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Abstract

Grahamstown situated in the Eastern Cape ProvirficBoath Africa has a semi- urban
environment with its tributaries leading into thiviékrans River of the Kowie Catchment. The
growing population together with the increased ttgwment has a major impact on the rivers
due to waste water and storm water infrastructwe being able to retain the increased
capacity. Rural poverty stricken environments draacterised as having poor service delivery
and an abundance of illegal dumping areas resuitingasses of litter which get carried by
storm water into the streams. Waste water infrasira is continually leaking into streams
which together with a lack of enforcement with nebto littering and dumping have resulted
in streams becoming highly polluted with major irogsaoccurring downstream. It is thus that
there needs to be greater management of the stwrwaste water to ensure the sustainability
of water use and a decrease in impacts downstrdathout proper management and regular

assessment and monitoring the state of the enveatwmiill continue to deteriorate.
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Introduction

“Urban areas are hot spots that drive environmesttahge at multiple scales” (Grimehal.,
2008)

“Urbanization is an important cause of eutrophmatin waters draining urban areas.” (Taylor
et al., 2004)

These statements are but some of the proof thatistionally, water as a resource is being
affected by the continual rise of urban populatiofisis has led to the increase over the past
few decades of research in urbanized areas, asawelie observed ecological degradation of
streams draining urban land; or as Wadshl., (2005) calls it, the “urban stream syndrome”.
With Globalization looming, Morrisort al., (2003) notes that in terms of storm and waste
water management, the problem of fast populati@wtir and rapid urbanization, the amount
of sludge being produced is a growing problem. Reim@ on the international front, in recent
years, a more integrated approach to the managesheatural resources has been advocated.
The form of management called Integrated Water &eso Management (IWRM), as
recognised by the Global Water Partnership, dogéscompromise the sustainability of vital
ecosystems (Haigét al., 2010).

In almost all South African metropolitan areas, tmmsumer is provided with high quality
drinking water. However, in many rural communitiés situation is very different. In 1994,
an estimated fourteen million people had no actestean or safe water. Although initiatives
were undertaken and improvement measures implethestven of the fourteen million

people in rural areas still lack safe and clearew@sode, 2010).

The population of the Eastern Cape Province iselgrgion-urban, poor, and with an
inadequate water supply infrastructure. Rural comities of this province comprise both
scattered villages and subsistence farmers, amdafsed towns serving subsistence farmers
(Osode, 2010). The poverty rate in 1998 was 78%oatyl 25% of the households had a pipe-
borne water supply inside their dwellings. This i@ that many people depend on surface

and/or groundwater sources for their daily watesdse(Osode, 2010).



Haigh et al., (2008) states that the situation in the Makana Kipality is no different to that

occurring in many other municipalities. The Makakanicipality one of nine under the
Cacadu District municipality, which falls under tigreat Fish River Catchment Water
Management Area (WMA) 15, and is the largest, gaplgically, of the nineteen WMA'’s

(Haighet al., 2008).

Even though the Cacadu District itself comprisesodithe seven biomes that make it an area
bountiful in environmental initiatives, Grahamstows the most densely populated of the
Districts’ urbanised areas (Haighal., 2008). This undoubtedly puts a lot of pressurehn t
water resources in the area, and leaves risk fpraper management higher than in other parts
of the District. Fearing that the water supply wbulot efficiently meet Grahamstowns’
population growth, the wall of Settlers dam wageaased by 2.3 m in 1981 and in 1992 water
from the Orange River Inter-basin Transfer Schesaghed Grahamstown (Haighal., 2008).

These changes may have been adequate then, lthéwpteeeping up?

Grahamstown has two water purification plants; Wekiand James Kleynhans (Haighal.,

2008). These may be enough in number, but thetywdlthe waste water is still compromised
as it seems that the water disposed to the envieahby these communities is usually faecally
contaminated, and affected by inadequately treefhebents from municipal waste water plants

as receiving water bodies (Osode, 2010).

This may be due to the fact that there has not be#itient training of some of the employees
in these plants. Haigét al.,(2008) also stresses that the present state oh st@ater removal,
particularly in the low income - high density areddviakana, together with poor litter control,

ensures serious contamination of storm water diedsultimately water resources.

Owing to the increase in storm and waste water @msgement reports in Grahamstown, it is
perfectly clear that there needs to be a changMunicipal management structures. The
context of this study is that of a small town iretkastern Cape with a population of
approximately 124,75@Nikipedia, 2011).

“Grahamstown-Rhini was established on the headwatiethe Bloukrans River, which flows
into the Kowie River and out to sea at Port Alfréshgoing development, invasive alien plant
growth and irresponsible waste disposal and pullicse over the years has altered and
polluted our streams to unacceptable levels.” (K@@7: 6). In response to these issues, a

State of the Environment Report is being formulaléds report describes the main drivers of
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change, identifies trends, and notes current resgsoto environmental change as withheld by
the South Africa Environment Outlook, (2006).

The framework used for indicators of sustainabletpment was the Driver-Pressure-State-
Impact-Response (DPSIR), which was adapted by thieet) Nations Commission on
Sustainable Development in 1995, based on a matldit of the pressure-state-response
model for state of the environment reporting (Stdtthe Environment: Department of
Environmental Affairs South Africa, 2007).

