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CHAPTER 6 PROJECTION OF FRAME VALUES

6.1

6.2
6.2.1

General

A projection of the various frame values from the present (1995) to the final target year
(2015) was made for the identified water pollution sources. These frame values include
population, indusiry, livestock and slaughterhouse, farming and others. The unit of cach
frame value was selected with reference to the data availability for the establishment of the

unit poltution load both in quality and quantity.

Population Projection
Urban Pepulation of Calculation Base Year 1992

The most recent population census was conducted in 1992 for the urban areas. The census
figures could be used in principle as the projection base for the planning base year 1995, and
for the medium and fina! target years. However, some studies present modificd figures in
their respeclive urban areas. In this connection, a comparative study was made of the five
urban areas concerned, referring to the existing plans to come up with those to be used for

planning purposes. Table 6.2.1 summarizes the comparison results.

Table 6.2.1 1992 Urban Population by Different Source

Harare Harare Water
Namge 1992 Census Combination M/P *2 Adopted
M/ *1
Harare Cily 1,126,473 1,156,331 1,184,170 1,126,473
Chitungwiza Mun. 274,912 354,541 274912 354,541
Norton Town 20,405 - 20,083 20,405
Ruwa Local Board 1,447 - 1,447 1,447
Epworlh Local Board 62,630 - 62,701 62,630

Note:  *I; Harare Combination Master Plan, Report of Study, 26 August 1992
+2: Master Plan for Water Distribution, Volume 3/Appendix A, 1995
(estimaled figures based on field survey)

Hazare City; excluding Epworth Local Board

The national census results in 1992 were, in principle, employed for the 1992 urban
population, since there were no big differences between the census figures and the existing
plans, except for that of Chitungwiza Municipalily. The present population of Chitungwiza
Municipality used in Jlarare Combination M/P was employed to meet the current poputation
reported by-lhc_municipaiily. The following ilfustrates the outline of the past population

trends by urban area.
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6.2.2

Harare City
Population investigations in Harare were conducted in 1904, 1962, 1982 and 1992, The
annual average growih rate in the last decade between 1982 (658,364) and 1992
(1,189,103) was about 6.1%. The 1992 census population of the City, excluding Epworth
Local Board, was 1,126,473 (City total was 1,189,103).

- Chilungwiza Municipality
The annual average growth rate in the census results between 1982 (171,559) and 1992
(274,912) was approximately 4.8%. llowever, the actual increase of the population in
the status of municipality become considerable, as noted in the second urban
development project (growth rate is analyzed to be 9% per annum).

- Norton Town Council
The population of Norton in 1982 and 1992 was 12,483 and 20,405, respectively, with an
annual prowth rate of approximately 5.04%.

- Ruwa Local Board
The population of Ruwa in 1992 was 1,447 as a result of the national census, which is
used for any existing plans.

- Epworth Local Board
The 1992 census population was 62,630, which is the base figure for any planning
purpose of the Local Board.

The distribution of population to the relevant river/lake sub-basins in Harare Cily was
attempted covering the Gwebi, Marimba, Mukuvisi and Ruwa Rivers and Lake Chivero, as
well as other rivers outside of the study basin. The population distribution within the
suburban areas (see Figure 6.2.1) in Harare City was studied in 1993 by the City Authority
(Master Plan for Water Distribution, 1995). Using the study results, the popula!ion in 1993
was distributed to the concerned sub-basins of river/lake in consideration of the area’s
composition of the suburban areas in the respective sub-basins. Table 6.2.2 and Table 6.2.3
show the suburban area composition by sub-basin of the river/lakes in Harare City (1993) and
the population distribution by river/lake sub-basin in Harare City in 1993, respectively. The
study basin encompasses 447.10 km® with 1,214,119 persons.

Rural District Population of Caleulation Base Year 1992

There are seven Rural Districts (R.D.) in the study area: Harare, Goromonzi, Manyame and
Marondera in Mashonaland East, Mazowe in Mashonatand Central, and Chegutu and Zvimba
in Mashonaland West. The administrative area and population of the concerned R.D. in 1992
are referred Lo the 1992 census resulis as shown in Table 6.2.4. Meanwhile, the population in
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6.2.3

the study area by R.D. were estimated in propottion to the area’s composition and presented

in the same table.
- Table 6.2.4 Rural District Population in 1992
Province Rural District l’fAdminislralive Area Study Arca

Council Area (km2) | Population | Area (km2)| Population
Mashonaland East Harare R.D. 258.9 21,600 258.9 21,600
Goromonzi R.D. 24810 147,159 495.6 29,325
Manyame R.D. 2,587.0 75,178 534.1 15,521
Marondera R.D. ||  3,48%.0 105,138 226.6 0,828
Mashonaland Central {Mazowe R.D, 4,416.0 197,508 254.0 11,360
Mashonaland West Chegutu R.D. 5,400.5 140,378 2611 6,776
Zvimba R.D. 6,200.0 230,161 1,318.6 48,950
Total 24,8474 917,122.0 3,348.9 140,360

Note: R.D.; Rural District

Since thete was no data available on the 1992 population by river/lake sub-basin, the
distribulion of the population by R. D. to the concerned sub-basins was done in proportion to
the area’s measured composition. Table 6.2.5 preseats composition of the sub-basin areas by

urban areafrurat district and the population is summarized in Table 6.2.6.

Alternative Population Projection of the Study Avea

The population of the Study Area by local authority was projected for the base year 1995, the
medium tacget years 2000 and 2005, and the final target year 2015. The base figures for the
projection are either those of the year 1992 or 1993. The 1993 population projected by the
Cily Authority, based on 1992 census results, is used for Harare City for the.convenience of

planning.

The factors for the population projection are refereed to in the previous study results, which
include (1) the Harare Combination Master Plan, 1992, (2) the Master Plan for Water
Distribution for the City of Harare, 1995, and the future land use plans for the four cases as

shown below.

Case 1: Application of population growth rates used in the “Master Plan for Water
Distribution, the City of Harare, 1995, Appendix A.” The projected future growth .

rates ate as follows:

Harare City ¢ 6.04%
Chitungwiza Municipality : 4.80%
Other urban area : 6.40%
Rural District 1 2.65%
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Case 2: Application of the population growth rales for Harare City in the “Crowborough
Sewage Treatment Works, Cily of Harare, Volume 1 Catchment Study, 1995” and

Case 1 assumption {or other areas.

Harare Cily i 5.59%
Chitungwiza Municipality : 4.80%
Other urban area : 6.40%
Rural District 1 2.65%

Case 3: Application of the population growth rates used in “Harare Combination Masler
Piar, Report of Study, 1992

Local Authority 1993 1994 1995 2000 200s__ 2010 2015
Harare City 345 336 328 308 285 269 254
Chitungwiza Mun. 598 583 557 3508 444 393 350
Other Authorities 468 223 219 211 201 193 1382

Case 4: Application of the factors used in “Master Plan for Water Distribution, Harare City,

Volume 3, 1995”. o
Low Density:

60% of land available for housing, 2,000 m? housing size, 4 persons/house
Medium Density:

60% of land available Vfor hc_iusing, 800 m? housing size, 6 persons/house
High Density: Harare City, Chitungwiza Municipality '

60% of land available for housing, 300 m’ housing size, 10 persons/house
High Density*: Norton Town;n, Ruwa Loca! Board

60% of land available for housing, 400 m? housing size, 6 persons/house
Low/Medium Density*: '

60% of land available for housing, 1,400 m’ housing size, 5 persons/house
Medium/High Density*:

609% of land available for housing, 550 m” housing size, 8 persons/house
High Density & High Income*:

60% of land avaiiable for housing, 800 m’ housing size, 6 persons/house
Note: *Assumed in this Study referring to other standards in the “Master Plan for

Water Distribution.”

Tables 6.2.7 (1) to {4) show the p}ojccted population of the Study Area by urban/rural disteict
area covering four cases. Table 6.2.8 and Figure 6.2.2 summarize the projection resulls and
Table 6.2.9 presents the projected population by the concerned authority together with those
projected for the four cases as mentioned above. The figures range widely, requiring the

establishment of scenarios.
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Table 6.2.9 Comparison of Population Projection between Urban Authorities

4
=
o

*1 ; The City of Harare, Master Plan for Waier Distribution, Volume 3, October 1995, p.29

+2 : Harare Combination Master Plan, Report of Study, August 1992, Table-4
*3 ; Noston Master Plan, The Study Report and Written Statement Final, October 1995, p.18

~ *4; Ruwa Local Development Plan, March 1996, p.8

*5 ; 90,000 persons (In case of full development)
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Authorily/Case/Source Document 2000 | 2005 2015 |
Case-1 1,847,088 2,476,488 4,451,777
Harare Case-2 1,793,050 2,353,458 4,054,473
Case-3 1,522,983 1,752,736 2,268,945
Case-4 1,517,331 2,316,520 2,943,676
Case- S15,890 652,173 1,042,260
z Chitungwiza Case-2 515,890 652,173 1,042,260
2 Case-3 537,824 668,304 962,456
2 Case-4 439,475 439,475 573,138
4 Case-1 33,517 45.706 84,995
§ Norton Case-2 33,517 45,706 84,993
J Case-3 24,770 27,362 32,947
2 Case-4 50,754 62,358 118,290
e
g Case-i 2377 3241 6,027
I3 Ruwa Case-2 2,377 3,241 6,027 |
- Case-3 1,757 1,940 2,336
Case-4 49,488 70,638 90,798
Case-1 2,398,872 3,177,608 5,585,059 |
Tota} Case-2 2,344,834 3,054,578 5,187,755
Case-3 2,087,334 2,450,342 3,266,684
Casc-4 2,057,048 2,888,991 3,725,902
w
g Harare 2,354,399 (2002) - 4,775,831 (2012
£ M.P.W.D. g Cliungwiza 426,930 (2002) - 663,010 (2012)
< Norlon 37,316 {2002) - 69,448 (2012)
’g Ruwa 2,691 (2002) - 5,004 (2012)
§ I C. M.P. 2 Harare 1,486,055 1,710,076 2,213,474
d Ctilungwiza 553,094 687,375 990,299
fs) .
b N.M.P. 3 | Norton i ] - [ 62,428 2010)
&
& R L D.P. 1 Ruwa | : 1 [ 53,000 (2011) °5




6.2.4

6.3.
6.3.1

6.3.2

Future Population Scenarios

The two scenarios on future population were constructed for the purpose of water pollution
control planning on a practical basis in consideration of the range of the 2015 population

under the four sludy cases as shown below.

