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1 Summary
This report summarises the findings of a desktagystombined with water quality analyses to

provide an assessment and recommendations on teesupply source for this property.

WSM Leshika Consulting (Pty) LtdhereafterWSML) was approached in September 2009 by
Mr Ralph Human of Nettleton's Attorneys (Grahamstpwacting on behalf of Mr Marius
Heinen, who owns the property and in turn leasegtbperty to Swedish investor, Mr. Tom-Erik
Jensen, to conduct a hydrogeological desktop stoidg proposed lodge-type development on

Grey’s Gift farm.

Mr. Tom-Erik Jensen, intends developing an ecaifiig lodge on the 960 ha property. Year-
round full occupancy for the lodge is set at 15pgbeoThe required demand for this development
would be approximatelyr 500 /day, i.e.500 /person/day. To supply this demand from
groundwater, the developement requires a boreholétk a pumping rate 00.26 /s over 8-

hours/day 00.09 /s continuously. This is a very modest requirement.

The appropriate options of water supply to the édge investigated in this report viz.,
groundwater, recycled water and rainwater harvgs(oirinking and food preparation only).
Groundwater supply from an appropriately sourcecehale on the property will be utilised
mainly for human and household cleaning. The graater infrastructure is well established on
the farm, and is the default option for this depehent.

All wastewater from the Lodge will be recycled atrdated according to the DWA/DEAT
standards by arDrganic, Biological and Natural Solutior(bereafter OBN-Projects), a
turnkey wastewater treatment system. This recywlater can be used to irrigate gardens, or

alternatively, be discharged into a drainage featur

It is envisaged that the roof structure of the dgill be designed to optimise rainwater
harvesting, to be able to supply sufficient potalvkter to meet occupants’ drinking and food
preparation demands. However, this option is adliffased, and does not provide sufficient

security of supply during prolonged drought periods

Groundwater will provide the main water supplyhe todge, therefore it is important to quantify

and qualify this resource unambiguously.

The General Authorisation for the 960 ha propestyl®7 niday, which is the volume of
groundwater that may be abstracted without a lieefitie requirements of the lodge fall well

within this figure.



Whilst the sustainable yield of the existing bodeksoproximal to the lodge has not yet been
determined, it can be confidently assumed that wi#yoe able to provide sufficient water for the
development. The groundwater water quality variesvben Marginal and Poor quality and will

require filtration, mild sterilisation and desaliiva before protracted domestic consumption.



2 Background

WSM Leshika Consulting (Pty) LtdhereafterWSML) was approached in September 2009 by
Mr Ralph Human of Nettleton’s Attorneys (Grahamatdwo conduct a hydrogeological desktop
study for a proposed lodge-type development offidhm, Grey's Gift.

Mr Human is acting on behalf of Mr Marius Heinerhanowns the property and in turn leases the
property to Swedish investor, Mr. Tom-Erik Jenseho intends developing an eco-friendly
lodge on the 960 ha property. Occupancy for thgdod expected to be 15 people at any given
time, with full occupancy expected year-round.

The required water demand for this development dicag approximatelyy 500 /day, i.e.
500 /person/day. To supply this demand from groundwaker developer will have to source a
supply from a borehole(s) with a pumping rate 26 /s over 8-hours/day 00.09 /s

continuously. This is a very modest requirement.

3 Location and Site Description

The proposed development is located on the farny'&@ift portion 27/1, which is situated

50 km to the north of Grahamstown, on a gravel rmathecting the R 67 to Fort Beaufort and
the R 344 to Bedford/Adelaide respectively (Figar@and Appendix A). To the South of the
property is the Kandwe Game Reserve, whilst thengpoRiver (tributary to the Great Fish
River) forms the northern boundary. The farm fallthin the Ecca Reserve, famous for its kudu

hunting.

The Grey's Gift property lies in quaternary catcimtn® 92 G. The physiography of the area
comprises undulating hills and valleys between tiwer catchments. Mean Annual Precipitation
(MAP) or rainfall for the study area is around 4@&én/annum. General elevations in the study

area vary between 300 and 68Gamsl.

The main activities on the property include stoaknfing of angora and boer goats, sheep and
cattle. There is plentiful game such as kudu, kpigk, etc. on the property. Great Fish River

Thicket is the predominant vegetation type. No dragation takes place on the property.



Figure 1. Locality plan of study area

4 Methodology

4.1 Background

The accepted methodology for this groundwater itigation is described in DWA'#linimum
Standards and Guidelines for Groundwater Resoureeelbpment for the Community Water
Supply and Sanitation Programn{&998). The methodology as described in theseetjoies
involves a phased approached, to ‘grow’ the clietat the work and to reduce risk:

Phase 1: Desk Study (often with a reconnaissarsi® vi

Phase 2: Field Work (mapping, hydrocensus, geopsysi

Phase 3: Contractor Tender Adjudication (drillitesting and equipping);
Phase 4: Drilling and Testing Supervision;

Phase 5: Compilation of Final Technical Report;

Phase 6: Registration and Licensing of GroundwRésource, and (potentially)



Phase 7: Compilation of a Hydrogeological Impacséssment (should a full-

blown EIA be required).