Cause

Policies and
targets

)

Health, Pollutant:

ecosystems,
materials

Quality

Figure 1: The DPSIR Framework (Adapted from: Kristenson, 2004)

According to Kirstenson, (2004) DPSIR is usefuldscribing the relationships between the
origins and consequences of environmental problems, in order to understand their
dynamics it is also useful to focus on the link$waen DPSIR elements. In this case, the
relationships described will be those in relatiathvetorm and waste water. This model forms
the basis for most state of the environment repwrithin South Africa (State of the

Environment: Department of Environmental Affairgug Africa, 2007).



Aim and objectives

The main aim of this State of the Environment réep®ito predict, review, assess as well as
draw conclusions on the management of storm andewaater giving future scenarios for
Grahamstown, as well as impacts on downstream ubdle storm and waste water is
managed in the same manner as present; also witahmgendations can be put in place to

achieve the most optimal management scheme.

In order to achieve our aim, we set out to achewember of objectives as follows:
To investigate how storm water has affected rilew fquantity

To investigate how storm water runoff has affeateder quality

To investigate how waste water has affected rilav fjuantity

To investigate how waste water has affected waiality

To analyse the effects of storm and waste watelosynstream water resource users

To assess what managers are doing to reduce tleetisngf storm and waste water quality and

guantity on downstream users

The key questions involved asking various key imfants concerning the sustainability of the

management of storm and waste water.

Study Area

Grahamstown

The Makana Municipality is a relatively large mupality located in the Cacadu District in the
Eastern Cape. It has a partly urbanized populahahencompasses Grahamstown, Alicedale,
Fort Brown, Sidbury, Riebeek East, Salem and Sé&wmmtains (Urban-econ, 2009). Makana
has a developed economy characterised by toutistta@and large service and trade sectors in
the urban node of Grahamstown (Urban-econ, 20@0addition, agriculture, game farming
and conservancy reserves can be found througheumtmicipality’s less developed areas. The
municipality is also supplemented by the contribatof Rhodes University, an internationally
renowned institute of higher tertiary educationkf@h-econ, 2009). Our study area is centred

on Grahamstown and its immediate surrounds asaselhe Kowie River Catchment and the
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BloukransRiver, a tributary of the Kowie Riv that stretches from Grahamstown to F

Alfred (see Figure 2 anigure 3).
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Climate
The city of Grahamstown lies in a subtropical cliilmaone,characterized by warm summ

and cool winters and fairly evenly distributed falhthroughout the year (Urb-econ, 2009).
It experiences moderate weather conditions in icglato mean precipitati¢, temperatures,

wind speed and direction. Rainfall occurs throughthe year with mean precipitatic



averaging 680mm (Urban-econ, 2009). Summer tempesatary from an average maximum
of 26° to a minimum of 15°, while winter temperasivary from an average maximum of 18°
to an average minimum of 4° (Makana SDF, 2009 inadrecon, 2009).

Topography

Grahamstown is elevated with a sloped terrain, whiits the ability for cultivation of some
agricultural crops and is instead is used for grg£lUrban-econ, 2009). Flat topped hills that
have been shaped by dolerite dykes, sills and damieathering are found throughout the
region (Urban-econ, 2009). The study area is stliat a valley that cuts into a plateau with a
highest point of 770 m above sea level and a lowestt of 490 m above sea level (Makana
SDF, 2009 in Urban-econ, 2009).

Hydrology

The major water related driver in the entire Makananicipal area is the Orange-Fish-
Sundays Water Supply System (Urban-econ, 200¥ndures continuous sustainable water
supply for economic activity and is essential formenunity well-being and socio-economic
prosperity in the area (Urban-econ, 2009). Surfaeger is largely provided by dams and
reservoirs that are linked to perennial and norpeial rivers with ground water provided by
boreholes and springs that are evenly distributedughout the municipality (Urban-econ,
2009). Grahamstownwater supplies are dominantly from local dams andces transferred
from the Orange River (Urban-econ, 2009). The mgler demand set against limited supply

necessitates the need for water recycling.

Socio-economic characteristics

The Municipality boasts a range of products inahgdgame, beef and goats, as well as local
mining products (kaolin) with associated vahgrling opportunities in meat, wool, mohair and
ceramics (Urban-econ, 2009). Tourism forms an nategart of local activity, centred on the
internationally renowned National Arts Festival,il@hother attractions include public nature
reserves, private game reserves and outdoor adeeattivities, such as skydiving, hunting
and hiking. There is also potential for further elepment of cultural and heritage tourism
products (Urban-econ, 2009). Rhodes University isagor feature in the physical, social and
economic landscape of Grahamstown, and the Makanaicipality at large. Rhodes
University has thus influenced how the city of Gratstown has developed (Urban-econ,
2009).



Methods

Sample sites
Three sites for collection of domestic litter anatar quality measurements were sampled

along the Bloukrans River to the south of GrahamstoThe sample sites varied in their
distances from town. These sites were named uppeidle and lower according to their
proximity from the city. Table 1 below summarisesiescription of the sample sites and the

images provide photographic reference to each.

Table 1: defining the sample site characteristics

Sample : : -
_ Co- ordinates | Elevation Description
site
Close to a walkway/bridge over the stream
33°18'541" S just below parking lot for Shoprite
Upper 3 505 m above sea leve|
26°32'119” E Checkers. Also known as ‘Stockenstroom”
in IWR data, see Discussion.
) 33°18'685" S In a dip on Market street. Road goes oyer
Middle . 496 m above sea level
26'32'202" E storm water concrete.
Along dirt road toward sewage works.
33°18'853" S Walkway/bridge going over stream toward
Lower . 484 m above sea leve] ) _ _
26 33'100" E railway line, equates with IWR site “Fort
England” see Discussion.

