WATER QUALITY SPECIALIST STUDY
HOLLINGROVE SHARE BLOCK DEVELOPMENT

Prepared by:

&

Coastal & Environmental Services
GRAHAMSTOWN
P.O. Box 934
Grahamstown, 6140
046 622 2364
Also in Durban and East London
WWw.cesnet.co.za

APRIL 2008



COPYRIGHT INFORMATION

This document contains intellectual property and propriety information that is protected
by copyright in favour of Coastal & Environmental Services and the specialist
consultants. The document may therefore not be reproduced, used or distributed to
any third party without the prior written consent of Coastal & Environmental Services.
This document is prepared exclusively for submission to Hollingrove, and is subject to
all confidentiality, copyright and trade secrets, rules intellectual property law and
practices of South Africa.




Water Quality Specialist Study —  April 2008

This report should be cited as follows: Coastal & Environmental Services, 2008: Hollingrove
Block Share Development: Water Quality Specialist Study, CES, Grahamstown.

THE PROJECT TEAM

Mike Jennings, Coastal & Environmental Services — Water Quality Specialist

Coastal & Environmental Services i Hollingrove Bas  ic Assessment



Water Quality Specialist Study —  April 2008

EXECUTIVE SUMMARY

The overall aim of this study is to identify the potential for development within the study area
with respect to the existing surface water on the site (i.e. the Kowie River) and provide input
regarding the impact of the proposed development on the water resource. This study is a
rapid survey to identify possible fatal flaws and/or significant issues associated with proposed
development. The following issues are addressed in the report:

A background description of the Kowie River and review of available water quality
data, collected by the Department of Water Affairs and Forestry (DWAF) over the last
20 years

An explanation of on-site measurements taken on a one day site visit

An indication of typical impacts on surface water resources associated with
developments in the catchment

A rating of these impacts in terms of significance after the proposed mitigation
measures

Impacts associated with the development were confined to two issues — those relating to
water quality i.e. destruction of riparian vegetation, increased sediment loads in rivers, and
risk of surface and groundwater pollution, particularly with regards to sewage effluent and
grey water, as well as construction vehicles; and those relating to water quantity i.e.
physical changes to hydrological processes — this includes both the obstruction of flow down
a water course (by for example bridges, weirs and dams) as well as the abstraction of
surface water, and increased surface runoff (increased velocities and volumes).

All impacts were rated as Low, with the exception of the pollution of ground and surface
waters (Medium), and the physical changes to hydrodynamic processes (Unknown
potentially High), with a resultant recommendation that water not be abstracted from the
Kowie River. However, should it be established that the combination of groundwater and
rainfall supply is sufficient to meet the demands of the development (subject to the approval
of the groundwater abstraction licence from the DWAF), and due to the fact that the sewage
reticulation systems selected are amongst the more environmentally friendly systems
available and the remaining surface water impacts are of a Low significance, there is no
reason from a water quality perspective why the development cannot proceed.
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1 INTRODUCTION

The overall aim of this study is to identify the potential for development within the study area with
respect to the existing surface water on the site (i.e. the Kowie River) and provide input regarding
the impact of the proposed development on the water resource. This study is a rapid survey to
identify possible fatal flaws and/or significant issues associated with proposed development. The
following issues are addressed in the report:

A background description of the Kowie River and review of available water quality data,
collected by the Department of Water Affairs and Forestry (DWAF) over the last 20 years
An explanation of on-site measurements taken on a one day site visit

An indication of typical impacts on surface water resources associated with developments
in the catchment

A rating of these impacts in terms of significance after the proposed mitigation measures

According to the engineering report (“Provision of Engineering Services for the Hollingrove
Development”) water will be supplied from three sources: an existing borehole, the Kowie River
and rainwater collection tanks. Sewage will be treated on-site using the Biolytix Filter system
(Clusters 1,2,4 and 6; Figure 3-1) and the Gespac Domestic Plant system (Clusters 3 and 5;
Figure 3-1) — effluent from the Biolytix Filter systems will be irrigated on a piece of land dedicated
for this purpose. Calculations have been made showing how much effluent can be irrigated and the
required area of land without causing water logging of the area or run-off, determined by
vegetation, rainfall / evapotranspiration ratios and absorption rates.

