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EXECUTIVE SUMMARY 
 
SamancorCr wish to locate a new chrome chemicals plant and potentially also hazardous 
waste disposal site in Middelburg, Mpumalanga.   
 
As part of the environmental impact assessment a specialist groundwater study was 
undertaken to determine the quantity and quality of groundwater under the site.  The 
groundwater study made use of a geophysical investigation (resistivity traverses) done in July 
2007, a geotechnical investigation (test pits) done in August 2007, a drilling programme that 
drilled and cased 14 boreholes from 3 to 23m deep, totalling 177 metres, in October 2007, 
and sampling and analysis of groundwater in November 2007.   
 
The main findings of the study relevant to the development proposal and potential waste 
disposal site are as follows: 
 thin soils cover ferricrete that is generally 1m thick and present under most of the area 

and sometimes outcrops at surface 
 weathered and then fresh siltstone occurs beneath the ferricrete under most of the site 
 rhyolite and dolerite occur on the eastern and south-eastern margins of the site 
 floodplain clays were intersected to 7m depth in one hole near the Vaalbank River 
 bedrock is generally 2-4m deep in the siltstone areas and around 1m in the south-eastern 

areas  
 groundwater quantities are variable across the site, there being no defined aquifer 
 groundwater yields are mostly <0.05L/s, this being defined as low yielding 
 groundwater flow is towards the Vaalbank River to the east 
 groundwater quality is mostly fresh, although high silica and sulphate does occur 
 heavy metals are absent 
 Cr6+ is absent 
 the southern portion of the site has very shallow groundwater and is a 

wetland/watercourse 
 the best site for the chrome chemicals plant from a groundwater perspective is in the 

very south-east of the area, where groundwater is mostly absent. 
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1.1 INTRODUCTION 
Samancor Chrome is applying to construct a new chrome chemicals plant adjacent to their 
current ferrochrome operations outside Middelburg, Mpumalanga, refer to Figure 2-1: Locality 
Map. This application requires the completion of an environmental impact assessment.  A 
scoping process has been completed for this and during that process it was determined that 
certain specialist studies, including a groundwater assessment, would need to be conducted. 
 

 
Figure 2-1: Locality Map 
 
The primary aims of the groundwater assessment are to determine if there is groundwater of 
sufficient quality and quantity that it could be used in future.  Gaining an understanding of the 
geohydrology of the site will also aid siting of the chemicals plant to avoid shallow groundwater.  
It will also be possible to design and locate the plant in such a way as to prevent or reduce 
possible contamination of the groundwater. 
 
This report details the methods used to determine the geology and geohydrology of the site.  
The data gathered is presented as various tables in the text or Appendices.  The findings are 
summarised in the main text.  A conclusion provides a statement of the suitability of the site for 
the proposed plant, from a groundwater perspective. 
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2 METHODS 
2.1 TEST PITS 
As part of the geotechnical investigation 22 test pits were dug from 1-3rd August 2007 with a  33 
ton mechanical excavator.  The pits varied from less than 1m to around 5m deep, depending 
upon the depth of blade refusal which is dependant upon the freshness of the rock, or to 
maximum reach of the excavator at around 5.5m.  Some of these pits were examined visually to 
identify the rock types present, any structural features, weathering and surface layers such as 
ferricrete.  The information gained was used to assist in interpreting the drill cuttings from 
borehole drilling.  The logs for the test pits that were logged are contained in Error! Reference 
source not found.. 
 

 
Figure 2-1: General view of the test pit TP10 
 
The profile of this pit is fairly typical of the site: brown sandy soil overlies ferricrete that is mottled 
and overlies bedrock of purple grey siltstone.  This pit is at the southern end of the site near the 
watercourse and the shallow water table is evidenced here by the pit filling up with water 
quickly, even at the end of the dry season. 
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Figure 2-2: Close up view of ferricrete in TP6 
 
The dark black nodules of hard iron and manganese oxides can be seen interspersed with softer 
material, both iron oxides like goethite and various clays.  The transition to thick clay below can 
be seen where the excavator scrape marks become smooth. 

2.2 DRILLING 
A drilling programme was conducted from 1-4th October 2007 in which 14 boreholes were drilled 
at 12 locations across the site (Figure 2-4).  The holes varied from 3m - 23m deep, totalling 177 
metres, giving an average depth of 12.5m.  The holes were drilled with a percussion drill (rotary 
air blast) of 165mm diameter.  Drill chips were logged per metre and the geological logs are 
contained in Error! Reference source not found.. 
 

 
Figure 2-3: General view of the drill rig on site 
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Figure 2-4: Map of borehole locations (red dots) relative to the resistivity traverses (blue lines)  
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2.3 MONITORING BOREHOLES 
During the drilling programme, immediately after the completion of drilling each hole, the holes 
were cased and gravel packed as monitoring boreholes.  110mm threaded PVC was inserted 
into the holes, with slots over a selected interval and blank casing for the rest of the hole.  
 
Coarse silica gravel was poured into the annulus, generally to near the surface, except in two 
holes where a bentonite seal was placed above the slotted interval.  Surface standpipes of steel 
were cemented into place and a locked cap was added to the top of the standpipes to 
prevent tampering. The borehole construction details are in Table 2-1: Borehole construction 
details. 
 
