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The Court’s Pondage question

(d) With respect to Annexure D, paragraph 8(c), what 1s to be taken into account for the
purposes of calculating maximum pondage for a plant and what 1s to be excluded?

PO6, 1 35(d)
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Part ll: Pondage in a run-of-river HEP

Part lll: Treaty provisions relevant to the calculation of maximum
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Part IV: Calculating maximum Pondage under Paragraph 8(c)
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Part Il

Pondage in a run-of-river HEP



Natural flow versus design discharge
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Storage HEP

Flow solutions

Run-of-river HEP
with no storage * In sub-design discharge

conditions, live storage may
be used to improve an HEP’s

power production.

* Such storage must be

Run-of-river HEP incorporated into the HEP
with storage

during the design phase.

Site Visit Presentation 5, slide 10 (Mr Farooq)
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Defining pondage
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Storage regulation developments are defined as those in which an extensive
impoundment at the power plant, or at the reservoir upstream of the power plant,
allows, for regulation of the flow downstream through storage. Water is stored
during high-flow periods and is used to augment the flow during low-flow periods.
This allows for a relatively constant supply of energy over the year. Significant
storage is normally only used in large base-load plants. The word ‘storage”’ is
used for-long-term impounding of water to meet the seasonal fluctuation of water
availability, whereas the word “‘pondage’” refers to short-term storage of water,
usudlly on a dally basis, to meet the diurnal variations in power demand.
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Daily versus weekly load curves

WEEKLY LOAD CURVE
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P-0302, figs. 2-3, 2-8



P-0302, 2-4

Power system loading

(5) Load Types. The load shape is divided into three segments:
base load, intermediate load, and peaking load (Figure 2-3). The base
load is the minimum load in a stated period of time. The peaking load
is that portion of the load which occurs eight hours per day or less.
The intermediate load is the load between the base and peaking loads.
Powerplants are often categorized as base load, intermediate (or
cycling), and peaking, but operational definitions vary somewhat from
load definitions (see Section 6-3)., An intermediate load or cycling
plant would operate 8 to 14 hours a day, and a base load plant would
carry the portion of the load below the intermediate plant|

11



Hydropower within an

integrated power system

P-0302, figs. 2-10, 2-11
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Memorial, [ 4.67

Calculation of Pondage

without the Treaty

4.67. Under ordinary principles of design—a point that requires emphasis in the context of
the present case—there 1s no fixed methodology for determining how much pondage a HEP
will require or be permitted to have. However, the provision of pondage. and ensuring it
remains free of sediment. will meur both capital and operational costs. Thus, the rational
selection of pondage capacity will usually balance these capital and operational costs against

the income anticipated from delivery of power during peak hours when energy prices are

higher.

13



Impact of legal regulation on Pondage

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

14



Part Il

Treaty provisions relevant to

the calculation of maximum

Pondage



Annexure D, Paragraph 8(c)

No. 6032

INDIA, PAKISTAN and INTERNATIONAL BANK FOR
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Article 11I(1), (2) and (4)

No. 6032

INDIA, PAKISTAN and INTERNATIONAL BANK
RECONSTRUCTION AND DEVELOPMENT

The Indus Waters Treaty 1960 (with annexes). Si
Karachi, on 19 September 1960

Protocol to the above-mentioned Treaty. Signed on
vember, 2 and 23 December 1960

Official text: English.
Registered by India on 16 January 1962.

INDE, PAKISTAN et BANQUE INTERNATIONALE
LA RECONSTRUCTION ET LE DEVELOPPE

Traité de 1960 sur les eaux de I'Indus (avec annexes).

a Karachi, le 19 septembre 1960

Protocole relatif au Traité susmentionné. Signé
novembre, 2 et 23 décembre 1960

Texte officiel : anglass.

Enyegistrés par I'Inde le 16 janvier 1962.

Article ITT
PROVISIONS REGARDING WESTERN RIVERS

(1) Pakistan shall receive for unrestricted use all those waters of the Western
Rivers which India is under obligation to let flow under the provisions of Paragraph (2).