2 BACKGROUND INFORMATION — KOWIE RIVER

2.1 Physical Description

According to Day (1981) the Kowie River has its source in the hills to the south of Grahamstown
from where it flows in a south-easterly direction toward the estuary mouth at Port Alfred, draining
the major part of the Bathurst region (Figure 2-1). The area of the Kowie catchment (P40 according
to the DWAF; Figure 2-2) varies according to different publications, and is approximately 918km?
(DWAF, 2004), while the length of the river is approximately 70km (Heydorn and Grindley, 1982).
Its tributaries include the Bloukrans, the Brakrivier, the Lushigton and the Little Kowie, as well as a
number of smaller unnamed streams entering the river along its course.

Skelton (1980, as cited in Heydorn and Grindley, 1982) classes the Kowie as an ‘intermediate’
river, as opposed to a small coastal river often with a temporarily open / closed estuary (i.e. nearby
the Kasouga River), or a larger river originating on the escarpment (i.e. the Great Fish River). The
Kowie River therefore extends inland as far as the ‘intermediate’ mountain ranges or hills such as
the Cape Fold Belt mountains, and is of ancient origin, tracing back to the earliest post-Gondwana
drainage region. The significance of this is that in eroding back these rivers could ‘capture’
tributaries of adjacent drainage systems together with the faunistic components of these systems.
In this way, according to Skelton, the Kowie River would have captured the Bloukrans River which
was formerly a tributary of the Kap River, at present a tributary of the Great Fish River

The general topography of the Kowie catchment from its source at an average altitude of 600m is
one of a gently sloping coastal plain with undulating hills. The Kowie River meanders through
these hills and has cut deeply into the Bokkeveld shales which make up most of its catchment.
According to van Wyk (1961, as cited in Heydorn and Grindley, 1982), ‘the main stream has an
unusual number of bends and the upper reaches of the tidal water lie in a narrow valley, the slopes
of which are steep, high and densely wooded'. At present the tidal reach of the inflowing marine
water is 21km upstream to a weir (see Figure 2-1), but in the absence of the weir the tidal flow
would likely have been further up the rivers course.
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Figure 2-1: Kowie River showing position of develop ment (modified Google image)
2.2 Run-off

The climate and rainfall of the Kowie River and its catchment is temperate with rainfall occurring
mainly in spring and autumn. Mean annual precipitation varies according to different publications,
and is approximately 650mm (Ninham Shand, 1981, as cited in Heydorn and Grindley, 1982) and
distributed evenly over the catchment, with 60% falling in the summer months.

The flow in most Eastern Cape rivers is normally very irregular, and although the Kowie River is
considered to be perennial, historical records show that under abnormal drought conditions the
flow of the river can stop for 2 to 3 months (Heydorn and Grindley, 1982). Flow in the catchment is
very unreliable and although it may rain in the catchment, this does not necessarily translate into
an increase in flow rate of the river (Ninham Shand, 1981, as cited in Heydorn and Grindley, 1982).
When a significant amount of rain falls, however, the river is reported to have a very swift run-down
period resulting in high flow over a short distance of time. The mean annual run-off (MAR) of the
Kowie River is 35.93 x 10°m*/a (DWAF, 2004).
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A number of small bridges cross the Kowie River and its tributaries in the upper catchment,
however none of these structures appear to impede or obstruct the flow of the river. The old
railway and Grahamstown road bridges across the Bloukrans and Lushington Rivers span the
width of the channels without causing any major obstructions to flow. A substantial weir dams up
the river just above the ebb and flow, from which water is drawn via run-of-river flows and pumped
into the Sarel Hayward Dam for Port Alfred domestic supply. This is an off-channel storage dam
constructed in 1988 with a gross storage capacity 2.5 x 10°m? and assured yield of 1.55 x 10°m*/a.
The dam is situated about 13km north west of Port Alfred. It has an earth fill embankment wall with
a height of 40m, which regulates the small catchment of a tributary to the Kowie River. From the
dam, the water is conveyed to an earth-fill balancing reservoir (16 000m®) near the hospital in Port
Alfred by a conveyance system consisting of two pump stations and a pipeline (11km long,
300/250mm ND) with a capacity of 50L/s. From there water gravitates to the water treatment works
(5 000 m*day) in town, about 2km further to the south east. From the treatment works the water is
pumped to four distribution reservoirs (DWAF, 2004). In addition to the main weir, numerous other
weirs are situated across the river in the catchment retaining water for agricultural purposes, and
stock water and irrigation dams do occur in the catchment (Heydorn and Grindley, 1982). Water is
also pumped from natural pools for irrigation purposes.