Upper

Middle

Lower

esiSpot image, DigitalGlobe, GeoEye, Mpdl £2011 ATriCIS (Ply) Lid, Google, Tracks4Africa - Terms of Use |EERERERIEREIF)|

Flgure 4: Google Earth |mage showmg the locationsf each site from upper to
lower stream in the Belmont Valley



b)

Figure 5: a) Upper, b) Middle and c) Lower sites ang the
Bloukrans River

With regard to collected water quality data proddyy the IWR (Institute for Water Research)
at Rhodes University from mid- 1992 to 1995, theadaas used from the Botanical Gardens,

Stockenstroom, and Fort England. These data wergaeed to our own to detect possible
long term trends.

How storm water has affected river flow

Data on the stream flow along the Bloukrans Rivas wnavailable and therefore volumes of
treated water were used to indicate the contribstf water from inter-basin transfer schemes
into the town. Volumes of treated water at the JaKleynhans and Waainek Water Treatment
Woks were plotted on a line graph for the years72@0D09.



How storm water has affected water quality

Following a storm event, litter was collected inpbts of 2 m radius each at each site,
determined by placing a peg attached to a string wf in length into the ground. The string
was pulled and moved accordingly and all litterhiitthe circular plot was collected and
placed into large bags. Each bag was then marleamding to the site and the plot number and
weighed using a hanging balance. The three platsiweach site were distanced 5 m away
from each other in a fashion parallel with the atne At each of the plots water quality
readings were taken using a YSI meter. Electricaldactivity, pH and temperature were
recorded. The water quality readings and the wsigliteach bag for each site were then
tabulated into a Microsoft Excel Spreadsheet. Bagks were averaged for each site and the

standard deviation was calculated.

DWAF, (2008: 37) states that in order to see ifrtatural river temperature has deviated at all
it must be compared to the natural monthly tempeeatange. DWAF, (2008: 37) states that
the 10" and 98 percentile must be used in order to see if anyatien has occurred, but this
is not possible due to the data set being so swdditionally DWAF, (2008: 35) states the
correct way to analyse the pH and to see if anpghdias occurred is by using table 4-4, this

can be seen in Appendix 1.

An analysis of the data provided by the IWR fron9391995 for the sites of Stockenstroom
and Fort England was conducted. For this the geemonthly electrical conductivity (EC)
over a three year period was plotted against mpntihfall data over the same three years.
The EC for the readings taken in this study wemnglarly plotted against monthly rainfall and

compared to the same three months of 1993- 1995.

A GIS (Geographical Information System) Map wasated using ArcMap 10 to represent the
positions of sites and calculate the quantity wédiin upper to lower sections of the river. In
order to do so an image of Grahamstown was obtanfe@Google Earth and loaded into
ArcMap. Data on Grahamstown rivers obtained from @eography Department website were
loaded as a layer on top of the image. Co- ordmatethe three sites were tabulated in
Microsoft Excel and added as X,Y data in ArcMapeHites showed appeared on the map as
points. Thereafter ‘polylines’ were created alohg Bloukrans River to represent the lengths
of upper to lower stream sections. A buffer wasatgd along each stream section of 4 m on
either side of the stream. The area of each buiees then calculated and multiplied by the
average weight of litter per unit area (over 3 rhehtof the same site. For example area of



upstream buffer was multiplied by the average weafhlitter for the upstream site. It was
assumed that average litter per unit area wouldhirertine same at 4 m on either side of the
river bank. Additionally ‘polygons’ showing catchnteareas were also created as an indication
of Grahamstowns’ impacts on the river. Thereafter thap was adjusted in layout view until

cartographically correct.

How waste water has affected river flow quantity ad quality

Gary Everton manager of the Makana Municipality Wa&/ater Treatment Works provided
the data for this objective. Water quality valuesrevtabulated and compared to acceptable
water quality guidelines as stipulated by the Depant of Water Affairs.

Interviews

Thirty six questionnaires were conducted with peofiving along the water courses of
Grahamstown. The questionnaires were designechésetwho would be interacting with the
water courses on a regular basis in order to gainnamunity based view on water quality
issues for both storm and wastewater. Questiomaieze compiled and analysed to obtain the
most valuable information. See Appendix 2

Key informant interviews were conducted with indivals of NGO’s and other organizations
that would have knowledge on the management ofmstord waste water. Any initiatives in
place to control storm water sustainably were itigated, as well as if storm and waste water
infrastructure within Grahamstown is able to keppwith the increasing development within

Grahamstown.
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Data analysis

Increase in volumes of Grahamstown’s water usage

Figure 6 and 7 represent the data on the quantityater treated over a three year period
(2007- 2009) at Grahamstowns Water Treatment Wdgkgantities are measured in cubic
meters per month. The water treated provides anahdn of Grahamstowns water usage over
time as supplied by the Orange- Fish Inter-basan3ier Scheme.

400000
350000
300000
250000
200000
150000

100000
50000 & 2007

Water Treated (m3/month)

0

Figure 6: The amount of water treated monthly at tle Waainek Water
Treatment Works from 2007- 2009

The amount of water treated at the Waainek Wateatfment Works as seen in Figure 6,
increased systematically by a small amount in 20072008 the amount of water that was
treated was much higher than in 2007 where it ss®d further in 2009. The data shows that
in 2008 and 2009 there was an increase in the anodwrater treated in the first five months,

after which water treatment declined to a low lemeDuly. In 2008 and 2009 water treated

increased in the months following July and decliagdin in November and December.

