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1 Introduction

The town of Calvinia in the Hantam Karoo needs an upgrade of the current urban
water provisioning system, with more boreholes and pipelines added to the system.
The Hantam Municipality appointed the consulting civil engineering firm BVi of
Upington to undertake the project. Projects of such a dimension requires an
Environmental Impact Assessment (EIA).

Enviro Africa of Somerset West was subsequently appointed to carry out the EIA, in
terms of NEMA, together with the public participation process (Figure 1).

The envisaged pipelines cross many mostly dry drainage lines. These drainage lines
only have water during and shortly after the occasional heavy rainfall event. These
drainage lines are nevertheless recognized as legitimate water resources in terms of
the NWA. Because of this, a WULA is required to legitimize the envisages construction
if the pipelines, for which a Fresh Water Report is to be submitted, along with a WULA.

WATSAN Africa was appointed to produce the Fresh Water Report and to carry out
the WULA in terms of the NWA. The required site visits were conducted on 17 and 18
November 2020, along with other specialist scientists that were appointed for this
project.

The Fresh Water Report must contain adequate information to allow for informed
decision-making. The decision to approve the proposed urban development rests with
DWS officials, in terms of S21 of the NWA. The Fresh Water Report must contain
specified information according to a set profile, which has been developed over a
number of years over many such reports and in accordance with GN509. A Risk Matrix
is to be completed, as published on the DWA webpage.

WATSAN Africa has produced similar reports for projects in the Northern Cape, such
as the Komaggas and Brandvlei pipelines, as well as for pipelines for the irrigation with
treated wastewater in Calvinia. With these reports, an approach and methodology has
been developed. This methodology has been further developed for the Calvinia bulk
water pipelines.

The pipeline® position was changed, with the result that the freshwater report was
updated. An additional site visit was conducted on 25 August 2021. This then is the
updated report to include the relocation of the pipeline.

1
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Figure 1 Public participation
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2 Legal Framework

Theproposed devel opment #Atriggerso secti
the following:

S21 (c) Impeding or diverting the flow of a water course

The proposed pipeline is spanning the banks of drainage lines. The drainage lines
would be altered, should the development go ahead.

S21 (i) Altering the bed, bank, course of characteristics of a water course.

Some part of the proposed pipeline will alter the characteristics of the banks of the
drainage lines.

Government Notice 267 of 24 March 2017
Government Notice 1180 of 2002. Risk Matrix.

The Risk Matrix as published on the DWS official webpage must be completed and
submitted along with the Water Use Licence Application (WULA). The outcome of this
risk assessment determines if a letter of consent, a General Authorization or a License
is required.

Government Notice 509 of 26 August 2016

An extensive set of regulations that apply to any development in a water course is
listed in this government notice in terms of Section 24 of the NWA. No development
take place within the 1:100 year-flood line without the consent of the DWS. If the 1:100-
year flood line flood line is not known, no development may take place within a 100m
from a water course without the consent of the DWS.

S27 of the NWA
The WULA should include the following aspects:

Redressing past discrimination

Efficient use of the water in public interest
The socio-economic impact of the water use
Catchment management strategies

Effect on the water resource

Effect on other water users
]
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1 Investments already made with regard to this WULA
1 Meeting the requirements of the Ecological Reserve
1 Duration of the undertaking

Likewise, the development triggers a part of the National Environmental Management
Act, NEMA, 107 of 1998).

The EIA Regulations of 2014 No.1 Activity 12 states that no development may take
place within 32m of a water course without the consent of the Department of
Environmental Affairs and its provincial representatives. A part of the development is
in drainage lines. Consequently, this regulation is relevant to this application.

This Fresh Water Report is focussed in S21 (c) and (i) of the NWA. Should it ever
become necessary to extend a WULA to the taking of water from a resource in terms
of S21 (a) or the storing of water in the additional reservoirs in terms of S21(b), a
separate report is required, focussed on the specific requirements of these two sub-
sections of the NWA.

CALVINIA BULK WATER SUPPLY FRESH WATER RE 8



3 Calvinia Climate

http://www.saexplorer.co.za/south-africa/climate/calvinia_climate.asp

Calvinia normally receives about 146mm of rain per year and because it receives
most of its rainfall during winter it has a Mediterranean climate. The chart below
(Figure 2, lower left) shows the average rainfall values for Calvinia per month. It
receives the lowest rainfall (1mm) in January and the highest (23mm) in June. The
monthly distribution of average daily maximum temperatures (centre chart below)
shows that the average midday temperatures for Calvinia range from 15.3°C in July
to 30.6°C in January. The region is the coldest during July when the mercury drops
to 1.4°C on average during the night.