2.3 Water Quality

The Kowie Catchment Campaign (KCC) was initiated in 2002 by Dr Jim Cambray of the Albany
Museum in Grahamstown. The KCC is a community environmental initiative, under the auspices of
the Makana Environmental Forum, and encourages the community to share responsibility for the
health of the Kowie and Bloukrans Rivers. As part of a monitoring programme, biomonitoring
surveys take place in the Bloukrans River, and water quality samples are collected and analysed
using a ‘kit’ method giving crude results of low accuracy. The DWAF, however, has a monitoring
station on the Kowie River at Wolfscrag near Bathurst (Figures 2-1, 2-2). Data has been collected
over the last 25 years, and is summarised in Table 2-1.

Based on TDS levels, water quality is acceptable in the headwaters, which are underlain by
Dwyka, Lake Mentz and Witpoort rocks, with levels in the 750-900mg/L range. Water quality
deteriorates once the river flows over Weltevrede rocks north of Bloukrans pass, with TDS values
increasing downstream to an average of 1700mg/L. The maximum TDS level recorded at the
Wolfscrag DWAF monitoring station is 3999mg/L, while the median value over the 25 year
monitoring period is 1680mg/L, meaning the water quality is classified as “poor” with respect to
TDS (DWAF, 2004). Conductivity levels follow a similar trend.

Table 2-1: DWAF Station P4H001QO01 (Kowie River at B athurst/Wolfscrag) water quality data

Parameter Units N 90‘“_ Maximum Minimum Median
percentile value value value
Flow m°/s 12229 0.681 461.266 0 0.024
Conductivity | mS/m 495 484.3 689 55.6 273
TDS mg/L 374 2711.281 3999.276 320 1679.812
pH pH units 384 8.48 9.08 6.64 8.23
Calcium mg/L 377 94.96 172.863 14.7 62.9
Magnesium | mg/L 377 126.504 210.091 11.6 73.886
Potassium mg/L 376 9.974 24.16 0.75 6.915
Sodium mg/L 376 705.729 1016.665 72.2 405.371
Alkalinity mg/L 377 269.277 325.2 34.1 202.336
Chloride mg/L 377 1344.98 2035.949 112.7 751.7
Fluoride mg/L 377 0.46 0.69 0.05 0.32
Silica mg/L 382 4.772 14.03 0.2 1.035
Sulphate mg/L 377 154.09 661 6.6 91
Ammonia mg/L 378 0.1 31.58 0.015 0.02
Nitrate mg/L 383 0.811 20.72 0.02 0.04
Phosphate | mg/L 383 0.09 7.117 0.003 0.022

Coastal & Environmental Services Hollingrove Basi ¢ Assessment




Drainage
region P

Figure 2-2: DWAF Station P4AH001Q01 (Kowie River at  Bathurst/Wolfscrag) position

The pH of the river water is generally slightly alkaline i.e. a median value of 8.23 pH units.
Alkalinity levels, as a result, are slightly elevated (i.e. > 100mg/L) indicating the possible presence
of calcium and magnesium carbonates. The inorganic salts levels can be classified as “poor”, with
magnesium, calcium, sodium and chloride concentrations significantly greater than the “fair”
boundary value (von der Meden et al, unpublished report). This accounts for the elevated
conductivity levels. In terms of nutrients, concentrations can be classified as “good” (von der
Meden et al, unpublished report), although the ammonia level exceeded the DWAF Aquatic
Ecosystem Target Water Quality Range (0 — 0.007mg/L), as well as the Chronic Effects Value
(0.015mg/L) (DWAF, 1996). The median nitrate and phosphate levels fall into the oligotrophic (<
0.5mg/L) and mesotrophic (0.005 — 0.025mg/L) ranges, respectively. Oligotrophic systems contain
low levels of nutrient levels, with associated low levels of productivity, while mesotrophic systems
contain moderate levels of plant nutrients, and are moderately productive. The median fluoride
level falls within the DWAF Aquatic Ecosystem TWQR (0 — 0.75mg/L)