Case 2015 Population Range
1 6,081,108 1.70
2 5,683,804 1.59
3 3,575,878 1.00
4 4,035,097 1.13

Note: Range is estimated in case that Case 3 is a base (1.0).

Scenarios are preliminary established as foliows:
Scenario 1: Case 4 (Maximumy})

Scenario 2: Case 3 (Minimumy)

Table 6.2.10 shows projected population by urban area by river/lake sub-basin for the two

scenarios and Table 6.2.11 summarizes the projection results by river/lake sub-basin.

Industrial Development

General

The projection of wastewaler discharged from factories both in quality and quantity is
impezative for water pollution analysis. In this connection, the frame values are projected

with reference to the common parameter to be used for unit pollution quality and quantity.

The present industrial development and its features were analyzed in addition to previous
studies/plans and socio-economic aspects. The methodology of the projection was
established on a practical basis utilizing the National Development Plan and other avaifable
data.

Situation of Industries
There arc some industrial areas in respective urban areas: Harare Cily, Chitungwiza
Municipality, Norton Town Councit and Ruwa Local Board, with a total arca of

approximately 3,15t ha. The composition of industrial area as well as major types of

industry and number of employees are shown in Table 6.3.1.
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Table 6.2.11 Summary of Population Projection by River/Lake Sub-Basin

for Two Scenarios
[ Sub.Basin Scenario 2000 2005 2015 |
{1) Manyame River Upstream Scenario-1 31,395 34,6719 41,758
| Sub-Basin Scenario-2 31,395 34,679 41,758
(2} Ruwa River Sub-Basin Scenario-1 217,292 244,929 326,270
Scenario-2 161,710 183,157 230,734
(3) Scke & Harava Dam Sub-Basin Scenario-1 56,938 57,897 59,967
Scenario-2 15,254 17,131 21,261
(4) Nyatsime River Sub-Basin Scenario-1 390,263 392,312 530,392
' Scenario-2 443,444 548,325 784,561
{5} Mukuvisi River Sub-Basin Scenario-1 741,784 838,378 869,781
Scenario-2 753,150 865,733 1,118,471
{6) Manyame River Downstream Scenario-1 119,718 207,810 551,472
| (Muzururu River to Seke Dam) Scenario-2 127,231 156,664 222,958
(7) Marimba River Sub-Basin Scenario-1 510,489 864,947 1,000,460
Scenario-2 592045 681,225 881,565
{8) Lake Chivero Sub-Basin Scenario-1 59,937 171,872 206,687
Scenario-2 8,937 9,872 11,887
(9) Muzururu River Sub-Basin Scenario-1 15,207 166,798 130,227
Scenario-2 15,207 16,798 20,227
(10) Gwebi River Sub-Basin Scenario-1 75,441 81,378 102,810
| Scenario-2 126,360 143,764 182,524
(11) Lake Manyame Sub-Basin Scenario-1 71,041 84,768 145,274
Scenario-2 45,057 49,711 59,931
Total Scenario-1 2,289,505 3,145,768 4,035,098
| Scenario-2 2,319,790 2,707,119 3,575,877
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Table 6.3.1 Features in Each Industrial Area (1995)

Local Authorily Industrial Area | Main Type of Industry No. of Employees

Processed Foodstuff

Harare City 2,532 ha Textile Producls 35,845
Metal Products

Chitungwiza Processed Foodstuff

Municipality 135 ha Transportation Equipment 2,082
Norton Town Council Pulp & Paper
273 ha Metal Products 2,960
Ruwa Local Board Plastic Products

211 ha Metal Products 2,321
Total 3,151 ha 93,215

6.3.3.

Detailed imformation on the industry is shown in Table 6.3.2. The outstanding industries in

the study area are life-related manufactures, namely food and textiles. Although the required

land arrangements have been mostly completed and the basic infrastructures, ie. water

supply and sewerage, have also been provided in each industrial area, their occupation rates
are still Jow except for Harare City. Nevertheless, they are preparingfimplementing the

industrial area expansion plan in accordance with the “Sccond Five-Year National

Development Plan”.

Methodology of the Projection

(1) Frame Value

Unil wastewater quantily is generally determined by means of the following unit

parametess; indusirial production, factory’s site area, employee number and product.

Unit industrial product is commonly adopted as a frame value, however, industrial
production data is only available for Harare City at Central Statistical Office

(CSO),while area size of each factory in Harare City is not available. The common

available data for the study area is number of cmployees, thus, it was adopted as a frame T

value.
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(2) Methodology

Projection of the frame value was made according to the following procedure.
1) Data Collection
- Harare City : Nomber of employees is obtained from “Census of Industrial
Projection 1992/93 Report-Mining, Manufacturing Construction, Electricily and
Water Supply” (CSO})
- Chitungwiza, Norton and Ruwa : Occupied area and floor area, types of products,
number of employees and supplied water amount to each factory were

investigated through field survey.

2) Calculation of the number of employees by type of industry
Industry was classified into 19 types. Then the number of employees and their ratio

by type of industry were calculated.

3) Projection of future number of employees
The future number of employees was calculated for each sub-basin in assumption

that the number will incsease in proportion to the area expansion in the future.
6.3.4 Estimation of Number of Employees
(1) Present number of employees by type of industry.

The present number of employees in Harare was quoted from the “Census of Industrial
Projection 1992/93 Report - Mining, Manufacturing, Censtruciion, Electricily and Water
Supply.” The number of employees in 25 industrial types was adopted as the present
value. Regarding the remaining three municipalities, field survey results, to wit

factory’s area, floor area, number of employees, supplied water amount, were utilized.
All types of industry were classified into 19 types of middle classifications shown in

Table 6.3.3 and number of employees and their ratio for 19 types were calculated. The

result is shown in Table 6.3.2,
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Table 6.3.3 Classification of Industzial Type

1. [ Processcd Foodstulfs 11. Ceramics, Stone & Clay Products
2. || Textile Products 12.  Tron & Steal
3. | Lumber & Wooden Products 13. Nonfercous Meltals
4. | Pulp, Paper & Related Products 14.  Metal Producis
5. | Publishing & Printing 15. General Machinery

" 6. | Chemicals 16. Electrical Machinery
7. | Plastic Products 17. Transportation Bquipment
8. [ Petroleum & Coal Products 18. Precision Instruments
9, | Leather & Related Products 19. Other Manufacturing Industry Products

| 10. § Rubber Producis ]

{2) Estimation of number of employees

The future number of employees were estimated for each sub-basin in assumption that

the number will increase in accordance with the increasing rate of industrial area in

future land use plan. The result is shown in Table 6.3.4. The estimation was conducted

based on the following conditions:

1)

2)

4)

Harare .
The future number of employees was calculated by the increasing rate of industrial

area in future land vse plan and distributed into each sub-basin by their area ratio.

Chitungwiza, Norton and Ruwa
The intermediate industrial occupation rate was estimated on the assumgption that the
rate will be 100% in the year 2015,

Fach factory’s site area was calculated assumptioning that the ratio belween the site

area and the whole industrial arca was 80%.

Chitungwiza and Norton
The number of employees per unit site area of factory was assumed to be constant

from present to the future.

Ruwa
The number of employees per unit site arca of factory was assumed to decrease (o 40
person/ha which is equal to the existing number in Harare and Chitungwiza, since the

present number in Ruwa is extremely high compared with the others,
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Table 6.3.4 Present and Future Number of Employees

il

Yocal Authority Sub-Basin Item Present | Year 2000 Year 2005 | Year 2015 ||
Morimba River |Indostint Arca Gom®) | 66| 656| __6s6] 656
Sub-Basin  |nymber of Employees 22,300 22,300 22,300 ZZ,BQ
Mukuvisi River [industrial Area(km®) | 18.76] _ 2204)  2204F 2423
Sub-Basin  [Number of Employees 63,700 24,900] 73,900 82,4
Harare City Ruwa River  [Industrial Arca k)| 000} goo[__ 00g] 147§
Sub-Basin  |Number of Employees 0 0 ol 50,200
Manyame River [Industrisl Area(km®) | 008 0838|2276 2276
Sub-Basin  Inumber of Employees ] 3,000 77,400 77.400
“ Total Industrial Area (km®) [ 2532] 2048f 5136} 6831
Number of Employces se000]  100,200] 174,600 _ 232,300
| Industsial Area (k) | 13| ___a3s| 13s| ___ 7.93
Total St Areatha) __|__ 1080] 1080 1030 6344
Nyatsime River [Occupied Area (ha) YA 7040 827] 6344
Sub-Basin occupation Rate (%) 53.2 6a0| ___766) ___ 1000
Employecs pet hectare | 4348 43481 4348] _  43.48
Number of Employees 2,500 3,100 3,600 27,600y
Chitungwiza Industiial Area(km®)__ | 000l oo00F 004 148
Municipality TotalSite Area(hay __ | 6of 00} 06} _ 1184
Manyame River |Occupied Arcaa) | 06f 00 0o 1184
Sub-Basin  |pccupation Rate (%) | ____ 00| ool oo} 100.0l
Employees perhectare | 0.00 0.00 000] 4348
Number of Fmployees 0 0 0 S,ZOG]II
Total Industrial Area (ko | 1.35 135 0 13s) 941
Number of Employees 2,500 3,100 3.600 32,300
Industrial Asea (km?)_ | 273 273 386 1083
TotalSite Area(ha) | 2184 2184 _308.3 _866.4
Norton Lake Mznyame |Occupied Area(ha) {1692 1815 2742F  B66A
Town Council | SubBasin loccypation Rate (%) | 725|831 g3s| 1000
Employees perhectare | 1773 17.73) 1713 17.73
Number of Employees 3.000 3,300) 4,900 15,400
Industrial Area (km?) | 211 5.06| 506 5.0
Total Site Area (ha) 1688|4043 4048 _ 4048
Ruwa Ruwa River |Occupied Areatha) | 123f 61.7 108.7 4048
Local Board Sub-Basin  |occupation Rate (%) _ | 7.3 305 537 100.0
Employees perhectae b 186.99] 150245 113.50f - _40.0
Number of Employces 2,300 9,300 12 400 16,200
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6.4