400000 -+
350000 -

300000 - R
250000 - A —o—ioo
200000 - 200
150000 - 8
100000 -
50000 -
0 —
¢ O 03;%“ & & & &

)
(N
X
& & & @

R &

Water treated (m3/month)

Figure 7: The amount of water treated monthly at tle James Kleynhans
Water Treatment Works from 2007- 2009
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Figure 7 shows treated water at the Waainek Wateatinent Works has larger variations in
guantities of treated water from 2007- 2009 thanhat James Kleynhans Water Treatment
Works. In 2007 treated water dropped in April ancréased again for May, thereafter treated
water gradually decreased with minor fluctuatiohs.2008 water treatment at the James
Kleynhans Water Treatment Works was at its stetdiggs few sharp increases and decreases
in treated water. In 2009 water treatment decre&sets lowest for May and June where it

thereafter increased with a minor decrease in Aigus
Storm water and its effect on water quality

Variation in quantities of domestic litter
Figure 8, represents the means and standard amsadf litter weight per site for the months

of May, June and August 2011. The weights are ama@e for the area of each plot which is
A = m(2)? which equals 12.56

9000 - - 250
— Upstream
& 8000 - T Midst

idstream
& 7000 - - 200
< . ® Downstream
g 00907 i 150 £ DRainfall
w 5000 - 7 -
(S <
s 4000 100 E
= 3000 - 4
= T
5 2000 1 | - 50
£ 1000 I _ .
0 : 0

May June August

Figure 8: Average weights (xS.D) of litter collectg at three points along a stream

compared to monthly rainfall (mm)

In each of the collections it is evident that thmoant of litter increases with distance
downstream. Litter decreases over the three mokitien comparing this to rainfall before
the collections, amount of rainfall is consistetiwvhigh litter quantities. August collections do

not have as high a variation between upper andrlsites along the stream as May and June.
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Changes in stream quality with rainfall

Figure 9, 10 and 11; represent the readings tak#redhree sites over three months compared
with the rainfall of that month. Readings includeléctrical conductivity (EC) and pH with
water temperature in Figure 10 being compared toi@mh temperature.

160 + - 250
g 140 - 200
€120
B\ —~
S 100 - - 150 E Upstream
O ~
.§ 80 - J=§ Midstream
3 60 - - 1005  ®Downstream
3 T pRainfall
% 40 A
2 B 50
w 20 -

0 - -0

May June August

Figure 9: Electrical conductivity of Bloukrans River at three different
sites compared to monthly rainfall

Figure 9 shows that an increase in rainfall resmita decrease in electrical conductivity as
seen in May. In August EC is highest where rainiglleast. In all months EC is greatest

downstream.
35 1 Upstream
> > Midst
o 25 - idstream
=
<
ps 20 |
8 ® Downstream
5151
% 10 - B Ambient
= . Temperature (°C)
O A T T T
May June August 2nd August 30th

Figure 10: Water temperature in relation to ambienttemperature at three sites
from May to August
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For each temperature reading, it is evident frogufé 10 that electrical conductivity increases
downstream. Only in May and the end of August igewdaemperature higher than ambient
temperature. In the winter month of June and begghaf August ambient temperature is at 10
°C but water temperatures are between 2 and 5 f@evaThere has been a moderate change

in the river temperature from its natural statd,this occurs infrequently (DWAF 2008: 37).

9 - - 250
8 4
7 - - 200
6 7 —~
- 150 E Upstream
5 - E _
25_4 | ?E Midstream
- 1005  ®Downstream
3 1 ™ oRainfal
27 - 50
1 4
O T T - O

May June August

Figure 11: pH compared to monthly rainfall (mm) ove three months

Using table 4.4 in the appendix, the pH of therm@uld be analysed. The lowest pH was 6.09
and the highest was 8.24, according to table 4eéndn Appendix 1, a change like this
represents a small change from the natural stat@fd and pH have an inverse relationship,
similar to that of conductivity, although it muse boted that a decrease or increase in rainfall
has a very minimal effect on pH. It is, howevegarlaccording to table 4-4 that there has been

a change or deviation from the natural state oditimm of the river.

Figure 12 below is a GIS map representing catchmsergs for upper, middle and lower
streams of the Bloukrans River. The map illustrétesincrease in litter quantities from upper
to lower stream as can be seen in the legend. épstlitter for this area amounts to greater
than 100 kg but less than 500 kg, midstream grehter 500 kg but less than 1000 kg and
downstream greater than 1000 kg with a value oD2&f of litter in the downstream area of

the river.
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Downsiream

B e e s ilometers

Legend
Weights of litter per stream area
Kg_ lit
+ 100
# 500 3000
@® o
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downstream

Figure 12: GIS map of Grahamstown streams with aceapanying graph showing
increase in litter with distance downstream attribued to cumulative increase in
catchment size within the Belmont Valley
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EC Readings (mS/m)

The data represented in Figure 13 is from a stushdacted by a member of IWR between
1993 and 1995. It shows an inverse relationshipvdésen the electrical conductivity of the

water in the Bloukrans River and the monthly rdinfa

250 - - 350
300
200 . mmm Rainfall (mm)
250 —~
g - Botanical Gardens
150 - 200 =
< Stockenstroom
150 £
100 - $ =—Fort England
100
50 - 50
0. 0
vaixﬁ @é & %@Q\ & \%\é&%@ & %@Q& & \i\‘z@%@ & %Q’QN 3

