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1. INTRODUCTION
GG & G Consulting Engineers (Pty) Ltd were appointed by Koukamma Municipality (KKM) into a panel of
professional service providers (PSP’s) for a period of three (3) years ending 30 June 2021. As part of the
appointment, GG & G were requested to assist the municipality with applications for funding. One of the projects
earmarked for funding application was the Small-bore Sewer Replacement at Clarkson; hence, a Municipal
Infrastructure Grant (MIG) Technical Report for was prepared and submitted to KKM in November 2019. The
report was subsequently approved in February 2019, and GG & G Consulting Engineers was then appointed
formally to commence the provision of professional services from 19 March 2019.
This design report is for the provision of professional services under Stage Three (3) (Design Development). The
major components of this report are, viz:
•

Project Site and Background;

•

Site Investigations;

•

Project Scope and Design Development; and

•

Contract Documentation, Procurement and Costing.

2. PROJECT BACKGROUND AND SITE
Project Background
Replacement of small-bore sewer system to full waterborne sewer system-Clarkson project was identified from
IDP stakeholder consultation process of 2017/18. It is included in the IDP and WSDP (project number
N/EC109/010/W) as one of the projects in KKM’s Ward 5 for which the Technical Services Directorate should
urgently seek funding for and implement. Hence, GG&G submitted the technical report to KKM for their
applications for MIG funding.

Site Locality
Clarkson is a small settlement situated approximate 22 km south east of Kareedouw along route R102. The
settlement is located in Ward 5 of Koukamma Local Municipality, with an estimated total of 575 households and
a population of 1947 (2015/16 estimate aligned with 2011 Census, Koukamma Draft IDP 2017/18). Figure 1
overleaf indicates the general locality plan of the site.

Existing System & Operations
The current small-bore sewer scheme is an on-site waterborne treatment scheme, consisting of site
digestors/septic tanks, which is failing because of small pipe sizes and collapsed PVC septic tanks. In terms of the
drainage network, it consists of three drainage areas, one (1) which drains via a gravity sewer and the other two
(2) each draining to two separate sewage sumps connected to pump stations. Two (2) of three (3) drainage areas
(gravity and rising main) outfall the liquid only sewage to the Clarkson Waste Water Treatment Works (WWTW),
consisting of a series of oxidation ponds. The treatment works does not have a formal inlet and outlet works, and
also does not have any sludge handling/management facilities, which poses concerns for regarding effluent quality
and overall compliance with national regulations. Description of the system components are presented in the
following sections.
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Figure 1: General Locality Plan of the Clarkson Project Area

Main Sewer Lines and House Connections
Existing small-bore sewerage network consists of 75mm diameter bulk sewer line and PVC septic tanks (per erf).
75mm diameter outfall pipe from the septic tanks is connected to the 75mm diameter bulk sewer line with precast
rings manholes positioned approximately 100 meters apart.
There is section of the main line that was upgraded to 160mm diameter uPVC by the municipality and it will not
form part of this scope of work.

Pic 1: Septic Tank Lid

Pic 2: Waste water pipes connected to septic tank
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Pump Stations
Two existing pump stations are situated at the bottom of drainage areas and pump effluent, via 110mm rising
mains, which discharges into a bulk collector sewer draining into the wastewater treatment works. Both consist
pumping stations consists of one (1) duty and one (1) standby submersible pump, connected with flexible hosing
and quick release couplings (on lifting chains). These pumps in turn feeds into the housing chamber containing an
electrical kiosk, consisting of switches and controls, and an outlet manifold, consisting of two (2) non-return valves,
two (2) isolation valves and one (1) air valve. An overflow/emergency detention pons is situated next to each
pumping station. Both sites are fenced with razor wire fencing.

Pic 1: Outside view of sewer pumping station – wet
well (left) & housing chamber (right)

Pic 2: Overflow/Emergency detention pond

Pic 3: Inside View of wet well

Pic 4: Outlet manifold in housing chamber

Pic 5: Top of electrical kiosk in housing chamber

Pic 5: Bottom of electrical kiosk in housing chamber
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Waste Water Treatment Works
Clarkson WWTW is a 0.33 Mℓ/day oxidation pond system, situated near Clarkson as indicated in Figure 1 above.
The system consists of one (1) primary pond (anaerobic pond) and three (3) secondary ponds (facultative and
evaporation ponds) as seen on Figure 2 below.

Figure 2: Detailed Site Layout of the Clarkson WWTW

With reference to the KKM’s Clarkson Evaporation Ponds System Operation and Maintenance Manual (Version
2/2012), in studies by AL Abbott & Associates (2004), the WWTW has the following design specifications, viz:
Table 1: Existing Treatment Works specifications
Treatment Stage
Primary Pond
(Anaerobic)
Secondary Ponds (2
x Facultative & 1 x
Evaporation)

No. of Units

Capacity

Loading Rate

Treatment Capacity

1

3500 m2

300 kg COD/ha/d

105 kg COD/d

3

8190 m3

25 days retention

330 kℓ/d

The above capacities will need to verified under the design development of this report. Clarkson WWTW is
classified as a “small” plant, working within the treatment/operational range of 500-2000 kℓ/d.
The plant does not have a formal inlet works (for pre-treatment, such as screening & de-gritting), lacks adequate
site safety, security & accessibility, and general maintenance (which is evident by overgrown vegetation).
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Pic 1: Anaerobic pond surrounded by overgrown
vegetation

Pic 2: Boundary fence not available to restrict entry

Pic3: Intlet Chamber into anaerobic pond

Pic4: Blockage (debris & sludge) in intlet chamber

3. SITE INVESTIGATIONS
Various site investigations were commissioned prior to commencement of the design development phase and the
details of these are presented below.

Visual Assessment
Several on-site visual assessments were conducted during the conceptual/pre-planning stage. Several key
operational aspects were identified and observed, and the detailed review of this will be outlined in the scope and
design development section of this report.

Topography
A request for a topographical survey of the site was approved by the KKM and the survey was conducted during
between mid-May and June 2019 by SURPLAN Engineering Surveyors. Additional survey was conducted late in
June, as several gaps in the survey were identified owing either from its exclusion from the original required scope
or due to excessive bush clearing required beforehand on site – the latter issue was resolved with assistance from
the Community Works Programme (CWP) staff under the Expanded Public Works Programme (EPWP) working in
the Koukamma Municipal area. The final survey was completed and received in the first week of July 2019.
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Geotechnical Investigation
Geotechnical investigations are being conducted, by SRK Consulting, at the time of issue of this report, and the
results on this will be incorporated and presented at a later stage.

Environmental Impact Assessment
CEN Integrated Environmental Management (IEM) Unit has been appointed as an independent Environmental
Assessment Practitioner (EAP) for the project. As per their preliminary assessment of the project scope and
activities, they have been appointed for the following tasks per their proposal (verbatim) viz:
•

In terms of the National Environmental Management Act (No. 107 of 1998, as Amended) (NEMA) and NEMA
2014 Environmental Impact Assessment (EIA) Regulations (as amended, 2017), the proposed development
requires an environmental authorisation before development can commence.

•

In terms of the National Environmental Management: Waste Act (Act 59 of 2008) (NEMWA), the proposed
development requires a waste management license to be issued for waste management activities listed under
Category A of NEMWA Regulation 921 before development can commence.

•

An integrated application will be submitted to the Eastern Cape Department of Economic Development,
Environmental Affairs and Tourism (DEDEAT) for approval of the environmental authorisation (EA) and waste
management license (WML) in terms of the 2014 EIA Regulations and the NEMWA Regulations. The process
requires a Basic Assessment to be carried out.

•

A Water Use License Authorisation (WULA) is required in terms of the National Water Act, 1998 (Act No. 36
of 1998). The WULA process will run in parallel with the integrated EA and WML application process.

The minimum regulated timeframes required to conclude the above tasks combined and parallel is roughly 10-12
months. Thus, the expected date for commencement of the construction phase of the works can be anticipated
to be around April 2020. It may possible to overlap the procurement phase (tender and adjudication) close to the
end of the regulated timeframe so as kick-off the construction phase as soon as the authorisations, permits and/or
licenses have been issued.

Other Investigations
Sludge classification and characterisation analyses are required for investigations on sludge management and
disposal solutions for the treatment works – this is especially required in terms of the National Water and Waste
Acts and their associated regulations, and so also needs to be incorporated into the environmental assessment
process for approval. Sludge samples were obtained and submitted for testing to AL Abbott & Associates. At the
time of issue of this report, these investigations were still underway and the results on this will be incorporated
and presented at a later stage.

Challenges relating to Site Investigations
Upon our initial assessment and engagement for the available information, it was noted that no detailed as-builts
were available with KKM. It should be noted that this is a key limitation to our design, and it has impacted our
design timeframes owing bush clearing activities required and additional topographical survey commissioned in
gap areas. In addition, this factors some degree of uncertainty in terms of design and implementation regarding
locating/exposing, protecting/shoring, removing/replacing and/or reinstating of known/unknown services in the
vicinity of all new/proposed works.
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4. DESIGN DEVELOPMENT
The following design guidelines/references were used in the design process:

•

The Guidelines for Human Settlement Planning and Design “The Red book”, 2000

•

South African National Standard (SANS 1200): Design and Construction Specifications”.

•

Standard infrastructure details as per SANS 1200

•

Process Design Manual for Small Treatment Works, 2009

•

NMBM Sewer Design Requirements, 1996

In addition, reference is made to the KKM’s Clarkson Evaporation Ponds System Operation and Maintenance
Manual (Version 2/2012) and KKM’s wastewater sampling data furnished by Talbot & Talbot laboratories (May
2018).
The scope of work under this project will thus consist of provision of the following:
•

Upgrade existing oxidation ponds to accommodate proposed effluent. This will also include operational
upgrades (such as fencing, inlet works and general maintenance).

•

Replace existing 100mm Ø uPVC with a minimum 160mm Ø uPVC for sewer main lines.

•

Decommission the existing PVC septic tanks and install 110mm Ø erf connections.

•

Install new precast manhole rings (maximum distance of 80m for main line).

•

Upgrade two (2) pump stations to handle full-bore sewers.

Pipe Network
Design Criteria and Parameters
The following standard municipal design parameters will be considered for the sewer/pipe network:
•

Peak Factor

- 2.25 (population figure <2000)

•

Extraneous/Wet Weather Flow Factor

- 100% (per NMBM requirements)

•

Average contribution per erf (low income)

- 500 ℓ/day

•

Minimum cover at household connection

- 450mm (recommended), 300mm (absolute)

•

Minimum cover to pipes in road/ servitude

- 800 – 1000mm depth

•

Pipe (Gravity)

- uPVC, Class 34

•

Pipe (Rising/Pumping)

- uPVC, (Pressure) Class 9

•

Minimum pipe size/diameter

- 110mm (erf connection), 160mm (main line)

•

Minimum velocity

- 0.7m/sec (gravity), 0.9m/sec (pumped)

•

Maximum velocity

- 1.5m/sec (recommended)

•

Minimum gradient

- 1:60 (recommended); 1:200/300 (absolute)

•

Maximum gradient

- 1:10 (absolute)

•

Bedding and backfill

- Per SABS 1200 (= Pipe Diameter + 600mm)

•

Manhole spacing

- 60 – 80m apart (recommended); 100m (absolute)

While sewers gradients will be designed such that a of 0.7 m/s is generally achieved at least once a day (during
PWWF), it may be that, in some instances, at the head of sewer, this is seldom achieved because of fewer house
connections.
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In addition, a design period of 10 years and a population growth of 1.4% (based on Koukamma IDP, 2017/18) are
selected.

Gravity Sewer Mains
As stated in earlier sections of this report, the Clarkson area is divided into three (3) drainage zones, viz:
•

Drainage Zone “A”. This zone drains the eastern section of the Clarkson area, referred to as “Township”
section, and is the most densely populated with an extensive reach, in term of its overall length and
complexity. It is still serviced by conservancy tanks, with indirect household connections, and small-bore main
lines. This zone outfalls via gravity mains to a sump and pumping station, which then pumps outflows up to
the central zone (Zone “B” below).

•

Drainage Zone “B”. This area drains the central section of the Clarkson area, referred to as “Kerk/Church
Street” section, and is medium densely populated with a simple arrangement i.e. connected up by only two
main branches, which services all the houses in this zone. It is still serviced by conservancy tanks, with indirect
household connections, and small-bore main lines. This zone outfalls directly to bulk connector line (linking
up all the zonal flows), and then gravitates overall outflows to the treatment works.

•

Drainage Zone “C”. This area drains the western section of the Clarkson area, referred to as “Lansdowne”
area, and is the least densely populated with its reach limited to one main branch only. This zone’s sewer
network has been upgraded, in recent years, to full-bore main lines (160mm dia.) and direct household
connections. The area outfalls via gravity mains to a sump and pumping station, which then pumps outflows
up to the central zone (Zone “B” above).

Figure 3 below show the existing drainage areas identified in the Clarkson area.

Figure 3: Existing Sewerage Infrastructure & Drainage Areas
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The proposed sewerage infrastructure will thus be limited to upgrading/upsizing the sewer pipeline network and
erf/house connections for Zones “A” and “B”.
The following practical design philosophy has been adopted in addition to the design criteria outlined in the
previous section, viz:
•

As far as is possible, new pipelines (of the minimum size required) will be located over existing pipelines
(where undersized). However, any existing lines may be removed and replaced to suit the appropriate slope
and cover.

•

New lines are to be placed as far is possible only within road reserves, and within 1-2m of the erf and/or fence
boundaries, depending on whichever is encountered first.

•

Owing to any steep or opposing terrain in the road reserves, pipelines will be located in the mid-block area or
at the back of erven (i.e. outside boundaries), and within 1-2m of erf boundaries.

•

Existing manholes will be removed and new manholes will be placed at the recommended spacing and at
suitable locations, e.g. in line with erf boundaries, within road verges etc.

Based on the combined criteria above, the design and layout for the proposed sewerage infrastructure were
produced and are shown in Figure 4 below. The detailed design calculations, and layouts are attached in Appendix
A and Appendix B respectively.

Figure 4: Proposed Sewerage Infrastructure
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In summary, the design output per drainage zone is summarise in Table 2 below.
Table 2: Drainage Outfall flows per Drainage Zone
No. of
Peak Flows (ℓ/s)
Average
Drainage
(existing)
Flows
Zone
Households
(ℓ/s)
Dry
Wet
(no.)

No. of
(New)
Manholes
(No.)

(New) Size &
Length of Pipe

A

343

2.409

5.420

10.840

93

160mm Ø x 4809 m

B

149

1.046

2.354

4.709

52

160mm Ø x 2805 m

C

100

0.702

1.580

3.160

-

-

TOTAL

592

4.158

9.354

18.709

145

160mm Ø x 7614 m

Based on the design, particular note is made of the following, viz:
•

The maximum pipeline size required though the network is 160mm diameter. This is owing to the overall low
flows, noted especially at the head of some sewer branches. Furthermore, as expected, low velocities (≥ 0.25
m/s) are achieved in these limited areas.

•

The proposed pipeline routing traverses through some fairly steep or flat areas, as well as some localised high
or low points. Resultingly, the absolute maximum slope, and minimum slope and cover were used, as well as
the use of backdrop manholes to break up steep sloped sections.

Rising/Pumping Mains
The two (2) existing rising mains conveys flows from Drainage Zones A and C (see Figure 3 and 4). As no
information was available on the existing rising mains i.e. its routing, operational efficiency, size, material, pressure
class etc., and some of the aforesaid was assumed based on the site topographical survey data and the operational
and maintenance manual.
The following practical design philosophy has been adopted in addition to the design criteria outlined in the
previous section, viz:
•

Two options are considered, viz:
– Design review and possible minor refurbishment only of the existing pipeline. Should the pipeline capacity
be adequate, then minor works should comprise viz: Leak detection, pressure testing and hydraulic
cleaning, followed by repair work as required.
– A new pipeline is proposed run in parallel with the existing line. The existing line will remain in use as
complete bypass or back up, or may possibly be used for scouring purposes.

•

The key design parameters are the selected pipeline diameter and minimum velocity, for reasons viz:
– The pipeline should be sized for peak dry weather flows (PDWF), and the selected design/pumping flow
should exceed the PDWF.
– The pipeline size should not be smaller than 110mm diameter to pass through any large debris that passes
through the pumps.
– A minimum velocity of 0.7 m/s is required for self-cleansing; however, for slime growth control, a
minimum velocity is 0.9 m/s (for a 110mm) is required.
– No air valves will be proposed on the line, so any high points will be avoided/omitted to prevent the
formation of air pockets. Hence, a minimum velocity 0.6 m/s for clearing air pockets is required.

•

Isolation valves (rising spindle, knife gate type) will be installed roughly every 300m, in precast chambers, to
allow easy isolation of the line for the purposes of future maintenance (as well as for ease of testing during
construction).
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•

Discharge from scouring will be through returning backflows into the wet well and/or bypassing into the
overflow/emergency storage ponds at the pumping stations. This will be discussed in further detail under the
pumping station design. However, where scouring cannot be achieved back to the pumping station, i.e. where
the pumping station is higher the than the lowest point on the line or at localised low points on the line, then
scour/pump-out chambers will be need to installed at the required locations (with a minimum size equal to
the wet well design volume – see the pumping station design). Accessibility to the locations will be considered
(for emptying by sewage tankers).

•

The outlet points for the rising mains will be connected to the bulk collector main sewer, which will be flowing
under gravity down to the treatment works. A stilling chamber/manhole with a backdrop pipe arrangement
will be added upstream of the manhole on the bulk collector line, for ease of access and flow into the bulk
line, and to minimise splashing (e.g. from entrained air).

•

The minimum detention/cycle time (between the pumping wet well and rising main) should be limited to four
(4) hours.

In summary, the design output per drainage zone is summarise in Table 3 below.
Table 3: Rising Mains Requirements
Design
Drainage
(New) Size &
Velocity *
Zone
Length of Pipe
(m/s)

Design Pump
Flow **
(ℓ/s)

Average

Peak

Scour Volume
Required
(m3)

Retention Time (hh:mm)

A

0.90

110mm Ø x 548 m

7.41

00:20

00:36

4.50

C

0.90

110mm Ø x 613 m

7.41

01:11

02:19

5.05

* For Critical Velocity i.e. slime growth.
** Selected to exceed peak flows

Note that the design pumping flows were determined and verified in conjunction with the pumping stations’
design requirements. Thus, notes on the above design will be presented with the pumping station design in the
following sections.
The two existing and proposed pipelines routes are shown respectively in Figure 3 and Figure 4 in the previous
section, and see the attached Appendix B for the detailed design layouts.
While both design options are viable solutions, the key differences are the costs for each solution and the possible
operational flexibility of having two pipelines in the event of breakage or repairs require one of the lines; however,
this situation could be overcome by with the availability of overflow/emergency storage in the wet well and the
ponds at the pumping stations. At this stage, both options are presented for discussion and decision-making
purposes.

Erf Connections
The design philosophy for the positioning and/or arrangement of erf connections is, viz:
•

Limit multiple road crossings for household connections to avoid unnecessary demolition and reinstatement
roadworks required; the exception being for connecting up branches and at end of residential blocks where
crossing will be required. This is achieved by:
– Installing double house connections from one of side of the residential blocks.
– Installing sewers on both side of the road (limited to Zone “B” only, due to the very long road lengths and
deep erven boundaries, thus limiting mid-block arrangements and numerous road crossings).

•

As stated in a previous section, midblock sewers (while not preferred for existing developments) are required
due to adverse natural ground slopes within some road reserves. Resultingly, where required, erf connections
will be routed/drained to the appropriate main lines.
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Figure 5 below shows the typical erf connection arrangements. See the attached Appendix B for the detailed
design layouts also showing the proposed erf connections.

Figure 5: Typical Erf Connection Details

Bulk Collector Sewer
The following practical design philosophy has been adopted in addition to the design criteria outlined in the
previous section, viz:
•

A new pipeline is proposed to run in parallel with the existing line. The existing line will remain in use until the
new line is commissioned;

•

The new line will run, for the remainder portion (±300-350m) up to the treatment works, in parallel with the
existing access road – the aim to is ease accessibility, visibility and maintenance, if required, for the new line.

•

The outfall level will consider the maximum top water of level of the treatment works and depth adjustments
(±500mm) for the maximum hydraulic losses through the new head of works (see following sections for
details).

The bulk collector sewer combines all flows the three drainages zones. In summary, the design output for the bulk
collector sewer is summarised in Table 4 overleaf.
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Table 4: Bulk Collector Flows
Drainage
Zone

Average
Flows
(ℓ/s)

A, B & C
Combined

4.158

Peak Flows (ℓ/s)
Dry

Wet

9.354

18.709

Adjusted Flows
(ℓ/s) *
Peak
Average
Wet

15.859

17.167

No. of
Manholes
(No.)

Size &
Length
of Pipe

Design
Velocity
(m/s)

Qdesign /
Qmax

9

200mm
Ø
x 600 m

0.79

0.84

* Based on the worst-case scenario, totalling the peak wet weather flow from Zone B and pumped flows from Zones A & C.

Based on the topography along the proposed route, it found that the last 280m length (up to the treatment works)
goes through a low point. As a result, the absolute minimum slope of 1:300 (for 200mm diameter, as per “Red
Book”) was used to reach the outfall level required. In addition, it was found that the pipeline would be exposed
above ground, at a maximum of 1m height (from ground to invert). As an option, it was considered to follow the
existing pipeline route, which is roughly 40m longer than the new route; however, it was found that the required
outfall level was not achievable at the absolute minimum slope. It is thus proposed that bulk collector follows the
new route, with following requirements for the above ground portion, viz:
•

The new pipeline is to be constructed on a pedestal of fill material (including bedding) up the pipe crown level
– note a pipe bridge was considered, however this option is not suitable due to the costs (i.e. steel pipe on
concrete columns) and the potential for damage/vandalism; and

•

The fill for the pedestal should be continued to minimum cover of 500mm above the crown of the pipeline.

Figure 6 below shows the bulk collector options and the final solution proposed. See the attached Appendix B for
the detailed design layouts.

Figure 6: Bulk Collector Sewer Options
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Pumping Stations
The two (2) existing pumping stations, each consisting of a wet well, and a housing chamber for the electrical and
outlet works, conveys flows from Drainage Zones A and C (see Figure 3 and 4) into the bulk collector sewer. Based
on the site’s operational manual and information obtained in site investigations, it was established that the
pumping stations are functional, but not much is known regarding its capacity and overall efficiency. With the
increased flows resulting from the upgrade to full-bore sewerage (with solid sewage loading), the pumping stations
should either be refurbished or upgraded. Note the flows applicable to the design of the rising mains will also
apply to the pumping stations’ design.
The following practical design philosophy has been adopted, viz:
•

Two options are considered, viz:
– The existing pumping stations can be refurbished by replacing the existing pumps, pipework, fittings
and/or couplings, and applying minor structural modifications to the wet well and housing chamber. The
existing wet well design will need to be reviewed to ensure adequate capacity is available – the existing
well depth is unknown and will be determined during the on-site (geotechnical) investigations.
– New wet wells are proposed to be constructed adjacent to the existing ones. The existing housing
chamber will remain as is, and new pipework will be installed between new wet wells and the outlet
works’ manifold. The existing wet wells could be used for backflow scouring and/or for emergency storage
purposes.

•

Design Parameters (for review of the existing or for new works), viz:
– Maximum Control Volume (Wet Well) Depth

- 1.50m

– Freeboard to Pipe Inlet Level (above Top Water Level)

- 0.15m

– Maximum Pump Submergence Depth

- 0.20m

– Overflow Outlet Depth (below ground level)

- 0.50m

– Proposed Pumps

- One (1) Duty, One (1) Standby

– Pump Type

- Submersible, non-clog, with auto coupling

– Maximum Number of Pump Start-Up and Stop Cycles

- Four (4) per hour

– Emergency Overflow Storage

- 48 hours

In summary, the design output per drainage zone is summarise in Table 5 below.
Table 5: New Pumping Stations’ Requirements
Dry Weather
Design
Flows (ℓ/s)
Drainage
Pump Flow
Zone
& Head *
Average
Peak
(ℓ/s - m)

Well
Dimensions
(Diameter x
O/A Depth)

Well
Volume
(m3)

Maximum No. of
Pump Starts / Stops
Average

Peak

Overflow
Storage
Required
(m3)

A

2.409

5.420

7.41 / 17.3

1.50m x 2.42m

3.40

1.00

2.00

416.3

C

0.702

1.580

7.41 / 17.3

1.50m x 1.85m

3.27

2.00

1.00

121.3

* Selected to exceed peak dry weather flows

Based on the design and existing pumping station arrangements, particular note is made of the following, viz:
•

While both design options (existing/new) are viable solutions, the key differences are the costs for each
solution, and the possible operational flexibility for scouring and overflow/emergency storage if new
structures are constructed. At this stage, both options are presented for discussion and decision-making
purposes.

- 14 -

KKM | GG&G - CLARKSON SEWER REPLACEMENT | PRELIMINARY DESIGN REPORT

AUGUST 2019

•

Base on the design flow and head, the same pumps may be sized/selected, for easing operations and
maintenance, and provide some flexibility too as all the pumps will be interchangeable.

•

Though best practice dictates that the application of submersible pumps should be limited to applications for
areas draining up to 100 households, it proposed that for its simplicity and ease of operation that submersible
pumps still be used for both new pumping station installations, as the expected inflows are in a relatively low
range (1-5 ℓ/s) between average and peak flows.

•

The existing overflow storage volumes (assuming 0.5-1m depth) are estimated to be roughly 420m 3 and
200m3, for Zones A and C respectively. Hence, the existing overflow/emergency storage is adequate. It should
be noted however, the existing overflow/emergency storage ponds are constantly full and overflowing, and
in the case on Zone C is evidently discharging sewage into the nearby watercourse/stream. This situation
requires an intermediate mitigation measures (e.g. likely pump maintenance/repairs) by the municipality.

•

It is proposed that the current operational design will still need to be evaluated to ensure that enough spare
capacity and operational flexibility is built in to ensure that pump downtime and spills are limited. Examples
of such interventions includes:
– Ponds linings are to be impermeable. While it could not be verified if the existing ponds are already lined,
it is assumed that new linings will be required.
– An earthen berm/bund wall is to be constructed around the pond and possibly the pumping station to
ensure that any unavoidable spills are limited to the ponds and/or pumping station areas.
– While the existing setup of one duty and one standby will be replicated, additional measures such as
controls to equally cycle both pumps, and wireless level warnings (at maximum/inlet level and overflow
level) with alarm systems (e.g. via GSM uplink) to alert controllers, supervisors and/or management.

•

Operational improvements that should be considered include:
– Installation of preliminary treatment at the pumping stations, such screening of debris/large solids which
may unnecessarily load the pumps. This can be done with a chamber upstream of the wet well that can
be fitted with a basket-type trash rack that can manually hoisted out and cleaned;
– Employing a full-time controller to operate, monitor and to ensure upkeep of both pumping stations, and
contracting a stand-by maintenance team for electrical/mechanical repairs.
– The provision of controller facilities/equipment not presently available, such as on-site offices, storage
and ablutions, spare pumps (stored off-site for safety), lifting equipment (davits, block and tackle etc.),
and cleaning supplies/equipment (rakes, nets, bins, brooms etc.)
– Accessibly improvements, such as adding formal gravel access driveways/roads, adding concrete aprons
and walkways around structures, and either modifying the wet well and housing chamber with cat ladders
and handrailing, or adding security doors for ground level access as access is currently only available from
the top of the housing chamber.
– Security improvements with improved fencing and lockable gates, and a linked security system, if
available in the area.

Figure 7 and Figure 8 overleaf shows the proposed pumping station arrangements.
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Figure 7: Layout of Proposed Pumping Station (Zone A)

Figure 8: Detail of Proposed Wet Well Design
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Wastewater Treatment Works
The basic schematic diagram of the treatment process design is demonstrated in Figure 9 below.

Figure 9: Schematic of the Treatment Process Design
Each of the steps shown in the above diagram will be assessed in the following sections.
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Inlet Works (Pre-Treatment)
The existing works does not have any preliminary treatment processes, such screening, degritting and/or flow
measurement facilities. The particular challenge for this lies in the accessibility to the site and the available of
services, such as water and electricity. This limits options for automated and/or electrified solutions, as well as for
adequate accommodations for a full-time controller/operator. Thus, the preliminary treatment processes would
require wholly manual operations and maintenance. Hence, taking into consideration the aforesaid limitations,
some feasible options will be discussed in the following sections.
The inlet works will comprise of a series of horizontal flow channels which will provide the preliminary treatment
processes proposed before entering the anaerobic pond. It must be noted that the operation of any preliminary
treatment is sensitive to upstream flow and velocity, and this will also be commented in the following sections.

4.3.1.1

Screening

The proposed screening works should comprise of, viz:
•

An inclined (45°) manually cleaned (hand-raked) bar screen, typically manufactured of 3CR12 or 304 stainless
steel, with 25-50mm openings, and

•

A perforated plate is attached to the screen for ease on depositing and dewatering removed screenings.

Screening equipment is particularly sensitive to the upstream flow and velocity as damming may occur if the
screens remains blocked/inundated for extended periods. Of particular note, domestic waters from lower income
areas often exhibits higher screenings loadings than that of medium to higher income areas (Nozaic et al, 2009).
However, if preliminary screening is introduced at the pumping stations for Drainage Zones A and C, the screenings
loading at the treatment works will be substantially reduced.
Based on the adjusted bulk flows, it is estimated, for a velocity range of 0.3 - 0.6 m/s and a 250 - 300mm channel
width, that the normal flow depth would be between 100 - 200mm. It can be reasonably assumed that with the
relatively low flows expected, damming may be limited; nonetheless, manually cleaned screens will thus require
frequent raking to prevent clogging.
Based on the research of Nozaic et al (2009), the average annual screenings loading rate for a wide-range of South
Africa plants is around 20 kg/Mℓ (and goes up to 60 kg/Mℓ). For this design, assuming a higher than average rate
of 30 kg/Mℓ, it is estimated that the daily screens mass of 9 kg/day and a volume of 16.6 m 3/year. The proposed
disposal options are, viz:
•

Drain (rake & allow to dewater) screenings daily, bag twice weekly, and deposit in an on-site skip (6m3) and
cart off to a hazardous landfill, once every 3-4 months.

•

After draining screenings, bury on site in unlined trenches.

For both the above options, it recommended that the screenings be treated with slaked lime to prevent odours
and vector attraction.

4.3.1.2

Degritting

The proposed degritting (detritus removal) works should comprise of, viz:
•

A horizontal flow grit channel with a either a proportional weir or rectangular control section (flume)
downstream to provide a constant controlled velocity through the channel of 0.3 m/s.

•

For ease of maintenance, it is proposed that two parallel channels be constructed (with manual hand-stops)
to allow for isolating and bypassing flows for manual cleaning/removal of detritus from the channel bottom.
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The velocity may be adjusted over a range of flows to the required value using an adjustable outflow control device
(e.g. a sluice gate). As indicated above, with two channels, flows can be bypassed and the detritus deposited in
the isolated channel can be removed and buried on site in unlined trenches (along with the screenings).

