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CHAPTER 7 SEWAGE COLLECTION SYSTEM

7.1

7.2

7.2.1

7.2.2

General

In Ihié Section, the rehabilitation/modification plan of the existing pump stations (St.Mary’s
No.1, No.2 and Tilcor) for the year 2000 is prepared and the rehabililation methods for the
exisling sewer system are examined. Due to the capacity limitation of the existing sewer and
the geographical conditions, the new trunk sewer and pump station are designed to cope with

the sewage from the planned residential development area in St.Mary’s.
Fundamentals and Criteria for Sewer Reticulation Design
Design Population and Sewage Collection Area

The design population for the year 2000 was calculated at 489,000 in Sub-section 4.2 and the
population by Ward are distributed based on the population of the 1992 Census.

‘Table 7.2.1 shows the sewage collection arca (residential and others) measured by the Study
Team and the population by Ward. Figure 7.2.1 shows the Ward boundary and development

area in St.Mary’s.
Design Sewage Quantity
(1) Peak factor
In the sewer reticulation design, the peak factor, the ratio between the ADWF and
PWWF, follows the “Sanitation Manual Design Procedure”, which is as follows:
PWWE = ADWFx 3.0
(2) Design sewage quantity

ADWE is calculated as shown in Sub-section 5.4. PWWF is calculated by ADWF and

peak factor. Results are shown in Table 7.2.2.
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Table 7.2.2 Design Sewage Quantity

Type ADWF PWWF
(m’/day) (m'/day)
[ Domestic B 38240 114,720
Institutional/Conimereial 1,912 5,736
Sub total 40,152 120,456
Industrial 1,387 4,161
[ Total 41,539 124,617

(3) Design sewage quantily for sewer reticulation
The design sewage quantity for sewer reticulation is calculated by the unit sewage
quantily per km’, dividing the design sewage quanlity by sewage collection area as
shown below. Figure 7.2.2 shows the sewage collection area for the existing pump

stations and the proposed new pump station and major frunk sewer in St.Mary’s,

1) Unit sewage quantity per km’ (q)
Total residential area = 24.57 km?
q = 120,456 / (24.57 x 86,400) = 0.0567 nv*/sec/kin’

2) St.Mary’s No.1 Pump Station
Coliection area = 1,52 km?
Q; = 1.52 x 0.0567 = 0.086 m¥/sec = 5.17 m*/min. = 7,446 m’/day

3) St.Mary’s No.2 Pump Station
Collection area = 0.33 km’
Q, = 0.33 x 0.0567 = 0.019 m*/sec = 1.12 m*/min. = 1,617 m’/day

4) Tilcor Pump Station
Qs = 4,161 m*/day = 2.89 m*/min. = 0.048 m’/sec

5y St.Mary’s New Pump Station

Collection area = 24.57 - 22.82 = 1.75 km’
Qs = 1.75 x 0.0567 = 0.099 m¥/sec = 5.95 m*/min. = 8,573 m*/day

7.4
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7.2.3

6) St.Mary’s New Major Frunk Sewer

Collection area = 24.57 - 22.82 = 1.75 km®
Qs = 1.75 x 0.0567 = 0.099 m’/scc = 5.95 m*/min. = 8,573 :113!day

Design Criteria

The design criteria for the new sewer reticulation is quoted from “Sanitation Manual Design

Procedure” as same as the Master Plan designing. The summarized design criteria are as

follows.

(1) Design criteria for sewer
Collection system

In-pipe velocity

Pipe material
Minimum earth cover
Minimum diameter
Manhole spacing

{2) Design criteria for pump station

Pump station type

Screen type
Number of channels for grit chamber

Number of pumps

(3) Design criteria for force main
Pipc material
In-pipe velocity

Minimum diameter of force main

Formula for sewer reticulation design

@

: Separale system

: Minimum velocity = 0.60 - .75 m/sec
: Maximum velocity = 3.0 m/sec

: Gravity Pipe (150-825 mm) = AC Pipe
: 600 - 900 mm

2 150 mm

: Maximum spacing = 100 m

: More than $ m*/min. = Conventional type
: Less than 5 m*/min. = Manhole type

: Manual rake type

: More than 2 channels

: More than 2 seis (including 1 standby)

: Pressure Pipe (100-750 mm} = AC Pipe
: L0 -3.0 m/sec
: 100 mm

1) Formula for flow catculation: Manning formula

V = (I/n) x R¥ ¢ |12
Q=AxV

7-6




Where, V : flow velocity (m/sec)

- n : roughness coefficient (n=0.013, AC Pipe)
% R : hydraulic radius (m)
[ : gradient in decimal
A : section area (m’)

2) Formula for pump diameler calculation

D= 146 x (q/v)™?

Where, D : pump diameter (mm}
q : discharge volume (m*/min.)
v : velocity at suction mouth

3) Formuta for pump power calculation

P = (0.163 x qx 1) /1)) x (140.15)

Where, P : pump power (kw)
q : discharge volume (m’/min.)
H : total pump head (m)
] : pump cocfficient
§ 7.3 Rehabititation/Modification Plan of Existing Sewer Reticulation

73.1 Rehabilitation/Modification Plan of Existing Pump Station

The three pump stations of St.Mary’s No.1, No.2 and Tilcor have been operating since the
middle of 1970°s and about 20 years have passed already. The life expectancy of a concrete
slructure can be about S0 years if appropriate construction and repair has been done.
Actually, as a result of the site investigation at their pump stations, the pump station
structures are still seemed to be firm. Therefore, the rehabilitation/modification plan was

limited to mechanical and electrical facilities.

At- the pump stations, the inflow sewage volume should be measured at the inlet/outlet points
for maintenance purpose. However, considering the layout of the existing facilities, it is
difficult to set measurcment equipment at the inlet point due to insufficient space.
Accordingly, an electrical flow meter was selected as the measuring equipment to be used

and it will be installed at the outlet point.
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(1) St.Mary’s No.1 Pump Station

The capacity caiculation for the St.Mary’s No.l pump station was carried out based on the
design inflow volume (0.086 m¥sec =5.17 m¥/min.) as shown in Table 7.3.1, Section 7.3,

Chapter 2, Supporting Report. The rehabilitation plan is shown in Figure 7.3.1. Table 7.3.1

shows the list of mechanical and electrical equipment required.

Table 7.3.1 List of Mechanical aud Electrical Equipment Required for St.Mary’s Neo.1 P. S,

Jtem Specification

Pump Type Horizontal Shaft Type

Pump Diameter 150 mm

Pump Discharge per Unit 2.60 m’fmin.

Pump Total Head 345m T
—-li'ump Power (Motor Power) 250 kw

Number of Pump 3 units (includiog 1 standby)

In-plant Pipe 1 set (including valves and flow meier, refer to Figure 7.3.1)

Electrical Pang] 1 set {including hounse wiring)

Valve Box 1 set (rehabilitation, refer to Figure 7.3.1)

(2) St.Mary’s No.2 Pump Station

The capacity calculation for the St.Mary’s No.2 pump station was performed based on the
design inflow volume (0.019 m’/sec =1.12 m*/min.) as shown in Table 7.3.2, Section 7.3,
Chapter 2, Supporting Report. The rehabilitation plan is shown in Figure 7.3.2. Table 7.3.2

shows the list of mechanical and electrical equipment requiced,

Table 7.3.2 List of Mechanical and Electrical Equipment Required for St.Mary’s No.2 P.S.

Item Specification
Pump Type Submersible Type
Pump Diameter 100 mm
ﬁﬁump Discharge per Unit 1.20 nx'/min.
Pump Total Head 125 m
Pump Power (Motor Power) S0 kw
Number of Pump 2 units {including 1 standby)
E-plant Fipz 1 set (including valves and flow meter, refer to Figure 7.3.2)
Electrical Panel 1 set (including house wiring) )
Valve Box 1 sel (rehabilitation, refer to Figure 7.3.2) ] g’
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o

(3) Tilcor Pump Station

The measurement of inflow volume at the Tilcor pump station was conducied to follow up
estimated flow (4,161 m¥/day) as discussed in the previous sub-section (refer to Table 7.3.4,
Section 7.3, Chapter 2, Supporling Report). The flow rate was modified in use of the resull
(0.073 m%scc = 4,38 m*/min, refer to Table 7.3.3, Section 7.3, Chapter 2, Supporting Report).
The rehabililation plan is shown in Figure 7.3.3. Table 7.3.3 shows the list of mechanical

and electrical equipment required.

Table 7.3.3  List of Mechanical and Electrical Equipient Requived for Tileor P. S.

