9.5

9.5.1

9.5.2

b. Pollution load substances settled during dry season is flushed out during rainy season.
c. Some extent of pollution load reduction ratio is assumed in the calculation before
reaching to rivers. It may be regarded that inaccuracy of assumptions of those

reduction ratios are adjusted in the calculation of self-purification coefficients of lakes.

Using these pollution load and the water balance, pollution load run-off models for preseat
pollution analysis of lakes were formulated as presented in Figures 9.4.3 to 9.4.5 for COD,
T-N and T-P, respeclively (refer to details in Figure 9.4.2 to 9.4.4, Section 9.4, Chapter 2,
Suppeorting Report).

Present Water Pollution Avalysis

General

In the pollution analysis of rivers, pollution load remaining ratios of respective rivers were
identified in terms of BOD; under the condition of dry season. These ratios were adopted in
future pollution analysis. While, for pollution analysis of lakes, Self-purification Coefficients
(Vollenweider Model) of respective lakes were computed in terms of T-N, T-P and COD under
the annual average condition. These coeflicients were also adopted in future potlution

analysis.
Rivers

The self-purification coefficient of river is usually computed in the simifar pollution analysis to
express the self-purification capacity of rivers referring to pollution load discharge location
(refer to Figure 9.2.1 and Section 9.5, Chapter 2, Supporting Report). However, sufficient data’
on time of flow, flow rate and water quality for each sub-section of rivers are essentiat for the
ahaiysis. Because of the lack of these data in the study area and limited period for the study, -

pollution load remaining ratios of each river section were roughly computed.

Pollution load remaining ratios of respective rivers werc computed using pollution load run-off
model as presented in Table 9.5.1. Muzururu River shows comparaltively high self-purification
capacity, i.c. 6% of pollution load remaining ratios, while Manyame River (downstream) and

Marimba River show rather low self-purification capacity, i.e. 36% and 32%, respectively.
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These remaining ratios imply not only self-purification capacity of the river, bul also
adjusiment factor on assumptions of concentration ratios and generated pollution loads.
Pollution toad remaining ratios for the application to future pollution analysis were modified as

presented in Table 9.5.2.

Table 9.5.2 Pollution Load Remaining Ratio of Rivers

River Callilliged Applied
Manyame R. (upstream) 18.6% 20%
Ruwa R. 17.4% 20%
Nyatsime R. 29.3% 30%
Mukuvisi R. 18.6% 20%
Manyame R. (downstream) 35.9% 35%
Marimba R. 31.5% 30%
Muzururu R. 6.0% 10%
Gwebi R. 21.7% 20%

9.5.3 Lakes/Dams

Based on the potlution Ioad run-off models presemed in Figures 9.4.3 to 9.4.5, self-purification
coefficients of lakes for each pollutaat were computed as presented in Tables 9.5.3 to 9.5.5.
Calculation results are summarised in Table 9.5.6. These values were adopted for future

pollution analysis of lakes.

Table 9.5.6  Self-purification Coefficients of Lakes

] Coefficients* Seke & Harava Dams Lake Chivero l.ake Manyame
i oN 0.18797 0.0:1270 0.01151
oP 0.20574 0.00368 0.02769
oCOD 0.07551 0.00908 0.00440
a(N) 82.5% 100.2% 42.9%

«: Self-purificatien coefficients in following formula (refer to Tables 9.5310 9.5.5);
N = LKN)/{(pwioN)x V} '
P =L@ ({(pwioP}x V)
COD = L{COD) / ((pw+oCOD) x V} + ACOD
ACOD =a(N)x T-Nx 12.73
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Table 9.5.3  Yater PoHution Analysis of Lakes (Present, Seke and flavava Dams)

’:’3 Volume of Dams: 12,406,000 m3
Inflow Water Volume: 150,500 m3/day
Rivers; Manyame; 102,000 m3/day
Ruwa; 42,600 m3day
Direct Inflow; 25,000 m3/day
Rainfall; 7,400 m3day
Evaporation & Others; 13,500 mlday
Cutflow Water Yolume: 190,500 m/day
Manyame River; 170,000 m3/day
Prince Bdward WTW,; 20,500 m3/day
Detention Time of Dam Lake: 65.1 days
Pollution Load [uflow: (kg/day)
T-N TP oD
Manyame 874 108 7,102
Ruwa : 471 57 3516
Direct 282 34 1,983
Total 1,621 192 12,626
Present Weter Quality: (mg/l)
T-N T-P COD _ Min. COD (soluble COD)
0.645 0.070 20.63 11.20
Formula for Pollution Analysis: (Vollenwelder Model)
N = L(N)/ ((ow+sN) x V)
P =P}/ {(tw+sP) x V)
3. COD = 1{COD)/ ({rw+sCOR} x ¥V} + DCOD
§ where;  N: Concentration of Nitrogen of lake {g/m3) = 0.645
5 Concentration of Phospherus of lake (g/m3) = 0.07¢
<QD: Concentration of COD of zke (g/m3) = 2063
L(N}: Quantity of inflow Nitsogen to lake {(g/day) = 1,627,000
L{P): Quantity of inflow Phosphorus to lake (g/day) = 162,000
I{COD):  Quantity of inflow COD to lake (g/day) = 12,626,000
w: Rale of change of water (1/33y) = 0.015355
sN: Seli-purification (teduction) coefficient for Nitrogen
st Self-purification (reduction) coeificient for Phosphorus
sQOD; Self-purification (teduction) coefficient for inflow COD
\A Volume of Iake (m3) = 12,406,000
DCOD:  Seceoadary produced COD
Computalien of Self-purification Ceelficlents:
sN=(LN)/{NxV)}-tw= 6.18797
SP=(LPY/(PxV))-tw= ¢.20574
sCOD = (L{COD)/(CODxV))-rw= 007554 {zdopted Min.COD}
Computalion of Conversion Rate for DCOD:
DCOD =a(Nyx T-N x 17.73 or a(P)x T-P x 128.70
where; a(N); Conversion rate of Nitrogen to DCOD
17.73; Theoretical COD {assumed to be 90% of TOD) quantity produced
by phytoplarkton from unit nitcogen quantity
a(P); Conversion rate of Phosphorus to DCOD
128.70;  Theoretical COD (assumed to be 90% of TOD) quantily produced
by phytcplankten from unit phosphorus quantity
DCOD;  Average COD - Misimum COD (COD without effect of phytoptankten)
aN) = ({COD - Min.COD)/(T-Nx17.73}))
= §2.5%
E' a(P)= ({COD - Min.COD)/(T-P x 125.70))
= 104.7%
N{P=92 <28 and P=007 >002

