{3) Hater Level and Discharge

The observed daily river water level and recorded hourly river
water level are tabulated with the following two systems: DB-05
and DB-06 respectively. These systems convert water level to
discharge using the discharge rating curve.

If there is a lack of data, the discharge can be estimated using
the correlation equation obtained with the system DB-07.

< DB-0&: Dally Water Level and Discharge >

DB--05 is a system to make table of daily river water level ob-
served at a hydrometric station, and also 'to calculate discharge
using discharge rating curve obtained with the system DB-03 for
DB-04 and make -daily discharge table. Those tables are prepared
on annual base and by station. Refer to Table-5.6.

Table-5.6(1) DB-Q5: Daily Water Level in Feet

YEAR : 1996/91 {WATER LEVEL (f)]
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Table-5.6(2) DB~05: Daily Water Level and Discharge

FHM*  ST.: 1-150 ZAMBEZI PUMP HOUSE
Hem==sapmessssossscan

DAY © oCY NOV
N

YEAR 1 1980/91 [WATER

i 0.81 0.55 0.78 1.49 6.17 7.68 5.94 4.22 2.22 1.3% 0.6i 0.73
2 0.61 0.55 0.77 .60 6.28 T.53 5.8% 4.14 217 1.37 a.65 0.73;
3 0.63 0.54 D.78 1.51 13 7.42 5.67 4.04 2.13 1.35 G.64 0.712
4 0.64 0.54 0.92 1.52 .55 7.26 5.84 3.qe 2.10 1.33 0.63 0.70
5 0.62 0.54 0.94 1.53 .54 .13 5.7 3.89 2.04 1.31 0.62 0.69
& 0.82 0.54 0.9 1.66 .16 5.98 5.76 3.79 2.00 .29 0.6 0.69
7 0.62 0.55 °.97 .13 .89 6.86 5.74 3.72 i.96 .28 a.91 .69
a 9.61 D.5% 0.88 1.08 .00 6.74 5.73 3.64 1.83 1.26 U.90 0.49
a 0.62 0.55 +.00 2.08 7.30 6.61 6.14 3.5% r.o1 1.2% 0.89 0.68
e 0.62 0.55 1.01 2.18 T.77 6.50 6,25 3.45 i.88 1,24 Q.88 0.G68
i1 - 0.83 .0.8% 1.04 2.39 8.09 &.37 5,30 3.38 1.87 1.22 0.87 -D.61 .
i2 0.62 0.54 1.09 2.44 8.186 6,22 6.36 3.3 1.82 1,22 0.87 0.61 -
13 0.61 0,54 Lo 2.49 - -8.25 6.01 §5.36 3.2 1.80 -1.20 G.87 0.52
14 - ¢.&60 0.53 115 2.54 8.31 5.90 6.32 3.13 1,77 - 1.9 087 0.6t
15 .59 0:52 t.18 2.62 g.38 5.88 65.22 3.07°. 1.75 1.18 0.85 0.69
8 0.5%¢ . 0.5¢ 1.18 . 2.1 8.41 5.85 6.04 3:00 1.13 1.16 0.05 0.60 -
17 0.56 0.50 i.21 2.87 B.4i 5.88 5.79 2.94 1.69 - 1,18 0.e2 0.60
18 0.57 .52 1.25 2.95 8.42 5.92 5.68 2.86 1.66 1.144 0.8% 0.59
19 0.56 ¢.55 © {.29 3.08 B8.43 5.97 5.354 -2.82 1.65 1.12 0.f81 0.5%4
26 -9.55 0.56 .32 2.28 8.519 5.00 5.41°  2.76 1.64 1.10 - 0.80 . 0.58
C 21 o.85 - 0.54 ¥.36 © 3.49 8.49 .06 -5.28 2.70 1.82 1.00 0.80 0
22 0.55° . 0:54 1.29 3.76 - B.3B 6.12 .18 2.64 1.60 1.09 0.79 a
23 -0.55 . 0.56 - 1.41 4.05 8,30 6.15 5.04 2.59 . 1.58 1.08 4,79 0.
0
]

~ Do On

24 0.55 0.65 . 1.43 .21 8:18 - B.17 4,87 2.54 1.556 V.08 o.v9. -

.. 25 0.55 C.67 " 1.43 4.36 8.1¢ .- 6,20 4.90 2,487 1,52 1,05 -0.79
0 0.55 " D.BY 1.43 4.55 8.03 6.18 4.76 . 2,45 .60 1.04 0.77 « (.
27 0.6S 0.6%9 .44 4.75 7.89° 6.15 4.61 2.4 - 1.48 1.02  0.76. 0
B 0.55 0.73 1.46 4.89 7.79 5,12 "4.51 2.31T - 1.45 1.01 ¢.74 o.
o
0

FE R LR N R
T I N - )

29 0.55 -0.74 1.47 5.21 . 6.08B 4.40 2,34 1,43, 1.00 0.73

30 M 54 : 0,75 1.47 5.486 . 6.03 ‘4.30 2,29 1.41 . 0.9%8 0.73

-3 0.54 t.48 5.79 C 5.98 - 2.28 - . .38 o.73
HMEAN 0.51 0.58 1.18 6.3% 3.10 1.76 1.7 . o. 0.62 2.67
MAX. 0.84 0.75" 1.48 FT.68 4,22 2.22 1.39 0.9 0.73 8.5)
. Q.50

MIN. 0.54 0.50 0.76

150 TAMBEZI PuMP HOUSE

e i et e T L T T VU N,

1347.4
170.8 1389.6 1901.3 1248.4
172.8 $445.4 1851.8 1238.7
174.4 1492.7 1786.0 1228.% 656.8 258.5 148.9 5.7 B2.0
¥175.7 1528.7 1727.8 1205.2. 633.3 249.6 146.7 4.9 al.2
¥S3.7 1577.3 1665.8° 1202.0 " 610.2 2433 i44.8 BT.4 ni.2
202.4 1630.5°1618.0 1182.4 592.,0 -238.1 143.7 161,85 80.4
220.8 1676.9 1587.5 1191.3 571.2 233.3 141.5 100.6 a0.4
257.0 ¥801.7:.1519.0 1336.1 552.4. 229.6 139:3 - i00.0 io.n:
272.6:2010.5 4473,7 1377.0 528.5 225.4- 136.6 ..09.3 79.5
308.8 2158.4°1424.3 "1397.7 510.2 223.1 135.4 .98.4 . 13.6
3318.7 21921.5 1367.8 1420.8 494.3 S216.7 13611 87.8% 73.G
326.4 2233.6 1291.3 1422.0 A72.6 213,0 .- 133.5 87.5 . T4.1
336.6 2262:8. 1250.6.1404,.6  454.7-.209.5. 133.2 -8§7.5 3.6
352.0 2293.8.1241,0 -1366.7 - 442.9  205.9 131.p 96.¢° T3S

+375.6° 2308.6 1233.2 :1302.4 . 423,1 202.8. 129.7 95.7 72.8

-392.9.2311.5 1241.9 3211.7 . 415.4 - 197.1 .128.3 . @z.7 72.5

- A417.3 2316.0 1266.1 3211, 7. -402.9. 193.7 128,85 92,04, .. 72,3
444.2°2310.9.1274.8-.1165.9 - 397.3'. 181.1." 125.4 91,0 - . T7T1.0
487.5.2380.7 1285.8 1082.t 378.5 i90.7 122.7 91.2 .71r.o
536.4.2348.8 1308.0 1040.8 367.2 187.7. 12t.0 - - 90.9 - 69.7
601.1. 2296,7 1329.3°1006.3 . 354.9 - 184.8 128.7 90.3 Ga. 92
675,11 2257.0.1341,7-° 950,98 345.7 .'181.8° 419.7 - 80.0. £9.4

S717.5 2198.7 1349.6 . 939.0 - 336.0 C1¥TL3 118.3 B9. Y G917
759.4:2161.2 1359.9.. 916.4 325.%  174.0  t17.0 89 .7 6592

L. 814.8 2126.9 1353.9 875.8. 319.8. i71.8 115:3 B7.7 66,4
“874.0 2063.4 134%1.7 B32.5 313.7 16@.4. 114.0 . BG.R.  GB.4

) 948.6 2017.4 1330.4 803.4 . 305.5" 1648 113.0 . 085.4 GR.1

29 Ga .t B5.4 16G.8 107452 13i1S.8  770.5 . 300.2 16t.6 114.7 BALS 67.6

30 67,6 A6.0 167.6:1096.,4 - C129G.9 744,23 292,23 159.3 110.4 B [V, | 676

d1282.5 ;- - 2684.8 ¢ © 148,88 ¢ B4L3 -

HMEAN  71.8 70.9 2004.5 1437.4 1145.3 457.3

HAX. 76.0 86.0 168.4 1211.7 2360.7 i18969.2 1422.0 - T21.6

HIN, B67.8 64,47 ..-87.1 ¥69.6- 13472 1233.2 . 744.2  2B8A.9

mEsSSsEanmstoasoosooos TEToSs=msomns e e L L

[Discharge Rating Curve]Q=25.626%(H+1.085)"2

[ Flow - Regifme - (m3/=) J: :

Q(95day}: - 759.4 Q(185day): §62.4
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< DB-06: Hourly Water Level and Discharge >

DB-05 is a system to make a table of hourly river water levels
recorded at a hydrometric recording station, and alsoc to calcu-
late discharge using the discharge rating curve obtained with the
system DB~03 for DB-04 and make a daily discharge table. These
tables are prepared on monthly basis by station. Refer to Table-
5.7.

