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Copyright
All intellectual property rights and copyright associated with GroundTruth’s services are
reserved and project deliverables1 may not be modified or incorporated into subsequent
reports, in any form or by any means, without the written consent of the author/s. Similarly,
this report should be appropriately referenced if the results, recommendations or conclusions
stated in this report are used in subsequent documentation. Should this report form a
component of an overarching study, it is GroundTruth’s preference that this report be
included in its entirety as a separate section or annexure/appendix to the main report.

Indemnity
The project deliverables, including the reported results, comments, recommendations and
conclusions, are based on the author’s professional knowledge as well as available
information. The study is based on assessment techniques and investigations that are limited
by time and budgetary constraints applicable to the type and level of survey undertaken.
GroundTruth therefore reserves the right to modify aspects of the project deliverables if and
when new/additional information may become available from research or further work in the
applicable field of practice, or pertaining to this study.
GroundTruth exercises reasonable skill, care and diligence in the provision of services,
however, GroundTruth accepts no liability or consequential liability for the use of the supplied
project deliverables (in part or in whole) and any information or material contained therein.
The client, including their agents, by receiving these deliverables indemnifies GroundTruth
(including its members, employees and sub-consultants) against any actions, claims,
demands, losses, liabilities, costs, damages and expenses arising directly or indirectly from or
in connection with services rendered, directly or indirectly by GroundTruth.

Validity Period
It should be noted that the findings of these freshwater ecosystem studies, including the
infield delineation of the systems, are considered to be valid for a period of five (5) years
unless new/additional information warrants a change in project findings. This is based on the
likelihood of changes within the systems (e.g. changes in vegetation composition or altered
flow patterns) and the associated catchment areas (e.g. increased runoff or establishment of
streamflow reduction activities.

1

Project deliverables (including electronic copies) comprise inter alia: reports, maps, assessment and monitoring
data, GIS shapefiles, and photographs.
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1. INTRODUCTION
Local, regional and national regulatory bodies, such as the Departments of Water and
Sanitation (DWS) and Economic Development, Tourism and Environmental Affairs (EDTEA),
have adopted legislation, policies and guidelines that regulate the use of freshwater
ecosystems to protect and maintain these systems’ benefits and services to society and the
natural environment. In order to be regulated, these systems must first be identified,
delineated and assessed.
The objective of the delineation procedure is to identify the boundary between the
freshwater ecosystems and adjacent terrestrial areas. The process of freshwater ecosystem
delineation identifies the extent of these ecosystems based on the following legal definitions2:


“Wetland means 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 typically adapted to life in saturated soil.”



“Riparian habitat includes the physical structure and associated vegetation of the
areas associated with a watercourse which are commonly characterized by
alluvial soils, and which are inundated or flooded to an extent and with a
frequency sufficient to support vegetation of species with a composition and
physical structure distinct from those of adjacent land areas.”

Although previous studies exist for the site, it is our understanding that the GroundTruth
reports will supersede these studies as they are based on detailed infield investigations and
include information required for both the environmental authorisation and water use license
application processes. This report includes a wetland study and an aquatic study. The
freshwater ecosystems, including both wetland and riparian habitat types within 500m of the
proposed Pakco Industrial Park were identified and delineated (Figure 1-1). Where
applicable, the identified systems were assessed to describe their present ecological state and
functioning, in order to inform the assessment of the risks posed by the proposed
development. Mitigation measures have been provided to ensure that these risks are
minimised.

2

As per the National Water Act (Act No. 36 of 1998)
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Figure 1-1 Location of the proposed Pakco Industrial Park including the DWS 500m radius (study site)
© GroundTruth
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2. TERMS OF REFERENCE
The proposed Pakco Industrial Park is located in Verulam, KwaZulu-Natal. In order to
determine whether the proposed development layout will have an impact on wetland and
aquatic systems located within 500m, it is essential to determine the extent and condition of
these freshwater habitat types. The identification and assessment of these systems allows
for appropriate mitigation planning to ensure that the proposed development does not result
in a loss of freshwater habitat. The terms of reference of this study included the following:


Delineation of the outer edge of the freshwater ecosystems within the proposed
development site and verification within 500m of the proposed development
site;



Mapping of freshwater ecosystems at an appropriate scale;



Wetland Components:
o Description and assessment of the current state of the wetlands
hydrologically linked to the proposed development site; and
o Functional assessment of the wetland habitat hydrologically linked to the
proposed development site;



Aquatic Components:
o Determination of the baseline ecological condition of the aquatic and
riparian components of the freshwater ecosystems;



Description of the likely impacts and risks associated with the development and
appropriate mitigation measures to avoid impacts to the freshwater ecosystems;



Buffer recommendations that should be adopted to protect the freshwater
ecosystems from impacts associated with the proposed development; and



Identification of other sensitivities and important issues not identified within the
assessment process if applicable.

© GroundTruth Water, Wetlands and Environmental Engineering
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3. KNOWLEDGE GAPS
The following sections highlight the assumptions, limitations and knowledge gaps associated
with this study that may influence the type of information collected, and the accuracy of the
data.

3.1 Assumptions
Studies relating to natural ecosystems and understanding historical conditions rely on various
assumptions, with the following assumptions being made during the assessment of these
particular systems:


The reference benchmark vegetation within the study area is considered to be
KwaZulu-Natal Coastal Belt (CB3), which has been classified as ‘Endangered’
(Mucina and Rutherford 2006).



The bioregion is considered to be Indian Ocean Coastal Belt (CB) (Nel et al. 2011),
which has been classified as having an ‘endangered’ conservation status, due to
the lack of protection it receives.
Any hydrologically-isolated freshwater ecosystems have been excluded from any
further assessments in this report.




The discharge of wastewater and stormwater from the proposed development
will be appropriately controlled to ensure that the adjacent and downstream
freshwater ecosystems are not negatively affected by the development activities,
i.e. hydrocarbons and contaminants entering the freshwater ecosystems. The
management of wastewater and stormwater will be outlined in a formal
management plan, to ensure there is no threat to the integrity of the freshwater
ecosystems.



Conditions identified during the site visit were assumed to be representative of the general
condition of the site.

3.2 Limitations
The following limitations apply to the studies undertaken for this report:


Due to time constraints, soil descriptions are based on moist conditions, rather
than the dry conditions stipulated in the DWS guidelines (DWAF 2005).
Generally, the recorded Munsell colour values would increase as soil is dried. This
was taken into consideration during the infield studies.



The soils within the proposed development site and the surrounding landscape
were highly disturbed due to urban/residential activities and additional water
inputs; making the interpretation of soil profiles difficult at times.



Extensive urban-related modifications have taken place within the proposed
development site and within the surrounding landscape, limiting the team’s
ability to delineate the pre-disturbance extent of freshwater ecosystems in
certain instances.

© GroundTruth Water, Wetlands and Environmental Engineering
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The extent of the freshwater ecosystem beyond the proposed development site
(within the 500m radius), was derived from aerial imagery with limited infield
verification. Due to the level of modification within the landscape the accuracy
of the derived information is limited. Nonetheless, the verification of the
wetland habitat within the 500m radius should be seen as adequate for
authorisation purposes and would require detailed delineation should the
client/any persons want to develop an area that falls within the verification zone.
The riparian assessments reflect the state of each river/stream in close proximity (i.e.
within the study site boundary) to the development site and not the state of the full
length of each river/stream.
All assessments undertaken were based on the impacts that were noted at the time
of the site visit. Should conditions onsite change, the assessments may not
necessarily reflect such changes.
Due to the limited aquatic habitat availability, not all biological sampling
techniques could be conducted at all sites.
The included illustrative buffer zones are determined in GIS, using a horizontal plane
that does not take into consideration the local topography, i.e. the physical buffer
distance would differ from the GIS-derived buffer on steep slopes. In order to
accurately determine the buffer zones, these would have to be manually measured,
pegged and recorded using a GPS.

The project deliverables, including the reported results, comments, recommendations and
conclusions, are based on the authors’ professional knowledge as well as available
information. This study is based on assessment techniques and investigations that are limited
by time and budgetary constraints applicable to the type and level of survey undertaken. This
study is, however, considered to be the most accurate and up to date assessment of the
wetland habitat associated with the study area, and should be used to inform the decision
making processes of the relevant authorities.

© GroundTruth Water, Wetlands and Environmental Engineering
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4. STUDY AREA
The following section provides an overview of the study area, focusing on the regional
context, climate, and wetland types.