Average rainfall (mm) Average midday temperature (°C) Average night-time temperature (°C)
2 3] 1
3 1 4
1 15 1
JFMAMJJASOND JFMAMJJASOND JFMAMJJASOND

Figure 2 Calvinia Climate

With such a low rainfall the area can be described as arid. For at least two months of
the year there is no rainfall at all.

The rainfall is highly variably. The drought of 2019 and the preceding years was one
of the worst in recorded history. It was hard to conceive thatthe d i s t vegetatiof s
would ever recover from dry stubble to edible life stock fodder. The good rains of 2020
performed this very miracle. During the site visit on 16 November, the landscape was
transformed. However, at the time sheep farming already had its impact, with the
vegetation trimmed on much of the farm land.

4 Quaternary Catchments

https://gis.elsenburg.com/arcqis/rest/directories/arcgisoutput/GP Services/ExportWe
bMapPro GPServer/ ags bfdlf77a-39e9-11eb-8e48-005056b43772.ipg

The quaternary catchments are shown in Figure 3.

Calvinia is located in the E40B quaternary catchment.

1
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https://gis.elsenburg.com/arcgis/rest/directories/arcgisoutput/GP_Services/ExportWebMapPro_GPServer/_ags_bfd1f77a-39e9-11eb-8e48-005056b43772.jpg
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The Ceres Road pipeline from the south is located in the E40A quaternary catchment.

The Loeriesfontein Road pipeline to the west is located in the E40B quaternary
catchment. A section of this pipeline will be constructed in the E32A quaternary
catchment.

The E group of quaternary catchments are all part of the Olifants River catchment.
The Klipwerf Road pipeline will be constructed in the D58B quaternary catchment.

The D group of quaternary catchments are ultimately all part of the Orange River
catchment.

Figure 3 Quaternary Catchments (Cape Farm Mapper)

1
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http://bgisviewer.sanbi.org/HtmI5Viewer/Index.html?configBase=http://bgisviewer.sanbi.org/Geocortex
[Essentials/REST/sites/Vegmap/viewers/National Vegetation Map 2009/virtualdirectory/Resources/
Config/Default&user=&extent=&layerTheme=

Figure 4 Vegetation

According to the SANBI webpage, just about all of the pipelines will stretch across
Bokkeveld Sandstone Fynbos (Mucina & Rutherford, 2006). Only a section of the
Loeriesfontein Road pipeline, the minor road AP2886, skirts the north western face of
the Hantam Mountain, over some Hantam Karoo.

The rivers are al/l mar ked as NFEPAOGSsS.
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6 The Project
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Figure 5 Project (BVi)

A total of 6 boreholes have been sunk to augment the water demand of the town of
Calvinia (Figure 5). These boreholes will be connected to the Calvinia water
purification works with pipelines. There will be 3 new pipelines.

9 Ceres Route. This pipeline will be constructed along the road to Ceres to
connect to two of the new boreholes south of Calvinia. This pipeline will be
26.5km long. Originally, it was planned that this pipeline will swing to the east
at the R27 trunk road, follow the verge of the road and then cross the
Oorlogskloof River. It was planned that the pipeline will be suspended on the
bridge over the river, to connect to the existing pipeline in Calvinia, but this was
not to happen. Instead, the pipeline had to be moved on a route directly to the
river. It will now be trenched through the river to connect to the existing pipeline
to the west of Calvinia on the northern verge of the R355 to Loeriesfontein
(Figure 1).

1 Loeriesfontein Route. There is one borehole on the side of the road to
Loeriesfontein on the north west of Calvinia and another on a minor road that

1
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turns out to the north east out of the Loeriesfontein road. The combined length
of these pipelines is 44km.

1 Klipwerf Route. This pipeline will be to the east of Calvinia, stretching to the
north along the Klipwerf Road. The pipeline will be 22 km long. It will connect
to an existing pipeline along the trunk road to the east of Calvinia.

It is therefore a substantial project with a total of length of 92,5km of pipeline. This
must all be trenched, underground, crossing many drainage lines.