Table~5.7 DB-06: Hourly Water Level and Discharge

HUEY AIVERNVEREDE  STHRA-H SUAIS BSI0E  MRJesal . {RIIR BT 5 }

Lt R e R 2 R T T (O S T SO T T SN T B T R ST S-S Y B T B - )

500 4.97 L83 AT 079 48 G50 LB 40 469 480 A58 465 L85 U35 £.85 4.B5 LB A6 166 A66 405 L85 A5 L85 LB6 LES 486 AE5 LES
500 4901 LB ETH LTI 482 093 AR A5 89 480 ASE LE5 465 B3 065 4B 065 RE 065 A5 LES L66 D86 66 LG5 LES Q65 465 466
S0 LS LB TN AT 03 00 LM LN A8 10 LM L85 GBS AE6 A6 4B5 GBS L85 L6 LES L5 LS 166 L6 66 186 86 LB LB
A58 AOE 400 BT6 4T3 495 497 L8 49 ABT AN LM 4S5 055 465 KBS 0G5 L5 466 L85 165 45 LES LGS 0BG L5 £.65 456 166 68
A5 A8 40T A0 11 % 452 A8 089 6T 190 5.3 085 465 065 D66 686 65 06 465 065 465 465 LS LG5 045 065 L§5 ABS LES
LS9 430 LBl 16 413 40T 632 LH 887 683 01 LGE 466 465 066 056 066 065 $66 .65 £.65 405 465 456 465 A66 .66 085 L6 0.8
CHOLS AR DS 402 B L AR5 B A03 081 65 LS DBS LSS LB EAS GBS 485 55 AES LBS LS5 LB LES KBS LG LS LR L6
FAOF A8 465 405 002 442 .81 485 483 400 4,91 866 465 885 L85 LS LE6 066 465 445 LE5 465 466 A65 LG5 466 LB L6 LES 08
AS1LES B0 415 L0 490 450 A5 439 480 491 LE5 LE5 £.65 £.86 LEb L2565 £,65 NG5 345 465 406 465 466 56 468 065 LEE LGS
1431 402 400 §05 602 (9 4.9 L85 400 089 492 L65 465 £.66 065 065 K66 A66 L.65 A86 A55 465 0.6 4.56 .65 UE5 465 055 4B LS
VEEEST 468 480 L5 L1 697 080 406 L6960 492 405 465 .65 005 055 465 045 4.65 5.5 005 £.65 045 105 L8 045 L65 055 4t5 LR
1] 4.57 483 480 405 £72 £32 483 436 4069 48 40 K85 A6 G5 L06 AE5 LBS U85 LES ABS 065 465 455 A5 4.5 455 £.88 465 406 08S
BLAS LB L1 AT L7 433 48 L8 150 L8 490 U35 L6046 L6665 145 005 .65 665 L.65 455 55 456 466 LB3 4.58 L85 186 0.8
H 807 L0 073 675 402 090 667 485 690 4,89 £.9) 465 4.45 085 LBE 166 085 4.66 456 BB L6505 486 LEE LS LES LS L85 L LY
5145 45 L1 LN 01 L3 L L0 683 L0945 65 065 L85 L.65 LS L65 £55 065 £.85 666 4.6 b6 485 055 £55 066 085 466 106
B)A5 ST LT AN 023 L5 465 .83 &80 L8 LT LEE 65 65 LE6 G860 .05 L85 L55 LG5 D56 LG5 L85 085 065 E85 GBS L85 AE5 €66
DS 685 433 LH LH L85 40F 019 6.0 489 490 56 G55 485 485 165 £.65 .65 465 .86 085 LB5 L6 8,88 155 466 455 4.56- LE§ LB
8] AE T8 LM £ LT 695 L85 L8 4.0 489 490 465 G686 L85 .66 66 €55 .65 465 £.50 .05 055 456 4.5 155 065 L.E5 465 L.60 K65
1] 4.95-005 478 A1 LT 695 085 489 059 669 690 465 L65 4,66 D66 .55 165 406 £.60 .65 .05 466 4.65 £.65 L66 LR SR N AR N
DIES L8 438 41 0I5 055 605 450 080 A8 L80 0.85 165 465 R.6S 055 4.E6: 495 ©.56 LGS L.65 065 085 L85 £.68 G665 .65 .55 4.6 .85
HTEH L8 LM G0 105 495 65 490 403 457 L 086 065 065 466 4.65 5§ L85 MBS L85 065 U85 U35 465 .65 K66 466 A48 485 LS
WIS LM LT A 437 055 L85 090 L61 6.90 £.81 £.65 0.5 036 435 £.65 055 655 065 L.55 455 1B L65 0.66 L66 L6 465 £.65 055 L.6S
BEED L8 LT 40 01 L8 405 49 L8 £50 46 L6 065 085 LED 485 056 L85 L85 465 066 L85 .55 055 055 (65 4.66 L& 165 1866
HPASE AN L3 473 480 US0 4.65 190 LE9 400 &84 D66 L85 L85 066 £.65 LES .66 L85 £.85 085 [0S L85 035 165 4,85 456 265 0.6 46

O ek W WA e s m) -

MEAT | 4S5 LB LR LTS LTASE LR LN LB LER AR RT LB LGB LSS 468 L6 L85 D66 L0606 LB LGS E5 465 465 LG5 LES LES 468

ML ]5.00 092 L83 LI LR LSS LS 490 L0 L9 LM 50 LG L G656 L5 LS LS LB L85 455 450 168 €65 465 LES L85 AE5 LB

Bl PES3 LA LT 4T AT LS 485 LW 4 l.ﬂ.l.% T LEG L6 466 465 065 465 165 465 £.68 65 .85 466 465 ABS £.35 468 485 L5

HARLY RIYER BISG#RGE SLHLL-10 SUB'S BRIGE MRASE Appllad Fustin Q= 601t (H+ n.m')‘z [ ISIWRE mifeee }

