SALDANHA BULK DRY ORE TERMINAL 2: PHASE
1 REPORT ON GROUNDWATER IMPACT
ASSESSMENT FOR PORTION 12 & 13 OF 187

APRIL 2022

Contact Details:

Phone: 0844091429

Fax: 0866950191

P.O. Box 448

Riversdal

6670
gcomplete@outlook.com

Compiled by: Gerdes Steenekamp, B.Sc. Hons Geohydrology
Reviewed by: Gerhard Steenekamp, M.Sc. Geohydrology Pr.Sci.Nat.(400385/04)



GROUNDWATER COMPLETE

TABLE OF CONTENTS

1 Introduction and Background...............cooiiiiiiiiiiiiiiiiiie e 4
2 GeographiCal SEttNG........ooi e 5
2.1 Surface Topography and Water COUrSES ........c.uuuuiiiiiieeiiiiiiiiice e 5
P O 119 0= (o3 O o g o 1] 130 8

3 MeEtNOAOIOGY . ... 11
3.1 DESK STUAY .t a e e e 11
3.2 HydroCeNSUS/USEI SUIVEY .......uciiieeeiieeiiiee ettt e e e e 11
3.3  Siting and Drilling of BOr€hoIes ..........cccooiiiiiiiiiiiii e 14
3.4 AQUITEr TSN .. et 14
3.5 Groundwater Recharge Calculations.............cccooviiiiiiciii i 14
3.6 Groundwater Reserve Determination............cccccovviiiiiiiiiiiie e 16

4 Prevailing Groundwater CONditioNS ..........ooiiuiiiiiiiie e 17
g I € 1= To (oo | PSPPI 17
S o 1Yo [ (oo [=To] (o V2SRRI 19
4.2.1 UNSatUrated ZONE ......coooeeeeeii e 19
422  Saturated ZONE.......ccooieiii e 19
4.2.3 Transmissivity and storativity of the aquifer...................iiii e, 19

4.3  Groundwater QUAIIY ..........eeiiiiiiiiii s 20
4.4 GroUNAWALEr USE......uueiiiiiiiiiiiiiiiiiiieiiiieieeiieteeeeeeeeeeeeeeaesassseassssssssesssssnssnssnnnnsnnsnnnnes 20

5  Aquifer Characterisation ............ooooiiiiiii i 21
5.1 Groundwater VUINErability............ccooviiiiiiiii i 21
5.2 Aquifer Classification .............oooviiiiiiiiiii 22
5.3  Aquifer Protection Classification.............ccccoooiiiiiiiiiiiii e 22

6  IMPACL @SSESSIMENT ..ot e ——— 24
6.1 Impacts on Groundwater QUaNtity............oooiiuiiiiiiiii i 24
6.2 Impacts on groundwater QUality ..o 24
6.2.1  Source CharaCteriStiCs. ..........uuuuuuuuuuiiiiiiiiii e eeneees 24
6.2.2 Pathway characteriStiCs ..............uuuuuumiiiiiiiiiiiiii e 25
6.2.3  Positions and vulnerability of receptors............cccuuiiiiiiiiiiiiii 26

6.3  Groundwater Management .............oooiiiiiiii i 26
S |V [0 a1 (o] 4 g T PP 26
8.5 SUMIMANY .ottt e e e ettt e e e e e e e b beae e e e e e e e e anes 27

7  Conclusions and RecommENdations .........cocooiiiiiiiiiie e 28
8 R OIBNCES ... 29

LIST OF FIGURES

Figure 1: Locality map showing the project area. ..............uceeiiiiiiiiiiiiicc e, 6
Figure 2: Surface elevations around Saldanha DBOT ..........c.ccooiiiiiiiiiiii e, 7
Figure 3: Average Monthly Rainfall for the Saldanha Bay area (DWA, 2015)..........ccceeuueeeee. 8
Figure 4: Average monthly temperatures for the Saldanha Bay area (en.climate-data.org,
2079) e bt et et e e e e s 9
Figure 5: Mean Annual Evaporation for the project area (WR90,2012) ........cccvvevveeeieennnnnes 10
Figure 6: Positions and groundwater depths of boreholes located during the hydrocensus/user
SUIV Y . 1t tieee ettt e et e e et et ettt e e e eeeeeee et aa e eeeeeeeeee et eeaeeeeeetta—eeeaeteeaataaaeaaaeeeerrrann 12
Figure 7: Mean annual aquifer recharge for South Africa (Vegter, 1995).......cccccccceeeveeninen. 15
Figure 8: 1:250 000 scale geological map of the project area............cccccoeeiiiiiiiiiii s 18