%

iehole CALLANaI6 Jr ¢

NICIRALILY:

Figure 6 Ceres Road pipeline new location

7 River reaches in and around Calvinia

The envisaged Ceres Road pipeline from Borehole 1, 2 and 3 is located in the
Oorlogskloof River sub-catchment (Figure 6). The upper reaches are some 20 km
south of Calvinia, from where the river stretches to the north towards Calvinia, where
it angles to the west. To the west of the escarpment it becomes the Kobee River,
which joins up with the Doring River, the main tributary of the Olifants River.

CALVINIA BULK WATER SUPPLY FRESH WATER RE 13



The south western face of the Hantam Mountain gives rise to the upper tributaries of
the Tierpoort River, which runs to the south and into the Oorlogskloof River. The
envisaged pipeline from Borehole 4 and 5 will cross the Tierpoort River.
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Figure 7 River Reaches in and around Calvinia

The pipeline from Borehole 5 will cross the upper reaches of the Soetwatersfontein
River, which together with the Klein Toring River flows into the Hantam River. Far
away to the west, the Hantam River becomes the Sout River, which together with the
Vars River forms the relatively short reach of the Hol River, which in turn flow into the
Olifants River near Lutzville close to the Atlantic Ocean.

Borehole Nr 6 is located in the sub-catchment of the Klein Vis River, which connects
to the Vis River to the west. The Vis River heads in a northerly direction into a series
of large pans in the central Bushmanland, where it becomes the Sak River. The
overflow from the Sak River was named the Hartbees River to the north of the pans,
to connect to the Orange River near Kakamas some 450km to the north of Calvinia.

Figure 1 is really a very much simplified explanation of the river reaches in and around
Calvinia, to indicate the direction of the runoff from the ground on which the pipelines
are to travel. In reality the district is covered with a dense network of drainage lines,
|l i ke a birdés feather, with | it e rcadhrhents
and further sub-divisions thereof.

1
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8 Mitigation measures

The envisaged pipelines are to follow the roads, according to planning, in the road
reserves, from the various boreholes all the way to the water purification works in the
town of Calvinia.

There were numerous crossings of the pipes over or through the drainage lines. There
is now a crossing through the Oorlogskloof River as well. Where these crossings
occur, the water supply pipeline must:

1 Not wash open during the occasional storm event, when drainage lines may
come down in flood;

1 Allow the free flow of storm water as it was before the installation of the pipeline.
Storm water must not dam up behind the pipeline. The installed pipeline and its
associated infrastructure must not deviate the flow of storm water in any way.

1 The pipeline, its construction and operation, must not be conducive to more
sediment transportation along with occasional moving flood water.

These are the main aims of the environmental program during the life cycle of the
envisaged pipeline.

A method must therefore be established to indicate where these crossing are, on a
map, in such a way that the contractor who is about to entrench the pipelines, can
easily and accurately find the crossings of concern, along with a clear indication of
what sort of protection measures are required.

Protection measures include the following:

1 The pipeline must be entrenched deeper, with more backfill cover. It is
assumed that 700mm is adequate for most of the distance, but where it crosses
more prominent drainage lines, it can vary between 900mm and 1200mm,
depending on the size of the drainage line.

1 Where large drainage lines or rivers are crossed, the pipeline must be protected
with gabions, reno matrasses or even concrete structures. It should be buried
deep enough so that the chances of washing open is minimized, at 1200mm or
more. The riverbanks may need stabilization as well.

In addition to the above, more mitigation measures apply:

The best time to construct the pipelines will be during the dry season, when the
likelihood of flash floods are at its lowest.

The pipleines should, wherever possible, be constructed on the uphill side of the roads
and the culverts, where the erosion is consistently at its least and where the
environmental impact is going to be at its least. It is going to be much more difficult
and costly to construct the pipelines downstream in the eroded parts along the
culverts.

1
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The trenches must be compacted and landscaped to blend in with the surroundings,
following the entrenchment of the new piplines.

Flood water flows faster through culverts, as has been previously explained, with a
higher erosion potential when it exits on the downhill side. This can be exaserbated
when the uphill side of culvers are covered with Reno matrasses and other smooth
structures with a low flow resistance. For this reason it may be necessary to upgrade
the downhill side of culverts as well with Reno matrasses or similar structures. At
some crossings, where erosion is obvious, especially down steep inclines, conrete
structures may be required.

An experienced ECO must be appointed to oversee the construction of the pipelines.

The pipeline, once in operation, must be regularly inspected to look for leaks. Should
leaks occur, it should be fixed immediately.