Table 2-1: Borehole construction details 
borehol
e 
number 

coordinates elevation 
(mamsl) 

depth 
(mbgl) 

casing 
(mbgl) 

annulus 
(mbgl) 

SWL 
(mbgl) 
(date) 

VKB1 25º 48’ 26.9” S 
29º 28’ 52.8” E 

1519 13 0-4 plain 
4-13 slotted 

0-0.5 cement 
0.5-13 gravel 

4.77 
20-11-2007 

VKB2 25º 48’ 23.7” S 
29º 28’ 59.6” E 

1514.5 13 0-4 plain 
4-13 slotted 

0-0.5 cement 
0.5-13 gravel 

3.43 
20-11-2007 

VKB3a 25º 48’ 34.6” S 
29º 28’ 57.5” E 

1518.5 17 0-11 plain 
11-17 
slotted 

0-0.5 cement 
0.5-17 gravel 

5.73 
20-11-2007 

VKB3b 25º 48’ 34.6” S 
29º 28’ 57.5” E 

1518.5 6 0-3 plain 
3-6 slotted 

0-0.5 cement 
0.5-6 gravel 

dry 
20-11-2007 

VKB4 25º 48’ 32.2” S 
29º 29’ 02.9” E 

1512.5 12 0-9 plain 
9-12 slotted 

0-0.5 cement 
0.5-12 gravel 

1.17 
20-11-2007 

VKB5 25º 48’ 33.4” S 
29º 29’ 08.3” E 

1510.5 9 0-3 plain 
3-9 slotted 

0-0.5 cement 
0.5-9 gravel 

1.50 
20-11-2007 

VKB6 25º 48’ 39.2” S 
29º 29’ 11.4” E 

1511.5 3 0-1.5 plain 
1.5-3 slotted 

0-0.5 cement 
0.5-3 gravel 

dry 
20-11-2007 

VKB7 25º 48’ 45.8” S 
29º 29’ 07.0” E 

1514.5 7 0-3 plain 
3-7 slotted 

0-0.5 cement 
0.5-7 gravel 

2.16 
20-11-2007 

VKB8 25º 48’ 48.9” S 
29º 29’ 07.4” E 

1513.5 15 0-9 plain 
9-15 slotted 

0-0.5 cement 
0.5-15 gravel 

0.86 
20-11-2007 

VKB9 25º 48’ 42.6” S 
29º 29’ 01.4” E 

1518 15 0-6 plain 
6-15 slotted 

0-0.5 cement 
0.5-15 gravel 

5.10 
20-11-2007 

VKB10 25º 48’ 27.2” S 
29º 28 43.3” E 

1523.8 23 0-12 plain 
12-23 
slotted 

0-0.5 cement 
0.5-23 gravel 

1.00 
20-11-2007 

VKB11a 25º 48’ 49.3” S 
29º 28’ 55.1” E 

1517.5 17 0-11 plain 
11-17 
slotted 

0-1 cement 
1-10 bentonite 
10-17 gravel 

3.91 
20-11-2007 

VKB11b 25º 48’ 49.3” S 
29º 28’ 55.1” E 

1517.5 5 0-2 plain 
2-5 slotted 

0-0.5 cement 
0.5-1 bentonite 
1-5 gravel 

dry 
20-11-2007 

VKB12 25º 48’ 41.6” S 
29º 28’ 51.0” E 

1524 22 0-16 plain 
16-22 
slotted 

0-0.5 cement 
0.5-12 gravel 
12-15 cement 
15-22 gravel 

10.93 
20-11-2007 
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3 GEOLOGY 
3.1 LITHOLOGY 
3.1.1 SOIL AND TRANSPORTED COVER 
Soils tend to be thin, less than 1 metre in all cases and generally about 0.5 metres or less, in some 
cases being only a few centimetres on top of ferricrete.  The soil is generally sandy to gravelly, 
with ferricrete nodules and fragments abundant, and quartzite pebbles and boulders also 
evident.  Organic matter is limited and there is no obvious A-horizon.  The most significant 
organic fraction is that of live roots and bulbs, some up to 30cm in diameter. 
 
In VKB5, the hole closest to the Vaalbank River, 7 metres of brown clay was drilled through.  The 
clay was sufficiently dense to warrant use of an auger, as the percussion bit could not penetrate 
it.  There was a sharp contact with the underlying, relatively fresh bedrock.  It is likely that this 
clay is alluvial and therefore that floodplain clay deposits exist along the Vaalbank River valley.  
This hole was more than 100 metres from the current watercourse, so the floodplain deposits are 
possibly quite broad. 
 
In a previous investigation, thick clay soils or transported material were found inbetween the 
dust disposal dams and the Vaalbank River, to the north-east of the current study area. (Knight 
Piesold, 1997).  In that study the clay layer was typically only 3m thick. 

3.1.2 WEATHERED PROFILE 
The zone of thoroughly weathered rock (in situ material but with no original texture) reaches a 
maximum of about 3 metres.  Ferricrete has been developed extensively across the site, 
occurring almost over the entire area, except in the extreme east towards the Vaalbank River.  
In places the ferricrete is extremely competent and outcrops, whilst in others it is soft.  Minor 
amounts of clay are present beneath the ferricrete in certain places, but generally the ferricrete 
grades into weathered bedrock with all the structures and textures still apparent. 

3.1.3 BEDROCK 
The predominant rock type on the site is a maroon to purple, sericitic (micaceous) siltstone.  It 
varies from very finely to moderately laminated and slightly to very sericitic and tends to be 
more reddish when weathered and purpler when fresher.  Either a more siliceous variant or just 
an extremely fresh version of this rock was encountered in VBK11a at 8 metres, with a more 
bluish colour and well laminated. 
 
