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EXECUTIVE SUMMARY
GCS Water and Environment (Pty) Ltd (GCS) was appointed by ACER (Africa) Environmental
Consultants (ACER) to undertake a desktop level hydrogeological assessment for the
proposed Mtunzini Sanitation Project, situated at Mtunzini within the KwaZulu-Natal (KZN)
Province. The project area is bound to the north by the Mlalazi River, east and south by the
Siyaya River and Indian ocean, and N2 route towards to the west of the site.
The proposed Mtunzini Sanitation Project aims to upgrade the existing sewer reticulation
system servicing the town of Mtunzini by installing several new sewer and rising main lines
and associated sewer pump stations. The project will take place in several phases (Phase 1
to 5). The spatial distribution of the proposed sewer lines and project phases are indicated
in Appendix A.
The construction and operational phases of the project are considered high risk activities, in
terms of potential groundwater contamination. The geohydrological report is required to
supplement the Basic Assessment (BA) and Water Use License Application (WULA) reports for
the site.

Approach and Methodology
A logical and holistic approach was adopted in order to assess the project area. The Best
Practice Guidelines for Impact Prediction (G4) (Department of Water Affairs and Forestry
[DWAF], 2008), was considered in order to define and understand the three basic components
of the hydrogeological risk:
•

Source term - The source of the risk;

•

Pathway - The pathway along which the risk
propagates; and

•

Receptor - The target that experiences the risk.

The approach was used to assess:
1. How the proposed site activities could impact groundwater Quality; and
2. How the proposed site activities could affect the groundwater Quantity.
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Site Assessment and Conceptual Hydrogeological Model
•

Available literature data suggest that 2 aquifer systems, often visualised as a single,
unified aquifer system, exist in the area:

•

o

An unconfined aquifer associated with alluvium and riverbed sediments; and

o

A semi-confined, intergranular, and fractured aquifer network.

The aquifer host rock comprises predominantly of:
o

Alluvium deposits (primarily underlying the Mlalazi and Siyaya Rivers);

o

Undifferentiated coastal deposits (unconsolidated to semi-consolidated
sediments) of the Berea formation; and

o
•

Arenaceous rocks (sandstone, some shale and arkose) from the Ecca group.

The aquifer has a low to medium hydraulic conductivity (K-value) and moderate to
high porosity (n-value).

•

The aquifer is mainly of secondary nature.

•

The aquifer can be referred to as being primarily fractured (King et al., 1998).

•

The aquifer underlying the site can be regarded as a low-moderate yielding aquifer
and has a reported yield in the order of 0.5 litres per second (l/s) to 2 l/s – Class D3
aquifer.
o

However, high yields are only associated with successful boreholes drilled
into the fractured/jointed aquifer zones.

•

A review of the GRIP (2016) and NGA (2019) databases indicate that there are fifteen
(15) boreholes within a 5 kilometre (km) radius of the site. The boreholes are situated
outside the Mtunzini area and fall within other drainage areas. However, six of the
boreholes identified fall within the delineated sub-catchment.

•

Based on available groundwater level data:
o

The regional groundwater level varies from 5 to 20 metres below ground level
(mbgl) for the project area; and

o

Available data suggest that the level of the groundwater table mimics the
topography.

•

19-0264

Groundwater is typically encountered in:
o

Fractures which are recharged through overlying weathered dolerite;

o

Contacts between lithologies or at unconformities;
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o

Saturated sands; and

o

Dolerite contact zones with competent crystalline or sedimentary rock.

Available groundwater quality data suggests:
o

Groundwater generally exhibits neutral pH conditions;

o

Electrical conductivity (EC) ranges from 20 to 70 mS/m, which is on par with
DWAF (1996) Target Water Quality Range (TWQR) for domestic use;

o

Calcium (Ca), chloride (Cl) and nitrate (NO 3) are high for some sample sites
when compared to DWAF (1996) TWQR; and

o

In general, it can be concluded that the groundwater in the Mtunzini area
can be considered of good quality and is suitable for domestic potable use.

•

Recharge to the underlying aquifer is estimated to be in the order of 12.9 to 15.8 %
(average = 14.35 %, 185.5 mm/yr) of the Mean Annual Precipitation [MAP] (1 290 –
1 300 mm) which falls within quaternary catchment W13B (DWAF, 2006).

•

The aquifer present is classified as a Minor Aquifer system (Parsons, 1995).

•

The geohydrological Site Conceptual Model (SCM) is shown in Figure 1 below.

Figure 1: SCM (larger figure available in the report)
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Hydrogeological Impact and Risk Assessment
•

The hydrogeological risk assessment methodology and limitations are discussed in
Section 4. Considering this and based on the Source-Pathway-Receptor (SPR) model
(DWAF, 2008), the following receptors are noted for the proposed project:
o

o

•

Construction phase:
▪

The Siyaya River (during the Phase 5b development);

▪

The Mlalazi River (during the Phase 5a development);

▪

Non-perennial rivers (during Phase 1 and Phase 3 development); and

▪

Vadose zone (all Phases).

Operational phase:
▪

Vadose zone (all Phases); and

▪

Shallow aquifer system (all Phases).

A risk rating of the anticipated impacts pertaining to hydrogeology is presented in
Section 4.4. The risk assessment indicates that there are minor risks associated with
the proposed development, in terms of impacts on groundwater quality. Based on the
risk assessment and project type:
o

The impacts on the groundwater environment can be considered low during
the construction phase of the project;

o

The Wastewater Treatment Works (WWTW) and the sewer pump station areas
can be considered higher risk areas due to these structures conveying and
storing sewage;
▪

The groundwater in these areas will likely only be at risk if leakages
or spillages of raw sewage occurs, which can percolate into the subsoils;

▪

Leakages along the sewer lines will also put the local aquifer at risk
during the operational phase; and

o

The impact of the proposed project on the groundwater reserve is considered
insignificant (in terms of recharge loss to the aquifer).
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Conclusions
The potential future risks associated with the Mtunzini Sanitation Project, in terms of risks
to groundwater quantity and quality, were found to be low. This is based on the assessment
of the risks associated with the project activities. Groundwater and surface water risk can
further be managed by routine monitoring and implementation of the proposed mitigation
measures (as outlined in Section 5).