Nitrogen is regarded to be the Restriction Factor for secondary production of COD.
Conversion Rate of a(N) will be adopted for Future Pollution Analysis.
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‘Fable 9.5.4  Water Pollution Analysis of Lakes (Present, Lake Chivero)

Volume of Dams:
Inflow Water Volume:
Rivers; Manyame;
Makuvisi;
Marimba;
Direct Inflow;
Rainfal},
Evaparation & Orhers;
Cutflow Water Yolume:
lake Manyame;
Morton Jaffray WTW,
Water Level Increase:

257,181,000 m3
239,200 m3iday
266,000 m3/day
114,000 m3/day
63,000 m3/day
55,700 nm3/day
58,90¢ mi/day
(318,300) m3/day
239,300 m3/day
45,000 m3'day
164,300 m3/day
30,000 m3/day

Detention Time of Lake: 1,075 days
Pollution Load Inflow: (kg'day)
TN 1-p CGD
Manyame 3,807 32 25,120  Scke + Nyatsime + Manyame
Mukuvisi 669 144 5,906
Marimba 546 95 5,122
Direct; 723 102 5,564
Total 5145 667 41,711
Present Water Quality: (mg1)
T-N TP oD Min. QOD (soluble COD)
0512 0270 2530 16.20

Formula for Pollution Anslysis: (Vollenwelder Model)

N = LN}/ {(roesN}x V)
P = I{P)/ ((rw4sP)x V)

COD = 1L{COD) f {(rw+sCOD) x V) + DCOD

where; N:
P:
Cap:
L)
L)
L{COD):
[\'H
sN:
sk
sCOD:
V:
DCOD:

Concentration of Nitrogea of lake (g'm3) = 0512
Concentration of Phosphoerus of lake (g/'m3) = 0.270
Concentration of COD of lake (g/im3) = 2530
Quantity of inflow Nitcogen to lake (p/'day) = 5,745,600
Quantity of iaflow Phasphorus to lake {g/day) = 667,000
Quantity of inflow COD 15 lzke (g'day) = 41,711,000
Raie of change of water (1/day) = 0.000930
Seli-punification (reduction) cot [ficient for Nitrogen

Self-purification (reduction) coefficient for Phosphorus

Self-pusification (reduction) cosfficient for iaflow COD

Volume of lake (m3) = 257,181,000

Secondary production COD

Computation of Self-purification Coefficlents:
sN=(LN)/(NxV)}}-tw= 0.04270
sP={LPY/{PxV))-rw= 0.00258
sCOD={1{CODY/(CODXxV})-rw= 000208 (adopted Min.COD)

Computation of Conyersion Rate for DCOD:
DCOD =aN) x T-Nx 1773 or a(P)x T-Px 12870

where; a(N);
17.73;

a(Pj;
12870,

DCOD;

Conveision rate of Nitrogea to DOOD

Theoretical COD (assumed to be 90% of TOD) quantity produced

by phytoplankion from uoit ritrogen quantity

Conversioa rate of Phosphorus to DCOD

Theoretical Q0D (assumed to be 90% of TOD) quantity produced

by phyioplaskica frem unit phosphorus quantity

Average COD - Minimum COD {COD without effect of phytoplankton)

a@) = ((COD - Min.COD)/(T-Nx 17.73))

= 160.2%

#(P) = ({(COD - Min.COD)/ (T-Px 128.70) )

= 262%
N/P=19

<202nd P=027 >0,02

Witregen is regarded (3 be the Restriction Facler kot secondary produciion of COD.
Coaversion Rate of a{N) wifl be adopted for Future Folluticn Analysis.
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Table 9.5.5  Water Pollution Analysis of Lakes (Present, Lake Ma nyame)

