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Part I
Introduction
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The Court’s Pondage question

PO6, ¶ 35(d)
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Annexure D, Paragraph 8(c)

PLA-0001
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Outline of  submissions

• Par t II: Pondage in a run-of-river HEP

• Par t III: Treaty provisions relevant to the calculation of maximum 

Pondage

• Par t IV: Calculating maximum Pondage under Paragraph 8(c)

• Par t V: India’s approach to the calculation of maximum Pondage

• Par t VI: Answering the Court’s question on Pondage



Part II
Pondage in a run-of-river HEP
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Natural flow versus design discharge

Site Visit Presentation 5, slide 13 (Mr Farooq) 
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Site Visit Presentation 5, slide 10 (Mr Farooq)

Flow solutions

Storage HEP

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

flood control.
• Notable example: Tarbela HEP (4,888MW), Khyber Pakhtunkhwa.

Run-of-river HEP 
with no storage

• No live storage; effectively a turbine placed in the river or on an adjoining 
canal.  

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

• Notable example: Salal HEP (690MW), Indian-administered Kashmir.

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 (969MW), Pakistan-administered Kashmir.  

• I n  sub-des ign d i sc harge 

condi t ions,  l ive  s torage may 

be used to  improve an HEP ’s  

power product ion .

• Suc h s torage mus t  be 

incorporated in to  the  HEP 

dur ing the  des ign phase.
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Defining pondage

P-0477, 1.10
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Daily versus weekly load curves

P-0302, figs. 2-3, 2-8
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Power system loading

P-0302, 2-4
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Hydropower within an 

integrated power system

P-0302, figs. 2-10, 2-11



13

Calculation of  Pondage 

without the Treaty

Memorial, ¶ 4.67
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Impact of  legal regulation on Pondage

SVT2/36/14–19 (Dr Hayat); SVT4/119/21–23 (Mr Minear) 



Part III
Treaty provisions relevant to 
the calculation of maximum 
Pondage
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Annexure D, Paragraph 8(c)
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Article III(1), (2) and (4)
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Pondage in the 

Kishenganga Partial Award
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Annexure D, Paragraphs 2(a), (b), (d) and (f)
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Dead Storage Level 
D.2(a)

Full Pondage Level
D.2(d), D.8(c)

Dead Storage 
D.2(a)

Operating Pool
D.2(f)

Live Storage
D.2(b)

River flow
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Annexure D, Paragraphs 2(c),(e) and (g)
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Surcharge storage 
D.2(e), D.8(b)

Dead Storage Level 
D.2(a)

Full Pondage Level
D.2(d), D.8(c)

Dead Storage 
D.2(a)

Operating Pool / Pondage 
D.2(f), D.2(c)

Live Storage
D.2(b)

River flow

Surcharge Storage Level
D.2(e), D.8(b)
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Professor Briscoe on 

India’s Live Storage
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Annexure D, Paragraphs 15 and 16
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Annexure D, Paragraph 8(c)
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Annexure D, Paragraphs 2(i) and (j)
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Measuring HEP 

output
• A HEP i s  a power plant ,  be ing a 

sys tem used to  generate e lec t r i cal  

power that  can be used to  perform 

work .  

• HEP output  i s  measured in  power ,  

ref lect ing rate  at  wh ic h  energy i s  

produced, measured in  W.

• 1,000,000W = 1MW.

P = Q x g x h x ρ x η

P = Power (W) 

Q = Flow rate (m3/sec)

g = Gravity (m/sec2)

h = Generating head (m) 

ρ = Density of water (kg/m3) 

η = Plant efficiency (%) 

  resentation 10, slide 13 (Mr Khan)
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Firm Power for Kiru HEP

 fig. 11.2

𝑷𝑷𝑭𝑭 = Firm Power (W)
QMMD = Flow Rate (m3/sec)
H𝒏𝒏 = Generating head (m)
𝜺𝜺 = Efficiency (% of power retained)
𝝆𝝆 = Water density (1000 kg/m2)  
𝒈𝒈 = Gravity (9.81m/sec2)