Recommendations
The following recommendations are made:
•

All waste generated during construction on site (i.e. building rubble, used oil and
paint containers etc.) must be stored in designated areas which are isolated from
surface drains. Waste storage facilities should be covered to prevent dust and litter
from leaving the containment area, and to prevent rainwater ingress.

•

Minimise the amount of exposed ground and stockpiles of building material (i.e. sand,
cement, wood, metal, paint, solvents etc.) to prevent suspended solid transport
loads and leaching of rocks/materials. Stockpiles can be covered, and sediment
fences constructed from a suitable geotextile.

•

The proposed groundwater monitoring plan, as outlined in Section 5, should be
implemented to monitor the likely risk on the local groundwater aquifer system and
downstream receptors.
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INTRODUCTION

GCS Water and Environment (Pty) Ltd (GCS) was appointed by ACER (Africa) Environmental
Consultants (ACER) to undertake a desktop level hydrogeological assessment for the
proposed Mtunzini Sanitation Project, situated at Mtunzini within the KwaZulu-Natal (KZN)
Province.

1.1

Project background

The proposed Mtunzini Sanitation Project aims to upgrade the existing sewer reticulation
system servicing the town of Mtunzini by installing several new sewer and rising main lines and
associated sewer pump stations. In summary, the proposed sanitation project will entail the
following:
•

Construction of a 2 megalitre (Ml) treatment plant in Mtunzini;

•

Construction of approximately 26.2 kilometre (km) of 200 millimetre (mm) – 110 mm
diameter conventional water borne sewer reticulation systems and manholes; and

•

Construction of 6 sumps and pump stations.

The project will take place in several phases (Phases 1 to 5). The spatial distribution of the
proposed sewer lines and project phases are indicated in Appendix A.
The construction and operational phases of the project are considered as the high risk
activities, in terms of the potential for groundwater contamination. The geohydrological
report is required to supplement the Basic Assessment (BA) and Water Use License Application
(WULA) reports for the site.

1.2

Study objectives

The focus of this report is the likely risks to groundwater associated with the construction and
operational phases of the project. The focus of the assessment is on the proposed construction
phase i.e. heavy machinery on site during construction and higher risk permanent
infrastructure i.e. sewer pump stations, wastewater Treatment Works (WWTW) and the sewer
reticulation lines.
The main objectives of the study are as follows:
•

To understand the baseline groundwater quantity and quality that can be used as a
benchmark for future comparison purposes;

•

To assess the current status of groundwater resources in general and any fatal flaws
and /or sensitive areas;

•

To understand all groundwater risks associated with the proposed activities on the
groundwater environment; and

19-0264
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To present findings in an understandable and presentable format so that it can be
used for decision-making purposes.

1.3

Scope of work

The scope of work completed was as follows:
1. Desktop Assessment:
a. All available reports relating to the site were assessed, including a review of
all geohydrology, hydrology, hydrochemistry, and geology literature and
relevant data.
b. A desktop level hydrocensus was conducted. The National Groundwater
Archive (NGA, 2019) and Groundwater Resource Information Project (GRIP,
2016) databases were assessed to identify boreholes in the project area.
2. Hydrogeological and Geological Conceptual model:
a. A hydrogeological and geological site conceptual model was developed with
data obtained for the project area.
3. Hydrogeological Risk and Impact Assessment:
a. A preliminary risk assessment was conducted based on the Source-PathwayReceptor (SPR) model (DWAF, 2008).
b. Effective annual recharge on a sub-catchment scale was assessed. The likely
impact of development activities on groundwater quantity (i.e. the impact of
reduced recharge to an ecosystem sustained by an aquifer) was assessed.
4. Monitoring Plan:
a. A groundwater monitoring plan, with mitigation measures, was developed for
the site based on a baseline assessment of the site conditions.
5. Reporting:
a. A hydrogeological report was compiled including a groundwater risk
assessment and monitoring plan.

1.4

Study limitations

The following study limitations are recognised:
•

No exploratory drilling or fieldwork was conducted as part of this study. Although data
in this assessment is extracted from reliable data sources, the risk assessment is
considered preliminary until groundwater data is verified with intrusive site work (i.e.
drilling of onsite boreholes, on-site water quality, and quantity testing).

19-0264
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Limited groundwater quality and quantity data are available for the project area.
Available groundwater data was extrapolated to conceptualise the best case
hydrochemistry and groundwater conditions of the site.

2

DESKTOP ASSESSMENT

The following section supplies a brief overview of the regional setting, topography, climate,
and geological features in the project area. The information in this section was obtained from
public domain data and previous specialist studies for the project area (refer to the reference
list).

2.1

Regional setting, topography and climate

The Mtunzini Sanitation Project (“the site”) is situated at 28°57'36.36" S and 31°44'59.67" E,
at Mtunzini, KZN (refer to Figure 2-1). The project area is bound to the north by the Mlalazi
River, east and south by the Siyaya River and Indian ocean, and N2 route towards to the west
of the site.
The project area is characterised by gentle to moderately slopes, with prominent
topographical depressions along the drainage lines. The proposed sewer lines will stretch from
the northern reaches of Mtunzini (starting approx. 1 km southwest and upstream of the Mlalazi
River) towards the southern reaches of Mtunzini (ending approximately 500 m north and
upstream of the Siyaya River), with a section of the sewer line extending towards the Laguna
area (east of Mtunzini). Elevations typically range from 2 to 80 metres above mean sea level
(mamsl).
The project area falls within quaternary catchment W13B of the Pongola to Mtamvuna Water
Management Area (WMA). The area falls within a sub-tropical climate which receives rainfall
in summer months. The Mean Annual Precipitation (MAP) ranges from 1 290 – 1 300 mm/annum
and the Mean Annual Evaporation (MAE) is in the order of 1 300 mm/annum (S-Pan) for the
catchment (WR2012, 2012).

