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Question 26(a)

Treaty allows for the design of a plant to accommodate the need for

Secondary Power

Para 8(b), Ann D: “The design of the works shall take due account of the

requirements of [...] Secondary Power”.

Secondary Power is not included in any other Paragraph 8 design criteria



Question 26(b)

Firm Power is determined from the Treaty (Para 2(i), Ann D).
Installed capacity is determined by economic optimization.

Secondary Power is the difference between the installed capacity of the HEP

and the Firm Power provided by the hydrology.



Question 26 (further)
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10-Day Periods

1975

60.7
47.9
512

422

Kiru HEP 10 day mean flows

1976

53.9
56.2
49.2

1977

60.0
617
62.9

67.9

1978

56.8
533
53.5
57.6
5

1979

63.0

1980

62.0
53.6
56.3
55.0
59.6
59.1

1981

59.0
57.1
62.3
60.5
63.9
64.6

1982

616
65.1
64.5

1983

67.4
62.1
66.6

1984

65.1
62.1
60.5
53.8

107.1
67.1
718
87.5

112.7

1138

Firm Power

Periods

1985

65.7
63.7
63.6

1986

64.7
61.9
6L5

59.7

1987

74.9
76.8
718

1988

723
69.1
68.7

1990 1991 1992 1993 1994 1995 1996
80.9 715 68.6 834 71.0
80.3 68.6 68.0 775 59.5 47.2 89.4
79.7 66.7 65.6 718 61.9 47.4 80.5
76.6 65.5 65.7 713 50.4 6.8 743
82.9 63.9 68.5 73.9 47.6 5.9 743
817 68.5 67.6 65.5 53.1 5.1 75.1
75.4 85.2 67.8 69.3 59.4 2838 823
88.8 96.6 733 82.6 86.4 56.8 68.6
102.6 124.2 98.8 89.4 100.7 60.8 1232
117.7 169.8 120.9 106.6 169.7 746 124.0
164.4 143.4 157.3 1415 139.7 742 1393
215 2011 236.9 2331 167.0 111.9 2823
399.4 284.2 252.0 409.9 3136 2346 2252
919.4 440.7 378.4 3229 4753 274.9
8452 409.0 4764 535.2 313.8 402.2
764.0 937.5 575.4 691.4 645.8 741.2
749.4 11023 827.0 8224 742.7 1,016.8 984.3
18286 1,049.0 996.6 9325 1,091.9 702.1 979.1
1,727.0 1,429.7 838.4 1,403.0 11773 1,039.8 756.9
1,2805 1,366.9 11241 1217.2 955.8 1,084.4 746.9
1,211.8 1,292.8 1,239.7 891.1 853.2 1,449.6 762.1
14938 1,061.3 1,05.4 895.6 813.1 803.2 855.6
1,070.7 897.9 907.3 763.7 780.8 874.3 836.1
988.5 933.0 924.2 730.0 638.2 660.7 800.3
8293 882.9 828.1 707.9 643.7 6213 583.2
557.7 774.2 4215 516.7 455.6 447.5 464.1
4013 365.4 309.3 316.0 276.6 389.5 400.3
229.8 216.0 2483 2335 2242 358.5 346.1
177.8 1738 200.1 205.8 183.2 326.8 209.6
129.0 142.2 162.1 1417 2717 134.2
1121 1213 140.0 9.7 2333 126.7
103.6 1085 1286 80.9 158.5 120.2
87.4 92.9 108.6 105.2 745 1225 104.9
77.7 83.2 92.6 99.4 67.9 103.0 9.7
68.2 78.8 87.9 90.8 60.9 1015 922
64.9 733 82.2 84.5 57.9 99.5 88.8