Ttem Specification
Pump Type Horizontal Shaft ‘Type
Pump Diameter 150 mm
Pump Discharge per Unit 2.30 m'/min.
Pump Total Head 280m
Pump Power (Motor Power) 18.0 kw

Number of Pump

3 units (including 1 standby)

In-plant Pipe

1 sel {including valves and flow meter, refer to Figure 7.3.3)

Electrical Panel

1 set (including house wiring)

Valve Box 1 set (rchabilitation, refer to Figure 7.3.3)

7.3.2 Rehabilitation/Medification Plan of Existing Sewer

As shown in Sub-section 3.2, 30 problem spots were identified by the Municipality Reporl.
The problenis, such as damage and blockages, are expected to occur at not only the above-
mentioned 30 spots but also throughout the existing sewer, excepting the newly consfructed

SCWEI.

At present, the municipalily can only deal with the reported problems due to their lack of
budget and manpower. However, the preventive maintenance is recommendable to ensure a
design capacity of the sewers through the future. The rehabititation/modification plan

including annual maintenance cost is presented in Sub-section 9.2 and 10.2.

»  The annual rehabilitation plan should be prepared by Ward, and should be started from

priority areas. (¢.g. overflowing manholes or downsteeam of the sewer reticulation)

7-11
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+  Budgel and supplemental manpower should be sccured for the above-mentioned plan.
% ¢ The inhabitants should be instructed to refrain from the dumping of domestic refuse into

the sewers through the manholes.

The rehabilitation/modification plan of the existing sewer includes the following two major

works.

- Replacement/repair depending on the magnitude of damage of the sewerage facilities

- Removal of sediments and cleaning of sewers
7.4 Expansion Plan for Residential Developrient Area in St. Mary’s

7.4.1 Expansion Plan of New Trunk Sewer

The sewage {0.099 m¥/sec : PWWF) from the residential development area is collected by
gravily towards the western pump station, and lifted about 30 m up to the starl point of
gravity flow. Then, the new trunk sewer for the additional sewage is planned to be connected

to the proposed distribution chamber at the Zengeza STW in parallel with the existing major

teunk sewer of St.Mary’s and Zengeza as shown in Figure 7.4.1.

The diameler with gradient for new trunk sewer is determined by Manaing formula as

follows:
Conditions 7
- Design sewage quantity : Qy = 0.099 m*/sec
- Pipé flow allowance : R = 50% to design flow

- Sewer design: 525 mm diameter and 2.5/1,000 gradient
Flow velocity ; V =0.99 m/sec

Flow rate « Qy = 0.215 m¥/sec
Q. > Qy x (50/100) = 0.198 m’/sec 0.K

The profile of the new Lrunk sewer is presented in Figure 7.4.2 and the length, cxcavation

g" depth and the number of manholes are shown in Table 7.4.1.
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Table 7.4.1 List of Length of New Sewer and Marnhgle by Excavation Depth

Fxcavation Depth [ Sewer Length Nunberof |
{m) Manhole
fess than 2.0m 1,135 9
e from20mto30m 1,930 26
from30mtod0m 1,030 i3
ntore than 4.0 m 185 3
Total 4,280 51

7.4.2  Expansion Plan of New Pump Station

The new pump station is planned to 1ift the collected sewage up to the starting point of
gravily flow and the Iength of the force main is about 2,600 m, The quantity of collected
sewage from the new development area is almost the same volume as the existing St.Mary’s

No.1 pump station. The same type of pump station is adopted,
The capacity calculation of the new St.Mary’s pvmp station and the force main, is included in

Table 7.4,1, Section 7.4, Chapter 2, Supporting Reporl, and the plan and section are shown in
Figure 7.4.3. and 7.4.4. The list of required pump facitities is summarized in Table 7.4.2.
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Table 7.4.2 List of Required Punap Facilities
Facility Specification
(1) Screen ang Grit Chamber T
Screen Type Manual Type -
Channe! Width 0.7m ]

Channel Number

2 (inchuding 1 standby)

(2) Pump Facility
Pump Type Horizontal Shaft Type
Pump Diameter 150 mm
Pump Discharge per Unit 3.00 n¥’/min.
Pump Total Head 58.0m
Pump Power {Motor Power} | S0.0 kw
Number of Pump 3 {including 1 standby)
In plant Pipe 1 set (including valve and flow meter, refer to Figure 7.4.3 and 7.4.4}

~ Electrical Equipment 1 set (including ftoat switch, house wiring elc.)

Valve Box 1 set

(3) Force Main Pipe
Pipe Material ACPipe
Pipe Diameter 300 mm

[ Pipe Total Length 2,600 m

7-19
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CHAPTER 8 SEWAGE AND SLUDGE TREATMENT & DISPOSAL

81 Rehabititation of Existing Facilities

8.1.1 Concept of Facility Plan

(1) Existing Sewage Treatment Works

1) Appropriate treatment
The current overload situation must be addressed and the load to be treated reduced
to appropriate levels. The treatment capacity has been reevaluated 1o 21,750 m3/d.
_ As a result, BOD 600 mg/l is treated to 96 mg/l, achieving a BOD removal ratio of
84%%.

2} Securing emergency storage capacily
As explained in 6.2, 6.4, arsangements will be made for facilities with storage

capacity to be included in the STW, to storc sewage in emergencies when the

fooe

facilities cease to function temporarily, in such cases as power failure or unforeseen
accidents. At an additional phase 1l an anaerobic pond has been added, bringing the
total number to four. Three of the ponds will be used on a regular basis, with one
ponds to be used for O & M and to serve as a standby ponds for emergencies. The

reasons for this are as follows:

- even using only three of the ponds, the projected five days retention tine
from the design criteria can be achieved, and

- aspare ponds is necessary for O & M. Experience at the Zengeza STW has
shown that to remove the accumulated sludge from an anaerobic pond, the

~ pond must be empty for a leagthy period of about two months.

3) Restoration of lreatment capacity and replacement of broken equipment
Restoration of treatment capacily is to be achieved by removing the sludge from the
anaerobic ponds and clearing the accumulated sludge from the filters. The
accumulated studge containing a large amount of nutrients will be reused, but when it
g is not possible to reuse, it will be appropriately disposed of in landfills so that there

witl be o run-off. Flow meters, which are broken, will be replaced.

8-1



(2) Facilities for the effluent pumping and final disposal

1)

2)

3

Ensuring treatment capacity
Treatment shall be conducted in maluration ponds te comply with effluent
regulations for irrigation use. A (recatment capacity sufficienl to treat sewage of

roughly BOD 96 mg/t to 70 mg/l will be made available in maturation ponds,

Securing emergency pump capacily

Measures will be taken so thal, even in an emergency when the BNR facilities stop
working, sewage will not be directly released into rivers. After the entite sewage
influent has been treated in trickling filters, it will be sent to ponds in the farm land.
The capacity of the new ¢ffluent pump station is 35,000 nr’/day, but the total amount
of influent sewage is 41,500 m*/day. Accordingly, the capacity of the old cffluent
pump station (potentially 18,000 m’/day running two pumps) will also be maintained
to enable the wastewater to be pumped to the Imbgwa farm. Currently, one of the

two pumps is broken and has been removed.

Disposal of accumulated sludge in the farm land ponds

All of the trickling filter effluent is being sent to the farm land without final
sedimentation tank, Consequently, the sludge produced at the ftrickling filters is
accumulating in the farm land ponds. This sludge will be removed about once every

ten years and reused or disposed of in a sludge disposal pit.

(3) Pre-lreatment Facilitics for the Tilcor Industrial Area

1)

2

Ensuring treatment capacity
A treatment capacity sufficient to treat sewage of roughly BOD 6,000 mg/l to about
BOD 1,000 mg/l will be made available in anactobic ponds.

E'nsuring pump capacity
The pumping capacity of the existing pump will be improved so that influent to the

pump station can be promptly pumped up.



3) Restoration of treatment capacily
Accumutated studge will be remaved from the existing anaerobic ponds to testore the

capacity of the existing facilities.
8.1.2 Design Conditions and Design Criteria

(1) Existing Sewage Treatment Works

Influent BOD : 600 mg/l

Anaerobic pond detention time : 5 days
Trickling filter solids loading rate  : 0.24 kg/n'/day

(2) Facilities for the effluent pumping and final disposal

Influent BOD : 96 mg/l
Target treated sewage BOD : 70 mg/l

(3) Pre-treatment facilities for the Titoor Industrial Area

Influent BOD : 6,000 mg/1
Targel treated sewage BOD : 1,000 mg/l

8.1.3 ‘Treatment Flow and Facilily Design

(1) Bxisting Sewage Treatment Works
The improved leeatnient flow diagram is shown in Figure 8.1.1. The main facilities will

continue to be used at their present scale. The contents of the rehabilitation plan are as
follows:
1) Treatment capacity

As discussed in Section 8.1, Chapter 2, Supporting Report, it is possible to achicve a

trickling filter effluent BOD of 96 mg/l.
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gy

2) Securing emergency treatment capacily
- Instaltation of a connecting pipe for emergencies
For emergencics when the BNR facility shuts down, a connecting pipe (650 mm
dia. AC) will be installed from the grit chamber outlet to the old distribution
chamber (to the AP),

3) Restoration of treatment capacity and ceplacement of broken equipment

- Removal of accumulated sludge in the anaerobic ponds {13,600 m” in three units)
The wastewater will be removed from the anaerobic ponds, the accumulated
sludge will be dried on the pond and then hauled away for reuse or disposal.

