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13.1

13.2

13.2.1

AND FINANCIAL STUDY

General

The total costs both for consteuction and O&M for the year 2005 and 2015 arc estintated for
the public sewerage projects, while the standard cost for other countermeasures is prepared
as a reference. Other countermeasures considered are industrial/slaughterhouse wastewater

treatment and solid waste leachate treatment.

The public sewerage projects are the sewage (trealment works for the Scenario-1 and

Scenario-2. The sclecled sewage treatment works are as follows:

Harare: Crowborough, Firte, Marlborough and Donnybrook
Harare Expansion: Haragre South and Harare East

Norton: Norton

Ruwa: Ruwa

Chitungwiza: Zengeza

The sewage works comprise treatment facilities in application of BNR, TF or WSP and
sewage collection system. The sewage treatment processes to be adopted are categorised

into the following three systems.

- WSP + Isrigation pump facilities + Irrigation
. TF + Irrigation pump facilities + Errigation
- BNR

The sewage coltection system includes, trunk and lateral sewers, pump stations and service
connections. The irrigation pump facilities include a pump station, force main and
storage/maturation pond. The irrigation cost is not include in the construction cost of sewage

treatment works.

Standard Sewage and Sludge Treatment Facilities

Public Sewage Works

'The sewage treatment projecis were planned in the previous section based on the expansion

ptan for projected sewage quantity, accounting for the design pollution load to be reduced by
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cach target year (2005 and 2015). The cost functions were prepared based on the general
design with standard capacilies for concerned facilities, Cost requitements for the future are

estimated covering sewage treatment and collection facilities.

The expansion of existing sewage treatment facilities is assumed to be arranged within the
premises of the respective sewage treatment plants’ areas. Generally, the construction areas

are flat lands and fairy good in soil condilions.
(1) Sewage Collection System

Sewage collection system comprises trunk and fateral sewers, service connections, purmp
stations and force mains. The construction cost of sewage collection system is estimated

using selected factors for major facilitics as follows:

Trunk sewer: Unit price per linear meter
Asbestos cement pipe, RC pipe (Hume pipe) and Steel pipe
Lateral sewer and service conneclion:
Unit price per hectare (Dia.150mm, Asbestos cement pipe,
180m/ha)

Pump station: Civilfbuilding, Mechanical and Electrical works cost
(2) Sewage Treatment Facilities

Standard facilities by applicable lreatment process were designed to come up with cost

requirements based on estimated work quantities and unit prices.

1) Trickling Filter Process
The trickling filter process includes grit chamber and screen, primary sedimeatation
tank, trickling filter, secondary sedimenlation tank, sludge thickener and sludge

drying bed.

The standard trickling filter process was prepared for the four capacities of 2,500
m’/day, 5,000 m*/day, 10,000 m*/day and 20,000 m’/day.
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2) Biological Nutrient Removat Process

The biological nutrient removal process includes grit chamber and screen, primary
sedimentation tank, biological reactor {BNR), secondary sedimentation tank, sludge

thickener and sludge drying bed.

The standard facilities with capacilics of 5,000 m*/day, 10,000m*/day, 20,000 w/day
and 50,000 m’/day were designed.

3) Wastewater Stabilisation Pond

The wastewater. stabilisation pond system includes grit chamber and screen,

anaerobic pond, facultative pond and maturation pond.

The standard wastewater stabilisation pond system was designed for the four design
capacities of 1,000m%/day, 2,000 m*day, 5,000 m*/day and 10,000 m’/day.

% 4) Irrigation Pumip Facilities

Irrigation pump facilities are planned succeeding to TF or WSP system. The

construction cost is estimated using selected factors for the following major

components.
Pumyp Station : Civil/building, Mechanical and Electrical works cost
Force main  :  Unit price per linear meter for each diameter,

Steel pipe with the length of 3 km
Storage/maturation pond (standard pond capacity):
1,000 m?, 2,000 m’, 2,500 m?, 5,000 m’, 10,000 m* and 20,000 m*

13.2.2 Industrial Wastewater Pre-treatment Facilities

The discharge of industrial wastewater into public sewers is restricted by the Urban Council

Act. The pre-treatment facilities shall be provided by each private industrial company.

@R

The consiruction cost for a typical design of indusirial/slaughterhouse wastewater treatment

facilitics was estimated as a reference. The treatment process is assumed including
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anacrobic and facultative ponds. The standard capacities covered 500 m’/day, 1,000 m*/day

and 2,000 m’/day.
Solid Waste Leachate Treatment Facililies

City of ilarare has two refuse dumping sites: namely Golden Quarry Dumping Site and
Pomona Dumping Site. Chilungwiza Municipalily and Norton Town have also their own

refuse dumping sites near the existing sewage treatment works.

The solid waste colection and disposal are operated by respective private companies under
local government authorilies. A controiled tipping method; trench excavation/filling
operation is employed al each dumping site. The solid waste leachate tecatment facilities

shall be provided by each local authority.

The standard cost for a typical leachate treatment facililies in application of stabilisation
pond was estimated as a reference. The standard capacities considered are 100 m’/day, 500

m’/day and 1,000 m%/day.
Procurement of Materials and Equipment

The sewage lreatment works were mainly constiucted by local contractors through the
competitive tender procedure. There are many civil/building contractors regisiered in
Zimbabwe capable for construction of sewerage facilities. The construction works for Firle
v Se.werage Project, Harare City and Zengeza Sewer Argumentation Project have been

undertaken by lacal contractors.

Most of the conslruction materizals can be procured at local markets. These are cement, fuel,
gasoline, reinforcement bar, asphalt bitumen, structural steel, explosives, timber, plywood,

concrete pipe, asbestos fibre cement pipe, polyvinyl chloride pipe, ready mixed concrete,

aggregate, sand, building malterials. White, mechanical and electrical equipment for the "

works is imported as confirmed through the interview on the previous projects. Some
construction materials such as sheet pile, steel pipe pite, 1 shape steel rib are also imported.
‘The imported materials are transported by raihway and trailer/truck from Port Durban (South
Africa) and Beila (Mozambique) to Harare. The delivery conditions are fairly good both in

railway and road.
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& The local contractors have their own construction equipment and can hire the equipment

from lease/rental companies.

13.3  Unit Cost and Cost Functions for Construction/Rehabilitation of Facilities

13.3.1 Unit Cost
(1) Unit construction cost of the sewerage facililies

The following are reference materials to come up with unit construction cosl. The
~ applied wnit costs for the cost estimate are included in Section 13.3, Chapter 2,

Supporting Reporl.

Harare Sewerage Firle V Project ; Lower Mukuvisi Outfall Sewer (3), November 1993

. Harare Sewerage Firle V Project ; Civil Engineering Works (2), July 1993

Feasibility Study for New Sewerage Treatment Works, May 1996, Norton Town
Council

Project Proposals for the Sewerage Augmentation Schenmie, February 1996,

Municipality of Chitungwiza

Unit price as of 1996 based on the interview from local contractors

(2) Labour Cost

The daily labour wage cost is collected from the National Employment Councit and

Zimbabwe contractors as shown in Table 13.3.1.

(3) Material Cost

The material cost was collected from the local suppliers in Harare as shown in Table

13.3.2.

(4) Equipment Cost

The cquipment cost was collected from local contractors through an interview as shown

in Table 13.3.3.

13-5



Table £3.3.1 Labor Cost

Labor Cost, National Epployment Council

Classification Wage rate
 (Z3#day)
Worker Grade ¥ 425

Grade 2 44.5
Grade 3 51.1
Grade 4 61.5

Skilled worker Grade t 1123

Grade 2 95.5
Grade 3 84.8

Grade 4 64

Building,electrician 84.8
installation

Floor layer 848

Data Soufce: National Employment

Council for the Censtroction

Todustry of Zimbabwe, July 1996

Labor Cost,Conltraclor (Zimbabwe)

Classification

No.1 No.2

ConltractoContractofContractor Contractor Contracion

No.3 Nod No.5

(Z$/day) (Z$/day) (Z$/day) (Z3/day) {(Z$/day)

Foreman 7 182.24 28344
Skilted labor 10000 107.89
Unskilted laber 34.00 78.52
Operatorheavy 136.00 11653
Operator,tight 8000 10789
Electrician,Mechanic 20000  116.53
Concrete worker 100.00 91.60
Reinforcing worker 80600 9160
Carpenter 8000 165.13
Form worker 7200 14861
Welder 72.00 91.80
Masonry 9500 19105
Pavement 9500 191.65
Plumber 8000 14861
Driver,dump truck 6800 107.89
Driver,vehicle 6800 107.89
Plasterer 109.12  165.13
Site engineer 30800 77945
Site manager 35600 93533
Administrator 256.00 389,72
Typist 9088 12991
Drafts man 22080 165.13
Guardman 45.00

Houseboy 28.80

Secretary 363.60 206.60
Clerk 11360 107.89
Walchman 46.00 21.80

80.82 55260 323.00
68.76 7434 18000
3204 5165 69.32
68.76 165.08 136.26
63.02 9046 117.88
68.76 28125 33289

14.28 69.32
44.28 169.01
61.02 119.76-82.15 18033
46.08 180.35
68.76 180.35
44,28 138.98-81.37 180.35
4428 180.35

£1.02 139.76-82.15 180.35
46.08 8792 13626
46.08 7434 13626
46.08 137.42-71981 180.35
280.00 25872 42500
300.00 344.96-677.60750.00
24000 115.47 1500.00

425.00

61.02 7200 22500
80.00 502.46
30.00 14434 9170
20.00 39.26 9170
100.00 325,00
150.00 175.00
70.00 91.70