(2) India shall be under an obligation to let flow all the waters of the Western
Rivers, and shall not permit any interference with these waters, except for the
following uses, restricted (except as provided in item (c) (ii) of Paragraph § of
Annexure C)! in the case of each of the rivers, The Indus, The Jhelum and The
Chenab, to the drainage basin thereof :

(@) Domestic Use ;
(8) Non-Consumptive Use ;

(c) Agricultural Use, as set out in Annexure C ; and

(@) Generation of hydro-electric power, as set out in Annexure D. 2

17



Pondage in the
Kishenganga Partial Award

REPORTS OF INTERNATIONAL
ARBITRAL AWARDS

RECUEIL DES SENTENC
ARBITRAL

Award in the Arbitration regarding the Indus Waters Kis!
Pakistan and India —

Sentence arbitrale relative a I’affaire « Eaux de I’Ind

Kishenganga » opposant le Pakistan et I

20 December 2013 - 20 décembre 2013

VOLUME XXXI pp.1-358

NATIONS UNIES - UNITED NATIONS
Copyright (¢) 2018
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Annexure D, Paragraphs 2(a), (b), (d) and (f)

No. 603

INDIA, PAKISTAN andI
RECONSTRUCTION A

The Indus Waters Treaty 1960
Karachi, on19 September 1

Protocol to the above-mentioned
vember, 2 and 23 December 1!

Official text: English.
Registered by India on 16 January 1962.

INDE, PAKISTAN et BANQUE I
LA RECONSTRUCTION ET

Traité de 1960 sur les eaux de I’
aKarachi, le 19 septembre 1

Protocole relatif au Traité su
novembre, 2 et 23 décembre

Texte officiel : anglass.
Enyegistyés par I'Inde le 16 janvier 1962.
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Live Storage
D.2(b)

Operating Pool
D.2(f)

A

v

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

Dead Storage Level

Dead Storage
D.2(a)

#

D.2(a)

River flow
—
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Annexure D, Paragraphs 2(c),(e) and (g)

No. 6032

INDIA, PAKISTAN and INTERNA'’
RECONSTRUCTION AND DE

The Indus Waters Treaty 1960 (with
Karachi, on 19 September 1960

Protocol to the above-mentioned Treat;
vember, 2 and 23 December 1960

Official text: English.
Registered by India on 16 January 1962.

INDE, PAKISTAN et BANQUE INTER
LA RECONSTRUCTION ET LE D

Traité de 1960 sur les eaux de I'Indus (
aKarachi, le 19 septembre 1960

Protocole relatif au Traité susment
novembre, 2 et 23 décembre 1960

Texte officiel : anglass.
Enyegistyés par I'Inde le 16 janvier 1962.
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Surcharge Storage Level

Live Storage
D.2(b)

Surcharge storage
D.2(e), D.8(b)

|

D.2(e), D.8(b)

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

Operating Pool / Pondage
D.2(f), D.2(c)
\4 Dead Storage Level
4 D.2(a)
Dead Storage
D.2(a)
River flow
—
v
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Professor Briscoe on

India’s Live Storage

But following Baglihar is a veritable caravan of Indian projects — Kishanganga, Sawalkot, Pakuldul, Bursar, Dal
Huste, Gyspa... The cumulative live storage will be large, giving India an unquestioned capacity to have major
impact on the timing of flows into Pakistan. (Using Baglihar as a reference, simple back-of-the-envelope
calculations, suggest that once it has constructed all of the planned hydropower plants on the Chenab, India will
have an ability to effect major damage on Pakistan. First, there is the one-time effect of filling the new dams. If
done during the wet season this would have little effect on Pakistan. But if done during the critical low-flow
period, there would be a large one-time effect (as was the case when India filled Baglihar). Second, there is the
permanent threat which would be a consequence of substantial cumulative live storage which could store about
one month's worth of low-season flow on the Chenab. If, God forbid, India so chose, it could use this cumulative
live storage to impose major reductions on water availability in Pakistan during the critical planting season.|