In terms of historical accounts of water quality in the Kowie River, turbidity levels are reported to be
high — the Bokkeveld series of rocks yield a reddish or brown clayey soils and as a result the river
is always somewhat turbid (Heydorn and Grindley, 1982). River water is generally brackish, with
salinities of up to 2ppt recorded in the Lushington River as well as in the Kowie River above the
weir. Influxing river water may be hyper-saturated with oxygen above the weir. Enrichment of river
water from fertilized agricultural land — intensive vegetable farming is carried out in the Belmont
Valley, drained by the Bloukrans River, and from the Grahamstown sewage works via the

Coastal & Environmental Services Hollingrove Basi ¢ Assessment



Bloukrans tributary can be expected, as well as from cattle dipping tanks close to the river. Fish
kills as a result of cattle dip entering the water have been recorded (Heydorn and Grindley, 1982).
Limited data indicates the river is unpolluted with respect to trace metals, with levels obtained in a
1978 study by RJ Watling suggesting that they are derived from rocks through which the river flows
and the metals present in the sediments are likely to be in a stable inorganic form (Heydorn and
Grindley, 1982).

3 ON-SITE ANALYSIS

On-site measurements were taken at two locations (WQ1 and WQ2 on Figure 3-1, Plates 3-1 to 3-
4) where it is proposed that the clusters are built close to the river i.e. Clusters D and E. Physico-
chemical water quality measurements were made in situ using a YSI 556 Multi-Probe System,
comprised of the YSI 556-02 portable multi-parameter logger and YSI 5563-10 cable and sondes.
The following parameters were measured (with a brief description):

temperature

pH is a measure of the acidity or alkalinity of a solution. Aqueous solutions at 25 °C with a
pH < 7 are considered acidic, while those with a pH > 7 are considered basic (alkaline). A pH
of 7.00 is neutral. Changes in pH can have severe effects on aquatic biota due to alterations
in the ionic and osmotic balances of organisms, as well as result in changes in the availability
of toxic substances such as aluminium and ammonia

salinity , Electrical Conductivity (EC) and Total Dissolved Solids (TDS) - salinity is a
measure of the saltiness of water, while EC is a measure of a solutions ability to conduct an
electric current, and is determined by substances dissolved in the water column i.e. TDS.
These variables can effect microbial and ecological processes such as rates of metabolism
and nutrient cycling, as well as the suitability for drinking purposes

Dissolved Oxygen (DO) content is a measure of the amount of gaseous oxygen (O,)
dissolved in water, which is vital for survival of aquatic organisms. Oxygen passes into water
by diffusion from the surrounding air, by aeration (rapid movement), and as a waste product
of photosynthesis

Oxidative Reductive Potential (ORP) is related to the concentration of oxidizers or
reducers in a solution, and their activity or strength. It provides an indication of the solution's
ability to oxidize (during which electrons are lost to the reducing agent) or reduce (gain of
electrons by the oxidizing agent) another material

Measurements were taken from the bank at WQ1 (Plates 3-1 and 3-2) and from the bridge at WQ2
(Plates 3-2 and 3-4). Readings were taken from the surface only as the water was relatively
shallow at the occupied stations. Table 3-1 displays the results from the two sampled sites.

Table 3-1: Results of the on-site physico-chemical sampling of the Kowie River at two sites
within the Hollingrove development block

Parameter (units) WQ1 - cluster D WQ2 - cluster E
Temperature (°C) 25.12 25.02
pH (pH units) 8.02 8.23
Salinity (psu) 1.42 1.44
Electrical Conductivity (mS/m) 274.4 278.4
Total Dissolved Solids (mg/L) 1783.0 1810.0
Dissolved Oxygen (mg/L) 8.22 10.11
Dissolved Oxygen (%) 100.5 123.4
Oxidative Reductive Potential (mV) 806 745

Results were similar at the two stations, which would be expected as there are no major river
features, obstructions or tributaries entering between them. Temperature results were relatively
high and reflect the time the measurements were taken (12h00) and the local weather conditions
(hot and sunny). pH levels were alkaline and within the DWAF Aquatic Ecosystem TWQR (6 — 9
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pH units), and similar to the median value recorded at the DWAF monitoring station. Salinity levels
were relatively high for freshwater, but within the range of reported salinity values for the Kowie
River. Conductivity and TDS levels were very similar to the median DWAF levels recorded at
Wolfscrag. Dissolved Oxygen levels were in the “good” range (> 6 mg/L), and hyper-saturated at
WQ2 - such conditions have been previously recorded above the weir further downstream. The
Oxidative Reductive Potential results indicated an oxidising environment was present at both
samples sites (positive values), as would be expected in the flowing water.

