CHAPTER3 MODELLING OF RIVER BASIN

In order to clarify the flow regime of the main rivers in Zambia, 45 locations were selected
as a discharge reference point and the whole country of Zambia was divided into 56 river
basins based on these discharge réference points. The catchment areas are presented in
detail in Table 3-2, Table 3-1 summarises the number of the discharge réference points and
the river basin areas by the main river systems. The location of the discharge reference
points and the main basins is shown in Figure 3-2. The dlscharge reference pomts were
selected employing the following criteria :

To beé situated at 4 main river or a large tributary

To be situated at a confluence of large tributaries or main rivers
To be situated at 4 hydromelric station

“To be near main towns or cities

Most of the basin areas were clanﬁed from the resulls of satetlite 1magery m;erpretauon
results implemented by the Study Team, and is often different from the DWA’s figure.
However some of the basin area which stretch outside Zambia, mainly the Zambezi River
basin, come from the DWA Hydrolagical Year Book or from SADC Project Office’ data.

The river model presented in Figure 3-1, is employed to clarify structure of the river

systems, nanmely basins, reference points; lakes, swamps and flood plains.

Table 3-1  Summary of Discharge' Reference Points and River Basins

~ Cat¢hment Area (kmt) b Nos. of Nos. of S
River System in Zambia putof Zambld Total | Discharge River  [Main Tributaries
- - | Terdtory | Territory | ~ Area | Ref Points | Basin -
Zambezi 268,235|  418314| 687,049 V7 20 |Kabompo
: ‘ Lungwebungu
Lutna
. _ _ - | Luanginga
Kafue 156,995 0 156,993 13 13 Mivambashi
' Luswishi
: . Lunga:
Luangwa 144,358 3264 147,622 5 8 - | Lukusashi
- : | Lunsemiwa
Chambeshi - 44,427 0 44,427 3 3 Lukulu
Luapula - 113,323 G60.073] © 173,396 6 6 - |Kalungwishi -
Lake Tanganyika 15856 - 233,144] 249,000 1 2 ‘| Lufubu
Other Basin 8,658| . . | 8,658] - 2 L
Total 751,852 482 151 1,225,145 15 56

Note: 1) Catchmenl areas are obtained from Landsal Satellite Imagery analys:s by the Stud)r Team.
2) Catchment area of Zambezi rivers ¢xcludes the areas of Kafue river and Luangwa river.
3) Catchment area of Luapula river excludes the area of Chambeshi river,
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Table 3-2 (1) Catchment Area of Discharge Reference Poinis and Basins
{MainRiver | Item | No. Name {and Number} _Catchment Areakm™ . |
1 . . g 5 B ~_Total | In Zambia |Out of Zambia
[Zambert [Discharge [PZ01 _ [Chavuma Falls (1-105) . 75,967 3469 | 72498

River Reference [P2-02  [Zambezi Pump House (1-150) - 87205 9,175 73,100 .
Point -. [PZ-03: . {Kabonipo Boma (1-6502 . ;42,7140 41,021 1,719
PZ-04(1){Conf. (Kabompo R. Before Dongwe R.) . | . 45,505 43,786 1,719
PZ-04(2) [Conf. (Dongwe R. Portion} . 20,870 20,870 ¢
PZ-04(3) Con. (Kabompo R. Aftes Dongwe R ) 66375 | 64656 1,719
PZ-05  |Watopa Pontoon (1-950) 67,261 65,542 L7119
PZ-06(1) [Cont. (Before Kabompo R.) 8981 | 11,774 8,100
PZ06(2) |Cont. (Kabompd R. Poition.) - 72,751 71,032 1,719
pZ-06(3) |Conf. {ARer Kabompo R) 162625 | - 81,806 80,819
PZ-07  |Lukidu (2-030) 206,531 | 92,290 114,241
pPZ-08 - |Kalabo (2-250) 34,621 | 7,465 27,156
PZ-09(1){Conf. (Luena R. Portion) A | 24478 0
- |pz-09(2){Conf. (Luanginga R. Portion.) . 43619 16,383 27,236
PZ-0%(3){Conf. (After Luesa R. and Luangmga R ) 214,328 132,851 141,477
PZ-10 - [Senanga (2-400) 284,538 | - 143,061 141,477
C1PZa11 ;| Sesheke (2-700) 336,053 186,504 149,549 -
PZ4I2(I) Conf. (Before Chobe R.) 362,953 233,394 150,559
p7z-12(2)[Conf. (Chobe R. Portion.) 144,400 14,178 130,222 -
PZ-!Z(J) Conf. (After Chobe R.) 501,353 226,572 280,781 -
pZ-13 - |Viclosia Fall Big Tree {ZRA) 513,780 | 223,243 285,537
PZ*H(I} Kariba Dam {Inflow) 663,830 254,228 | - 409,652
PZ-14{2)}|Kaiiba Dam (Outflow) 663,880 254228 409,652
PZ-15(1) Conf, (Before Kafue R.) 667,910 257,150 410,820 °
PZ-15(2)|Conf. (Kafue R. Portion) 156,995 | 156,995 0
PZ-345{3){Conf. (After Kafue R.) 824,965 414,145 410,820
PZ-16 . |Feira Boma {5-099) 844,044 | - 425,230 418,814
pZ:17(1) [Conf. (Luangwa R. Portisn) 147622 | 144358 3264
PZ17(2)|Conf. (After Luangwa R.) 991, 666 569,588 422,078
Basin - |AZ-0) |Upper Zambezi 15967 3469 72,498
AZ-0? (Chavuma to Zambezi Pump House 1,308 5,706 5,602
AZ-03  [Zaibezi Pump house to Kabompo R. 2,599 2,599 ]
1az-04  |Upper Kabompo R 42740 | 41,021 1,719
AZ-05  [Middle Kabompo R. 2,755 2,765 0
AZ-06  |Dongwe R. 20,870 20,870 0
AZ-07 |Dongwe R. to Watepa Pentoon - - 886 886 0
AZ-08 |Mumbezi R and Lutali R. 5,490 5,490 0
AZ-09 |Lungwebungu R 43,906 - 9484 34,422
AZ-10 . |Luena R 24,178 - 24,178 ¢
AZ-tl  |Upper Luanginga R. 34621 | - 7465 27,156
AZ-§2  |Lower Luanginga R. {(Luambimba R. ) 8,998 8,918 80
AZ-13 - |Mongu to Senanga 10,210 10,210 0
AZ-14 - }Senanga to Sesheke 54,515 43,443 8,072
AZ-15  |[Sesheke to Conl. (Mamb-:)\a ) .26, 900 25,890 1,010
AZ-16 - |Chobe R. - 144,400 14,178 130,222
AZ:17 |Conf (Mambova) t6 Livingstone 6427 1,674 4,156
|AZ-18 . |Livingstone to KanbaDam . 150,100 25,983 124,115
AZ-19 - {Kadriba Dam {6 Conf. of Kafue R. 4 090 25 1,168
. . o AZ-20 . |Coanf. of Kafue R. to Feira Boma 19,079 ~ 11,083 7,994
Kafue Discharge [PK-01  {Raglan Farm (4-050) 5,715 5715 0
River {Reference IPK-02 - [Mwambashi (4-120) K11 827 0
: - [Point PK03 - |Smith's Bridge (4-130) 8914 8,914 0
PK-04  |Mpatamatu (4:200} 12,001 12,001 0
PK-05 " [Machiya Ferry (4-280) 23065 | 23065 0
PK-06{1)| Conf. {Beforé Luswishi R.) 24244 24,264 0
' PK—06(2) Conf. (Luswishi R. Portion) - 8,839 3,839 0
.. |PK-06¢3)|Conf. (After Luswishi R} - - 33,103 33,103 ]
-~ |PK07  [Chilenga (4- 350) ' = 34,451 34,451 0
PX-08  iLubungu(4-450) . "55,962 55,962 0
PK-09  [Chifurpa Pontoan (4 550) 120999 20,999 iy
PK-10(1){Conl. (Lunga R. Portion) 33,761 23,767 ¢
PK10(2)|Conf, (After Lunga R.) 79,7129 | 79,129 0
PRIl  |Kafue Hook Bridge (4-669) 96,239 96,239 0
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Table 3-2 (2}