- Removal of accumulated sTudge in the filters (1,220 m’ in five filters)
Removal of sludge that has accumulated in the filters involves removing the filter
media from the filicr, cleaning the media and returning it to the filters,
The studge will then be hauled away for disposal.

- Securing a disposal area for the accumulated studge from existing facilities
The accumulated sludge from the anaerobic ponds (13,600 m’) and the trickling
filters (1,220 m") that cannot be reused will be disposed of appropriately ina
landfill, The outline of the sludge disposél is shown in Table 8.1.1.

- Replacement of the flow meterss for the Parshall flumes (2 flumes)

- Conslruction of a fence (700 m)

4) Sludge disposal
- Securing a sludge disposal area
For the disposal of sludge to be accumulated in the “Anaerobic ponds, 6,900
nr’/year.

‘The studge will be disposed of appropriately in a landlill.

The locations of the above are shown in Figure 8.1.2 Location of existing facilities

rehabilitation.
(2) Facilities for the Efftuent Pumping and Final Disposal

The pump that is currently out of order will be repaiced. Improvements to be made are as

follows:
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1)

2)

3)

Ensuring treatment capacity
As discussed in Section 8.1, Chapter 2, Supporting Report, it will be possible to
achieve the target treated sewage BOD of 70 mg/l by allowing for a maturation pond

retention time of three days.

Sccuring emergency effluenl pumping capacily

Rehabilitation of pump facilitics

Punp replacement : 400 m*/hour x 1 unit
Motor replacement : 250 HP (185 kW) x 1 unit
Delivery valve replacement ¢ 1 unit

Improvement of electrical equipment { a new control panel)

Disposal of the accumulated sludge in the Imbgwa farm maturation pond

- Conslruction of a sludge disposal pit
As a new maturation pond was recently completed and there is not yet much
accumulated sludge, there is no need to make a sludge disposal pit in the near

future.

(3) Pre-treatment Facilities for the Tilcor Indusicial Area

Improvements to be made are as follows:

1)

2)

3)

Ensvring treatment capacity
As discussed in Scction 8.1, Chapter 2, Supporting Report, it will be possible to
achieve roughly the target treated sewage BOD of 1000 mg/l.

Fnsuring pump capacity
Rehabilitation of the Tilcor pump station
Rehabilitation will consist of replacing pumps and other works, details of which
are presented in Section 7.
- Rchabilitation of the equalizing pond (No. 3 storage pond)
The No.3 storage pond will be rehabilitated to function as an equalizing pond and

it will be used only during the wet scason. An access road will be constructed.

Restoring the treatment capacitly

- Removal of sludge from the anaerobic ponds
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The wastewater will be removed from the ponds, after which the sludge will be
dried and removed. The siudge (2,220 m’) will be rcused or disposed of

appropriatcly in a landfill so as to prevent the discharge of nutrients.

- Securing a disposal area for the accumulated sludge from the anacrobic ponds
The accumwlated studge from the anacrobic ponds (2,220 m’) will be appropriately
disposed of in a landfill.

- Rehabilitation of scum JET (This jets onto the surface of the pond to break up
the floating mats of scum.)
The scum JET facility (1,800 m’/day) will be rehabilitated. Water will be
supplied from a new infiltrate purp pit within the treatment works. The pumps to
be used are those built into the pump pit facility.  Piping is required from the pit to

the anaerobic ponds.

4) Sludge disposal
- Securing a sludge disposal area
For the disposal of sludge to be accumulated in the anaerobic ponds, 1,460 m'/year.

The sludge will be disposed of appropriately in a landfill.

The position of these items is shown in Figure 8.1.2.
8.2 Expansion of the Zengeza STW
8.2.1  Concept of Facitities Plan
A 20,000 m*/day expansion of sewage treatment facilities is being planned to supplement the
existing sewage treatment capacity, which is expected to be insufficient in the year 2000.  An
explanation of the expansion process is provided below.
- (1} Sewage treatment to comply with effluent regulations for discharge to rivess
To comply with the cffluent regulations for discharge into river, nutrienls such as organic

natter, nitrogen and phosphorus must be removed from the sewage. Potential treatment

processes with an emphasis on nutrient sernoval are shown in Table 8.2.1 (1).
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Since conventional activated shudge tecatment method is usually used to remove organic

maiter, a tertiary treatnmient process shall be added to remove nutnents.

Rescarch has been conducted on a nutrients removal system as a sccondary treatment
process that is an improvement over the conventional biological treatment mnethod.  The

addition of chemicals was also developed for further removal of phosphorous.

As a result of comparison among potential treatment processes (sec Table 8.2.1 (2)), BNR
was sclected to meet the purpose, which is alccady used in the study area;  the Firle STW,
unit 3 (five-stage Bardenpho process), unit 4 (threc-stage Bardenpho process) and the
Crowborough STW, unit 3 (five-stage Bardenpho process).

The five-stages Bardenpho process is made up of the following processes:

anacrobic stage - anoxic stage —> aerobic stage —» anoxic stage —» acrobic stage

While, the three-stage Bardenpho process consists of only the first three processes of the
five-processes. It is reporied that there is hardly any differencs in the treatment efficiency
between unit 3 and unit 4 of the Firle STW. However, even though their treatment
capacily in annual average operation is almost the same, the five-stages Bardenpho process
still has an advantage over the three-stages process because, having more elements to
control, it offers more flexibility in dealing with varying sewage quality and pollution load.
By altering the operating method, it can function as a three-stage process. Therefore, the

five-stages process ts recommended for this project.

According to the experience in Harare city, any supematant from the sludge treatment
facilitics shall not be returned.  This is because the load is expecied to increase 20 to 40
percent, the supernatant includes strong nutrients, and further treatment cannot be expected

because the sewage passed through biological sewage treatment.

3-10
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(2) Independent treatment of domestic sewage
As stated in Section 6.3, the expansion facilitics shall not receive sewage mixed with
industrial wastewater but treat only domestic sewage. This will ¢nsure a standard

treatment level and a supply of reusable sludge that is frec of heavy metals.

{3) Sludge treatment for re-use.
To re-use the studge for land application and to ensure a consistent supply of high-quality
sludge, anacrobic digestion process (unheated) will be employed. The sludge will be dricd
and reduced for casy handling, after which the dricd sludge will be carried out and used.

(43 Emcrgency measures
Facilities with BNR process have relatively small sewage storage capacity. Therefore,
when the facilities stop in an emergency, the sewage shall be transferred at the inlet chamber

by gravity to cxisting facilitics that have larger storage capacity.

(5) Layout of facilitics
The expansion facilities shall be constructed at the east side of the existing facilitics. The
facilities will be built in steps. The sewage will flow by gravity through the treatment
processes utilizing the ground elevation differences between the inlet chamber and Nyatsime
River. A laboratory to examine sewage quality will be located north of the facilities to

ensure easy access from outside.