4.3.1.3

Flow Measurement

As indicated in the previous section, either a proportional weir or rectangular control section (flume) will be
required to adjust the channel velocity. As both these devices are calibrated, they can be used to determine the
flow rate if the channel width (fixed) and depth (variable) are known. Since there is no electrical supply available,
electronic measurement is not possible and so the measurement should be done manually. If the channel can be
marked with depth graduations, then the flow can be estimated for a given depth from a Flow versus Depth table
or chart.

Ponds (Treatment)
In the most recent wastewater quality analyses by Talbot & Talbot Laboratories (undertaken in May 2018), it was
found viz:
•

There is an increase in COD between the influent and effluent, albeit in small concentrations, from 40 to 90
mg/ℓ; and

•

High bacteriological counts are present, at 420 000 colonies per 100 mℓ.

It can be concluded from the above that presently the ponds require reduction in its existing organic loading (i.e.
inundated from COD concentration and carry over). With the increase in influent loading expected with the sewer
upgrade, the existing unit processes will need to be re-evaluated for their operational range and efficiency.
Furthermore, in the current absence thereof, a sludge handling and treatment solution will need to be considered.
The design for ponds will be reviewed and revised based primarily on the empirical models developed by Mara
and others. As there are existing ponds already in use, the approach to this design will be to assess the design
required, then review the adequacy of existing ponds, and thus to conclude on a recommended design.
N.B. In the absence of accurate or measurable data, owing to the lack as-builts or insufficient data available from
the site topographical surveys, the approximate dimensions of existing ponds have been assumed conservatively
from using Google Earth imagery and from typical design values used in practice for waste stabilisation ponds.

4.3.2.1

Sewage Loading

The design of the unit treatment processes will be based on average flows (i.e. unfactored/unattenuated). The
following primary design parameters have been adopted, viz:
•

Unit Sewage Loading

- 125 ℓ/person/day

•

Design Population

- 2421 persons

•

Unit BOD loading

- 60 g BOD/person/day

•

Unit Nitrogen loading

- 12 g N/person/day

Based on the above, the following secondary design parameters were determined, viz:
•

Design Flow (ADWF)

- 302.6 kℓ/d or m3/d

•

Design BOD load

- 145 kg BOD/d

•

Design Influent BOD Concentration

- 480 mg BOD/ℓ (above typical range)

•

Design Influent Nitrogen Concentration

- 96 mg N/ℓ
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Anaerobic Pond

Based on the influent sewage loading, the required design output parameters are summarised viz:
•

Allowable Volumetric BOD loading

- 140 g BOD/m3.d

•

Required Pond Volume

- 1037.6 m3

•

Hydraulic Retention Time (θ)

- 3.4 days … > 1 day required, 3 days is more effective

As indicated in the previous section, the existing pond dimensions was determined from Google Earth imagery
and assuming typical values used in practice. The existing design output parameters are summarised viz:
•

Existing Pond Volume

- 4757 m3 … assumed 2m depth, within typical range (2 - 5m)

•

Existing Volumetric BOD loading

- 30.6 BOD/m3.d … lower than practiced range of 100 – 400

•

Existing Hydraulic Retention Time (θ)

- 15.7 days

•

BOD Removal

- 44%

•

% Helminth Egg Removal

- 99.8%

It can be concluded from the above review that since the existing anaerobic pond is sized in excess of the required
design, it thus adequately sized and no modifications will be required.

4.3.2.3

Facultative Ponds

Based on the incoming influent from the anaerobic pond, the required design output parameters are summarised
viz:
•

Allowable (limiting) BOD load

- 124 kg/ha/d

•

Required Pond Area

- 6553 m2

•

Required Pond Volume

- 9829 m3 … assuming typical depth of 1.5 m

•

Hydraulic Retention Time (θ)

- 32.5 days or 33.1 days (if including evaporation)

The existing design output parameters are summarised viz:
•

Existing Pond Area

- 5480 m2 … for 3 existing ponds operating in parallel

•

Existing Pond Volume

- 8220 m3 … assuming typical depth of 1.5 m

•

Existing Hydraulic Retention Time (θ)

- 27.6 days (including evaporation)

•

Existing BOD load

- 148 kg/ha/d

•

BOD Removal

- 85%

•

% Helminth Egg Removal

- 100%

•

"Filtered" Effluent BOD

- 8.1 mg BOD/ℓ … "Filtered" = excluding algae present

It can be noted that the existing facultative ponds are undersized (±20%) based on required design. While the
existing facultative ponds operate in series (i.e. primary → secondary → maturation), it is proposed that these
three (3) ponds be combined to one, connected in parallel to spread the loading evenly. While the allowable BOD
load is exceeded, the existing BOD loading is still within the safe operating range (120 – 180) for facultative pond
design – also, as the allowable BOD load is sensitive to temperature, so a 1-2°C variation brings the existing BOD
loading within limits (i.e. between 137 – 152 kg/ha/d).
Based on the above, the existing ponds can be reconfigured to meet the design requirements – this can be
achieved by evenly splitting the outflows from the anaerobic pond, with a new division chamber, into the
secondary ponds. As a result, a maturation step will need to be added and will discussed in the following section.
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Maturation Ponds and Outlet Works

As the existing maturation pond needs to be incorporated into the new facultative ponds, a new maturation
treatment step is required. Based on the incoming influent from the facultative ponds, the required design and
output is summarised viz:
•

Effluent Faecal Coliform (FC) count required - 1000 E. coli/100mℓ

•

No. of Maturation Ponds Required

- Two (2)

•

Hydraulic Retention Time (θ)

- 9.6 days per pond … > 3 days minimum required

•

Design Effluent Nitrogen Concentration

- 45 mg N/ℓ (Total, as ammonia, nitrite and/or nitrate)

•

Required Pond Area

- 1317.5 m2 … assumed average of seasonal variation

•

Required Pond Volume

- 2no. x 1876.3 m3 … assuming typical depth of 1.5 m

•

Total Land Area Required

- 3488.6 m2

With the reduction of the organic and nutrient loading as demonstrated in the design calculations for the
facultative and maturation ponds, the effluent meets with the Department of Water and Sanitation’s General
Standard for wastewater effluent quality. Thus, the effluent is suitable for controlled discharge into the
environment. It is proposed that the last pond be fitted with an overflow weir which connects to lined channel, to
safety discharge effluent outflow in a controlled manner.
Figure 10 below shows the overall proposed pond system.

Figure 10: Layout of the proposed pond system
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Sludge Handling and Treatment

The existing ponds requires desludging to restore peak function of the plant’s treatment process, as evident in the
review of the water quality test results in the previous section. Resultingly, as no desludging facilities are available
at the plant at present, options will be considered to allow for the initial and future desludging requirements. In
addition, the sludge abstracted for the decommissioned conservancy tanks will need to be disposed of at the
treatment works as well.
The following practical design philosophy has been adopted, viz:
•

The desludging will need to be done with a specialised dredging barge, and the resulting abstracted sludge
will need to stabilised and bulked up for drying purposes.

•

Two drying options are considered, viz:
– Addition of new lined and sand-covered drying beds/ponds, to be constructed of earth fill or cut; or
– Disposal into geotextile bags, which are placed on level areas covered with heavy plastic sheeting.
– Note both the above options requires leachate drainage back to the treatment works.

•

Based on the preliminary estimate on the desludging quantities, the required design is summarised viz:

Table 6: Desludging Requirements
Volume
(m3)

Frequency

Drying Area
Required
(m2)

Dried Sludge Mass
(assuming 4%
sludge) (tonnes)

Initial (ponds + conservancies)

5001.0

Once off

10002.0

200.0

Routine (from ponds, in future)

968.4

Every 10-15 years

1936.8

38.7

Desludging Required

Based on the above, if new drying beds were to be installed based on the routine requirements, then the initial
desludging to be done during the implementation stage would take between 3-5 months, assuming an average
drying cycle of 20-30 days. This would require extensive and careful management, and the dried sludge would
have to be removed after each cycle and be placed elsewhere, while the sand bed also would need to
replaced/reinstated. This poses a substantial cost disadvantage for the initial desludging during implementation,
and in future as well due the long desludging frequency and consequent management and operations required.
It is thus proposed that the biobag solution be implemented as the sludge abstraction and disposal will take
roughly two months and the sludge may left in the bags to dewater and dry out for 1-2 years. Once tested for its
classification and characterisation, the sludge should be safe to use for fill, topsoil or even as compost/fertilizer.
Below are some pictures of dredging equipment (left) and the geotextile biobags (right) (Source: S.A.M.E. Water).
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General Requirements

To improve operations of the pond system, the following upgrades are required:
•

Fencing the site to restrict unauthorised entry and improve safety.

•

Improve the access road to the plant site.

•

Clear overgrown vegetation around the ponds, to improve overall access and supervision on the plant
performance.

•

Provide the necessary operational equipment (e.g. hand rake, wheelbarrow, scooping net etc.)

•

Provide an on-site storage room for operational equipment.
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5. PRELIMINARY COST ESTIMATE
The preliminary construction cost estimate is R 18 969 843.23 excluding VAT. Table 7 below includes a detailed
breakdown of the preliminary cost estimate.
Table 7: Preliminary Cost Estimate

DIRECT COSTS
DESCRIPTION

SECTION

AMOUNT

Section A

Preliminary and General Items

R

1 571 622.00

Section B

Site Clearance

R

134 000.00

Section C

Sewers

R

7 266 299.34

Section D

Bulk Sewers

R

755 101.60

Section E

Pump Stations

R

800 000.00

R
R
R
R
R
R

3 010 875.00
13 537 897.94
812 273.88
14 350 171.82
1 435 017.18
15 785 189.00

Section F
Wastewater Ponds
SUB-TOTAL 1
Escalation @ 6%
SUB-TOTAL 2
Contingencies @ 10%
TOTAL DIRECT COSTS

INDIRECT COSTS
Fees based on ECSA 2016 of direct cost (excluding contingencies)
1.0

Professional Fees @12.53%

R

14 350 171.82

R

1 798 076.53

2.0
Disbursements
2.1
Contract Supervision
2.2
Travelling
2.3
Printing
2.4
Topographical Survey
2.5
Geotechnical Investigation
2.6
Health and Safety
2.7
Social Facilitation
2.8
Environmental Studies
TOTAL INDIRECT COSTS

R
R
R
R
R
R
R
R
R
R

1 386 577.7
340 000.00
150 000.00
20 000.00
163 585.20
55 000.00
110 000.00
185 856.00
362 136.50
3 184 654.23

TOTAL PROJECT COST (DIRECT + INDIRECT)
VAT @ 15%
TOTAL PROJECT COST (VAT INCLUSIVE)

R
R
R

18 969 843.23
2 845 476.48
21 815 319.71

The above estimate considers only the capital costs for the works and excludes any operational and maintenance,
and beneficiation costs.
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Appendix D2
Heritage Screening Assessment

Appendix D2
&ŝŶĂůBASIC ASSESSMENT REPORT for proposed Upgrading of Clarkson Sewage Network and Waste
Water Treatment Works
Koukamma Local Municipality , Sarah Baartman District Municipality

HERITAGE SCREENER
CTS Reference
Number:

CTS19_134

Client:

CEN

Date:

August 2019

Title:

Upgrading of Waste
Water Treatment
Works at Clarkson,
Farm 654 in the
Eastern Cape

Figure 1a. Satellite map indicating the location of the proposed development in the Eastern Cape Province
Recommendation by
CTS Heritage
Specialists

RECOMMENDATION:
Due to the nature of the proposed development as replacement and upgrading of existing WWTW infrastructure, it is unlikely that the
proposed development will impact significant heritage resources and as such, it is recommended that no further heritage studies are required
for this proposed development.
CTS Heritage
16 Edison Way, Century City, 7441
Tel: +27 (0)87 073 5739 Email: info@ctsheritage.com Web: www.ctsheritage.com

1. Proposed Development Summary
Koukamma Municipality has identified the need to replace the existing small-bore sewerage network, remove on-site conservancy tanks and upgrade the existing waste water
treatment works at Clarkson. The Clarkson small-bore sewer network consists of three drainage areas, one which drains via a gravity sewer and the other two each draining to two
separate sewage sumps connected to pump stations. Two (2) of three (3) drainage areas (gravity and rising main) outfall the liquid only sewage to the Clarkson Waste Water
Treatment Works (WWTW). The existing small-bore sewerage network needs to be replaced which entails decommissioning the existing conservancy tanks at the households and
replacing with direct house connections, replacing and extending existing sewer lines, and installing manholes.

2. Application References
Name of relevant heritage authority(s)

ECPHRA

Name of decision making authority(s)

DEDEAT

3. Property Information
Latitude / Longitude

34°01′03.57″S, 24°20′43.53″E

Erf number / Farm number

Farm 654

Local Municipality

Koukamma

District Municipality

Sarah Baartman

Previous Magisterial District

Humansdorp

Province

Eastern Cape

Current Use

WWTW

Current Zoning

Infrastructure

Total Extent of Property

296.5 Ha

CTS Heritage
16 Edison Way, Century City, 7441
Tel: +27 (0)87 073 5739 Email: info@ctsheritage.com Web: www.ctsheritage.com

4. Nature of the Proposed Development
Total Surface Area of development
Depth of excavation (m)
Height of development (m)

+- 20km pipeline of existing pipeline to be replaced
Ponds approximately 1.5m deep
NA

5. Category of Development
x

Triggers: Section 38(8) of the National Heritage Resources Act
Triggers: Section 38(1) of the National Heritage Resources Act

x

1. Construction of a road, wall, powerline, pipeline, canal or other similar form of linear development or barrier over 300m in length.
2. Construction of a bridge or similar structure exceeding 50m in length.
3. Any development or activity that will change the character of a sitea) exceeding 5 000m2 in extent
b) involving three or more existing erven or subdivisions thereof
c) involving three or more erven or divisions thereof which have been consolidated within the past five years
4. Rezoning of a site exceeding 10 000m2
5. Other (state):

6. Additional Infrastructure Required for this Development
NA

CTS Heritage
16 Edison Way, Century City, 7441
Tel: +27 (0)87 073 5739 Email: info@ctsheritage.com Web: www.ctsheritage.com

7. Mapping (please see Appendix 3 and 4 for a full description of our methodology and map legends)

Figure 1b Overview Map. Satellite image (2019) indicating the proposed development area at closer range.
CTS Heritage
16 Edison Way, Century City, 7441
Tel: +27 (0)87 073 5739 Email: info@ctsheritage.com Web: www.ctsheritage.com

Figure 1c. Overview Map. Satellite image (2019) indicating the proposed development area at closer range.
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Figure 1d. Overview Map. Satellite image (2019) indicating the proposed development area at closer range
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Figure 1e. Overview Map. Satellite image (2019) indicating the proposed development area at closer range
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Figure 2. Previous HIAs Map. Previous Heritage Impact Assessments surrounding the proposed development area within 10km, with SAHRIS NIDS indicated. Please see Appendix 2
for full reference list.
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Figure 3a. Heritage Resources Map. Heritage Resources previously identified in and near the study area, with SAHRIS Site IDs indicated. Please See Appendix 4 for full description
of heritage resource types.
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Figure 3b. Heritage Resources Map. Heritage Resources Inset A
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Figure 3c. Heritage Resources Map. Heritage Resources Inset B
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Figure 3d. Heritage Resources Map. Heritage Resources in relation to proposed development
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Figure 4. Palaeosensitivity Map. Indicating a High fossil sensitivity underlying the study area. Please See Appendix 3 for full guide to the legend.
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Figure 5. Map of known Palaeontological Sites. Extracted from the PalaeoBiology Database (PBDB - https://paleobiodb.org/#/) More detail in Appendix 1
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Figure 6. Geology Map. Indicating the underlying geology across the study area through overlaying the geology maps from the CGS series 3324 Port Elizabeth (Op: Peninsula
Formation (Quartzitic Sandstone))
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8. Heritage statement and character of the area
According to SA History Online, “The village of Clarkson was established in 1839 by HP Hallbeck as a station of the Mission Board of the Moravian Church, and was named in honour
of Thomas Clarkson, who played a leading role in the abolition of slavery. In 1875 the census indicated that the station had a population of 340.” The Clarkson Moravian Mission
Station was declared a National Monument under the National Monuments Act (NMA, 1969) in 1996. With the promulgation of the National Heritage Resources Act (NHRA, Act 25 of
1999) that replaced the NMA, the Clarkson Moravian Mission, along with all previous National Monuments, automatically became protected as a Provincial Heritage Site in terms of
section 27(18) of the NHRA. According to the gazette notice for the Clarkson Moravian Mission (https://sahris.sahra.org.za/node/32011), the declared site consists of “The historic
core of the Clarkson Moravian Mission complex, including the church, the church bell, the parsonage, the mission store (previously the old mill), the cemetery with its surrounding wall
and entrance gate, the post office, the so-called registry office and the memorial to pastor Nauhaus, as well as five metres of land surrounding each building or structure, situated on
the farm Clarkson 654, Clarkson, in the Humansdorp Division.” Importantly, the proposed development will not impact on the declared site of the Clarkson Moravian Mission as
described in the gazette notice and as such, section 27(18) of the NHRA is not triggered (Figure 3d). However, historical archaeological heritage associated with the history of the
Clarkson Moravian Mission may occur within and around the Mission complex.
According to Van Ryneveld (2013, SAHRIS NID 125085); “A rich Stone Age record is reported on in CRM and research projects from the wider terrain, including Earlier (ESA), Middle
(MSA) and Later Stone Age (LSA) sites and occurrences and providing for an interesting association with the landscape: The coastal zone remains the most sensitive, with many
primarily LSA shell midden sites recorded within 300m from the coastline. From here it seems that the number of archaeological sites and occurrences decrease radically inland, but
remains concentrated along significant landscape markers; water sources and raw material outcrops, with in comparison more ESA and MSA resources than along the immediate
coastline.” The area proposed for development does not contain any such landscape markers and as such, the likelihood of impacting significant stone age archaeology is low. In
addition, due to the nature of the proposed development as replacement and upgrading of existing WWTW infrastructure, it is unlikely that any stone age or historical archaeological
resources associated with the Clarkson Mission will be impacted by the proposed development, even if they do occur within and around the Mission Complex.
According to the SAHRIS Palaeosensitivity map (Figure 4), the area proposed for development is located in an area of high palaeontological sensitivity. The CGS series 3324 Port
Elizabeth geology map indicates that the area proposed for development is underlain by sediments of the Peninsula Formation (Figure 6). According to Gess (2013, SAHRIS NID
125089), “The study area is situated within strata of the Cape Supergroup - more specifically, within the middle portion of the Table Mountain. These rocks represent sediments
deposited in the Agulhas Sea, which had opened to the south of the current southern African landmass in response to early rifting between Africa and South America. The Table
Mountain Group constitutes the first of three subdivisions of the Cape Supergroup. It consists of quartzitic sandstones derived from coarse sands deposited within the Agulhas Sea,
and along its coastal plane. It was deposited during the Ordivician, Silurian and earliest Devonian Periods, approximately 500-400 million years ago.
The study area is situated within a large roughly east-west trending anticline, bounded in the north and south by rocks of the Cedarberg Formation of the Table Mountain Group, with
older sediments of the Peninsular Formation of the Table Mountain Group outcropping constituting the bedrock beneath the areas to be quarried. Very rare trace fossils have been
recorded from the Peninsular Formation of the Table Mountain Group in the Western Cape and these may be expected in the Eastern Cape. More importantly, shale and mudstone
interbeds within the Table Mountain Group are known to contain rare records of early Agulhas Sea life. Significantly the Soom and Disa shales, which comprise the Cederberg
Formation provide an extremely valuable record of latest Ordivician life... Due to poor outcrop, fossil faunas of this unit have not yet been uncovered in the Eastern Cape.” However,
as the proposed development consists of replacing existing WWTW infrastructure, it is unlikely that the proposed development will negatively impact on significant palaeontological
heritage.
RECOMMENDATION:
Due to the nature of the proposed development as replacement and upgrading of existing WWTW infrastructure, it is unlikely that the proposed development will impact
significant heritage resources and as such, it is recommended that no further heritage studies are required for this proposed development.
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APPENDIX 1
List of heritage resources within the 10km Inclusion Zone from SAHRIS
Site ID

Site no

Full Site Name

Site Type

Grading

28459

9/2/044/0006-003

School, Moravian Mission Complex, Clarkson,
Humansdorp District

Building

Grade IIIb

28460

9/2/044/0006-004

Church offices, Moravian Mission Complex, Clarkson,
Humansdorp District

Building

Grade II

28461

9/2/044/0006-005

Mission store, Moravian Mission Complex, Clarkson,
Humansdorp District

Building

Grade II

28462

9/2/044/0006-006

Cemetery, Moravian Mission Complex, Clarkson,
Humansdorp District

Burial Grounds & Graves

Grade II

28463

9/2/044/0006-007

Memorial to Pastor Nauhaus, Moravian Mission Complex,
Clarkson, Humansdorp District

Monuments &amp;
Memorials

Grade II

28464

9/2/044/0006-008

Church bell, Moravian Mission Complex, Clarkson,
Humansdorp District

Building

Grade II

28467

9/2/044/0006

Moravian Mission Complex, Clarkson, Humansdorp District

Building

Grade II

28468

9/2/044/0006-001

Church, Moravian Mission Complex, Clarkson,
Humansdorp District

Building

Grade II

28469

9/2/044/0006-002

Parsonage, Moravian Mission Complex, Clarkson,
Humansdorp District

Building

Grade II

84427

TSITSI002

Tsitsikamma Borrow Pits 002

Structures

Grade IIIc

88098

KAREED001

KAREEDOUW-DIEPRIVIER 001

Transport infrastructure

Ungraded

88099

KAREED002

KAREEDOUW-DIEPRIVIER 002

Transport infrastructure

Ungraded

88106

KAREED009

KAREEDOUW-DIEPRIVIER 009

Transport infrastructure

Ungraded

88107

KAREED010

KAREEDOUW-DIEPRIVIER 010

Transport infrastructure

Ungraded

88132

KAREED017

KAREEDOUW-DIEPRIVIER 017

Transport infrastructure

Ungraded

88133

KAREED018

KAREEDOUW-DIEPRIVIER 018

Transport infrastructure

Ungraded
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88134

KAREED019

KAREEDOUW-DIEPRIVIER 019

Archaeological

Ungraded

88135

KAREED020

KAREEDOUW-DIEPRIVIER 020

Transport infrastructure

Ungraded

88156

KAREED021

KAREEDOUW-DIEPRIVIER 021

Archaeological

108202

KLPDRF 01

Klipdrif Oos 01

Artefacts

Grade IIIc

108203

KLPDRF 02

Klipdrif Oos 02

Artefacts

Grade IIIb

127256

KLPDRF 03

Klipdrif Oos 03

Artefacts

Grade IIIc

127257

KLPDRF 04

Klipdrif Oos 04

Artefacts

Grade IIIc

127258

KLPDRF 05

Klipdrif Oos 05

Artefacts

Grade IIIc
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APPENDIX 2
Reference List from SAHRIS
Heritage Impact Assessments
Nid

Report
Type

Author/s

Date

Title

4255

HIA Letter of
Exemption

Johan Binneman

01/06/2006

Letter of recommendation (with conditions) for the exemption of a full Phase 1 Archaeological Heritage Impact
Assessment for the Subdivision and Rezoning of Portion 28 of the Farm "Melkhoutekraal" No. 254 in Kareedouw
(Koukama Municipality), From Agricul

8914

PIA Phase 1

Robert Gess

30/03/2011

Palaeontological heritage component of FibreCo Telecommunications, basic assessment for the proposed fibre optic
data cable project: Route 5: PE to Durban

125085 AIA Phase 1

Karen Van Ryneveld

15/07/2013

Tsitsikamma Wind Farm - Borrow Pits Project, Humansdorp Registration Division, Eastern Cape

125089 PIA Phase 1

Karen Van Ryneveld

17/07/2013

Palaeontological Heritage Study for proposed establishment of Borrow Pits (for road and concrete construction
materials) to primarily serve the Tsitsikamma Community wind farm project

269397 AIA Phase 1

Celeste Booth

02/03/2015

FibreCo Repeater Sites Routes 3 and 4_Heritage_2015 AIA report

APPENDIX 3
Sites from PalaeoBiology Database in figure 5
Collection No.

Collection

Formation

Reference

21696

Klasies River Mouth 1A

D. M. Avery. 1982. Micromammals as palaeoenvironmental indicators and an interpretation of the late Quaternary in the southern Cape
Province, South Africa. Annals of the South African Museum 85(2):183-374

21917

Klasies River Mouth
Cave 5

R. G. Klein. 1976. The Mammalian Fauna of the Klasies River Mouth Sites, Southern Cape Province, South Africa. South African
Archaeological Bulletin 31:75-98

21919

Klasies River Mouth
Cave 1D

R. G. Klein. 1976. The Mammalian Fauna of the Klasies River Mouth Sites, Southern Cape Province, South Africa. South African
Archaeological Bulletin 31:75-98
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APPENDIX 3 - Keys/Guides
Key/Guide to Acronyms
AIA
DARD
DEA
DEADP
DEDEAT
DEDECT
DEDT
DEDTEA
DENC
DMR
GDARD
HIA
LEDET
MPRDA
NEMA
NHRA
PIA
SAHRA
SAHRIS
VIA

Archaeological Impact Assessment
Department of Agriculture and Rural Development (KwaZulu-Natal)
Department of Environmental Affairs (National)
Department of Environmental Affairs and Development Planning (Western Cape)
Department of Economic Development, Environmental Affairs and Tourism (Eastern Cape)
Department of Economic Development, Environment, Conservation and Tourism (North West)
Department of Economic Development and Tourism (Mpumalanga)
Department of economic Development, Tourism and Environmental Affairs (Free State)
Department of Environment and Nature Conservation (Northern Cape)
Department of Mineral Resources (National)
Gauteng Department of Agriculture and Rural Development (Gauteng)
Heritage Impact Assessment
Department of Economic Development, Environment and Tourism (Limpopo)
Mineral and Petroleum Resources Development Act, no 28 of 2002
National Environmental Management Act, no 107 of 1998
National Heritage Resources Act, no 25 of 1999
Palaeontological Impact Assessment
South African Heritage Resources Agency
South African Heritage Resources Information System
Visual Impact Assessment

Full guide to Palaeosensitivity Map legend
RED:

VERY HIGH - field assessment and protocol for finds is required

ORANGE/YELLOW:

HIGH - desktop study is required and based on the outcome of the desktop study, a field assessment is likely

GREEN:

MODERATE - desktop study is required

BLUE/PURPLE:

LOW - no palaeontological studies are required however a protocol for chance finds is required

GREY:

INSIGNIFICANT/ZERO - no palaeontological studies are required

WHITE/CLEAR:

UNKNOWN - these areas will require a minimum of a desktop study.
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APPENDIX 4 - Methodology
The Heritage Screener summarises the heritage impact assessments and studies previously undertaken within the area of the proposed development and its surroundings. Heritage
resources identified in these reports are assessed by our team during the screening process.
The heritage resources will be described both in terms of type:
●
Group 1: Archaeological, Underwater, Palaeontological and Geological sites, Meteorites, and Battlefields
●
Group 2: Structures, Monuments and Memorials
●
Group 3: Burial Grounds and Graves, Living Heritage, Sacred and Natural sites
●
Group 4: Cultural Landscapes, Conservation Areas and Scenic routes
and significance (Grade I, II, IIIa, b or c, ungraded), as determined by the author of the original heritage impact assessment report or by formal grading and/or protection by the
heritage authorities.
Sites identified and mapped during research projects will also be considered.
DETERMINATION OF THE EXTENT OF THE INCLUSION ZONE TO BE TAKEN INTO CONSIDERATION
The extent of the inclusion zone to be considered for the Heritage Screener will be determined by CTS based on:
●
the size of the development,
●
the number and outcome of previous surveys existing in the area
●
the potential cumulative impact of the application.
The inclusion zone will be considered as the region within a maximum distance of 50 km from the boundary of the proposed development.
DETERMINATION OF THE PALAEONTOLOGICAL SENSITIVITY
The possible impact of the proposed development on palaeontological resources is gauged by:
● reviewing the fossil sensitivity maps available on the South African Heritage Resources Information System (SAHRIS)
● considering the nature of the proposed development
● when available, taking information provided by the applicant related to the geological background of the area into account

DETERMINATION OF THE COVERAGE RATING ASCRIBED TO A REPORT POLYGON
CTS Heritage
16 Edison Way, Century City, 7441
Tel: +27 (0)87 073 5739 Email: info@ctsheritage.com Web: www.ctsheritage.com

Each report assessed for the compilation of the Heritage Screener is colour-coded according to the level of coverage accomplished. The extent of the surveyed coverage is labeled in
three categories, namely low, medium and high. In most instances the extent of the map corresponds to the extent of the development for which the specific report was undertaken.
Low coverage will be used for:
●
desktop studies where no field assessment of the area was undertaken;
●
reports where the sites are listed and described but no GPS coordinates were provided.
●
older reports with GPS coordinates with low accuracy ratings;
●
reports where the entire property was mapped, but only a small/limited area was surveyed.
●
uploads on the National Inventory which are not properly mapped.
Medium coverage will be used for
●
reports for which a field survey was undertaken but the area was not extensively covered. This may apply to instances where some impediments did not allow for full
coverage such as thick vegetation, etc.
●
reports for which the entire property was mapped, but only a specific area was surveyed thoroughly. This is differentiated from low ratings listed above when these
surveys cover up to around 50% of the property.
High coverage will be used for
●
reports where the area highlighted in the map was extensively surveyed as shown by the GPS track coordinates. This category will also apply to permit reports.
RECOMMENDATION GUIDE
The Heritage Screener includes a set of recommendations to the applicant based on whether an impact on heritage resources is anticipated. One of three possible recommendations is
formulated:
(1) The heritage resources in the area proposed for development are sufficiently recorded - The surveys undertaken in the area adequately captured the heritage
resources. There are no known sites which require mitigation or management plans. No further heritage work is recommended for the proposed development.
This recommendation is made when:
● enough work has been undertaken in the area
● it is the professional opinion of CTS that the area has already been assessed adequately from a heritage perspective for the type of development proposed
(2) The heritage resources and the area proposed for development are only partially recorded - The surveys undertaken in the area have not adequately captured the
heritage resources and/or there are sites which require mitigation or management plans. Further specific heritage work is recommended for the proposed development.
This recommendation is made in instances in which there are already some studies undertaken in the area and/or in the adjacent area for the proposed development. Further studies in
a limited HIA may include:
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●
improvement on some components of the heritage assessments already undertaken, for instance with a renewed field survey and/or with a specific specialist for the
type of heritage resources expected in the area
●
compilation of a report for a component of a heritage impact assessment not already undertaken in the area
●
undertaking mitigation measures requested in previous assessments/records of decision.
(3) The heritage resources within the area proposed for the development have not been adequately surveyed yet - Few or no surveys have been undertaken in the area
proposed for development. A full Heritage Impact Assessment with a detailed field component is recommended for the proposed development.
Note:
The responsibility for generating a response detailing the requirements for the development lies with the heritage authority. However, since the methodology utilised for the compilation
of the Heritage Screeners is thorough and consistent, contradictory outcomes to the recommendations made by CTS should rarely occur. Should a discrepancy arise, CTS will
immediately take up the matter with the heritage authority to clarify the dispute.
The compilation of the Heritage Screener will not include any field assessment. The Heritage Screener will be submitted to the applicant within 24 hours from receipt of full payment. If
the 24-hour deadline is not met by CTS, the applicant will be refunded in full.
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Appendix D3
Fauna Screening Assessment

Appendix D3
&ŝŶĂůBASIC ASSESSMENT REPORT for proposed Upgrading of Clarkson Sewage Network and Waste
Water Treatment Works
Koukamma Local Municipality , Sarah Baartman District Municipality

Fauna Screening Assessment
UPGRADING OF CLARKSON SEWAGE NETWORK AND WASTE WATER TREATMENT WORKS

1. Introduction
Koukamma Municipality has identified the need to replace the existing small-bore sewerage network, remove on-site
conservancy tanks and upgrade the existing waste water treatment works at Clarkson. The proposed project requires an
integrated environmental authorisation and waste management licence to be issued by the DEDEAT before the project may
commence. This fauna screening assessment has been done in support of the draft basic assessment report and to inform
the applicant of any permits which may be required in terms of the National Environmental Management: Biodiversity Act (Act
10 of 2004) and Provincial Nature Conservation Ordinance.