4t - - ; e
Iﬂﬁ\ml[i;!!l!illﬁlﬂllli!i'HISIEl]IIHNHH?JH"S?GNNHEQM

|l$i$ PS5 ISLT HO.2 1AF 1508 159.4 1536 155.0 J56.5 151.0 1584 ECLE 028 M2.3 MILF 12.8 [0 12,8 2.0 [12.9 123 EEARUARFRRURRIFRRIFR BUNY NIEE ]
21553 B3 BL5 MO.T 1G.E 1505 1593 1515 156.8 1554 150.0 1594 H2.0 H2LE UL8 NLE N8 1470 1420 M2E 1008 (02.0 142.8 2.2 1628 129 129 LA RUNBIER ]
16311591 152.0 9.0 HI5.9 3532 158.9 306 156.0 1564 157.0 1508 ML HOLE 2629 M8 2620 2.6 NLE H20 160.0 1600 1HLE 128 120 128 120 M2.B 12,5 1024
1627 151.5 150.9 WE_8 MG.0 538 1507 1536 156.8 1S6.4 1570.2 150.4 161.E (020 3020 020 MZ.6 MLE 1029 1420 T8 TR0 12,0 T42.0 12,9 H2B M2 H2ZE 2D H2S
162.5 1502 1518 ME.8 5.6 1505 £50.7 152.6 156.5 156.4 2574 1609 1.9 M2.3 2.0 1428 [12.8 142.8 4628 H28 T2E 128 HLE 108 M4 H2B N8 1D AN N2G
2.3 510 1518 10.6 15§ 155.1 501 JS16 155.5 156,40 ISLS 1020 192.0 LN [2.8 102.8 MLE LD H2.0 1028 1620 U2.3 120 H2.0 162.8 2.8 HI.E N2 HIE 178
161.9 155.8 1504 148.3 H6.4 15,7 157.9 4500 BS6.4 155.2 BSD.5 1620 1420 H2,$ 2.8 2.6 1429 1828 142.5:060.4 1429 2.0 128 1628 1408 142.8 M2.8 124 W24 2K
1517 3564 B502 §8.3 1664 1564 1515 §50.0 156.4 1552 IST.5 2020 1828 120 1428 2028 L6 G020 N2 H2.D 128 WAE 420 HLD HEE 12,0 1008 162.8 ULe H2S
105 KS US1G 13,0 154 156, 1512 1542 156.6 156.2 1ST.5 ML.H 1606 T2.0 2.0 2.0 1070 526 H2E N2 1000 2.8 428 H2.8 128 1020 W2.8 M2.3 12E U8
10 1613 i86.2 1519 4.3 W84 1575 155.8 10,5 156.8 1554 1500 M2.8 300 162.0 120 H2.0 2.8 M2.8 128 1420 2028 L2 128 1428 1§20 112.8 ¥2.8 M2.8 12,8 102.3
TE{163.3 156.9 1500 1B.3 MEA 0501 1566 150.7 156.5 155.4 1503 H2.0 1028 1608 (62,0 T42.8 112.3 122 10 120 M2.8 1604 2.8 124 128 1608 0.8 12,8 112.6 M2.8
1213603 1557 130.8 1.3 1464 159.5 156.2 1507 1550 1564 150.5 (428 H2.8 02,8 FE0 HE.8 1629 128 2020 ULE L2E U2E 1628 102.9 402.8 1E2.6 12,8 2.0 M5 HLE
13 FIS03 1557 150.6 H@.1 1464 153.% 4557 154.9 156.8 156.6 150.5 1420 L8 428 1628 1428 162.8 1820 1170 T2 120 L8 2.8 102.0 12,8 12,5 H2.B 1420 M8 1428
1612 155.5 2506 1477 146.4 1591 155.5 [54.9 §56.8 15561509 UZTM2.8 (1B 1600 W20 420 1LY U2E 1629 HZE 12,8 HLE 162.9 1629 112.8 142.B 142.9 2.8 128
15 [160.6 155.3 §S0.5 625 16,0 156,40 155, 155.3 16,6 455.6159.9 M2.® 1420 10200 M2.0 42,0 M2 MI20 MLE 4650 W2 1LY N10 62,6 162.8 112.8°162.8 28 28 HE
E5 JFE0.6 15,0 1500 HIS 1658 1596 056.0 1551 155.5 36,8 5505 1420 M2.8 142.0 BB 1028 HLE 102.0 T8 1608 M2 U28 LN HILE 120 3.8 128 12.8 e s .
1T J1E0.4 1547 1500 HT.5 MD.2 160.0 150.5 155.7 155.6 196.6 IS.1 2620 1428 142.8 H2.6 1028 HE.8 N2 4 NLE 1010 128 W28 102.8 142.0 2.8 142.8 M2.8 1025 HLE 128
18 11604 150.5 M9.7 1403 1.3 2600 150.2 156.4 155.6 13,6 150.3 2028 1428 L8 (40,6 102.8 1520 1608 1420 HIZ.0 1000 123 V2.8 1420 HL8 HLE TZ.8 1828 MLE 2.2
V3 [360.0 1500 1495 M9 IS §60.0 153.9 1566 156.5 156.6 159.3 EA2.8 2028 0.0 1420 1606 1400 H2.6 129 28 1028 1H2.E LG 128 M2t HZEICLE 1528 LR M2y
¥ }I59.8 1518 9.5 1.2 LY k0B 1530 1568 1566 135.6 1384 42,0 22,8 1600 ML0 B2 M2D H20 WA L8 HEE 100 1.0 122 142.8 1408 16,8 H2.8 li2.g 1628
A 1504 152.6 135 1472 MO8 160.0 1530 156.8 15.6 156.8 150.4 a0 (428 1622 128 2.5 M2.8 (2.0 (05 ML GELE 110 Y20 0,8 W28 U2.8 162.3 HY.0 124 A
201503 0.2 MO0 IR MO.4 1020 1508 1578 166 1560 6594 DG ML S0LE 1008 HLE 1609 M2E 18 LY U2E ILE 1500 1420 H2.8 M28 2.6 2B (2.0 M8
21589 ISLLMS.Z-HL0 190.1 159.8 1530 1568 156.5 156.0 1594 142.8 W10 2,3 1628 1420 1628 1428 128 120 M2 H2E 220 5620 123 L0 W28 M28 LY H2E
T J1S3,7 150.9 1432 146.% 15F.0 159.0 1504 ISS.0 156.6 ¥S5.8 139.0 1008 120 1420 M2.8 147.0 H2.8 U0 1426 120 1420 H2A 20 B0 12,0128 1HLE HEE 2R UL

L N T AP

JEM JIBED 15,6 15,2 WAL WL lii‘.i 155.8 185.0 155.5 J56.5 IS0 003 12,0 2.0 142.8 1420 2.0 128 MLE 2.8 1429 142.0 M2.8 HLB 1120 162.8 12,9 562.0 142.6 12,8

X, - 535 1505 1507 [43.2 1500 1600 K594 1510 K564 156.8 158.4 1G9 M2.8 1E2E 02,4 2.8 m;i:"?.! u'u'm'.s 2.8 2.8 lis 142,86 1.8 H2.6 M2.8 128 W28 U2

BIH.  [159.7 352.9 H.2 1150 15,4 1518 1510 $50.6 1564 1.2 1S1,0 1138 428 1.0 M2.8 142.8 H28 120 H2.6 128 [ILE HLE HLE 1428 1008 12,8 2.8 ll?.!.]l?.! e
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< DB-07: Discharge Correlation Analysis >

This ' system prepares the correlation curve (s) between two sta-
tions' discharge. The curve(s) will be used to fill the missing
or not-avallable discharge data in the table obtained with DB-08
or DB-06. The curve. is expraessed as " ¥ = a¥X + b ". Where, X & Y:
discharge, a & b: constants. Refer to Table-5.8 and Fig.-5.5.
Table~-5.8 DB-07: Discharge Correlation Analysis
NO YEAR-HONTH  8T:X ST:Y Xy X"2 Y2
1 (59/60-10)  260.1 61.0 15865.25  67644.7%" 3721.00
2 11 280.9 721 -20251.81° 78896.42 5198.41
3 12 349.4 120.8 42210.26 '122096.21 14592.64
4 1 587.2 330.0 193774.43 244798.27 108500.00
5 2 1,097.0 996.0 1092582, 24 1203343,447 ?92016.00
T . . < . . . o _
308 (88/89~10) 278.6 . 70.4 19611.58 77603.26 4956.16
309 it 331.1 - 104.3 - 34536.66 109645.81 10878.49
310 iz 421.9 183.9 - T7591.11 178016.61 33819.21
311 1 689.8 6147 423993.45 475764.76 377856.09
312 2 1.135.3 1.354.5 A537739.77 1288865.72 - 1834670.25
313 8 403.9 i68.1 6?887.20_ S 1630%4.50 28257.61
314 9 345.1 115.1 39715.97 119063.79 13248.01
TOT AL 250295 211126 315849944 299890930 372021945
Y = a + bxx B ‘a=  -499.38835
X'z a’ + bxy (a’=-a/b, b’=1/b) b= 1.47001
i : a’= 339.71716
_ b’= " 0.68027
Corelation Coefficient c¢= 0.97100
A X12~-030 = Vi1 -150 .
. n : o d / :
35 J[? ;/ —
- B
e v
t 3
" : Y = 499,388 4 31,470 *| X L
é,,-. 2.5 - - m%{ /B/D
; g X 9 i Dk a @
87 s Réh A
X : '4;535&%"'
7 e el
i ; Em” |
1.4 2.2 2.6 3

- Pig.-5.5 DB-07: Discharge Correlation Curve -

(Thouw.:nds)
- 2-030 LUKULY (m3/w)
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{4) ¥Flow Regime

i

Annual flow regime and long-term flow regime are obtained with §
the follaw1ng systems . :

< DB~05: Dally Water Level and Discharge >

DB-05, explained above, gives not only the calculated discharge
but the annual flow regime showing the followlng discharge,

1) High Discharge (95-day discharge)

2) Normal Discharge (185-day discharge)
3) Low Discharge (275-day discharge)

4) Drought Discharge (355-day discharge)
8) Annual Mean Discharge

< DB-0B: Flow Regime >

This system prepares a table of annual flow regime, showing high
discharge (Q95day), normal discharge (Q185day), low . discharge
{(Q275d4ay), drought discharge (Q355day), compiling the data ob-
tained from DB-5. Refar to Table-5.9. :

Table-5.9 DB-08: Flow Regime by Station
8T.: 1-150 ZAMBEZI PUMP HOUSE FLOW REGIME (m3/s)

ot -
[~ I

YEAR Q{95days) Q(185day) . Q(275day} = Q(355day) MEAN
1 1959/60 828.9 2021 . 102.4 56,2 735.7
2 1950/61 901.5 265.5 .- 125.5 65.9 B886.4
3 1961/62 1604.4 363.7 168.5 87.4 1077.4
4 1962/63 2010.5 363.7 139.7 " 96.3 1119.5
5 1963/64 © 828.9 270.5 132.56 93.3 573.8
6 1964/65 864.9 217.6 . 108.8 73.6 663.4
7 1965/66 684.8 U 245.7 112.0 71.0 T 607.6
8 1966/67 977.2 204.1 99,3 73.0 657.9
9 1867/68 . 2617.8 418.6 157.,7 71.0 1300.9
10 1968/69 . 301.2 . 86.5 - 35,0 16.2 303.9
20 1978/79 1132.4 360.2 - 170.4 . 94,2 g08.1
21 1979/80 1650.1 350.9 149.3 95,4 849.6
22  1980/81 748.5 - 215.3 119.7 86.0 = 572.9
23 1981/82 - 401.7 174.0 103.1 72.5 338.1
24 1982/83 405.4 i88.1 95.9 64.9 280.8
25 1983/84 636.4 121.7 71.2 49.1 469, 4
26 1984/85 572.7 198, 4 91.2 - 57.4 453.5
27 1985/86 574.2 152.0 L T4.4 55.8 - 490.3
28 1986/87 752,6 292.3 129.0 69.2 571.2
29 1987/48 633.3 - '1565.4 _ 90.6 71.0 439.8
30 1988/89 - 1163.3 ' 300.,2 ¢ 131.1 . . 68.4  816.4
31  1989/90 393.1 179.8 . 98.1 78.4 277.7
32 1990/91 759,4 . 162.4 B83.4 67.6 - 525.7 (

MEAN -949.1 248.8 - 116.8 - 75.0 665.5
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‘? (5) River Flow Analysis

The river flow analysis is obtained with the system DB-0%: Analy-
sis of River Flow. This system prepares the annual and monthly
tables of river water, using the data obtained from DB-05 and
DB-08, Refer teo Table-5.10.