(6) Discharging treated sewage into the river
To dischasge the treated effluent into the rives, outlet facility will be built.  An access road

to the outlet work will be installed to facilitate the confirmation of discharge and the water

sampling. .
8.2.2 Design Condition and Design Criteria
(1) Design Conditions.

g‘ Design flow, design water quality, inflow pipe and receiving waters, weather conditions and

sotl conditions are established as follows:
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1)

2)

Design flow

Average dry weather flow : 20,000 m’/day

Peak factor : 1.5 {Peak dry weather flow)
Peak dry weather flow : 30,000 m*/day (= 20,000 x 1.5)
Peak factor : 3.0 (Peak wet weather flow)
Peak wet weather flow : 60,000 m’/day (= 20,000 x 3.0)

Design flow for capacity calculation
Distribution chamber, screen & grit chamber:
Peak wet weather flow = 60,000 m’/day
In-plant pipe: Peak dry weather flow = 30,000 m'/day
Primary and Final sedimentation tank, BNR reactor:

Average dry weather flow = 20,000 m’/day

Design Water Quality

There is a little difference between estimated values calculated based on pollutant load
per unit activity of the source and measured values. The estimated BOD value is
about 600 mg/l. Measured values are mostly over 600 mg/l (Measuring at the STW
once every two weeks). The existing Zengeza STW paper teports strong BOD of
1000 to 1200 mg/A. However, the BOD of the 24-hour compositing sample, which
was measured once by the study team as a test for the master plan, was weak, at 320
mgfl. To form the right conclusion, additional measurements for wastewater volume
and quality were taken several times. The measurements were taken every ong to three
hours except late at night. The BOD value calculated from the weighted average of
the measurcments is about 660 mg/l.  The value reduces to about 600 when the weak
late-night wastewater is added. Both COD and SS may be similar to the BOD in their
rcsults.  Based on this premise, even though the estimated value differs from the
measured value, it.will e rcasonable to cmploy the estimated value caleutated from

poliutant load per unit activity of source.

Influent BOD : 600 mp/l
Influent COD : 1,200 mg/l
Influent SS : 650 mg/l

8-14
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T-N : 140 mgdl

T-P 15 mgh
Influent temperature c16-26°C
Final effluent COD : 60 mg/l
Final effluent SS - ;25 mg/l
Final effluent T-N - 10 mg/l

Final ¢fftuent phosphate-P : L.Omg/l

3) Inflow pipe and receiving waters
Inflow pipe diameter and invert level  : 675 mm, +1,407.622 m

Receiving waters and invert level : Nyatsime River, +1,394.000 m

4) Weather Conditions
Mean tempetature  : Hottest month: 22 °C, Coldest month: 14 °C

= Annual rainfall : 820 nun
i
5) Soil Conditions
Sotl texture : decomposed granite exposed
Ground water level - Not obvious {considering there is no ground watcr recharge

source near-by, it is difficult to state the existance of permancnt ground water table,
especially during dry season. However, there is a posibility of temporary ground

water table during the rainy season)

(2) Design Criteria
The design criteria employed are basically those provided in Zimbabwe's Sanitation
Manual, Design Procedures 5, hereinafter called the Z Manual.  When they do not follow
the Z Manual, they will be decided by referring to either South Africa’s Operators
Handbook, Sewage Purification, issued by the Institute of Water Pollution Control
(Southem African Branch), hereinafler called the SA manual, or the Fapancse Sewage
Facilities Design Criteria, hercinafter called the Japan Manual. The design criteria are

i‘ shown below.
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2)

3}

4

5)

6)

7

8)

%)

Distribution chamber

Velocity ;> 0.6 n/sec at minimum daily flow

Screen & grit chamber

Velocity between the bars > 0.3 m/sec at minimum daily flow,
< 0.8 nifsec at maximum daily flow

Primary sedimentation tank

Type : Dortmund tank

Surface loading ;1.2 m*m%day (= 28.8 m*/m’/day)
Retention time : 1.5 hours

BNR reactor

Depth of basin 4.5m

MLSS(Mixed Liquor Suspended Solids) : 4,000-5,000 mg/i
SRT(Solid Retention Time) : 15-25 days

Internal recycle ratio : 400%

Return activated studge ratio : 50-100 % of influent
Final sedimentation tank

Surface loading rate : 8 n'/m’/day

Qutlet work

* Velocity  : < 1.0 nv/sec at peak dry weather flow

Sludge thickencr

Type : Dortmund tank

Solids matter loading rate  : 60 kg/ m*/day (Source: Japanese Criteria)
Anacrobic digestion tank

Type : Unheated with recireulation

Digestion period  : 60 days

Sludge drying bed

Drying period : 7 days

10) Sludge storage yard

Storage period : 2 months



8.2.3 Treatment Flow and Facility Design

(1)

2

Treatment Process

The basic treatment process of the sewage is as follows:

Influent — Screen and grit chamber —» PST —» BNR - FST — Nyatsime River

There are two lines of sludge treatment: PST sludge and waste activated sludge (WAS).

Their treatment process is as follows:

Raw_Sludge(PST)_— Anacrobic Digestion Tank — Sludge Drying Bed — Sludge

Storage Yard — Land Application

WAS — Sludge Thickener — Sludge Drying Bed — Sludge Storage Yard — Sludgs

Disposal or re-use

The whole treatment flow, including scwage treatment and sludge treatment, is shown in

Figure 8.2.1.

Facititics Plan

The size and capacity of each facility is decided based on the calculations in Section 8.2,
Chapler 2, Supporting Report. ‘The scale and capacity for major facilities are shown in
Table 8.2.2. Figures 8.2.2 to 8.2.15 presents a layout of the Zengeza sewage treatment
works (capacity: 41,750 m’day), a layout of the Zengeza sewage treatment works (BNR
20,000 m*/day) and outline plans for each facility.
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Table 8.2.2 List of Zengeza Scwage Treatment Works (BNR 20,000 m*/day) Facilities

Facilitics

Type
Tank size

Tank area
Tank volunte

Remarks

Distribulion Truok sewer675mm, 675mm
chamber Width 1.8m
fength 4.0m
Height 1.16m .
Screen & grit | Coarse screen (sceeen gap 40mm)
chamber Width ~ 1.2m
Height 1.2m
Number 2 nos.
Fice screen (screen gap 14mm)
Width 0.9m
Height 1.24m
Number 2 nos.
Parshall flume
Capacity  30,000m3/day
Number 2 nos.
Grit chamber
Width 1.8m
Length 6.0m
Depth 7.6m
Number 2 nos.
Primary Type Dorimund tank A=177x6 =702 m?
sedimentation | Diameter  12.2m
tank Pepth 11.5m (1.8m + 9.7m)
Number 6 nos.
BNR reactor | Width 27.5m A = 2,600 x 2 = 5,200m’
’ Length 95.5m V = 11,700 x 2 = 23,400m*
Depth 4.5m
Number 2 nos.
Aecizator 45kW x 14, 22kW x 2
Mixer 3.7kW x 10
Final Type Clarifier A=531x4=2120m’
sedimentation | Diameter  28.0m
fank Depth 3.5m
Number 4 nos.
Outlet work Width  ~ 1.0-3.0m
Length Sm
: Number 1 no.
Sludge Type Dortmud task
thickencr Diametes 11.6m
Depth 11.3m (1.8m + 9.5m)
Number 2 pos.
Anacrobic Type No - heating with V = 4,190 x 2 = 8,380m’
digestion tank | recirculation
Diameter 20m
Depth 19.5m {(10.0m + 9.5m}
Number = 2 nos.
Studge drying | Width 30m A = 1,800 x 6 = 10,800m’
bed Length ~ 60m
Number 6 nos.
Sludge Yard with roof A = 720m?
storage yard | Width 12m
iength 60m
Number 1 no. __
Iaboratory Laboratory 6m x 12m A=T2m?
Staff office 6m x 6m A=36m?
Assistan{ room  4.5m x 9m A=4im?
Storage room  6m x 9m A=54m
Others A=81m’
Total 12m x 24m Tolal A = 290 o’
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CHHAPTER 9 CONSTRUCTION PLAN, AND OPERATION AND MAINTENANCE

9.1 Construction Plan
9.1.1 Conditions for Construction of Sewerage Facilitics

A construction plan of the project is prepared on the basis of the preliminary design, giving
an outline of possible procedures, construction sequences, methods and types of plant and

equipment to implement the construclion works.

The construciion works will be divided into three works as follows:
- Sewer reticulation comprising of sewer pipes, new pump station at St. Marry’s and
rehabilitation of pump equipment,
- Expansion of sewage treatment works,
- Rehabilitation works for the existing sewage treatment works, irrigalion facilities,

pre-treatment facilities for Tilcor industrial area and sludge disposat pit.
§ (1) Project Site

The project site is situated in the Municipality of Chitungwiza and located at about 30
km from the City of Harare. The asphalt pavement road of dual carriage way is prepared
and the access from Hartare is Seke road - Chitungwiza road - the site. It takes

approximately 30 minutes drive.

The sewer reticulation sites are located along the previous sewer pipeline and at the

exisling pump stations. These sites are located in the residential area.

The expansion of sewage (reatment works are planned to be located adjacent to the

existing sewage works.

The rehabililation works will be made in the existing sewage work siles and/or will be
considered to consfruct at an appropriate land which is owned by the Municipality of

Chitungwiza.