5) Chitungwiza :
The present number of employecs and the sile area of the factories were estimated

niultiplying by 1.2 the survey results, since some of factory’s data were not available.
Livestock

The present number of major livestock in the Study Area surveyed by the Department of
Veterinary Services of Ministry of Agriculture is presented in Table 6.4.1. Besides the listed
species, a large number of poultry is raised in the Study Arca. However, it is usually
considered that pollution load from poultry breeding does not flow into public water bodies.
Therefore, it is disregarded fn the water pollution analysis. In sub-section 9.3.3, the number
of livestock shown Table 6.4.1 was divided into sub-basins in proportion to each area size in

respective sub-basin presented in Table 6.4.2,

The Second Five-Year National Development Plan (1991-1995) reporied inceease ratio of
livestock in Zimbabwe from 1980 to 1988 as follows;

Cattle: 0.38% increase for tota! period

Goats: 275% increase for total period

Sheep: 167%% increase for total period

Pigs:  197% increase for total period

The plan also stated expectation during the plan period (1991-1995) as follows;
Catile slaughtering: increase from 600,000 to 690,000
Goats : promotion of production
Sheep :encouragement of production

Pigs  : pork meat consumpltion increase by average rate of 5% per annum

Actual accomplishment, however, showed constant o rather decreasing figures from 1989 to
1993 as presented in ‘Fable 6.4.3,

The number of livestock in the Study area to be applied in the future water pollution analysis
is assumed to be unchanged because of following reason:

1) Farmland in the study area has been developed considerably.

2) 'The horticulture sector is expected to increase in the future. The study area may

be regarded as suitable horticultural area,

6-30
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Table 6.4.3 Number of Major Livestock in Zimbabwe

_ Large Scale Commerciz! Farms
Year Catile Working | Sheep Pigs Geats
Beef Dairy Bulls ]
1,667,547 | 120,839 27,5421 101317 ] 92,180 | 24,632
1,655,886 | 121,393 26962 | 101868 90,995 )] 28449
1,653,543 | 122,964 27,488 | 107,163 | 9313880 | 34,682
1,703,994 | 127,146 21,969 | 116466 | 105,433 | 37,475
1,714,210 | 126,039 28,476 | 111,934 | 106,482 | 34,534
1,641,608 | 124,190 27,698 | 113,255 | 109,718 | 35,565
1451450 | 114858 | 25400 | 105387 ] 95338 | 36,898

Source: Livestock on Large Scale Commecrcial Farms - 1993, C50

Smali Scale Commercial Farms
I_Year Cattle Sheep | Goats Pigs |
1989 217,160 20,676 65,640
1990 214,892 | 19678 | 62,994

1991 219699 | 19,341 65,931
1992 182,175 | 16,621 60,512
| 1993 181,612 16,001 61,582

Source: Agricultural Production on Smalt Scale Commercial Farms - 1993, CSO

I_ Communal Land ' fj
| Year | Catile Sheep | Goats Pig

1989 46,687 3.603| 67,806 1272
F 1990 44,234 30758 59249 1,340

1991 49,137 3528 70804 1351

1992 17,567 1,730 | 39912

1993+ 17,567 1,730 39,912
“Source: Agricultural Production on Communal Land Irrigation Schemes - 1993, C§
*: assumed 1o be the same to 1992 figures

| Reseltlement Schemes ;

Year Cattle Sheep Goats | Pigs_|
1939 318,704 | 14850 154436) 8724
1990 349,909 §5,888 170,656 - 9205 ]
1991 364,413 15,384 172,646 8,593
1992 346,070 14,789 180,159 5,047
1993 307,776 13,132 162,932 4,967

Source: Agricultural Produciion on Resettlement Schemes - 1993, CSO

{ - Toial J

| Year Catile Sheep Goats Pigs |

1980 | 2.386,546 | 146,292 | 322564 | 110,995

1990 | 2,468.144 | 155,307 | 330374 | 123589

1591 | 2,502,574 § 150,187 | 343915} 124,192 g
1992 | 23393081 146395 | 316,148 1 119,098

1993 | 2098753 | 136,250 % 301324 ] 103,888




6.5

6.6

3) Pasi records shows a stable increase trend line.

4) Urbanisation will be extended in the study area, especially around Harace City.

Farm!land / Natural Land

The data on the area of farmland and natural and at present was not available. The
calculation of the pollution foad from both areas is done for total study arca regardless of

land use. -

Solid Waste Dumping Sites

The location and area of the existing dumping sites in the related local authorities are
prescnted in Table 9.3.17. Since the data on the future solid waste disposal system was not
available, the quantity of leachate at the landfill site is assumed to increase in proportion 1o

the population increase in the respeclive local board as presented in Table 10.2.35.
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CHAPTER 7 WATER USE AND HYDROLOGICAL CONDITIONS OF THE WATER
BODY THROUGH THE FUTURE

7.1
7.1.1

Wafter Use in the Study Area

Water Use in the Entire Study Basin

In the upper Manyame river basin, the major impoundments are lLake Manyame, Lake

Chivero, Seke Dam and Harava Dam. Several rivers flow into these water bodies, Their

general dimensions and water use are shown in Table 7.1.1.

Table 7.1.1 Water Use in the Entire Study Basin

Catchment Rated | Flow Rate
Water Body 5| Capacily | (x 1000 Water Use
Area (km )_ | (x1000m%) | m¥/day)
1. I.. Manyame 590 480,236 Water Supply,Recreation and Fishery
Gwebi R. 770 166|Irrigation(Private Dam)
Muzurure R. 310 67|Ircigation(Private Dam)
2. L. Chivero 421 247,181 Water Supply,Recreation and Fishery
Marimba R. 215 63|krrigation
Mukuvisi R, 230 114|Irrigation
Nyatsime R. 280 125|Irrigation
3. Scke & Harava Dam 115 12,406 Water Supply
Ruwa R. 195 42|Irrigation
Manyame R. 474 102} Irrigation

The direct use of river water is minimal due to limited flow available during dry season. As

for irrigation, about 200 private dams are scattered in the Gwebi and Muzururu catchment

area, while the teuse of treated efftuent is dominant in the enlire Study Area.

On the other hand, lakes and dams are utilised for water supply, recreation and commercial

fishery purposes. Especially, the four impoundments are the most valuable water sources for

water supply of metropolitan Harare and presently 477,000 m/day is availed.

As for the recreational usage, Lake Manyame and Lake Chivero are designated as the na-

tional recreational park with a variety of interests including fishing, boating, swimming and

game viewing. Commercial fishery is also allowed in both fakes.

Since these impoundments are situaled in the lower elevation than the urban area and farm

land, generated wastewater finally reaches to the lakes.

-1




7.1.2

Al the present time, there is no plan on future water use in the study basin. In other words,

present water use will be practised through the future.
Domzestic and Industrial Water Supply
(1) Existing Water Supply System

The Harare water supply system covers Harare City (350 km’ ) and its adjoining urban
areas; Chitungwiza, Norton, Epworth, and Ruwa. The water supply service for the sat-

ellite areas of the city is provided by means of bulk water supply. The present water de-

mand is ceported at 360,000 m3/day. The industrial water consumption is about 70% of

the domeslic consumption.

1) Raw Water Sources
The raw waler sources of the Harare water supply system depend on (four) 4 im-
pounding dams as shown in Figure 7.1.1. The yield of these four impoundments is
477,000 m’/day and the total intake amount at present is approximately 440,000
m’fday. Water quality of the lakes/dams has deteriorated due to grey water and indus-

trial wastewater discharge from urban areas into the Manyame river basin.

2) Waler Treatment Piant
Two existing WI'Ws, Prince Edward and Morton Jaffray, adopt conventional water
treatment system provided with studge blanket clarifiers and rapid sand fifters. The
design capacity of the Morton Jaficay WT'W and Prince Edward WT'W are 614,000
nr’fday and 90,000 m’/day, respectively (refer to Table 7.1.2). However, the Prince

Fdward WTW is operated intermittently to supplement peak demand, since ifs “safe

yield” is limited to 23,000 m*/day.