4.1 Regional context
South Africa is a semi-arid country, and thus wetlands are important features within the
landscape as they provide ecosystem services directly related to water quantity and quality.
Approximately 300’000ha of wetlands or 2.4% of South Africa’s surface area remain. It is
estimated that there has been a loss of between 35% and 60% of wetlands across the major
catchments in South Africa and of the remaining systems, 48% are classified as critically
endangered making these systems the most threatened ecosystems (Nel and Driver 2012).
Within the KwaZulu-Natal region, wetlands have been subjected to high levels of modification
and destruction (Kotze et al. 1995; Macfarlane et al. 2012). The factors contributing towards
the degradation of the systems vary greatly, but the predominant impacts include
urbanisation, abstraction, dams, cultivation, drainage and over-grazing (Macfarlane et al.
2012). The loss of wetland habitat within KwaZulu-Natal is considered to be of concern due
to the value of wetlands in terms of contributions to water quantity and quality, supporting
unique biological diversity and other ecosystem services (Kotze et al. 2007). Taking into
consideration the above-mentioned degradation of wetland ecosystems, it is important that
the proposed development attempts to maintain the current levels of ecosystem service
delivery, and where possible, enhance the systems’ ability to supply these benefits and
services.
The eThekwini State of the Rivers report indicates that the portion of the Mdloti River that
flows past the Pakco Industrial Park is in a poor condition (GroundTruth 2007). The identified
impacts and threats to this portion of the Mdloti River included catchment activities and
discharges into the river, nutrient enrichment and the encroachment of alien aquatic weeds.
The adoption of an integrated catchment management approach for reducing nutrient inputs
was identified as a management priority for this river.

4.2 Climate
The study area falls within the U30B quaternary catchment, as defined by Midgley et al.
(1994).
The Mean Annual Precipitation (MAP) is 983.2mm and the Potential
Evapotranspiration (PET) for is 757.4mm (Schulze 2007). This would suggest that the
wetlands within the U20E catchment have a Low sensitivity to hydrological impacts
(Macfarlane et al. 2007).

4.3 Vegetation types
Under natural conditions the surrounding landscape and study area would have been
characterised by particular vegetation types. The historical dominant vegetation type present
© GroundTruth Water, Wetlands and Environmental Engineering
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would have been the KwaZulu-Natal Coastal Belt (CB 3), which falls under the Indian Ocean
Coastal Belt (CB) Group 2 bioregion (Nel et al. 2011; Mucina and Rutherford 2006). The
vegetation type has been classified as ‘endangered’, with less than 0.6% receiving formal
protection. Of the remaining 50% only a small percentage is statutorily protected in reserves
including Ngoye, Mbumbazi and Vernon Crookes Nature Reserves. This vegetation type
extends from Mtunzini along the north coast of KwaZulu-Natal to Port Edward in the south,
and commonly occurs at altitudes of 20-450m above sea level. The greatest threat to this
vegetation type has been agriculture, urbanization and the construction of roads (Mucina and
Rutherford 2006). The extent of intact vegetation with the Pakco Industrial Park is limited
due to the encroachment of alien invasive plant species.

4.4 National Freshwater Ecosystem Priority Areas
The National Freshwater Ecosystem Priority Areas (NFEPA) is a tool developed to assist in the
conservation and sustainable use of South Africa’s freshwater ecosystems, including rivers,
wetlands and estuaries. Nel et al. (2011) classified the freshwater ecosystems according to
their Present Ecological State ‘AB’, ‘C’, and ‘DEF’ or ‘Z’ (Table 4-1).
Table 4-1 Description of NFEPA wetland condition categories
(Nel et al. 2011, p.37)
PES equivalent
NFEPA
Description
condition
Natural or Good
Moderately
modified
Heavily to critically
modified

% of total
national wetland
area*
47
18

AB
C

Percentage natural land cover ≥ 75%
Percentage natural land cover 25-75%

DEF

Riverine wetland associated with a D, E, F or Z
ecological category river
Wetland overlaps with a 1:50 000 ‘artificial’ inland
water body from the Department of Land Affairs:
Chief Directorate of Surveys and Mapping (20052007)
Majority of the wetland unit is classified as
‘artificial’ in the wetland locality GIS layer
Percentage natural land cover ≤ 25%

Z1

Z2
Z3

2
7

4
20

*this percentage excludes unmapped wetlands, including those that have been irreversibly lost
According to the available NFEPA wetlands coverage, no wetlands within the surrounding
landscape, or in the proposed development site, have been classed as priority wetlands
(Figure 4-1). Multiple low priority systems are present within the surrounding landscape,
including a wetland within the proposed development site. The characteristics of this wetland
were verified during the site visit. According to the available NFEPA rivers coverage, the
Mdloti River is located downstream of the proposed development site, however, this has
been classified as a low priority system due to the level of modification that has taken place
within the river and its catchment.
In addition to the NFEPA coverages, the Durban Metropolitan Open Space System (DMOSS)
was investigated to determine whether the Pakco Industrial Park falls within a DMOSS zone.
© GroundTruth Water, Wetlands and Environmental Engineering
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According to the DMOSS coverage, the Pakco Industrial Park does not fall within a DMOSS
zone.

© GroundTruth Water, Wetlands and Environmental Engineering
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Figure 4-1 Overview of NFEPA systems within the greater study area
© GroundTruth Water, Wetlands and Environmental Engineering
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5. EXPERTISE OF THE SPECIALISTS
Due to the nature of the study, the project team included personnel with experience in
mapping, delineation, and assessment of freshwater ecosystems in KwaZulu-Natal (Table
5-1).
Table 5-1 Team members, roles, experience levels and qualifications
Practitioner

Role in the Study

Qualifications

Craig Cowden



M.Sc.
(Environmental
Science)
Pr.Sci.Nat –
Ecology.



Experience Levels
Wetland Study
18 years’ experience, with
Project management
input into various wetland
and oversight; and
studies, including:
Review of the project
report.
 Delineation;


Assessments;



Rehabilitation
planning;



Monitoring and
evaluation of
wetland
rehabilitation
projects; and


Matt Janks





Conducting the infield
freshwater ecosystem
delineation; and
Compilation of project
report.

Mitigation & offset
requirements.
4 years’ experience, with
input into various freshwater
ecosystem studies, including:



Delineation;



Assessments; and

M.Sc. (Botany).
Pr.Sci.Nat –
Ecology.



Steven Ellery



Conducting the infield
freshwater ecosystem
delineation;

Monitoring and
evaluation of
wetland
rehabilitation
projects.
1 years’ experience, with
input into various freshwater
ecosystem studies, including:



GIS processing;





Conducting the
assessments of
the freshwater
ecosystems; and
Compilation of project
report.

Infield research
studies;



Rehabilitation
planning;



Delineation; and



Assessments.



© GroundTruth Water, Wetlands and Environmental Engineering
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Ayanda Lepheana





Riparian and Aquatic Study
11 years’ experience, with
Conducting the infield
input into various aquatic
aquatic sampling for
studies, including:
macroinvertebrates,
diatoms and water
 Water quality
chemistry;
assessments;
Conducting the aquatic  Ecoclassification
health assessments;
determination;
and
 Reserve studies; and
Compilation of
project report.
Conducting the infield
aquatic sampling for,
diatoms and water
chemistry; and
Compilation of
project report.

B.Sc (Ecology)
Cert. Sci. Nat Environmental



Routine monitoring
assessments.
6 years’ experience, with
input into various aquatic
studies, including:
 Water quality
assessments;
 Routine monitoring
assessments; and
 Management of
community-based
environmental work.

© GroundTruth Water, Wetlands and Environmental Engineering
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6. STUDY METHODOLOGY
This section of the report provides an overview of the methodology adopted to delineate and
assess the identified freshwater ecosystems associated with the study area.

6.1 Site visit
A site visit was conducted on the 14th February 2019 to delineate the extent of freshwater
ecosystems within the study area and collect data to allow the team to assess the level of
integrity and functioning of the identified wetland and aquatic habitat.

6.2 Freshwater ecosystem identification and mapping
The preliminary identification and mapping of all freshwater ecosystems within the study area
was undertaken at a desktop level utilising available aerial imagery and contour data. The
freshwater ecosystems that will be primarily impacted upon by the proposed development
were delineated infield in accordance with the DWS guideline document. The derived
boundaries were determined at appropriate intervals within the study area, and recorded
using a mapping grade Global Positioning System (GPS)3. The subsequent information was
used to inform the production of a Geographic Information System (GIS) spatial coverage of
the boundaries of the freshwater ecosystems. In accordance with the preferences of the
regional DWS, the study also attempted to Identify and/or describe the zones of wetness
within the study site (Figure 6-1).

Figure 6-1 Wetness zones within wetland ecosystems
(DWAF 2005, p.6)

3

Mobile Mapper 50 handheld unit, a professional sub-meter accurate receiver

© GroundTruth Water, Wetlands and Environmental Engineering
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6.3 Assessment of wetland functioning and condition
There was no natural wetland habitat identified within the proposed Pakco Industrial Park
(details provided in Section 7.1 and Appendix 1), and therefore an assessment of wetland
condition was not undertaken.

