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Table 7.2.17(1) Estimated Water Balance {scenario-1)
Unit: x1000m*/day

1995 2000 2005 2015 ]
Name Inflow |Outflow| inflow [Ouiftow] Inflow JOutflow| Inflow |Qutflow
Seke And Harava Dam '
Manyame River 102.0 1020 102.0 102.0
Ruwa River 426 43,7 442 471.5
Direct Rainfall 7.4 7.4 74 7.4
Direct Area Run-off 25.0 25.0 25.0 250
Evaporation & others -13.5 -13.5 -135
Prince Bdward 205 216 22.1
Dischaige 170.0 170.0 1700
Subtotal 177.0] 172.0] 1781 178.1] 1786} 178.6] 18L9
Lake Chivero
Manyame River 266.0 265.8 210 304.8
Mukuvisi River 114.0 230.5 2984 360.0
Marimba River 63.0 96.2 158.8 189.6
Direct Rainfall 58.9 58.9 55.9 58.9
Dircct Ar¢a Run-off 55.7 51.9 519 51.9
Evaporation & others 318.3 3183 3182 3183
Morton Jaffray 164.3 340.0 475.7 601.9
Discharge 450 45.0 45.0 43,
Subtotal 557.6] 527.6] 703.3] 7033] 833.0] 839.0| 965.2| 965.
Change of Storage Volume 30.0
[ake Manyame ]
Lake Chivero 45.0 45.0 45.0 45.0
Muzururu River 67.0 67.0 67.0 67.0
Gwebi River 166.2 166.2 166.2 166.4
Direct Rainfall 182.0] 18290 182.0 1820
i Direct Area Run-off 109.2] - 169.5 110.0 1123
Evaporation & others 306.1 306.1 306.1 306.1
Morton Jaffray 97.6] 2259 00| 109.6f 110.1 12.1
Discharge 154.0 154.0 154.0 254.5
Sublotal 667.0; 686.0| 3569.7| 569.7| 5702 570.2] 572N 5727
Change of Storage Volume -19.0 :
‘Total WIW Intake | 313.1} 471.2 607.9 6394
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Table 7.2.17(2) Estimated Water Balance (scenario-2)
Unit: x1000m’/day

1995 2000 2005 2015
[Name _ Inflow | Outflow| Inflow ] Qutflow] Inflow | Outilow]| Inflow Qutflow
iSe-ke And Harava Dam ]
Manyame River 102.0 102.0 102.04 102.0
Ruwa River 42.6 433 435 46.4
Direct Rainfall 7.4 74 74 74
Direct Area Run-oft 25.0 250 250 250
Evaporatior: & others -135 -135 -13.5 -13.5
Prince Edward 20.5 21.2 2t.4 24.3
Discharge 1700 170.0 170.0 170.
I Subtotal 177.0] 177.0 172.7 172.7 17719 177.9 180.8 180.8
Lake Chivero
Manyame River 266.0 273.0 289.1 338.7
Mukuvisi River 114.0 2340 255.6 3282
Marimba River 63.0 95.5 103.4 134.9
Direct Rainfall 58.9 58.9 589 589
Direct Arca Run-off 55.7 519 519 519
Evaporation & others 318.3 3183 3183 318.3
Morton Jaffray 164.3 350.0 395.6 5493
Discharge 45.0 45.0 450 45,
Subtotal $57.6) 5276 7133} 7133|7589 7589 9126] 9126
Change of Storage Volume 30.0 l
1 ake Manyame
Lake Chivero 45.0 450 45.0 45.0
Muzururu River 67.0 67.0 67.0] 67.0
Gwebi River 166.2 166.2 166.2 166.2
Direct Rainfall 182.0 182.0 1820 182.0
Direct Area Run-off 109.2 109.3 109.6 111.1
Evaporation & others 306.1 306.1 306.1 306.1
Morion Jaffvay 97.6] 2259 00| 1094 109.7 64.7
Discharge 1540 154.0 154.0r 200.5
Subtotal 667.0| 6860 5695 569.5| 569.8] 569.8] 5713 5713
Change of Stofage Volume -19.0|
i Total WT'W Intake 313.1f 480.6 526.7] 638.3}
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UNIT WASTEWATER QUANTITY AND QUALITY



CHAPTER § UNIT WASTEWATER QUANTITY AND QUALITY

8.1

8.2

8.2.1

General

Pollution sources are categorised into those related to human related activities and natural
origin, which are either point or non-point {distributed) pollution sources. The former category
includes human population, business/institutional establishments, factories, livestock,
farmland (fertiliser, agricultural chemicals), and rainwater run-off from urbanised area.
Undeveloped areas including grassland and rainfall on water body.have a potential to discharge

pollution load

Unit wastewater quantity and quality of major pollution sources are studied for the target years

both for water pollution analysis and planning of countermeasures.

References were made to the previous studies conducted in Zimbabwe for water supply and
sewerage expansion/devetopment. The invesligation results on the water qualily of major
pollution sovrces through this study were also utilised. Fuithermore, the experiences in Japan

and other countries were referred to for some pollution sources.

Unit wastewater quanlily for various pollution sources through the fulure was projected based

on the study of present water consumption and effluent amount, With regard to water quality

- indices, Biochemical Oxygea Demand {BOD) is used for water pollution analysis of rivers and

sewage treatment plan.

Water poliution analysis of take is ntade using Total Nitrogen (T-N) and Total Phosphorus
(T-P), which are usualiy applied to analyse eutrophication problem. Chemical Oxygen
Demand (COD) is also used with reference to water pollution caused by organic substances. In
this regard, interrelationship between BOD and COD was analysed using available data of the

water body.

Domestic/Commercial/Institutional Sewage
Unit Sewage Quantity

(1) Water consumption per capita per day
Per capita waler consumption at present and in the future is discussed referring to existing
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plans by urban local authorily as follows:

- Harare City
Harare Cily provides water supply service for its metropolitan area including
Chitungwiza Municipality, Norton Town, Epworth Local Board and Ruwa Local
Board. Investigated actual water supply and consumption amount were reported in the
Master Plan for Water Distribution” in 1995. The data bases of water supply and water
consumgption are consumer’s meters records (water sales) and pumping plant records
{from bulk watermeters on transmission mains), These records in the last 5 years

(1986-1991) are summarised in Table 8.2.1.

Table 8.2.1  Water Supply and Censumption Records (1986-1991)

5 Year Pumped Sales
Total Ml/annum | ADA (Ml/d) ‘Total Ml/annum  |ADA (Ml/d) |
1986/87 91,282 250 73,495 203
1987/88 102,785 279 89,516 243
1988/89 100,095 274 86,647 237
1989/90 113,742 319 96,806 265
1990/91 128,698 352 90884 | 302

Note: ADA; Annual Daily Average

Annual daily average consumption (sales) grew at a rate of 8.3% p.a. between 1986
and 1991. The mean difference between pumped volume and consumption amount
was 18% mainly caused by losses in the transmission mains and reticulation system,

and by under-measurement at consumers’ meters,

Water consumiption during 1986 to 1991 was further broken down by consumer

category as shown in Table 8.2.2.