Figure 3-1: Hollingrove development showing locatio n of clusters and sampling stations
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Plate 3-1: Station WQ1 — there was very little visi  ble flow of the turbid in the pool, although
the water could be heard flowing downstream wheret  he channel narrowed

Plate 3-2: On-site measurements were taken at the s  urface from the bank, using a branch to
submerse the water quality sensors as close to the middle of the channel as possible
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Plate 3-3: Looking upstream from the causeway at WQ 2, where it is proposed that the
abstraction point to draw water from the Kowie Rive r will be

Plate 3-4: River flow under the causeway at WQ2
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4 ISSUES AND IMPACTS

Two issues need to be considered when assessing the potential aquatic impacts as a result of the
proposed development. These issues relate to water quality and water quantity , each with a
number of associated impacts. These impacts are discussed briefly below, and listed in Table 4-1
where mitigation measures are suggested and the significance of the impacts rated.

4.1 Water Quality
Impacts as a result of the proposed development potentially affecting water quality include:

Destruction of riparian vegetation — the riparian zone has a number of functions directly
related to water quality i.e. the interception and breakdown of pollutants including nutrients
and contaminated sediments and the maintenance of physico-chemical parameters, as well
as a number of secondary functions including the stabilisation of river channels, banks and
floodplains and flood attenuation. The destruction of riparian vegetation therefore leads to a
deterioration in water quality.

Increased sediment loads in rivers — a sediment load in rivers and streams is a natural
occurrence but an increase, particularly through erosion of the catchment, can lead to an
increase in the availability of potentially toxic metals derived from the geology of the
catchment, as well as an increase in turbidity of the water. This decrease in water quality
can have severe affects on aquatic biota.

Risk of surface and groundwater pollution, particularly with regards to sewage effluent and
grey water, as well as construction vehicles — the discharge of untreated effluent, or the
seepage of inadequately treated effluent into surface or groundwaters is a major concern.
Contamination by faecal bacteria would have a severe effect on the suitability of the water
for the provision of aquatic life, as well as irrigation and consumption (even after treatment)
uses. Diesel, oil, cement and construction materials are potential surface water quality
threats during the Construction Phase. Effluent discharge from the Kowie River water
treatment plant would have to be established, and is a potential concern.

4.2 Water Quantity
Impacts as a result of the proposed development potentially affecting water quantity include:

Physical changes to hydrological processes — this includes both the obstruction of flow
down a water course (by for example bridges, weirs and dams) as well as the abstraction of
surface water. This reduces the volume of water available downstream, affecting the quality
of water (through a dilution factor), the maintenance of the aquatic habitat, and the
estuarine (and nearshore marine) environment.

Increased surface runoff (increased velocities and volumes) — this is as a result of a
reduction in permeable surfaces within the catchment. During times of rainfall, less
infiltration occurs and a greater volume of water is transported to river channels, at
increased velocities. While the greater volume of water is not necessarily a negative
impact, the increased velocities over a short period of time (as opposed to a gradual
discharge in unaltered catchments, encouraging permeation of the soils and contributing to
maintenance of water table levels) results in erosion of the catchment and river channel.

The impacts above affect water quality, which together with the possible effect of development on
habitat, flow patterns and hydrodynamics, have the potential to cause changes in ecosystem
structure and function, and subsequent loss of biodiversity and species richness.

Coastal & Environmental Services Hollingrove Basic Assessment




Table 4-1: Issues and impacts

Significant Environmental Impacts
Requiring Mitigation

Relevant Phase

Mitigation Measures

Significance of impact AFTER
mitigation

ISSUE 1: CHANGES TO WATER QUALITY

Impact 1 : Destruction of riparian
vegetation

Construction &
Operation

Units should be placed out of the riparian zone (i.e. riparian zone is a buffer between
development and the river channel).

