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Important Notice

Important Notice

This report is confidential and is provided solely for the purposes of a Design Report for the abovementioned
project for George Municipality. This report is provided pursuant to a Consultancy Agreement between SMEC
South Africa (Pty) Ltd ("SMEC”) and George Municipality, under which SMEC undertook to perform a specific and
limited task for George Municipality. This report is strictly limited to the matters stated in it and subject to the
various assumptions, qualifications, and limitations in it and does not apply by implication to other matters. SMEC
makes no representation that the scope, assumptions, qualifications, and exclusions set out in this report will be
suitable or sufficient for other purposes nor that the content of the report covers all matters which you may regard
as material for your purposes.

This report must be read as a whole. The executive summary is not a substitute for this. Any subsequent report
must be read in conjunction with this report.

The report supersedes all previous draft or interim reports, whether written or presented orally, before the date of
this report. This report has not and will not be updated for events or transactions occurring after the date of the
report or any other matters which might have a material effect on its contents, or which come to light after the
date of the report. SMEC is not obliged to inform you of any such event, transaction or matter nor to update the
report for anything that occurs, or of which SMEC becomes aware, after the date of this report.

Unless expressly agreed otherwise in writing, SMEC does not accept a duty of care or any other legal responsibility
whatsoever in relation to this report, or any related enquiries, advice or other work, nor does SMEC make any
representation in connection with this report, to any person other than George Municipality. Any other person who
receives a draft or a copy of this report (or any part of it) or discusses it (or any part of it) or any related matter
with SMEC, does so on the basis that he or she acknowledges and accepts that he or she may not rely on this
report nor on any related information or advice given by SMEC for any purpose whatsoever.
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Introduction

1 Introduction

Terms of Reference

SMEC South Africa was appointed for a Multi-Year Professional Services Contract (Tender No. TING/010/2020),
which includes the upgrade of Municipal Infrastructure by the George Municipality.

The scope of work described in this document is the Design and Implementation of Project 20 (Work Package 1)
for the Upgrading of Thembalethu Sewer Pump Station no.6 and the associated rising main.

1.1 Problem Identification

The George Municipality needs to upgrade the existing Thembalethu sewer pumpstation No. 6 and its rising main
due to it being hydraulically overloaded. The current capacity of the pumpstation is 60 ¢/s and needs to be
upgraded. The pumpstation will be upgraded to cater for the projected 20-year flow of 238 #/s.

In terms of the sanitation Master Plan of the George Municipality, further upgrades to the pumpstation will be
required to cater for the ultimate capacity of 400 {/s as per the George Municipality Sewer Masterplan (GMSMP).

Thembalethu Area 8A & B (Erf 4056 & 4055) is an existing informal community with limited services. The UISP
project aims to improve living conditions, reduce the health risk to the residents and the surrounding areas, and
allow continued improvement of the surrounding environment via proper management of waste, sewage and
stormwater.

The project aims to upgrade / formalise the insitu / existing informal settlement area, as well as provide the
necessary internal and bulk services required for the ongoing formalisation of erven through Thembalethu.

The existing Thembalethu bulk sewer system is under stress, with frequent blockages, spillages and leaks resulting
in pollution of the Schaapkop River. In addition, the lack of proper sewerage reticulation in the new and proposed
formal extensions of Thembalethu UISP (over 4 939 erven) and the proposed Syferfontein Housing Project (7700
erven) will aggravate the situation, and significantly compound the environmental and health problems.

The proposed Thembalethu bulk sewerage infrastructure has been designed to address several of the
constraints/problems experienced by the current system and provide the necessary capacity to handle the
additional sewage from new and proposed housing developments planned for the area.

The scope of works also includes a new @400mm rising main, to be installed parallel to the existing @250mm rising
main for approximately 700m. The new @400mm rising main will be used to convey the future flow of up to 200l/s,
with an additional @400mm rising main being installed at a later stage to accommodate the ultimate flow
requirement of the pump station. The layout of the pump station, therefore, needs to be carefully considered to
be compatible with both the current upgrades, as well as future planned upgrades.

Representatives of SMEC and the George Municipality Civil Engineering Services Directorate represented by both
Planning, Project Management and Operational personnel walked the site on 08 June 2022 and discussed
operational issues currently being experienced.

Figure 1-1 below provides an image from Google Earth which indicates the access road, route of the rising main,
pipe bridge, and sewer pumpstation that form part of this project.
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Figure 1-1 Extent of project

1.2 Objectives of this report

The objective of this Design Report is to advise the George Municipality of the Design and Detailed cost estimates
of this project. This report is based on the conclusions and recommendations from previous planning reports,
outcomes of various meetings and discussions with the client, detailed site investigations and visual inspections
that were undertaken.
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2 Objectives and scope of the project

2.1 Employer’'s Objectives

The George Municipality has the following objectives:

Appoint a professional engineering service provider for the upgrade of the existing sewer pumpstation and
associated rising main to comply with the current demand and forecasted future demand as set out by the
municipal sewer master plan.

To provide professional engineering services for the upgrade of the existing Thembalethu sewer pumpstation
No. 6 and associated rising main ;

To address all the required planning aspects needed for the project outcomes, including Environmental
Authorization, WULA, Survey, Material investigations, and approval from relevant authorities by application of
Wayleaves;

To deliver public services infrastructure using labour-intensive construction methods wherever technically
feasible and economically viable;

To comply with the requirements of the statutory, legislative, and regulatory framework governing local
government infrastructure provision; and

To comply with all funding conditions.

2.2 Scope of Works

The total scope of work for this work package as recommended in the Concept and Viability Report, is outlined
below.

Pump station

Upgrade existing pump station capacity from 60 £/s to 238 £/s (Phase 1)

Construct two new wet well modules (adjacent to the existing)

Install three new 134 ¢/s pump sets in the wet wells. One duty, one assist and one standby pump, rotational
basis. (Phase 1)

Construct a new pump station building to house the three new pumps including an additional for future upgrade
of 400 #/s (Phase 2)

Electrical and Electronic

Install a new 630kVA transformer and upgrade existing 315kVA to a 630kVA, totalling 1.260 kVA
Replace the existing 350kVA generator with a new 600kVA generator
Pumps to be equipped with variable-speed drives

Inlet works

Construct new high-flow inlet works with a capacity of 300 /s
Install automated mechanical front rake screens

Rising main

Construct a 700m long, 400mm nominal diameter rising main parallel to the existing rising main (a portion of
the pipeline will cross over the existing Schaapkop river pipe bridge which spans 30m in length).

Civil works
Thembalethu Pumpstation SMEC Internal Ref. C1924 3
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. Bulk earthwork and construct a new platform

. Extend the existing gabion retaining wall.

. Construct new concrete retaining walls,

. Extend fencing

. New buildings including guard house, store room, office, and ablution facilities

e Stormwater management at the pump station needs to be linked to that of the access road

2.2.1 Scope of Professional Services

The Scope of Services entails the full scope of services as detailed in ECSA’s Guideline for Services and Processes
for Estimating Fees for Persons Registered in terms of the Engineering Profession Act, 2000 (Act No. 46 of 2000),
and includes the following:

Stage 1: Inception

Stage 2: Concept and Viability

Stage 3: Design Development

Stage 4: Contract Documentation and Procurement
Stage 5: Contract Administration

Stage 6: Close-out
2.2.2 Additional Services

(a) Environmental Considerations

A project of this nature requires an Environmental Impact Assessment (EIA) process to be followed in terms of the
National Environmental Management Act (NEMA).

SMEC's appointment includes the design and implementation of a rising main parallel to the existing rising main
and the upgrade and improvement to the sewer pumpstation. The flow through the pumpstation and pipeline, liquid
(raw sewage) and locality of the infrastructure (construction within 3m of water course and wetland) trigger
environmental studies.

The Environmental Impact Assessment (EIA) and Water Use License Application (WULA) were concluded in 2014
and the environmental authorisation is still valid and encompasses all the activities triggered. SMEC will incorporate
the terms and conditions of the authorization in the design of the project.

Should the need for an environmental process still be required later during the project, an Environmental
Practitioner will be appointed by SMEC using a transparent procurement process consisting of requesting
quotations from a minimum of three service providers. Quotations received with recommendations will be
presented to the Municipality for acceptance.

(b) Occupational Health and Safety Considerations

The Municipality has appointed a panel of OH&S Representatives. The representative will be included in the design
process. The OH&S representative will carry out and build on the Baseline Risk Assessment for the Contract and
include monthly audits for the duration of the project. This will be done by analysing the site-specific risks, as well
as the proposed design, and being in line with the latest Construction Regulations.

(c) Topographical Survey

Existing survey data is available. Baseline maps of the project area and surrounds showing the location's property
boundaries, existing structures, and connections, have been prepared at the onset of the project.
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All as-built information available on existing infrastructure pertaining to the site, buildings, inlet works, sumps and
associated pumps and pipework including the rising main have been obtained from the Client. This establishes the
service interfaces and highlights areas of potential service conflicts. These comprehensive infrastructure service
maps will be used throughout the project for the verification of service positions and alignments.

(d) Material Investigation

Previous studies have been undertaken for the initial construction of the pump station. The report will be studied
by SMEC.

The available data showed that

e rock refusal has been experienced at depths of 2.5m to 3.7m at the various test pit locations.

¢ The pipe covers of the new sewer rising main pipe follow the existing rising main profile with varied cover
depths of approximately 1 m to 2.5 m below the ground surface. The top layers are a very dense weathered
granite which is not suitable for bedding material and allowance from commercial sources has been made
in the pricing schedule. Allowance has been made for hard rock excavation for isolated rock outcrops that
can be experienced.

2.3 Wayleaves

SMEC has received existing service layouts from service providers and local authority departments. The provided
information does not provide the exact locations of the services, but merely a confirmation of their presence.

Before commencing with the works, the Contractor is responsible for obtaining final approval from the local
authorities and service providers.

It is anticipated that approval will be required from the following authorities:
¢ George Municipality
¢ Sewerinfrastructure

e Electrical infrastructure
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3 Existing System

The pump station was constructed in 2014 with a capacity of 60£/s. The pumpstation will now be upgraded to
handle an interim design flow of 238 #/s, with an ultimate capacity of 400 £/s (GMSMP).

An existing 250mm ND PVC-u Class 16 pipeline accommodates the existing flow from the 60 #/s pump set. The
pumpstation is serviced by an existing 315kVA transformer and has a 350kVA generator to supply backup power.
The low-flow inlet works are equipped with automated mechanical front rake screens.

The Thembalethu pump station receives sewage from the north by a 315mm diameter HDPE pipe and from the
south by a 600mm diameter GRP pipe. Both these currently feed into the existing inlet works.

Flow enters the pumpstation and is divided into two streams, both equipped with mechanical screens and
emergency overflow manual screens. The screened sewage passes through grit channels, before passing through
a measurement flume and into the wet well of the pumpstation. The pumpstation does not have a balancing dam
or emergency storage. The components are discussed in greater detail below.

A Sewer: System Type P
N I

D22 11081551

Figure 3-1: Existing sewer network
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3.1 Earthworks

The pump station is constructed on two terraces, cut into the slope. The cut slope is stabilised with a gabion wall
structure. The inlet works is positioned on the upper level, from where it drains to the wet well structure. The
drywall is positioned on the lower level as can be seen in Figure 3-2. The lower level provides vehicle access to
the main structure which houses the electrical infrastructure and equipment.

Figure 3-2: Existing terrace section
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Figure 3-3: Existing layout
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Figure 3-4: Photo of existing ground slope and gabions
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3.2 Inlet works

The existing inlet works have a designed capacity of 100 #/s.

The screening collection system has been removed from the mechanical screens. The team on site informed us
that this decision was taken due to them breaking down when the waste collected on them dried and solidified,
making it difficult to move and ultimately shearing off the conveyor shaft.

An alternative has been adopted on-site with a perforated dustbin being used to collect the trash directly from the
screen. This is an inefficient system with much of the screenings spilling onto the grating and re-entering the liquid
stream below, negating the purpose of the screening infrastructure

Figure 3-5: Existing mechanical screens

It was observed on-site that hand-rake screens and additional hanging bars were installed in the grit channels to
catch rags and floating materials. This confirms the conclusion about the ineffectual handling of the screenings
above or is indicative of the mechanical screens being bypassed or not operating as intended.

Figure 3-6: Existing hand rake screens
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The Parshall flume at the end of the inlet works appears to be working correctly with ultrasonic level measurement.
Ultrasonic level sensing is taken before and after the mechanical screens to operate the screens.

Figure 3-7: Existing ultrasonic flow measurement
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3.3 Pump Station

The previous design made provision for expansion and allowance was made in the electrical buildings for additional
equipment. Accordingly, the MCC room, MV room, transformer room, and generator room have all already been
provided.