17 Master Plan for Water Distribution, Vol. 3 - Existing Supply Area, Oct. 1995, Dept. of Works, City of Harare, See. 4

82
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Table 8.2.2 Water Consumnption by Category (1986-1991)
Unit; 1000m°

Consumption (Annual Daily Average)
Year Residential (a) Ind /Com. B/A Chituag- | Minor Total
High Low/Med. | /last.(b)* | (%) wiza | Supplies
86/87 35 66 72 H 27 3 203
87/88 53 71 87 70 28 4 243
88/89 44 73 88 75 27 5 237
89/950 50 83 9% 74 28 5 265
90/91 53 97 115 T 28 9 302
Growth Rat
(% pa) “| 87 8.0 9.8 i - 8.3

*: Ind./Com finst.; Industrial, Commercial znd Instiiutional

Water consumption rates by different density residential area were analysed as
follows:
High-density 800 ¥stand/day (~ 80* l/capita/day)
Medium-deasity 1,800 I/stand/day (=~ 300* l/capita/day)
Low-density 2,500 I/stand/day (= 625* l/capita/day)
*.  The number of persons per stand of each category is sssumed;
High-density 10 p/s, Mediem- 6 p/s, Low- 4 pfs
However, following figuces are presented later in the same feporl;
High-density 11 p/s, Medium- 9 p/s, Low- 7 p/s
Applying above figures, per capita consumption is;
High-78 Vcap/d, Medium- 200 lfcap./d, Low- 357 Ycap./d

The high consumption rates of medium- and low-density were also reviewed in the
study considering possible change of social conditions in the future. The following are
proposed consumplion rates for the year 2012 as one of alternatives:

High-density 80 Vcapita/day

Medium-density 250 leapita/day

Low-density 350 l/capita/day

Finally, the plan adopted those calculated in use of past records without any reduction
of consumption rates among three proposed alternatives for medium term target. The

following is the adopted water demand in the year 2012:



High-density (3,787,911 x 801/p/d) = 3030 Ml/d
Medium-density (501,375 x 300 Ifp/d) = 150.4 Ml/d
Low-deasity (486,545 x_625 l/p/d) = 303.8 Mld
Sub Total Domestic 757.2 MIid
Institutions/Commercial/industrial (70% of Domestic) == 530.0 Ml/d
Chitongwiza (4.5% annual growth) = -70.5 Mi/d
Norton & Ruwa (6.4% annual growth) = 31 Mid
Total Estimated 2012 Demand = 1,358.8 Ml/d

This projected water consumption may be regarded as a maximum figures.

- Chitungwiza Municipality
The proposal for sewerage project in the Chitungwiza Municipality” suggests an
average daily water supply rate at 900 I/household/day based on the data obtained
through bulk meter readings. It is also assumed that a 20% of the total supply amount
is not conveyed to the consumers due to leakage, waslage, etc. Under the conditions,
water consumption rate is estimated to be 206 l/capita/day using an avezage household
size of 4.37 (1992 Census).

- Norton Town
The following design criteria for the estimation of future sewage flow are adopled in
the feasibility study report for the new Norton STW -
High density ‘ 18 mYuniymonth  (+ 5.6 =~ 107 l/capita/day)
Medium dessity 28 m>unit/month  (+5.6 = 167 Veapita/day)
Low density 37 mYunitymonth  (+5.6 =~ 220 l/capitasday)

These figures were derived through the analysis of the records al water meters. Per
capita consumption figures by different density are eslimated assuming an average size

of 5.6 persons/household” common to three different density areas.

Under the assumption the per capita consumption estimated for high density area may

be less than 107 l/day, vice-versa the figure of low densily area larger than 220 V/day.

1/ Project Proposals for the Sewerage Augmentation Scheme, Feb. 1996, Municipality of Chitungwiza, p20
2/ Report on the Feasibility Study for New Sewage Treatrnent Works, May 1996, Nerlon Town Council, Table 4.2
37/ 20,405 (pop. Census 92} + {3,220+423) (Number of unit presented in ref, 2) = 5.60
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- Ruwa
The following design criteria are adopted for estimation of future water su pply demand
in the Water Supply Plan of Ruwa” . In this plan, there is not any description on an
average number of pezsons per stand.
Category Water Supply
High density 900 Ifstand/day
Low density 1800 I/stand/day

(2) Sewage discharge amount per capita per day

There is no study result on per capila domestic sewage amount using aclual data in
Zimbabwe. However, design criteriafassumptions for planning purpose are discussed in

the previous reports and studied as shown below.
1) Sanitation Manual Design Procedure, Dec. 1990

This manual was prepared for infeastructure projects of local authorities in Zimbabwe
by the Swedish Association of Local Authorities {SALA) uider financing by the
Swedish International Development Agency (SIDA) at the request of the Miaistey of

Local Government Rural and Urban Development.

Annual Average Daily Water Demand (AADWD) is recommended in the manval with
a gange from 600 l/stand/day to 2,000 Vstand/day depending on the difference of
population density. It is assumed that about 85% of supply amount to a single bigh-
density dwelling is discharged as sewage. In addition, 850 I/stand/day is suggested as
a maximum figure for sewage planning because some water may be used for watering

plants and others.

2) Plans of Sewerage Systems

- Harare City

The sewerage plan for Crowboraugh Sewage Treatment Works? used following

1/ Water Supply Report for Ruwa Local Board, Nov. 1994, Ruwa Loca! Board, p3
2/ Crowborough Sewage Treatment Works, Vot. 1 - Catchment Study, Final Report, Oct. 1995, Dept. of Works, City of
Harare, p35 : '
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design criteria for the estimation of fulure sewage flow:

Catcgory Water Supply  Discharge Ratio Sewage

High density 800 I/stand/day x 0.85 = 680 I/stand/day
Medium density 1,800 Vstand/day x 0.70 = 1,260 I/stand/day
Low density 2,800 I/stand/day x 0.50/0.70Y - = 1,400 V/stand/day

Number of persons per stand {occupancy rate of single dwelling unit) is assumed
tobe 10t0 12,

Applying the same number of persons per stand in the water supply master plan,
following unit sewage quantity by different density area (in the sewerage plan, 10

to 12 persons per single dwelling stand are assumed):

High densily 680 I/stand/day + 10 = 68 lcapita/day
Medium density 1,260 I/stand/day ~ 6 = 2101/capita/day
Low density 1,400 Vstand/day + 4 = 350 l/capita/day

- Chitungwiza Municipality

The following design criteria for the fulure sewage flow are used in the Proposal

for Sewerage Project of Chitungwiza Municipality¥:

Category Water Supply  Discharge Ratio Sewage
High density 800 I/stand/day x 0.85 = 680 I/stand/day

The proposed unit sewage amount for high density are is the same as that adopted
in the plan of Harare City. Applying number of persons per stand @
personsfstand), per capita water consumption and sewage amount is 89

Vcapita/day and 76 V/capita/day, receptively.

This unit water consumgtion is quite low in comparison with thase in water supply

plans.

- Norton Town

The following design conditions are used for the estimation of future sewage

1/ for 10-20 year period, Crowborough Sewage Treatment Works, Vo!. 1 - Catchment Study, Final Report, Oct. 1995,
Dept. of Works, City of Harace, p37
2/ Project Proposals for the Sewerage Augmentation Scheme, Feb. 1996, Municipality of Chitungwiza, Annex 4
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amount in the feasibility study for the New Norton STW". Sewage discharge ratio

of 0.677 is adopted based on the actual data.

Category Water Supply  Discharge Ratio Scwage
High density 18 m'funit/month x  0.677 = 400 lfunit/day
Medium density 28 m%unit/month x  0.677 = 632 funit/day
Low density 37 m*funit/month x  0.677 = 835 Vunit/day

Assuming that the number of persons per unit is 5.0, per capita sewage quanlily by

different density area is calculated as follows:

High density 406 lunit/day + 5.6 = 73 l/capita/day
Medivm density 632 ljunit/day + 5.6 = 113 Yeapita/day

Low density 855 l/unit/day + 5.6 = 153 lfcapita/day
3) Measurement results at the Donnybrook STW

Residential area mainly consisting of high densily area is dominant in the service area
of the Donnybrook STW. Per capita sewage quantily was calculated in the range

between 55.3 to 63.0 l/capita/day using past records as discussed in sub-section 8.2.2.
4) Unit sewage quantity for water pollution control planning

Although unit water consumption quantily has a range by different population density,
i.e. high density 70 - 110 l/capita/day, medium desnisity 110 - 300 Ycapita/day, and low
density 150 - 625 l/capita/density, the figures used in the Harare Water Supply Master

Plan was employed for the planning purpose.