1993 1994 1995

Figure 13: Electrical conductivity of the Bloukrans River at two sites as well as tt
stream through Botanical Gardens, compared to montly rainfall over a period of three
years

An increase in rainfall causes a decrease in teetratal conductivity of the water and vice
versa. In December of 1993 Grahamstown experieheady rain which amounted to over 330
mm for the month, at this time the electrical cortdity of the river at both sites was at its
lowest, whilst in July of the same year the eleefrconductivity of the river was at its highest
as the rainfall for that month was at its lowesbtlBStockenstroom and Fort England sites
follow this relationship but the stream through tBetanical Gardens does not. The
Stockenstroom and Fort England sites have hugatians in their electro-conductivity and
these, as seen in Figure 13, can be directly cblateainfall. This relationship cannot be said
to be the same for the stream running through thiarBcal Gardens as electro-conductivity
readings for the Botanical Gardens range betwegm&@m) to 50 (mS/m) and an increase or
decrease does not bring about a change in theeclemiductivity as seen in the other two
sites. This means that there must be somethingalser than rainfall, which causes the EC to
rise and fall like it does.
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Quality and quantity of treated waste

Table 2: Water Quality results from the Grahamstownwaste water treatment works
compared to required standards

Test Result from Sewage Required Standard
works (DWA, 1984)

C.O.D (Chemical Oxygen 43 mg/L Not exceed 30 mg/L

Demand)

Conductivity 155 mS/m at 25° Not exceed 250 mS/m

p.H 7.5 at 25° Between 5,5 and 7,5

Suspended solids 11 mg/L at 10.5° Not exceed 1Q mg/

Nitrate 30.96 mg/L Not exceed 1.5 mg/L

From table 2 it is evident that chemical oxygen decthis 13 mg/L more than the required
standard. Conductivity (EC) is lower than is regdiland p.H just meets required standards.
Suspended solids are only 1 mg/L more than whadtipulated in the DWA guidelines.
Additional information provided by Gary Everton teidh that the estimated quantity of sludge
removed from the sewage works per month is 3600vithe volume of treated water leaving
the sewage works, averaging on 6 ML per day. Adogld the sewage works is designed to

treat 5.4 ML of sewage per day, currently howeveggeives and treats 7.5 ML per day.

Stakeholder interviews and questionnaires

Figures 14 and 15 provide a graphical indicationtltd responses to the most valuable

guestions as a percentage of the sample population.
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M Yes

No

Percentage of sample population

Do you use the Is there good Have you noticed
water in the stream? management from changes over time?
municipality?

Figure 14: Responses of individuals to questionsgarding management,

usage and changes of water (n=36) 17



It is evident from the above graph (Figure 14) tmatst of the sampled population (84%), do
not use the water in the streams. Of those whotkaidthey do use the water, it was for non-

potable purposes including washing of clothes arah @lisposal of waste.

The majority of people stated that changes to wguetity were negative with most comments
pertaining to changes in the colour, taste and Isafghe water. Many said that the water
sometimes tastes like bleach and sometimes the watees them sick. A few individuals also
stated that water quality changes depending onevieun go, therefore in some areas water

quality is worse than others

It was gathered from the Questionnaires that 66%thefsample population do not think that
the Makana Municipality are managing the streants starm water properly. Of these a few
comments included that although there is managemestunsatisfactory. Storm drains are

always getting blocked and that road and propegegt$looded.

H Better
Worse

= No change

Figure 15: percentage of responses to types of clges in the water quality (n=36)

The opinion of individuals with regard to changesmater quality was fairly even (Figure 15).
Of the 22% of individuals who stated that theredschange to water quality, they also said
that the water has always been bad. Thereforevamoée it can be concluded that the majority

of the population think that the water quality adband getting worse.
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Discussion

Storm water and waste water relationship and it's #ect downstream

Haighet al., (2008: 55) in a report for the Water Research Casion states that poor storm
water removal in Grahamstown together with very rpditer control guarantees the
contamination of storm water drains and receivirgien courses, decreasing water quality.
Wright et al., (1993) states that storm water acts as a carripoliftion and coupled with the
effects of inefficient waste water disposal havei@pact on ecosystems and livelihoods
further downstream. Supporting this, it was cléam our study that storm water has an
impact on the quality of the water as it is oftem@aminated with pollutants and litter. These
are washed downstream quickly due to the modibcatione to the river in town. Storm water
drains did not cope effectively with heavy rainfall2011 as there were widespread reports of
storm water leaving the drains rather than entethmgy storm water systems. This led to
flooding as well as burst sewage pipes. On two siooa during our data collection we found
that raw sewage was leaking into the river becadise burst pipe. There is also widespread
evidence that waste water drains that are desigmetkeliver domestic waste water to the
municipal waste water treatment works are in arcoeptable state of repair (Figure 16 a, b, c,
d).