2. Overview of Site
The existing Clarkson WWTW is located on Farm 654 in the Koukamma local Municipality, Sarah Baartman District
Municipality in the Eastern Cape province. Farm 654 is approximately 600 ha in extent of which the WWTW currently occupies
a 1.2ha footprint. The final upgraded fenced site will have a footprint of 2 ha.
Two sewage drainage areas of Clarkson town will be upgraded; the 160mm gravity pipelines will mostly be upgraded in road
reserves and midblock, and the 110mm rising main be replaced in place or with new routes. There will be two 110 mm rising
mains installed (each approximately 600m in length). A 200 mm bulk collector pipeline combining all flows and draining down
to the WWTW will be installed. Two small perennial rivers occur in the area. Both rising main pipelines will cross perennial
watercourses.
In terms of the National Vegetation Map, 2019, the vegetation on site is mapped as Tsitsikamma Sandstone fynbos and has
an ecosystem status of vulnerable (NBA, 2011). This vegetation, historically, would have provided important migration
corridors and temporary habitats for larger herbivores including elephants (historical), kudu, eland and rhinoceros (Vlok &
Euston Brown (2002).
The area surrounding the WWTW (500m radius) is mostly undeveloped and vacant; an old landfill is located within 100m of
the site and sports fields are located within 370m of the site. The Clarkson WWTW is accessed via the R102 and is positioned
approximately 500 m south of R102 and 80m north of the N2. The surrounding area is largely undeveloped, with the exception
of the roads, the small town of Clarkson and neighbouring agricultural farms. The Tsitsikamma mountains form the northern
backdrop of Clarkson. The Garden Route National Park is located north of Clarkson.

Figure 1: Location of Clarkson WWTW and sewage network upgrade

3. Overview of fauna
The site falls within the 3424 AB Quarter Degree Grid Cell (QDGC). The resources below were used to determine the
terrestrial fauna that have been recorded within the 3424 AB QDGC:
 Reptile Atlas of Southern Africa
 South African Bird Atlas Project 2
 Red Data List of Mammals of South Africa Swaziland and Lesotho, 2016
 The 2015 Eskom Red Data Book of Birds of South Africa Swaziland and Lesotho
 The International Union for Conservation (IUCN)’s Red Lists, 2018
The list of birds, amphibians, reptiles and mammals recorded within the 3424 AB QDGC is provided. An indication of threat
status / protection level is also provided.
Threatened species are those that face a high risk of extinction in the near (or foreseeable) future and have been classified
as Critically Endangered, Endangered or Vulnerable. The classification is based on a scientific conservation assessment (or
Red Listing process), using a standardised set of criteria developed by the IUCN for determining the likelihood of a species
becoming extinct.
Resources used:
 Species listed as threatened or protected in terms of Section 56 of the National Environmental Management:
Biodiversity Act (Act 10 of 2004). Classified as critically endangered, endangered, vulnerable or protected. (TOPSlisted Species)
 Species listed in the Endangered or Vulnerable categories in the revised South African Red Data Books
 Threatened species listed on the IUCN Red List, 2018
 Protected / threatened species listed in terms of the Provincial Nature Conservation Ordinance (No. 19 of 1974)
(PNCO)
Sensitive species include species not falling in the categories above but listed in:
 Appendix 1 or 2 of the Convention of International Trade in Endangered Species (CITES)
 Endemic species
 Species endemic to the region

a. Reptiles
South Africa has 350 species of reptiles, of those 350 reptile species, the Eastern Cape is home to 133 which includes 21
snakes, 27 lizards and eight chelonians (tortoises and turtles) (Branch, 1998). The majority of these are found in Mesic
Succulent Thicket and riverine habitats.
Historical records indicates that 11 species of reptiles have been recorded within the 3424 AB QDGC within which the project
site is located. This includes 3 species of snake, 3 species of lizard, 1 species of skink, 2 chelonian species, 1 species of
agama, 1 species of chameleon. The low records within this QDGC is likely attributed to the low population numbers residing
in the area. Species of gecko likely occur within the area and more species of snake and lizard are expected in the area.
Of the recorded species:
 One (1) species is listed as threatened in terms of the SARCA Red List 2014
( Bradypodion taeniabronchum)



One (1) species is listed as protected on the NEMBA TOPS
(Bradypodion taeniabronchum)



All tortoises, terrapins and lizards are listed as a schedule 2 species on the PNCO list; snakes within Families
Colubridae and Lamprophiidae are listed as a schedule 2 species on the PNCO list

The Elandsberg Dwarf chameleon (Bradypodion taeniabronchum) is listed as
endangered in terms of the SARCA Red List, 2014 and as Protected on the NEMBA
TOPS-listed species. Bradypodion taeniabronchum is endemic to the Eastern Cape.
Its habitat includes montane fynbos, in particular mountain slopes at high altitudes and
is has not been found in lowland fynbos or other vegetation types. It occupies stands
of proteas, restios, ericas and Asteraceae. It has been found as occurring in two
disjunct mountain ranges, the Elandsberg (including the Vanstadensberg block) and
the Kareedouw Mountains and it has also been recently (2009) found in a single
wetland near Cape St. Francis. Historical records suggest that the species previously
inhabited suitable areas outside these known sites, e.g. "Schoenmakerskop" in Port
Elizabeth and Vanstadens Wildflower Reserve near Port Elizabeth (Tolley and Burger
2004). The species now appears to be absent from both these localities (Tolley, K.
2017. Bradypodion taeniabronchum. The IUCN Red List of Threatened Species 2017).
Figure 2: Elandsberg Dwarf chameleon
(2015 Cliff + Suretha Dorse)

b. Amphibians
Frog abundance and diversity reflects the general health of aquatic ecosystems. Two rivers cross through the town of
Clarkson and wetlands are present. Amphibians are expected in the vicinity of the proposed upgraded pipeline route where
the pipeline routes are close to, or crossing, streams and wetlands.
According to historical records, 9 species of frog are likely to occur in the 3424 AB QDGC. Of these, none occur on the
NEMBA TOPS list, none are listed as threatened species on the IUCN Red Data List nor listed as a schedule 1 species in
the PCNO. All frogs and toads are listed as a schedule 2 species on the PNCO and are thus considered species of
conservation concern.

c. Mammals
The Garden Route National Park borders Clarkson in the North. The N2 forms the southern border of the Farm 654.
Watercourses occur in the area. The surrounding area is largely undeveloped, with the exception of the small town of
Clarkson, roads and neighbouring agricultural farms.
6 mammal species have been recorded within the range of the 3424 AB QDGC. These include 3 species of Bovidae, vervet
monkey, leopard and greater musk shrew.
 1 species is listed as threatened on the IUCN Red list, 2018
(Panthera pardus)




2 species are listed as threatened on the 2016 Regional Mammal Red List
(Panthera pardus, Philantomba monticola)
2 species are listed as threatened on the NEMBA TOPS



2 species are listed on the CITES



Schedule 2 of the PNCO

(Panthera pardus, Philantomba monticola)
(Panthera pardus, Philantomba monticola)
(blue duiker, leopard, common duiker and all shrews and bats)

The low records within this QDGC is likely attributed to the low population numbers residing in the area. Species belonging
to families Muridae, Gliridae and Vespertilionidae (bats) can be expected to occur.
The blue Duiker (Philantomba monticola) is listed in Appendix II of CITES (Convention on International Trade in Endangered
Species of Wild Fauna and Flora) and as vulnerable in terms of the Red Data List of Mammals of South Africa Swaziland and

Lesotho, 2016, the IUCN Red List of Mammals, 2018 and the NEMBA TOPS list. Philantomba monticola is resident to forest
areas and a seasonal visitor to thicket forest mosaic, succulent thicket and mesic thicket (Boshoff et al., 2002).
The leopard (Panthera pardus) is widely, but patchily distributed. They range across all provinces, and occur in all biomes of
South Africa, although they have a marginal occurrence in the Nama and Succulent Karroo biomes, and, mostly absent from
Free state and the greater Karoo basin. The leopard has a wide habitat tolerance (e.g. grassland, savanna, mountain, coastal
shrub). Habitat is decreasing and becoming increasingly fragmented. Densities vary with habitat and ranges from between 1
- 30 individuals per 100km2 (Lourens et al., EWT, 2016). The leopard is listed in Appendix I of CITES, and as vulnerable in
terms of NEMBA TOPS and the Regional and IUCN Red Data Lists.
The blue duiker, bushbuck, leopard, common duiker and all shrews and bats are listed in Schedule 2 of the PNCO.

d. Birds
According to SABAP2, records, 153 bird species have been recorded within the 3400_2420 pentad within which the project
site is located. Of these records:
 All birds are listed as schedule 2 species on the PNCO with exception of those listed in schedule 1 and Section 2
(2) of the PNCO
 1 species is listed as threatened on the IUCN Red list, 2019
(Circus maurus)
 2 species are listed as threatened in the Regional Red List, 2015
 (Neotis denhami, Circus maurus)
 1 species is listed as threatened on the NEMBA TOPS
(Falco Peregrine)
The Falco Peregrine is listed as vulnerable on NEMBA TOPS. The species occupies a wide range of habitats and thives n
in coastal areas. The bird will occupy the highest ground in their surroundings. Threats to this species includes illegal trading
and egg collecting, poisoning, habitat loss, hunting, power lines and towers.
The range of Denham’s bustard (Neotis denhami) (2015 regional status: vulnerable) in the Eastern Cape is described as
the coastal and sub-coastal belt extending into the karoo midlands. The species is omnivorous and seen individually or in
groups. The numbers and range of this species has decreased. Threats include habitat loss, powerline collisions, and
monoculture farming.
The black harrier (Circus maurus) (2015 regional status: endangered) is one of the most range-restricted harrier species
with its core range located within the Fynbos biome. Due to modification of natural vegetation, this species is estimated to
have lost up to 50% of its breeding habitat. The regional population is estimated at less than 1000 individuals and has a
regional status of endangered. The bird favours quail and it forages up to 11km from its nest.
A full list of birds recorded (Southern African Bird Atlas Project 2) within the 3400_2420 pentad is provided in Appendix 1.
Species of Conservation Concern recorded within the pentad are indicated.

4. Conclusion
Search and rescue must be carried out prior to the start of the project. Permits will be required to be issued by the Department
of Economic Development, Environmental Affairs and Tourism for fauna species listed on the PCNO and listed as threatened
or protected in terms of Section 56 of the National Environmental Management: Biodiversity Act (Act 10 of 2004) (TOPSlisted Species)

Appendix 1: Fauna (Reptiles, mammals and birds) species identified within 3325 DC Quarter Degree Grid Cell (QDGC)
Table 1: Reptiles recorded within 3424 AB (Reptile Atlas of Southern Africa and IUCN, 2018)
Family
Agamidae
Chamaeleonidae
Colubridae
Colubridae
Cordylidae
Cordylidae
Lacertidae
Lamprophiidae
Pelomedusidae
Scincidae
Testudinidae

Scientific name
Agama atra
Bradypodion taeniabronchum
Crotaphopeltis hotamboeia
Philothamnus occidentalis
Cordylus cordylus
Pseudocordylus microlepidotus microlepidotus
Tropidosaura gularis
Lycodonomorphus inornatus
Pelomedusa subrufa
Trachylepis homalocephala
Homopus areolatus

Common name
Southern Rock Agama
Elandsberg Dwarf Chameleon
Red-lipped Snake
Western Natal Green Snake
Cape Girdled Lizard
Cape Crag Lizard
Cape Mountain Lizard
Olive House Snake
Central Marsh Terrapin
Red-sided Skink
Parrot-beaked Tortoise

Red list category (SARCA 2014)
Least Concern
Endangered
Least Concern
Least Concern
Least Concern
Least Concern
Least Concern
Least Concern
Least Concern
Least Concern
Least Concern

IUCN Red List 2018
LC
LC
LC
LC
LC
LC
LC

NEMBA TOPS
Not listed
Protected
Not listed
Not listed
Not listed
Not listed
Not listed
Not listed

LC
LC

Not listed
Not listed

PNCO

Schedule 2
Schedule 2
Schedule 2

Table 2: Amphibia recorded within 3424 AB (Frog Atlas of South Africa)
Family
Bufonidae
Heleophrynidae
Hyperoliidae
Pyxicephalidae
Pyxicephalidae
Pyxicephalidae
Pyxicephalidae
Pyxicephalidae

Scientific name
Sclerophrys capensis
Heleophryne regis
Hyperolius marmoratus
Amietia delalandii
Amietia fuscigula
Cacosternum nanum
Strongylopus fasciatus
Strongylopus grayii

Common name
Raucous Toad
Southern Ghost Frog
Painted Reed Frog
Delalande's River Frog
Cape River Frog
Bronze Caco
Striped Stream Frog
Clicking Stream Frog

IUCN Red List
LC
LC
Least Concern (IUCN ver 3.1, 2013)
LC (2017)
LC (2017)
Least Concern (2013)
LC
LC

NEMBA TOPS
Not listed
Not listed
Not listed
Not listed
Not listed
Not listed
Not listed
Not listed

PNCO

Schedule 2
Schedule 2
Schedule 2
Schedule 2
Schedule 2
Schedule 2
Schedule 2
Schedule 2

Table 3: Mammals recorded within 3424 AB (Virtual Museum of African Mammals and IUCN, 2018)
Family
Bovidae
Bovidae
Bovidae
Cercopithecidae
Felidae
Soricidae

Scientific name
Oreotragus oreotragus
Philantomba monticola
Sylvicapra grimmia
Chlorocebus pygerythrus
Panthera pardus
Crocidura flavescens

Common name
Klipspringer
Blue Duiker
Bush Duiker
Vervet Monkey
Leopard
Greater Red Musk Shrew

Red list Category 2016
Least Concern (2016)
Vulnerable (2016)
Least Concern (2016)
Least Concern (2016)
Vulnerable (2016)
Least Concern (2016)

IUCN Red List 2018
LC
LC
LC
LC
Vulnerable
LC

NEMBA TOPS
Not listed
Vulnerable
Not listed
Not listed
Vulnerable
Not listed

PNCO

CITES

Schedule 2

Appendix II

Schedule 2
Schedule 2

Appendix I

Table 4: Birds recorded within 3400_2420 pentad (South African Bird Atlas Project 2)
Group

Common name

Genus

Species

IUCN Red List

Apalis

Bar-throated

Apalis

thoracica

LC

Regional List 2015

Barbet

Black-collared

Lybius

torquatus

LC

Batis

Cape

Batis

capensis

LC

Bishop

Southern Red

Euplectes

orix

LC

Not listed

Bishop

Yellow

Euplectes

capensis

LC

Not listed

Schedule 2

Bokmakierie

Bokmakierie

Telophorus

zeylonus

LC

Not listed

Schedule 2

Boubou

Southern

Laniarius

ferrugineus

LC

Not listed

Schedule 2

Brownbul

Terrestrial

Phyllastrephus

terrestris

LC

Not listed

Schedule 2

Bulbul

Cape

Pycnonotus

capensis

LC

Not listed

Bush-shrike

Olive

Telophorus

olivaceus

LC

Bustard

Denham's

Neotis

denhami

NT

Buzzard

Forest

Buteo

trizonatus

Buzzard

Jackal

Buteo

rufofuscus

Buzzard

Steppe

Buteo

Camaroptera

Green-backed

Camaroptera

Canary

Brimstone

Canary
Canary

NT

NEMBA TOPS

PNCO

Not listed

Schedule 2

Not listed

Schedule 2

Not listed

Schedule 2

Not listed

Schedule 2

Not listed

Schedule 2

LC

Not listed

Schedule 2

LC

Not listed

Schedule 2

vulpinus

LC

Not listed

Schedule 2

brachyura

LC

Not listed

Schedule 2

Crithagra

sulphuratus

LC

Not listed

Schedule 2

Cape

Serinus

canicollis

LC

Not listed

Schedule 2

Forest

Crithagra

scotops

LC

Not listed

Schedule 2

Chat

Familiar

Cercomela

familiaris

LC

Not listed

Schedule 2

Cisticola

Cloud

Cisticola

textrix

LC

Not listed

Schedule 2

Cisticola

Grey-backed

Cisticola

subruficapilla

LC

Not listed

Schedule 2

Cisticola

Levaillant's

Cisticola

tinniens

LC

Not listed

Schedule 2

Cisticola

Zitting

Cisticola

juncidis

LC

Not listed

Schedule 2

Coot

Redknobbed

Fulica

cristata

LC

Not listed

Schedule 2

Cormorant

Reed

Phalacrocorax

africanus

LC

Not listed

Schedule 2

Coucal

Burchell's

Centropus

burchellii

LC

Not listed

Schedule 2

Crake

Black

Amaurornis

flavirostris

LC

Not listed

Schedule 2

Crow

Cape

Corvus

capensis

LC

Not listed

Crow

Pied

Corvus

albus

LC

Not listed

Cuckoo

Diderick

Chrysococcyx

caprius

LC

Not listed

Schedule 2

Cuckoo

Klaas's

Chrysococcyx

klaas

LC

Not listed

Schedule 2

Cuckoo

Red-chested

Cuculus

solitarius

LC

Not listed

Schedule 2

Cuckoo-shrike

Grey

Coracina

caesia

LC

Not listed

Schedule 2

Darter

African

Anhinga

rufa

LC

Not listed

Schedule 2

Vulnerable

Group

Common name

Genus

Species

IUCN Red List

Dove

Laughing

Streptopelia

senegalensis

Dove

Red-eyed

Streptopelia

semitorquata

Dove

Rock

Columba

Drongo

Fork-tailed

Duck

Regional List 2015

NEMBA TOPS

PNCO

LC

Not listed

Schedule 2

LC

Not listed

Schedule 2

livia

LC

Not listed

Schedule 2

Dicrurus

adsimilis

LC

Not listed

Schedule 2

African Black

Anas

sparsa

LC

Not listed

Schedule 2

Duck

White-backed

Thalassornis

leuconotus

LC

Not listed

Schedule 2

Duck

White-faced

Dendrocygna

viduata

LC

Not listed

Schedule 2

Duck

Yellow-billed

Anas

undulata

LC

Not listed

Schedule 2

Eagle

Long-crested

Lophaetus

occipitalis

LC

Not listed

Schedule 2

Egret

Cattle

Bubulcus

ibis

LC

Not listed

Schedule 2

Falcon

Amur

Falco

amurensis

LC

Not listed

Schedule 2

Falcon

Lanner

Falco

biarmicus

LC

Not listed

Schedule 2

Falcon

Peregrine

Falco

peregrinus

LC

Vulnerable

Schedule 2

Firefinch

African

Lanonosticta

rubricata

LC

Not listed

Schedule 2

Fiscal

Common (Southern)

Lanius

collaris

LC

Not listed

Schedule 2

Fish-eagle

African

Haliaeetus

vocifer

LC

Not listed

Schedule 2

Flycatcher

African Dusky

Muscicapa

adusta

LC

Not listed

Schedule 2

Flycatcher

Fiscal

Sigelus

silens

LC

Not listed

Schedule 2

Flycatcher

Spotted

Muscicapa

striata

LC

Not listed

Schedule 2

Goose

Egyptian

Alopochen

aegyptiacus

LC

Not listed

Schedule 2

Goose

Spur-winged

Plectropterus

gambensis

LC

Not listed

Schedule 2

Goshawk

African

Accipiter

tachiro

LC

Not listed

Schedule 2

Grassbird

Cape

Sphenoeacus

afer

LC

Not listed

Schedule 2

Grebe

Little

Tachybaptus

ruficollis

LC

Not listed

Schedule 2

Greenbul

Sombre

Andropadus

importunus

LC

Not listed

Schedule 2

Guineafowl

Helmeted

Numida

meleagris

LC

Not listed

Schedule 2

Gull

Kelp

Larus

dominicanus

LC

Not listed

Schedule 2

Hamerkop

Hamerkop

Scopus

umbretta

LC

Not listed

Schedule 2

Harrier

Black

Circus

maurus

EN

Not listed

Schedule 2

Harrier-Hawk

African

Polyboroides

typus

LC

Not listed

Schedule 2

Heron

Black-headed

Ardea

melanocephala

LC

Not listed

Schedule 2

Heron

Grey

Ardea

cinerea

LC

Not listed

Schedule 2

Hoopoe

African

Upupa

africana

LC

Not listed

Schedule 2

Ibis

African Sacred

Threskiornis

aethiopicus

LC

Not listed

Schedule 2

Ibis

Hadeda

Bostrychia

hagedash

LC

Not listed

Schedule 2

Endangered

Group

Common name

Genus

Species

IUCN Red List

Jacana

African

Kingfisher

Brown-hooded

Actophilornis

africanus

Halcyon

albiventris

Kingfisher

Giant

Maegaceryle

Kingfisher

Malachite

Kingfisher

Regional List 2015

NEMBA TOPS

PNCO

LC

Not listed

Schedule 2

LC

Not listed

Schedule 2

maximus

LC

Not listed

Schedule 2

Alcedo

cristata

LC

Not listed

Schedule 2

Pied

Ceryle

rudis

LC

Not listed

Schedule 2

Kite

Black-shouldered

Elanus

caeruleus

LC

Not listed

Schedule 2

Kite

Yellow-billed

Milvus

aegyptius

LC

Not listed

Schedule 2

Lapwing

Black-winged

Vaelius

armatus

LC

Not listed

Schedule 2

Lapwing

Blacksmith

Vanellus

armatus

LC

Not listed

Schedule 2

Lapwing

Crowned

Vanellus

coronatus

LC

Not listed

Schedule 2

Lark

Red-capped

Calandrella

cinerea

LC

Not listed

Schedule 2

Lark

Rufous-naped

Mirafra

africana

LC

Not listed

Schedule 2

Longclaw

Cape

Macronyx

capensis

LC

Not listed

Schedule 2

Marsh-harrier

African

Circus

ranivorus

LC

Not listed

Schedule 2

Martin

Banded

Riparia

paludicola

LC

Not listed

Schedule 2

Martin

Brown-throated

Riparia

paludicola

LC

Not listed

Schedule 2

Martin

Rock

Hirundo

fuligula

LC

Not listed

Schedule 2

Masked-weaver

Southern

Ploceus

velatus

LC

Not listed

Schedule 2

Moorhen

Common

Gallinula

chloropus

LC

Not listed

Schedule 2

Mousebird

Red-faced

Urocolius

indicus

LC

Not listed

Schedule 2

Mousebird

Speckled

Colius

striatus

LC

Not listed

Schedule 2

Neddicky

Neddicky

Cisticola

fulvicapilla

LC

Not listed

Schedule 2

Nightjar

Fiery-necked

Caprimulgus

pectoralis

LC

Not listed

Schedule 2

Olive-pigeon

African

Columba

arquatrix

LC

Not listed

Schedule 2

Oriole

Black-headed

Oriolus

larvatus

LC

Not listed

Schedule 2

Ostrich

Common

Struthio

camelus

LC

Not listed

Schedule 2

Paradise-flycatcher

African

Terpsiphone

viridis

LC

Not listed

Schedule 2

Pigeon

Speckled

Columba

guinea

LC

Not listed

Schedule 2

Pipit

African

Anthus

cinnamomeus

LC

Not listed

Schedule 2

Pipit

Plain-backed

Anthus

leucophrys

LC

Not listed

Schedule 2

Plover

Three-banded

Charadrius

tricollaris

LC

Not listed

Schedule 2

Prinia

Karoo

Prinia

maculosa

LC

Not listed

Schedule 2

Quail

Common

Coturnix

coturnix

LC

Not listed

Schedule 2

Raven

White-necked

Corvus

albicollis

LC

Not listed

Schedule 2

Robin-chat

Cape

Cossypha

caffra

LC

Not listed

Schedule 2

Group

Common name

Genus

Species

IUCN Red List

Roller

European

Coracias

garrulus

Rush-warbler

Little

Bradypterus

baboecala

Saw-wing

Black (Southern race)

Psalidoprocne

Seedeater

Streaky-headed

Shoveler

Regional List 2015

NEMBA TOPS

PNCO

LC

Not listed

Schedule 2

LC

Not listed

Schedule 2

holomelaena

LC

Not listed

Schedule 2

Crithagra

gularis

LC

Not listed

Schedule 2

Cape

Anas

smithii

LC

Not listed

Schedule 2

Sparrow

Cape

Passer

melanurus

LC

Not listed

Sparrow

House

Passer

domesticus

LC

Not listed

Sparrow

Southern Grey-headed

Passer

diffusus

LC

Not listed

Schedule 2

Sparrowhawk

Black

Accipiter

melanoleucus

LC

Not listed

Schedule 2

Spoonbill

African

Platalea

alba

LC

Not listed

Schedule 2

Spurfowl

Red-necked

Pternistis

afer

LC

Not listed

Schedule 2

Starling

Black-bellied

Lamprotornis

corruscus

LC

Not listed

Schedule 2

Starling

Cape Glossy

Lamprotornis

nitens

LC

Not listed

Schedule 2

Starling

Common

Sturnus

vulgaris

LC

Not listed

Starling

Pied

Spreo

bicolor

LC

Not listed

Schedule 2

Starling

Red-winged

Onychognathus

morio

LC

Not listed

Schedule 2

Starling

Wattled

Creatophora

cinerea

LC

Not listed

Schedule 2

Stonechat

African

Saxicola

torquatus

LC

Not listed

Schedule 2

Stork

White

Ciconia

ciconia

LC

Not listed

Schedule 2

Sugarbird

Cape

Promerops

cafer

LC

Not listed

Schedule 2

Sunbird

Amethyst

Chalcomitra

amethystina

LC

Not listed

Schedule 2

Sunbird

Collared

Hedydipna

collaris

LC

Not listed

Schedule 2

Sunbird

Greater Double-collared

Cinnyris

afer

LC

Not listed

Schedule 2

Sunbird

Grey

Cyanomitra

veroxii

LC

Not listed

Schedule 2

Sunbird

Malachite

Nectarinia

famosa

LC

Not listed

Schedule 2

Sunbird

Southern Double-collared

Cinnyris

chalybeus

LC

Not listed

Schedule 2

Swallow

Barn

Hirundo

rustica

LC

Not listed

Schedule 2

Swallow

Greater Striped

Hirundo

cucullata

LC

Not listed

Schedule 2

Swallow

White-throated

Hirundo

albigularis

LC

Not listed

Schedule 2

Swift

Alpine

Tachymarptis

meiba

LC

Not listed

Schedule 2

Swift

Horus

Apus

horus

LC

Not listed

Schedule 2

Swift

White-rumped

Apus

caffer

LC

Not listed

Schedule 2

Teal

Red-billed

Anas

erythrorhyncha

LC

Not listed

Schedule 2

Tern

Whiskered

Chlidonias

hybrida

LC

Not listed

Schedule 2

Thick-knee

Spotted

Burhinus

capensis

LC

Not listed

Schedule 2

Group

Common name

Genus

Species

IUCN Red List

Thrush

Olive

Turdus

olivaceus

Turaco

Knysna

Tauraco

corythaix

Turtle-dove

Cape

Streptopelia

Wagtail

Cape

Warbler

Victorins

Regional List 2015

NEMBA TOPS

PNCO

LC

Not listed

Schedule 2

LC

Not listed

Schedule 2

capicola

LC

Not listed

Schedule 2

Motacilla

capensis

LC

Not listed

Schedule 2

Cryptillas

victorini

LC

Not listed

Schedule 2

Warbler

Willow

Phylloscopus

trochilus

LC

Not listed

Schedule 2

Waxbill

Common

Estrilda

astrild

LC

Not listed

Schedule 2

Waxbill

Swee

Coccopygia

melanotis

LC

Not listed

Schedule 2

Weaver

Cape

Ploceus

capensis

LC

Not listed

White-eye

Cape

Zosterops

virens

LC

Not listed

Schedule 2

Whydah

Pin-tailed

Vidua

macroura

LC

Not listed

Schedule 2

Wood-dove

Emerald-spotted

Turtur

chalcospilos

LC

Not listed

Schedule 2

Wood-hoopoe

Green

Phoeniculus

purpureus

LC

Not listed

Schedule 2

Woodpecker

Knysna

Campethera

notata

NT

Not listed

Schedule 2

Near threatened
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1. Introduction
CEN IEM Unit has been appointed by the Applicant, the Kou-Kamma Local Municipality, to
conduct the necessary Environmental Assessment(s) – which includes this formal
Vegetation Assessment – for the proposed expansion and upgrade of the waterborne
sewage network in the town of Clarkson in the Eastern Cape.
See the aerial image in Figure 1, below, showing the proposed layout of the different types
of sewage pipelines and the four new sewage ponds at the existing waste water treatment
works [approximate central GPS coordinates at centre of new sewage pipeline network amid
residential areas: 34° 00’ 50.54” S, 24° 20’ 50.82” E; at the existing WWTW: 34° 01' 28.16"
S, 24° 20' 55.24" E].
1.1 Terms of reference
This vegetation assessment aims to –
▪ Review available publications for the study area and surrounds, and extract important
information which needs to be considered when assessing the sensitivity of, and
potential impacts on, on-site vegetation.
▪ Do a site survey to describe the biophysical composition and characteristics of the
site, and identify important ecological attributes and / or sensitive areas.
▪ Identify Protected Plants and Trees and Species of Conservation Concern (SCC’s),
which may require permits prior to disturbance during development.

2

Figure 1. Google Earth © 2019 aerial image showing: the location of existing sewage pumpstations and the waste water treatment works; the
layout of new sewage ponds [in yellow], erf connections [in bright green], and 160 mm gravity lines [in purple]; 110 mm rising mains [in red] and
200 mm bulk collectors [in green], as well as 1:50 000 mapped watercourses for the Clarkson area [in blue].