2.2

Local geology and soils

The local geology (DMEA, 1998) is characterised by quaternary aged alluvium and sand deposits
of the Berea Formation, which is conformably underlain by sediments of the Vryheid Formation
(Ecca Group) of the Karoo Supergroup (refer to Figure 2-1).
According to the Land types of South Africa databases (Land Type Survey Staff, 1972 – 2006c),
the soils in the area predominantly consist of fine-medium grained sand, sandy clay and sandy
clay loam and hard rock (bedrock) of the Clansthal, Msinga, Sandvlei, Jozini, Sandspruit, and
Fernwood soil forms.

19-0264
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2.2.1 Structural geology
The regional geological map (2830 Dundee - 1:250 000 Geological Map Series) indicates that
dolerite dyke and sill structures occur in the region (DMEA, 1998). However, the geology map
does not show the presence of these structures in the study area. The hydrogeology map (King
et. al., 1998) suggest that 2 fault zones cross the study area. The fault zones may serve as
preferential groundwater flow paths and were considered in the risk assessment.
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HYDROGEOLOGICAL SETTING

The following sources supply an overview of the hydrogeological conditions of the project
area, as per the desktop information reviewed for this assessment:
•

NGA (2019), Water Management System (WMS) (2019) and GRIP (2016) borehole data.

•

2730 Vryheid – 1:500 000 Hydrogeological map series (King et al., 1998).

•

Literature on similar geology and hydrogeology:
o

The relationship between South African geology and geohydrology (Lourens,
2013).

•

o

Aquifer Classification of South Africa (DWA, 2012).

o

Karoo Groundwater Atlas Volume 2 (Woodford et al., 2013).

o

A South African Aquifer System Management Classification (Parsons, 1995).

GCS internal database and reports for the KZN area (refer to reference list).

3.1

General aquifer characteristics, classification and groundwater recharge

The general aquifer characteristics and classification is summarised in Table 3-1 below.
Table 3-1:

Aquifer characteristics and classification

Characteristics

Aquifer Classification

The aquifer host rock comprises predominantly of alluvium

The aquifer present can be classified as a Minor Aquifer

deposits (primarily underlying the Mlalazi and Siyaya Rivers);

system (Parsons, 1995).

undifferentiated coastal deposits (unconsolidated to semiconsolidated sediments) and arenaceous rocks (sandstone,

Two aquifer systems are envisaged:
•

some shale and arkose).
The aquifer has a low to medium hydraulic conductivity (Kvalue) and moderate to high porosity (n-value). The aquifer is

riverbed sediments; and
•

fractured (King et al., 1998).

15 m thick, with the fractured zone approx. 150-170 m thick
(DWAF, 2006).

intergranular

and

fractured

The aquifer is considered a low-moderate yielding aquifer and
has a reported yield in the order of 0.5 l/s to 2 l/s – Class D3

Yields may increase to a range of >5 l/sec for successful
boreholes drilled into geological contacts or fractures zones
associated with igneous rock or gravel alluvium beds (King et

Groundwater is typically encountered in:

al., 1998).

Fractures which are recharged through overlying

Available hydrocensus data suggest that limited boreholes are

weathered dolerite;

situated within a 2.5 km radius of the site. Hence, the aquifer

•

Contacts between lithologies or at unconformities;

•

Saturated sands; and

19-0264

semi-confined

aquifer.

This aquifer weathered zone is reported to be approx. 10-

•

A

aquifer network.

mainly of secondary nature.
The aquifer can be referred to as being intergranular and

An unconfined aquifer associated with alluvium and
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Characteristics
•

Aquifer Classification

Dolerite contact zones with competent crystalline
or sedimentary rock.

Recharge to the underlying aquifer is estimated to be in the
order of 12.9 to 15.8 % (average = 14.35 %, 185.5 mm/yr) of
the MAP (1 290 – 1 300 mm) which falls within quaternary
catchment W13B (DWAF, 2006).
The aquifer is an important contributor to groundwater
baseflow to streams and rivers (King et al., 1998).

3.2

Boreholes identifies in the project area

A review of the GRIP (2016) and NGA (2019) database indicated that there are 15 boreholes
within a 5 km radius of the site. The boreholes are situated outside the Mtunzini area and fall
within other drainage areas.
A field hydrocensus, to groundtruth the boreholes, was not conducted as part of this
investigation. Table 3-2 lists the boreholes identified within a 5 km radius of the site. Figure
3-1 shows the spatial distribution of the boreholes identified. A sub-set of six boreholes fall
within the delineated sub-catchment.
Table 3-2:
Site ID
2831DC00175
2831DC00254
2831DC00258
2831DC00319
2831DC00320
2831DC00321
2831DC00322
2831DC00327
2831DC00340
2831DC00341
2831DC00342
2831DCG0179
2831DCG4328
2831DCV1269
2831DDG4363
173101

19-0264

Boreholes identified within a 5 km radius of the project area
Type
GRIP /
NGA
GRIP /
NGA
GRIP /
NGA
GRIP /
NGA
GRIP /
NGA
GRIP /
NGA
GRIP /
NGA
GRIP /
NGA
GRIP /
NGA
GRIP /
NGA
GRIP /
NGA
GRIP /
NGA
GRIP /
NGA
GRIP /
NGA
GRIP /
NGA
WMS

Water
Level
(WL)
(mbgl)

Latitude (WGS84)
Decimal Degrees

Longitude (WGS84)
Decimal Degrees

Elevation
(mamsl)