All the construction sile is situaled on a flat land or a genile slope area, and easy access

can be made. In a view point of site conditions, the preparatory works are assumed to be
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casy conslruction.
(2) Access to the Site

Each praject site is casy access from the Municipality Road and the existing residential
roads. The new sewer pipeline is planned to install along the existing pipeline and
situated in the open area which is located along the Chitungwiza Road. The access road
from the Municipality Road will be required and also prepared along the pipeline for

trench excavalion and pipe installation works.

The access to the expansion of sewage treatment works is no problem and the existing

access road is available.
(3) Workable Day

The construction works will be carried out considering with a wet and a dry season. From
the meteorological data of Harare City monitored at Belvedere Station, “Spring” is a hot
and dry from September to November, “Summer” is classified as the rainy season with

hot and wet from December to April and the remaining months are called as “Winter”.

The workable days are assumed to be 21 days per month in average, as a result of
analysis of suspended days dug to rainfall, Saturday, Sunday and holiday. The workable
days are listed in Table 9.1.1, and the daily rainfall data from July 1991 to June 1996 are
shown in Table 9.1.1, Section 9.1, Chapter 2, Supporting Report.

(4) Availability of Local Contraclors

The sewerage works including civil works, mechanical and etectrical works have been
constructed by registered Zimbabwe contractors for the past projects and undergoing

projects.

'The registered contractors of CIFOZ (the Coastruction Industry Federation of Zimbabwe,
1915-1995,80 years) is shown in Table 9.1.2, Section 9.1, Chapter 2, Supporting Report.
The general contractors of building of category A is 39 companies and the general

contractors of civil of category A is 32 companies. Except above companics, there are
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Table 9.1.1 Rainfall Data and Workable Day

1. Number of Rainfall Days
Harare Belvedere Rain Gauge Station
July 1991 - June 1996, 5 years

3-5mm 1.4} 18] 14; 02] 04 0.2 60| 02 00| 04 1.6 22
5-10mm 32| 221 14; 00| 02 0.0 0.0 00| 02 14 1.0 238
10-20mm 30| 14] 12| 08| 04 0.0 0.0 0¢| 00 10 1.4 28
20-30mm 12| 20| 04| 04 04 0.0 0.0 ¢co| 00| 02| 06] 24
36-50mm 10 08| 08| 060] 00 0.0 0.0 00; 00| 02| 62 1.0

[ Ranfalifmmy | Jan | Feb | Mar | Apr | may [ Jun [ Jul | Aug | Sep | Oct [ Nov | Dec |
Over S0mm 141 04| 02] 0.0] 02 0.0 0.0 00| 00| 00| 0O] 00

0-3mm 441 30] 30] to] 04 0.0 0.2 06] 027 238 46 S6|

2. Suspended Pays due to Rainfail

[ Rainfallimm) | J } Feb | Mar | Apr [ may | Jun | Jul | Aug “Sep | Oct | Nov
0-3mm(0) 00 00 00§ 00 0.0 0.0 00] 00] 00} 00
3-5mm(0) 0.0 00! 00] 00| 00 0.0 0.0 00| 00| 00] 00

5-10mm{0.5) 16 L1 07 00 O.d 0.0 0.0 00 oOt| 07| 05
10-20mm(1.0) 30| 147 L2 03] 04 0.0 0.0 00| 00| 10 1.4
20-30mm{1.0) 121 20| 04| 04| 04 0.0 040 00 00| 02} 06
30-50mmd{1.5) 1.5 12| 121 00} 00 00 0.0 00| 00| 03) 03
Over S0mm(2.0)] 08| 0.8) 04{ 00| 04 0.0 0.0 0401 00| 00] 00

Total ET] 651 39] 12] 13| 00 00| 00 0.1 22| 28
§ 3. Workable Day

Jan | Feb | Mar | Apr | may | Jun | Jul [ Aug [ Sep | Oct | Nov | Dec J|

Holiday 40] 001 007 40 20 0.0 0.0 20] 00| 00| OO 70

Saturday 201 201 30| 20| O 2.0 20 o 20| 20 30 20

Sunday 40| 401 S0 40} 40 5.0 4.0 50 40( 40 40{. 40

Rainfall{(50%) 40| 30| 20 1.0 1.0 0.0 0.0 00| 00| LO 20 40

Total 140| 90| 100] 131.0] 100 7.0 60| 100 66t 7.0 20 170

Calender Day | 31.0| 28.0| 31.0} 30.0| 310 300 310 30| 3001 310§ 300} 310

" Working day 170 190 210 190 21.0| 23.0] 250[ 210] 240} 2401 21.0] 140

Total 2490
Workable Day : 249days/1 2month = 21days/moath

Remarks:  From November to March, the rainfall days arc overlapped with
helidy,Saturday and Sunday.
2-Saturdays are working day.
Christmas and New Year are necessary for the continuous vacation.

Holiday in Zimbabwe
New Year's Day Jan.1
Good Friday Apr.5
Easter Saturday Apr.6
Easter Monday Ape.8
Independent day Apr.18
Worker's day May.1
. African Day - May.25
g,f Heroes day Aug.11
Defense Forces Day  Aug.12
Christmas Day Dezc.25
Public Holiday Dec.26
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)

(6)

many subcontractors registered in CIFOZ.

As for the mechanical and electrical works for the sewerage works, the Zimbabwe
general contractors, supply/installation contractors and special sewage contractors can
carry out the works for pumps, valves, pipes, sewage equipment and so on. The capability

of implementing the sewage works seems to be quite sufficient.

For the actual implementation of the project, the main contractor can employ and manage
several subcontractors and special contractor such as earthmoving, rock blasting,
pavement, teady mixed concrete, building/housing, fencing, piping, steel structure,

concrete and formwork, reinforcement, roofing,etc.
Hiring Construction Equipment

There are many gencral contractors and subcontractors in Zimbabwe, especially in
Harare. These contractors are also hiring companies simwultaneously. According to the
construction works in Zimbabwe, the main contractor will commonly employ a special
subcontractor or hire the construction equipment from the hiring companies. The
construction cquipment to be hired is bulldozer, excavator, loader, dump truck, roller,

crane, truck, water sprinkler, and so on.

Resale market of the consiruction equipment and vehicles is also functioned in

Zimbabwe. There are many secondhand equipment in the resale market.

The mininum number of construction equipment will be detivered to the project from
foreign country, since the available equipment will be hired in Zimbabwe as much as

possible.

L.abor Source

In case the subcontractors and special contractors are employed, the labor is supplied and
managed by these contractors. Operators and skilled labors are employed through the

subcontractors and special contractors, and common labor will be employed from the

project area.
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9.1.2

Construction Material and Equipment

Almost construction materials are produced and supplied in Zimbabwe. The imported

materials are also available from the local market. There are many manufaclurers, suppliers

and sales agents in Harare Cily and Bulawayo City. The materials will be delivered from

several industrial area located around Harare City. One cement company and several quarcy

conipanies are exist near Harare city and the subcontractoss are also in the industrial areas.

Ready mixed concrete is recently used for the building works and civil works, and the

batching and mixing plant are installed in the industrial accas.

Local products and imported materials and equipment are below. However, the imported

material and equipment are procured through sales agents and suppliers.

{1) Local material

2

Cement, stone, aggregate, sand, crusher-run, timber, plywood, ready mixed concrete,
reinforcement, structural steel, AC pipe, Hume pipe, steel pipe, CI pipe, vale and fitting,
gate, screen, PVC pipe( up to 250mm )}, manhole, road kerb, concrete black, brick, AC
roof and tife, precast building wall, fence, road/pede-sgrian gate, wire, nail, gabion mesh,

explosive, and so on.
Imported material

Construction equipmen!, lrack crane, vehicle, motorcycle, computer, pump, motor,
transformer, switchgear, sewage treatment equipment, gasoline, diesel, lubricant,
explosive, detonator, laboratory equipment, flow meter, bit, rod, admixture, waterstop,

scaffolding, metal form, guardrail, asphalt, emulsion, and so on.

9.1.3 Construction Method of Sewage Facilities

(1) Conslruction Schedule

The target date for the commissioning of sewage treatment works is planned to be on
September 1999. After the completion of Feasibility Study on March 1997, about one
year is required for the financial arrangement, detailed design, teadering and contract

award. The construction works will be petformed for 1.5 years (18 months) from April
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1998 to September 1999.

The overall consiruction schedule is shown in Figure 9.1.1. The detailed construction

schedule is shown in Figure 9.1.1, Section 9.1, Chapter 2, Supporting Report,

(2) Sewer Reticulation

1)

2

Sewer

Sewer force main of 300mm dia. will be installed within a residential area and the
gravity sewer pipe of 525mm dia. will be instalied in the open area. The required

land for the both routes is owned by the Municipality of Chitungwiza.