6.4 Assessment of riparian and aquatic habitats
The methodology that was applied drew on the latest available tools within South Africa for
the assessment of the Present Ecological State (PES) and Ecological Importance and Ecological
Sensitivity (EIES) of aquatic and riparian biota. The appropriate selection of the various tools
used (Table 6-1) was informed by the available habitat on site, the flow conditions at the time
of sampling and any other biophysical limitations.
To inform the interpretation of the biological assessments the sampling was supplemented
by the in-situ collection of a suite of physico-chemical water quality determinants.
Table 6-1 The suite of assessments undertaken at each of the four sampling sites
Site
Assessment

PIP1

PIP2

PIP3

Upstream

PIP4
Downstream

Aquatic invertebrates
(SASS5)



Benthic diatoms





Riparian/instream
integrity (IHI)





Physico-chemical water
quality





Laboratory chemical
water quality









6.4.1 South African Scoring System (SASS5)
Over recent years the SASS method has become the standard for the rapid bioassessment of
rivers in South Africa. It now forms the backbone of the National River Health Programme
(Uys et al. 1996) and is increasingly being included in the determination of the Ecological
Reserve as required by the South African National Water Act (Act 36 of 1998). The SASS5
method (Dickens and Graham 2002) was used as the primary indicator of surface water
quality in this assessment.
Reference conditions were derived from Dallas (2007) for rivers in natural condition, as
defined by relevant SASS5 metrics (scores and Average Score Per Taxon (ASPT) values). These
guidelines were developed within a spatial framework, namely, Ecoregion level 1, as classified
by Kleynhans et al. (2005), and longitudinal/geomorphological zones, as suggested by Dallas
(2007). The guidelines are split into 5 biological bands, “natural”, “good”, “fair”, “poor” and
© GroundTruth Water, Wetlands and Environmental Engineering
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“seriously modified” (Table 6-2 and Table 6-3), each with an attendant ecological and
management perspective. According to the method proposed by Dallas (2007), the SASS and
ASPT scores are used to determine the ecological (health) categories of sites.
6.4.2 Benthic diatoms (algae)
Diatoms are one of the algal groups and are distinguished from other algae by the silica shells
that they form. These shells are unique to each species of diatom. Diatoms (as primary
producers) are also a component at the base of the aquatic food web and disruption to their
“natural” functioning has the potential to cascade up the food chain to all other trophic levels
- hence their importance at the fundamental level of assessment.
Benthic diatom samples were collected to provide an indication of the integrated water
quality situation as an addition to the SASS data. Diatoms, have been shown to be reliable
indicators of specific water quality problems such as organic pollution, eutrophication, as well
as for general water quality (Taylor 2006). Round (1993) lists why diatoms are useful
indicators for biomonitoring:


diatoms have a universal occurrence throughout all rivers;



field sampling is rapid and easy;



the cell cycle is rapid and they react quickly to perturbation;



diatoms are relatively insensitive to physical features in the environment
(although sensitive to chemical water quality parameters);



cell counting by microscopic techniques is relatively rapid and accurate (although
requires the unique skills of a diatom specialist);



cell numbers per unit area of substratum are enormous, making random counts
excellent assessments of diatoms;



the ecological requirements of diatoms are in many cases better known than
those of other groups of riverine organisms;



permanent records can be made from every sample;



diatoms do not have specific food requirements, specialised habitat niches, and
are not governed to a major extent by stream flow.

6.4.3 Index of habitat integrity
In addition to the sampling of aquatic biological indicators, riverine habitat was assessed using
the rapid Index of Habitat Integrity (IHI) assessment tool. These assessments were undertaken
at the sites to establish the integrity of the instream and riparian habitats. The IHI assessment
forms part of the published methods for the ecoclassification of South African rivers
(Kleynhans 2009). The rapid IHI (Kleynhans, 1996 v2) assessment was undertaken at each of
the sites.

© GroundTruth Water, Wetlands and Environmental Engineering
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6.4.4 Physico and laboratory – chemical water quality
In-situ samples of temperature, electrical conductivity, pH, water clarity and dissolved oxygen
were collected at each sample site in order to assist in the interpretation of the biological data
as well as to establish the condition of the water chemistry. Not all water chemistry can be
assessed in-situ and further assessments of suspended solids, oil and grease, chemical oxygen
demand, phosphates, nitrate, nitrite and E. coli were assessed at SANAS accredited laboratory
from water samples collected at the same time as the biological assessments were done.
Table 6-2 SASS Score and ASPT used to define river health class boundaries for the north eastern coastal belt
(combined) Ecoregion level 1 (derived from Dallas 2007) and Diatom SPI score and water quality
classes (derived from Taylor et al. 2006), IHI (derived from Kleynhans, Louw and Graham 2009)
Indices
River health/ quality class

Aquatic invertebrates
SASS

Benthic diatoms

ASPT

Instream and riparian

SPI

IHI

Natural

≥

180

7.3

17.0

90

Good

≥

158

6.8

13.0

80

Fair

≥

118

6.3

9.0

60

Poor

≥

95

5.5

5.0

40

Seriously Modified

≤

95

5,5

5.0

40

Table 6-3 River health classes and their attendant ecological and management perspectives (derived from
Kleynhans and Louw 2007)
River health
classes

Ecological perspective

Management perspective

No or negligible modification of in-stream
and riparian habitats and biota.

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

Good

Ecosystems essentially in good state;
biodiversity largely intact.

Some human-related disturbance but mostly of
low impact potential.

Fair

A few sensitive species may be lost; lower
abundances of biological populations may
occur.

Zones of competing uses; developmental
pressures are dominant feature.

Poor

Habitat diversity and availability have
declined; mostly only tolerant species
present; species present are often diseased;
population dynamics have been disrupted
(e.g. biota can no longer breed or alien
species have invaded the ecosystem).

Often characterised by high human densities or
extensive resource exploitation. Management
intervention is needed to improve river health
– e.g. to restore flow patterns, river habitats or
water quality.

Seriously
Modified

Loss of habitat availability and high levels of
pollution, result in few families being
present due to the loss on most intolerant
forms.

Often characterised by high human densities,
pollution or extensive resource exploitation
and modification. Management intervention is
needed for improvement to occur.

Natural
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6.5 Buffer determination
To protect freshwater ecosystems from impacts linked to adjacent land uses, appropriate
buffer zones should be adopted. Aquatic buffer zones4 should therefore be determined for
all water resources in close proximity to a particular land use, during the construction and
operational phases thereof, thereby limiting negative impacts. According to Macfarlane et al.
(2015), aquatic buffer zones offer a range of functions that protect the water resource and
associated biodiversity, including inter alia:


Maintaining aquatic processes such as infiltration of surface water, promoting
diffuse flow of water into the water course, stream bank stability and flood
control;



Reducing impacts from upstream and adjacent land uses through sediment
control and the removal of pathogens, toxicants and nutrients;



Providing habitat for aquatic, semi-aquatic and terrestrial species; and



Providing societal benefits such as reducing flood risk, noise control, improved
air quality and recreational prospects.

It is however, important to emphasise that buffers zones are limited with respect to
addressing certain impacts (Macfarlane et al., 2015) which include but are not limited to:


Streamflow regulation;



Mitigating point source impacts such as sewage discharges; and



Prevention of groundwater contamination.

The newly developed preliminary buffer guideline document for rivers, wetlands and
estuaries (Macfarlane et al., 2015), which has been included in the recently released General
Authorisation (GA) recommendations, has adopted a variable-width buffer approach. The
buffer tool derives two variable-width buffers for the construction and operational phases of
the development, with the greater buffer distance being selected as the appropriate buffer
distance. It should be noted that in order to account for the practical management of the
buffer zone and to protect the freshwater ecosystems from direct disturbances, a minimum
buffer distance of 15m has been defined within the guideline document.
To determine the buffer distance to be adopted for the development site, a rapid infield
assessment was undertaken for the identified freshwater ecosystems and the adjacent
landscape in accordance with the guideline document. The infield assessment included
determining the slope5, soil texture, vegetation6, and micro-topography7 characteristics of the
buffer and incorporated the findings of the freshwater ecosystems assessments. This
information was then captured into the buffer model, whereby the appropriate buffer
distances were derived
A zone of well vegetated land adjacent to a water resource designed to reduce sediment and pollutant transport via diffuse
surface runoff to acceptable levels (Macfarlane et al. 2015).
5 Areas of different slope characteristics are split into individual buffer segments, with a buffer distance derived per segment.
6 Vegetation composition relating to the ability of the vegetation cover to control surface runoff through the buffer zone.
7 Relating to the uniformity of the buffer zone surface in relation to the way water will be transported to the watercourse.
4
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6.6 Water course risk assessment
The risk assessment matrix (DWS 2015) assesses the likely impact the proposed development
may have on the freshwater ecosystems hydrologically linked to the development. A broad
outline of the criteria considered are as follows:


Nature of the impact;



Scale/extent of the impact;



Duration of the impact;



Intensity/severity of the impact; and



Probability/likelihood of the impact occurring.

Identified impacts were evaluated according to the above-mentioned criteria. The
significance of impacts were derived through a synthesis of ratings of all criteria in the
following calculation:
(Severity + Spatial Extent + Duration) x Probability/Likelihood = Significance
The significance of a potential impact on decision-making was indicated through significance
points, which are described in Table 6-4.
Table 6-4 List of descriptors for the significance score of an impact.
(DWS 2015)
RATING

AUTHORISATION

CLASS

MANAGEMENT DESCRIPTION

1 – 55

(L) Low Risk

Acceptable as is or consider requirement for
mitigation. Impact to watercourses and resource
quality small and easily mitigated. Wetlands are
excluded.