The discharge ratios of consumed waters is referred to those applied in the sewerage
master plan for Crowborough Sewage Treatment Works. The following are the
calculation resulls:

Category Water Supply  Discharge Ralio Se¢wage

High density 80 lcapitatday x  0.85 => 70 lfcapita/day
Medium density 300 Vcapita/day x 0.70 => 210 lfcapita/day
Low density 625 lcapita/day x 0.50 => 3135 lfcapita/day

1/ Report on the Feasibility Study for New Sewage Treatment Works, May 1996, Norton Town Council, Table 4.2
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Unit water consumption quantities of low and medium density areas are assumed to
be constant through the future as same as in the previous studics, white increasing
unit quantitics arc adopted for high density area. As a present figure of high density
area, 60 l/capita/day is adopled based on the study resulls at Donnybrook STW (sce
sub-section 8.2.2). Yor the future projection following interpolated figures are
applied:
' Present 60 Ycapita/day
2000 63 Veapita/day
2005 65 Ycapita/day
2015 70 {/capita/day

These values are adopted for all urban local authorities, namely Harare, Chitungwiza,
Norton, Ruwa and Epworlh, because the life style in each aunthority is not different
each other in same densily category. Discharge rate of domestic sewage in rural area

with no residential category is assumed to be the same as that in high-density area.

(3) Commercial Wastewaler

1) Harare City

The water supply authority in the study area does not have statistics on the share of
commercial/institutional water consumption. However, as presented in previous
Table 8.2.2, total water consumption of commercial, instilutional and industrial was
computed to be about 75% of domestic water consemption in the Harare city. This
assumption is also supported by the available recent data presented in Table 8.2.3.
‘Thal table shows the teend line of ratio of commercialfindustrial/institutional water
sales volume to domestic volume in the Harare city indicaliug- about 75% in years
1995 to 1996. Thus, the telal amount of commercial, industrial and- institutional
water consumplion at present may be assumed at 75% of domestic water
consumption. Discharge ratio of them may be assumed to be equal to that of
domestic sewage. Therefore, waslewater discharge quantily is also set at 75% of
domestic sewage quantity. The net commercial and institutional wastewater is
derived from the total amount by deducting the industsial wastewater discussed in

sub-section 9.3.

The data in Tables 8.2.2 and 8.2.3 imply that the ratio of commercial and inslitutional
consuniplion to domestic consumption has been increasing. The trend line showed in

Table 8.2.3 indicates the percentage will be more than 100% in the year 2015,

8-8
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Table 8.2.3 Water Sates Volume

Tota! Sales in Hararg Gity .
Morth - Sales High-dens. Other Others* | Others/Hes. Tolal Sales to Sales to Sales to
Year (m3/month) | Residential | Residential | (C/L 11} % ] Chitungwizal  Norton Others _ |
Jan90| 6565275] 1,416,887| 2026572] 2273959 €6% 5717418 580,126 131,930 435,741
Feb-90] 6,870,157] 1,255,125] 2,144,908] 2,257,185 66% 5,657,218 744,082 80,090 378,767
Mar-90] 6,684,058] 1,247,952 1.928514] 2292405 72% 5,463,271 762,216 105,636 346,935
Apr-00] 7,001,899 1440528 2.042635| 2257504]  €5% 6740567 752670 135,720| 372,842
May-90] 7,104,209 1506.601] 1,798,746 2367.513]  72% 5,670,860 826,297 135,800 471,252
Jun@0] 9,054,838] 1,444,867| 20866622 3255116 74% 7,711,248 634,785 165,984 492,923]
JulF90f 9,003,703 1,287,027] 3,007,597 347661 81% 7,771,257 £61,218 79,651 488,577
Aug-90] 10,464,114] 1,607,247] 4,023,768 3466415 &63% 9,017,430 941,776 79,719 429,1 sg
Sep-00] 8,685.206] 1,657,672] 3442710 2773368 54% 7,873,750 239,857 115,180 449,499
Oct-90]  9.845951] 1.692,379] 3,275,752 3,449,020 69% 8,417,151 956,147 4,000 468,693
Nov-90] 10,228 822] 1,760,497] 3713692 29827563 53% 8,402,0521 1,256,130 35,865 534,7 75
Dec90| 8,928585] 1,764,368 2,822,268 2905194 63% 7,491,830 806,821 52,018 571,817
90 Daily Avg. 225,992 43 263) 90,938 52,405 66% 232,729 25,247 3,103 14,913
JanO1] 8,691,4340 16482121 2516670| 2973324 13% 7,072,115 722,919 384,100 5053
Feb-91| 8633,746] 1486,553] 2,127,135 2,763,024 76% 6,376,712 788448 394,100 1,074,486
~ Mar-9%| 7.945.872f 1,461,035] 2,184,738] 2,713,352 T4% 6,359,125 506,162 394,100 386,485
Apr-91| 8281,005] 1,755297| 2200829} 2766972 70% 6,723,098 721,628 334,100 442,178
May-91] 9.224,381] 1.674,916] 3,017,302} 2.883,523] 61% 7,575,741 765,009 394,100 489,531
Jun-9i] 9609.357] 1,712952{ 3,139,943| 2935629 62% 7,839,524 874,518 394,100 501,218
Jul-94 - . - - - - - - - -
Aug-9t| 9,833413] 1,750410] 3,300320] 3.065948 61% 8,189.835] 1,121,907 14,923 506,748
Sep-91 9,176004] 1,797.469] 2684,203| 3,006,039 67% 7.487,711] 1,471,224 12,999 504,070
0c191] 8451546 1,657,968 2,567024| 2852027 70% 7177017 801,414 12,5999 470,‘I_1§J
Nov-91} 8,500,070 4,842963] 2568561| 2,760,477 63% 7,172,001 840,911 11,971 475,187
Dec-91f €,555,536] 1,806,828] 2,146,572] 3,019,718 76% 6,973.118] 1,072,169 11,770 493,479
91 Daity Avg. 265,622 50,763 77,954 87373 68% 216,230 26,538 6,656 16,035]
Jan-92] 7,964238] 1.569,026] 2,044,098 2547,111 70% 6,160,235] 1318.996 8.976 478,031
Feb-92] 7,721,962 1,587.010] 2,195027| 2504,384 66% 6,286,421 947,126 16,691 471,724
Mar-92| 7.737,063] 1,644,624] 2,006,699 2,747,870 75% 6,339,393 869,464 11,538 456,6L8l
Apr-92] 7,517.527f 1563,271| 2018,766| 2,659,466 74% 6,254,523 £65,031 8,447 389,466
May-92] 8,180371) 1,767,178] 2.218,845] 2718.038 88% 6,704,061] 1,133,264 16,094 326,952
Jun92| 7,8640943] 1616864] 2411813 2550581 83% 6,579,258 811,427 13.352 436,905
Jul-o2] 7,728,548] 1,407,633] 2.204538| 2722631 5% 6,334,862 957,041 14,077, 422,568
Aug-92] 8,057,252] 1,753.633] 2,214570) 2725952 £9% 6,694,459 915,980 20,033 426,784
Sep-92] 7.951,477] 1,708,062 2227971| 2554.03f §5% 6,488,064 878,301 24,055 571,057
Oct-92] 7,211,638] 16457401 1.905747| 2,383,107 67% 5,835,584 870,283 26,803 378,958
Noy-92] 7,952,266 1.859,877] 1,892,200 2889333 7% 6,641,500 879,826 27,864 403,076
Dec-92] 7,308,890] 1,658,936 1,708961| 2,446,597 73% 5814,554] 1,059,056 35,155 401,125
92 Daily Avg. 255,295 54,209 63,623 86,189 70% 209,022 31517 611 14,146
Jan-93] 6,350,212] 1,650,498] 1.600,245] 2,175235 67% 5,425,979 595,956 13,515 344,762
Feb93| 7.310928] 1,439,866] 1,666,085 2,918,736 93% 6,044,687 943,202 20,256 302,183
Mar-93] 6,724,501 1,436671] 1.840848] 2320597 1% 5,598,116 710,432 13,478 402,775
Ape-93| 6,852.606] 1,624,088] 1,708,008] 2316405 70% 5,648,501 794,263 11,316 401,526
May-93] 6889.375] 1,612201] 1727805 2,259,406 68% 5,599,502 841,043 15017 433,813
Jun-93] 7,713583] 1,685113| 2,110357] 2450.729 65% 6,246,199] 1,002,882 23,629 440,873
93 Daity Avg. 231,331 52,202 58,969] 79,785 2% 190,956 26,588 537 12,8501

* commercial, industrial and institutional water consumption

Ratlo of ComTnd/Tnst. Water Sales Volume Against Domestic Volume

in Harare City

...........
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The water supply master plan, however, proposes 70% cven in the year 2012,
Taking account of these figures, 80% is adopted for the year 2015, For the yecars

befare 2015, following interpolated figures were adopted;

Present 15%
2000 76%
2005 18%
2015 80%

Note:  These figures include industrial wastewater discharge.