Minor layers of yellow to cream to khaki colour sericitic clayey material occur that could be 
shale or tuff layers.  A dark red, fine grained, crystalline, competent rock was encountered in 
certain holes, particularly in the SE of the site, and is most likely a rhyolite. 
 
Depths to bedrock vary across the site.  Across most of the site, bedrock is encountered from 2-4 
metres depth, whilst in the central and south-eastern areas, bedrock is found at about 1 metre.  
This pattern is shown up well by the resistivity surveys as high resistivity areas near the surface and 
is depicted in Figure 3-1: Geophysical resistivity map indicating areas of high resistivity near to 
the surface. 
 
From the previous study, bedrock to the north-east of the current study area is named as 
diabase (dolerite).  It has a permeable weathered zone of up to 8m thick and fresh, 
impermeable diabase occurs from as shallow as 3m to as deep as 11m below surface (Knight 
Piésold, 1997). 
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Figure 3-1: Geophysical resistivity map indicating areas of high resistivity near to the surface 
 
The black lines in Figure 3-1 shows the geophysical survey resistivity traverses.  Red depicts high 
resistivity the closest to the surface.  Drilling confirmed that these areas roughly correspond to 
shallow bedrock and/or more competent rock types.  The alluvial clay appears as the blue area 
north-east of the red area. 
 

3.2 STRUCTURE AND STRATIGRAPHY 
3.2.1 STRUCTURE 
The rocks under the site dip gently to the north.  No obvious signs of faulting or fracturing can be 
seen in the field or from aerial photography.  The geological map at 1:250 000 scale is too 
coarse to indicate minor faults that may be present.  No major faults are shown on the 
geological map. 

3.2.2 STRATIGRAPHY 
The rocks underlying the site belong to the Loskop Formation that is part of the Transvaal 
Supergroup.  The Formation is not assigned to any group, but could belong in or adjacent to the 
Rooiberg or Pretoria Group.  The Loskop Formation is largely composed of argillaceous 
sedimentary rocks such as shales and siltstones, but does also contain feldspathic sandstone 
and quartzite.  Volcanic rocks are also present in this mixed assemblage (Kent, 1980). The age is 
poorly constrained but is probably around 2200Ma. 
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4 GROUNDWATER 
4.1 GEOHYDROLOGY 
The previous study produced a groundwater flow map with detailed vectors generated from a 
finite element model run on computer, however this model lacked much real water level data, 
besides the cluster of boreholes to the north-east of the current study area.  Their model was 
based on the assumption that the water table was continuous and followed topography (Knight 
Piésold, 1997).  This is a reasonable assumption and therefore the overall picture from the 
groundwater flow map can be used, however, this is no different from the conclusion that a 
field inspection will yield, namely that groundwater flow is likely to be from west to east, towards 
the Vaalbank River. 
 
A groundwater contour map has been produced (Figure 4-2: Groundwater elevations and 
contours, in metres above sea level.) from the water level readings taken on 20 November 2007.  
The water table generally follows the topography, although it is much flatter.  The total elevation 
change from east to west across the site is about 15m, whilst the water table changes 5m over a 
similar distance.  One anomaly to this is in VKB10 which has a much higher water level (in metres 
above sea level) than any of the other boreholes and this accounts for the steep gradient seen 
in the Figure 4-2.  It is possible that this reflects a perched water table above the thick clays that 
occur in that part of the site.  This does not affect the overall picture, that groundwater flows 
from west to east, towards the Vaalbank River. 
 

4.1.1 WATER QUANTITY 
Water encountered during drilling varied from only slight moisture in the soil profile in some holes, 
to a noticeable water table with possibly significant amounts of groundwater.  The most 
significant water strike was at 9.5m depth in VBK4 (see Figure 4-1: Water blowing out of the hole 
after the small water strike at 9.5m on VBK4) in what appeared to be highly competent rhyolite.  
Fracturing in this brittle rock accounts for its water bearing capacity.  This water strike did not 
appear to yield major water, and this was confirmed during sampling (see below).  A few other 
boreholes had noticeable or significant water table intersections. 
 
During sampling on 20-21 November 2007, all boreholes were easily pumped dry within a minute 
or so, using a custom built pump (3 caravan water pumps in series) that pumped at less than 
1L/s.  Because of these extremely low yields, no pumping tests could be conducted on these 
boreholes. 
 
During sampling, the boreholes were purged twice on day one, before a final purging and 
sampling round on day two.  The water level recoveries were all recorded to further give an 
indication of the yields.  In only two cases (VBK4, VBK9) did the boreholes recover close to the 
original static water level.  For these measurements, see Appendix 3.  The ease with which these 
boreholes were pumped dry, despite having large diameter casing (110mm), which not only 
allows more water to enter the casing, but also gives a higher storage of water in the casing, 
indicates poor to very poor groundwater yields. 
 
Due to the inconsistent nature of the water strikes and the poor water level recoveries whilst 
sampling, it is clear there is no single aquifer on the site that is likely to supply even minor 
quantities of groundwater.  Rather, it appears that groundwater flows through fractures that are 
variable across the site and are dependant upon host rock type.  The quantity of groundwater 
available across this site may just qualify as usable for domestic supply in a few localized places, 
but is generally very minor. 
 
