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1 Introduction

Information isimportant in any planning exercise. For water resources, planning requires
adequate and accurate information on which correct decisions can be based. This
information describes the quantity, quality, occurrence and distribution of water in time
and space. Such information is generated from measurements which are carried out at a

specified time interval depending on the desired information output and application.

As an input into the development of a groundwater management strategy, the
Groundwater Resources Management Programme for Lusaka (GReSP) focused on
compiling a groundwater database. The database contains hydrogeological and water
quality information. In addition, data on surface water was aso collected to serve as an

input in the overall analysis of the water balance for the project area.

This hydrological year book is thus a compilation of information on rainfall, quantity and
quality of surface and groundwater which was collected from the monitoring network
within the project area. The data presented in this publication covers two consecutive
hydrological years (2009/2010 and 2010/2011). The data for the 2011/2012 hydrological
will be published in the later yearbooks.

This publication has therefore been produced as a basis and model for subsequent
productions of similar works in other sub-catchments. Besides, the publication serves as
a means of disseminating information to stakeholders and those who desire to know the
status of water resources. For planners, decision makers and researchers concerned with
water resources management and development, this information will be an invaluable

input in their respective works.

Stage and Discharge Data

The stage of a river, commonly known as water level, refers to the height of water
surface in a river channel above an established datum or elevation. This is measured in
meters either by a gauge staff, automatic or mechanical recorder which isinstalled on the
river channel. The point at which the recorders are installed is referred to as a Gauging or
Hydrometric station. The installations at a Gauging station are done with reference to a
benchmark which is either linked to the mean sea level or set as an arbitrary loca

benchmark. The standard principles for the construction of a Gauging station are outlined
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by the World Meteorological Organization (WMO), a specialized United Nations agency
responsible for standardization of meteorological and hydrological observations to ensure
uniform publication of observations and statistics. (WMO, 1994)*

Measurements at gauging stations in the project area are recorded manually by an
observer up to three times on a daily basis. Stage measurements for the gauging stations

in this publication are thus derived from manual recordings.

Discharge, which is flow of water in a river, is usualy measured by a current meter

(digital or non-digital) and the units are usually in cubic meters per second (m%s).

Groundwater levels

Groundwater levels are depths measured in meters from the ground surface to the water
surface in a well or borehole. The depths can be measured from a fixed reference point
which in most cases is offset casing pipe or concrete slab. Water levels can aso be
expressed in relation to the mean sea level. Groundwater levels are an indicator of
fluctuation of groundwater over a specific time and can also show the response of

groundwater to rainfall events and abstractions.

The groundwater levels in this report are generated from data loggers which are installed
in the monitoring and production boreholes. The loggers are set to record the water levels
every hour. However the graphical presentations of groundwater trends in this report are

based on the daily recordings.

Groundwater quality

Water quality is affected by the natural environment and by human impact. If water
resources are polluted by anthropogenic activities, they need to be treated in order to
serve as safe drinking water. There is a broad spectrum of parameters which can be
monitored in terms of water quality. Due to limited laboratory facilities however, few but
specific parameters were chosen to be monitored on a monthly basis, comprising of in-
situ measurements (temperature, electrical conductivity, pH, redox potential and oxygen
saturation), microbiology (total coliforms and E. coli) and nitrate as a chemical

parameter.

» World Meteorological Organization, 1994, A guide to hydrological practices, WMO No. 168, Geneva
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2 Rain Gauges
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Figurel Location of automatic rainfall station within the project area
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2.1 Chikumbi (Ten Miles)

L ocation
Sub-catchment (Catchment)

Rain gauge type

Latitude 15.27008 S
Longitude  28.26655 E

Mwembeshi (Lower Kafue)

Recording (tipping bucket)

M easuring method Automatic
Interval Hourly
B Chikumbi
300
250
E
E 200
5
g 150
=
§ 100
a
0 .__x_ __x__ __m ’ : .l—r . N . ; "
3 3 ) 5 ) 5 o ) o R R "

Figure2 Monthly rainfall at Chikumbi (2009-2011)
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Tablel  Dailyrainfall at Chikumbi (2009-2010)

Chikumbi (2009/2010)

Date Sep-09 Oct-09 Nov-09 Dec-09 Jan-10 Feb-10 Mar-10 Apr-10
1 0.0 0.0 0.0 - 0.0 16.4 0.1 0.0
2 0.0 0.0 0.0 - 0.0 515 0.5 0.0
3 0.0 0.0 0.0 - 0.0 3.7 75 0.0
4 0.0 0.0 0.0 - 0.0 1.9 1.9 0.0
5 0.0 0.0 0.0 - 0.0 385 234 0.0
6 0.0 0.0 0.0 - 0.0 22.1 9.6 0.0
7 0.0 0.0 3.6 - 8.9 23.1 0.0 0.0
8 0.0 0.0 35 - 0.0 0.8 0.0 10.0
9 0.0 0.0 4.2 - 1.7 0.2 0.0 0.1

10 0.0 0.0 0.0 - 26.8 0.1 0.0 0.5
11 0.0 0.0 0.0 - 32.1 0.0 0.6 0.0
12 0.0 0.0 - - 0.0 0.0 0.1 0.0
13 0.0 0.0 - - 0.0 0.1 0.0 0.0
14 0.0 0.0 - - 0.0 0.1 0.0 0.0
15 0.0 0.0 - - 0.0 0.0 94 0.0
16 0.0 0.0 - - 9.2 0.0 0.1 0.0
17 0.0 0.0 - - 6.2 0.0 0.1 0.0
18 0.0 0.0 - - 35 0.1 0.6 0.0
19 0.0 0.0 - - 14.7 20.9 11.7 0.0
20 0.0 0.0 - - 0.4 12.3 38.9 0.2
21 0.0 0.0 - - 0.1 4.1 8.1 0.0
22 0.0 0.0 - - 0.0 9.7 0.4 0.0
23 0.0 0.0 - - 4.5 9.0 0.0 0.0
24 0.0 0.0 - - 1.8 34 0.1 0.0
25 0.0 0.0 - - 15 5.8 0.0 0.0
26 0.0 0.0 - - 0.7 7.8 0.0 0.0
27 0.0 0.0 - - 0.0 0.9 0.0 0.0
28 0.0 0.0 - - 0.6 345 0.1 0.0
29 0.0 0.0 - - 0.0 0.0 0.0
30 0.0 0.0 - 14.9 0.2 0.4 0.0
31 0.0 0.2 0.1 0.1 0.0
Total (mm) 0.0 0.0 - - 113.0 267.0 113.7 10.8
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Table2  Dailyrainfall at Chikumbi (2010-2011)

Chikumbi (2010/2011)

Date Sep-10 Oct-10 Nov-10 Dec-10 Jan-11 Feb-11 Mar-11 Apr-11
1 0.0 0.0 1.8 25.0 0.0 16.6 0.1 0.0
2 0.0 0.0 23.2 0.1 0.0 18.0 0.1 0.0
3 0.0 0.0 0.0 1.7 0.0 0.6 0.1 0.0
4 0.0 0.0 0.1 2.0 1.0 0.0 131 0.1
5 0.0 0.0 0.0 1.2 0.1 0.0 8.3 0.0
6 0.0 0.0 0.0 31 0.0 0.0 1.6 14
7 0.0 0.0 0.0 26.7 16.8 0.0 0.1 0.1
8 0.0 0.0 0.0 68.3 4.8 0.0 0.0 0.1
9 0.0 0.0 0.0 58.8 4.9 0.0 0.0 12

10 0.0 0.0 11 8.3 18.2 0.0 0.0 55
11 0.0 0.0 0.0 13.3 15 11 0.3 0.0
12 0.0 0.0 12.0 2.9 0.0 0.0 5.3 0.0
13 0.0 0.0 0.0 0.2 4.1 0.6 3.6 0.0
14 0.0 0.0 0.0 0.0 54 0.1 18.5 0.0
15 0.0 0.0 0.3 0.0 0.2 0.0 0.2 0.0
16 0.0 0.0 0.0 0.0 17.2 0.0 0.1 0.0
17 0.0 0.0 0.0 12.8 0.0 16.5 0.5 0.0
18 0.0 0.0 0.0 0.0 145 0.0 0.1 0.0
19 0.0 0.0 0.2 0.0 0.3 0.0 0.3 0.0
20 0.0 0.0 0.0 0.0 3.3 0.0 0.0 0.0
21 0.0 0.0 0.6 0.1 3.7 0.0 0.0 0.1
22 0.0 0.0 0.0 0.0 5.2 0.9 7.7 0.1
23 0.0 0.0 0.0 0.5 4.9 0.0 0.2 0.0
24 0.0 0.0 0.0 0.1 8.4 0.0 15 0.0
25 0.0 0.0 1.2 0.0 0.3 0.0 0.0 0.0
26 0.0 0.0 1.3 0.0 0.4 0.7 0.0 0.0
27 0.0 0.0 0.7 7.2 0.5 43 2.9 0.0
28 0.0 0.0 0.0 25 2.0 16.2 5.9 0.0
29 0.0 0.0 0.0 6.5 24 35 0.0
30 0.0 0.0 11 12.2 3.7 0.2 0.0
31 0.0 0.1 6.3 0.0

Total (mm) 0.0 0.0 43.6 253.6 130.1 75.6 74.2 8.6
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2.2 Mwembeshi Prison

L ocation
Sub-catchment (Catchment)

Rain gauge type

Latitude 15.32222 S
Longitude  28.92956 E

Mwembeshi (Lower Kafue)

Recording (tipping bucket)

M easuring method Automatic
Interval Hourly
B Mwembeshi
250

g

g

60-120
60-22Q

Precipitation [mm)]
=
o & 8
E—— ]
1
| —
5]
07-720
>
1034 —

T1-1dy

TT-unf

TT-8ny

Figure3 Monthly rainfall at Mwembeshi Prison (2009-2011)
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Table3  Daily rainfall at Mwembeshi (2009-2010)

Mwembeshi (2009/2010)

Date Sep-09 Oct-09 Nov-09 Dec-09 Jan-10 Feb-10 Mar-10 Apr-10
1 0.0 0.0 0.0 0.0 0.3 2.6 0.1 0.0
2 0.0 0.0 0.0 27.0 0.0 26.3 1.0 0.0
3 0.0 0.0 0.0 0.2 0.0 51.6 11 0.1
4 0.0 0.7 0.0 1.0 0.0 0.4 34 0.0
5 0.0 0.9 0.0 0.0 0.0 37 5.4 0.0
6 0.0 0.0 14 34.0 7.7 3.3 0.9 0.0
7 0.0 0.0 0.0 0.3 0.9 11.7 0.0 0.0
8 0.0 0.0 254 0.0 24.8 0.0 0.0 8.0
9 0.0 0.0 8.7 0.0 14 0.0 0.0 24

10 0.0 0.0 0.0 0.0 8.4 0.0 0.0 0.0
11 0.0 0.0 6.5 6.8 0.2 0.0 0.0 0.0
12 0.0 0.0 20.9 0.0 0.0 0.0 0.0 0.0
13 0.0 0.0 18.0 50.5 0.6 0.0 0.0 0.0
14 0.0 0.0 0.0 1.8 0.0 0.0 0.0 0.0
15 0.0 0.0 175 0.1 0.0 0.0 0.0 0.0
16 0.0 0.0 0.0 0.3 5.7 0.0 2.3 0.0
17 0.0 0.0 22 0.0 0.0 0.0 0.1 0.0
18 0.0 0.0 21 0.0 11 0.8 0.0 0.0
19 0.0 0.0 0.0 0.0 0.0 33 42.9 0.0
20 0.0 0.0 0.0 0.0 0.0 195 36.8 0.0
21 0.0 0.0 60.9 0.3 0.2 0.6 8.3 0.0
22 0.0 0.0 20.1 0.0 21 17.0 2.3 0.0
23 0.0 0.0 39.2 10.9 28.0 2.2 0.1 0.0
24 0.0 0.0 5.8 34 0.0 10.9 0.0 0.0
25 0.0 0.0 0.0 0.0 0.0 45.9 0.0 0.0
26 0.0 0.0 0.0 0.0 0.0 3.9 0.0 0.0
27 0.0 0.0 0.0 47 0.0 10.1 0.0 0.0
28 0.0 0.0 0.0 0.0 18.1 11 11 0.0
29 0.0 0.0 0.2 2.9 8.2 0.0 0.0
30 0.0 0.0 9.1 0.0 1.6 0.3 0.0
31 0.0 21.6 0.1