PHASE 1 GROUNDWATER STUDY: PORTION 12&13/187 OF FARM LANGEBERG, WESTERN CAPE, SALDANHA BAY 1



GROUNDWATER COMPLETE

LisT OF TABLES

Table 1: Summarized results of hydrocensuSs/USEr SUIVEY ...........ccceiiiiiiiiiiiiiiieeeeeiieee 13
Table 2: Typical recharge to different aquifer host rocks (Van Tonder & Xu, 2000)............. 14
Table 3: Most salient parameters relevant to Catchment G10M (Groundwater Resource
Directed Measures, 2000) (WR9O0, 1990) ............ooeuureeiiieee e 16
Table 4: Concentrations measured in hydrocensus boreholes. ..., 20
Table 5: Groundwater vulnerability rating for project area ...........cccccooiviiiiiici, 21
Table 6: Groundwater vulnerability classification system..............ccceviiiii e, 21
Table 7: Groundwater vulnerability rating...........ocuuiiiiiii e 21
Table 8: Parsons Aquifer Classification (Parsons, 1995) ... 22
Table 9: GQM = Aquifer System Management (ASM) x Aquifer Vulnerability (AV).............. 23

LiST OF EQUATIONS

Equation 1: Darcy equation for determining flow rate. ............ccoovmiiiiiii i, 25
LIST OF ABBREVIATIONS
ABBREVIATION MEANING
mbs - Meters below surface
mamsl - Meters above mean sea level
m?/s - Meter squared per second
m?/d - Meter squared per day
m3/d - | Cubic meters per day
I/s - | Litres per second
km - Kilometre
ha - Hectare
DWS - | Department of Water & Sanitation
I&APs - | Interested & affected persons
MAP - Mean annual precipitation
WULA - | Water Use License Application
mm/a - Millimetres per year
GQM - | Groundwater Quality Management

PHASE 1 GROUNDWATER STUDY: PORTION 12&13/187 OF FARM LANGEBERG, WESTERN CAPE, SALDANHA BAY 2



GROUNDWATER COMPLETE

SALDANHA BULK DRY ORE TERMINAL 2: PHASE 1 REPORT ON GROUNDWATER
IMPACT ASSESSMENT, APRIL 2022

EXECUTIVE SUMMARY:

Study findings and recommendations related to the groundwater environment at Saldanha
Bulk Dry Ore Terminal 2 (BDOT2) can be summarised as follows:
- Saldanha BDOT2 is underlain by Tertiary and quaternary sedimentary geological
formations.
- The effective recharge in the area is estimated to be between 6 and 8% of the MAP.
- The static water level depth of groundwater in the site vicinity is between 3 and 4 mbs.
- No borehole occurs on site and no groundwater use is envisaged for the near future.
- The project area achieved a vulnerability score of 6 and the underlying aquifer can
therefore be regarded as having a medium to low vulnerability.
- The Groundwater Quality Management Classification for the Saldanha BDOT2 aquifer
calculates to 2, which indicates a low level of protection required.
- Impacts on the groundwater quality are expected to be insignificant due to the
following:

o The product (source) to be stored on the site is inert and will have very little (if
any) effect on the quality of groundwater.

o It will be stored inside a paved and covered facility so that virtually no leachate
or seepage will be possible

o The natural ambient groundwater quality is poor (highly saline) and unsuitable
for domestic use or even livestock consumption.

o The groundwater transport and flux rate (pathway) in the aquifer is very low
and any contamination that occur to the groundwater, however unlikely, will be
contained in the immediate vicinity of the site.

o There are no users (receptor) in the nearby vicinity dependent upon
groundwater.

Management and monitoring actions were proposed to help limit any possible effects
Saldanha DBOT might have on the groundwater quality:
- Any runoff from the terminal should be contained and prevented from flowing away
from site.
- Stormwater and rainwater from the roofed facility should be captured and contained
on site for reuse.
- At least one downstream monitoring borehole is recommended as an early detection
system for poor quality leachate/seepage/spills from the site.

PHASE 1 GROUNDWATER STUDY: PORTION 12&13/187 OF FARM LANGEBERG, WESTERN CAPE, SALDANHA BAY 3
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1 INTRODUCTION AND BACKGROUND

Groundwater Complete conducted a geohydrological assessment on Portion 3/188 and 4/188
of the Farm Langeberg, Western Cape, Saldanha Bay the for Saldanha Dry Bulk Ore Terminal
in April 2021. The geohydrological report was compiled as a phase 1 groundwater specialist
input to the “Application for Environmental Authorisation” process as one of the technical
studies to the Environmental Impact Assessment process.

