
dam, but a l l  appur tenant 
structures , inc luding 
sp i l lways , intakes and 
operat iona l  bui ld ings .
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Dam
• For  a  run-o f - r i ver  HEP, the  dam 

i s  usua l l y  s i tua ted  in  a  va l l ey, 
a l lowing  a  narrow reser vo i r  to  
f i l l  beh ind  i t .  Th i s  crea tes  head  
for  power  generat ion .

• The dam s tructure  w i l l  var y  
depend ing  on  loca t ion  – the  
three  ma jor  types  are  ear then  
concrete , and  rock- f i l l ed  dams .

• NJHEP i s  a  hybr id : the  ma in  
dam i s  concrete  w i th  a  rock-
f i l l ed  sec t ion  s t radd l ing  a  
geo log i ca l  f au l t  ( the  ma in  
boundar y  thrust ) .
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Spillway
• The sp i l lway  i s  the  pr inc ipa l  

s t ructure  by  wh ich  water  i s  

passed  through the  dam –

par t i cu l a r ly  i n  t imes  o f  f lood .  

I t  may  a l so  have  other  

app l i ca t ions  (e . g . sed iment  

management ) .  

• Mul t ip le  sp i l lway  s t ructures  

may  be  inc luded  in  the  same 

dam.

• Usua l l y  i nc ludes  a  s t ructure  to  

prevent  eros ion  o f  the  r i verbed  

a t  the  foot  o f  the  dam.
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Intakes
• The intakes  a l low water  to  be 

abstracted f rom the reser vo ir  

in to the headrace – and 

thence on to the turb ines .

• Need to be care fu l ly  des igned 

to min imize  sed iment  ingress  

and prevent  vor tex ing .

• May inc lude spec ia l  

s tructures  to  ach ieve e i ther  

or  both o f  these  a ims , e .g . 

desanders .

7



Reservoir
• Not par t  o f  the  headworks  

per  se , but  an  impor tant  
component  o f  the  HEP.

• A run-of -r iver  HEP can 
funct ion without  a  reser vo ir  
– but  i t s  power generat ion 
potent ia l  would  be l imi ted .

• Run-of -r iver  HEPs tend to 
have smal l  reser vo irs  for  the 
purpose o f  deve lop ing head 
and improv ing power 
product ion in  the  dr y  season . 
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Live and dead 
storage



Types of HEP

Storage HEP

• Massive storage (in the order of months or even years).
• Designed to permit flexible operation of the HEP year-round, as well 

as provide flood control.
• Notable example: Tarbela HEP, Khyber Pakhtunkhwa.

Run-of-river 
HEP with no 

storage

• No storage at all; effectively a turbine placed in the river or on an 
adjoining canal.  Usually a smaller HEP.

• Entirely dependent on the river flow on a particular day and used 
only as base load power.  Relatively primitive.

• Notable example:  Shadiwal HEP, Punjab.

Run-of-river 
HEP with 
storage

• Small reservoir constructed in narrow valley to improve head and 
power generation.

• Typically used for baseload power in the wet season and peaking 
power in the dry season.

• Notable example: NJHEP, Kashmir.  

• HEPs can be div ided into 

categor ies depending on 

how much storage they 

have – i .e . the s ize of  the 

reservoir.

• Storage can be used to ra ise 

head and increase power 

generat ion.
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Reservoir levels
• S t o r a g e  i n  a  H E P  r e s e r v o i r  i s  d e t e r m i n e d  b y  t h e  

i n v e r t  o f  t h e  l o w e s t  o u t l e t

• A n y t h i n g  b e l o w  t h a t  p o i n t  i s  d e a d  s t o r a g e i n  t h a t  i t  

c a n n o t  b e  e v a c u a t e d  t h r o u g h  t h e  d a m  v i a  g r a v i t y .   

R e s e r v o i r  s p a c e  b e l o w  t h i s  l e v e l  i s  o f t e n  u s e d  f o r  

s e d i m e n t  s t o r a g e .

• A n y t h i n g  a b o v e  t h a t  p o i n t  i s  l i v e o r  c o n t r o l l a b l e  

s t o r a g e  t h a t  c a n  b e  u s e d  f o r  o p e r a t i o n a l  p u r p o s e s  

s u c h  a s  p o w e r  p r o d u c t i o n .

• P o n d a g e  i s  s t o r e d  i n  t h e  H E P ’ s  o p e r a t i n g  p o o l ,  i . e .  

i t  i s  l i v e  s t o r a g e  t h e  t o p  o f  w h i c h  i s  t h e  f u l l  

p o n d a g e  l e v e l  ( F P L ) .   T h e  b o t t o m  o f  t h e  o p e r a t i n g  

p o o l  i s  t h e  m i n i m u m  o p e r a t i n g  l e v e l ( M O L ) .  
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NJHEP 
reservoir
• Longitudina l  v iew (L-

sect ion)  of  the NJHEP 
reservoir  with the dam at 
0m. River s lope in reservoir  
i s  1% or 1/100.

• Demonstrates the Minimum 
Operat ing Level  (MOL), Fu l l  
Pondage Level  (FPL) and 
High F lood Level  (HFL) . 
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Run-of-river 
HEP operation
o Himalayan run-of-r iver plants are designed to 

operate at fu l l  power through the wet 
summer months ,  supply ing base load 24/7.

o To minimize sedimentat ion, they may operate 
at the minimum operating level (MOL) 
during the wet season .

o During the dry winter months they can only 
produce l imited amounts of  energy.  

o I f  pondage i s  avai lable ,  during the dry season 
the HEP can be turned of f  to a l low water to be 
stored in the operat ing pool for part of  the 
day up to the ful l  pondage level (FPL), 
re leasing stored water ( i .e .  pondage) to 
produce power during hours of  peak demand. 
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NJHEP reservoir level: 2018–2023
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Spillways and 
freeboard



Spillway and freeboard configuration

• The sp i l lway  i s  the  pr inc ipa l  means  o f  
re leas ing  water  to  the  r i ver  be low the  
dam dur ing  f loods .

• I t  i s  des i gned  to  sa fe ly  pass  the  des ign 
f lood , wh ich  i s  a ssessed  based  on  
loca t ion .

• I n  the  Hima laya , the  des i gn  f lood  i s  usua l l y  
a ssessed  on  a  10 ,000-year  bas i s .

• Sp i l lway  p l acement  may  be  re levant  to  the  
f reeboard , be ing  the  por t ion  o f  the  dam 
tha t  extends  above  the  top  o f  the  
operat ing  pool  and  protects  the  dam f rom 
overtopping .
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Freeboard height

• Freeboard height above the ful l  

pondage level (FPL) is provided 

to account for several factors:

• Flood surcharge;

• Wave act ion;

• Type of dam;

• Operat ional  rel iabi l i ty.  
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Spillway configurations
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• Multiple spi l lway 

configurations can 

be used.

• Several dif ferent 

configurations may 

be incorporated into 

a single dam.



Advantages of spillway designs
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Multiple 
spillway 
design
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NJHEP spillways

• Spil lways can be combined in dif ferent configurations to meet dif ferent 

chal lenges at the HEP site (e .g. f lood or sediment management).  I f  one 

design is not possible , a workaround may be developed.

• For example , an orif ice spi l lway may be included as the main spi l lway, with 

a surface spi l lway incorporated for use i f  the discharge capacity of the 

main spi l lway is exceeded.

• The NJHEP is one such design, incorporating orif ice and surface gated 

spi l lways – together with undersluices built into the intake structure for 

sediment management.
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Upstream 
elevation
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Downstream 
elevation
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Orifice 
spillway
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Surface 
gated 
spillway
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