Free access to the river should be prevented (i.e. by the existing game fence). Residents
and visitors should be encouraged to keep to pathways when accessing the river.

Should riparian vegetation need to be cleared, clearing should be scheduled for the drier
winter months, and re-vegetation should commence as soon as possible.

Low (short term impact)

Impact 2 : Increase in sediment load of
river

Construction

Earth moving vehicles should not be allowed in the riparian zone

Stripping of vegetation should be confined to the drier winter months.

Construction within and erosion of drainage channels should be avoided.

Silt traps should be installed if necessary, and emptied regularly if required, as stipulated in
the Environmental Management Plan (EMP).

Any stockpiled material must be protected from erosion, stored on flat areas where run-off
will be minimised and be surrounded by bunds.

Low (short term impact)

Impact 3 : Pollution of ground and
surface waters

Construction &
Operation

The sewage system used to treat and discharge sewage effluent and grey water should be
carefully selected (see Engineering Report).

The systems need to be adequately managed by competent staff.

During the Construction Phase all construction materials including fuels and oil should be
stored in a demarcated area that is contained within a berm to avoid spread of any
contamination (as per the EMP).

Cement and plaster should not be mixed directly on the ground, nor during rainfall events
when the potential for transport to the river channel is the greatest (as per the EMP).
Washing and cleaning of equipment should also be done within a bermed area, in order to
trap any cement or plaster and avoid excessive soil erosion (as per the EMP).

All vehicles must not be refuelled or serviced within or directly adjacent to any river channel
(as per the EMP).

All areas affected during the Construction Phase should be rehabilitated.

Emergency plans must be in place in case of spillages into any drainage line or the main
river channel.

Medium (based on Engineering Report
and confidence of calculations, as well
as likelihood of construction impacts;
long term impact)

ISSUE 2: CHANGES TO WATER QUANTITY

Impact 1 : Physical changes to
hydrodynamic processes

Construction &
Operation

The quantity of water abstracted from the Kowie River should not detrimentally effect the
river in the vicinity of the abstraction point, or downstream. As the DWAF has not issued a
General Authorisation (GA) for abstraction for the Kowie Catchment, and abstraction would
not be for general household use, a Reserve Determination Study would be required.

The quantity of water abstracted from groundwater resources should not result in draw-
down of the aquifer or any negative impacts i.e. must be within the GA as determined by the
DWAF.

Unknown (potentially High as a
Reserve study is required; long term
impact)
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Permanent structures in the river channel should be avoided, as should the construction of
any weirs i.e. for swimming purposes.

Impact 2: Increase in surface run-off

Construction
& Operation

During the Construction Phase, stormwater needs to be adequately managed so as to
avoid erosion of the drainage channels within the catchment and the river channel itself at
the point of discharge, as per the EMP. For example swales could be used, which would
attenuate run-off to ensure silt and other sediments will settle out (commonly accepted
sound environmental practice), while seepage, evaporation and overflow will occur in the
swale retention areas ensuring that the water released off-site is of an improved quality.

An effective Operational Phase stormwater management system must be designed and
implemented

Low (short term impact)
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) CONCLUSIONS

While most of the negative impacts associated with the development can be mitigated to a
detrimental yet acceptable level (Low, short term), the impacts associated with the sewage and
grey water reticulation system and the abstraction of water from the Kowie River remain a concern.
The sewage reticulation systems selected both have associated disadvantages with regard to
operational management and environmental risk, given the proximity to the river and sensitivity of
the catchment, and there is a reliance on rainfall to allow for the required quantity of irrigation to
occur before seepage and infiltration of groundwater takes place. With regard to the supply of
water to the development, it is recommended that water not be abstracted from the Kowie River for
treatment and use. This is due to the uncertainty surrounding the fresh water requirements of the
Kowie River, the Kowie Estuary and the adjacent nearshore environment, and the likelihood that a
further decrease in fresh water flow will have a severe negative impact.

However, should it be established that the combination of groundwater from the existing borehole
and rainfall supply is sufficient to meet the demands of the development (subject to the approval of
the groundwater abstraction licence from the DWAF), and due to the fact that the sewage
reticulation systems selected are amongst the more environmentally friendly systems available,
and the remaining surface water impacts are of a Low significance, there is no reason from a water
quality perspective why the development cannot proceed.
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