The same client acquired a nearby piece of land (Portion 12/187 & 13/187) to develop an exact
similar bulk dry ore terminal (hereinafter abbreviated only as DBOT). Groundwater Complete
was requested to conduct a similar study to assess potential impacts and risks associated with
the proposed DBOT on Portion 12/187 & 13/187. This report contains the findings of the
assessment for the proposed new bulk dry ore terminal and the project will be referred to as
the Saldanha BDOT2.

The focus of the assessment is to describe the groundwater environment, more specifically
the impact that the Saldanha DBOT2 may have on the groundwater environment in terms of
quality and quantity (availability). The main focus will be to assess the significance of the
potential impact of the site activities on the water quality (specifically groundwater) of the site
as a result of leachate generation through the ore stockpiles and dust fall-out. There is no
current groundwater use (such as abstraction) or water use activity that triggers a water use
license application on the Saldanha BDOT2 site. The main purpose of the report will thus be
to:
- Characterise the geology, geohydrology and related aspects such as climate and
rainfall around the site;
- Assess the bulk ore characteristics to be stored on site and its potential for poor quality
leachate formation; and
- Apply the knowledge to comment on the aquifer vulnerability and level of impact that
can be expected as a result of the activities; and

The site will be located on Portion 12/187 & 13/187 of the Farm Langeberg, Western Cape,
Saldanha Bay, which is situated approximately 8 km north-east of the Saldanha ore export
harbour and 8 km south-east of the town of Vredenburg. A map showing the location of the
site and the borehole is provided in Figure 1.

PHASE 1 GROUNDWATER STUDY: PORTION 12&13/187 OF FARM LANGEBERG, WESTERN CAPE, SALDANHA BAY 4
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2 GEOGRAPHICAL SETTING

2.1 SURFACE TOPOGRAPHY AND WATER COURSES

The study area is situated in the Saldanha Strandveld vegetation region of Western Cape,
South Africa. The project is located at the coast and is relatively flat topographically. The
property itself is located at around 26.5 mamsl. The highest surface elevations in and around
the property outline include some low hills to the east and west at around 70 mamsl. A contour
map of the property is presented in Figure 2.

Due to the porous nature of the soil and flat topography, overland water flow in the area is
limited. Infiltration into the sandy and calcrete soil cover is high and coupled with the generally
low rainfall intensity little runoff and few drainage lines are created. As a result, no water
courses are present on, or in the immediate vicinity of the project.

PHASE 1 GROUNDWATER STUDY: PORTION 12&13/187 OF FARM LANGEBERG, WESTERN CAPE, SALDANHA BAY 5
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Figure 1: Locality map showing the project area.
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2.2 CLIVATIC CONDITIONS

The project area is located within a region that receives rain throughout the year with a slight
domination in the winter months of April to October (Figure 3). The DWS rainfall station data
collected by station G1E005 was used for mean annual rainfall estimations. The average
annual rainfall adds up to approximately 490 mm.

Average daily temperatures vary from approximately 21 °C in the summer to + 16 °C in the
winter. Average nocturnal temperatures vary from approximately 17 °C in the summer to + 12
°C in the winter (Figure 4)

Evapotranspiration is moderate (between 1 400 and 1 600 mm/a), but still results in an
environmental moisture deficit throughout the year (Figure 5).
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Figure 3: Average Monthly Rainfall for the Saldanha Bay area (DWA, 2015)
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Figure 4: Average monthly temperatures for the Saldanha Bay area (en.climate-
data.org, 2019)
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3 METHODOLOGY

3.1 DESK STuDY

Aside from the hydrocensus conducted by Groundwater Complete in April 2021, another
groundwater study was located in the area, titled: Geohydrological Baseline Assessment
TerraNominees, West Coast, Western Cape by GEOSS (2016). This study was referenced
for groundwater use, availability and quality in the area.

Several other geohydrological studies were located but they focus predominantly on the
Langebaan area (Adamboerskraal, Langebaan Road and Elandsfontein aquifer) to the south
and also the effect of the Elandsfontein Phosphate Mine on the groundwater.

Existing 1:250 000 geological and 1:500 000 hydrogeological maps were used during the
assessment (Figure 7).