-28.925401

31.712262

23

No Data

-28.921401

31.718762

24

No Data

-28.926401

31.708762

30

No Data

-28.955959

31.727542

67

No Data

-28.955959

31.701981

47

No Data

-28.960399

31.700591

65

No Data

-28.960399

31.700591

65

No Data

-28.968458

31.740043

62

No Data

-28.979568

31.724762

72

No Data

-28.987897

31.733092

19

No Data

-28.988727

31.733652

19

No Data

-28.925401

31.712262

23

No Data

-28.921512

31.719484

20

No Data

-28.920401

31.725596

134

-28.910968

31.764547

46

No Data

-28.92222

31.7875

35

No WL Data on CHEM
data

15 July 2019
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Site ID

Type

Latitude (WGS84)
Decimal Degrees

172915

WMS

-28.92361

31.78056

27

172913

WMS

-28.93056

31.78194

38

172912

WMS

-28.91389

31.76806

70

172911

WMS

-28.95417

31.73194

53

172910

WMS

-28.97083

31.73889

37

172909

WMS

-28.97917

31.725

48

3.3

Longitude (WGS84)
Decimal Degrees

Elevation
(mamsl)

Water
Level
WL Date
(WL)
(mbgl)
No WL Data on CHEM
data
No WL Data on CHEM
data
No WL Data on CHEM
data
No WL Data on CHEM
data
No WL Data on CHEM
data
No WL Data on CHEM
data

Depth to groundwater

Only 1 groundwater level could be obtained for the project area, from borehole 2831DCV1269
(refer to Table 3-2). Available data, supplemented by literature data for the area (King et al.,
1998; DWAF, 2006), suggests a groundwater depth ranging from 5 to >20 mbgl (metres below
ground level) on a sub-catchment scale.
Available literature suggests that there is a linear relationship between the groundwater
elevation and topography elevation, which suggests that the level of the regional groundwater
table is likely to mimic the topography. Bayesian interpolation of available groundwater level
data was applied to the area to conceptualise the groundwater flow. Figure 3-1 indicates the
generated Bayesian interpolated groundwater elevations for the area.

3.4

Saturated zone hydraulic conductivity

From available literature data (Botha et al., 1998; and Steyl, 2011) and tests conducted by
GCS in similar geological units (as part of other projects), the saturated hydraulic conductivity
(K-values) of the Ecca Group generally varies between 1x 10-1 and 1 x 10-3 m/day. Larger K
values may be associated with dolerite contacts and fault zones.

3.5

Groundwater quality

Based on available WMS Resource Quality Information Services (RQS) data for primary
catchment area W, there are 5 water quality boreholes within a 5 km radius of the site (DWS,
2019). Available data were used to characterise the groundwater quality of the area.
The groundwater quality for the general Mtunzini area (quaternary catchment scale) is
summarised in Table 3-3, below. From the data reviewed, the following can be said:
•

Groundwater generally exhibits neutral pH conditions;

•

Electrical conductivity (EC) ranges from 20 to 70 mS/m, which is on par with DWAF
(1996) Target Water Quality Range (TWQR) for domestic use;

19-0264
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Calcium (Ca), chloride (Cl) and nitrate (NO 3) are high for some sample sites, when
compared to DWAF (1996) TWQR; and

•

In general, groundwater in the quaternary catchment can be considered of good
quality and is suitable for domestic potable use.

Table 3-3:
Summary of groundwater quality for the Mtunzini Area (quaternary
catchment scale)
ID

173101

172915

172913

172912

172911

172910

172909

Sample
Date

05/09/1994
12:00

31/08/1994
12:00

30/08/1994
12:00

30/08/1994
12:00

30/08/1994
12:00

30/08/1994
12:00

30/08/1994
12:00

pH

7.66

7.45

7.62

7.68

7.47

7.35

7.5

4-9

EC
(mS/m)
Ca (mg/l)

48.4

37

53.4

70.4

38

27.4

35.1

0 - 70

36.1

6.2

26.2

25.8

11.8

9

9.4

0 - 32

Mg (mg/l)

15.3

10

14.4

28.2

12.6

8.3

9.8

0 - 30

Na (mg/l)

45

51.8

65.3

87.6

42.6

30.1

42.6

0 - 100

K (mg/l)

3.73

2.54

4.12

2.63

3.61

3.69

3.49

0 - 50

Cl (mg/l)

40.9

78.9

104.8

111.4

61.1

38.2

64.7

0 - 100

F (mg/l)

0.26

0.17

0.2

0.24

0.19

0.24

0.45

0-1

NO3
(mg/l)
SO4 (mg/l)

0.753

3.586

1.359

10.378

11.369

3.963

6.817

0-6

18.2

19.4

9.9

12

4.7

5.5

17.4

0 - 200

NH4
(mg/l)
Si (mg/l)

0.02

0.046

0.02

0.02

0.02

0.02

0.02

0-1

12.49

8.01

13.82

16.28

16.58

19.09

11.44

ns

PO4
0.013
0.009
0.009
0.012
0.024
(mg/l)
ns = No TWQR in Reference Guideline, Orange = Above DWAF (1996) TWQR

0.045

0.016

ns

3.6

Groundwater quantity

An Intermediate Groundwater Reserve Determination (IGRD) was conducted for the site in
order to establish the groundwater reserve (Parsons and Wentzel, 2007). The aim of the IGRD
is to quantify the likely impact of the proposed development on the groundwater reserve. It
is necessary, from a groundwater point of view, to quantify the groundwater quantity and
likely impact on the quantity by the proposed development. No direct groundwater abstraction
activities are planned as part of the proposed development.
The IGRD considers the following parameters:
•

Effective recharge from rainfall and specific geological conditions;

•

Basic human needs for the sub-catchment;

•

Groundwater contribution to surface water (baseflow);

•

Existing and proposed abstraction; and

19-0264
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Surplus reserve.