5m wide area along the pipe route will be stripped and graded for the construction
purpose. Trench excavation will be carried out by 0.6-1.0m> backhoe, and the
material will be stocked or spread in the open area for a disposal. AC pipes will be
installed in the trench by 3-5 ton crane with manpower. Below 2 m in depth from the
ground level, concrete breaker and blasting will be required for excavating
intermediate and hard rock materials. And then, the trench will be backfilled with
manpower and small tamper and rammer. Trench excavation, pipe laying and backfiil
will be made in parallel work during dry season, since the wet season conslruction

will require additional dewatering work and difficully of earthworks.
Pump Station at St. Marry’s (New)

The new pump stalion area is also in lhc'municipalily land. The excavation of grit
chamber and pumphouse will be carried out by 0.6-1.0 m® backhoe, concrete breaker
and jackhammer, 10 ton dump truck, etc. The concrete wilt be delivered from a ready
mixed concrete company located at the industrial area within one hour. The concrete
placement will be made by 15 ton cerane with bucket and snanpower. The pump

stalion construction is also scheduled to be performed during dry scason.
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1998 to September 1999,

The overall construction schedute is shown in Figure 9.1.1. The detailed construction

schedule is shown in Figure 9.1.1, Section 9.1, Chapter 2, Supporting Report.

(2) Sewer Reticulation

1)

2)

Sewer

Sewer force main of 300mm dia. will be installed within a residential area and the
gravity sewer pipe of 325mm dia. wiil be installed in the open arca. The required

fand for the both routes is owned by the Municipality of Chitungwiza.

Sm wide arca along the pipe route will be steipped and graded for the construction
purpose. Trench excavation will be carried out by 0.6-1.0m” backhoe, and the
miaterial will be stocked or spread in the open arca for a disposal. AC pipes will be
installed in the trench by 3-5 ton crane with manpower. Below 2 m in depth from the
ground level, concrete breaker and blasting will be required for excavating
intermediate and hard rock materials. And then, the trench will be backfilled with
manpower and small tamper and ranmmer. Trench excavation, pipe [aying and backfill
will be made in parallel work during dry season, since the wet season construction

will require additional dewatering work and difficulty of carthworks.

Pamp Station at St, Marry’s (New)

The new pump station area is also in the municipality land. The excavation of grit
chamber and pumphouse will be carried out by 0.6-1.0 m” backhoe, concrete breaker
and jackhammer, 10 ton dump truck, etc. The concrete will be delivered from a ready
mixed concrete company located al the industrial arca within one hour. The canerete
placement will be made by 15 ton crane with bucket and manpower. The pump

station construction is alse scheduled to be performed during dry scason.
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3) Pump Replacement

The existing pump station of St. Marry’s No.1 and No.2 and Tilcor will require the
replacement pump cquipment and civil works for the extension of flow meter box.
The box structure is a smail and carried out by manpower for excavation and

concrele works.

Before starling the removal and demolishing the existing pumps, valves and pipes,
the temporary pump equipment including pipes and valves will be installed as a
detour of sewer. In addition to the temporary equipment, the temporary pond of half
day capacity of daily sewer volume will be prepared near the existing pump station as

a safety mind.

When the sewer is detoured through the temporary pump, the removal and
installation works will be made using the existing gear chain block. The replacement
works will be carried out during dry season, since the sewer volume is scemed to be

minimum.
(3) Expansion of Sewage Treatment Works
1) Preliminary and General (Preparatory works)

The project site is located adjacent to the exisling sewage warks and it takes about 30
minutes from Harare City. Access to the site is easy from the Chitungwiza
Municipality road and the temiporary access road is already provided. The
topographic condition is to be a flat and gentle slope and the preparation of
temporary facilities such as offices, labor camps, warchouses, workshop, storage
yard, etc. is easy construction. These areas are free of charges and the Municipality
of Chitungwiza will prepare. The construction temporary land will be necessary of

100 m x 100 m.

‘The construction period of mobilization is scheduled to be 2 months, taking into
account of the Zimbabwe construciion conditions, i.e. hiring construction equipment,
employing subcontractors and special contractors, available construciion material

from local market.
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2)

3)

Drinking water will be supplicd from the existing water pipeline of 75mm dia. which
connecl to the existing control house. The water requirement for consteuction
purpose is seems to be small quanlity according to the usage of ready mixed
concrete. The construction water will be stocked in water tanks and/or transported by

water bowzer.

The existing 11 kV transmission line is available in the sewage treatment works for
power supply. The electric power supply for the coastruction use will be supplied the
above line. The power consumption is mainly for offices, labor camps and other

buildings only. The construction use is minimum for using a diesel driven equipment,
Bulk Excavation

The bulk excavation of all proposed sewage site will be first carried oul. The
excavation of topsoil of 150mm thick wiil be made by 21 ton bulldozer, 2-3 m® wheel
loader and 10 ton dump truck. The top soil will be stocked and recovered with turfing

after the completion of the project.

The bulk excavation comprises comnion, intermediate and hard rock materials which
are assumed to be 0-2 m, 2-4m, and below 4m respectively. The excavated material
will be transported to the spoil bank and/or stack pipe located within 500 - 1000 m
distance from the site. The land acquisition of disposal arca are prepared by the

Municipatity of Chitungwiza.

The open cut excavation will be carried oul using a conventional earthmoving
equipment, such as 21 ton bulldozer, 32 ton bultdozer with ripper, 2-3 m® wheel
loader and 10 ton dump truck. The hard rock will be blasted using crawler mounted
drilling machine with 17 m*/min air compressor. At the spoil bank, the material will

be spread and compacted using §5 ton bulldozer.
Screen and Grit Chamber

The screen and grit chamber is planned to conslruct on the original ground formation
of EL 1408 m and the structure is narrow in 2.5m wide. The excavation will be

mainly carried out by backkoe and manpower. The intermediate and hard rocks will

99



4)

5)

be excavated by concrete breaker and blasting with jackhammer,

‘The concrete placement will be made by manpower with one whee! buggy and
concrete dumper. The concrete will be purchased from a ready mixed concrete
factory. The concrete placing at the decp portion of 8 m in depth from the ground

will be placed using 15ton crane with concrete bucket.

The mechanical equipment of airlift compressor, screen, gate and stoplog will be
installed at the position in the screen portion, and baffle plates of concrete panel will

be installed in the grit chamber.

Primary Scdimentation Tank

The construction of No.1 to No.6 sedimentation tanks will be made continuously one
by one. The tank is to be 12 m dia. and 11 m in depth. The excavation will be carried
out applying a shaft excavation with manpower using concrete breaker for
intermediate material and blasting with jackhammer. The excavated fragment will be
handled by a small shovel and manpower into a bucket and pulied up by crane. After
the excavation, the surface will be trimmed smoothly not to shutter the ground for

concicte placement.

The ready mixed concrete will be transported by 6 m® transit mixer from Harare City
and the placing will be done by 15 ton crane with concrete bucket. The precast
concrete beam will be installed on the top of tank wall and a steel stilling box will be

prepared under the concrete beam.

Alter the completion of 6 nos. of concrete structures, the mechanical works including
scum baffle, scum skimer, pipes and valves will be installed simultaneously on the

lasi stage construction.

Biological Reacior

The construction of biological reactor is a ‘main component of the expansion of
sewage (reatment works, Comparing with other structures, a large quanlities of
excavation after the bulk excavation and reinforced concrete will be necessary, and a

number of surface aerators and mixers will requite a long period of design,
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7

manufacturing, delivery, installing and electrical works. To minimize a conslruction
period and to secure a target commissioning date, two numbers of biological reactor

structures will be constructed in paratlel work and be completed simultancously.

Iixcavation warks will be carried out as an open cut of 30 m x 100 m x 5m deep each.
The common and intermediate materials will be dozed and ripped by 21 ton and/or
32 ton bulldozers and the hard rock material will be blasted wsing crawler drilling
machine, and foaded by 2 -3 m® wheel loader into 10 ton dump truck, The final

susface of bottom portion will be picked and baring to remove a leose fragment.

The concrete will be a ready mixed concrete to eliminate a batching and mixing plant
and ftransit mixer trucks, taking into account smooth implementation and
unreasonable equipment delivery from a foreign country. The concrete will be
placed directly from 6 mr’ transit mixer truck on the base concrete and be placed by

15 ton crane with concrete bucket and by manpower.

After the compleﬁon of concrete works, the installation works of aerator, gear box,
motor, mixer, circulation pump, wiring/cabling and elecirical works will be
continued. The installation period of aerator and mixer is assumed (o be five months
and then one month testing will be required. These equipment will be transported on
the base concrete and installed in position by 15 ton crane. The temporary access or

the opening space in the wall will be provided during installation period.