In accordance to the above, Momdtaal., (2006) states that a substantial problem in mrode
waste water management has arisen as existing sesyatgms are filled close to capacity and
the infrastructure is poorly maintained. Many madeities allow runoff from rainstorms to
filter directly into the sewage system, which addstress to an already stretched system. As a
result, during particularly heavy storms, or storthat last for long periods of time, the
rainwater may cause the sewage system to exceeshpizcity, creating what is called a
combined sewer overflow, which can have a devasjatffect within the cities and further on
downstream (Mombat al., 2006). From our results it has been gathered@nahamstown’s
Waste Water Treatment Works are exceeding theiaagpwithout the influence of storm
water, thus increases in storm water are guararitebdve effects downstream. Additionally
results including C.0.D (Chemical oxygen demand) aitrate already exceed the acceptable
standards for treated waste water. The amountuolgsl removed is on average 3600par
month. According to Morrisomlt al., (2004) sludge is by far the largest in volume Ibftlze
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constituents removed from sewage treatment angrasessing and disposal is perhaps the
most complex issue in waste water management todéiy the problem of fast growing
population and rapid urbanization, the amount figé being produced is becoming a growing

problem.

Figure 16 (a) Wastewater leak near a school in Gramstown East (Courtesy of the KCC)
(b) Sewerage running into the Bloukrans stream (Catesy of the KCC) (c ) Leak in
Raglan road from a wastewater manhole (Courtesy ahe KCC) d) Sewerage overflow off

Beaufort Street (own image)

It can be seen in the images above (Figure 16)ftitastructural issues with regard to waste
water are not maintained and improved the sewagespaut of the manholes and into the
nearby streams which are the main recipients ofrstwater. Without a storm event however
the sewage pollutes the streams and sludge devetopise surface where flow is not strong
enough to carry it downstream. During the firstist@r flush of water through an urban area
the levels of pollution in the stream load can Imeanore concentrated than the wastewater
concentrations in dry weather conditions (Gneeical, 2005). Beneficially to Grahamstowns
streams a storm event removes all the filth witthe stream making the water cleaner, yet
making the river banks dirtier with litter. Thisdssadvantageous to users of water downstream

of the Bloukrans River as well as biodiversity witkhe river and the ocean as they receive the
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continual and extensivpollution left by Grahamstown residents as welltlzs backlog o
sewage from unfixed waste water leaks andlage. Such is supported b(Walsh, 2000)
whereit was found that a catchment with increased udsimn showed a correlation

increased biotic degradatiomhe effect of storm and waste water can be sumethiis the

diagram below (Figure 17):

r D

4 ) 4 )
» Overflow of * Rainwater enters storm « Water flows down rive
sewage and leaks water drains and hastily carrying sewage, litte
into suburbia runs off road and other and eroded sedime
« Enters stream flat surfaces « Affects water quality
networks » Storm water downstream, hazardo
polluting water accumulates litter and to human ant
other pollution materials environmental heal
\ including sewage.
Waste wate / ) ?
\_ _J Downstrear

Figure 17: Diagram showing a conceptual model of theelationship between storm anc
waste water and downstream

Increased runoff due to road infrastructure causagased rates of erosion, reduction in w
filtration and rates of water recharge groundwater and aquifers, change channel shap
increase rates of streansdnarge (Forman and Alexander, 1). As can be seen iFigure 16,
urban water systems have entities that are insde@l Both waste and storm water m:
upstream and withirhe catchment, resulting in a significant impactdomwnstream quality an
guantity. As a result of poor @&y) infrastructure, sewadlows into residential areas, strear
as well as storm water drains. This is in turn exbated by the laclof storm water

infrastructure.

Kirstenson, (2004) describes the DPSIR driving force and pmesselationships asThe
environmental pressures that result from humarvides, and are a function of two types
variables: (i) the level of these activities, an) the technology applied in these activities”
this case, the driving force is the dreadful stoand waste water infrastructure
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Grahamstown that results from a combination of punanagement, insufficient infrastructure
and high levels of litter in streams and other wa#g/s. The level of these activities is high and

the technology to mitigate the activities’ effertdow.

Litter collections and water quality readings

Following litter collections along the Bloukransvr, Figure 8 shows that at each site even
after our first collection a vast amount of litter and along the river still remained. The
majority of this litter is at the downstream site the river has been modified into a canal
throughout the town, this means that the flow & water has been increased and so most of
the litter that is not washed up onto the banksindua major storm event, is flushed further
downstream. Additionally vegetation downstreamhisker with an increase in alien invasive
that trap much of the litter onto the banks durdmgh water levels following a storm event.
From calculations done using GIS software, the arhoillitter in an area for a length of the

lower stream accumulates to nearly 2.5 tons (Fig@je

An inverse relationship was discovered betweenfatiand conductivity (Figure 9 and 13)

this was confirmed by data supplied by the IWR &$ &s our own collected data over three
months. An increase in rainfall brings about a dase in the conductivity of the river whereas
a decrease in rainfall brings about an increasthenconductivity. This is because electrical
conductivity is measured through the concentratbuissolved inorganic salts in the water,
and so an increase or decrease in rainfall wilurm affect the concentration of salts in the
water (CWT Fact Sheet, 2002). Conductivity is acedent indicator of water quality as it will

vary with each different water source, such asfalior waste water; therefore it is able to
indicate sewage leaks or groundwater seepage (CW¥WT Hheet, 2002). The CWT give 5
things that affect conductivity in water, but omlyo are applicable for Grahamstown and this
study, namely rain and evaporation (CWT Fact SIg8£2). The conductivity of rainwater is 0

and so when it falls into a river or is part of ofininto the river it will decrease the

conductivity, as shown in Figure 13. This thougHads a pristine environment and in most
cases the runoff will increase the conductivitylitssr and other pollutants are washed into the
river with the runoff, as has been the case in @radtown. Evaporation on the other hand
increases conductivity as there is less water andhe concentration of dissolved salts

increases.
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There has been a moderate change in the tempedidttire river (Figure 10), which although
partly due to the seasons and the climate is algotd storm water and litter, as these have
played a major role in changing the river. This pemature change, although not good, is
according to Sherman, (2008) an infrequent occagen

Sustainability of waste and storm water managemenh Grahamstown

The Water Act, (1998) recognizébat the protection of the quality of water res@sras
necessary to ensure sustainability of the natiater resources in the interests of all water
users. To asses this in Grahamstown, interviewse wexld with stakeholders and key

informants.

