Chapter 3 Implementation Plan

3-1 Tmplementation Plan

3-1-1 Implementation Concept

The executing agency of the Project is the Chitungwiza Municipal Council under the
direction of the Ministry of Local Government, Urban and Rural Development. The
implementation system is shown below in Figure 3.1.
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Figure 3.1 Project Implementation Diagram
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"The project team, which will be organized in the City Engineer's Department of the City
Council, shall be consistently in charge of the Project implementation from the detailed
design stage. The project team shali be responsible for the following work:

(Reception of the Cily Council for the Project

@Liaison and adjustment with the divisions concerned in the City Council

@ Liaison and cooperation with the external agencies concerned with the Project
@Collection of designing and bidding works as the counterparts of the Japancse consultant
®Assurance of staff required for an additional survey and test, if any

The Japanese consultant will undertake the detailed design, bidding and construction
supervision in order to proceed with the construction work smoothly and to complete it
within the given construction period. The consullant will send a civil engincer, who will be
stationed in the city, to supervise the whole of the construction work as an agent of the Cily
Council, and other engineers as required; for example, at the time of the completion of the
major facilities and at the end of the fiscal year.

The main pari of the Project is to construct the sewage treatment plant, and it is considered
appropriate that the Japanese civil engineering conlractor who has experience in the
construction of a sewage treatment plant will undertake the work. In selecting the contractor,
the open bid system will be adopted and the qualification and selection criteria for bidders
wilt be defined during the preparatory work for bidding through negotiation with and
confirmation from the City Covncil.

During the construction work the Japanese contracior will send engineers (o direct and
supervise the work. The local contraciors in Zimbabwe have sufficient experience for the
Project and it will be no problem to use a local contractor as a subconlractor, contract with

special subcontractor for each field because of a Zimbabwean rule prohibiting a blanket
contract,

Upon completion of the Project, the conlractor will provide technical guidance during the test
cun for three (3) months.

3-1-2 Implementation Condition
The construction of sewage treatment plant consists not only of large earth works, reinforced

conciete works but also real mechanical and electrical works. At the proposed site for plant,

there is enough space for a site office, storage and so on. The contractor is required to
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ncgotiate with the muaicipality council for the expected focation and manner.

Labor, construction material and construction machinery are available in Zimbabwe. Tt will

be no problem for the Project to use a local contractor as a subconlractor in each field.

The items to be considered for the construction work are as follows:
1) Zimbabwe has a rainy season but the days with more than 10 mm of rainfalt amount to
only 30. The rainy season will not pose any trouble relating to construction efficiency.

2) The treatment site is on a gentle stope hill. The design ground level should be decided
in consideration of the balance of excavation and banking.

3) A direct foundation and open-cut excavation are adopted in the civil works according to
the soil investigation. ‘

4) A rock excavation is necessary because a granite layer and boulder layer are expected in
a portion of the site.

S) Pumping is necessary during the rainy season (December to March) and underground
water level construction. _

6) Since there is no concrete pump in Zimbabwe, cranes will be used in concrete works
and it should be considered in the construction schedule.

7) According (o the construction schedule for mechanical equipment, manufacture,
transportation, installation should be considered.

3-1-3 Scope of Work

in the Project, the Japanese side shall undertake the detailed design and construction
supervision by the consultant on the consiruction of the sewage treatment plant, incidental
work for the existing treatment facilities and rehabititation work for the existing pumping
station and those civil, architectural, mechanical, electrical equipment installation works by
the contractor,

The Zimbabwe side shall undertake the provision of the infrastructures concerned and shall
be responsible of the operation and mainterance of the sewerage system after the completion
of the Project.

The outline of the work assignment to be undertaken by each side is described below.

1) Scope of Work to be Undertaken by the Japanese Side

(D Construction work of the proposed to construct sewage and sludge treatment facilities
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with a capacily of 20,000 m¥/day.

The major facilities are as follows:

Grit Chamber

Primary Sedimentation Tank

Equalization Tank

BNR Reactor

Final Sedimentation Tank

Maturation Pond

Qutlet Channcl & Bypass Pipe

Sludge Thickening Tank A (For primary setiled sludge)
Sludge Thickening Tank B (For final settled sludge)
Sludge Digestion Tank

Sludge Drying Bed

Sludge Storage Yard

Electrical Building

Water Examination and Supervisory Building

@1ncidental work for the existing treatment facilities
a) To reconncct the existing inlet sewer to the proposed sewage trealment facilities
b) To reconstruct the effluent facility of the existing anacrobic ponds
¢) To install the ircated water distribution pipe to avoid the scum accumulation in the
anaerobic pand of Tilcor pre-treatment plant

(3 Rehabilitation work for the existing three (3) pumping station
a) To renovate pumps, pipes, electrical panels, eleciric cables and float switches

b) To renovate electromagnetic flow-meter and valve-box in the existing

@ Bquipment procurement
a) The vehicles for O&M
b) Water quality analysis equipment.

2) Scope of Work 10 be Undertaken by the Zimbabwean Side

a) Sewage Trealment Plant ‘
" (D {fencing around the proposed site: approx. 1,240 m
@ power supply to the proposed site: primary side
@ water supply 1o the proposed site - dia. 75 mm

@ tetephone line to the proposed site:  extension
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3-1-4 Censultant Supervision

(1) Detailed Design

In case the Government of Japan decides to implement the Project based on the result of the
basic design study, then the E/N will be concluded between the Government of Japan and the
Government of the Republic of Zimbabwe., The Government of the Republic of Zimbabwe
will make a contract with the }apancse consultant, the Government of Japan will verify the
conlract, and the consultant will start the detailed design.

Upon commencement of the work, the conswuitant will conduct topographical, soil and

detailed field surveys in the field, make a detailed design and prepare design drawings and
documents, |

(2) Bidding

After the approval of all bidding documents by the City Council, the consultant will enter

nto the bidding stage. As an agent of the City Council, the consultant will undertake a series
of works.

The preparation period will be one week for the pre-qualification documents and about one
month for bidding documents from the disiribution. The bidding will be done in the presence
of the consultant will assist in the contract negotiations and contract conclusion between the
successful bidder and the City Council.

(3} Construction Supervision

The construction work consists of civil, architectural, mechanical, and electrical works. The
resident engineer to be sent by the consultant will be a civil engineer and architects,
mechanical and electrical engineers will be sent for a short time (at the complelion of the
major facilities for example). Additionally, local engineers wilt be hired to assist the

consultant's resident engineer.
The consultant’s resident engineer ‘will hold close meetings with the City Council, other

agencies concerned and with the Japanese contractor in order to implement the Project and 1o
strictly adhere to the submission of regular reports to the JICA Zimbabwe office.
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(4) Technical Guidance for Plant Gperation

An advantage of the BNR method is that it can realize a high nutrient removal rate for items
other than organic matter. On the other hand, there are a lot of monitoring/control items.
The BNR method needs at least three {3) months for activated sludge growth in the initial

operation stage. In this period, training and guidance program will be held to the operation
and maintenance staff parailel to the test operation.

1) Basic treatment principle
* Quiline of the treatment plant
* Water treatment Method (Biological Nutrient Removal )
* Sludge treatment method
2) Plant operalion based on the analytical resull
+ prasp the sewage quantity and distribution
* Monitoring items and operation manners
* water examination items, frequency, sampling poinlt and manner
+ Analysis of water quality and feed-back to operation
+ making manuai about the reactor tank operation and maintenance

* trouble and countermeasures

3-1-5 Procurement Plan

The construction materials necessary for the Project shall be procured in-country to the
greatest extent possible; however, those items which are not obtainable in-counlry or of
which the quality or specifications do not meet the requirements, cannot be reliably procured
with regard to distribution volume or cost shall be procured from Japan or third countries (i.e.
South Africa).

The materials obtainable in Zimbabwe are sand, gravel, cement, concrete aggregate, ready-
mixed concrete, reinforcing bar, framing wood, gasoline, etc., based on the information from
related agent, i.c. the Construction Industry Federation of Zimbabwe. The quality of these
materials is based on the British Standard and are considered sufficient for the Project.

There are no water lreatment machinery/equipment manufacturer that could work with the
Project in Zimbabwe (a South African agent exists bul without factory). On the other hand,
there are three (3). general water treatment machinery/equipment manufacturer in South
Africa, one is local and the others are of European extraction. These three (3) manufacturers

have sufficient experience. They can be used throughout the project, from installation to test
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opcration.

According (o above reasons, it is no need to procure from machinery from Japan. Actually,
for the previous work al the Zengeza treatment plant, the construction of pumping station for
irrigation and anaerobic ponds for sewage treatment, all construction material are procured in

Zimbabwe except stainless stee! pipes and pumps which are imported from South Africa.

a) Materials to be procured in Zimbabwe
(DMaterial

cement, sand, gravel, gasoling, brick, ready-mixed concrete, reinforcing bar,
framing wood, etc.

@Construction Machinery

truck crane, backhoe, dump truck, bulldozer, truck, etc.
@Maintenance Equipment

labaratory instrument and vehicle for plant maintenance

b) Materials to be procured from Japan

-non-

© ¢} Materials to Be Procured from Third Countries (South Africa)
(DMechanical/Electrical equipment for treatment facilities:

pumps, scrapers, electric equipment, etc.

3-1-6 Implementation Schedule

Taking into account the construction time needed to carry oul the conmstruction work

economically and efficiently, the implementation schedule is defined as shown in Figure 3.2.

Eight (8) months for detailed design, 19 months for construction include with three (3)

months for test operation and training, and some time for bidding etc., 31 months is required
for the whole project.
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Figure 3.2 Implementation Schedule

3-1-7 Obligations of recipient country
Following items are written in the minules of discussions J

1. To secure the site for the Project.

uly 21,1997.