Total (mm) 0.0 1.6 238.0 144.2 130.9 214.9 106.2 10.5
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Table4  Daily rainfall at Mwembeshi (2010-2011)

Mwembeshi (2010/2011)

Date Sep-10 Oct-10 Nov-10 Dec-10 Jan-11 Feb-11 Mar-11 Apr-11
1 0.0 0.0 0.0 0.0 11 105 1.2 0.0
2 0.0 0.0 41 1.0 0.1 0.0 4.0 0.0
3 0.0 0.0 0.0 11 0.0 1.7 0.0 0.0
4 0.0 0.0 43 75 0.0 0.0 36.9 0.5
5 0.0 0.0 0.0 0.1 0.0 0.0 45 0.2
6 0.0 0.0 0.0 44 0.0 0.0 14 14
7 0.0 0.0 0.0 7.7 0.0 0.0 0.0 0.0
8 0.0 0.0 0.0 9.2 - 13 0.3 0.0
9 0.0 0.0 0.0 60.7 - 0.0 0.0 0.0

10 0.0 0.0 0.8 7.7 - 2.0 0.0 5.3
11 0.0 0.0 0.0 25 - 4.6 10.7 0.0
12 0.0 0.0 16.8 2.9 - 15 0.1 0.0
13 0.0 0.0 0.0 0.0 - 22.1 9.4 0.0
14 0.0 0.0 0.0 0.1 - 0.1 45.0 0.0
15 0.0 0.0 75 0.0 - 0.2 0.1 0.0
16 0.0 0.0 0.0 0.0 - 0.0 0.0 0.0
17 0.0 0.0 0.0 0.0 - 0.0 0.0 0.0
18 0.0 0.0 0.0 0.0 - 0.0 0.5 0.0
19 0.0 0.0 0.0 0.0 - 0.0 2.2 0.0
20 0.0 0.0 15 12.6 - 0.0 3.0 0.0
21 0.0 0.0 5.7 1.9 - 0.0 0.0 0.0
22 0.0 0.0 0.0 0.0 - 1.2 0.0 0.0
23 0.0 0.0 0.0 25 - 0.7 0.0 0.0
24 0.0 0.0 0.0 1.9 - 0.1 12.6 0.0
25 0.0 0.0 135 0.0 - 12.7 1.0 0.0
26 0.0 0.0 11 0.6 - 0.0 0.0 0.0
27 0.0 0.0 0.0 1.0 - 135 2.6 0.0
28 0.0 0.1 0.0 2.7 34.9 0.0 1.9 0.0
29 0.0 0.0 0.0 101 2.7 0.0 14
30 0.0 0.0 0.0 10.3 27.8 0.0 0.1
31 0.0 3.2 7.5 0.0

Total (mm) 0.0 0.1 55.3 151.7 - 72.2 137.4 8.9
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2.3 ZAWA Park

L ocation
Sub-catchment (Catchment)

Rain gauge type

Latitude 1552381 S
Longitude  28.34267 E

Funswe (Lower Kafue)

Recording (tipping bucket)

M easuring method Automatic
Interval Hourly
B ZAWA Park
300
250
E
E 200 -
8
Eiso
=3
§100
o
50
0 — T --.—...  — - T T
3 3 o 5 ) = =) ) - R = "

Figure4 Monthly rainfall at ZAWA Park (2009-2011)
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Table5

Daily rainfall at ZAWA Park(2009-2010)

ZAWA (2009/2010)

Date Sep-09 Oct-09 Nov-09 Dec-09 Jan-10 Feb-10 Mar-10 Apr-10
1 0.0 0.0 0.0 0.0 0.0 114 0.0 0.2
2 0.0 0.0 0.0 26.3 13 10.1 15 0.1
3 0.0 0.0 0.0 0.0 0.3 34.5 30.9 0.1
4 0.0 2.7 0.0 0.1 0.0 44.2 2.7 0.5
5 0.0 0.0 0.0 0.0 0.0 8.2 13.9 0.3
6 0.0 0.0 1.0 0.0 1.2 57 16.4 0.1
7 0.0 0.0 0.4 4.9 41.3 1.6 0.0 0.0
8 0.0 0.0 1.3 0.0 0.1 0.1 0.0 5.7
9 0.0 0.0 0.2 0.0 16.6 0.0 0.0 0.2

10 0.0 0.0 0.6 0.0 2.6 0.0 0.0 0.0
11 0.0 0.0 25 0.0 0.0 0.0 0.0 0.0
12 0.0 0.0 24.9 39 0.0 0.0 0.0 0.1
13 0.0 0.0 27.9 38.3 0.0 2.1 0.0 0.1
14 0.0 0.0 0.0 3.3 0.0 0.0 0.0 0.0
15 0.0 0.0 57 0.7 0.0 0.8 0.0 0.0
16 0.0 0.0 0.0 0.2 10.9 0.0 1.0 0.1
17 0.0 0.0 11.0 0.0 51 0.0 0.1 4.8
18 0.0 0.0 2.3 0.0 0.1 4.7 0.1 0.0
19 0.0 0.0 0.1 0.0 22.0 29.8 12.9 0.0
20 0.0 0.0 5.0 0.0 34.1 11.0 3.6 0.0
21 0.0 0.0 50.3 2.3 0.0 7.2 194 4.3
22 0.0 0.0 225 0.0 25 16.1 4.2 0.1
23 0.0 0.0 1.2 0.9 0.0 13.6 0.0 0.1
24 0.0 0.0 44.4 55 46.6 8.3 0.0 0.1
25 0.0 0.0 0.0 0.0 8.5 443 0.1 0.1
26 0.0 0.0 0.0 0.0 0.0 8.0 0.0 0.0
27 0.0 0.0 0.0 0.0 0.0 334 0.8 0.0
28 0.0 0.0 0.0 0.0 17.1 0.1 13.7 0.0
29 0.0 0.0 4.0 15 5.0 0.1 0.1
30 0.0 0.0 0.0 2.7 0.3 0.3 0.1
31 0.0 0.8 9.3 0.1

Total (mm) 0.0 2.7 205.3 91.4 224.9 295.2 121.8 17.2
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Table6  Dailyrainfall at ZAWA Park(2010-2011)

ZAWA (2010/2011)

Date Sep-10 Oct-10 Nov-10 Dec-10 Jan-11 Feb-11 Mar-11 Apr-11
1 0.0 0.0 0.1 29.0 0.0 12.8 0.1 0.1
2 0.0 0.0 0.0 5.0 0.6 0.1 24 0.0
3 0.0 0.0 0.0 0.4 0.1 34 0.0 0.0
4 0.0 0.0 0.0 0.2 0.2 0.3 0.4 6.9
5 0.0 0.0 0.0 4.6 0.3 0.0 1.2 53.3
6 0.0 0.0 0.0 0.4 0.0 0.0 5.8 0.1
7 0.0 0.0 14 39.1 0.4 0.0 1.0 0.0
8 0.0 0.0 0.6 46.3 18.5 9.3 0.0 0.0
9 0.0 0.0 0.0 51.6 16.7 0.0 0.0 4.9

10 0.0 0.0 4.0 16.4 3.7 2.2 04 10.2
11 0.0 0.0 0.1 0.1 2.9 14 0.0 0.0
12 0.0 0.0 25.5 0.7 0.4 0.0 0.3 0.0
13 0.0 0.0 0.7 7.8 3.6 0.0 39.2 0.0
14 0.0 0.0 2.8 0.0 4.2 0.0 144 0.0
15 0.0 0.0 19 0.0 0.2 0.0 0.3 0.0
16 0.0 0.0 0.0 0.0 52 0.0 0.1 0.0
17 0.0 0.0 0.0 11.3 7.5 0.0 0.0 0.0
18 0.0 0.0 0.0 45 3.8 0.0 25 0.0
19 0.0 0.0 0.0 0.0 13.9 0.0 0.0 0.0
20 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0
21 0.0 0.0 9.9 0.2 3.0 0.0 2.0 0.0
22 0.0 0.0 0.2 0.1 7.1 6.1 0.0 0.0
23 0.0 0.0 0.0 0.0 2.7 0.0 0.0 0.0
24 0.0 0.0 0.0 12.0 0.0 25 62.6 0.0
25 0.0 0.0 8.4 0.1 0.1 0.2 0.0 0.0
26 0.0 0.0 3.7 0.2 2.8 0.0 4.7 0.0
27 0.0 0.0 0.1 14 0.8 28.8 0.0 0.0
28 0.0 0.0 0.0 5.1 6.3 11 0.1 0.0
29 0.0 0.0 0.6 13.0 2.2 1.7 0.0
30 0.0 0.0 7.1 24 0.9 0.2 0.0
31 0.0 0.1 8.6 0.3 -
Total (mm) 0.0 0.0 67.4 252.0 116.7 68.2 139.7 75.5
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3 River/Stream Gauges

3.1 ChungaRiver at Shandyongo Village

Gauge station No. 4-935
L ocation Latitude 15.21236 S, Longitude 28.95058 E, on the left bank
about 6m upstream on the Shandyongo-Mungule Road
crossing
Catchment Area 560 km®
Gauge Type Graduated plates (0-1.5m, 1.4- 2.9m, 2.8-4.3m), read three
times aday
Extreme stage (m) Maximum:  3.22 Minimum: O (2009 to 2011)
Extreme flow (m?/s) Maximum: 85  Minimum: O (2009 to 2011)
Flow regime Non-Perennial
Remarks The station was opened in 2009 and has a short period of data
series.
Rating equation Q =17.06 (h—0.19)1448
GDE;D'DD GZDIOOO 640'000
I 7.72] 3 RS { F7 N1
RZE N I R~
2 N \ \& & 7 4 b=
L ad j 5 @ ] f ﬂ““('w(‘dg e \Mwemneshu catchment (\
\ })\W {/J ,.(‘) ﬂuni‘f)“\wic_/j'“‘-%/\_/ \ A h\b" \ rl .

8320000
1
T
8320000

2300000
1
T
8300000

@ Gauging station

@ Rainfall station |

— River

r-h_/s;eme D

= Main road Nak

T T
600000 620000 &40000

Figure5 Chunga River sub-catchment at Shandyongo Village
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Table7

Sagein metersfor the period 2009/2010- Chunga

Date Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
1 - - - 0.27 0.59 0.60 0.54 0.39 0.27 0.26 0.32 0.22
2 - - - 0.27 1.76 0.54 0.51 0.39 0.27 0.26 0.32 0.21
3 - - - 0.26 3.22 0.54 0.56 0.37 0.27 0.27 0.31 0.21
4 - - - 0.25 154 0.61 0.52 0.35 0.27 0.27 0.31 0.21
5 - - - 0.25 1.45 0.64 0.56 0.34 0.27 0.27 0.30 0.21
6 - - - 0.24 1.71 0.67 0.62 0.32 0.27 0.27 0.27 0.21
7 - - - 0.30 1.27 0.61 0.67 0.32 0.27 0.27 0.28 0.21
8 - - 0.28 0.41 0.83 0.53 0.73 0.31 0.27 0.27 0.28 0.21
9 - - 0.27 0.32 0.67 0.49 0.60 0.30 0.27 0.27 0.26 0.21
10 - - 0.26 0.29 0.59 0.47 0.52 0.30 0.27 0.27 0.25 0.21
11 - - 0.30 0.44 0.55 0.46 0.43 0.29 0.27 0.27 0.23 0.20
12 - - 0.25 0.58 0.52 0.45 0.37 0.29 0.27 0.26 0.23 0.19
13 - - 0.74 0.42 0.49 0.44 0.36 0.29 0.27 0.26 0.23 0.19
14 - - 0.51 0.38 0.46 0.43 0.57 0.28 0.27 0.26 0.23 0.19
15 - - 0.44 0.34 0.45 0.43 0.56 0.28 0.27 0.26 0.23 0.19
16 - - 0.45 0.36 0.45 0.47 0.56 0.28 0.27 0.26 0.23 0.19
17 - - 0.42 0.33 0.43 0.42 0.55 0.28 0.27 0.27 0.23 0.19
18 - - 0.37 0.31 0.53 0.67 0.54 0.28 0.27 0.27 0.23 0.19
19 - - 0.35 0.30 0.58 1.14 0.50 0.29 0.27 0.27 0.23 0.18
20 - - 0.33 0.27 0.56 2.62 0.47 0.30 0.27 0.28 0.23 0.18
21 - - 0.32 0.40 0.55 1.43 0.42 0.33 0.27 0.28 0.23 0.19
22 - - 0.33 0.33 0.88 1.06 0.36 0.33 0.27 0.28 0.23 0.19
23 - - 0.27 0.36 1.00 0.86 0.35 0.32 0.27 0.29 0.23 0.20
24 - - 0.28 0.67 0.77 0.72 0.35 0.30 0.27 0.29 0.23 0.19
25 - - 0.26 0.51 1.93 0.64 0.35 0.29 0.27 0.29 0.23 0.18
26 - - 0.27 0.48 0.92 0.59 0.35 0.29 0.27 0.30 0.23 0.18
27 - - 0.28 0.39 0.75 0.54 0.41 0.28 0.27 0.33 0.23 0.18
28 - - 0.28 0.40 0.67 0.51 0.40 0.28 0.27 0.33 0.22 0.19
29 - - 0.27 0.45 0.50 0.39 0.28 0.27 0.33 0.22 0.19
30 - - 0.27 0.42 0.47 0.39 0.28 0.26 0.32 0.21 0.19
31 - - 0.27 0.45 - 0.27 0.32 0.21