Volume of Fake; 480,235,000 m3
Inflow Water Volume: 360,900 3 day
Rivers; Lake Chivero; 45,000 mi'day
Muurury 67,000 mi/day
Gwebdi 166,200 m3/day
Direct Inflow; 109,200 m3'day
Rainfall; 182000 m3'day
Evaporation & Others; {306,100) m3day
Morton Jaffray WIW; 97,600 md'day
Dutfow Water Yolume: 350,900 mi/day
Manyame River; 153,000 md/'day
Morton Jaffray WTW, 225900 m3/day
Water Level Decrease: (19.000) m3/day
Detentlon Time of Lake: 1,331 days
Poluticn Load Inflon: (kg'dzy)
T-N T-¥ CcoD
Lake Chivero; 23 12 1,139
Muzurum 1022 139 6,228
Gwebi 2,159 291 14,286
Direct; 1,196 159 20,402
Total 4417 60 42,064
Present Weter Guality: (mgh)
T-N T-P cap Min. QOD {solubie COD)
0.750 0.044 2270 17.00

Formula for Pollution Analysis: (Vollenw» elder Madel}
N = LN}/ ({rw4sN) x V)
P= LR/ {{rw+sP)x V)
COD = L{COD) / ({rw+sCOD)} x V) + BCOD

where; N: Concentration of Nitrogen of lake (g'/m3)

P: Concentration of Phosphorus of lake {g/m3) =
CoD: Concentration of COD of lake {g/m3) =
L(N): Quarstity of inflow Nitrogen ta lake (g/day) =
L{P): Quastity of inflow Phosphorus to lake (g/day) =

L{COD): Quantity of inflow COD fo lake {g/day)
Wi Rate of change of water (1/day)
sN: Self-purification (reduction) coefficient for Niteogen

1 Self-purification (teduction) coe fficient for Fhosphorus
sCOD: Sel-purification (reduction) co¢fficient for inflow COD

V: Volume of lake (m3) =

PpCOb: Secondary preduction COD

Comgulation of Self-porification Coefficlents:

sN=(LOD/(NxV))-rw= ¢.01151
P={L{F)/(PXV))-1w= 002769
sCOD = (L{COD) /(CODXV})-rw= 0.00440 {adopted Min.COD)

Computation of Conversion Rate for DCOD:
DCOD = 3(N) x T-Nx 17.73 or 2(P) x T-P x 12870
wheiz; a(N) Conversion rate of Nitregen to DCOD

17.73; Theoretical COD (assumed fo be 90% of TOD) quantity produced

by phytoplankton from wnit nitrogen quantity
a(P), Conversioa rate of Phosphorus 1o DOOD

128.70, Theatetical COD (assumed i be $0% of TOD) quantity produced

by phytoplankten from unit phosphorus quantity

0.750
0044
22.70
4,417,000
601,000
42,064,000
0.000752

450,236,000

BC0D; Average COD - Minimum COD (COD without effect of phytoplankion)

aN} = ((COD - Min.COD)/ (T-N x 17.73))

= 42.9%
a(P)= ({COD - Min.COD) /(T-P x 125.70))
= 100.7%
NiP=170 <20and P=00 >0.02

Nitrogen is regarded to be the Restriction Factor for secondary production ef COD.
Conversion Rate of 2{N) will be aedopted for Future Poflution Analysis.
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FUTURE WATER POLLUTION ANALYSIS
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CHAPTERI10 FUTURE WATER POLLUTION ANALYSIS

10.1

10.2

10.2.1

General

Future water pollution analysis was undertaken to predict the water quality at water quality
checking points using a simlation model established through the present water pollution
analysis. Flow diagrams for future water pollution analysis of rivers and lakes are presented

in Figures 9.1.1 and 9.1.2, respectively.

Water pollution loads cover both human and natural poilution loads gencrated by point and
non-point sources. Flow model of entire study basin for future water pollution analysis was
established using daily average flow rate during last 10 years as discussed in the sub-section
7.2. Since population projection was conducted in two scenarios, future water poltution
analysis was carried out for each scenario. The adopted flow models for each scenario are

illustrated in Figures 10.1.1 to 10.1.4.

The projection of water qualily is usually conducted assuming the condition without any
countermeasures for pollution load reduction. In this study, however, developmeat of two
sewage treatment works was assumed for future pollution analysis, confirming with the local
authority that they have high possibility to be implemented in the future. In addition,

augmentation of the existing sewesage systems in application of BNR process was assumed.

Frame Vatues and Pollution Load by Sub-basin

Domestic/Commercial/Iustitutional Sewage

The population in the years 2005 and 2015 projected in sub-section 6.2 weie distributed to
sewered and unsewered arcas for two scenarios as shown in Tables 10.2.1 to 10.2.2,
respectively. Wastewater quantities by sub-basin were calculated for cach scenario as
summarised in Tables 10.2.3 to 10.2.4, Generated and discharged pollution loads were
calculated by sewered/unsewered area applying unit pollution load of domestic sewage

discussed in sub-section 8.2 (refer to Section 10.2, Chapter 2, Supporting Report).
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The pollution load collected from the sewered area is discharged at sewage treatment works.

The discharged poliution load was calculated using planned (reatment efficiency.

Calcutation results are presented in Tables 10.2.5 to 10.2.6. In the calculation, following

condilions were assumed on the future arrangements of sewerage systems.

- Existing trickling filters of the Crowborough, Firle and Zengeza STWs will be maintained

with its present planned capacity. Treated effluent will be discharged to ireigation farm.

- New BNR plants will be constructed to cope with increasing raw sewage inflow at the

Crowborough, Firle and Zengeza STWs.  Treated effluent will be discharged direcily to

neacoy rivers.