3

2. Vegetation Maps and Conservation Plans
The following legislation, biodiversity conservation plans and associated maps are available
for, and relevant to the Clarkson area –
2.1 Mucina and Rutherford (2006) / National Vegetation Map (2012 beta 2)
Mucina and Rutherford (2006) have mapped vegetation of the general development footprint
area in Clarkson as FFs20 Tsitsikamma Sandstone Fynbos (see Figure 2; Mucina and
Rutherford, 2006; National Vegetation Map, 2012 beta 2). FFs20 Tsitsikamma Sandstone
Fynbos falls within the Eastern Fynbos-Renosterveld Bioregion in the Fynbos Biome
[conservation status: Vulnerable; conservation target: 23%; Mucina and Rutherford, 2006].
FFs20 Tsitsikamma Sandstone Fynbos vegetation is described as present on ‘a relatively
low mountain range with gentle to steep both northern and southern slopes over 140 km,
with a few high peaks and moderately undulating plains. Relatively broad compared to the
other coastal mountain ranges varying from 10-20 km in width. Vegetation is a medium
dense, tall proteoid shrubland over a dense moderately tall, ericoid-leaved shrubland –
mainly proteoid, restioid and ericoid fynbos, with fynbos thicket in wetter areas’ (Mucina and
Rutherford, 2006).
Plant species described as characteristic of FFs20 Tsitsikamma Sandstone Fynbos
vegetation, include –
Important taxa:
(TCape thickets) Tall Shrubs: Cliffortia serpyllifolia (d), Leucadendron conicum (d), L.
eucalyptifolium (d), L. uliginosum subsp. glabratum, Leucospermum glabrum, Metalasia
densa, M. trivialis, Mimetes pauciflorus, Passerina corymbosa, P. falcifolia, Protea eximia, P.
mundii, P. neriifolia, Pterocelastrus tricuspidatusT. Low Shrubs: Erica discolor variant
‘speciosa’ (d), E. sparsa (d), Ursinia scariosa subsp. scariosa (d), Agathosma ovata,
Anisodontea scabrosa, Aspalathus ciliaris, Berzelia intermedia, Carpacoce vaginellata, Erica
diaphana, E. glandulosa, E. rosacea subsp. rosacea, E. uberiflora, Euryops munitus, E.
pinnatipartitus, Helichrysum teretifolium, Indigofera flabellata, Leucadendron salignum, L.
spissifolium subsp. phillipsii, Leucospermum cuneiforme, Metalasia pulcherrima f.
pallescens, Otholobium carneum, Passerina pendula, Penaea cneorum subsp. gigantea,
Phylica axillaris, P. imberbis, Protea cynaroides, Stoebe plumosa. Herbs: Commelina
africana, Gazania krebsiana subsp. krebsiana. Geophytic Herbs: Geissorhiza fourcadei, G.
inconspicua, Romulea pratensis. Graminoids: Restio triticeus (d), Tetraria capillacea (d),
Diheteropogon filifolius, Elegia juncea, Epischoenus adnatus, Heteropogon contortus,
Hypodiscus synchroolepis, Tetraria robusta, Thamnochortus fruticosus, T. glaber, Themeda
triandra, Tristachya leucothrix.
Endemic taxa:
Low shrubs: Aspalathus teres subsp. thodei, Erica trachysantha, E. zitzikammensis, Felicia
tsitsikamae, Helichrysum outeniquense (Mucina and Rutherford, 2006).
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Figure 2. Mucina and Rutherford (2006) / National Vegetation Map (2012 beta 2)
classification of vegetation types present in the Clarkson area i.e. FFs20 Tsitsikamma
Sandstone Fynbos [areas in purple], with FOz1 Southern Afrotemperate Forest [areas in
green] present to the far north-west and north-east.
2.2 National List of Threatened Ecosystems (2011)
The National Environmental Management: Biodiversity Act (Act No. 10 of 2004): National
List of Threatened Ecosystems (2011) does not categorise the development footprint area in
Clarkson as falling within a threatened ecosystem.
2.3 Eastern Cape Biodiversity Conservation Plan (2007)
The Eastern Cape Biodiversity Conservation Plan (2007) indicates that the development
footprint in Clarkson includes both Terrestrial Critical Biodiversity Area 1 (CBA_saveg T3,
CBA_marx T1, CBA_corr2 Corridor 2) and Terrestrial CBA 2 (CBA_saveg T3, CBA_corr2
Corridor2, CBA_corr1 Corridor1) areas (see Figure 3, below). Terrestrial CBA 1 areas are
included within Biodiversity Land Management Class 1: Natural landscapes. The
recommended land use objectives for Terrestrial BLMC 1 areas are to ‘maintain biodiversity
in as natural state as possible. Manage for no biodiversity loss’ (Berliner et al., 2007).
Terrestrial CBA 2 areas are included within BLMC 2: Near-natural landscapes. The
recommended land use objectives for Terrestrial BLMC 2 areas are to ‘maintain biodiversity
in near natural state with minimal loss of ecosystem integrity. No transformation of natural
habitat should be permitted’ (Berliner et al., 2007).
The sewage pond expansion area and associated bulk collector pipeline (south of the R102)
falls within a Terrestrial CBA 2, as well as the greatest portion of gravity-fed sewage lines
with individual erf connections (north of the R102) in the residential areas in Clarkson.
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Figure 3. The development footprint includes both Terrestrial CBA 1 [areas in bright green]
and Terrestrial CBA 2 [areas in light green] areas (ECBCP, 2007).
The development footprint falls entirely within a Freshwater Aquatic CBA 1 (CBA_aqua A1,
CBA_Aquati CBA1; see Figure 4, below). Aquatic CBA 1 areas are included within Aquatic
Biodiversity Land Management Class 1: Natural state. Aquatic BLMC 1 areas include
critically important river sub-catchments, and priority primary catchments for E1 estuaries. It
is recommended that less than 10% of the total area of these sub-quaternary catchments
are transformed (Berliner et al., 2007).
The property falls within the catchment area of the Tsitsikamma Estuary i.e. quaternary
catchment K80E.

Figure 4. The development footprint falls within a Freshwater Aquatic CBA 1 [areas in blue]
(ECBCP, 2007).
2.4 Garden Route Biodiversity Sector Plan (2010)
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The Garden Route BSP (2010), which stems from the Garden Route Initiative (2008), is the
most fine-scale bioregional conservation plan, with associated maps, available for the KouKamma Municipality area. Watercourses present in the development footprint area are all
classified as Ecological Support Areas (ESA’s) (see Figure 5, below). The management
objective for ESA’s is to maintain ecological processes (Vromans et al., 2010).
Smaller portions of the remainder of the development footprint area are classified as Critical
Biodiversity Areas (CBA’s) i.e. the sewage pond expansion area and associated bulk
collector pipeline (south of the R102), as well as the wetland area created by the meeting of
two watercourses (north of the R102, between the central and eastern-most residential
areas in Clarkson). The management objectives for CBA’s are to maintain natural land,
rehabilitate degraded land to a natural or near-natural state, and to manage natural land for
no further degradation (Vromans et al., 2010).
Various types and levels of land transformation have been mapped for the development
footprint area i.e. natural areas [around the sewage pond expansion area and bulk collector
pipeline]; farmland [between residential areas, and on the town’s outskirts]; urban areas
[residential areas]; plantations [north and east of the town], areas transformed by aliens [the
western-most watercourse], and areas heavily degraded by alien invasive plants [the
watercourse east of the town, outside the development footprint] (see Figure 6, below).
Vegetation of the greatest portion of the development footprint is classified as Tsitsikamma
Plateau Proteoid Fynbos (see Figure 7, below), with residences at the northern-most
‘outskirts’ of town falling within the Tsitsikamma Mountain / Mesic Proteoid Fynbos
classification. Watercourses in the Clarkson area as classified as Tsitsikamma Perennial
Stream.
Tsitsikamma Plateau Proteoid Fynbos is described as growing ‘very tall when not burned
for long periods. This very wet unit contains many small isolated depressions, but they are
impossible to map at this scale. This unit is very similar to the Tsitsikamma Mesic Proteoid
Fynbos, but differs in occurring on the relatively flat coastal plateaus and not on the steep
mountain slopes. The height that this vegetation can attain, up to 10 m tall, also
distinguishes it from Tsitsikamma Mesic Proteoid Fynbos. It shares similar species, but the
following tend to be most abundant, possibly because of their ability to grow into tall plants
quickly: Rhodocoma gigantea, Tetraria involucrata, Erica sparsa, Erica discolor, Passerina
falcifolia, Leucadendron eucalyptifolium and Protea mundii’ (Vlok et al., 2008).
The National Equivalent Ecosystem Status1 assigned to Tsitsikamma Plateau Proteoid
Fynbos is Critically Endangered (Holness et al., 2010).
Tsitsikamma Mountain / Mesic Proteoid Fynbos is ‘closely related to Tsitsikamma
Plateau Proteoid Fynbos, but it differs in its position in the landscape. Common species in
this unit include: Blechnum tabulare, Cannomois virgata, Cassine schinoides, Cliffortia
ferruginea, Erica curviflora, Erica densifolia, Erica diaphana, Erica hispidula, Erica
sparrmannii, Erica uberiflora, Euclea polyandra, Gleichenia polypodioides, Indigofera
flabellata, Leucadendron eucalyptifolium, Pelargonium cordifolium, Podalyria glauca, Protea
1

Ecosystem status of terrestrial ecosystems is based on the degree of habitat loss that has occurred
in each ecosystem, relative to two thresholds: one for maintaining healthy ecosystem functioning, and
one for conserving the majority of species associated with the ecosystem (Vromans et al., 2010).
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mundii and Widdringtonia nodiflora. A local endemic may be Felicia tsitsikamae, but very
little is known about this species’ (Vlok et al., 2008).
The National Equivalent Ecosystem Status assigned to Tsitsikamma Mountain / Mesic
Proteoid Fynbos is Least Threatened (Holness et al., 2010).
The Tsitsikamma Perennial Stream habitat unit is characterised by water that is dark, fresh
and acidic. Much of the upper water catchment is located in inland valleys. Vegetation is
dominated by Protea mundii and Laurophyllus capensis. A rare plant present in this habitat
unit is Gladiolus sempervirens (Vlok et al., 2008).
The National Equivalent Ecosystem Status assigned to Tsitsikamma Perennial Stream is
Critically Endangered (Holness et al., 2010).

Figure 5. The Garden Route Biodiversity Sector Plan’s (2010) Critical Biodiversity Areas
map indicates that the development footprint includes Ecological Support Areas [areas in
yellow] and CBA’s [areas in green].
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Figure 6. The Garden Route Biodiversity Sector Plan’s (2010) Transformation map indicates
that the development footprint includes Urban [in red], Plantation [in blue], Farm [in yellow],
Natural [in green], Alien Transformed [in light purple], and Heavy Alien Degradation [in dark
purple] areas.

Figure 7. The Garden Route Biodiversity Sector Plan’s (2010) Vegetation map indicates that
the greatest portion of the development footprint is classified as Tsitsikamma Plateau
Proteoid Fynbos vegetation [areas in light green]. Watercourses are classified as
Tsitsikamma Perennial Stream [in blue]. Areas in dark green are classified as Tsitsikamma
Mountain Forest, and areas in purple are classified as Tsitsikamma Mountain / Mesis
Proteoid Fynbos vegetation.
2.5 National Freshwater Ecosystem Priority Areas project (2011)
The town of Clarkson falls within the Tsitsikamma Sub Water Management Area, within the
larger Fish to Tsitsikamma Water Management area (NFEPA, 2011).
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The development footprint area is classified as falling within a National Freshwater
Ecosystem Priority Area – Fish FSA or Fish sanctuary and associated sub-quaternary
catchment (Catchment No. 9152; source layer: NFEPA river FEPAs – sub-quaternary
catchments; see Figure 8, below). Fish sanctuaries are sub-quaternary catchments that are
essential for protecting threatened and near-threatened freshwater fish that are indigenous
to South Africa (Nel et al., 2011). The black fish symbol on the map indicates an associated
sub-quaternary catchment that contains at least one vulnerable or near-threatened fish
species, or a population of special concern (Nel et al., 2011).
The National Wetlands Map 4 (NFEPA Wetlands Map) classifies the existing sewage ponds
in Clarkson as artificial wetlands, of the Eastern Fynbos-Renosterveld Sandstone
Fynbos_Flat type. The watercourses and seeps within the development footprint, located
north of the R102, are not included as wetlands on this map. Watercourses to the east of the
development footprint, however, are classified as an artificial wetland (to the north-east;
Eastern Fynbos-Renosterveld Sandstone Fynbos_Seep type), and a natural wetland (to the
east; Eastern Fynbos-Renosterveld Sandstone Fynbos_Seep type; see Figure 8, below).

Figure 8. The development footprint falls within a NFEPA – FishFSA or Fish sanctuary and
associated sub-quaternary catchment [areas in green] (NFEPA, 2011). Artificial and natural
wetlands [areas in blue] present in the Clarkson area are also shown (National Wetlands
Map 4 - NFEPA Wetlands Map).
2.6 Summary of available literature
Available biodiversity planning documents indicate that the development footprint area in
Clarkson includes:

▪

Terrestrial Critical Biodiversity Areas 1 and 2, and a Freshwater Aquatic CBA 1
(ECBCP, 2007).

▪

Critical Biodiversity Areas and Ecological Support Areas (Garden Route Biodiversity
Sector Plan, 2010).
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▪

A Vulnerable vegetation type i.e. FFs20 Tsitsikamma Sandstone Fynbos (Mucina
and Rutherford, 2006; National Vegetation Map, 2012 beta 2).

▪

Critically Endangered habitat types i.e. Tsitsikamma Plateau Proteoid Fynbos
vegetation and Tsitsikamma Perennial Stream habitat unit, and a Least Threatened
habitat type i.e. Tsitsikamma Mountain / Mesic Proteoid Fynbos vegetation (Garden
Route Biodiversity Sector Plan, 2010; Holness et al., 2010).

▪

A National Freshwater Ecosystem Priority Area – Fish FSA or Fish sanctuary and
associated sub-quaternary catchment (NFEPA, 2011), and an artificial wetland
(National Wetlands Map 4 - NFEPA Wetlands Map).
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3. Site description
Members of CEN IEM Unit conducted two site visits to the Clarkson area. The sewage pond
expansion area at the WWTW was surveyed on 7 June 2019 (see Figure 9), and the new
sewage pipeline network was surveyed on 20 August 2019 (see Figure 10). Observations of
important environmental features, and a list of plant species present on site, were recorded.
Photographs were also taken at various points across the site.
Anthropogenic impacts observed within the proposed development footprint area(s) in
Clarkson, included: the development of tarred and gravel roads, residences and service
infrastructure in the Clarkson area; grazing by cattle and other domestic animals; illegal
dumping of household and garden waste; illegal dumping of construction waste e.g. excess
cement / concrete mix, broken bricks etc., and a high density of alien invasive plants,
particularly Acacias, Eucalypts and Pines.
3.1 Vegetation description
Vegetation i.e. the grassy fynbos with a noticeable presence of intact indigenous species
(other than alien invasive trees), in the general study area can be described as a mixture or
transitional form between Tsitsikamma Plateau Proteoid Fynbos and Tsitsikamma Mountain
/ Mesic Proteoid Fynbos (Vlok et al. 2008; Garden Route BSP, 2010). Species listed as
characteristic of both vegetation types were observed on site.
Vegetation in the greatest portion of the proposed development footprint area – except for
parts of watercourses left largely unaffected by dense alien invasive trees, and a few
patches of relatively uninvaded grassy fynbos to the west and north of the existing WWTW –
can be described as degraded, partly to entirely transformed, of a largely secondary nature
(i.t.o. plant succession) due to past development, heavy alien infestation, cattle grazing and
veld fires, and can, therefore, be considered to be of low ecological sensitivity, and of low
conservation value.
Watercourses in the development footprint area, though affected by alien invasive trees in a
moderate to high degree, are of high ecological sensitivity, and of high conservation value,
as many fynbos-type species still thrive in these areas. The management and mitigation of
environmental impacts associated with construction in watercourses i.e. rivers, wetlands and
seeps in the Clarkson area, should be addressed by an Aquatic Impact Assessment.
3.1.1 Sewage pond expansion at the waste water treatment works
Plant species recorded at the sewage pond expansion areas are shown in Table III, below.
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Figure 9. Google Earth © 2019 aerial image showing the proposed layout of new sewage
ponds and the 200 mm bulk collector pipeline [in green] that leads to the WWTW, off the
R102, and the presence of fynbos patches vs. dense alien invasive trees.
The areas proposed for construction of the four new sewage ponds are located to the
immediate north and south-east of the existing WWTW’s sewage ponds. These areas have
been degraded and transformed by an extended period of invasion by alien trees, and are
dominated by dense stands of mature alien invasive trees i.e. Acacia saligna, Acacia
mearnsii, and Pinus sp., with a sparsely-vegetated understory of predominantly grasses and
Anthospermum sp.
The bulk collector pipeline leading to the WWTW from the R102 (to the north-west) will be
installed to the immediate east of an existing gravel access road to the WWTW. The
construction of this pipeline is unlikely to have significant or lasting impacts on vegetation on
site.
The existing sewage ponds contain, and are surrounded by, wetland-type species i.e. Typha
capensis, Phragmites australis, Senecio lanceus, Nidorella ivifolia, Anthospermum sp., and
Zantedeschia aethiopica, and an assortment of moisture-loving sedges, grasses and ferns.
The relatively intact stands of grassy fynbos vegetation (i.e. with a low to moderate level of
invasion by Acacia saligna and Pine trees) are located to the west and north-west of the
existing sewage ponds – outside the proposed development footprint. Dominant plants
present in grassy fynbos vegetation, include: various grasses and restios, Metalasia aurea,
Erica cordata, E. sparsa, Anthospermum sp., Stoebe plumosa, and Watsonia pillansii.
3.1.2 Sewage pipeline routes
Plant species recorded at the various sites surveyed along the proposed sewage pipeline
routes are shown in Table IV, below.
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Figure 10. Google Earth © 2019 aerial image showing the location of Sites 1 to 14 surveyed
along the proposed sewage pipeline routes.
Site 1
Maintained lawns present along the sidewalk, between houses and the road, at the westernmost residential area in Clarkson (along which the sewage pipeline will run), with
predominantly grasses i.e. Cynodon dactylon (Kweek / Couch Grass), Pennisetum
clandestinum (Kikuyu) and Eragrostis spp., and weedy herbs, forbs and shrubs.
Site 2
Maintained lawns present along the sidewalk between houses and the road, with a patch of
indigenous shrubs present at the western ‘top’ end of the road e.g. Pelargonium capitatum,
Zantedeschia aethiopica, Anthospermum aethiopicum, and Helichrysum petiolare. Houses
on the southern section of the road, along which the sewage pipeline will run, are bordered
by tall indigenous grasses i.e. predominantly Eragrostis spp., and patches of Z. aethiopica
(Arum Lily), indicating the presence of a seep area.
Site 3
At the suspended sewage pipeline leading to the pumpstation (i.e. Pumpstation 01), west of
the ‘western’ watercourse on site. Area dominated by an uneven ‘lawn’ of Pennisetum
clandestinum, with a few indigenous species i.e. Gunnera perpensa, Pteridium aquilinum
subsp. aquilinum, and Zantedeschia aethiopica, and clumps of large Cyperus thunbergii.
Mature alien invasive trees dominate the area along the R102 to the south, and along the
watercourse i.e. Acacia mearnsii and A. longifolia.
Site 4
Area along the R102 dominated by Acacia mearnsii, with an extensive area recently burnt.
Site 5
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At the stormwater channel off Church Street. Area dominated by grasses i.e. Pennisetum
clandestinum, with Acacia mearnsii dominant along the R102. A small patch of indigenous
shrubs i.e. Searsia lucida, Erica spp., Helichrysum petiolare and Anthospermum aethiopicum
etc., are also present.
Sites 6 and 7
Maintained lawns present along the sidewalk between houses and the road(s) in the central
residential area in Clarkson.
Site 8
Informal / gravel road off the R102, to the north. Open area dominated by Pennisetum
clandestinum, with a few patches of indigenous shrubs, surrounded by mature Acacia
mearnsii trees to the west and east. Areas that were excavated in the past (for service
infrastructure installation), with dumped household waste also present along the gravel road.
Site 9
Gravel road leading towards houses, to the north, dominated by grasses with a few
indigenous shrubs.
Site 10
Along the gravel road at an excavated area with dumped household waste, at the proposed
start of the sewage pipeline crossing of the main ‘wetland’ in the study area. Surrounding
area dominated by Pennisetum clandestinum, with indigenous and alien invasive shrubs.
An extensive wetland area, running north-west to south-east approximately, is located
immediately north of an area of dense, mature alien invasive trees to the north of the R102 –
just east of Site 10. The wetland is formed at the meeting of two drainages, running north to
south, between the two larger residential areas in Clarkson. The wetland is dominated by
wetland-type species i.e. sedges (Cyperus thunbergii and Juncus lomatophyllus); shrubs i.e.
Cliffortia odorata and Nidorella ivifolia, and geophytes i.e. Aristea ecklonii, Wachendorfia
thyrsiflora and Zantedeschia aethiopica. There is also a wide assortment of alien invasive
plants present on the outskirts of the wetland, to the north and south.
Site 11
At the eastern-most residential area in Clarkson, with the pipeline leading towards
Pumpstation 02 (to the north-west). Open areas dominated by grasses i.e. Pennisetum
clandestinum, Stenotaphrum secundatum (Buffalo Grass) and Eragrostis spp., with mature
alien invasive trees and shrubs present to the north of the R102 i.e. Acacia mearnsii, A.
longifolia, Pinus sp., Solanum mauritianum, and Lantana camara.
Site 12
Maintained lawns south-east of the school.
Site 13
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Maintained lawns at the school, with mature alien invasive trees i.e. Pinus sp., Acacia
mearnsii, A. melanoxylon, and A. longifolia present along the watercourse running north to
south, to the west.
Site 14
At the start of a gravel road through a watercourse in the north-western-most part of the
eastern residential area in Clarkson (the northern, ‘centre’ arm of the ‘eastern’ watercourse).
Mature alien invasive trees are present predominantly to the south. The patch of indigenous
vegetation around the gravel road is the only place in the larger development footprint where
Prionium serratum (Palmiet) was recorded, as well as a diverse assortment of fynbos and
other wetland-type plants i.e. Pteridium aquilinum subsp. aquilinum, Bobartia orientalis,
Selago spp., Podalyria sp., Pelargonium cordifolium, Athanasia dentata, Schistostephium
umbellatum, Phylica axillaris, Senecio lanceus, and Zantedeschia aethiopica.
The open area to the north-west of the ‘Palmiet’ wetland is dominated by grasses and alien
invasive trees i.e. Acacia longifolia, A. mearnsii, Cestrum laevigatum, and Solanum
mauritianum, and includes an area at the (southern) base of a tarred road with dumped
household waste, surrounded by alien invasive trees.
3.2 Protected Plants and Species of Conservation Concern (SCC’s)
The following legislation was consulted when annotating the list of plant species identified in
the Clarkson area:
▪

National Environmental Management: Biodiversity Act 10 of 2004 – Alien and
Invasive Species Lists (published July 2016);

▪

Red List of South African Plants (version 2017.1);

▪

National Forests Act No. 84 of 1998 – List of Protected Trees (published 23
December 2016);

▪

National Environmental Management: Biodiversity Act 10 of 2004 – Amendment of
Critically Endangered, Endangered, Vulnerable and Protected Species List (14
December 2007);

▪

Eastern Province Nature Conservation Ordinance No. 19 of 1974;

▪

Eastern Cape Environmental Conservation Bill of 2003.

A total of 125 plant species were identified in the general development footprint area in
Clarkson (see Table I), of which 29 are exotic and / or alien invasive plants (see Table II).
The waste water treatment works’ sewage pond expansion areas housed 60 species
approx., with as many as 45 species recorded in the northern portion of the ‘eastern’
watercourse in the development footprint area, which will be impacted by a new (160 mm
gravity line) sewage pipeline crossing.
Protected Plants identified in the general study area i.e. under the Eastern Province Nature
Conservation Ordinance No. 19 of 1974, and the Eastern Cape Environmental Conservation
Bill of 2003, include: an amaryllid i.e. Crinum sp.; two Pelargoniums i.e. Pelargonium
capitatum and P. cordifolium; three Ericas i.e. Erica cordata, E. glandulosa and E. sparsa;
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three irids i.e. Aristea ecklonii, Bobartia orientalis and Watsonia pillansii, and two proteoids
i.e. Leucospermum cuneiforme and Leucadendron salignum.
No species listed as threatened on the Red List of South African Plants (version 2017.1),
were identified in the area.
No species protected under the National Environmental Management: Biodiversity Act 10 of
2004 – Amendment of Critically Endangered, Endangered, Vulnerable and Protected
Species List (14 December 2007), were identified in the area.
No protected trees listed under the National Forests Act, 1998 (Act No. 84 of 1998) (updated
8 September 2017), were identified in the area.
➢ Please note: Protected plants and trees require permits from the relevant authorities
i.e. DEDEAT and DAFF, prior to their disturbance (which includes the trimming of
branches of protected trees), removal, and / or transplantation.
Exotic and / or alien invasive plants identified in the general development footprint area are
shown in Table II. Of the 29 exotic species identified, 19 species are classified as Category
1b invaders under the National Environmental Management: Biodiversity Act 10 of 2004
(NEM:BA) – Alien and Invasive Species Lists (published July 2016). Two species are
classified as Category 2 invaders, and one is classified as a Category 3 invader.
3.3 Soils
The general description for soil in the Clarkson area is ‘soils with a marked clay
accumulation, strongly structured and a non-reddish colour. They may occur associated with
one or more of vertic, melanic and plinthic soils’ (gs_b PL2; BGIS, 2017).
Soils are classed as imperfectly drained soils i.e. often shallow and often with a plinthic
horizon. A favourable property of this soil class is that it has a favourable relative wetness in
dry areas. Limitations are that soils may be seasonally wet (soil_id S8; BGIS, 2017).
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Table I. Full annotated list of plant species observed in the development footprint area i.e. around the waste water treatment works
and sewage pipeline routes, in Clarkson. Species in GREEN are Protected Plants / Species of Conservation Concern (SCC’s).
Species in RED are exotic and / or alien invasive plants.
Family

Species

Red List of South
African Plants, v. 2017.1

FABACEAE

Acacia cyclops A.Cunn. ex G.Don
Sambucus canadensis L.
Agapanthus praecox Willd.
Crinum sp. (cf. macowanii Baker)
Searsia chirindensis (Baker f.) Moffett
Searsia pallens (Eckl. & Zeyh.) Moffett
Centella asiatica (L.) Urb.
Gomphocarpus physocarpus E.Mey.
Zantedeschia aethiopica (L.) Spreng.
Arctotheca calendula (L.) Levyns
Athanasia sp. (cf. dentata (L.) L.)
Cirsium vulgare (Savi) Ten.
Conyza bonariensis (L.) Cronquist
Cotula sp.
Cullumia decurrens Less.
Disparago tortilis (DC.) Sch.Bip.
Helichrysum anomalum Less.
Helichrysum cymosum (L.) D.Don
Helichrysum felinum Less.
Helichrysum patulum (L.) D.Don
Helichrysum petiolare Hilliard & B.L.Burtt
Hypochaeris radicata L.
Metalasia aurea D.Don

NE
NE
LC
LC
LC
LC
LC
LC
LC
LC
LC
NE
NE
LC
LC
LC
LC
LC
LC
LC
LC
NE
LC

ADOXACEAE
AGAPANTHACEAE
AMARYLLIDACEAE
ANACARDIACEAE
ANACARDIACEAE
APIACEAE
APOCYNACEAE
ARACEAE
ASTERACEAE
ASTERACEAE
ASTERACEAE
ASTERACEAE
ASTERACEAE
ASTERACEAE
ASTERACEAE
ASTERACEAE
ASTERACEAE
ASTERACEAE
ASTERACEAE
ASTERACEAE
ASTERACEAE
ASTERACEAE

EP Nature Conservation
Ordinance, 1974

EC Environmental Cons.
Bill, 2003

Schedule 4: Protected

Schedule 5: Protected

Schedule 4: Protected

Schedule 5: Protected
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Family

Species

Red List of South
African Plants, v. 2017.1

ASTERACEAE

Metalasia sp. (cf. trivialis P.O.Karis)
Nidorella ivifolia (L.) J.C.Manning & Goldblatt
Osteospermum moniliferum L.
Relhania speciosa (DC.) Harv.
Schistostephium umbellatum (L.f.) K.Bremer &
Humphries
Senecio chrysocoma Meerb.
Senecio ilicifolius L.
Senecio inaequidens DC.
Senecio lanceus Aiton
Stoebe plumosa (L.) Thunb.
Ursinia sp.
Anredera cordifolia (Ten.) Steenis
Canna indica L.
Bryophyllum proliferum Bowie ex Hook.
Cyperus sp. (smaller, wet areas)
Cyperus thunbergii Vahl
Eleocharis sp.
Pteridium aquilinum (L.) Kuhn subsp. aquilinum
Euclea polyandra (L.f.) E.Mey. ex Hiern
Erica cordata Andrews
Erica glandulosa Thunb.
Erica sparsa Lodd.
Euphorbia sp. (CF. silenifolia (Haw.) Sweet)
Ricinus communis L.
Acacia longifolia (Andr.) Willd.
Acacia mearnsii De Wild.
Acacia melanoxylon R. Br.
Acacia saligna (Labill.) H.L.Wendl.

LC
LC
LC
LC
LC

ASTERACEAE
ASTERACEAE
ASTERACEAE
ASTERACEAE
ASTERACEAE
ASTERACEAE
ASTERACEAE
ASTERACEAE
ASTERACEAE
ASTERACEAE
BASELLACEAE
CANNACEAE
CRASSULACEAE
CYPERACEAE
CYPERACEAE
CYPERACEAE
DENNSTAEDTIACEAE
EBENACEAE
ERICACEAE
ERICACEAE
ERICACEAE
EUPHORBIACEAE
EUPHORBIACEAE
FABACEAE
FABACEAE
FABACEAE
FABACEAE

LC
LC
LC
LC
LC
LC
NE
NE
NE
LC
LC
LC
LC
LC
LC
LC
LC
LC
NE
NE
NE
NE
NE

EP Nature Conservation
Ordinance, 1974

EC Environmental Cons.
Bill, 2003

Schedule 4: Protected
Schedule 4: Protected
Schedule 4: Protected

Schedule 5: Protected
Schedule 5: Protected
Schedule 5: Protected
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Family

Species

Red List of South
African Plants, v. 2017.1

FABACEAE

Indigofera sulcata DC.
Otholobium acuminatum (Lam.) C.H.Stirt.
Paraserianthes lophantha (Willd.) I. C. Nielson

LC
LC
NE

FABACEAE
FABACEAE
FABACEAE
FABACEAE
FABACEAE
FABACEAE
FABACEAE
GERANIACEAE
GERANIACEAE
GUNNERACEAE
HAEMODORACEAE
HYPOXIDACEAE
IRIDACEAE
IRIDACEAE
IRIDACEAE
JUNCACEAE
JUNCACEAE
JUNCACEAE
LAMIACEAE
LAMIACEAE
LOBELIACEAE
MALVACEAE
MALVACEAE
MELIANTHACEAE
MYRICACEAE
MYRSINACEAE
MYRTACEAE

Podalyria sp.
Psoralea affinis Eckl. & Zeyh.
Sesbania punicea (Cav.) Benth.
Tephrosia grandiflora (Aiton) Pers.
Trifolium burchellianum Ser. subsp. burchellianum
Pelargonium capitatum (L.) L'Hér.
Pelargonium cordifolium (Cav.) Curtis
Gunnera perpensa L.
Wachendorfia thyrsiflora Burm.
Hypoxis sp.
Aristea ecklonii Baker
Bobartia sp. (cf. orientalis J.B.Gillett)
Watsonia sp. (cf. pillansii L.Bolus)
Juncus lomatophyllus Spreng.
Juncus sp.
Prionium serratum (L.f.) Drège ex E.Mey.
Leonotis leonurus (L.) R.Br.
Plectranthus barbatus var. grandis (L.H.Cramer)
Lukhoba & A.J.Paton
Lobelia sp. (cf. neglecta Roem. & Schult.)
Hermannia hyssopifolia L.
Sida rhombifolia L.
Melianthus major L.
Morella serrata (Lam.) Killick
Rapanea melanophloeos (L.) Mez
Eucalyptus sp.