3.2 HYDROCENSUS/USER SURVEY

A mini-hydrocensus/groundwater user survey was conducted by Groundwater Complete in
April 2021 on around the Saldanha DBOT area, which also covered the Saldanha BDOT2
area. No new boreholes were developed in the meantime and no new groundwater use
occurred so that the 2021 data can reasonabily still be applied as baseline. The main aims and
objectives of the hydrocensus field survey were as follow:

e To locate all groundwater users in the immediate vicinity of the site;

e To collect basic information from the users;

o Log representative boreholes on the surrounding properties; and

o Assess the on-site borehole in more detail.

A total of five boreholes occur around the Saldanha DBOT2 area, situated to the south and
east of the project area and their positions are indicated on Figure 5. Three of the five
boreholes are in use for dust control purposes, namely one at the Saldanha DBOT site and
two at TerraNominees to the south and downstream flow direction from the Saldanha DBOT
site. The two other boreholes were originally intended for domestic use in the past but could
not be used due to high salinity (Table 1).

Widespread contamination or depletion of the groundwater resource will therefore impact
negatively on:
e The groundwater resource itself and interrelations with other natural resources (e.g.
wetlands and watercourses) where such interaction exists; and
e The users that depend on groundwater as a sole or alternative source of water for
specific purposes such as for wash water or dust suppression.

PHASE 1 GROUNDWATER STUDY: PORTION 12&13/187 OF FARM LANGEBERG, WESTERN CAPE, SALDANHA BAY 11
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Figure 6: Positions and groundwater depths of boreholes located during the hydrocensus/user survey.
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Table 1: Summarized results of hydrocensus/user survey

Coordinates Proximity to
Borehole Name S 5 Elev Saldanha Comment Current Use
BDOT2
SBDT1 27 Borehole at Saldanha BDOT Dust management
Spens-BH -32.942738 | 18.07857 | 29 1.4 km Borehole outside Weskus Spens farmstall N/A
Thom Well-01 -32.944621 | 18.06998 | 31 +0.6 km Old well south of Thom farmhouse N/A
TerraN-Gate -32.952442 | 18.06461 | 28 0.5 km Borehole located outside TerraNominees gate | Dust management
TerraN-Yard -32.953536 | 18.06451 | 28 0.6 km Well in use inside TerraNominees property Dust management

PHASE 1 GROUNDWATER STUDY: PORTION 12&13/187 OF FARM LANGEBERG, WESTERN CAPE, SALDANHA BAY 13
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3.3 SITING AND DRILLING OF BOREHOLES
No siting or drilling of boreholes were conducted for this assessment level.
3.4 AQUIFER TESTING

In 2021, borehole SBDT1 was tested with a submersible pump that was already installed in
the borehole. The pump and recovery test was conducted for approximately 50 minutes. A
manual dip meter was used in conjunction with an automatic data logger to measure the water
levels. The AQTESOLYV program as well as the Fracture Characterisation (FC) Method were
used to analyse the data collected during the aquifer test. The aquifer test and results will be
discussed in more detail Section 4.3.

3.5 GROUNDWATER RECHARGE CALCULATIONS

According to Figure 7 the mean annual recharge to the aquifer underlying the project area
should be in the order of 12 mm, which based on an average rainfall of approximately
490mm/a (Figure 3) translates to a recharge percentage of + 2.5%. Recharge to the
intergranular aquifer underlying the project area is expected to be slightly higher than the
amount estimated by Vegter (1995) due to the flatness of the topography. The water table is
not deep, and vegetation is often sparse, resulting in a relatively lower transpiration rate, which
further supports the estimation of a higher effective recharge percentage.

A range of groundwater recharge percentages was calculated by Van Tonder and Xu (2000)
based on underlying geology. These values confirm that the sandy and calcretic nature of the

soil may constitute a higher groundwater recharge.

Based on this estimate, the mean annual recharge to the aquifer is estimated to vary between
of 29,4 mm/a (recharge = 6%) to 39,2 mm/a (based on a recharge of 8%).

Table 2: Typical recharge to different aquifer host rocks (Van Tonder & Xu, 2000)

Geology % Recharge % Recharge
(soil cover <5m) | (soil cover >5 m)

Sandstone, mudstone, siltstone 5 2
Hard Rock (granite, gneiss etc.) 7 4
Dolomite 12 8
Calcrete 9 5
Alluvial sand 20 15
Coastal sand 30 20
Alluvium 12 8

PHASE 1 GROUNDWATER STUDY: PORTION 12&13/187 OF FARM LANGEBERG, WESTERN CAPE, SALDANHA BAY 14
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Figure 7: Mean annual aquifer recharge for South Africa (Vegter, 1995)
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3.6 GROUNDWATER RESERVE DETERMINATION

GROUNDWATER COMPLETE

No groundwater use occurs at the Saldanha BDOT?2 site — no borehole occurs.