23



Annexure D, Paragraphs 15 and 16

b
15. Subject to the provisions of Paragraph 17, the works connected with a Plant
o shall be so operated that (a) the volume of water received in the river upstream of the
INDIA, PAKISTAN and INTERNATION A'J»?la.nt, during any period of seven consecnftwe days, sba.ll be dellvere.d into the river b.elo-w
RECONSTRUCTION AND DEVEL(the Plant during the same seven-day period, and (b) in any one period of 24 hours within
The Indus Waters Treaty 1960 (with ann o that seven-day period, the volume delivered into the river be.low the Plar.1t shall be not
Karachi, on 19 September 1960 less than 30%, and not more than 1309, of the volume received in the river above the

Protocol to the above-mentioned Treaty. S Plant during the same 24-hour period : Provided however that :
vember, 2 and 23 December 1960

No. 6032

(i) where a Plant is located at a site on the Chenab Main below Ramban, the volume of
water received in the river upstream of the Plant in any one period of 24 hours shall
be delivered into the river below the Plant within the same period of 24 hours ;

Official text! English.
Registered by India on 16 January 1962.

(i) where a Plant is located at a site on the Chenab Main above Ramban, the volume of
water delivered into the river below the Plant in any one period of 24 hours shall not
1) 2] 1
INDE, PAKISTAN et BANQUE INTERNAT be lfass than 509, and not more than 1309, of the volume received above the Plant
LA RECONSTRUCTION ET LE DEVEIL during the same 24-hour period ; and

Traité de 1960 sur les eaux de I'Indus (avee iii) where a Plant is located on a Tributary of The Jhelum on which Pakistan has any
& Karachi, 1:319 s"P‘e”fl“el%o ) Agricultural use or hydro-electric use, the water released below the Plant may be
P’“‘,‘;ﬁgﬂ;ﬁ:ﬂf‘;ﬂ;‘z‘; soraité susmentionné  delivered, if mecessary, into another Tributary but only to the extent that the then
existing Agricultural Use or hydro-electric use by Pakistan on the former Tributary

Tesde oficiel - anglais. would not be adversely affected.

Enyegistrés par I'Inde le 16 janvier 1962.
16. For the purpose of Paragraph 15, the period of 24 hours shall commence at

8 a.m. daily and the period of 7 consecutive days shall commence at 8 a.m. on every

Saturday. The time shall be Indian Standard Time,
4

24



Annexure D, Paragraph 8(c)

No. 6032

INDIA, PAKISTAN and INTERNATIONAL BANK FOR
RECONSTRUCTION AND DEVELOPMENT

The Indus Waters
Karachi, on19 S

Protocol to the abo
vember, 2 and 2

Official text: English.
Registered by India on 16 Ja

INDE, PAKISTAN
LA RECONSTR

Traité de 1960 sur I
aKarachi, le 19

Protocole relatif a
novembre, 2 et

Texte officiel : anglass.
Enyegistrés par I'Inde le 16 ja:

25



Annexure D, Paragraphs 2(i) and (j)

INDIA, PAKISTAN a
RECONSTRU

The Indus Waters Trea
Karachi, on19 Septe

Protocol to the above-my
vember, 2 and 23 De

Official text: English.
Registered by India on 16 January

Traité de 1960 sur les ea
a Karachi, le 19 sept

Protocole relatif au T
novembre, 2 et 23 dé

Texte officiel : anglass.
Enyegistrés par I'Inde le 16 janvier

26



\/ P=Qxgxhxpxn

Measuring HEP

output

* A HEP is a power plant, being a
system used to generate electrical
power that can be used to perform

work.

e HEP output is measured in power,
reflecting rate at which energy is

produced, measured in W.

e 1,000,000W = 1TMW.