2. ‘To clear, Level and reclaim the site prior to commencement of the

construction/rehabilitation.

3. To undertake incidental ovtdoor works such as gardening, fencing, gates and exterior

lighting in and around the site.

4. To construct the access road Lo the sité prior to commencement of the

construction/rehabititation. -

5. To provide facilities for distribution of clcétricity, water supply, telephone, drainage,
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sewage and incidental facilities (o the project site.
1) Electricity distribution line fo the site.
2) City water distribution main (o the site.
3) Drainage city main to the sile.
4) Tetephone trunk line and the main distribution panel of buitding.
5) General furniture such as carpets, curtains, tables, chairs and others.
6. To bear commissions to the Japanese foreign exchange bank for the banking services
based upon Banking Arrangement, .
7. To exempt taxes and 1o take necessary measures for customs clearance of the materials
and cquipment brought for the Project at the port of disembarkation,
8. To accord Japanese Nationals whose services under the verified contract such facilities
as may be necessary for their entry into Zimbabwe and stay therein for the performance

of their work.

9. To maintain and usc properly and effectively that the facilities constructed and
equipment purchased under the Grant.
10. To bear all the expenses other than those to be borne by the Grant necessary for

construction of the facilities well as for the transportation and the installation of the
equipment,

3-2 Project Cost Estimation
(1) Expenses to be Borne by the Zimbabwe Side

The expenses to be borne by the Zimbabwe side are approximately MK2.80 million. The
breakdown is shown in Table 4.22 and the further details are shown in Appendix 8. As for
the expropriation of sites for the sewage treatment plant and sewers, there is no expense due
to the sites being on public land. However, as for the compensation for private lands the
Zimbabwe side shall estimate the amount for budgeting.

1) fencing around the proposed site 400 x 1000 Z3%

2) power supply to the proposed sile 500 x 1000 Z$

3) water supply to the proposed site (existing)

1) telephone I i isi 0.1 x 1000 Z$
Total 90.1x 1000

{2) Estimation Condition

1) Time of Estimation : July 1997
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2) Txchange Rate  : US$ 1 == Japanese Yen 119.00
75 1 = Japanese Yen 10.57

3) Project Period  : The project period is shown in Figure 3.2

3-3 Operation and Maintenance Cost

Q&M cost at 2000 of the 'larget year of this Project is estimated in table 3.1. It is based on

the 1997 value and 20% annual escalation for 2000.

Table 3.1 Annual O&M cost

million Z$

Item 1997 1998 1999 2000
Actual  |Collection system 1.07 1.07 1.07 4.58
(1997) Treatment plant 2.93 293 293 14.74
Tolal 4.00 4.00 4.00 19.32
Nominal Co-efficient 1.00 1.20 1.44 1.73
Nominal 4.00 4.80 5.76 33.42

Note) Cost for new facility are calculated at 2000.

The breakdown is described below.

1) Collection System

The O&M cost for collection system consists of sewer juvestigation, sewer cleaning, and

sewer rehabilitation and pumping stations’ maintenance.

The sewer invesligalion cost consists of staff costs; the cléaning cosl consists of personnel
costs and fuel cost for transportation; the rehabilitation cost consists of construction and
supervision, Regarding the construction cost for rehabilitation work, the renewal cost is 50%
and repair cost is 50%. The cost for renewal is estimated by a cost equation and the cost for

repair is a half of the construction/renewal cost.

The cost of pumping stations consists of electricity charges, staff cost and maintenance &

repair cost.

93

209 of inflation is assumed,




Table 3.2 Cellection System O&M Cost {(Actuat value 1997)
Annual O&M cost for collection system (Z$/ycar)
licm Remarks
Additional Present Total
Invesligation a 72,000 72,000
Collection Cleaning 0 570,200 570,200
system Rehabilitation 3,140,400 0 3,140,400
Sub-total 3,140,400 642,200 3,782,600
St, Mary No.1 0 206,200 200,200
St, Mary No.2 ) 59,500 59,500
Pumping
) Tilcor 0 160,600 160,600
station
S1. Mary's New 369,100 0 369,100
Sub-total 369,100 426,300 795,400
TFotal 3,509,500 1,068,500 4,578,000

2) Treatment Plant

The mjority of the O&M costs for the treatment plant are staff costs, electrical charges, and

chemicals, which are estimated by mulliplying the required number of unils and the unit cost

respectively. A simple estimation is adopted for other items, The maintenance and repair

cost is estimalted at 1% of the procurement cost because most of the equipment in this project

have simple maintenance requirements. The fuel cost for a backhoe and dump track is

estimated as a sludge disposal cost. The water examination cost is estimated as 10% of the
equipment, The other costs for affairs is estimated at 20% of the staff cost.

Annual amount (x1000Z3/year)

Item .
New Existing Total
Staff cost 1,166.4 957.6 | 2,240
Blectricity charges | 72290 | 14280 | 86570
Maintenance & repairs 800_.0 285.6 1,0.8.5.6
Chemicals 2;264.2 0.0 2,264.2
Sludge disposal 86.5 71.1 i57.6
Water examination 30.0 00 30.0
Others 2333 191.5 424.8
Tota) 11,809.4 2,933.8 14,743.2

94

Tabled.3 Annual O&M Cost for Treatment Plant (Actual value at 1997)




Chapter 4 Project Evaluation and Recommendation

4-1

Praject Effect

The objective of the Project is to improve water quality in the Upper Manyame River Basin
which is being used as water source for drinking water supply and to supptement the limited
source capacity in the basin through the reuse of treated effluent. The direct effect of the
Project will be sought to improve the aquatic environment in terms of both water quality and
quantity in the Nyatsime River. The Nyatsime River is the receiving water body of treated ef-
fluent coming from the Zengeza STW. The expected effects and benelits brought out by the

implementation of the Project are described below.

The Study Area covers an area of about 3,900 sq.km including Harare City, Chitungwiza
Municipality, Norton Town, Ruwa Village and Epworth Village and has population of about
2 million, of which urban pdpulalion occupies 92% of the total population. Within the river
basin of the Study Area are the Seke/Harava Dam, Lake Chivero and Lake Manyame. These
water bodies are being utilised as water source for the Harare metcopolitan area, However,
water pollution has become increasingly serious problem in these water bodies due to a rapid
population increse and economic development. Urgent water pollution countermeasures are
required, not only for the conservation of the water eavironment, to source viability of the

subject water bodies in terms of future water supply sources.

‘Through the conducl of the development sludy on water pollution conirol in the Upper Man-
yame River Basin. The fnajor water poliution sources were scmliﬁised; A macro-view analy-
sis was carried out to determine the present water pollution mechanism and then fulure water
guality was projected, taking into accouat future land use estimates and any relevant devel-
opment plans/programs. Based on these analyses and evaluations, water pollution control

measures (mainly consisting of sewerage system development) were recommended.

As part of the 'wéter'po!lﬁlion counter measures recommended above, a feasibility study on
the improvement and expansion'o.f the Zengeza STW (in the Chitungwiza Municipality) was
identified as aan emergency project io be carried. It should be noted that Chitungwiza Mu-
nicipality, having present population of more than 400,000, is the second only to Harare City
in terms of population density. Furthermore, Chitungwiza become an independent tocal gov-

ernment in 1996 (Previously the area was part of Harare City) and its social infrastructuse is
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far below the required levels-inctuding the sanitation sector. In particular, the existing sewage

treatment works are aperating under heavily overloaded conditions and therefore require ur-

gent improvement and expansion as a part of water pollution control measures for the subject

river basin area,

Enumerated below are reasons for which the Zengeza STW Project was selected as an ¢mer-

gency projecl. The sclection process was based on an in-depth comparative evaluations of the

existing problems regarding technology, cost effectiveness, environmental issues, institution- .

al arrangement, financial arrangements, and community participation/involvement,

Technical Aspect

Among three major STWs being operaled within the subject river basin, only the
Zengeza STW does nol have treatment facility which can meet the effluent water quality

standards.

The emission of offensive odour within the Zengeza STW and its surrounding area is a

considerable public nuisance,

Due to excessive inflow (170% of treatment capacity) into the Zengeza STW, there is a

major potential risk of overflow of raw sewage or treated efftuent into the Nyatsime

River.

For the two major STWSs located in Harare City, emeigency plans designs, medium term
improvement and future expansion have been prepared, along with the reqired financial
arrangement. In addition, at the Firle STW, the expansion of BNR facililies is on-going.

The Zengeza STW, however, has no firm improvement/expansion plan as yet.

Environmental Aspect

Through the application of the BNR treatment method at the Zengeza STW, a signficant
reduction in the amount of nitrogen in the plant’s efftuent can be achieved. This will di-
rectly impact the eutrophication problems in the subject river basin’s lakes as nitrogen is

a controlling factor among the untrients responsible for algae growth.
Approximately 20,000 cu.m/day of treated effluent can be recycled for use in supple-

menting the water resources in the subject river basin area. This will particularly par-

ticularly be helpful during dry season.
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- Preseatly, treated efflucat from the existing trickling filter process (which is far exceed-
ing the design efftuent quality) is transmilted to the Imbgwa Farm and partially reused for
irrigation ctc. after passing through the maturation pond. However, this process has
causce water pollution problem in the near by water bodies due to ovcrflows from the
maturation pond, The implementation of the Project would improve both the qualily and
quantity of treated effluent as the trickling filter would be operaled at proper design lev-

els,

Aside from the abave, the Project is expected lo exhibit reasonable cost effectiveness through

the maximum utilisation of the existing treatment facilities.

From the view points of technology, sanitation, enviconment and social aspects, the benefits

to be brought by the Project can be summarized as shown below.