Borehole yields from the previous study confirm the low groundwater potential and were mostly 
less than 0.05L/s but up to a maximum of 0.2L/s in fractured and weathered diabase (Knight 
Piésold, 1997). 
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Figure 4-1: Water blowing out of the hole after the small water strike at 9.5m on VBK4 
 
Pumping tests were conducted on the boreholes drilled in the previous study, and although the 
tests are not suited to shallow, irregular geology, a rough indication of the hydraulic properties 
of the ground can be gained.  The most significant figure is the groundwater flow rate, 
estimated to be from 0.05-1m/d (Knight Piésold, 1997). 
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Figure 4-2: Groundwater elevations and contours, in metres above sea level. 
 

4.1.2 SURFACE WATER INTERACTIONS 
In the southern portion of the site, there is a vague natural drainage line for a gentle valley that 
lies to the south-west of the site, across the dirt road that runs along the western boundary of the 
site.  This watercourse contained small pools of water at the very end of the dry season and the 
soils in this general area were wet.  Some trenches (see Figure 4-3: Southern area of the site) had 
been dug across this area to prevent surface water flowing to tailings dams and these trenches 
contained shallow water too.  The common bullrush plant (Typha capensis) was growing along 
these trenches.  Further up in this valley across the road (off the site) there were shallow pools 
with sedges and some recently dried up muddy `waterholes`.   
 
A thick precipitate of salt was noticed on the ground surface near to most of these wet areas 
(see Figure 4-3: Southern area of the site and Figure 4-4: A close up of the salt precipitate on the 
soil surface, as seen in Figure 4-33). A trench containing water occurs and salt precipitate lies on 
the soil and grass stems.  Although this white salt was not analysed directly, it is most likely various 
sulphate salts, as revealed by the groundwater analyses (refer to the next section on water 
quality). 
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Figure 4-3: Southern area of the site indicating water logging and attempts made to drain site 
 

 
Figure 4-4: A close up of the salt precipitate on the soil surface, as seen in Figure 4-33. 
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4.2 GROUNDWATER QUALITY 
Groundwater chemical analysis results are given in Appendix 4.  Results of samples analysed s 
show that the water is predominantly fresh; ie. of low salinity.  The balance of ions (dissolved 
salts) however is unusual.  Ions that are unusually low are Cl, Ca Mg and K, whilst Na is average.  
Ions that are unusually high are Si and SO4.  Si varies across the holes, but is generally of a similar 
magnitude in all the samples.  The SO4 however varies from fairly average sorts of values to 
extremely high in VKB 9 & 10; ie. hundreds of mg/L.  VKB9 & 10 are close to the areas where the 
white salts were seen precipitated on the surface, so it is almost certain that these are sulphate 
salts. 
 
Metals are relatively low in all the samples.  Fe and Mn are present in small amounts, most 
probably natural levels.  Of particular importance is that heavy metals such as Cd, Cr, As, etc 
are below the level of detection, which is below the level of concern. 
 
Cr6+, a highly carcinogenic toxicant, was analysed for using colorimetric methods.  The 
laboratory is not accredited for this method, as the method suffers from interference, especially 
with dirty samples containing fine clays.  The laboratory filtered the water samples prior to 
analysis and were able, according to their standards, to achieve analysis in all but one of the 
samples.  All of these analyses found no evidence of Cr6+.  Although these results are not 
absolutely conclusive, the low salinity and absent metal content of the samples indicate that 
these waters are not contaminated.  It is therefore likely that there is indeed no Cr6+ in the 
groundwater sampled. 
 
To the north-east of the investigated site there are some dust disposal dams.  Downgradient, to 
the east of these dams are many boreholes that were drilled in the 1990’s (Knight Piesold, 1997).  
Since then monitoring has taken place but these results were not made available.  Through 
public participation it has been mentioned that the water quality in these boreholes 
deteriorated from the late 1990’s to around 2003 (Bolt, 2007).  Apparently, levels of Na, Ca, SO4, 
Cl, NO3, and in some holes Mn and Cr6+, demonstrate that there is leakage of pollution from 
these dust disposal dams.  This pollution is travelling slowly due to the low groundwater gradient 
and poor hydraulic conductivity of the substrate, but is will find its way into the Vaalbank River. 
 
In conclusion, the water quality is generally good, although the high silica and in particular 
sulphate would prevent some of this water from being used for human consumption.  
Contaminated groundwater is present to the north-east of the investigation area, resulting from 
the dust disposal dams, and is flowing towards the Vaalbank River. 

4.3 GROUNDWATER USE 
No use of groundwater occurs on the site and as far as could be determined there are no 
groundwater users in the immediate vicinity of the site.   
 
Although it is unlikely that there are nearby groundwater users, a hydrocensus could be 
conducted to establish if this is so. 
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5 CONCLUSION & RECOMMENDATIONS 
From investigations thus far it appears that there is groundwater across most of the site, although 
in highly variable quantities.  Findings related to groundwater quantity: 
 certain shallow boreholes are dry, whilst others have water levels from 1m to 11m below 

ground 
 all boreholes can be pumped dry quickly and generally recover slowly 
 the maximum yields expected would be around 0.2L/s 
 the best aquifer on site would be classified as low yielding (yield <1L/s), according to the 

Department of Water Affairs and Forestry’s Aquifer Classification Project (DWAF, 1998) 
 groundwater contours roughly follow topography and groundwater flow is from west to east 
 groundwater will discharge into the Vaalbank River. 