The commercial water consumers in the larare city are distributed vnevenly.
Though many shopping centres are scattered in entire area, their water consumption
and discharge may be regarded negligible in comparison with total domestic
consumption and discharge. Most of the commercial water consumers is located in
the cenlral business district which is located in the service arca of Firle STW
{Mukuvisi sub-basin), while many instilutional water consumers are distributed in the
service area of Crowborough STW (Marimba sub-basin). Taking account of
influent quantities at both STWs, it is assumed that 30% of total
commercialfinstitutional wastewater is discharged in the Mukuvisi sub-basin, and

20% in the Marimba sub-basin.
Chitungwiza Municipality

According to the investigation results of bulk meter reading in Chitungwiza in 1992,

water consumption in Chilungwiza is categorised as shown in Table 8.2.4;

Table 8.2.4 Water Consumption In Chitungwiza

Area Monthly , Daily C(;nsumplion Share in
Consump. (m’) {m’/day) Total
TILCOR Industrial Area 603,759 2,5.’_37 8.9%
Shopping Centre 107,095 450 1.6%
Hospital 234,552 986 3.5%
Others 5,844,651 24,557 86.1%
Total 6,790,057 28,530 -

Based on the figures in Table 8.2.4, the ratio of water consumption of the shopping '
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cenlee and the hospital to others is calculated at 5.0%. Other commercial and
institutional water consumption may be regarded as minimal in comparison with total
water consumption. Discharge eate to supplied water may be regarded as samie to thal
of domestic water consumption. Thus, the present ratio of commercialfinstitutional
wastewater to domeslic sewage is planned at 5%. This ratio is set at constant in the

future.
3) Norton Town, Ruwa, Epworth

Since no dala is available for commercial and inslitutional water consumption in these

areas, it is assumed at 5% based on the figure for Chitungwiza and field obscrvation.
4) Other area (rural area)

It is assumed that wastewater discharge of commercial/ institutional cstablishments are

included in that of domestic sewage.

$.2.2 Unit Pollution Load

(1) Domestic Sewage

Quality of the sewage is a requisite for water pollution analysis and designing of sewage
treatment works. Generally, water quatity indices to be used for those purpose are BOD,
COD, T-N, T-P and Suspended Sofid (SS). Unit pollution load in terms of such indices
was studied in this chapter, except SS which is discussed in Chapter 12 for planning of

sewage (reatment facilities.

There is n0 precious studies on pet capita poliution load, while the following are relevant

information on sewage quality:

1) Sewage quality at present is used for fulure sewerage development in the new Norton

STW plan,

2) Chitungwiza sewerage project proposals presented the BOD load at 50 g/capita/day.
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3} Sanitation manual

Sanitation manual recommend only following design values of BOD load:
High-densily areas 40 g-BOD/head/day
Low-deasity areas 50 g-BOD/head/day

The manual also presented following reference data reported by I, D, Mara" :

Daily Per Capita BODs:  Zambia 36g
Kenya 23g
S.E. Asia 43g
India 30-45g -
Rural France 24-34g
UK 50-59¢g
USA 45-78g

Average Breakdown of BOD; (g/head/day):
USA Tropics

Pessonal Washing 9 5
Dish-washing 6 8
Garbage Disposal 31 0
Laundry 9 5
Toilet - facces 11 3]
urine 10 10 &
paper 2 1 =
TOTAL 78 40
4} Raw sewage quantity and quality at Donnybrook STW
Table 8.2.5 summarises obtained data at the Donnybrook STW, which is dominated
mainly by high density residential area, from May 1994 to April 1995.
Table 8.2.5 Raw Sewage Quanltity and Quality at Donnybrook STW
STW |Avg. Flow (m3/d) BAGD; . T-N T-P**
No. |Annual| Dry* | mgh kg/d mg/i kg/d mg/l ke/d
DBI 400 3911 854.7 342 1949 78 26.3 i1
DB2 | 1,350 1,357] 7770 1,049 21838 295 209 28
DB3 | 1,396 1,364} 384587 1,181 188.4 263 24.3 34
DB4 | 2,351} 2400 7756} 1,823 186.2 438 229 54
Total | 5,497 | 5,512 4,395 1,074 126
*; Dry Season {May to Sepl. ‘94, Apr. to Sepl. ‘95, Apr. ‘96) g
*+: Converted from Phosphate -P values (T-P = P-P x 1.5482 + 0.2682, refer to Chapter 9) 3

I/

Sewage Treatmeal in Hot Climate, D. D. Maza, John Wiley & Soas, 1976
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Present population in the service area may be estimated at in the range between 87,538
and 99,688" based on the 1992 census poputation and anneal poputation increase rate
{2.65% p.a. and 6.04% p.a.) as discussed in Chapter 6. Therefore unil poliution load

by qualily index was estimated as shown in Table 8.2.6.

Table 8.2.6  Estimated Unit Pollution Load and Comparison with
Experience in Japan

Unit Load Calc. Resulis (3) | Exp. in Japan(b) | (ab) %
Sewage (Dry Season) 55.3-63.01Ipcd - -
BOD; 44.1 - 50.2 gped 57 gped 77-88%
CODwu, - 28 gpcd -
T-N 10.8 - 12.3 gpcd 12 gpcd 90-103%
T-P 1.3 - 1.4 gped 1.2 gped 108-117%

Note: Ipcd; litre per capita per day, gped; gram per capita per day

Estimated unit poliution load is lower than that in Japan™ except for T-P which is
higher than that of Japan. This high T-P value may be due to use of detergent

containing phosphate.

Giving consideration to above discussions, following figures are used for planing purposes

as the unit generated potlution loads of domestic sewage:

Table 8.2.7 Unit Generated Pollution Load of Domestic Sewage

B Unit Pollution Load High-density Medium-density Low-densily
BOD; 44 gped 47 gped ~ 50gped
COD,* 88 gped 94 gpcd 100 gpcd
T-N 11 gped 12 gped 13 gped
TP 12 gped 1.3 gped 1.4 gped

Nole: gped; gram per capita per day
*: COD valoes are assumed to be two times of BOD values.

Unit discharged poHution loads are also calculated both for sewered and unsewered arcas

~ in assumption of removal ratio at respective treatment facilities. For the sewerage service

1/ Increased population adopted natural increase rate in Harate; 78,843 x (1 0265) = 87,538
Increased population adopted anaual increase rate in Harace; 78,843 x (1.0604)* = 99,688
2/ Guidelines for Basin-wide Water Pollution Control Master qun, Japan Sewage Works Association, 1993, p29
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area, treatment efficiency at STW is applied to generated pollution load for calculation of

discharged pollution loads. Calculations are carried out in Chapter 9.

Generally, generated sewage consisting of night soil and grey water in unsewered area is
treated by septic tanks with seepage pit. Thus, any polution load daes not flow into public
water bodies in usval under good maintenance condition. However, in rural area, it may be
assumed that considerable amount of pollution load is flowing out to the environment due
{o overflowing from seplic tanks and seepage pit, direct discharge of grey water, washing at

fivers, etc.

Although it is ifficult to quantify such pollution oads, 8% of generated polivtion loads of
unsewered area in high density areas is assumed to reach to subject water bodies as the
concenteated pollution loads. This ratio is assumed to be nil for low and medium density
areas in unsewered area in based on field observation. The values in Table 8.2.8 are

assumed to be conslant through the future.

Table 8.2.8 Unit Concentrated Pollution Load of -
Domestic Sewage in Unsewered Area

Unit Pollution Load High-density
BOD; 3.52 gped
COD¢, 7.04 gped

T-N 0.88 gped
T-P 0.096 gped

Note: gped; gram per capita per day. Nil for Low and Medium,

(2) Commercial/Instilutional Wastewater

No data is avaiiable for commercial and institutional wastewater qualily. They were
assunmed to be the same as those of domestic sewage as suggested in the guidelines in
Japan. Tn the calculation for the pollution analysis, it is assumed that the concentration of
commercialfindusteial waslewater is the same as that of domestic sewage in respective

rural local authorities.
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Industrial Wastewaler

Unit Wastewater Quantity

Study on unit quantity of industrial wastewater by industrial type was conducted based on the

data collected through the field survey at 45 factories in the four urban locat authorities.