Max - - - 0.67 3.22 - 0.73 0.39 0.27 0.33 0.32 0.22
Min - - - 0.24 0.43 - 0.35 0.27 0.26 0.26 0.21 0.18
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Table8  Sagein metersfor the period 2010/2011- Chunga

Date Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

1 0.194  0.037 0.241 1.328 0.983 0.460 0.343 0.261 0.233 0.182 0.222 0.232
0.20 0.22 0.22 1.33 0.93 0.46 0.34 0.26 0.23 0.18 0.22 0.23
0.19 0.21 0.21 1.35 0.53 0.57 0.34 0.25 0.24 0.18 0.22 0.24
0.20 0.21 0.27 1.35 0.51 0.61 0.34 0.24 0.24 0.17 0.21 0.24
0.21 0.20 0.44 142 0.51 0.47 0.34 0.24 0.24 0.17 0.21 0.24
0.28 0.18 0.46 141 0.51 0.43 0.34 0.24 0.24 0.17 0.21 0.24
0.30 0.17 0.51 141 0.51 0.41 0.32 0.24 0.24 0.17 0.21 0.23
0.29 0.17 0.57 1.40 0.54 0.42 0.31 0.24 0.24 0.16 0.21 0.23
0.28 0.16 0.61 1.38 0.49 0.40 0.31 0.23 0.23 0.18 0.21 0.23
10 0.26 0.15 0.61 161 0.42 0.39 0.32 0.23 0.22 0.20 0.21 0.23
11 0.24 0.28 0.57 1.60 0.42 0.38 0.37 0.24 0.22 0.22 0.20 0.23
12 0.23 0.29 0.54 1.43 0.41 0.41 0.42 0.23 0.22 0.24 0.20 0.23
13 0.22 0.28 0.54 1.10 0.39 0.42 0.40 0.23 0.22 0.24 0.20 0.23
14 0.21 0.27 0.46 1.02 0.42 0.64 0.35 0.23 0.23 0.25 0.20 0.23
15 0.18 0.26 0.44 0.97 0.43 0.29 0.35 0.24 0.23 0.25 0.21 0.22
16 0.16 0.24 0.43 0.72 0.41 0.23 0.29 0.24 0.24 0.24 0.22 0.22
17 0.15 0.24 0.42 0.72 0.38 0.41 0.28 0.25 0.24 0.23 0.22 0.21
18 0.14 0.23 0.43 0.78 0.37 0.31 0.28 0.25 0.24 0.23 0.22 0.21
19 0.12 0.22 0.50 0.61 0.36 0.37 0.28 0.25 0.24 0.23 0.23 0.19
20 0.11 0.24 0.52 0.63 0.35 0.42 0.27 0.24 0.23 0.23 0.23 0.19
21 0.10 0.19 0.52 0.75 0.34 0.49 0.27 0.24 0.22 0.23 0.23 0.19
22 0.07 0.19 0.54 0.65 0.33 0.47 0.27 0.24 0.22 0.23 0.24 0.18
23 0.00 0.18 0.68 0.55 0.33 0.47 0.27 0.24 0.23 0.23 0.25 0.18
24 0.00 0.19 0.74 0.75 0.34 0.46 0.28 0.24 0.22 0.23 0.26 0.22
25 0.00 0.21 0.74 0.48 0.43 0.45 0.28 0.24 0.22 0.23 0.26 0.22
26 0.00 0.22 0.82 0.51 0.43 0.39 0.28 0.24 0.21 0.22 0.27 0.23
27 0.00 0.21 0.83 0.57 0.38 0.39 0.27 0.25 0.20 0.22 0.26 0.22
28 0.00 0.22 0.84 0.63 0.40 0.38 0.27 0.25 0.19 0.22 0.25 0.32

© 0O ~NOO U~ WN

29 0.00 0.22 0.84 0.75 0.37 0.26 0.24 0.19 0.22 0.24 0.28
30 0.00 0.28 0.89 0.99 0.38 0.26 0.24 0.18 0.22 0.23 0.22
31 0.00 1.09 0.99 0.35 0.23 0.22 0.23

Max 0.30 0.29 1.09 161 0.98 0.64 0.42 0.26 0.24 0.25 0.27 0.32
Min 0.00 0.15 0.21 0.48 0.33 0.23 0.26 0.23 0.18 0.16 0.20 0.18
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Table9  Flow (m%s) for the period 2009/2010 — Chunga

Date Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
1 - - - 045 454 466 381 163 047 041 089 013
2 - - - 043 3292 380 330 162 046 041 087 007
3 - - - 036 8501 381 402 145 046 041 084 007
4 - - - 031 2647 493 350 122 046 041 081 007
5 - - - 028 2387 537 406 110 046 041 074 007
6 - - - 025 3122 593 505 090 045 042 046  0.07
7 - - - 071 1920 487 597 08 044 042 056 0.8
8 - - 053 187 89 363 701 08 043 042 050 008
9 - - 045 093 58 301 467 073 044 042 037 007
10 - - 038 059 454 270 349 069 047 042 026 006
1 - - 071 236 396 252 222 066 048 041 018  0.02
12 - - 028 432 339 244 138 062 047 041 018 <0.001
13 - - 720 201 295 224 136 058 047 041 018 <0.001
14 - - 325 150 259 212 426 057 046 040 018 <0.001
15 - - 234 107 249 218 411 056 046 040 018  <0.001
16 - - 244 128 241 275 398 056 046 040 017 <0.001
17 - - 204 097 220 207 38 056 045 042 017 <0.001
18 - - 140 08 354 599 378 057 045 043 017 <0.001
19 - - 126 069 434 1586 319 064 043 045 017 <0.001
20 - - 1.00 045 406 6191 268 069 043 049 016 <0.001
21 - - 087 183 392 2342 204 097 043 051 016 001
22 - - 101 097 992 1389 130 096 042 052 016 001
23 - - 042 136 1260 957 122 091 042 058 015 003
24 - - 056 58 7.84 68 119 067 042 059 015 001
25 - - 035 334 3798 538 118 062 042 063 015 <0.001
26 - - 046 281 1084 455 120 058 041 068 015 <0.001
27 - - 051 173 732 380 190 054 041 101 015 <0.001
28 - - 052 184 58 334 184 056 041 103 014 <0.001
29 - - 0.46 248 319 171 056 041 099 012  0.002
30 - - 044 200 274 166 052 041 095 008 0004
31 - 044 248 - 0.48 092 007

Max - - - 585  85.01 - 701 163 048 103 089 013
Min - - - 025 220 - 118 048 041 040 007  <0.001
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Table10 Flow (m¥s) for the period 2010/2011 — Chunga

Day Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
1 005 005 031 045 454 466 381 163 047 041 089  0.13
2 005 005 034 044 3292 380 330 162 046 041 087 007
3 005 005 037 036 8501 38L 402 145 046 041 084 007
4 005 005 040 031 2647 493 350 122 046 041 081 007
5 005 005 043 028 2387 537 406 110 046 041 074 007
6 005 005 047 025 3122 593 505 090 045 042 046  0.07
7 005 005 050 071 1920 487 597 08 044 042 056 0.8
8 005 005 053 18 89 363 70l 081 043 042 050 008
9 005 005 045 093 58 301 467 073 044 042 037 007
10 005 005 038 059 454 270 349 070 047 042 026  0.06
1 005 005 071 236 396 252 222 066 048 041 018  0.02
12 005 005 028 433 339 244 138 062 047 041 018  0.00
13 005 005 720 201 295 224 136 058 047 041 018  0.00
14 005 005 325 150 259 212 426 057 046 041 018 0.0
15 005 005 234 107 249 218 411 056 046 040 018 0.0
16 005 005 244 129 241 275 398 056 046 040 018 0.0
17 005 005 204 097 220 207 38 056 045 042 017  0.00
18 005 005 140 08 354 599 378 057 045 043 017  0.00
19 005 005 126 069 434 158 319 064 043 045 017  0.00
20 005 005 100 045 406 6191 268 070 043 049 016 0.0
21 005 005 087 183 392 2342 204 097 043 051 016 001
22 005 005 101 097 992 1389 130 09 042 053 016 001
23 005 005 042 136 1260 957 122 091 042 058 015  0.03
24 005 008 056 58 7.84 683 119 067 042 059 015 001
25 005 011 035 334 3798 539 118 062 042 063 015  0.00
26 005 015 046 281 1084 455 120 058 042 068 015  0.00
27 005 018 051 173 732 38 19 054 041 101 015  0.00
28 005 021 052 184 58 334 18 056 041 103 014  0.00
29 005 024 046 248 319 172 056 041 099 012 0.0
30 005 027 044 200 274 166 053 041 095 008 000
31 0.05 044 248 3.27 0.48 092 007
Max 005 027 720 585 8501 6191 701 163 048 103 089  0.13
Min 005 005 028 025 220 207 118 048 041 040 007 000
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Figure6 Flow trend on Chunga River at Shandyongo Village
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3.2 Mwembeshi River at Mumbwa Road Bridge

Gauge station No. 4-937

Location Latitude 15.272 S, Longitude 28.82078 E, on the left bank

Catchment Area 1,046 km?

Gauge Type Graduated plates (0-1.5m, 1.4- 2.9m, 2.8-4.3m), read three
times aday

Extreme stage (m) Maximum: 454 Minimum: O (historical)

Extreme flow (m?/s) Maximum: 31  Minimum: O (historical)

Flow regime Seasonal

Remarks -

Rating equation Q =2.37 (h—0.78)1434
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Figure7 Mwembeshi River catchment at Mumbwa Road Bridge
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Table1ll Sagein metersfor the period 2009/2010- Mwembeshi

Date Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
1 - nofow 142 034 133 362 226 - - - - -
2 - no flow 1.48 0.34 1.97 3.57 2.14 - - - - -
3 - nofow 154 032 253 357 1.78 - - - - -
4 - nofow 153 031 264 326 1.4 - - - - -
5 - nofow 145 027 312 273 121 - - - - -
6 - noflow  1.37 X 391 258 124 - - - - -
7 - no flow 1.26 X 3.84 2.51 1.16 - - - - -
8 - noflow  1.11 X 374 244 105 - - - - -
9 - noflow  1.04 X 374 234 106 - - - - -

10 - noflow  0.94 X 363 226 103 - - - - -
11 - nofow 1.04 135 345 215 101 - - - - -
12 - no flow 1.31 1.31 3.11 1.94 0.99 - - - - -
13 - nofow 140 164 266 145  0.93 - - - - -
14 - nofow 174 138 204 123  0.88 - - - - -
15 - nofow 171 092 149 113  0.86 - - - - -
16 - nofow 153 082 132 118  0.83 - - - - -
17 - no flow 1.34 0.70 1.22 1.15 0.83 - - - - -
18 - nofow 118 060 123  1.19 - - - - - -
19 - nofow 1.01 067 134 159 - - - - - -
20 - nofow 078 075 151 257 - - - - - -
21 - 112 066 083 164 312 - - - - - -
22 - 116 060 091 172  3.82 - - - - - -
23 - 122 052 095 191 414 - - - - - -
24 - 132 058 096 209  4.05 - - - - - -
25 - 146 054 108 250  3.90 - - - - - -
26 - 164 051 136 289 372 - - - - - -
27 - 1.63 0.51 1.18 3.10 3.47 - - - - - -
28 - 158 048 092 336 321 - - - - - -
29 - 153 046  0.79 2.78 - - - - - -
30 - 061 041 121 2.60 - - - - - -
31 - 036 120 2.43 - - - - - -
Max - - 1.74 1.64 3.91 4.14 - - - - - -
Min - - 036 027 122 113 - - - - - -
Note: No stage data collected during 2010/2011
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3.3 ChongweRiver at Great East Road Bridge

Gauge station No.