GA

56 – 169

(M)
Moderate
Risk

Risk and impact on watercourses are notable and
require mitigation measures on a higher level, which
costs
more
and
requires specialist input. Wetlands may be excluded.

WUL

170 – 300

(H) High
Risk

Always involves wetlands. Watercourse(s) impacts
by the activity are such that they impose a long-term
threat on a large scale and lowering of the Reserve.

WUL
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7. STUDY RESULTS
The results of the studies and investigations undertaken to inform the assessment of the
impacts on freshwater ecosystems are outlined in the following sections.

7.1 Freshwater ecosystem delineation
7.1.1 Freshwater ecosystems within the Pakco Industrial Park
The freshwater ecosystem delineation process identified three riparian channels that flow
through or enter the proposed development site (Figure 7-2, Map GTW840-290319-01). The
main riparian channel (Riparian Channel 1), an unnamed tributary of the Mdloti River, flows
in a north-easterly direction through the valley bottom portion of the Pakco Industrial Park.
Two smaller tributaries were also identified, one flowing along the northern-most boundary
in an easterly direction (Riparian Channel 2) and another entering the western boundary of
the Pakco Industrial Park (Riparian Channel 3). All of the riparian systems within the Pakco
Industrial Park are in a modified state due to alien invasive plant encroachment, bank erosion,
channel modification, rubbish dumping and nutrient inputs. The PES of each riparian system
and the associated aquatic habitat is described in detail within Section 7.3.
No natural wetland habitat was identified within the proposed Pakco Industrial Park (detailed
site information is presented within Appendix 1). Multiple soil samples were taken across
the extent of the Pakco site, and none of the samples displayed signs of soil wetness indicators
within 50cm of the ground surface. The soils were generally very dark brown (10yr 2/2), very
dark grayish brown (10yr 3/2), black (10yr 2/1, 7.5yr 2.5/1) or dark brown (10yr 3/3). Soil
mottling was not present within any of the samples (Figure 7-1). The site has been
significantly disturbed by historical activities such as platform creation and the dumping of
building rubble, which has altered the soil characteristics that would have naturally been
present on the site.
Surface water was present, flowing through a shallow channel that originates near Pakco road
and flows in a northerly direction into the Riparian Channel 1 riparian channel. The water
appears to originate from the existing Pakco Industries complex and a surcharging sewage
manhole, and therefore the source of water is considered to be artificial in nature. The
shallow channel is also most-likely artificial in origin and has formed as a result of point
discharges from the existing Pakco Industrial Complex and the concentration of flows
resulting from the infilling and terracing of the surrounding landscape.
The site was generally dominated by Pennisetum purpureum (excluding the areas of artificial
wetland habitat, Figure 7-1). P. purpureum is an alien invasive plant (grass) species that
typically invades rich soils, riverine sites, valley floors and forest margins (Fish et al. 2015). It
is not a wetland indicator species and therefore its presence on the Pakco Industrial Park site
should not be interpreted as indicative of wetland habitat.
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Figure 7-1 Example of the very dark grayish brown soils (left) and dense stands of Pennisetum purpureum
(right) present on the Pakco Industrial Park site

An area of artificial wetland habitat, characterised by the presence of obligate wetland
species such as Typha capensis, Leersia hexandra and Kyllinga sp, was identified on the
embankment adjacent to Pakco road (Figure 7-2). A review of historical imagery from the
1930’s, 1950’s and 1960’s does not suggest that wetland habitat was present prior to the
disturbances that have occurred on the Pakco Industrial Park site. It is likely that this artificial
wetland habitat has formed as a result of multiple factors, including:


Platform construction which has modified natural topography, promoting the
accumulation of water; and



A municipal main water pipeline runs adjacent to Pakco road. The pipeline trench
may act as a conduit for leaking pipeline water or subsurface water flows. The
gradient of the pipeline levels out at the point at which the artificial wetland has
formed. This gradient change may promote the decanting of water from the
pipeline trench into the adjacent landscape, which may provide additional flows
to the artificial wetland area.

GroundTruth is of the opinion that the wetland in this area is artificial in nature, colonised by
disturbance-tolerant species of low biodiversity value and, due to its location in the
landscape, provides a limited level of ecosystem services to the surrounding landscape. In
order to determine whether a leaking water pipeline is providing a source of water to the
artificial wetland area, additional investigations would need to be undertaken which are not
within the scope of this study.
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Figure 7-2 Freshwater ecosystems identified on the proposed Pakco Industrial Park, including riparian habitat, artificial wetland habitat, the artificial channel and
discharging infrastructure (Rip 1 = Riparian Channel 1, Rip 2 = Riparian Channel 2 and Rip 3 = Riparian Channel 3)
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7.1.2 Freshwater ecosystems within 500m of the Pakco Industrial Park
Multiple freshwater ecosystems were identified outside of but within 500m of the Pakco
Industrial Park (Figure 7-3, Map GTW840-290319-01). This included the Mdloti River
Floodplain, which is located approximately 200m downstream of the Pakco Industrial Park,
and multiple systems that are hydrologically isolated from the Pakco Industrial Park. The
systems that are considered to be hydrologically isolated fall within a different local
catchment and therefore will not be influenced by the proposed Pakco Industrial Park.
The proposed Pakco Industrial Park falls within the catchment area of the Mdloti River
floodplain and not directly within the system itself. The Mdloti River floodplain is in a
modified state as a result of infilling, sand mining, alien invasive tree/plant encroachment and
extensive catchment modifications. The Pakco Industrial Park, which is approximately 12ha in
size, is located approximately 200m upslope of the Mdloti River floodplain and accounts for
0.12% of the Mdloti River floodplain catchment area (approximately 10 000ha). Due to the
existing impacts to the floodplain wetland, the small size of the proposed Pakco Industrial
Park in relation to the size of the wetland’s catchment, and the distance of the proposed
Pakco activities from the wetland, the proposed Pakco Industrial Park is unlikely to negatively
impact upon the system to the extent that an integrity assessment (Wet-Health), which
considers hydrology, geomorphology and vegetation, would reflect these changes.
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Figure 7-3 Overview of the freshwater ecosystems identified within 500m of the proposed Pakco Industrial Park
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7.2 Wetland assessment of integrity and functioning
As mentioned previously, there was no natural wetland habitat identified within the proposed
Pakco Industrial Park and the proposed activities are unlikely to impact upon the Mdloti River
Floodplain, located approximately 200m downstream of the Pakco Industrial Park. Therefore
an assessment of wetland condition was not undertaken.

7.3 Riparian and aquatic assessment of integrity
Generally, the assessments found the aquatic monitoring sites to be in a seriously modified
to poor condition. Organic pollution, E. coli, and chemical oxygen demand were the main
water chemistry impacts identified, these parameters were problematic due to surcharging
sewage and manholes adjacent to Riparian Channel 1. Instream and riparian habitats were
also generally in a poor to seriously modified condition, with bank and flow modification,
exotic vegetation and physico-chemical issues being the largest riparian impacts across the
systems.
Site specific results are summarised in the tables below. A stormwater drainage line enters
the lower reaches of Riparian Channel 1 that was discharging at the time of sampling. Only
in-situ water chemistry was collected from this stormwater drainage line. Only IHI was
recorded for Riparian Channel 3 due to the lack of flows in the channel required for water
quality sampling.
A summary of the riparian and aquatic assessments is provided in Figure 7-4.
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Site 1 - Upper reaches of Riparian Channel 1
Upstream photo

Downstream Photo

Date
14 February 2019
Area
Verulam
Description: Upstream of the Pakco Industrial Park and below the railway line. The river flows were less than 1m wide
and 10 cm deep at the site. The water (potentially untreated sewage from the blocked manhole) was slow flowing and
the dominant substrate was sand. Exotic vegetation was dense at the site. The water at the site was grey in colour and
surcharging manhole was observed upstream of the site.
Aquatic Assessments
Macroinvertebrates
SASS Score
ASPT Score
PES

NA
NA
NA

Benthic Diatoms
SPI
3.8
%PTV
64.7
% Deformed
2
PES
Seriously Modified
Index of Habitat integrity
Instream
36
PES
Seriously Modified
Riparian
27
PES
Seriously Modified
Overall health score for the site:

In situ and chemical water quality
Temperature (oC)
pH (log units)
Electrical Conductivity (mS/m)
Dissolved Oxygen (mg O2/L)
Dissolved Oxygen (%)
Clarity (cm)
Chemical water quality
Suspended Solids (mg/L)
Soap, oil and grease (mg/L)
Chemical oxygen demand (mg O2/L)
Soluble Reactive Phosphates (ug P/L)
Nitrate (mg N/L)
Nitrite (mg N/L)
E. coli (Cfu/100ml)