Data Source:No.l Coatractor unded Chitungwiza Musicipality
No 2 NISHIMATSU CONSTRUCTION CO, LTD
No3 METALIURGICAL CONSTRUCLION QO., ZIMBABWE(FVIILTD

No.4 COSTAIN (AFRICA) LIMITED

No.5 KONOIKE CONSTRUCTION €O, LTD
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Table 13.3.2 (1) Matarial Cost Asbestos Fibre Cement Pipe (Ex-factory Price)

(Pressure)

Material Cost, Harare City (Supplier) Material Unit  Cost (Z$)
- — {I=4n\/pc)
Material Unit  Cost (Z3%) {exc).Sales Tax)
o o g g e
Reinforcing bar ton 6647.00 ( 5'0 m pe 58 5'9 N

Wire ton  7730.00 mm P '
Dicsel it 2.83 175mm pe 133.52
. . . 200mm pc 774.37
Gasoline lit 348
. . 225mm pc 928.7
Lubricant lit 12.25
. : 25(Gmm pc 1123.03
Explosive kg 13.40 _
ANFO ke 8.00 300mm pc 1664.54
y , 350mm pc 174697
Detonator pc 16.00
. 400mm pe 2525.7
Sand,river m3 124.00
: - : , 450mm pe 3156.37
Sand,pit m3 109.00 52
Stone m3 159.00 > ngm pc 455214
Ready mixed concrete msmm pe :859'4
10 MPA m3  485.00 750mm po
15 MPA m3 52000 i pe '
20 MPA m3 560.00
25 MPA m3 620.00 Data Soarce: TURNATL FIBRE CEMENT (PV1)
30 MPA m3 650.00 . .
Timber m3  3000-5000 Concrete Pipe (Hume Pipe) '
Plywood 9mm I (17 123.40 T -
13mm o2 132,60 . Material Unit _ Cost (Z$)
{excl.Sales Tax)
2 Data Soucce: Loca) Material Suppliers in Harare 150mm m 62.6
= _ -225mm m 99.67
Asbestos Fibre Cement Pipe (Ex-factory Price) 300mm m 148.27
{Sewer) 375mm m 192.21
e - 450mm m 246
Materia] gf:: m/p%ﬂ (23} 525mm m 313.68
B 62
(excl.Sales Tax) g%ﬁx 2: ig% 24
150mm pc 177.15 750 5’1{).65
200mm "~ pe 328.17 o00mm m '
250mm pe 439.51 mm m 769.21
300mm pe 573.06 1050mm m 1049.94
400mm pc 1288.35 1200mm m 1332.49
450mm pc 1525.79 1350mm m 1870.26
325mm pc 1745.59 e
600mm pe 2147.12 Data Source: HUME PIPBECG
675mm pc 2612.38
750mm pe 2940.51 Polyvinyl Chloride Pipe
825mm pc 347813 {Pressure)
: Material Unit  Cost (Z3)
Dzta Source; TURNALL FIBRE CEMENT (PVT) (e xcl.Sales 'I‘ax)
100mm m 46.37
150mm m 99.82
200mm m 154.63
250mm m 239.39

Data Source: HYDRO QUIP
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Table 13.3.2 (2) Material Cost

__Contractor (Zimbabwe)

Material Unit Contracter  Contractor Conleactor Contractor Contractor
No.l No.2 No.3 No.4 No.5

Cement, ex-factory ton 820.00 685.00 647.85 747.60
Sand, ex-quarry m3 75.00 114,55 120.00 105.80 132.25
Aggregale, ex-quarry m3 120.00 197.35 190.00 158.62 195.73
Transportation from quarry m3.km 5.50 8.50 20.00
Crusher-run, quarry m3 114.00 197.35 170.00 100.80
Reinforcement, deformed ton 5920.00 7500.00 5800.00 5965.006 6612.50
Reinforcement, round ton 5901.00 7159.00 S800.00 5965.00 6612.50
Asphalt, 80/100 lit 498.00 3.20 3.68
Cut back, emulsion lit 5.60 59.52 4.00 5.58
Gasoling,blend lit 3.80 3.63 3.76 3.76 4.32
Diesel lit 3.34 3.11 3.00 3.03 3.48
Lubricant lit 13.00 28.09 24.00 15.33 19.55
Grease kg 55.00 48.76 35.48 31.05
Timber, hardwood m2 98.95
Timber, hardwood m3 4122.00 350000 523000 4872.60
Timber, sofiwood m2 75.00
Timber, sofiwood m3 3019.26 3500.00 4830.00 4872.00
Plywood m2 (t=20) 110 (13) 130.72 (7.5) 62.00(19) 81.70(19) 190.6
Plywood m3
Structural steel ton 17710.00 4500.00 12000.00 8555.00
Nail kg 15.00 20.05 11.83 17.94
Wite, galvanized kg 12.00 11.15 7.69 11.50
Turf m?2 39.650 3.00 57.50

Data Source: No.l Contraclor under Chilungwiza Municipality
No.2 NISHIMATSU CONSTRUCTION CO., LTD
No.3 METALLURGICAL CONSTRUCTION CO., ZIMBABWE(PVT)LTD
No.4 COSTAIN (AFRICA) LIMITED
No.5 KONQIKE CONSTRUCTION CO., LTD

Table 13.3.3 Equipment Cost
Equipment Cost, Contractor (Zimbabwe)

i,

Material Unit Contractor Contraclor Contractor Contractor Conlractor
No.1 No.2 No.3 No.4 Nos

Bulldozer D3 Hr 72000 51150 625.00 581.32 1207.00
Bulldozer D7 Hr 680.00 478.50 56500 507.03 880.00
Tractor shovel 2m3 Hr 380,00 51150 603.00
Whee] foader 3m3 Hr 480.00 580.00 311.63 718.00
Whee) loader  2m3 Hr 42000 48400 49000 37813 45310
Backhoe 0.7m3 Hr 28000 33000 56500 62575 690.00
Backhoe 0.3m3 Hr 21000 21450 49000 45335 690.00
Dumptruck  106ton Hr 360.00 45000 42060 34500
Dump truck  4ton Hr 25000 24000 280.00 253.00
Ordinary truck  10ton Hr 320,00 198.00 300.00 I27.75
Motor grader  3.7m Hr 400.00 484.00 54446 517.50
Motor grader  3.1m Hr 380.00  484.00 575.00
Trock crane  15ton Iir 42000 539.00 750.00 61697 0632.50
Vibrating roller 1Cton Hr 32000 16500 52500 324.18 402.50
Vibrating rotler dton Hr 180.00 12500 3%0.00 379.50
Tire roller 10-20ton  Ur 21000  165.00 69.95 35650
Macadom rotler 10ton Hr 320.00 31625
Adr compressor Sm3/min Hr 120.00 12650 15000 13484 17250

Data Source: No.1 Comtractor under Chitungwiza Municipality
No.2 NISHIMATSU CONSTRUCTION CO,
No.3 METALLURGICAL CONSTRUCTION CQ.,
No.d COSTAIN (AFRICA) LIMITED
Na.5 KONOIKE CONSTRUCTION CO.,
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13.3.2 Cost Functions for Constraction of Facilities

The cost functions {Cost Formula) on a 1996 price base were established for the estimation
of construction cost required for collection/treatment of sewage in application of selected

factors, such as linear melter, service area and sewage lreatment capacily.
(1) Sewage Treatment Facilities

The cost functions of the sewage {rcatment plant are based on model studies for some
standard capécilies of treatment facilities considering applicable secondary treatment
processes; TF, BNR and WSP. The required cost of such standard facilities is eslimated
based on preliminary work quantity and unit price in full use of the experience of the

simifar projects in Zimbabwe.

The construction cost of each treatment facilities is included in Section 13.3, Chapter 2,

Suppeorting Report. The basic assuniptions for cost estimate are as follows:

- Site conditions; fairly good.

- Topographic condilions; generally fiat area.

- Soil/geological conditions are good.

- Access is no problem from the existing trunk road.
- Transportation of material and equipment is easy.

- Preparatory works is not restricted.
1) Trickiing Filter Process

The cost of trickling filter process (TF) is estimated by standard treatment capacity,

detailed cost of which is included in Seclion 13.3, Chapter 2, Supporting Report.

Capacitly Construction Cosl
(1000 m*/day) (Thousand USS$)
2.5 2.031
5.0 3.432
10.0 5.632
20.0 10.347
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2)

3)

The exponential function formula was obtained by a least square method, which is

shown in Figure 13.3.1.

C =0.9837 Q"""
where, C: Construction cost { Million US$)
Q: Treatment capacity (1000 m/day)

Biological Nutrient Removal Process

The cost of biclogical nulrient removal process (BNR}) is estimated by standard

treatment capacity, Detailed cost estimate is included in Section 13.3, Chapter 2,

Supporting Reporl.
Capacity Construction Cost
(1000 m’/day) {Thousand US$)
5.0 3.902
_ 10.0 6528
20.0 11.847
50.0 25.049

The exponential function formula was obtained by a least square method, which is

shown in Figure 13.3.2
C=1.0344 Q"%
where, C: Construction cost ( Million US$)
Q: Treatment capacity {1000 m’/day)
Wastewaler Stabilisation Pond
The cost of wastewater stabilisation pond (WSP) is estimated by standard treatment

capacity. Delailed cost estimate is included in Section 13.3, Chapter 2, Supporting

Report.
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Capacily Construction Cost
(1000m’/day) (Miltion US$)
1.0 1.086
2.0 2,386
50 5279
10.0 9.105

The exponential function formula was obtained by a least square method. Figure

13.3.3 presents the retationship between the two factors.