- New STWs, namely the Harare Bast STW and the Harare South STW with BNR process,

are planned to cope with increasing population in southern and castern aseas of Harare

city.

- Wastewater Stabitisation Pond in the Marlborough, Donnybrook and Ruwa STWs will be

maintained and expanded to cope with increasing sewage inflow.

- Augmentation of the Norton STW will be carried out adopting Trickling Filter method

based on the existing plan.

Treatment efficiencies of STWs were assumed by respective treatment methods as follows:

Table 10.2.7 Treatment Efficiency by Treatment Method

Treatment Treatment Efficiency  (Pollution Load Reduclion Ratio)
| Method BOD; COD T-N T-P
Biological Nutrient Removal 95% 90% 80% 75%
“Trickling Filter 90% 85% 30% 30%
Wastewater Stabilisation Pond S0% 85% 50% 30%

It was also assumed that 8% of the pollution load transferred for ifrigation reuse reaches to

the subject waler bodies as concentrated load.

Calculation results are presented in Table 10.2.8 (ré[er to Section 10,2, Chapter 2, Supporting

Report).
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10.2.2 Industrial Wastewater

o

(1) Wastewater Quantity
Future industrial wastewater quantity was calculated by multiplying the unit industrial
wastewater quantily per employee and the number of employees in the future as shown in

Table 9.3.7.

(2) Pollution Load 7
Future pollution load was calculated by multiplying the unit pollution load of industrial
wastewater per employee and the number of employees in the future as presented in

Table 9.3.8.
(3) Sewered/Unsewered Wastewater

Future wastewater quantity and poltution load were calculated by sub-basin under the
category of sewered and unsewered area based on the present sewerage service
coverages. The results are shown in Table 9.3.9. Pollution load of industrial wastewater

in the unsewered area is also presented in Table 10.2.8. Industrial wastewater in the

sewered area is considered as a part of effluent discharged from STWs in the same table

(refer to Section 10.2, Chapter 2, Supporting Report).
10.2.3 Other Pollution Load

In addition to aforementioned pollution loads, those caused by the following pollution
soutces were considered in the calculation as presented in Table 10.2.8 (refer to Section 10.2,

Chapter 2, Supporting Report).

(1) Livestock ,
Number of major livestock presented in Table 9.3.10 was assuined to be constant through
the future as discussed in sub-section 6.4, Therefore, generated and concentrated
pollution load calculated for present analysis in Table 9.3.11 was also adopted for the

future analysis.
(2) Farmiand / Natural Land

The poliution loads calculated for each sub-basin as shown in Table 9.3.12 using the area g’

of each sub-basin and unit pollution load presented in Tables 8.4.11 was assumed to be
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g

(wmt

constant through the {uture. The pollution load may be defined as concentrated pollution

loads.

(3) Solid Waste Dumping Sites
The leachate volume at dumping sites in the future was projecled to increase in
proportion to population of respective local authorities as discussed in sub-section 6.6.
Adopting the concentration of leachate pollution load presented in Table 8.4.11,
calculation was made as presented in Table 10.2.9 for the future analysis. Concentration
tatio was assumed to be 80% (nil for BOD during diy season) taking into account of the

location of dumping sites.

(4) Water Treatment Works
Waslewater generated through backwashing process at the Morlon Jafiray WTW is
presently discharged to nearby water way without any lreatment. Intcoduction of
backwashing wastewater treatment facilities were assvmed for the purpase of the future
pollution analysis. Water intake amount by the Morion Jaffray and Prince Edward
WTWs was decided as disc'ussed in sub-section 7.2. (refer to Section 10.2, Chapter 2,
Supporting Report).

10.3 Poltution Load Run-off Mode}

10.3.1 Rivers

(1) -River flow run-off model
The future pollution analysis of rivers was also conducted in terms of BOD; under the
dry season condition. The river flows to be adopted in the anatysis was those in dry
season based on average figures in dry season of last 10 years as discussed in sub-section
7.2 (Table 7.2.25). Applying those flows, the river flow run-off model was illustrated
-wil_h pollution load discharging points and water quality checking points as presented in

Figure 7.2.19.

(2) Pollution load run-off model
Concentrated BOD load presented in Table 10.2.8 was allocated to each pollution load
discharging point (refer to Section 10.3, Chapter 2, Supporting Report).  Integrating
these data, the pollution load run-off model for future pollution analysis of rivers was

formulated as illustrated in Figures 10.3.1 and 10.3.2.
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Table 10.2.9 Concentrated Poilution Load at Selid Waste Dumping Site (Fulure)

Quantity of Leachate (m3/year)

Local Authority Harare Harare Chitungwiza Norton Ruwa/Epworth
Sub-basin Majimba R.* Gwebi R, Nyatsime R, L. Manayame Ruwa R.**
Prescnt Q. on-going | 13200 | 3300 [ 6600 | 3,300 1,650 |
completed 12,000 2,000 0 0 0

s okt pe

Population Increase Rate

Seepariol | 2005 o} 193 | .09 1.93 187
2015 245 1.49 3.66 2.34

Scenario2 | 2005 L ) 134 1.59 1123 123
2015 1.73 229 1.48 1.48

Futere Leachate Quanlity

Scenariol | 2005 - 58892 | 7,201 6,362 3093
2013 - 74,758 9,839 12,068 3,858

Seenario2 | W05} - 40850 | 10507} 4,047 2023
2015 _4 - 32,581 15,132 48713 | 2436

*. Existing dumping site is assumed to be closed. Same load is assumad to be transferred to Gwebi R. Sub-basin.
**; Dumping site for Epworth is assumed (o be developed in Ruwa R. Sub-basin.