Table 7.1.2 Outline of Water Treaiment Works

Morton Jaffray WIW Prince idward WEW
Intake Source Jake Manyame  Lake Chiverol Seke Dam - Harava Dam
Design Capacity 614,000/ day 90,000m’/day
Actual Produciion Capacity 350,000m’/day 23,000m’/day
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The deterioration of raw waler qualily has affected the operation of water {reatment

plants. The Morton Jafiray WTW, for instance, requires high chemical dosage which

is beyond its full capacity of chemical haadling and dosing equipment. As a result,

the actual production is restricted up to only some 350,000n13/day in order to comply

with required water qualily slandards,

3) Transmission and Distribution

Treated water is pumped from Morton Jaffray WTW to Warren Pump Station, and is

again pumped (o service reservoirs through four transmission mains. Water is then

distributed through the respective network systems from the concerned service reser-

voirs to end vsers. Figure 7.1.2 shows schematic waler supply system at present,

(2) Water Demand

1) Present daily water consumption

- The previous water consumption cxperience by category (1986-1991) is shown in
Table 7.1.3, and the water consumplion of past 3 years (1992-1994) in Table 7.1.4.

Table 7.1.3 Water Consumption by Category(1986-1991)

Unit: m*/day

Residential
Year \ . ) Ind./Com |Chitungwizal Minor § Total of | Total of
High | Low/Mid m./Inst. Supplies | Sales | Pumped
1986/87 35000] 66,000 72,000 27,000 3,000 203,000 250,000
1687/88 53,000 71,000 87,0001 28,000 4,000) 243,000 279,000
1988/89 44,000 73,0001 88,000 27,000 5,000 237,000] 274,000
1989/90 50,000{ 83,0001 99,000] 28,000 5,000 265,000] 319,000
1990/91 53,600]  97,000] 115,000] 28,000]  9000] 302,000 352,000
Increase(%) 8.7 8 9.8|Neg. N/A 83

Table 7.1.4 Water Consumption (1992-94)

(Master Plan for Water Distribution, Vol. 3, Oct., 1995)

Unil: malday

1992

1993

1994 Average

Remarks

Water Consumption

332,000

338,000

313,000

328,000

2) Future waler consumption projection

In the water supply master plan, three options of the future water corisumplion are

studied as follows;
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Figure 7.1.2 Schematic Water Supply System
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Case-1: Application of historical increase rates of water consemption

Applying past increase rate (up to 1992), 2012 water demand is estimated at

1,868,000 m>/day.

Case-2: Applying population growth rate projected in the plan
Applying the projected population and unit consumption amount by different

land use, 2012 demand is estimated at 1,388,800 m“jday.

Case-3: Application of modified consumption rates

In consideration of non-essential requirements in Case-2, 2012 water demand is

estimated at 1,230,200 m3!day.

Table 7.1.5 summarises these three projections of future demand, of which, Case 2 was

employed for preparation of water supply plan.

Table 7.1.5 Alternative Future Demand Projection

Year 2012
casel casc2 case3
Daily ; Daily \ Daily
. Per capita Per capita
Population | demand Ypiday) demand (U/p/day) demand
adidan) | P9 | gy | P | ey |
HatareHigh-density 3,787,911 801 303,000 80| 303,000
Medium-density 501,375 300 150,400 250 125,300
Low-density 486,545 625 303,800 350] 170,300
Sub-total 757,200 598,600
Inst/Comm/Ind 530,000+ 530,000*
Chitungwiza 663,010 70,500** 70,500**
Norlon& Ruwa 74,452 31,100%** 31,100%**
Total 5,513,292| 1,868,000 1,388,800 1,230,200

* 70% of domestic use **4.5% annual increase ***6.4% annual increase
(Master Plan for Water Distribution, Vol. 3, Oct., 1995)

{3) Proposed Water Supply System

1} Raw water sources

If the treated effluent discharged from STWs could be fully used, the yield would be

592,600 1113lday. Even if under such a assumption, a shorifall is of 793,000 mjlday o

meet 2012 demand of 1,390,000 m’/day.
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At present, water source development program has been studicd wnder the Depart-
ment of Water Resources, In the Harare Water Supply Study(July, 1994}, the De-
pariment has proposed a phased development of water sources in the Nyagui catch-
ment and Shavanhowe catchment, 50-60 km to the cast of Harare. It is planned that
the construction of Kunzwi Dam on the Nyagui River would be undertaken in order

to provide the bulk water to the City of Harare on and before 2005.

The proposed development and the present situation regarding water supply are

summarised in Fable 7.1.6 and Figure 7.1.3.

Table 7.1.6 Water Demand and Water Source

- 1990/1994 2005 2012
1. Water source Catchment Rated Capacity(Million m’)
Harava Dam Manyame River 2.0 9.0 2.0
Seke Dam Manyame River 3.4 34 34
Lake Manyame Manyame River 2472 2472 247.2
Lake Chivero Manyame River T 4802 - 480.2 480.2
Kunzwi Dam Nyagui River - 160 - 160
Musami Dam Shavanhowe Rive - - 310
| _Total 740 900 1,210
2. Available for Water supply(m’/day) :
Manyame Basin 477,000 477,000 - 477,000
Suppiment with ST (existing) 49,000 49,000 49,000
(future) 0 0/66,000 66,000
...ManyameSubtotal | 3526000f 526/592,000 592,000
Nyagui Basin . 192,000, 192,000
Shavanhowe Basin - - 274,000
Total b 592,000 784,000} 1,058,000
3. WTW Design Capacity (m*/day)
Prince Edward 93,000 90,000 90,000
Morton Jaffray 614,000 614,000 614,000
New WTW(1) - 288,000 288,000
New WIW(2) - - (411,000)
Tolal 704,000 992,000; (1,403,000)
4.Water demand(m’/day) 330,000 *810,000! 1,390,000
5.Balance(2-4) . 262,000]  -260,000]  -322,000

Note: * estimated from Figure (refer to Figure 7.1.3)
411,000 is estimated by 274,000x1.5
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frate

2) Water Treatraent Works
The Master Plan for Water Distribution considered staged construction of facilities to

utilise the water in the Nyagui catchment. The design capacity of the impoundment

(288,00()“13 /day) corresponds fo 1.5 times of that of the proposed Kunzwi Dam.

3) Transmission and Distribution System
It is proposed that the future transmission niain conveying treated water from the Ny-
agui catchment to the City of Harare connects to the proposed Outer Ring Main sys-
tem. This would be enable the effective disteibution of the Nyagui water to various
service rescrvoirs as required. However, further need of the study for an appropriate

distribution system still remains.

7.1.3 Environmental Water Quality Standards

(1) General

In Zimbabwe, the regulation of effluent for wastewater has been enacted; however, the
environmental water quality standards have not been established yet. Moreover, there is
no informational base upon which 1o evaluate the present water quality in the water bod-
ies of the country, since it has not yet been established what level of water quality is to be

required for the various water uses and for water quality presetvation.

To prepare the water potlution control plan for the Upper Manyame River Basin, the es-
tablishment of the Environmental Water Quality Standard would be primarily required.
The subject water basins are to be classified in consideration of water use and water
preservalion. Staged goals may be introduced as provisional standards due to the current
water pollution status of the water bodies. Water quality checking points are to be estab-

lished for monitoring purposes.

(2) Favironmental Water Quality Standard

Generally, water quality items consist of two categories, i.c., the environmental items

* repsesented by BOD and COD as the general indicators of organic pollution load and

human health refated items including heavy metals, volatile organic chemicals and agri-
cultural chemicals. These items are to be monitored in the water bodies through the year.

However, while the river waler quantily may not be enough to conduct checking during
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the dry season, the lake and dam water should be sufficient encugh to comply with the

requirement o as to ohiain an annual average.

‘1) Environmental items _
The environmental items for rivers as adopted in Japan comprise pH, BOD, SS, DO
and a coliform group; and for the lakes Total Nitrogen (T-N} and Tolal Phosphorus
(T-P) are added and COD is replaced by BOD. Standard qualities for these items are

determined in accordance with the different purposes of the intended water uses,

The environmental water quality standard is usuvally set considering the dilution of
effluent with river water (1/10-1/100). The following table shows the effluent stan-
dards of Zimbabwe. In the application of 1/1( dilution rate to the effluent standard,

the environmental water quality standards are in the same level as those in Japan.

Table 7.1.7 Efiluent Standérd of Wastewater, Zimbabwe

Zone pH COoD S5 DO T-N T-P
i 6075 30mg/l. 10mgl.  75% 10mg/.  1.0mg/L
2 6.0-9.0 60 25 60 10 1.0 ©

a) BOD and COD
Based on the above discussions, the standards for BOD and COD are proposed as
shown in Table 7.1.8 .

Class A, “Not greater than 3 mg/l both for BOD and COD” is applied for natural
environmental preservation, and for potable waler supply and swimming pur-

poses.
Class B, “Not greater than 5 mg/l both for BOD and COD?” is applied for fisher-
ies only in consideration of the present guideline for irrigation water “Not greater

than 70 mg/L of BOD”.