The data used for the calculation was derived from the WRC 90 Water Resources of South
Africa 2012 Study (WR2012) and Groundwater Resource Assessment Ver. 2 (GRAII) datasets.
3.6.1 Quaternary catchment
Data from relevant hydrogeological databases, including the Groundwater Resource Directed
Measures (GRDM), was obtained from the Department of Water and Sanitation (DWS) and
Aquiworx (2015). The site falls within quaternary catchment W13B as indicated in Table 3-4.
Table 3-4:

Summarised Quaternary Catchment Information (Aquiworx, 2015)

Quaternary
Catchment

Total Area
(km²)

Recharge
(mm/a)

Rainfall
(mm/a)

Baseflow (mm/a)

Population

W13B

222.47

185

1 293.1

43.19 (Pitman
Model)

57 102

3.6.2 Sub-catchment delineation
A sub-catchment was delineated with Global Mapper. A 5 Metre Digital Elevation Model (DTM)
was used as input, and the drainage systems were delineated for the project area (1:10 000
stream count).
The delineated sub-catchment is indicated in Figure 3-1. The total extent of the subcatchment area is approx. 26.265 km².
3.6.3 Land use (LU)
Based on 2013-2014 South African (SA) National Land Cover data (SANBI, 2015), the subcatchment is mostly undeveloped/cultivated/open space. Approximately 2.36 km² is urban /
built up (assumed to be impermeable to groundwater recharge). Hence, groundwater recharge
is estimated to be reduced by 9 % due to urbanisation.
With regards to the proposed development, only the proposed WWTW footprint and pump
station footprint areas are anticipated to reduce rainfall recharge to the aquifer (i.e. will
become impermeable due to concrete and HDPE liners at aeration ponds, clarifiers etc.). The
development impact on groundwater recharge in the sub-catchment is anticipated to be less
< 1%.
3.6.4 Existing groundwater usage (EU)
Six GRIP boreholes plot within the delineated sub-catchment. Assuming a maximum median
aquifer yield of 2 l/sec (172.8 m³/day) and that the boreholes are in use, an existing
groundwater usage value in the order of 1 036.8 m³/day is attained for the delineated subcatchment. This amount is reserved in the water balance as Existing Uses (EU).

19-0264
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3.6.5 Basic human needs (BHN)
Based on the total population recorded (2015) for quaternary catchment W13B (57 102) and
considering that approx. 9% of the sub-catchment is developed, Basic Human Needs (BHN) is
estimated at 15 m³/day (reduced from 57 102 people to approx. 605 residents x 25
l/person/day for the sub-catchment).
3.6.6 Proposed use (PU)
No direct groundwater abstraction activities are planned as part of the proposed development.
3.6.7 Groundwater Balance
The groundwater balance and hence the reserve determination on a sub-catchment scale is
summarised below:
•

GWavailable = (Re) - (EU + BHN + BF)

Where:
•

Gwavailable = Available groundwater for use.

•

Re = Effective recharge to aquifer.

•

BF = Baseflow to surface water streams.

•

EU = Existing groundwater abstraction / use

•

BHN = Basic Human Needs.

Calculations:
•

Re (sub-catchment) = 23.9 km² x 185 mm/a = 4 421 500 m³/a (12 113.6 m³/day)

•

BHN = 15 m³/day (based on available data).

•

EU = 1 036.8 m³/day.

•

BF = 43.19 mm x 26.265 km² = 1 134 385 m³/a (3 107.9 m³/day)

•

Gwavailable = (12 113.6 - [ 15 + 1 036.8 + 3 107.9]) m³ = + 7 953.9 m³/day

The groundwater balance indicates a surplus value of approx. + 7 953.9 m³/day is available
for abstraction on a sub-catchment scale. Hence, groundwater recharge exceeds groundwater
baseflow on a sub-catchment scale, based on available data.
No groundwater abstraction activities are proposed as part of the sanitation upgrade. Based
on the footprint size of the proposed WWTW, the impact on aquifer recharge is estimated at
< 1% (insignificant).

19-0264
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Mtunzini Sanitation Project - Boreholes identified, sub-catchment and estimated groundwater elevations
15 July 2019
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PRELIMINARY RISK AND IMPACT ASSESSMENT

In this section, the anticipated hydrogeological risk with regards to the proposed activity was
assessed on a preliminary level. The SPR model (DWAF, 2008) was used to quantify and
illustrate the potential groundwater risks.

4.1

Site Conceptual Model

The Site Conceptual Model (SCM) developed focused on the proposed sewer reticulation area
and is illustrated in Figure 4-1.

4.2

Potential pollution migration velocities

Based on available aquifer data and Darcy’s Law 1 for groundwater flow through a saturated
medium and aquifer hydraulic conductivity (K), the following pollution migration rates are
likely:
1. Shallow and deeper aquifer zones:
a. K values for the aquifer rock in the project area (Dwyka and Ecca) typically
range from 1 x 10-1 to 1 x 10-3 m/day.
b. Based on the average hydraulic gradient of the area (0.04 to 0.1), pollution
migration velocities in the range 1 x 10 -4 to 0.03 m/day, are likely.
c. The above mentioned suggest very slow-moving groundwater at the site.
2. Fractured aquifer zones / contact zones:
a. The K values can increase by several orders for contact / fractured areas. To
quantify the potential seepage migration though these zones, one would need
to undertake aquifer tests on boreholes drilled into these fractured areas.

4.3

Impact on the reserve

The project involves the installation of several kilometres of sewer pipes, 6 sewer pump
stations, and the construction of a WWTW.
Assuming a worst case scenario, where the entire foundations of the sewer pump stations and
WWTW areas become impermeable, the impact on the groundwater reserve is estimated at
< 1 %. The impact of the proposed project on the groundwater reserve is considered
insignificant (in terms of recharge loss to the aquifer). No groundwater abstraction activities
are included in the development proposal.

1

Darcy’s Flow (Q) = kiA
Darcy Velocity (v) = ki/θ
Where k = hydraulic conductivity (m/day), i = hydraulic head (ranges from 0.04 to 0.1), A = flow
cross sectional area, θ = effective porosity of flow media (ranges from 0.1 to 0.3).
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Mtunzini Sanitation - SCM
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Hydrogeological impacts and mitigation measures

Risk assessment entails the understanding of the generation of a hazard, the probability that
the hazard will occur, and the consequences should it occur.
Key assumptions made:
•

The risk assessment conducted for the site is based on the topography, groundwater
flow direction, likely soil permeability, groundwater levels, geology, geophysical data,
and characteristics associated with the aquifer system.

•

The risk assessment incorporates a worst-case scenario approach and is limited to the
proposed activities to be undertaken.

•

The risk assessment does not consider existing impacts from the high density
settlement of Mtunzini.