EP Nature Conservation
Ordinance, 1974

LC
NE
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC

EC Environmental Cons.
Bill, 2003

Schedule 5: Protected
Schedule 5: Protected
Schedule 5: Protected

Schedule 4: Protected
Schedule 4: Protected
Schedule 4: Protected

Schedule 5: Protected
Schedule 5: Protected
Schedule 5: Protected
Schedule 5: Protected

LC
LC
NE
LC
LC
NE
LC
LC
LC
NE

Schedule 5: Protected
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Family

Species

Red List of South
African Plants, v. 2017.1

MYRTACEAE

Syzygium cordatum Hochst. ex C.Krauss subsp.
cordatum
Oxalis sp. (cf. polyphylla Jacq. )
Penaea cneorum Meerb.
Phytolacca octandra L.
Pinus sp.
Plantago lanceolata L.
Plantago major L.
Veronica sp. (creeping, wet areas)
Andropogon eucomus Nees
Cynodon dactylon (L.) Pers.
Eragrostis capensis (Thunb.) Trin.
Eragrostis curvula (Schrad.) Nees
Melica racemosa Thunb.
Melinis repens (Willd.) Zizka subsp. repens
Paspalum dilatatum Poir.
Pennisetum clandestinum Hochst. ex Chiov.
Phragmites australis (Cav.) Steud.
Sporobolus africanus (Poir.) Robyns & Tournay
Stenotaphrum secundatum (Walter) Kuntze
Themeda triandra Forssk.
Hakea sericea Schrad. & J.C.Wendl.
Leucadendron salignum P.J.Bergius
Leucospermum cuneiforme (Burm.f.) Rourke
Cheilanthes viridis (Forssk.) Sw.
Phylica axillaris Lam.
Cliffortia ferruginea L.f.
Cliffortia odorata L.f.
Rubus pinnatus Willd.

LC

OXALIDACEAE
PENAEACEAE
PHYTOLACCACEAE
PINACEAE
PLANTAGINACEAE
PLANTAGINACEAE
PLANTAGINACEAE
POACEAE
POACEAE
POACEAE
POACEAE
POACEAE
POACEAE
POACEAE
POACEAE
POACEAE
POACEAE
POACEAE
POACEAE
PROTEACEAE
PROTEACEAE
PROTEACEAE
PTERIDACEAE
RHAMNACEAE
ROSACEAE
ROSACEAE
ROSACEAE

LC
LC
NE
NE
LC
NE
NE
LC
LC
LC
LC
LC
LC
NE
NE
LC
LC
LC
LC
NE
LC
LC
LC
LC
LC
LC
LC

EP Nature Conservation
Ordinance, 1974

EC Environmental Cons.
Bill, 2003

Schedule 4: Protected

Schedule 4: Protected
Schedule 4: Protected

Schedule 5: Protected
Schedule 5: Protected
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Family

Species

Red List of South
African Plants, v. 2017.1

ROSACEAE

Rubus rigidus Sm.
Anthospermum (cf. aethiopicum L.)
Anthospermum sp.
Canthium sp. (cf. inerme (L.f.) Kuntze)
Agathosma capensis (L.) Dummer
Selago sp. (white flower)
Selego sp. (purple flower)
Cestrum laevigatum Schtdl.
Solanum chrysotrichum Schltdl.
Solanum linnaeanum Hepper & Jaeger
Solanum mauritianum Scop.
Solanum retroflexum Dunal
Cyclosorus interruptus (Willd.) H.Itô
Passerina falcifolia (Meisn.) C.H.Wright
Struthiola parviflora Bartl. ex Meisn.
Typha capensis (Rohrb.) N.E.Br.
Lantana camara L.
Verbena officinalis L.

LC
LC

RUBIACEAE
RUBIACEAE
RUBIACEAE
RUTACEAE
SCROPHULARIACEAE
SCROPHULARIACEAE
SOLANACEAE
SOLANACEAE
SOLANACEAE
SOLANACEAE
SOLANACEAE
THELYPTERIDACEAE
THYMELACEAE
THYMELACEAE
TYPHACEAE
VERBENACEAE
VERBENACEAE

LC
LC

EP Nature Conservation
Ordinance, 1974

EC Environmental Cons.
Bill, 2003

Schedule 4: Protected

Schedule 5: Protected

NE
NE
LC
NE
LC
LC
LC
LC
LC
NE
NE
Total: 125
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Table II. Exotic and / or alien invasive plants identified in the development footprint area in Clarkson, listed under the National
Environmental Management: Biodiversity Act 10 of 2004 – Alien and Invasive Species Lists (published July 2016).
Family

Species

NEM:BA (2004) – Aliens and Invasives (July
2016)

ADOXACEAE
ASTERACEAE
ASTERACEAE
ASTERACEAE
BASELLACEAE
CANNACEAE
CRASSULACEAE
EUPHORBIACEAE
FABACEAE
FABACEAE
FABACEAE
FABACEAE
FABACEAE
FABACEAE
FABACEAE
LAMIACEAE
MALVACEAE
MYRTACEAE
PHYTOLACCACEAE
PINACEAE
PLANTAGINACEAE
PLANTAGINACEAE
POACEAE

Sambucus canadensis L.
Cirsium vulgare (Savi) Ten.
Conyza bonariensis (L.) Cronquist
Hypochaeris radicata L.
Anredera cordifolia (Ten.) Steenis
Canna indica L.
Bryophyllum proliferum Bowie ex Hook.
Ricinus communis L.
Acacia saligna (Labill.) H.L.Wendl.
Acacia longifolia (Andr.) Willd.
Acacia mearnsii De Wild.
Acacia melanoxylon R. Br.
Paraserianthes lophantha (Willd.) I. C. Nielson
Sesbania punicea (Cav.) Benth.
Acacia cyclops A.Cunn. ex G.Don
Plectranthus barbatus var. grandis (L.H.Cramer) Lukhoba & A.J.Paton
Sida rhombifolia L.
Eucalyptus sp.
Phytolacca octandra L.
Pinus sp.
Plantago major L.
Veronica sp. (creeping, wet areas)
Pennisetum clandestinum Hochst. ex Chiov.

Category 1b
Category 1b

Category 1b
Category 1b
Category 1b
Category 2
Category 1b
Category 1b
Category 2
Category 3
Category 1b
Category 1b
Category 1b
Category 1b
Category 1b
Category 1b
Category 1b
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Family

Species

PROTEACEAE
SOLANACEAE
SOLANACEAE
SOLANACEAE
VERBENACEAE
VERBENACEAE

Hakea sericea Schrad. & J.C.Wendl.
Cestrum laevigatum Schtdl.
Solanum mauritianum Scop.
Solanum chrysotrichum Schltdl.
Lantana camara L.
Verbena officinalis L.

NEM:BA (2004) – Aliens and Invasives (July
2016)
Category 1b
Category 1b
Category 1b
Category 1b
Category 1b
Total: 29
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Table III. List of plant species identified at the proposed sewage pond sites for the
expansion of the waste water treatment works in Clarkson.
Proposed sewage ponds sites at the WWTW
Acacia cyclops A.Cunn. ex G.Don
Acacia mearnsii De Wild.
Acacia saligna (Labill.) H.L.Wendl.
Agathosma capensis (L.) Dummer
Andropogon eucomus Nees
Anthospermum sp.
Arctotheca calendula (L.) Levyns
Athanasia sp. (cf. dentata (L.) L.)
Bobartia sp. (cf. orientalis J.B.Gillett)
Cheilanthes viridis (Forssk.) Sw.
Cyclosorus interruptus (Willd.) H.Itô
Cynodon dactylon (L.) Pers.
Cyperus sp.
Disparago tortilis (DC.) Sch.Bip.
Eleocharis sp.
Eragrostis capensis (Thunb.) Trin.
Eragrostis curvula (Schrad.) Nees
Erica cordata Andrews
Erica sparsa Lodd.
Euclea polyandra (L.f.) E.Mey. ex Hiern
Euphorbia sp. (CF. silenifolia (Haw.) Sweet)
Hakea sericea Schrad. & J.C.Wendl.
Helichrysum anomalum Less.
Helichrysum cymosum (L.) D.Don
Helichrysum patulum (L.) D.Don
Helichrysum petiolare Hilliard & B.L.Burtt
Hypochaeris radicata L.
Hypoxis sp.
Indigofera sulcata DC.
Juncus sp.
Leucadendron salignum P.J.Bergius
Leucospermum cuneiforme (Burm.f.) Rourke
Melica racemosa Thunb.
Metalasia aurea D.Don
Metalasia sp. (cf. trivialis P.O.Karis)
Nidorella ivifolia (L.) J.C.Manning & Goldblatt
Osteospermum moniliferum L.
Otholobium acuminatum (Lam.) C.H.Stirt.
Oxalis sp. (cf. polyphylla Jacq. )
Paspalum dilatatum Poir.
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Proposed sewage ponds sites at the WWTW
Passerina falcifolia (Meisn.) C.H.Wright
Penaea cneorum Meerb.
Pennisetum clandestinum Hochst. ex Chiov.
Phragmites australis (Cav.) Steud.
Pinus sp.
Pteridium aquilinum (L.) Kuhn subsp. aquilinum
Relhania speciosa (DC.) Harv.
Rubus rigidus Sm.
Searsia pallens (Eckl. & Zeyh.) Moffett
Senecio chrysocoma Meerb.
Senecio ilicifolius L.
Senecio inaequidens DC.
Stenotaphrum secundatum (Walter) Kuntze
Stoebe plumosa (L.) Thunb.
Struthiola parviflora Bartl. ex Meisn.
Themeda triandra Forssk.
Typha capensis (Rohrb.) N.E.Br.
Veronica sp. (creeping, wet areas)
Watsonia sp. (cf. pillansii L.Bolus)
Zantedeschia aethiopica (L.) Spreng.
Total: 60

Table IV. List of plant species identified at the various sites i.e. Sites 1 to 14,
surveyed along the proposed sewage pipeline routes in Clarkson.
Site 1

Site 2

Site 3

Site 5

Site 8

Cynodon dactylon
(L.) Pers.

Anthospermum (cf.
aethiopicum L.)

Acacia longifolia
(Andr.) Willd.

Acacia mearnsii De
Wild.

Acacia longifolia
(Andr.) Willd.

Eragrostis curvula
(Schrad.) Nees

Arctotheca calendula
(L.) Levyns

Acacia mearnsii De
Wild.

Acacia saligna
(Labill.) H.L.Wendl.

Acacia mearnsii De
Wild.

Pennisetum
clandestinum
Hochst. ex Chiov.
3

Aristea ecklonii
Baker

Anredera cordifolia
(Ten.) Steenis

Agapanthus praecox
Willd.

Acacia
melanoxylon R. Br.

Centella asiatica (L.)
Urb.

Arctotheca calendula
(L.) Levyns

Anthospermum (cf.
aethiopicum L.)

Acacia saligna
(Labill.) H.L.Wendl.

Cotula sp.

Bryophyllum
proliferum Bowie ex
Hook.
Canna indica L.

Cestrum laevigatum
Schtdl.

Anthospermum (cf.
aethiopicum L.)

Cyperus sp.
(smaller, wet areas)

Arctotheca calendula
(L.) Levyns

Canthium sp. (cf.
inerme (L.f.) Kuntze)

Erica cordata
Andrews

Aristea ecklonii
Baker

Cynodon dactylon
(L.) Pers.
Helichrysum
cymosum (L.) D.Don
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Site 1

Site 2

Site 3

Site 5

Site 8

Helichrysum patulum
(L.) D.Don

Cestrum laevigatum
Schtdl.

Erica glandulosa
Thunb.

Athanasia sp. (cf.
dentata (L.) L.)

Lobelia sp. (cf.
neglecta Roem. &
Schult.)
Nidorella ivifolia (L.)
J.C.Manning &
Goldblatt
Pelargonium
capitatum (L.) L'Hér.

Conyza bonariensis
(L.) Cronquist

Erica sparsa Lodd.

Centella asiatica (L.)
Urb.

Crinum sp. (cf.
macowanii Baker)

Cliffortia ferruginea
L.f.

Pennisetum
clandestinum
Hochst. ex Chiov.
Plantago lanceolata
L.

Gunnera perpensa
L.

Helichrysum
petiolare Hilliard &
B.L.Burtt
Nidorella ivifolia (L.)
J.C.Manning &
Goldblatt
Pelargonium
cordifolium (Cav.)
Curtis
Pennisetum
clandestinum
Hochst. ex Chiov.
Phytolacca octandra
L.
Rubus rigidus Sm.

Erica sparsa Lodd.

Searsia pallens
(Eckl. & Zeyh.)
Moffett
Sesbania punicea
(Cav.) Benth.

Eucalyptus sp.

Zantedeschia
aethiopica (L.)
Spreng.
18

Helichrysum patulum
(L.) D.Don

Rubus rigidus Sm.

Solanum
mauritianum Scop.
Stenotaphrum
secundatum (Walter)
Kuntze
Stoebe plumosa (L.)
Thunb.
Zantedeschia
aethiopica (L.)
Spreng.
18

Cyperus thunbergii
Vahl

Helichrysum
petiolare Hilliard &
B.L.Burtt
Pennisetum
clandestinum
Hochst. ex Chiov.
Phytolacca octandra
L.
Psoralea affinis Eckl.
& Zeyh.
Pteridium aquilinum
(L.) Kuhn subsp.
aquilinum
Rapanea
melanophloeos (L.)
Mez
Rubus rigidus Sm.

Sambucus
canadensis L.
Searsia pallens
(Eckl. & Zeyh.)
Moffett
Sida rhombifolia L.

Solanum linnaeanum
Hepper & Jaeger
Solanum
mauritianum Scop.
Solanum retroflexum
Dunal

Cyperus sp.
(smaller, wet areas)
Eragrostis curvula
(Schrad.) Nees
Erica cordata
Andrews
Erica glandulosa
Thunb.

Gomphocarpus
physocarpus E.Mey.

Lobelia sp. (cf.
neglecta Roem. &
Schult.)
Melinis repens
(Willd.) Zizka subsp.
repens
Metalasia sp. (cf.
trivialis P.O.Karis)
Pelargonium
cordifolium (Cav.)
Curtis
Pennisetum
clandestinum
Hochst. ex Chiov.
Plantago major L.

Rubus pinnatus
Willd.
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Site 1

Site 2

Site 3

Site 5

Site 8

Stenotaphrum
secundatum (Walter)
Kuntze
Stoebe plumosa (L.)
Thunb.

Searsia pallens
(Eckl. & Zeyh.)
Moffett
Solanum
mauritianum Scop.

Verbena officinalis L.

Stenotaphrum
secundatum (Walter)
Kuntze
Stoebe plumosa (L.)
Thunb.

Zantedeschia
aethiopica (L.)
Spreng.
29

Ursinia sp.
30

Site 9

Site 10

Site 11

Site 13

Site 14

Anthospermum (cf.
aethiopicum L.)

Acacia
melanoxylon R. Br.

Acacia longifolia
(Andr.) Willd.

Acacia longifolia
(Andr.) Willd.

Acacia longifolia
(Andr.) Willd.

Centella asiatica (L.)
Urb.

Acacia saligna
(Labill.) H.L.Wendl.

Acacia mearnsii De
Wild.

Acacia
melanoxylon R. Br.

Acacia mearnsii De
Wild.

Cheilanthes viridis
(Forssk.) Sw.

Anthospermum (cf.
aethiopicum L.)

Anthospermum (cf.
aethiopicum L.)

Pinus sp.

Acacia
melanoxylon R. Br.

Helichrysum patulum
(L.) D.Don

Arctotheca calendula
(L.) Levyns

Arctotheca calendula
(L.) Levyns

Anthospermum (cf.
aethiopicum L.)

Rubus pinnatus Willd.

Aristea ecklonii Baker

Aristea ecklonii Baker

Searsia pallens (Eckl.
& Zeyh.) Moffett

Canna indica L.

Centella asiatica (L.)
Urb.

Pteridium aquilinum
(L.) Kuhn subsp.
aquilinum
Searsia pallens (Eckl.
& Zeyh.) Moffett
Solanum mauritianum
Scop.

Stoebe plumosa (L.)
Thunb.

Centella asiatica (L.)
Urb.

Conyza bonariensis
(L.) Cronquist

Bobartia sp. (cf.
orientalis J.B.Gillett)

7

Cestrum laevigatum
Schtdl.
Cheilanthes viridis
(Forssk.) Sw.
Cirsium vulgare
(Savi) Ten.
Cliffortia odorata L.f.

Eragrostis curvula
(Schrad.) Nees
Helichrysum
cymosum (L.) D.Don
Helichrysum petiolare
Hilliard & B.L.Burtt
Hermannia
hyssopifolia L.
Lantana camara L.

Zantedeschia
aethiopica (L.)
Spreng.
7

Cyperus thunbergii
Vahl
Eragrostis curvula
(Schrad.) Nees
Gomphocarpus
physocarpus E.Mey.
Helichrysum
cymosum (L.) D.Don

Leonotis leonurus (L.)
R.Br.
Osteospermum
moniliferum L.
Pennisetum
clandestinum Hochst.
ex Chiov.

Arctotheca calendula
(L.) Levyns
Athanasia sp. (cf.
dentata (L.) L.)

Cestrum laevigatum
Schtdl.
Cirsium vulgare (Savi)
Ten.
Conyza bonariensis
(L.) Cronquist
Cullumia decurrens
Less.
Cynodon dactylon (L.)
Pers.
Cyperus thunbergii
Vahl
Eragrostis curvula
(Schrad.) Nees
Erica sparsa Lodd.
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Site 9

Site 10

Site 11

Helichrysum petiolare
Hilliard & B.L.Burtt
Juncus lomatophyllus
Spreng.

Pinus sp.

Lobelia sp. (cf.
neglecta Roem. &
Schult.)
Nidorella ivifolia (L.)
J.C.Manning &
Goldblatt
Otholobium
acuminatum (Lam.)
C.H.Stirt.
Paraserianthes
lophantha (Willd.) I.
C. Nielson
Pennisetum
clandestinum Hochst.
ex Chiov.
Phytolacca octandra
L.
Pinus sp.

Psoralea affinis Eckl.
& Zeyh.
Pteridium aquilinum
(L.) Kuhn subsp.
aquilinum
Ricinus communis L.

Plectranthus barbatus
var. grandis
(L.H.Cramer)
Lukhoba & A.J.Paton
Rubus pinnatus Willd.

Site 13

Site 14
Helichrysum
cymosum (L.) D.Don
Helichrysum petiolare
Hilliard & B.L.Burtt

Hermannia
hyssopifolia L.

Sambucus
canadensis L.

Leonotis leonurus (L.)
R.Br.

Solanum
chrysotrichum Schltdl.

Lobelia sp. (cf.
neglecta Roem. &
Schult.)
Melianthus major L.

Solanum mauritianum
Scop.
Stenotaphrum
secundatum (Walter)
Kuntze
Zantedeschia
aethiopica (L.)
Spreng.
23

Osteospermum
moniliferum L.
Paraserianthes
lophantha (Willd.) I.
C. Nielson
Pelargonium
cordifolium (Cav.)
Curtis
Phylica axillaris Lam.
Phytolacca octandra
L.
Pinus sp.

Rubus pinnatus Willd.

Podalyria sp.

Sambucus
canadensis L.
Searsia chirindensis
(Baker f.) Moffett

Prionium serratum
(L.f.) Drège ex E.Mey.
Pteridium aquilinum
(L.) Kuhn subsp.
aquilinum
Rubus pinnatus Willd.

Sida rhombifolia L.
Solanum mauritianum
Scop.

Sporobolus africanus
(Poir.) Robyns &
Tournay
Stenotaphrum
secundatum (Walter)
Kuntze
Stoebe plumosa (L.)
Thunb.
Tephrosia grandiflora
(Aiton) Pers.

Schistostephium
umbellatum (L.f.)
K.Bremer &
Humphries
Searsia chirindensis
(Baker f.) Moffett
Selago sp. (white
flower)
Selego sp. (purple
flower)
Senecio lanceus
Aiton
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Site 9

Site 10
Ursinia sp.
Wachendorfia
thyrsiflora Burm.
Zantedeschia
aethiopica (L.)
Spreng.
39

Site 11

Site 13

Site 14
Sesbania punicea
(Cav.) Benth.
Solanum mauritianum
Scop.
Stenotaphrum
secundatum (Walter)
Kuntze
Stoebe plumosa (L.)
Thunb.
Syzygium cordatum
Hochst. ex C.Krauss
subsp. cordatum
Tephrosia grandiflora
(Aiton) Pers.
Trifolium
burchellianum Ser.
subsp. burchellianum
Ursinia sp.
Zantedeschia
aethiopica (L.)
Spreng.
45
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Appendix D5
Groundwater Investigation

Appendix D5
&ŝŶĂů BASIC ASSESSMENT REPORT for proposed Upgrading of Clarkson Sewage Network and Waste
Water Treatment Works
Koukamma Local Municipality , Sarah Baartman District Municipality

Ground Floor, Bay Suites
1a Humewood Rd,
Humerail
Port Elizabeth, 6001
P O Box 21842
Port Elizabeth 6000
South Africa
T: +27 (0) 41 509 4800
F: +27 (0) 41 509 4850
E: portelizabeth@srk.co.za
www.srk.co.za

30 August 2019
550589
CEN Integrated Environmental Management Unit
36 River Road
Walmer
Port Elizabeth

Attention: Claire de Jongh
Dear Claire

Groundwater Investigation for the Proposed Upgrade of the Waste Water Treatment
Works at Clarkson in the Eastern Cape
1.

Introduction and Background Information

SRK Consulting South Africa (Pty) Ltd (SRK) was appointed by CEN Integrated Environmental Management
Unit (CEN) to conduct a groundwater investigation at the Waste Water Treatment Works (WWTW, the Site)
of Clarkson in the Eastern Cape. The Site is situated approximately 700 m to the south of Clarkson, and
8.5 km to the southeast of Kareedouw (refer to Figure 1 for a location map). The Site is situated in the K80E
Quaternary Catchment, according to the Department of Human Settlements, Water and Sanitation (DHSWS).
Koukamma Municipality has identified the need to replace the existing small-bore sewerage network and
upgrade the WWTW at Clarkson. The existing Clarkson WWTW is a 330 kL/day oxidation pond system. The
system consists of one primary pond (anaerobic pond) and three secondary ponds (facultative and
evaporation ponds).
A number of upgrades are planned for the WWTW, including the upgrade of the existing oxidation ponds to
accommodate the proposed effluent. Thus, the addition of one new maturation pond and one new sludge
lagoon / drying bed is planned. The design flow (average) for the WWTW is 257 kilolitres per day; and the
design flow (peak) for the sewer collector pipelines is 739 kilolitres per day or 8.5 litres per second.
This groundwater assessment will focus on the oxidation ponds of the WWTW since this is perceived to be
the primary potential contamination source to groundwater.
A groundwater assessment is required to inform the risk to groundwater from the planned development,
specifically during operational phase. This investigation is conducted in line with the document “A Protocol
to Manage the Potential of Groundwater Contamination from on Site Sanitation”, March 2003 of the former
Department of Water Affairs and Forestry (referred to as the Groundwater Protocol in this document). The
Groundwater Protocol guides groundwater and sanitation planners and practitioners to make sure that
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zone (area in the soil above the groundwater table) removes contaminants to a certain level, depending on
the types of contaminants, the contaminant loads and the type of material in the unsaturated zone. It is
therefore important to know the thickness of the unsaturated zone (thus the depth of the water table) and the
materials constituting the unsaturated zone. Attenuation of contaminants also takes place in the saturated
zone (in the groundwater) but to a lesser extent.

Figure 1: Location

2.

Scope of Report

The following scope of works was proposed by SRK and accepted by the Client:
•

“Conduct a desktop assessment of the hydrogeology of the Site and surrounding area (approximately
500 m radius of the boundary of the Site). This will include a study of the geology, hydrogeology and
topography; querying the National Groundwater Archive (NGA) – a database of the Department of Water
and Sanitation (DWS) that contains information on boreholes that have been registered or licensed with
the DWS; and assessing historical reports of groundwater investigations in the area (if available).

•

Conduct a hydrocensus, where neighbouring properties around the Site (up to a 500 m radius of the Site
boundaries) will be visited. Information on existing boreholes, including borehole depth, water use, water
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level, the aesthetic character of the water and borehole position; will be gathered where available. Please
note that SRK assumes that the neighbouring property owners are aware of the planned development.
Also note that the hydrocensus does not necessarily mean that all existing boreholes will be identified
and located around the Site. This census is intended to provide information where possible, but SRK
cannot guarantee that all boreholes will be surveyed within the mentioned area.
•

Provide a description of the potential impacts of the development on the hydrogeological regime in
general, particularly during the operational phase.

•

Compile a letter report, summarising the findings of the investigation. Recommendations on appropriate
mitigatory measures will be made, where required, to reduce the impact of the proposed development
upon the groundwater quality of the area.”

3.

Results

The results of the investigation are discussed in the section below.

3.1
3.1.1

Desktop Study
Geology

According to the publication “The Geology of the Port Elizabeth Area” by D.K Toerien and R.S Hill of the
Geological Survey (1989), the geology underlying the proposed developments comprises the Peninsula
Formation of the Table Mountain Group (TMG). The Peninsula Formation comprises medium to coursegrained supermature sandstone that is quartzitic in places. Scattered vein quartz pebbles are commonly
found. Towards the top, the formation is commonly more course-grained and gritty, with lenses of
conglomerate present in places. Shale layers of less than a meter in thickness are very subordinate. The
maximum thickness of this formation probably does not exceed 3 000 m.
Refer to Figure 2 for a map with the geology of the area.

3.1.2

Hydrogeology

According to the publication “An Explanation of the 1:500 000 General Hydrogeological Map of Port Elizabeth
3324” by P.S Meyer of the Department of Water Affairs and Forestry (1998), a networks of joints and fractures
control infiltration, recharge, storage and movement of groundwater in the often brittle TMG formations (of
which the Peninsula Formation form a part). Fracturing may extend down several hundred meters and deep
groundwater circulation is one of the notable groundwater characteristics of the TMG. Despite the often highly
fractured nature of the TMG, secondary groundwater storage is often limited, which could result in rapid
depletion of an aquifer when water is abstracted. Springs often issue from the TMG sandstones. High-yielding
boreholes (> 5 L/s) have been developed in the TMG (provided that scientific siting methods are used), and
its water quality is generally between 10 and 100 mS/m (the SANS 241:2015 specifies 170 mS/m as the
Standard Limit for drinking).
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Figure 2: Geology
3.1.3

National Groundwater Archive (NGA) Database

During the desk study, the NGA database of the Department of Water and Sanitation (DWS) was searched
for information on existing boreholes within a 1 km radius of the Site Boundary. No information was found
within a 1 km radius, but within a 2 km radius, information on one borehole was found (approximately 1.8 km
to the southwest of the WWTW). The borehole was drilled in 1988 and the drillers log indicated that it was
drilled into sandstone, to a depth of 78 m. Water was intersected at 60 m and the final airlift yield was 1.6
L/s. No water level information was available for the borehole. Refer to Figure 3 and Table 1 for NGA
information.

Table 1: NGA Borehole Information
BHID
3424AB00034
KRUR/NELG

Latitude
-34.03990

Longitude
24.33785

Depth (m)
78

Water Strike
Depth (m)
60

550589 CEN Clarkson Groundwater Investigation_Aug2019

Total Airlift
Yield (L/s)
1.6
Jul 2018
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Figure 3: NGA Boreholes
3.1.4

Soils

According to the map “Generalised Soil Patterns of South Africa – 2004” by the Agricultural Research Council
- Institute for Soil, Climate and Water, the Site is covered with loamy sand with an expected depth of 451 750 mm, which is considered moderately deep. The clay content is between 7 and 15 %; and the leaching
status is non-calcareous. The soils are described as “soils with a marked clay accumulation, strongly
structured and a non-reddish colour. They may occur associated with one or more of vertic, melanic and
plinthic soils”.
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Surface Water and Shallow Groundwater Drainage

The Site is relatively flat for the most part with elevations measuring around 240 m amsl (metres above mean
sea level). The elevation decreases towards the southeast. A drainage is visible approximately 425 m to the
east of the Site. From the Site, surface water and shallow groundwater seepage will likely move in a southeastern direction towards the drainage, and then towards the Tsitsikamma River, situated approximately
2.5 km to the south of the WWTW. Refer to Figure 4 for a contour map with assumed surface and shallow
groundwater flow directions.

Figure 4: Shallow Seepage Groundwater and Surface Water Flow Directions
3.2

Hydrocensus

During the hydrocensus, neighbouring properties to the development were visited to collect information on
any existing boreholes within the area. Four boreholes were identified during the hydrocensus and their
positions are shown in Figure 5. One borehole, labelled “Clrk BH 1”, was situated just to the north of Clarkson,
and appeared to have been drilled recently. The number on the lid was EC/K80/0215. The borehole was
unequipped at the time of the hydrocensus. The borehole is 171 m deep and its airlift yield was 4 L/s at the
time of drilling. Two more boreholes, labelled “Clrk BH 2” and “Clrk BH 3”, were located to the east of the
village, next to a dam. Clrk BH 2 was artesian and equipped. Clrk BH 3 was enclosed in a pumphouse. A
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fourth borehole, labelled “Clrk BH 4” was found approximately 280 m to the south of the WWTW, and was
labelled “Clrk BH 4”. This borehole was situated in a small village (name unknown) and was equipped with a
submersible pump. The pump appeared to be switched on and operating at the time of the site visit. A number
of Jojo tanks serve as the reservoir for water from this borehole, but a community member commented that
the tanks are “always empty” and that the borehole pump does not work. Hydrocensus information is
summarised in Table 2; and photographs of selected boreholes are given in Table 3.

Table 2: Hydrocensus Information
Identification Other ID

Latitude

Longitude

Comment

Clrk BH 1

EC/K80/0215

-34.01260 24.35807

Borehole closed at top, unequipped

Clrk BH 2

None

-34.01533 24.36070

Artesian, equipped

Clrk BH 3

None

-34.01528 24.36126

Clrk BH 4

None

-34.02743 24.34668

171 m deep, airlift yield: 4 L/s, deep water strikes (> 138 m
bgl), water level: 27 m bgl
Borehole equipped, local community reported that the
borehole is not working

Figure 5: Hydrocensus Information
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Table 3: Selected Photographs of Hydrocensus

Clrk BH 1

4.