L ocation
Catchment Area
Gauge Type

Extreme stage (m)
Extreme flow (m?%s)
Flow regime

Remarks

Rating equation

5-025

Latitude 15.32342 S, Longitude 28.70336 E, on the right bank
about 50m downstream on the Great East Road Bridge.
1,849.7 km?

Graduated plates (0-1.5m, 1.4- 2.9m, 2.8-4.3m), read three
times aday
Maximum:  2.90

Minimum: ~ 0.63 (2009 to 2011)

Maximum: 53 Minimum: <0.001 (2009 to 2011)

Perennial

The station has along period of datarecord and is the last
station on the Chongwe river.
Q = 12.54 (h — 0.088)%051
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Figure8 Chongwe River catchment at Great East Road Bridge

Hydrol ogical/Hydrogeol ogical Year Book - 2009/10 and 2010/11 20



Table12 Sagein metersfor the period 2009/2010 - Chongwe

Date Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
1 0.92 0.76 1.32 1.36 2.77 2.17 1.61 1.39 1.16 0.75 0.67 -
2 0.91 0.75 1.32 1.35 2.88 2.15 1.58 1.39 1.16 0.81 0.66 -
3 0.93 0.74 131 1.32 2.78 2.26 1.58 1.38 1.16 0.80 0.66 -
4 0.86 0.73 1.37 1.30 2.77 2.31 1.63 1.37 1.15 0.79 0.67 -
5 0.88 0.73 1.39 1.29 2.75 2.28 1.56 1.36 1.15 0.82 0.68 -
6 0.87 0.73 1.36 1.43 2.54 2.45 1.55 1.34 1.15 0.82 0.68 -
7 0.96 0.74 1.32 1.40 2.30 2.39 154 1.32 1.15 0.78 0.67 -
8 0.97 0.75 1.28 1.70 2.13 2.25 1.56 1.33 1.15 0.76 0.67 -
9 0.96 0.85 1.25 1.70 1.90 2.06 1.55 1.33 1.14 0.76 0.67 -
10 0.96 0.85 1.24 1.58 1.79 2.00 1.53 1.32 1.14 0.76 0.67 -
11 0.95 0.87 1.22 1.50 1.70 1.89 1.51 131 1.14 0.76 0.66 -
12 0.99 0.83 1.42 1.50 1.64 1.87 1.49 1.31 1.13 0.75 0.66 -
13 0.98 0.83 1.43 1.59 1.61 1.85 1.47 1.30 1.13 0.75 0.66 -
14 0.97 0.81 1.85 1.48 1.59 1.82 1.47 1.30 1.13 0.76 0.66 -
15 0.96 0.80 212 1.39 155 1.78 1.46 1.29 1.13 0.76 0.66 -
16 0.94 0.80 1.52 1.44 1.56 1.77 1.45 1.28 1.13 0.74 0.66 -
17 0.90 0.80 1.58 1.41 1.60 1.74 1.44 1.28 1.13 0.74 0.66 -
18 0.86 0.84 1.49 1.44 1.67 1.73 1.43 1.27 1.12 0.74 0.66 -
19 0.83 0.98 1.43 1.44 2.00 1.75 1.43 1.27 112 0.73 0.66 -
20 0.82 1.03 1.40 1.39 2.15 2.37 1.42 1.20 1.12 0.72 0.65 -
21 0.81 1.37 1.37 1.40 2.18 2.59 1.42 1.20 1.12 0.72 0.65 -
22 0.85 1.33 1.34 1.38 2.71 2.73 1.41 1.19 1.12 0.71 0.65 -
23 0.85 1.99 1.37 1.37 2.77 2.45 1.41 1.19 1.12 0.71 0.65 -
24 0.83 2.31 1.38 1.37 2.60 2.43 1.41 1.18 1.12 0.70 0.66 -
25 0.83 1.86 1.35 1.38 2.90 2.36 1.40 1.18 111 0.69 0.66 -
26 0.82 1.65 1.31 1.42 2.86 1.98 1.40 1.18 1.11 0.69 0.65 -
27 0.79 1.49 1.29 1.45 2.56 1.88 1.40 1.18 1.11 0.69 0.64 -
28 0.78 141 1.43 1.50 2.49 1.73 1.40 1.17 1.11 0.69 0.64 -
29 0.77 1.36 1.46 1.52 1.72 1.40 1.17 111 0.68 0.64 -
30 0.77 1.32 1.45 1.56 1.69 1.39 1.17 1.11 0.68 0.64 -
31 0.76 1.39 1.85 1.65 1.17 0.67 0.63

Max 0.99 231 2.12 1.85 2.90 2.73 1.63 1.39 1.16 0.82 0.68 -
Min 0.76 0.73 1.22 1.29 1.55 1.65 1.39 1.17 1.11 0.67 0.63 -
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Table 13 Sagein metersfor the period 2010/2011 - Chongwe

Date Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
1 0.44 - 1.35 1.44 191 154 1.45 1.30 1.15 114 1.07 0.99
2 0.43 - 1.35 1.46 1.80 155 145 1.30 1.15 1.14 1.07 0.99
3 0.66 - 1.34 1.45 1.82 1.62 1.45 1.30 1.13 1.14 1.07 0.99
4 0.41 - 1.34 1.45 1.82 1.67 1.44 1.29 1.12 1.20 1.06 0.99
5 0.40 - 1.33 1.56 1.82 1.65 1.44 1.29 112 1.13 1.06 0.99
6 0.40 - 1.33 157 1.79 1.62 144 1.29 1.12 1.13 1.05 0.99
7 0.39 - 1.25 157 1.79 1.62 1.44 1.28 111 1.13 1.05 0.98
8 0.39 - 1.23 1.58 1.65 161 1.47 1.28 111 1.13 1.05 0.98
9 0.38 - 1.22 1.58 1.63 161 150 1.27 1.10 1.13 1.04 0.97
10 0.38 - 1.21 1.58 1.57 1.61 1.49 1.26 1.04 112 1.04 0.97
11 0.37 - 121 157 1.49 161 1.49 1.26 1.09 112 1.04 0.96
12 0.36 - 1.20 1.60 1.48 1.77 1.48 1.25 1.09 112 1.04 0.94
13 0.36 - 1.20 1.60 1.47 1.74 1.48 1.23 1.09 112 1.03 0.93
14 0.35 - 1.96 1.60 1.46 1.67 1.47 1.20 1.09 1.12 1.03 0.92
15 0.33 - 1.89 1.60 1.43 1.66 1.43 1.19 1.09 112 1.03 0.92
16 0.33 - 1.79 1.60 1.40 1.66 1.40 1.19 1.09 111 1.03 0.92
17 0.34 - 1.70 171 141 1.58 1.40 1.19 1.09 111 1.03 0.91
18 0.33 - 1.64 1.83 141 1.66 1.40 1.18 1.09 111 1.02 0.91
19 0.33 - 1.56 1.85 1.39 1.65 1.40 1.18 1.10 111 1.02 0.91
20 0.33 - 1.49 1.86 1.37 1.65 1.38 1.18 111 1.10 1.07 0.92
21 0.33 - 1.49 191 1.35 1.65 1.37 1.18 1.12 1.10 1.06 0.93
22 0.32 - 1.48 221 1.35 1.64 1.37 117 1.12 1.09 1.01 0.92
23 0.32 - 1.45 2.15 1.34 1.63 1.36 117 1.13 1.09 1.01 0.89
24 0.32 - 1.45 2.06 1.33 1.63 1.35 1.16 1.13 1.09 1.01 0.88
25 0.32 - 1.45 1.95 1.34 1.58 1.35 1.16 1.13 1.09 1.01 0.88
26 0.31 - 1.43 1.90 1.34 155 1.33 1.16 1.13 1.08 1.01 0.87
27 0.30 - 1.43 1.80 1.43 155 1.33 117 1.14 1.08 1.01 0.87
28 0.29 - 1.43 221 1.44 157 1.33 1.17 114 1.08 1.01 0.86
29 0.29 - 1.42 217 1.64 1.33 1.16 114 1.08 1.00 0.85
30 0.28 - 1.42 2.10 1.64 1.30 1.16 1.14 1.08 1.00 0.84
31 0.27 - 1.42 1.99 1.61 1.16 1.07 1.00

Max 0.66 - 1.96 221 191 1.77 1.50 1.30 1.15 1.20 1.07 0.99

Min 0.27 - 1.20 1.45 1.33 1.55 1.30 1.16 1.04 1.07 1.00 0.84

Hydrol ogical/Hydrogeol ogical Year Book - 2009/10 and 2010/11 22



Table14 Flow (m¥s) for the period 2009/2010 — Chongwe

Date Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
1 0.02 0.00 2.37 2.82 46.16 21.08 6.51 3.12 0.94 0.00 0.00 -
2 0.01 0.00 2.34 2.65 51.72 20.34 6.04 3.11 0.93 0.00 0.00 -
3 0.03 0.00 2.25 2.37 4693  24.33 5.97 3.05 0.91 0.00 0.00 -
4 0.00 0.00 2.93 2.12 46.48 26.02 6.94 2.95 0.88 0.00 0.00 -
5 0.00 0.00 3.18 1.98 45.48 24.84 5.75 2.79 0.87 0.00 0.00 -
6 0.00 0.00 2,77 3.66 3523 3147 5.45 2.57 0.86 0.00 0.00 -
7 0.08 0.00 2.32 3.22 25.60 29.17 5.27 2.33 0.85 0.00 0.00 -
8 0.10 0.00 1.96 8.24 19.84 24.03 5.60 2.44 0.83 0.00 0.00 -
9 0.07 0.00 1.66 8.36 13.10 17.67 5.58 2.42 0.81 0.00 0.00 -
10 0.07 0.00 151 6.01 10.27 15.94 5.12 2.33 0.79 0.00 0.00 -
11 0.06 0.00 1.36 4.71 8.43 12.79 4.93 221 0.78 0.00 0.00 -
12 0.14 0.00 3.57 4.67 7.21 12.16 4.48 2.18 0.74 0.00 0.00 -
13 0.11 0.00 3.73 6.22 6.60 11.89 4.29 214 0.74 0.00 0.00 -
14 0.10 0.00 11.77 4.36 6.19 10.92 4.24 2.09 0.74 0.00 0.00 -
15 0.08 0.00 19.48 3.16 5.56 10.05 4.17 2.01 0.73 0.00 0.00 -
16 0.04 0.00 5.04 3.85 5.64 9.86 3.95 1.87 0.72 0.00 0.00 -
17 0.00 0.00 6.06 3.47 6.39 9.13 3.77 1.88 0.71 0.00 0.00 -
18 0.00 0.00 4.54 3.79 7.77 8.96 3.72 1.86 0.69 0.00 0.00 -
19 0.00 0.10 3.74 3.75 15.84 9.53 3.66 1.79 0.69 0.00 0.00 -
20 0.00 0.26 3.28 3.20 20.48 28.54 3.57 1.18 0.68 0.00 0.00 -
21 0.00 2.94 2.92 3.24 21.56 37.81 3.50 1.18 0.68 0.00 0.00 -
22 0.00 2.44 2.50 2.99 43.38 44.42 3.45 1.12 0.67 0.00 0.00 -
23 0.00 15.67 2.92 2.86 46.23 31.79 3.42 1.10 0.66 0.00 0.00 -
24 0.00 25.96 3.01 2.88 37.99 30.91 3.38 1.08 0.65 0.00 0.00 -
25 0.00 12.12 2.63 2.97 52.97 27.94 3.25 1.07 0.64 0.00 0.00 -
26 0.00 7.34 2.23 3.49 51.03 15.20 3.30 1.04 0.64 0.00 0.00 -
27 0.00 4.50 2.06 3.96 36.32 1256 3.23 1.03 0.63 0.00 0.00 -
28 0.00 3.39 3.64 4.67 33.08 9.04 3.25 1.01 0.63 0.00 0.00 -
29 0.00 2.82 4.14 4.95 8.83 3.22 0.99 0.62 0.00 0.00 -
30 0.00 2.37 3.92 5.67 8.21 311 0.97 0.63 0.00 0.00 -
31 0.00 3.16 11.89 7.43 0.96 0.00 0.00

Max 0.14 25.96 19.48 11.89 52.97 44.42 6.94 3.12 0.94 0.00 0.00 -
Min 0.00 0.00 1.36 1.98 5.56 7.43 3.11 0.96 0.62 0.00 0.00 -
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Table 15 Flow (m3/s) for the period 2010/2011 - Chongwe.