Class C, “Not greater than 10 mgA for BOD and 8 mg/1. for COD” is applied for

irrigation water, industrial water use and flow mainlenance.
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Table 7.1.8 Proposed Classification

BOB fos Rivers
Mdural
. . Swinming - L . Ernironmental Propored | Japarese
2l ¢ aoental able Wit i Ty b
rrg;;l [‘m:umr m Potable Witer Rocreats Ficdwry Imrigrtion Indrrial Preseevation mgyl Ches es
5 & Qus?f Cdass-1 3 ; N A
3 $  Qssy Qws2 LA B
3
4 ( 4
5 (Qass-3 QAxs-1 5 - B C
1
6 6
7 7
| __ 5| 1 lass-2 5 ]
g 9
—— 10— ¥ Qawd 10 C B
QOD for Lakes
Nl Swinying Fanirorererdal Propised] Japarese
N . y v N PR . R
mgl r;:;é‘;:::] Potable Water — Fishary Irmigation Industrial Preseevation mel Qas | Class
-0 0
» 3 S [
K} ‘ Qs Q] ;-] AA
2
| 3] Qws2 ¢ Cass-2 i i A A
[}
4
|5 _| L Qass-} Qass-1| . : B B
1
6 6
7 7
— 8 . F | ¢ C C
9 9
10 ¥ s 2| Y 104

b) Total Nitrogen and Total Phosphorus
The standards for T-N and T-P are shown in Table 7.1.9 in the same manner as
the study of BOD and COD. In the classification, three nutrient grades are ap-
plied to the lakes: poor, medium and rich. Neither T-N nor T-P are hazardous
substances but they cause algal growth. Under these conditions, the classified
grades of T-N and T-P are applied for the espective water uses: fisheries, irriga-

tion water, industrial water use and environmental preservation.
Class A, “Oligotrophic Lake”, for potable water supply and swimming purposes,
There is no need for any treatment of the waler to remove nutricats. The stan-

dards of T-N and T-P are not greater than 0.2 mg/l and 0.01 mg/l, respectively.

Class B, “Mesotrophic Lake” for fisheries use. The standards of T-N and T-P are

not greater than 0.6 mg/l and 0.05 mg/l, respectively.
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Class C, “Lutrophic Lake” for irrigation water, industrial water and flow mainte-

nance. The standards of T-N and T-P are 1.0 mg/l and 0.08 mg/l, respectively.

Other items

The slandards of pH, DO, 8§ and Coliform groups that are adopted in Japan may

be employed. Table 7.1.10 presents the proposed standacds on environmental

items.

Table 7.1.9 Classification of Total Nitrogen and Fotal Phesphorus

T-Nfor Lakes
Fefural . . __ . .
- S I B vl B X
mp/L | Enironnental | Polable Water M"m_::_j; Fishory I 833‘:; ﬁm‘f:lm Butrophic (]agJ el H-g::d 1:::6
I - howy ld..S 1 eservaly o
0 _g F 1 ] 3 ‘O!Ig i ot 1
B g'; Qass 12,3 Type ] g P 5
- v [ Y
L 4 | 03
03 Qass-* Nesotrgti]_ o 3
04 oj_ 5
- 05 - | Ty Fos s
06 1
07 07
% 0]
09 3 N c 5
= 10 - 4 T}‘pe- — .10
T-Pfor Lakes
| | pestesnee| S [ imgaion | Evioemereal L | roposnd) e
el Prosenvation @I Racreation ishery industrial Presenvition e (hss | Clzs
- o Gass 123 F Tyeod| § ¥ Ttz @ A 12
| o ' i 1 lf!ww dat
’ .|
‘ Cass= 2 3
- 0m r 3T 0,031
004 N 004 5 .
[~ 0057 T 0.05
0.06 Fteophic 0.06
007 | 0w s
[~ 008 1 [ 0.08 )
0.09 , ' a0
[ 0 T B a1
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Table 7.1.10 Proposed Environmental Standard

Rivers
Class Water Use BOD pll $S po | Colforms | g marks
7 Group
Natural ]
A £nvironmental
Preservation L.E,
L.E. | 1000MPN/
bl ¢ LB 6.5-8. .E.
Polable Water L.E.3mg/L 5-8.5 25mg/l, G.E. Smg/L 100m!
Swimming and
Recreation
As in "B,C"
B |Fishery LE. LE. GE
Asin "C" Smg/L 6.5-8.6 50mg/L Smg/L -
C Ireigation Water
. L.E. No Suspend G.E.
Industrial Water 10mg/L. 6.0-8.6 Dusts 2mp/L. -
Environmental
Preservation
Lakes
% Coliforms
i Class Water Use | CODw, T-N T-P pli S8 DO Group Remarks
Natural
A Favironmental
Preservation LE
L.E. L.E. LE. LE. G.E. | 1000MPN | Oligotrophic
Potable Water | 5o/t | 0.2mgrL 0.01mgi 6585 | osmgm | smgL | 7100m | Lake
Swimming and
Recreation
Asin*B,C"
B Fishery
. g L.E. LE. L.E. L.E. G.E. Mesolrophic
Asin"C smp. | 0.6mp/t, |0.0smg| 6353 | somga. | smgiL Lake
-~ lrrigation
c Water
Industrial LE. LE. LE | (ces SU:“'H 4| SE ) Eutrophic
Water Smg/L Img/L. | 0.Img/L - Dfsis 2rag/L Lake
Environn;lemal -
Preservalion | R

Note; L.E. Less thanor Equal to
G.E.: Greater than or Equal to
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2) Health Related Items

There are many hazardous substances as that pose potential health risks, like heavy

melals and agricultural chemicals. These are discharged mainly from specific
sources such as industry and farms. Effluent standards for industrial wastewater
have been established by the government to conirol unnecessary influence to the

aquatic environment as well as various water uses.

In view of assuring safety of drinking water sources, it is deemed indispensable to
monitor the presence of such hazardous substances in public waler body, especially
lakes/ dams in the Study Area. In this connection, the government has adopted the
“Guideline for Drinking water” of WHO as the national standard. For consetvation of
water quality in lakes/dams in the Study Arca, this standards since the conventional
water treatment process can not remove such hazardous substances to acceptable

levels for human consumplion.

On the other hand, it is not appropriate to apply all of the prescribed items of the said
guideline since some chemicals are not presently used or being used in very limited

amounts in Zimbabwe. Human health-refated items adopted in the Japanese stan-

dards are less than that of WHO, however these items are designated mainly consid-
ering health damage which have been caused by environmental poltution is the past.
Similar situation may likely occur in Zimbabwe, if appropriate guidelines and moni-
toring are not applied in the subject water body when types of industries presently

operated in the Study Area taken into account.

In view of practicability to the present siluation in Zimbabwe, it is deemed appropri-
ate lo adopt, at least, same items applying respective values based on WIO stan-
dards, as presented in Table 7.1.11, while such items other than the Japanese stan-
dards shall be subject to add when they are detected in the subject water body

through monitoring and/or being introduced in the economic activilies.
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Table 7.1.11 Environmental Standard for Health Retated Items
Unit: mg/l

Reference Value
. Effluent
Proposed G.md:alme for Japanese Standard of
Item Drinking Water
Value (WHO) Standard Waste Waler
|_(Zimbabwe} |
Arsenic 0.01 0.01 0.01 T 0.05
Cadmium 0.603 0.003 D.01 .01
Chromium 0.05 0.05 0.05 0.05
Cyanide 0.07 0.07 ND 0.2
Lead 0.01 0.01 0.01 0.05
Mercury 0.001 0.00t 0.00t 0.05
Selenium 3.01 0.01 0.01 *
Carbon tetrachloride 0.002 0.002 0.002 ¥
1,2-dichlorocthane 0.03 0.03 0.004 *
1,¥-dichlorocthylene 0.03 0.03 0.02 ¥
dichloromethane 8.02 0.02 0.02 ¥
cis-1,2-dichloroethylene 0.05 0.05 0.04 *
tetrachlofoethylene 0.04 0.04 001 +
trichloroethylene 0.07 0.07 0.03 *
benzene : 0.01 0.01 0.01 . *
1,3-dichloropropene 0.02 0.02 - 0.002 *

*:Itemis not considered in the effluent standard
(3) Water Quality Classification and Checking Points

Water guality standards are to be determined for the main river and lakes/dams. In this
regard, the study basin comprises three lakes/dams: the Seke and Harava dams, Lake
Chivero and Lake Manyame, and two sections of the main river connccted to the
lakes/dams; Manyame River Origin (upstream from the Harava Dam) and the section
belween Seke dam and Lake Chivero. Figure 7.1.4 shows the subject sub-water bodies.
The water qualily checking points are to be established for the above-mentioned respec-

tive water bodies.

1) Water Quality Classification
Water quality classification shall be done taking into account of present and future
water use of the subject sub-basins. The following are proposed classificalions by

take/dam or river.

- Lake/Dam
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Since the takes/dams in the study basin are used for drinking water supply and

recreational purpose, Class A is required,

- Rivers
The waler quality of the river is possible to adopt Class C only to ensure mainte-
nance flow. However, the water is the source of the lakes/dams. In this connec-
tion, Class B for fishery use is recommended. Under the current status of river
waler qualily, the classification is practical. While, Class A may be adoptable
for the upstream section from Harava Dam in light of the minimal infiow of pol-

}ution load in the sub-basin.
2) Water Quality Checking Points

In seiting up water quality checking points, it shall be classificd into iwo categories, i.e.,
“Checking Points” wherein water quality will be legislatively controlled, while
“Reference Points” wherein water quality will be monitored basin-wide as reference for

“Checking Points”.

Table 7.1.12 and Figure 7.1.4 presents the checking/reference points both for lakes/dams

and the rivers.
(1) Provisional Standards

In the above study, the water qualily classifications were introduced according to the
water uses. However, some iterns are considered difficult to comply with their standards
under the present situation. The provisional standards as shown in Table 7.2.13 and Ta-

ble 7.2.14 would be applied under the following conditions:

1. The provisional standards are to be applied to the items which the proposed stan-
dards are not tikely to be achieved. At this stage, the items involved are BOD,
COD, T-N, and T-P.