‘Catchment Area of Discharge Reference Points and Basins
Main River | Htem. | No. . Name (and Numbet) Calchment Area (k')
S RO Total In Zambia |Out ol‘Zambla
Kafue Dis¢harge {PK-12( l‘) ltequ-Tezhl Dam {Inflow} 167,491 107,191 0
River Refereace tPK:12(2)]ltezhi-Tezhi Dam (Culflow) 107,191 | 107,181 0
Point  {PK.13(1)|Kafue Gorge Dam (Inflow) 153,826 | 153,826 g
" {PK+13(2)| Kafue Gorge Dam (Outflow) 153,826 | 153,826 0
PZ-15(2}{Conf. (Kafue R. Pomon) 156,995 |- 156,995 L
Basin AKO1  [Upper Kafue R. 5973 5175 0
- JAK-02 - IMwambashi R. 821 87 0
C|AR-03  [Mufutita - 2,312 2,312 8
AK-04  |Smith's Bridge 1o Mpatamatu. 3,087 3,087 0
AK-05  [Kafulafuta R. and Lufwanyama R. 11,064 | 11,064 0
- |AK-06 * [Machiya Ferry t¢ Conf. 1,199 1,199 0
- |AK-07 . LuswishiR. $.339 8,839 0
AK-08 . [Conf. 16 Chilenga 1,348 | 1348 ]
- JAKA0%  fLukanga Swamp 2!,5!! . 21511 0
~ |AK=10 * jUpper Lunga R. 20999 | 20 939 0
AK-11 - |Lowes Lunga R. 272,768 |- 2,768 0
|AK-12 | |Lufupa R. and others 16,510 :!1_5,510 0
AK-13 - |Itezhi-Tezhi Reservoir 710,952 | 10,952 0
AK- 14 Kafué Flats 46,635 | - 46,615 0
A AK:13 - |Lower Kafue R. 3,169 3,169 0
fLuangwa  |Discharge [PL-01 '~ [Mfuwe (5-650) C34n 73422 0
{River Reference |PL-02 ° iNdevu Camp (5-800) : 91,861 | 91,861 0
Point PL-03(1)|Conl. (Lunsemfwa K. Before Lukusashx R} 27443 27,443 0 -
' PL-3(2) 1Conf. (Lukusashi R. Portion) B 14m 1
PL-03(3) |Conf. (Lunsemfwa R. After Lukusashi R.) 42,154 42,154 1]
PL-04{1) [Conf. {Before Lunsemfiwa R.) 96,877 96,517 360
PL-04(2) iConf. {Lunsemfiva R. Portion) 43,137 43,137 0
PL-04{3) [Conf. {After Lunsemfiva R.) 140,014 | 139,654 360
PL:05 |Luangwa Reéad Bridge (S 940} 140,922 | * 140,562 360
: PZ-1H{ 1} |Coff, (Luangwa R. Pottion) - 147,622 144.358 3264
Basin. |AL-01 * |Upper Luangwa R. 73422 73422 0.
AL02  |Middle Luangwa R. 18439 [ 18439 0
AL-03  |Ndevu Camp t6 Corf. of Lunsemf\\a R - 5016 4,656 60
AL-04  |Upper Lunsemifiva R. 27443 27,441 ¢
AL-05  |Lukusashi R. 14,711 14,711 0
TJAL05  lLower Lunsemf\\a R. ©o983 983 o
AL-07 {Conf to Luangwa Road Bridge 908 908 0
_ AL-08 {Lower LuangwaR. - 6,700 3,336 2,904
Chambeshi |Discharge [PC-OL. - |Chambeshi Old Pontoon. (6-289) 34745 34,745 o
and Reference [PC-02  |Kasama - Luwingu Road Bndge (6-350) C. 6,504 6,504 ¢
Luspula  |Points  |PC-03  |Mbati (6-400) 44427 | 45427 0
River - |PP-OL - [Mukuku (Border Town) 9, 452 92,452 0
' PP-02 * {Chembe Fery (6-670) 123,072 109,932 13,140 -
PPO3 © {Kashiba (6-785) 161 275 ]241202, 37,01
PP-04 }Kundabwika Falls (6-900) 2, 296 | 12,39 ]
PP-0S - |Conf. of Kalungwishi R. 25936 | 22,936 3,000
: PP-06  |Pweto (ZAIRE) 2[7 823 | 157750 60, 0?3
Basin ACO] |Upper Chambeshi R, 34,145 34,745 0
AC02  |Upper Lukulu R. ) 6,504 6,504 0
AC-03  |Lower Chambeshi R. and Lower LukvtuR. | - 3,178 3478 "0
AP-01  |Lake Bangweulu : 48 025 ] 48,028 0
AP02  lLuela R. and others 3&620 17,430 13,140 .
AP03  [Chembe Ferry to Kashiba 38,203 14,270 23933
1AP-04  |Upper Kalungwishi R, ' 12,396 12,396 .0
AP-05 - |Kalungwishi R. and Lake Mweru- Wantxpa 13,540 10,840 3,000
AP-06 . |Rest of Lake Mweru . 130612 10,612 20,000 -
Lake Point PT-01__ |Keso Falls {7-750) 9027 9027 0
Tanganyika |Basin AT-O01 : |Lufubu R 9027 9.027 S0
. AT-02 _{RestolLake Tangannka _ L a4 6829 -
Other Basin - |AO-01 . [Nérthernmost of Northern Province - 1615 .,
Rivers AQ-02__ |Southernmost of Eastern Provinee - 7.043 -
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Figure 3-1 'RiVi:l"_MOdél_S in Zambia
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CHAPTER 4  RECORDED RIVER FLOW

4.1 Establishment of Discharge Rating Curves

:The'eStab‘l_ishment of a reliable refatiohship ‘between the monitored water level and the'

corresponding discharge is essential at all river hydrometric stations. The discharge rating
curve can often be represented by an equation of the following form : '
Q-ax(H-H) . -
where  (: discharge (’/s)  H : gauge water level (m) — a, b, Ho : constants

- All the discharge measuréments, O, at the hydrometsic stalions were plotted against the

corresponding water levels, /. Assuming the constant b 1o be 2.0, the value of the constant

‘a and Ho were found by the least-squares fit. The discharge raling curves al the
hydrometric stations were analysed and are presented in Table 4-1.

_This calibration of hydrometric stations is dependent on the nature of channel section.
Condition of a natural river are rarely stable for any length of time. However in Zambia,
river flow channel seems stable according to the field reconnaissance and to the H-Q (water

height {H] - discharge [Q]) plotting position. Then all the discharge rating curves were
applied to all the period of water level observed, excluding the Mfuwe hydrometric station.

_The H-Q plotting positions at the Mfuwe hydrometric station scatter referring (o the Figure
“4-1(a) . The causes are supposed to be as follows : : '

- changing of the river channel section by erosion or sedimentation
- replacing of the water level gauge

The ploiiing positions seeni to be divided into three categories after cacefully studying the

figure. The plotting position could be divided into the three discharge rating curves of three
_periods by a process of tial and érsor. Referring to Figure 4-1(b), (c), (d). Although the

DWA file has no report about the replacing of the gauge at Mfuwe, it is supposed that the
gauge had been replaced because it is not supposed that natural erosion or sedimentation

- causes such big difference of the discharge rating curves.
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Table 4-1 Discharge Rating Curye at Discharge Referénce Points - -

No. Station Name & Number Discharge Rating Curve Water Lével Range
PZ-02 | Zambezi Pump House (1-150) Q= 27,6651 + 0.880)2 AllofH-
PZ—03 _Kabompo Boma (1-650) | Q=71 029(}1 -0, 342)2 . A]_] ofH .
PZ-05 | Watopa Pontoon (1-950) Q 37, 190(}{ 0. 523)’2 H< 42 m

N Qi@ Lyss? | H>42m
PZ-07 | Lukuly (2-030} Q=33 862{” + 2 ]21)2 ‘ All of H
PZ-03 | Kalabo (‘.2—2."50) Q= 10.591H + 0. 293)2 H=34m
ST Qle93H 24502 | H>3dm
PZ-10 | Seranga (2-400) _ Q=64.534H + 1. 305)2 Al ofH
PK-01 { Ragtan Farm {4-050}) = 7.586(H < 1.007) . HS22S5m'
SV B— = 3ssIHe g2 f o H>25m
PK-02 | Mwambashi (4420} = 2.112(H - 0.069)2 H=28m
RN S = 6168 - 1.223)2 H>28m
P!(-{B lSmﬂh‘s Bndge (4-130) Q=625 l(H +0.133)?2 AllofH
PK-04 | Mpatamatu (4200) T 0= 7s070+06192 | AllefH
PK-05 Machiya Ferry (4-280) Q= 11409~ 10752 | Al of H
"PK-07 { Chilenga (4-350) "’ Q= 97161 +0.251)2 HS55m
IR I Q=s18430 20762 | H>3sm
— PK-OS_ Lubungu (4-450) Q=32.665(H - 0. 509)2 All of H .
PK-09 Clufuiﬂp.ii. Pontm—n-(#s&o) ............ Q= 26.533(H +90, 484)2 T T AN Of H
PK-H1 | Kafue Hook Bridge (4-669) _Q=11530(H-0.97%)2 " Allof H
PL-1 | Mfuwe(5-650) =~ - { ~82'02) Q 2] 559(}] 0. 247)2 . H=Z160m
| Q=30.734H-04707 |  H>160m
(82'02 ~ 83'09) O =10.551(H .0._192)2 . H=2.10m
Q= 16.615(H = 0,572)2 210<H=500m
Q=20 20052 H>300m
{8310 ~ i Q= 2(}34}12 j H=1.50m .
B Q=57803M - 121972 | H>1.50m
PL-2 | Ndevu Camp (5-800) Q=249212 . 'H=120m
.................. e | QT 105260 209892 (| HPL20m
PL-5 | Luangwa Road Bridgé (5-940) Q=6220H2 "H=1.50m
Q-érsssspt-nooy? [ H>1SOm |

PC-1 | Chambeshi Old Pontoon. (6-289) Q= 19.756(H - D.0l3)2 AllofH-

PC-2 | Kasama-Luwingu Rd B, (6-350) Q= 16.644(H - 6,522 TTAlofH

PP-2 : Chembe Ferry (6-670) Q = 74.290(H - 2 299)2 AltofH

PP-3 i Kashiba (6-785) Q=33.143( + 0. 643)‘2 HS6.0m
e Q= 82,4270 - 180Y)2 LHxeom.