The following eight types of industry were selected from the 15 indusirial types (refer to
Table 6.3.3) considering the representative industrial types in each industrial area and the
types of industrial discharge relating to the organic poltution load:

- Pcocessed Foodstuffs,

- Pulp, Paper & Related Products,

- Chemicals,

- Plastic Products,

- Ceramics, Stone & Clay Products,

- Metal Products,

- Transportalion Equipment, and

- Other Manufacturing Industry Products.

Number of employees by the above mentioned industrial type and their employees ratios by
industrial type by local authority was calculated and presented in Table 8.3.1. These ratios
are assumed to be constant ard are utilised in calculation of future indusirial wastewater

quantity and poliution load.

The unit quantity of industrial wastewater by industrial type was then calculated based on the
result of field survey including effluent flow rate measurement and effluent water quality
analysis conducted at 45 factories (25 factories in Harare, 10 factories in Chitungwiza, 5
factories rin Norton and 5 factories in Ruwa). The calculation result is shown in Tabte 8.3.2,

while details are presented in Table 8.3.1, Section 8.3, Chapter 2, Supportting Report.

Unit quantity of industrial wastewater is assumed (o be common to the four urban local
authorilics in the study area and (o be constant from present through the future, considering
that no remarkable change is anticipaled on the composition and operating scale of major

industries.
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Table 8.3.1 Composition Ratio of Employecs by Industrial Type

g G Rt A
Local 2 5 z R & = B~
. H O 2 B
Authority 7 % é Type of Industry g B '§ ;Ei. é =R
3 B ZH) Z 8
Harare Qity Firle 1 |Processed Foodstuffs - 23,676 41.F|
Crowborough 4|Pulp, Paper & Related Products - 753 1.3
6|Chemicals - 7,668 13.4
7|Piastic Products o - 2,839 s.
11 [{Ceqamics, Stone & Clay Products - 4,692 8
__14iMeta} Products a - 11,425 20.
17{ Transportation Equipment - 4652 §_§l
19 Other Industry Producis - 1,340 2.
Subtotal - 57,045 100.0]
Chitungwiza Zengeza 1| Processed Foodstuffs ] 836 42.0
Municipality 7|Piastic Products 1 25 1.3
11 Ceramics, Stoae & Clay Products 1 30 1.5
14}Metal Products 2 93 4.7
171 Transporlation Equipment 3 875 43.‘:?"
15| Other Industry Products 1 131 6.9
Subtotal 13 1,990 100.0]
Nortlon Norton __1]Processed Foodstuffs 3] 245 10.1
Town Council 4|Pulp, Paper & Relaled Products 1 650 20.7
6| Chemicals 1] 30 1.2
11| Ceramics, Stone & Clay Producls 1 61 2.5
i4|Metal Products N 3 545 22.4
17| Transportation Equipment 2 178 7.3
| 19]Other Industry Products 3] 723 29.8
Subtotal 14 2,432 100.0
Ruwa Ruwa __1}Processed Foodstuffs } il 125 53
Local Boaid 6|Chemicals 1 00 2.6
7|Plastic Products 5 448 19.1
11} Ceramics, Stone & Clay Products 1 35 15
14|Metal Products ) 4 267 114
19{Other Industry Products 5 1411 60.1
| Subtiotal 17 2,346 100.0}}
Table 8.3.2 Unit Quantity of Industrial Wastewater by Industriatl Type
YR
< & sg| vy | & § . F
w & - P
5 o b 2 b g BER | 3EE
2% Type of Industry 4 2 2 = g2 g % & § >
o g G oo = o
z 3 Z b Z 4 £O° | 95
K g 4
[} —r
1|Processed Foodstuffs 18 8,056 5,4538 0.677
4|Putp, Paper & Related Products 1 650|  2,800.0 4.308]
6|Chemicals 6 2,495 718.9 0.288
7|Piastic Products 2 74 6.2 0.083
11|Ceramics, Stone & Clay Products 2 580 483.3 - 0.833
14|Metal Products 4 786 1711 0218
17| Transportation Equipment 6 5,043 650.0 0.137
19}O¢her Industry Products 5 1,584 498.2 0.315
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8.3.2

8.4

84.1

Unit Pollution Load

The unit pollution load of industrial wastewater was calculated by the same manner as
adopted to the unit quantity calculation. The result is shown in Table 8.3.3 and their details

by factory are contained in Table 8.3.2, Section 8.3, Chapter 2, Supporting Report.

Unit Pollution Load of Other Poliution Sources

Aside from domestic and industrial poliution loads, those generated by livestock, slaughter-

house, farmtand ang natural land are sludied as major pollution sources.

Livestock

Unit poltution lead of livestock was established by species. Major livestock raising in the
study area were caltle, sheep, goat, pig and poultry. However, data on poliution load of them
in Zimbabwe is not available at present. The stendard figures on generated and conceairated

load used for pollution control plan in Japan may be employed as shown in Table 8.4.1.

Table 8.4.1 Unit Pollution Load of Livestock

, Generated' -Concentrated’
Iter Catile | Sheep/| Pigs |Horses| Catile | Sheep/ | Pigs [Horses
Goats Goalts

Wastewater Q (/head/day)l 90 9 | 135 | NA | - - - -
BOD; (g/head/day) 640 | 64 | 200 | 220 | 512 | 5.12 | 160 | 176
CODq (g/head/day)® | 1,280 | 128 | 400 | 440 | 1024 | 1024 | 32.0 | 352
COD,, (glhead/day) | 530 | 53 | 130 | 760 | - - - .
T-N (g/head/day) | 378 | 38 40 | 170 [ 3024 | 304 | 3.2 | 136

I-P (g/head/day) 56 6 25 40 448 | 048 | 20 32
Note:  1: Guidelines for Basin-wide Water Pollution Control Master Plan, Japan Sewage Works Association,
1993, p40

2: Concentrated poliution load is assumed to be 8 % of generated load according to the guidelines in
Japan (less than 10%).
3: The standard COD in Japan (jtalics) is presented as CODy,, while CODg, is used in Zimbabwe.
Thus the COD values for the study are assumed to be two times of BOD; valucs.
Further reduction of concentrated poliution load with 8% run-off is assumed in the pollution

analysis of rivers for dry season based on field confirmation.

8-17



=~ — e ]
1§ (9095 |L68 L8S oLz 887 W8ST LBLL  [L65% (€901 {BL'S {6'BES  (6SE yeel |Rle T8y [pEsL 19 SIONPOL ANSTBUL J9W0I6L
067 S {18 {T6€ {00 wel lswIT |T0ST leeTl [9°081 (60T {901 leof  [208'T [Zor 6B Jevo's |9 Jwaradimby voywuodsme) |41
990 [Z69 186 {80z ji9 pE0 e (€ jpes st oo Iser sSr  [ssy  jswr  rur fosL v SUPOLJ N1
0Tz l63€1 1780 |99 16 w0 96E |L8ST (g6 leTe 160 jor  [sT jooT {99 [gesy loss T SNPO1d K10 7 SUCIS “ORTRID| [T
800 jez0 (st fove (e Z00 joT0 |969 jeer st lore joue losTirjostz jovT lT9 | Ik SWAPOLG AL |L
€21 joc9 lo0E  fov8 90T {6's [sviz s lsovs'r |otsc |68 (g6 iSsL  |695C [esE (68T [SsvT |9 spomaTdly
1L'9T |69°€9T {SPIT {TL8TP (0086  {9ELT |OV90T (¥'¥6E'T {UOITLTIO0LLS (029 |0'BE  |86Y 0TL'6 |SLTT o.ocw,ﬂ. 059 ¢ $10npoa] pARIYY 29 dadey ‘dmgiv
196 190°6T {10 {2007 1996  [IS'6TI[ST'IOE [0TLY'E [TLEEITISOEETI|SLer (T99 1469  {916'C |T9TT [SESH'S [950'8 [ST spraspoog passao0Ld ]
K= - -
Sz mz =z & =
SIS 2 £
- ~ -
4L {NL| S | Q0D | @08 | 4d [ NL| SS {@0D | Q08 | &% | NL| SS [QOO|@og| = S AR Ansnpuy 30 24T & T
= W = -
SE|82 %2 2
_ | = ®
(005350 Kep/3) (Rep/ay) ) _
PROT] UORNIOI 1T PrOY UORDOI Aend) INTMNSTAY m

>dA 1 ferusapuy Aq 193emdlse sy [ELHSAPE] JO PBOT vonaljod 3N €°ES AGBL

8-18



Pollution loads of pouliry were regarded to be negligible, because most of poultry is raised in

pen and their excreta is not discharged. Table 8.4.2 shows uvnit concentrated BOD load for

livestock in dry season.