C = 1.1641Q°*
where, C: Construction cost { Miition US$)
Q: Treatment capacity (1000 m*/day)

(2) Sewage Collection System

The unit costs per linear meter of trunk sewer and force main were eslimated. The pipe

material cost was oblained from the local markel. The unil cost covers pipe and

manhole; transportation; trench excavation, installation and back(ill; and overhead and

profit. Furthermore, 15% of direct unit cost is added for the need of engineering studies.

The unit cost per ha of lateral sewer (asbestos cement pipe of 150mm dia) and service
conneclions was estimated. The standard length of lateral sewer was assumed to be

180m per ha.

Open trench cut method either by backhoe or manpower is applied for pipe laying

without shuitering and the trench depth was assumed at 2 mto 3 m.

The unit cost of lateral sewer and service conneclions was estimated at 3,478 US$/ha.
The relationship between pipe diameter and construction cost by pipe material is shown
in Figure 13.3.4, which is expressed in exponential function and the cost funclion is

obtained by a least square method as follows:

i Concrele Pipe
150- 525mm  C=0.,i543 D'™®
600- 900mm  C = 0.002773 D'
1050-1350mm € = 0.00006911 D****!
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where, C: Construction cost (US$/m)

D: Pipe diameter (mm)

Asbestos Fibre Cement Pipe (gravity)
150- 450mm  C=0.01128 D'***
525-825mm  C=0.01846 D'

Asbestos Fibre Cement Pipe (Pressure)
100-225mm  C=0,1839 D'
250-450mm  C=0.01521 D'
525-750mm  C=0.2332 p'*

Polyvinyl Chloride Pipe
100- 250mm  C = 0.02054 D!

Steel Pipe _
150- 350mm  C = 1.2426 D***
400- 700mm  C = 0,0587 D%’
800- 1500mm  C = 0.008315 D'

£
E

(3) Storage/Maturation Pond

The cost of storage/maturation ponds to be provided after TF/WSP for the ifrigation is
estimated by standard treatment cépacity. Detailed cost estimate is included in Section

13.3, Chapter 2, Supporting Report.

Capacity Construction Cost
(1000 m’/day) (Thousand US$)

1.0 35

20 58

2.5 81

5.0 , 133

100 254

20.0 453

The exponential function formula was oblained by a least square method. Figure 13.3.5
presents the refationship between the two factors.

C = 34.342 QM1
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where, C: Construction cost { Thousand US$)
Q: Treatment capacity (100 m’/day)

(4) Pump Station

The cost of pumping station is affected by pumping capacity (KW), number of pump
units including a stand-by equipment, civil structure and foundation works, building
works, etc. ‘The construction cost of pump station for Master Plan level is estimated by

major component.

- Cost of civil/building works
A uniform unit cost of 2,440USS$ per floor area (m’) was applied to pump stations.
- Cost of pumping equipment including electrical motor.
150 kW US$ 140,000/no.
100 kW US$ 110,000/n0.
S0 kW US$ 85,000/no.
A0 kW Us$ 65,000/no0.
20 kW 1iS$ 60,000/n0.
The cost function: C = 49,288 + 610 (kW)
( as shown in Figure 13.3.6(1))

- Electrical works including transformer, swilchgear, etc.: 50% of the cost of pump

- Engineering cosl is estimated at 15% of the above two items.

Above cost estimate is applicd for the pump station of sewer system, details of which are

shown in Section 13.3, Chapter 2, Supporling Report.

The cosl of irrigation pump facilities (provided after TF and WSP} is estimated analysing

the relationship between treatment capacity and consiruction cost.

~ Pump Station (TF) Pump Station (WSP)
Capacity Construction Cost Capacity Construction Cost
(1000m’/day) (Thousand US$) (1000m’/day) (Thousand US$)
2.5 504 1.0 232
.E, 5.0 584 20 261
10.0 715 50 317
20.0 972 10.0 393
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The exponential function formula was obtained by a least square method.

13.3.6(2) and (3) present the relationship of the two factors.

C =364.2727Q"" (TF)
C = 227.0329 Q"% (WSP)

- where, C: Construction cost { Thousand US$)

Q: Treatment capacity (1000 m*/day)

(5) Industrial Wastewater Pre-treatment Facilities -

Figures

The cost of induslrial wastewater pre-lreatment facilities {a combination of anaerobic

pond and facultative pond) was estimated by standard treatment capacity, Detailed cost

estimate is included in the Section 13.3, Chapter 2, Suppoiting Report.

Capacity Construction Cost
(100m*/day) (Thousand US$)
5.0 412
10.0 726
20.0 1200

The exponential function formula was obtained by a teast square method. Figure 13.3.7

shows the relationship beiween the (wo factors.

C = 120.3648 Q*7"!?

where, C: Construction cost { Thousand US$)

Q: Treatment capacily (100 m*/day)

{6} Solid Waste Leachate Treatment Facilities

The cost of solid waste leachale freatment facilities (wastewater slabilisation pond,

WSP) was estimated by standard treatment capacity, Delailed cost estimate is included

in Section 13.3, Chapter 2, Supporting Report.
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13.4

Capacity Construction Cost
(100m*/day) (Thousand US$)
1.0 302
5.0 633
10.0 1179

The cxponential function formula was obtained by a feast square method. Figure 13.3.8

shows the relationship between the two faclors.

C =290.0415 Q>
where, C: Construction cost ( Thousand US$}
Q: Trealment capacity (100 m*/day)

Cost Requirements for Expansion of Sewerage Facilities

The construction cost for the two scenarios was eslimated using cost functions for the

proposed scwerage projects. The total cost consists of the following components.

(1) Direct construction cost
(2) Physical contingency (20%)
(3) Engincering cost (17%)

The construction cost is expressed in US Dollar/Zimbabwe Dollar (U8$1.00=259.50).

The land acquisition and compensation cost is not required for the sewage (rcaiment works,
since all the land is owned by the local authorilies. The administration cost and price

escalation are not considered,

‘The total construction costs from 2000 to 2015 by scenario are as follows (refec to Table

13.4.1):

Scenario-1  716.08 Mill US$ (6,802.76 Mill Z3)
Scenario-2  600.66 Mili US$ (5,706.27 Mill Z3)

The cost requirements by the target year of 2000, 2005 and 2015 for the two scenarios are

summarised as shown below. Table 13.4.2 presents required cost by proposed project for the
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target years. Cost breakdown by sub-project for the two scenarios is included in Appendix

All4.

Scenario-1

Scenario-2

2000
2005
2015
2000
2005
2015

56.95 Mill US$ (
388.31 Mill US$ (
270.82 Mill US$ (

64.60 Mill US$ (
288.68 Mill US$ (
247.38 Mill US$ (

i3-16

541.02 Mill 28)
3,688.95 Mill Z$)
2,572.79 Mill Z$)

613.70 Mill Z$)
2,742.46 Mill Z§)
2,350.11 Mill Z$)



Figure 13.3.1 Relationship between Treatment Capacity and Unit Construciion Cost
{ Trickling Filter Process)

Trickling Filter Process

Construction Cos! - 400.000 . - .
Treatment Capacity - 1] =
1000m’/d  Mill US$ EEEn
2.5 2.031
5.0 3.432 §
10.0 5.623 2 0000 L
200  10.347 E ) i e sl
0.7759 8 _ 2l T —|
C=09837Q"" %] -f
7 —F 11
= 'd A4
1000 +—— A — 1 L— a—
1.0 10.0 100.0
Capacity (1000m*/day)

Figure 13.3.2  Relationship between Treatsaent Capacity and Unit Constiuction Cost
" ( Biological Nutrient Removal Process,BNR )

Biological Nutrient Removal -
Process 100.000 e po— A
Construction Cost - - 1
Treatment Capacily
1000m® Ml US$ & , Ny
50 3902 2 l=|//

10.0 6-528 -2 10‘000 #,;_7/ — |- - _:

20.0 11.347 > — i T

500  25.049 S - T .
C=1.0344 Q*"? '

1.000 4t
1.0 10.0 100.0
Capacity (1000m*/day)
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Figure 13.1.3  Relationship between Treatment Capacity and Unit Construction Cost
§ Wastewater Stabilization Pond )

Wastewaler Stabilization
Pond

Construction Cost - T
Treatment Capacity ——

100.000

1000m®  Mill US$
1.0 1.086

2.0 2.386

5.0 5279
10.0 9.105

10.000 At

Cost (Mill US$)
5

C = 1.1641 Q* g,

1.000 ¥ : =
1.0 10.0 ) 100.0

Capacily (1600m’/day)

Figure 13.3.4(1} Relationship belween Treatment Capacity and Unit Censtruction Cost
{ Concrete Pipe, Hume Pipe )

Concrete Pipe ( Hume Pipe )
Construction Cost - 1000.00
Pipe Diameter R St 11
mun dia. US$/m . HEERR
150 25.18 S 1 ny -
225 35.06
300 4742 “1TUTTTEA 1T T 01T
oo
375 58.96 % 100,00 L gf N ERi
450 72.74 " =t
525 89.70 5 i
600  107.09 P
675 118.83
750 153.80
900  203.12
1050 282.93 10.00
1200 35321 100 1000 10000
1350 484.10 Bia.anm
Concreie Pipe
150-525mm C=0.1543 pH¥
6006-900mmn C = 0.002773 D¢
1050-1350mm C =0.0001043 D>12%
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Flgure 13.3.4(2)

Asbiestos Fiber Cement Pipe
{ Sewer Pipe)
Construction Cost -
Pipe Diameter
min dia. US$/m

150 20.98
200 30.38
250 37.71
300 46.23
400 90,11
450 10505
525 118.97
600 14391
675 17252
750 193.00
825  226.16

