











PREFACE

This report is on the Manyame Water Resources Assessment for Development Project.
The aim of the project was to establish an improved hydrological network in the catch-
ment, a mathematical model of its hydrological regime and a hydrological forecasting
system for the preparation of river and flood or drought forecasts.

The project activities were coordinated by the Hydrological Branch of the Ministry of
Lands, Agriculure and Water Development in conjunction with the Swedish
Meteorological and Hydrological Institute, The foreign currency part of the agreement
was funded by the Swedish Agency for Intemational Technical and Economic
Cooperation (BITS) up to a ceiling of SEK 2 936 200. The Government of Zimbabwe
met all the other local expenses.

The specialists involved in the project from the Swedish side were Barbro Johansson,
who was the project leader, Katarina Losjé (modelling), Nils Sjidin (stream flow gaug-
ings and checking ratings of stations), Christer Jonsson (sttream flow gaugings and
checking rating of stations), Magnus Persson (modelling and computing expert) and
Joakim Harlin, who is the director of the international projects at SMHL

All members of staff in the Hydrological Branch, Zimbabwe, were involved in the
project but the main participants were Gilbert Mawere, Chief Hydrologist and director
of the project, Joseph Merka, project officer and Remigio Chikwanha who was also a
project officer. Joseph Merka and Remigio Chikwanha were the ones who were
responsible for building the cableway structures and also for carrying out stream flow
gaugings together with SMHI specialists. In addition, these two also attended a training
course on the HBV model at the SMHI headquarters in Norrkoping, Sweden and in
conjunction with the SMHI specialists, managed to calibrate the model for 9
subcatchments of the Manyame river.
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The problems to be addressed in the project were as follows;

1. Reviewing the hydrological network on the Manyame river catchment and
establishing a primary network of stations, which will permit a reliable assessment
of the water resources of the catchment,

2. Improving the reliability of the ratings of those stations.

3. Establishing a mathematical model of the catchment (in this case, the HBV model).

4, Establishing a hydrological forecasting centre in Harare to prepare and disseminate
river and flood forecasts to users.

5. Training of national staff.

The project was carried out by the Hydrological Branch of the Ministry of Lands, Agri-
culture and Water Development in conjunction with the Swedish Meteorological and
Hydrological Institute (SMHI).

The work of the Swedish Meteorological and Hydrological Institute (SMHI) was;

1. to advise the Hydrological Branch on the selection of primary stations and the rating
of these stations.

2. in cooperation with the hydrological branch, calibrate, install and test a siream flow
forecasting system, the IHMS, for the Manyame catchment on a personal computer
at the Hydrological Branch in Harare.

3. Train 2 Zimbabwean Hydrologists in calibrating and operating the forecasting sy stemn
at the SMHI headquarters in Norrk&ping, Sweden.

The situation expected at the end of the project was;

1. An improved operational hydrological system on the Manyame river and its
tributaries with stations providing accurate information.

2. A mathematical mode! (the IHMS) of the Manyame river catchment for the
preparation of river and flood forecasts.

3. Adequately trained staff in the use of the mathematical model and in current meter
rating of hydrological stations.

The results of the project are expected to benefit;

a) policy makers and planners who will receive reliable information/data on available
water resources to plan development works in the optimum utilization of such
resources for the social and economic benefit of the nation.

b) dam managers/operators who will be able to operate their dams more effectively to
satisfy the water needs of the towns and irrigators.

c) the population through the reduction of damages from exceptionally high floods and
also the harmful effects of droughts.






is found a major dam, the Mazwikadei, whose water is used for irrigation.

From its confluence with the Mukwadz, the river flows through a gorge between
Mtemwa Range and the Hunyani Range of mountains and then continues in a
northeasterly direction throngh commercial farming areas for about 50 km. A major
tributary of Manyame river on this stretch is the Mesitwe river. The river then changes
direction and starts flowing in a westerly/northwesterly direction through the Nyakapupu
area for 20 km. This part of the basin is predominantly mountainous and covers paris
of Kachuta Communal Lands.

The course then changes back to a northerly direction up to the confluence with the
Mano river. This part of the basin covers the Guruve Communal Lands, Kachuta
Communal Lands and the Dande Communal Lands. The area is very hilly and has poor
soils. Major tributaries of the Manyame on this stretch are the Karoi and the Mano
rivers.

From its confluence with the Mano, the river flows for about 20 km up to its confluence
with the Dande river, which is about 20 km from the border with Mozambique. On this
stretch the river becomes wider. This part of the basin is made up mostly of & mixture
of woodlands and savannah grass lands.