9 Methodology

There were numerous drainage lines along the paths of the envisaged pipelines, too
many to find the coordinates for each of these crossings.

To get to grips with the volume of the work that had to completed within the available
time and budget of this WULA,asi s t he case with most if not
lines, depending on their size, were divided into 5 classes (Table 1)

Classes 1, 2 and 3 were only counted. Class 4 and 5 were marked, the coordinates
were noted, using a hand-held GPS. These drainage lines were photographed,
upstream and downstream of the road, as well as the culvert or bridge.

A complete record of these photographs is available. This photographic record is
substantial and cannot be all included in this Fresh Water Report, but is available upon
request, should the contractor require more information.

The classification for some of the drainage lines posed difficulty, because erosion
downstream of a culvert can be substantial, with dongas, vertical sides and wide beds,
while upstream there can be scarcely a sign of any drainage line. It was surmised that
the smooth foundation of a box culvert or a large pipe culvert can cause the flow of
storm water to be accelerated. Where it gushes out from underneath the road, it
possesses adequate velocity and as a result an enhanced erosion potential to scour
out a substantial drainage line. Upstream of the culvert, the drainage line can be a
class 1 of 2, while downstream it can be a class 4 or 5. In this event, an average score
for the class was arrived at.

This has consequences for the lying of the pipeline. It seems to be much more cost
effective to excavate the trench and bury the pipeline upstream of the culverts and the
roads. Downstream of the culverts, adjacent to the roads, there are many more class
I ———
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4 and 5 drainage lines that require much more earth works and other civil
infrastructure.

Table 1 Drainage Line Classes

Class | Characteristics Actions

Class 1 | There is no discernible or visible | No action is required
drainage line. There is only a culvert.

Class 2 | There is a drainage line. The drainage | No action is required
line is faint.

Class 3 | There is a discernible drainage line. | No action is required, apart from
The drainage line is distinct. that the trench must be 900mm

deep

Class4 | There is an obvious, discernible | Pipeline protection measures
drainage line, with clear signs of | and erosion control measures
sediment transportation. must be implemented. The

pipeline must be covered with
900 to 1200mm of backfill.

Class 5 | Drainage lines resemble a river, more | Pipelines protection measures
often than not incised, often with a wide | must be implemented, such as
river bed. gabions, reno matrasses and

anchors

10 Number of drainage lines

The number of drainage lines in each class and for each of the 3 routes are given in

Table 2.

According to Table 2, there are 67 crossings (Class 3, 4 and 5) that will require
protection measures, some of which can be substantial (Class 4 and 5).

1
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Table 2 Number of drainage lines

Route Class 1 Class 2 Class 3 Class 4 Class 5
® o o © o
Ceres Road 0 5 10 4 6
Loeriesfontein 37 33 24 13 4
AP 2886 Road
Klipwerf Road 6 3 3 2 1
Total 43 41 37 19 11
Grand Total 151

10.1 Ceres Road

Only the Class 4 and Class 5 crossings have been marked on Figure 7 and listed in
Table 3.

The GPS coordinates were taken from the vehicle parked on the road next to the
crossings, rather than right on the crossing, so the coordinates may be approximately
5 paces from the mark, but close enough to find the crossings from the given
coordinates.

The blue lines on Figure 7 indicate the stretch of the envisaged pipeline where Class
1, 2 and 3 crossings were encountered and where apart from some deeper digging in
of the pipeline at the Class 3 crossings is required, no further mitigation measures are
asked for.

The resolution on Figure 7 is rather low, with the drainage lines not discernible. Hence
the part of the Figure 7 from Crossing No. 7 to No. 11 was enlarged (Figure 8). This
is still not ideal, as an even bigger enlargement is required, but the figure nevertheless
gives more detail.

There are a number of drainage lines down the hill on the eastern side of the road,
passing under the road with either box or pipe culverts. The mean slope from the
highest point on the hill to the road is 7 vertical meters in every 100 horizontal meters.
This is a steep slope that gives rise to a high velocity of running storm water during
the occasional high rainfall event. The result of this is evident on the ground, with
deep dongas scoured out.

1
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Crossing No 11 (Figure 10) is serves as an example. Upstream, to the east of the
road, apart from the storm water trench next to the shoulder of the road, the drainage
line is hardly visible. It passes underneath the road with a pipe culvert. These are 3
pipes of 600mm diameter. Downstream of the culvert, the drainage line is deeply
scoured out.