Table-5.10 DB-09: River Flow Analysis

MEAS BASINS M. ST, PO & STATICH HAHE ARER(Va2}70/80 30781 B1/82.52/83 83/64 84/35 §5/86 16/87 67/63 58/60 /90 90791 MM

UPPER TARBELL ( 1) ‘Oolese 1,512 M9 _49'3 205 237 395 382 413 481 30 688 2 M43 43
) (N 1160 St Zaberi Pup ouse 61,215 830 573 338 281 469 453 400 ST MG BI6 278 526 510
* " (3 fartezi R. Portion 90,353 921 593 "350 201 485 469 508 591 465 845 28 5 5

Y {4) 1650 St. Kabowpo Bom 2,6 23 2400 109 201 12 153 18 243 200 152 MO 172 185
Tt (B) Kabowpo R. Porticn 45,029 206 247 118 200 426 (15T @4 21 29 155 41 115 AT
' )] Dunged R, Portion ;568 2 6 M 1 15 B % -0 -5 2010 N A

v AN - Coflusce 65,507 - 325 309 ISE 200 W1 {92 210 24 W MG ISE- 200 210
. * (6) 550 St Hatopa Ponteon  B5,A9 32 3120 1% 201 MZ 083 2m 203 201 AW 152 2: 2
. 9 Kabopo R. Portim 12,41 3% 30 26 2Bt ME 203 20m MR 199 192 54 210 218
' fO(W) . Cwfluence . 162,700 1255 922 BG5S 492 632 673 136 DD G54 (102R 442 TM . MB
Tt (1) 2090 stolulele . 265,530 1003 795 518 637 594 626 G2 763 6T 871, 50 670 - 69
: 1] labezi &, Poction 228,006 1031 . 833 620 645 639 100 6M - TR0 722 895 GGG &AM 734
. * {13) 2-250 S5t Kalalo O3B % 1 3 40 3 5l 4T %M 65 15 M 3% 60
' [} fuaginga R Portion  AL233 85 89 48 43 51 73 6F Gl B0 .3 %9 46 W
' L ] Conflumce 269,308 1115 922 677 688 G69F 7R3 IS5 B0 §m I0S¢ i 136 806
- " (15) 2400 St, Senanga 218,29 1127 939 §99 692 TO9 804 TM 070 823 1090 6% S aM
*ORMUE  (21) 4-050 St. Baglan Farm £99 8 B A ¥ N WD 43 N ®UM/ OB A1
- () falve R. Portion 1% # 6 % 63 4 % 9 W 5 8 T 6 89
" " (23) 4-120- St. Meanhashi % & W 5 -§ 4 ¢ 13 1 & 6 A4 §5 1
. tO(4)4-130 St. Saith's Geidge - 8,589 100 0 P B0 B0 B3 & Mo B G W M W T
. Y {25) 4200 St. Mpatemata 19,65 123 8 58 76 60 12 16 80 B W S W . w
’ *(26) 4-280 St. Hochiya Ferry 2,960 19 1M %0 103 19 18 W6 1T 1M WM W16 1MW
: *m Kafue R. Fortion 4,512 207 182 950107 €3 195 203 120 N3 1% 7 iy 1%
: em Luswishi R. Porticn BBSS 58 40 2% 2 W M O® M OB A 6 M0
. = () Coaflusnce 23,448 265 233 121 127 103 219 241 M1 M3 T 93 43 WS
. " {30) 4-350 S5t. ChiTerga W62 200 231 23 N M 222 {0 M3 M5 I8 91 2 et
. " {30) 450 St Lubungy Bh 442 210 260 128 125 MY 212 0T ME 19 164 93 1M 168

* (1) 4560 St. Chifings fontecn 20,445 WS 15 56 4 51 80 lis M oA M 51 B8 Al
{39) fmga R: Poction - 2416 M7 15 B2- 480 55 91 m oM @ WM 5 W B

T ) ConfTuence 18,850 426 405 190 173 66303 M0 Ze0 231 235 15D M 2R
ft (%) 4669 St. Bafue Mook Bridge 95,050 440 461 221 193 190 310 34 209 M5 236 161 197 266
LOVER IHSEZ1 (17) Livingstene 465,324 1465 1325 791 816 BI6. 898 89D, WW 936 MGR IOV 9171093
S ([} I (Kariba Dan) 608,636 1772 1972 844 802 QI 1307 10 1057 1233 1923 970 066 1259
£ {18) Fvaporation - — 25 3 33 305, N W2 M) NB 2 0. W6 21285
ot {8)  Stotege S el W13 -M56. 434 -HZ BT @2 64 206 . 503020 -18 TS
: ()] Qut (Kariba D) — W73 OI657 989 1031 T 912 911 B3 755 1057 1055 905 InM9
C v () - faderf RoPoction 612726 1481 U676 9T 1033 990 984 921 BAD TR IORT 1063 910 1057
tOKNE (36). ‘In (Itezhi-tezhi Bam) 105,672 466 469 103 171 158 329 M2 M9 23 22 64 182 261
T (D) Bvaporaticn - — 1B " W 1 W w8 w160
Tr (us) Stovage : - FR S L T T I - TS | R R T - U SR
- S E 1)) Ot (Tkezhi-tezhi Dan) — 410 452 208 178 193 236 241 200 9 P9 {168 21
TetE (38) I {fafue Gorge Dom} 15,576 520 661 216 182 ¥R 203 3N 2% i4r M 213 62 2
" {3E) - Evaporation — 3 @ B W RSB W B NN N H B
tv(AS) Storage et IR e T S T ) EE S R S I B S |
* (W fut (Kafue Gorge Dew)  —— - 471 622 181 16%. 166 168 270 137 IGR 209 167 M0 253 -
* *{d0) Kafue R. Portion 154,802 477 631 192 Y0 IG5 - H8- 219 W8 WS G 193 M4 259

THBELT (£1) Confloence . 767,605 1959 2313 1163 1204 H136- 116F 1200 f070 930 1383 1356 10M 136

T (d2) Tobezi R, Porticn. 705,606 1997 2399 1170 1216 VIS0 1207 1241030 §IR 132 1292 KoM 135
LURKHA (43) 5-910 St. tungws Beidge 13,701, 722 563 AO7. 363 342 07. 962 483 5% 31 1505 37 692
) Luang R Poction ~ 15,586° 756 590 426 380 350 M0 1608 492 610 810 ISV 31 63
NG (65 Confluencs 931,210 9153 2589 1506 1505 1509 1957 269 1eE 203

- om.w o ow
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(6) Reservoir Water Balance

The reservoir water balance is obtained with the system DB-10:
Analysis of Reservoir Water Balance. This system calculates the
monthly reseérvoir water balance. Refer to Table-5.11.

Tébleus.ll DB-10: Reservoir Water Balance

<. Annual Reservoir Water Balance >

[RESERVIOIR OPERATION ) PERTOGD: 1979/80 - 1000/91 {12 YEARS) DAM: YFEZHT-TYEZI

B B R R R N A T L A A A L D 30 R S TS R B e Y

Year H/Lheve] Voluse R.Ares Raln P.Evap Change/V 1InFlow A.Evap. Outflow Kafuac H/B  gl- it

Ni{n) U(ucn) A{Kn2) Rimn} EBEoi{us} dV{m3/x)} Ql{n3!ﬂ) H(USIB) Qof{ma/fa) Qri{masu) {(=d/s)
1978/%9 3029,17 6028 367

1800/0% 1025,40 4723 312 G480 16290 .—2.4 181.6 16.3 J6T.86 161.9% - -0.3
REmEaGcAaNss=EsnEne :;sa-u;na=-==-u--gugzah----a-ans:-asun‘u--aa=xn==.=u-u=u;===a‘-=;=-_u=u AmxwmEamEe
HEAN[=u & nd/5) 653 1820 -3.4 261,32 17.0 247.6 261.9 0.7
TOTAL{w= & mex} ~107 8237 536 . 7808 0259 -22

S S R AN ErE RN NidomnmEDNSsSTmERESS B T I I o S e 3 A R S R A R R ORI A IR A SR T IR S KOG A Em RS ST eD S

< Monthly Reservoir Water Balance >
[RESERVIOIR nPFRAT]ﬂN.] {r) . DAM: ITEZN1-TEZN] . : Year.ln?njan

._—=_=unuux=:==Lﬂ‘uae-s:s-:xl-:ztnxaznn====x1-u:gatun-z==_=uELﬁ“r-EE_nnnnxg_xnn==_=-:-unns

mlecamc

70/80 W/hLevel VMolwue R.Area Rnfn P.Evap Change/V Inflow A.Evap. Outflow Kafna H/B. Qf- ar
Maawkth Him) Wimcw} A[(Knz2} Ri{se) Eo(mm) d¥({n3/3) Q1 {wd/s} E(m3/s) Qolad/s) Qf{nﬂla) (usls)

g:::#xn:n;;s:===--ukaazx_ns-—4:_:EISHlt:x:anannn'ﬁ_-:saxu:hx—xnu:_=.=sllﬂ=dux:;;n:r

SEP 1020.17 G20 a7

6rn2 374 b 140 4.5 176.6

HEAH(mE & 83/s) . 72 - 136 Sa.z 166,80 18.0° 7 445,68  4d41.% . 26.6
TOTAL{Hu & men) 650 1620 99 14720 - 588 14052 13011 ang
e T e ot = 4 S N A A S B S R R St et 5ttt mr
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{7) Well Water Level

The observed well water level is filed and analyzed-comparing it
with the river water level using the following systems.