Figure 3-8: Existing pump station electrical rooms

The installed pumps are Gorman Rupp self-priming pumps and are situated above the existing wet well. These
pumps are to remain in operation until the new pumps have been installed and commissioned.

Figure 3-9: Existing pumps
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3.4 Electrical Infrastructure

3.4.1 Medium Voltage Reticulation

The existing bulk electrical supply to the Thembalethu Pump Station No.6 is reticulated via the George
Municipality's medium vcltage network, from SS Balcttsbaai via the “Pro-Ball Lyn Cos” 11kV cverhead line
infrastructure as indicated in Figure 3-10 below.
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Figure 3-10: Existing Single Line Diagram

The supply to the Pump Station is via an 11kV overhead line with an AAAC Mulberry conductor (rated 420A, 8MVA
@11kV), which terminates onto a 185mm?, Aluminium power cable (rated 265A, 5SMVA @11kV) at the pump station.
The supply to the pump station is currently a radial supply.

3.4.2 Equipment Room Layouts

Figure 3-12 below shows the existing electrical equipment room layouts at Thembalethu Pump Station No.6. As
can be seen from this figure, the equipment rooms have been sized with future expansions in mind. All rooms are
very spacious and well-equipped with cable trenches, between the different rooms. This ensures easy installation
of electrical equipment and linking of electrical cables between the different equipment.
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Figure 3-11: Existing Equipment Room Layout

3.4.3 Medium Voltage Switchgear

Figure 3-12 below shows the existing medium voltage switchgear that is housed in the pump station’s MY Rcom.
accommodate MV Switchgear consists of a 3-way Ring Main Unit (CCC-configuration). Each of the contactor
circuits is rated at 17.5kV, 630A. The 11kV, 185mm?, Aluminium power cable from SS Ballotsbaai terminates onto
Incoming Contactor No.1. Contactor No. 2 is supplying the MV Metering Unit. Contactor No.3 is currently not
connected. This means that an alternative 11kV source could be connected to this spare feeder to provide a more
secure ring feed to the pump station, instead of the current radial supply.

Figure 3-12: Existing Medium Voltage Ring Main Unit

Figure 3-13 below shows the Medium Voltage Metering Unit, which is housed in the same MV Room as the 3-way
RMU. As can be seen from the images, the metering unit consists of an incoming cable compartment (from RMU),
the main metering compartment (housing the 11kV CTs and VTs) and a circuit breaker compartment, from where
the main power transformer for the pump station is being supplied. The circuit breaker compartment is rated
17.5kV, 200A. It is important to note that there is currently only one (1) transformer feeder, supplying the existing
315kVA transformer. There is, however, sufficient space next to the existing transformer feeder to add an
additional feeder to supply a second transformer.
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Figure 3-13: Existing Medium Voltage Metering Unit

3.4.4 Medium Voltage Power Cable

Although it could not physically be confirmed on site, it can be seen from the existing single line diagram (Figure
3-10), that an 11kV, 25mm?, Copper power cable is used between the MV Metering Unit and the main power
transformer. This cable is rated 115A, 2.2MVA @11kV when installed in ducts/trenches.

3.4.5 Power Transformer

The existing power transformer is shown in the figure below. As can be seen from these images, this transformer
is housed in the dedicated transformer room. This transformer room is big enough to accommodate a second
transformer in the future (if required).

Figure 3-14: Existing Power Transformer No.1 (315kVA)

From the transformer nameplate data, the following could be established:

Output kVA: 315kVA
Ratio: 11000/400 V
Cooling: ONAN
Vector Group: Dyn1

Year of Manufacture: 2012

Thembalethu Pumpstation SMEC Internal Ref. C1924 14
Upgrading of Thembalethu No.6 Sewer 27 October 2023

Pump Station

Client Reference: Tender T/ING/010/2020

Prepared for George Municipality



Existing System

3.4.6 Motor Control Centre

Figure 3-15 below shows the existing LV Motor Control Centre. This MCC is positioned against the northern wall
of the existing MCC Room at the pump station. The MCC was manufactured in 2012 and has a busbar rating of
400A @ 400V (276kVA), with a fault withstand capability of 30kA for 1 second.

Figure 3-15: Existing LV Motor Control Centre

The current MCC layout makes provision for the following functional units:

1. Main incoming

2. Local distribution

3. Control section: mechanical screen 1
4. Control section: mechanical screen 2
5. Control section: screw conveyor 1

6. Control section: screw conveyor 2

7. Control section: sewage pump 1

8. Control section: sewage pump 2

9. Local control section

10. Wireways & distribution terminals

The screw conveyor and mechanical screens have been equipped with WEG CFW-11 variable frequency drives,
whilst the two (2) sewage pumps are started via WEG SSW-06 soft starters.

All power and control cables are bottom entry via cable trenches and neatly managed between the MCC and the
motors using heavy-duty cable racks, mounted against the walls.

3.4.7 Low Voltage Motors

The existing sewage pump motors are shown in Figure 3-16 below. These motors are both rated 75kW @400V,
with a power factor of 0.87. The motors are currently operated in a 1x duty, 1x standby configuration.
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Figure 3-16: Existing LV Motors

3.4.8 Standby Diesel Generator

The images below provide an overview of the existing standby diesel generator installation for the pump station.

Figure 3-17: Existing Standby Diesel Generator, ACO Panel & Day Tank

From the generator nameplate data, the following could be established:

¢  Output kVA (continuous): 403kVA
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¢ Output Voltage: 400V

¢ Power Factor: 0.8

¢ Insulation: Class H

¢ Speed: 1500 rpm

The generator is housed in a dedicated generator room (also indicated in Figure 3-11). The room is well-ventilated
with louvered wall sheets, with a dedicated air inlet in front of the machine. The generator is supplied from an
external (underground) bulk fuel tank of which the capacity could not be determined from the site or existing
drawings. The diesel is then pumped into a day-tank, which is installed inside the generator room (refer to Figure
3-17 above).

The standby diesel generator is also equipped with an Automatic Change-over (ACO) Panel system, which senses
the loss of the Mains Supply, automatically starts the diesel engine and transfers the load to standby power. The
same sequence is also reversed when the normal power is restored. The existing contactors on the ACO panel
are rated 500A and 400V, which means that they are only sized for the current generator capacity.

3.4.9 Telemetry & SCADA

The images below provide an overview of the existing telemetry and SCADA control equipment installed for the
pump station. As can be seen from these images, the existing MCC has a control panel, which houses a Spectrum
Teleflex 5, that acts as both controller and Telemetry RTU and has an HMI display on the door of the panel.

There Is also communication equipment installed, which interfaces with the municipality’s master SCADA system
for remote monitoring and control functionality.

Figure 3-18: Existing Telemetry & Control Panel

3.5 Existing rising main

The existing rising main is indicated to be a 250mm diameter U_PVC of class 16 which accommodates the existing
flow of 60 #/s. The pipe route follows the service corridor which has been prepared to accommodate the pipe
route. The existing 250mm diameter pipe with associated infrastructure is located within the service corridor. The
pipeline crosses over the Schaapkop river with a steel structure pipe bridge. Figure 3-19 shows the corridor with
stormwater infrastructure in the background.
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Figure 3-19: Existing pipe corridor

The pipe route follows the corridor up the crossing of the river, where a street carrier bridge was constructed. The
bridge structure is crossed with a ductile iron pipe. The image below shows the bridge structure. It was noted that
some vandalism has occurred and that remedial actions will be required.

Figure 3-20: Existing pipe bridge
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Figure 3-21: Vandalised bridge

The existing pipe route shows some signs of erosion which may pose a risk to the pipe construction if left
unprotected.

Figure 3-22: Stormwater erosion
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Figure 3-23: Stormwater damage

Existing chambers along the existing pipe route what seems to be a scour valve seem to be still in tack and
structurally sound as seen in Figure 3-24 below.

Figure 3-24: Existing infrastructure on pipe route
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4 Detailed Design

During the design phase, careful consideration was given to safety, leak and damage prevention,
government regulations and environmental concerns. As far as reasonably practicable, interruption to the
operations of the existing works will be avoided with minimal downtime for cross-connection of the existing
and new works.

4.1 Inlet works

The new inlet structure will consist of flow division into 2 streams, manual coarse screening, mechanical
screening with emergency screen bypass, grit channels, and flume measurement.

The hydraulic design calculations of the inlet works were done by means of hydraulically calculating the
backwater curve to determine the flow depth and velocity throughout the inlet works; as such, the first
section calculated was the end of the inlet works and then moving upstream.
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Figure 4-1: Backwater calculation sections

The new inlet works will be sized to handle the anticipated flows for the initial period after the upgrade.
Thus, the refurbishment of the existing inlet works can be performed. Both inlet works (new and refurbished)
will be required to accommodate the ultimate design flows.

4.1.1 Flow Measurement & Sump

The Parshall flume size was selected as a 1-foot flume. This was done for a number of reasons.
¢ The flow depth can accommodate the largest range of flows
s The discharge rate that can be accommodated encompasses all flows that would be expected
« The correction factor for submerged conditions is 1 which does not alter the flow calculations in
the event that the flume is flooded

Flows from the existing inlet works will discharge into a combined sump with the flows from the new
inlet works (each having been measured through their respective flumes), from where it will discharge
via a DN500 pipeline equipped with an isolation valve. The depth of the sump is such that the Parshall
flume can have a free-flow discharge and not cause any backwater pressure which would affect the
measurement readings.

Thembalethu Pumpstation SMEC Internal Ref. C1924 21
Upgrading of Thembalethu No.6 Sewer 27 October 2023

Pump Station

Client Reference: Tender T/ING/010/2020

Prepared for George Municipality



Existing System

Figure 7.18 Section of Parshall fume

Figure 4-2: Section of Parshall Flume

Table 7.4 Discharge charactersstics of Parshall lumes

Throat Discharge ran Equation Head range Modular

widthb,  inm¥s x 10" Q=Kh" in metres limit

in feel (QinmY/s) hgfh,

orinches minimum  maximum minimum  maximum
I 0.09 54 006040, 0015 0.21 0.50
> 0.18 13.2 0.1207h,'% 0015 0.24 0.50
¥ 0.77 3zl 0.1771 0" 0.03 0.33 0.50
& 1.50 i 038120, 003 0.45 Q.60
9 2.50 251 0.53540,' 003 0.61 0.60
I’ kK 457 0.6909h,' 92 0.03 0.76 0.70
I'e" 4.80 695 10560, 003 0.76 0.70
r 121 937 14280, 0046 0.76 0.70
¥ 17.6 1427 2184 1,5% (046 0.76 0,70
¥ 35,8 1923 29530, 006 0.76 0.70
§ 44,1 2424 37320, - 006 0.76 0.70
& 74,1 2929 4.519n,'%  0.07 0.76 0.70
T 858 3438 53120, 0u07s 0.76 0.70
g 97.2 3949 61120, 0076 0.76 0.70

Figure 4-3: Discharge Characteristics of Parshall Flumes

4.1.2 Grit Removal

For grit removal, the determining factors are the settling velocity and retention time. The table below
gives guidelines on the design of the grit channels.
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TABLE 3.3.1: Horizantal llow grit chamber design criteria

Design Criteria Ranga Typical
Detenbon ime 40 = 90 5 G0 s
Honzontal welocity 024 — 0.4 ms 0.3 mis
Setling velocity
S-mesh 2.8 =31 miman 2.9 mimin
100-mesh 0.6 -0.9 m/min 0.8 mimin
Headloss (% of channel depth) 30 = 40% 36%
Inket and outlet kenglh allowanca 25 = 5% 30%

if ther specilic grawily of the gn is signficantty iess than 2,65, lower valocitias should be used.

Figure 4-4: Grit channel design criteria

A robust approach was opted forin order to be able to meet the worst possible conditions experienced
in the grit channels. Table 4-1 below provides the design values used to determine the sizing of the grit
channels. With 2 channels operational and one on standby, there is redundancy that allows for cleaning
the channel that is not in use to ensure full capacity is available at all times. A side chamber is provided
to assist with flushing the channel, not in operation. This is done by closing the gates at either end of
the channel and opening the drainage valve to the side chamber so that all the liquid dissipates from the
channel —the channel can then be cleaned with a spade to remove all the solid material left behind. The
bottom width of the channel was sized to be able to accommodate a spade for ease of cleaning.

Table 4-1: Grit channel design values

| oreia | s ] vawe |

Flow m3/s 0.3
# of channels operational = 2
Width of channel m 1
Depth of channel m 0.9
Area of water m2 1.53
Horizontal velocity m/s 0.196
Vertical velocity (settlement) m/s 0.016
Time for the particle to settle seconds 56.25
Horizontal distance travelled m 11.03

With a channel length of 11m, at maximum flow, the retention time in the channels will be just less than
1 minute which is typical despite the horizontal velocity being lower than the typical range.