Assume Kiru HEP has an Hn of 100 
and an 𝜀𝜀 of 90% (0.9) 

𝑃𝑃𝐹𝐹 = 𝑄𝑄𝑀𝑀𝑀𝑀𝑀𝑀𝐻𝐻𝑛𝑛𝜀𝜀𝜌𝜌𝑔𝑔

𝑃𝑃𝐹𝐹 = 65.3 ×  100 ×  0.9 ×  1000 ×  9.81

𝑃𝑃𝐹𝐹 = 57,653,370W

𝑃𝑃𝐹𝐹 = 57.65MW
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Power versus energy (I)

2
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Power versus energy (II)

ounter-
 116



Part IV
Calculating maximum 
Pondage under Paragraph 
8(c) of Annexure D
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Sufficiency criteria 

for calculation of  

maximum Pondage 

 ¶ 11.43 

Produces 
fixed and 

unique 
volume

Easy to 
deploy with 

1960s 
methods

No need for 
correction

Insulated 
from outliers 
and errors

Rests on 
Treaty-

required 
data 

Cannot be 
unilaterally 
manipulated



Daily Pondage and HEP operations

 0;
 s  2-3  2-8
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Daily versus weekly 

reference in the 

Treaty 

 

Daily 
references

Art I(15)(b)

Art VI(1)

Ann D, Para 2(c)

Ann D, Para 2(h)

Ann D, Para 15

Ann D, App II, Para 2(b)

Ann D, App II, Para 4(h)

Weekly 
references

Ann D, Para 2(c)

Ann D, Para 2(h)

Ann D, App II, Para 2(b)

Ann D, App II, Para 4(h)
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Paragraph 15 and Pondage (I)
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Paragraph 15 and Pondage (II)
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Daily Pondage 

calculation plainly 

preferred 

Reflects 
rdinary HEP 
operations

HEPs normally 
store and 

discharge water 
on a daily basis

f all daily targets 
are met, weekly 

target will be met 
automatically 

Consistent 
with Treaty 
language

References to 
daily time periods 

are more 
significant in the 

Treaty

Weekly periods 
never appear 

without reference 
to a daily period

Possible in 
1960s

Weekly Pondage 
calculation 

requires account 
be taken of Ann 

D, Para 15

Increases 
complexity of 

calculation such 
that it would be 
very difficult in 

1960s

Consistent 
with Treaty 
object and 
purpose

Treaty requires 
Indian storage on 
Western Rivers be 

minimised

In case of doubt, 
requires daily 
Pondage to be 
preferred to 

weekly Pondage



38

Flow MMD

Time 24 hours

Volume ?

• Pondage is required to help the r iver 
ac hieve MMD flow so the HEP can 
produce Firm Power .  

• The t ime period for assessment i s  24 
hours .

• Only remaining quest ion is  the 
Pondage volume required to ac hieve 
th is  object ive.

Pondage “required for Firm Power” (I)
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1. Where the r iver f lows at or above the MMD ,  no Pondage is  required for Firm 

Power product ion.

2. Where the r iver f lows less than the MMD ,  Pondage is  required for Firm Power 

product ion.

3. Paragraph 8(c) assumes that Pondage is required for Firm Power where the r iver 

f low is  less than the MMD .  

4. The volume of  Pondage required for Firm Power depends on the difference 

between the natural r iver f low and the MMD over a 24-hour period .

5. Paragraph 8(c) cannot  be interpreted to require a HEP to produce constant F irm 

Power throughout the dry season. 

Pondage “required for Firm Power” (II)



Pondage “required for Firm 

Power” (III)

Pondage “required for Firm Power”: the 

volume of  storage  required to ensure that all 

inflow received in a HEP’s reser voir in each 

24-hour period can be disc harged through 

the turbines at the MMD within the same 24-

hour period .