Final Sedimentation Fank

Tank diameter is 26 m and the excavation depth is 4 m. The excavation will be made
as an open cut, by similar way applied for the biological reactor. The final surface
will be trimmed by pick hammer with manpower. Aflter the completion of structure

concrete, four number of sludge collector with mechanical bridge will be installed

ane by one.
Sludge Thickener

The construction of sludge thickener will be made as a shaft construction, by a same

method applied for the primary sedimentation tank.
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9

Pump Station for RAS/WAS, Sludge, Infiltration and Nutrients

These pump station and pump pit are small structure without lifting facitity and
covered with roofing. The excavation will be made by backhoe and manpower and

the pump instaltation will be made using truck crane.

Sludge Digestion Tank

‘The underground structure of 9 m in depth will be made applying a same method of
other structures. The concrete wall above ground level is about 12 m high. The wall
concrete will be placed using crane with concrete bucket and high scaffolding will be

required around internal and external concrete wall.

10) Sludge Drying Bed

The earthwork will be made by bulldozer dozing work and the final ground will be
graded and compacted. The filter layer comprising of five layers such as fine sand,
coarse sand, fine gravel, medium gravel and coarse gravel. The spreading and laying

material will be made by one wheel buggy and manpower, and compacied by 1 ton

“vibrating rolier and tamper.

11) Interconnecting Pipe Work

Interconnection pipe work includes AC pipe, C1 pipe, fitting and manhole. The pipes
will be laid by a gravity flow conditions in principle. A pressure type AC pipe and CI
pipe will be required at a part of pipeline. Trench excavation is within 1 m - 1.5 m in
depth. The trench excavation and pipe taying works will be carried out by small

backhoe and manpowet.

12) Sludge Storage Yard

The ground will be graded and compacted by bulldozer, and the base slab concrete

will be placed. The storage yard will be covered with roofing.
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9.2

9.2.1

13) Site Works

Site works comprises of turfing, trec planting, fencing with road and pedestrian gates,
pavement works including base and DBST surface, road kerb, stormwater,
administration buifding including office, laboratory and staff room, repair shop,

garage for maintenance equipment, staff house, gate house, and so on.
The site works will be carried oul on the fast stage construction.
14) Piant and Equipment

After the completion of construction works, the following plant and equipment will

be necessary for a smooth operation and maintenance.

The plant and equipment : laboratory equipment, 2-dumper(l m’), 1-dump
truck(6ton), 1-front end loader(l m®), 1- backhoe(excavator,0.35 m’), 3-pedestrian
mower, 3-pick-up car, 5-motorcycle, 2-computer and printer, }8-walky talkey, 3-VIF

for vehicle and 1-VHT main.
Operation and Maintenance of Sewerage Facilifies

After the completion of sewerage facilities, proper operation and maintenance (O & M) are

indispensable to extend their durable years and to display their full treatment capacity.

The study on O & M in consideration with the preventive maintenance is preparcd for sewer
reticulation and sewage treatment works, respectively. The Ghuza pump station is excluded

from the O & M study because it is located outside of administrative area of municipality

Sewer Reticulation

(1) Sewer
There are three types of O & M namely, site investigation, pipe cleanings and
sehabilitation of damaged sewers. The working items by O & M lypes are presented in

Table 9.2.1,



Table 9.2.1 Working Items by O & M Types on Sewer

O&MType Working Hems

Site invesligation - Identification of damage and blockage location

- Identification of the percolation point of groundwater
- Investigation of the overfiow point at manhole

- Measurement of the volume of sedimented soil at the sewet bottom

Pipe cleaning - Removal of sedimented soil, silt and foreign matlers

Rehabilitation - Replacement/repair of damaged sewer

The O & M for sewer should be conducted by the working program as shown below.

1)

2)

Site investigation

The investigation plan by year shouid be prepared covering the entire sewer in
municipatity, and the acteal site investigation should be examined along the above-
mentioned working items based on the investigation plan. During the site investigation,
all stafTs have to be careful about the anoxic condition in manhole, and the transportation

at working area. The investigation plan is as follows.

Administrative arca : 42 km?

Occupied percentages for land use 160%

Sewer served area : Ay =42 x0.60 = 25.2 km?

Site investigation area per day :A;=5ha

Required site investigation day :D=252x100/5 =504 days

Required site investigation year 1Y =504/250=2 years

Composition of site invgstigation team - Attendant ; | person
Worker ; 2 person

‘This investigation plan should be performed repeatedly every two years, and the

investigation team should descnbe the site condition in a daily record.

Pipe cleaning progéam
The pipe cleaning program by year should be prepared for an entire sewers in
municipality and be conducted from the priority spot based on the results of site

investigation.
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3)

Generally, there are four types of pipe cleaning methods: high pressurc jet cleaning
machine, vacuum machine, bucket machine and manual type. A manual type is
secommendable in consideration with the past experience and financial status. The

pipe cleaning program is shown below.

Al present, about 55 % {22.82 km?) of municipal area (42.00 km®) are used for
residential purpose. The percentage of occupied area is assumed to be 60 %. The

total length of the existing trunk sewers and of the reticutated lateral sewers are as

follows.
Total length of trunk sewers : 34,100 m (measured length)
Total length of lateral sewers : 42 x 0.60 x 180myha x 100 = 453,600 m

Total length :487,700m .

Required length of pipe cleaning  : 487,700 m

Pipe cleaning length per day : 100 m (one manhole seclion}
Pipe cleaning days per year : 250 days
Number of cleaning team : 4 teams

Composition of pipe cleaning team : Altendant ; 1 person

Foreman ; I person

Worker _; 4 persons
Total ;G persons
Required years for pipe cleaning:

487,700 / (100 x 4 x 250) = about 5 years

The pipe cleaning for an entire sewers is performed repeatedly every five years, and
the pipe cleaning team should make a daily record on the removed sediments’

volume and quality, cleaning method and cleaning time for future O & M.

Rehabilitation plan
The pipe rehabililation glan by year should be prepared for damaged sewers in
municipality and be conducted from the priority spot according to the site

investigation.



Generally, there are two types of rchabilitation, namely replacement of damaged
sewers and repair of a part of damaged sewers, The damages are caused by the
natural or external factors. (damaged/deformed sewer resulting from ground
subsidence, adjacénl construction works, overweight vehicle, and corrosion by

hydrogen sulfide etc.)

Among the total length, the required length to be rehabilitated is calculated by
assuming that the percentage of rchabilitation length are 30 % (trunk sewers) and 20

% (tateral sewers), tespectively.

Rehabilitation length for teunk sewers 134,100 x 0.30 = 10,230 m
Rehabilitation length for lateral sewers : 453,600 x 0.20 = 96,720 m
Total rehabilitation length : 100,950 m

Required length of pipe replacement: 100,950 m

Replacement length per day : 10 m (assumption)
Working days per year : 250 days
Number of working team : 4 teams (Conlractor)

Compoasition of working team
Attendant ; 2 persons for 4 teams {supervision for construction)
Required yeats for pipe replacement:

100,950 / (10 x 4 x 250) = about 10 years

The pipe rehabilitation for damaged sewers should be conducted repeatedly every ten
years, and the working teams should make a record on the damaged conditions,
causes of damage, countermeasures for damage and rehabilitation time for future O

& M.

(2) Pump station
‘The O & M for pump station is classified into two items, daily and periodical working.

The working items by O & M types are shown in Table 9.2.2.
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Table 9.2.2 Working Items of Pump Station by O & M Types

O&MType Working Items

Daily work - Measurement of inflow scwage volume

- Removal of screenings and soils and silts at screen and grit chamber
- Inspoction by pumip operation manual

- Mutual operation of pump facility

Periodical work - Removal/cleaning of scum, soil and silt at pump pit cvery 6 months

- Overhaul of pump facility every 3 to 10 years

The O & M for pump station should be conducted by the working program as shown below.

1)

2)

Daily working program

The measurement of inflow volume is significant item for proper operation of sewerage
facilities through the future. The screenings, soils, silts and other substances collected at
the screen and sand pit have to be removed every day. The substances collected trom 4
pur;ip stations should be conveyed to the disposal site in the STW for the purpose of
conserving a adjacent environment. The inspection and mutual operation of pump
factlity is also very important items for expand their durable years and proper operation

through the future.

The required staff number in each pump station are shown below.