4.1.3 Screening

There will be two screening trains, each with an automated mechanical bar screen, a coarse manual bar
rake screen upstream of the automated screen, and a fine manual bar rake screen downstream of the
automated screen.

Each screen will have a bypass channel in the event of a screen being blocked, allowing sewage to
bypass the specific screen and re-enter the screening channel directly downstream of the blocked
screen.

Each screening train shall be designed to handle the full design flow rate and solids loads.

Thembalethu Pumpstation SMEC Internal Ref. C1924 23
Upgrading of Thembalethu No.6 Sewer 27 October 2023

Pump Station

Client Reference: Tender T/ING/010/2020

Prepared for George Municipality



Existing System

The channels for screening were designed to be the same as the existing inlet works. The advantages
of using the same screens will reduce the number of spare parts to be kept as all screens will be the
same.

New automated mechanical screens, hand rake screens, screw conveyors and washer compactors will
be installed in the new screening channels.

The sizing of the screening channels was done such that the velocity did not drop below 0.6m/s which
would allow for settlement and thus self-cleaning can be maintained by the flow through the screen
channels.

Sluice gates are provided upstream and downstream of the screens as well as upstream and
downstream of the grit channels to allow for the selection of any of the channels to be used or isolated
in the operation while allowing enough transition space for the water to flow and not become stagnant.
The screens have been sized with the following sizes:

+ 50mm hand rake screen (protection of the mechanical screen from large objects)
¢ 10mm mechanical screen (intended to remove the majority of the solids in suspension)
¢ 6mm hand rake screen (catchment for any finer particles and a failsafe in the event of the
mechanical screen not being operational)
(a) Screening Equipment

Manual Hand Rake Bar Screens:

The screens shall be the flat bar type bar screens. The hand-rake screens in the main channels prior to the
automated mechanical screen shall be sized to catch large objects that pose a risk of damage to the automated
screens, therefore a bar spacing of 50 mm is used. The hand-rake screens in the main channels after the
automated mechanical screen shall be sized to catch finer particles and will have a 6mm bar spacing. The angle
of the bars shall be 60 °to the channel floor and the minimum bar thickness would be 10 mm. The screens shall
span over the entire width of the respective channels.

All screens shall be completely manufactured from 316-grade Stainless Steel to ensure the longevity of the
equipment. Specifically sized hand rakes to suit the bar spacing of the types of screens shall be provided. Each
screen shall have a removable drainage platform onto which the debris can be raked to drain excess liquid before
the debris is transferred to the waste skip by means of a shovel. The drainage platform shall be removable to allow
access to the channel for maintenance work.

The George Municipality accepted the associated labour-intensive operation to clean the screens and transfer the
debris to the skips in meetings held during the design stage.

Automated Mechanical Bar Front-Rake Screen

The automated screens will be of the front rake type and each screen train shall be sized to handle the full design
flow. Due to the high number of rags in the sewage, medium screens with 10 mm bar spacing are proposed.

The automated screens are positioned in adjacent channels as this is the most efficient setup for the waste removal
system and still allows sufficient space for operators to move around within the facility and have full access to the
bypass channel (should it be needed). Sufficient space has also been allowed between the units for day-to-day
operational access and maintenance.

The automated mechanical screens are estimated to handle an average solid loading of + 0.098 m3/h (based on
an assumed 50 L screenings removed from 1000 m® sewage with a 10 mm screen opening and 35 % excess over
the maximum expected solids loading of the sewage as per Figure 4-5) under peak conditions.
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Figure 4-5: Typical screening loading rates on screens (Metcalf and Eddy Inc., 2003)

The above typical information is not based on the South Africa environment and therefore, as a minimum, the
equipment should be sized to handle at least 4 m3/h to ensure the longevity of equipment and be in line with the
expected loading as discussed in section 2.3. Each screen shall at least have 8 rakes to lower the volume of debris
handled per rake. The material of construction shall be selected for highly corrosive environments and South
African sewage characteristics, therefore as a minimum grade 316 Stainless Steel shall be used on all components,
including the chains and sprockets.

The mechanical screen frame sizes shall be designed to reach the screw conveyor situated at roughly 1.5-2.0 m
above ground level, with a specially manufactured diversion chute between the screen discharge point and the
screw conveyor hopper.

General maintenance is required cn the mechanical screens and components based on the OEM’s requirements,
therefore items such as the gearboxes, motors, drive shafts, bearings and chain tensioners must be easily
accessible for maintenance and the relevant equipment put in place to remove components when required. The
screen’s inherent design allows for access to wear or serviceable parts for general maintenance to be completed,
without the need to remove the entire screen unit.

The space available between the channels is an issue, only a wall thickness of 200 mm is available. This does not
allow for sufficient space to work on the screens during maintenance or repairs. It will also mean that the
mechanical screens placed adjacent to one another will have to be configured with the drive unit on opposite sides
to enable - the unit to be installed in adjacent channels.

(b) Waste Removal Equipment

For the proposed layout, screened debris from the manual hand rake screens would be removed by the operator
and transported to the skip adjacent to the screening facility. The operator would rake the debris caught by the
manual hand rake screens on to the respective drainage platforms where the excess liquid can drain from the
debris. Large objects can be transported to the waste skip by hand or by means of a shovel. Smaller objects can
be transported to and deposit into the screw conveyor (servicing the automated mechanical screens) through the
hatch provided that will transfer the debris to the washer compactor unit to clean and compact it.

Sufficient working space is provided for the operator to do the daily duties of cleaning the screens.

Two trains of waste removal equipment will be installed, each with a screw conveyor and washer compactor.
Screened debris from the automated mechanical screens is deposited into a specially manufactured chute per
screen which will direct screenings into either the screw conveyors, from where two screw conveyors then
transport the debris to a washer-compactor unit where the matter is cleaned, dried, and compacted for removal.
The specially manufactured chute is to ensure redundancy in case one of the conveyors or washer compactors is
out of order. Once this wash and dry process is complete, the washer compactors deposit the materials into a skip,
mounted on a dolly system.

Screw Conveyor
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The screw conveyor for the automated mechanical screens shall be of the centreless screw type, driven by a
geared electrical motor. The conveyor shall be sized to handle at least 3.5 m®h to ensure the longevity and
robustness of the unit. The resulting minimum screw size is DN300 and is driven by a 4kW motor.

Each automated mechanical screen shall have a specially manufactured chute that will be able to divert screenings
from each screen to either of the two screw conveyors. The chute shall be operated manually by means of a lever.

Each screw conveyor unit shall have three inline hoppers, two hoppers to receive the debris from the two
automated screens and one hopper with a hatch that is used for the debris deposited by the operator that was
removed from the manual hand rake screen. The conveyor will be supported by legs to handle all static and
dynamic forces.

The complete unit, including the screw shall be manufactured from 316-grade Stainless Steel and the through will
have a double colour UHMWPE liner.

General maintenance is required on the equipment and compcnents based cn the OEM's guidelines, therefcre
items such as the gearboxes, motors, drive shafts and bearings must be easily accessible for maintenance and
the relevant equipment put in place to remove components when required. The conveyor’s inherent design allows
for access to wear or serviceable parts for general maintenance to be completed, without the need to remove the
entire unit/s.

Washer Compactor

The washer compactor shall be of the shafted intensive type with a forced washing mechanism by means of an
impeller. The unit shall have a washing compartment that fills with water and the debris and water are agitated by
means of a motor-driven impeller to separate the organic particles from the debris. Once the washing cycle is
complete, the compartment will be drained via the drain valve and drain pipework back to the screening channels.
The washed debris will be compacted by a screw to reduce the liquid content and reduce the volume and conveyed
to the discharge chute. The compacted debris will be deposited into a waste skip positioned adjacent to the
screening channels.

The unit shall be sized to handle a minimum of 3.5 m3/h debris (batch processing) and the complete unit, including
the compacting screw, shall be manufactured from 316-grade Stainless Steel.

The unit shall be equipped with a suitable solenoid discharge valve to drain the water after the washing cycle and
during the compacting cycle. The drainage pipework would be suitably sized DN100 pipework (according to SANS
62) and flanged according to SANS 1123. The pipe work shall be manufactured from 316-grade Stainless Steel and
shall be properly supported by means of clamps.

The unit requires a wash water connection for the filling of the wash compartment. Due to no available treated
effluent available on the site, potable water is proposed from the Municipal network. The wash water supply of 1.2
L/s at 2-3 bar is required for intermittent operation. The associated supply pipework from an onsite point to the
washer compactor will be installed as part of the project.

General maintenance is required on the equipment and compconents based on the OEM's requirements, therefore
items such as the gearboxes, motors, drive shafts and bearings must be easily accessible for maintenance and
the relevant equipment put in place to remove components when required. The washer cempactor's inherent
design allows for access to wear or serviceable parts for general maintenance to be completed, without the need
to remove the entire unit/s.

Skip Dolly System

The dolly system, driven by an electrical motor (manual start intervention by the operator) will house a single skip
and shall transport the skip away from the washer-compactor discharge chute, to be removed from the site with
a truck. A minimum skip size of 6 m3is recommended to prevent a high turn around frequency. The layout allows
for a dolly system that would allow for two skips to be placed on two dollies, linked together operating. The supply
of skips would not be part of the project, however, the Municipality shall make use of existing service level
agreements to provide and service the skips.
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The skips would work on a one-duty and one-standby configuration. The dolly could be moved closer to the
common channel while still receiving debris from the washer-compactor should a crane truck need to access the
area for maintenance.

The dolly rails would be recessed into the concrete slab on request of George Municipality to enable vehicles to
pass over it with ease. The dolly rails shall be a standard rail profile of a minimum of 22 kg/m and shall be used to
suit the weight of the dolly system. The dolly shall be manufactured from hot dipped galvanised and coated mild
steel and driven by an electrical geared motor. It must be noted that dolly rails and channels must be kept clean
and dried to prevent premature corrosion and ensure maximum longevity.

(c) Ancillary Equipment

Penstocks

Four penstocks will be installed in the screening channels and will be equipped with suitable-sized multi-turn
electrical actuators for open/close function for ease of operation. Actuators such a Auma / Rotork rated at +5.5
kW would be considered with the suitable network communication to the MCC. The penstocks upstream of the
screening channels have a width and height of 600 mm and 1100mm respectively. The penstocks downstream of
the screening channels have a width and height of 600 mm and 1250mm respectively.

Six penstocks will be installed in the degritting channels and will be equipped with suitably sized multi-turn
electrical actuators for open/close function for ease of operation. Actuators such a Auma / Rotork rated at +5.5
kW would be considered with the suitable network communication to the MCC. The penstocks have a width and
height of 7000 mm and 1000mm respectively.

Wash Water Requirements

Suitable wash water would be required for the operation of the washer compactor. As stated previously, treated
effluent is not available on-site and therefore potable water from the Municipal network would be used for the
above operation and general wash-down actions by the operators.

A mobile, high-pressure washing system is recommended so that the area can routinely and easily be cleaned and
washed down, of which the run-off is contained and diverted back into the sewage canals. The washer would be
connected to the water network and rated for at least 840 I/min at 130 bars.

A suitable connection to the onsite potable water network would be made and distributed to the respective areas
where it is required. In Table 2 below, an estimate is made on the amount of water to be used by the respective
processes:

Table 4-2: Grit channel design values

m Flow Required Estimated Estimated Total per
Frequenc Month (30 days)
4.2 m3/h (1.2 10 min at 2-hour

Washer compactor 252 m®
P L/s) intervals

Manual cleaning =

. h (0.2
operations (high- 0.9 mL//s {022 8 hours per week 31m?3
pressure washer)

Estimated Total 283 m®

Note that the frequency of use is estimated and would depend on the frequency of the automated screen
cleaning cycles and the frequency/duration of operator cleaning operations.
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41.4 Inlet

Similar to the existing inlet works, the inlet acts as a collection sump and splitter before the screening channels.
The question was asked whether a macerator would be beneficial at this location. Upon review, it is the opinion of
the design team that a macerator would not be suitable for this application; the macerator is used to reduce the
particle size, however, this only serves to make the screening more difficult as the screens are required to capture
smaller object sizes and they are more likely to not be captured before pumping, and will increase the volume of
sludge generated and requiring handling is at the waste water treatment plant. As this site is primarily for pumping
of the wastewater, and treatment of the wastewater will take place at another location, the use of a macerator is
not suggested and thus has not been included in this design

4.2 Pumping Station

SMEC completed the sewer pump station building and pipework design, which was based on the various
investigations, the site visual assessment, provided pipe diameters and flows by GLS, EIA and WULA requirements
and the connectivity to the existing sewerage system.