Following interviews with key informants (excludimgunicipal managers as they could not be
contacted) as well as from visual evidence, theagament of storm and waste water is most
certainly unsustainable. In an interview with Nikkiohly, secretary of the KCC and
environmental officer at Rhodes University on stosmater management it became clear that
there are issues with regard to maintenance dadstrincture and knowledge on how to manage
storm water. Grahamstown suffers with an incapgbib manage the vast volumes of storm
water that it receives. According to Nikki Kohlyettmanagement is highly unsatisfactory due
to ‘a lack of expertise and institutional knowleddepacts of a lack of management include
road damage in the form of potholes, health risiceffects on ecosystem processes. In asking
if the management of storm water would improvehim next 5 years, it was said that it will not
change because enforcement is weak and there wwmdd to be a big change in the
willingness of the local government to do somethafigput storm water. Additionally it was
said that waste water infrastructure and drain@agels to be better maintained and improved

Recommendations

Sormwater management

Burkhard et al., (2000) states that effective and sustainable watanagement practices
requires a multidisciplinary approach including aldmce of technical, economic,
environmental and social aspects while holding $laéisfaction of developers, planners,
environmental protection agencies and customeradttition to this Wright, (1996) identifies

storm water management as being multifaceted antplex in both urban and rural areas.
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Management according to Wright, (1996) includes ghgsics of
catchment runoff, changes due to urbanization hdraulics for §
storm water and sewage conveyance and collectrahtree source
and nature of the contaminants carried by thesemf&aws. In
order to successfully manage storm water sustainaké

recommend that the municipality improve services refuse

collection, environmental health and cleansing, noplanning, = S MR ¢ YA
parks and recreation and water and sewage. Lawcemi@nt needo b iov sch as
through fines with regard to littering, illegal dpmmg and wastewater discharge as without
awareness the public ignorance makes it diffiaulimiprove service delivery (KCC, 2007). It

is important to deal with the source of the probleefiore it becomes a cause of poor water
qguality. As a cause of poor water quality, litteuhd on river banks need to be cleaned up

regularly to reduce impacts downstream for both dwsnand the aquatic biodiversity of both

fauna and flora. The clean ups should include #reowval of alien
invasives as they trap litter and reduce the nbhuireersity of the
riparian ecosystem. Such can be assisted by WorkingVater. A
particular example of alien invasive includémthium spinosum (left)
which is noticeably a particularly bad invasive timee downstream
areas as it traps litter onto its prickly seed po@sting an eye-sore in
the landscape.

We also recommend that the municipality look intastalling

spinosum plant at lower , , .
site Sustainable Urban Drainage Systems or SUDS whiehaareasy to

manage, cost-effective solution to the currentrérgée system. SUDS
are designed to manage runoff flowrates, reduceirtipact of urbanisation and danger of
flooding, provide water treatment and protect wagsources from pollution (CIRIA, 2011).
The type of SUD is dependent on different varialdash as land availability, costs and
ecology parameters. We recommend that Grahamstoaknihto the possibility of installing
SUDS such as ponds, wetlands, retention ponds,esyatfiltration trenches and porous
pavements (CIRIA, 2011). It is important to noteuph that SUDS will need to be maintained
and repaired when necessary, which is currently aoourring in Grahamstown and so is
worsening the storm water problems. Walsh, (20G@jes that one can use catchment
imperviousness and drainage design as a frameworksEessment and management of water

resources.
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Waste water management

A major issue with regards to waste water or sewaghat treatment facilities, mainly in
developing countries, lack the infrastructure aechhology to efficiently and adequately rid
the effluent of its polluting agents (UNEP, 200A)though the waste water treatment works
themselves are maintained and managed very walligbue is in terms of waste water
infrastructure before it is able to reach the sewagrks. Makana municipality need to
improve networks of storm and waste water by fixiegks and damage to piping. Without
attacking this issue as a source of all problemsagament cannot possibly be achieved with
any level of success. Makana Municipality therefals® need to contribute more of their funds
to fixing and maintaining waste water infrastruetuvhich will in turn improve the quality of

storm and stream water.

Newman and Mouritz, (1996) call for the developmehtiocal by-laws and regulations to
ensure that the water cycle, which is a localiaedesn, is managed at a local community scale
(1995: 340). The paper also highlights the possiilf the privatization of water management
which may be beneficial to Grahamstown, as loc#h@ities and municipalities usually lack
the capacity and funding to perform their dutied &mctions efficiently (Owusu-Asante and
Ndiritu, 2009).