PP-4 | Kundabwika Falls (6-900) Q=62.437H+ 0.196)2 Allof H

PT-1 } Keso Falls (7-750) Allof H

Q =65.551(H - 0.573)2
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Figure 4-1 Discharge Rating Curves at M’fawe, Chambeshi O.P. and Chembe Ferry
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4.2 Flow Chavacteristics of Main River Systems

Daily river discharges at the hydrometric stations operated by DWA are calcvlated, using
the daily water levels and the discharge rating curves. In addition, the Study Team collected
‘daily discharges of Victoria Falls Big Tree, Kariba Dam, Itezhi-Tezhi Dam and Kafue Gorge
‘Dam from the ZRA and SADC Project Office.

Avérage monthly mean discharge and average flow regime over the last 30 years (1963/64-
~1992/92) were compiled using the daily discharges and are summarised in Figure 4-4; These
figures presents the following flow summaries:

Monthly mean discharge
Flow reginie (Refer to Figure 4-2)
Q95 - : High Discharge (a flow exceeded on 95 days a year)
- Q185 . : Median Discharge (a flow exceeded on 185 days a year)
Q275 - . Low Discharge (a flow exceeded on 275 days a year)
Q355 : Drought Discharge (a flow exceeded on 355 days a year)
Flow duration curve
River longitudinal flow regime for median discharge (annual 185th dtscharge)
Relatlonshlp between catchment area and specific discharge

Flow Duration Curve
Discharge '
Q95
Q185
0275
Q355 H H : :
0 95 185 .. 2758 358
Days

Figure 4-2 Concept of Flow Regime

Based on these flow summaries, the flow characteristics for each niver system can be

summarised as follows ;

() Zambezi River

Lower discharge at Lukulu
The monthly mean discharge at Zambezi Pump House is higher than that at Lukulu during

the rainy season between February and April, although Lukulu is located downstream of
Zambezi Pump House. Flow at Lukulu is assumed to be flooded when the dischargé is
gushier than 1000 m®s, judging from the cross section and from & field reconnaissance.
Under flood conditions, the discharge from upstream flows not only in the main slream but
also across the flood p!aln :

¢-16




1
‘. v

Large effect of the Barrotse ftood plain : _

The monthly mean discharge at Zambezi Pump House increases rapidly from December to
February and peaks in March, whereas the monthly discharge downstseam increases more
gradually and later. The peak monthly discharge is delayed by haif a month at Lukulu and by

a month at Senanga and Livingstone. The flow duration curve at Zambezi Pump House is

_ obviously different from the others. All the ¢urves above 30% of the time have the same

trend, however the curve at Zambezi Pump House has a different trend, showing a rapid
decrease in discharge. These characteristics suggest that the hugé flood plain has a large

effect on both discharge and flood control.

Specifi¢ discharge at YWatopa Pontoon : o
The specific discharge of the median flow at Watopa Pontoon of 2.16 m’/s/1000km” is
smaller than that at Kabompo Boma and Zambezi Pump House, 3.45 and 2.67
m’/s/1000km’ respectively. This was assumed to mainly result from the small discharge from

- Dongwe River. However the specific discharge at Watopa Pontoon, 2.186, is nearly the same

as that at Lubungu, 1.99, on the Kafue River with almost the same catchment area. Thus
2.16 m*/s/1000km? at Watopa Pontoon is assumed to be a reasonable figure in Zambia and
the specific discharges at Zambezi Pump House, Lukulu and Senanga along the Zambezi
Main River ace clearly larger than the Kafue River.

Luanginga River

The specific discharge of the median flow at Kalabo on the Luanginga River, 0.93

m*/s/1000km?, is quite low and is only 35 % of that at Zambezi Pump House, 2.67
m®/s/1000km™ .

(») XKafue River

Effect of Lukang: a Swamp g S
The specific discharge of the median flow at Lubungu, 1.99 m¥/s/1000km?, is small,

compared with those at Chilenga upstream and Kafue Hook Bridge downstream. A major
cause of this dischiarge loss is considered to be evapotranspiration from the Lukanga
Swamp located between Chilenga and Lubungu. . '

Flood and low flow discharge peaks |
Flood flow in the Kafue River peaks in March. The peaks in low flow occur in October or
November.

Catchnient aréa and specific discharge S
The Kafue River has a definite relationship between the catchment areas and specific
discharge. Based on the curve in Figure 4-4(2), the relationship is as follows :

Catchintent area - Specific median discharge - - Catchment area -~ Specific media discharge

T 20000km’ - 3.5m/¢1000km? - 40,000km’ 2.6 m/s/1000 km? |
160,000 km? - 2.2 m’/s/1000 km? 80,000 km? 1.9 n*/s/1000 km’
100,000 km? - 1.8 m"/s/1000 km’ . -

Low specific discharge at Chifumpa Pontoon on Lunga River

Although the basin of Lunga River is located in a high rainfall area (annual rainfall
1,100~-1,300 mm) , the specific discharge of the median flow at Chifumpa Pontoon, 2.24

- €17



m*/s/1000 km?, is lower (only ’12%) than that at Machlya Ferry which has almost same

catchment area.

iT ¢t of § roundwa er drai efr m ¢opper mme :
The specific discharge of the median ﬂow at Smith's Bndge 4, 54 m’lsi lOOO km s shghtly
hlgher than that at Raglan Farm, 3.50 m’/s/1000 km®. In this area.there are many copper
mines which pump groundwat_er to the Kafue River. Groundwater volume ppmped from
these mines was reported by ZCCM to total 640,928 m*/day (7.4 m’/s) in May 1994, There
is no copper mining upstream of Raglan Farm but many mines Gpstréeam of Smith's Bridge.
The recorded specific discharge and the one after 7.4 m’fs deduction is compared at Smith's
Bridge in May 1994 as follows : o C

Gauge station L - Specifio disgﬁarg‘ e in May 1994

-RaglanFarm. -~ - - o 9.46 m¥/$/1000 km®
- Smith's Bridge . - 10,37 m*/s/1000 km?
Smith's Bridge after 7.4 m’/s deduction 9.54 m*/s/1000 km®

Acc’ordingty, a major cause of the larger speciﬁc discharge downsteeam of Raglan Farm is
considered to be groundwater pumped from the copper mines. The small swamp area
upstream of Raglan Farm is also thought 1o be a cause of the slightly low specific discharge
at Raglan Farm, ‘

(c) Luangwa River

Flood and low flow discharge peaks )
Flood flow in the Luangwa River peaks in February and low flow peaks occur in October.

Lower discharge at Ndevu Camp ' ' '
The monthly mean discharge at Ndevu Camp is lower than lhat at Mﬁjwe in the dry season

from April to November, although Ndevu Camp is located dowastream of Mfuwe. The
specific discharge of the median flow is also lower than that at Mfuwe. No obvious cause of

“the low discharge at Ndevu Camp is apparent but it is assumed to be caused by the
inaccuracy of the discharge rating curve in low flow range.

(d) ' Chambeshi, Luapula River and Lake Tanganyika Basin
Flood and low flow discharge peaks

Flood flow in the Luangwa Rwer peaks in between March and April and low flow peaks
occur in November. . .

Lukulu River, Kalungwishi River and Lufubu River

- The specific discharges of the median flow of the neighbouring rivers, sugh as Kasama-
Luwingu Road Bridge on Lukulu River, Kundabwika Falls on Kalungwashn River and Keso
Falls on Lufubu River, range from 6.41 to 8.65 m’/sl lODOkm and are approx:mately the
same. _ o

C-18
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flect of Lak Ban weul

“The specific discharges of the median flow on the Chambeshi River and the Luaputa River

seem to increase downstream as shown in Figure 4-4(4). However the monthly mean
specific discharge in Figure 4-3 shows the following : '

- The specific discharge at Chambeshi Old Pontoon is higher during October to May, :
and lower during June to September, than the others. -
- The specific discharge from Chambeshi Old Pontoon to Chembe Ferry decreases
noticeably by 3 m*/s/1000km” between Janvary and April. :
- The specific discharge from Chembe Feiry to Kashiba increases for all months.

‘_ Taking account of Lake Bangweulu and the Bangweulu Swamp, the facts mentioned above
- suggest the following : The Chambeshi River supplies water to Lake Bangweutu between

December and April. Lake Bangweulu starts to supply water stored in the rainy season from

May. This is a discharge regulation function of Lake Bangweulu. This helps explains why

the specific discharges at Chembe Ferry and Kashiba are larger during October to May, and
smialler during June to Séptember, than that at Chambeshi Old Pentoon. S

150 —
—p— Chambeshi O.P.

" _g--Chembe Ferty

425 e e oot e

ety
o
o

Specific discharge
{m3/s11000km2)
~
[4,]

Figure 4-3 Monthly Mean Specific Discharge (Luapula River)
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CHAPTER S RIVER FLOW SUMMARIES

5.1 MOnthly Discharge and Flow Regime

‘The monthly discharges and flow regime at the remaining discharge reference pmnts which
" have no measured discharges, are calculated according to the ratio of catchment areas of the
discharges measured upstream and downstream. The monthly discharges and flow regime at
all the discharge reference points, are shown in Table 5-1. The Figure 5-1 presents flow
regine of discharge reference points, namely average discharge, high discharge (Q95),
median discharge {Q185), low discharge (Q275) and drought discharge (Q355). Besides
Figure 5-2 shows river-longitudinal variation of average discharge in the main rivers.