The design takes into consideration the previously proposed pump station design with provision being made for
the proposed expansion of the pump station capacity at a later stage.

Pumps and piping:

The pump and pipe sizing have been designed with the information including projected future flows obtained from
the approved GLS report. The static head, friction losses and transient event pressures were considered in the
pump sizing.

Building Infrastructure:

The design has been based on best practices, taking into consideration the current infrastructure and proposed
pump station layout and requirements, making provision for the further expansion of the pump station at a later
stage. The building size is based on the pumps and mechanical arrangements required to fit within the building for
the final capacity, along with the generators and transformers chosen for the final approved design. The layout of
the building allows sufficient space and specific connection points to accommodate future expansion in this
design. Additional components such as washrooms, ablutions, a control room, and a guardhouse have also been
considered to ensure a holistic design of the pump station.

4.2.1 System characteristics

The design of the pumping system is dependent on the system characteristics and the connections to the existing
infrastructure. The existing sump will be used (and duplicated with the same dimensions and levels) and the
discharge point will remain the same which determines the static head required. The pipeline will follow the same
route as the existing pipeline; thus, the pipe length is already known. The pipeline diameter is selected to be able
to meet the current and future demands and from this determination the friction losses are determined, giving the
total required head. The pump is then selected based on the flow and head requirements, which then determines
the required impeller diameter and pump motor sizes.

The table below summarizes the key system characteristics:

Table 4-3: Pump System Characteristics

I N

Maximum Water Level in Sump 116.1m

Minimum Water Level in Sump 114.0 m

Discharge Level 165.2 m

Minimum Static Head 491 m

Maximum Static Head 51.2m

Pipe Length 710 m
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Suction Pipe Size and Type 450 mm @ Steel Grade 316
Delivery Pipe Size and Type 350 mm @ Steel Grade 316
Delivery Pipe Size and Type 400 mm @ OPVC

The system curve is shown in the below figure:

Figure 4-6: Pump Station System Curve

4.2.2 Pump Selection

The proposed pumps of Thembalethu 6 pump station are selected in line with the information obtained from the
GLS report.

The current capacity of the pump station is to be upgraded to accommodate the next estimated flow for the next
20 years of 238 #/s. In terms of the sanitation master plan of the George Municipality, further upgrades to the
pump station will need to be carried out in the future to cater for the ultimate capacity of 400 #/s.

Mechanical equipment has an acceptable lifespan of 15 - 20 years thus it is recommended that the initial pump
station capacity should allow for 238 I/s until the 20-year sanitation master plan horizon, at which time the pump
staticn’s capacity can be upgraded in conjunction with refurbishment/replacement of the existing mechanical
equipment.

It is recommended that the capacity upgrade is achieved by adding an additional pump set, that is
equivalent/identical to the initial pump set installed, with the addition of a self-priming system being installed on
the pumps, and the start level of the pumps lowered to ensure the maximum number of pumps starts per hour is
not met.

A minimum flow rate of 90 I/s and 180 I/s is recommended to ensure self-cleansing velocities are achieved in the
rising main for a single and a double DN400mm rising main(s) respectively. It is recommended that a variable speed
drive is installed to operate the pumps to allow the pumps’ speed tc be reduced tc meet the lower duty peints.

To ensure adequate redundancy in the pumping system, it is recommended that there be at least one standby
pump provided at any point to achieve the required flow rate.

A number of reputable dry-installed sewage pump suppliers were requested to provide their proposed pump
configurations and selections to achieve the different system flow rates. Different configurations were evaluated,
ranging from a single-duty pump to achieve the ultimate flow rate of 400 I/s, to three identical pumps in parallel
able to meet the 400 I/s in parallel. The three-duty pump configuration has been selected as it offers the widest
flow ranges able to be met in the current phase, with the option of adding an additional pump in the future to meet
the ultimate flow requirement. All the suppliers recommended end-suction centrifugal pumps. Three pumps will be
installed during the initial phase, as a duty-assist-standby configuration.

Phase 1 (238 I/s):

To minimise the complexity of the pumping system, it is not recommended to PID on the level in the wet well, but
rather to start the pumps sequentially depending on the level in the wet well. There will thus be two start levels in
the wet well, with one pump operating at a set speed and flow on the first start level, and two pumps operating at
a set speed and flow on the second start level. The levels in the wet well are set such that the effective pumping
volume is sufficient to ensure the pumps do not operate more than six (6) cycles per hour and allow enough volume
for pumps to speed up to meet their operational set point prior to reaching any other level set points in the sump
such as the next start level or high level.

To ensure sufficient effective pumping volume in the wet well for the ultimate pumping capacity of 400 I/s, the
pumps installed under the first phase shall be capable of being adapted to be a self-priming pump, with the self-
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priming system being installed under the second phase of the project when refurbishment/replacement of the
mechanical equipment is required.

On the first start level, one pump shall operate at the manufacturer's minimum recommended flow rate, which in
this case is 125 I/s. On the second start level, two pumps in parallel shall operate at a combined flow of 238 I/s.

The table below summarizes the key operational points of the pumps:

Table 4-4: Operational Points Characteristics

Duty Description
Point

1 x Duty Pumping Flow Rate 1251/s
1 1 x Duty Pumping Head 53.0 m
1 x Duty Operating Speed 1427 RPM
2 x Duty Pumping Flow Rate 19 1/s
2 x Duty Pumping Flow Rate (Combined) 2381/s
2 2 x Duty Pumping Head 59.0 m
2 x Duty Operating Speed 1476 RPM

Phase 2 (400 1/s):

A self-priming system will be required at the upgrade of the pump station to the ultimate capacity to allow for
sufficient effective pumping volume. The start level shall be set to the minimum draw-down level based on the
pump NPSH and minimum submergence of the suction pipe, which is below the pump's suction port. In line with
this, the pumps shall be configured to operate as 3 x duty, with an additional pump being installed as a standby.

The table below summarizes the key operational points of the pumps:

Table 4-5: Operational Points Characteristics

Duty Point Description Data
3 x Duty Pumping Flow Rate 134 1/s
. 3 x Duty Pumping Flow Rate (Combined) 400 /s
3 x Duty Pumping Head 55.0m
3 x Duty Operating Speed 1464 RPM

The pump curves with the respective operational points are shown in the below figures:
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Figure 4-7: Phase 1 Pump Curve with Duty Point 1
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Figure 4-8: Phase 1 Pump Curve with Duty Point 2
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Figure 4-9: Phase 2 Pump Curve with Duty Point 3

4.2.3 Pipework Optimisation

The selection of pipe sizes in the pumping station is done to ensure the pump station is effectively and efficiently
able to convey sewage throughout the required flow ranges. The suction and delivery pipework sizes are selected
to convey the current and ultimate flow rates between 125 I/s and 400 I/s.

Incoming sewage into the wet well has been screened and the remaining larger solids settled out in the grit settling
channels, thus only organic material is expected in the wet well. The minimum recommended suction pipe velocity
for sewage with organic matter is 0.6 m/s, with the maximum being 1.5 m/s. The maximum recommended velocity
in the inlet bell of the suction pipework is 1 m/s. The maximum recommended velocity in delivery pipework is 2.5
m/s.

Table 4-6: Grit channel design values

- . . Minimum Flow Maximum Flow
Description Pipe Diameter K )
Velocity Velocity

Suction Bell 500 mm 0.61m/s 1.02 m/s
Suction Pipework 450 mm 0.75m/s 1.26 m/s
Delivery Pipework 350 mm 1.24 m/s 1.39 m/s
Delivery Manifold 1 350 mm 1.24 m/s 1.39 m/s
Delivery Manifold 2 450 mm 0.75 m/s 1.69 m/s
Delivery Manifold 3 500 mm 0.61 m/s 2.04 m/s

4.2.4 Pump Station Design

The pump station building design requires consideration of several factors — these have been incorporated in the
design of the pump station:
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e Suction and discharge mechanical arrangements

e Local start/stop and pressure sensors for each pump

¢ Sufficient space surrounding pumps for operators to move and work

¢ Valve handles at easy-to-operate heights

¢ Trenches sloping towards the sump to drain and spills or excess water

e Sump pump to return water to collection sump and be pumped

e Safety shower for operators to use if necessary and provide washing area

¢ Overhead crane for maintenance and replacement of pumps and mechanical equipment

¢ Flow meter at sufficient distances from upstream/downstream fittings for accurate readings

¢ Ablution facility (toilet, basin, shower), Control room, MCC room, LV/MV room, Transformer room,
Generator room

¢ Control room to be separate from the pump well to reduce noise for operators, however still in sight for
operators to see if there are issues with pumps — can also have remote control of the pumps from the
control room

¢ Emergency access — 2 per level at a minimum — doors opening outward for emergencies

¢ Lighting & ventilation —as much natural light as possible to reduce the electrical load for air conditioning

e Vehicle access into the pump area for the loading & offloading of equipment directly with the overhead
crane.

¢ Over-pumping connection to rising main for bypass of the pump station.

The pump station was designed with the space allowance for three (3) pumps to be installed initially to meet the
initial requirements; as well as allow sufficient space to install 1 additional pump in the future to meet the final
demand of 400 £/s as per the (GMSMP). This configuration will ensure that there is always standby availability for
the pumps if any of the pumps have failed or need maintenance.

4.2.5 Control Philosophy

(a) Pumps

The pumps will be operated with VSDs to control the speed at which the pumps operate to meet a specific flow
requirement in line with the start signal received from the wet well. The number of pumps operating is dependent
on the level reached in the wet well. One pump will operate with flows up to 125 {/s, with an assist pump operating
in parallel will operate with flows between 125 I/s and 238 I/s. The pumps will operate at a set speed dependent
on the pumping configuration to ensure the required flow rate is met. The pumps will be rotated as to which of
them is running so that wear and tear are evenly distributed, and maintenance can be properly planned and carried
out (avoidance of one pump accumulating hours and the remaining not operating).

(b) Sumps

An ultrasonic level sensor will be placed in the collection wet well, with a high-level and low-level float installed in
each separate extraction wet well. These sensors and switches will control the start of the pumps. The suction
pipework for the pumps has been designed in such a way that each wet well can be emptied by 2 different pumps.
Similar to the pumps, the wet wells will be able to be isolated and any combination of the wet wells used so that
regular maintenance can be performed. In the event of a failure, the operational wet wells can be utilized while the
faulty one is out of service.

(c) Pipework

Isolating valves will be placed on each of the suction pipes from the wet wells, as well as each of the pumps to
determine which wet wells and pumps are operational at any time. There is also an isolation valve between the
two to allow for complete switching or separation between sumps and pump sets.

Figure 4-10 below gives a layout of the sumps, pumps, and interconnecting pipework in the pump station. The blue
pipelines indicate suction pipework, with blue valves on the sump pipes and orange valves on the pump suction
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lines. The green pipelines indicate discharge pipework from the pumps with yellow valves on the discharge
pipework; the valves interconnecting the pump suction pipes between the wet wells are shown in green.

Figure 4-10: Pump and Pipework layout

(d) Electronic metering

A single flow meter is located adjacent to the pump station that reads the collective flow from the pump station to
the discharge point. The readings from this meter will be compared with the meters located at the head of the inlet
works and in between to ensure all flows are accounted for.

4.2.6 Structures

The design of the structures is based on the guidelines and standards set out below.

(a) Guidelines

. Pipework in the control room building will be installed above the lower terrace level.

. The control room building has been sized to allow a minimum free passage for operational activities,
cleaning and maintenance of equipment.

. The building will be a reinforced concrete frame structure complete with brick infill panels. The concrete
columns will be founded on reinforced concrete pad footings, with the brick infill panels founded on
reinforced concrete strip footings.

. All floors are to be 150mm thick reinforced concrete floors, with integrated plinths.

. Apron slabs around the building to be 100mm thick by 1,000 mm wide concrete slabs sloping away from
the building.

. The roof structure connects to the top ringbeam. The pitched roof will consist of dual-pitch steel
trusses, bracing and steel purlins with 0.53mm thick IBR sheeting placed on top.

. No allowance has been made for ceilings, insolation (thermal or sound), or solar panels.

. All doors will be double-leaf steel doors with a locking mechanism.

The following standards were used in the design of buildings and chambers:

. Construction of all buildings to conform to the requirements stipulated in SANS 10400:2010: The
application of the National Building Regulations.
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. The structural systems of all the buildings are designed to resist the permanent and superimposed loads
specified in SANS 10160:2011: Basis of structural design and actions for buildings and industrial
structures.

. All hot-rolled structural steelwork shall conform to the requirements of SANS 10162-1:2011: Part 1: The
Limit-states Design of Hot-rolled Structural Steelwork.