Day Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
1 000 000 267 385 1342 535 399 312 094 062 024 012
2 000 000 265 408 1062 550 392 311 093 099 024 012
3 023 000 258 402 1093 667 389 305 091 091 023 011
4 000 000 252 403 1114 771 38 295 08 08 025 011
5 000 000 249 574 1112 730 38 279 08 103 027 011
6 000 000 241 578 1044 672 379 257 08 103 028 010
7 000 000 159 593 1040 668 379 233 08 079 025 010
8 000 000 145 596 726 662 422 244 08 070 024 009
9 000 000 136 595 69 652 476 242 081 065 024 009
10 000 000 132 598 587 651 456 233 079 068 024 009
1 000 000 128 591 453 650 456 221 078 065 024 008
12 000 000 125 636 434 993 446 218 074 060 024 008
13 000 000 119 644 423 913 439 214 074 061 023 007
14 000 000 1480 638 407 767 423 209 074 066 022 007
15 000 000 1278 633 369 763 369 202 073 070 021 007
16 000 000 1029 633 330 761 334 18 073 059 022 006
17 000 000 835 861 343 599 324 18 071 057 023 006
18 000 000 714 1134 337 746 322 18 069 055 021 005
19 000 000 575 1166 319 736 322 179 069 050 021 005
20 000 000 462 1209 293 732 301 118 068 048 019 005
21 000 000 447 1326 270 725 291 118 068 045 018 004
22 000 000 434 2233 263 705 287 112 067 042 018 004
23 000 000 397 2049 250 703 278 110 066 039 020 003
24 000 000 402 1767 249 695 265 108 065 036 021 003
25 000 038 391 1438 250 59 264 107 064 035 021 002
26 000 076 371 1316 251 558 249 104 064 032 020 002
27 000 114 364 1058 361 553 248 103 063 031 018 002
28 000 153 362 2258 385 581 244 101 063 031 015 001
29 000 191 358 2118 722 238 099 062 031 015 001
30 000 229 356 1878 717 216 097 063 029 017 0.0
31 0.00 350  15.39 6.61 0.96 024 013
Max 023 229 1480 2258 1342 993 476 312 094 103 028  0.12
Min 000 000 119 402 249 550 216 096 062 024 013 000
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Figure9 Flow trend on Chongwe River at Great East Road Bridge (2009-2011)
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3.4 NgwerereRiver at Estate Weir

5-016
Latitude 15.32694 S, Longitude 28.33294 E, on the left bank

Gauge station No.

L ocation

Catchment Area 109.4 km?

Gauge Type Graduated plates (0-1.5m, 1.4- 2.9m, 2.8-4.3m), read three
times aday
Extreme stage (m) Maximum:  1.57 Minimum:  0.32 (2009 to 2011)
Extreme flow (m?/s) Maximum:  19.6 Minimum:  0.02 (2009 to 2011)
Flow regime Perennia
Remarks -
Rating equation Q =12.84 (h — 0.24)1470 for h> 0.65m and
Q = 69.04 (h — 0.24)3196 for h < 0.65m
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Figure 10 Ngwerere River sub-catchment at Estate Weir
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Table16 Sagein metersfor the period 2009/2010- Ngwerere

Date Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
1 0.38 0.37 0.56 0.57 1.21 1.26 0.64 0.56 0.47 0.45 0.45 0.54
2 0.38 0.39 0.55 0.56 1.35 0.78 0.67 0.57 0.46 0.46 0.44 0.53
3 0.38 0.38 0.55 0.56 1.46 0.88 0.67 0.58 0.47 0.44 0.46 0.55
4 0.37 0.37 0.58 0.61 0.91 0.91 0.66 0.58 0.46 0.46 0.44 0.48
5 0.37 0.38 0.55 0.57 0.87 0.86 0.65 0.58 0.47 0.46 0.47 0.47
6 0.37 0.38 0.53 0.56 0.98 0.83 0.65 0.57 0.47 0.47 0.48 0.48
7 0.37 0.36 0.53 0.56 0.82 0.83 0.65 0.56 0.49 0.48 0.45 0.46
8 0.37 0.36 0.53 0.55 0.76 0.72 0.64 0.57 0.47 0.46 0.46 0.58
9 0.37 0.35 0.54 0.57 0.69 0.67 0.67 0.58 0.49 0.47 0.44 0.50
10 0.40 0.35 0.54 0.56 0.59 0.67 0.62 0.63 0.46 0.44 0.44 0.52
11 0.40 0.37 0.55 0.62 0.61 0.63 0.64 0.63 0.46 0.46 0.44 0.56
12 0.39 0.37 0.57 0.75 0.59 0.62 0.65 0.62 0.47 0.46 0.46 0.58
13 0.38 0.35 0.55 0.67 0.56 0.60 0.64 0.57 0.48 0.45 0.45 0.48
14 0.37 0.35 0.54 0.55 0.55 0.97 0.64 0.56 0.46 0.45 0.44 0.48
15 0.37 0.36 0.52 0.70 0.59 0.84 0.66 0.56 0.45 0.44 0.45 0.52
16 0.36 0.36 0.52 1.06 0.74 0.94 0.66 0.55 0.46 0.45 0.45 0.50
17 0.36 0.36 0.53 0.76 1.13 1.44 0.67 0.57 0.50 0.46 0.45 0.55
18 0.36 0.35 0.54 0.91 141 1.44 0.67 0.57 0.49 0.44 0.44 0.52
19 0.37 0.37 0.56 0.85 1.27 1.19 0.68 0.58 0.50 0.47 0.44 0.46
20 0.36 0.41 0.57 0.61 1.00 1.33 0.67 0.60 0.48 0.43 0.45 0.48
21 0.35 111 0.57 0.55 0.93 1.15 0.66 0.62 0.48 0.43 0.45 0.47
22 0.40 0.81 0.55 0.67 1.08 0.83 0.65 0.62 0.47 0.45 0.44 0.44
23 0.36 0.84 0.56 0.74 1.57 0.79 0.66 0.57 0.48 0.44 0.46 0.44
24 0.37 0.78 0.58 0.82 0.92 0.66 0.66 0.56 0.49 0.45 0.47 0.45
25 0.36 0.94 0.57 0.64 1.16 0.65 0.65 0.57 0.48 0.45 0.44 0.43
26 0.34 0.83 0.55 0.57 0.94 0.62 0.58 0.53 0.46 0.45 0.45 0.47
27 0.36 0.83 0.66 0.70 1.05 0.58 0.57 0.55 0.46 0.45 0.46 0.46
28 0.35 0.85 0.56 0.69 0.71 0.56 0.57 0.56 0.48 0.44 0.43 0.46
29 0.35 0.61 0.54 0.68 0.59 0.56 0.56 0.47 0.43 0.44 0.47
30 0.35 0.56 0.54 0.70 0.56 0.56 0.54 0.46 0.45 0.45 0.46
31 0.35 0.53 0.94 0.57 0.54 0.45

Max 0.40 111 0.66 1.06 1.57 1.44 0.68 0.63 0.50 0.48 0.48 0.58
Min 0.34 0.35 0.52 0.55 0.55 0.56 0.56 0.53 0.45 0.43 0.43 0.43
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Table 17 Sagein metersfor the period 2010/2011- Ngwerere

Date Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
1 0.464 0.44 - 0.94 0.91 0.80 0.61 0.55 0.54 0.47 0.44 -
2 0.48 0.43 - 0.86 0.92 0.76 0.60 0.55 0.54 0.49 0.47 -
3 0.46 0.49 - 0.80 0.93 0.85 0.74 0.57 0.59 0.49 0.46 -
4 0.46 0.47 - 1.19 0.93 0.94 0.58 0.72 0.55 0.46 0.47 -
5 0.44 0.44 - 0.87 0.94 0.88 0.63 0.62 0.52 0.47 0.47 -
6 0.45 0.41 - 1.08 0.77 0.87 0.65 0.61 0.49 0.46 0.46 -
7 0.46 0.42 - 1.13 0.94 0.77 0.60 0.65 0.48 0.48 0.46 -
8 0.49 0.41 - 0.81 0.79 0.74 0.57 0.57 0.53 0.47 0.45 -
9 0.46 0.45 - 0.86 0.84 0.94 0.60 0.56 0.53 0.48 0.47 -
10 0.46 0.39 - 0.90 0.87 0.81 0.60 0.56 0.49 0.46 0.49 -
11 0.44 1.08 - 0.78 0.81 0.78 0.43 0.54 0.49 0.45 0.49 -
12 0.44 0.69 - 0.80 0.78 0.83 0.63 0.63 0.53 0.46 0.47 -
13 0.45 0.45 - 0.80 0.78 0.77 0.57 0.57 0.47 0.49 0.45 -
14 0.44 0.44 - 0.83 0.82 0.73 0.60 0.55 0.48 0.47 0.44 -
15 0.43 0.41 - 0.97 0.77 0.69 0.57 0.56 0.50 0.47 0.44 -
16 0.45 0.39 - 0.86 0.72 0.76 0.62 0.56 0.52 0.48 0.43 -
17 0.46 0.38 - 0.95 0.73 0.85 0.60 0.55 0.53 0.47 0.43 -
18 0.45 0.38 - 1.29 0.67 0.90 0.55 0.62 0.53 0.46 0.44 -
19 0.45 0.36 - 1.03 0.67 0.87 0.60 0.54 0.48 0.45 0.45 -
20 0.45 0.36 - 154 0.67 0.83 0.55 0.54 0.46 0.47 0.44 -
21 0.44 0.37 - 0.95 0.58 0.77 0.57 0.63 0.52 0.46 0.44 -
22 0.43 0.35 - 0.86 0.56 0.75 0.55 0.56 0.46 0.44 0.44 -
23 0.45 0.34 - 0.82 0.56 0.83 0.55 0.58 0.50 0.44 0.46 -
24 0.44 0.37 - 0.95 0.59 0.91 0.54 0.56 0.45 0.45 0.44 -
25 0.45 0.38 - 0.86 0.76 0.86 0.57 0.57 0.45 0.47 0.46 -
26 0.45 0.35 - 0.81 0.69 0.84 0.57 0.65 0.49 0.48 0.48 -
27 0.44 0.34 - 0.85 0.63 0.78 0.58 0.65 0.52 0.48 0.45 -
28 0.45 0.35 - 0.86 0.67 0.76 0.59 0.60 0.51 0.46 0.44 -
29 0.45 0.34 - 0.86 0.75 0.58 0.55 0.48 0.45 0.46 -
30 0.44 0.32 - 0.87 0.69 0.59 0.53 0.46 0.44 0.46 -
31 0.44 0.39 - - 0.67 0.57 0.45 0.44 -
Max 0.49 1.08 - - 0.94 0.94 0.74 0.72 0.59 0.49 0.49 -
Min 0.43 0.32 - - 0.56 0.67 0.43 0.53 0.45 0.44 0.43 -
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Table18 Flow (m%s) for the period 2009/2010 - Ngwerere