esentation 10, slide 13 (Mr Khan) 27



ig. 11.2

Firm Power for Kiru HEP

P, = Firm Power (W) PF = QMMD PY
Q> = Flow Rate (m3/sec)
= Generating head (m) _
= Efficiency (% of power retained) PF = 65.3 X X X 1000 x 9.81
p = Water density (1000 kg/m?)
g = Gravity (9.81m/sec?) PF — 57 653 370W
Assume Kiru HEP has an /7, 0of 100
and an c 0f 90% (0.9) P. = 5765MW
F - ]

28



Power versus energy (l)

(1) Energy, Energy is that which is capable of doing work.
Mechanical energy is expressed in foot-pounds, while electrical energy
is expressed in kilowatt-hours (1 kWh = 2,656,000 ft-1bs.). The
cutput of a hydroelectric plant is called electrical energy.

(2) Power, Power is the rate at which energy is produced or
used| expressed in either horsepower or kilowatts. While this is the
technical definition of power, the term is often used in a broad
sense to describe the commodity of electricity, which includes both
energy and power.

29



yunter-
116

Power versus energy (ll)

‘Firm power’ expressed in MW (worked out from minimum mean discharge)
represents the minimum quantum of energy that would be available to meet
the energy component of power demand on all the days throughout the year.
Being a Run-of-Rivér Plant with weekly Pondage, this firm energy is utilised
for meeting peak demands of the system by varying the turbine discharges
(hourly loads of the Plant) within the restrictions on the volume of releases
(energy) over a weekly cycle, i.e. conforming to Firm Power. This is the
concept and basis for determination of Pondage. Twice the amount so

the Treaty. -

determined for Firm Power generation is permitted under Paragraph 8(c) of_

30



Part IV

Calculating maximum
Pondage under Paragraph
8(c) of Annexure D



Cannot be
unilaterally
manipulated

Rests on
Treaty-
required
data

11.43

Produces
fixed and
unique
volume

Easy to
deploy with
1960s
methods

No need for
correction

Insulated
from outliers
and errors

Sufficiency criteria
for calculation of

maximum Pondage
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Daily Pondage and HEP operations

PEAKING LOAD

=
o
gy

o
stedate,)

INTERMEDIATE LOAD

hl- ...nl\\\\ il \

ik i

C

12M  4AM 8AM 12N 4PM 8PM 12M

TIME OF DAY

n 2 N O

* Storage regulation developments are defined as those in which an extensive
impoundment at the power plant, or at the reservoir upstream of the power plant,
allows, for regulation of the flow downstream through storage. Water is stored
during high-flow periods and is used to augment the flow during low-flow petiods.
This allows for a relatively constant supply of energy over the year. Significant
storage is normally only used in large base-load plants. The word “storage™ is
used for-long-term impounding of water to meet the seasonal fluctuation of water
availability, whereas the word “pondage” refers to short-term storage of water,
usudlly on a daily basis, to meet the diurnal variations in power demand.

LOAD, MW

WEEKLY LOAD CURVE

DAYS OF WEEK
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Daily Weekly
references references

Daily versus weekly
reference in the

Treaty
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Paragraph 15 and Pondage (l)

REPORTS OF INTERNATIONAL
ARBITRAL AWARDS

RECUEIL DES SENTENCES

Award in the Arbitration regardin
Pakist:

Sentence arbitrale relative a I’
Kishenganga » app!