Table 8.4.2 Unit Concentrated Pollution Load of Livestock (Ihy Season)

Poltutant Catte | Sheep/ } Pigs  |Horses
Goals

BOD; (g/head/day) | 4.096 | 0.4096 | 1.28 |1.408

8.4.2 Slaughterhouse

Data on pollution load discharged from slaughterhouses in Zimbabwe were not available.
Most of slaughtering in the study area is carried out at several abattoirs for caitle, swine,
poultry and ostrich, and wastewater from these abatloirs is discharged into public sewerage
system. Therefore, the wastewater from slaughterhouses was considered in the category of

industrial wastewater. Table 8.4.3 shows reference values investigated in Japan" ..

Table 8.4.3 Unit Pollution Load of Slaughterhouse (Pigs)

Item Raw Treated
Wastewaler Q (I/head/day) 1,166 1,449
BOD; (g/head/day) 2,186 355
CODy, (g/head/day) 695 216
T-N (g/head/day) 304 210
T-P (g/head/day) 5 4

8.4.3 Natural Land / Farm$and

(1) Natural Land

Natural poltution load is defined as that generated without effects from human activities.
The land use in the study area is characterised as a combination of natural land, farmfand

and developed land as shown in Table 8.4.4.

1/ Guidelines for Basin-wide Water Pollution Conteol Master Plan, Japan Sewage Works Association, 1993, p45
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Table 8.4.4 Land Use in the Manyame River Basin (Upstream of Chivero Lake)

Land Use Area %

Woodiands (including plantations}) 644 30.2
Scrubland 283 13.2
Grasstand and vlei 517 24.2
Cultivation and commercial farming 231 10.8
Cultivation and rural subsistence farming 261 122
Residential areas 146 6.8
CBD {Central Business District) and avenues 5 0.2
Industrial area i2 0.6
Hospitals 1 0.1
Lakes, dams, sewage farms 32 1.5
Other 4 0.2

Total 2,136 100.0

Source: Lake Mecilwaine, Dr. W. Junk Publishers, 1982, p17

Therc is no available data on natural pollution load in Zimbabwe. References were made

to the results of investigations conducted in Japan" for woodlands as follows: %%

Table 8.4.5 Unit Pollution Load of Woodlands in Japan

Poliution Load BODy CODu, T-N T-P
Number of investigations 3 1 23 21
Minimum (kg/km?/yr) 250 390 30 1
Maximum (kg/km?/yr) 330 6,600 880 127
| Average (kg/km’fyr) 250 2,150 360 30

Based on these figures, the figure of 0.5~1.0 kg-BOD/kim’/day (182.5~365 kg-
BOD/km?/year) is commonly used in Japan for water polluticn study of rivers. Although
pollution loads fluctuale according to types of vegelation, rainfall intensity, specific flow
discharge of siver, ¢tc., the average figures in the above table were used for the planning

purpose as summarised in Table 8.4.6.

1/ Guidelines for Basin-wide Water Pollution Control Master Plan, Japan Sewage Works Association, 1993, p53
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Table 8.4.6

Unit Natural Pellution Load

Pollutant Unit P.L.
(kg/k/year) (kg/km/day)
BOD; 290 0.795
CODg* 4,300 11.781
T-N 360 0.936
T-P 30 0.082

*. The COD investigaled in Japan (italics) are presented as OODyy, while CODy, is used in
Zimbabwe, Thus the OODg values for the study are assumed fo be two times of CODyy,
values,

Since most of poltution loads is discharged during rainy season, 8% of BOD load, 0.064
kg/km®/day was assumed to be discharged for the pollution analysis of river during dry

SEason.

These pollution loads in the table were used covering all study area not only natural Jand

but also other land use area (refer to sub-section 8.4.5).

(2) Farmland

Farmiand is one of potential non-point pollution sources due to agricultural activities.
Unit rua-off pollution load from farmland is genesally larger than that from natural land
because of surface run-off ratio and provision of fertiliser. However, there is no data
available on such pollution load in Zimbabwe at present. The following are the
references in JapanV although characteristics of cultivation and climatic condition are

different from Zimbabwe:

Table 8.4.7 Unit Pollution Load of Farmiand in Japan

Pollution Load BOD; CODy, TN TP
Number of Investigation 2 5 24 17
Minimum (kg/km?/yr) 29 399 820 0
Maximum (kg/km7yr) 471 2,190 23,800 243
Average (kg/km’/yr) 250 1,030 7,600 68

The Department of Research and Specialists, Ministry of Agriculture investigated the

quantity of fertiliser provided to farmland by seven fasmers in the study area (rcfer to

" Table 8.4.1, Section 8.4, Chapter 2, Supporting Report). The results of investigation are

as follows:

psl

1/ Guidelines for Basin-wide Water Pollution Conlrol Master Plan, Japan Sewage Works Associalion, 1993,
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Table 8.4.8 Investigation on Fertiliser Quantity

Pollution Load Nitrogen Fettiliser | Phosphate Fertiliser
CROPS (including Horticulture}
Total Area of Farmtand (ha} 3,413 3,413
Total Fertilised Quantity (kg/yr) 117,411 6,520
Average Feriitised Quantity (kg/km’fyr) 3,440 191
B PASTURES
Total Arca of Farmland (ha) 1,387 1,387
Tolal Fesiilised Quantity (kg/yr) 824 2,160
Average Fertitised Quantity (kg/km’/yr) 59 156

Under insufficient available data, unit pollution load provided in farmland was assumed in
consideration of the aforcmentioned information. Those for BOD and COD are based on
the experience in Japan. While, T-N and T-P are referred to the investigation resulis in the
study area. A part of those fertiliser is absorbed by crops, plants and soil, and volatilisc to
the air. If 10% of provided fertiliser is assumed to be potential run-off amount, unit

pollution load in discharged level is calculated as shown in Table 8.4.9. ‘g

Table 8.4.9 Unit Poliution Load of Farmiand

Unit P.L.

Pollutant (kg/km’/year) {(kg/km%/day)
BOD; 250 0.685
COD* 2,060 5.644
CODy,* 1,030 2.822
T-N (Crops) 350 0.959
T-P {Crops) 20 0.055
T-N {Paslures) 6 0.016
T-P (Pastures) © 16 0.044

*. The COD investigated in Japan (italics) is presented as CODyy,, while CODg is used in
Zimbabwe. Thus the CODg values for the study are assumed to be two times of COD,y, values.

Farmland arca by sub-basin in the study area is not available. Since the pollution loads of
farmland and natural land are on the same magnitude level, poilution toad discharged from g

farmland may be taken into account in calculation of that for natural land.

1/ Guidelines for Basin-wids Water Pollution Control Master Plan, Japan Sewage Works Association, 1993, p51
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8.4.4 Other Pollution Sources

In addition to pollution loads discussed in the previous sub-sections those caused by rainfall
(air pollution) and urban rainwater run-off are sometimes considered in the similar studies.
The former may be negligible in the country, while the latter may be considered to be
included in the assumed natural pollution load. Though the pollution tead carcied by
rainwater run-off from urbanised area cannot be neglected, the amount in dry season for the

analysis of river is minimal.

Pollution loads from leachate of solid waste disposal site were considered. Amount of
leachate is estimated at around 3,300 nr'/year/ha for on-going landfill site, and 2,000
m’/year/ha for completed Iandfilt site with compacted soil cover. Details of calculation are

presented in Table 8.4.2, Section 8.4, Chapter 2, Supporting Report.