. All cold-formed steel work shall conform to the requirements of SANS 10162-2:2011 Part 2: Cold-formed
steel structures.

. All concrete foundations and other concrete elements conform to SANS 10100-1:2000: The Structural
use of Concrete Part 1: Design.

. All brick walls shall be constructed to SANS 10164:1980 Part 1: The Structural use of Masonry Part 1:
Unreinforced Masonry walling.

(b) Structural Materials

1. Concrete
The sumps (wet wells) will be constructed using reinforced concrete.

Concrete elements were designed to have the following minimum 28-day compressive strengths:

¢ Blinding: 15MPa
¢ Water retaining structures: 25MPa watertight concrete to BS8007, complete with
an approved waterproofing admixture
(such as Penetron),
¢ All other concrete: 25MPa

2. Reinforcement

Concrete elements are detailed with the following rebar sizes (complying with SABS 920):

¢ Mild steel (250MPa): R8, R10 and R12
¢ High yield steel (450MPa): Y10, Y12, Y16, Y20 and Y25

For corrosion protection of reinforcement, liquid retaining structures are specified to have a minimum
concrete cover of 50mm and be cast complete with Penetron waterproofing admixture (or equivalent).

Concrete cast directly against soil, the cover will be 75mm.

3. Structural Steel

All steelwork located within the inside of liquid retaining structures is specified as stainless steel to avoid
corrosion damage. External steelwork is specified as hot-dip galvanised. The structural steel grade is to
be S355JR, steel plate grade to be 300WA and cold-formed steel to be commercial quality.

4.3 Electrical Load Requirements

4.3.1 Background

As discussed in detail in other sections of this report, the upgrading/modifications to the existing Thembalethu
Pump Station No.6 will be done in phases.

The first stage will increase the capacity from the current 60 £/s to 238 ¥/s. This will require the replacement of
the existing pumps and associated 75kW motors with new pump sets with the new pump sets and motor rated
132kW (PF=0.86). The motors will operate on one(1) duty and one(1) assist. This means that under peak flow
conditions, a maximum of two (2) 132kW motors (two pumps in parallel) could be in operation at the same time.

Thembalethu Pumpstation SMEC Internal Ref. C1924 85
Upgrading of Thembalethu No.6 Sewer 27 October 2023

Pump Station

Client Reference: Tender T/ING/010/2020

Prepared for George Municipality



Existing System

The second stage of the upgrade will increase the capacity from 238 £/s to 400 ¥/s. This will require an additional
two (2) new pumps and motors. The pump sets will operate two (2) duty, one (1) assist, and one (1) standby. This
means that a total of four (4) motors will be installed and in peak flow conditions, a maximum of 3x 132kW motors
could be in operation.

The expected load requirements for the different stages, which form the basis for the electrical equipment design

and specifications, are calculated and summarised in the paragraphs below.

4.3.2 Phase 1 (Capacity: 238 1/s)

Table 4-7 below provides a summary of the expected maximum electrical demand associated with this phase of
the project.

Table 4-7: Electrical Load Summary (Capacity 180l/s)

Description Comment Assist

Inlet Works:  2x Existing Huber 1 0 1 1.5 1.5 0.85 1.75
Screens mechanical screens can be
re-used

Inlet Works:  2x Existing conveyors can 1 0 1 1.5 1.5 0.85 1.75
Conveyors be re-used
Sewerage 3x New Pumps & Motors 1 1 0 132 264 0.86 307
Pumps
Small Power Building & Security Lights 1 0 0 1.5 1.5 1.0 1.5
& Lighting

TOTAL (Expected Maximum Demand)  136.5 312

The maximum expected electrical demand for this stage of the pump station capacity upgrade is calculated to be
312 kVA.

4.3.3 Phase 2 (Capacity: 400 1/s)

Table 4-8 below provides a summary of the expected maximum electrical demand associated with the second
(final) phase of the project.

Table 4-8: Electrical Load Summary (Capacity 400l/s)

. Power
Description Comment Duty Std/by Factor

Inlet Works: 2x Existing Huber

Screens mechanical 0
screens can be 1 1 1.5 1.5 0.85 1.75
re-used

Inlet Works: 2x New

reen mechanical

SiSEEns SOl 1 0 1 15 15 0.85 175
screens to be
added
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Inlet Works: 2x Existing

Conveyors conveyors can be 1 0 1 (55 1:® 0.85 1.75
re-used

Inlet Works: 2x New

Conveyors mechanical 0
conveyors to be 1 1 15 §85) 0.85 1.75
added

Sewerage 4x New Pumps & 2 1 1 132 396 0.86 4605

Pumps Motors

Small Power &  Building & 0

Lighting Security Lights ! Y ) 1) Y L

403.5 469

The maximum expected electrical demand for this stage of the pump station upgrade is calculated to be 469 kVA.
4.4 Proposed Equipment

4.4.1 Medium Voltage Reticulation

Any upgrading/modifications to the existing bulk MV electrical supply to the Thembalethu Pump Station No.6 are
excluded from the scope of work for this project and will be handled by the George Municipality directly if required.
Although currently only being a radial (single feed) supply, not guaranteeing any redundancy, the existing medium
voltage supply capacity is sufficient to cater for the maximum planned (future) load requirements. It is
recommended that the spare 11kV feeder on the existing 3-way RMU be used to bring in an alternative supply to
the pump station, in order to provide a redundant ring feed supply, thereby providing a more reliable source of
bulk supply.

4.4.2 Equipment Room Layouts

It is assumed that all existing equipment rooms are big enough to accommodate any future equipment
requirements. This can, however, be confirmed once actual equipment sizes are provided by the various suppliers.
No electrical equipment room modifications and currently anticipated and no expansions are allowed for as part of
this project.

4.4.3 Medium Voltage Switchgear

The existing 11kV RMU (3-way) and associated Metering Unit, as discussed in detail in Section 3.4.3 of this report,
is correctly rated to accommodate the maximum expected load for the future pump station requirements. It is
important to note that there is currently only one (1) transformer feeder, supplying the existing 315kVA transformer.
Seeing that a second power transformer will be installed in the future, an additional transformer feeder will have
to be added to the existing gas-insulated switchgear. This panel should have the same rating, as well as
protection, metering and control functionality as the existing transformer feeder panel.

Schneider Electric did indicate that the existing RM6 type, 17.5kV gas-insulated switchgear currently used can be
extended on the right-hand side of the panel, by adding an additional transformer feeder circuit breaker panel.
This addition can be done on-site.

4.4.4 Power Transformers

4.3The existing 315kVA rated power transformer will not be sufficient to accommodate the expected load for the
Phase 1 (238 €/s) upgrade of the pump station. Based on the load calculations, a new 630kVA-rated transformer
will be required to supply the pump station loads for phase 1.

Furthermore, it should be noted that the installation of only one (1) transformer will result in a non-redundant
system with a single point of failure. It is therefore recommended that two (2) 630kVA power transformers be
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installed to supply the total pump station load. Although each transformer will under normal operating conditions
only supply 50% of the load, the dual installation will ensure that any one of the transformers can supply the total
pump station load under a single contingency (N-1) condition.

The existing transformer room is big enough to house two (2) 630kVA transformers, provided that the existing
315kVA transformer be de-commissioned and removed from the site to make space for one of the new 630kVA
transformers. Furthermore, it should be noted that an existing transformer is an oil-filled unit, which does pose a
fire risk, especially when installed in a dedicated room (as is the current case). With open cable trenches,
protruding to the other rooms, the risk of burning transformer oil being spread quickly throughout the entire
building is a major fire hazard. For this reason, it is recommended that the new transformers be of the dry-type
(vacuum pressure-impregnated cast-resin).

Although approximately 30% more expensive than the oil-filled units, VPI transformers utilise high-temperature
(Class H-rated) insulation for the insulating materials. The windings are dried out and vacuum/pressure
impregnated using silicone or polyester-based varnish before being baked to cure the varnish. The design and
construction of the windings together with the VPI treatment of the winding ensure that it is electrically sound as
well as mechanically strong. Although first produced as supply transformers for high-rise buildings, it became
evident that this design is perfect for flameproof and high protection class non-flameproof enclosures where their
sturdy electrical and mechanical construction allows them to handle harsh environmental and electrical
requirements e.g. the repeated D.O.L. starting of large motors, frequent short circuits and excessive operating
temperatures.

An image of a typical dry-type transformer (and enclosure) is shown in Figure 4-11 below.

Figure 4-11: Typical Dry-type Transformer (credit: Toshiba)

4.4.5 Medium Voltage Power Cables

Although it could not physically be confirmed on site, it can be seen from the existing single line diagram (Figure
3-10), that an 11kV, 25mm?, Copper power cable is used between the MV Metering Unit and the existing 315kVA
main power transformer. Although this cable is load-rated to carry 115A, 2.2MVA @11kV, when installed in
ducts/trenches, it should be noted that this cable is fault-rated to withstand a 10kA symmetrical short-circuit fault
for only 200ms, before damaging the cable. In lieu of the fact that this cable is supplied from a circuit breaker and
protection relay and not a fast-acting fuse, we are of the opinion that this cable is not sufficiently protected against
fault conditions.

Assuming a maximum symmetrical short-circuit fault level of 10kA (@11kV) at this pump station, we would
recommend that a cable be selected to withstand this fault rating for at least 500ms, in order to allow sufficient
time for the protection element to detect the fault and the circuit breaker to clear the fault, without causing any
thermal damage to the cable. For this reason, it is recommended that the MV cables between the 11kV RMU and
the transformer primary windings be rated as follows:
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¢ Rated Voltage: 6.35/11kV
¢ Conductor Type: Copper

¢ Insulation Medium: XLPE

¢ Conductor Size: 50mm?

¢ Number of Cores/Cable: Three core
e Armoring: None

4.4.6 Low Voltage Switchgear

(a) Main Incoming Section

Based on the assumption that two (2) 630kVA power transformers will be used to provide a redundant supply to
the total LV load, and a single standby diesel generator incorporated to provide backup power to the total facility,
it is recommended that a five (5) breaker main incoming low voltage section (see the typical layout in the image
below) be considered. This arrangement will consist of the following:

e Panel 1: Main LV Incomer - Transformer No.1 (1250A)
¢ Panel 2: LV Feeder 1 - MCC No.1 (800A)

¢ Panel 3: Standby LV Incomer —  Generator No.1 (1250A)

e Panel 4: LV Feeder 2 - MCC No.2 (800A)

e Panel 5: Main LV Incomer - Transformer No.2 (1250A)

Figure 4-12: Proposed Main LV Incoming Section

(b) All mains fail detection, automatic change-over functionality and control between the different sources
will be incorporated in dedicated control devices, that will be housed on the panels (as indicated in the
example above). Based on the 1.5 MVA rating of the standby generator, it is recommended that the busbars
of this Main LV Incoming Section be rated 2000A, 31.5kA (1s).Motor Control Centres

Based on the new pumps and associated equipment to be installed as part of the upgrade for each of the two (2)
sumps, it is recommended that a dedicated new MCC be installed for each sump’s equipment. A typical example
of such an MCC arrangement and size is shown in the figure below.
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Figure 4-13: Typical MCC Arrangement (credit: Tricom Africa)

Each MCC layout will include at least the following functional units:

mechanical screen 1 (1.5kW)
screw conveyor 1 (1.5kW)
sewage pump 1 (132kW)
sewage pump 2 (132kW)
Local control section (including RTU/controller)

Control section: screw conveyor 2 (1.5kW)
Control section: sewage pump 3 (132kW)
Control section: sewage pump 4 (132kW)
Local control section (including RTU/controller)

MCC 1 (Sump 1)

1. Main incoming section (1000A)

2. Local distribution section

3. Control section:

4. Control section:

5. Control section:

6. Control section:

7.

8. Wireways & distribution terminals
MCC 2 (Sump 2)

1. Main incoming section (1000A)

2. Local distribution section

3.

4.

5.

6.

7.

8. Wireways & distribution terminals

Control section: mechanical screen 2 (1.5kW)

Furthermore, it recommended that the screw conveyor and mechanical screens be equipped with WEG CFW-11
variable frequency drives, whilst the six (6) sewage pumps are started via WEG variable speed drives with the

correct ratings.

All power and control cables will be bottom entry via cable trenches and neatly managed between the MCC and
the motors by means of heavy-duty cable racks, mounted against the walls.
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4.4.7 Standby Diesel Generator

The current generator on site, sized at 403 kVA (442kVA standby) according to the nameplate values, is not of
sufficient size to power the new motors after the upgrade required at phase one. The minimum generator
requirements are

Capacity for one (1) motor running: 180.5 kVA (1x 132kW, pf=0.86, eff=0.85)
Capacity for one (1) motor starting (VSD): 361 kVA (2x full load current)

Total generator capacity required: 541.5 kVA

Generator capacity (prime rated): 600 kVA

Generator capacity (emergency-short time): 1100 kVA

The following design is considered for the final phase design (400 L/s).