(1) Through the preventative measures against eutrophication in the subject basin’s lakes,
approximately 2 million people residing in the subject area, and in particular the roughly

400,000 people in Chitungwiza Municipality, will benefits from the Project.

(2) By preventing the incidental discharge of raw sewage into the subject river basin area,
the water quality of the drinking water sources of the area will be conserved 10 the bene-

fit of the entire population of the area (including those concerned in the fising industry).

(3) Conservation of the aquatic environment in the Nyatsime River from the viewpaints of
water use and the supplementation of water resources. This will benefil the entire popu-

lation of the area as well as the flora and fauna of the subject river basin.

(4) Recovery of the treatment efficiency of the existing trickling filter process and the recy-
cling of treated efftuent (at design effluent quality) will benefit the subject river basin.
The benefits will include removal of the offensive odours, the prevention of water poliu-
tion in the downstream of the maturation pond, and the increase of agricultural reuse of

effiuent.
(5) Utilisation of excess sludge will enable the cost of fertiizer to be reduced.

(6) Provision of guidelines for institutional setup and O&M will help sirengthen the imple-

mentation capability of the Chitungwiza Municipality.
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(7) Creation of job opportenities during the project implementation and O&M subsequent

aclivities.
A detailed explanation of the above benefils are presented hereunder.

(1) Contribution to the preventive measures agatnst lakes cutrophication.
In the Water Poltution Control Master Plan, the magnitude of major pollution sources
within the subject river basin area was estimated for both the present and in the future.
The Master Plant spelled out the necessary countermeasures toward needed interm of 1o
future water pollution contrel that should be taken up by cities/municipalities concerned
{mainly led by Harare City). The influence of Chitungwiza Municipality, which has
about one-third of the total population in the subject area, was considered large enough
that the situation outlined below can be seen in the major pollution indices in relation to

the total pollution load in the subject river basin area.

1} Influence of discharged pollution load from the Zengeza STW (at present and in the
future).

o Nyatsime River (RR2) downstream of the Zengeza STW (refer to Table 4.1).
More than $0% of the tolal pollution load (COD, T-N, T-P) is discharged within
the Nyaisime River basin area is occupied by the effluent fron the Zengeza STW.
Upon the completion Project in 2000, this pollution load will decrease to about
20%. Especially, T-N will be drastically reduced to aboul one-third (64% to
22%), though there will be increase in the population in Chitungwiza Municipal-
ity.

0 Manyame River (R;) before entering the Lake Chivero

At presenl, the discharge pollution load {COD, T-N, TJP).from the Zengeza STW
contributes to 40% to 60% of the total ﬁoilution'ldad concentrated at this moni-
toring point, wherein most of the pollution load from Harare City is included.
‘This phenomenon indicales the magn_itudc of the water pbll_ution from the
Zengeza STW. Upon completion of the Project in 2000, the influence of the
Zengeza STW will be reduced to about 10% of the total pollution load at this
monitoring point. The share of T-N from the Zengeza STW will be further re-
duced to one-fourth (5.7% to 13%) from the pfesent condition.

2) Influence of discharged pottution load (L2) from the Zengeza STW to Lake Chivero
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At present, the efflucnt from the Zengeza STW occupies approximately 20% to 40%
of the total concentrated pollution toad (COD, T-N, T-P) in the subject basin arca.

This influence will be compressed to about one-tenth (only 2% to 4%} when the project

is completed in the year 2000,

Table 4.1 Confribution of Discharged Pollution Load from the Zengeza STW to
Respective Pollution Loads in River Basin at the Nyatsime River (RR2),
the Manyame River (CR2) and the Lake Chivero (CL2)

Contribution of Discharged
. ° Poltution Loads in Nyatsime | Pollution Leads in Man- | Pollution loads in Lake
Pollition Eeads &t 0¢ ] piver(RR2) River (CR2) Chivero (C12)
Zen STW ver (| yari¢ River (! vera (!
g ] Poliution Polhion Poliution
- Tem Dis- -
Intet Oula | Load Total Lood Total Load Totat Ra-
B charged . . Ratio . Ralio N .
Polhution : Polluticn | from Pallution from Potlution from Pollution | lio
Pollution %) D)
Load Load Load . | Zengems | Load Zengeza | Lood Zengezn Load (4O
STW ' STW STW
cop | 38874 | 19656 | o828 9| us| n 98281 25120 139 988 4,781 24
E T-N 4874 4,332 2,166 2,166 3399 | ¢4 2,116 3,807 57 2,166 5,745 38
TP 531 266 C 133 133 280 | 48 133 325 41 133 667 20
cop | 4461t | soat| 1502| 1502) 106861 14 1,502 | 30944 51 15021 71,338 2
g N 5,121 '2,739 347 347 1,582 21 | 147 2,675 13 347 £.349 4
TP 580 318 49 49 195 25 49 402 ¥4 49 1,270 4
coDb | 88,831 11,830 2,990 2,990 §2,2}1 24 2,950 37,022 3 2,990 £31,589 3
)y
g 7,199 | 3,85 483 485 1,725 | 28 485 3591 13 485 | 10,955 4
TP 945 518 79 79 225 | 35 79 s40 | 14 79 1,573 ]

As stated above, the three major water pollution indices relating on the future pollution
load estimated to be discharged from the Zengeza STW exhibit the substantial effects

that of the Project could bring about. It is noteworthy that massive reduction of T-N

also illustrates the indispensable effect of the Project in controlling nutrients to preveat
further cutrpphicaﬁon in the lakes in the subject area. Figures 4.1, 4.2 and 4.3 exhibit
status of discharged pollution load (COD, T-N, T-P) at present and in future.
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(2) Prevention of accidental discharge of raw scwage

Since 1996, the Jocal newspapers have featured storics regarding the responsibility for the

cases wherein large number of fishes dicd due to asphyxiation in Lake Manyame as well as

the river mouth and inside Lake Chivero. In these storics, it was surmised that the acci-
dental discharge of raw sewage, cither from the STW or from local factorics was to blame.

Examples of these cases are as follows;

- that the untreated industrial wastewater discharged from a large scale factory being
situated in the Lake Manyame catchment arca caused death of fishes in the Lake Man-
yame, due to negligence to repair booster pump to transmit wastewater to farm land for
about 2 weeks,

- that simifar accident happened in the river mouth of the Lake Chivero by discharge of
raw sewage from the Firle STW duc to negligence to repair pumps.

Death of fishes from asphyxiation casily happens since the influence accidental discharge

of raw scwage rapidly appears in a day due to the limited river flow (less than 4 cu.m/day)

even at the main stream of the Manyame River before flowing into the Lake Chivero during

the day season.

Upon the completion of the Project, the discharge of raw sewage and the insufficiently
treated effluent from the Zengeza STW will be prevented. This will be due to the fact that
the overloading problem at the existing trickling filter proccss will be mitigated and the
provision of a bypass route to the existing treatraent facility from the new BNR facility will

provide an emergency countermeasure.

(3) Conservation of the aquatic environment (from the view of water use) in the Nyatsime Riv-
er and the supplementaﬂon to water resources
Countermeasures against the chronic water shortage that occur during the dry season has
been apriority issue in Zimbabwe. Accordingly (approximately 100,000 cu.m/day) from a
different rivér basin about 60 km outside Harare City as an immediate countermeasure,
although no long-term plan has yet been prepared. It has been experienced that the reuse of
effluent from the STWs has reached to about 25% of the total intake amount of water sup-
ply. The cities/municipalities conoemed have deeply recognised the importance of recy-
cling of treated effluent and are now struggling with this matter.
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The river flow and discharge volume of the treated effiuent from now BNR procgss at pre-

sent and in future (2000) are exhibited in the following section and shown in detail in Ta-
bles 4.2 and 4.3 and summarised below:

Table 4.2 The River Flow and Discharge Volume of the Treated Effluent from
New BNR Process in Future (2000)

Average Dry Season Flow
River . Discharge Volume Remark
River Flow Ratio (%)
of the STW
) R s About 60 %
Nyatuime R, 52,200 m'/day 20,000 m’/day 40
of Basic Flow
3 N About 7 % of
Manyame R. 335,300 m'/day 20,000 m’/day 6 )
Basic Flow
Average Anual Flow
River Discharge Volume Remark
River Flow Ratio
of the STW
] N 3 About 26 %
Nyatuime R. 95,500 m’/day 20,000 m*/day 21
of Basic Flow
' 5 ) About 4 % of
Manyame R, 569,400 m*/day 20,000 m’/day 4 .
Basic Flow
Table 4.2 Discharge Volume of the Treated Effluent from New BNR Process
at Present and in Future (2000)
Name of STW Present 2000 Remark
z Crowborough STW | 16,800 m*/day | 76,800 m*/day | Increase 60,000 m*/day
2 Firle STW 30,000 m*/day | 102,000 m*day | Increase 72,000 m*/day
o | Harare City o
g Harare South STW - (8,000) m’/day
= Harare East STW - (5,500) m¥day |-
,g Chitungwiza City | Zengeza STW o 20,000 m*/day | Increase 20,000 m¥day
A | Total ' 46,800 m'/day | 198,800 m*/day | Increase 152,000m*/day
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- 'The share of discharge volume from the Zengeza STW of river flow during dry scason
the Nyatsime River's flow downstream of the Zengeza STW:About 60% of own
river flow

Manyame River before flow into the Lake Chivero: About 0% of own river flow

- The discharge volume from the Zengeza STW at present and in the year 2000

At present, only 46,800 cu.m/day of effluent from BNR process in the two STWs in
Harare City are recycled to the river. The the rest of efflucnt is reused for farming or
discharged. By the year 2000, upon completion of the Zengeza STW Project and other
relevant projects, a total of 200,000 cu.m/day of treated effluent will supplement the
water resources of the area and it will supply approximately 30% of the cstimated totat
water demand. The Zengeza STW will contribute about 10% of the total recycled
volume of treated effluent from the STWs.