Concentrated Pollution Load (kg/day)

L.ocal Authority Harate Harare Chitungwiza Norton Ruwa/Epworth
L Sub-basin Marimba R.* Gwebi R. Nyatsime R. L. Manayame Ruwa R.**
Present BOL*** 28 B 6 7 4 z
Conecentrated |  COD | 506 | 10 13 7 1 3 |
Pollution TN B 4 | 3 _ 4 2 i
toad TP N - - - - - .
Fopulation Scznariol 77”777_ ) o §
Increase 2005 L o 193 B 1.09 | 1.93 1.87
against 2015 245 1. 1.49 3.66 234
1995 Scenario2 I D T I
BT TC- S SR B v-TY O 1) 123 123
2015 1.73 2.29 1.48 1.48
Future Concentrated Pollution Load
Scenariol
200 BODY | - | e | s |8 | 4
. cop - w6 |4 i3 6
Y T 3314 4 - 2
] TP - . - - ' -
2085, BOD* | - 3 1 i0 1 15 5
..copop . L 147 - o __ .2 1 7
oomN 2 6 .7 2.
T-P - - - - -
Scenario?
200s) _Bobre T %[ i | s 2
. ¢cop | - ¥y 8 4 a1 9 N 4
N DT A W (RS N T S
T-P - - - - : -
as[ oD [T T sy e | e | T T
conp ) - - s | 3w | wo 4
JEUR: S I I TR AU N (R U I S—
- _ TP - - - - - .
*. Existing dumping site is assumed to be closed. Same load is assumed to be transferced to Gwebi R. Sub-basin.
*0: Dumping site for Epworth is assumed to be developed in Ruwa R. Sub-basin. %

*+¢:Nil during dry scasom.
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10.3.2 Lakes/Dams

(1) Water balance of lakes/dams

()

The pollution analysis of lakes was conducted under the annual average condition. The
water balance of lakes to be adopted in the analysis is those based on annual average
figures in the last 10 years as discussed in sub-section 7.2 (refer lo Table 7.2.26).
Applying the waler balance, the run-off model was illustrated with pollution load

discharging points and water quality checking points as presented in Figure 7.2.20.

Pollution load run-off model

The concentrated pollution load was calculated in the previous section by each scenario

for COD, T-N and T-P, respectively. Integrating the flow run-off model and the
calculated concentrated pollution load, the pollution load run-off models in terms of
COD, T-N and T-P was formulated by cach scenario as shown in Figures 10.3.3 to
10.3.8. These pollution loads were assumed to reach to the subject lakes without
reduction (purification} in the main river because of the reason stipulated in sub-section

9.4.2 (2).

10.4 Fufuere Water Pollution Analysis

10.4.1 General

The pollution load remaining ratios of respective rivers in terms of BOD; identified in the

present poliution analysis were adopted for the futurc pollution analysis. While, self-

purification coefficients of respective lakes in terms of T-N, T-P and COD computed in the

preseat analysis were also adopted for the future pollution analysis of lakes.

10.4.2 Rivers

Based on the BOD load run-off model established in sub-section 10.3, projection of BOD

concentration at water quality checking points of rivers was conducted for each scenario as

summarised in Table 10.4.1 (refer to Section 10.4, Chapter 2, Supporting Report).
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10.4.3

Table 10.4.1 Projected Fufure BOD Concentration at WQCPs

WQ | Stan- *A‘S*cenario 1 Scenatio2 |
River CP | dard | Present 2005 2015 2005 2015
Manyame (w/s) | Cu | <3 1.1 1.32 1.48 1.03 1.13
Ruwa Rea | - 38 | 47 | 1870 | 438 | 1924
- Nyatsime Rr: - 2.1 3.28 3.28 4.56 4.57
Manyame (d/s) | Res | - 10 | 1052 | 1028 | 820 6.38
Mukuvisi Rpg | - 20 372 3.60 3.87 3.99
Manyame (d/s) | Cs | <5 | 14 | 569 | 563 | 548 | 490

Marimba Res | - 87 | o618 | s8 | 768 | 729
Muzururu Rpe | - 0.5 0.89 0.95 0.78 0.82
Gwebi Rypy - 1.6 1.56 1.68 135 | 143

(unid: mgsl)

Table 10.4.1 shows serious calculation results at some reference points; Ruwa (Rgy),
Manyame (Rgs) and Marimba (Rgs) rivers, i.c. more than 5 mg/l of BOD conceatration, all of
which are affected by the discharge of effiuent from the STWs in the sub-basin. However,

BOD concentration at other points are within altowable level of water quality.
With regard to the checking point, BOD concentration at Cr, will be kept below the value of

the environmental water quality standard. However, the value at the point Cy; is projected i

be roughly water quality standard level,
Lakes/Dams
Based on the pollution load run-off models, projection of water qualily of lakes and dams in

the future was conducted as summarised in Table 10.4.2 (refer to Section 10.4, Chapter 2,

Supporting Report).