Date Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
1 0.12 0.11 1.85 2.06 12.30 13.16 3.74 1.90 0.64 0.48 0.44 1.40
2 0.12 0.15 1.70 1.88 15.02 5.20 3.76 1.92 0.53 0.52 0.42 131
3 0.14 0.13 1.67 1.86 17.13 6.71 3.75 2.10 0.64 0.43 0.53 1.67
4 0.11 0.10 2.12 2.88 7.10 7.19 3.65 2.10 0.54 0.53 0.43 0.72
5 0.11 0.13 1.70 2.09 6.58 6.39 3.52 2.27 0.61 0.58 0.61 0.61
6 0.10 0.13 1.35 1.81 8.23 5.87 3.50 2.01 0.67 0.64 0.74 0.73
7 0.11 0.09 1.26 1.76 5.81 5.97 3.87 1.90 0.87 0.69 0.50 0.54
8 0.11 0.08 1.38 1.65 4.92 4.33 3.60 2.05 0.67 0.58 0.53 2.25
9 0.09 0.06 141 1.97 3.98 3.75 3.65 2.10 0.80 0.64 0.43 0.91
10 0.19 0.07 1.54 1.82 2.38 3.72 3.24 3.43 0.57 0.43 0.39 1.14
11 0.18 0.09 1.57 3.14 2.88 3.33 3.81 3.37 0.59 0.55 0.41 1.79
12 0.15 0.09 1.92 4.75 231 3.26 3.50 3.17 0.63 0.55 0.52 2.20
13 0.12 0.06 1.67 3.76 1.82 2.62 3.77 2.09 0.72 0.50 0.48 0.73
14 0.11 0.06 1.54 1.57 1.65 8.03 3.81 1.88 0.51 0.44 0.43 0.70
15 0.09 0.09 1.24 4.12 2.32 6.12 3.62 1.88 0.48 0.43 0.51 1.25
16 0.09 0.08 1.13 9.52 4.62 7.66 3.56 1.70 0.56 0.48 0.50 0.98
17 0.07 0.09 1.26 4.86 10.87 16.86 3.75 2.01 0.90 0.53 0.45 1.70
18 0.09 0.06 1.50 7.05 16.24 16.75 3.76 2.08 0.87 0.40 0.41 1.16
19 0.10 0.09 1.88 6.25 13.46 11.93 3.80 217 0.89 0.61 0.43 0.54
20 0.09 0.24 2.04 291 8.52 1451 3.65 2.72 0.71 0.37 0.45 0.76
21 0.06 10.49 1.92 1.58 7.51 11.13 3.58 3.12 0.75 0.37 0.50 0.64
22 0.18 5.61 1.70 3.77 9.91 5.88 3.52 3.08 0.67 0.46 0.41 0.41
23 0.09 6.06 1.85 4.68 19.59 5.34 3.55 2.08 0.74 0.43 0.52 0.43
24 0.09 5.26 2.28 5.81 7.21 3.60 3.55 1.88 0.85 0.50 0.63 0.50
25 0.07 7.55 1.92 3.81 11.38 3.50 351 191 0.71 0.45 0.43 0.35
26 0.05 5.94 1.70 2.09 7.55 3.08 2.27 1.37 0.55 0.45 0.46 0.64
27 0.08 5.94 3.54 4.16 9.37 2.16 2.09 1.72 0.57 0.45 0.53 0.52
28 0.06 6.24 1.88 4.02 4.24 1.77 2.05 1.87 0.70 0.40 0.37 0.59
29 0.06 2.95 1.50 3.81 2.32 1.88 1.76 0.59 0.37 0.40 0.67
30 0.06 1.88 141 4.09 1.88 1.87 1.55 0.57 0.47 0.48 0.57
31 0.07 1.38 7.55 1.95 1.40 0.45

Max 0.19 10.49 3.54 9.52 19.59 16.86 3.87 3.43 0.90 0.69 0.74 2.25
Min 0.05 0.06 1.13 1.57 1.65 1.77 1.87 1.37 0.48 0.37 0.37 0.35
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Table19 Flow (m?s) for the period 2010/2011 - Ngwerere

Day Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
1 058  0.40 - 7.62 7.07 5.48 2.96 170 153 061 042 -
2 072 034 - 6.32 7.32 4.92 2.75 161 146 079 062 -
3 056  0.86 - 5.44 7.48 6.14 463 195 247 080 057 -
4 052  0.62 - 11.83 7.8 7.52 228 433 170 057 060 .
5 043  0.38 - 6.50 7.66 6.66 337 310 125 065 066 -
6 047 023 - 9.94 5.00 6.58 389 300 080 053 057 -
7 055  0.29 - 10.84  7.66 5.01 273 350 074 070 056 -
8 083 026 . 5.66 5.34 4.64 192 201 130 064 049 -
9 058 047 - 6.42 5.99 7.60 2.56 1.82 132 070 062 -
10 053 0.6 - 6.90 6.47 5.63 2.56 173 084 052 078 -
11 039 986 . 5.24 5.65 5.20 0.33 150 08 050 081 -
12 038  3.95 - 5.49 5.14 5.98 333 333 130 056 061 -
13 045 049 - 5.44 5.15 5.10 201 209 066 087 050 -
14 043 037 - 5.91 5.83 4.55 2.72 159 075 067 043 -
15 036  0.24 - 8.10 5.01 4.03 1.93 176 094 067 039 -
16 048 0.6 - 6.42 4.42 4.97 3.01 180 122 073 037 -
17 058 0.3 - 7.77 4.55 6.21 264 169 126 062 037 -
18 049  0.12 - 1377 372 6.95 169  3.07 133 053 041 -
19 051  0.09 - 9.15 3.72 6.47 2.75 155 074 045 048 -
20 047 007 - 1897  3.68 5.97 1.68 148 057 065 041 -
21 037 010 - 7.74 2.12 5.06 196 354 114 055 039 -
22 037 0.6 - 6.33 1.83 4.84 1.67 180 059 041 043 -
23 045  0.04 - 5.83 1.88 5.97 160 230 091 038 054 -
24 043 010 - 7.77 2.52 7.10 144 183 044 044 037 -
25 050  0.14 - 6.39 4.92 6.43 2.02 195 051 061 052 -
26 050 007 - 5.59 3.94 6.06 208 352 082 069 070 -
27 041  0.04 - 6.20 3.54 5.22 220 351 119 071 050 -
28 045  0.07 - 6.38 3.76 4.91 244 267 101 055 040 -
29 047  0.04 - 6.33 4.81 2.23 160 074 048 055 -
30 043 002 - 6.55 4.00 2.35 132 058 041 054 -
31 043 018 - - 3.72 1.93 045 038
Max 083  9.86 - - 7.66 7.60 463 433 247 087 081 -
Min 036 0.02 - - 1.83 3.72 0.33 132 044 038 037 -
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Figure 11 Flow trend on Ngwerere River at Estate Weir (2009-2011)
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3.5 Chalimbana River

Gauge station No.
L ocation

Catchment Area
Gauge Type

Extreme stage (m)
Extreme flow (m?%s)
Flow regime
Remarks

Rating equation

at Romor Farm

5-029
Latitude 15.40597 S, Longitude 28.46300 E, on the left bank
114.6 km®

Graduated plates (0-1.5m, 1.4- 2.9m, 2.8-4.3m), read three

times day
Maximum: 158 Minimum:  0.37 (2009 to 2011)
Maximum: 6.0 Minimum: 0.05 (2009 to 2011)
Perennial
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Figure 12 Chalimbana River catchment at Romor Farm
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Table20 Sagein metersfor the period 2009/2010- Chalimbana

Date Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
1 0.42 0.40 0.44 0.44 0.63 1.00 0.65 - - - 0.49 0.48
2 0.42 0.39 0.48 0.44 0.90 0.89 0.64 - - - 0.50 0.48
3 0.42 0.39 0.49 0.43 0.76 1.05 0.63 - - - 0.50 0.44
4 0.44 0.39 0.48 0.43 154 1.11 0.62 - - - 0.49 0.48
5 0.42 0.39 0.46 0.43 1.15 1.58 0.62 - - - 0.49 0.44
6 0.42 0.40 0.46 0.48 0.87 1.16 0.62 - - - 0.49 0.45
7 0.42 0.40 0.46 0.48 0.80 1.00 0.62 - - - 0.48 0.48
8 0.42 0.40 0.44 0.45 0.62 0.93 0.60 - - - 0.49 0.48
9 0.42 0.40 0.44 0.44 0.54 0.95 0.58 - - - 0.48 0.48
10 0.41 0.40 0.43 0.44 0.54 0.82 0.58 - - - 0.49 0.48
11 0.41 0.40 0.43 0.43 0.52 0.81 0.58 - - - 0.48 0.48
12 0.40 0.41 0.55 0.42 0.52 0.72 0.58 - - - 0.48 0.50
13 0.40 0.42 0.59 0.42 0.52 0.73 0.58 - - - 0.48 0.49
14 0.40 0.42 0.65 0.42 0.50 0.71 0.58 - - - 0.47 0.50
15 0.41 0.42 0.70 0.42 0.49 0.72 0.57 - - - 0.47 0.49
16 0.41 0.43 0.52 0.42 0.52 0.70 0.56 - - - 0.47 0.46
17 0.41 0.46 0.49 0.43 0.52 0.67 0.56 - - - 0.46 0.46
18 0.41 0.46 0.47 0.42 0.84 0.94 0.56 - - - 0.46 0.49
19 0.41 0.45 0.46 0.43 0.65 0.83 0.56 - - - 0.47 0.48
20 0.41 0.45 0.46 0.42 0.65 0.94 0.55 - - - 0.46 0.48
21 0.40 0.79 0.44 0.42 0.69 0.84 0.55 - - - 0.49 0.49
22 0.41 0.54 0.45 0.42 0.74 0.84 0.55 - - - 0.48 0.49
23 0.41 0.98 0.45 0.45 0.67 0.75 0.56 - - - 0.46 0.49
24 0.41 0.61 0.44 0.53 0.65 0.71 0.54 - - - 0.47 0.47
25 0.41 0.50 0.44 0.44 1.34 0.69 0.55 - - - 0.47 0.50
26 0.40 0.47 0.44 0.45 1.32 0.66 0.54 - - - 0.47 0.46
27 0.40 0.45 0.44 0.44 1.19 0.72 0.54 - - - 0.47 0.50
28 0.40 0.45 0.44 0.44 1.12 0.68 - - - - 0.48 0.48
29 0.40 0.47 0.44 0.44 0.66 - - - - 0.47 0.48
30 0.40 0.46 0.44 0.46 0.66 - - - - 0.48 0.48
31 0.40 0.44 0.58 0.65 - - - 0.48

Max 0.44 0.98 0.70 0.58 154 1.58 - - - - 0.50 -
Min 0.40 0.39 0.43 0.42 0.49 0.65 - - - - 0.46 -
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Table21 Sagein metersfor the period 2010/2011- Chalimbana

Date Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
1 0.47 0.44 0.44 0.51 0.58 0.54 0.54 0.42 0.40 0.42 0.46 -
2 0.48 0.46 0.44 0.57 0.54 0.54 0.55 0.42 0.40 0.42 0.46 -
3 0.48 0.47 0.45 0.50 0.54 0.54 0.53 0.42 0.39 0.44 0.46 -
4 0.48 0.47 0.49 0.50 0.54 0.53 0.53 0.42 0.43 0.44 0.46 -
5 0.48 0.46 0.66 0.50 0.52 0.53 0.52 0.42 0.42 0.44 0.46 -
6 0.48 0.45 0.57 0.46 0.52 0.60 0.52 0.42 0.41 0.44 0.46 -
7 0.47 0.45 0.72 0.46 0.50 0.51 0.49 0.42 0.42 0.44 0.42 -
8 0.48 0.44 0.75 0.50 0.50 0.51 0.50 0.42 0.44 0.45 0.40 -
9 0.49 0.45 1.21 0.50 0.50 0.50 0.50 0.42 0.42 0.45 0.40 -
10 0.49 0.44 0.78 0.52 0.50 0.49 0.50 0.42 0.40 0.44 0.43 -
11 0.48 0.47 0.62 0.52 0.48 0.48 0.50 0.47 0.42 0.45 0.38 -
12 0.48 0.49 0.62 0.51 0.46 0.51 0.49 0.42 0.42 0.43 0.45 -
13 0.49 0.47 0.63 0.51 0.46 0.63 0.53 0.41 0.41 0.45 0.43 -
14 0.48 0.46 0.56 0.54 0.45 0.52 0.50 0.40 0.42 0.43 0.44 -
15 0.48 0.44 0.54 0.53 0.48 0.52 0.51 0.37 0.42 0.45 0.44 -
16 0.48 0.44 0.52 0.52 0.46 0.52 0.50 0.39 0.42 0.46 0.43 -
17 0.47 0.44 0.52 0.52 0.47 0.51 0.50 0.39 0.42 0.46 0.43 -
18 0.47 0.44 0.52 0.52 0.45 0.52 0.50 0.39 0.42 0.44 0.39 -
19 0.47 0.44 0.52 0.52 0.45 0.52 0.50 0.39 0.44 0.45 0.42 -
20 0.47 0.43 0.52 0.52 0.45 0.51 0.49 0.39 0.43 0.45 0.44 -
21 0.47 0.44 0.52 0.54 0.44 0.48 0.49 0.40 0.42 0.42 0.44 -
22 0.46 0.46 0.50 0.52 0.45 0.48 0.48 0.40 0.42 0.45 0.44 -
23 0.47 0.45 0.50 0.54 0.44 0.49 0.49 0.40 0.43 0.46 0.43 -
24 0.46 0.46 0.50 0.54 0.44 0.48 0.49 0.40 0.44 0.44 0.45 -
25 0.46 0.44 0.52 0.54 0.47 0.51 0.51 0.40 0.43 0.46 0.39 -
26 0.47 0.46 0.51 0.52 0.48 0.52 0.51 0.40 0.42 0.43 0.40 -
27 0.47 0.44 0.51 0.52 0.52 0.50 0.42 0.39 0.43 0.44 0.40 -
28 0.47 0.44 0.51 0.52 0.55 0.48 0.51 0.39 0.42 0.44 0.42 -
29 0.45 0.44 0.50 0.51 0.46 0.49 0.39 0.42 0.43 0.44 -
30 0.44 0.44 0.52 0.54 0.46 0.50 0.40 0.44 0.44 0.44 -
31 0.44 0.51 0.58 0.46 0.40 0.46 0.42