The property boundaries fall within quaternary catchment G10M which has a surface area of
2004.7 km?. The property has a total area of 0.13 km?(12.5 hectares). The general authorised
groundwater use in the catchment is 0 m3/ha/year according to the WR90 (1990).

Table 3: Most salient parameters relevant to Catchment G10M (Groundwater Resource
Directed Measures, 2000) (WR90, 1990)

Description Unit Value Comment
Catchment Area km? 2004.7 -

Population persons | 41 000 | Estimated population in catchment.
General Authorised Use m¥ha/a 0

Mean Annual Rainfall mm/a 490

Effective Annual Recharge mm/a 29,4 Recharge depth per year.
Annual Recharge Volume Mm®/a 59 Recharge volume per year on catch.
Current Groundwater Use Mm®/a 2

Basic Human Need Mm®/a 0.37 Based on 25 | per day per person.
w0 | o e o=
Abstraction as % of Recharge % 0 (Currri}rgh%;%l;n\?grl?::g)u;e;/&nnual
Groundwater Allocation Mm®/a 0

Most of the nearby properties rely mostly on other sources of water for domestic use as the
groundwater is very brackish (high salinity) and of poor quality. The only users located during
the hydrocensus are at the BDOT site and a neighbouring storage terminal named
TerraNominees located to the south of Saldanha BDOT. Thus, the groundwater in the
immediate vicinity of the site goes mostly unutilised due to its poor quality.

PHASE 1 GROUNDWATER STUDY: PORTION 12&13/187 OF FARM LANGEBERG, WESTERN CAPE, SALDANHA BAY 16
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4 PREVAILING GROUNDWATER CONDITIONS

41 GEOLOGY

Geological information on and around the property as provided in this report was interpreted
from the 1:250 000 scale geological map of the project area.

The project area is underlain by tertiary and quaternary sedimentary rocks that were formed
by marine sediment depositions. The tertiary and quaternary rocks are the youngest layers in
southern Africa and can be found all across the country. The fact that the sediment was formed
in a marine environment which is still relatively young is largely responsible for the poor
groundwater quality. The Cape Granite Suite underlays the tertiary and quaternary rocks.

The entire surface of the Saldanha DBOT property is covered by fine- to medium-grained,

partly calcretized, shelly sand and (aeolian) calcarenite. This geological group is known as the
Langebaan-Saldanha Formation or the Langebaan Limestone Member.
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4.2 HYDROGEOLOGY
4.21 UNSATURATED ZONE

The unsaturated zone refers to the portion of the geological/soil profile that is located above
the static groundwater elevation or water table. Based on the drilling results of borehole, the
unsaturated zone is predominantly composed of unconsolidated sand at surface followed by
consolidated sand and calcrete.

The unsaturated zone affects both the quality and quantity of the underlying groundwater. The
type of material forming the unsaturated zone as well as the permeability and texture thereof
will significantly influence aquifer recharge as well as the mass transport of surface
contamination to the underlying aquifer(s). Factors like ion exchange, retardation, bio-
degradation and dispersion all play a role in the unsaturated zone.

The thickness of the unsaturated zone is determined by subtracting the static water level
elevation in the project area from the surface elevation, or simply by measuring the depth of
the groundwater level below surface. The thickness of the unsaturated zone at Saldanha
DBOT2 is estimated to range between 3 and 4 meters.

4.2.2 SATURATED ZONE

The saturated zone, as the name suggests, is the portion of the geological/soil profile that is
located below the static groundwater elevation or water table. The depth to the saturated zone
is therefore equal to the thickness of the unsaturated zone, which can range between 3 and 4
meters below surface in the Saldanha DBOT?2 area.

4.2.3 TRANSMISSIVITY AND STORATIVITY OF THE AQUIFER

NGA boreholes in the area were consulted to obtain groundwater hydraulic parameters to
confirm and expand on those measured in the immediate vicinity of the Saldanha DBOT?2 site.
A total of 29 boreholes were found within a 3 km radius of the Saldanha DBOT2 site and these
boreholes occur in the same geological formation. Water level information is available for 26
of these boreholes with averages ranging from 2 mbs to 7 mbs. None of the data sources
contained borehole yield, storativity or transmissivity estimates.

In 2015 GEOSS compiled a report for a neighbouring storage terminal named TerraNominees
called: Geohydrological Baseline Assessment TerraNominees, West Coast, Western Cape.
In their report, GEOSS estimated groundwater yields of around 0.0 — 0.1 L/s.