 
Findings related to groundwater quality: 
 groundwater is generally fresh, but has high silica and in some holes sulphate levels 
 metals occur in natural quantities 
 heavy metals are absent 
 Cr6+ is absent 
 historical contamination from dust disposal dams to the north-east is resulting in polluted 

groundwater moving towards the Vaalbank River. 
 
Although groundwater is not likely to prove a significant resource and appears to be unused 
near the site, protection of the groundwater from any form of pollution is advised, primarily on 
the grounds of protection of the Vaalbank River and downstream environment. 
 
The shallow water table at the southern end of the site is likely to prove problematic for 
construction and foundations, especially considering the abundant sulphate that occurs in this 
water.  This area is also likely a wetland and at times a running watercourse and therefore is 
highly undesirable from a construction perspective as well as possibly having higher 
environmental value than other parts of the site. 
 
The most optimal location from a groundwater perspective for the chrome chemicals plant is: 
 around VKB6 which was dry 
 around VKB1 & 3 a second possibility exists due to low sulphate content and deeper water 

levels. 
 
An assessment of the groundwater pollution near the dust disposal dams is required and a 
strategy to deal with this should be part of an integrated water management plan for the area 
west of the Vaalbank River. 
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7 APPENDIX 1 – TEST PIT GEOLOGICAL LOGS 
 
TP6  
0.0 – 0.5m greyish brown nodular soil 
0.5 – 1.0m yellow, orange, black, white, weathered, nodular ferricrete, nodules to pea 

sized  
1.0 – 3.0m variable ferricrete as above 
3.0 – 3.5m brown, black, weathered shale and mudstone with curved surfaces  
  
TP7  
0.0 – 0.5m brown, stony, gravelly soil 
0.5 – 1.0m red, brown, yellow, black, mottled, weathered ferricrete with up to pea sized 

nodules  
1.0 – 2.5m yellow, pink, red, brown, orange, black, well layered, micaceous, siltstone 
2.5 – 3.5m alternating: thicker (<0.3m), massive, jointed, yellowish siltstone; maroon, 

micaceous, laminated siltstone 
  
TP8  
0.0 – 0.5m brown sandy soil 
0.5 – 1.0m greyish yellow loam 
1.0 – 2.5m WATER: multicoloured, weathered ferricrete 
2.5 – 3.0m maroon micaceous siltstone 
  
TP9  
0.0 – 0.5m dark brown sandy soil with blackish peaty A-horizon 
0.5 – 1.0m WET: light grey, yellow brown, weathered ferricrete 
1.0 – 2.0m transitional ferricrete/shale: mottled/nodular ferricrete parts  
2.0 – 2.5m alternating: maroon micaceous siltstone; yellow khaki mudstone  
  
TP10  
0.0 – 0.5m brown sandy and gravelly soil 
0.5 – 1.0m cream, brown, black ferricrete 
1.0 – 1.5m maroon grey siltstone, very fine layering (harder than maroon siltstone) 
  
TP13  
0.0 – 0.3m brown gravelly and sandy soil 
0.3 – 0.8m ferricrete 
0.8 – 1.0m ferruginizing maroon siltstone 
  
 
 
 



SAMANCOR CR CHROME CHEMICAL PLANT - DRAFT GEOLOGICAL ASSESSMENT 
Environmental Science Associates Page 18

8 APPENDIX 2 – BOREHOLE GEOLOGICAL LOGS 
 
VBK1  
0 – 1 orange brown, soil and weathered ferricrete 
1 – 2 purple brown, hard, ferricretized siltstone 
2 – 4 grey purple, sericitic, weathered siltstone 
4 – 13 grey purple, sericitic, siltstone; minor grey shale with Mn oxides on fractures 
  
VBK2  
0 – 1 orange brown, soil and ferricrete 
1 – 2 dark brown and grey, ferricrete and clay 
2 – 4 blue grey clay; maroon siltstone 
4 – 11 blue grey siltstone; purple grey siltstone; cream brown shale 
11 – 13 grey purple, massive siltstone 
  
VBK3 (a+b)  
0 – 1 brown orange, soil and quartz and clay and ferricrete 
1 – 4 red brown, clay to weathered ferricrete 
4 – 7 maroon, shale 
7 – 11 maroon, shale; cream, sericitic clay 
11 – 17 maroon shale; minor cream sericitic shale 
  
VBK4  
0 – 1 red brown, clay and ferricrete and soil 
1 – 3 khaki and grey, clay with black and brown staining, quartz 
3 – 6 purple grey sericitic siltstone; grey khaki shale 
6 – 9.5 grey purple sericitic siltstone 
9.5 – 12.5 dark red, fine grained, massive to poorly foliated, muscovite, feldspar, quartz 

bearing rock – rhyolite 
  
VBK5  
0 – 1 brown, soil and fill (anthropogenic) 
1 – 2 brown khaki, clay and ferricrete 
2 – 7 brown, thick clay, fragments of dark grey to dark red fine grained poorly foliated 

rhyolite 
7 – 9 dark grey and dark red, fine grained, massive, competent, fresh rhyolite?; sharp 

contact between clay and rock 
  
VBK6  
0 – 0.5 soil and debris (anthropogenic) 
0.5 – 3 dark red grey, fine grained, crystalline, fine red quartz grains, feldspar grains, 

mostly grey to dark grey fine to very fine grained matrix, rhyolite? 
  