25.11
7.64
166.1
0.45
5,0
20

35.6
<1.20
142
453
<0.10
<0.10
1299700

Seriously Modified

The upstream portion of Riparian Channel 1 was found to be in a seriously modified state
based on the diatom assessment. The dominant diatom species present included Nitzschia
palea (Kützing) W.Smith (42%), Gomphonema parvulum (Kützing) Kützing (11%) and
Sellaphora pupula (Kützing) Mereschkowksy (10%), these species are all indicative of extreme
organic pollution, increased sediments or high levels of dissolved salts.
The instream and riparian habitat integrity were similarly in a seriously modified condition.
The erosion, scouring, very poor water quality and heavy infestation by alien invasive species
e.g. Pennisetum purpureum, were the main impacts. The majority of the water in the system
at this point appears to be related to overflow from a damaged sewerage pipeline.
Water chemistry samples both in-situ and lab-based indicated poor water quality. E. coli
counts exceeded one million counts per 100ml and is indicative of raw sewage. In addition,
chemical oxygen demand and dissolved oxygen both indicate high levels of pollution and
highly reduced capacity for the system at this point to sustain aquatic biota. Total suspended
solids and electrical conductivity exceeded recommended discharge limits for treated sewage
effluent (DWS 2013) and the water quality guidelines for aquatic ecosystems (DWAF 1996:7)
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In general, the site is considered to be in a seriously modified condition and intervention
would be required to see any improvement at the site.
Site 2 - Lower reaches of Riparian Channel 1
Upstream photo

Downstream Photo

Date
14 February 2019
Area
Verulam
Description: Downstream of the bridge. The river flow was less than 2m wide and 20 cm deep at the site. The water
was flowing moderately to fast at the site and the dominant substrate was bed rock. The stream had murky grey water
indicative of sewage inputs. Minor rubbish was observed and the site had dense exotic vegetation.

Aquatic Assessments
Macroinvertebrates
SASS Score
7.00
ASPT Score
1.75
PES
Seriously Modified
Benthic Diatoms
SPI

5.1

%PTV

66.0

% Deformed

0.0

PES

In situ water quality
(oC)

Temperature
pH (log units)
Electrical Conductivity (mS/m)

25.1
7.66
114.2

Dissolved Oxygen (mg O2/L)

3.33

Dissolved Oxygen (%)

40.7

Clarity (cm)

25
Chemical water quality

Suspended Solids

21.2

Poor
Index of Habitat integrity
Instream
55

Soap, oil and grease (mg/L)
Chemical oxygen demand (mg O2/L)

PES

Poor

Nitrate (mg N/L)

<0.10

44

Nitrite (mg N/L)

<0.10

Riparian
PES

Poor

Overall health score for the site:

<1.20
97.2

Soluble Reactive Phosphates (ug P/L)

E. coli (Cfu/100ml)

567

1553100

Poor

While limited, there was sufficient habitat at this site to sample macroinvertebrates using the
SASS5 method, unlike at the other sites. The SASS5 results show the site to be in a seriously
modified condition. Only four taxa were found to be present at the site, all were very low
scoring organic pollution tolerant taxa; namely, rat tail maggots (Syrphidae), house/stable
flies (Muscidae) and midges/bloodworms (Chironomidae). While crabs (Potamonautidae)
were present, they were showing symptoms of being in poor health and there were a few
dead specimens in the vicinity.
The diatom assessment indicated water quality was poor and bordering on being in a seriously
modified condition. The diatom community was dominated by Nitzschia palea (Kützing)
W.Smith (42%), Gomphonema parvulum (Kützing) Kützing (12%), Sellaphora seminulum
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(Grunow) D.G. Mann (8%), all tolerant of heavy organic pollution. Achnanthidium sp. a
moderately pollution tolerant species comprised 14% of the community. The marginal
improvement at the downstream site appears to be related to dilution provided by Riparian
Channel 2 and the stormwater drain found directly upstream of the bridge.
The instream and riparian habitat were found to be in a poor condition. Alien invasive
vegetation, erosion, water quality and flow modification were all major impacts identified.
Both E. coli and soluble reactive phosphate increased compared to site 1. Chemical oxygen
demand, suspended solids and dissolved oxygen showed a minor improvement compared to
upstream site, but still exceeded recommended discharge limits for treated sewage effluent
(DWS, 2013) and water quality guidelines for aquatic ecosystems (DWAF, 1996:7).
In general, the site showed minor improvement compared to the upstream results but is still
considered to be in a poor to seriously modified condition.
Site 3 - Lower reaches of Riparian Channel 1 (stormwater outlet point)
Photo
Stormwater
drainage outlet

Date

14 February 2019

Area

Verulam

Description: Upstream and on the south bank of the bridge . The water originated from stormwater drainage and was
fast flowing. Solid waste and exotic vegetation were present at the site. Provides dilution to downstream site.
Aquatic Assessments
Index of Habitat integrity
Instream
NA
PES
NA
Riparian
NA
PES
NA

In situ and chemical water quality
Temperature (oC)
26.49
pH (log units)
8.01
Electrical Conductivity (mS/m)
30.7
Dissolved Oxygen (mg O2/L)
6.67
Dissolved Oxygen (%)
82.8
Clarity (cm)
>100
Overall health score for the site: Not applicable as this is an artificial stormwater outlet point and not a natural river
channel

The water physico-chemistry results were within acceptable levels according to the DWS
target water quality range.
In general, the inflow from this point is considered to be improving water quality by providing
dilution to Riparian Channel 1.
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Site 4 – Riparian Channel 2
Upstream photo

Date

Downstream Photo

14 February 2019

Area

Verulam

Description: Upstream of the bridge on the north bank. The stream flow was less than a 0.5m wide and less
than 15cm deep at the site. The water was slowly to moderate flowing. This stream drains a small
catchment to the north of the Pakco Industrial Park.
Aquatic Assessments
Index of Habitat integrity
Instream
PES
Riparian
PES

71
Fair
44
Poor

Overall health score for the site:

In situ and chemical water quality
Temperature

(oC)

23.47

pH (log units)
Electrical Conductivity (mS/m)
Dissolved Oxygen (mg O2/L)
Dissolved Oxygen (%)
Clarity (cm)
Poor/Fair

7.33
77.2
3.75
44.2
59

The instream habitat integrity was in a fair condition, while the riparian habitat integrity was
poor. Bank erosion, rubbish dumping, bed modification, channel modification, as well as, alien
invasive vegetation all negatively impacted the riparian zone.
The in-situ physico-chemical results were mostly within acceptable levels according to the
DWS water quality guidelines, with the only exception being dissolved oxygen.
In general, the site is considered to be in a poor to fair condition.

© GroundTruth Water, Wetlands and Environmental Engineering

Page 27

Pakco Industrial Park
Wetland and Aquatic Study

2019

Site 5 – Riparian Channel 3
Photograph
Due to the density of alien invasive vegetation, it was not possible to take a photograph illustrating the
characteristics of the system
Date
14 February 2019
Area
Verulam
Description: Downstream of the railway line. Stream flow was absent from the channel at the time of
sampling. This stream flows from the railway line into Riparian Channel 1 in the western portion of the
Pakco Industrial Park. The portion of the channel upstream of the railway line has been significantly
modified by infilling.
Aquatic Assessments
Index of Habitat integrity
Instream
PES
Riparian
PES

55
Poor
44
Poor

Overall health score for the site:

In situ and chemical water quality

Due to the lack of flow in the channel, sampling of in situ and chemical
water quality was not possible at the time of the site visit

Poor

The instream and riparian habitat integrity were in a seriously modified condition. Channel
modification and heavy infestation by alien invasive species e.g. Pennisetum purpureum, were
the main impacts.
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Figure 7-4 Riparian and aquatic assessment results summary for the Pakco Industrial Park river systems
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7.4 Potential impacts of the development
Activities such as the proposed Pakco Industrial Park have a number of potential impacts on
freshwater ecosystems within the surrounding landscape that need to be managed during
construction and operations. The following impacts may potentially occur as a consequence
of the proposed development:


Habitat transformation – The unnecessary loss and modification of freshwater
ecosystems can result from poorly designed, constructed and managed
developments, such as:
o Direct loss of freshwater ecosystems as a result of infilling;
o Introduction of foreign materials to freshwater ecosystems, such as, fuel,
cement and other building materials during the construction and/or
upgrade processes;
o Compaction of soils from heavy vehicles; and
o Disturbance of vegetation and further infestation by invasive alien plants
(IAPs).



Increased stormwater runoff – Introduction of hardened, impervious surfaces
(e.g. roofs, driveways, parking areas, roads, etc.) to the catchment areas, as well
as, improper stormwater design and management will increase stormwater
runoff. This, in turn, will negatively affect the ecological integrity and ability of
the freshwater ecosystems to function properly.



Erosion – Increased stormwater runoff would also exacerbate erosion within both
the riparian and instream habitats. This could lead to further channel incision,
bed scouring, bank collapse, particularly in relation to road crossings where the
longitudinal slope of river systems are not maintained.



Pollution from runoff and waste water discharges – Stormwater runoff and
industrial waste discharges may incorporate a wide variety of pollutants such as
the nutrients (nitrogen and phosphorus), oxygen demanding organic compounds,
toxic heavy metals, hydrocarbons and pesticides. These pollutants can adversely
affect aquatic biota and ecosystems downstream.

In the case of the proposed Pakco Industrial Park, all of the above listed impacts threaten the
identified riparian systems within the development site. The threat to the wetland habitat
within the surrounding landscape is limited to the catchment-related impacts, such as
pollution, increased stormwater runoff and erosion. These risks to the freshwater ecosystems
within the study area are assessed in greater detail below.