5.2 . Probable Dis’éhal‘ge

" Probable minimum discharge for a 30-yéar return period and probable drought discharge for
2, 5, 10-year return periods are studied using the Thomas plot method and are shown in-
Table 5-2. Thomas equation is one of the equallons of order statistics and is shown as_‘
follows:

i

- — Where, }¥: probability of exceedance, 7! return [ieriod (T'= .,_.)
(N +1) 4
i @ order from maximum or minimum
N : sample size (number of observation years)
. ) Kalue River ‘ .
Average Discharge S @ L chambent B %
_ s 3 ot ambeshl River
(U"lt: m IS) Muartash R 33 Horagten £arm oba BT eKeso Falls A R
' Lutulu & I 185 {fa Quambesti
13 ; _ Old Pontoon
- Kalungwishi R 3 '
Mwambashi | 24 e smiots Beidgs L
_Z}_n':bu_i River _ . 93! *Maatamare 3¢ Kn»d'ﬁ-vh Raad B:;;?J 21‘” o MbaG
133} *Machiys Fery . Sa
Chavuma . Kabompo R Luswishi & 1431 I.uagoh _P:. . ]?5' » Mulvky
F.“,l 562: N - .
n EAL
Kabo — :
ZinberipHe| 6461 gomg | 224 ] 174l Kstte Centt Fery
65l Waidpa‘l'ontoor 1791 + Chitenga .
; Lunga R 190] b ubungu * . Luangwa River
mBm W - 8 N |
9211 Donges R L B YY1 RV
_ ?“.;mp' 2_.82} . _‘ s Mhiwe -
iy . . . -
- 777 feLokuty antoon 308 f | Katue Hook Baidge Lu‘“’“!" R 121 « Neva éa.mp
vangings R Leena R : .
-~ 9 65 -— 2]3‘ shethi-Tethi Dam - I 9“l 3581
Ko | 9364 : ' s - us 633
963} o Senanpn sKafus Gorgt Dam Lunsambva R . :
J Kaibs D 261 6331 eLuangws Rod Bidge
- . anba Lam : .
1G4 b Sestiake .Vt:ton'l Fail s 161 esil |
187 12094335 ¢ 1641 1762 2443
chota & T | : ‘ Feirs Boma 53,

Figure 5-1 (1) Flow Regime in Main Rivers (Average Dlscliarge}
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Table 52 Probable Drowght and Minimum Discharge _* Unit : md/s

Catchment Diou tD;s»ha.rge T [Midimum)
No. Reference Point Name - - .  Asca fora Rewm Pericd of | Dischirge|

Dyear  Syear 2 year]  30yedr
‘ _—WBE lmvsk — : | .

RIVER , — ‘

Reglam Farm (4-050) ‘ 5375 10 13 15] o8]

Mwambashi (4-120) 827 0.7 03 1.1 c0.6]

Smitk’s Bridgs {4-130) _ 8544 .39 " 50 - 81 26 e
Mpatamaty (4-200) 13001 77 91 1 37 B
Machiya Ferry (4-280) : 23,065 12 s 2| 92

PK-OG{I)Céhﬂu '

PK-07  Chilenga {4-350)
PK-08  Lubungu (2-450)
PK-09  Chifumpa Pontoca (4- 560)
PR-I(1) Confluence (Lunga R Po
PX-10(2) Confliencs {After Linga R) 79,12 2. ; 43 g
PK-1l  Kafus Hook Bridge (4-66%) 9239l - 2w 32 49 17
PK-12(2) Itezhi- Tezhi Dam (Outflow) ) 107,191 81 89 107 83
PK-13(2) Kafue Gorge Dam (Outflow) I 153826 8 :

PZ-15(2) Confluence (Kafue R. Pottida) -
LUANGWA RIVER

PL-1 Miuwe (5-650)
PL-2  Ndewu Camp (3- 800)
PL3(): Conﬁuent:e ' (Lunséminig

" Luangwa Road Bridge (5 940y
PZ-17(1) Confluéacs {(Luangwa R Portion) -2 e
CHAMBESHI RIVER and LUAPULA RlVLR
PC-1  Chambeshi Ol Pontoon. (6-259)
Kasama » Lumndu Road Bridge (6-350)

: Chembe Ferry (6-670)
PR3 . Kashiba (64785)
: ‘(undabmka Falls (6- 900)

LARETANGANVIRA - e
PT-1_ KesoFalls(7-750) ' 90
LR T This discharges are calculated acording to the ratio of chatchment dtea.
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53 Runoff Percentage

(1) Basin Mean Rainfall

:'The snmplest objechve method of calculating the average rainfall over an area is the
arithmetic mean method. Simultaneous measurenents of rainfall at all gauge stations are

summed and the total divided by the number of stations. The rainfall stations used in the
caleulation are priricipally those inside the catchment area but neighbouring stations outside

‘_the boundary are included if it is consndered that the stations are represemahve of the nearby
~ padis of the catchmem :

‘Basin mean raiﬁfall for Zambia was éstimated using the arilhmel'ic'méém'rﬁet'hod as folloﬂvs: :

1) Basin mean rainfall from the voluntary and the meteorological stations, Ry, is
calculated but rainfall data only for the period of 1980/81 1989l90 is avanlable at
the voluntary stations.

* 2) Basin mean rainfall from the meteorologlcal stations, Rm is calculated and there
~ are usnally more than 30 years records available at the meteorological stations.

3) Regression linear equation between Rm and Rv is found by a least-squares fit as
follows: Rv=axRm+b  where g, b:constants. _

4) The long-term basm mean rainfall, Ry, is calculated by using R and lhe regress&on
equatton .

(2) Runoff Percemagé"o:f River Basin

In terms of the closed basins inside Zambia, the runoff percentages of the basins were
estimated by using the basin mean rainfalls and the runoff at the main discharge reference
points. The runoff percentages are presented in Table 5-4. These figures were plotted
according to the corresponding basin area as shown in Figure 5-3, Runoff percentages of
the main rivers are summarised in Table 5-3 and as follows :

- In the Zambezi River (Kabompo River), Kafue River, Chambeshi River and Lake
Tanganylka basin, the common trend that runoff percentage decreases with
increase in catchment area, was found.

- The Luangwa River and the Luapula River have larger runoff percentages than the
other rivers. The causes are not clear but one of causes is thought to be that the
narcow basin width of the Luangwa River and the Luapula River causes rapid
runoff to the main river so that water can flow downstream without much loss.

_Table 5-3  Runoff Percentage of Main Rivers 2
__'River System | Runoff Percentage | Discharpe Reference Point | Catchment Area

Zambezi River (Kabompe R.) ~$.5%  |watopa Pontoon - 67,261 ki’

Upper Kafue River 22.6%  [Smith's Bridge 8,914 kn’
Middte Kafue River ' 88%  [Kafue Hook Bridge 96,239 km® _

+ [Lower Kafue River ' . 43%  [Kafue Gorge Dam 153,826 km®
Luangwa River 16.7%  |Luangwa Road Bridge 140,922 km® .

Chambeshi River 14.9%  [Mbati - 44,427 km’

NLvaputaRiver -~ | 138% . [Kashiba ' - 171,275 km®

. {Lake Tanganyika (Lufubu R) 194%  |KesoFalls - $.027 km'

ca3r



Table 5-4 30 Years (1963 - 1992) Average Runoff Percentage -

Catchment | - Basin RunofT Runoff
No.  Discharge Reference Poinl Name Area Rainfall ~ Depth  Peicentage
. g’} ) (mm) {mm) _ (%)
ZAMBEZ!RWER T - T : o
PZ-03 . Kabompo Boma(l-650) 1 om0 | o12927 1633 = 126
PZ-0S5 ~ Walépa Pontoon (1- -950) : 67,261 | 117115 1120 9.5
KAFUE RIVER ' a B '
PK-01  Raglam Farm (4-050) : 15215 | 13370 2003 15.0
PK-02 . Mwambashi (4 120) . 827 | 12547 308.8 M6
PK-03  Smith's Bridge (4-130) . 8,914 1250.5 282.2 7X3
PK-04  Mpatamatu (4-200) 12,001 1217.5 254.6 20.9
PK-05 . Machiya Ferry (4-280) 23,065 11796 197.5 16.7
PK-6(2) Conf(Luswishi R Portion) : 8,839 | " 12708 119.9 9.4
PK-07  Chilenga (4-350) | 34451 | 1718 170.6 145
PK-08  Lubungu (4-450) ' : 55,962 Hns . 167 o 94
PK-09  Chifumpa Ponlodn (4-560) | 20999 | 9597 1322 13.8
PK-10(2) Cornf(Afier Lunga R} . 79,729 1939 1114 9.3
PK-11  Kafue Hook Bridge (4-669) _ 96,239 | 11841 1046 88
PK-12(2) ltezhi- Tezhi Dam (Outflow) | w0719 11289 710 6.8
PK-13(2) Kafue Gorge Dam (Outflow) ‘ 153,826 1114.1 523 4.1
LUANGWA RIVER ] o B
PL-1 Mfuwe (5-650) : 73,422 931.8 1226 13.2
PL-2 Ndevu Camp (5-800) - - :91,861 9285 - 1118 120
PL-3(1) Conf(Lunsemfwa R. before Lu}cusashi R)| 27443 8536 1242 14.6
PL-3(2) Conf{Lukusashi R. Poriion) 14,713 © 987.0 1242 12.6
PL-3(3) Corf(Lunsemfiwa R After Luku<ashnR_) 32,154 . 8748 1242 142
PL-5 Lusngwa Road Bridge {$-910) 140922 | 370 1464 ' 167
' CHAMBESHI RIVER and LUAPULA RIVER _ _ §
PC-1 - - Chambeshi Old Pontodn, (6-289) 34,745 13226 1619 127
PC-2 - Kasama - Luwingu Road Bndge (6-350) 6,504 13314 - 3522 <285
PC-3 Mbati (6-400) 144,427 13226 157.0 14.9
PP-1 Mukuku (Border Town) - . 92,452 21152 M40 129
PP-2 Chembe Ferry (6-670) 123,072 1170.7 1393 119,
PP-3 Kashiba (6-785) ' 161,275 11669 161.5 - 13.8
PP-4 Kundabwika Falls {(6-900) 12,396 1263.1 3250 257
LAKE TANGANYIKA _ : o ﬁ
PT-1 Keso Falls (7-750) - . I 9,027 1140.5 2214 19.4
X ;.
25 B\ B P
£ 2
% :
§ l. Luangwa Rd. Br
g 5 A : e xkasima_‘ """ e Zamberi
E © ILykusas!\IR_ : x Cherrbe Ferly : = Kafus
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§ - xtuagda
o T : : S : : * Tanganyda
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Figure 5-3  Runoff Percentage and Catchment Area
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CHAPTER 6 LAKES, FLOOD PLAINS AND EXISTING DAM RESERVOIRS
6.1 Lakes and Flood Plains
6.1.1 Lakes