2. The provisional standards are required to comply with the present effluent stan-
dards of wastewater. '

3. Finally, the water quality standards should be followed by the year 2015, %
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Table 7.1.12  Recommended Water Quality Checking/Reference Points

Water Quality Checking/Reference Point W‘“f*f
Water Body Quality
No. River/lake Iake/dam basin Location Classification
CRY | Manyame R. Harava Dam Before inflow ta A
Harava Dam
RR1 | RuwaR. Harava Dam -do -
RR2 | Nyatsime R. Lake Chivero Before the
Confluence to
Manyame River
RR3 | Manyame R. -do- Before joining
with Mukuvisi
river
River RR4 | Mukuvisi R. -do- Before the
confluence 1o
main river
CR2 | Manyame R. -do - Before inflow to B
Lake Chivero
RR5 | Marimba R. Lake Chivero Before the
confluence to
main river.
RR6 | Muzururu R. Lake Manyame | Before inflow to
' Lake Manyame
RR7 | GwebiR. -do - -do-
CL1 | Seke Dam N.A. Center of the A
{ake {
Lake/Dam CL2 | Lake Chivero N.A. Water intake A
tower '
CL3 | Lake Manyame N.A. Water intake A
point for Harare
Water Supply
Note: CR1-2; CheckingPoint (River)
CL1-3; -do- (1.ake)
RR1-7; Reference Point
N.A; Not applicable



Table 7.1.13 Provisicnal Water Quality Standard

Unit: mg/l
Water Body| Lake/River Period CODy, T-N T-P
Lake  [Seke & Harava| Presemt ff 94 ) 065 L. 0070 ...
Dam 20002005] <5 B) <04 A-H <005 B
n 2015 <3 Al <02 Al <001 A
Lake Chivero | Present | 14.9 ost ...1.8210
200072008 <8 ~C| <04 AB <01 C
2015 l <3 Al <02 A| <001 A
Lake Manyame| Present | 189 | 075 1 0044
20002005] <8 Cl <1 Cl| <003 AB
2015 || <3  A|l <02 Al <001 A
, I BOD
River [Manyame River| Present tr
Origin 2(}()0/2005 ....... <3 B
2015 l <3 A
Manyame River| Present | L
2000[201 S <5 B
2015 <3 B
Table 7.1.14 Water Quality Standard/Provisional Value
Lakes Unit: mg/l
No. Name Class Standard Provisional (2000/2005)
COD T-N T-P COD T-N T-P
CL1 | Seke & Harava Dam A <3 <02 |<001 |<5 <04 <0.05
CL2 { Lake Chivero A <3 <02 |=<001 |<8 <G4 <0.1
[CL3 | Lake Manyame A <3 <02 |<001 | <8 <1.0 <0.03
Rivers
No. Name Class BOD _
[ Standard Provisional (2000/2005)
CR1 | Manyame R.Origin A <3 mg/L. {(<Smg/L)
CR2 | Manyame R. B <5 mg/L (<Smgl.)
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7.2

7.2.1

Hydrologicat Cendition of the Rivers and Lakes
Rainfall

The rainfall data of the Harare City (Belvedere) located in the centre of the basin are avail-
able to analyse hydrological condition. The weather stations located in the Manyame River
Basin are included in Table 7.2.1 and Figure 7.2.1, Section 7.2, Chapter 2, Data Report, The
annual rainfall data of the past 30 years (1963 1o 1993) are shown in Figure 7.2.1 and the de-
tails are shown in Table 7.2.2, Section 7.2, Chapter 2, Data Report, The average annual rain-
fall is about 830 mm with a range of 445 to 1246 mm. The five and ten years running aver-
ages arc also shown in the same figure. The five-year running average fluctuates slightly,
while the ten year running average almost constant. Thus, a ten-year cycle of rainfall is

prevalent in the basin.

The moathly rainfall of the past ten years is shown in Table 7.2.1, and Figures 7.2.2 and
7.2.3. The annual average rainfall in the last ten years is 818 sum with a range of 524 mm to
1094 nun. The monthly average rainfall indicates a dry season from April to October. About

90 % of the annual rainfall is concentrated in the 5 months of the rainy season, and about 25

% of the annual amount is recorded during January. The annual rainfall amount is consid-

erably affected by that of January.

m s Annual
. —&— SYears Running Average
1400 - LT 10Years Running Average

63 65 67 69 71 W 75 7T 79 81 83 8 87 8 91 93
Figure 7.2.1 Annval Rainfall Observation Resulis
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Table 7.2.1  Monthly Rainfall (1985/94)

Unit :mxm
Year | Jan | Peb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Annval
1985] 379.1f 170.8] 172.8] 23] 1.2] 00| 83] 0.0] 5.3] s50.7] 28.5[274.8] 1,0936
1986] 254.1f 211.9] 86.5] 633] 0.0 00| oo| o1] oo] 467 78.5]1588] 9049
1987] 122.9] 115.7] 684] 00| 24| o00] o0o] 00| 2.0] 182 0.5]326.6] 656.7
1988| 202.1| 183.3] 179.2] 42.8] o0.0] 220] 0.0 00| oco0f 634] 87.4] 87.5] 8727
1989 245.71 205.4] 66.6} 156] 00] 00] 0.0] 79| 00] 0.0]114.7] s03] 7072
1985/89| 241.0] 177.4| 1147} 25.8] 0.7] 43| 1.7] 16| 15§ 36.8] 61.9]179.6] 847.0
1990] 386.8] 193.8] 78.6] 81.0] 0.6] 0.0] 0.0] 0.0 0.6] 6.5]101.3] 161.2] 1,010.4
1991 153.0| 156.4] 943} 06| o8] 00] 0.0l 00| 3.0] 385] 73.4]1802] 7002
1992| 622 25311105y 89.3] 4.3] 49] o0 ool oo] 1.1] 24.6]201.3] 5235
1993| 158.9] 321.2[ 134.0] 652 0.0] 0.0] 04| 38 6.2] 19.5]1235[158.6] 991.3
1994] 226.7] 155.8] 4674 21.4 00] 0.0] 00] 4.8 0.0 106.0] 23.8] 132.3] 7175
1990/94] 197.5] 170.5] 92.8] s51.5] 1.] 1.6 o.4] 17| 20§ 34.3] 69.3] 166.7] 788.6
1985/94] 219.3] 174.6] 103.8] 386 09] 27] 0.9] 17 1.7] 35.6] 65.6] 173.2] 817.8]
mm
1200 7 - - 7
10001 (] ] !
gool®) |8 = -{a] % |g}-—@regigl— é
600} [ ] [Z2) Annual
- 1985/89
4001 ~o~ 1990/94
200] 4o 1985/94
0 1 ] - i t i L ]
1985 1986 1987 1988 1989 1990 1991 1992 1993 1994
Figure 7.2.2 Annual Rainfail(1985/94)
mm o
200
150 1§
e 1985/89
160 - {711990/94
TR 1985094
50 -
0 _ - .
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Figure 7.2.3 Monthly Rainfall (1985/94)
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7.2.2 Flow Rate of the Rivers and Discharge of the Lakes and Dams

As shown in Table 7.2.2 and Figure 3.5.1, several gauging stations are set up o measure the
fiow rates of the rivers and discharges from the lakes and dams. The measurement results are

the base of this analysis,

(1) Flow Rate
The annual average of flow rates in the Manyame River (before the confluence of Harava
Dam and Lake Chivero), the Mukuvisi River, and the Marimba River in the lasl ten years,

starting from 1985, are shown in Table 7.2.3 and graphically shown in Figure 7.2.4.
In addition, the fluctuation of the last ten-year monthly average values and tates is shown
in Table 7.2.4 with graph of fluctuation ratio in Figure 7.2.5, and the details are shown in

Table 7.2.3 (1) 10 7.2.3 {4), Section 7.2, Data Repoit.

Table 7.2.2 Data Availability on Flow Rate and Dischavge

Item No. Name - Location Measured Period Data
8 | Contents %
Manyame |Before the confluence Monthly
' I 1974 Oct. to 1595 Sep.
Flow Rate) C81 Qrigin of Harava Dam o Pl run-off
Before the confluence

Many R. 1957 Oct. 10 1995 S ~-do -
21 anyame of Lake Chivero e 10 P do-

22 | MukuvisiR. -do - 1953 Oct. to 1995 Sep. | -do -

24 | Marimba R, -do - 1953 Oct. to 1995 Sep. | -do -

Discharge] C3 | Scke Dam Discharge point 1951 Oct. 10 1995 Sep. | -do -

Ci7 | L.Chivero Discharge point 1953 Oct. o 1995 Sep. |  -do -

| C89 | L.Manyame Dischatge point | 1976 Oct, 10 1995 Sep. | - do -

Table 7.2.5 and Figure 7.2.6 show the celationship between rainfall and the flow rate.
The average run-off ratios in the last ten years are 7 to 8% at the two observalories re-
speclively on the Manyame River, while 14 to 22% on the Mukuvisi and the Marimba

River.
The average run-off ratio of the rivers in the whole of Zimbabwe are reported at 8%,

which coincides with that of the Manyame River. The average run-off ratio of-the Mu-

kuvisi and the Marimba Rivers seem to be largely influenced by the STWs” effluent. g
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Table 7.2.3 Annual Average Flow Rate

River 1985119861 19871 1988 1982[ 199%0] 19911 1992) 1993] 1994fAve,

Flow Rate|Manyame Qrigin || 198] 236 47] 122] 185] 152 7 1 12 34} 101
x1000 |Manyame R, 5474 6821 106)] 323| 345) 387 34 17 77F_130F 265
m¥/day |MukuvisiR. - 1591 154 55]_137] 113} 167 24 731255 132F 114
Marimba R. 1024 138 28 6 91 30 34 22 43 61 62
Fluctustion]Manyame Origin || 1.950 2.33) 0.456] 1.23] 1.83] 1.50) 0.06] 0.01] C.12] 0.54} 1.00
Raio |Manyame R. 2.071 2.57] 0.40] 1.22] 1.30] 1.46] 0.13] 0.67] 0.29} 0.4%} 1.00

{-) Mukuvisi R. 1.39} 1.351 0.48] 1.20] 0.99| 1.46] 0.21) 0.64] 1.10} 1.16] 1.00
L Marimba R. 1.631 2.21} 0.44] 1.22]| 1.46] 0.47] 0.54] 0.36] 0.69} 0.98] 1.00

Table 7.2.4 Monthly Average Flow Rate

River Jan | Feb | Mar] Apr | May| Jun I Jul | Aug | Sep | Oct | Nov| Dec | Ave.