AM 8:00 to PM 4:00  Worker (Operator); 1 person

PM 4:00 to AM 0:00 1 person
AM 0:00 to AM 8:00 1 pesson
Standby 1 person
Total 4 persons/punip station

Periodical working program
The pump pit needs the periodical cleaning (every 6 months) by resident worker at pump
station to remove the seitled soif and silt and floating scums. The overhaul of pump
equipment should be done every 5 to 10 years for expand their durable years and proper
operation through the future.
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(3) Organization for O & M
According to the results of the above-mentioned study, the required staff number for %
preventive maintenance is 45 persons as shown in Table 9.2.3, while the existing nurber are
35 persons for sewer reticulation. Therefore, the municipality should increase the staff

number based on the propoesed O & M plan.

Table 9.2.3 chuired Total Stafl Number for O & M of Sewer Reticulation

{(unit: persons)

Type Sewer Pump Station | Total
Site Investigation | Cleaning | Rehabititation | Daily Working
Attendant 1 1 2 | 0 7
Forman 0 4 (1] 0 4
Worker 2 16 o 16 33
Total 3 24 2 16 45

Besides the supplemental O & M stafls, the municipality should have the organization of

workshop in cooperation with STW for easy repair and maintenance of sewerage facility.

)

9.2.2 Sewage Treatment Works

(1) Existing Sewage Treatment Works
The treatment flow of old facilitics will be changed, and the required O & M for the new

treatment flow will be explained below.

a. Anaerobic ponds
One of the four units will be kept empty for emergencies and maintenance, with the
remaining three units in normal use. The anaerobic ponds will be desludged by emptying
a pond, drying the sludge in the pond and removing the dried studge for disposal. To

determine the desludge frequency, sludge volume is calculated as below.

Assuming an SS removal ratio of 80%, sludge solids are:
21,750 m¥/day x 650 mg/l x 0.80 x 1/1,000 = 11,310 ke/day.
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With decomposition of 2/3 of the sludge, and a 90% water content of the
accumulated shudge, the accumulated sludge votume is:

11,310 kg/day x 2/3 x 100/(100-90) x 1/1,000= 75.4 m’/day.

The accumulated sludge volume per unit is:

75.4 m3/d + 3 units = 25.1 m*/day.

One unit is comprised of ponds No. 1, No. 2 and No. 3, which are connected in
series, so most of the sludge is accumulated in pond No. 1 (13,300 n').

25.1 m*/day x 365 days + 13,300 m® x 100 = 69 %

This means that pond No. 1 will become 2/3 filled in the course of a year. The

studge from pond No. 1 will need to be removed at least once a year.

Trickling filters

Operation and maintenance will be conducled as they have been thus far.

Imbgwa farm ponds
‘The new pond will be used as a maturation pond, and the other five ponds will be
used as storage ponds. Accordingly, when there is a great demand for irrigation

water, it will be all right to empty the storage ponds.

Sludge diéposal

The sludge from the anacrobic ponds will be disposed of in a landfilf, as it may
contain toxic substances originating in indusirial wastewater. The accumulated
sludge from the Imbgwa farm pond will be disposed of in a landfill on the farm site.

An overview of sludge treatnent and disposai is provided in Table 9.2.4.

(2) New Sewage Treatment Works

a.

Distribution chamber and screen & grit chamber

In the case of PWWE, the PDWF (1.5 x ADWT) passes through a connecting pipe
into the old treatment works line. Similarly, when the BNR line stops in an
eme-rgenéy, its sewage will flow via a connecting pipe to the old freatment works

line.
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b. Primary sedimentation tank and anacrobic digestion tank

Twice a day, moming and evening, the sludge will be drawn off and pumped up to the
anaerobic digestion tank.
¢. BNR reactor, final sedimentation tank and shudge thickener
Qperation and maintenance consists of the following:
- Commissioning of a BNR rcactor
- Control of the dissolved oxygen concentration
- The contro! of anunonia
- The control of phosphorus
- Countrol of sludge retention time (SRT)
- Control of mixed liquor suspended solids (MLSS)

- Supplementing nutritious substances.

Details of the terms used above, except for the last item, are provided in the text for the

Wastewater Treatment Plant Operators Course of the Institutc of Water and Sanitation.

% The last itern “Supplementing nutritious substances™ is explained as follow. In the
wet season, the concentration of the sewage decreases due to the infiltration of storm
water. The required nutritious substances will be supplied from the anaerobic
digestion tank. The nutritious substances will be sent from the anaerobic digestion
tank through a branch of the supematant pipe to a storage pit, from which they will be
pumped to the BNR by the nutriticus substance supplement pump.  The necessary

supematant volume is as follows:

Digested sludge volume : 86.7mYd
Digested sludge solids concentration ;6,000 mgfl
Supernatant volume 1083 m'd
Solids capture rate : 85%.

Therefore, the supematant solids concentration is:
86.7 m*/day x 60,000 mp/1 x (100-85) /85 x 1/108.3 = 8,500 mg/l

In cases where the infiltration of storm water reduces the influent concentration by half,

g anaesobic digestion tank supernatant will be sent to the BNR, as a supplement of

nulritious substances, to ensure that the studge volume in the reactor is not decreased.
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The supply solids are calculated as follows:
300 mg/l x 20,000 m’/day x 1/1,000 = 6,000 kg/day.

To supply this amount of solids, the required supematant volume is:
6,000 kg/day x 1,000 x 1/8,500 mg/l = 710 m’/day.

The supply will be divided into two trains, each of which will supply for two hours
every morming and evening.  Assuming one pump for each train,

710 ni*/day x 1/2 x 24/4 = 2,130 m¥%day/pump (= 0.025 m*fsec = 1.5 m¥/min.)

Three pumips (including one standby) with suction pipe diameter of 125 mun will be
installed. Assuming a velocity of 1 n/s in the delivery pipe, the required diameter is:
(0.025/1.0/0.785)° = 0.178 -» 200 mum.

Sludge drying bed and sludge storage yard
The dried sludge will be gathered manually from the sludge drying bed and will be
carried every day to the studge drying yard, employing loading and transporting

machines.

Laboratory

The new facilitics will discharge the treated water into the river, but the treated wates
will have to comply with strict effluent regulations.  Because the quality of the treated
water will need to be checked immediately as required, a laboratory will be built within
the STW site, upon the addition of water quality analysts to the pennanent staff.
Precise water quality analysis wiﬁ however be conducted by contract.  Staff

requirements may be met with the addition of a specialist and assistants.
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The examination items and frequency are as follows:

lterns Regulations o&M Trade efflucnt Remarks
(Sewage)

Alr temperature L] T
Water teroperature @ ° X
Colour °
Odor g
Transparency by eylinder test e
pH @ @ x
DO © °
BCD O
COoD © °
SS © L)
Seitleable solids g x
Chlorides ® O by contract
Total solids o

| _ Fixed solids O
Yolatile solids o by contract
Dissolved solids ® O by conteact
Total pitragen ® @ by contract
Ammonia (Free) O by contract
Ammonia nitfogen b by contract
Nitrate ® by contract
Nitrite O by contract
Organic nitrogen ® by coniract
Phosphorus (iotal as P) b by contract
Fats x by coalract
Mincral oils x by contract
Qrganic solvents x by contract
Individual heavy metals x by conltract
Calcium carbide X by contract
Bitumen x by conlract

_(,yanides % by contract
MLSS 0
MLVSS O
SV (30 minute seitleable solids) ®
MLDO ®
Mictoscopic examination 0O

{Sludge)

Temperature - ®
pH ®
Total solids @
Volatile solids ®© by contract
BOD @
SS ®©
Alkalinity @ by contract
Moisture content hd
Hazardous subsiance x by coniract

Note: Examination fiequency
® ; mace than once a day
O ; morethan once 2 week
® ; moie than twice a manth
x 3 asfequired
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f. Sludge disposal

In principle, the produced sludge will be disposed of through land application. The
studge that remains will be disposed of appropriately in landfills. An overview of

sludge treatment and reuse or disposal is presented in Table 9.2.4.

(3) Tilcor
a. Scum JET

Atleasl operate 8 hours a day.

b. Sludge disposal
In order to calculate the required desludging frequency, it is necessary to estimate the
volume of sludge produced in the anaerobic ponds. SS concentration is assumed to
be the same as BOD concentration. Assuming that 1/3 of the solids are reduced by
decomposition, and assuming the water content of the accumulated sludge to be 90%,
the produced sludge volume is:
(6,000 mg/ -1,000 mg/l) x 14,000 m’/month x 2/3 x 100/(100-90) x /1,000,000
= 467 m*/month {= 5,600 m*/year).

The volume of the No. 1 anaerobic pond is 5,730 m’, so it is expected o be filled in
about a year. Accordingly, the sludge must be removed at least once a year. The
sludge will be disposed of appropriately in the same kind of site as the sludge from

the old treatment works’ anacrobic pond.
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