Pipe culverts can have from only one up to 6 pipes. These pipes can be 300, 600 or
900mm in diameter.

Crossing No. 9 is much larger, with the drainage line stretching to the south around
the hill. This drainage line has a much larger catchment area. Upstream of the
crossing, the drainage line is well defined, not deeply incised, some 2m wide and looks
rather benign (Figure 11). It passes underneath the road through a constructed box
culvert. Downstream, the foundation of the culvert is heavily eroded. The drainage
line curves to the north, where it is eroded and deeply incised.

Table 3 Ceres Road

()
No. | Coordinates 2
1 |[31A39.165086S |e
2 |[31A38.8638% EO
3 |31A38.60206S |0
4 |31A38.54386S |O
5 131°38.1926 S 1 92@@43 °
6 [31°38.0700 S 1 98RaIHO
7 |31°33.2656 S 1 930@EO
8 [31°32.94806 S 1 J0RAEO
9 [31°33.8680 S 1904 3e
10 | 31°32.5866 S 1 8RA B O
11 | 31°32.7946 S 1 9444 H 0
12 | 31°29.1716 S 148834 |0
13 [ 31°29.0146 S U.89383E e
14 |31A28.89106S |e

1
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Figure 10 Ceres Road Crossing No. 11
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Figure 10 Ceres Road Crossing No. 11 Continued

Figure 12 depicts the enlarged section from Borehole 1 and 2 on the very south part
of the Ceres Road. The figure does not clearly show the drainage lines, but at least
the road along which the pipeline is to be constructed is visible.

Upstream, Crossing No. 2 is about 3m wide, clearly defined, shallow and with a bed
of coarse sand. The banks are lines with broken slate. Some of the bushes next on
the banks are somewhat higher that those further away, but there is no clearly defined
riparian zone (Figure 13).

There are no culverts of any sort. Storm water simply runs over the road when it rains.

Downstream, the drainage line is very much the same as upstream. It becomes
deeper downstream.

The land between Crossing No. 2 and Borehole 1 and 2 is sandy, with a high clay
content and is crisscrossed by numerous drainage lines. Some or small and others
are bigger, incised, with clear signs of erosion. It seems as if the clay disperses easily
in rainy weather, with signs of erosion and deposition everywhere.

Crossing No.5 (Figure 14) is one of the bigger ones, with a clearly defined drainage
line, also shallow, but approximately 5 m wide. Judging from the debris washed up
against the fence, the drainage line must, from time to time, burst its banks with

1
CALVINIA BULK WATER SUPPLY FRESH WATER RE 22



Figure 11 Ceres Road Crossing No. 9
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Figure 12 Ceres Road section enlarged Crossing 2 to 6

occasional flood water. It crosses the road through 900mm pipes. Downstream, the
drainage line becomes more incised, with banks of approximately a meter high.

There is already a HDPE 120mm pipeline on the ground surface that passes
underneath the R27 trunk road in a box culvert (Figure 14). Reportedly, this is a
temporary pipeline that has been laid with funding from the DWA drought relieve fund
from a borehole south of the R27 to the Calvinia water purification works. This is a
different project, separate from the current one. However, the new PVC 200mm
pipeline will have to follow very much the same route to the connection with the existing
pipeline to the west of Calvinia on the R355 (Loeriesfontein Road).

On the section between the R27 and the Oorlogspoort River is a Class 4 crossing
(Crossing No. 12, Figure 15), where the pipe must be dug in deeper.

The Class 5 crossing with the Oorlogskloof River (Crossing No.13, Figure 16)
deserves more attention, as the river occasionally come down in flood with such a
force that it can threaten the new pipeline. The riverbed downstream from the newly
laid HDPE pipeline has been scoured out deeply (Figure 16). The pipeline at this
crossing must therefore be protected, dug in deeper, with extra structures such as
gabions and a reno mattress.

The flood plain here is wide and barren, with little vegetation and is disturbed because
of mostly failed attempts to establish horticulture. The district here clearly is too dry,
with rare availability of water in the river. The pipeline can be trenches without any ill
effects to the aquatic environment.

1
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Crossing No 14 is at the R27 road bridge (Figure 7). This crossing is not considered
as a viable alternative any longer.

Figure 13 Ceres Road Crossing No. 2

1
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Figure 14 Ceres Road Crossing No. 5
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