10-26
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Table 10.4.2  Projected Future Pollution Load Concentration at WQUPs of Lakes

wq | Quality Standard Scenario 1 Scenario 2
River CP [ 2005 | 2015 | Present| 2005 | 2015 | 2005 | 2015
T-N (mg/) o | N
Seke & Harava | C, <().4 <0B.2 0.65 0.73 0.83 0.71 0.80
L. Chivero Gz | <04 <0.2 0.51 0.77 094 | 0.66 0.86
L. Manyame Cia| <04 <0.2 Q.75 3.74 0.76 0.73 074
T-P (mgh)
Scke & Harava] Ci; | <0.05 | <0.01 0.07 .08 0.11 0.03 0.11
L. Chivero G | <0.10| <0.01 0.27 0.46 055 | 04t 0.51
L. Manyame | C3 | <0.03 | <001 0.04 0.04 0.04 | 0.04 0.04
COD* (mg/)
;S;l;e & Harava | Gy, | <10 <6 2063 | 2231 | 31.18 | 21.86 | 3057
I.. Chivero Ca| <16 <6 2530 | 3865 | 44.77 | 35.51 | 42.69

I.. Manyame |Cia| <16 <0 2270 { 2030 | 2144 | 1992 | 21.02

*: Standard value of COD presented in Table 7.1.14 is indicated as CODyy,. COD in this table is presented as
COD, assuming as two times of CODyy,.

The improvement of water quality of lakes/dams from the present slatus seems to be difficult
through the future as presented in Table 10.4.2, even though utmost possible sewage
treatment including development of new two STWs and augmenltation of the existing STWs
was assemed in the calculation for projection. Generally, projecied values in the scenario 2
(lower development) is better than those in the scenario 1. However, water quality of the
Lake Manyame and the Seke & Harava dams show comparatively stable water quality.
Nevertheless, this projection implies that assumed scwage treatient, which is recognised as
practical, is indispensable and even if depression of development in the basin may be

considered,
The projected water qualily of the Lake Chivero is serious among others. The future water

quality level may be regarded to be on the same level or some detesioration comparing with

the present water quality level under the available data base.

10-27



CHAPTER 11

STUDY ON POLLUTION LOAD REDUCITON



e

CHAPTER 11 STUDY ON POLLUTION LOAD REDUCTION

1.1

Total = LP N e

General

The pollution foad (PL) to be reduced by targel year al each water quality checking point
(WQCP) was calcutated by comparing the sun-off load calculated in sub-section 10.4 with
the atlowable Pl. calculated based on the environmental water quality standard at each
WQCP discussed in sub-section 7.1. The allowable PL by different pollution source at each
WQCP may be determincd in proportion to the composition of their present run-off load.
The allocation of PL to be reduced by the relevant pollution source shall be made considering
different countermeasures against the respective pollution sources; these counfermeasures
include the expansion and upgrading of sewerage systems for domestic/commercial/
institutional sewage, effluent control to industrial wastewaler, effluent control/ improvement
of wastewater treatment for Hvestock, wastewater treatment at WTWSs, and leachate treatment
at solid waste dumping site. Figure 11.1.1 shows the manner of calculation {or allowable PL

by pollution source.

Present Load Allowable Load
LT Total Pollution Load

Sewerage
T OWTWWLW, System

LS ‘-""---..%_Solid Waste Dumping Site W.W, I ) | thru. Public

LW

u R _ ...'_'.'_':_"'"“'.--'-'-'.'}.*_'S'g\mo P
pd

.................................... il

Domeslic/Comm./Inst. Sewage E— Total = LPo
LDo

Lio

RS R

\_ LL Livestock W.W., 777

I.N Natural Pollution LNo

Figure 11.L.1 Manuer of Calculation for Allowable Pollution Load by Pollution Seurce

In Figure 11.1.1, the allowable PL by poliution source is expressed as follows:

LSo = ILPoxLS/LP
LWo = LPox LW/LP
Llo = LPoxLVLP
LDo = LPox LD/LP
Llo = LPoxLL/LP
[Ne = LN



11.2

11.2.1

Composition of Present Pollution Load by Pollution Source at Respective YWQCPs

The composition of the present PL by pollution source at each WOCP was studied to coms up

with the percentages for allocation of total allowable load discussed in sub-section 11.3.

Rivers (BOD)

The WQCPs to be studied for the composition of run-off load caused by different poliution
sources are Cgy and Cga. The point Cg; covers only the Manyame river (upstteam) sub-basin
while the point Cy, covers 6 sub-basins, namely, the Manyame River {upstream), the Ruwa
River, the Seke and Harava Dams, the Nyatsime River, the Manyame River (downstrean},
and the Mukuvisi River. The concentrated BOD load of the respective sub-basin flows down
being affected by the purification of the rivers. Therefore, the rivers’ self-purification effect
was considered in the calculation of the sun-off BOD load by pollution sovrce. The result of

the calculation is sumnarised in Table 11.2.1 {refer to Table 11.2.1, Section 11.2, Chapter 2,

Supporting Report},

Table 11.2.1  Composition of Present Run-off BOD Load by Peltution Source

WOQCP | Sub-basin | PL Source | Run-off BOD Load at WQCP (kg/day) | Composition
Category | .