As stated previously, the recycling of treated efflucnt from the Zengeza STW will make a
significant contribution to the scarce water resources of the area. This contribution will be
especially important in view of the fact that the government of Zimbabwe is considening
such drastic (and expensive) measures such as utilizing distat water soutrces to mect the

demands of Harare City.

The implementation of this Project aiming at reuse of treated effluent focusing on removal
of nutrient substance to supplement supply capacity of water resources will give impact as
an example for augmentation of treatment capacity to cope with increasing sewage volume
toward the future in Chitungwiza Municipality and encourage/promote further increase of

reusable efflucnt from the sewerage sector.

Recovery of treatment performance of the existing STW and reuse of treated effluent.
The existing Zengeza STW is presently receiving about 36,000 cu.m/day of raw sewage.
Hewever, the design treatment capacity of the STW is 21,750 cu.m/day and this over

loading result in the degradation of treatment ¢fficiency, emission of offensive odour, etc.

The water quality examination conducted on the of effluent from the STW indicated that
BOD and COD were 315 m/l and 650 mg/l, respectively, which is the equivalent to raw

sewage.
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Through introduction of the proposed new BNR facility, the existing trickling filter process
will be able to operated within its design treatment capacity and the expected tecated efilu-
et will be a BOD and COD at 60 mg/l and 180 mA, respectively. Throug this achicvement,
the treated cfftuent from the existing trickling filter process would be able to applied for ir-
rigation purpos¢ in corhplian with the Public Hygiene Act of Zimbabwe (below 70 mp/l of
BOD by GN 638/72). It should be noted that farmers near the Zengeza STW have ex-

presses a willingness to partake in the active utilisation of treated effluent.

(5) Utilisation of excess sludge as a resource material (agricultural usage)
Anaerobic excess sludge from the treatment process is periodically removed for drying and
has a low demand for reuse as fertiliser owing to its high inorganic contents (i.c. sand). The
new BNR facility, which will be used exclusively for domestic sewage, with be able to

produce nutritious fertiliser of stable quality.

Although local residents expressed at the public hearing their intention to actively utilize
the excess shudge, the promotion of such reuse may be started from planting within the
STW and public facilities, such as schoals, and also requires public education efforts on
the part of the government owned farms in cooperation with the Ministry of Agriculture.

{6) Provision of guidelines for institutional sct-up and Q&M
The organisational setup for the O&M of sewerage facilities and their management will
take place along with the implementation of the Project. Human resources development,
including manpower training, is also recommended. A review and updating of the regula-

tions pertaining to sewerage service at the municipal level is also recommended.

(7} Creation of job opportunity
At present, job opportunities in the project area are quite timited. When the Project is
started, the labor-intensivé construction reguirement will provided the local communities
with ample job the opportunities for skilled/unskilled labourers, meta! smiths, plasteres, etc.
The O&M of the sewerage facilities will provide opportunity for approximately five people
for the positions of water quality examination, civil works, electrician, and accountant, In
addition to other opportunitics.

As described above, the Project is deemed feasible for implementation without any particular
hindrance under the scheme of Japan’s grant aid program, judging from the project benefits, the
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4-2

characteristics of the Projoct to improve cnvironmentally related infrastructures and the acteal

presence of an operating sewerage systen: in operation.

Recommendations

The suitability and feasibility of the Project for implementation under the grant aid scheme of
the Government of Japan have becn confirmed in view of the remarkable expected cffects and
the benefits and of contribution to the basic human needs of the local residents. In addition, &
confirmation for the implementation of the recommendations provided under the foregoing de-
velopment study on the Water Pollution Control Master Plan has been obtained from the Gov-

ernment of Zimbabwe and the acquisition of the required staff and local budgct can be arranged
as nceded.

However, currently practised transfer of revenue from this sewerage sector to budget of another
sector shall be stopped to secure appropriate budget for O&M of sewcrage system to attain
self-sustainable financial status of sewerage sector. If revision of sewerage tariff correspond-
ing to inflation rate is implemented prior to the project’s target year of 2000 in relation to re-
building plan to restore financial imbalance of the Chitungwiza Municipality which is under

preparation, the overalt achievement of the Project’s objectives will be smoothly and effectivcly

insured.
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Appendix 1 Member List of the Survey Team

No, Name Position Designation
[Senior Development Specialist, Institute
1 |Mr H. lwahori . Team Leadet
for International Cooperation, JICA
Dr. K. Counsetor, Japan Regional . .
2 . . Technical Advisor
Yoshimoto |Development Corporation
Mr A Manager, Factory Relocation Div., Dep.
T, A,
3 . of Operations, Japan Environment Technical Advisor
Morishima .
Corporation
Mr. H. Fitst Project Study Div,, Grant Aid .
4 - Coordinator
Hamaoka |Project Study Dep., JICA
Mr. M. , . Chief Consultant / Management
5 Nippon Jogesuido Sekkei Co., Ltd
Momose and O&M Plancner
- : . Sewage Plant and Equipment
6 | Mr. H.Sano [Nippon Jogesuido Sekkei Co., Lid
Plannet
7 | Mr. M. Sano Nippon Koei Co., Ltd Procurement Planner
8 | Mr.S. Ueno |Nippon Jogesuido Sekkei Co., Ltd Procurement Planner




Appendix 2 Survey Schedule {Ficld Survey)

Schedule
Mr. twahori
No. Date Dr. K. Yoshimoto Mr. Mr. M. Momose
A. Morishima Mr, Mr. R, Sano Mr. T. Naka
H.Hamaoka
1 July 14  |Mon Narila— Singapote
Singapore— Johannesburg -~ Harare ]
2 R Courtesy call on MLGRUD
3 16 Wed Explanation of contents of IC/R and tentative study schedule
4 17 Thr Discussions on IC/R
5 18 Fri Site survey & discussions
6 19 Sat Site survey & inner meeting,
7 20 Sun Data review and arrangement
8 21 Mon Signing of the Minutes of Discussions
9 22 Tue Site survey
10 23 Wed Courtesy call to the Japanese Embassy an_d J ICA Zimbabwe office
Harare — Site survey

3] 24 The — Amsterdam - Sile survey
12 25 Fri — Narita ~ Site survey
13 26 Sat Sile survey
14 27 Sun Site survey Harare —Johannesburg
15 28 Mon Site survey Site survey
16 20 Tue Site survey Site survey
17 30 Wed Site survey Site survey
18 31 Thr Harare - Johannesburg Site survey
18 | Avgusti | Fri Site survey
20 2 Sat Johannesburg - Hong Kong
21 3 Sun Hong Kong —Narila




Appendix 3

List of Party Concerned in the Recipient Country

No.

Minisiry/Name

Position
MLGRUD
Depart of development, Planning ... '
1 {Mr A. C. Mpamhanga and Coordination Director
- Depart of development, Planning R
2 M J. T. Mutamir and Coordination Dupty Director
3 {Mirs. S, N. Musungwa Depart Of. dc.:vclopmcnt, Planning Assistant Secrelary
and Coordination
Depart of development, Planning C .
4 |Mr. J. Mugabe and Coordination Administrative Officer
Chitungwiza Municipality
5 [Mrw T. N. Chiroodza City Clerk
6 |Mr. M. Khosla Enginzering Services Director
7 |Mr. P. Mbira Water And Sewerage Engineer




Appendix 4 Minutes of Discussion
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MINUTES OF DISCUSSIONS

BASIC DESIGN STUDY
ON
THEREHABILITATON AND EXP *‘-&NSION PROIECT
OF THE SEWAGE WORKS IN THE MUNICIPALITY OF CHITUNGWIZA
IN
THEREPUBLIC OF ZIMBABWE

In response to a request from the Government of the Republic of Zimbabwe, the Government ol
Japan decided to conduct a Basic Design Study on the Rehabilitationand Expansion Project of the
Sewage Warks in the Municipality of Chitungwizain the Republic of Zimbabwe (hereinafterreferred
to as "the Project") and entrusted the study to the Japan Interationai Cooperation Agency (JICA).

JICA sent to Zimbabwe a study team which is headed by Mr. Haruo IWAHORI, Development
Specialist, Institute for Intemational Cooperation, JICA, and is scheduled to stay in the couniry from
July 15 1031, 1997.

The team held discussions with the officials concerned of the Centrat Government of the Republic
of Zimbabwe and of Chitungwiza Municipality and conducted a field survey at the study area.

In the course of discussions and field survey, both parties have confirmed the main iterhs
described on the attached sheets. The team will proceed to further works and prepare the Basic
Design Study Repott.

Joly 21, 1997

<

% iﬁ:i‘)‘;ﬁt_‘ - m}",_;

Mr. Haruo IWAHORI M. A. C. Mpamyfanga

Leader, ' - Director, - '

Basic Design Study Team, : DevelopmemPlanmng and Cc»ordmauon.

JICA ~ Ministry of Local Government, Rural and
Urban Development,

the Republic of Zimbabwe

Mr. T. N. Chircodza

Town Clerk,

Chitungwiza Municipality, s
the Republic of Zimbabwe




ATTACHEMENT

1. Objective

The objective of the Project is to improve the water environment and the quality of
the surface water resources of the Upper Manyame River Basin by means of
rehabilitation and expansion of Zengeza Sewage Works.

2. Project site

Zengeza Sewage Treatment Works (Zengeza STW), St. Mary's Pump Station{2 pump
stations) and Tilcor Pump Station (Shown in ANNEX-I)

3. Exécuting A.gency and Supervising Ministry
Executing Agency: Chitungwiza Municipality

Supervising Ministry: Ministry of Local Govemment, Urban and Rural Development
(MLGURD)

4. Items Requested by the Govemment of Zimbabwe
After discussions between the Basic Design Study Team and Zimbabwe side, the
following items were finally requested by the Zimbabwe side.