NATIONS UNIES - UNITED NATIONS
Copyright (¢) 2018
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Paragraph 15 and Pondage (ll)

No. 6032
A

I 15. Subject to the provisions of Paragraph 17, the works connected with a Plant
IMIﬁ%%%%%éwg%g%%shall be so operated that (a) the volume of water received in the river upstream of the
The Tndus W - 1960 (with Plant, during any period of seven consecutive days, shall be delivered into the river below
eKar::hi, :,tlef; Sell-)‘;::iber lgg:,m *M°% the Plant during the same seven-day period, and () in any one period of 24 hours within
Protocol to the above-mentioned Treaty. Sithat seven-day period, the volume delivered into the river below the Plant shall be not
vember, 2 and 23 December 1960 less than 309, and not more than 1309, of the volume received in the river above the

Offcial text: English. Plant during the same 24-hour period|: Provided however that :

Registered by India on 16 January 1962. (i) where a Plant is located at a site on the Chenab Main below Ramban, the volume of

water received in the river upstream of the Plant in any one period of 24 hours shall
be delivered into the river below the Plant within the same period of 24 hours ;

(ii) where a Plant is located at a site on the Chenab Main above Ramban, the volume of
IN]}E{ %‘Elggg‘s‘&%&%ggngfwggﬁ water delivered into the river below the Plant in any one period of 24 hours shall not
be less than 50% and not more than 1309, of the volume received above the Plant

Traité de 1960 sur les eaux de I'Indus (avee 1

aKarachi, le 19 septembre 1960 during the same 24-hour period ; and

Protocole relatif au Traité susmentionné, jij) where a Plant is located on a Tributary of The Jhelum on which Pakistan has any
novembre, 2 et 23 décembre 1960 . .
Agricultural use or hydro-electric use, the water released below the Plant may be
Texie offciel : anglais. delivered, if necessary, into another Tributary but only to the extent that the then
Envegisirés par I Inde le 16 janvier 1962. existing Agricultural Use or hydro-electric use by Pakistan on the former Tributary
would not be adversely affected.

&
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Consistent
Possible in with Treaty

1960s object and
purpose

Reflects Consistent
with Treaty
language

Daily Pondage
calculation plainly

preferred
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Pondage “required for Firm Power” (l)

* Pondage is required to help the river
achieve MMD flow so the HEP can

produce Firm Power.

* The time period for assessment is 24

hours.

* Only remaining question is the
Pondage volume required to achieve

this objective.

38



Pondage “required for Firm Power” (Il)

Where the river flows at or above the MMD, no Pondage is required for Firm

Power production.

Where the river flows less than the MMD, Pondage is required for Firm Power

production.

Paragraph 8(c) assumes that Pondage is required for Firm Power where the river

flow is less than the MMD.

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

between the natural river flow and the MMD over a 24-hour period.

Paragraph 8(c) cannot be interpreted to require a HEP to produce constant Firm

Power throughout the dry season.

39



Pondage “required for Firm

Power” (lll)

Pondage “required for Firm Power”: the
volume of storage required to ensure that all
inflow received in a HEP’s reservoir in each
24-hour period can be discharged through
the turbines at the MMD within the same 24-

hour period.



Pondage “required for Firm Power” (1V)

HYDROLOGY
MMD = 100m3/sec

Flow = 75m3/sec

41



Pondage “required for Firm Power” (V)

Appendix E

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

75m3/sec X 60 sec X 60 mins X 24 hours = 6,480,000m?3
Total daily inflow = 6.48Mm?

6,480,000m3 = 100m?3/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 X 36,000 sec = 1,620,000m3
1.62Mm? of Pondage required for Firm Power

42



Pondage “required for Firm Power” (VI)

>100% of MMD Q0% of MMD 75% of MMD 50% of MMD

* No storage /storage * Small * Moderate * Large
time storage /storage time

s’rorage/s'rorage time s'rorage/s'rorage time

43



ig 11.3

Pondage “required for Firm Power” (VII)

LY [B] [C] [D] [E]
Inflow Production time Filling time Volume stored Pondage volume
(MMD %) (hours of MMD) (Mm3)

44



Pondage ‘“required for Firm Power” (VIII)

* 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.

ig 11.4

45



Pondage ‘“required for Firm Power” (IX)

Base load
* 24 hours/day

Intermediate load
* 8-14 hours/day

Peak load
* < 8 hours/day

4
M 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.

46



Calculating the Operating
Pool (I)

* Paragraph 8(c) provides that maximum Pondage is

“twice the Pondage required for Firm Power”.

e Kiru HEP Pondage “required for Firm Power”:
1.41Mm3.

e Kiru HEP Operating Pool: 2.82Mm?3.

e Doubling allows operating flexibility — including

ability to take advantage of Paragraph 15.

e Paragraph 8(c) is an essential safeguard for

Paragraph 15.