Partial Secondary
Power Periods

1997
6.1
83.8
82.1
80.7

1998
89.9
84.6
79.0
67.7

66.7

1999

988.9
13517
137455

2001

724
70.4
70.4

70.6

130.2
1223

2002 2003 2004 2005 2006 2007 2008 2009

115.1 77.0 99.0 74.1 84.7 712 57.8 63.6
1143 76.0 98.2 714 1014 66.7 58.2 58.8
74.0 71.0 97.4 69.1 85.8 64.4 58.7 62.8
60.7 683 100.6 80.7 93.7 49.0 535 59.2
61.2 65.5 110.7 85.1 91.0 5.7 523 58.2
67.7 64.1 785 80.1 90.0 231 59.2 616
74.8 70.4 76.7 84.1 86.2 74.9 70.4 59.6
99.2 67.7 842 86.9 86.5 763 75.3 68.0
1417 9.1 97.7 102.2 97.8 72.9 70.9
158.0 166.5 140.1 98.7 108.9 160.9 78.6 86.4
2013 1915 144.8 1201 106.5 248.8 107.0 106.7
229.1 300.1 173.0 182.3 137.1 3326 138.4 148.9
288.6 4925 1721 203.7 3185 493.6 2085 185.1
649.5 729.4 203.8 195.4 639.6 607.4 4102 258.0
676.5 829.9 394.6 1935 925.5 392.0 4932 530.8
8355 1,227.0 393.4 264.9 650.8 498.6 723.4 696.3
9705 11228 842.4 424.9 342.2 936.8 1,400.4 497.8
1,105.0 11246 660.2 15299 717.7 1,265.8 1,127.5 971.8
12622 11973 1,111.0 1,259.6 1,341.0 1,086.3 12225 935.6
1392.1 1,261.7 841.0 1,487.6 1,081.9 9412 1,078.8 13112
13307 13346 774.0 14114 13805 11382 1,108.6 1,204.8
1,146.2 1,144.0 795.1 14276 15334 1,09.0 1,205.6 1,288.1
11465 972.7 960.9 1,101.9 1,114.8 1,086.7 914.1 12225
1,195.9 717.0 644.2 8143 961.8 1,023.8 782.4 786.0
807.0 641.6 537.9 985.2 585.5 753.3 392.9 488.1
459.2 457.7 628.5 285.4 397.1 419.4 207.6 2515
3295 358.1 237.6 139.9 195.9 288.7 194.0 1935
252.2 169.1 196.8 1235 145.8 149.8 188.9 187.8
2204 139.0 146.4 1118 1312 116.7 1453 1486
174.6 1285 108.3 105.3 106.3 1016 1139 1131
1301 108.1 89.7 104.4 17.4 9.3 100.6 94.9
1117 98.9 69.0 95.3 122.1 82.9 919 98.1
95.4 102.1 74.9 9.2 88.6 76.1 814 865
837 98.2 71.0 94.2 89.6 67.0 77.4 803
81.0 99.7 69.0 95.0 88.3 63.1 728 753
79.5 98.7 68.3 903 78.0 58.4 68.8 68.0

Secondary Power
Periods




Question 26 (further)

* Firm Power is available when flow rate is at or below the MMD.
e Secondary Power is available when the flow rate is above the MMD.

* Treaty sets no expectation as to when Secondary Power might be available.



Question 21

10



Creager and Justin

3. Firm -Capacity of Hydro Plants. The firm capacity of a hydro-
electric plant can be defined as that portion of its total installed capacity

which can perform the same function on that portion of the load curve
assigned to it as alternative steam capacity could perform.

Thus, the 13,000 kw of hydro capacity indicated in Fig. 6, Chapter 14,
will be firm capacity if there is available during that week of maximum
demand at least the 608,000 kw-hr of hydro energy required for it to fully
function on its portion of the load curve.

Firm capaeity is, therefore, dependent on the minimum stream flow at
time of peak load, on the pondage available, on the installation provided, on
the shape and size of the connected load curve, and on the interrelation of
existing plants. Occasionally engineers speak of the minimum 24-hr power
at a hydro plant as the firm power capacity of the plant. The two can be
the same only where no pondage at all is available at the plant. With large
pondage and favorable load eonditions, firm capacity may be many times the
um 24-hr power at the site.

