Freeboard
Dr Cameron Miles

Indus Waters Treaty (Pakistan v
India), PCA Case No 2023-01

Hearing for the First Phase on
the Merits

11 July 2024



Part |

Introduction



The Court’s freeboard question

PO6,  35(c)



PLA-0001

Annexure D, Paragraph 8(a)

No. 6032

INDIA, PAKISTAN and INTERNATIONAL BANK FOR
RECONSTRUCTION AND DEVELOPMENT

The Indus Waters Treaty 1960 (with annexes). Signed at
Karachi, on 19 September 1960 L

Protocol 10 the above-mentioned PArRT 3——~NEW RUN-OF-RIVER PLANTS
vember, 2 and 23 December 1

Offcia tet: English. 8. Except as provided in Paragraph 18, the design of any new Run-of-River Plant
gl ey Tl n 16 Jaany 1965 (bereinafter in this Part referred to as a Plant) shall conform to the following criteria :

(a) The works themselves shall not be capable of raising artificially the water level in the
Operating Pool above the Full Pondage Level specified in the design.
LA RECONSTRUCTION ET

(b) The design of the works shall take due account of the requirements of Surcharge
ek diers iﬁ;‘;ﬁ;ﬁ‘;‘,ﬁf,’;lﬂ Storage and of Secondary Power.

Protocole relatif au Traité susmentionne. digne 1es z¢ T
novembre, 2 et 23 décembre 1960

INDE, PAKISTAN et BANQUE]

Texte officiel : anglass.
Enyegistrés par I'Inde le 16 janvier 1962.



Ouvutline of submissions

* Part ll: The concept of HEP freeboard
* Part lll: Interpreting Annexure D, Paragraph 8(a)
* Part IV: India’s case on freeboard

* Part V: Answering the Court’s question on freeboard
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Purpose of freeboard

1. INTRODUCTION

A. Purpose

Specification of freeboard is critical in protecting downstream areas against possible hazards
resulting from overtopping of a dam. The objective of freeboard is to provide defense against
overtopping due to high reservoir inflows, wind setup and wave runup, landslides and seismic
activity, unanticipated settlement of the embankment, malfunction of water release structures,
uncertainties in the operation and maintenance of the dam and appurtenant structures, and
hydrologic uncertainties.

This basic objective of freeboard does not necessarily require total prevention of splash over
the dam by occasional waves under full surcharge and extreme conditions, but does require
that such occurrences will be of such magnitude and duration as to not threaten the safety of
the dam. However, the objectives of freeboard allowance for dams should include prevention
of any overtopping of the dam by either frequent or infrequent high waves that might interfere
with efficient operation of the project, create conditions hazardous to personnel, or cause other
adverse effects not necessarily associated with the general safety of the structure.
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Normal versus minimum freeboard
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Annexure D, Paragraph 8(a)

No. 6032

INDIA, PAKISTAN and INTERNATIONAL BANK FOR
RECONSTRUCTION AND DEVELOPMENT

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

Protocol to the above-mentioned Treaty. Signed on 27 No-
vember, 2 and 23 December 1960

L
Official text : English.

Regisered by Tndia on 16 January 1962. 8. Except as provided in Paragraph 18, the design of any new Run-of-River Plant
(hereinafter in this Part referred to as a Plant) shall conform to the following criteria :

(a) The works themselves shall not be capable of raising artificially the water level in the

INDI, PAKISTAN et BANQUE ] Operating Pool above the Full Pondage Level specified in the design.

Traité de 1960 sur les eaux de I'Indus (avec annexes). Signé
4 Karachi, le 19 septembre 1960

Protocole relatif au Traité susmentionné. Signé les 27
novembre, 2 et 23 décembre 1960

Texte officiel : anglass.

Enyegistrés par I'Inde le 16 janvier 1962.
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Annexure D, Paragraph 2

No. 6032

INDIA, PAKISTAN and INTERNATIONAL 1
RECONSTRUCTION AND DEVELOP]

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

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

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

INDE, PAKISTAN et BANQUE INTERNATIO!
LA RECONSTRUCTION ET LE DEVELOI

Traité de 1960 sur les eaux de I'Indus (avec am
4 Karachi, le 19 septembre 1960

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

Texte officiel : anglass.
Enyegistrés par I'Inde le 16 janvier 1962.

)

PART 1—DEFINITIONS

2. As used in this Annexure :

“Dead Storage” means that portion of the storage which is not used for operational
purposes and “Dead Storage Level” means the level corresponding to Dead Storage.

“Live Storage” means all storage above Dead Storage.

“Pondage” means Live Storage of only sufficient magnitude to meet fluctuations in the
discharge of the turbines arising from variations in the daily and the wcekly loads of the
plant.

“Full Pondage Level” means the level corresponding to the maximum Pondage pro-
vided in the design in accordance with Paragraph 8 (c).

“Surcharge Storage” means uncontrollable storage occupying space above the Full
Pondage Level.

“Operating Pool” means the storage capacity between Dead Storage level and Full
Pondage Level.

| &
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PHM-0005, slide 16

Elevation capacity curve
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Article 1I(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).
4 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 IIT
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 (¢) (ii) of Paragraph 5 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 ;
(6) Non-Consumptive Use ;
(¢) Agricultural Use, as set out in Annexure C ; and

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

17
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Annexure D, Paragraphs 8(a)—(c)

No. 6032

INDIA, PAKISTAN and INTERNATIONAL BANK FOR
RECONSTRUCTION AND DEVELOPMENT

The Indus Waters Treaty 196
Karachi, on 19 September.

Protocol to the above-mention
vember, 2 and 23 Decembe

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

INDE, PAKISTAN et BANQU
LA RECONSTRUCTION 1

Traité de 1960 sur les eaux de
a Karachi, le 19 septembré¢

Protocole relatif au Traité
novembre, 2 et 23 décemb

Texte officiel : anglass.
Enyegistrés par I'Inde le 16 janvier 1962.

PArRT 3——~NEW RUN-OF-RIVER PLANTS

8. Except as provided in Paragraph 18, the design of any new Run-of-River Plant
(hereinafter in this Part referred to as a Plant) shall conform to the following criteria :

(a) The works themselves shall not be capable of raising artificially the water level in the
Operating Pool above the Full Pondage Level specified in the design.

(b) The design of the works shall take due account of the requirements of Surcharge
Storage and of Secondary Power.

(¢) The maximum Pondage in the Operating Pool shall not exceed twice the Pondage
required for Firm Power.

r
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Paragraph 8(a) for an ungated spillway

Memorial, fig. 4.26(a)
P-0610 19



Paragraph 8(a) for a surface gated spillway

Memorial, fig. 4.26(b)
Site Visit Presentation 5, slide 16
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Paragraph 8(a) for an orifice spillway (l)

Memorial, fig. 4.26(c)
Site Visit Presentation 5, slide 11
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Memorial, fig. 12.3

Paragraph 8(a) for an orifice spillway (ll)
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Paragraph 8(a) for

a combination spillway design
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Paragraph 8(a) and freeboard regulation
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Freeboard regulation in Baglihar (I)

PLA-0002,
§5.8.1




Freeboard regulation in Baglihar (Il)

PLA-0002,
§5.8.9




Freeboard regulation in Baglihar (l11)

PLA-0002,
§6.4 (12)
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International standards for

fixing freeboard height

4. Parapet walls. - A standard 3.5-foot (1.1-m) high parapet wall provides all of the
freeboard that is required for concrete dams. This wall is intended to keep waves from
washing over the dam during high reservoir water levels.
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Part IV

India’s case on freeboard
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Part V

Answering the Court’s

question on freeboard
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