Relationship between Treatntent Capacity and Unit Construction Cost
{ Asbestos Fibre Cement Pipe, Sewer )}

Asbestos Fiber Cement Pipe (Sewer)

150-450mm
525-825mm

Asbestos Fiber Cemnent Pipe

1000.00 —
Pa-Y N —
8 &
2 e
S 100,00 s
] T
o — -]
10.00
100 1000
Diamm
C = 0.01128 p'4*
C = 0.01846 D' ™
Figure 13.3.4(3) Relationship between Treatment Capacily and Unit Construction Cost
( Asbestos Fibre Cement Pipe, Pressure )
1000.00
a-/'ﬂ,

0 ——
Gl [l
@
S 10000 | Ml .
o e
% g -
Q — 5 —-—- ~ —

3l I R A 1
[
[
10.00 —
100 1000
Dia.mm

C=0.1839 D'
C=001521 D%

{ Pressure Pipe)
Construction Cost -
Pipe Diameter
min dia. US$/m
100 2735
125 35.08
150 45.14
175 54.29
200 56.98
225 66.37
250 7833
300 111.06
350 116.75
400 163.76
450 201.74
525 285.69
600 304.53
675 341.90
750 433.13
Ashestos Fiber Cement Pipe (Pressure)
160-225mm
250-450mm
§25-750mm

C=02332 D¥1%
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Figure 13.3.4(4) Relationship between Treatmeat Capacity and Unit Construction Cost
( Polyvinyl Chicride Pipe, Pressure)

Polyvinyle Chloride Pipe
Construction Cost - 160.00
Pipe Diameter 1=
mm dia, US$/m LA
100 2046
150 33.97 /
200 41.72 . T
250 68.35

Cost(US$/m)
i

10.00 +————
100 1000

Dia.mm

Polyviny! Chloride Pipe
100-250mm C =0.02054 D!

Figure 13.3.4(5) Relfationship between Treatment Capacity and Unit Construction Cost

Y

( Steel Pipe)
Steel Pipe — .
( Pumping main) 10000.60
Construction Cost - =
Pipe Diameter A
mmdia.  US$/m
100 98.86 100000 _ |
150  137.07 B J =
200 17838 8 i -
250 21992 e /ﬂ,n‘ 11
300 27548 3§ 0000 1 1
350 - 319.87 = -
400 38873 - 1=
450  460.45 T T
500  544.16
600 72216 10.00 +— -
700 87362 100 1000 10000
800  1088.38 Dia.m
000  1332.12 -
1000 1604.85
1100 1898.24
1200 2208.03
1350  2724.50
1500 3294.65
Stee! Pipe
100-350rm C=1.2426 D**®
400-700mm C=0.0587 D'4%?
800-1500mm C = 0.008315 Q*
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Fipure 13.3.5  Relationship between Treatment Capacity and Unit Consteuction Cost

( Storage Pond, Ircigation Area)

Storage Pond -
Construction Cost - 1000 = = — == 4
Treatment Capacity [—— = B - —F1-FHH
1000m*  1000USS$ R ST . SN . -
1 as & 100 = _ N -
9 58 3 = = =k it Sl (O el Sy B
&8 /75 I
2.5 81 g
5 133 é
10 254 10
20 453 g i e
C=234.342 Q%51 | i
1
i 10 160
Capacity (1000m%day)
Figure 13.3.6(1) Relationship between Freatment Capacily and Unit Construction Cost
{ Pump Equipment)
Pump Equipment -
Construction Cost - 150000 —
Pump kW -
kW US§ 130000 +
150 140000 110000 1
100 110000
5¢ 85000 90000 T
K H 65000 3
20 60000 % 70000
C = 49288 + 610KW 50000
30000 -
10000 +
—— | i R
-10002 ¢ 50 100 150 200
kWY
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Figore 13.3.6(2)  Relationship between Treatment Capacity and Unit Construction Cost
{ Pump Station,Jrrigation, TF )

Pump Station (TF) N

Construction Cost - 1000 B} .
Treatinent Capacity - 1= 1T

1000m®  1000USS e ¥ i
25 504 -

5 584

10 715

20 972

Cost (Thousand US$)
i
}

C =1364.2727 ¢3¥

100 R—
1.0 10.0 , 1000

Capacity {1000m*/day)

Figure 13.3.6(3}) Relationship between Treatment Capacity and Unit Construction Cost
{ Pump Station,Irvigation, YYSP)

Pump Station (WSP) o — -
Construciion Cost - ;
Treatment Capacity : —

1600m®  1600USS .

1
2
5
10

232
261
317
393

Cost (Thousand USS)

C =227.0329 Q° 2268

100

Capacity (1600m3/day)
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Figure 13.3.7

Industrial Wastewaler
Pre-treatment Facilities
{Anacrobic Pond and
Facultative Pond)
Censtruction Cosl -
Treatment Capacity

100m®  1000US$

5 412
10 726
20 1200

C=120.2648 QO

Figure 133.8

Solid Waste Leachate
Treatment Facilities (WSP)
Construction Cost -
Treatment Capacity

100m® 1000US$

i 302
5 633
10 1179

C =290.0415 Q¥ %

Relationship between Treatment Capacity and Unit Conslruction Cost

{ Industrial Wastewater Pre-freatnient Facilities,
Anserchic Pond and Facultative Pond )

Cost (Thousand USS)

10000 -
1000 —1=tf /ﬁ,_ﬁ, —
i ;?// NE
a"’ — e
100
1 10
Capacity (100m*/day)

100

Relationship between Treatment Capacity and Unit Construction Cost

( Solid Waste Leachate Treatment Facilities, WWSP )

Cost (Thousand US$)
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1000 4
= -
100 +-—-- - - 2
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Table 13.4.1 Summary of Conslruction Cost
for S¢wape Treatment Works

Scenarie Authorily Sewage Works onstruction Cost
(Miil US$)
Scenario-1  Harare : Crowborough 135.55
Firle 203.64
Marlborough 887
Donnybrook 13.61
Total Cost 361.67
Harare Expansion  Harare South 126.34
Hararc East 50.40
Total Cost 176.74
Norten Norlon 65.78
Ruwa Ruwa 42.10
Chitungwiza Zengeza - 6979
Grand Tolal 716.08
(Scenario-1)
Scemario-2  Harare Crowborough 94.58
Firle 183.98
Marlboreugh . 5.30
Donnybrook 12.62
Total Cost 296.48
Harare Expaasion Harare South 85.87
Harare East 50.40
Total Cost 136.27
Nerton Norion ' 50.12
Ruwa Ruwa 17.12
Chifungwiza Zengeza 100.67
Grand Total 600.66
(Scenario-2)

Remarks : Construction cost at each target year

Scenario-1 2000 56.95
2005 ' 388.31
2015 270.82
Total 716.08
Scenario-2 2000 64.60
2005 288.68
2015 247.38
Total 600.66
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Table 13.4.2(})  Construction Cost for Sewage
Treatment Works { Scenario-1)

13-25

Authonty Sewage Works Treatment Target Construction Rematks
Facitity Year Cost
(Mitl US$)
Harare Crowborough DBNR, 94,100m3'd 2005 6646 BNR
BNR, 30,800m3d 2015 23.56 BNR
Sewer, 6.75km2 2000 330 TICSPS
Sewer, 33.31km2 2005 3599 TSCSPS
Sewer, 12.78km2 2015 624  TSCSPS
Total Cost 135.55
Firle BNR, 176,100m3/ 2005 125.37 BNR
BNR, 61,600m3'd 2015 4558 DBNR
Sewer, 13.1tkm2 2000 640 TSCSPS
Sewer, 12.48km2 2005 21.50  TS5CSPS
Sewer, 6.55km2 2015 479 TS,CSPS
Total Cost 203.64
Martborough  WSP, 0 2005 0.00
WSP, 2 800m3d 2015 531  WSPPSPMSP
8ewer, 7.29%km2 2015 356  TS,CSPS
Total Cost 887
Donnybrock  'WSP, 2,400m3’d 2005 472  WSPPSPM,SP
WSP, 4,400m3d 2015 7.74  WSPPSPM,SP
Sewer, 2.36km2 2015 315 TS,CSFS
Total Cost 13.61
Harare Hagare South BNR, 63,660m3'd 2005 4705 BNR
Expansion BNR, 28,500m3'd 2015 2212 BHR
Sewer, 27.36km2 2000 1336 TS,CSFS
Sewer, 28.63km2 2005 2842 ISCSFPS
Sewer, 31 5tkm2 2015 15.39  TSCSPS
Total Cost 126.34
Harare East  BNR, 6,300m3d 2005 648 BNR
BNR, 31,300md'd¢ 2015 2337 BNR
Sewer, 11.10km2 2000 542 T18,CSPS
Sewer 2005 4.54 TSCSPS
Sewer, 14.76km2 2015 1069 TS.CSPS
Total Cost 50.40
Norten  Norton TF, 9,600m3.3 2005 9.89  TF,PS,PMSF
TF, 28,900m3"d 2005 2688  TEPS,PMSP
Sewer, 2.9%km2 2000 1.46 T¥S,CS,PS
Sewer, 6.56km2 2005 825 TS.CSPS
Sewer, 31.38km2 2015 1930 TS,CSPS
Total Cost 65.78
Ruwa Ruwa WSP, 2,900m3d 2005 1260  WSPPS,PMSP
WSP, 5,200m3d 2015 8.33  WSPFS PMSP
Sewer, 7.02km2 2000 343 TScCSPS
Sewer, 7.57Tkm2 2005 1536 TS.CSPS
Sewer, 3.86km2 2015 1.88  TS,CS,PS
Total Cost 12.10
Chitungwi  Zengeza BNR, 17,100m3d 2000 1460 BNR
E-- BNR, 1,200m3d 2005 168 BNR
BNR, 31,500m3d 2015 23993 BNR
Sewer, 1.75km2 2000 B98 TSCSPS
Sewer, 20 56km2 2015 20,58 ISCSPS



Table 13.42(1)  Constraction Cost for Sewage
Treatment Works { Scenario-1)

Authonty  Sewage Works Treatment Target Construction Rematks
Faclity Year Cost
(Ml USS)
Total Cost 69.99
Grand Total 71608

Remarks: Above construction cost includes direct
costeontingency and engineering cost.
The cost of price escalation and
admiristration is not included.