A constant rate pumping test was performed on the Saldanha DBOT borehole in 2021 to
calculate representative aquifer parameters (transmissivity or hydraulic conductivity) and
apply them to estimate sustainable yield of the borehole. A transmissivity of 2 m?d was

estimated from the pumping test results.

The aquifer parameters and sustainable yield estimation is discussed in Section 4.3 below.
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4.3 GROUNDWATER QUALITY

Among the NGA boreholes located around the study area, EC values was only stated for a
single borehole, namely an EC value of 460 mS/m.

In their report, GEOSS estimated an average EC of between 300 and 1500 mS/m, depending
on the source.

During the hydrocensus Groundwater Complete measured the EC in the hydrocensus
boreholes, which all had salinities between 650 and 1300 mS/m, confirming the estimations
made by GEOSS. The results of the field measurements are listed in Table 4.

Table 4: Concentrations measured in hydrocensus boreholes.

BH X Y EC (mS/m)
SBDT 1 18.0653 | -32.9480 672
Spens-BH | 18.0786 | -32.9427 | 1320

Thom Well-01 | 18.0700 | -32.9446 655
TerraN-Gate | 18.0646 | -32.9524 699
TerraN-Yard | 18.0645 | -32.9535 845

4.4 GROUNDWATER USE

As mentioned earlier in the report, no groundwater resources occur on site. Groundwater on
nearby properties is used only for washing and dust management purposes. The groundwater
is too saline to use for domestic purposes other than washing and waterborne sewage — the
water cannot be used for consumption purposes or even for livestock watering.
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5 AQUIFER CHARACTERISATION

5.1 GROUNDWATER VULNERABILITY

The Groundwater Vulnerability Classification System used in this investigation was developed
as a first order assessment tool to aid in the determination of an aquifer's
vulnerability/susceptibility to groundwater contamination. This system incorporates the well-
known and widely used Parsons Aquifer Classification System as well as drinking water quality
guidelines as stated by the Department of Water Affairs and Forestry. This system is especially
useful in situations where limited groundwater related information is available and is explained
in Table 6 and Table 7. The project area achieved a score of 6 (Table 5) and the underlying
aquifer can therefore be regarded as having a medium vulnerability.

Table 5: Groundwater vulnerability rating for project area

Rating
Depth to groundwater level 3
Groundwater quality 1
Aquifer type 2
Total score: 6
Table 6: Groundwater vulnerability classification system
Rating 4 3 2 1
Depth to groundwater 0—3m 3_6m 6-10m >10 m
level
Groundwater quality Excellent Good Marginal Poor
(Domestic WQG?) (TDS < 450 (TDS >450< | (TDS>1000 < (TDS > 2
mg/l) 1 000 mg/l) 2 400 mg/l) 400 mg/l)
Aquifer type. Sole aquifer Maijor aquifer Minor aquifer Non-aquifer
(Parsons Aquifer system system system system
Classification)

* WQG = Water Quality Guideline.

Table 7: Groundwater vulnerability rating

Vulnerability Rating
Low vulnerability <4
Medium vulnerability >4<8
High vulnerability 29

Although the rating comes out as medium vulnerability, the poor quality of the groundwater
(due to high salinity) renders the water unsuitable for most uses and a low vulnerability is more
appropriate in our considered opinion. Please refer to the bold text in the Parson’s
classification system in Table 8, where it is stated that the poor quality can render the aquifer
unusable for most purposes and makes it a non-aquifer.
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5.2 AQUIFER CLASSIFICATION
For the purpose of this study an aquifer is defined as a geological formation or group of
formations that can yield groundwater in economically useable quantities. Aquifer

classification according to the Parsons Classification system is summarised in Table 6.

According to the Parsons Classification system, the aquifer around the Saldanha
DBOT2 site is regarded as a minor- or non-aquifer system.

Table 8: Parsons Aquifer Classification (Parsons, 1995)

Sole An aquifer that is used to supply 50% or more of domestic water for a given

el area, and for which there is no reasonably available alternative sources

System should the aquifer be impacted upon or depleted. Aquifer yields and natural
water quality are immaterial.

Major Highly permeable formation, usually with a known or probable presence of

el significant fracturing. They may be highly productive and able to support large

System abstractions for public supply and other purposes. Water quality is generally
very good (less than 150 mS/m).

These can be fractured or potentially fractured rocks that do not have a

Minor primary permeability, or other formations of variable permeability. Aquifer

Aquifer extent may be limited and water quality variable. Although these aquifers

System seldom produce large volumes of water, they are important both for local
suppliers and in supplying base flow for rivers.