Max 0.49 0.49 1.21 0.58 0.58 0.63 0.55 0.47 0.44 0.46 0.46 -
Min 0.44 0.43 0.44 0.46 0.44 0.46 0.42 0.37 0.39 0.42 0.38 -
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Table22 Flow (m?s) for the period 2010/2011- Chalimbana

Date Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
1 0.14 0.10 0.19 0.19 0.73 2.36 0.79 - - - 0.31 0.29
2 0.14 0.09 0.27 0.19 1.89 1.82 0.77 - - - 0.32 0.27
3 0.14 0.08 0.30 0.17 1.22 2.64 0.72 - - - 0.32 0.18
4 0.17 0.08 0.28 0.16 5.69 2.99 0.70 - - - 0.31 0.28
5 0.15 0.08 0.24 0.16 3.22 5.96 0.71 - - - 0.31 0.18
6 0.15 0.10 0.22 0.28 171 3.24 0.72 - - - 0.31 0.20
7 0.15 0.10 0.22 0.27 141 2.39 0.69 - - - 0.29 0.28
8 0.14 0.10 0.18 0.21 0.70 2.00 0.64 - - - 0.30 0.28
9 0.14 0.10 0.19 0.17 0.45 2.09 0.58 - - - 0.29 0.28
10 0.12 0.10 0.16 0.17 0.44 1.52 0.58 - - - 0.29 0.28
11 0.11 0.10 0.16 0.15 0.39 1.47 0.57 - - - 0.28 0.27
12 0.11 0.11 0.47 0.14 0.38 1.08 0.57 - - - 0.29 0.33
13 0.10 0.14 0.60 0.14 0.39 1.13 0.57 - - - 0.28 0.30
14 0.11 0.14 0.80 0.14 0.33 1.03 0.57 - - - 0.24 0.32
15 0.11 0.14 0.99 0.14 0.31 1.08 0.53 - - - 0.24 0.30
16 0.11 0.17 0.39 0.14 0.39 0.98 0.51 - - - 0.24 0.23
17 0.11 0.23 0.30 0.15 0.37 0.87 0.52 - - - 0.23 0.23
18 0.11 0.23 0.26 0.15 161 2.09 0.51 - - - 0.23 0.29
19 0.11 0.21 0.23 0.15 0.79 154 0.49 - - - 0.24 0.27
20 0.11 0.21 0.23 0.14 0.80 2.08 0.47 - - - 0.24 0.29
21 0.11 1.38 0.19 0.14 0.96 161 0.47 - - - 0.29 0.30
22 0.11 0.44 0.19 0.14 114 1.57 0.47 - - - 0.28 0.30
23 0.11 2.29 0.19 0.20 0.89 1.20 0.49 - - - 0.24 0.29
24 0.11 0.66 0.19 0.42 0.81 1.05 0.45 - - - 0.25 0.25
25 0.11 0.34 0.17 0.18 4.38 0.96 0.46 - - - 0.24 0.32
26 0.10 0.25 0.17 0.21 4.21 0.86 0.45 - - - 0.25 0.24
27 0.11 0.21 0.17 0.19 3.44 1.08 0.45 - - - 0.24 0.32
28 0.10 0.19 0.18 0.19 3.01 0.94 - - - - 0.28 0.29
29 0.10 0.24 0.17 0.19 0.86 - - - - 0.26 0.26
30 0.10 0.22 0.18 0.23 0.84 - - - - 0.28 0.28
31 0.10 0.18 0.56 0.82 - - - - 0.28
Max 0.17 2.29 0.99 0.56 5.69 5.96 - - - - 0.32 0.33
Min 0.10 0.08 0.16 0.14 0.31 0.82 - - - - 0.23 0.18
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Table23 Flow (ms) for the period 2010/2011- Chalimbana

Day Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
1 025 019 018 035 055 044 045 014 010 013 023 -
2 028 022 017 052 045 043 047 014 011 013 023 -
3 028 024 020 034 044 043 040 014 008 018 023 -
4 027 024 030 034 044 042 040 014 015 018 021 -
5 027 023 08 031 039 041 037 014 014 018 021 -
6 027 020 053 022 038 062 040 014 012 018 021 -
7 025 019 105 022 034 035 030 014 013 019 014 -
8 028 019 119 033 033 035 033 014 017 019 011 -
9 030 019 355 033 033 033 033 014 014 020 010 -
10 030 018 133 039 033 029 034 014 010 019 016 -
1 029 024 069 039 029 028 032 024 015 019 007 -
12 028 030 069 034 024 036 031 014 014 016 020 -
13 029 024 072 035 023 072 042 012 012 020 016 -
14 027 023 052 043 019 039 033 009 015 016 017 -
15 027 019 043 041 027 037 035 005 014 021 018 -
16 028 018 038 040 024 037 033 009 015 022 016 -
17 026 019 038 038 025 03 033 009 013 023 016 -
18 025 018 038 038 020 038 032 009 013 019 008 -
19 025 018 038 038 020 038 032 009 017 020 013 -
20 024 016 038 038 020 035 031 009 015 020 018 -
21 025 018 037 044 018 029 030 009 014 013 019 -
22 024 023 033 040 019 028 029 009 013 021 017 -
23 025 019 033 044 018 029 030 009 015 023 016 -
24 023 023 034 044 018 028 030 009 017 017 020 -
25 023 018 037 045 025 035 035 010 016 023 008 -
26 024 022 036 038 029 037 035 010 014 016 010 -
27 024 018 035 038 040 032 014 009 016 018 011 -
28 024 019 036 038 046 026 037 008 015 018 013 -
29 020 018 033 036 023 029 008 013 016 0.8 -
30 018 019 040 043 023 032 010 017 017  0.18 -
31 0.19 034 057 0.23 0.10 023 014 -
Max 030 030 355 057 055 072 047 024 017 023 023 -
Min 018 016 017 022 018 023 014 005 008 013 007 -
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Figure 13 Flow trend on Chalimbana River at Romor Farm (2009-2011)
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4 Groundwater Level Monitoring
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Figure 14 Location of monitoring boreholes
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4.1 Chelstone 3 (BH-64)

Location

Sub-catchment /Catchment

Latitude 15.38066 S
Longitude  28.37992 E

Ngwerere- Chongwe

Boreholetype Production borehole
Borehole No 5040402
Depth 62m
Altitude 1229m amdl
Measuring method Data logger
Interval Hourly
Remarks —
Chelston 3
1-10-09 1-4-10 1-10-10 1-4-11 1-10-11
0.0
5.0
N 10.0
2 150
E 200
T
3 25.0
o I
g 300
2 350
40.0
45.0

Figure 15 Groundwater level trend at Chelstone production borehole
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42 Chikumbi (BH-28)

L ocation

Sub-catchment /Catchment
Boreholetype

Borehole No

Depth

Altitude

Measuring method

Latitude 15.27008 S
Longitude  28.26648 E
Mwembeshi - Kafue
Observation borehole
1010776

42.5m

1194m amd

Datalogger and manual recording

Interval Hourly (datalogger), every 10 days
(manual)
Remarks The observation borehole is located near a
rainfall station
C hikumbi
1-10-09 1-4-10 1-10-10 1-4-11 1-10-11
0.0
1.0
C 2.0
:’b 3.0
0
£ 4.0
g 5.0 /\\
= 6.0 ~— =
g S ~ N |
: 8.0 \V“\
9.0
10.0

Figure 16 Groundwater level trend at Chikumbi observation borehole
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4.3 ChinyanjaBasic School (BH-40)

Location

Sub-catchment /Catchment

Latitude 15.39106 S
Longitude  28.00845 E

Chunga-Mwembeshi

Borehole type Observation borehole
Borehole No 5020746
Depth 50m
Altitude 1179m amdl
Measuring method Data logger
Interval Hourly
Remarks —
C hinyanja
1-10-09 1-4-10 1-10-10 1-4-11 1-10-11
0.0
o 5.0
o
g 10.0
£
@ 15.0
3
§ 200
25.0 \/‘—\
30.0

Figure 17 Groundwater level trend at Chinyanja B. School observation borehole
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4.4 City Airport (BH-03)

Location

Sub-catchment /Catchment

Boreholetype

Borehole No

Depth

Altitude

Measuring method

Latitude 15.41615 S,
Longitude  28.31992 E
Ngwerere-Chongwe
Observation borehole
5040361

50m

1284m amsl

Datalogger and manual recording

Interval Hourly (datalogger), every 10 days
(manual)
Remarks The observation borehole is located near a
rainfall station
City Airport
1-10-09 1-4-10 1-10-10 1-4-11 1-10-11
0.0
1.0
W 2.0
3 P~
2 \
£ 3.0 \
T 40
g 5.0 ™ IJN\\
Q
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; 6.0
7.0 WJ \-’\V/
8.0

Figure 18 Groundwater level trend at City Airport observation borehole
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45 Cooperative College (BH-10)

L ocation

Sub-catchment /Catchment
Boreholetype

Borehole No

Depth

Altitude

M easuring method
Interval

Remarks

Latitude 15.44857 S
Longitude  28.37209 E
Chalimbana — Chongwe
Observation borehole
5040915

55.5m

1296m amdl

Datalogger and manual recording

Hourly (datalogger), every 10 days
(manual)

1-10-09 1-4-10

Coop. College
1-10-10 1-4-11 1-10-11

0.0

2.0

4.0

6.0

8.0 /
10.0

12.0

Water Level [m b.g.s.’

N

14.0

16.0

Figure 19 Groundwater level trend at Cooperative College observation borehole
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4.6 Evelyn Hone College (BH-08)

Location

Sub-catchment /Catchment

Boreholetype

Borehole No

Depth

Altitude

M easuring method

Latitude
Longitude

1541695 S
28.28790 E

Ngwerere- Chongwe

Observation borehole

5040366

51m

1280m amsl

Datalogger and manual recording

Interval Hourly (datalogger), every 10 days
(manual)
Remarks -
Evelyn Hone College
1-10-09 1-4-10 1-10-10 1-4-11 1-10-11
0.0
0.5
w 1.0
td
5 1.5
€ ﬁw
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Figure20 Groundwater level trend at Evelyn Hone College observation borehole
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47 Forest 26 ZAWA Park (BH-07)

Location Latitude 15.4983 S
Longitude  28.34234 E
Sub-catchment /Catchment Funswe- Kafue
Borehole type Observation borehole
Borehole No 5020198
Depth 97.5m
Altitude 1312m amdl
M easuring method Data logger and manual recording
Interval Hourly (datalogger), every 10 days
(manual)
Remarks -
Forest26
1-10-09 1-4-10 1-10-10 1-4-11 1-10-11
0.0
2.0
W 4.0
2 60
$ 100 // \
-l
g 120 —
2 140 \/\J \
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Figure21 Groundwater level trend at F26 ZAWA Park observation borehole
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4.8 Forest 55 ZAWA Park 4 (BH-19)

Location

Sub-catchment /Catchment

Boreholetype

Borehole No

Depth

Altitude

M easuring method

Latitude 1551232 S
Longitude  28.37930 E
Funswe- Kafue

Observation borehole

5020205

1312m amsdl

Datalogger and manual recording

Interval Hourly (datalogger), every 10 days
(manual)
Remarks —
F55 ZAWA Park 4
1-10-09 1-4-10 1-10-10 1-4-11 1-10-11
0.0
-+ 5.0
n
oo
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£ 10.0
o
o
4 15.0
—
: /
@©
= 200 ’\
V T~
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Figure 22 Groundwater level trend at F55 ZAWA Park 4 observation borehole
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4.9 John Laing (BH-67)

L ocation

Sub-catchment /Catchment

Borehole type

Borehole No

Depth

Altitude

M easuring method

I nterval

Remarks

Latitude
Longitude

Chilongolo-Kafue

1534787 S
28.42040 E

Production borehole (LWSC)

5040419

1277m amd

Datalogger

Hourly (data logger)

1-10-09
0.0

1-4-10

1-10-10

John Laign

1-4-11

1-10-11

0.5

1.0

1.5

2.0

N

2.5

AN

3.0

Water Level [m b.g.s.’