40
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HYDROLOGY
MMD = 100m3/sec 
Flow = 75m3/sec

WITHOUT PONDAGE 
No Firm Power

No storage possible; discharge all flow 
as it arrives through turbines at 

75m3/sec.

WITH PONDAGE 
Some Firm Power 

Store natural flow for part of day at 
75m3/sec; discharge storage plus 
natural flow for balance of day at 

100m3/sec.

Pondage “required for Firm Power” (IV)
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Pondage “required for Firm Power” (V)

MMD = 100m3/sec
DAILY FLOW = 75m3/sec

75m3/sec × 60 sec × 60 mins × 24 hours = 6,480,000m3 
Total daily inflow = 6.48Mm3

6,480,000m3 ÷ 100m3/sec = 64,000 sec 
18 hours of Firm Power production

100,000 seconds – 64,000 sec = 36,000 sec
6 hours of Pondage storage

75m3/sec × 36,000 sec = 1,620,000m3 
1.62Mm3 of Pondage required for Firm Power

 Appendix E
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Pondage “required for Firm Power” (VI)

≥100% of MMD
• No storage/storage 

time

90% of MMD
• Small 

storage/storage time

75% of MMD
• Moderate 

storage/storage time

50% of MMD
• Large 

storage/storage time
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Pondage “required for Firm Power” (VII)

[A]
Inflow

(MMD %)

[B]
Production time 

(hours)

[C]
Filling time

(hours)

[D]
Volume stored

(hours of MMD)

[E]
Pondage volume

(Mm3)

100 24 0 0.00 0.00

75 18 6 4.50 1.06

66.7 16 8 5.33 1.25

58.3 14 10 5.83 1.37

50 12 12 6.00 1.41

41.7 10 14 5.83 1.37

33.3 8 16 5.33 1.25

 fig 11.3
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Pondage “required for Firm Power” (VIII)

 fig 11.4

• Past a certain level of inflow, 
the quantum of usable storage 
decreases.

• The largest amount of useable 
storage fixes the Pondage 
“required for Firm Power”.

• Guarantees the HEP can 
produce Firm Power for the 
longest amount of time per 
day in any sub-MMD flow 
conditions.

Result always equals 12 hours of  storage at 50% of  MMD.
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Pondage “required for Firm Power” (IX)

 -4
 ¶ 11.83(c) (fn 886)

KIRU HEP

• ≥ 58.3% of MMD: greater than intermediate Firm 
Power produced.

• 33.3% –58.3% of MMD: intermediate Firm Power 
produced.

• < 33.3% of MMD: peaking Firm Power produced. 

RATLE HEP

• Lowest recorded flow is 24.72m3/sec (23% of 
MMD).

• 5 hours of Firm Power produced from 19 hours of 
storage.

• Sufficient to meet at least one daily peak.

Base load
• 24 hours/day

Intermediate load
• 8–14 hours/day

Peak load
• < 8 hours/day



Calculating the Operating 

Pool (I)

• Paragraph 8 ( c )  p rov ides  t ha t  maximum Pondage  i s  
“ tw i ce  t he  Pondage requ i red fo r  F i rm Power” .

• Ki r u  HEP  Pondage “ requ i red fo r  F i rm Power” :  
1.41Mm3.

• Ki r u  HEP  Operat ing Poo l :  2.82Mm3.

• Doub l i ng a l lows operat ing f lex ib i l i ty –  i nc l ud ing  
ab i l i ty to  take advantage of  Paragraph 15 .

• Paragraph 8 ( c )  i s  an  essent ia l  safeguard fo r  
Paragraph 15 .   

47



Calculating the Operating 

Pool (II)

• Step 1:  Calculate the MMD using Paragraph 2(i)  

and HEP s i te histor ical f low data.

• Step 2:  Der ive Pondage “required for F i rm 

Power”  from the MMD under Paragraph 8(c) .

• Step 3:  Double the amount of  Pondage “required 

for Fi rm Power” under Paragraph 8(c)  to determine 

s ize of  the Operat ing Pool .