(1) Construction of sewage {reatment facilities

1)Distribution Chamber

2)Screen and Grit Chamber

3)Equalization Tank

4)Primary Sedimentation Tank

5)Biological Reactor (BNR)

6)Final Sedimentation Tank with Return and Excess Sludge Pump Facilities

7)Sludge Thickéncr

8)Sludge Digestion Tank

9)Siudge Drying Bed

10)Sludge Storage Yard with Roof

11)In-Plant Piping

12)Effluent Pipe and Outfall Work

13)Plant Mechanical, Electrical Equipment and Extensxon of Electrical Line from
Transformer of Substation

L
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14)Laboratory Building and Electric Control House
15)Roads, Drainage, etc.

16)Maintenance Vehicles (4 X 4 Pick-up, Backhoe and Dump truck)

(2) Rehabilitation of existing pump stations in terms of the replacement of pump
facilities and relevant electric facilities

1)Tilcor Pump Station
2)St. Mary's Pump Station: No.1 and No.2

However, the final components of the Project, both quantity and specifications, will be
described after further studies.

5. Japan's Grant Aid System

(1) The Government of Zimbabwe has understood the system of Japan's Grant Aid
explained by the Team, as described in Annex-IL

(2) The Government of Zimbabwe will take necessary measures, described in Annex-III
for smooth implementation of the Project, on condition that the Grant Aid Assistance
by the Government of Japan is extended to the Project.

6. Schedule of the Study

(1) The Consultant will proceed to fusther studies in Zimbabwe and the Republic of
South Africa untit August 1, 1997.

(2) Based upon the Minutes of Discussions and technical explanation of the study
results, JICA will prepare the final report in English and send it to the Government of
Zimbabwe by the end of January, 1998.

7. Other Relevant Issues and Problems to be Managed/Solved Timely by Zimbabwe
Side on the condition that the Grant Aid Assistance by the Government of Japan is
extended to the Project

" A series of discussions were made between the both parties on issues and problems with
reference to the successful implementation of the Project based on the answers prepared
by Zimbabwe side to the inquiries from the Team. The following are necessary

S -
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measures agreed to be taken by Zimbabwe side.

(1) Other projects to be implemented paralle] to the Project with reference to water
pollution control in the Upper Manyame River Basin

With regard to the water pollution control in the subject basin, the previous Master Plan
concluded that it may be possible to maintain the future water quality at present level
beyond medium term target yea2005) provided with appropriate countermeasures. The
rehabilitation/expansion/augmentation of the existing sewerage systems are requisites in

a commensurate manner (0 meet socio-¢conomic development in the respective areas
through the future.

In this connection the local governments concemned in the subject river basin have been
implementing sewerage projects in the short-medium term target{2000-2005). However,
some of them are planning/design stage trying to find financial sources. In this regard,
timely arangements by Zimbabwe side to realize the respective projects are requisites.
The foltowings are planned/on-going projects to be managed by the local governments

with the coordination of the MLGRUD. The details by project are summarized in Table
7.1

Harare City

1)Firle STW expansion project

2)Mukuvisi outfall trunk sewer construction project -

3)Chisipite sewage pump station construction project
Norton Town

4)Norton Town STW rehabilitation project
I Vdesi ] fnanciall (5 projects)

Harare City .
1)Firle catchment subsidiary sewer construction project
2)Crowborough STW expansion project
3)Harare East (Mabvuku Tafara) STW construction project



Norton Town
4)Norton Town STW expansion project
Ruwa Local Board

5)Ruwa STW expansion project
(2) Relevant project to this proposed project

Rehabilitation and augmentation of the existing sewerage system are requisites for the
successful implementation of the sewerage project in the Municipality. The following

works will be performed by the Municipality with financial arrangements. (Details are
summarized in Table 7.2.}

I)Rehabilitation of the existing sewer system with an emphasis on the preventive
maintenance on annual basis

2)Rehabilitation of existing sewage treatment facilities to recover design functions

3)Expansion of sewer system to cover new housing area in St. Mary's

(3) Implementation arrangement for the Project and institutional/legal strengthening for
operation and maintenance (O&M) of the facilities

The competent capability of the municipal council is necessary to execute the Project
and O&M practices. According to the recommendations in the previous Water Pollution
Control Master Plan, the Mﬁn_icipality will prepare the followings covering legal,
institutional and stafT training (refer to proposed organization chart in Figure 7.1}.

+ Creation of Project Coordination Committee to support decision making functions

- Establishment of Project Management Office for the implementation of the Project

+  Augmentation of Water and Sewerage Division both for STW and sewage
reticulation properly dema.rcating the responsibilities/duties of the staff work between
these sections :

+ Establishment of water quality laboratory entailing the survcnllancc teamn to monitor
efftuent quality of the factories

+ Preparation of relevant regulations for the control of effluent discharged by major
pollution sources setting up a task force

» Commencement of training program, especially for O&M of BNR process with the
commitment of adequate financial resources



(4) Operation and maintenance cost for the Zengeza Sewage Works

Proper operation and maintenance of the sewerage facilities are essential covering
existing and newly constructed ones. In this regard, appropriate coutitermeasures will be
taken by the Municipality based on the "Integrated Performance Program" recently
prepared by the Municipal Council to reform the financial frame work. The program
exhibits the recovery of the total deficit of the municipality (accumulated up to the year
- 1991) by the year 2001. While, as of 1995, among 12 accounts of the municipal budget,
sewerage account has sustained with surplus in the balance between expenditure and

revenue and the plan shows the sound financial projection in this sub-sector. Although
the surplus derived from this sub-sector had been transferred mainly to health account,

the Municipality will properly manage the amount for the sewerage sector to meet the
implementation of the Project. Town Clerk of Chitungwiza Municipality will submit the
following Tables to the Team by July 28, 1997.

1) Income Statement (Actual data of 1995 and 1996, Forecast data of 1997 and 2000)
2) Balance Sheet {ditto)

3} Cash Flow Statement (ditto)

(5) Reuse of treated sludge

The reuse of treated studge generated at the STW is not commonly practiced ‘in
Zimbabwe. However, the promotion of the reuse of the sludge will be arranged in

cooperation with Ministry of Agriculture entailing information dissemination to farmers
and other prospective users. ‘

{(6) Undertaking by Zimbabwe side with reference to the construction of the proposed
treatment facilities

The Municipality will make arrangement on the requirements shown below to meet the
implementation of the Project.

1)Steel net fence at least along proposed treatment facilities _
2)Power supply at the primary side by the Zimbabwe Electricity Supply Authority
(ZESA) for the operation of proposed treatment facilities

3)Required extension of water and telephone services to the construction site
=Zett>
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ANNEX-I!

ON JAPAN'S GRANT_AID PROGRAM

1. Japan's Grant Aid Procedures

(1) The Japan’s Grant Aid Program is executedby the following procedures.
* Application (request made by a recipient couatry)
* Study (Pretiminary Study / Basic Desiga Study conducted by JICA)
* Appraisal & Approval (Appraisal by the Government of Japan and Approval by the
Cabinet of Japan)

* Determination of Implemeantation (Exchange of Notes between both Governments)
 Implementation {Implementationof therjea)

(2) Figstly, an applicauon or a request for a pmject made by the recipient country is examined by
the Government of Japan (the Ministry of Foreign Affairs) to see whether or not itis suitable
for Japan's Grand Aid. If the request is deemed suitable, the Government of Japan entrusts a
study on the request to JICA (Japan International Cooperation Agency).

Secondly, JICA conducts the Study (Basic Design Study), using a Japanese consulting firm. If
the background and objective of the requested project are not clear, a Prehmmaty Study is
conducted prior to a Basic Desugn Smdy

Thirdly, the Government of Japan appraises to see whether ot not the Project is suitable for
Japan's Grant Aid Program, based on the Basic Design Study report prepared by JICA and the
results arethen submmed for approval by the Cabinet.

Fourthly, the Project approved by the Cabinet becomes official when pledged by the Exchange
of Notes signed by both Governments.

Finally, for the implementation of the Pro;ect JICA assists the recipient country in preparing
contracts and 50 on.

l.._(lQnE.an_Qf_Lhnﬂ_mix

(1) Contents of the Study
The purpose of the Study (Prel.tmmmy Study / Basic Des:gn Study) conducted on 2
project requested by JICA is to provide a basic document necessary for appraisal of the
project by the Japanese Government. The contents of the Scudy are as follows:
a) to confirm background objectives, benefits of the project and also institutional capacity
~ of agencies concerned of the recipient country necessary for project implementation,
b) to evaluate appropnateness of the Project for the Grant Aid Scheme from a technical,
social and economical point of view,’
¢) to confirm items agreed on by both pames concerning a basic concept of the project,
d) to prepare a basic design of the project,
e) to estimate cost involved in the project,

Final project components are subject to approval by the Government of Japan and
therefore may differ from an original request.

Implementing the project, the Government of Japan requests the recipient couniry to
take necessary measures involved which are itemized on Exchange of Notes.

AN

% o e /B



(2) Selecting (a} Consulting Firm(s)

For smooth implementationof the study, JICA vses (a) consulting firm(s) registered.
JICA selects {a) firm(s) through proposals submitted by firms which are interested. The
firm(s) selected carry(ies) out 2 Basic Design Study and write(s) a report, based upon terms
of reference made by JICA,

The consulting firm(s) used for the study is(are) recommended by JICA to a recipient
country after Exchange of Notes, in order to maintaintechnical consistency and alsoto avoid
possible undue delay in implementationcaused if a new selection process is repeated.