Diseck Inflow Inflow Total | Tetal i excl.

tnflow from from Cyg; Natural

Direct
Upslream

_Domestic | 186 LA86  155% 1 65%
(Uniewerey | 00 00 0% ; 0%
Manyame | Livestock | 9.8 98 129% : 35%
Cra - |..Natural ] 36 NA. } NA {56 |16%: - .
Upstream | SotidWaste | 0.0 00 | 0% i 0% .

Total 34,3 | 100% i 100%
_Domestic_ | 1354 | 74% ; 80%
hntiey | 00 ¢ 134 1 00 ¢ M4 | 6% ; 7%
Manyame | Livestock | 00 L2216 | 12% § 12%
Cra R Natural | 00 125 |.7% ;... "
Downstieam | Solid Waste | 0.0 00 1.0% ; 0% |
LNTW 00 209 (1% i 1%

Tolal 181.9 | 100% § 100%

"Note:  Composition of Rua-off Load
Total; Share in Total Run-off Load {including upsteam WCP)

excl. Natural; Share in Run-off Load of Direct Jaflow and Upstream Inflow (exc). natural load)
N.A; Not Applicable :
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The following were found form calculation resulls shown in Table 11.2.1:

At the point Cy;, where there is no STW in the catchment area, the run-off BOD load
consists of Domestic PL (55%), Livestock PL (29%) and Natural PL. (16%). 'this

domestic PL is discharged from unsewered sewage {refer to Table 9.4.1).

At the point Cy,, where five STWs exist including the Zengeza and Firle STWs, the run-

off BOD load consists of Domestic PL (74%), Unsewered-Industrial PL (6%), Livestock
PL (12%}), Nalural PL (7%5) and WTW PL (1%).

streaimn section).

At the point Cps, the share of run-off load from Cgy is minimal at less than 3% because
of the purification effect of the Scke and Harava Dams and the Manyame River (down

11.2.2 Lakes/Dams (I-N, T-P and COD)

The walter guality checking points to be studied are Cpy, G;2 and Cia. The following are the
composition of covered water bodies by each WQCP:

Cy1 (Seke & Harava Dams); Manyame River (upstream)

Ruwa River

Scke and Harava Dams
- (2 (Lake Chivero); Cu

Manyame River (downstream)
Nyatsime River

Mukuvisi River

Marimba River

Lake Chivero
C3 (Lake Manyame); Ciz .

Muzururue River

Gwebi River

The results of the calcularti'on are summarised in Table 11.2.2 (refer to Tables 11.2.2 to

11.2.4, Section 11.2, Chapier 2, Supporting Report). The following are found form the table:

~  Atthe point Cy,, where no STW exists in the sub-basin, the inflow PL mainly consists of

livestock PI. and natural PL. The tofal of these two pollution load exceeds 90% of total

11-3
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11.3

11.3.1

inflow PL in terms of T-N, T-P and COD. The share of livestock PL increases to 85%,
88% and 74% of the controllable PL (PL excluding natural PL and the influence of the
inflow PL from upsiream WQCP) in terms of T-N, T-P and COD, respectively. These
figures imply the difficulty of PL reduction.

At the point Gy, to which effluent is discharged from five STWs including the Zengeza,
Firte, and Crowborough STWs, the main inflow PLs are domestic PL, livestock PL and
natural PL.. Because of high sewerage service coverage for many population, domeslic
PI. dominatcs around a half of total PL for all pollution indices. The domestic shares are
74%, 69% and 81% of the respeclive controllable PLs in terms of T-N, T-P and COD.

At the point Cis, where two small STWs exist, i.e. the Marlborough and Norlon STWs,
main inflow PL are livestock PL. and natural PL. The shares of livestock PL are 88%%,
85% and 40% of the respective controllable PL in terms of T-N, T-P and CQOD.

At the points of Gy, and Cpa, the influence of inflow PL from upsiream WQCP is
minimal.

Influence of leachate from solid waste dumping site is negligible at all WQCPs.

Share of PL discharged from the Morlon Jaffray WTW is 9%, 12% and 44% of the
respective controllable PL in terms of T-N, T-P and COD.

Allowable Pollutign Load and Required Pollution Load Reduction

Rivers (BOD)

The allowable PL at each checking point was calculated using the environmental waler quality
standard and the established flow rates. The following ate the conditions/assumptions

adopted to calculate aliowable PL and PL to be reduced.

PL run-off model; models established in Chapter 10
Natural PL: the Joad is fixed as a non-controllable load at the respective checking point.
PL. from upstream WQCP: allowable PL calculated based on the environmental water

quality standard.

The calculation results for the two sceaarios are presented in Table 11.3.1 which indicates
that the reduction of PL is not necessary for Cy, because of the projected BOD concentration
is lower than assumed water quality standard. Projecied water quality at Cg, scems to be

critical, however the level meets almost the requirement.
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11.3.2 Lakes/Dams (T-N, T-P and COD)

114

The allowable PL at each WQCP of the lakes/dams was calculated using the environmental
water quality standards and the water balances established in sub-section 7.2. 'The
conditions/ assumptions adopted to calculate allowable PL and PL to be reduced are as

follows:

~  PL run-off model: models established in Chapter 10
—  Natural PL: the load is fixed as a non-conirollable load at the respective checking point.
—  PL from vpstream WQCP: allowable PL calculated based on the environmental water

quality standard.