The RFQ document, received from the George Municipality, for this project calls for the installation of a 1500 kVA
(1200 kW prime-rated) standby diesel generator to provide backup power to the entire pump station facility. Based
on the final load calculations (refer to Section 4.3), SMEC is of the opinion that this rating is too high for the
application. Oversizing a standby generator for any specific installation leads to a number of disadvantages, such
as a larger footprint, higher fuel consumption, thicker power cables required, and higher capacity switchgear
ratings, to mention but a few. The biggest concern, however, is the fact that if a diesel engine is operated at lower
than 30% of its design capacity, it leads to carbonisation of its combustion chambers, hence requiring much more
maintenance or additional load banks to be installed to increase the loading on the machine for short durations to
avoid carbonisation.

Furthermore, keeping in mind that the upgrading of Thembalethu Sewage Pump Station No.6 will be done in
phases, the initial stage (capacity of 238l/s) will require a maximum of only 2x 132kW motor to be operated under
peak flow conditions. As detailed in Section 4.3.2 a maximum demand of only 312 kVA is estimated for this phase
of the project. The 1500 kVA diesel generator will be able to support this load.

Based on the calculations detailed in Section 4.3.3 of this report, for the final stage (capacity of 400l/s) a maximum
demand of 469 kVA is estimated with 3x 132 kW motors being required to be in operation at the same time. For
this ultimate scenario, it would mean that the 1500 kVA diesel generator will only be operated at 31% of its design
capacity. (This assumption is based on full load running conditions for the motors and does not take motor starting
conditions into account).

SMEC would like to recommend that an 800 kVA generator (640 kW prime rated) be considered instead, as this
would be a much better-suited rating for this specific application. When considering the worst-case scenario for
the 400I/s stage, the following high-level calculation can be done to confirm the generator requirements:

Capacity for one (1) motor starting (DOL): 1084kVA (6x full load current)

Total generator capacity required: 1446 kVA

Generator capacity (prime rated): 800 kVA

Generator capacity (emergency-short time): 1600 kVA

Capacity for two (2) motors running: 362 kVA (2x 132kW, pf=0.86, eff=0.85)

This means that an 800 kVA generator will have sufficient capacity to start a fourth motor when the other three
motors are already in operation. A sequential starting simulation was done to confirm this calculation and has been
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included in Annexure A for reference purposes. An important factor to keep in mind during the detailed design
phase of the project will be to ensure that more than one motor is not started at the same time. This could easily
be incorporated into the MCC design by means of “time delay to start” relays, with different time settings. This
will ensure the sequential starting of the motors whenever a power interruption has been experienced.

The expected loading on the 800 kVA unit for the different stages is expected to be:
Stage 1 (238l/s): 261/800 kVA = 39%

Stage 2 (400l/s): 520/800 kVA = 59%

These values (even for Stage 1 requirements) are higher than the minimum 30% operating capacity of the
generator.

Typical dimensions for an 800 kVA generator set are indicated in the figure below. As can be seen from this image,
this unit will definitely be accommodated in the existing generator room.

Ly

VISTA SUPERIOR
UPPER VIEW

Figure 4-14: Typical 800kVA Generator General Arrangement (credit: Himoinsa)

Typical fuel consumption values for the 800kVA (640kW) standby diesel generator are specified as follows:

e Fuel consumption 100% prime rated power: 156.64 I/h
e Fuel consumption 70% prime rated power: 112.28 1/h
¢ Fuel consumption 50% prime rated power: 84.091/h

4.4.8 Telemetry & SCADA

The telemetry and SCADA for George Municipality applications are currently done under a separate SLA by
Spectrum Communications. The existing Spectrum Teleflex 5 RTU that acts as both controller and Telemetry RTU
would be expandible to allow for all the additional equipment, associated with the new motor control applications.
It is recommended the same type of equipment be used as part of the upgrade project for the fact that the
replacement parts are on hand in George with no lead time on replacement, repair, or servicing of this equipment.

Seeing that this portion of the work will be sub-contracted to Spectrum, a budgetary figure has been allowed for
a hardware upgrade, control algorithm alteration/rewrite SCADA and commissioning
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4.4.9 Earthing and Bonding

For the proposed new pump station building a network of inter-connected earth electrodes (consisting of earth
rods and cenductors) will be installed around the building tc ensure an overall resistance to earth of 1 Q or less
providing an effective earth mat. The minimum requirements for the earth rods and electrodes are provided in the
tables below. The number of earth rods to be installed around the building will be calculated during the detailed
design stage based on the soil resistivity measurements taken on-site as per the position of the new building to
be constructed.

Earth Electrode Rods:

Table 4-9: Standard for Earth Rod Dimensions

High Tensile Steel, Copper Coated

@ 16 mm

1800 mm

Earth Electrode Conductors:

Table 4-10: Standard for Earth Electrode Dimensions

Bare Copper
(Stranded)

Copper-Clad Steel
(Stranded)

Bare Copper (Solid)

Earth electrodes shall be installed as deep as possible, but not less than 900mm below the natural ground level.
Deep-buried electrodes exhibit less steep voltage gradients at the soil surface during times of discharge and
reduce the risk of mechanical damage or theft of the earth electrode. The network of underground earth
electrodes and conductors around the building will be bonded onto a 50mm x 6mm bare copper bar (main earth
bar), installed inside the pump station building equipment room by means of a 120mm? bare copper conductor.

Each of the other equipment rooms within the building will also be equipped with a 50mm x 6mm bare copper earth
bar (safety earth bar}. These safety earth bars within the rcoms will be ccnnected te the building’s main earth bar
by means of 70mm?2 PVC-covered copper conductors to ensure the integrity of the equipotential platform created
within the building.

All accessible conductors, portions of the electrical plant, or equipment which do not form part of an electrical
circuit, but have the possibility of accidentally becoming energised during normal or fault conditions, shall be
bonded to the nearest safety earth bar.

4.4.10 Building Small Power & Lighting

An allowance has been made in the budget estimate to provide some basic small power and lighting requirements
for the additional offices/store rooms that will be constructed as part of the upgrade project. All new sub-
distribution boards, light switches, conduits and socket outlets will be recessed in the walls (as per the current
design).

All luminaires specified for the new and/or existing rooms will be energy-efficient LED type and will also be
vaporproof.
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4.5 Rising Main

The planning and design of the water transfer infrastructure are based on the following principles:

e The provision and installation of isolating, air, non-return and scour valves will be limited to essential
locations as required for the efficient functioning of the system;

¢ Pipelines are to be routed such that it has minimal interference with other structures, parallel to the
existing pipe;

e Pipelines to follow services corridor and existing pipe route crossing the Schaapkop River over the existing
steel pipe bridge;

¢ All valve assemblies are to be housed in valve chambers;

e Pipes are to be placed underground except over the existing pipe bridge.

4.5.1 Horizontal Alignment
The rising main route will follow the existing 250mm diameter pipeline with a provisional parallel offset of 2.5m.

Bearing-type anchor blocks will be constructed at each horizontal bend where the flow changes direction. The
purpose of this block is to support the bend, reduce movement of the pipeline and stop the pipe joints from being
pulled apart causing a joint failure. The bearing-type anchor block is part of the design to safely transit the
unbalanced thrust forces to the undisturbed soil.

The horizontal alignment has a point of intersection (Pl) at each location where there is a change in the flow
direction. During the Concept and Viability report, it was attempted to use locally manufactured PVC pipe bends,
including an 11.25°, 22.5°, and 45°.90° bends will not be used as far as possible.

The pipe manufacturer allows for a 1° deflection over one pipe length in each joint to absorb minor changes in
directions.

4.5.2 Vertical Profile

The vertical profile is mainly affected by the ground levels along the path of the horizontal alignment, which follows
the route and the profile of the existing rising main.

In the vertical design of the pipe, provision has been made for air valves at all high points and significant changes
in grade along the entire route, including at the pumps, the control chamber and the crossing of the Schaapkop
river bridge. Provision for scouring valves at all low points and between valved sections of the pipeline was made.

The scour valve will ensure the pipe can be emptied to remove all the sediment trapped at the low point, but also
allow the pipe to drain in a reasonable time in case of maintenance.

As it is an environmentally sensitive area, scouring into waterways will not be allowed. Perrot Couplings are allowed
onto which a piped suction system from Water Spillage Truck (Honey Sucker) can be connected to take up the
water volume to prevent discharging into the watercourse.

4.5.3 Pipeline Material Selection

(a) Ductile Iron Pipes

A portion of the rising main will cross the Schaapkop Pipe Bridge and will be exposed above ground. The . The
existing 250mm diameter rising main crossing the Schaapkop pipe bridge is Ductile Iron, and has been selectred
to be used for the new 400mm dimeter as well.
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Figure 4-15: Pipe fixture on bridge structure

Ductile iron pipes are as robust as steel pipes and are slightly less prone to corrosion and cathodic reaction. They
are also normally epoxy lined and coated to improve corrosion protection.

Ductile Iron pipes normally have spigot and socket joints which simplifies installation Due to the Spigot and Socket
jointing system, the installation of valves and other specials require special Cl attention and CI fittings.

The ductile iron pipes are also normally supplied in lengths between 6- to 12m which also means that the pipes
become heavy at large diameters. This will require specialist lifting equipment for installing the pipes.

(b) PVC-U Pipes

This pipe has been selected due to their better hydraulic performance and better mechanical performance for the
400 mm diameter pipe. Stainless-Steel, epoxy-coated fittings will be used for special bends where required

¢ PVC-O pipes have a higher resistance to impact. t

e PVC-O pipes offer lower celerity than steel piping systems (four times less than ductile iron pipes), which
means lower transient pressures during sudden variations in water volume and pressure. This reduces
and almost eliminates the possibility of breakage during opening and closing in the water network and
when pumping gets under way.

¢ Increased hydraulic capacity —=The internal surface is extremely smooth, reducing head loss and making
reducing the potential for deposit.

A complementary range of valves and fittings is available. OPVC pressure bends are manufactured to PN16 working
pressures.. The range of bends is available in 11.25°, 22.5°, 45” and 20°. They are also lighter in weight than the
metal pipes which will lend itself to easier construction in the areas where space could be restricted.

"Viking Johnson” cr similar flexible couplings are used to connect these fittings to plain-ended pipes. The “Viking
Johnson” joint is a mechanical jeint in which a rubber seal is compressed against the pipe spigots by tightening
the belts on the joint. The correct "barrel” length of the “Viking Johnson” joint must be used to allow for expansion
and contraction of the PVC pipe or any possible movement after installation of the pipeline.
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4.5.4 Water Hammer Analysis

(a) Introduction

A water hammer analysis was conducted of the Thembalethu transmission system. The objective of the analysis
was to identify and optimise water hammer mitigation measures.

The Thembalethu transmission system consist of a pump station with an approximately 680 m long force main
that discharges into a manhole. The system was modelled with three steady flow scenarios:

1. Design Condition, low flow — where the design flow equals 125 |/s and sewage being pumped via one

force main.

2. Design Condition, high flow = for this scenario the design flow equals 238 I/s while pumping via one

force main.

3. Ultimate Condition — a design flow totalling 400 I/s and sewage being pumped via a seconTd force main.
The second force main will be horizontally aligned parallel to the Design Cendition's force main route
with a 5 m distance between the two pipelines. Furthermore, the two force mains’ pipe diameters and
materials are identical.

(b) Assumptions

The following assumptions where made during the model construction to ensure that the desired design flows
are attained for the two different steady state conditions.

Refer to Figure 4-16 below that reflects the assumed pipework diameters. All pipework was assumed to be
manufactured of stainless steel. The wave celerities of the different pipework diameters are provided in Table

4-11 below.

Table 4-11: Pump Station Pipe Work Hydraulic Data

Outside Wall Thickness Material Wave Celerity Design Ultimate

Diameter (mm) (mm) (m/s) Condition - Condition -
Flow Flow
Velocity Velocity
(m/s) (m/s)

273.1 3.4 Stainless Steel 1,109.9 1.61 2.42

323.8 4.0 Stainless Steel 1,108.0 1.15 1.72

355.6 4.0 Stainless Steel 1,084.8 1.89 2.85

457.2 4.2 Stainless Steel 1,032.4 113 2.57

The pump curves were obtained from a pump manufacturer and is reflected in Figure 4-17 below. The duty point
of one pumpis 133.3 I/s at 65 m pumping head. Three duty pumps and one standby pump will be installed for the
ultimate condition. It is assumed that for the low flow design condition (125 I/s), one (1) duty pump will operate at
95 % of its rated speed namely, 1,418.9 r.p.m. For the high flow design condition (238 I/s), two duty pumps will
operate at 98 % of its rated speed - 1,460.7 r.p.m.