VBK7  
0 – 2 orange brown, soil, ferricrete, clay 
2 – 7 maroon, silstone 
  
VBK8  
0 – 1 orange brown, clay and ferricrete and gravel 
1 – 4 maroon brown, siltstone 
4 – 5 maroon brown, siltstone; 50% yellow clay 
5 – 11 grey purple, siltstone; minor blue grey, siltstone 
11 – 13 grey purple, siltstone; 30% blue grey siltstone 
13 – 15 grey purple, siltstone 
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VBK9  
0 – 1 brown red and brown orange, ferricrete and quartz and soil and minor clay 
1 – 3 maroon, weathered siltstone 
3 – 5 maroon, moderately layered, more competent, sericitic, siltstone; minor, grey 

cream, clay 
5 – 7 maroon, sericitic, siltstone 
7 – 9 maroon, sericitic, siltstone; minor, cream, shale 
9 – 11 red maroon, competent, siltstone 
11 – 15 maroon, sericitic, siltstone 
  
VBK10  
0 – 1 brown orange, ferricrete and quartz and clay and soil 
1 – 2 dark brown, clay 
2 – 3 purple brown, clay and weathered silstone 
3 – 8 maroon, sericitic siltstone; minor, cream grey, shale with Mn oxides on fractures 
8 – 10 dark red, more competent, more massive, rhyolite? 
10 – 12 grey purple, sericitic, siltstone 
12 – 14 grey purple, sericitic, siltstone; minor, cream, very sericitic, siltstone, Mn oxides on 

fractures 
14 – 15 as above plus minor, dark red, fine grained, more competent, more massive, 

rhyolite? 
15 – 16 as above plus major rhyolite? 
16 – 18 grey purple, sericitic, siltstone; minor, cream, very sericitic, siltstone 
18 – 20 as above plus minor rhyolite? 
20 – 23 maroon, sericitic, siltstone 
22 – 23 as above plus rhyolite? 
  
VBK11 (a+b)  
0 – 1 brown orange, ferricrete and clay 
1 – 2 maroon, clay; grey khaki, clay 
2 – 4 maroon, weathered siltstone; yellow shale 
4 – 8 maroon, siltstone, Mn oxides on fractures 
8 – 17 maroon, siltstone; blue grey, fresh siltstone 
  
VBK12  
0 – 1 brown orange, ferricrete and soil and quartz and clay 
1 – 2 brown red, clay 
2 – 5 maroon, sericitic, very weathered siltstone 
5 – 7 as 2-5 plus minor, cream grey, sericitic, siltstone 
7 – 8 as 2-5 
8 – 9 as 2-5 plus minor, cream grey, sericitic, siltstone 
9 – 13 as 2-5 
13 – 14 as 2-5 plus 30% cream grey, sericitic, siltstone 
14 – 17 as 2-5 
17 – 19 as 2-5 plus 30% cream grey, sericitic, siltstone 
19 – 22 as 2-5 
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9 APPENDIX 3 – SWL RECOVERIES DURING SAMPLING 
 
water level recoveries during sampling 
borehole 
number 

SWL 
prior to purging 

after first purge 
+ 4h 

after second 
purge 
+ 18h 

borehole 
yield* 

 mbgl mbgl mbgl  
VKB1 4.77 10.16 9.60 vp 
VKB2 3.43 10.30 7.67 vp 
VKB3a 5.73 7.86 6.50 vp 
VKB3b dry - -  
VKB4 1.17 1.26 1.19 m 
VKB5 1.50 2.13 1.55 p 
VKB6 dry - -  
VKB7 2.16 5.30 5.00 vp 
VKB8 0.86 1.10 0.68 p 
VKB9 5.10 5.18 5.15 m 
VKB10 1.00 1.50 1.04 p 
VKB11a 3.91 11.81 6.17 vp 
VKB11b dry - -  
VKB12 10.93 11.20 11.23 p 
     
 
* vp = very poor recovery, p = poor recovery, m = moderate recovery. Note that all of these 
boreholes have too little water to conduct scientific pumping tests as are applied to water 
supply aquifers, hence this evaluation of water level recovery after purging. 
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10 APPENDIX 4 – WATER QUALITY RESULTS 
 



Tel: (011) 929-7014
Laboratory Services (011) 929-7000
P.O.Box 13106 T0082
Norkem Park Fax: (011) 929-7065
1631 (011) 929-7031

Certificate of analysis  
Client: Enviromental Science Associates, Roger Pimond Cert. No: 2007/12/066
Address: P.O.Box 73420, Lynwood Ridge, Pretoria  0040 Tel No: (011) 728-2683

Date sample(s) received: 21 November 2007 Date Analysed: 23/11-04/11/2007
Date certificate generated: 2007/12/05

Sample # 1 2 3 4 5

Sample Name: VKB1 11h30 VKB2 11h50 VKB3a 11h00 VKB 4 10h40 VKB5 10h20
Sample Date/Time: 21/11/2007 21/11/2007 21/11/2007 21/11/2007 21/11/2007

Lab Number: 07EX11/26/070 07EX11/26/071 07EX11/26/072 07EX11/26/073 07EX11/26/074

Sample Description: Water Water Water Water Water

Sample Container: 2L  Plastic Bottle 2L  Plastic Bottle 2L  Plastic Bottle 2L  Plastic Bottle 2L  Plastic Bottle

DETERMINAND(units) CHEMICAL ANALYSIS
Total Alkalinity(mg/L CaCO3) 33 61 33 18 100

Chloride(mg/L Cl) <2 9 17 21 51
* Hexavalent Chromium(mg/L) <0.03 <0.03 <0.03 <0.03 <0.03