•

Therefore, the risk assessment focuses on the proposed activity and its likely
contribution to the surrounding areas which may be affected.

•

Groundwater levels mimic the topography.

•

Bayesian interpolation of available groundwater data within a 5 km radius was applied
to conceptualise the groundwater flow and groundwater depth in the sub-catchment.

The anticipated geohydrological impacts are indicated in Figure 4-2 and discussed in Error!
Reference source not found. and Table 4-2. The risk rating methodology is discussed in
Appendix B.
Based on the risk assessment and project type, the risks to the groundwater environment can
be considered low during the construction phase of the project.
With regards to the operational phase of the project, the WWTW and the sewer pump station
areas can be considered higher risk areas due to these structures conveying and storing
sewage. The groundwater in these areas will likely only be at risk if leakages or spillages of
raw sewage occurs which could percolate into the sub-soils. Leakages along the sewer lines
will also put the local aquifer at risk during the operational phase.
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Mtunzini Sanitation Upgrade - SPR

15 July 2019

Page 16

ACER Africa
Table 4-1:

Mtunzini Sanitation Project
Potential geohydrological risks and mitigation measures (Construction Phase)

Hydrogeological
Component Being
Impacted On

Activity Which May
Cause The Impact

Environmental Impact
Impact Type

Nature

Spatial extent

Duration

Intensity

Frequency

Probability

Recommended Mitigation Measures
Irreplaceability

Reversibility

Significance

Confidence

Matters Pertaining to Hydrogeology (Anticipated Groundwater Related Impacts) - Construction
Only excavate areas applicable to the
project area.

Disturbing vadose zone
during soil excavations /
construction activities.

Direct
impacts

Negative

Local

Short-term

Negligible

Once Off

Probable

Low
irreplaceability
of resources

High
reversibility of
impacts

Low

High

Backfill the material in the same order it
was excavated to reduce contamination
of deeper soils with shallow oxidised
soils.
Cover excavated soils with a temporary
liner to prevent contamination.
Keep the site clean of all general and
domestic wastes.

Vadose zone and regional
water table / groundwater
aquifer

Poor quality seepage
from machinery used to
excavate soils. Oil,
grease and fuel leaks
could lead to
hydrocarbon
contamination of the
vadose zone which could
percolate to the shallow
aquifer.
Poor quality seepage
from the proposed
WWTW and parked
service vehicles. Seepage
may percolate into the
shallow aquifer zone.

Primary Surface Water
Receivers > Non-perennial streams
> The Mlalazi River
> The Siyaya River

Degradation of water
quality of non-perennial
and perennial river
systems situated
downstream of the entire
sewer network is likely to
occur if:

Direct
impacts

Negative

Local

Short-term

Negligible

Once Off

Groundwater Users in the
Area

19-0264

Low
irreplaceability
of resources

Moderate
reversibility of
impacts

Low

Medium

Water quality monitoring of the
downstream surface water.
Park heavy machineries in lined areas
and place drip trays under vehicles at
the site.

Direct
impacts

Negative

Site specific

Short-term

Negligible

Once Off

Probable

Low
irreplaceability
of resources

Moderate
reversibility of
impacts

Visual soil assessments for signs of
contamination.
Low

Medium

Water quality monitoring and visual
assessments.

Direct
impacts

Negative

Local

Short-term

Low

Once Off

Improbable

Low
irreplaceability
of resources

High
reversibility of
impacts

Low

Medium

Installation of piezometric seepage
boreholes if pollution is evident. The
boreholes can be positioned downstream
of the sewer lines or areas of verified
pollution.
Install a temporary cut off trench to
contain poor quality runoff.

1. Poor quality seepage
from construction
vehicles excavations and
installing the sewer line.
Available GRIP and NGA
data indicates that no
groundwater boreholes
fall downstream of the
project area. Hence, no
risk is associated with
existing groundwater
users.

Probable

Routine inspections of all sewer
infrastructure.

No Impact

15 July 2019
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Table 4-2:

Mtunzini Sanitation Project
Potential geohydrological risks and mitigation measures (Operational Phase)

Hydrogeological
Component Being
Impacted On

Activity Which May Cause
The Impact

Environmental Impact
Impact Type

Nature

Spatial extent

Duration

Intensity

Frequency

Probability

Irreplaceability

Reversibility

Probable

Low
irreplaceability
of resources

Moderate
reversibility of
impacts

Significance

Confidence

Recommended Mitigation Measures

Matters Pertaining to Hydrogeology (Anticipated Groundwater Related Impacts) - Operational

Vadose zone and regional
water table /
groundwater aquifer

Poor quality seepage from
cracks or broken sewer
lines, sewage pump station
areas and the WWTW could
percolate to the shallow
aquifer.

Direct
impacts

Negative

Local

Permanent

Low

Intermittent

Low

Medium

Visual soil assessment for signs of
contamination along the sewer line,
WWTW area and pump stations.
Routine sewer hydraulic flow testing.
Water quality monitoring and visual
assessments.

Primary Surface Water
Receivers > Non-perennial streams
> The Mlalazi River
> The Siyaya River

19-0264

Degradation of water
quality of non-perennial
and perennial river systems
situated downstream of the
entire sewer network is
likely to occur if:

Direct
impacts

Negative

Local

Permanent

Low

Intermittent

1. Poor quality seepage or
runoff into the surface
water bodies downstream
of the site occurs.

Probable

Low
irreplaceability
of resources

Moderate
reversibility of
impacts

Low

High.

Installation of piezometric seepage
boreholes if pollution is evident. The
boreholes can be positioned
downstream of the sewer lines or areas
of verified pollution.
Install a temporary cut off trench to
contain poor quality runoff.
Routine inspections of all sewer
infrastructure.

15 July 2019
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GROUNDWATER MONITORING

The monitoring network is based on the principles of a monitoring network design as described
by the DWAF Best Practice Guidelines: G3 Monitoring (DWAF, 2007). The methodological
approach which the monitoring plan follows is represented by Figure 5-1, below.