Agricultural activity in the basin of the Manyame river is very high. Almost 80% of the
area of the basin is made up of commercial farms and communal lands. The main crops
which are grown in the basin of the Manyame river are maize, soya beans, cotton,
tobacco and wheat. Wheat is grown in the cool dry season under irrigation. Other crops
grown in the basin are sugar beans, flowers and green vegetables including tomatoes and
onions.

The basin of the Manyame river consists mainly of granitized basement rocks. These are
cut from north south by the Great Dyke, which is 500 km long and 5 km wide and
stands out above the surrounding granites. Infracambian schists, sandstones and
qaurtzites outcrop to the west of Harare. A few scattered outcrops of cretacious
conglomerates occur to the north of the basin,

The rainy season staris in late November and ends in April. Most of the rainfall in the
basin is caused by the Inter Tropical Convergence Zone when it moves over Zimbabwe
from the north. The mean annual rainfall for the basin is between 600 mm and 900 mm
(Map Al.3, Appendix 1). The mean annual runoff for the catchment ranges from 140
mm around the Harare area to 160 mm in the mid catchment area and down to 40 mm
downstream of the Zambezi escarpment.
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Map Al4.  Raunoff and rainfall stations used for the HBY model simulations.




































114, Station C23.

The Nyatsime river is the southern main branch of the upper Manyame river. The
confluence is a few kilometres downstream the Seke dam. The runoff station €23 is
situated about 15 km upstream of the confluence, and has a drainage area of 500 km>.
The station started to operate in 1956. Data are missing between 1/10/64 and 30/9/72
and between 1/12/74 and 3/7/75, and there are shorter periods with interruptions also
after 1975.

Precipitation stations used:

Name Weight
Dema 0.15
Chitsvedemo School 0.15
Marondera 0.5
Prince Edward dam 0.2

For periods with missing data the stations substitute each other and Bromley is also used
as a substitute station.

None of these stations is situated in the southern part of the basin, which implies that
they are not well representative for the total catchment. In spite of this, the calibration
results were acceptable, see Figure A3.3. After completing the calibration work,
however, data from one precipitation station, Mahusekwa, have become available. This
station is situated south of the catchment, close to the water divide, and will probably
imply better calibration results,

Evaporation stations: The mean between Harare Kutsaga and Marondera.

Summary of model parameters:

PCORR: 1.0
FC: 1200
LP: 1.0
BETA: 3.2
KO: 0.65
UZLO: 40
Kl1: 0.06
K4: 0.01
PERC: 04
MAXBAS: 3.0
ICFI: 1.0

The calibration results for 1981 and 1988 is shown in fig A3.3. The R2 value for the
period 1980-89 was 0.70 and the accumulated difference 30 mm, (3 %), the simulated
being higher than the recorded. The two recorded peaks in the beginning of February
1988 are probably erroneous, as they are not visible in the downstream station C21. See
Figure A3.3b.
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Figure A3.3b. Comparison of recorded discharge @t C3, C23 and C21 1988.

1.2. Seke and Harava reservoirs.

The two reservoirs Seke (former Prince Edward), C3, and Harava, €2, are situated in
the northern branch of the upper Manyame river. The Seke dam has an average surface
area of 1 km? and the upstream reservoir, Harava, is of the same size. The total
catchment area for the Seke reservoir is 793 km?, giving 116 km? for the local area
downstream of C81 and C82, and 16 km? for the area downstream of the Harava dam.
Discharge data are available for C3 for the period 1/10/51 to 30/9/56 and since October
1962, with shorter periods of interruptions. C2 started operating in 1940 and ceased in
1972, when it was flooded by the construction of the Harava reservoir.

Water is abstracted from the reservoirs, mainly for agricultura! purposes. The main
regulation strategy is to keep the water stage in Harava as high as possible. When
required, water is released from the Seke dam for supplying the downstream reservoirs
Chiver oand Manyame. These occasions seem to be rather rare. An average value of
0.9 m/s for the total abstractions from the reservoirs is used in the model applications.

Precipitation stations used for the area downstream of C81 and C82:

Name Weight

Harare Kutsaga 0.6 (until 30/6/84)
Harare Airport 0.6 (from 1/7/84)
Prince Edward dam 04

For periods with missing data the stations are substituting each others, and Bromley and
Athelney are also used as substitute stations.

Evaporation stations: The mean between Harare Kutsaga and Marondera.
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The parameters from C82 were used as model parameters for the small local subcatch-
ments of C2 and C3.