Nitrate Nitrogen(mg/L N) 0.3 0.5 0.5 0.3 0.1
Sulphate(mg/L SO4) 52 39 144 156 140

Silicon(ICP)(mg/L Si) 46.03 21.38 48.37 50.38 18.12
Boron(ICP)(mg/L B) <0.03 <0.03 <0.03 <0.03 <0.03

Barium(ICP)(mg/L Ba) 0.03 <0.01 0.11 0.15 0.24
Mercury(ICP)(mg/L Hg) <0.1 <0.1 <0.1 <0.1 <0.1

Molybdenum(ICP)(mg/L Mo) <0.01 <0.01 <0.01 <0.01 <0.01
Strontium(ICP)(mg/L Sr) 0.12 0.13 0.10 0.11 0.32
Vanadium(ICP)(mg/L V) 0.03 0.03 0.03 0.03 0.03

Arsenic(ICP)(mg/L As) <0.02 <0.02 <0.02 <0.02 <0.02
Selenium(ICP)(mg/L Se) <0.01 <0.01 <0.01 <0.01 0.01
Calcium(ICP)(mg/L Ca) 5.3 4.2 1.4 1.6 22.9

Magnesium(ICP)(mg/L Mg) 4.1 4.2 4.2 4.1 21.5
Potassium(ICP)(mg/L K) 6.3 3.2 7.8 5.8 1.1

Sodium(ICP)(mg/L Na) 15.1 17.8 9.6 8.3 77.6
Cadmium(ICP)(mg/L Cd) <0.02 <0.02 <0.02 <0.02 <0.02

Chromium(ICP)(mg/L Cr) <0.07 <0.07 <0.07 <0.07 <0.07
Cobalt(ICP)(mg/L Co) <0.04 <0.04 <0.04 <0.04 <0.04

Copper(ICP)(mg/L Cu) <0.01 <0.01 <0.01 <0.01 <0.01
Iron(ICP)(mg/L Fe) 0.63 0.35 0.89 0.66 0.13

Lead(ICP)(mg/L Pb) 0.01 <0.01 <0.01 <0.01 <0.01
Manganese(ICP)(mg/L Mn) 0.04 0.02 0.08 0.03 <0.01

Nickel(ICP)(mg/L Ni) <0.01 <0.01 <0.01 <0.01 <0.01
Zinc(ICP)(mg/L Zn) <0.07 <0.07 <0.07 <0.07 <0.07

Aluminium(ICP)(mg/L Al) 0.91 0.51 1.14 1.40 0.82

Signed : .......................................... * Not SANAS Accredited Date : ................
Alison Chapman, Laboratory Manager Page 1 of 3
*Tests marked “Not SANAS Accredited” in this report are not included in the SANAS Accreditation Schedule for our laboratory.  All results and information relating
will be treated in a confidential manner.  The results relate only to samples tested according to the customer's request and are subject to an estimated measurement of
uncertainty at 95% confidence level, values of which are available on request.   This certificate shall not be reproduced except in full without the
 approval of the Executive Manager, Erwat Laboratory Services.



Tel: (011) 929-7014
Laboratory Services (011) 929-7000
P.O.Box 13106 T0082
Norkem Park Fax: (011) 929-7065
1631 (011) 929-7031

Certificate of analysis  
Client: Enviromental Science Associates, Roger Pimond Cert. No: 2007/12/066
Address: P.O.Box 73420, Lynwood Ridge, Pretoria  0040 Tel No: (011) 728-2683

Date sample(s) received: 21 November 2007 Date Analysed: 23/11-04/11/2007
Date certificate generated: 2007/12/05

Sample # 6 7 8 9 10

Sample Name: VKB7 10h00 VKB8 09h50 VKB9 09h30 VKB10 08h20 VKB11a 09h10
Sample Date/Time: 21/11/2007 21/11/2007 21/11/2007 21/11/2007 21/11/2007

Lab Number: 07EX11/26/075 07EX11/26/076 07EX11/26/077 07EX11/26/078 07EX11/26/079

Sample Description: Water Water Water Water Water

Sample Container: 2L  Plastic Bottle 2L  Plastic Bottle 2L  Plastic Bottle 2L  Plastic Bottle 2L  Plastic Bottle

DETERMINAND(units) CHEMICAL ANALYSIS
Total Alkalinity(mg/L CaCO3) 193 69 123 68 183

Chloride(mg/L Cl) 9 37 32 24 <2
* Hexavalent Chromium(mg/L) <0.03 <0.03 Interference <0.03 <0.03

Nitrate Nitrogen(mg/L N) 0.2 <0.1 0.4 0.4 0.2
Sulphate(mg/L SO4) 36 95 420 237 <5

Silicon(ICP)(mg/L Si) 9.23 5.34 30.01 60.16 6.78
Boron(ICP)(mg/L B) <0.03 <0.03 <0.03 <0.03 <0.03

Barium(ICP)(mg/L Ba) 0.05 0.06 0.20 0.11 0.03
Mercury(ICP)(mg/L Hg) <0.1 <0.1 <0.1 <0.1 <0.1

Molybdenum(ICP)(mg/L Mo) <0.01 <0.01 <0.01 <0.01 <0.01
Strontium(ICP)(mg/L Sr) 0.18 0.20 0.08 0.06 0.18
Vanadium(ICP)(mg/L V) 0.03 0.03 0.03 0.04 0.03