Clrk BH 2

Impact Assessment

From the desktop study, hydrocensus and site work, the following can be accentuated with regards to the
impact assessment:
•

The town of Clarkson, as well as the small settlement to the south of Clarkson, use groundwater from
boreholes as a water source.

•

Limited information is available on the groundwater regime below the Site, mainly because the boreholes
with available information are situated some distance (more than 1.4 km) up-gradient from the proposed
WWTW.

•

The water levels from two boreholes measured 27 m and 0 m (artesian – flowing from the borehole). The
water level beneath the Site is unknown. Due to the fractured nature of the TMG, the fact that one
borehole is artesian does not necessarily imply that there is a shallow water table. The water inside the
fractures that were intersected during drilling, may have been under pressure and therefore forced water
up the borehole, giving rise to artesian conditions. The boreholes are located at ~280 m amsl and
~255 m amsl. The proposed WWTW is situated at ~245 m amsl.

•

Soils of the area is mapped as loamy sand, but actual soil samples of the Site were not taken. Loamy
sands are expected to have a medium rate of flow in the unsaturated zone.

Bearing in mind the source - pathway - receptor concept, the following can be concluded for the Site:
•

Potential sources of contamination / potential impacts: Contaminants from the WWTW

•

Potential pathways: Soil, liquids from the WWTW, fracture networks and potential shallow groundwater

•

Potential receptors: Groundwater as a natural resource; groundwater users (existing and future); dams
down-gradient of the WWTW, tributaries leading to the Tsitsikamma River.

In terms of the Risk Based Corrective Action (RBCA1) approach, risk is considered to be present when a
complete link exists between the source, pathway and receptor. SRK understands that the DHSWS considers
all groundwater as a natural resource that must be protected, irrespective of the current water quality. No
contamination or further contamination is allowed. Should contaminants from the WWTW come into contact
with the natural soil, it will likely2 follow the following routes:
•

Seeping through the permeable sandy soil towards the water table.

•

Moving within the saturated zone (beneath the water table) towards existing boreholes, the downgradient dams, and then into tributaries leading to the Tsitsikamma River.

Refer Figure 6 for a generalised conceptual site model (CSM) of the perceived underground conditions and
groundwater setting within the project area; and to Figure 7 for the location of the CSM. The CSM reflects

1

The principle of RBCA is applied when a source of contamination is proven and the need for remedial action must be calculated.
The migration of a contaminant / contaminant plume is dependant on the volume of contaminant, concentration of the contaminant
and hydraulic gradient. Small volumes of contaminant release can attenuate naturally, if favorable conditions exist.
2
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(amongst others) the Site, location of the potential contamination source, soils, tributaries, the Tsitsikamma
River, the estimated water level and the estimated flow directions of the potential contaminants.

Figure 6: Generalised Conceptual Site Model

Figure 7: Location of Conceptual Site Model
The following data gaps are identified:
•

Measured groundwater level beneath the Site;

•

Verified soil type beneath the Site;

•

Contamination load;

•

Thickness of the loamy sand; and
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Rate of attenuation of contaminants and the distance over which this takes place (i.e. how far will
contaminants travel before they will naturally attenuate).

The Groundwater Protocol states risk levels to be based on three factors:
•

The vulnerability of the aquifer;

•

The contamination load from the particular sanitation system; and

•

The strategic value or current and/or future use of water from the aquifer.

Aquifer Vulnerability
According to the Groundwater Protocol, the vulnerability of an aquifer is related to the distance that the
contaminants must travel to reach the water table (vertically), and the ease with which it can flow through the
soil and rock layers above the water table.
For the Site, the water level is unknown. However, since a very high water table was observed in the artesian
borehole to the east of the village, one cannot rule out the possibility that a high water table exists under the
Site. For a water table between 0 and 5 m bgl, the aquifer vulnerability is regarded to be extreme to high,
with a high risk to contamination of the aquifer. According to the Groundwater Protocol, the aquifer will be
vulnerable to many contaminants, except those that are highly absorbed, filtered and/or readily transformed.
According to the “Generalised Soil Patterns of South Africa – 2004”, the soils of the area are likely no deeper
than 750 mm, and with regards to attenuation of contaminants, is regarded to be thin. It is also likely that this
layer will be removed during construction of the ponds.
Beneath the loamy sand layer, the quartzitic sandstones of the Peninsula Formation are present. These are
normally fractured and weathered (typically at the surface). According to the Groundwater Protocol, the
following is true for fractured or weathered sandstones:
•

The rate of flow through the unsaturated zone (above the water table) is medium (0.1 – 10 m/day);

•

The capacity of the rock to absorb and act as an effective barrier to contaminants is medium;

•

For bacteria and viruses there would be a high reduction, but for nitrates, phosphates and chlorides there

will be minimal reduction.
With flow rates as high as 10 m a day, even with a water table deeper than 5 m bgl, the contaminants could
reach the groundwater within days, should a pathway exist.
Contamination Loads & Contamination Type/Concentrations
The contamination load of raw sewerage at a WWTW is regarded high, and decreases to some extent as
treatment takes place. For a system where the contamination loads are high, it is best to prevent the
contaminants of getting into contact with the environment. For contamination load risks that are minimal,
there will be a low overall risk. For contamination load risks that are high, there will be a high overall risk. For
the Site it is recommended that the ponds be closed off from the land surface, by installing some form of
liners, in order to prevent the contaminants from getting into contact with the ground surface. This will reduce
the contamination load risk to minimal (only present under upset or abnormal conditions e.g. a leak or
spillage/overflow).
If irrigation with treated waste water is planned, then the treated effluent must be of such a standard that it
does not release contaminants into the environment. Currently the rate of attenuation is unknown, as well as
the contamination load of the treated effluent.
Strategic Value or Current / Future Use of Groundwater
There are groundwater users within a 500 m radius (and down-gradient) of the Site; and the groundwater is
reported to be fresh, but high in iron. The aquifer is thus an important groundwater source, currently and in
the future, and should be protected.
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Potential Impacts

Potential impacts for the development can be described under normal conditions (where the WWTW function
as intended) and upset conditions (where there is major failure and contaminants gets into contact with
environment).

4.1.1

Normal conditions

WWTW: With a “closed” system in place, the risk of contaminants reaching the groundwater is considered to
be minimal. Such a system will be designed to isolate contaminants from the environment, therefore basically
eliminating risk.
Irrigation with treated effluent (if planned): During irrigation, treated effluent will come into contact with the
soils and will infiltrated the sandy soils. Depending on the extent that the effluent is treated, there will likely
be contaminants left in the treated effluent (e.g. bacteria). Plants and soil will remove some contaminants to
some extent. However, currently the extent of attenuation is unknown.
Mitigation:
WWTW: Should a “closed” waste water treatment system be used, then the risk to contamination of the
groundwater is considered minimal for this area; and no mitigation measures that should be applied.
However, this is based on the assumption that the system will be maintained as intended and not overloaded.
Irrigation with treated effluent (if planned): The treated effluent should be of such a standard that attenuation
of remaining contaminants can take place across the unsaturated zone. It is advised that the effluent is
treated to the General limit values given in the Government Gazette, “Revision of General Authorisation in
terms of Section 39 of the National water Act, 1998 (Act 36 of 1998)”, 6 September 2013, Table 2.1:
Wastewater limit values applicable to discharge of wastewater into a water resource (refer to Table 4 below
for Table 2.1). It is also recommended that monitoring wells be installed towards the river and sampled
regularly in order to see the extent to which attenuation takes place. If it is found that attenuation does not
take place sufficiently, then irrigation can seize, be reduced or effluent can be treated to a stricter standard
that is acceptable before irrigation takes place. The recommendation for monitoring wells is not a mitigation
measure as such, but will be effective in controlling and monitoring the contamination load to the groundwater
and river system. This will also allow the municipality to at least find a feasible way to use reclaimed effluent
instead of not using it at all.

4.1.2

Upset / Abnormal Conditions

Under upset conditions, a scenario is imagined where:
−

An “open” waste water treatment system without liners is installed;

−

The WWTW is not maintained or is damaged to such an extent that contaminants from sewage gets
into direct contact with the ground surface for an extended period of time; or

−

Insufficiently treated effluent is used for irrigation.

For these scenarios, the contamination load will be high, and the potential for it to reach the water table is
high. According to the Groundwater Protocol, the overall risk to the groundwater is then considered to be
high. Under these conditions, the DWS will determine the extent to which remediation should take place.
Mitigation:
WWTW: Upgrading the WWTW to a “closed” system where liners are installed so that the contaminants do
not get into contact with the ground surface. Groundwater should then also be monitored to determine the
extent to which groundwater has been affected.
Irrigation with treated effluent: Irrigation should seize until the effluent is treated to the General limit values
given in the Government Gazette, “Revision of General Authorisation in terms of Section 39 of the National
water Act, 1998 (Act 36 of 1998)”, 6 September 2013, Table 2.1: “Wastewater limit values applicable to
discharge of wastewater into a water resource”. Groundwater should then also be monitored to determine
the extent to which groundwater has been affected.
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Table 4: Table 2.1 from the “Revision of General Authorisation in terms of Section 39 of
the National water Act, 1998 (Act 36 of 1998)”,

5.

Conclusions and Recommendations

Based on the information obtained and analysed above, the following conclusions can be made:
•

The characteristics of the soils, geology and hydrogeology of the Site is such that there is a high risk of
contamination to the aquifer.

•

The contamination load of the WWTW is also considered high, therefore increasing the risk to the aquifer.

•

There are groundwater users within 500 m of the Site, and the water is considered an important potable
groundwater source that should be protected.

The following recommendations / mitigation measures are made:
•

It is recommended that a “closed” waste water treatment system is installed for the Site, where
contaminants are completely sealed off from the underground environment. This will minimise / eliminate
the risk to groundwater.

•

It is recommended that, should treated effluent be used for irrigation, it should comply with the General
limit values given in the Government Gazette, “Revision of General Authorisation in terms of Section 39
of the National water Act, 1998 (Act 36 of 1998)”, 6 September 2013, Table 2.1: Wastewater limit values
applicable to discharge of wastewater into a water resource.

•

It is recommended that a groundwater monitoring system be installed for the Site so that the impact and
attenuation of potential contaminants can be monitored over time and adjustments made where
necessary. The locations of the monitoring wells must be selected by a geohydrologist.

•

It is essential that WWTW must be maintained during its lifespan to ensure that it functions optimally as
planned.
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Yours faithfully,

Riona Kruger (Pr Sci Nat)
Principal Geoscientist

Gert Nel (Pr Sci Nat)
Principal Hydrogeologist and Partner

SRK Consulting (South Africa) (Pty) Ltd
Disclaimer
Opinions presented in this report apply to the site conditions and features as they existed at the time of SRK’s investigations, and those reasonably
foreseeable. These opinions do not necessarily apply to conditions and features that may arise after the date of this Report, about which SRK had no prior
knowledge nor had the opportunity to evaluate.
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This document contains intellectual property and proprietary information that is protected by
copyright in favour of EnviroSci (Pty) Ltd. The document may therefore not be reproduced, or used
without the prior written consent of EnviroSci (Pty) Ltd. This document is prepared exclusively for CEN
IEM Unit and their client and is subject to all confidentiality, copyright, trade secrets, and intellectual
property law and practices of SOUTH AFRICA.

1. Introduction
CEN IEM Unit appointed EnviroSci (Pty) Ltd to conduct an aquatic impact assessment for the proposed Clarkson
Waste Water Treatment Works (WWTW) and associated reticulation pipelines, as shown in Figure 1. This
included delineating any natural waterbodies within the study area in question, as well as assessing the potential
consequences of the project on the surrounding watercourses. A site-specific visit was conducted on 19
September 2019 and the survey adhered to the assessment criteria contained in the DWAF 2005 / 2008
delineation manuals and the National Wetland Classification System.
Several important national, provincial and municipal scale conservation plans were also reviewed, with the
results of those studies being included in this report. Most conservation plans are produced at a high level, so it
is therefore important to verify the actual status of the study area during this initial phase, prior to the final
development plan being produced.

1.1 Aims and objectives
The aim of this report is to provide the applicant with the requisite delineation of any natural waterbodies, while
providing the competent authorities with the relevant information to determine legislative requirements.
Certain aspects of the development may trigger the need for Section 21, Water Use License Applications
(WULAs) (or general authorisation [GA] applications) such as watercourse crossings or if any development occurs
within 500m of a wetland. These applications will be initiated with the Department of Water and Sanitation
(DWS) and information contained in this report will be used in the supporting documentation.
Information about the state and function of the observed water bodies, suitable no-go buffers and assessment
of the potential impacts are also provided.

1.2 Assumptions and Limitation
To obtain a comprehensive understanding of the dynamics of both the flora and fauna of the aquatic
communities within a study site, as well as the status of endemic, rare or threatened species in any area,
assessments should always consider investigations at different time scales (across seasons/years) and through
replication. No long-term monitoring was undertaken as part of this assessment. However, a concerted effort
was made to assess the entire site, as well as make use of any available literature, species distribution data and
aerial photography. Furthermore, this area was also surveyed in assessments undertaken between 2011-2018
for other projects, thus the lack on long term data is not seen as a huge limiting factor. The level of investigation
undertaken is enough to inform this assessment.
It should be emphasised that information, as presented in this document, only has reference to the study area
as indicated on the accompanying maps. Therefore, this information cannot be applied to any other area without
detailed investigation.
For the purposes of this report it is assumed that water will be sourced from a licensed resource and not illegally
abstracted from any surrounding watercourses.
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Figure 1: The study area and 1:50 000 water courses within the region

2. Terms of Reference
The following scope of work was used as the basis of this study to fulfil the above requirements as provided by
CEN IEM Unit:
•

•
•

•

Initiate the assessment with a review of the available information for the region and the proposed
project, this will also include review of the proposed project in relation to any conservation plans or
assessments known for the area, e.g. Critical Biodiversity Area maps, National Waterbody Inventory etc.
Conduct a short site visit to inspect the surrounding waterbodies
Determine the Present Ecological State of any waterbodies incl. wetlands, estimating their biodiversity,
conservation importance with regard ecosystem services during the site visit using recognised PES / EIS
assessment methods to determine the state, importance and sensitivity of the respective wetland /
watercourse systems
Prepare a map demarcating the respective watercourses or wetland/s, i.e. the waterbody, its respective
catchment and other areas within a 500m radius of the study area. This will demonstrate, from a holistic
point of view the connectivity between the site and the surrounding regions, i.e. the hydrological zone
of influence while classifying the hydrogeomorphic type of the respective water courses / wetlands in
relation to present land-use and their current state. The maps depicting demarcated waterbodies will
be delineated to a scale of 1:10 000, following the methodology described by the DWS, together with
an estimation of their functionality, Habitat Integrity (IHI), Wet-Ecoservices (Wet-Health) and SocioCultural Importance of the delineated systems, whichever is relevant to the systems
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•

•
•
•

Recommend buffer zones using the Macfarlane et al., 2015 approach to indicate any No-go / Sensitive
areas around any delineated aquatic zones supported by any relevant legislation, e.g. any bioregional
plans, conservation guidelines or best practice. Assess the potential impacts, based on a supplied
methodology, including cumulative impacts and for pre-construction, construction, operations and
decommissioning phases.
Provide mitigations regarding project related impacts, including engineering services that could
negatively affect demarcated wetland or water course areas.
Supply the client with geo-referenced GIS shape files of the wetland / riverine areas with buffers
Provide a separate Risk Assessment Matrix as per the DWS 2016 requirements to determine the Water
Use License Application Requirements, i.e. indication of future permitting requirements.

3. Project Description
(extracted from Background Information Document)
Koukamma Municipality is proposing to replace the existing small-bore sewerage network and upgrade the
existing waste water treatment works at Clarkson.
Clarkson is located on Farm 654 in the Koukamma local Municipality, Sarah Baartman District Municipality in the
Eastern Cape province. The Clarkson WWTW is accessed via the R102 and is positioned approximately 500 m
south of R102 and 80m north of the N2.
The existing Clarkson WWTW is a 0.33 Mℓ/day oxidation pond system. The WWTW is proposed to be upgraded
by providing one new maturation pond, one new drying bed, inlet works with hand-raked screens and degritting
facilities and an onsite storage room. Access to the plant site will be improved.
Note: The addition of a drying bed is subject to approval by Koukamma Municipality Technical Services and may
be removed from scope, owing to limitations on available operational costs relating to management and
maintenance. Resultingly, should the sludge lagoon/drying bed be excluded, sludge will need to be removed and
disposed of offsite by registered permit holders (i.e. during desludging at implementation and during operational
stage).
Replacing the existing sewerage network will entail replacing existing septic tanks with house connections
(±9.1km pipelines), replacing existing sewer lines (±6.6km), installing precast manholes (±85) and upgrading two
existing pump stations.

4. Methodology
This study followed the approaches of several national guidelines with regards to wetland and riparian
assessments. These have been modified by the author, to provide a relevant mechanism of assessing the
present state of the study systems, applicable to the specific environment and in a clear and objective manner,
assess the potential impacts associated with the proposed development. This was coupled to a site visit
conducted i September 2019.
Current water resource classification systems make use of the Hydrogeomorphic (HGM) approach, and for this
reason, the National Wetland Classification System approach will be used in this study. It is also important to
understand wetland definition, means of assessing wetland conservation and importance as well as
understanding the pertinent legislation with regards to protecting wetlands. These aspects will be discussed in
greater depth in this section of the report, as they form the basis of the study approach to assessing wetland /
riverine impacts.
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4.1 Waterbody classification systems
Since the late 1960’s, wetland classification systems have undergone a series of international and national
revisions. These revisions allowed for the inclusion of additional wetland types, ecological and conservation
rating metrics, together with a need for a system that would allude to the functional requirements of any given
wetland (Ewart-Smith et al., 2006). Wetland function is a consequence of biotic and abiotic factors, and wetland
classification should strive to capture these aspects. Coupled to this was the inclusion of other criteria within
the classification systems to differentiate between river, riparian and wetland systems, as well as natural
versus artificial waterbodies.
The South African National Biodiversity Institute (SANBI) in collaboration with several specialists and
stakeholders developed the newly revised and now accepted National Wetland Classification Systems (Ollis et
al., 2013). This system comprises a hierarchical classification process of defining a wetland based on the
principles of the hydrogeomorphic (HGM) approach at higher levels, with including structural features at the
finer or lower levels of classification (Ollis et al., 2013).
Wetlands develop in a response to elevated water tables, linked either to rivers, groundwater flows or seepage
from aquifers (Parsons, 2004). These water levels or flows then interact with localised geology and soil forms,
which then determines the form and function of the respective wetlands. Water is thus the common driving
force, in the formation of wetlands (DWAF, 2005). It is significant that the HGM approach has now been included
in the wetland classifications as the HGM approach has been adopted throughout the water resources
management realm with regards to the determination of the Present Ecological State (PES) and Ecological
Importance and Sensitivity (EIS) and WET-Health assessments for aquatic environments. All these systems are
then easily integrated using the HGM approach in line with the Eco-classification process of river and wetland
reserve determinations used by the Department of Water and Sanitation (DWS). The Ecological Reserve of a
wetland or river is used by DWS to assess the water resource allocations when assessing WULAs
The NWCS process is provided in more detail in the methods section of the report, but some of the terms and
definitions used in this document are present below:

Clarkson WWTW Aquatic Assessment |9

Definition Box
Present Ecological State is a term for the current ecological condition of the resource. This is assessed relative to the deviation from
the Reference State. Reference State/Condition is the natural or pre-impacted condition of the system. The reference state is
not a static condition, but refers to the natural dynamics (range and rates of change or flux) prior to development. The PES is
determined per component - for rivers and wetlands this would be for the drivers: flow, water quality and geomorphology; and
the biotic response indicators: fish, macroinvertebrates, riparian vegetation and diatoms. PES categories for every component
would be integrated into an overall PES for the river reach or wetland being investigated. This integrated PES is called the
EcoStatus of the reach or wetland.
EcoStatus is the overall PES or current state of the resource. It represents the totality of the features and characteristics of a river
and its riparian areas or wetland that bear upon its ability to support an appropriate natural flora and fauna and its capacity to
provide a variety of goods and services. The EcoStatus value is an integrated ecological state made up of a combination of
various PES findings from component EcoStatus assessments (such as for invertebrates, fish, riparian vegetation,
geomorphology, hydrology and water quality).
Reserve: The quantity and quality of water needed to sustain basic human needs and ecosystems (e.g. estuaries, rivers, lakes,
groundwater and wetlands) to ensure ecologically sustainable development and utilisation of a water resource. The Ecological
Reserve pertains specifically to aquatic ecosystems.
Reserve requirements: The quality, quantity and reliability of water needed to satisfy the requirements of basic human needs and the
Ecological Reserve (inclusive of instream requirements).
Ecological Reserve determination study: The study undertaken to determine Ecological Reserve requirements.
Licensing applications: Water users are required (by legislation) to apply for licenses prior to extracting water resources from a water
catchment.
Ecological Water Requirements: This is the quality and quantity of water flowing through a natural stream course that is needed to
sustain instream functions and ecosystem integrity at an acceptable level as determined during an EWR study. These then form
part of the conditions for managing achievable water quantity and quality conditions as stipulated in the Reserve Template
Water allocation process (compulsory licensing): This is a process where all existing and new water users are requested to
reapply for their licenses, particularly in stressed catchments where there is an over-allocation of water or an inequitable
distribution of entitlements.
Ecoregions are geographic regions that have been delineated in a top-down manner on the basis of physical/abiotic factors. • NOTE:
For purposes of the classification system, the ‘Level I Ecoregions’ for South Africa, Lesotho and Swaziland (Kleynhans et al.
2005), which have been specifically developed by the Department of Water Affairs & Forestry (DWAF) for rivers but are used for
the management of inland aquatic ecosystems more generally, are applied at Level 2A of the classification system. These
Ecoregions are based on physiography, climate, geology, soils and potential natural vegetation.

4.2 Wetland definition
Although the National Wetland Classification System (NWCS) (Ollis et al., 2013) is used to classify wetland types
it is still necessary to understand the definition of a wetland. Terminology currently strives to characterise a
wetland not only on its structure (visible form), but also to relate this to the function and value of any given
wetland.
The Ramsar Convention definition of a wetland is widely accepted as “areas of marsh, fen, peatland or water,
whether natural or artificial, permanent or temporary, with water that is static or flowing, fresh, brackish or salt,
including areas of marine water the depth of which at low tide does not exceed six metres” (Davis 1994). South
Africa is a signatory to the Ramsar Convention and therefore its extremely broad definition of wetlands has been
adopted for the proposed NWCS, with a few modifications.
Whereas the Ramsar Convention included marine water to a depth of six metres, the definition used for the
NWCS extends to a depth of ten metres at low tide, as this is recognised as the seaward boundary of the shallow
photic zone (Lombard et al., 2005). An additional minor adaptation of the definition is the removal of the term
‘fen’ as fens are considered a type of peatland. The adapted definition for the NWCS is, therefore, as follows
(Ollis et al., 2013):
WETLAND: an area of marsh, peatland or water, whether natural or artificial, permanent or temporary, with
water that is static or flowing, fresh, brackish or salt, including areas of marine water the depth of which at low
tide does not exceed ten metres.
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This definition encompasses all ecosystems characterised by the permanent or periodic presence of water other
than marine waters deeper than ten metres. The only legislated definition of wetlands in South Africa, however,
is contained within the National Water Act (Act No. 36 of 1998) (NWA), where wetlands are defined as “land
which is transitional between terrestrial and aquatic systems, where the water table is usually at, or near the
surface, or the land is periodically covered with shallow water and which land in normal circumstances supports,
or would support, vegetation adapted to life in saturated soil.” This definition is consistent with more precise
working definitions of wetlands and therefore includes only a subset of ecosystems encapsulated in the Ramsar
definition. It should be noted that the NWA definition is not concerned with marine systems and clearly
distinguishes wetlands from estuaries, classifying the latter as a watercourse (Ollis et al., 2013). Table 1 below
provides a comparison of the various wetlands included within the main sources of wetland definitions used in
South Africa.
Although a subset of Ramsar-defined wetlands was used as a starting point for the compilation of the first
version of the National Wetland Inventory (i.e. “wetlands”, as defined by the NWA, together with open
waterbodies), it is understood that subsequent versions of the Inventory include the full suite of Ramsar-defined
wetlands in order to ensure that South Africa meets its wetland inventory obligations as a signatory to the
Convention (Ollis et al., 2013).
Wetlands must therefore have one or more of the following attributes to meet the above definition (DWAF,
2005):
• A high-water table that results in the saturation at or near the surface, leading to anaerobic conditions
developing in the top 50 cm of the soil.
• Wetland or hydromorphic soils that display characteristics resulting from prolonged saturation, i.e.
mottling or grey soils
• The presence of, at least occasionally, hydrophilic plants, i.e. hydrophytes (water loving plants).
It should be noted that riparian systems that are not permanently or periodically inundated are not considered
true wetlands, i.e. those associated with the drainage lines and rivers.
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Table 1: Comparison of ecosystems considered to be ‘wetlands’ as defined by the proposed NWCS, the NWA
and ecosystems included in DWAF’s (2005) delineation manual.
Ecosystem

NWCS “wetland”

Marine
Estuarine
Waterbodies deeper than 2 m (i.e.
limnetic habitats often described as
lakes or dams)
Rivers, channels and canals
Inland aquatic ecosystems that are not
river channels and are less than 2 m
deep
Riparian2 areas that are permanently /
periodically inundated or saturated
with water within 50 cm of the surface
Riparian 3 areas that are not
permanently / periodically inundated
or saturated with water within 50 cm of
the surface

YES
YES
YES

National Water Act
wetland
NO
NO
NO

DWAF (2005)
delineation manual
NO
NO
NO

YES
YES

NO1
YES

NO
YES

YES

YES

YES3

NO

NO

YES3

Although river channels and canals would generally not be regarded as wetlands in terms of the National Water Act,
they are included as a ‘watercourse’ in terms of the Act
2 According to the National Water Act and Ramsar, riparian areas are those areas that are saturated or flooded for
prolonged periods and would be considered riparian wetlands, as opposed to non –wetland riparian areas that are
only periodically inundated and the riparian vegetation persists due to having deep root systems drawing on water
many meters below the surface.
3 The delineation of ‘riparian areas’ (including both wetland and non-wetland components) is treated separately to
the delineation of wetlands in DWAF’s (2005) delineation manual.

4.3 National Wetland Classification System method
During this study, due to the nature of the wetlands and watercourses observed, it was determined that the
newly accepted NWCS be adopted. This classification approach has integrated aspects of the HGM approach
used in the WET-Health system as well as the widely accepted eco-classification approach used for rivers.
The NWCS (Ollis et al., 2013) as stated previously, uses hydrological and geomorphological traits to distinguish
the primary wetland units, i.e. direct factors that influence wetland function. Other wetland assessment
techniques, such as the DWAF (2005) delineation method, only infer wetland function based on abiotic and
biotic descriptors (size, soils & vegetation) stemming from the Cowardin approach (Ollis et al., 2013).
The classification system used in this study is thus based on Ollis et al. (2013) and is summarised below:
The NWCS has a six-tiered hierarchical structure, with four spatially nested primary levels of classification (Figure
2). The hierarchical system firstly distinguishes between Marine, Estuarine and Inland ecosystems (Level 1),
based on the degree of connectivity the particular system has with the open ocean (greater than 10 m in depth).
Level 2 then categorises the regional wetland setting using a combination of biophysical attributes at the
landscape level, which operate at a broad bioregional scale.
This is opposed to specific attributes such as soils and vegetation. Level 2 has adopted the following systems:
•
•
•

Inshore bioregions (marine)
Biogeographic zones (estuaries)
Ecoregions (Inland)
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Level 3 of the NWCS assess the topographical position of inland wetlands as this factor broadly defines certain
hydrological characteristics of the inland systems. Four landscape units based on topographical position are used
in distinguishing between Inland systems at this level. No subsystems are recognised for Marine systems, but
estuaries are grouped according to their periodicity of connection with the marine environment, as this would
affect the biotic characteristics of the estuary.
Level 4 classifies the hydrogeomorphic (HGM) units discussed earlier. The HGM units are defined as follows:
•
•
•

Landform – shape and localised setting of wetland
Hydrological characteristics – nature of water movement into, through and out of the wetland
Hydrodynamics – the direction and strength of flow through the wetland

These factors characterise the geomorphological processes within the wetland, such as erosion and deposition,
as well as the biogeochemical processes.
Level 5 of the assessment pertains to the classification of the tidal regime within the marine and estuarine
environments, while the hydrological and inundation depth classes are determined for inland wetlands. Classes
are based on frequency and depth of inundation, which are used to determine the functional unit of the
wetlands and are considered secondary discriminators within the NWCS.
Level 6 uses six descriptors to characterise the wetland types based on biophysical features. As with Level 5,
these are non-hierarchal in relation to each other and are applied in any order, dependent on the availability of
information. The descriptors include:
•
•
•
•
•
•

Geology;
Natural vs. Artificial;
Vegetation cover type;
Substratum;
Salinity; and
Acidity or Alkalinity.

It should be noted that where sub-categories exist within the above descriptors, hierarchical systems are
employed, and these are thus nested in relation to each other.
The HGM unit (Level 4) is the focal point of the NWCS, with the upper levels (Figure 3 – Inland systems only)
providing means to classify the broad bio-geographical context for grouping functional wetland units at the HGM
level, while the lower levels provide more descriptive detail on the particular wetland type characteristics of a
particular HGM unit. Therefore Level 1 – 5 deals with functional aspects, while Level 6 classifies wetlands on
structural aspects.
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Figure 2: Basic structure of the NWCS, showing how ‘primary discriminators’ are applied up to Level 4 to
classify Hydrogeomorphic (HGM) Units, with ‘secondary discriminators’ applied at Level 5 to classify the
tidal/hydrological regime, and ‘descriptors’ applied at Level 6 to categorise the characteristics of wetlands
classified up to Level 5 (From Ollis et al., 2013).

Figure 3: Illustration of the conceptual relationship of HGM Units (at Level 4) with higher and lower levels
(relative sizes of the boxes show the increasing spatial resolution and level of detail from the higher to the
lower levels) for Inland Systems (from Ollis et al., 2013).
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4.4 Waterbody condition
To assess the PES or condition of the observed wetlands, a modified Wetland Index of Habitat Integrity (DWAF,
2007) was used. The Wetland Index of Habitat Integrity (WETLAND-IHI) is a tool developed for use in the National
Aquatic Ecosystem Health Monitoring Programme (NAEHMP), formerly known as the River Health Programme
(RHP). The output scores from the WETLAND-IHI model are presented in the standard DWAF A-F ecological
categories (Table 2) and provide a score of the PES of the habitat integrity of the wetland system being examined.
The author has included additional criteria into the model-based system to include additional wetland types.
This system is preferred when compared to systems such as WET-Health – wetland management series (WRC
2009), as WET-Health (Level 1) was developed with wetland rehabilitation in mind and is not always suitable for
impact assessments. This coupled with the degraded state of the wetlands in the study area, indicated that a
complex study approach was not warranted, i.e. conduct a Wet-Health Level 2 and WET-Ecosystems Services
study required for an impact assessment.
Table 2: Description of A – F ecological categories based on Kleynhans et al., (2005)
ECOLOGICAL
CATEGORY
A

B

C

ECOLOGICAL DESCRIPTION

MANAGEMENT PERSPECTIVE

Unmodified, natural.