Water quality of leachate from solid waste landfill varies depending on kinds of solid waste,

“structure of landfill site, elapsed time after landfilling, climatic conditien, etc. In the

absence of available data in Zimbabwe, investigation results in Japan (see Table 8.4.10) were

referred to. Table 8.4.11 shows standard figures applied in the study.

Table 8.4.10 Water Quality of Leachate from Solid Waste Landfill Site in Japan

—“'i‘ype of Waste Mainly Mainly Mixed
Combustible Waste | Incombustible Waste
pH 50-8.6 40-90 4.0-8.6
BOD (mg/1) 250 - 2,500 10 - 2,200 500 - 1,000
{1,000) (500) (500)
COD (mg/1) 200 - 800 20 - 3,600 450 - 500
(400) (400) (450)
S8 {(mgf) 100 - 500 80 - 3,200 150 - 500
(200) (200) (400)
NH,;*-N (mg/) 200 - 400 42 - 400 ) 250
(200) (200) (250)

Mote:  Figures in parenthesis indicate median values.
Source: Guidelines for Planning & Design of Solid Waste Disposal Site, 1989, National Urban Cleaning

Conference of Japan .
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Tahle 8.4.11  Water Qualily of Leachate from Solid Waste Damping Site

BOD; (mg/l) COD¢* (mg) T-N*# E;ngf]) T-P*** (mg/)

—

500 900 250 -

*:  The COD investigated in Japan presented as CODyy,, while CODg is used in Zimbabwe, Thus the CODg,
values for the sludy are assumed to be Lwo times of CODy, values.
;. Values of NH,-N is adopted.
*+%:  No available data. But considerable to be negligible.

Tn addition to aforementioned pollution sources, the Morton Jaffray and the Prince Edward

water treatment works (WTWs) are considered as pollution sources.

Peesently, wastewater penerated at the Motrton Jaffray WTW through backwashing process is
discharged to nearby river withoul any treatment. Sludge sedimented in a sedimentation fank is
led 1o a sedimentation pond, and supernatant liquid is discharged to open area. Introduction of
mechanical treatment plant for backwashed wastewater is scheduied at present. This project

will contribute for saving water by relurning treated water to the water treatment process.

Al the Prince Edward WTW, sludge from sedimentation pond is discharged to open area and
supernatant liquid is led to the Seke Dam, while backwashed wastewater returas 10 water

treatiment process.

Pollution loads of those wastewater is originating from intake water. Therefore, pollution load
may be calculated by pollution load concentration of water sources and intake water amount.

For the water pollution analysis, poltution loads from WTWs were assumed as follows:

1) Morton Jaffray WI'W
a. Sedimented sludge (assumed to be 75% of total pollution load)
- 8% of pollution load is concentrated to Lake Manyame.
- During dry season, 8% of BOD load is concentrated to Lake Manyame.
b. Backwashing sludge (assumed to be 25% of total pollution load)
- 100% of pollution load is concentrated to Lake Manyame,
- Pollution load is not concentrated 10 Lake Manyame after introduction of sludge

treatment plant.
2) Prince Edward WTW

a. Scdimented studge (assumed to be 100% of total pollution load)

- 8% of pollution load is concentrated to Manyame River (downstream).
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- During dry season, 8% of BOD load is concentrated to Manyame River
(downstream).
b. Backwashing sludge (assumed to be 0% of total pollution load)

- Constant pollution load is circulating in the processes.
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CHAPTERY9  PRESENT WATER POLLUTION ANALYSIS

9.1

2.2

2.2.1

General

Present water pollution analysis was undertaken to establish a simulation model and major
factors to be applied for prediction of water quality at water quality checking poinis in the
future, and to identify the degree of present contribution for water pollution by each poliution
source. Flow diagrams of present water poltution analysis for rivers and lakes are presented in

Figures 9.1.1 and 9.1.2, respectively.

‘Water pollution analysis was conducted considering both of human-being related and natural

pollution loads covering point and non-point sources. Flow model of entise study basin for
present water pollution analysis was established using average flow rates during last 10 years

as discussed in the previous sub-section 7.2.

The analysis was conducted on a simple and praclical basis under constraints of available time
and data. The quantitative analysis was made for Seke and Harava Dams, Lake Chivero and
Lake Manyame in terms of T-N, T-P and COD, while qualitative base for rivers. The
relationships between pollution loads discharged from various pollution soutces and the
concentrated poltution load at waler quality checking points set up along the main river were
derived through the analysis. Water qualily indices used in the analysis for rivers was ﬁOD
representing water pollution by organic substances mainly caused by human activities. Run-
off model in dry season was applied for the pollution analysis of rivers. Because of allernating
location of rivers and lakes as shown in Figure 9.1.3, analysis of entire basin was conducted

parl by part as shown in Figure 9.1.4.

Concept of Water Pollution Analysis

Rivers

The water pollution study for the rivers was conducted through the analysis of exisling data,
water quality examination results obtained through the siudy, and previous pollution study
reports. Water quality index used ia the study was BOD. BOD is converted to COD, and vice
versa, if necessary, using a conversion formula derived from the regression analysis on the

tesults of water guality examination both for BOD and COD.
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Figure 9.1.4  Flow Diagram of Analysis for Rivers and Lakes




9.22

The pollution load generated at pollution sources is discharged to the environment through
treatment facititics such as sewage treatment planls, septic tanks, industrial wastewater
treatnent facilitics, etc. Then discharged load is further reduced in conduits and streams
before flowing into rivers due to infiltration, sedimentation, natural oxidation, and so on. The
reduced poliution load at the inflow point is called as concentrated load, and the ratio of
discharged load to concentrated load is called as the concentration ratio. The concentrated load
and run-off load reached from upsiream of the river is further reduced by natural self-
purification phenomena due to sedimentation, absorption, biotogical decomposition, etc. The
ratio of concentrated load 1o run-off load is called as the pollution load remaining ratio, and the
ratio of run-off load to discharged load is called as the run-off ratio. Figure 9.2.1 shows a

concept of pollution load flow system,

In the study, pollution load remaining ratios of each river were derived through the pollution
analysis of rivers. Concentrated pollution load was estimated using frame values, unit
pollut'ion load and assumed concentration ratio. Run-off load was estimated based on the

existing data on flow rate and water qualily of rives.
Lakes/Dams

The water pollution study for the lakes was also conducted through the analysis of collected
data and previous pollution sludy reports. Water quality indices used in the study were T-N,
T-Pand COD. COD was utilised to eliminate the influence of algae in examination of BOD. In

the study, COD was referred to as a reference.

The Vollenweider Model was adopted for water pollution simulation model in terms of -T-N, '

T-P and inflow-COD.

Pollution analysis in terms of COD was conducted for the inflow-COD to the lake and the
secondary produced COD mainly produced by phytoplankton in the lake . The inflow-COD
was analysed using the Vollenweider model, and the secondary produced COD by the ACOD
method.

The ACOD method was introduced assuming that the difference (ACOD) beiween the lowest

COD value in the year and the average COD value is equivalent to the secondary produced

COD. Tt was also assumed that increase of COD caused by elution from sediment in the lake is

considered in this concept. In this Study, the lowest COD was measured as §-COD (Soluble

9-6
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9.3

93.1

COD - to eliminate algae’s activities). The secondary produced COD in the future was
estimated using projected pollution loads in terms of T-N and T-P, and the relationship

between ACOD, T-N and T-P in the present condilion.
Average values were used as input data to this niodel assuming that water quality in the lake is
stable and uniform. Thus, the lake was regarded as a kind of black box with a completely

niixed condition and inflow nutrient load balances with the water quality of the lakes.