BNR : Biclogical nutrieat Removal
Process

TS : Trunk Sewer

CS : Cellection Sewer

PS5 : Pump Station

PM : Pumiping Main

WSP ; Wastewsier Stabilization Pond

TF : Trickling Filter Process

SP : Storage Pond

Construction Cost at Each Target Year

2000 : 5695
2005 ; 38831 .y
2015 : 270.82 g%
Totsl 716.08

&
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Table 13.4.2(2)  Construction Cost for Sewage
Treatment Works ( Scenario-2)

Authority Sewage Works Treatment Target Construction Rematks
Facility Year Cost
(Mill USS)
Hasase Crowborough BNR, 38,700m3/d 2005 2836 BNR
BNR, 31,500m3/d 2015 2359 DBNR
Sewer, 6.75km2 2000 330 TS,C8PS
Sewer, 39.31km? 2003 1269 TSCSES
Sewer, 12.78km2 2015 623 TSCSPs
Total Cost 94,58
Firle BNR, 133,300m3¥ 2005 9395 BNR
BNR, 72,600m3A1 2015 5224 DBNR
Sewer, 13.11tkm2 2000 640  TS,CSPS
Sawer, 12 48km? 2005 2460 TS, CSPS
Sewer, 6.55km2 2015 479  TS,CSFS
Tolal Cost 183.9%
Marlborough WSP, 0 2005 0.00
WSP, 600m3/d 2015 174  WSP,PSPM,SP
Sewer, 7.2%km2 2015 356 TS,CS,PS
Total Cost 5.30
Donnybrock  WSP, 2,900m3/d 2005 545  WSP,PSPM,SP
WSP, 3,300m3/d 2015 602  WSP.PSPM,SP
Sewer, 2.36km2 2015 1.15 TS, CS8PS
Total Cost 12.62
- Harare Harare South  BNR, 42,100m3/d 2005 3327 BNR
Expansion BNR, 300m3/d 2015 0.55 BNR
Sewer, 27.36km2 2000 1336 TS,CS8PS
Sewer, 28.63km2 2003 2330  TS,.CSPS
Sewer, 31 S5tkm2 2015 1539  TS,C3,FPS
Total Cost $5.87
Hlarare East  BNR, 6,300m3/d 2005 648 BNR
BNR, 31,300m3/d 2015 2387 BNR
Sewer, 11.10km2 2000 542 TS,CS,PS
Sewer 2005 454 TSCSPS
Sewer, 14.76km2 2015 1609 TS, CSPS
Total Cost 5040
Norton Norlon TF, 4,200m3Md 2005 595 TF,PS,FPM,SP
TF, 18,900m3/d 2015 17.04 - TF,PS,PM,SP
Sewer, 2.99km2 2000 146 TS,CS,PS
Sewer, 6.56km2 2005 728 TS,C8,PS
Sewer, 31.38km2 2015 1839 TS,CS,PS
Total Cost 50.12
Ruwa Ruwa WSP, 0 2005 0.00
WSP, 460m3/d 2015 1.9  W3P PSPMSP
Sewer, 7.02km2 2000 343 T§,CS.PS
Sewer, 7.57Tkm2 2005 10.42  TS§,CS,PS
Sewer, 1.86km2 2015 188 TS, CSPS
Total Cost 17.12
Chitungwi Zengeza DNR, 25,100m3/d 2000 19.95 BNR
BNR, 12,600m¥4d 2005 1135 BNR
BNR, 49,600m3/d 2015 3470 BHNR
Sewer, 1.75km2 2000 11.28 T8, CSPS
Sewer, 20.56km2 2015 23.3%  TS,CSPS

13-27



Table 13.4.2(2)

Construction Cost for Sewage
Treatreent Works ( Scenario-2)

Authority  Sewage Works Treatment Target Construction Rematks
Facility Year Cost
(Mill US$) .
Tolai Cost 100.67
Grand Tolal 600.66
Remarks: Above constiuction cost includes direct

cost,contingency and engincering cost.
The cost of price estalation and
administration is not included.

BNR : Biological nutrient Removal
Process

TS : Frunk Sewer

CS : Collection Sewer

PS8 : Pump Station

PM : Pumping Main

WSP : Wastewater Stabilization Pond

IF : Trickling Filier Process

SP: Storage Pord

Construction Cost at Each Target Year

2000
2005 :
2015:
Total
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Table 134.3{1)  Construction Cost for Sewage
Treatment Werks { Scenano-1)
2000, 2005 and 2015

Target  Scwage Works Treatment Caenstruction
Year Facility Cost

(Mitl USS)

2000 Crowborough  Sewer, 6.75km?2 330

Firle Sewer, 13.11km2 640

Harare South  Sewer, 27.36km2 13.16

{larare East Sewer, 11.10km2 - 542

Norton Sewer, 2.99km?2 146

Ruwa ’ Sewer, 7.02km?2 343

Zengeza BNR, 17,100m3d 14.60

Sewer, 1.75km2 898

Tetal (2006) 5695

2005  Crowborough BNR, 94,100m3°d 6646

Sewer, 39.31km2 1599

Firle BNR, 176,100m3'd 125.37

Sewer, 12.48km2 21.50

Doonybrock  WSP, 2,400m}'d 472

Harare South  BNR, 63,600m3d . 47.05

Sewer, 28 63km2 2842

Harare East BNR, 6,300m3'd 6438

Sewer 4.51

Norton TF, 9,000m3d 939

’ Sewer, 6.56km2 825

Ruwa WSP, 7,900m3"d 12 60

’ Sewer, 7.57km2 15356

Zengeza BNR, 1,200m34d 1.6%

Total (2005) 388 31

2015 Crowborough  BNR, 30,800m3/d 23.56

Sewer, 12.78km2 624

' ) Firle BNR, 61,600m3'3 45.58

Sewer, 6.55km?2 479

Martborough  WSP, 2,800m3/d 531

Sewer, 7.20km2 3.56

Dopaybrook  WSP, 4,400m3'd 7.74

Sewer, 2.36km?2 L.15

Harare South  BNR, 28,500m3/d 2212

: Sewer, 31.51km2 15.39

Harare East BNR, 31,300m3d 23.87

Sewer, 14.76km?2 10.09

Norlen TF, 28,900m3d 26 88

Sewer, 31.38km2 19.30

Ruwa WSP, 5,200m3'd 883

Sewer, 3.86km2 1.88

Zengera BNR, 31,500m3d 2399

Sewer, 20.56km?2 20.54

Total (2015} 27082

Grand Total 716.08
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Table 13.4.3(2)

Construction Cost for Sewage
Treatment Works ( Scenario-2)

2000, 2005 and 2015

Targel  Sewage works Treatment Construction
Year Facility Cost
{Milj US$)
2000 Crowborough  Sewer, 6.75km2 130
Firle Sewer, 13.11km2 640
Hararc South  Sewer, 27.36km2 13.36
Harere East Sewer, 11.10km2 542
Notton Sewer, 2.99km2 146 .
Ruwa Sewer, 7.02km2 343
Zengeza BNR, 25,100m3/d 19,95
) Sewer, 1.75km2 11.28
Total {2000} 61.60
2005 Crowborough DBNR, 38,700m3/d 2836
Sewer, 39.31km2 32.69
Firle BNR, 133,300m3/d 94.95
Sewer, 12.48km2 24.60
Donnybrock  WSP, 2,500m3/d 5.45
Harare South  BNR, 47,100m3/d 327
Sewer, 28.63km2 23.30
Harare East BNR, 6,300m3/d 648
Sewer 454
Norton TF, 4,200m/d 5.95
Sewer, 6.56km2 7.28
Ruwa Sewer, 7.57Tkm2 10.42
Zengeza BNR, 12,600m3/d 11.39
Total (2005) 28868
2015 Crowberough BNR, 31,500m3/d 2199
Sewer, 12.78kmn2 624
Firle BNR, 72,600m3/d 5324
Sewer, 6.56km2 479
Marlborough ~ WSP, €0m3/d 1L 74
Sewer, 7.2%m2 356
Donmytrook  WSP, 3,300m¥/d 6.02
Sewer, 2.36km?2 1.15
Harare South  BNR, 300m3/d 0.55
Sewer, 31.51km2 15.39
Harare East BNR, 31,300m3/d 2187
Sewer, 14.76km2 10.09
Norton TF, 18,900m3/d 17.04
Scwer, 31.38km2 18.29
Ruwa WSP, 400m3/d 1.3%
Sewer, 3.86km2 1.88
Zengeza BNR, 49,600m3/d 3470
Sewer, 20.56km2 2135
Total (2015) 247.38
Grand Total 600.66
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13.5

Operation and Maintenance Cost

Referring to the construclion cost, the O & M costs were calculated for the following eight

items.