Design initial
monitoring
programme or
changes to
existing
monitoring
programme

Audit monitoring
programme and
recommend
changes

Implement initial
monitoring
programme or
changes to
existing
monitoring
programme

Report
information and
data

Collect and
capture data

Figure 5-1:

5.1

Monitoring Process

Establishment of the monitoring network

The monitoring programme is divided into 2 phases:
•

Phase 1: Monitoring during construction activities (temporary monitoring); and

•

Phase 2: Monitoring during operational activities (permanent monitoring).

5.1.1 Phase 1 monitoring
It is anticipated that disturbing the vadose zone (excavations) and oil & fuel spills are the
higher risk activities applicable to the proposed development. The construction activities are
likely to impact the vadose zone soils and likely the water quality of the nearby rivers and
streams (if severe pollution occurs during construction).

19-0264
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It is proposed that water and soil monitoring focus on active excavation and equipment/heavy
machinery parking or housing areas. Regular visual inspections of these areas need to be
undertaken. Moreover, placing and monitoring drip trays installed underneath parked
construction vehicles will help to determine which vehicles need to be repaired/taken off-site
to prevent contamination while in service.
Sampling the surface water bodies downstream of the active development area will help to
determine if the construction activities are impacting the surface water quality.
5.1.2 Phase 2 monitoring
From the risk assessment undertaken, it is anticipated that the vadose zone and the shallow
aquifer zone underlying the proposed sanitation network (i.e. sewer lines, sewer mains,
WWTW and sewer pump stations) are the identified receptors in the area. Downstream rivers
and streams in the area are likely only to be impacted on if severe pollution takes place during
the operational phase of the project.
Regular visual assessments of the sewer network (at dedicated access points) should be
sufficient (i.e. signs of sewerage spills, overflows etc.) to monitor potential groundwater
pollution.
If pollution is evident from the above mentioned, it is proposed that hand auger piezometric
boreholes (up to 3 m) be installed downstream of the identified pollution source to monitor
pollution migration.
Permanent groundwater monitoring boreholes (drilled up to 30m) may be considered at the
WWTW once it is operational. It is proposed that 1 upstream and 2 downstream boreholes be
drilled once the WWTW is complete. The positions of the boreholes would need to be
determined via a geophysical investigation.

5.2

Monitoring duration and responsibility

In terms of monitoring duration, it is proposed that Phase 1 monitoring take place up to 1 year
after the sewer line is operational. Phase 2 monitoring should be permanent; or as specified
by the local environmental authorities or DWS representative. It is proposed that the
developer / municipality be responsible for Phase 1 and Phase 2 monitoring.
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CONCLUSIONS

Based on the investigation undertaken, the following conclusions are drawn:
•

Available literature data suggest that 2 aquifer systems, often visualised as a single,
unified aquifer system, exist in the area:

•

o

An unconfined aquifer associated with alluvium and riverbed sediments; and

o

A semi-confined intergranular and fractured aquifer network.

A review of the GRIP (2016) and NGA (2019) databases indicates that there are 15
boreholes within a 5 km radius of the site. The boreholes are situated outside the
Mtunzini area and fall within other drainage areas. However, six of the boreholes
identified fall within the delineated sub-catchment.

•

Based on available groundwater level data:
o

The regional groundwater level varies from 5 to 20 mbgl for the site; and

o

Available data suggest that the level of the groundwater table mimics the
topography.

•

Based on the SPR model, the following receptors are noted for the project area:
o

o

•

Construction phase:
▪

The Siyaya River (during the Phase 5b development);

▪

The Mlalazi River (during the Phase 5a development);

▪

Non-perennial rivers (during Phase 1 and Phase 3 development); and

▪

Vadose zone (all Phases).

Operational phase:
▪

Vadose zone; and

▪

Shallow aquifer system.

Based on the risk assessment and project type:
o

The impacts on the groundwater environment can be considered low during
the construction phase of the project.

o

The WWTW and the sewer pump station areas can be considered higher risk
areas due to these structures conveying and storing sewage. The groundwater
in these areas will likely only be at risk if leakages or spillages of raw sewage
occurs which could percolate into the sub-soils. Leakages along the sewer lines
will also put the local aquifer at risk during the operational phase.
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o

The impact of the proposed project on the groundwater reserve is considered
insignificant (in terms of recharge loss to the aquifer) and no abstraction
activities are proposed as part of this development.

6.1

Recommendations

The following recommendations are made:
•

All waste generated during the construction phase on site (i.e. building rubble, used
oil and paint containers etc.) must be stored in designated areas which are isolated
from surface drains. Waste storage facilities should be covered to prevent dust and
litter from leaving the containment area, and to prevent rainwater ingress.

•

Minimise the amount of exposed ground and stockpiles of building material (i.e. sand,
cement, wood, metal, paint, solvents etc.) to prevent suspended solid transport loads
and leaching of rocks/materials. Stockpiles can be covered, and sediment fences
constructed from a suitable geotextile.

•

The proposed groundwater monitoring plan, as outlined in Section 5, should be
implemented to monitor the likely risk on the local groundwater aquifer system and
downstream receivers.
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APPENDIX A: MTUNZINI SANITATION PROJECT – GENERAL LAYOUT OF SEWER NETWORK
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APPENDIX B: RISK ASSESSMENT METHODOLOGY (SUPPLIED BY ACER)
The EIA Team has adopted a set of conventions for purposes of the integrated assessment of
potential impacts, and the determination of impact significance. The following list of
conventions was applied to the GW assessment:
•

Direct impacts are impacts that are caused directly by the activity and generally occur
at the same time and at the place of the activity. These impacts are usually associated
with the construction, operation or maintenance of an activity and are generally
obvious and quantifiable.

•

Indirect impacts of an activity are indirect or induced changes that may occur as a
result of the activity. These types of impacts include all the potential impacts that do
not manifest immediately when the activity is undertaken or which occur at a different
place as a result of the activity.

•

Cumulative impacts are those that result from the incremental impact of the proposed
activity on a common resource when added to the impacts of other past, present or
reasonably foreseeable future activities. Cumulative impacts can occur from the
collective impacts of individual minor actions over a period of time and can include
both direct and indirect impacts.