Flow Rate [Manyame Origin}] 260] 489| 234| 136| 47] 17] 11 4 3 2 2| 24 102
x1000 |Manyame R 576] 1028] 820] 3R85| 139] S0 27 11 4 71 13{ 128] 266
m/day |Mukuvisi R 259 337] 208] 105] 631 45| 401 37 351 51 57 328] 114
Marimba R. 168] 258] 105] 46| 23 191 21| 17 1] 124 15]  56] 63

Fluctuation]Manyame Origin)] 2.54] 4.77] 2.28| 1.33| 0.46] 0.17] 0.10] 0.64} 0.03] 0.G21 0.02] 0.23] 1.00
Ratio |Manyame R. 217] 3.87] 3.09] 1.45] 0521 0.19] 0.10] 064} 0.02] 0.03] 0.05] 0.48] 1.00
{-) Mutuvisi R 2.27| 2971 1.83] 0.92] 0.55] 0.39] 0.36] 032] 031] 0.44] 050 1.13] 1.00

Marimba R. 268| 4.121 1.68] 0.73] 0.356} 0.31] 034] 0.28] 0.i8] 0.19] 0.24] 0.90] 1.00

Table 7.2.5 Annual Average Run-off Ratio (Rivers)

: - Unit: %
River Ti9oss] 1986] 1987} 1988] 1989] 19901 1991] 1992] 1993] 1994] Ave.

14.0] 201 s.5] 1e.8] 202] 11.6] o0.7] 6.2] o.9] s8] 9.0
Manyame R. 119 18.0] 3.8 8.8 t1.6] 91 1.2] e8| 19] 43| 7.1
Mukuvisi R, 23.1) 27.0] 13.3] 24.9]| 25.4| 26.2] s5.5| 22.2| 20.0] 29.3} 21.7}
Marimba R. "is.sl 2s.8] 7.1] 1a7) 219] so] 82| 72| 73] 144] 127

Manyame Qripin 1

(2) Discharge from Lakes and Dam

The annual averages of discharge are shown in Table 7.2.6 and Figure 7.2.7. The last
ten-year monthly averages of the dischacge from lakes and damis are shown in Table 7.2.7
and graphically in Figure 7.2.8,and based data are shown in Table 7.2.3 {5)10 7.23 (7),
Section 7.2, Data Report. These data é!early show water managcment practices of the
Scke Dam, Lake Chivero and Lake Manyame. The Seke Dam and Lake Chivero have not
discharged water during the dry season, while Lake Manyame has discharged through the
year. The purpose of constant discharge at Lake Manyame is to ensure maintenance flow
for the lower reaches. The relation belween rainfall and discharge is shown in Table
7.2.8 and Figure 7.2.9.
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Table 7.2.6 Annual Average Discharge

LakeDam J|_1985] 1986] 1987] 19s8] 1989 1990] 1991] 1992 193] 1994] Ave. |

Discharge FlowiScke Dam 434 482 02 193 278 139 5 0 0 54 168
x1000  |L.Chivero 9 92 4] 181l sel 79 0 0 0 ol 45
m¥day __ [L.Manyamdl _134] _483] 226] 171 27| 225 go] 728 56 76| _ 155]

Fluctuation |Seke Dam || 2.59] 287 0s5] 1158 1.66] 083 003] 000; 000 032] 1.00
Ratio  |L.Chivero )| 087 2040 o009 401] 1.24] 175} 000 0.00] 000] 000) 1.00
) LManyand] 0870 3.11] 1d46] 1.10] 017 14s] 0521 046] 036] 049) 100

Table 7.2.7 Monthly Average of Discharge

TakoDam B Jan | Kb | Mar | Ape | Moy ] Jon | Jul | Avg | Sop | Ot | mov | Dec | Awe

Discharge Flow | Seke Dam 351 9181 487 A0 3 10 5 1 6 2 1 5310
x1000 L.Chivero 28 191F  211] 102 12 1 K 0 0 J) g o 45
mitday [ Manvame 55 19 g0 453 183 1ss] ass] 2o2|  ion] 138 ¥ 109 1M
Flucfuation  |Seke Dam 2000 s539] 2880 1.19] 033 006 003 000 003 001 001 003 100
Ratio L.Chivero 062 a20] 464] 224 o028 o002 o000 ool 000 000f 00 000 10

() LMuyane] 036 0.13] 0260 295 119 101 101 133 124 00¥ a9y 071 100

Table 7.2.8 Annual Average Run-off Ratio (Lakes and Dam)

Unit: %

Lake/Dam __ L1985 ] 1986 | 1987 [ 1988 | 1989 | 1990 | 1991 ] 1992 ] 1993 | 1994 | Ave.
Seke Dam 1L 18.3] 245  &6.5] 10.2] 18.1 63] 03] 0.0 00] 35| 88

L.Chivero 0.6 1.7 0.1 3.4 1.3 1.3 0.0 0.0 0.0 0.0 0.8
I.Manyame 1.2 5.1 3.3 1.9 0.4 2.1 1.1 1.3 0.5 1.0 1.8

3

(3) Relationship betweea Water Level and Storage

The anhual averages of the water level compared to the full capacity level of lakes and
dams are shown in Table 7.2.9 and Figure 7.2.10, and the storage volume in lakes are
shown in Table 7.2.4, Section 7.2, Data Reporl. The monthly averages are shown in Ta-
ble 7.2.10 and Figure 7.2.11. In applying these water levels to the storage volume, the H-
V curve is obtained as shown in Table 7.2.11 and Figure 7.2.12. The relationship be-
tween water level and storage volume is explained by the following equation.

y = (x/100)' %100

x: Water level (%), y: Avaifable Volume (%}
The results of the equation with regards to the measured level, and the storage volume of
the lakes and dams are shown in Figure 7.2.13 and Figure 7.2.14.

‘Table 7.2.9 Annual Average Water Level of Lakes/Dams
Unit: 96

Lakc/Dam || 1989 ] 1990 | 1991 | 1992 | 1993 | 1994 ] 1995 | Ave. [1990/94
Harava Dafj] 83.7] 822§ 163 00] 665] 862] 149 500
Seke Dam || 85.5F 75.5] 220 3.1] s0.6] 493 9.5 423
L.Chivero 96.0) 97.8] 934] 786| 73.0] 89.7| 6827 852
L Manyamd] 95.4] 95.6] 804} 612 s54| 37.7] 28.0] 648

2y
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Table 7.2.10 Monthly Average Water Level of Lakes and Dams
Unit; %

Jan |Feb [Mar jApt |May [Jun Pul JAug |Sep [Oct |Nov |Dec Tave. ||

Scke Dam 45.1] 61.0] 57.9] 61.3} 49.3] 35.6] 38.8| 32.2] 33.9] 30.9] 35.5| 25.7} 42.

tlarava Dam | 58.7| 65.1] 65.5F 60.1} 59.4| 54.7| 52.6] 50.2] 44.1| 35.2| 30.3] 244 50.]'
3

L.Chivero 87.71 91.8] 91.5] 90.8{ 89.5| 872.7] 85.8| 83.7| 8t.4| 78.6] 76.7| 77.4] 83.

L.Manyame | 67.0] 71.6] 70.9] 69.9] 68.21 66.8] 65.2] 63.2] 61.6] 59.1| 57.5] 57.7 64.8]!

100.0 ¢ v e ,
90.0 _ ..... R
80.0 Y S A% T
g 700 SRR e 2
§ ggg e U0\ WOURURRIE SRRy 4 - A W --¢—Harava
5 400 |- ~@- Seke
§ 30.0 - --4— Chivero
20.0 1 —¥—Manyame
10.0 -
0.0
1989 1990 1991 1992 1993 1994 1995
Figure 7.2. 10 Annual Average Water Level of Lakes/Dams
100.0 — S —
80.0 - B e e
& 7004
‘-%-:; 60.0
3 500} Rt -4 Harava Dam
f:,-? 40.0 - —&~ Seke Dam
= 30'0'-, A —A—L.Chivero
200 & - . . e —-X—-L Manyame
100 - e SREREE SR
0.0 b
Jan Mar May Jul Sep Nov
Flgure 7.2. 11 Monthly A» erage Water Level of Lakeleams
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Table 7.2.11 H-V Curve of Lakes and Dams

Available Level Available Capacily (%)
" (%) Harava Dam Seke Dam Lake Chivero Lake Manyame J
“: 100 n 100.0 100.0 10040 100.0
90 753 81.8 824 .. h2
50 56.9 65.1 66.3 58.6
70 41.6 525 319 43.7
60 29.2 39.9 39.2 30.7
50 20.2 29.6 213 20.3
40 133 213 17.1 13.3
30 8.1 153 8.5 8.3 It
20 52 9.2 1.0 4.5 )|
10 1.7 37 na. n.a.
0 i 0.0 0.0 0.0 0.0
Deapth
{m) 10.65 5,795 15.3 14.25
Max Capacity "
(x1000m3) 9,026 3,380 247,181 480,236

Available Capacity (%)
h
&
=

20 40

Flgure 7.2.12 H- V Curve for Dam and Lake

60
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7.2.3  Flow Rate Estimation and Flow Balance

The flow pattern of the rivers, water level and discharge rate of the lakes are analysed to
come up with the flow balance in the entire study basin. Based on such results, the control

factors which affect water potiution analysis were clarified.