(3) Status of a Pretiminary Study in the Grant Aid Program

A Preliminary Study is conducted during the second step of a project formulation &
preparation as mentioned above, ’

A result of the study will be utilized in Japan to decideif the Project is to be suitable
for a Basic Design Study.

Based on the result of the Basic Design Study, the Government would proceed to the
stage of decision making process (appraisal and approval).

It is important to noticethat at the stage of Peeliminary Study, no commitmentis made

by the Japanese side concerning the realization of the Project in the scheme of Graat Aid
Program.

: - )

(1) Whar is Grant Aid? _ :

- The Grant Aid Program provides a recipient country with non reimbursable funds
needed to procure facilities, equipmentand services for economic and social development of
the country under the following principlesin accordance with relevant laws and regulations of
Japan. The Grant Aidis not in a form of donation or such.

(2) Exchange of Notes (E/N) . :
The Japan's Graat Aidis extended in accordance with the Exchange of Notes by both

Governments, in which the objectives of the Project, period of execution, conditions and
amount of the Graat, etc. are confirmed.

(3) "The period of the Grant Aid" means one Japanese fiscal year which the Cabinet approves the
Project for. Within the fiscal year, all procedure such as Exchange of Notes, concluding a
contract with (a) consulting firm(s) and {a) contracto(s) and afinal paymentto them must be
completed.

(4) Under the Grant, in principle, products and services of origins of Japan or the recipient country
\, aretobepurchased. o | |
When the two Governments deem it necessary, the Grant may be used for the purchase of
products or services of a third country origin. -
However the prime contractors, namely, consulting, contractor and procurement ficms, are
limited to "Japanese nationals". (The term "Japanese nationals” means Japanese physical

persons or Japanese juridical persons contrelled by Japanese physical persons. )

(5) Necessity of the "Verification"

The Government of the recipient countey or its designated authority will conclude into
contractsin Japanese yen with Japanese nationals. Those contracts shall be verified by the
Government of Japan. The “Verification” is deemed necessary to secure accountability to

A ' 4‘1’7’ ~
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Japanese tax payecs.

(6) Undettakings required to the Gavernment of the recipient country
In the implementation of the Grant Aid, the recipient cou ntey is requiced to undertake
necessary measures such as the following:

a) to secure land necessary for the sites of the project and to clearand level the tand ptior
to commencement of the construction work,

b) to provide facilities for distribution of electricity, water supply and drainage and other
incidental facilitiesin and around the sites,

¢) to secure buildings prior to the installation work in case the Project is providing
equipment,

d) to ensure all the expenses and prompt execution for unloading, customs clearance at the
port of disembarkation and internal transportation of the products purchased uaderthe
Grant Aid, . -

e)to exemptJapanese nationals from customs duties, internal taxes and other fiscal levies
which will be imposed in the recipient country with respect to the supply of the
products and services under the Verified Contracts,

f) to accord Japanese nationals wWhose services may be required in connection with the
supply of the products and services under the Verified Contracts, such facilitiesas

~may be necessary for their entry into the recipient country and stay therein for the
performance of their work.

(7) Proper Use
The recipient country is required to maintain and use facilities constructed and

equipment purchased under the Grant Aid properly and effectively and to assign staff

necessary for their operation and maintenanceas welf as to bear all expenses other than those
to be borne by the Grant Aid.

(8) Re-export

The products purchased uader the Grant Aid shall not be re-exported from the
recipient country.

(9) Banking Arrangement (B/A) o -

a) The Government of the recipient country or its designated autherity shall open an
account in the name of the Government of the recipient country in an autherized
foreign exchange bank in Japan (hereinafier referred to as “the Baok" ). The .
Government of Japan will execute the Grant Aid by making payments in Japanese
yen to cover the obligations incurred by Government of the recipient country or its
designated authority under the contracts verified. . _ _

b) The payments will be made whea payment requests are presented by the Bank to the
Government of Japan under an Authorizationto pay issued by the Government of the
recipient country or its designated authority. |

AN
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ANNEX-1II

Necessary measures to be taken by the Government of the Repubric of Zimbabwein case Japan’s

Grant Aid is executed,

1. To secure the site for the Project.
. To clear, Level and reclaimthe site prior to commencementof the construction/rehabititation.
_To undertake incidental outdoor works such as gardening, fencing, gates and exterior lighting in
and around the site.
_To construct the access road to the site prior to commencement of the constru#tionfrehabilitation.
. To provide facilitiesfor distribution of electricity, water supply, telephone, drainage, sewage and
incidental facilitiesto the Project site.

1) Electricity distribution line to the site.

2) City water distribution main to the site.

3) Drainage ¢ity main to the site.

4) Telephonetrunk tine and the main distribution pauel of building.

5) General furnitore such as carpets, cortains, tables, chairs and others.
_ To bear commissions to the Japanese foreign exchange baak for the banking services based upoan
Banking Arrangemernt.
. To exempttaxes and to take ﬁe_céssary measur.;:s for custosﬁﬁ clearance of the materials and
equipmentbrought for the Project at the port of disembarkation.
. To accord Japanese Nationals whose services under the verified contract such facilitiesas may be
necessary for their entry into Zimbabwe and stay therein for the performance of their work.
9. ;i'o maintain and vse properly and effectively that the facilitiesconstructed and equipment
purchased under the Graat.
1_0. To bear all the expenses other than those to be bome by the Grant necessary for construction of
the facilitieswell as for the transportation and the installation of the equipment.

L oS
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Appendix 5 Cost Estimation Borne by the Recipient Country

Sewage Treatment Plant

1. @ fencing around the proposed site: applox.1,240m 400 x 1000 Z$
2. (@ power supply to the proposed site: primary side 500 x 1000 728
3. @ water supply to the proposed site: ~ dia.75mm (existing)
4. @ telephone line to the proposed site: extension 0.1x10007%
Total 900.1x1000

20



Appendix 6 Other Relevant Data
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Appendix A Capacity Calculation

1. Design Criteria

(1) Basic Items
Name: Zengeza sewape treatment works
Location: Muricipality of Chitungwiza
Elevation: +1,408.2~1,402.5M
Land use: Crop field, uncultivaled land
Type of sewer: Separate type

Treatment method: Biological nutrient removal (BNR) method + maturation pond

Sludge treatment method: Primary setiled sludge;

Thickening, digestion, drying
Final settled sludge: Thickening, drying
Sludge disposal: Reuse of the sludge for land application (fertilizer)
Nyatsime river, +1399.0M

2000

14C (average)

Effluent point and waler level:
Target year:

Lowesl monthly temperature:

(2) Design sewage flow (m’/day)
Item Total Existing Proposed facilities
Facilities Flow Target facilities
ADWEF (Q)) 41,500 21,500 20,000 | Sewage treatment facilities
PDWE () 62,250 42,250 and
PWWE (Q,) 124,500 104,500 Sludge treatment facilities
Hourly maximum 32,000 | Grit chamber
(Qy) to equalization lank
(3) Design water quality {mg/L)
Itern Influent Grit Primary treatment | Secondary treatment Total
Chamber | Removal | Effluent | Removal | Effluent | Removal
Influent | ratio (%) ratio (%) ratio (%)
BO D. (mg/L) 700 620 a5 403 93 30 95.7
COD (mgLy| 1350| 1200 35 780 92 6| 956
S S (mgl) 550 490 50 245 90 25 95.5
T—N (mgh){ 115 102 20 82 88 10 913
TP (mg/L) 12.4 11.0 30 2.7 87 1.0 919
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(4) Moisture content of the sludge . (%)
TItem Raw Thickened Digested Dricd ]
Primary sctiled 96.5 95.0 24.0 60.&1
Final settled 99.2 96.0 60.0
(5) Design sludge volume
1) Primary seltled sfudpe
Itlem Generated Thickened Digested Dricd
Sludge weight D0,000x(490-245) 4,900
x 1/1,000 x {1-0.7x0.50)
=4,900kg/day 4,900kg/day =3,185kg/day 3,185kg/day
Sludge volume 4,900 x 171,000 4,900 x 1/1,000 3,185 x 1/1,000 3,185 x 1/1,000
x 100/(100-96.5) | x 100/(100-95) x 100/{100-94) x 100/(100-60)
=140m’/day =98m’/day =53.1 m’/day =8.0 m’/day
Supernatant liquid 140-98 98-53.1
=42m3lday =449 m’!day ]
_2) Final settled sludge
flem Generated Thickened Digested Dried
Sludge weight
6,981kg/day 6,981kg/day - 6,981kg/day

Shudge volume

6,981 x 1/1,000
x 100/(100-99.2)
=873m’/day

6,981 x 1/1,000
x 100/(100-96)
=175m’/day

6,981 x 1/1,000
x 100/(100-60)
=17.5m’/day

Supernatant liguid

873-175
=698m’/day

Final settled sludge (waste studge) volume is calculated as below:
We=(@x8Sxs+bxSss-cx0xX,)xQ

Where,
Q = 20,000 m*/day .
a = 0.5 gMLSS/gBOD
b = (.95 gMLSS/gSS
c =0.03 1/d
Ses =403 x50% =202 mg/L
Sss  =245mg/L
Xa  =4,500mg/l 4
6 = 12,000m’ / 20,000m’/day = 0.6 day

23




Accordingly,
Wy = (0.5 x 202 + 0.95 x 245 - 0.03 x 0.6 x 4,500) x 20,000
= 252.8 x 20,000 = 5,056kg/day