Integrated Water Resour ces Management (1\WWRM)

Newman and Mouritz, (1996) and Jonker, (2007) leotiphasize the need for integrated water
resources management in order to efficiently arefasmably manage water resources. IWRM
is defined as “a process which promotes the coatddth development and management of
water, land and related resources, in order to migei the resultant economic and social
welfare in an equitable manner without compromidimg sustainability of vital ecosystems”
(Jonker, 1995: 1257, Global Water Partnership, 2000

With water availability and quality being one ofetlfour environmental priorities, the South
Africa Environment Outlook, (2006) recommends tlhetd and water policy, as well as
management be integrated, especially in integratedelopment plans and catchment
management strategies. Rapport and Singh, (2086)saleak of a similar concept of adopting
an ecosystem perspective, it represented a signifiadvance from the then prevailing
engineering-based approaches, with their focus mmaminants in air, water and land; in
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reference to the Pressure-State-Response (PSR)I.mduerefore a holistic approach to
training of Makana Municipal staff, such as Inteagch\Water Resource Management, must be

executed adequately.

To lessen the costs of having to manage storm \aatkwaste water the Makana Municipality
should look into the sustainable integrated managerof the two, which is the process of
considering the two as inextricably linked (IET@12). An important tool in this process

would be the waste management hierarchy (Table/l@gh provides a step by step procedure

on how to ensure that waste management is an emvéwotally sound practice (IETC, 2011).

Table 3: The waste management hierarchy

Step 1: Prevent or reduce waste generation
Step 2: Reduce the toxicity or negative impachefwaste
Step 3: Recycle waste in its current form

Step 4: Reuse waste after further processing

Step 5: Treat waste before disposal

Step 6: Dispose in an environmentally sound manner

v

In a sustainable integrated water system, waterraidents are reused and recycled where
possible to limit the amount of chemical fertilisarsed as well as reduce the amount of water
being wasted. The integration of storm water andtevavater does not mean that the two must

be mixed or combined but just that they are lined thus have a huge impact on one another.
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Drivers—Pressures-State-Impacts-Response (DPSIR Freework)

Table 4: DPSIR of storm and waste water in Grahamsiwn

Storm water

Waste water

Drivers Urbanization, increase in surfaces such as| Population increases, urbanization,
roads and decrease in natural vegetation, g poor maintenance and development
drainage infrastructure, lack of storm water| of waste water drainage before
management, lack of law enforcement for | treatment works
dumping and littering. Urbanization also
creats a heat island over cites and towns
causing more convection rainfall (EPA,

2011).

Pressures| During dry periods in urban areas pollutants Storm events cause an influx of
build up from mainly motor vehicle traffic | water into the waste water system on
and other human activities, the pollutants thabp of the existing waste water.
accumulate are dissolved colloidal and solidCoupled with the badly maintained
constituents made up of organic and inorganidrustructure the excess storm water
compounds, oil, nutrients, greases, heavy | and the sewage produce combined
metals and accumulation of litter (Gneato | sewer overflow (Mombat al, 2006
al., 2005).

State Poor water quality following a storm event, | Drainage infrastructure
quality of storm water infrastructure is unsustainable, leaks into storm water
unsustainable. Water quantities too much f( drains and streams, water treatment
river system and infrastructure to handle | works in good condition, treated

water for some tests does not meet
quality standards.

Impacts | Hydrological impacts of storm water are botfimpacts are on ecosystem

indirect and direct. Direct impacts include tt
enlargement of water channels through
erosion and indirect impacts are an increas
risk of flooding within urban environments
(Walsh, 2000).

néunctioning and health. Wastewater
is causing adverse impacts of lakes
edvers and coastal water systems; one
of the most threatening effects of

storm and waste-water is the
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According to Forman and Alexander, (1998
roads have an impact on the physical
processes of water runoff and sediment yie
Surface water flows through ditches along t
roadside and either transfer to streams or
gullies (Forman and Alexander, 1998)
Increased runoff due to road infrastructure
causes increased rates of erosion, reductio
water filtration and rates of water recharge
groundwater and aquifers, change channel
shape and increase rates of stream dischatr
(Forman and Alexander, 1998)

Impacts for human health downstream, on

riparian vegetation, aquatic and terrestrial

)Ymicrobial contamination of these
habitats. This contamination is
Icltering the abundances and the
haiversity of the aquatic organisms
(Chamberst al, 1997).

A loss in ecosystem functioning
effects the ability for people to
nsastain their livelihoods due to the
farulnerability placed onto ecosystem

services.

ge

biodiversity and ecosystem functioning on the

whole. Storm water affects water properties
including; temperature, pH, electrical
conductivity, minerals and nutrients. Can le
to eutrophication and introduction of alien

invasive species in areas of increased

]

ad

disturbance from pollution

Response

IWRM, multidisciplinary approach, monitoring, imp@ment of services, law

enforcement
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Conclusion

In order to ensure a future where water shortagesa@ exacerbated, we need to start now and
develop a multidisciplinary approach to the plagpigspecification, costing and evaluation of
water and waste water options, specifically indbenestic and industrial context (Burkhaatd
al., 2000). Storm water is unsustainably managed in &nstown with its impacts stretching
into the already stressed and poorly maintainecstfucture of both waste and storm water.
Without proper management of storm and waste wat&m be expected that with increasing
development, the problem of poor water quality witthe town will continue to get worse.
Not only does mismanagement have human healthtetiet also impacts on river ecosystems
including aquatic and riparian biodiversity. Exaesf water from surface runoff during storm
events changes channel shape and increases esbdsianriver banks. It is clear from this
study that there is a dire need for the sustainatdeagement of storm and waste water in

Grahamstown.
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