•

Nature – the evaluation of the nature is impact specific. Most negative impacts will
remain negative, however, after mitigation, significance should reduce:

•

•

o

Positive.

o

Negative.

Spatial extent – the size of the area that will be affected by the impact:
o

Site specific.

o

Local (limited to the immediate areas around the site; < 2 km from site).

o

Regional (would include a major portion of an area; within 30 km of site).

o

National or International.

Duration – the timeframe during which the impact will be experienced:
o

Short-term (0-3 years or confined to the period of construction).

o

Medium-term (3-10 years).

o

Long-term (the impact will only cease after the operational life of the
activity).

o
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Permanent (beyond the anticipated lifetime of the project).
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Intensity – this provides an order of magnitude of whether or not the intensity
(magnitude/size/frequency) of the impact would be negligible, low, medium or high):

•

o

Negligible (inconsequential or no impact).

o

Low (small alteration of natural systems, patterns or processes).

o

Medium (noticeable alteration of natural systems, patterns or processes).

o

High (severe alteration of natural systems, patterns or processes).

Frequency – this provides a description of any repetitive, continuous or time-linked
characteristics of the impact:

•

•

o

Once Off (occurring any time during construction).

o

Intermittent (occurring from time to time, without specific periodicity).

o

Periodic (occurring at more or less regular intervals).

o

Continuous (without interruption).

Probability – the likelihood of the impact occurring:
o

Improbable (very low likelihood that the impact will occur).

o

Probable (distinct possibility that the impact will occur).

o

Highly probable (most likely that the impact will occur).

o

Definite (the impact will occur).

Irreplaceability – of resource loss caused by impacts:
o

High irreplaceability of resources (the project will destroy unique resources
that cannot be replaced).

o

Moderate irreplaceability of resources (the project will destroy resources,
which can be replaced with effort).

o

Low irreplaceability of resources (the project will destroy resources, which
are easily replaceable).

•

Reversibility – this describes the ability of the impacted environment to return/be
returned to its pre-impacted state (in the same or different location):
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Impacts are non-reversible (impact is permanent).

o

Low reversibility.

o

Moderate reversibility of impacts.

o

High reversibility of impacts (impact is highly reversible at end of project life).
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Significance – the significance of the impact on components of the affected
environment (and, where relevant, with respect to potential legal infringement) is
described:
o

Low (the impact will not have a significant influence on the environment and,
thus, will not be required to be significantly accommodated in the project
design).

o

Medium (the impact will have an adverse effect or influence on the
environment, which will require modification of the project design, the
implementation of mitigation measures or both).

o

High (the impact will have a serious effect on the environment to the extent
that, regardless of mitigation measures, it could block the project from
proceeding).

•

Confidence – the degree of confidence in predictions based on available information
and specialist knowledge:
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o

Low.

o

Medium.

o

High.
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APPENDIX C: DISCLAIMER AND DECELERATION OF INDEPENDENCE
The opinions expressed in this Report have been based on site /project information supplied
to GCS Water and Environment (Pty) Ltd (GCS) by ACER (Africa) Environmental Consultants
(ACER) and is based on public domain data and data supplied to GCS by the client. GCS has
acted and undertaken this assessment in an objective and independent manner.
GCS has exercised all due care in reviewing the supplied information. Whilst GCS has compared
key supplied data with expected values, the accuracy of the results and conclusions are
entirely reliant on the accuracy and completeness of the supplied data. GCS does not accept
responsibility for any errors or omissions in the supplied information and does not accept any
consequential liability arising from commercial decisions or actions resulting from them.
Opinions presented in this report, apply to the site conditions and features as they existed at
the time of GCS’s investigations, and those reasonably foreseeable. These opinions do not
necessarily apply to conditions and features that may arise after the date of this report, about
which GCS had no prior knowledge nor had the opportunity to evaluate.
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DETAILS OF THE SPECIALIST, DECLARATION OF INTEREST AND UNDERTAKING
UNDER OATH
Application for authorisation in terms of the National Environmental Management Act, Act No. 107 of 1998,
as amended and the Environmental Impact Assessment (EIA) Regulations, 2014, as amended (the
Regulations)

PROJECT TITLE
Geohydrological Assessment for the Mtunzini Sanitation Project

1.1 SPECIALIST INFORMATION

Specialist Company GCS Water and Environment Pty Ltd
Name:
B-BBEE Contribution
level 4
Percentage
(indicate 1 to 8 or nonProcurement
compliant)
recognition
Specialist name: Hendrik Botha
Specialist MSc Environmental Science (Geohydrology and Geochemistry)
Qualifications:
Professional Pr. Sci. Nat 400139/17
affiliation/registration:
Physical address: 4A Old Main Road Kloof, 3610
Postal address:
Postal code:
Cell:
Telephone: 031 764 7130
Fax:
E-mail: hendrikb@gcs-sa.biz
1.2 DECLARATION BY THE SPECIALIST

I, _Hendrik Botha, declare that –
•

I act as the independent specialist in this application;

•

I will perform the work relating to the application in an objective manner, even if this results in views
and findings that are not favourable to the applicant;
I declare that there are no circumstances that may compromise my objectivity in performing such
work;
I have expertise in conducting the specialist report relevant to this application, including knowledge
of the Act, Regulations and any guidelines that have relevance to the proposed activity;
I will comply with the Act, Regulations and all other applicable legislation;
I have no, and will not engage in, conflicting interests in the undertaking of the activity;

•
•
•
•
•

I undertake to disclose to the applicant and the competent authority all material information in my
possession that reasonably has or may have the potential of influencing - any decision to be taken
with respect to the application by the competent authority; and - the objectivity of any report, plan or
document to be prepared by myself for submission to the competent authority;
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all the particulars furnished by me in this form are true and correct; and
I realise that a false declaration is an offence in terms of regulation 48 and is punishable in terms of
section 24F of the Act.

Signature of the Specialist
GCS
Name of Company:
15 July 2019
Date
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