< DB~11: Well Water Level by Station >

To file daily well water level observed at the observation well,
calculate water level elevation in meters and output tables by
station. Refer to Table-5.12.

< DB~-12: Well Water Level Analysis >

This syétem analyzes the relationship between the river water
level and well water level. Refer to Fig.-5.6. '

Table-~5.12 DB-11: Well Water Level by Station

*HLe* _WelJ.'No . 1890/91 Bvening [Rater Level (m)]

==N ==mo=e oo mees == HRe s o

DAY  OCT ‘NOV DEC JAN FEB MAR. . APR MAY JUN JUL AUG - S8EP ANNUAL

s = = ——— P p——— Py

1 :.7.,23  7.54 . 7.79 7.17 5.26 5.55° 4,52 4.80 © 5.47
2 7.14.  7.852 7.73 17.i& 5,16 5,54. 4.53 4.82 5.50
3 7.19° . 7.585 . .7.70 71.14 .-5.23 5.60° 4.55 4.84 . 5.52 .
4 7.16 © 7,57 7.77 7.14 5.20 5.66  4.54 4.87 5.52
5 . 7.18 7.54 7.5 7.10 5.21 5.62 4.57 4.90 5.538
6 7.21 7.5% 7.82  71.06 5.25 5.64 4.81 4.83 5.55
ki 7.23 ?.52°. 7.80 ' T.11 5,32 5.58 A4.64  4.95 5.57
8. 7.26 7.56 7.85 7.02 5.35 5.58 4.54 4.99 5.58 .
9 - 7.26 7.54 7.81 7.00 5.38 5.52 4.49 5.03  5.59 : -
‘16 7.24 - 7.57 7.72 7.02 5.44 5.50° 4.45 5.05 5.80
J1r 0 7.30 0 7.B9 - 7.71 7.07 5.43 5.46 4,483 5.07  5.861
i2 7.26 7.64 7.68 . 7.00 5.40 65.45  4.37 5.098 5,62
13 7;21  7.82 7.63 7.10 - 5.38 5.44 4.35 5.11 5.64
14 7.33 7.60 7.64 ' 6.99 5.3% 5.40 4.37 5.14 = 5.65
"15 . 7.30 7.63 7.86 6.%50 K.32 5.39 4.36 5.16 5.67
16 7.32 7.64 . 7.54 6.92 5,33 5.28 4.38 5.18 . 5.68
17 7.28 7.65 7.60 6£.85 5.30 5.36 4.39 5.20 5.58
K 7.31 7.14 7.57. 6.91 5,29 ° 5.40 4.42 5.22 5.69
19 7.36 1.73 7.55 6.70 - 5.30 5.40 4,44 5.22 5,71
20 7.38 7.76 7.656  B.52 5.30 5,41 4.45  5.24 5.71
21 7.34 7.73 7T.50 6.44 5.32 5.42° 4.47 5.27  5.13
22 7:44 T.71 7.58 6.45 5,36 &.42  4.53. 5.28 5.72
23  7.50 1,868 7.51 6.43 5,41 5.40  4.54 5.32 5.75
24 7.42 7.72 7.54 6.40 5.43 . 5.29 4,56 5.35 5.16
25 7.40 7,74  7.52 - 6.44 5.42 5.05 4.58° 5.38 5,77
26 7.47 - 7.6% T.47 6,29 5.46 £.79 . 4.61 5.38 5.78
27 . 7.43 7.61 . 7.42 6,21 5.50 4.71 4.68 5.40 5,80
28 7.50 7.68 7.34 5.6%9  5.52 4,65 4,71 5.41 . '5.78

29 7.48 7.2 . 7.27 5.45 4.54 4.74 5.43 5.80
.30 7.53 7.77 1.22 5.39 4.568 4.74 5.44 5.81

31 7.581 7.20 5.27 ) 4.50 5.48

MEAN 7,358 - 7.64 __7.61 -G:GG" 6.35 -~ 5.30 4.52 5.16 5.66
MAX. 7.58 7,77 7.85 7.18 . 5,62 5.66 . 4.74 65.48 5.81.
MIN., 7.3% 7,52 7.22 5.27 5.16.  4.50 4,35 4.80 5,47

Py
i @ e
I oo
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Fig.~‘5.6 DB-12: Well Water Level Analysis
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5.1,

In
at
The

3 bata Input Availability

Zambia, 242 hydrological observation Stations are reglistered
the - DWA. _
Team input the following data onto computer files during the

study period.

Daily River Water Level

Hourly River Water Level

Flow Measurement Data . : L
Discharge Rating Curve Analysis (H/Q Curve)
River Water Discharge {(using H/Q eguation)

The available data in diskette form for each river basin is shown
as - Table-5.13. Details refer to Supplement-4.7 in SUFPORTING
REPORT.
Table-5.13 Availability of Data Input
River Total | Number of Station of Available Data in Disk
Basin Bt, | e e e e e
Number | D/R/W/L | H/R/W/L | F/M | H/Q | Dis

Zambez i 64 | 64 | 1 R 2 T T
Kafue 89 | 89 | 5 | a1 |11 P11
Luangwa 20 I 20 | ¢ | 1 I 1 | 1
Chambeshi 21 | . 21 { 0 10} o0 4 o
Luapula 35 | 35 | 0 i 0 | 0] | 0
Tanganyika 7 | 7 i 0 | 0 [ 0 i 0

TOTAL 242 | . 242 1 6 |19 ] 18 | 19

o e o e o AR et e Y R i e Y FALE il b 7Y e g e iy o T S T s s Aeb et o S o o e e e o el ke St Y P Mk et T B e e I A4 bt e T e s e

[NOTE] D/R/W/L : Daily River Water Level

H/R/W/L : Hourly River Water Level
F/M : Flow Measurement Data '
H/Q : H-Q Curve Analysis
Dis. -: River Water Discharge
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5.2 Discharge Rating Curve
(1) Type of Rating Curve

To know the continuous river discharge at a given point on the
river, daily or periodic observation of the river water level is
done, because it is very hard to measure discharge continuously.
To concert these observed data of water level to discharge, the
discharge rating curve is essential. The discharge rating curve ,
relation curve between discharge:Q and water level:H, is general-
ly chosen from the following egquations. ‘ ' : :

1) Second-degree Curve
: Q=ax% (H+ by 2 a, b : Constant

2) n-degree Curve
Q=ax (H+ b)™'n a&,b,n : Constant; n = 1.5 -2.5

3} Curve based on Manning Formula
Q=A=xV = {(1/n) x I"(1/2)} X A X R"(2/3)
A: Discharge area, V: Velocity, n: manning roughness
I: Water surface slope, R: Hydraulic radius

4) Method based on H-A Curve and H-V Curve S '
Q 1s got from H-A & H-V curve established previously.

{2) Rating Curves Obtained in Study

In this Study, the second degree curve is employed as it is
widely used around the world. The discharge rating curve of the
. selected 19 hydrometric stations for the Study were prepared by
either method shown below according to the number of flow meas-
urement data, . '

1) Method-~1: in case of a small amount of measurement data
By Manning Formula, some rating curves are obtained on’
the basis of the river cross section, water surface slope
and roughness. Comparing these curves with some measure-
ment data, the most appropriate curve is selected. This
Jjob is done using Database System DB-03. R

2) Method-2: in case of a large amount of measurement ‘data
Firstly, water level (H) - sguare root discharge (Q"0.5)
graph is prepared. Secondly, according to this H-Q"0.5
curve, the most approximate curve(s} is(are) ocbtained. Ih
the case data is distributed approximately around a line

on H-Q"0.5 graph, one rating curve is determined. In the

case data is distributed around a broken line, plural
curves are obtained. This job is done using Database
System DB-04. ' :