The brief from the client was to conduct a deskdgtio determine water options viz.,
groundwater potential for the proposed developnretérms of quality and quantity. This study
was therefore conducted in accordance with the dasgky and fieldwork phases of the above-

mentioned guidelines, with recommendations madedbsequent phases.

4.2 Outline of the Desk Study

The desk study comprised the following:

Data acquisition from the various databases opetrael maintained by DWA, such as
the National Groundwater Data Base (NGDB), Groundwdresource Assessment
(GRA), Groundwater Resource Estimation (GWRE) andouB@dwater Resource

Information Project (GRIP). This, however, mostlyoyides information on those

groundwater sources, which have been registered thie authorities in terms of
expected yields and water quality of these borehaleovided that the statistical support
is sufficient. Due to the database being under-jated, with insufficient statistical

support, a reconnaissance visit and hydrocensudegariptive groundwater audit) of
boreholes on the property was conducted as arraitpart of the desk study;

A literature/ technical review of appropriate hygeological investigations conducted
both on site and in the surrounding areas, inctudireas of similar hydrogeological
characteristics, to assist with the determination tlee groundwater exploration/

exploitation potential of the study area;

A review of existing geological maps from the 10280 geological series published by
the Council for Geoscience, to allow the determamabf geological characteristics of the
study and surrounding area for proper understanafitige groundwater regime;

In-house development of various GIS maps and diagraummarising and illustrating
the results of the desk study;

Water quality sampling, analyses and interpretaiompotability;

Sanitation and groundwater aquifer vulnerabilityessment.



5 Data acquisition

Hydrogeological data was acquired by:

Interrogating DWA's borehole databases within apragimately 5- km radius; This

returned very little data.

Undertaking a field hydrocensus of boreholes oryGr&ift and the adjoining
Wilgerkloof property. These field surveys were uralken on viz., 10 December 2009
and 10 February 2010 respectively, and provideficgerfit information on which to base
recommendations regarding the use of groundwatarmpasnary supply.

WSML's hydrocensus of the property on 10 Dec 2009, ldcatéotal of eight boreholes, three
dams and two springs were located and describedT@ele 1, and Appendix B). Seven of these
boreholes are in working condition and are equipgsgpectively with windpumps (GG1, GG2,
WK1, WK 3), a mono pump at GG3 and solar panel patBG5. Borehole WK 2, (windpump)
located nearby to the ‘Themba’ labourers quartsislocked and abandoned.

Hydrogeological mapping was undertaken and all wateirces were described and their GPS

coordinates logged. The Heinens provided valuatftemation for the hydrocensus.

AB Pumps assisted/SML to access the boreholes to take field measureraenisboreholes on
the property. Comprehensive water quality sampiere taken from the boreholes closest to the
intended lodge position: GG1, 2 and 3 and WK 1.

Water samples were taken to the Amatola Water #bdes, East London, within the
recommended 4-hour time window to prevent the d@taion of bacteriological samples. In this
regard, the Heinens are thanked for their assistanc



6 Geological assessment

6.1 Regional and Local Geology
The geology of the property is dominated by sedisef the Karoo Supergroup, which have

been intruded by minor dolerite sills. The geneemdi stratigraphic column for the area is
summarised in Table 1, with older rocks at thedrotand progressing towards younger rocks at

the top.

Table I Generalised stratigraphic column of the area

Era Supergroup Group Subgroup | Formation | Rock Types Remarks
Early Jurassic Dolerite (Jd) Intrusive rocks, confined
(205 Ma) to Beaufort Group stratg
Triassic Sl ey T i;?:sfn\?v 6rllr(;hse::t k():lagsse
(248 Ma) (Pb) sandstone gup y
common
Grey and red Fluvial deposition,
Beaufort Adelaide mudstone, Fining upwards cycles
sandstone common
Grey mudstone D?lta'.c deposnhon,
Oscillation ripples, ball
sandstone, . .
and pillow deformation
shale
structures
Rhythmite,
Fort Brown mudrock and | Rhythmites compare to
(Pf) minor marine shales,
8 sandstones
S
Q Ripon Sandstone, Various trace fossils
rhythmite, sporadically throughout
(Pn) mudrock formation
Rhythmically bedded
Permian . alternation of shale and
Ecca Siliceous shale lowish volcani
(286 Ma) yellowis V.O canic
material
Grey black
carbonaceous Deposition in deep
shale with thin (marine) waters
layers of chert
Dark grey Accumulated in deep
massive
waters
mudrock
Carboniferous Dwyka Tillite, Glacial deposit, base of]
(C-Pd) diamictite Karoo Supergroup

(350 Ma)




The surface geology was interpreted using the dbudoc GeoScience 1. 250 000 3326
Grahamstown and 3226 King Williams Town geologiceps, which unfortunately overlap on
the property. The latter map is out of print, there only a scanned geological map of
Grahamstown is presented (Figure 2).