The pumps’ installed motor power rating will be 132 kW and the mass moment of inertia of the pumps were
estimated using an empirical equation —4.53 kg.m2. The pump specific speed is calculated as 23.8u with the
following equation: n, = :D_J.E where, 1. is specific speed, @ is discharge rate (m3/s) and H is the pumping head

(m).
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The following force main data was used for both the Design Condition and the Ultimate Condition:

Table 4-12: Force Main Hydraulic Data

Outer Wall Material Wave Length Description Design Ultimate
Diameter Thickness Celerity (m) Condition Condition
(mm) (mm) (m/s) -Flow = Flow
Velocity Velocity
(m/s) (m/s)
400 18.4 UPVC, 430.9 636.6 Buried pipe 1.73 1.97
Class 12
429 8.1 Ductile 1,166.1 36.9 Pipe bridge 1.34 1.52
iron, Class
K9

The pipes' hydraulic friction losses were calculated with the Darcy Weisbach equation. The absolute roughness of
the pipes was assumed as 0.03 mm.

(c) Transient Events

Six transient flow scenarios were identified and were modelled using Bentley's Hammer software. The transient
flows consisted of pump start and pump trip. The scenarios that were modelled include:

1. Scenario 1: Design Condition, Low Flow.
1.1. Scenario 1.1: Pump Trip.
1.2. Scenario 1.2: Pump Start.

2. Scenario 1: Design Condition, High Flow.
2.1. Scenario 2.1: Pump Trip.
2.2. Scenario 2.2: Pump Start.

3. Scenario 2: Ultimate Condition.
3.1. Scenario 3.1: Pump Trip.
3.2. Scenario 3.2: Pump Start.

For Scenarios 1.1, 2.1 and 3.1 (pump trip), all the pumps were modelled to simultaneous stop and run down to a
stationary condition as a function of the pump impeller, coupling and mcter roter's mass moment of inertia.

Scenarios 1.2, 2.2 and 3.2 consists of starting the duty pumps and gradually increasing its speed from 0 to 95 %
over a period of 7.9 seconds, 0 % to 98 % over a period of 10.8 seconds and 0 % to 100 % over a period of 12
seconds respectively.
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Existing System

(e) Conclusions

The system’s maximum water hammer pressure will occur during a pump trip with the Ultimate Condition as the
initial steady state condition. The maximum pressure will be 10 Bar at chainage 364 m (according to the
drawings).

Furthermore, vapour conditions will occur when pumps trip for both the Design and Ultimate Condition. Vapour
conditions will occur at chainage 601.8 m and elevation 156.2 m (according to the drawings). Vapour conditions
are unacceptable because when vapour conditions develop, the water column ‘breaks’ and ‘collapses’ again
when the water column reverses flow direction. This collapsing column results in cavitation and results in
localised pressure spikes that could compromise the pipe’s structural integrity.

(f) Recommendations
The following recommendations are made to alleviate maximum and minimum water hammer pressures:

1. For the Design Condition, two duty pumps must start simultaneously with a gradual increase in speed.
The two pumps need to accelerate from 0 % speed to 90 % over a period of 10.8 s.
2. For the Ultimate Condition, three duty pumps must start simultaneously with a gradual increase in
speed. The three pumps need to accelerate from 0 % speed to 100 % over a period of 12 s.
3. Both force mains require a strategically positioned air valves. The air valves need to be positioned at
chainage 601.8 m with an elevation of 156.2 m. The air valves must be of a special type namely:
a. Sewage type.
b. Tripple acting type (incl. anti-slam orifice).
c. Inclusive of a mechanism (for instance a spring) to keep the valve closed under low pressure
(1.27 Bar) conditions during steady flow conditions.
d. Intake orifice diameter size of at least 25 mm.
e. Anti-slam orifice diameter size of at least 5 mm.

4.6 Design Specifications

The following Standardised Specifications shall generally apply to the design and construction of the collection
system and general civil works:

SANS 1200A General
SANS 1200C Site Clearance
SANS 1200D Earthworks

SANS 1200DB
SANS 1200DK

Earthworks (Pipe trenches)
Gabions and Pitching

SANS 1200DM Earthworks (Roads, Sub grade)
SANS 1200G Concrete

SANS 1200H Structural Steel

SANS 1200HC Coorosion protection for Structural Steelwork
SANS 1200L Medium-Pressure Pipelines
SANS 1200LB Bedding (Pipes)

SANS 1200LC Cable Ducts

SANS 1200LD Sewers

SANS 1200LE Stormwater Draingage

SANS 1200M Roads

SANS 1200ME Subbase

SANS 1200MF Base

SANS 1200MJ Segmented Paving

SANS 1200MK Kerbing and Channeling

4.6.1 Pipework and fittings

The following specifications shall generally apply to pipes and fittings:

SMEC Internal Ref. C1924 89
27 October 2023

Thembalethu Pumpstation

Upgrading of Thembalethu No.6 Sewer
Pump Station

Client Reference: Tender T/ING/010/2020
Prepared for George Municipality



Existing System

¢ SANS 719 : Electric welded carbon steel pipes for aqueous fluids — large bore for pipelines
and fittings exceeding 150 mm in diameter

¢ SANS 1123 : Pipe flanges

¢ SANS 664 : Cast iron gate valves for waterworks

¢ BS5155 : Butterfly valves

¢ SANS 16422 : Pipes and joints made of oriented unplasticized polyvinyl chloride (PVCO) for the

conveyance of water under pressure.

The positions of air valves, scour valves, horizontal bends, vertical bends are indicated on the longitudinal sections.
Details are indicated on separate plans in Annexure A

4.6.2 Associated Infrastructure

(a) Bulk earthworks and roads

1. Earthworks
The following design standards apply:

e South African Bureau of Standards (SANS)

¢ SANS 1200 for services (Water & sewer)

¢ TRH14 Guidelines for road construction materials

e TRH20 The structural design, construction and maintenance of unpaved roads

All platforms are to be free draining with no ponding. Surface drainage with open canals is the primary solution.
Stormwater originating to be drained around and away from site

Subsurface drainage is the secondary solution. In areas where ponding cannot be eliminated, sub-surface
drainage conduits are to be designed. Safety and ease of maintenance and operation are the main
considerations.

2. Access Roads

The geometric design standards must be designed according to the TRH17 guidelines. The design standards
for the roads are summarized in table 3 below.

Table 4-13:Summary of design standards for access roads

Width Road width 5.0m

Cross-fall General cross-fall slope 2%

Surfacing General surface (Base) 150mm G5 Base material compacted
Grades above 14% 150mm Concrete surface with Mesh 193

reinforcement

Sub-Base ¢ Grades above 14% - 200mm C4 stabilised material
Compacted

The following design standards apply:

e  South African Bureau of Standards (SANS)

¢ COLTO

e SANS 1200

¢ SATCC Code of Practice for the Design of Road Pavements
¢ SADC Roads and Bridge Design Standards and Specification;

Thembalethu Pumpstation SMEC Internal Ref. C1924 90
Upgrading of Thembalethu No.6 Sewer 27 October 2023

Pump Station

Client Reference: Tender T/ING/010/2020

Prepared for George Municipality



Existing System

¢ TRH4 - Structural Design of Flexible Pavements for Interurban and Rural Roads, COLTO;
¢ TRH14 Guidelines for road construction materials
¢ TRH20 The structural design, construction and maintenance of unpaved roads

1.11. Stormwater

The Road Drainage Manual published by the South African National Roads Agency is used in the design of all
stormwater-related infrastructure.

(b) Thrust Blocks

The purpose of the thrust block is to support the bend and stop the pipe joints from being pulled apart causing a
joint failure. The thrust block is part of the design to safely transit the unbalanced thrust forces to the undisturbed
soil. As mentioned above, no thrust blocks will be designed for changes in the vertical profile due to changes in
the direction being smaller than 10 degrees, but several thrust blocks are needed to support the pipe along with
changes in the horizontal alignment of the new pipe.

The internal pressure of the pipe acts perpendicular to any plane with a force equal to the pressure, P, times the
area of the pipe (using the internal pipe diameter). The thrust block design is based on the SANS 2001-DP2:2010
manual for medium-pressure pipelines.

The shape of the thrust block is designed as a trapezium with a height that is adequate to ensure the area required
to withstand the thrust forces with a minimum thickness of 100mm around the pipe.

The concrete of the thrust blocks is Class 25/19 for all Bends and Tees.
4.6.3 Valves, Fittings and Specials

(a) Valve Chambers and Ancillary Equipment

The following design approach was followed for the various components:

. Reinforced brick and concrete valve chambers;

. Stainless-Steel of grade 316L pipework to SANS 719, Grade B - painted epoxy lined; high
build polyurethane coated; and

. All valves and fittings shall be internally and externally coated with fusion-bonded epoxy.

(b) Scour Valves
The design of the rising main includes the provision of scour valves.

The scour assembly will be connected to the main pipe with an 500mm Scour T-Piece of stainless-steel flanged
all ends.

Gate valves shall be of the RSV gate type, VOSA, Premier, or similar approved, double flanged with Ductile Iron
bodies and stainless-steel trim and shall conform with all relevant sections of SANS 664 or BS 5163, specifications
and subsequent amendments. Flanges shall be drilled to BS4504 or SANS 1123 for 16 bar working pressure as
specified, and compatible with pipework flanges.

The gate shall be guided within the body of the valve to fit accurately onto the seat and to avoid possible buckling.
Where extended spindles are required, they shall be suitably supported to prevent swaying and buckling and to
guarantee the intended use of the valve. All gate valves shall be drop-tight when tested in accordance with the
requirements of BS 516 3.

All valves shall be capable of being operated manually with a maximum applied torque of T00Nm.
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Figure 4-57: Scour assembly

The end piece will be fitted with a "Perrot” Coupling cr similar approved. All other valves shall be provided with a
cap top for use with a valve key.

(c) Air Valve
The design of the rising main includes the provision of air valves.

The air valve will be connected to the main pipe with an unequal 500mm T-Piece with a 300mm branch stainless-
steel flanged fitting.

1}
i i
=
- |...
! A ! i s X
im.
[k
Ill'l':'l |.:| .Il. 1ag
t
Figure 4-58: Airvalve assembly
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In the chamber the following fittings will be accessible:

e Equal Tee-connection fitting

¢ Flanged Reducer (500 mm to 300 mm Reducer)
¢ Flanged Riser piece

e 150mm RSV Gate Valve

¢ 150mm Air Valve RGX

¢ 500 mm Flanged adaptor

Air release and vacuum break valves shall be double orifice with anti-shock orifice mechanism, of type "Vent-O-
Mat Series RGX — Anti-Surge" or similar approved with flanged inlets and rated for a minimum of 16 bar working
pressure as specified.

The valve shall have an integral surge alleviation mechanism which shall operate automatically to limit transient
pressure rise or shock induced by closure due to high-velocity air discharge or the subsequent re-joining of
separated water columns. The limitation of pressure rise must be achieved by deceleration of approaching water
prior to valve closure.

The intake/discharge orifice area shall be equal to the nominal size of the valve. The inlet shall be fitted with an
isolating valve with a vertical spindle, key operated from above.

(d) Non-Return Valves

Flanged multi-door check valve, Three piece design, multi-door, replaceable centre, lever arm and counterweight.
Rapid closing times without slamming.

4.6.4 Control Assembly

A surge and flow control arrangement will be installed which will include Air relief valves, and surge anticipating
valve arrangement, which is an off-line, hydraulically operated, diaphragm-actuated valves and flow control valve
to arrange flow regime with the pipe to ensure design velocities are kept.

The surge anticipating valve , sensing line pressure, opens in response to the pressure drop associated with abrupt
pump stoppage. The pre-opened valve dissipates the returning high-pressure wave, eliminating the surge. It
smoothly closes drip tight as quickly as the relief feature allows while preventing a closing surge.
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Figure 4-59: Control assembly section
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Figure 4-60: Control assembly

4.6.5 Corrosion Protection

All the fittings and couplings will be 316L Stainless-Steel FBE coated, or two-pack epoxy coated galvanised mild
steel, epoxy-coated ensuring protection against corrosion. For sizes 400mm, plain-ended fabricated bends, equal
tees, scour tees, reducing tees, reducers, flanged adaptors, end caps and saddles are available. These fittings are
suitably protected against corrosion.