Table~5.14 shows the discharge rating curves thus obtained in
this Study. : : ' '
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f%% Table-5.14 Equation of Discharge Rating Curve

e e met yo ok Rm g v D S ar ok A i ey St sae e e fmar e T A o Ak 2

md Sy i e oy e e e s b o s e s £ e P T i bk et o it e S L

I
1| 1-180 Zambezi P/H i

2 | 1650 Kabompe Boma | qese.sizt(io.7isioa
37| 12950 natopa Pontoon | qezo.7o1t(i-o.ze2 <2
T om0 pakate Toczo.anee(miz.seny 2
o | 2-250 Ralabo | G 7.404%(1+0.654) 2 H < 3.179m

| | Q=182.763%(H-2.270)"2 H >= 3.179n
67| 22100 semanga | omso.soseimi.zamr o2
77| 4l0s0 Raglam Farm | 0= 5.677%(He0.167)72
o | 40120 Mwambachi o= 6.088%(R-1.262) 72  H < z.920m
I : | Q= 1.989%(H-0.0019°2 H >= 2.920m
o | 47130 smithis Briage | 0= 6.076%(mr0.164)-2
107 | 4 200 Mpatamate | o= 7.z66%(mr0-s700°2
5 31| 4-280 Machiya Ferry | Qu10.6ear(H-1.012)-2
12| 4l3%0 ohilemga o= 5.771%(1+0.439) 2 W < 5.134m

i ' | Q=40.036*(H-2.525}"2 H >= 5.134_11‘1
1o | 1-450 Tavungw |Tomat.eennmoazer-a
14 | 37560 Chifumpa Pomt. | Qu25.526%(Hr0.se21°2
15 | +-065 Rafue Hook B. | Qei10.511%(8-0.s37)-2
16 | 4-941 Kaleva Dam S. | 0o 1.700%(R-0.115)°2 < 4.66em

| - ‘ | Q=32.948*(H-3.603)"2 H.>= 4,663m
17 | 1058 Uruars Farm | o= 8.421%(H-0.008)"2 .
“18 | 5-030 Exchange Farm | Q- 1.084%(H+0.084)-2 H < 0.720m
P © ] Q= 9.681%(H-0.286)"2  0.72m<=H<1.64m

| | Q=21.059*(H~0.729)"2 H >=.1.640m
1o | 5-940 Luangwa Bridge | e60.157%(A-1.008)%2

The fating curves shown above are illustrated inw'Fig.—S.? to
5,25, The . cross section of each station is alsoc shown in the
figure. — : :
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5.3 Reservoir Water Balance

To comprehénd the factors of reservoir water balance, the simula-
tion of reservoir water balance was done regarding the existing
~three (8) main dams: 1) Itezhi-tezhi Dam 2} Kafue Gorge Dam 3)
Kariba Dam. _ : '

5.3.1 Simulation Model of Reservoir Water Balance

Generally, dam and reservoir balance is expressed by the follow-
ing eguation. Refer to Fig.-5.26. . :

Qo = Qi +dv+R-E+Qgi~ Qo

where; . R -
‘ Qo : Outflow from reservoir
Qi : Inflow to reservoir
dVv : Change of storage volume
R : Rainfall to reservolr
B : Evaporation from reservoir

Qgi: Groundwater inflow to reservoir
Qgo: Leakage from reservoir

| R " E

| Rainfall | Evaporation

v |

Qo i L : ] - Qi
L e Reservoir | Qe o e e
Outflow | { Inflow

1 Qgo. " Qgi

| Leakage | Groundwater Inflow
v l :

Fig.- 5.26 Reservoir Water Balance

In this Study, two factors : Qgi and Ggo are neglected as these
parameters do not affect the balance and the data are not avail-
able. The inflow (Qi) is calculated on monthly base as an unknown
variable,. :

< Outflow : Qo >

The outflow from reservoir (Qo} is available és a giveh variable
because the data of outflow through spillway and turbine condult
are recorded daily : s

< Changé of storage volume : dv >

The ' change of storage volume (dV) is obtained hy 2 water levels
(starting water level of calculation period, ending water - level
of calculation period) and water level (H) - storage volume curve
(V). The daily reservoir water level is recorded at each dam. The
H-V curves of the reservoirs are given in Fig.-5.27, 28 and 29.
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Fig.~6.27 H - V - A Curve (Itezhi-tezhi Dam)
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RESERVOIR WATER LEVEL (h:m)

RESERVOIR WATER LEVEL (h:m)
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.-/
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»/
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Fig.-5.28 H - V - A Curve (Kafue Gorge Dam)
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Fig.~5.29 H - V - A Curve (Kariba Dam)
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< Rainfall : R and Evaporation : B >

The rainfall amouht to the reservoir (R) and evaporation amount
from the reservoir (E) are calculated_as_follows:

R=1rx (Al + A2)/2, E = Eo x (Al + A2)/2

where,
R : Rainfall to reservoir
E : Evaporation from reservoir -
Al: Starting reservoir area of calculation period
A2: Ending reservoir area of calculation period
r : Rainfall height
Eo: Potential free water evaporation height

Data for-R}'EL r and,Eo'were obtained as follows:

1) r for Itezhi-tezhi and Kafue Gorge dam is data observed
at Namwala and Kafue Polder respectively.

2Y Eo for Itezhi-tezhi and Kafue Gorge dam is a value. _
obtained by Penman method (quoted from "SIMULATION OF THE
KAFUE GORGE POWER PLANT OQOPERATION, Draft Final Report,
Hydroelectric Hydrological Assistance Project -~ Phase 1,
SADCC 3.0.4) . : .

3) R and E for Kariba dam are data observed at the dam site.
In the simulation for Kariba dam, (R+E) is obtained as E.

5.3.2 simulation Results

The simulafiqn results of reservoir water balance for the 3 main
dams are shown in Table~5.15. Refer to Fig.-5.30.

I tens |'Itezhitezhi | Kafue Gorge | Kariba
SEEREooo TSmO omE R ! =:_===—_;==_:;-:=="z Srornnomma e e
Simulation Period |12ys{1980-91)|12ys(1980~-91)|29ys(1963-91)
el s el el B e —————
: (m3/s)] 261.2 (100%) | 282.1 (100%)| 1,620 (100%)
<Inflow> , e frm e |
incl.Rainfall {(mecm) | 8,237 | 8,896 f 51,088
——————————————————————— e B B
: . (m3/s)| 247.8 ( 95%)| 252.7 ( 90%)| 1,340 ( 83%)
<Qutflow> ' ‘ |f———*—-f—_""f14——f —————— T | e
. (mcm) | 7,808 | 7,969 | 42,258
. ”"“ff; ““““““““ |"~*—“_———*—f*[ —————————————
+ Water Power (m3/s)] e | 155.7 { 55%)| 789 { 49%)
: o B B e e B il BT T L PR
+ Spillway (m3/s) ] 247.6 ( 95%)| 97.0( 35%)} . 551 { 34%)
_..._h_._._._,_._._._.;..,..._._._...___.__..__!_._.._,............'... _____ i.._......._ __________ I_;_;_ _________
<Evaporation>  (m3/s)| 17.0 { 6%)| 28.9 ( 10%)| 279 ( 17%)
: {(mm/day)| 4.5 . | . 5,1 SR R 4
<Change of Vol> (m3/s)| -3.4 ( -1%)| . 0.4 (0.2%)| . 0.7(0.04%)
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(1) Itezhi-tezhi Dam

The annual reservoir water balance of Itezhi-tezhi Dam is as
shown in Table-5,15. Refer to Fig.-5.31. Monthly wvariation is
illustrated in Fig.-~5.32. :

_Table-5.16 Reservoir Operation (Itezhi-tezhi Dam)

AR Lt i o e et o oy iy P s S S ot Ao LAY e W B e ey i e s ke

Water

| | Storage | Change | Inflow |Evapo—-| Outflow
Year | Level | Volume Jof Volume] |ration} .
' i {m) b (wmem) |. (m3/s} | (m3/s) |(m3/s)]| (m3/s)
B A R- T LT Ty I O Y T T I ey = } mimpmommeng e ! oo i mmrmrmmero ot
1978/79 ] 1029.17 | 6,026 | | i |
B el B R | - | == .
1979/80 | 1029.42 | 6,126 | 3.1 | 466.8 | 18.0 | 445.6
1580/81 | 1029.26 | 6,082 | -2.0 | 465.8 | 18.7 | 449.1
l981/82 | 1026.48 | &§,0258 | -382.9 | 192.3 { 18.3 | 206.9
1g82/83 | 1024.,22 | 4,275 | -23.8 | 171.4 | 16.7 | 178.58
lag3/684 | 1018.64 | 2,782 | -48.2 | 188.6 ] 13.86 | 193.2
1984/85 | 1027.06 | 5,230 | 78.6 | 328.8 | 15.1 | 235.2
1985/86 | 1028,.80 | 5,881 | 20.6 | 318.8 | 17.6 | 280.6
1986/87 | 1027.13 | 5,286 | =-19.8 | 199.3 | 18.1 | 201.1
1987/88 | 1027.14 | . 5,259 | 0.1} 242.6 | 17.6 | 224.9
1988/89 | 1027.63 | 5,438 | 5.7 | 240.3 | 17.4 | 217.2
———————— e e el Bl R
198%/90 | 1025.82 | 4,797 | -20.3 |} 1e8.2 | '17.1 | 1731.4
1990/91 } 1025.60 | 4,723 | ~-2.4 | 181.8 | 16,3 |} 167.6
____________________________ l'__,_..._.__..‘...-._..._._....._‘_._...._..__..__.....____..._,......__._._._,....,..._..
Averages J -3.4 261.2 17.0 247.6
. TEZHI - TEZHI DAN
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547



WATER LEVEL {m)
(Theusands)

INFLOW & OUTFLOW {m3./5)
(Theusands=)