Discharge data for C2 are only available until 1972, i.e. before the construction of
Harava, and consequently simulations have been made for the total inflow to the two
reservoirs C2 and C3. Recorded inflow is obtained using the outflow recorded at C3 plus
the change (positive or negative) in water level between the current day and the previous
day. However, recorded water stages in the reservoirs were only available after 18/3/88,
making too short a period for calibration of inflow. Another limitation is that water stage
is only available on weekly basis, and linear interpolations had to be made to create
daily values. This implies that small variations within a week are not reflected in the
recorded levels.

(An example of the modelled total inflow to the reservoirs in 198% is shown in
Figure A3.4.)

Results of modelled total outflow at C3 1981 and 1988 are shown in Figure A3.5.
Simulation have been made modelling also the upstream subcatchments of C81 and C82.
R2 value for the period 1980-1989, with some periods with missing data from C3, was
0.79 and the accumulated difference -250mm, (17 %), the simuiated being iower than
the recorded. The results were improving when the recorded discharge values at C81 and
C82 were used as input and only the areas downstream were simulated. However, the
latter require periods with discharge data at all the three stations C81, C82 and C3,
which makes it difficult to simulate a long period.

A comparison between the stations C3, C23 and C21 implies that one of the stations
is recording erroneously, as the monthly means of the recorded discharge 1976-1990
from C3 and C23 for January, February and April are exceeding the recorded discharge
for C21. See Table A3.1.
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Mean values C3 cz23 Ca1 C3+C23 C3 C23 c21
1976-1990 {m%¥s) {m?/s) {m%/s) {m%s) {mm}) {mm) {mm}
Fab 18.6 6.8 24.8 25.4 56.7 32.9 39.7
Mar 12.8 3.9 18.1 16.7 43.2 20.9 32.1
Apr 5.3 1.8 7.0 7.1 17.3 9.3 12
May 1.5 0.7 2.4 2.2 5.1 37 4.3
Jun 0.6 0.3 1.1 0.9 2.0 1.6 1.9
Jul 0.4 0.2 0.6 0.6 1.4 1.1 1.1
Aug 0.1 0.1 0.2 0.2 0.3 0.5 0.4
Sep 0.1 0.1 0.1 0.2 0.3 0.5 0.2
Oct 0.1 0.1 0.1 0.2 0.3 0.5 0.2
Nov 0.1 0.2 0.2 0.3 0.3 1.0 0.3
Dec 1 1.4 3 2.4 3.4 7.5 5.3
Year 4.1 1.6 5.8 5.7 158.8 102.1 118.3

Table A3.1. Comparisons of recorded discharge values at the stations C21, C23 and C3.
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1.3. C21.

The station C21 is situated in the main river, about 10 km downstream of the confluence
between the Manyame and the Nyatsime rivers. The total catchment area of the station
is 1510 km?, whereas the local area downstream of C3 and C23 is 217 km?, Discharge
data are available for the periods 1/10/59-30/9/62, 1/10/64-30/9/70, 1/10/72-30/9/73 and
after 1/10/74.

Precipitation stations used for the area downstream of C3 and C23:

Name Weight

Harare Kutsaga 0.5 (until 30/6/84)
Harare Airport 0.5 (from 1/7/84)
Prince Edward dam 0.5

For periods with missing data the stations substitute each other.
Evaporation stations: The mean between Harare Kutsaga and Marondera.

Summary of model parameters:

PCORR: 10
FC: 1000
LP; 1.0
BETA: 2.8
K0 04
UZL0: 5.0
K1: 0.1
K4: 0.02
PERC: 08
MAXBAS: 20
ICFTI: 1.0

An example of the model results for 1981 and 1988 is shown in Figure A3.6. The R2
value for the period 1980-1989 was 0.83 and the accumulated difference 85 mm, (8 %),
the simulated volume being higher than the recorded. An obvious time lag of recorded
discharge data in 1989 has been corrected.
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1.4. C22, C24.

Mukuvisi and Marimba are the wwo northern @ibutaries to the Chivero (former
McIlwaine) reservoir. €22 on the Mukuvisi drains an area of 232 km? and €24, on the
Marimba, 189 km®. Discharge data for C22 are available since 1/10/53 with short
periods of interruptions in 1954 and 1955. C24 has data for the perieds 2/11/53-30/958
and since 1/10/60, with short periods missing in 1961.