Additional sludge weight owing to the hydrated lime dosing is estimated as below:

a. A Impurity’s weight of the hydrated lime
A purity of the hydrated lime product is 3.8 % in Zimbabwe.
3,485 kg/day x 0.038 = 132kg/day

b. Additional weight of the generated calcium compound
As a result of a chemical reaction between the calcium ion of the hydrated lime and free carbonic
acid that is generated in the acrobic tank, ealcium compound will be seitled in the final
sedimentation tank.
Assuming that the 80 % of the fed calcium will generate calcium carbonate (CaCO3) and calcium
bicarbonate (Ca(HCOs),), and only the calcium carbonate will be setiled.
2,509 kg/day x (40/56) x 80% = 1,434kg/day
CaCO; = 1,434kg/day x 50% x (100/40) = 1,793kg/day

¢. Total additional weight of the sludge

Ws; = a.+b. =132+ 1,793= 1,925kg/day

Therefore, the waste sludge is calculated as below:

Ws =Wg; + We, = 5,056 + 1,925=6,981kg/day=6.981(on/day

In general, the concentration of the waste sludge in the BNR method is assumed as 4,000 to
6,000mg/L, however, il is recommended that the average concentration should be 8,000 mg/L (a
range of 6,000 to 10,000mg/L) considering the effective settleability by means of the lime dosing.
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2. Capacily calcutation

(1) Sewage lreatment facilities

Item Caleulation
1.Grit Chamber
Type Plug flow type
Designsewage | Qs | 32,000m*/day=0.370m> /sec.
flow
No. of basin N 2basins
Bffectivedepth  |H | 0.5m
Area load WL | 1,800m*/m%day
Required surface | A, | 32,0000 1,800=17.8m’
Area
Average velocity |V 0.3m/sec.
Required flow A, |0370+03=1.23n"
Arca
Requied width  |[W [ (123/2)%-0.5=1.23m — 14m
Required length |L (17.8/2)+1.4=6.36m — 6.5m
Dimension 1.4m” X 6.3m" X 0.5m'" X 2basins
Check
Area load WL | 32,000 (1.4X6.5X2)=1758 < 1,800m °/m’/day
Average velocity |V 0.370+ (1.4 X0.5X2)=0.264 < 0.3m/sec.
Screen Manual type coarse screen: bar pitch 40mm
Manual type fine screen  : bar pitch 14mm
2 Measuring Device
Type Venturi flume
Design sewage Q4 | 32,000 m*/day=0.370 m*/sec.
flow
3.Primery Sedimentation
Tank
Type Radial ftow, Circular tank
Design sewage Q, |20,000m®/day
flow
~ Area load WL | 1.2 m*/m%hour=28.8m®/m’/day
| A |20,000+288=694 m

Required surface

arca

25




ftem

Calculation

No. of basin
Required
Diameter

Effective depth
Dimension

Check
Area load
Retention time

4.Equalization Tank
Type
Peak factor

Required volume
No. of basin

Dimension

5.Hydrated Lime
Daosing Facility
Required alkali
dosing weight

Required hydrated

lime dosing weight
Storage facility
6.BNR Reactor

Design sewage
flow

o =z

WL

Z =

Q;

2basins
((694/2)/0.785) **=21.0m

3.2m
21.0m" X 3.2m" X 2basins

20,000-(21.07--4 X 3,14 X 2)=28.9m*/m¥day
(21.0°+4X3.14X3.2X2) - (20,000/24)=2.7hours

Rectangular tank, Orifice effluent
influent ;1.6

Efftuent: 1.2 {target level)

4,000 m*

1basin

40.0m™ X 40.0m" X 2.9m" X 1basin

Influent T-N concentration 82mg/L,

Influent alkalinity 180mg/1.

Reactor effluent alkalinity -12mg/L (calculation result)
-do - 40mg/L (térgel level)

Design sewage flow & return activated sludge volume:

 40,000m’/day
Alkali (CaCO;) weight: (40-(-72) ) x 40,000 = 4,480kg/day
Hydrated lime (CaO) weight: 4,480 x (56/100) = 2,509 kg/day
Hydrated lime products (purity=72%): 2,509 /0.72 = 3,485 kg/day
Dosing slurry concentration: 5%
Storage period 10days, Silo type, 30m’

20,000 m*/day

26




Item

T

Calculation

Influent watcr

quality

Temperature
MLSS

Return sludge ratio
Circulation ratio
Return sludge
volume
Circulated liguid
volume

A-SRT

Required tank
capacity

Anoxic tank
Anaerobic tank

Aerobic tank

Dimension -
Anoxic tank
Anaerobic tank
Aegrobic tank

Oxygen demand

For BOD removai

For nitrification

8 xa

Van
Vou

VA

Dy

BODg 403 mg/l.

Solved BODs 201 mg/l. (50% of BOD)
SS 245 mg/L

T-N 82 mg/L

T-P 7.7 mg/L

LA

Aerobictank: 4,500 mg/L

Return sludge: 9,000 mg/L.

9,000 x Re / (Rr+1)=4,500 Rr=1.0

R =@ Cyujn/ Croxa—1=07x82/10-1=40
Q, x Rr = 20,000 x 1.0 = 20,000 m’/day

Q, x R=20,000 x 4.0 = 80,000 m’/day

Oya= & x20.6exp(-0.0627xT)
= 1.2 x 20.6 exp (-0.0627 x 14) = 10.3 days

Van = Qs tan/24 = 20,000+ (1 t0 2)724 = 833 10 1,666 = 1,500 m®
Von=Scs * Qi/bpopx © X =~ Va
= 403-20,000/ 0.08"4,500 — 12,000 = 10,389 10,500 m’
VA=Q, (0 xa'(a*ScstbSss)) / (1 +¢* O xa) "X)
= 20000 (103 0.5-201 + 0.95-245))/((1+0.03+10.3)-4500 )
=11,654 = 12,000 m’®

Diameter 18.1m to 4.7m x 6.4m"" =1,578m’ > 1,500m’
Diameter 50.1m to 18.9m x 6.4m" = 10.983m’ > 10,500m’
Diameter 84.9-72.9m to 50.9m x 4.45m* =13,391m’ > 12,000’

Da = (Ciovjs — Croper) * Qi 107 - Luoxon— Lox.a) X 2.0) x 045
= ((403-30) x 20,000 x 10” -1,150) x 2.0) x 4.5
= 2,322 kgOy/day

D= @ Cpym *© Qux 10°x4.57
= 0.7 x 82 x 20,000 x 10° x 4.57= 5,246 kgO,/day

217



Item

Calculation

For endogenous

respiration

For DO maintain

Total oxygen
demand
Supply oxygen

volume

Aeralor

specification

Mixer Specification

for anaerobic tank

Mixer Specification

for anoxic tank

7.Final Sedimentation
Tank
Type
Design sewage

flow

Deg

TOD

SOV

Q,

Dg = X'VAX 0.12

= 4.5 x 12,000 x 0.12 = 6,480 kgO,/day
Do = Coa x (Qin + Q, + Q) x 107

= 1.5 x (20,000 + 20,000 + 80,000) x 10° = 180 kgOy/day
DDyt D4 Do = 2,322 + 5,426 + 6,480 + 180 = 14,228 kgO,/day

SOV= TOD x Cgw/ (1.0247% " (B -Cs* 7 - Ca)) x (760/P)
= (14,228 x 8.84 x 1.05) /
(1,024 x 0,93 x (0.97 x 9.97 x 1.05 —1.5)) x (760/640)

= 132,064 / 0.807 x 8.654 x 760/640 = 22,456 kg0,/day

Power efficiency for oxygen supply: 1.8 kg/kWh
Required power: 22,456 / (1.8 x 24) = 520 kW
Number of unit: 12 units
Capacity: 40% x 4units, 25% x 3units, 20% x 3units, 10% x 2units
Mechanical efficiency: £ = 0.60
Affosdability: @ =020
No.1: (520 x 0.40/ 4) x (1/0.60) x (1}0.20) =104 = 110kW

No.2: (520 x 0.25/3) x (1/0.60) x (1+0.20) = 86 = 90 kW
No.3: (520 x 0.20/3) x (1/0.60) x (140.20) = 69 *= 75 KkW
No.4: (520 x 0.10/2) x (1/0.60) x (140.20) = 52 *= SSkW

Tank capacity: 1,500 m?

Unit required power: 5 W/m®

Number of unit: 4units

Required power per unit: 1,500 x 5x 10° /4 = 1.9 -> 3.0kW

Tank capacity: 10,500 m*

Unit required power: S W/m?*

Number of unit: 4units

Required power per unit: 10,500 x 5x 107/ 4 = 13.1 -> 15.0kW

Radial flow, Circular tank
20,000m? /day
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s liem - —-l_~

Areaload
Required surface
area
No. of basin
Required
diamgeter
Effective depth

Dimension

8.Maturation Pond

Design sewage
flow

Type

Retention time

Required capacity

No. of pond

Effective depth

9. Qutlet channel

Design sewage
flow

Type

Dimension

WL
A

H

WL

Q.

Zz <

Q.