MACHNTLH % WATE D | C\ATH
FIC IS B I I T I A | YYD Ly [N TN " S
ITEZHI~TEZHI DAM
1,03 R - .
. AN 1Y s ANERY 20 W AV 40 W A A%
1.629. ¥ i l'( \ } \ [ [ [ N l. \ T 5 f 1
LN RTERVAR AR AN A AT
e ) U [ | \{ | T \ R S
o L IR [4 ]
1.027 ! \ . i Ui \ T {1
028 Ll | . WA
- ]} ‘ f i I i Y 1 VAR ’
i‘ogs . i ! _____ ;IJ ______ } .1f. " 1 l
I8 A AR Y
1,024 ‘ f ]""' b - \
f.0z3 RN T
e { [. ' .[ I N R
hoss VAN v
1.021 1 %.i
].‘J-..:. i‘ E
t.019 L ;
R
LRCIE: -
1]
t.017 -
: i S :
1.018 L R L S T (R R TR R LT ) TR B D A TH Rt CH TR e R
a0 ai 82 83 B4 a5 A6 87 . &8 . 88’ 20 o5t
' ' = —=> YZAR _
PACTHTHLT INFLOW & CUTFLOW
ITETHI-TIIN DAM ,
1.5 -
- !
1.4 :
1,3
1.2
: l
1.1 i
: I
J d
T : :
g2 -1 i : :
o i 5 i "%
: T i | ! L :
S gl gk . :
o7 I UL R !
0.5 : L 13 X 3 ‘
N T /
RS i T o 1 i
o.4 ] | "!Ii B £ I[ ” ' | f
: I i ; b - - ]
| ! ] ']E- ft PL H I% i li- |
" | : ST 15 1N H !
SO TR N0 Y 0 OO v Y S N[V
= ; WA R ARV AY R S IR
o LYY, HIY 17T VAL AN RE RIS
Y %\, _',-} Y _J( ] - "‘—u} \‘\7,{ \\.\ I 3 J\ J ”‘\ jl -“n‘
o . :
0.1 .;nnmnmn-.—nlm|.~ir..imui|_r'sll!féﬂlmlam.nnriumiu:nui;m;_rmi:mumli:.m.rmw-r_umm:.n:::.n;.s:.mimn
£0 g1 8z .83 a4 a5 a5 a7 &8 89 20 21
' o mmmen YEAR o '
— INFLOW ———  QUTFLOW

Fig.-5.32 Monthly Variation of Itezhi-tezhi Dam

548

)



(2) Rafue Gorge Dam

The annual reservoir water balance of Kafue Gorge Dam is as shown
in Table-6.16, Refer to Fig.-5.33. The monthly wvariation is
illustrated in Fig.-5.34.

Table-5,17 Reservoir'OPeration (Kafue Gorge Dam)

| WatérlStorageiChangelInflow;Evapo~| Outflow (m3/s)
Year | Level|{Volume |of Vol |ration|-—e———
I (m} | {mcm) i{mB/s)i(mS/s)l(mS/s)|Turbi.|Spill.!Total
EESSSS ! Semmme| S e ! SmImssImoze I Smmemmm [ B ! EE [ =emammTe I Smmmrmaa
1978/79 1975.10| 219 j i i ] | |
———————— | e o e e e e e
1979/80 |976,58}.‘7?9 | 17.7 | 519.7| 31.0 | 140.3] 330.6| 470.9
1980/81 |976.62| 802 } 0.7 | 860.2] 38.1 ] i61.4} 460.0| 621.4
ioggi/sg2 1976.02] 504 | ~9:8 | 215.8] 34.7 | 182,1] "8.4]-190.5
1982/83 1975.56] 340 | =5.2 | 182.0] 18.7 I'168.5! -0.0].158.5
1983/84 |975.72[ 392 | 1.6 | 177.7] 12.2 | 163.9] 0.0} 163.9
1984/35-[976.48]._723- | 10.5 | 203.1) 24.6 | 168;0!' 0.0] 188.0
1985/86 !976.58] 779 j 1.8 | 311.8] 38.86 [ 178.7] 92.7} 271.4
1986/87 1975.61f 197 i 0.8 | 213.8| 36.4 ] 166.6] 21.3] 176.9
1987/88-|975.52i 745 | ~1.6 | 197.1} 30.7 i 149.11 18.9] 168.0
1988/89 |976.10] 538 | ~6.6 | 326.0) 27.1 | 73.9] 231.6} 305.5
S B P e R | -—=-=- R B | ==meem
1889/90 1975.84] 434 | ~3{3'| 214.9] 31.1 | 187.1} 0.0 187.1
1990/91 |975.70} 385 | -1.6 | 162.4] 23.8 | 140.2}| 0.0] 140.2
|
[
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{3) Kariba Dam

The annual reservoir water balance of Kariba Dam is as shown in
Table~5.18. Refer to Flg.-5.35. The monthly variation is illus-
trated in Fig.-5.36,
Table-5.18 Reservoir Operation (Kariba Dam}
| Water|Storage|Change|Inflow|Evapo~| Outflow (m3/s)
Year | Level|Volume |of Vol)] Jration|—=——r—e o e
1 (wm) | (mem) |{(m3/s){{m3/s){(m3/s)|Turbi.|Spill:|Total
1961/62 |479.97] 20,896 T F { i !
momme s o ot i e oo o e o
1962/63 |487.44| 58,220| 1,184] 2,835] 269 : 410 E 973 |1,383
1963/64 |482.38| 32,754  ~805| 1,420| 282 | 483 {1,460 |1,943
1964/65 |484.78] 44,755} 381} .1,245] 272 | 497 | . 95 | 592
1965/66 |483.18| 86,736] -254] 1,594) 274 | 617 |1,057 |1,574
1966/67 1483.70] 39,335] 82} 1,267} 282 | 5670 | 333 ] 903
1967/68 }484.74} 44,5541  165) 2,064] 290 | 633 ]| 976 }1,609
1968/69 |484.31| 42,392 -69| 2,684] 265 | 686 |1,802 |2,488
1969/70 - |483.99} 40,787} -51]| 1,998] 290 | 699 [1,060 |1,759
1970/71 (483.85] 40,0886] ~22] 1,529} 274 | . 735 | 542 |1,217
1971/72 |484.34| 42,543 78] 1,301 267 | 696 | 260 | 958
———————— s Emrend B Bt el Bl Bl e
1972/73 }482.73) 34,494] -255] 759} 298 | 716 | 0] 7186
1973/74 [486.11f 51,468]| 538{ 2,241} 253 | 701 | 749 |1,450
1974/75 [485.12} 46,467| -159] 2,250] 269 | 711 |1,428 |2,139
1975/76 |485.93] 50,557] 129] 2,183} 258 | 743 ]1,052 |1,795
1976/77 |486.53| 53,596 96] 1,518] 269 | 833 | 319 [1,152
1977/78 |485.92| 50,507} -98] 3,111] 257 | 884 |2,068 |2,952
1978/79 }485.82] 50,001] -16] 1,863] 296 | 914 | 670 ]1,584
1979/80 {485.91| 50,456(. 14} 1,772| 285 | 994 -} 479 |1,473
1980/81 }485.99] 50,861] 13} 1,973] 303 ]1,010 | 647 [1,657
1981/82 }[483.13] 36,487| -456] 844 331 | 969 | 0 [ 989
B B el (et e o T B
1982/83 [480.36] 22,799] ~434| 902] 305 |1,031 | 0 |1,031
- 1983/84 |478.12] 11,984 -342) . 919] 294 | 967 | 0 | .967
1984/85 |478.50| 13,797} 57§ 1,312] 282 | 972 | 0| 972
1985/86 |479.04| 16,390] 82] 1,240} 247 | 911 | 0| 911
1986/87 |478.62] 14,371]  -64{.1,053] 278 | 839 | 0 [ 839
1987/88 .1480.08| 21,188) . 216] 1,233} 262 | 155 | 0 | 155
1988/89 |483,29| 37,285]| 510] 1,828{ 260 [1,057 | -0 1,057
1989/90 |480.86| 25,248 -382| 970] - 296 [1,055 | 0 |1,055
1990/91 }480.10} 21,529] -118] 1,088] 277 | 906 | 0| 908
o e e e -—“—*—---——---‘—-“--——--——-*- i e e e o e e e e e e e v e A s e e
Averacdge 1 i 1,620 279 789 551 1,340

T e s o T ey e T e g e o o e e et e vy e Y S I Y Pt e S TR TS et 1 T ey A S e . B o M S B e e o il i o S e b it e
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5.4 River Flow Analysis
5.4.1 River Flow Simulation

The s;mulatlon of river flow was done using the Database DB-09
developed in the Study and mentioned in Chapter 6.1. ‘

(1) Simulation Model of River Flow

<Division of Area>

The area for simulation is divided into 34 units {Zambezi River
:17 units, Kafue River: 15 units, Luangwa River 2  units) as
illustrated in Fig.- 5.37 to analyze the river flow. 45 points
are set to obtain discharge. The whole area is divided into the
following twe {2) areas. : :

1) Upper Area . : .
- Zanbezi River: St. Senanga (2-400) and upstream area
— Kafue River : St. Kafue Hook Bridge (4-66) and
; upstream area
- Luangwa River: Up to the confluence with ZamheZJ R

2) Lower Area : : : : : : "
- Zambezi River: Downstream area from St.Senanga (2-400)
and up to the confluence with Luangwa R.
-~ Kafue River : Downstream area from St.Kafue Hook
" Bridge {(4-669) and up to the confluence
with Zambezi R.

This division was made due to the data availability of each area,
The . Upper Area has some hydrometric stations and long-term data
for more than 30 years. While the Lower Area has no working
hydrometric station but three (3) operating dams. Data common +to
each dam's operation is available from 1979. :

< Madel for Upper Area >

For Upper Arvea : (Zambezi River : point 1 -16, Xafues River .

point 21 -~ 35 and Luangwa River : point 43-44), the surface flow.

simulation is done as’follows- Refer to Table 5 15,

1) The discharge at hydrometrlc statlon is obtalned through
Database DB-05 on the basis of the observed water level
and the dlscharge ratlng curve. .