48
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Advantages to Pakistan’s approach

1. Provides a fixed and 
unique volume of 

Pondage derived from 
the MMD.

2. Can be easily 
deployed using 1960s 

tools.

3. Does not require 
constant correction and 
remains fit for purpose.

4. Is not sensitive to 
errors or omissions in 

input data.

5. Is rooted in data that 
India must provide 

under Appendix II of 
Annexure D.

6. Does not allow either 
Party to manipulate the 

result unilaterally.

Complies with 
the Treaty

Rooted in 
Paragraphs 8(c) and 
2(i) of Annexure D.

Provides 
meaningful 
Firm Power

Provides Firm Power 
in all flow conditions 
– then doubles it.

Meets 
sufficiency 

criteria

Meets all Treaty-
derived sufficiency 

criteria.



Part V
India’s case on Pondage
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India adopts the Baglihar approach

  9
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The Baglihar approach to 

maximum Pondage (I)

 vi
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The Baglihar approach to 

maximum Pondage (II)
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The Baglihar approach to 

maximum Pondage (III)



55

The Baglihar approach to 

maximum Pondage (IV)
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The Baglihar approach to 

maximum Pondage (V)



57

The Baglihar approach to 

maximum Pondage (VI)
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The Baglihar approach to 

maximum Pondage (VII)
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The Baglihar approach to 

maximum Pondage (VIII)

 16
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The Baglihar approach to 

maximum Pondage (IX)

Step 1
•  Assume all inflow into the HEP reservoir for entire week is at the MMD.

Step 2

•  Assume the HEP will operate continually during the week with a discharge through the turbines 
above or below the MMD.

Step 3

• Set a schedule in accordance with Paragraph 15 of Annexure D, assuming there will always be 
increased storage during the weekend and increased discharge during the week.

Step 4

•  Use a series of mass curves to determine the total Live Storage required for such an operation 
to take place week-by-week.

Step 5
•  Double the Live Storage so calculated pursuant to Paragraph 8(c).  
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The Baglihar approach to 

maximum Pondage (X)
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The Baglihar approach to 

maximum Pondage (XI)

 6.5

Baglihar HEP Pondage volume: 32.56Mm3

72 hours of 
continuous Firm 
Power discharge 

(131MW).

21 hours of 
continuous installed 
capacity discharge 

(450MW). 

8.5 times the size 
of the NJHEP 

(969MW) operating 
pool (3.8Mm3).

3 days to fill if 
Chenab Main flows 

at the MMD 
(125.68m3/sec).  



63

Disadvantages to India’s approach

1. Does not derive 
Pondage from the MMD.

2. Computation using 
1960s tools not 
straightforward.

3. Requires correction 
and is quickly rendered 

unfit for purpose.

4. Is sensitive to errors 
or omissions in input 

data.

5. Is not rooted in data 
that India must provide 

under Appendix II of 
Annexure D.

6. Allows India to 
manipulate the result 

unilaterally.

Does not comply 
with the Treaty

Neglects and distorts 
Paragraphs 8(c) and 
2(i) of Annexure D.

Gives more Pondage 
than required for 

Firm Power

Predicated on giving 
India the capacity to 
produce Secondary 

Power

Does not meet 
sufficiency criteria

Fails all Treaty-derived 
sufficiency criteria.



Part VI
Answering the Court’s 
question on Pondage
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The Cour t’s Pondage 

question reconsidered

  d)
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Relevant and irrelevant 

factors for Pondage calculation

Paragraphs 8(c) and 2(i) of 
Annexure D
Relationship between Firm 
Power and MMD
Need to pass all inflow 
received in 24 hours through 
turbines at the MMD in the 
same 24 hours
Need to double resulting 
amount

Paragraphs 2(c) and 15 of 
Annexure D
Information not required to 
be provided by India under 
Appendix II of Annexure D
Any other extra-Treaty 
material
Any calculation techniques 
not available in 1960
Any other matters

Re
le

va
nt

 f
ac

to
rs

Irrelevant factors
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