The average figures of the last ten years (1985-1994) are utilised for the analysis, since a ten-
year cycle pattern of rainfall is observed. Examination points are the lakes and before and
after conflucnces of major rivers. The Seke and Harava Dams are regarded as one water
body, because they are adjoin and their rated capacities and catchment areas atc compara-
tively small. Figure 7.2.18 shows locations of the study points. The tlow balance of the lake
is studied referring to annual average of the flow rates, while the annual and dry season aver-
ages was used for the flow rates of the rivers. The factors to be examined are shown in Table
7.2.12 and the details of flow rate estimation and flow balance are shown in Section 7.2.1,

Chapter 2, Supporting Report.

Table 7.2.12 Factors for the Study of Flow Balance

Flow | Item J Factors
Inflow Rivers -Measured value (Annual and dry season averages)
-Specific discharge amount estimated (in case of no
data available)
-Sewage effluent amount
Direct Rainfall |-Full Surface area of lake x rainfall amount

Direct Area [-Specific discharge rate estimeted; Runoff rate
Outflow | Evaporation |-Surface area of lake x Evaporation rate
Water Intake {-Records of Intake

Discharge  {-Measured value
Water level of

Batance -Measured value
the lake
Ground water
recharge and |-Assumption
gthers

(1) River Ilow
The average flow rates al present are eslimaled using available data on both annual and

dry scason bases. llowever, specific discharges estimated are adapted in case no data is §

available.

7-30



1)

2)

Specific Discharge Rate

‘The daily average flow rates in the year and during the dry season are summarised in
Table 7.2.13. There is no inflow of effluent discharged from the STW upstream of
the Harava Dan. As described in sub-section 7.2.2, the average run-off zatio in the
Manyame River basin is 8.7% in the last ten years, which is almost same as that in

whole of Zimbabwe (8%). The specific discharge rates are shown in Table 7.2.13.

Table 7.2.13 Specific Discharge Rate Rate

1985/94 Calchment
Annual Dry  JArea (km°)

Flow Rate {m’/day) 102,000] 31,000
Specific Flow Rate (m’/daykm?’) 215 65 474

Influence of STW Effluent

Effluent discharged constantly from the STWs affects the flow rate of the rivers.
Presently, simultanecus flow rates observation upstream and downstream of the
STWs is not conducted. Under these conditions, the flow rates at a certain point of
the river are different between measured data (flow implies discharged effiuent) and
those estimated using specific discharge rate in the subject basin. Additional flow to
the rivers is calculated considering effluent discharge from the STWs. The following

are conditions/assumptions for the calculation of the flow rates for water pollution

analysis:

a) Flow rates in the river comprise base river water and efftuent discharged directly
from the STWs and through the irrigation area,

b} The influences to river water by the discharged efftuent arc to be considered in
the sub-river basin where the STWs and jrrigation area exist.

c) Ahnuai or dry season average fig-i:_rcs are applied for the calculation.

The losses of the STWs” effiuent discharged by evaporation and underground infil-
tration and, adverse inflow of gmundwé{e—r are disregarded in item a} (100 % run-off
to the river). While, the specific discharge from irrigated areas is considesed to be

same as the natugal siver basin (8 %).
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Inflow to the rivers derived from the STWs is estimated as shown in Table 7.2.16

using the following equation: {f

y =Xy + 0.08x x;
y : Flow caused by STW effluent
X1 : STW efftuent (discharge to the rivers)

X3 : STW effluent (transmiited to farmland)

The difference of flow between measured data and estimated figure of using specific
flow rate Marimba River almost coincides with effluent amount discharged from the

STW. The details are shown in Section 7.2, Chapter 2, Supporting Report.

Present flow (m’/day) of the main river and major sub-rivers is presented in Table

7.2.14 and Figure 7.2.15(1).

Table 7.2.14 Present Daily Flow of the Rivers
Unit: m:’fday

%
River INalu:aI Flow Rate . S.T.W. Total Flow Rate §Catchment -
Annual Dry .JAnnual] Dry | Annual D1y JArea (km?)
Manyame QOrigin |102,000] 31,000 0 0(102,000} 21,000]A 474.0
Ruwa R. 42,0004 13,000 600 6008 42,600} 13,600{B 195.0
Seke D/S 170,000] 40,000]A 115.0
Nyatsime R. 77,600{ 33,900]18,400]15,1i00] 96,000 49,000|B 584.0
Manyame R. 247,600 73,900{18,400]15,100)266,000] 89,000]A 1530.0
Mukuvisi R. 86,300| 25,900]27,700[28,100]114,000] 54,000]A 236.0
Marimba R. 43,800 2,700} 19,200} 18,300] 63,000] 21,000]A 215.0
L.Chivero 6,700} 6,500 ]
L.Chiverc D/S 45,000] 16,000]A
Muzurury R. 67,000 20,000 0 0] 67,000] 20,000|B 310.0
Gwebi R. 166,000| 50,000 200 200]166,200] 50,200|B 770.0
L.Manyame D/S 154,0003211,000}A
Note:  A-measured flow
B-modified flow (effiuent of STWs is added to natural flow)
g
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{?) Direct Rainfall into the Lake

&)

“

()

(6)

Direct inflow of rainfall into the lake/dam is considered to the full surface area without

any losses. The delails are included in Section 7.2, Chapter 2, Supporting Repord.

Direct Area Run-off
The direct area run-off into the lake/dam through small rivers/channels is using specific
discharge rate of river basin. The details are shown in Section 7.2, Chapter 2, Supporting

Report.

Evaporation

According to the study on Lake McLwaine (1982), the evaporation from Lake Chivero is
estimated at 1291- 2005 mm(Average 1541 mm). The amount of evaporation is eslimated
using surface area of the lake/dam at the average water level and average evaporation of
1541 mny/. ‘The surface area of the lake/dam is estimated using H-V curve shown in sub-
section 7.2.2 (0.83 power of lake level). The details are shown in Section 7.2, Chapter 2,
Supporting Report.

WTWs Water Intake

The WTWs water intake amount at each lake/dam is estimated using its record during
1994-96 and the record of the water pumped amount during 1986-94. The details are
shown in Section 7.2, Chapter 2, Supporting Report.

IFlow Dalance at the Lakes/Dams

The balances between inflow and outflow in annual average at respective fakes/dams are
summarised in Table 7.2.15 and flow modet covering subject basin is presented in Fig-
ures 7.2.15(2) and 7.2.16. The deference between inflow and outflow still remains after
excluding the change of the storage volume. Tt may be derived from the groundwater in-

fluence and the measurement and estimation errors.
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Tahle 7.2.15 Inflow and Outflow Water Balance at Lakes/Dams

} Unit:x1000m*/day
Name __ inflow Qutilow
Seke And Harava Dam
 Manyame Rives 162.0
Ruwa River 426
Direct Rainfall 14
Direct Area Run-off 25.0
Evaporation 7.1
Prince Edward 20.5
Discharge 170.0
Subtotal 1770 197.6
Difference Between Inflow and Ouifiow -20.6
Change of Storage Volume
Adjustment Volume *1 -20.6 3
Lake Chivero
Manyame River 266.0
Mukuvisi River 1140
Marimba River 63.0
Direct Rainfall o 589
Direct Area Run-off 55.7
Evaporation 96.4
-Morton Jaffray : 164.3
Discharge ) 45.0
¢ Subtotal ' 557.6 305.7
> Difference Between Inflow and Qutflow 251.9
Change of Storage Volume 300
Adjusiment Volume *1 221.9
Lake Manyame
Lake Chiveio 45.0
Muzuotum River 67.0
Gwebi River 166.2
Direct Rainfall 182.0
Direct Area Run-off 109.2
Evaporation 2334
Morton Jaffray 97.6 2259
Discharge 154.0
Subtotal 667.0 613.3
Difference Between Inflow and Outflow 53.7
Change of Storage Volume -19.0
Adjustment Volume *1 72.7 ]

*Note; *1: Groundwater influence and errors derived from measurement and estimation

gy
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(7) Flow Balance in the Fulure

The natural flow rates of the rivers are largely influenced by the rainfall amount which
fluctuates year by year. The future flow rates are therefore assessed based on the average

rainfall amount in the past 10 year period.

On the other hand, human activities such intake for water supply and discharge of treated
wastewater, ctc. also affect the flow rates. Particolarly, the effluent of the STWs is sig-

pificant on the flow rates.

The future flow rates is prepated in Table 7.2.16 considezing the discharge volume of
STWs proposed in Table 12.2.7. The S¥TWs discharge flow directly to the rivers is
cquivalent to the projected sewage inflow to the adopted BNR (reatment process. The

detailed calculation is included in Section 7.2, Chapter 2, Supporting Report.

The present discharge flow from Lake Manyame is assumed to be kept through the fu-
ture, assuming that intake amount at the WTW will be controlled with reference to
treated effluent amount.

The average flow rales in the past 10 years are used for the present and future pollution
analysis (1995) both for rivers and lakes. Effluent discharged from the Zengeza STW is
excluded for the present analysis of rivers, because the present water quality of the river -

is not affected.
The flow balance by scenario are shown in Table 7.2.17 and the flow models to be

adopted in analysis of rivers/lakes by scenario are shown in Figure 7.2.17 and 7.2.18, re-

spectively.
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