These are formations with negligible permeability that are generally regarded

Non- as not containing groundwater in exploitable quantities. Water quality may

. also be such that it renders the aquifer unusable. However, groundwater

Aquifer .

System flow through.such rocks, although '|mpermea.ble, does t.ake plac?e, and n.eeds
to be considered when assessing the risk associated with persistent
pollutants.

Special . . . :

. An aquifer designated as such by the Minister of Water Affairs, after due

Aquifer

System process.

5.3 AAQUIFER PROTECTION CLASSIFICATION
The combination of Aquifer Vulnerability Classification rating and Aquifer System
management Classification provides a protection level referred to as Groundwater Quality

Management Classification (GQM).

The GQM for the Saldanha DBOT2 aquifer calculates to 2, which indicates a low level
of protection.
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Table 9: GQM = Aquifer System Management (ASM) x Aquifer Vulnerability (AV)

ASM Classification AV Classification GQam .
Level of Misgunst
Class Points | Class Points | Index ) Gam
protection
Sole Source Aquifer 6 High 3 <1 Limited
System
Major Aquifer System 4 1-3 Low
Minor Aquifer System 2 Medium 2 3-6 Medium 2
Non-aquifer System 0 6-10 High
Special Aquifer System | 0-6 1 >10 Strictly non-
Low degradation
The ASM score is taken to be 1 (between a minor and a non-aquifer) with an aquifer

vulnerability of 2 for a GQM of 2.
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6 IMPACT ASSESSMENT

6.1 IMPACTS ON GROUNDWATER QUANTITY

No measurable impact is expected on groundwater quantity/availability since no borehole
occurs on site that will be used for abstraction.

6.2 IMPACTS ON GROUNDWATER QUALITY

The impact on groundwater quality was assessed in terms of the source-pathway-receptor
principle, which can be described as follows:

Source- A source of groundwater contamination can be diffuse or can occur at a specific point.
A source can be described as a phenomenon that has an adverse impact on groundwater by
poor quality leachate or discharge.

Pathway- In order for contamination to reach and eventually affect a receptor/s, it needs to
travel along a preferred pathway. The effectiveness of a pathway to conduct contamination is
determined by three main factors, namely:

- Hydraulic properties (specifically the hydraulic conductivity) of the pathway,

- Groundwater hydraulic gradient, and

- Area through which flow occurs.
All three these factors have a linear relationship with the flow of contamination through a
preferred pathway, meaning an increase in any one of the three will lead to an increase in
flow.

Receptor- The final factor which determines if contamination will have adverse effects on the
groundwater is whether some user will be affected by the said contamination. The different
possible affected parties are:

- The aquifer itself. (The receiving surface water environment is not considered to be a
receptor since the aquifer does not support watercourses or wetlands with base flow
in the near area.)

- Surrounding groundwater users.

All three abovementioned factors need to be present for an impact to occur. If one of the
factors are not present in the system, then theoretically, there is no risk of impact.

6.2.1 SOURCE CHARACTERISTICS

All product to be stored at Saldanha BDOT2 will be stored in a covered facility, thus not in
open air. The material is rutile, which is mined by Tronox’s Namaqua Sands mine. The product
is chemically inert in the natural environment, thus it does not react with water or form poor
quality leachate and will have no effect on the groundwater quality. One of the main uses of
rutile, namely as sandblasting medium on inshore oil platforms/rigs, is in fact based directly
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on its inert nature: the sandblast medium can end up in the ocean without affecting the marine
water quality.

Leaching tests could not be located for the rutile material stored at the Saldanha BDOT2 but
the material properties lead to the conclusion that no poor quality leachate will form through
the stockpiled material.

6.2.2 PATHWAY CHARACTERISTICS

The aquifer type present at the Saldanha DBOT2 location is intergranular, meaning that the
groundwater migrates through the unconsolidated particles of the aquifer. The nature of the
aquifer does allow for movement of groundwater. The hydraulic gradient, however, is so low
(due to the flatness of topography and water table) that little groundwater movement takes
place.

The hydraulic conductivity is calculated by dividing the transmissivity (2.7 m?%s) by the
thickness of the aquifer (10m), which is equal to about 0.3 m/s. The hydraulic gradient was
calculated using the difference in height and distance between the SBDT1 borehole and the
TerraN-Gate borehole, which is the nearest down-gradient borehole.

According to the Darcy equation (Equation 1) the theoretical groundwater flux is less than 0.1
meters per year.

Equation 1: Darcy equation for determining flow rate.