7.5 Watercourse risk assessment
A separate wetland risk assessment and riparian risk assessment were undertaken to
determine the risks posed to the wetlands and riparian systems identified within the study
area. The results of these assessments are presented below.
7.5.1 Assessment of risks posed to wetland habitat
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As described in Section 7.4, there are a number of potential risks associated with the
construction and operation of the proposed Pakco Industrial Park. Consideration of the
principles and approach described in the DWS Risk Matrix (GN 1180 of 2015), highlighted that
the development poses a Low risk of negative impacts to the wetlands in the surrounding
landscape (Table 7-1). As described in Section 7.1.2, the Pakco Industrial Park is located
approximately 200m from the Mdloti River floodplain and accounts for only 0.12% of its
catchment area. In addition, the Mdloti River floodplain has already been extensively
modified. As a result of these factors, the risk posed by the proposed Pakco Industrial Park
to downstream wetland habitat is Low.
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Table 7-1 Wetland risk assessment activities, impacts and risk ratings8.

Operational

Construction

Phase

Activity
Operation of
construction
machinery within
the catchment
area of the Mdloti
River floodplain
Establishment of
industrial
infrastructure
within the
catchment of the
Mdloti River
floodplain

Aspect

Impact

Clearing of
vegetation

Loss of biodiversity
and habitat
Siltation of
watercourse,
erosion of
watercourse
Pollution of
watercourse
Siltation of
watercourse,
alteration to
hydrology, erosion
of watercourse

Creation of bare
areas
Hydrocarbon
spillages
Increased
stormwater inputs
into the Mdloti
River floodplain
Input of toxicants
into the Mdloti
River floodplain

Pollution of
watercourse

Severity

Spatial
Extent

Duration

Probability/
Likelihood

1.0

1.0

1.0

4.0

12.0

L

1.0

3.0

1.0

8.0

40.0

L

1.25

3.0

1.0

8.0

42.0

L

1.0

3.0

1.0

8.0

40.0

L

1.25

3.0

1.0

8.0

42.0

L

Significance

Risk
Rating*

*Refer to Table 7-1 for details pertaining to the specific categories

8

Please note that Table 7-1 is a summary developed for reporting purposes. Full data can be made available if required.
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7.5.2 Assessment of risks posed to riparian habitat
Consideration of the principles and approach described in the DWS Risk Matrix (GN 1180 of
2015) highlighted that the development poses a Medium risk of negative impacts to the
onsite riparian and aquatic habitat. The Medium risks include siltation, erosion and pollution
of the systems which may result from both the construction and operation of the proposed
Pakco Industrial Park. The mitigation measures prescribed in Section 8 would reduce the risks
of these impacts occurring to Low. The risk of pollution to the systems during the operational
phase of the development would, however, remain Medium with the adoption of the
recommended mitigation measures.
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Table 7-2 Riparian and aquatic risk assessment activities, impacts and risk ratings 9.
Phase

Activity

Aspect

Impact

Severity

Spatial
Extent

Duration

Probability/
Likelihood

Significance

Risk
Rating*

Operational

Construction

Without Mitigation Measures
Operation
of
machinery within
or within close
proximity to a
stream
Established
hardened surfaces
within
the
catchment of the
downstream
freshwater
ecosystems

Clearing of vegetation

Loss of biodiversity and
habitat

1.5

1.0

2.0

4.0

18.0

L

Creation of bare areas

Siltation of watercourse,
erosion of watercourse

2.0

3.0

3.0

10.0

80.0

M

Hydrocarbon spillages

Pollution of watercourse

2.0

3.0

3.0

10.0

80.0

M

Increased stormwater inputs
into the onsite riparian
systems

Siltation of watercourse,
alteration to hydrology,
erosion of watercourse

2.7

3.0

5.0

14.0

150.0

M

Input of toxicants into the
onsite riparian systems

Pollution of watercourse

3.7

3.0

5.0

16.0

188.0

M

Operational

Construction

With Mitigation Measures

9

Operation
of
machinery within
or within close
proximity to
a
stream
Established
hardened surfaces
within
the
catchment of the
downstream
freshwater
ecosystems

Clearing of vegetation

Loss of biodiversity and
habitat

1.2

1.0

1.0

1.0

13.0

L

Creation of bare areas

Siltation of watercourse,
erosion of watercourse

1.7

1.0

1.0

9.0

34.0

L

Hydrocarbon spillages

Pollution of watercourse

1.7

1.0

2.0

9.0

43.0

L

Increased stormwater inputs
into the onsite riparian
systems

Siltation of watercourse,
alteration to hydrology,
erosion of watercourse

1.2

2.0

2.0

10.0

52.5

L

Input of toxicants into the
onsite riparian systems

Pollution of watercourse

1.5

3.0

2.0

11.0

71.5

M

Please note that Table 7-2 is a summary developed for reporting purposes. Full data can be made available if required.
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7.6 Buffer determination results
The buffers derived for the onsite freshwater ecosystems using ‘The Estuary, River and
Wetland Buffer Guidelines’ model (Macfarlane et al., 2015) were based on the characteristics
of the riparian systems, the potential impacts associated with the proposed Pakco Industrial
Park development and the characteristics of the derived buffer zones. The derived buffer
zones are presented in Table 7-3 and Map GTW840-290319-02. The buffer tool considers
scenarios with or without impact mitigation. The potential unmitigated impacts on the
riparian ecosystems associated with the proposed development were assessed in Section
7.5.2. The mitigation measures required in order to make the mitigation buffer distance
feasible, are described in greater detail in Section 8. Should the development not adopt
mitigation measures, the layout may not encroach into the unmitigated buffer area. Should
the development adopt the specified mitigation measures, the layout may encroach into the
unmitigated buffer area. The development layout may not encroach into the mitigation
buffer area10.
Table 7-3 Recommended riparian buffer distances to be adopted for the proposed Pakco Industrial Park
development.
Buffer zone
Buffer
Riparian Channel
Segment
Un-mitigated
Mitigated
1

33

17

2

36

18

2

1

33

17

3

1

33

17

1

10

The mitigation buffer zone is viewed as a minimum by the authorities, hwoever, a greater buffer distance may be favoured
by the relevant municipality
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8. DISCUSSION AND RECOMMENDATIONS
Considering the loss of freshwater ecosystems within KwaZulu-Natal, it is recommended that
the planning and implementation of any development should adopt a ‘no-nett-loss’ approach.
This would include the following options for a proposed development:


Maintaining the current levels of ecosystem integrity and service delivery of the
systems within the study area; and/or



Mitigating impacts of the proposed development on the systems by introducing
mitigation measures during the construction and operational phases.

The details regarding the recommendations that should be adopted in order to achieve a ‘nonett-loss’ scenario are described in the following sections.

8.1 Buffer zones and the development layout
To protect the freshwater ecosystems from impacts linked to the construction and
operational phases, appropriate buffer zones should be adopted. Based on the adoption of
the recommended mitigation measures, the proposed development could adopt either the
mitigated (minimum allowable) or unmitigated (maximum) buffer areas. Should the
proposed development adopt the recommended mitigation measures, the buffer distance
would range between 17m and 18m. Should the development not adopt the recommended
mitigation measures, the recommended buffer distance would range between 33m and 36m.
It is possible that the proposed development will encroach into the artificial wetland area.
GroundTruth is of the opinion that this artificial wetland habitat is of low value from both a
biodiversity and ecosystem service perspective. However, in the case of this artificial wetland
area being lost, the development should consider the adoption of sustainable urban drainage
systems to replace any ecosystem services potentially lost within the landscape.
8.1.1 Mitigation during the construction phase
The following mitigation activities, should be incorporated into the CEMP (Macfarlane et al.,
2015) to assist in reducing the impacts of the proposed development on the riparian habitat
during the construction phase:
 The construction zone should be demarcated and the activities that should be
implemented to minimise the area of soil disturbance and the potential for
mobilisation of sediments from bare areas include:
o Earth dikes and diversions to direct all storm flows from disturbed areas into
silt traps;
o Soil stabilisation practises, such as sediment blankets and mulching,
introduced onsite;
 Vegetation should remain intact where possible during the construction phase to limit
high surface flows and mobilisation of sediment.
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No mixed concrete should be directly deposited on the ground without a mixing tray
and any concrete spilled out of the demarcated area should be removed immediately
to avoid impacting on the riparian systems.
No concrete mixing machinery should be washed onsite. The concrete wash water
has the potential to contaminate ground and surface water.
Ensure minimal or no disturbance outside of the development footprint area during
construction, and all material arising from the development must be prohibited from
entering the riparian systems and associated buffer zones.
No hazardous chemicals used and/or spilled during the construction process must
enter the riparian systems. If such a spill occurs during and/or on completion of the
construction, a hazardous spill protocol must be carried out.