The calcutation results are presented in Tables 11.3.2 to 11.3.4; they indicate that pollution
road to be reduced is quite large at all WQCPs for all pollution indices, especially for the
year 2015, The implementation of practical countermeasures, i.¢. sewage treatment projects
in the future and the introduction of WIW wastewater treatment facilities, were already
assumed in the calculation. Other countermeasures, regarded as impractical or hard to

implement, are not considered in the calculation.
Allowable Pollution Load and Required Poliution Load Reduction by Pollution Source

Based on the composition of the present PL by pollution source at the WQCPs presented in
Tabie 11.2.2 and the allowable PL presented in Tables 11.3.2 to 11.3.4, the allowable PL by
poltution source in terms of T-N, T-P and COD was calculated respectively for each scenario

as shown in Tables 11.4.1 to 11.4.2.

In these Tables, the PL discharged from land and upstream WQCPs were fixed al the present
level or calculated with the water quality standard concentration, respectively. In the year
2015, most of the allowable PL becomes less than the natural PL because of the assumed

sirict water qualily standards.

Tables 11.4.3 to 11.4.5 present the PL to be reduced by pollution source, applying the

- altowable PL presented in Tables 11.4.1 and 11.4.2. These tables indicate the large

:etluiremenl of PL reduction, especially by the domestic and livestock pollulion sources. As

stated previously, the implementation of praclical countermeasures was already counted in

11-7
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11.5

the calculation of discharged poltution loads for the domestic (sewerage system) and WIT'W
(wastewater treatment facility). The reduction of PL shall be accomplished by the
introduction of advanced sewage {realment processes and by adequate countermeasures to
other pollution sources. However, it may be difficult to fulfil the requirement for the
livestock PL. '

The calculation resulis of Scenario-1 and Scenario-2 show the same tendency in general,
though the individual figures are different. The achievement of assumed enviropmental
water quality standards in the year 2015 seems {o be difficult at all WQCPs in application of

present practices and invesiment level.

The following are findings by water quality checking point.

-~ At the point Cyy, subject pollution sources to be reduced are population and livestock.
Since the possible countermeasures have been assumed for the projection of domestic
discharged PL the effort for PL reduction shall be concentrated on the livestock (aboul
80% of the requirement is allotted).

~ At the point Cy;, domestic PL (about 90% of the PL to be reduced) shall be controlled,
Since practical countermeasures were already counted on this source, drastic
countermeasures may be introduced even for the year 2005.

~ At the point Cy3, more than 90% of the PL to be rcducé-d is accounted for the Jiveslock
PL. Therefore, the PL reduction shall be attained mainly b}; the livestock PL. The PL.
allocation to the solid waste is negligible comparing with the total PL to be reduced.

—~  The reduction of PL at the WTW is expected to be achieved before the year 2005

introducing wastewater treatment faciiifies at the Morton Jaffray WTW,
Countermeasures for Reduction of Pollution Load

As discussed in Chapter 10, it may be possible to maintain roughly the future water quality at
the present level in provision of the countermeasures assunied in the projection. In other
words, the water quality will seriously worsen il sewerage countermeasures, i.e. the
augmentation of the sewerage syslems and the provision of WTW wastewaler treatment
facilities, are not implemented. These countermeasures were adopted for the water qualily
projeclion as praclical and possible bases to be implemented. The cffluent qualitly of the
STWs meets curcent regulations and discharge of treated effluent into rivers is in line with

the policy of the Ministry of Lands and Water Resources.
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Though further iniprovement of the water quality of the lakes/dams is desirable for the tow

cost operation of water treatment works, it seems to be difficult to introduce more
sophisticated countermeasures and to provide measures to livestock PL because of economic
and technical reasons. ‘The operation cost between the WTWs and the STWs is a trade-off
relationship, and it is economical (o treat the nccessary water only for the water supply

purpose if the raw water quality is acceptable.

The following are alternative countermeasures withoul concerning cosl requirements and

technological level to achieve assumed water quality standard.

!

Domestic PL:  Advanced treatment (by physical and chemical processes)
Control of phosphate-containing delezgent
Discharge of treated effluent outside the basin
Relocation of population and industries to affordable different basins and
- compression of future frame values
—  Livestock PL: On-site wastewater treatment (for pen feeding)

% Treaiment pond system at the downstream of livestock feeding field
Relocation of }ivestock to the outside of the basin and compression of
frame values

- Natural PL:  Stormwater trealment before discharging to rivers (on-site or by STW)
Cleaning of roads and public spaces to remove nutrients
Coniro! in provision of fertiliser
—~  Solid Waste PL:  On-sile leachate lreatment
Relocation of dumping sites to the outside of the basin
- WTWPL: Wastewater treatment
- Direct countermeasures to lakes/dams:

Removal of sedimentation on the bottom of lakes/dams

Purification of lake water by cultivation and remaval of water hyacinth

Purification of river waler with reed ficld

Forced circulation of lake watez (by air lift tube)

Introduction of clean water (groundwater, surface water from the outside

g of the basin)
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The requited countermeasures by pollution source were discussed to meel water quality
standard established. However, the water pollution analyses were conducted adopting
macrocosmic approach with limited data available and various assumption. In this regard, it
is strongly recommended that continuous water quality and flow monitoring al selective
sampling points shall be conducted to obtain reliable data and o establish a reliable pollution
analysis model. The periodical review and updating of the water pollution analysis shall be
implemented to come up with appropriate countermeasures to suit for the actual needs

through the future.
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