Arsenic(ICP)(mg/L As) <0.02 <0.02 <0.02 <0.02 <0.02
Selenium(ICP)(mg/L Se) <0.01 <0.01 <0.01 0.01 <0.01
Calcium(ICP)(mg/L Ca) 9.9 11.6 7.5 4.6 9.7

Magnesium(ICP)(mg/L Mg) 10.0 14.0 9.9 7.0 8.6
Potassium(ICP)(mg/L K) 3.1 1.9 8.0 7.7 1.5

Sodium(ICP)(mg/L Na) 68.8 49.7 39.6 15.4 64.2
Cadmium(ICP)(mg/L Cd) <0.02 <0.02 <0.02 <0.02 <0.02

Chromium(ICP)(mg/L Cr) <0.07 <0.07 <0.07 <0.07 <0.07
Cobalt(ICP)(mg/L Co) <0.04 <0.04 <0.04 <0.04 <0.04

Copper(ICP)(mg/L Cu) <0.01 <0.01 <0.01 <0.01 <0.01
Iron(ICP)(mg/L Fe) 0.82 0.15 1.00 1.33 <0.01

Lead(ICP)(mg/L Pb) 0.03 <0.01 0.01 <0.01 <0.01
Manganese(ICP)(mg/L Mn) 0.05 0.17 0.18 0.05 <0.01

Nickel(ICP)(mg/L Ni) <0.01 <0.01 <0.01 <0.01 <0.01
Zinc(ICP)(mg/L Zn) <0.07 <0.07 <0.07 <0.07 <0.07

Aluminium(ICP)(mg/L Al) 1.18 0.29 2.07 2.38 0.08

Signed : .......................................... * Not SANAS Accredited Date : ................
Alison Chapman, Laboratory Manager Page 2 of 3
*Tests marked “Not SANAS Accredited” in this report are not included in the SANAS Accreditation Schedule for our laboratory.  All results and information relating
will be treated in a confidential manner.  The results relate only to samples tested according to the customer's request and are subject to an estimated measurement of
uncertainty at 95% confidence level, values of which are available on request.   This certificate shall not be reproduced except in full without the
 approval of the Executive Manager, Erwat Laboratory Services.



Tel: (011) 929-7014
Laboratory Services (011) 929-7000
P.O.Box 13106 T0082
Norkem Park Fax: (011) 929-7065
1631 (011) 929-7031

Certificate of analysis  
Client: Enviromental Science Associates, Roger Pimond Cert. No: 2007/12/066
Address: P.O.Box 73420, Lynwood Ridge, Pretoria  0040 Tel No: (011) 728-2683

Date sample(s) received: 21 November 2007 Date Analysed: 23/11-04/11/2007
Date certificate generated: 2007/12/05

Sample # 11 12

Sample Name: VKB12 08h50 VKB13 11h10
Sample Date/Time: 21/11/2007 21/11/2007

Lab Number: 07EX11/26/080 07EX11/26/081

Sample Description: Water Water

Sample Container: 2L  Plastic Bottle 2L  Plastic Bottle

DETERMINAND(units) CHEMICAL ANALYSIS
Total Alkalinity(mg/L CaCO3) 44 35

Chloride(mg/L Cl) 41 16
* Hexavalent Chromium(mg/L) Interference <0.03

Nitrate Nitrogen(mg/L N) 0.2 0.5
Sulphate(mg/L SO4) 490 129

Silicon(ICP)(mg/L Si) 90.97 82.46
Boron(ICP)(mg/L B) <0.03 <0.03

Barium(ICP)(mg/L Ba) 0.22 0.11
Mercury(ICP)(mg/L Hg) <0.1 <0.1

Molybdenum(ICP)(mg/L Mo) <0.01 <0.01
Strontium(ICP)(mg/L Sr) 0.06 0.11
Vanadium(ICP)(mg/L V) 0.03 0.03

Arsenic(ICP)(mg/L As) <0.02 <0.02
Selenium(ICP)(mg/L Se) <0.01 0.01
Calcium(ICP)(mg/L Ca) 3.2 1.4

Magnesium(ICP)(mg/L Mg) 7.4 4.6
Potassium(ICP)(mg/L K) 9.0 8.4

Sodium(ICP)(mg/L Na) 13.8 9.1
Cadmium(ICP)(mg/L Cd) <0.02 <0.02

Chromium(ICP)(mg/L Cr) <0.07 <0.07
Cobalt(ICP)(mg/L Co) <0.04 <0.04

Copper(ICP)(mg/L Cu) <0.01 <0.01
Iron(ICP)(mg/L Fe) 0.90 0.99

Lead(ICP)(mg/L Pb) <0.01 <0.01
Manganese(ICP)(mg/L Mn) 0.02 0.09

Nickel(ICP)(mg/L Ni) <0.01 <0.01
Zinc(ICP)(mg/L Zn) <0.07 <0.07

Aluminium(ICP)(mg/L Al) 2.03 1.45

Signed : .......................................... * Not SANAS Accredited Date : ................
Alison Chapman, Laboratory Manager Page 3 of 3
*Tests marked “Not SANAS Accredited” in this report are not included in the SANAS Accreditation Schedule for our laboratory.  All results and information relating
will be treated in a confidential manner.  The results relate only to samples tested according to the customer's request and are subject to an estimated measurement of
uncertainty at 95% confidence level, values of which are available on request.   This certificate shall not be reproduced except in full without the
 approval of the Executive Manager, Erwat Laboratory Services.