(1) Trunk Sevier

(2) Collection Sewer

(3) Pump Station

(4) Wastewater Stabilization Pond (WSP) + Effluent Pump Facilities (EPF)
(5) Trickling Filter (TF) + Effluent Pump Facilities (EPF)

(6) Biological Nutrient Removal (BNR)

(7 Industrial Wastewater Pre-treatment Facilities (IWPTF)

(8) Solid Waste Leachate Treatment Facilities

O & M costs have not calcutated for the existing sewage treatment facilities, but only for the
future wastewater increment predicted in this Master Plan. O & M costs for daily operations
are roughly calculated for some main cost items. Annual depreciation cost was estimated at

2% of the total construction cost.

To estimate the approximate costs for sewage treatment works and pump stations, the
financial reports of each locat authority were referred to and the major cosi items selected are
personnel expenses, electricity, maintenance & repair cost, material & chemical cost,

administration charge and others.

Personnel expenses were calculated by multiplying the number of staff by a unit cost. Staff
is divided into two categories: operation and maintenance. For each position of operation, 1
attendant and 3 operators (3 cycle shift) are assigned. The points of operation include inlet
works, pump slation, primary sedimentation tank, BNR (or TF), secondary sedimentation
tank and effluent pump. Maintenance staff take charge of such tasks as wecding and cleaning
tanks and they are allocated at a ratio of 1 foreman and 2 general staff {laborers) in

proporiion to each facility’s scale.

The electricity costs are calcutated by determining the necessary elecirical equipment and

multiplying the electric power of each equipment by its operation time and a unit cost.
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The expenses/charges for maintenance and repairs, materials & chemicals, adninistration
charge and others are calculated based on the ratios in the actual accounts of each local

authority.
13.5.1 Sfandard Sewage and Sludge Treatment Facilitics

(1) Trunk Sewer
The main O & M cost for the sewer is generated by the cleaning. However it is not
necessary to count it for trunks sewer because there is normally a considerable flow, with

self-cleaning capacity.

(2) Collection Sewer
The cleaning cost of the collection sewer is calculated on the assumption that cleaning

will be conducted with a high pressure jet cleaning machine by once every five years.

(3) Pump Station _
The standard pump station is designed in six design capacilies of 1-3 m’/min, 4-10

m*fmin, 11-20 m¥min, 21-40 m*/min, 41-60 m*min, over 61 m’/min.

(4) Waslewater Stabilization Pond + Effluent Pump Facilities
The wastewaler stabilization pond includes th;a foltowing structores: screen and grit
chamber, anaerobic pond, facultative pond and maturation pond. - Effluent pump facilities
comprises pump station, force main and storage pond. The standard wastewater
stabilization pond is designed in four design capacitics of 1,000 m’/day, 2,000 m’/day,
5,000 m*/day and 10,000 m*/day.

(5) Trickling Filter + Efftuent Pump Facilitics
Trickling filter includes the following major structures: screen and grit chamber, primary
sedimentation tank, trickling filter, secondary sedimentation tank, sludge thickening tank
and sludge drying bed. Effluent pump facilities comprises pump station, forcc main and
storage pond. The standard trickling filter process is designed in four capacities of 2,500
m’/day, 5,000 m’/day, 10,000 m*/day and 20,000 m*/day.

(6) Biological Nutrient Rcmoval
Biological nutrient removal includes the following major structures: screen and grit
chamber, primary sedimentation tank, biological reactor (BNR), secondary sedimentation

tank, studge thickening tank and sludge drying bed. The standard biologica! removal
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process is designed in four capacities of 5,000 m*/day, 10,000 m*/day, 20,000 m’/day and
50,000 m*/day.

(7) Industrial Wastewater Pre-treatment Facilities
The O & M cosl based on a standard model industrial/slaughterhouse wastewaler
treatment facilities is estimated as a reference. lndusiriallslaughterhousc wastewater pre-
treatment facilities (IWPTF) includes anaerobic and facullative pond. The standard

capacily is designed in three capacities of S00 m*/day, 1,000 m’/day and 2,000 m*/day.

(8) Solid Waste Leachate Treatment Facilities
The O & M cost based on a standard mode!l solid waste leachate treatment facilities is
estimated as a reference. The solid wasle leachate treatment facilities are designed
utilizing wastewater stabilization pond method. The standard capacity is designed three

capacilies of 100 m*/day, 500 m*day and 1,000 m*/day.
13.5.2 Unit Cost and Cosf Functions for Operation and Maintenance

‘The unit cosls are as follows:

Personnel cost

Superintendent : 24,000 Z$/personfyear
Attendant : 20,000 Z3/person/year
Operator : 15,000 73/person/year
Foreman : 12,600 Z${personfyear
General Staff : 8,000 Z$/personfyear
Unit electricity cosl 1045 Z3/kWH
(1) Trunk Sewer

The cleaning cost of the trunks sewer is not calculated.

{2) Collection Sewer
The cost of collection sewer is estimated by ha as shown in Table 13.5.1, Section 13.5,

Chapler 2, Supporting Report and the detailed cost estimate is listed in Section 13.5,

Chapter 2, Supporting Report.

Sewer cleaning cost per ha USS$7.45/ha/year



(3) Pump Station

The cost of pump station is estimated each standard pomp capacily as shown in Table 13.5.2,

Section 13.5, Chapter 2, Supporting Reporl and the detailed cosl estimate is listed in Section
13.5, Chapter 2, Supporting Repoit. The relationship between pump station capacity and O

& M cost is as follows:

Capacity Construction Cost
_(mfmin) _(US$/year)

1-3 9,611
4-10 23,375
11-20 37,064
21-40 7511
41 - 60 103,424
overdl 123,586

The exponential function formula is obtained from the above Capacity (’/min) -
US$/year relationship. Figure 13.5.1 shows this relationship and the cost funclion

formula obtained by a least square method is as follows:

C = 6689.4 Q*%%

where, g
C: O&M cost (US$/ycar) >
Q :  Pump station capacity (m’/min)

(4) Wastewater Stabilization Pond (WSP) + Effluent Pump Facilities (EPF)
The cost of wastewater stabilization pond (WSP) is estimated at each standard treaiment
capacity as shown in Table 13.5.5 in Section 13.5, Chapter 2, Supporting Report and the

detaited cost estimate is listed in Section 13.5, Chapter 2, Supporting Report.

The relationship between daily treatment capacily and O & M cost for WSP + EPF is as

follows:
Capacity 0O & M Cost
_(m’/day) _(US$/year)
1,600 ' 32,844
2,000 42,844
5,000 103,098
10,000 154,878

The exponential function formula is obtained from the above Capacity (m’/day) - US$

i

relationship. Figure 13.5.2 shows this relationship and the cost function formula

obtained by a least square method is as follows:
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C - 220'93 Q().'“!S

where,
C: O&Mcost{(USS)
Q :  Freatment capacity (m*/day)

{5) Trickling Filier + Efftuent Pump Facilities (EPF)
‘The cost of trickling filter process (TF) is estimated at each standard treatment capacity
as shown in Table 13.5.5 in Section 13.5, Chapter 2, Supporting Report and the detailed

cost estimate js listed in Section 13.5, Chapler 2, Supporting Report.

The relationship between daily treatment capacity and O & M cost for TF is as follows:

Capacity 0O & M Cosl

_{m’fday) (US$)

- 2,500 83,241
5,000 116,348

10,000 205,075

20,000 320,163

The exponential function formula is obtained from the above Capacity (m/day) - US$
relationship. Figure 13.5.3 shows this relationship and the cost function formula

obtained by a least square method is as follows:

C = 43823 Q%%

where,
C: O&Mcost(US3)
Q :  Treatment capacity (m*/min)

(6) Biological Nutricat Removal (BNR)
The cost of biological nutrient removal (BNR) is estimated at each slandard treatment
capacily as shown in Table 13.5.5 in Section 13.5, Chapter 2, Supporting Report and the
detailed cost estimate is listed in Section 13.5, Chapter 2, Supporting Report.

The retationship between daily treatment capacily and O & M cost for WSP + EPF is as

follows:

3, ' Capacity O&M
_(m’/day) _(USS$/year)
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5,000 201,069

10,000 295,596
20,600 543,588 é
50,000 1,219,156

The exponential function formula is obtained from the above Capacity (m’/day) - US$S
relationship.  Iigure 13.5.4 shows this relationship and the cost function formula

obtained by a least square methed is as follows:

C = 212.88 Q%™

where,
C:  O& M cost (Million USS)
Q :  Treatment capacily (m*/day)

(7) Industrial Wastewater Pre-treatment Facilities
The cost of industrial wastewater pre-treatment facilities (Anaerobic pond and facultative
pond) is estimated at cach standard treatment capacity as shown in Table 13.5.5, Section
13.5, Chapter 2, Supporling Report and the detailed cost estintate is listed in Section
13.5, Chapter 2, Supporting Report.

The relationship between daily treatment capacity and O & M cost is as follows:

Capacity O & M Cost
_(m¥/day) {US%)
500 19,156
1,000 22,185
2,000 25,298

The exponential function formuta is oblained from the above Capacity (’/day) - US$
relationship. Figure 13.5.5 shows this relationship and the cost function formula

obtained by a least square method is as foilows:

C = 5520.5 Q"%

where,
C: O&Mcost (US$)
Q :  Treatment capacity (m*/day)

s

(8) Solid Waste Leachatc Treatment Facilities
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The cost of solid waste leachate treatment facilitics (wastewater stabilization pond, WSP) is

estimated at each standard treatment capacity as shown in Table 13.5.5 in Section 13.5,

Chaptes 2, Supporting Report and the detailed cost estimate is listed in Scction 13.5, Chapter

2, Supporting Report.