There are four major natural lakes in Zambia, namely Lake Bangweulu, Lake Tanganyika,
Lake Mwera Wantipa and Lake Mweru. OF these, Lake Bangweulu and Lake Mweru
Wantipa lie within the country and the rest are along the country’s borders. Water level of
these four lakes are investigated at the hydrometric stations shown in Figure 6-1. Monthly
variations and secular variations of lake water levels are shown in Table 6-1, Figure 6-2 and
Figure 6-3.

Lake Bangweuln

Lake Bangweulu has a surface area of 2,289 kmZ. The lake water level usually starts rising
on December and reaches its peak on April. Annual fluctuation of lake water level is1.3m
on an average. Maximum annual fluctuation is 2.66 m recorded from November 1961 to

- April 1962, Annual fluctuation of water level is refatively high but secular varation is not

high and the annual mean lake water level has fluctuates by only 1.10 m during fast 35
years.

Lake Tanganyika _ _
Lake Tanganyika has a surface area of 32,000 km? (1,974 km’ in the territory of Zambia),
maximum depth of 1,430 m (mean depth 572 m) and elevation of EL.773 m. This lake is the

second deepest lake in the world. The lake water level usually starts rising on December and

 reaches its peak on May. Annual fluctuation of lake water level is 0.67 m on an average.
‘Maximum annual fluctuation of water level is 1.55 m recorded from October 1961 to June

1962. Annual fluctuation is relatively small but secular variation is high. Especially from
hydrological year 1960/61 to 1963/64, the annual mean lake water level had been rising by

-2.45 m for three years.

~ Lake Mweru YWantipa

Lake Mweru Wantipa has a surface area of 1,587 km?, maximum depth of 25 m. The lake
water level usually starts rising on Decémber and reaches its peak on May. Annual
fluctuation of lake water level is 0.93 m on an average. Maximum annual fluctuation of
water level is 2.85 m recorded from October 1961 to June 1962. Annual fluctuation is
relatively small but secular variation is high. Especially from hydrological year 1958/59 to
1963/64, the annual mean lake water level had been rising by 5.55 m for 5 years.

Lake Mweru

'Lake Mweru has a surface area of 4,580 km’, maximum depth of 37 m. The lake water level

usually starts rising on January and reaches its peak on May. Annual fluctuation of fake

water leve! is 1.78 m on an average. Maximum annual fuctuation of water level is 4.61 m

tecorded from November 1661 to May 1962. Annual fluctuation is relatively high and
secular variation is also fairly high and frequent. The annual mean lake water level had been
rising by 2.85 m during 5 years from hydrological year 1958/59 to 1963/64, and had been
falling by 2.30 m during 3 years from hydrological year 1963/64 to 1966/67.

o
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Lake 5 s Tanganyika
Mweru 7-800%85G)
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Harbour

‘Kafulwe Kampinda
MissioP

o~ : Lake
/./ . Bangweulu

Figure 6-1 Location of Lakes and Hydrometric Stations

Table 6-1 Lake Water Level

Lake Name Bangweulu Tanganyika _ |[Muwecru-Wantipa Mwem |
Tolal Surface Area (km?) 27289 32,000 1,587 4,580
Maximumn Depth (m) - 1,430 25 : 37
Surface Area in Zambia (%) 100 ] 100 . 64
Hydrometric Siation Number 6-080 . 7-800 6-925 6-980
Hydromelric Station Name Samfya Sumbu Harbour | - Kampinda Kalulwe Mission
Water Level Data Avaifable 1956-90 1960-91 1958-90 1956-90
Average Annual Fluctuation 130w 0.67 m 093 m 178 m
Maximum Annual Flictuation 266m 1.55m 285m 461m
Oct 149 2,28 . 711 280 .
Nov 1.35 2.27 703 2.54
Dec 1.46 2.38 7.10 243
Jan -~ 1.69 2.50 7.24 2.50
Feb 2.04 ' 2.58 : 2.3 237
Average Mar 243 2.70 7.56 3.26
Monlhly Apr 2.65 285 78 3.94
Waler Level May 2.33 2.94 7.9 421
{m) Jun ) 285 7.89 406
. Jul, . 2809 267 7.80 : 3.79
Aug 1.90 2.49 7.69 347
Sep 1.71 237 758 | 3ls
Annual Mean 1.97 ' 257 . - 1.51 324
Difference 1.30 - 0.67 093 - 1,78
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" Figure 62 Annual Variation and Secular Variation of Lake Water Level
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6.1.2 Flood Plain

Barrotse Flood Plain and Kafue Flats are the main large flood plains in Zambia. The water
levels of both the flood plains were investigated at ‘near hydrometric stations shown in
Figure 6-3. Annual variation and secular variation of the water level are shown in Table 6-2,
Figure 6-4 and Figure 6-5.

Barrotse Flood Plain

The water level usually starts rising on November and reaches its peak on March or April.
Annual fluctuation of water level ranges from 3.45 m to 4.35 m on an average but maximum
annual fluctuation reaches to about 6 m.

Kafue Flats .

The water level usually starts rising on December and reaches its peak on March, Annuat
fluctuation of water leve! ranges from 3.79 m to 4.75 m on an average but maximum annual
fluctuation reaches to about 7 m.

% Kafue Flats'

GOsh ,3."'."‘(5
4

FTAe

r‘w:ve’_- =N 4N A
Aip 3 \*‘: :
wanach) r:&:n:a'lg d

ke
Ay _

Figure 6-3 Location of Flood Plains and Hydrometric Stations
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Table 6-2 Water Level in Kafue Flats and Barrotse Flood Plain

Area Name _ Barrotse Flood Plain Kafue Flats
Hydrometri¢ Station Number| 2-030 2300 | 2330 [ 2-350 | 2400 | 4-759 | 4-760 1 4-730 | 4-8%0
Hydrometric Station Name | Lukulu Likapai | Matonge | Nalolo [Senanga| Kafue Namwala {Busanga) Myimba
ﬁ - | Platform : : Pontéon '
Water Level Data Available 1951-93]1962-72] 1956-94 |1962-72 1948-93[1951-93] 1951-94 |1963-87]1963-86
-0 0.714 | 0.91 201 083 ] 689 | 365 3.42 241 | 297
Noy 094 | 106 213 1.03 | 098 { 3.59 3.34 216 | 266
Dec ].5‘?_ 1.96 | 2.82 176 | 142 | 422 3.97 3.00 | 332
Jan 272 | 318 | 403 | 278 | 214 | 567 | 530 | 470 | 4.50
Feb 420 1416 520 1366 | 3.11 | .00 6.65 595 | 551
Water Level Mar 5271 | .70 6.15 §33 1| 430 | 2.91 7.62 691 1 6.12
(m) Apr 486 | 4.51 6.31 432 | 469 | 7.68 7.34 6.57 | 645
: May 3.18 | 327 566 | 368 | 417 | 6.62 6.31 571 | 640
Jun 1.97 | 2.17 446 1 279 | 3.5 | 529 5.03 463 | 6.04
Jul, 1.42 1.64 329 1197 ) 209 | 4.51 4,29 3.77 | 5.1
Aug 1.09 | 1.34 2.59 146 | 146 | 4.15 395 3.14 | 453
Sep 085 | L10 2.22 1.08 | 1.10 § 3.94 3.73 274 ] 375
Annual Mean| 240 | 250 | 3.91 247 | 246 | 535 | 508 431 | 4380
Difference 435 | 3,719 4.30 345 1| 3.80 | 4.32 428 475 | 3.79
: ? ........................................................................................................... -
g
=
5
o
8
(=}
=
2030 —a—2-200
—&—2-330  —x—2-350
—%— 2400
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8
7
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Figure 6-4 Water Level in Barrotse Flood Plain and Kafue Flats
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6.2 Water Balances at Existing Dam Reservoirs

To understand the factors inﬂguéncing reservoir water bal'alnce' a simufation was carried out @
at the three main dams, ltezhi-Tezhi Dam Kafue Gorge Dam and Kanba Dam. These dams
have the followmg outlet:

- Kariba Dam ; 1) North Iurb:ne (Kanba Nonh Hydroelectnc Power Station)

2) South turbine (Kariba South Hydroelectri¢ Power Station)
3) Spillway _

1) Regulation Gate ~ 2). Sprllway 3) Bnergency Spillway
1) Turbine (Kafue Gorge Hydroelectric Power Station)

2) SplIIWay

- Ttezhi-Tezhi Dam :
- Kafue Gorge Dam :

The average inflow, outflow, evaporation Ioss and change of VGlume are summarised in
Table 6-3 and Figure 6-6. The réservoir water balances are summansed as follows :
- Spillway discharge at Kafus Gorge Dam amoum‘s to 106.4 m*/s (39.2%). A Kariba
Dam spillway discharge amounts to 500.7 m *s (37.4%) on the average, but have
been zero for the last 10 years.
- Evaporation loss from the reservoirs of Ttezhi- Tezhl Dam, Kafue Gorge Dam and
Kariba Dam, are 2.1%, 5.3% and 9.1% respectively.