" Ah
vV=—A—3
Al
Vv = Rate of flow (m/d)

K = Hydraulic Conductivity (m/d)

Ah = Difference in Head (m)

Al = Distance (m)

If the measured conductivity and average gradients for Saldanha DBOT are substituted into
Equation 1, the result is as follows:

V.  =-(0.3) x (-0.4/500)

=0.00024 m/d
= 0.09 ml/year
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6.2.3 POSITIONS AND VULNERABILITY OF RECEPTORS

Due to poor quality of groundwater, there are no groundwater users or systems dependant on
groundwater in the vicinity that will be affected by any impacts on the quality of the
groundwater (Section 3.2).

6.3 GROUNDWATER MANAGEMENT

Although rutile and other bulk materials are inert and will be stored in a paved, indoors facility,
the following basic management and monitoring actions are proposed to help prevent/limit any
possible effects Saldanha DBOT2 might have on the groundwater quality:
- Any runoff from the terminal should be contained and prevented from flowing away
from site.
- Stormwater should be captured and contained on site.
- Contain any surface water (from rainfall, storm water or groundwater used for dust
management) run-off around the proposed storage structure in a lined pollution control
facility.

6.4 MONITORING

Although the ambient groundwater is of poor quality and the stored materials are chemically
inert it is recommended to include at least one downstream monitoring borehole. Such a
borehole would serve to verify the findings of the study and would act as an early warning
system should poor quality leachate/seepage/spills occur at the site.

The borehole can be drilled where there is access available on the southern perimeter of the
site. A depth of 10-15 meters would suffice and the borehole casing should be perforated
through its entire depth profile. This would allow for both dissolved inorganic ions to be
detected in the borehole and hydrocarbon matter, which is largely insoluble in water and will
float on the water table to enter the borehole.

Groundwater in the borehole should be sampled and analysed on preferably quarterly
frequency, but at least a bi-annual frequency, namely in the middle of the wet and dry seasons
respectively. The water should be analysed for parameters listed below.

Monitoring Variable

EC, pH, TDS, total hardness, total alkalinity, calcium, magnesium,
sodium, potassium, chloride, sulphate, fluoride, nitrate, iron, manganese,
aluminium and Soap/Qil/Grease content (as indicator of oil/diesel
presence in the groundwater).

Quarterly
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6.5 SUMMARY

Impacts on the groundwater quality and quantity are expected to be insignificant during the
operational phase of Saldanha BDOT2. The following statements can be made in summary to
demonstrate the abovementioned.

- The product to be stored on the site is inert and will have very little (if any) effect on
the quality of groundwater.

- The natural ambient groundwater quality is poor (highly saline) and unsuitable for
domestic use or even livestock consumption.

- The groundwater transport and flux rate in the aquifer is very low and any
contamination that occur to the groundwater, however unlikely, will be contained in the
immediate vicinity of the site.

- There are no users in the nearby vicinity dependent upon groundwater.
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CONCLUSIONS AND RECOMMENDATIONS

The geohydrological environment at Saldanha BDOT2 can be summarised as follows:

Saldanha BDOT2 is underlain by Tertiary and quaternary sedimentary geological
formations.

The effective recharge in the area is estimated to be between 6 and 8% of the MAP.
The static water level depth of groundwater in the site vicinity is between 3 and 4 mbs.
No borehole occurs on site and no groundwater use is envisaged for the near future.
The project area achieved a vulnerability score of 6 and the underlying aquifer can
therefore be regarded as having a medium to low vulnerability.

The Groundwater Quality Management Classification for the Saldanha BDOT2 aquifer
calculates to 2, which indicates a low level of protection required.

Impacts on the groundwater quality are expected to be insignificant due to the
following:

o The product (source) to be stored on the site is inert and will have very little (if
any) effect on the quality of groundwater.

o It will be stored inside a paved and covered facility so that virtually no leachate
or seepage will be possible

o The natural ambient groundwater quality is poor (highly saline) and unsuitable
for domestic use or even livestock consumption.

o The groundwater transport and flux rate (pathway) in the aquifer is very low
and any contamination that occur to the groundwater, however unlikely, will be
contained in the immediate vicinity of the site.

o There are no users (receptor) in the nearby vicinity dependent upon
groundwater.

Management and monitoring actions were proposed to help limit any possible effects
Saldanha DBOT might have on the groundwater quality:

Any runoff from the terminal should be contained and prevented from flowing away
from site.

Stormwater and rainwater from the roofed facility should be captured and contained
on site for reuse.

At least one downstream monitoring borehole is recommended as an early detection
system for poor quality leachate/seepage/spills from the site.
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