The adopted formula for the analysis are as follows:

N =N/ {((pw+oN)x V)

P =L{P)/{{pw+OP)}xV)

COD = L{COD)/((pw + oCOD)x V) + ACOD

where; N: Concentration of Nitrogen of lake (g/m’)
P: Concentration of Phosphate of lake (g/m”)

COD:  Concentration of COD of Jake (g/m’)

L{N):  Quantity of inflow-Nitrogen to lake (g/day)
L(P):  Quaniity of inflow-Phosphate to lake (g/day)
L(COD}: Quantity of inflow-COD to lake (g/day)

pw: Rate of change of water {annual inflow/lake volume or 1/retention time)
oN: Self-purification (reduction) or production coefficient of Nitrogen '
opP: Self-purification (reduction) or production coefficient of Phosphate

oCOD:  Self-purification (reduction) or production coefficient of inflow-COD
V: Volume of lake
ACQGD: Secondary produced COD

Run-off pollution load obtained through the pollution analysis for the river was adopted as the

inflow loads into the lake (refer to Figure 9.2.2). The parameters used in the model were

verified through the prescnt water pollution analysis and the simulation model was established

for the future pollution analysis.

Frame Values and Pollution Load by Sub-basin

Domestic/Commercial/Institutional Sewage

The population in 1995 eslimated in sub-scction 6.2 was broken down to those in sewered and

unsewered area as shown in Table 9.3.1. The projected population of Scenario-2 was uscd as

9-8
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2.3.2

present figure, because the differences among projected populations in two scenarios are
minimal. Generated and discharged pollution load were calculated by sewered/unsewered area
applying unit pollution load of domestic sewage discussed in sub-section 8.2. The estimated
sewage/wastewater quanlity by sewered/unsewered area by sub-basin are presented in Table

9.3.1, Scction 9.3, Chapler 2, Supporting Reporl.

The pollution load collected from the sewered area is discharged at sewage lcealment works.
‘The pollution load was calculated using present effluent water quality and quantity at the
STWs. Calculation results are presented in Table 9.3.2. As presented in the table, about
172,900 m’/day or 80% of total effluent flow was assumed to be used for irrigation. The
percentage of irrigation reuse was the result of Zengeza STW arrangement in August 1995

(before the arrangement; 71%).

The current condition (100% of effluent fram the Zengeza STW has been sent to irrigation
farm) was adopted for present water pollution analysis of rivers (for BOD load). For pollution
analysis of lakes, COD, T-N and T-P load were calculated in the condition before the
arrangement, because capacities of Lake Chivero and Lake Manyame is large enough to
consider that the influence of the Zengeza arcangement has not affected sufficiently on entire

lake water after the arrdngement.

It was also assumed that 8% of the pollution load for irrigation reuse reaches to the subject

water bodies as concentrated load.

Calculation results of domestic/commercial/institutional sewage pollution load are preseated in

Tables 9.3.3 to 9.3.6 in terms of BOD, COD, T-N and T-P, respectively.

Industrial YWastewater

(1) Wastewater Quantity

Present industrial wastewater quantity was calcﬁlaled by multiplying the unit industrial
wastewater quantity per employee and the nuniber of employees at present. The result is
shown in Table 9.3.7, while details are presented in Table 9.3.2, Section 9.3, Chapter 2,
Supporting Reporl.

(2) Pollution Load

Present pollution load was calculated by multiplying the unit pollution load of industrial

2-12
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wastewater per employee and the number of employees at present. The result is presented
in Table 9.3.8, while details are prcscnted in Table 9.3.3, Section 9.3, Chapter 2,
Supporting Report.

(3) Sewered/Unsewered Wastewater

Present wastcwater quanlity and poltution load were calculated by sub-basin dividing
sewered/unsewered by public sewerage system, based on the present condition described

below. The results are shown in Table 9.3.9.

According to the wastewater quality investigations at factories conducted by the Study
‘Team, there are several factories discharging their wastewater to irrigation farm at present.
They are;

Harare (Mukuvisi R. sub-basin). 1 Chemical factory

Chilungwiza (Nyatsime R. sub-basin): 1 Transportation equipment factory

Norton (L.ake Manyame sub-basin): 1 Pulp, paper & related products factory

The transportation equipment factory in Chitungwiza cannot be served by sewerage sysiem
because of topographical reason. As to the other two factories in Harare and Norton,
effluents are pre-treated and reused for irrigation. Considering present situation stated

above, unsewered ratio was set up as follows;

Mukuvisi River Sub-basim: 1.0 % of total waslewater quantily in the sub-basin
Nyatsimie River Sub-basin: 5.0 % of total wastewater quantily in the sub-basin
Lake Manyame Sub-basin: 82.4 % of tolal wastewater quanlity in the sub-basin

$.3.3 Other Wastewater

(1) Livestock

Number of major livestock presented in Table 6.4.1 was allocated to each sub-basin in
proportion to area size presented in T aﬁle 6.4.2. Calculation rcsults are shown in Table
9.3.10. Generated and concentrated pottution loads from major livestock, i.e. cattle, sheep/
gbats, pigs and horses, were calculated for each sub-basin using the number of livestock
and unit pollution load discussed in sub-section 8.4.1 (refer to Tables 9.3.4 0 937,
Section 9.3, Chapter 2, Supporting Report). The summary of calculation is shown in Table

9.3.11.
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(2) Farmland / Natural Land

The potlution loads derived from farmland and natural land were calculated for each sub-
basin as shown jn Table 9.3.12 using the area of each sub-basin and unit pollution load
presented in Tables 8.4.6. The pollution load may be defined as concentrated pollution

loads.
(3) Solid Waste Dumping Sites

Present condition of major solid waste dumping sites of respective rural local auvthorities
are described in sub-section 4.3. Location and area of dumping sites are presented in Table
9.3.13. ‘The pollution load from these dumping sites were calculated using the area of each
tandfill site and unit pollution load presented in Table 8.4.11. Concentration ratio was
assumed to be 80% (nil for BODs during dry season) in the calculation taking account of

location of dumping sites. Calculation results are also presented in Table 9.3.13.

' {4y Water Treatment Works

Wastewater genezated at water lreatment works in the study area reaches to subject water
bodies after treatment as slated in Sub-secli_on 8.4.4. Because of unavailability of the data
on quality and quantity of the wastewater, it was assumed that the total pollution load of
generated wastewater is same as the pollution load contained in the jntake water.
Therefore, amount of pollution load was derived from waler quality of lake/dam and
amount of intake water. Details of calculations are presented in Tables 9.4.1 and 9.43 10

9.4.5.

94  Establishment of Pollution Load Run-off Model with Water Quality Checking Points
9.4.1 Rivers

(1) River Flow Run-off Model

As stated previously, the pollution analysis of rivers was conducted in terms of BODs
under the dry season condition. The river flow to be adopted in the analysis was those in
dry season derived based on average figures in dry season of last 10 years as discussed in

sub-section 7.2. Applying those flow, river flow run-off mode! was established as %
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illustrated in Figure 9.4.1 with pollution load discharging poinis and water quality

checking points.

(2) Pollution Load Run-off Model

The concentrated BOD load calculated in the previous section is summarised in Table
9.4.1. Most of the concentrated load derives from scwage treatment works because of high

sewerage service coverage ratio and little rainfall during dry season.

Pollution load presented in Table 9.4.1 was allocated to each pollution load discharging
point presented in Figure 9.4.1 as shown in Table 9.4.2. Pollution load run-off modet for
present poltution analysis of rivers was formulated as presented in Figure 9.4.2 (refer to

Figure 9.4.1, Section 9.4, Chapter 2, Supporting Repdrl).

94.2 Lakes/Tams

(1) Water Balance of Lakes

0}

The pollution analysis of lakes was conducleﬂ under the annval average condition. The
water balance of lakes to be adopted in the analysis is those derived based on annual
average figures in last 10 years as discussed in sub-section 7.2. Applying the water
balance, run-off model was established as illustrated in Rigure 9.4.1 with pollution load

discharging points and water qualily checking points.
Pollution load run-off model

The concentrated pollution loads calcntated in the previous chapler are summarised in
Tables 9.4.3 to 9.4.5 for COD, T-N and T-P, respectively. The concentrated loads caused
by livestock and natural poltution occupy large share of the total loads. These pollution
loads were assumed o reach to the subject takes without reduction (purification) during

flow in main river because of following reasons:

a. Purification function of rivers identified in the pollution analysis is derived for dry
season condition. River flows used in the poliution analysis of lakes are values in
annual average condition which are almast three times of those in dry seasoa.
Thereforc, sedimentation which is expected as a main function of purification in dry

season is not expectable.
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