8.1.2 Mitigation during the operational phase
The following mitigation activities should be incorporated into the CEMP (Macfarlane et al.
2015) to assist in reducing the impacts of the proposed development on the riparian habitat
during the operational phase:
 To limit the impacts of stormwater runoff on the downstream freshwater ecosystems,
the discharge of stormwater runoff into the buffer zone should be managed by means
of a stormwater management plan, including inter alia:
o A means of attenuating flows originating from the site, so as to ensure the
post-development scenario is ‘flood neutral’. It is important that the planned
stormwater attenuation facility considers the following:
 The stormwater attenuation facility should adopt a multistage outlet
design to ensure that flood events less than the 1:10 year flood are also
attenuated.
 The stormwater attenuation facility should be designed based on a
routed hydrograph methodology which matches the pre-development
flows, so as to ensure that the facility is sized correctly (as opposed to
the simplified approach of taking the difference between pre-and-post
development hydrographs).
 It is recommended that the stormwater management plan complies
with municipal by-laws regarding stormwater should they exist for the
relevant municipality (district and local). Should the by-laws not exist,
the stormwater management plan should adopt best-management
practices to avoid impacts to the downstream ecosystems.
o Detention/attenuation structures should be incorporated into the overall
design layout. Open swales11, properly sized to accommodate excess
stormwater, could also be considered to receive stormwater from
road/driveway drainage. Permeable pavers, which are effective for reducing
stormwater runoff and encouraging infiltration of surface water, should be

11

Open swales are vegetated, shallow depressions that are often used along roadsides to capture surface runoff. The increased surface
roughness helps to reduce velocities of surface runoff thereby increasing infiltration of water into the soil layers.
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incorporated as much as possible in terms of design and construction of roads,
driveways, parking areas, etc.
o Multiple discharge points that are reasonably spread out across the
development to allow a diffuse spread of surface runoff, maximising the
amount of infiltration.
o Accompanying each discharge point should be suitable baffle structures (e.g.
gabion mattresses) that will dissipate the energy of storm flow and encourage
infiltration thus reducing the likelihood of erosion;
o The runoff entering the natural environment should not exceed 1.5m/sec as
this is considered to reduce the pollutant removal performance of buffer areas
(Valparaiso City 2004); and
o It is also recommended that these outflow points incorporate a best
management practice approach to trap excess suspended solids and/or waste
originating from the proposed development before entering the natural
environment. These will need to be regularly serviced and maintained to
ensure adequate functioning and efficacy.
To limit the impact of increased nutrient inputs and toxic contaminants to the
downstream freshwater ecosystems, the following mitigation measures should be
implemented:
o Rehabilitation of the buffer zone, with the removal of alien invasive vegetation,
to ensure an undisturbed vegetation community;
o The establishment of indigenous vegetation cover within the buffer zone to
filter run-off before it enters the freshwater habitat (Valparaiso City, 2004);
and
o Management of the buffer zone to ensure that there is no encroachment that
would reduce efficacy of the buffer zone. The buffer zone should be
characterised by a high density of natural vegetation that is taller than 15cm.
Management of the buffer should include alien invasive encroachment and
minimising undesirable burning regimes (Macfarlane et al. 2015).
o A water quality monitoring programme should be compiled and adhered to.
Pollutants, potentially carried in surface water runoff, should be limited through the
use of best management practises and designs (e.g. first-flush pollutant traps and
filters, permeable paving in driveways and parking areas, etc.).
Incorporate the aforementioned recommendations into the Environmental
Management Plan.

8.2 Rehabilitation
Due to the modifications to the riparian habitat within the proposed development site,
opportunities potentially exist for the rehabilitation of the onsite systems. In this case,
clearing of alien vegetation from the systems and revegetation using appropriate grass and
riparian tree species would improve the systems’ integrity. In addition, a lateral erosional
feature was identified on the bank of Riparian Channel 1, at the point at which the artificial
stream channel enters Riparian Channel 1. It is recommended that this feature is stabilised
to ensure that it does not erode further. The design of the stabilisation intervention would
require input from an environmental engineer.
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9. CONCLUSION
Considering the loss of freshwater ecosystems within KwaZulu-Natal, it is recommended that
the planning and implementation of any development should adopt a minimum of a ‘no-nettloss’ approach. This is considered to be the minimum target in terms of the mitigation of the
associated impacts. This study identified three riparian systems that flow through proposed
Pakco Industrial Park. Although these systems are generally in a modified state, certain
aspects of the proposed activities pose a Medium risk to the integrity of these systems. It is
therefore recommended that the Pakco Industrial Park development adopts the buffer zone
and recommendations prescribed in Section 8, to ensure that no further degradation occurs
as a result of the proposed activities. In addition, rehabilitation measures such as alien plant
clearing and erosion stabilisation is recommended to improve the ecological integrity of the
systems.
There was no wetland habitat identified within the proposed Pakco Industrial Park and
therefore the risk that the proposed activities pose to the wetland habitat within the
surrounding landscape is considered to be Low. The only hydrologically linked wetland, the
Mdloti River floodplain, is located approximately 200m downstream of the proposed Pakco
Industrial Park. This system is already in a modified state and the extent of the proposed
Pakco Industrial Park accounts for 0.12% of the wetland’s catchment area. Therefore the
proposed development is unlikely to impact upon the hydrological, geomorphological or
vegetation integrity of the wetland.
Artificial wetland habitat was identified within the proposed Pakco Industrial Park. The most
likely origin of this habitat is alteration to natural topography, which causes accumulation of
water and concentration of flows, and water inputs from a pipeline trench that runs adjacent
to the Pakco property. GroundTruth is of the opinion that this artificial wetland habitat is of
low value from both a biodiversity and ecosystem service perspective. However, in the case
of this artificial wetland area being lost, the development should consider the adoption of
sustainable urban drainage systems to replace any ecosystem services potentially lost within
the landscape.
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11. APPENDICES
Appendix 1:
Sample plot descriptions and photographs collected during the field component of the study
using a data collection sheet adapted from Job (2009).
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Project/Site: Pakco Industrial Park
Sample Plot No.: 1
Date: 14 February 2019
Lat:
-29.649139
Long:
31.050587

Features present within 50cm of the soil surface:
Organic soil
High organic content in surface layer
Grey/gleyed matrix
Mottle / concretions
Organic streaking
Sulfidic odour
Other
Munsell colour one of the following? Yes No
Gley 1:

Do normal circumstances exist on the site?
Yes No
Is the site significantly disturbed (difficult site)?
Yes No
Is the area a Specific Case per Appendix A of the delineation manual? Yes No
TERRAIN UNIT INDICATOR
Position in the landscape:
crest
scarp
midslope
Local relief:
flat
concave
convex

Gley 2:

footslope
valley-bottom

VEGETATION INDICATOR
Dominant or indicator species within sample plot
Chloris gayana
Poaceae spp.
Commelina africana

Indicator Category
Facultative
Unknown
Facultative positive

% Cover
15%
70%
5%

Are more than 50% of dominant species (> 50% cover) obligate, facultative positive or facultative?
Unknown – the lack of flowering parts limited the team’s ability to identify certain plants to species
level
SOIL WETNESS INDICATORS
Soil Profile Description:
Depth
Matrix Colour
(cm)
(Munsell)
0 – 25cm
10yr 3/3
25 - 60cm
10yr 3/2

Mottle Colours
(Munsell)
N/A
N/A

Texture,
Concretions,
Rhizospheres, etc.
N/A
N/A

Zone of Wetness:
Permanent Wetness Zone
Seasonal Wetness Zone
Temporary Wetness Zone
Non-Wetland or Dryland
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Hue 5YR:
value 5 or more/chroma 2 or less
value 6 or more/chroma 4 or less
Hue 7.5YR:
value 5 or more/chroma 2 or less
value 6 or more/chroma 4 or less.
Hue l0YR:
value 4 or more/chroma 2 or less
value 5 or more/chroma 3 or less
value 6 or more/chroma 4 or less
Hue 2.5Y:
value 5 or more/chroma 2 or less
value 6 or more/chroma 4 or less
Hue 5Y:
value 5 or more/chroma 2 or less

OR

OR

OR
OR

OR

HYDROLOGY INDICATORS (Generally applicable to Permanent/Seasonal Zones of Wetness)
Inundated
Depth of Surface Water: N/A
Evidence of bedrock or other impermeable layer within 30-50 cm of the soil surface.
Saturated within 50 cm of surface
Depth to Saturated Soil: N/A
Sediment Deposits
Aquatic invertebrates
Salt Crust
Oxidized Root Channels
Water-Stained Leaves
Water Marks
WETLAND DETERMINATION
Terrain unit indicators present?
Yes
No
Vegetation indicators present?
Unknown
Soil wetness indicators present?
Yes
No
Hydrology indicators present?
Yes
No
Is this sampling plot within wetland?
Yes
No
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Sample Plot Photographs
Overview of the Soil Profile and Location
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Project/Site: Pakco Industrial Park
Sample Plot No.: 2
Date: 14 February 2019
Lat:
-29.649186
Long:
31.050439

Features present within 50cm of the soil surface:
Organic soil
High organic content in surface layer
Grey/gleyed matrix
Mottle / concretions
Organic streaking
Sulfidic odour
Other
Munsell colour one of the following? Yes No
Gley 1:

Do normal circumstances exist on the site?
Yes No
Is the site significantly disturbed (difficult site)?
Yes No
Is the area a Specific Case per Appendix A of the delineation manual? Yes No

Gley 2:

TERRAIN UNIT INDICATOR
Position in the landscape:
crest
scarp
midslope
Local relief:
flat
concave
convex

footslope
valley-bottom

VEGETATION INDICATOR
Dominant or indicator species within sample plot
Setaria megaphylla
Pennisetum purpureum
Poaceae spp.