The treated sewage water from Harare is released into the rivers, mainly to the
Mukuvisi, and hence recycled in the Manyame catchment. The amount of water added
to the stations in this artificial way was in the model application put at 0.2 m’/s to C24.
The additions to C22 were assumed to have been 0.2 m®/s until 30/9/84, 0.3 m/s
berween 1/10/84 and 30/9/87, and 0.5 m’/s from 1/10/87 onwards. These values were
assumed to be mean values, valid for the whole year, and were applied as negative
abstractions.

The calibrations were made using a small subcatchment representing the urban areas of
Harare for each of the stations C22 and C24. In these subcatchments the model
parameters are somewhat different from the main catchment of the station, illustrating
low infiltration and a rapid runoff from the paved areas and house roofs in the city. The
areas for these urban subcatchments were set to 30 km® for the subcatchment for C22
(Harare Urban) and 10 km? for the one for C24 (Harare Urban2).

Precipitation stations used for Harare Urban and Harare Urban2:

Name Weight

Harare Belvedere 1.0
Cleveland Dam is used as the substitution station.
Evaporation station: Harare Kutsaga.

Precipitation stations used for C22:

Name Weight

Harare Kutsaga 0.4 (until 30/6/84)
Harare Airport 0.4 (from 1/7/84)
Cleveland Dam 0.2

Prince Edward dam 0.2

Harare Belvedere 0.2

For periods with missing data the stations substitute each other.

Evaporation station: Harare Kutsaga.
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Summary of model parameters Harare Urban and Harare Urban2:

PCORR: 1.0
FC: 100
LP: 1.0
BETA: 1.0
KQ: 1.0
UZL0; 0
K1: 0
K4: 0
PERC: 0
MAXBAS: 1.0
ICFI: 0.5

Summary of model parameters C22:

PCORR: 1.0
FC: 1200
LP: 1.0
BETA: 3.0
KO: 03
UZLO: 5.0
Kl: 0.1
K4: 0.05
PERC: 0.8
MAXBAS: 2.0
ICFI: 1.5

An example of the model resulis for 1981 and 1988 is shown in Figure A3.7. The R2
value for the period 1980-1989 was 0.74 and the accumulated difference -60mm, (4 %),
the simulated volume being lower than the recorded. The small rapid peaks from the
urban areas of Harare are well simulated by the model.
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Figure A3.7. Maodel simulation for C22, 1981 and 1989.
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Precipitation stations used for C24:

Name Weight
Mount Hampden Rail 0.3
Hunyani Farm 0.2
Harare Belvedere 0.5

For periods with missing data Cleveland Dam, Stapleford and Marimba are used as
substitution stations.

Evaporation station: Harare Kutsaga

Summary of model parameters C24:

PCORR: 1.0
FC: 1200
LP: 1.0
BETA: 3.0
KO: 0.6
UZLO: 1.5
K1: 0.2
K4: 0.01
PERC: 0.2
MAXBAS: 2.0
ICFI: 1.5

An example of the model results for 1981 and 1988 is shown in Figure A3.8. The R2
value for the period 1980-1989 was 0.67 and the accumulated difference -23mm, (2 %),
the simulated volume being lower than the recorded. The small peaks from the urban
areas of Harare are seen here just like at C22. The baseflow at C24 is lower than at
C22, where the main part of the water from the Harare sewage plant is released.
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1.5. C79, C83.

The two rivers Muzurure and Gwebi are the northern tributaries of the Manyame (former
Darwendale) reservoir. The station €79 on the Muzururu river has an area of 221 km?,
and C83 on the Gwebi river drains an area of 362 km®. The stations started operating
on 1/10/74.

The calibration procedures for these two stations were giving some problems. One
reason has been the lack of data punched for the rainfall stations, implying that there
have not been enough precipitation stations available. The other reason is that the rating
tables for both stations are in the process of being corrected, making the discharge
values for C83 not fully correct and the values for C79 not yet at all corrected at the
time for this report. This implied that it was not possible to use the discharge data for
these stations for accurate calibrations. At the present moment the calibrated parameters
for C89 were used also for C83 and C79. Preliminary calibration runs for the period
1980-89 resulted in an accumulated difference of -134 mm and an R2-value of 0.50 for
C79, and - 1240 mm accumulated difference and R2= 0.43 for C83. It is recomimended
to complete the calibrations with correct discharge data available and with more
precipitations stations. This would improve the model results for the inflow to the
Manyame reservoir,

The following precipitation stations were used for C83:

Name Weight
Darwendale Rail 03
Stapleford Farm 0.7

For periods with missing data Stapleford substitutes Darwendale Rail. Gwebi South,
Mount Hampden Rail and Harare Belvedere are also used as substituting stations.