Calculation

12 m?/m’/day
20,000+ 121,667’

4basins
((1667/4)/0.785) **=23.0m

3.5m

23.0m" % 3.5m" X 4basins
20,000 (23.0°-+4X 3.14X 4)=12.0m*/m’/day
(23.0%--4 % 3.14 X 3.5 X 4)~+(20,000/24)=6.98hours

20,000 m*/day

Embanked multi-cell pond
3.0day

20,000 3.0=60,000m
4ponds

1.5m

20,000 m®/day

RC Cascade type open channel
1.0 m% x 15m"

|
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(2) Sludge treatment facilitics

Item

Calcuotation

1.Thickening tank - A
(For primary settled
sludge)
Type
Design sludge
volume
Proposed solids
load
Required tank
surface area
No. of lank
Required tank
diameter
- Effective depth
Dimension
Check
Solids load

Retention time

2.Thickening tank — B
(For final settled

sludge)
Type
Design sludge
volume

Proposed solids
load
Required tank
Surface area
No. of tank
Required tank
diameter
Effective depth

Dimension

SL

o 2

H

SL

SL

2z

Circular thickener with sludge scraper
4,900kg/day, 140m’/day (Water content ratio: 96.5%)

90kg/M¥/day
4,900+-90=54.4m"

2tanks
(54.4/2/0.785)"°=59 — 6.0m

4.0m
6.0m”X4.0m" X2 tanks

4,900+ (6.0 +4 X 3.14 X 2)=86.7kg/m’/day
(6.0°+4X 3,14 X 4.0 X 2)-+(140/24)=38.8hours

Circular thickener with sludge scraper
6,981kg/day, 873m’/day (Water content ratio: 99.2%)

70kg/mi/day
6,981 -70=99.7m’

2ianks
(99.7/2/0.785)°%=8.0 — 8.0m

4.0m
8.0m” X 4.0m" X2 tanks
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Ttem

Calculation

Check
Solids load

Retention time

3. Digestion tank
(For primary settled
studge)
Type
Design sludge
volume
Retention time
Required tank
capacity
No. of tank
Effective depth
Required water
surface area
Required tank
diameter
Dimension
Sludge volume
through digestion
Organic matler
content ratio
Digestion
efficiency
Sludge volume

Check

Retention time

4. Sludge drying bed
Type
Design sludge

volume

Retention time

SL
T

6,981 (8.0° 4 X 3.14 X 2)=69.5kg/m’/day
(8.07+4X3.14X4.0X2)+(873/24)=11.1hours

Anaerobic digestion, No-heating with recirculation
4,900kg/day, 98m*/day (Watcr content ratio: 95.0%)

60days
98X 60=>5,880m’

2tanks
10.0m
5,880+ (2X 10)=294m’ftank

(294/0.785)"°=19.4 — 20.0m

20.0m® X 10.0m" X 2 tanks

70%
50%

4,900 X (1-0.7 2 0.5)=3,185kg/day
53m’/day (Water content ratio: 94%)

(20.0°+4X3.14 X 10.0X2)+98=64.1days

Sand drying bed utilizing evaporation and percolation
Thickened : 6,981kg/day, 175m’/day (Water content ratio: 96%)

Digested : 3,185kg/day, 53m’/day (Water content ratio: 94%}
Total : 10,166kg/day, 228m’/day (Water content ratio: 95.5%)
2weeks (14days)
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Item

Calculation

Required capacity
Sludge thickness
Required bed area

Dimension

Check

Retention time

5.Sludge Stock Yard

Type

Sludge volume

Required storage

period

Required storage
capacity

No. of yard

Sludge thickness

Width

1ength

Dimension

Check

Retention time

H

<

ooz oz

228%X14=3,1921°

20cm

3,192--0.20=15,960m>

15.0m"™ X 20.0m"X 56beds {16,800m?)

(15.0X20.0X0.2 X 56) = 228=14.7days

Steel structure with coof
8.0 + 17.5 = 25.5m’/day
G0days

25.5X60=1,530m’

2yards

2m

12m

1,530+ (2X2X12)=31.9m
12.0m"™ X 36.0m" X 2,0m" X 2yards

(12.0X36.0X2.0X2)25.5=67.8days
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Appendix B

Hydraulic Calculation

Lower Facility h Connecting | Specificatio]  Flow Flow |.. . Lower Level
ﬂ Upper Facility Equipment n {m:’/day) (m?~sec) Hydraulic Loss Upper Leve!
he=033% | 401000
Pipe Lif‘;’gm 25,200 0292 b ig“m ~
b, =0.034F 41401420
Maturation Pond Zh=0420 |
h=021% 01420
~ Pipe L":;i 25,200 0.146 b= 0023 T
b= 00450 41401710
Th=0283
Effluent Point of Final hy =0.192
Sedimentation tank ) $ 300 h =0.027 +1401.710
Pipe Lo | 25200 0.073 © 005 ~
he=0054 41401.990
$h=0273
Efiuent Pointof Final ~
Sedimentation tank he = 0.182] +1401.990
~ Trough {B=030m| 25200 0.073 h = hel x 32 ~
Effluent Trough of Final =0135] 11402310
Sedimentation Tank )
Effivent Trough of Final 2 1801310
Sedimentation Tark Weir plate 25,200 Lasixiod B4 Ql;zo)u ~
Final Sedimentation Tank ‘ +1401.380
he=0.068) | 1401380
Pipe Lﬂ‘;‘:ﬂ 25,200 0.073 b= 0027
S = h, =0.054| 41402 530
Final Sadimentation Tank Th=0.149
- Wy =0.102
Aerobic Zone +1402 530
Pipe Lff:? 25,200 0.292 b, :0'027 ~
=am b, =0.034) 41402720
Th=0.181
Aerchic Zone . 23| +1402.720 II
~ Overfiow wei B=2.00m | 25,200 0292 |M=3/1.84D) ~
Ancxic Zone =0.183 +1402.940
he = 01081 1 402.940
Anaercbic Zone = :
~ Pipe Lq-b"-(:iOSGm 25,200 0.292 b, . 2'027 ~
Eualization Tank ;‘; = 0-?;*;’ +1403.130
he=0.007 | 1406.000
| Pipe $700 1 33000 0.370 hi=0.024) © 00
£qualization Tank L=4.5m hy = 0.047 41406 080
~ T h=0.078
Effluent Point of Primary h; =0.025 .
Sedimentation Tank $500 h = 0.023 +1406.080
Pipe Ltosm| 32000 0.185 o 0085 ~
=10. zhuf Zoo%) 1406180
Effluent Point of Primary - '
Sedimentation Tank ho =0.116) +1406.180 |
~ Trough |B=150m| 32,000 0.185 h=hdx3®  ~
Effluent Trough of Primaly =0.201| +1406.400
sedimentation Tank
Effiuent Trough of Primaly . 5] 1406400
Sodament:tlon Tank Weir plate 32,000 3 507x10°% h={g 11.32336 —
Primmaly Sedimentation Tank VT 1406440
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Appendix G Water Quality at Zengeza STP

1500 |

1600 4

1400 |-

1200
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200 4. &;. -, - {mgA)

600 f( .. Kff . h ‘ﬁ\kLﬁ."A’-’Aﬁ‘é‘hx .................. \&".ﬁmﬁf‘&l\ B A Filtered COD

0004 SN o SR (e

200 gkl Mgae®ae gl ety \% ==~~~ *BOD (mgh)
0 1 1 2 ] i Y 2 ] ] L] i '} ] 1 A y N ] A 1 s, 1. i} 4., 4 S'
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300
250 4
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Water Quality of Zengeza STP (Composite sampie 1/2)
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v ey

612 614 616 618 620 622 66 628 &30 L 4 76 18 DAY

612 G4 616 G618 6R0 &2 626 6028 600 T2 TH e M8 DAY
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Appendix 7 References

Collected Data

- Labour Relations Act, Chapter 28:01, Revised Edition 1996

- Labour Relations Act 1985

- Labour Relations (General) Regulations, 1985, Statutory Instrument 368 of 1985, ACT 16/85

- Labour Relalions (Employment Agencies) Regulations, 1985, Statutory Instrumcnt 370 of 1985,
ACT 16/85

- Collective Bargaining Agreement: Construction Industry, Statutory Instrument 199 of 1988,
ACT 16/85

- Labour Relations (Labour Relations Tribunal) Regulations, 1985, Statutory Instrument 369 of
1985, ACT 16/85

- Commercial Undertaking of Zimbabwe Employment Regulations, 1983, Statutory Instrument
571 of 1983, CAP.267

- Minimum Wages (Specification of Minimum Wages) Notice, 1985, Statutory Instrument 186 of
1985, ACT4/80 | |

- National Social Security Authority (Accident Prevention and Workers' Compensation Scheme)
Notice, 1990, Statutory Instrument 68 of 1990, ACT12/89

- Collective Bargaining Agreement: Construction Industry(Pension Fund), Statutory Instrument
239 of 1992, ACT16/85

- Collective Bargaining Agreenient: Construction Indﬁslry, Siie Occupational Health and Safety,
Statutory Instrument 223 of 1993, ACT16/85 : _

- Collective Bargaining Agreement: Construction Industry, Statutory Instrument 82 of 1994, ACT
16/85

- Collective Bargaining Agreement: Construction Industry, Statutory Instrement 73 of 1996, ACT
16/85

- Housing and Building Act, Chapter 22:07, Revised Edition 1996 -

- System of Measurement of Building Work in Zimbabwe, Third Edition 1* May, 1985 |

- Model Building (Amendment) By-laws, 1985(No.5), Statutory Instrument 310 of 1985,
CAP.214, 211

- Water (Effluent and Waste Water Standards) Regulations, 1977, Rhodesia Government Notice
No.687 'o:f 1977, ACT 41/76

- Regional, Town and Counlry Planning Amendment, 1982, To amend the Regional, Town and
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Country Planning Act, 1976

Statute Law of Rhodesia 1974, Public Health Chapler 318, Atmospheric Pollution Prevention,
1971

Statute Law of Rhodesia 1974, Chapter 263, Roads and Road Traffic

Arxchitects Act, Rhodesia Act 1975

Trader's Guide te Sales Tax, Departiment of Taxes

General Specification of Malerials and Workmanship, Ministry of Public Construction and
National Housing, Revised January 1978

ZIMBABWE GOVERNMENT, MINISTRY OF TRANSPORT AND ENERGY, TENDER NO.
RDS 11 OF 1996, PLANT HIRE JANUARY 1997-DECEMBER 1997 PRICE ORDER AND
TENDERED RATES SCHEDULES, JANUARY 1997

National Employment Council for the Censtruction Industry of Zimbabwe, Informative Circuolar
N0.2/96, 1996/97 Wage Incrcases
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