11



Question 22

12



Calculating Firm Power

() “Firm Power” means the hydro-electric power corresponding to the minimum mean
discharge at the site of a plant, the minimum mean discharge being calculated as

follows :
P=0QpgHy, € 2
- " m> kg m
. N . — g m3g2 ™
* Q - defined as Minimum Mean Discharge

H, — determined by the “site of a plant”

kg m?

p — fluid mass density W

* g — acceleration of gravity S 3

€ - efficiencies

13



Question 23
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Annual flow hydrograph
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Question 27

16



Kiru HEP flow duration curve
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Question 20

18



Pakistan’s Pondage calculation (I)

Basic e Firm Power must be
principle available daily.

Ilslielgnat=1ule1aM * Daily hydrological data.

required e Minimum mean discharge.
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Pakistan’s Pondage calculation (ll)

Flow Rate (m3/s)
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Compute Firm Power (Para

2(i), Ann D).
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flow volume.

Compute daily Pondage.
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Weekly analysis options

Paragraph

8(c)

Paragraph
8(c) & 15

Load duration

curve
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average flow

Weekly
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Plant
stacking
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sequences

7-day flow
sequences
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Weekly alt 1: Para 8(c) (I)

Compute Daily volume _
Select 7-day _ _ _ Compute Adjust
Compute daily gives daily _
flow storage starting

Determine

Firm Power generation hours at ___ .
sequences , _ utilization condition
time Firm Power

Pondage
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Flow Rate (m?3/s)

Weekly alt 1: Para 8(c) ()
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Weekly alt 1: Para 8(c) (V)

Pondage (Mm3)
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Weekly alt 2: Paras 8(c) & 15 ()

Compute _
_ Select 7-day Compute daily Compute _
Compute Firm weekend and _ Determine
flow generation storage

Power weekday flow _ ___ Pondage
sequences time utilization
volume
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Weekly alt 2: Paras 8(c) & 15 (ll)

Neo. 6032
INDIA, PAKIST ANandI%RNi 15. Subject to the provisions of Paragraph 17, the works connected with a Plant
RECONSTRUCTION AND shall be so operated that (a) the volume of water received in the river upstream of the
Thel?ag::hy:;elr; Sl;mzb le9r6{19gxi'Plant, during any period of seven consecutive days, shall be delivered into the river below
Protocol to the above-mentioned Tet th€ Plant during the same seven-day period, and (b) in any one period of 24 hours within
vember, 2and23 December 1960 1) 1t seven-day period, the volume delivered into the river below the Plant shall be not
Offcial text; Enlish. less than 309, and not more than 1309, of the volume received in the river above the

Fesiered by Tndi on 16 Jamuary 1505 Plant during the same 24-hour period| : Provided however that :

(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 ;

INDE, PAKISTAN et BANQUE INT

LA RECONSTRUCTION ET LE

Traité de 1960 sur 1 de VIndt . . . _
T Karachi, lo 19 scprembro 1960, (11) Where a Plant is located at a site on the Chenab Main above Ramban, the volume of

Protocole xelatif au Traité euscl water delivered into the river below the Plant in any one period of 24 hours shall not
’ be less than 509, and not more than 1309, of the volume received above the Plant
during the same 24-hour period ; and

| &

Texte officiel : anglass.
Enyegistrés par I'Inde le 16 janvier 1962.
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Weekly alt 2: Flow balance
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Weekly alt 2: Generation

Flow Rate (m3/s)
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Weekly alt 2: Schedule

12

Actual daily data will add substantial scatter to override the curves.

10

8 Paragraph 15 (ii)

Paragraph 15 Chapeau
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Weekly alt 3: Load duration curve
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Question 20 (summary)
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