Protected systems; relatively
untouched by human hands; no
discharges or impoundments
allowed

Largely natural with few modifications. A small
change in natural habitats and biota may have
taken place but the ecosystem functions are
essentially unchanged.
Moderately modified. Loss and change of natural
habitat and biota have occurred, but the basic
ecosystem functions are still predominantly
unchanged.

D

Largely modified. A large loss of natural habitat,
biota and basic ecosystem functions has occurred.

E

Seriously modified. The loss of natural habitat,
biota and basic ecosystem functions is extensive.

F

Critically / Extremely modified. Modifications have
reached a critical level and the system has been
modified completely with an almost complete loss
of natural habitat and biota. In the worst instances
the basic ecosystem functions have been
destroyed and the changes are irreversible.

Some
human-related
disturbance, but mostly of low
impact potential
Multiple
disturbances
associated with need for socioeconomic development, e.g.
impoundment,
habitat
modification and water quality
degradation

Often characterized by high
human densities or extensive
resource
exploitation.
Management intervention is
needed to improve health, e.g.
to restore flow patterns, river
habitats or water quality
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The WETLAND-IHI model is composed of four modules. The “Hydrology”, “Geomorphology” and “Water Quality”
modules all assess the contemporary driving processes behind wetland formation and maintenance. The last
module, “Vegetation Alteration”, provides an indication of the intensity of human landuse activities on the
wetland surface itself and how these may have modified the condition of the wetland. The integration of the
scores from these 4 modules provides an overall PES score for the wetland system being examined. The
WETLAND-IHI model is an MS Excel-based model, and the data required for the assessment are generated during
a site visit.
Additional data may be obtained from remotely sensed imagery (aerial photos; maps and/or satellite imagery)
to assist with the assessment. The interface of the WETLAND-IHI has been developed in a format which is similar
to DWA’s River EcoStatus models which are currently used for the assessment of PES in riverine environments.

4.5 Aquatic ecosystem importance and function
South Africa is a Contracting Party to the Ramsar Convention on Wetlands, signed in Ramsar, Iran, in 1971, and
has thus committed itself to this intergovernmental treaty, which provides the framework for the national
protection of wetlands and the resources they could provide. Wetland conservation is now driven by the South
African National Biodiversity Institute, a requirement under the National Environmental Management:
Biodiversity Act (No 10 of 2004).
Wetlands are among the most valuable and productive ecosystems on earth, providing important opportunities
for sustainable development (Davies and Day, 1998). However, wetlands in South Africa are still rapidly being
lost or degraded through direct human induced pressures (Nel et al., 2004).
The most common attributes or goods and services provided by wetlands include:
•
•
•
•
•
•
•

Improve water quality;
Impede flow and reduce the occurrence of floods;
Reeds and sedges used in construction and traditional crafts;
Bulbs and tubers, a source of food and natural medicine;
Store water and maintain base flow of rivers;
Trap sediments; and
Reduce the number of water-borne diseases.

In terms of this study, the wetlands provide ecological (environmental) value to the area acting as refugia for
various wetland associated plants, butterflies and birds.
In the past wetland conservation has focused on biodiversity as a means of substantiating the protection of
wetland habitat. However not all wetlands provide such motivation for their protection, thus wetland managers
and conservationists began assessing the importance of wetland function within an ecosystem.
Table 3 below summarises the importance of wetland function when related to ecosystem services or
ecoservices (Kotze et al., 2008). One such example is emergent reed bed wetlands that function as transformers
converting inorganic nutrients into organic compounds (Mitsch and Gosselink, 2000).
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Water quality
enhancement
benefits

Hydro-geochemical
benefits

Indirect benefits
Direct benefits

Ecosystem services supplied by
wetlands

Table 3: Summary of direct and indirect ecoservices provided by wetlands from Kotze et al., 2008
Flood attenuation
Stream flow regulation
Sediment trapping
Phosphate assimilation
Nitrate assimilation
Toxicant assimilation
Erosion control
Carbon storage
Biodiversity maintenance
Provision of water for human use
Provision of harvestable resources2
Provision of cultivated foods
Cultural significance
Tourism and recreation
Education and research

Conservation importance of the individual wetlands was based on the following criteria:
•
•
•
•

Habitat uniqueness;
Species of conservation concern;
Habitat fragmentation or rather, continuity or intactness with regards to ecological corridors; and
Ecosystem service (social and ecological).

The presence of any or a combination of the above criteria would result in a HIGH conservation rating if the
wetland was found in a near natural state (high PES). Should any of the habitats be found modified the
conservation importance would rate as MEDIUM, unless a Species of Conservation Concern (SCC) was observed,
in which case it would receive a HIGH rating. Any system that was highly modified (low PES) or had none of the
above criteria, received a LOW conservation importance rating. Wetlands with HIGH and MEDIUM ratings should
thus be excluded from development with incorporation into a suitable open space system, with the maximum
possible buffer being applied. Natural wetlands or Wetlands that resemble some form of the past landscape
but receive a LOW conservation importance rating could be included into stormwater management features,
and should not be developed to retain the function of any ecological corridors.
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4.6 Relevant wetland / riverine related legislation and policy
Locally the South African Constitution, seven (7) Acts and two (2) international treaties allow for the protection
of wetlands and rivers. These systems are protected from destruction or pollution by the following:
•
•
•
•
•
•
•
•
•
•

Section 24 of The Constitution of the Republic of South Africa;
Agenda 21 – Action plan for sustainable development of the Department of Environmental Affairs and
Tourism (DEAT) 1998;
The Ramsar Convention, 1971 including the Wetland Conservation Programme (DEAT) and the National
Wetland Rehabilitation Initiative (DEAT, 2000);
National Environmental Management Act (NEMA), 1998 (Act No. 107 of 1998) inclusive of all
amendments, as well as the NEM: Biodiversity Act;
National Water Act, 1998 (Act No. 36 of 1998);
Conservation of Agricultural Resources Act, 1983 (Act No. 43 of 1983);
Minerals and Petroleum Resources Development Act, 2002 (Act No. 28 of 2002);
Nature and Environmental Conservation Ordinance (No. 19 of 1974);
National Forest Act (No. 84 of 1998); and
National Heritage Resources Act (No. 25 of 1999)

NEMA and the Conservation of Agricultural Resources Act (CARA), 1983 (Act No. 43 of 1983) would also apply
to this project. These Acts have categorised many invasive plants together with associated obligations on the
land owner. A number of Category 1 & 2 plants were observed in several areas of the site under investigation
and would be listed in the ecological assessment.

4.7 Provincial legislation and policy
Currently there are no formalised riverine or wetland buffers distances provided by the provincial authorities
and as such the buffer model as described Macfarlane et al., 2017 wetlands, rivers and estuaries was used.
These buffer models are based on the condition of the waterbody, the state of the remainder of the site, coupled
to the type of development, as wells as the proposed alteration of hydrological flows. Based then on the
information known for the site the buffer model provided the following:
Rivers and Watercourses
1.
2.
3.

Construction period:
Operation period:
Final:

40 m
42 m
42 m

Construction period:
Operation period:
Final:

58 m
43 m
56 m

Wetlands
1.
2.
3.

Other policies that are relevant include:
•
•
•

Provincial Nature Conservation Ordinance (PNCO) – Protected Flora. Any plants found within the sites
are described in the ecological assessment.
Eastern Cape Biodiversity Conservation Plan (ECBCP), (Berliner & Desmet, 2007) – Aquatic Critical
Biodiversity Areas (CBAs)
National Freshwater Ecosystems Priority Areas (NFEPA) – (Nel et al., 2011). This mapping product
highlights potential rivers and wetlands that should be earmarked for conservation on a national basis.
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5. Description of the affected environment
The proposed project components is located near tributaries of the Tsitsikamma River (Figure 1, 4 & 7), most
which over time has been modified through the growth of alien trees such as Acacia mearnsi, Acacia longifolia,
Datura stramonium and Eucalyptus spp (Plate 1 & 2). All of the watercourse banks have also been further
modified in terms of vegetation clearing for grazing and housing.
The study area is located within the South Eastern Coastal Belt Ecoregion of the K80E quaternary catchment
(Figure 4). The instream areas varied from were naturally moderately steep to steep, incised with no major
floodplain areas to wider floodplain areas with wetlands. However as mentioned those in close proximity to any
of the project components have been altered over time.
The only natural species observed along the remaining riverbanks, included Cyperus latifolia, Juncus spp,
Miscanthus capensis. The upper banks along all areas were dominated by grassy fynbos, Kikuyu (Pennisetum
clandestinum) and Buffalo grass (Stenotaphrum secundatum) and or alien trees.
The study area hydrology was characterised mostly ephemeral flows posisibly due to the alien encroachment
that has occurred overtime. The only animals associated with these areas included Bishops and Weavers, while
the open channel area is used by Mongoose (observed), possibly foraging for small crabs in the open water
areas.
With regard wetlands one natural wetlands was observed within the site, substantiated by the National Wetland
Inventory (SAIIE v2) spatial data, but that database only indicated wetlands (natural) within 500m of the site
(Figure 5).
Further the National Freshwater Ecosystems Priority Atlas (NFEPA - Nel et al., 2011) (Figure 6) and Eastern Cape
Biodiversity Conservation Plan (ECBCP)) spatial databases indicate that the study area forms part of a Fish
Support Area and an Aquatic CBA 1,
Figure 7 below, indicates delineated systems within the site. Any activities within the respective 42m (rivers)
and 56m (wetlands) buffers will require a WUL (possible GA) under Section 21 c & i of the NWA, 1998. This
includes any of the other activities within 500m of the natural wetlands observed, i.e. not the exiting dams and
WTWW ponds)
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Figure 4: Project locality map indicating the various quaternary catchment boundaries (green line) in relation to the study area (Source DWS and NGI).
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Figure 5: The waterbodies identified in the SAIIE v2 National Wetland Inventory (2018)
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Figure 6: The respective subquaternary catchments rated in terms of Freshwater Ecosystem Priority Areas (FEPAs) in relation to the study area
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Figure 7: Observed aquatic systems and their respective buffers and the regulated wetland WULA zone in relation to the project components
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Plate 1: A view of the site, just below the proposed river crossing showing the high level of alien vegetation
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Plate 2: A view of the impact on grazing activities within the region on the existing wetlands and draining lines
through which the pipelines will be installed

6. Present Ecological State and conservation importance
The PES of a river represents the extent to which it has changed from the reference or near pristine condition
(Category A) towards a highly impacted system where there has been an extensive loss of natural habit and
biota, as well as ecosystem functioning (Category E).
The PES scores have been revised for the country and based on the new models, aspects of functional
importance as well as direct and indirect impacts have been included (DWS, 2014). The new PES system also
incorporates Ecological Importance (EI) and Ecological Sensitivity (ES) separately as opposed to Ecological
Importance and Sensitivity (EIS) in the old model, although the new model is still heavily centred on rating rivers
using broad fish, invertebrate, riparian vegetation and water quality indicators. The Recommended Ecological
Category (REC) is still contained within the new models, with the default REC being B, when little or no
information is available to assess the system or when only one of the above-mentioned parameters are assessed
or the overall PES is rated between a C or D.
From a riparian vegetation, fish, invertebrate and water quality standpoint the overall condition or Present
Ecological State (PES) of the observed systems was also assessed using accepted methodologies. The PES
system, using an updated DWS method (2014) indicates that on a sub-quaternary level the study area is located
within a Moderately Modified (PES = C) catchments (SQ9104). In this assessment the study area systems that
were delineated an assessed were rated lower, i.e. PES = D (Largely Modified) due to all the impacts and
hydrological changes already discussed.
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The Environmental Importance and Sensitivity or EIS is a measure of the conservation value. In the most recent
assessment (DWS, 2014), the Ecological Importance and Ecological Sensitivity was rated as Moderate and High
respectively due to the potential fish and invertebrates that occur within the sub-quaternary catchment (DWS,
201). Based on the impacts and current state of the tributary (i.e. the watercourse and wetland areas associated
with the proposed transmission line only) assessed in this study the EI & ES would be rated as Low and Low
respectively due to the overall lack in aquatic biodiversity and the high degree of habitat modification that has
taken place.
These scores were substantiated by observations made in the field within the study area, and due to the
observed impacts or disturbance these scores within the site could be upheld. The Moderate Ecological
Importance Score is upheld as the study area forms part of a Critical Biodiversity Area CBA (Type 2) as shown in
the Eastern Cape Biodiversity Conservation Plan (Berliner & Desmet, 2007) (Figure 8).

Figure 8: Critical Biodiversity Areas as per the ECBCP
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7. Permit requirements
Based on an assessment of the proposed activities (Figure 7) and past engagement with DWS, the following
WULs/ GA’s could be required based on the following thresholds as listed in the following Government Notices,
however ultimately the Department of Water and Sanitation (DWS) will determine if a GA or full WULA will be
required during the pre-application process (Phase 1):
•

•

Government Notice 509 in GG 40229 of 26 August 2016 – Section 21 c & i, Impeding or diverting the
flow of water in a watercourse and or altering the bed, banks, course or characteristics of a watercourse
or any activities within 500m of a wetland boundary.
Government Notice 665, 6 September 2013 in GG 36820 – Section 21g Disposing of waste in a manner
that may detrimentally impact on a water source which includes temporary storage of domestic waste
water i.e. conservancy tanks under Section 37 of the notice.
Water Use Activity

Applicable to this development proposal

S21(a)

Taking water from a water resource

Yes, if water is abstracted or supplied from any other
sources than municipal supply

S21(b)

Storing water

Not applicable

S21(c)

Impeding or diverting the flow of water Yes
in a watercourse

S21(d)

Engaging in a stream flow reduction Not applicable
activity

S21(e)

Engaging in a controlled activity

S21(f)

Discharging waste or water containing Not applicable
waste into a water resource through a
pipe, canal, sewer or other conduit

S21(g)

Disposing of waste in a manner which Yes
may detrimentally impact on a water
resource

S21(h)

Disposing in any manner of water which Not applicable
contains waste from, or which has been
heated in, any industrial or power
generation process

S21(i)

Altering the bed, banks, course or Yes
characteristics of a watercourse

S21(j)

Removing, discharging or disposing of Not applicable
water found underground for the

Not applicable

C l a r k s o n W W T W A q u a t i c A s s e s s m e n t | 27

Water Use Activity

Applicable to this development proposal

continuation of an activity or for the
safety of persons
S21(k)

Using water for recreational purposes

Not applicable
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8. Impact assessment
At the present the proposed development would seem to a minor direct impact on one water course crossing,
but no direct impacts on any wetland areas. Therefore the following impacts have been highlighted and have
been rated based on the project actions / impacts, as well as any potential cumulative impacts during the
construction and operational phases of the project. These were also assessed with and without mitigation. To
reiterate the assumptions that, permanent or laydown / temporary works areas will be located within any of
the observed aquatic habitats (Figure 7).
Impact 1: Diversion and increased velocity of surface water flows – Changes to the hydrological regime and
increased potential for erosion resulting from the pipeline installation
Nature of the impact
Due to the nature of the proposed project this would be an operational phase impact, the only impact would be
on the one water course crossing, and once buried any runoff could then destabilise the soils, resulting in
downstream erosion and or sedimentation that could impact on aquatic habitats. Particularly if no post
construction rehabilitation is done to ensure that revegetation of any disturbed sites is carried out.
Significance of impacts without mitigation
The soils within the study area are susceptible to erosion when subjected to high flows (high volumes and
velocities), with head-cuts readily forming within the regional water courses. This creates bed and bank
instability in the aquatic ecosystems and consequent sedimentation of downstream areas. Due to the nature of
the study area hydrology, its present state and the surrounding impacts this would be a negative impact, the
overall significance of the would be rated as Low (Table 4).
Proposed mitigation
•
•

Once installed all disturbed areas should be monitored with regard revegetation which should occur
naturally, thus preventing unstable soils. Seeding should only occur if soils are not stable within 6
months post construction.
No vehicle movement within the watercourse to prevent any compaction of soils.

Significance of impact with mitigation
Medium-term changes to the local hydrological regime is possible, while the intensity in the operational and
closure phases would be low, thus the overall significance of this impact would be Insignificant (Negative) (Table
4).

Cumulative impacts
Based on the current state of the surrounding environment and the potential net benefit of the project the
cumulative impacts are anticipated to be Very Low
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Residual impacts
Possible impact on the remaining catchment due to changes in run-off characteristics is unlikely.
Impact 2: Impact of changes to water quality

Nature of the impact
Presently little is known about the water quality of the water courses directly in the study area, but it is assumed
due to the activities observed, the aquatic systems contain some form of pollutants, other than elevated
sediment and nutrient loads during high rainfall events.
During construction various materials, such as sediments, diesel, oils and cement, could pose a threat to the
continued functioning downstream areas, if by chance it is dispersed via surface run-off, or are allowed to
permeate into the groundwater. The possible negative changes to water quality during the operational phase
would be limited to sedimentation and erosion related issues assessed below as well as any leaks from the
proposed sewer lines. These negative impacts would persist into the long term.
Significance of impacts without mitigation
Changes to water quality impact on the functioning of local plants and other instream biota are possible. This
impact without mitigation would have a Medium intensity in the medium-term, as excessive pollution will also
impact on instream conditions due the introduction of toxins. Potential toxins include the following:
•
•
•

Grout and concrete – these products contain cement which increases the pH (basic) of surfaces waters
impairs the metabolism and breathing physiology of aquatic organisms.
Hydrocarbons (shutter oil, other lubricants, grease and fuels) – The persistent impact of these pollutants
is varied, but can enact negatively on metabolic pathways, cellular structures (plant and animal),
respiration and gene stability (heavy metals).
High nutrient and bacteriological levels

Therefore, the overall consequence would be rated as low, while the significance would be rated as Low (Table
4)
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Proposed mitigation
•
•
•
•
•
•
•
•

Chemicals used for construction must be stored safely on site and surrounded by bunds. Chemical
storage containers must be regularly inspected so that any leaks are detected early.
Littering and contamination of water sources during construction must be prevented by effective
construction camp management.
Emergency plans must be in place in case of spillages onto road surfaces and water courses.
No stockpiling should take place within a water course.
All stockpiles must be protected from erosion, stored on flat areas where run-off will be minimised, and
be surrounded by bunds.
Stockpiles must be located away from river channels.
Erosion and sedimentation into channels must be minimised through the effective stabilisation (gabions
and Reno mattresses) and the re-vegetation of any disturbed riverbanks.
The construction camp and necessary ablution facilities meant for construction workers must be beyond
the 42m of any of the watercourses and 56m of the wetlands.

Significance of impact with mitigation
Should the construction site and the works be managed properly, the negative impacts would remain localised
and in the medium-term. This would result in an overall low intensity as the introduction of any pollutants would
be probably be limited with mitigation. The consequence would thus be rated as Very Low and although possible,
the impacts would be Insignificant (Table 4). This must also be considered in terms of the overall aims of the
project, which include containment and better treatment of waste water, that would then discharge clean /
safer water to downstream areas.
Cumulative impacts
Based on the current state of the surrounding environment and the potential net benefit of the project the
cumulative impacts are anticipated to be Very Low
Residual impacts
Possible impact on the remaining catchment due to changes in run-off characteristics in the alignment is unlikely.

Impact 3: Loss of riparian vegetation, and aquatic habitat and stream continuity (migration corridors)

Nature of the impact
Riparian vegetation and aquatic corridors create longitudinal links between a variety of habitats and refugia.
The refugia are particularly important in times when surface flows are low, i.e. fish populations are able to
survive in deeper pools during droughts. These populations are then able to recolonise the remaining river
reaches, when reconnected by increased river flows. This function of a catchment and its ability to act as a
refugia is highlighted by the conservation plans that have earmarked the study area as such.
The proposed development would be minimal impact (direct loss of aquatic ecosystems) when coupled to the
fact that little to no such habitat remains.
Significance of impacts without mitigation
This impact without mitigation where disturbance occurs within the observed water courses would have a low
significance over the medium-term on a regional scale. The overall significance would thus be Low (Table 4)
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Proposed mitigation
•

Once installed all disturbed areas should be monitored with regard revegetation which should occur
naturally, thus preventing unstable soils. Seeding should only occur if soils are not stable within 6
months post construction.

Significance of impact with mitigation
With the mitigations the negative impacts would remain localised and be medium-term. This would result in an
Insignificant (negative) significance rating as the overall continuity of the instream areas, could remain (Table
4).
Cumulative impacts
Based on the current state of the surrounding environment and the potential net benefit of the project the
cumulative impacts are anticipated to be Very Low

Residual impacts
Possible impact on the remaining catchment due to changes in run-off characteristics in the development site.

Impact 4: Loss of species of special concern
Nature of the impact
It is unlikely, that any species of concern are found within the study area, due to the lack of any available habitat
(flowing water, pools and riffles), further supported by a lack of any records of fish within this tributary. Similarly,
no aquatic plant species of special concern were observed during this study.
Therefore, this impact was not assessed.

Table 4: A summary of the potential impacts
Impact
Impact 1: Diversion and increased
velocity of surface water flows –
Changes to the hydrological regime
and increased potential for erosion

Spatial
Intensity
Duration
Extent
Significance without mitigation

Consequence

Probability

Significance

Regional (2)

Medium-term (2)

Medium (6)

Possible

Low

Medium-term (2)

Very Low (4)

Possible

Insignificant

Long term (3)

Low (5)

Possible

Very Low

Medium-term (2)

Very Low (4)

Possible

Insignificant

Medium-term (2)

Medium (6)

Possible

Low

Medium-term (2)

Very Low (4)

Possible

Insignificant

Significance with mitigation
Local (1)

Impact 2: Impact of changes to
water quality

Medium (2)
Low (1)

Significance without mitigation
Local (1)

Medium (2)

Significance with mitigation
Local (1)
Impact 3: Loss of riparian
vegetation / aquatic habitat

Low (1)

Significance without mitigation
Regional (2)

Medium (2)

Significance with mitigation
Local (1)
Impact 4: Loss of species of special
concern

Low (1)

N/A
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9. Environmental Management plan
Note ECO/ESO is interchangeable depending on the final appointment by the contractor / client
Objective
Ensure that the
detailed
design
avoids all sensitive
water resources

Potential Impact
Minimise the number of impacts on
the observed watercourses that
would result in the potential impacts
listed in this report and section below
during the construction and
operational phases

Objective
Soil
erosion
control,
water
quality
management -

Potential Impact
» Erosion and soil loss within
watercourses

Objective
Management of
general
solid
waste, hazardous
waste and liquid
waste to mitigate
environmental
impacts.

Potential Impact
» The construction phase and at time
the operational phase of the wind
energy facility may involve the
storage and handling of a variety of
chemicals including adhesives,
abrasives, oils and lubricants,
paints and solvents although in
small amounts. The main wastes
expected to be generated by the
construction of the facility will
include general solid waste,
hazardous waste and liquid
waste.
» The watercourse areas could be
impacted via:
1. Release of contaminated water
from contact with spilled
chemicals could impact the
2. Generation of contaminated
wastes from used chemical
containers
3. Inefficient use of resources
resulting in excessive waste
generation
4. Litter or contamination of the site
or water through poor waste
management practices

Design Phase
Mitigation Measures
it is therefore recommended that
these positions are assessed in the
EMP walk down phase to provide
detailed mitigations to the engineers
as and when required.

Indicator/outcomes
» The impact ratings
listed in this report
can be upheld and
the number of Water
use License would
be low

Construction and Operation Phase
Mitigation Measures
Indicator/outcomes
» Identify and demarcate construction » No
unacceptable
areas for general construction work
levels
of
and restrict construction activity to
disturbance,
soil
these areas. Prevent unnecessary
erosion, increased
destructive
activity
within
siltation,
soil
construction areas (prevent overdegradation,
as
excavations and double handling)
determined by the
ECO
» Stockpile topsoil for re-use in
rehabilitation phase.
Maintain » All
excavations
stockpile shape and protect from
undertaken as per
erosion. All stockpiles must be
the
approved
positioned at least 50m away from
Method Statement
watercourses. Limit the height of
stockpiles as far as possible in
order to reduce compaction.
» Disturbance of vegetation and
topsoil must be kept to a practical
minimum.
» Rehabilitate disturbance areas as
soon as construction in an area is
completed with suitable means.

Construction and Operation Phase
Mitigation Measures
» Storage areas must be located
more than 50 m away from the
watercourse.
» The storage of flammable and
combustible liquids such as oils
must be in designated areas which
are appropriately bunded, and
stored in compliance with MSDS
files, as defined by the SHE
Representative / ECO.
» Any spills must receive the
necessary clean-up action. If
required, bioremediation kits are to
be kept on-site and used to
remediate any spills that may
occur. Appropriate arrangements
to be made for appropriate
collection and disposal of all
cleaning materials, absorbents and
contaminated soils (in accordance
with a waste management plan).
» Any storage and disposal
permits/approvals which may be
required will be obtained, and the
conditions attached to such permits
and approvals must be complied
with.
» Routine
servicing
and
maintenance of vehicles is not to
take place on-site (except for
emergency situations or large
cranes which cannot be moved offsite). If repairs of vehicles must
take place on site, an appropriate
drip tray must be used to contain
any fuel or oils.
» Transport of all hazardous
substances must be in accordance

Indicator/ Outcome
»
No
chemical
spills outside of
designated
storage areas
»
No water or soil
contamination by
chemical spills
»
No complaints
received
regarding waste
on
site
or
indiscriminate
dumping
»
Internal
site
audits ensuring
that
waste
segregation,
recycling
and
reuse
is
occurring
appropriately
»
Provision of all
appropriate
waste manifests
for all waste
streams
»
Designated
areas for fires
identified on site
at the outset of
the construction
phase
»
Firefighting
equipment and
training provided
before
the
construction

Responsibility
Holder of the
EA

Timeframes
Prior
to
construction

Responsibility
Holder of the
EA

Timeframes
During
site
establishment,
construction
and operational
phase

Responsibility
Holder of the
EA

Timeframes
During
site
establishment,
construction
and operational
phase
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»
»

»

»

»

»

»

»

»
»

»

»
»

»
»

with the relevant legislation and
regulations.
Waste disposal records must be
available for review at any time.
Construction contractors must
provide specific detailed waste
management plans to deal with all
waste streams.
Specific areas must be designated
on-site for the temporary
management of various waste
streams, i.e. general refuse,
construction waste (wood and
metal scrap) and contaminated
waste. Location of such areas
must seek to minimise the potential
for impact on the surrounding
environment, including prevention
of contaminated runoff, seepage
and vermin control.
Where possible, construction and
general wastes on-site must be
reused or recycled. Bins and skips
must be available on-site for
collection, separation and storage
of waste streams (such as wood,
metals, general refuse etc).
Disposal of waste must be in
accordance
with
relevant
legislative requirements, including
the use of licensed contractors.
Hydrocarbon waste must be
contained and stored in sealed
containers within an appropriately
bunded area.
Waste and surplus dangerous
goods must be kept to a minimum
and must be transported by
approved waste transporters to
sites designated for their disposal.
Documentation (waste manifest)
must be maintained detailing the
quantity, nature and fate of any
hazardous waste.
An incident/complaints register
must be established and
maintained on-site.
Hazardous and non-hazardous
waste must be separated at
source. Separate waste collection
bins must be provided for this
purpose. These bins must be
clearly marked and appropriately
covered.
All solid waste collected must be
disposed of at a registered waste
disposal site. A certificate of
disposal must be obtained and kept
on file. The disposal of waste must
be in accordance with all relevant
legislation.
Under
no
circumstances may solid waste be
burnt or buried on site.
Supply waste collection bins at
construction equipment and
construction crew camps.
Construction equipment must be
refuelled
within
designated
refuelling locations, or where
remote refuelling is required,
appropriate drip trays must be
utilised.
All stored fuels to be maintained
within a bund and on a sealed
surface.
Fuel storage areas must be
inspected regularly to ensure bund
stability, integrity and function.

»
»

»

phase
commences
No activity in
identified no-go
areas
No unacceptable
levels
of
disturbance, soil
erosion,
increased
siltation,
soil
degradation, as
determined by
the ECO
All excavations
undertaken as
per the approved
Method
Statement

»
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»
»
»

»

»

»

»

»

»

»

»

Construction machinery must be
stored in an appropriately sealed
area.
Oily water from bunds at the
substation must be removed from
site by licensed contractors.
Spilled cement or concrete must be
cleaned up as soon as possible
and disposed of at a suitably
licensed waste disposal site.
Corrective action must be
undertaken immediately if a
complaint is received, or
potential/actual leak or spill of
polluting substance identified. This
includes stopping the contaminant
from further escaping, cleaning up
the affected environment as much
as practically possible and
implementing
preventive
measures.
In the event of a major spill or leak
of contaminants, the relevant
administering authority must be
immediately notified as per the
notification
of
emergencies/incidents.
Any contaminated/polluted soil
removed from the site must be
disposed of at a licensed
hazardous waste disposal facility.
Upon
the
completion
of
construction, the area will be
cleared of potentially polluting
materials.
Identify
and
demarcate
construction areas for general
construction work and restrict
construction activity to these areas.
Prevent unnecessary destructive
activity within construction 7areas
(prevent over-excavations and
double handling)
Stockpile topsoil for re-use in
rehabilitation phase.
Maintain
stockpile shape and protect from
erosion. All stockpiles must be
positioned at least 50 m away from
watercourses. Limit the height of
stockpiles as far as possible in
order to reduce compaction.
Any excavation, including those for
cables, must be supervised by the
ECO/ESO within the proposed
watercourses.
Disturbance of
vegetation and topsoil must be kept
to a practical minimum.
Rehabilitate disturbance areas as
soon as construction in an area is
completed.
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10.