Cable 6- 3__Summary of Rle_selr\’oir Water Balance

ftezhi-Tezhi Dam . | Kafue Gorge Dam Kariba Dam
CA=107,191km? | C.A=153826km’ C A= 663,830 kan!
Item SA=. 3i0kn’| SA= -300km’ ~ - SA= 5180km’
Discharge}Percentage | Discharge’ Percentage|Discharge Percentage Dhcha:ge Percentage
(m¥) | ) | (%) @) | (m¥s) (W | (') (%)
Simulation Period 14 y15.(1979-1992) | 15 yrs.{i978-1992) | 30 ws.(1963-1992) | 1031s(1983-1992)
Inflow Qin 254.8 100.0 N6 100.0 1339.6 1000 9894 100.0
Outflow Qout 2380 93.8 256.2 94.3 1301.4 971 £96.1 06
Regulation Gate Qrg 2380 93.8 - . - - . .
Hydeo Power  Qhp - - 1498 552 800.7 593 896.1 906
Spillway CQsw « - 1064 39.2 $00.7 174 0.0 0.0
Evaporation Loss  Eloss - 54 w2l 145 5.3 73.1 5.5 89.7 2.1
Change of Volume Veg 104§ 4.1 09 - 03 -34.9 2.6 36 0.4
Note. C.A.: Catchment Area S.A - Reservoir Surface Area
1400 - :
1560 100% 2 47.1%
Z 1000
£ a0
5 B nflow
E 600 | Outflow
8 400 _ 3t
a 200 . D SpﬂMay
8 2. €3 Evapotation Loss

Figure 6-6 Summary of Reservoir Water Balance

{b) Secular Variation of Reservoir Water Lével, Inflow and Outflow

The variation of reservoir water level, inflow and sutflow in the main three dams is shown
in Figure 6-7. In Kariba Dam, the spillway has not been opened since 1981/82.
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CHAPTER?7 SURFACE WATER RESOURCES POTENTIAL

7.1 Block Division for Surface Water Resources Potential

River basins in Zambia as shown in Figure 3-1,-were combined into 34 blocks for the
surface water resources potential study, which is shown in Figure 7-2. Each river basm was
divided as follows :

- Zambezi Main River: 9 blocks (BZ-1~ 9)

- Kafue River : 11 blocks (BK-1~11)
- Luangwa River : Sblocks(BL-1~ 5)
- Chambeshi River @ 2 blocks (BC-1~ 2)
- Luapula River : 3 blocks (BP-1~ 5)
- Lake Tanganyika : 2 blocks (BT-t~ 2)

7.2 Estimation Method of Surface Water Resources Potential

It is defined in this Study that the surface water resources potential is the total surface water
produced in a particular area. Referring to Figure 7-1 illusteating the methodology, surface
water resources potential in a basin block are estimated based on the following method :

D Inﬂow average discharge, Qi, of main nivers or large tributaries to a block (near the
inlet of the block) is taken from the river discharge analysis results.
2) Outflow average discharge, (o, of main rivers or large tributaries from a block
- {near the outlet of the block) is taken from the river discharge analysis results. @
3) The balance of the inflow and outflow, Qo-Qi, and the balance of both catchment
areas, Ao-Ai, are calculated.
4) The specific discharge, (s, is estimated based on the following equatlon
Qs =(Qo-Qi)/ (Ao - 4i) -
5) This specific discharge, Os, is adopted as an average specific dlscharge of the
block.
6) The surface water resources potential in the block Op, is estimated based on the
following equation :
Op=0s-Ab where, Ab: area of block

Rainfall - Evapotranspiration - groundwater
Inflow from other areca | | Cutflow to other area
(2) Basin Block (b)

(Surface Water Resources Potential) = (¢) = .(b)'-"(é)

Figure 7-1 Methodology of Surface Water Resources Potential | l
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7.3 - Surface Water Resources Potential

: Fo'l_ldwih'g‘ ih_e above method, surface wafe_r resources potential by each basin block were
estimated in the two cases of average year and drought year with 10-year retur period. The

results are shown in Table 7:2. Thus the surface water resources potential of the six main
river basing are summariséd by summing up the basin block potentials. Further by combining
all the basin blocks potentiat into the 9 provines, surface water resources potential by ¢ach
province are summarised. Refer to Table 7-3. The surface water reésources potential by the
main river basins and by the provinces are shown in Table 7-1 “and Figure 7-3. Regional

variation of the surface water resources potential are summarised as follows:

The surface water resources potential in case of drought year with 10-year returmn

period Is 57 % on an average, comparing to that in case of average year. This ratio
p : - year.

is very low in Lusaka, Central and Southern Province, amounting to 23-34 %.
Southern, Lusaka and Copperbelt Province have lower surface water resources
poténtials, 5.3, 10.8 and 13.0 Mm*/day in case of average year, 1.2, 3.7 and 6.6
Mni’/day in case of drought year, respectively. Moreover as these provinces have
hig.h “populations the water potential per capita is relatively low, 6~11
i’ fday/capita in case of average year, 1-5 m*/day/capita in case of drought year.
Northern and Northwestern Province have the highest surface water resources
potentials, 67.5 and 38.9 Mm’/day in case of average year, 44.8 and 21.5 Mm*/day
in case of drought year.

The surface water resources potential per a unit area of 1 kn’, for Western and
Southern Province were estimated to be very low, 62 and 160 m’/day/km’ in case
of average yeas. These low unit water potentials are thought to be caused by
evaporation losses from Barrotse Flood Plain in Western Province and from Kariba
Dam and Kafue Ftood Plain in Southern Province.

Comparing the surface water resources potential per 1 km® of the main river
systems, the rivers in the north, namely Chambeshi River, Lua?ula River and Lake
Tanganyika, have more potential, ran%ed from 478 1o 632 m’/day/km’ in case of
average year, and from 323 to 345 m fday/kin’ in case of drought year. However
the rivers in south, namely Zambezi Main River, Kafue River and Luangwa River
have less potential, ranged from:189 to 396 m’/day/km’ in case of average year,
and from 93 to 198 m*day/km’ in case of drought year.
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Table 7-1 Surface Water Resources Potential by River Basin and Province

‘ _ Area ~ Surface Waler Resources Poléntial ~ Ratio
‘Rivér Basin | Population| ~ in * Avesage Year | Dsought Year - Dibught /
" Provinee : ‘| Zambia (30 years average) . | (10-year return period) | Average
L o (persomy | @m® | (mrs)  [€1000m*day)| ¢ (m/s) - (IOOGm’Iday) (%)
ZambeziR. | 1699.062] 26823 6934 | so0n4 | - 3w4a ] 33,209 | 55%
Kafue R . | 2,864334 15699 -~ 343.8| 29,704 1686 | 14,567 - | 49%
Luangwa R. 1,310,908 144386614 | 57,142 3300 28516 | 0%
Chambeshi R. 375861 444 " 3710| ;3933 | 1660 [ 13,342 60%
Lo JuapulaR 18329000 11332 6365| 54,133 443.1 38285 | 71%.
Take Tanganyika | 30,728 13881139 710,016 632|563 | Ss
Others 219,204 8,65 86| - 2412 21.0 1,811 73 %
- Total 7,383,084 - 751,85 2,746.7 237 315 1,576.3 |- 136,193 57 %
________ LusakaPro. . | 987,006 2209 ~ 1255] 10846 | = 424 3661 | 31%
Copperbelt Pro. | 1,427,528 3123 1304 | - 12997 | 768 6633 | 51%
CentralPro, |~ 720,628 9468  3885| 33367 12781 11,016 33%
Northwestern Pro. | 387,554] . 135 28i 4498 " 38364 2489 | 21,509 55%
Western Pro. . | 606,813 127 3“! 2354 20,337 1881 16,253 80% .
...... Southem Pro. b 907,150 85,19 813 | "3299 13.9 L1907 | 23%
Lvapula Pro 5251600 . 49,59 304.8] 26,335 20501 172,712 67%
| Northern Pro 835,177 14729 817 67540 | SISS | 44,824 6%
Eastern Pro. 965,968 69,14 - 2492 21,528 1546 F 13,357 62 %
Total 7,383,084] - 751,84 274671 237,315 1,576.3 | - 136,193 51%
River Basins Provinices
. Tangan. ‘ .
Luapula 'yikagti% _Zz;nsf);a Fastem  Lusaka Cloelt
_23%' ‘ o T B % _5_% .Cenlra]
Northem - ~ 14%
: 29% st
_ Chanbe- Kafue . . 1‘4;;: '
shi 10% Lu;nﬂgwa 13% Luspuls  Southem Westem
2 n% gy %