All joints shall be Stainless-Steel flanged and drilled to SABS 1123:1977 Table 1600/3. All joints shall be protected
by rapping with Denso S43R23 WRAP.
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Operation and Maintenance

5 Operation and Maintenance

5.1 Operational and Maintenance Requirements

The operation and maintenance requirements of the proposed schemes will be similar to the requirements of the
existing water supply which is currently maintained by the Civil Engineering Services Directorate: Water and
Sanitation Department of George Municipality.

5.2 Institutional Training Requirements

No specific institutional training is required as the project components are similar to existing infrastructure already
being maintained by the Municipality.

5.3 Cost Recovery Plan

There is currently no cost recovery on this scheme. Operations and maintenance costs will be funded from their
own funds.
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6 Capital Cost Estimate



7 Conclusion and Recommendations

The George Municipality needs to upgrade the existing Thembalethu sewer pumpstation No. 6 and associated
rising mainly due to it being overloaded and exceeding its capacity on a regular basis. The current capacity
of the pumpstation is 60 €/s and needs to be upgraded to cater for future flows for the next 20 years of
238 €/s. In terms of the sanitation master plan of the George Municipality, further upgrades to the pumpstation
will need to be carried out in the future to cater for the ultimate capacity of 400 €/s as per the GMSMP.

The upgrades include the addition of a @400mm rising main, to be installed parallel to the existing @250mm
rising main for rounded 710m from the control chamber at the pump stationAt a later date, a second @400mm
rising main can be installed parallel to the newly proposed @400mm rising main. This can replace the existing
©250mm rising main if George Municipality wishes to remove the existing @250mm rising main.The two rising
mains will be used in conjunction in future to accommodate the 400 €/s flow requirement. The layout of the
pump station, therefore, was carefully considered to be compatible with both the current upgrades, as well
as future planned upgrades.

The Environmental Impact Assessment (EIA) and Water Use License Application (WULA) were concluded in
2014 and the environmental authorisation is still valid and encompasses all the activities triggered. SMEC will
incorporate the terms and conditions of the authorization in the design of the project.

The pump station was designed with the space allowance for 3 pumps to be installed initially (each with a
134 £/s capacity) to meet the initial requirement of 238 £/s with a standby pump; as well as allowing sufficient
space to install an additional pump in the future to meet the final demand of 400 €/s. This configuration will
ensure that there is always standby availability for the pumps if any of the pumps have a failure or need
maintenance. The pumps will be controlled with VSDs to reduce electrical load, minimize the transient events
during normal operations and provide various flow regimes.

The additional electrical load requirements with the upgrading of the pumpstation required the electrical
control, switchgear and backup power generation to be increased and upgraded. It is recommended that the
spare 11kV feeder on the existing 3-way RMU be used to bring in an alternative supply to the pump station,
in order to provide a redundant ring feed supply, thereby ensuring a more reliable source of bulk supply. It
should be noted that an existing transformer is an oil-filled unit, which does pose a fire risk, especially when
installed in a dedicated room (as is the current case). With open cable trenches, protruding to the other
rooms, the risk of burning transformer oil being spread quickly throughout the entire building is a major fire
hazard. For this reason, it is recommended that the new transformers be of the dry-type (vacuum pressure-
impregnated cast-resin).

Based on the new pumps and associated equipment to be installed as part of the upgrade for each of the two
(2) sumps, it is reccmmended that a dedicated new MCC be installed for each sump’s equipment.

SMEC recommend that an 800 kVA generator (640 kW prime rated) be considered instead of the 1.5MVa
included in the initial scope of work as set out in the RFQ, as this would be a much better-suited rating for
this specific application.

The alignment of the rising main will follow the alignments of the existing 250mm diameter pipeline crossing
the existing pipe bridge where allowance has been made to discharge into the receiving manhole at the end
of the upgrade route.



Annexure A Pump Station Drawings
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Annexure B Mechanical Drawings
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Annexure C Structural Drawings
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PER BUIGING VOLGENS - SANS 282
BENDING TO - SANS 282
DEEL AANTAL DEEL/| DIA |LENGTE| TOT. | MERK |KODE GTO ~ SANS 28
MEMBER [NO OFFMEMB. LENGTH MARK |[CODE A B C D E/r
300x270/ 2 4 Y20 8600 8 01 37 140 (8490)
570x270 2 Y20 3750 4 O1a 37 140 (3640)
006,007 2 Y20 1650 4 01b 37 350 (1330)
35 Y10 1150 70 S1 207 240 210
15 Y10 400 30 S2 207 210 510
270x270 1 4 Y16 3750 4 02 37 140 (3640)
008 20 Y10 1100 20 S3 207 210 210
270x270 1 4 Y25 3750 4 03 37 140 (3640)
009 13 Y10 1100 13 S4 207 210 210
270x270 1 4 Y20 3750 4 04 37 140 (3640)
010 16 Y10 1100 16 S5 207 210 210
270x270 1 4 Y25 8600 4 05 37 140 (8490)
004 29 Y10 1100 29 S6 207 210 210
270x270 1 4 Y20 8600 4 06 37 140 (8490)
001 36 Y10 1100 36 S7 207 210 210
270x270 1 4 Y16 8600 4 07 37 140 (8490)
002 45 Y10 1100 45 S8 207 210 210
570x270 2 4 Y20 8600 8 08 37 140 (8490)
003,005 2 Y12 8650 4 09 37 160 (8490)
36 Y10 1700 72 S9 207 510 210
36 Y10 400 72 S10 36 80 60 210 60 (80)
270x270 1 4 Y20 1650 4 10 37 350 (1330)
011 4 Y20 3000 4 11 37 140 (2920)
14 Y10 1100 14 S13 207 210 210
CORBEL 6 4 Y16 2750 24 S14 188 800 520 250 200 360
3 Y10 1700 18 S15 207 210 520
1 Y10 1400 6 S17 207 210 380
3 Y10 1100 18 S16 207 210 225
8 10 12 16 20 25 32 40 TOT [Datum/Date 2023/10/23
R Geteken/Drawn | Rdu P
Y 304 31 182 560 190 1267|Tek.Nr/Drg.No C1924-DCN-103
TOT 304 31 182 560 190 1267|Werk Nr/iJob No | C1924

65 Riebeek Street
Cape Town 8001
outh Africa

PPO Box 8022
Roggebaa 8012
South Africa

T 42721 417 2900
F+27 21 417 2099
www.smec.com

THEMBALETHU PUMP STATTION
RC COLUMN REINFORCEMENT

Wysiging/Revision

A

Skedule Nr/Shedule No

113




PER BUIGING VOLGENS - SANS 282
BENDING TO - SANS 282
DEEL |AANTALDEEL/| DIA |LENGTE| TOT. | MERK |KODE
MEMBER |NO OFFMEMB. LENGTH MARK [CODE| A B C D E/r
B-1-001 1 2 | Y20 | 4100 2 01 37 150 | (4000)
2 | Y20 | 6950 2 [ 02 37 150 | (6840)
2 | Yi2 | 4100 2 | 03 37 100 | (4000)
2 | Yi2 [ 6500 2 | 04 37 100 | (6440)
2 | Y20 | 6950 2 [ 05 37 150 | (6840)
2 | Y20 [ 4100 2 [ 06 37 150 | (4000)
31 | Y10 | 1450 31 St 60 440 210
B-1-002 2 | Y20 | 8550 2 | o7 37 150 | (8450)
2 | Y20 | 8850 2 | 08 20 |(8850)
2 | Y20 | 8600 2 | 09 37 150 | (8490)
2 | Yi2 | 8350 2 10 37 100 | (8250)
2 | Y12 | 8450 2 11 20 |[(8440)
2 | Yi2 | 8350 2 12 37 100 | (8290)
2 | Y20 | 8550 2 13 37 150 | (8450)
2 | Y20 | 8850 2 14 20 |(8850)
2 | Y20 | 8600 2 15 37 150 | (8490)
79 | Y10 [ 1450 79 | s2 [60 440 210
B-1-003 2 | Yi6 | 5950 2 16 37 150 | (5850)
2 | Yie | 2150 2 17 37 150 | (2030)
2 | Yi0 | 5750 2 18 37 100 | (5650)
2 | Yio [ 1900 2 19 37 100 | (1830)
2 | Y16 | 5950 2 | 20 37 150 | (5850)
2 | Yie | 2150 2 | 21 37 150 | (2030)
22 | YI0 | 1450 22 | S3 |60 440 210
8 10 12 16 | 20 | 25 | 32 | 40 | TOT |Dawm/Date 2023/10/23
R Geteken/Drawn | Rdu P
Y 127 63 51| 365 608|Tek.NriDrg.No | C1924-DCN-104
TOT 127 63 51| 365 608|Werk NriJob No | C1924
trin s | THEMBALETHU PUMP STATTION  |wwysiging/Revision A
mEMEﬂ %%, |LEVEL 1 RC RING BEAM
Mo s | REINFORCEMENT Skedule NShedule No | 115




PER BUIGING VOLGENS - SANS 282
BENDING TO - SANS 282
DEEL  |AANTAL DEEL/| DIA |LENGTE| TOT. | MERK |KODE GTo
MEMBER |NO OFFMEMB. LENGTH MARK [CODE| A B c D E/r
B-2-004 1 2 | Y20 | 4100 2 | 01 |87 | 150 | (4000)
2 | Y20 | 6950 2 | 02 |37 | 150 [ (6840)
2 | Y12 [ 4100 2 | 03 |37 | 100 [ (4000)
2 | Yi2 | 6500 2 | 04 [37 | 100 | (6440)
2 | Y20 | 6950 2 | 05 |37 | 150 [ (6840)
2 | Y20 | 4100 2 | 06 |37 | 150 [ (4000)
31 [ Y10 [ 1450 31 | S1 [60 | 440 210
B-2-005 1 2 | Y16 | 8550 2 | 07 |37 | 150 [ (8450)
2 | Yi6 | 8850 2 | 08 |20 [(8850)
2 | Y16 | 8600 2 | 09 |37 | 150 | (8490)
2 | Y10 | 8350 2 | 10 |37 [ 100 [ (8250)
2 | Y10 | 8450 2 | 11 |20 [(8440)
2 | Y10 | 8400 2 | 12 [37 [ 100 [ (8290)
2 | Y16 | 8550 2 | 13 |37 | 150 | (8450)
2 | Y16 | 8850 2 | 14 20 [(8850)
2 | Y16 | 8600 2 | 15 |37 | 150 [ (8490)
79 | Y10 | 1450 79 | S2 [60 | 440 210
B-2-006 1 2 | Y16 | 5950 2 | 16 |37 | 150 | (5850)
2 | Y16 | 11650 2 | 17 87 | 100 (11600)
2 | Yi0 | 5750 2 | 18 |37 | 100 | (5650)
2 | Y10 | 11500 2 | 19 |37 [ 100 [(11400)
2 | Yi6 | 8150 2 | 20 |37 | 100 [ (8060)
2 | Y16 [ 9500 2 | 21 37 | 100 [ (9410)
53 | Y10 | 1450 53 | S3 [60 | 440 210
B-2-007 i 2 | Yi6 | 10050 2 | 22 |38 | 120 | 9870 | (120)
2 | Y10 | 10050 2 | 23 |38 | 100 | 9870 | (100)
2 | Y16 | 10050 2 | 24 |38 | 120 | 9870 | (120)
32 [ Y10 [ 1450 32 | S4 [60 | 440 210
B-2-008 i 2 | Y16 [ 10150 2 | 25 |37 [ 120 [(10080)
B-2-010 2 | Y16 | 7500 2 | 26 |37 | 120 [ (7390)
2 | Y10 | 9950 2 | 27 |37 | 100 | (9880)
2 | Y10 | 7300 2 | 28 |37 | 100 [ (7190)
2 | Yi6 | 8150 2 | 29 |37 | 100 [ (8060)
2 | Y16 | 9500 2 | 30 |37 [ 100 [ (9410)
53 | Y10 | 1450 53 | S5 [60 | 440 210
B-2-011 1 4 | Yi6 | 7700 41 31 [37 | 120 [(7600)
4 | Y10 [ 7600 4 | 382 [37 | 100 [ (7500)
4 [ Yi6 | 7700 4 | 33 [37 | 120 [ (7600)
45 [ Y10 [ 1450 45 | S6 [60 | 440 210
8 | 10 | 12 | 18 | 20 | 25 | 32 | 40 | TOT |DawmDate | 2023/10/23
R Geteken/Drawn | Rdu P
Y 367| 19| 548/ 109 1042|TekNr/Drg.No | C1924-DCN-104
TOT 367| 19| 548/ 109 1042|Werk Nridob No | C1924
e | THEMBALETHU PUMP STATTION | wysiging/Revision A
mEME‘: %% |RC ROOF RING BEAM
Mo s | REINFORCEMENT Skedule NrShedule No | 117