2) The dzscharge at the other ‘point ‘is calculated in propor-
tion to the catchment area considering: the .values of
discharge at both the hydrometric stations in upper and
lower reaches. For example, the discharge at the point
5,6 and 7 can be obtained as follows:

Q(5) = Q(4) + {Q(8)-Q(4)}) x [{AfS)“A(4)}/{A{8) A(4)}]
Q{8) = {Q(8)~-Q(4)} x [A(6)/{a(8). A(4)}}
Q(7) = Q(5) + Q(6)
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3)

< Model

wherea,

Q(4), Q(5), Q(8), Q(7), Q(8):
Discharge at point 4, 5, 6, 7, 8
A(4), A(5), A(6), A(8):

Catchment area at point 4, 5, 6, 8

Simulation period : 30 vyears (1959/60 ~ 1988/89)

for Lower Area >

For Lower Area : (Zambezi River : point 17 - 20, 41 - 42 and 45,
Kafue River : point 36 - 40), the surface flow simulation is done

.as follows: Refer to Table-5.19.

1)

2)

3}

4)

5)

The input discharge to the reserveoir and output discharge
from the reservoir are obtained from the reservoir simu-
lation results through Database DB-10. The extraction
from the rservoir (evaporation etc.) and wvariation of
storage volume are also obtained through Database DB-10.

The discharge at Livingstone (point 17) observed by ZRA
is employed as the Livingstone discharge Q(17).

From the difference between Livingstone discharge Q(17)
and Kariba dam inflow Q(18) obtained through the simula-
tion, .the  specific discharge g{m3/s/km2) of unit area
AZ-15 1is obtained. As shown below, this specific dis-
charge is applied to the calculation of discharge from
unit area AZ-16, AZ-17 and AK-15.

Q(20) = Q(19) + {A(20) - A(19)} x q(AZ15)
Q(40) = Q(39) + {A(40) - A({39)} x g(AZ15)
Q{42}) = Q(41) + {A(42) - A(41)} x g(AZi5)
where, '

Q{20), Q{40), Q(42):

Discharge at point 20, 40, 42

A(19), A(20), A(39), A(40), A(41), A(42):
Catchment area at point 19, 20, 39, 40, 41, 42
q(A215): - o - '
Specific discharge {m3/s/km2) of unit AZ15

The discharge at the point 44 (mouth of Luangwa River) is
obtained as follows. o

Q(44) = Q(43) + {A(44) - A(43)) x g(ALO2)

where,
Q(43}, Q(44): Discharge at point 43, 44
A(43), A(44): Catchment area at point 43, 44
q{AZ15): o o .
Specific discharge (m3/s/km2} of unit ALO2

Simulation period : 12 years (1979/80 - 1990/91). :

For this period, a set of reservoir operation data of the
main 3 dams is available.
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Table- 5.19 Method of Discharge Simulation

Ko.| Area{km2) e s c P I opt o ioon Hethod to Gbtain Discharge Q{x}
h_j 73,521 | Host upstream point of Zasbezi eain Ii!ﬁf 8{ 1) = af 2} x {13,512/87,215)
2 82,275 |Wydre. St. (1-150 Zambezl Pump Nouse) a{ 2} : Observation Bata
| 3| 90,353 |Hain river portion for Conf, (Zambez| x Kabompo) |@( 3} = 0 2) X {98,353/87,279)
4 42,740 | Mydro. St. (1-650 Kabompo Boma) a{ 4) ; observation Data
P 5 45,029 | Kabompo R portion for Conf.{Kabeapo x Bongwe! e 5) = af 4) « {Q( §}-9( 4)}x(2 289/23 749
6 20,568 | Area of Dongwe R @( 6) = {Q{ 83)-0{ 4)x(20,568/23, 109) ]
kﬁiﬁ 65,597 | Confluence (Kaboape X Dongwe) a( 7) = Q( 5) + Q( 6) .
8 66,449 { Wydeo. St. {1-950 Hatopa Pontoon) o 8} : Observation Daka
] 72,347 | Kabompo R portion for Conf. (Zambezi x Kabompo) -[Q{ %) = @{ 8) » {G( 8)-8( 4))x(5,888/23, 309)
10 162,700 | Confluence (Zambezi x Kabompo) a{10) = 9{ 8) + o(14)
11 206.531 | Mydra. 81, (2- 030 lokule) - " af11) : abservation Data
E 228,076 | 2ambezi R portion for conf. (Zan (Zambezi X Luanginqa} Qiz) = a(i1) + (o(i6)- 9(11) Qﬂsj)x(?i 545/3? 147)
13 34,621 |tivdro. St. (2-250 Kalabo) [ 0{13) ": Observation Pata
14 41,233 { tyanginga R portion for Cenf, (laﬁb&Zi x tuanginga)l a(44) = 6{13) + (o{16)-a(11)~ a(13))x(s 612/3? 141)
15 ___g§§.309 confluence (Zambéz! X luanginga} ¢{15) = 0{12} » Q{14}
15 | 218,298 | Hydro. St. {2-300 Senanga) al16) : Ovservation Data
17| 466,324 | Livingstone (Victoria Falls) a{17) : Observation Data
18 | 608,634 | Catchwent area for Kariba Reserv0|r {In-Tlow} 0(18) : Simulagion Resuit
8E ' Evaporation R{18E): Simulation Result
188 Storage ) 9(185): Simviation Resuii
19| 608,634 | Kariba Dam (ut- floa) ; 0(19) : Gate Operation Data
L?O 512, 124 lambezi R portion for Conf. (Iamhezl X Kaiue) 9{20) = Q(19) + 4,090 x {(G{13)- Q(i?))/142 31&
21 4,999 Hydro. 5t. (4-050 Raglam Fara) a(21) : Observation Data ) |
| 22 | 7.730:| Kafue R portion for Conf. (Kafue % Hwaabashu] 8{22) = 6(24) - 223} 4
23 869 { Hydro. S1. (4-120 Yiwambashi) {23) : Observation Dala
rgiJr_h_-s,ass _uydro. St. (4-130 Smith's Bridge) (24) : Observalion Dala
25 11,655 | Hydro. SU. (4-200 Hpatamate) 0{25) : Observation Data
76 272,920 | Wydro. St. (A-280 Hachiva Ferry): 0(26) : Observatiom Data
-55_ 24,582 | Hafue R portion for Conf.(Kafue 'x luswishi) 0(27) = 8{26) + {Q(30)-0{26) }x(1. 662/1t 242)
78 | 8,866 Luswishi R portion for Conf,(Kafue X Luswishi) Q(28) = {G(30)-0(26)Ix(8, 866/11,242) |
129 | 33,448 | Gonfluence (Kafue x Lusxishi) 0{29) ‘= 0(27) + Q(28)
30 | 34,162 | Hydro. 'St. (4-350 Chilenga). Q(30) : Observation Data-
131 54, 442 | tiydro. $t. (4-450 Lubungu) 8{31) : Observation Data
3? - 21,4451 Hydeg, S1. (4-580 Chifuapa Pontoon) Q(SZ} : Qhservalion.Bata - ) :
33 24,416 { Lunga R portion for Conf.{Kafue x lunga) @(33) = Q£32) + (0(35)-0(31)-0(32))x{2,871/18, 166)
34 78,858 ; Conlluence (Kafue X iunga) ' (34) = 8(31) + 0(33) -
35 a5, @53 | ydre. St. (4-669 Kafue Hook Bridge) 2(35) : Observation Data
:EE;__ﬂJOS}BIZ ‘Catchment’ area for ltezhi-tezhi Reservoir (En flew §{36) : Silulatinq Resﬁlt
pef | - Evaporation Q(36F): Simulation Result B
- 568 | .| $torage g{368): Simulation Result
37 [ 105,872 [ [tezhi-tezhi Das '(Out- ftow) 0(37) : Gate Operation bata ° o
38| 151,576 | Catchrent area: for. Ka!ue Gorgc Reservoir {In- flow) Q({38)  Simulation Result =
nge | " [ Evapacation - Q(38€); Sigulation Resuly
35S ] Storage . R{385): Simulation Result
39 ) 154,576 | Kafué Gorge Dan tﬂut-{lgw).' 0{39) : Gate Oparation Data
AG 154,882 { Kafue R portion far Conf. (laaheii % Kafue) Q(AQ) = G39) + 3,306 x ((Q(lﬂ) ﬂ(l?)}/id? e
i1 767,608 | Confiuence (Zambezi ¥-Kafue) - G{d1) =:0(20) +-0(40)
_XET 186,686 LZaabezl R portion for Conf, (Zanbcz: X Luangwa) Q(42) = O0(41) + 19.080 £ {{0{18)-a{17}}/142,310
43 143,781 |itydro. St. (5-940 tuangwa Bridge} 0{43) : Observation bata
Tiifkfﬁﬁao.sas Luapgwa R portion for Conf.{Zambezi X Euangwa) 0(44) = 0{43) x (150,586/143,781)
{45 | 937,272 | Confluence {Zanbez) x Luangwa) Q(45) = G(47) + elan) B
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