Figure 7-3 (1) Water Resources Potential by River Basins and Provinces
(Average Year : 30 years Average)

Provinces

River Basin
Tangan- . Eastem  Luseka
Zamb ‘Cbelt
Luapula yika 4% azs%ea 10% W sy Central
18% et | &%
e Northem Nrwest
Kafl 2% 16%
afue :
: % . ‘ Westém
Ch?mlf" Luangwa Luapula  Southem' © 394
shit1% N% : 3% - %

Figure 7-3 (2) Water Resources Potential by River Basins and Provinces
(Drought Year : 10-y¢ar Return Period)
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" Table 7-3 (1) - Surface Water Resources Potential by Provmce

- (Average Year : 30 years Avérage)
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Table 7-3 (2) Surface Water Resources Pdtenliall by Province
(Drought Year : 10-year réturn period)
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| CHAPTER 8 INTAKE RATE POTENTIAL FROM RIVER

8.1 Eélimation Method of Intake Rate Potential -

Intake rate potenual is defined as the discharge which is able to be abstracted from a river
without constructing water storage facility. The intake rate potenuzﬂ from river, Op, was
estimated by subtracting the compensahon discharge, Qc, from the probable drought
dlschaxge Qd. Compensation dlscharge is the discharge which is necessary to be flowed
downstream and satisfies both the maintenance discharge, Om, and the water-use discharge,
Qu. These can be presented as following equations:

Qp ~0d-Qc, where Qc. =Om+Qu
Maintenance Djschars

The maintenance dlscharge of a perenmal river is required to maintain river water depth,
conservatlon of groundwater and the people’s amenity. In the Study, the probable
minimum discharge for a 30-year seturn period was assumed as the maintenance discharge.
This discharge approx:mately corresponds to the recorded minimum daily discharge because

' the period of river flow record is around 30 years or more. In the estimation of the intake

rate potential from a river, the recorded minimum discharge is employed instead of average
drought dnscharge used indam development because of the f‘ollomng reasons !

- Ata dam development s:te the ﬂow corresponding to the mamtenance dlscharga
~ usually flows downstream and the frequency of the extreme low flow condition is
refatively high. To the contrary, at a development site from which flow is directly
abstracted, low flow conditions such as maintenance flow, rarely occurred.
- The utitisation percentage of siver flow in Zambia is still so low that even the
“minimum flow is considered to be good for environmental management.

-Water-usé Disch'argg

The water-use discharge is the discharge which is necessary for the exclusive use of river

flow at all points downstream In the Study, water-use discharge is not counted because:

- It is fairly certain that the present minimum flow condition satisfies all water-uses
downstream. '

- Minimum discharge is employed as the maintenance dlscharge

- Thus 1t is fikely that the mamtenance discharge includes the water-use discharge.

8.2 Intake Rafe Pdte’ntial from River

According to the above method, the intake rate potennal by the basin block is estimated for
three cases, which correspond to water use security of 2-year, 5-year and 10- year refurn
periods. The intake rate potential shows the potential at the most downstream point of each
block. Then it is obvious that if water is abstracted in an upstream block, the intake rate
potential in the downstream block is reduced. The intake rate potentials by the basin blocks
are presemed in Table 8-1 and Figure 8-4. The relationship between the intake rate potenual
and catchment area, and between the intake rate potential and basin mean annual rainfall, in
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case of retum period 10-year, are shown in Figure 8-2 and Figure 8-3. According to the
table and the figures, the intake rate potenual with 10 -year of return penod are summarised
as follows :

- The intake rate potemlals in the main rivers are 76.6 m'fs (6,619,000 m’/day) at
* Feira Boma in Zambézi Rwer 8.6 m¥/s (743,000 m Iday) at Kafue H.B. in Kafue
River, 4.1 m’ls (354,000 m lday) at Luangwa Rd.Br. in Luangwa River, 9.2 m’/s
(795,000 m*/day) at Mbati in Chambeshi River, 17.6 m¥/s (1,521,000 m3lday) at
Kashiba in Luaputa River and 3.2 m*/s (276,000 m’lday) at Keso Falls in Lllﬁ.lbu
River of Lake Tanganyika Basin.
- Intake rate potential has the approximate trend that it becomes large wnh
increasing catchment area.
- There is no relationship between spemﬁc intake rate potentlal and catchment area.
The spec:ﬁc intake rate potentlal in the Luangwa river is ve? low, 1.18-2.94
/day/km In the other rivers, it varies widely, 5~14 m’ldayfkm _
- :There is the obvious relauonshlp between specific intake rate potential and basin
©‘annual rainfall as shown in Figure 8-3. Specific intake rate potennal becomes large
with increases in the basin’s annual rainfall. :

Intake rate potentlal in a small basin was also studned at proposed dam sites to be descnbed
in Supporting Repori [O) : Dam Dévelopment Plan. The results are shown in Figure 8-1.
Judging only from the results from small basins, the following ¢ircumstance beconies ¢clear :
For basin under 2,000 k’, the specific intake rate potential ranges from 9 to 35 m*/day/km’
in the four wet prownces namely Northem, Northwestern, Copperbelt and  Central
Province. In the other provinces, there is no intake rate potential for basin under 2,000 km®.

%0 X
.. &0
-_l—E - .
.‘g: 70 4 Lusaka
& 560 # Coppesbell
5250 A Central
: ]
% % 40 ¥ Y X Nothw estern
C
e~ ' Y Southern -
E 20 — . _§ e tuapula
9 o s o ' : o |+ Northern’
0 *o ik e ik ——a-— 1 - Eastern
+] 2000 4000 - 6000 ' 800
' Catchenent Area (g2} o

Figure 8-1 Specific Intake Rate Potential in Small River Basin
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Intake Rate Potential

S S I r - 1

7000 || Retationship betw een intake Riae Potertial and Catehiment Area :
* :
+ Zambezi
g Kalue
aluangwa
o * % Chamrbeshi
x Luapula
. _ ® Tangenyika
0 200 300 60 700 800 ¢
_ . |C0 Catcl'ment Atea (iOODkr‘rQ) 9w
L Relationship betw é¢n $pecific hiake Riae folential and Catchment Area
g% '
13
22 4 .
2 E ‘ + Zawbezl
E % K} # Kafue
§ % » L B A Luangwa’
53 f N o % Chambeshi
10 : rx 'n; Y R _ Y : X ) : o il L.uapulia'
‘0 A L o ® Tanganyka
0 100 200 30 400 500 600 700 800 600

Catchment Area (1000 km2)

F‘igur:é 8.2 Relationship between Intake Rate Potential and Catchment Area

© Anfual Rainfal {mm)

:_(;".52

3B/
3 2 P00
2 .
& ~25 ) ' - : -
& E s L a 819 » 2ambezi
‘?, x| X g Kafue
gg x | ¥ 8 ° Aluangwa
g 10 % x a3 % Chambeshl
: ' H
§ 5 — —m - i | Lusputa
S 0 A DA AL BKS ¢ @ BK-1 e Tanganyla
800 %00 1000 1100 1200 1300 1400

| Figu'i;é"ss:i 'R'élﬁﬁohsilip between Intake Rate Pdtential and Annual Rainfall



‘wed e L-uzey Jo voneiedo seb wntmdo yym sigeieas 9Q I S/oW LEE “uad 0L yse) Supnp aleyosip Aeminds sbesay €,
a5UoaIg WK - a51eyosiq WBN0sQ = feRualed a1ey et Z.
@9285 Faeaﬁ PIPIBY) Pouad WPy Jeak-og jo-sbieyosig gﬁsﬁ t.