The selationship between daily treatment capacity and O & M cost is as follows:

Capacity

N (nﬁfgayl
100
500
1,000

O & M Cost

_{US$)
18,534
22,946
27,491

The exponential function formula is obtained from the above Capacity (100 m’/day) -

US$ relationship. Figure 13.5.6 shows this relationship and the cost function formula

obtained by a least séuare method is as foliows:

C = 8589.5 Q"%

where,

C: O&Mecost (US$)

Q : Treatment capacity (m’/day)

13.5.3 Cost Requirement

The O & M cost at the target year of 2000, 2005 and 2015 are summarised below and are shown

in Table 13.5.6 to Table 13.5.8 ir Section 13.5, Chapter 2, Supporting Report. Price escalation is

not included in the O & M cost.
Table 13.5.1 0O & M Cost
O & M cost Annual depreciation cost
Scenario Year Mill Usfyear Mill Z8fyear) Milt USfyear (Mill Z$fyear)
Scenario - 1 2000 0.600 (5.700) 1.139 (10.821}
005 8.281 (78.670) 8.905 (8{598)___
2015 12.091 (114.8365) 14.322 (136.059)
Scenario - 2 20(_}0 0.795 (7.553) 1.292 {12.2714)
2005 6.527 (62.007) 7.533 (71.56%)
2015 10.215 (97.043) 12012 (114.114)
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Figire13 5.1 Sewage Pump Station Annual O & M Cost
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Figure 1353 TF Annual O & M Cost
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Figure 1354 BNR Annual O & M Cost
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CHAPTER 14 IMPLEMENTATION PLAN FOR THE COUNTERMEASURES

14.1

Basic Conditions

The implementation schedule of various countermeasures for water pollution contrel in the
Study Arca are worked out focusing on public sewage works proposed, and viable
arrangement for institution, organization and financial arrangements. The following

conditions are taken into account in order to prepare implementation plans.

Development/Expansion Phase

The development phases up lo the target year 2015 of the Master Plan are assumed as
follows:

First Phase {1997 - 2000)

Second Phase (2001 - 2005)

Third Phase (2006 - 2015)

The phased development/expansion of public sewage works was proposed to cover urbanized

area by to reduce pollution target phase. Urgent projects werc considered in the first phase.

Population Scenarios

Two alternatives of population projection in the Study Area were prepared as foliows:

unil: person
Scenario 2000 2005 2015
Scenario-1 2,289,500 3,145,770 4,035,100
Scenario-2 2,319,790 2,707,120 3,575,880

Scenario 1 is based on the existing study “Master Plan for Water Distribution for the City of

Harare, 1995, while Scenario 2 on “Harare Combination Master Plan, 19927,

Institutional Arrangement

Implementation of well-coordinated water pollution management by both the national and
local authorities is a prerequisite. Review of the Water Act is one of the agenda (o improve
water management. The government is under planning to establish a national control body
on the waler resources development management, temporarily calted "Zimbabwe National
Water Authority (ZNWA)". The current direction of such institutional reform will have 1o be

effectively utilized to realize the better management system of water poliution control,
' 14-1



Financial Arrangement

‘The cost requirements up o the target year 2015 in order to construct public sewage works
are estimated as follows:
unit: Million Z$

Scenario-1 Scenario-2

6,800 5,706

In assumption that investment period would be 17 years from 1999 to 2018, the average
annual investment requirement is about Z$400 million in scenario-1 and Z$335 million in
scenario-2. The latest performance of average annual invesiment in the sewerage sector was
7$40 million during the period from 1991/92 to 1994/95 in the City of Harare, and Z$9
million in Chitungwiza during the same period. Obviously the fund requirements are well
beyond local authority finance in terms average annual investment. Accordingly, debt
service could nol be repayable by sewerage revenue. In this connection, the role of the

central government would be substantial in the form of financial assistance to local

governments. Invesimenl requircment was assumed to include direct construction cost, -

physical contingency and engineering service with the following composition.

No. Cost Itemns Composition
(1) Ditect construction cost 71% o
(2) Physical conlingency - 14%
3) Engineering service 15%
Total 100%

Allernative Implementation Schedules

Two alternatives of implementation schedule are taken into account to develop physical plans
of public sewage works, The firs| aliernative is implementation of the proposed development
plans for each development phase. The secand alternalive is intended to postpone in the third
phasc development. The second alternative is proposed mainly because of limited financial
capabilities of local authorities. The middle-term development plans are assumed to

implemente in the third phase.

142

m

.:ﬂ("



14.2

Phase Alternative Implementation Schedule
Alternative 1 Alternative 2
First Short-term Shorl-term
Second Middle-term --
Third Long-term Middie-term

Finaucia! Arrangentents by Local Authorities

The financial capability of local authority is the key element to determine implementable
schedule of public sewage works. Local authorifies need to have assistance at least for direct
construction cost from the central government. Loan disbursement to the local authorities

concerned by alternative implementation schedule would be presumed as shown below.

Alternative 1 unit: Million Z$

Phase Scenario 1 Scenario 2
Harare Chitungwiza Norton Ruwa | Harare Chitungwiza -Norton Ruwa
First 192 - 159 10 23 192 211 10 23
Second | 2,297 11 122 189 | 1,7t1 77 89 70
Third 1,142 300 312 72 | 1,016 391 239 22
Remarks: Years of loan disbursement ar¢ assumed to be:
First phase 1999, 2000 (2 years)
Second phase 2002, 2003, 2004 (3 years)
Third phase 2012, 2013, 2014 (3 years)
Alternative 2 unit: Million 28
Phase Scenario 1 Scenario 2
Harare Chilungwiza Norton Ruwa | Harare Chitungwiza Norton Ruwa
Fist | 192 159 0 2 | 19z 201 10 23
Third 2,297 11 122 189 | 1,711 77 89 70
Remarks: Years of loan disbursement are assumed to be:

1999, 2000 (2 yeas)
2012, 2013, 2014 (3 years)

First phase
Third phase

Whether debt service could be repayable or nol was evaluated estimating the balance

between sewerage revenue and expendituges as expressed by the following equation.
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Ralance = Sewerage Revenue - O & M cost - Debt Service

Cash flow statements were prepared (o analyze loan repayment with the following

assumptions:

1) Price
Revenue and expenditures of sewerage accounts are valued al 1996 constant price.
‘The nominal values of revenue and operaling expenses of sewerage account in 1996
are estimated based on the latest annual increase sate (60%) of revenue and
expenditures. Price escalation after 1996 is not taken into account for preparation of

cash flow statement.
unit: Million Z$

Local Authorities 1993 1994 1996
Harare
Revenue 60.4 154.6
Expenditures 43.2 110.6 7
Chitungwiza | a8
Revenue 51 13.1
Expenditures 47 120
Norton
Revenue 2.5 6.4
Expenditures 21 54
Ruwa
Revenue ' 012 0.5
Expenses 0.10 04

2) Revenue projection
" The constant value of revenue was assumed lo increase in proportion to annual
growth rate of population in the Study Area. While, annual growth rate (2%) of
houschold expenditures was assumed based on Jast 5 years experience (1989 - 1993).

The population growth rates per annum are shown as follows:
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o 1992 2000 2005 2015
¥ “Scenario 1 1626227 2,289,500 3,145,770 4,035,100
(4.3) (6.6) 2.5)
Scenario 2 1,626,227 2319790 2,707,120 3,575,880
(4.5) (3.1) (2.8)

3) Loan conditions
Loan will be on-lent from the central governmenlt to the concerned local authorities.

Loan conditions are assumed as follows:

Interest rate ;o 12%
Grace period 3 years
Repayment period 25 years

4) Operation and maintenance cost
Annual operation and maintenance cost of development plans is summarized as

follows:

Alternative 1

unit: Million Z$

14-5

Phase Scenario 1 Scenario 2
Harare Chitungwiza Norton Ruwa | Harare Chitungwiza Norlon Ruwa
First 0.4 52 0 0.1 0.4 7.1 0 0.1
Second | 67.5 6.5 2.1 26 | 49.1 10.9 L3 0.7
Third 93.4 12.7 5.5 3.1 72.7 19.4 4.0 0.9
. Note: Disbursement of O & M cost is assumed to be:
First phase 2000 onwards
Seccond phase 2004 onwards
Third phase 2014 onwards
Alternative 2 umit; Mitlion Z$
Phase Scenario 1 Scenario 2 -
Harare Chilungwiza Norton Ruwa | Harare Chitungwiza Norlon Ruwa
First 04 52 0 01 0.4 7.1 0 0.1
g Second | 67.5 6.5 2.1 26 | 49.1 10.9 1.3 0.7
Note: Disbursement of O & M cost is assumed (o be:
First phase 2000 onwards
Second phase 2014 onwards



Annual and accumulated balances shown in cash flow statements are semmarized as follows:

Alternative 1, scenario 1 unit: Million Z3$
2000 2005 2010 W15
"Harare

Anaual in Target Year 810 97.8 (127.7) (59.9)

Accumulated 324.8 842.1 3474 (70.3)
Chilungywiza _

Annnal in Target Year (0.4) (13.8} (8.9) (0.9)

Accumulated 9.2 (33.2) (89.4) (110.7)
Norton

Annual in Target Year 28 3.7 (9.2) 8.7

Accumulated 9.4 27.3 (9.2) (50.8)
Ruwa '

Annual in Target Year 0.1 ¢.0) (29.5) (29.7)

Accumulated 0.7 (11.6) (135.0) (282.7) §

Alternative 1, scenario 2 unil; Million Z3
2000 2005 2010 2015

Harare

Annual in Target Year 88.6 71.9 (82.2) (18.8)

Accumulated 328.4 764.1 431.9 220.5
Chitungwiza

Annual in Target Year (2.2} (28.8) (33.0) (34.1)