3.5

4.0

4.5

Figure 23 Groundwater level trend at John Laing production borehole
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4.10 Kacheta (BH-43)

Location Latitude 1547177 S
Longitude  28.05876 E
Sub-catchment /Catchment Chilongolo-Kafue
Borehole type Observation borehole
Borehole No 5020749
Depth 27m
Altitude 1190m amdl
Measuring method Data logger
Interval Hourly (data logger)
Remarks —
Kacheta
1-10-09 1-4-10 1-10-10 1-4-11 1-10-11
0.0
2.0
W 4.0
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Figure24 Groundwater level trend at Kacheta B. School observation borehole
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4.11 Lemyada Christian School (BH-06)

Location

Sub-catchment /Catchment

Boreholetype
Borehole No
Depth
Altitude

Measuring method

1545614 S
28.19051 E

Chilongolo-K afue

Latitude
Longitude
Observation borehole
5020199

54m

1254m amdl

Datalogger and manual recording

Interval Hourly (datalogger), every 10 days
(manual)
Remarks —
Lemyadah
1-10-09 1-4-10 1-10-10 1-4-11 1-10-11
0.0
1.0 f\,
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Figure25 Groundwater level trend at Lemyada Christian School observation borehole
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4.12 LeopardsHill 1 (BH-66)

Location

Subcatchment /Catchment

Latitude
Longitude

15.43853 S
28.35773 E

Ngwerere- Chongwe

Borehole type Production borehole
Borehole No 5040422
Depth 88m
Altitude 1289m amdl
M easuring method Data logger
Interval Hourly
Leopards Hill 1
1-10-09 1-4-10 1-10-10 1-4-11 1-10-11
0.0
2.0
“ 4.0 it
00
£ 60 \
E > W
Q
- 100 \
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16.0

Figure26 Groundwater level trend at Leopards Hill1 production borehole
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4.13 Malo Farm (BH-62)

L ocation Latitude 15.36854S
Longitude  28.41145E
Sub-catchment /Catchment Ngwerere- Chongwe
Borehole type Production borehole
Borehole No 5010125
Depth 62m
Altitude 1206m amsl
M easuring method Data logger
Interval Hourly
Remarks _
Malo Farm
1-10-09 1-4-10 1-10-10 1-4-11 1-10-11
0.0

10.0

Water Level [m b.g.s..

15.0 ‘I

20.0

25.0

Figure 27 Groundwater level trend at Malo Farm production borehole
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4.14 MassMedia (BH-54)

Location

Sub-catchment /Catchment

15.40904 S
28.32750 E

Ngwerere- Chongwe

Latitude
Longitude

Borehole type Production borehole
Borehole No 5040430
Depth 70m
Altitude 1266m amsl
Measuring method Data logger
Interval Hourly
Remarks —
Mass Media 1
1-10-09 1-4-10 1-10-10 1-4-11 1-10-11
0.0
. 5.0
o
0
é 10.0
T
>
3 150 by M A
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Figure 28 Groundwater level trend at Mass Media 1 production borehole

Hydrol ogical/Hydrogeol ogical Year Book - 2009/10 and 2010/11

49




4.15 Mayaba Village at Katete B. School (BH-37)

L ocation Latitude 15.25686 S
Longitude  28.1417 E

Sub-catchment /Catchment Chunga-Mwembeshi

Borehole type Observation borehole

Borehole No 1010777

Depth 51m

Altitude 1145m amdl

M easuring method Datalogger

Interval Hourly (data logger)

Remarks _

—— Mayaba (Katete)

1-10-09 1-4-10 1-10-10 1-4-11 1-10-11
0.0

0.5

1.0

1.5 \

> AN AN

3.0 \ ‘\

Water Level [m b.g.s.’

e N N

4.5

Figure29 Groundwater level trend at Mayaba Village observation borehole
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4.16 Mumbwa Road (BH-68)

L ocation Latitude 15.42086 S
Longitude  28.24582 E

Sub-catchment /Catchment Chunga- Mwembeshi

Borehole type Production borehole

Borehole No 5040453

Depth 38m

Altitude 1270m amgl

Measuring method Datalogger

Interval Hourly

Remarks —

Mumbwa Rd (Roadside 2)
1-10-09 1-4-10 1-10-10 1-4-11 1-10-11
0.0

2.0

4.0

6.0

8.0

10.0

Water Level [m b.g.s.]

12.0

14.0

Figure 30 Groundwater level trend at Mumbwa Road production borehole
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4.17 Musopeo Basic School (BH-38)

L ocation

Sub-catchment /Catchment

Latitude 15.26030 S
Longitude  28.08602 E

Chunga-Mwembeshi

Borehole type Observation borehole
Borehole No 1010778
Depth 50m
Altitude 1102m amdl
M easuring method Datalogger
Interval Hourly
Remarks _
Mus opelo
1-10-09 1-4-10 1-10-10 1-4-11 1-10-11
0.0
1.0
C 2.0
td 3.0 l\
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Figure31 Groundwater level trend at Musopelo B. School observation borehole
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4.18 Mwembeshi Basic School (BH-39)

L ocation Latitude 15.34417 S
Longitude  28.93735E
Sub-catchment /Catchment Mwembeshi-K afue
Borehole type Observation borehole
Borehole No 5020745
Depth 51m
Altitude 1135m amsl
M easuring method Data logger
Interval Hourly (data logger)
Remarks -
Mwembes hi
1-10-09 1-4-10 1-10-10 1-4-11 1-10-11
0.0
05 l’\ a
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Figure 32 Groundwater level trend at Mwembeshi B. School observation borehole
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419 NISIR (BH-05)

Location

Sub-catchment /Catchment

Boreholetype
Borehole No
Depth
Altitude

Measuring method

Latitude 15.34787 S
Longitude  28.42040 E
Chalimbana- Chongwe
Observation borehole
5010019

54m

1173m amdl

Datalogger and manual recording

Interval Hourly (datalogger), every 10 days
(manual)
Remarks —
NIS IR
1-10-09 1-4-10 1-10-10 1-4-11 1-10-11
0.0
1.0
W 2.0
o
0
£ 3.0
- P
% 4.0 /
- 50
[}
§ 6.0 \\J.r'*// \\r_/'v\s._
7.0
8.0

Figure 33 Groundwater level trend at NIS R observation borehole
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4.20 NRDC 1 (BH-61)

L ocation Latitude 15.34492 S
Longitude  28.38330 E
Sub-catchment /Catchment Ngwerere-Chongwe
Borehole type Production borehole
Borehole No 5010128
Depth 31m
Altitude 1202m amdl
Measuring method Datalogger
Interval Hourly
Remarks Drawn water level periodically below
position of datalogger
NRDC 1
1-10-09 1-4-10 1-10-10 1-4-11 1-10-11
0.0
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.. 40
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Figure 34 Groundwater level trend at NRDC 1 production borehole
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4.21 SDA Camp (BH-42)

Location

Sub-catchment /Catchment

Boreholetype

Borehole No

Depth

Altitude

Measuring method

Latitude 15.32845 S
Longitude  28.05244 E
Chunga-Mwembeshi
Observation borehole
5020748

42m

1160m amsl

Datalogger and manual

Interval Hourly (datalogger), every 10 days
(manual)
Remarks —
SDACamp
1-10-09 1-4-10 1-10-10 1-4-11 1-10-11
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Figure35 Groundwater level trend at SDA Camp observation borehole
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4.22 Shamilimo Basic School (BH-41)

Location

Sub-catchment /Catchment

Boreholetype

Borehole No

Depth

Altitude

Measuring method

I nterval

Remarks

Latitude 15.44914 S
Longitude  28.93178 E
Mwembeshi Kafue
Observation borehole
1051003

43.5m

1061m amsl

Data logger

Hourly (data logger)

1-10-09
0.0

1-4-10 1-10-10 1-4-11

Shamilimo

1-10-11

2.0

4.0
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Figure36 Groundwater level trend at Shamilimo B. School observation borehole

Hydrol ogical/Hydrogeol ogical Year Book - 2009/10 and 2010/11

57




4.23 Water Works (BH-69)

L ocation Latitude 1545512 S
Longitude  28.31880 E

Sub-catchment /Catchment Chilongolo-Kafue

Borehole type Production borehole

Borehole No 5040461

Depth 70m

Altitude 1289m amdl

Measuring method Data logger

Interval Hourly

Remarks —

Waterworks 2

1-10-09 1-4-10 1-10-10 1-4-11 1-10-11
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Figure 37 Groundwater level trend at Water Works production borehole
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4.24 Shaft 5 (BH-46)

15.48950 S
28.31463 E

Latitude
Longitude

L ocation

Sub-catchment /Catchment

Chilongolo-Kafue

Borehole type Production borehole
Borehole No 5020631
Depth 66m
Altitude 1287m amsl
M easuring method Datalogger
Interval Hourly
Remarks _
Shafts
1-10-09 1-4-10 1-10-10 1-4-11 1-10-11
20.8
21.0
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Figure 38 Groundwater level trend at Shaft 5 production borehole
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4.25 University of Zambia (BH-04)

L ocation Latitude 15.38942 S
Longitude  28.32742 E

Sub-catchment /Catchment Ngwerere-Chongwe

Borehole type Observation borehole

Borehole No 5040362

Depth 47.6m

Altitude 1261m amd

Measuring method Data logger and manual

Interval Hourly (datalogger), every 10 days
(manual)

Remarks —

UNZA Education

1-10-09 1-4-10 1-10-10 1-4-11 1-10-11
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Figure 39 Groundwater level trend at UNZA observation borehole
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5 Groundwater Quality Monitoring

Groundwater quality monitoring has so far focused on the following 10 public water
supply boreholes of Lusaka Water and Sewerage Company: Chunga 1, Mazyopa, George
7 (Machinery House), Chainda, Avondale 3, Chelston 1, Water Trust Chibolya, John
Howard, Bauleni, and Water Works 2.

Due to recent developments the locations have slightly been shifted, so that the Bauleni
borehole has been replaced by Leopards Hill, John Howard by Shaft 5 and Mass Media
has been taken up as additional monitoring location.
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Figure 40 Nitrate levelsin public and private boreholes (sampling campaign of 2010)
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Figure41 Electrical conductivity in selected monitoring boreholes

total coliforms (most probable number)

total coliforms in selected boreholes

—d— George 7
b Chunga 1
i Ao A

—=— Mazyopa

RLal |

b r

\“’“M .
G

Figure42 Total coliformsin selected monitoring boreholes
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Table 24  Results from 2010 campaign for selected water points serving as quality monitoring

stations
B/h 1D B/h Name EC TC Ecoli NO; NO, CI SO, Mn Fe Pb Cd
pS‘cem MPN MPN mg/l mg/l mg/l mg/l pg/l  mg/l pgl pgll
5010124 Avondale 3 519 7915 2 119 O 32 142 1 0.041 0.18 0.023
5040393 Bauleni 994 2987 2 112 0.02 | 52 138 1 0.018 2.78 0.02
5040396 Chainda 1330 4.1 1 260 007 100 287 1 0.003  0.18 0.003
5040404 Chunga 1l 1207 416 332 107 | O 109 532 9 0.005 0.17 0.009
5040924 George 7 406 3441 1529 1.3 0.01 10 119 1 0.003 0.08 0.001
5040418 John Howard 924 31 <1 175 0 486 102 O 0 0.11 0.005
5040460 Waterworks 1 *663 12.6 <1 379 001 79 393 0 0 0.27  0.007
5041093 WT Chibolya 1096 1 0 155 022 917 307 1 0.005 05  0.008
5041102 WT Chipata 664 <1 <1 604 O 371 316 0001 0.003 021 0.007
Zambian Drinking Water Standard 10 0 44 1 250 400 100 1 50 5
* values taken from Waterworks 2 (WW 1 was not sampled in 2010 nor 2008)
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