Evaporation station: Henderson.

C79 was simulated using the following precipitation stations:

Nameg Weight
Mount Hampden Rail 0.65
Gwebi South 0.35

For periods with missing data Gwebi South substitutes Mount Hampden Rail and Harare
Belvedere and Stapleford Farm are also used as substituting stations.

Evaporation stations: Mean between Henderson and Banket.
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1.6. Manyame and Chivero reservoirs.

The outflow from the Manyame reservoir is recorded by the station €89, having a total
catchment area of 3972 km? The local catchment area of Chivero, CI7, i.e. downstream
of C21, C22 and C24, is 290 km? 24 km”® of these being the mean area of the reservoir.
The local catchment area of Manyame, downstream of C17, C79 and C83, is 795 km?;
87 km? of these being the mean area of the reservoir. Discharge data are available for
(89 since 1/10/76, with periods with shorter interruptions. Water stage data for the
reservoirs have been available on weekly basis for the period since 1/10/79.

These reservoirs are the main source for Harare's water supply, and water is also
released from the Manyame dam for agricultural use further downstream. At the present
moment, for water quality reasons, normally 75% of the water for the Harare water
supply is taken from Manyame and 25% from Chivero. During periods with low water
stages in Manyame, however, a higher amount has to be taken from Chivero. These
variations are not possible to describe in the model application, and therefore the relation
75-25 has been used throughout the calibration. This implies that the modeiled water
levels in the reservoirs will be overestimated and underestimated, respectively, during
periods with low water stages in Manyame. The total inflow to the two reservoirs is
however not influenced by this.

The inflow to Chivero (C17) was not calibrated separately, although this is possible if
necessary. The calibration was made for Manyame (C8%), allowing the upstream Chivero
to fill up and to spill the inflow when water stage 100 was reached. Values for the total
abstractions from the two reservoirs for 1994 were received from the City Council, being
as an average 4.1 m?s, and values for previous years were assumed and applied in the
model application, The assumptions made were that the abstractions were 2 m’/s until
1971 and then increasing linearly up to 4.1 m’/s in 1988. It was, as mentioned above,
assumed that 75% of these abstractions were taken from Manyame and 25% from
Chivero,

The calibration was made for the area downstream of the stations C21, C22 and C24.
For reasons mentioned in Section Al.5 the discharge values for C79 and C83 were not
reliable. Because of this the inflow to the reservoirs had to be calibrated modelling also
these subcatchments in the same run. The normal procedure in this project has been to
calibrate specific parameters for each subbasin, to achieve a more detailed description
of the catchment. This implies that the model parameters should be regarded as
temporary. Despite this, the calibration results for C89 were acceptable.

Precipitation stations used for C17 downstream of C21, C22 and C24:

Name Weight
Mount Hampden Rail 0.5
Marimba 0.35
Norton Rail 0.15

For periods with missing data the stations substitute each other, and Gwebi South is also
used as a substituting station.
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Evaporation stations: Mean between Harare Kutsaga and Henderson.

Precipitation stations used for C89 downstream of C17, C79 and C83:

Name Weight
Mount Hampden Rail 04
Darwendale Rail 0.45
Norton Rail 0.15

For periods with missing data the stations substitute each other, and Darwendale dam,
Stapleford Farm or Harare Belvedere are also used as substituting stations.

Evaporation stations: Mean between Banket and Henderson.

Summary of preliminary model parameters:

PCORR: 1.0
FC: 1000
LP: 1.0
BETA: 3.0
KO: 0.3
UZLGO: 4,0
K1: 0.1
K4: 0.05
PERC: 04
MAXBAS: 2.0
ICFI: 1.5

An example of the results of modelling the total inflow to the Manyame and Chivero
reservoirs 1981 and 1989 is shown in Figure A3.9. Recorded inflow is obtained using
the outflow from the dam recorded at C89 plus the change (positive or negative) in
water level between the current and the previous day. Inflow values will be negative
during long periods of the dry season due to the high evaporation from the large dam
in comparison with the inflow during this season. As for the Seke and Harava dams,
reservoir levels were only available on weekly basis, and daily values have been created
using linear interpolation between weekly values.

The R2 value for the period 198(0-1989, with several periods of interruptions in the
recorded data, was 0.60, and the accumulated difference between the simulated and the
recorded inflow volumes for the period was 165 mm. The model calibration could still
be improved when discharge data for C79 and C83 as well as more precipitation stations
are provided.
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3.9.  Model simulation of the inflow to the Chivero and Manyame reservoirs,
1981 and 1988.
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