- - - - - - =] - - - e - - - - - . - - =D -l 218
99 i 181 €2 iy 168 - ILOE |eS2 le0Wh (0008 {002 s8E o/ e oy o ize . [€2  |vs jeer joor- loe  {szo6 1-1d] t-18] ﬂ;ﬁ..mcﬂ.
- - =0T L R N = -] - - - - - IR G odd <8 _
veZ 1201 |L01 [6¥1 (BIZ 6LE lOLE 1ZT06L [IZ96 |£9'85 [GS6Y |LBVZT (1ZS'L LS .|68T (19Ul g1 6T 000 - |@LL |S0S lees'sz ¢ Srdd! -dB| tuswbume)
il w4l lo6r  |vEZ 909 9601 [1Z0Z [68LS |LEPT |GC'CL [BSZG |9Z0' |SPI'C (S0 (SO ®PT |8 |oep VISL |T96 |PPL (SLZI9L £dd): i o
66y . |L8 |66 |89} |SBC [80L (0Pl |vRp |OrLL 56 lEML'S |98V [SLM'L Jo6S  [ESZ gt (1T %7 L8 |vir (LSe jZlo'eTt Tdd| T48 _
i84E ise 1. joZi 602 |48 SOl lagtiy loryy |es'e luuee jZve'y |1se  fewr  loBL  iZOL ' [o'sl w19 |sse  igez  |zevzs tedel! 1-48 vindenty
LT 89 [bA o {vO1 [SLh JeOv (6¥8  [S6US [viOR |egLb SISC [6BE [S6L (86 jsSr (26 [LT  [Lie LS |Z€5 [69r [LTr'vy 804l 298] : _
seL _Jee lst [ss |80l |08z |Z8S |IE€'SC oo/l -f56'6 Lzl lel9  lgve  izwy |4 iov ST ivsl 9TE |S$'sT  Iv'zz  jseive 1-0d] 1-08] usequieyn
189 - Jor |eb Y6  |@9iT [Z16 - [SEew IOl |99 JOMT. |6E0T (4L [vSE  19€Z fee 1w, jSS o oLZ [£CF |+R  |eeaurt (Mik2d] . 58]
v |SZ (g |8l |9t |eel 64T [16ZT |s0L v6T EE |YOL  [E¢ - 6 {2 S0 |&1 [0 v (o1 (oL ligee Ded) vg) (usesrn)
St vk 1S 06 |49 lesz j0Zs sz |eee e [1e9 061 18l ¢4 12T 60 |jge |60 Zg (e L {ew'R (1ed! ©g)-{ewuesuny)
Ze (v TL |ve Ze o et |ezec {8ve eyt i86Th  (ZGL- |oZe v o WB 2t p1T 80 [TT 60t |6 (€Y lise'ls ¥ A |
€02 Ive 62 jeL szt ose lowsl fzior leze eyt |emi’y [zvz  los el iz o't yo g0 zvl _|ee s lzves 1ld! =18 embueny
9IE  [104 ISTL [OBL (192 (Zev |vE9 (S@ER [2E'TL LS  IpIE'S (180T (Zie  ISLS  [ZTPC (ve  [|@vL  [L6S ZTiZL [6EB 169 (566950 | - STl LidE] ]
Cle6T oo JeZL |iLy  |€SZ . lZov (VIS [S0'YE L |Z¥'EL {ZTS. |PPTS |SR0T (bOR (209 |S'€E. €6 |avL  [9'6S £0ZL (SR8 (689 (seEest [eJ(eiddiovnal  (OemEx)
LT IS8 160 ik [8BL [S2C (Zee [OG'er (BVEC (6PTT |6OLY (8ZVC [MWT {SYS [T9E (e |gTr (6T ¥I0L (U6R (9'08  [161200 @zidd; eda  {Lnem
80c |6k IS5 (56 .|SLL (60 [S11L ST [SCCL (TLL. [BWLT 48T (evl jge (evr 9w (9T |0t g8y |6'1C (96T |6EZ'95 bMd| ed S
6 T~ - B 1T I AN R LT R e kB e £ T - S £ N = s TN S S - r SN 1+ N £y - 661 |9vL  1vTr  leesez (Doisd: g {ebun)
681 . 4T |6 |55 |80 DT |85 JBLET |0S'0L (9SS Jiee [88S [t (¢SL 189 1gE (8 (8L ZeZ lgvy vt 2eess eNd| ‘oM _
z¢ £2 (8T jgs (8t les |16 142 [16e (80 [Z1b s 6 £ ¥ e |00 €'t 8T L+ ¥ |eee's (Todid | sg]  (uswmsa)
JevL (0 (W |82 |PL 0T 99k [6CAC [L9'Q) (POTLL [205  [9SP |9 [SOF [€S  ji'e |96 |6 6L [LPlL eI [paZvT {eMd; g
£5 YL (8L |LZ (ZS  |6€L lOET ooy |evvZ jov'el (965 [v6Z (el (&e  ¥e 0T |62 |LS - A SR N S VAV A IV 4 Md| ©M8
174 98 [0 [$T TBF  iStL IS8T 1IE'ES ISPEr 09T sy [L02 1T j§Ss  |vT € [ESL (92 ve |0s  lee  rise eMd] THa| _
ve 0Z ZT 189 (gt 166 - [silL lov'ol ey’ 68T is6  [gw . /1 1L lgo izo- loo (g0 gL ey 0L jsuls LMdi _1igl anyey
8GLL 1895 |OC9 [CC6 . I6LZL [PZLL. ISLLL [SVPE [89'SL |PBL  jZSYRC [CSTERl (639'9 [GEEE |MESE [99L (69 |99Gy 157064 [L'609 [TEES. jhrO'vre 9i-Zd} 6Z8
STEL [k - 1B (SEL (PI6 T2V SKi9 |IS'YT |8yl [19'R . [PEOSZ |0W0TLL IpL'S [£7A07 |YUTL (S99  |EY 0 |T96C  [S'ES9 |LEZS |Hisy [0L6'Lew {1)ei-2d| o249
66T1 lsSy  isv leZL |POS (E80L -89S [POYE |PS9l [voe  |000'TX |1SG'0L [I8L'S {TEST (VLTL (v99 (T -|V9EE |€T99 |TETS |SToP 1099699 {&wi-zd; &Z8 {equen)
811 (867 (94 6br (L1290 ISZZC lotEL [1e0L (129 [SpE's (96T ieBl'e [V'SLL €S [69F |60 [000T  [L'SIE |T19T |69€Z 0BL'EIS £i"2d{ o228
|Fror jcoz iger lgec (680 |zZs) |pOST [6O'EZ |WPTL (8L [BSL'L|Zevy (PIS'T [8'ER (VB V6T |60 [TLO0ZT  |0U6C |9'GST |C9ET IES0'9CC 1i-2d} 578
£96  [6/Z 6T (PRC POD iTOVL IZLEZ |SOGZ [PS'EL lpe  |8THL [6S9'C 91T [5T8 (9%r (B'ST |60 |CB0T  [R'I6T |6'CST [19ET (BES'WET 0i-2d| trza
ZoZ (59 16s  |10b [SSL 89T |voR - MOZC owol (1T0L [£ECZ |LZZ'L evs  [OMZ jZRE s (90 TLe TFS  (PIS |9y I6LTW (Zhorzd| ¢-za| {odweqe)
(26 s |06 lepr leeT lege Jegzs |L0$T 4SvPL BET'T |40 is0e  [€'SZ ¥ 0L |90 86l LSy |TTe |89 |ovlTr £©2d] z-28; (edwoqey)
gos |15 leo o0l . |ovE Tnm geeY [J0CT (661 lees  Iw20T JZEVL 802 - {ovr el 1Z'g,  1Z0 {L6E £59 l92s sy Iveg'ce (Lyorzdi =29} - ez
sow U |(se) ({522 ﬁna (§6) | XN |JR0Ag | oA |JBRADL|JERAT [Jewhes LIBOA0) [Je0kg [Jeahs |JBoA-0L|(S/U) ((S/EW) L. [JeRA-z [JRRA-S JesA-0) HZUA urod
oAy | D ko) _ C . (pwvhepaan {Aeprew 0001 -~ (s/ew) wnowry |(reakog) POpad WNeY raly aoURISPY | Molg [uIseg Jaay
(5/gW) ooy Mold &Eoé zneron 91y T YRGS ojey et Z, whiy  jefieuosig (s/eup weuneD [abevosy. luiseg
fEnUSIod 12y U] SRds pue leuslog Bley aXEw JolRA_junwiuny | abieyosig wbnoig :

S20IF UISEY JO WUINISUMOQ ISOTA] 93 J¥ [E13U30F ¥ VIT] [-§ QL)

-3



-

e aus

ol oy Lol . ....a oﬂl —
ransen
. aTaepasip 1yBn0ap Mqoqoad wo.y - VIGIWYN a...i......i..i\
ATATYITMP womrw JUDRANS TLTPSIY 1 [TIUN0 1Ty eI .....s..,........)....,! VIOONY
T MOIO[H wWiSTY JO WEIISUMO( ISOIA] 241 1 .
; [EnU0g NLY MYIuL  H-g a1y N
| sy . . .
nhuv\aE puesnoy; : 3re0) . . o ueg ..
© potadd WINIDL JEDA-G T JaMOT .f
porad uamad sedk=py : J9ddp) 5 Pl
- . H |
Lk - =~
. .|Irl|l|l..._ i
ANDIGAVION M b
- !
l\...t\.().. - ._.
gl m.
- b _ N
. L ,sw{ll - ~
- NS i
” 1
¢ mﬁv& Latig . !
...lll\../\
]
Lo
¢
-
SN
H hotn
rl_{
. WHOWASH O
' et DOTOOT 11 21075 ° el
1 VISWYZ 30 21180d3Y I
et i 2 -td

e



	SUPPORTING REPORT (C) HYDROLOGY
	CHAPTER 3 MODELLING OF RIVER BASIN
	CHAPTER 4 RECORDED RIVER FLOW
	4.1 Establishment of Discharge Rating Curves
	4.2 Flow Characteristics of Main River Systems

	CHAPTER 5 RIVER FLOW SUMMARIES
	5.1 Monthly Discharge and Flow Regime
	5.2 Probable Discharge
	5.3 Runoff Percentage

	CHAPTER 6 LAKES, FLOOD PLAINS AND EXISTING DAM RESERVOIRS
	6.1 Lakes and Flood Plains
	6.1.1 Lakes
	6.1.2 Flood Plain

	6.2 Water Balances at Existing Dam Reservoirs

	CHAPTER 7 SURFACE WATER RESOURCES POTENTIAL
	7.1 Block Division for Surface Water Resources Potential
	7.2 Estimation Method of Surface Water Resources Potential
	7.3 Surface Water Resources Potential

	CHAPTER 8 INTAKE RATE POTENTIAL FROM RIVER
	8.1 Estimation Method of Intake Rate Potential
	8.2 Intake Rate Potential from River