Conclusion and Recommendations

Based on the current state of the aquatic environment, coupled to the limited number of direct impacts and the
overall net benefit of the upgraded WTWW it is anticipated that with mitigation all impacts would be LOW.
Furthermore, based on the information provided, a Water Use License will be required for the WWTW works
and associated pipelines.
As the proposed activities have the potential to create erosion the following recommendations are reiterated:
•
•

•
•

Vegetation clearing should occur in in a phased manner in accordance with the construction programme
to minimise erosion and/or run-off.
All construction materials including fuels and oil should be stored in demarcated areas that are
contained within berms / bunds to avoid spread of any contamination. Washing and cleaning of
equipment should also be done in berms or bunds, in order to trap any cement and prevent excessive
soil erosion. Mechanical plant and bowsers must not be refuelled or serviced within or directly adjacent
to any channel. It is therefore suggested that all construction camps, lay down areas, batching plants or
areas and any stores should be more than 34m from any demarcated water courses.
All cleared areas must be re-vegetated after construction has been completed.
All alien plant re-growth must be monitored, and should it occur these plants should be eradicated. The
scale of the operation does however not warrant the use of a Landscape Architect and / or Landscape
Contractor.
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Appendix 1 - Specialist CV
CURRICULUM VITAE

•

Dr Brian Michael Colloty

•

7212215031083

1 Rossini Rd
Pari Park
Port Elizabeth, 6070
brian@itsnet.co.za
083 498 3299
Profession:

Ecologist & Environmental Assessment Practitioner (Pr. Sci. Nat. 400268/07)

Member of the South African Wetland Society
Specialisation:

Ecology and conservation importance rating of inland habitats, wetlands, rivers & estuaries

Years experience: 25 years
SKILLS BASE AND CORE COMPETENCIES
•

25 years experience in environmental sensitivity and conservation assessment of aquatic and terrestrial
systems inclusive of Index of Habitat Integrity (IHI), WET Tools, Riparian Vegetation Response Assessment
Index (VEGRAI) for Reserve Determinations, estuarine and wetland delineation throughout Africa.
Experience also includes biodiversity and ecological assessments with regard sensitive fauna and flora,
within the marine, coastal and inland environments. Countries include Mozambique, Kenya, Namibia,
Central African Republic, Zambia, Eritrea, Mauritius, Madagascar, Angola, Ghana, Guinea-Bissau and Sierra
Leone. Current projects also span all nine provinces in South Africa.

•

15 years experience in the coordination and management of multi-disciplinary teams, such as specialist
teams for small to large scale EIAs and environmental monitoring programmes, throughout Africa and
inclusive of marine, coastal and inland systems. This includes project and budget management, specialist
team management, client and stakeholder engagement and project reporting.

•

GIS mapping and sensitivity analysis

TERTIARY EDUCATION
•

1994:

B Sc Degree (Botany & Zoology) - NMU

•

1995:

B Sc Hon (Zoology) - NMU

•

1996:

M Sc (Botany - Rivers) - NMU

•

2000:

Ph D (Botany – Estuaries & Mangroves) – NMU
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EMPLOYMENT HISTORY
•

•
•
•
•
•

1996 – 2000
Researcher at Nelson Mandela University – SAB institute for Coastal Research &
Management. Funded by the WRC to develop estuarine importance rating methods for South African
Estuaries
2001 – January 2003 Training development officer AVK SA (reason for leaving – sought work back in the
environmental field rather than engineering sector)
February 2003- June 2005 Project manager & Ecologist for Strategic Environmental Focus (Pretoria) –
(reason for leaving – sought work related more to experience in the coastal environment)
July 2005 – June 2009 Principal Environmental Consultant Coastal & Environmental Services (reason for
leaving – company restructuring)
June 2009 – August 2018 Owner / Ecologist of Scherman Colloty & Associates cc
August 2018 Owner / Ecologist - EnviroSci (Pty) Ltd

SELECTED RELEVANT PROJECT EXPERIENCE
World Bank IFC Standards
•

Kenmare Mining Pilivilli, Mozambique - wetland (mangroves, peatlands and estuarine) assessment and
biodiversity offset analysis - current
• Botswana South Africa 400kv transmission line (400km) biodiversity assessment on behalf of Aurecon current
• Farim phosphate mine and port development, Guinea Bissau – biodiversity and estuarine assessment on
behalf of Knight Piesold Canada – 2016.
• Tema LNG offshore pipeline EIA – marine and estuarine assessment for Quantum Power (2015).
• Colluli Potash South Boulder, Eritrea, SEIA marine baseline and hydrodynamic surveys co-ordinator and
coastal vegetation specialist (coastal lagoon and marine) (on-going).
• Wetland, estuarine and riverine assessment for Addax Biofeuls Sierra Leone, Makeni for Coastal &
Environmental Services: 2009
• ESHIA Project manager and long-term marine monitoring phase coordinator with regards the dredge works
required in Luanda bay, Angola. Monitoring included water quality and biological changes in the bay and
at the offshore disposal outfall site, 2005-2011
South African
•
•

•
•
•
•

•

Plant search and rescue, for NMBM (Driftsands sewer, Glen Hurd Drive), Department of Social
Development (Military veterans housing, Despatch) and Nxuba Wind Farm, - current
Wetland specialist appointed to update the Eastern Cape Biodiversity Conservation Plan, for the Province
on behalf of EOH CES appointment by SANBI – current. This includes updating the National Wetland
Inventory for the province, submitting the new data to CSIR/SANBI.
CDC IDZ Alien eradication plans for three renewable projects Coega Wind Farm, Sonop Wind Farm and
Coega PV, on behalf of JG Afrika (2016 – 2017).
Nelson Mandela Bay Municipality Baakens River Integrated Wetland Assessment (Inclusive of
Rehabilitation and Monitoring Plans) for CEN IEM Unit - Current
Rangers Biomass Gasification Project (Uitenhage), biodiversity and wetland assessment and wetland
rehabilitation / monitoring plans for CEM IEM Unit – current.
Gibson Bay Wind Farm implementation of the wetland management plan during the construction and
operation of the wind farm (includes surface / groundwater as well wetland rehabilitation & monitoring
plan) on behalf of Enel Green Power - current
Gibson Bay Wind Farm 133kV Transmission Line wetland management plan during the construction of the
transmission line (includes wetland rehabilitation & monitoring plan) on behalf of Eskom – 2016.
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•

•
•
•
•
•
•
•
•
•
•
•
•
•
•

•
•

Tsitsikamma Community Wind Farm implementation of the wetland management plan during the
construction of the wind farm (includes surface / biomonitoring, as well wetland rehabilitation &
monitoring plan) on behalf of Cennergi – completed May 2016.
Alicedale bulk sewer pipeline for Cacadu District, wetland and water quality assessment, 2016
Mogalakwena 33kv transmission line in the Limpopo Province, on behlaf of Aurecon, 2016
Cape St Francis WWTW expansion wetland and passive treatment system for the Kouga Municipality, 2015
Macindane bulk water and sewer pipelines wetland and wetland rehabilitation plan 2015
Eskom Prieska to Copperton 132kV transmission line aquatic assessment, Northern Cape on behalf of
Savannah Environmental 2015.
Joe Slovo sewer pipeline upgrade wetland assessment for Nelson Mandela Bay Municipality 2014
Cape Recife Waste Water Treatment Works expansion and pipeline aquatic assessment for Nelson Mandela
Bay Municipality 2013
Pola park bulk sewer line upgrade aquatic assessment for Nelson Mandela Bay Municipality 2013
Transnet Freight Rail – Swazi Rail Link (Current) wetland and ecological assessment on behalf of Aurecon
for the proposed rail upgrade from Ermelo to Richards Bay
Eskom Transmission wetland and ecological assessment for the proposed transmission line between
Pietermaritzburg and Richards Bay on behalf of Aurecon (2012).
Port Durnford Exarro Sands biodiversity assessment for the proposed mineral sands mine on behalf of
Exxaro (2009)
Fairbreeze Mine Exxaro (Mtunzini) wetland assessment on behalf of Strategic Environmental Services
(2007).
Wetland assessment for Richards Bay Minerals (2013) – Zulti North haul road on behalf of RBM.
Biodiversity and aquatic assessments for 105 renewable projects in the past 6 years in the Western,
Eastern, Northern Cape, KwaZulu-Natal and Free State provinces. Clients included RES-SA, RedCap, ACED
Renewables, Mainstream Renewable, GDF Suez, Globeleq, ENEL, Abengoa amongst others. Particular
aquatic sensitivity assessment and Water Use License Applications on behalf of Mainstream Renewable
Energy (8 wind farms and 3 PV facilities.), Cennergi / Exxaro (2 Wind farm), WKN Wind current (2 wind
farms & 2 PV facilities), ACED (6 wind farms) and Windlab (3 Wind farms) were also conducted. Several of
these projects also required the assessment of the proposed transmission lines and switching stations,
which were conducted on behalf of Eskom.
Vegetation assessments on the Great Brak rivers for Department of Water and Sanitation, 2006 and the
Gouritz Water Management Area (2014)
Proposed FibreCo fibre optic cable vegetation assessment along the PE to George, George to Graaf Reinet,
PE to Colesburg, and East London to Bloemfontein on behalf of SRK (2013-2015).
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Disclaimer
The opinions expressed in this Report have been based on the information supplied to SRK Consulting
(South Africa) (Pty) Ltd (SRK) by GG&G Consulting (the Engineer). The opinions in this Report are
provided in response to a specific request from GG&G Consulting to do so. SRK has exercised all
due care in reviewing the supplied information. Whilst SRK has compared key supplied data with
expected values, the accuracy of the results and conclusions from the review are entirely reliant on
the accuracy and completeness of the supplied data. SRK does not accept responsibility for any errors
or omissions in the supplied information and does not accept any consequential liability arising from
commercial decisions or actions resulting from them. Opinions presented in this report apply to the
site conditions and features, as they existed at the time of SRK’s investigations, and those reasonably
foreseeable. These opinions do not necessarily apply to conditions and features that may arise after
the date of this Report, about which SRK had no prior knowledge nor had the opportunity to evaluate.
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Introduction
SRK Consulting (South Africa) (Pty) Ltd (SRK) was appointed by GG&G Consulting Engineers (the
Engineer) to conduct a geotechnical investigation for the replacement of an existing small-bore sewer
system to a full waterborne sewer system at Clarkson, in the Eastern Cape Province.
Site location is shown in Figure 1-1.

1.1

Terms of reference
Submit an interpretive geotechnical report highlighting the findings of the investigation, with specific
mention of the rock encountered, the water table depth, the classification of the in-situ material, soil
permeability at selected locations and suitability of the in-situ material for use as bedding/blanket
layerworks.

1.2

Site location and description
The site is located within the town of Clarkson situated at the foot of the Tsitsikamma Mountains,
approximately 40 km to the West of Humansdorp.
Clarkson1 normally receives about 474 mm of rain per year. The lowest rainfall occurs in January, and
peaks in August.
Vegetation is limited to dense brush and trees, with grass within the town.
Existing infrastructure varies from low cost housing and surfaced roads, to school and community
halls. There are existing underground sewer systems with water pipes and two pumping stations.
Existing water ponds are found to the South of the site.
The site has an undulating profile in an east to west direction due to north-south aligned drainage
depressions. The site slopes towards the south. The estimated slopes on site vary from 1v:10h (locally)
to 1v:100h.

Figure 1-1: Site location (North up)

1

http://www.saexplorer.co.za/south-africa/climate/humansdorp_climate.asp
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Figure 1-2: Site topography profiles (A: West-East; B: North-South)

2

Fieldwork
Six (6) test pits were excavated by hand using a pick, shovel and auger to depths ranging from 1.3m
to 2.0m below surface (TP1 to TP6). A further eight (8) test pits were excavated using a tractor-loader
backhoe (TLB) excavator to depths ranging from 2.5m to 3.8m below surface (TP7 to TP14).
No Dynamic Probe Light (DPL) tests were conducted as these were not requested by the Engineer.
Disturbed and undisturbed soil samples were submitted to a soil testing laboratory for grading analyses
to determine the particle size distribution, Atterberg limits, MOD and saturated CBR test, as well as a
falling head/constant head permeability tests.
The sample submission schedule is summarized in Table 2-1.
Table 2-1: Sample submission summary
Depth at which sample was taken (m)

Test

TP7

TP8

Road Indicator Moisture: MOD & CBR
Falling Head/Constant Head Permeability

GREJ/COCB/ENGE

TP14
1.5

3.0

2.0

552626 Clarkson WWTW Geotechnical Investigation_FINAL

1.5

18 October 2019

SRK Consulting: Project No: 552626 Clarkson WWTW

Page 6

Figure 2-1: Test pit layout (north up).

3

Regional geology
The town of Clarkson is underlain by the Peninsula Formation, Table Mountain Group, Cape
Supergroup (‘’Op’ and light blue shading in Figure 3-1). The Peninsula Formation is characterised by
quartzitic sandstone.

Figure 3-1: Regional geological map (north up)
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General ground profile
The site is underlain by brown, generally loose though occasionally dense, intact silty sand topsoil
with trace gravel to an average depth of 0.3m below surface.
The topsoil is underlain by brown to grey, loose to medium dense, intact fine sand colluvium to an
average depth of 1m below surface. The colluvium becomes more mottled/stained in colour with depth
(red, orange, yellow, purple) as it grades into a material with higher clay content to a clayey sand (and
is occasionally slickensided). The clayey sand, though less prevalent, was intersected to an average
depth of 1.8m below surface.
The colluvium is underlain by a pedogenic (ferricrete variety) horizon characterised by silty sand with
abundant ferricrete nodules grading into a clast-supported, ferruginous nodules (occasionally
cemented) with a clayey sand matrix intersected to an average depth of 1.3m below surface.
Interestingly, the ferricrete is generally absent where the deeper clayey sand colluvium described
above as extending to 1.8 m depth is present.
The pedogenic horizon caps light grey stained/speckled/mottled red/orange/yellow/purple, medium
dense to very dense, occasionally slickensided clayey fine-grained sand occasionally sandy clay
and/or gravel to an average depth of 3m below surface. This material is inferred to represent the
residual soil of the underlying quartzitic sandstone bedrock.
The residual Peninsula Formation grades into variably weathered, friable to hard rock quartzitic
sandstone (Peninsula Formation). The bedrock was intersected in TP2 and TP8 only at a depth
ranging from 1.3m to 2.7m below surface.
The detailed soil profiles are included in Appendix A with selected photographs included in Appendix
B.
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Figure 4-1: Typical ground profile (TP7)
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Geotechnical evaluation

5.1

Subsurface water conditions

Page 9

Very weak to weak seepage was intersected in TP4, TP8 and TP11. The seepage in TP4 is inferred
to originate from nearby leaking pipes. The seepage in TP8 and TP14 ranges in depth from 2.7m and
1.8m below surface respectively and is confined to the residual soil/bedrock contact and
pedogenic/residual soil contact. It appears that the subsurface seepage is localised though may occur
elsewhere beneath the site over time.
The pedogenic horizon is considered an indicator of a historical, fluctuating, variable water table. The
approximate areas where the pedogenic horizon was intersected and the depth to the upper contact
of the layer (considered to represent the upper contact of a historical water table) is indicated in Figure
5-1.

Figure 5-1: Historical water table areas and depth.

5.2

Excavatability
The excavatability of the site is classified according to the SANS 1200 D earthworks specification
(Table 6.1) for restricted excavations.
This assessment is based on the test pits excavated by TLB only. The site is classified as soft
excavation to a depth ranging from 2.5m to 3.8m below surface. A small percentage of Intermediate
(e.g. completely weathered, friable rock intersected at 1.3m in TP2) grading into hard rock (e.g. slightly
weathered, massive rock intersected at 2.7m in TP8) excavation should be allowed for in the schedule
of quantities for excavation within the sandstone bedrock should the planned excavations intersect
this material.

5.2.1 Sidewall stability
No localised sidewall instability occurred during the excavation of the test pits. This indicates that the
sidewalls of trench excavations are likely to remain stable in the short term. Consideration should be
given to battering back the topsoil and colluvium horizons to a safe slope angle due to the loose soil
consistency. Stability risks will increase where seepage water is encountered (groundwater table or
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perched water table). The non-cohesive topsoil and colluvium material will present sloughing/creep
failure where seepage is encountered.
Table 5-1: SANS 1200D earthwork specification
Classification

Description

Restricted excavations
Soft
Intermediate
Hard rock

Material which can be efficiently removed by a back-acting excavator of fly wheel power
>0.10 kW for each mm of tined bucket width
Material which can be removed by a back-acting excavator of fly wheel power >0.10 kW
for each mm of tined bucket width or with the use of pneumatic tools before removal by a
machine capable of removing soft material
Material that cannot be removed without blasting or wedging and splitting

Non-restricted excavations
Material which can be efficiently removed or loaded, without prior ripping, by any of the
following plant:
Soft

a bulldozer or a track-type front end loader having an approximate mass of 22 tonne and
fly wheel power of 145 kW
a tractor-scraper unit having an approximate mass of 28 tonne and fly wheel power of
245 kW pushed during loading by a bulldozer equivalent to that described above

5.3

Intermediate

Material which can be efficiently ripped by a bulldozer having an approximate mass of 35
tonne and a fly wheel power of 220 kW

Hard rock

Material that cannot be efficiently ripped by a bulldozer having an approximate mass of
35 tonne and a fly wheel power of 220 kW

Boulder Class A

Material containing more than 40% by volume of boulders of size between 0.03 m3 and
20 m3 in a matrix of soft material or smaller boulders

Boulder Class B

Material containing 40% or less by volume of boulders of size between 0.03 m3 and 20
m3 in a matrix of soft material or smaller boulders

Material index properties

5.3.1 Pedogenic
The particle size distribution indicates that the material is characterised by almost equal proportions
of sand and gravel with minor silt. Not surprisingly, the overall plasticity is very low. The very low CBR
results indicate that the gravel fraction appears to soften when saturated and that the ferruginised
nodules are not highly cemented.

5.3.2 Residual Peninsula Formation
The particle size distribution indicates that the medium to coarse sand and gravel fraction is similar in
proportion with a large variation in the fine-grained sand and silt content between the two samples.
This variation is attributed to the degree of weathering of the material. This variation continues with
the overall plasticity ranging from non-plastic to medium.

5.3.3 Problematic soils
The following problematic soils have been identified within South Africa: expansive clays, soft clays,
dispersive soils, pedogenic horizons and collapsible soils.
The occasionally slickensided soil structure observed within the clayey sand colluvium and residual
sandstone is indictive of historical soil movement due to heave. However, the degree of slickensiding
and non-plastic to medium plasticity of the material suggests that heave will not prove problematic at
this site.
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No soft clays were intersected at this site.
The fine sand colluvium is considered to be erodible as opposed to dispersive.
The pedogenic horizon is not considered problematic due to the lack of cementation.
The loose to medium dense sand colluvium (0.3m to 1m) should be considered to be potentially
collapsible until proven otherwise. This material is unlikely to prove problematic due to the fact that
this material will not be subjected to external loads greater than the overburden stress i.e. one of the
conditions required to initiate collapse (along with increase in in situ moisture content).

5.3.4 Soil permeability
The disturbed samples were remoulded to 95% Proctor density.
The permeability results assessed according to Table 4.1 in Carter & Bentley (1991) indicate the
following for the samples tested:
•

Pedogenic material – medium permeability i.e. good drainage conditions.

•

Residual material – low to very low permeability i.e. poor to practically impermeable drainage
conditions.

5.3.5 Suitability of the in-situ material for use as bedding/blanket
The pedogenic and residual material is unsuitable for use a bedding material i.e. it is not singularly
graded between a particle size ranging from 0.6mm to 19mm.
The pedogenic and residual material is suitable for use a blanket material i.e. the maximum particle
size is less than the required 30mm.

The laboratory results are summarised in Table 4-1.
The detailed laboratory certificates are included in Appendix C.

GREJ/COCB/ENGE

552626 Clarkson WWTW Geotechnical Investigation_FINAL

18 October 2019

SRK Consulting: Project No: 552626 Clarkson WWTW

Page 12

Table 5-2: Summarized laboratory results

< 0.002 mm

Grading Modulus

Liquid Limit (whole)

PI (whole)

Linear Shrinkage (whole)

USCS (ASTM D 2487)

-

2.08

6

2

1.1

GC-GM

TP7

2.5

3.2

Residual Peninsula Formation

1

3

3

24

69

-

0.42

30

17

8.4

CL

4.17 x 10-9 to 3.22 x 10-8

TP8

1.0

2.4

Residual Peninsula Formation

0

1

10

64

25

-

0.87

0

0

0.0

SM

1.62 x 10-6 to 3.27 x 10-6

Permeability (m/s)

0.002 - 0.075 mm
17

COLTO

0.425 - 0.075 mm
19

MAASHTO Swell %

2 - 0.425 mm
3

CBR 93%

5 - 2 mm
17

CBR 95%

> 5 mm
44

CBR 98%

Origin
Pedogenic

CBR 100%

To (m)
1.8

OMC (%)

From (m)
1.3

MDD (kg/m3)

TP ID
TP14

2274

7.7

7

6

5

4

0.5

<G9

3.14 x 10-4 to 2.86 x 10-3

Figure 5-2: Combined particle size distribution
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Conclusions and recommendations
The site is underlain by loose to medium dense sandy topsoil and colluvium grading sharply into
medium dense to very dense residual clayey sand (occasionally capped by a marginally cemented
ferricrete horizon). Quartzitic sandstone bedrock with highly variable rock mass properties and contact
depth was intersected in two test pits only.
Very week to weak seepage was intersected in two test pits at a depth ranging from 1.8m to 2.7m
below surface. The ferricrete horizon indicates the presence of a historical, intermittent, fluctuating
water table with an upper contact ranging from 0.4m to 1.6m below surface.
The site is classified as soft excavation to a depth ranging from 2.5m to 3.8m below surface. A small
percentage of intermediate grading into hard rock excavation should be allowed for in the schedule of
quantities for excavation within the sandstone bedrock.
The sidewalls are estimated to be stable in the short term based on current subsurface conditions, but
stability risks will increase where seepage is encountered in cut slopes (groundwater table or perched
water table). Consideration should therefore be given to battering back the non-cohesive topsoil and
colluvium material.
A permeability test conducted on a sample of the pedogenic material remoulded to 95% Proctor
density indicates that the permeability is medium i.e. good drainage conditions. The values for samples
collected from the residual material and subjected to the same preparation and test indicates a low to
very low permeability i.e. poor to practically impermeable drainage conditions.
The pedogenic and residual material is unsuitable for use a bedding material – suitable bedding
material will need to be imported from a commercial source.
The pedogenic and residual material is suitable for use a blanket material.
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Appendix A: Detailed soil profiles

HOLE No: TP10

Clarkson WWTW
Geotechnical Investigation

Sheet 1 of 1
JOB NUMBER: 552626

Scale
1:15

0.00

Slightly moist, brown grey, loose, intact, silty, fine SAND with root material. Topsoil.

0.50

Moist, brown grey, loose to medium dense, intact, fine SAND. Colluvium.

1.10

Moist, brown grey, medium dense, intact,
ferruginous(ferrigunised) nodules. Pedogenic.

fine

SAND

with

abundant

1.70

Moist, yellow brown stained orange, mottled light grey, dense to very dense, intact,
slightly clayey, SAND. Residual Peninsula Formation.

3.10

NOTES
1) Not to refusal.
2) No water seepage.
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Scale
1:15

0.00

Slightly moist, brown grey, loose, intact, silty, fine SAND with root material. Topsoil.

0.20

Moist, grey, medium dense to dense, intact, fine SAND. Colluvium.

0.90

Moist, orange brown blotched red, dense, slickensided, clayey, SAND with abundant,
well rounded ferruginous nodules and a ferricrete capping. Pedogenic.

1.30

Moist, yellow brown stained orange, mottled light grey, dense to very dense, intact,
slightly clayey, SAND. Residual Peninsula Formation.

2.30

Slightly moist to moist, grey white banded light pink, very dense, intact, fine to coarse
grained SAND. Residual Peninsula Formation.
2.50

NOTES
1) Refusal.
2) No water seepage.
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0.00

Slightly moist, brown grey, loose, intact, silty, fine SAND with root material. Topsoil.

0.20

Moist, brown grey, loose to medium dense, intact, fine SAND. Colluvium.

0.80

Moist, brown grey, medium dense, intact, fine SAND with abundant ferruginous
nodules. Pedogenic.

1.20

Moist, orange brown blotched red, medium dense, intact, (occasionally slickensided),
clayey, silty, SAND. Residual Peninsula Formation.

1.90

Moist, reddish brown stained dark purple and light grey, stiff, intact, clayey, sandy,
SILT. Residual Peninsula Formation.

3.00

NOTES
1) Not to refusal.
2) No water seepage.
CONTRACTOR : Kouga
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0.00

Very moist, brown, loose, intact, silty, fine SAND. Topsoil.
0.30

Moist, grey, medium dense, intact, fine SAND. Colluvium.

1.20

Moist, orange brown blotched red, medium dense, intact, (occasionally slickensided),
clayey, silty, SAND. Residual Peninsula Formation.

1.80

Moist, reddish brown stained dark purple and light grey, stiff, intact, clayey, sandy,
SILT. Residual Peninsula Formation.

3.20

Moist, light pinkish grey stained brown, very dense, intact, slightly clayey, silty, SAND.
Residual Peninsula Formation.
3.40

NOTES
1) Not to refusal.
2) No water seepage.
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0.00

Moist, dark grey, loose to medium dense, intact, fine SAND. Colluvium.

1.30

Moist, grey, dense, intact, silty, fine SAND with abundant ferruginous nodules.
Pedogenic.

1.80

1.80

Moist, orange brown blotched red, medium dense, intact, (occasionally slickensided),
clayey, silty, SAND. Residual Peninsula Formation.

2.80

NOTES
1) Not to refusal.
2) Weak water seepage at 1.80 m.
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0.00

Slightly moist, brown grey, loose, intact, silty, fine SAND with root material. Topsoil.

0.20

Slightly moist, brown grey mottled yellow brown, medium dense, pinhole voided silty,
fine SAND. Colluvium.

0.50

Clast supported, fine to medium GRAVEL, moderatly cemented ferruginous capping.
Pedogenic.

0.90

Moist, brown stained orange red and grey, dense, fissured, clayey, silty, SAND.
Residual Peninsula Formation.

1.40

Moist, red brown stained orange brown, dense to very dense, clayey, silty, SAND with
abundant ferruginous nodules. Residual Peninsula Formation.

1.70

NOTES
1) Refusal.
2) No Water seepage.
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0.00

Slightly moist, brown grey mottled yellow brown, medium dense, pinhole voided, silty,
fine SAND. Colluvium.

0.40

Clast supported, fine to medium GRAVEL, moderatly cemented ferruginous capping.
Pedogenic.

0.70

Moist, brown staind red, completetly weathered, fine GRAVEL sandstone, becoming
coarser with depth. Residual Peninsula Formation.

1.30

Reddish brown, completely weathered, friable SANDSTONE. Peninsula Formation.
NOTES
1) Refusal.
2) No water seepage.
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0.00

Moist, dark brown, medium dense, intact, silty fine sand with trace well-rounded
pebbles and rubble. FILL.

0.50

Clast supported, sub-rounded, ferruginous nodules in a upper silty, SAND, and lower
clayey, silty, sand matrix. Overall consistency dense. Pedogenic.

1.10

Moist, orange brown blotched red, medium dense, intact, (occasionally slickensided),
clayey, silty, SAND. Residual Peninsula Formation.

2.00

NOTES
1) Not to refusal.
2) No water seepage.
CONTRACTOR : Casual Labour
MACHINE : Hand Excavated/Auger
DRILLED BY :
PROFILED BY : GREJ
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0.00

Moist, brown, loose, intact, fine sand with rubble. Topsoil. FILL.

0.20

Moist, dark brown, loose to medium dense, intact, fine SAND. Colluvium.

0.70

Wet, dark grey black, medium dense, slightly clayey, silty, SAND. Colluvium.

1.40

Clast supported, sub-rounded, medium to coarse GRAVEL quartzitic sandstone in a
dark grey, clayey, silty, sand. Colluvium.
1.50

NOTES
1) Refusal.
2) Very weak water seepage from leaking pipes.
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0.00

Slightly moist, brown grey, loose, intact, silty, fine SAND with root material. Topsoil.

0.20

Slightly moist, brown grey mottled yellow brown, medium dense, pinhole voided, silty,
fine SAND. Colluvium.

0.80

Slightly moist, brown grey mottled yellow brown, medium dense, intact, clayey, SAND.
Colluvium.

1.10

Moist, grey stained yellow brown, dense to very dense, intact, (occasionally
slickensided), clayey, SAND. Colluvium.

1.60

Moist, orange brown streaked red and grey, dense, slickensided clayey, silty, SAND.
Colluvium.

1.80

Slightly moist, off-white, very dense, intact, fine to coarse grained SAND. Residual
Peninsula Formation.
NOTES
1) Refusal.
2) No water seepage.
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MACHINE : Hand Excavated/Auger
DRILLED BY :
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0.00

Moist, orange brown stained red and grey, dense, fissured, clayey, silty, SAND with
trace well rounded quartzitic sandstone. Topsoil.

0.50

Moist, dark brown, loose to medium dense, intact, fine SAND. Colluvium.

1.60

Moist, brown grey, medium dense, intact,
ferruginous(ferrigunised) nodules. Pedogenic.

fine

SAND

with

abundant

1.80

NOTES
1) Refusal.
2) No water seepage.
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DRILLED BY :
PROFILED BY : GREJ
TYPE SET BY : Adon
SETUP FILE : STANDARD.SET
D009 SRK Consulting

INCLINATION : VERTICAL
DIAM :
DATE :
DATE : 06 September

ELEVATION : WGS 84
X-COORD : -34.017222
Y-COORD : 24.355398

2019

HOLE No: TP6

DATE : 07/10/2019 07:48
TEXT : ..~1\NEWFOL~1\552626~1.TXT
dotPLOT 7022 PBpH

HOLE No: TP7

Clarkson WWTW
Geotechnical Investigation

Sheet 1 of 1
JOB NUMBER: 552626

Scale
1:20

0.00

Slightly moist, brown grey, loose, intact, silty, fine SAND with root material. Topsoil.

0.20

Moist, grey, medium dense, intact, fine SAND. Colluvium.

0.60

Moist, khaki yellow, medium dense, intact, fine SAND. Colluvium.

1.20

Moist, khaki yellow, medium dense, intact,
ferruginous(ferrigunised) nodules. Pedogenic.

fine

SAND

with

abundant

1.40

Moist, yellow brown stained orange, mottled light grey, dense to very dense, intact,
slightly clayey, SAND. Residual Peninsula Formation.

2.00

Moist, light grey speckled orange pink, very dense, intact, slightly clayey, silty, SAND.
Residual Peninsula Formation.

2.50

Moist, purple grey stained orange yellow and red, dense, intact, (occasionally
slickensided), elastic clayey, SAND. Residual Peninsula Formation.

3.20

Moist, light grey mottled light yellow, very dense, intact, silty, SAND. Residual
Peninsula Formation.

3.80

NOTES
1) Not to refusal.
2) No water seepage.
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0.00

Slightly moist, brown grey, loose, intact, silty, fine SAND with root material. Topsoil.

0.30

Moist, dark grey, loose to medium dense, intact, fine SAND. Colluvium.

1.00

Moist, light grey stained orange brown, medium dense to dense, intact, slightly clayey,
SAND. Residual Peninsula Formation.

2.40

Very moist, black, stiff, intact, sandy, CLAY. Residual Peninsula Formation.

2.70

2.70

White, slightly weathered, massive, hard rock, QUARTZITE. Peninsula Formation.
NOTES
1) Refusal.
2) Very weak water seepage at 2.70 m.
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0.00

Moist, brown grey, loose to medium dense, intact, fine SAND. Colluvium.

0.60

Moist, reddish orange mottled purple and light grey, dense, slickensided, clayey, silty,
SAND. Colluvium.

2.20

Moist, yellow brown stained orange, mottled light grey, dense to very dense, intact,
slightly clayey, SAND. Residual Peninsula Formation.

3.10

NOTES
1) Not to refusal.
2) No water seepage.
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