Accumulated 7.6 (79.7) {246.8) (407.4)
Norton

Annual in Target Year 29 2.6 (6.2) (5.3)

Accumulated 9.5 24.1 (1.1) (26.9)
Ruwa

Annual in Target Year 0.1 3.3) (12.2) (12.1)

Accumulated 0.8 8.2) (60.6) (121.2)

Note: ( )}shows negalive figure.
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Alternative 2, scenario 1 unit: Million Z$
2000 2005 2010 2015

Harare B 7

Annual in Target Year 87.0 164.9 2399 266.4

Accumulated 3248 976.3 2,018.9 3,356.7
Chitungwiza

Annual in Target Year (0.4) (12.5) (6.1) {0.5)

Accunmulated 9.2 (30.6) (74.5) {84.7)
Norton

Annual in Target Year 2.8 58 8.9 10.6

Accumulated 9.4 315 69.3 120.7
Ruwa

Annual in Target Year 0.1 (2.5) (2.3) (4.5)

Accumulated 0.7 (6.6) (18.0) (34.2)

Alternative 2, scenario 2 unit; Miltion Z$
2000 2005 2010 2015

Harare

Annual in Target Year 38.0 375 65.0 50.7

Accumulated i41.5 3273 594.8 922.6
Chitungwiza

Annual in Target Year {2.2) (25.0) (19.1) (15.6)

Accumulated 1.6 (72.1) (180.0) (261.8)
Norton

Annual in Target Year 29 3.9 6.8 9.1

Accumulated 9.5 - 26.7 54.6 96.3
Ruwa

Annual in Target Year 0.1 2.7 {2.5) (2.8)

Accumulated 08 (7.0) {19.8) (32.4)

The resulls of cash flow statement can be summarized as follows:

Alternative 1 Scenario 1

Chitungwiza and Ruwa authorities would face the chronic balance deficit atound the year of

2005 onwards and accumutation of deficit would increase substantially. Debt services of the
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14.3

long-term development plans are not generated in the cash flow statement. The burden of the
further debt services after 2015 will certainly aggravate financial position of local

governments concerned.

Alternative 1 Scenario 2

Though the scale of deficit finance would be less than that in scenario 1, the growing deficit
would put a heavy burden on local governments. Harare could maintain self-finance, but
sewerage accoun! would ceriainly plunge into deficit finance due to the further debt services
of the tong-term development plans. The deficit to be owed by Chitungwiza will be

tremendous, entirely beyond financial capability of Chitungwiza.

Alternative 2, Scenario |

Both the City of Harare and Norton Town could maintain financial soundness up to the farget
year of 2015. The further debt services of the middle-term development plans after 2015

would not jeopardize financial position of sewerage accounts of both {ocal authorities. On

the other hand, Chitungwiza and Ruwa would face the chronic deficit around the year of .

2005 onwards.

Alternative 2, Scenario 2

Financial conditions of local authoritics appears to be almost the same as those in scenario 1.
Nevertheless the less amount of surplus accumulation could not suslain the further debt

services of the middle-term developnient plans after-2015.
Legal and Institufional Arrangements

The government of Zimbabwe has established management system for water poliution
contro} under the Public Sector Investment Programme (PSIP). Using this system, the
government has been implementing the sewerage development to tackle water potlution and
associated problems in urban and rural areas. This system will be realized pulting into
practice the key institutionalfadminisirative reforms presently contemplated by the
government. Basic directions of such reforms are in the context of futther decentralization of
tocal authorities and establishment of institutional/legal frameworks (o assume local

development roles,

The managenient system was proposed based on the exisling administrative structure and the
envisioned reforms. 'The emphasis was placed on the strengthening of administrative and
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financial capacilies of local authoritics. The well-coordinated inter-agency bodies called
“Upper Manyame River Basin Authority (UMRBA}” and “Water Pollution Control Board
(WPCB)” shall be established. In addition, the institutional capabilities of the implementing
agencies : MLGRUD and local authorities concerned s_hall be strengthened to ensure the

smooth implementation of water pollution control projects.

In this connection, the institutional/legal measures proposed in this Master Plan are
preferably taken within the Action Plan period up to the year 2000. The proposed

institutionalflegal arrangements with the priority order are as follows:

1 egal Measures
1)  Review of “Water Acl”

2)  Enactment of “Environmental Management Act”
3)  Establishment of Environmental Water Quality Standards
4)  Amendment of efffuent regulations

5)  Enactment of Trade Effluent Control by-laws

Institulional Measvres

1)  Creation of “Zimbabwe National Water Authority”

2)  Establishment of the inter-agency coordination bodies for water pollution
control in the upper Manyame river basin

3)  Strengthening of institutional and financial capabilities of the implementing
agencies concerned (MLGRUD and local authorities) through human resources

development programs

Qther Supporting Measures

1)  Enhancement of water quality monitoring

2)  Strengthening of water pollution contsol enforcement

Implementation Plan

Jmplementation plan of water pollution contcol in the upper Manyame river basin
encompasses physical development plans, institutional arrangenment and financial support
programs. The two alternatives of implementation schedule are worked out on the basis of

basic conditions and financial arrangements by local authorities.
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Aclion Programs

Institutional arrangement

‘The best way to strengthen water pollution control is to make the effective use of the

current direction of institutional/legal reforms. Legal measures proposed in this

Master Plan are to be preferably enacted as Action Programs during the period up to

the year 2000,

Legal Measures

Agencies Concerned

a} Review of "Water Act"

b) Enactment of "Environmental
Management Act”

c) Establishment of Environmental
Waler Quality Standards

d) Amendment of effluent
regulations

¢) Enactment of Trade Efiluent

Control By-laws

Water Act Review Board, DWR,
MLWR
MET

DWR, MLWR

DWR, MLWR and MHCW

Local governments

The recent government action to establish the "Zimbabwe National Water Authority”

will be the favorable condition o reinforce water management system. In line with

this current direction of such a reform, the "Upper Manyame River Basin Authority

(UMRBA) is recommended to be established as the inter-agency water management

body exclusively in charge of the Study area. Under the UMRBA, the following four

sub-organizalions arg to be established.

- Water Pollution Control Board

- Water Pollution control Coordinating commiltee

- Water Pollution Contro} Information Center

- Water Pollution Monitoring Unil

In order to smooth the establishment of the UMRBA, the following actions by the

concerned agencies are necessary.
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1)} Preparation for UMRBA
a) FEstablishment of Working Commitice

This Committec is designed to discuss legal justification, the role of the
UMRBA, scope of works and tegal process of establishment of the UMRBA.
b) Preparation of TOR for establishment of UMRBA
¢} Employment of a consullant to carry out institutional study

d) Administrative/legal procedure for establishment of UMRBA

2) Preparation for training programs
a) Establishment of Working Committee
This Commiltee is intended to discuss contents and implementation schedule
of training programs.

b) Employmenl of consultants/specialists for preparation of training programs

Training programs to upgrade technical capability of local government staffs in the
field of water polfution control will be essential to conduct planaing, design,
operation and maintenance of public sewerage system and solid waste management,
The Department of Devetopment Planning and Coordination (DDPC), MLGRUD is

requested to take the initiative in the implementation of training programs.

Financial Arrangements

Financial suppor! system is absolutely necessary for implementation of public
sewage works requiring a huge amount of capital. Since local authorities borrow
funds from central government on a loan basis, financial assistance from central
government would be vital to ease financial conditions of local governments.

Financial instruments to alleviate financial burden on local governments are:

- imporl tax exemption
- Provision of low interest rate of on-lending loan

- Exemption of foreign exchange premium imposed on local governments

The central government may be necessary to finance a part of development costs
(contingency and engineering service). The Ministry of Finance, as the lead agency
to facilitate financial support system, is recommended to take the following
preparatory actions.
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1) Financial support system
a) Preliminary study on impact of financial instruments on budget
b) Financial study on creation of special account within fiscal budget
¢} Proposal of financial support system

d) Approval of support system by the Members of Parliament

Feasibility study

Feasibility studies of development schemes for the phased projects should be
conducted prior to the construction of the facilities. The study should consider
updated socio-economic development plan, This is mainly because the development
scale varies according to the development perspective, The central government may
be required 10 seek for multi or bilateral sources of fund to carry out feasibility
studies. Feasibility study would be preferably packaged so that a single donor could

finance for several development schemes.

Detailed design
Immediately after completion of feasibility studies, the government shall proceed to

the implementation of detailed design of the phased development plans.

Implementation Schedule
The two alternatives of implementation schedule are prepared as explained in the
preceding sub-section. The delails of development schemes are presented in the

following page. Implemenlation plan is depicted in Figure 14.1.
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(1) Alternative 1, Scenario 1 & 2

First Phase Second Phase Third Phase
- 2000 2001 - 2005 2006 - 2015
Short-term Middle-term Long-term
development development development
Sewer Sewer Sewer
Harare (4 works) Harare (4 works) Harare (6 works)
Norton Norton Norion
Ruwa Ruwa Ruwa
Chitungwiza Chitungwiza Chitungwiza
BNR BNR BNR
Chitungwiza Harare (4 works) Harare (4 works)
Chitungwiza Chitungwiza
WSP WSP
Harare Harare {2 works)
Ruwa Ruwa
TF TF
Norton Norton

(2) Alternative 2, Scenario 1 & 2

First Phase

Second Phase

- 2000 2001 - 2015
Shorl-term Middle-term
development development
Sewer Sewer
Harare (4 works) Harare (4 works)
Narton Norston
Ruwa Ruwa
Chitungwiza Chitungwiza
BNR BNR
Chitungwiza Harare (4 works}
Chitungwiza
wSPp
Harare
Ruwa
TE
Norton
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