Indicator Category
Facultative
Facultative negative
Unknown

% Cover
20%
10%
70%

Are more than 50% of dominant species (> 50% cover) obligate, facultative positive or facultative?
Unknown – the lack of flowering parts limited the team’s ability to identify certain plants to species
level
SOIL WETNESS INDICATORS
Soil Profile Description:
Depth
Matrix Colour
(cm)
(Munsell)
0 – 10cm
10yr 2/2
10 - 50cm
7.5yr 2.5/2

Mottle Colours
(Munsell)
N/A
N/A

Texture,
Concretions,
Rhizospheres, etc.
N/A
N/A

Zone of Wetness:
Permanent Wetness Zone
Seasonal Wetness Zone
Temporary Wetness Zone
Non-Wetland or Dryland
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Hue 5YR:
value 5 or more/chroma 2 or less
value 6 or more/chroma 4 or less
Hue 7.5YR:
value 5 or more/chroma 2 or less
value 6 or more/chroma 4 or less.
Hue l0YR:
value 4 or more/chroma 2 or less
value 5 or more/chroma 3 or less
value 6 or more/chroma 4 or less
Hue 2.5Y:
value 5 or more/chroma 2 or less
value 6 or more/chroma 4 or less
Hue 5Y:
value 5 or more/chroma 2 or less

OR

OR

OR
OR

OR

HYDROLOGY INDICATORS (Generally applicable to Permanent/Seasonal Zones of Wetness)
Inundated
Depth of Surface Water: N/A
Evidence of bedrock or other impermeable layer within 30-50 cm of the soil surface.
Saturated within 50 cm of surface
Depth to Saturated Soil: N/A
Sediment Deposits
Aquatic invertebrates
Salt Crust
Oxidized Root Channels
Water-Stained Leaves
Water Marks
WETLAND DETERMINATION
Terrain unit indicators present?
Yes
No
Vegetation indicators present?
Unknown
Soil wetness indicators present?
Yes
No
Hydrology indicators present?
Yes
No
Is this sampling plot within wetland?
Yes
No

Page 46

Pakco Industrial Park
Wetland and Aquatic Study

2019

Overview of the Soil Profile and Location
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Project/Site: Pakco Industrial Park
Sample Plot No.: 3
Date: 14 February 2019
Lat:
-29.648998
Long:
31.050506

Features present within 50cm of the soil surface:
Organic soil
High organic content in surface layer
Grey/gleyed matrix
Mottle / concretions
Organic streaking
Sulfidic odour
Other
Munsell colour one of the following? Yes No (not within 50cm of ground surface)
Gley 1:

Do normal circumstances exist on the site?
Yes No
Is the site significantly disturbed (difficult site)?
Yes No
Is the area a Specific Case per Appendix A of the delineation manual? Yes No

Gley 2:

TERRAIN UNIT INDICATOR
Position in the landscape:
crest
scarp
midslope
Local relief:
flat
concave
convex

footslope
valley-bottom

VEGETATION INDICATOR
Dominant or indicator species within sample plot
Pennisetum purpureum

Indicator Category
Facultative negative

% Cover
90%

Are more than 50% of dominant species (> 50% cover) obligate, facultative positive or facultative? No
SOIL WETNESS INDICATORS
Soil Profile Description:
Depth
Matrix Colour
(cm)
(Munsell)
0 – 15cm
10yr 2/1
15 - 40cm
7.5yr 2.5/1
40 – 70cm
10yr 3/1
70 – 80cm
10yr 5/1

Mottle Colours
(Munsell)
N/A
N/A
N/A
N/A

Texture,
Concretions,
Rhizospheres, etc.
N/A
N/A
N/A
N/A

Zone of Wetness:
Permanent Wetness Zone
Seasonal Wetness Zone
Temporary Wetness Zone
Non-Wetland or Dryland
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Hue 5YR:
value 5 or more/chroma 2 or less
value 6 or more/chroma 4 or less
Hue 7.5YR:
value 5 or more/chroma 2 or less
value 6 or more/chroma 4 or less.
Hue l0YR:
value 4 or more/chroma 2 or less
value 5 or more/chroma 3 or less
value 6 or more/chroma 4 or less
Hue 2.5Y:
value 5 or more/chroma 2 or less
value 6 or more/chroma 4 or less
Hue 5Y:
value 5 or more/chroma 2 or less

OR

OR

OR
OR

OR

HYDROLOGY INDICATORS (Generally applicable to Permanent/Seasonal Zones of Wetness)
Inundated
Depth of Surface Water: N/A
Evidence of bedrock or other impermeable layer within 30-50 cm of the soil surface.
Saturated within 50 cm of surface
Depth to Saturated Soil: N/A
Sediment Deposits
Aquatic invertebrates
Salt Crust
Oxidized Root Channels
Water-Stained Leaves
Water Marks
WETLAND DETERMINATION
Terrain unit indicators present?
Yes
No
Vegetation indicators present?
Yes
No
Soil wetness indicators present?
Yes
No
Hydrology indicators present?
Yes
No
Is this sampling plot within wetland?
Yes
No
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Overview of the Soil Profile and Location
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Project/Site: Pakco Industrial Park
Sample Plot No.: 4
Date: 14 February 2019
Lat:
-29.649448
Long:
31.049754

Features present within 50cm of the soil surface:
Organic soil
High organic content in surface layer
Grey/gleyed matrix
Mottle / concretions
Organic streaking
Sulfidic odour
Other
Munsell colour one of the following? Yes No
Gley 1:

Do normal circumstances exist on the site?
Yes No
Is the site significantly disturbed (difficult site)?
Yes No
Is the area a Specific Case per Appendix A of the delineation manual? Yes No

Gley 2:

TERRAIN UNIT INDICATOR
Position in the landscape:
crest
scarp
midslope
Local relief:
flat
concave
convex

footslope
valley-bottom

VEGETATION INDICATOR
Dominant or indicator species within sample plot
Pennisetum purpureum

Indicator Category
Facultative negative

% Cover
100%

Are more than 50% of dominant species (> 50% cover) obligate, facultative positive or facultative? No
SOIL WETNESS INDICATORS
Soil Profile Description:
Depth
Matrix Colour
(cm)
(Munsell)
0 – 50cm
10yr 3/2

Mottle Colours
(Munsell)
N/A

Texture,
Concretions,
Rhizospheres, etc.
N/A

Zone of Wetness:
Permanent Wetness Zone
Seasonal Wetness Zone
Temporary Wetness Zone
Non-Wetland or Dryland
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Hue 5YR:
value 5 or more/chroma 2 or less
value 6 or more/chroma 4 or less
Hue 7.5YR:
value 5 or more/chroma 2 or less
value 6 or more/chroma 4 or less.
Hue l0YR:
value 4 or more/chroma 2 or less
value 5 or more/chroma 3 or less
value 6 or more/chroma 4 or less
Hue 2.5Y:
value 5 or more/chroma 2 or less
value 6 or more/chroma 4 or less
Hue 5Y:
value 5 or more/chroma 2 or less

OR

OR

OR
OR

OR

HYDROLOGY INDICATORS (Generally applicable to Permanent/Seasonal Zones of Wetness)
Inundated
Depth of Surface Water: N/A
Evidence of bedrock or other impermeable layer within 30-50 cm of the soil surface.
Saturated within 50 cm of surface
Depth to Saturated Soil: N/A
Sediment Deposits
Aquatic invertebrates
Salt Crust
Oxidized Root Channels
Water-Stained Leaves
Water Marks
WETLAND DETERMINATION
Terrain unit indicators present?
Yes
No
Vegetation indicators present?
Yes
No
Soil wetness indicators present?
Yes
No
Hydrology indicators present?
Yes
No
Is this sampling plot within wetland?
Yes
No
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Project/Site: Pakco Industrial Park
Sample Plot No.: 5
Date: 14 February 2019
Lat:
-29.64966
Long:
31.049197

Features present within 50cm of the soil surface:
Organic soil
High organic content in surface layer
Grey/gleyed matrix
Mottle / concretions
Organic streaking
Sulfidic odour
Other
Munsell colour one of the following? Yes No
Gley 1:

Do normal circumstances exist on the site?
Yes No
Is the site significantly disturbed (difficult site)?
Yes No
Is the area a Specific Case per Appendix A of the delineation manual? Yes No

Gley 2:

TERRAIN UNIT INDICATOR
Position in the landscape:
crest
scarp
midslope
Local relief:
flat
concave
convex

footslope
valley-bottom
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Appendix 2
SASS5 accreditation certificates
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Appendix 3:
Maps
The following maps show the extent of freshwater ecosystems within the study area
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