Calculating the Operating
Pool (Il)

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

and HEP site historical flow data.

e Step 2: Derive Pondage “required for Firm

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

e Step 3: Double the amount of Pondage “required
for Firm Power” under Paragraph 8(c) to determine

size of the Operating Pool.



Advantages to Pakistan’s approach

Complies with Rooted in
Paragraphs 8(c) and

the Treaty 2(i) of Annexure D.

Provides

Provides Firm Power

meaningful in all flow conditions

. - then doubles it.
Firm Power

Meets Meets all Treaty-

sufficiency derived sufficiency

criteria.

criteria

1. Provides a fixed and
unique volume of
Pondage derived from
the MMD.

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

5. Is rooted in data that
India must provide
under Appendix II of
Annexure D.

2. Can be easily
deployed using 1960s
tools.

4. Is not sensitive to
errors or omissions in
input data.

6. Does not allow either
Party to manipulate the
result unilaterally.
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Part V

India’s case on Pondage



India adopts the Baglihar approach

51



The Baglihar approach to

maximum Pondage ()

52



The Baglihar approach to

maximum Pondage (Il)

53



The Baglihar approach to

maximum Pondage (lll)
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The Baglihar approach to

maximum Pondage (1V)
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The Baglihar approach to

maximum Pondage (V)
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The Baglihar approach to

maximum Pondage (VI)

57



The Baglihar approach to

maximum Pondage (VII)

58



16

The Baglihar approach to

maximum Pondage (VIII)

‘Firm power’ expressed in MW (worked out from minimum mean discharge)
represents the minimum quantum of energy that would be available to meet
the energy component of power demand on all the days throughout the year.
Being a Run-of-Rivér Plant with weekly Pondage, this firm energy is utilised
for meeting peak demands of the system by varying the turbine discharges
(hourly loads of the Plant) within the restrictions on the volume of releases
(energy) over a weekly cycle, i.e. conforming to Firm Power. This is the
concept and basis for determination of Pondage. Twice the amount so

the Treaty. -

determined for Firm Power generation is permitted under Paragraph 8(c) of_
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The Baglihar approach to

maximum Pondage (I1X)

60



The Baglihar approach to

maximum Pondage (X)

61



The Baglihar approach to

maximum Pondage (XI)

Baglihar HEP Pondage volume: 32.56Mm?3

72 hours of 21 hours of 8.5 times the size 3 days to fill if
continuous Firm | continuous installed of the NJHEP Chenab Main flows
Power discharge | capacity discharge | (969MW) operating at the MMD

(131MW). (450MW). pool (3.8Mm3). (125.68m3/sec).
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Disadvantages

to India’s approach

Does not comply
with the Treaty

Gives more Pondage
than required for
Firm Power

Does not meet

sufficiency criteria

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

Predicated on giving

India the capacity to

produce Secondary
Power

Fails all Treaty-derived

sufficiency criteria.

1. Does not derive

Pondage from the MMD.

3. Requires correction
and is quickly rendered
unfit for purpose.

5. Is not rooted in data

that India must provide

under Appendix II of
Annexure D.

2. Computation using
1960s tools not
straightforward.

4. Is sensitive to errors
or omissions in input
data.

6. Allows India to
manipulate the resuit
unilaterally.
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Part VI

Answering the Court’s

question on Pondage



d)

The Court’s Pondage

question reconsidered

(d)

With respect to Annexure D, paragraph 8(c), what 1s to be taken into account for the
purposes of calculating maximum pondage for a plant and what is to be excluded?
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Relevant and irrelevant

factors for Pondage calculation

Relevant factors
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