Figure 2. Regional geology
The geological strata in the area belong to the&&upergroup viz., Dwyka, Ecca and Beaufort
Groups. Dolerite intrusions of Jurassic age ardiged to the Beaufort Group in the study area.

Younger unconsolidated sediments viz., alluviure, @esent in ancient river courses.
6.1.1 Lithologies

In the study area, only rocks of the Adelaide Subgp are present.The Adelaide Subgroup
(4 500 m thick)s divided into the:

Koonap (~ 1 300 m),

Middleton (~ 1 600 m), and



Balfour Formations (~ 2 000 m).
These formations consist of alternating feldspashindstones and clay-rich mudstones.

These rocks were deposited in alluvial and dekaidronments. The Adelaide Subgroup appears

to have been transported by northwest flowing gver

The geology on the farm is dominated by the altérganudstones, shales and sandstones of the
Koonap and Middleton Formations. The sandstonesrhakter aquifers, but only make up about
25 % of the total thickness.

Dolerite intrusions (dykes and sills) are foundtli® Beaufort Group. Dolerite sills are more
common in the area and are about 20 m thick. Rad}acent to the dolerite have been broken up
as a result of the “explosive” intrusion. Sands®have undergone more brittle deformation and
are more porous than the mudstones as a consequéncklerite sill outcrop occurs on the

southern boundary of the property.

Some recent alluvial deposits are found adjacerth¢oriver channels of the Great Fish and

Koonapriversand their tributaries.

6.1.2 Structures

No major faults occur in or around the study areeabise the property is too far North of the
Cape Fold Belt. The rocks were deposited horizbntahd remain horizontal; they have not been
subjected to tectonism subsequent to their depasiti Their initial dense and competent

characteristics remain unchanged.

7 Hydrogeological assessment

7.1 Aquifers
The predominant aquifer type in the study areahés “secondary” or fractured aquifer type,

associated with the fractured sandstones of thdakte Subgroup especially when proximal to
dolerite intrusives.

Unfortunately, the Adelaide Subgroup consists pmddantly of mudrocks and only 25%
sandstone. Its aquifer potential is therefore comised. DWA data for these rocks suggests
that 42 % of boreholes yield less than 0.5. Such yields can be expected on the property.
However, yields in excess of 3s can be obtained in joint, fault and fold struesy provided

favorable recharge conditions exist.



The lifespan of high-yielding boreholes in the BeauGroup may be limited if aquifer recharge
conditions are not optimal. Brackish groundwaten t& expected as a result of the ancient

marine depositional environment, and poor rechaagelitions.

The dolerites themselves constitute an optimal mpiaater target, as they are highly jointed, and
weathered at surface, both of which increases gwesity. They are easily detected using basic

geophysical techniques.

The Koonap (north) and Great Fish (south) rivekgdei the flow of groundwater in the study

area.

7.2 Groundwater Infrastructure
7.2.1 Existing borehole data

Borehole data for the Q 92 G quaternary drainagemnewas gathered from DWA's databases,
but gave insufficient statistic support to draw fident conclusions. This data is summarised
below for completeness.

Static water level = 18 m bgl
Yield=1.17 /s (over a 24-hour pump cycle)
TDS = 790 mg/

DWA considers groundwater to be under-utilisedhi@a QC, whilst abstraction is considered to
have a negligible impact on the base flow of rivaisis suggests that DWA will be favourably

inclined towards the use of groundwater for theeitgyment.
7.2.2 Hydrocensus data

The hydrocensus provided sufficient data to comneenfidently on the groundwater situation
on the property. GPS co-ordinates, water levelsehmme depths, and overall site descriptions
were captured, and photographs were taken, whichhealuded as Appendix 2.

Data from the hydrocensus is summarised in Table 2.
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Table 2: Hydrocensus data for water sources on the property

Site Latitude Longitude | Altitude | Water level
Infrastructure/Remarks
Name S E m amsl| m bgl
GG1 33°02.543] 026°29.893 559 125 Operational winap sampled for potability
Operational windpump, sampled for potability.

GG 2 33°02.369] 026°29.969' 547 8.7 [TDS ~ 700 mg/

Operational monopump, 150 m from graves, sampled fo
GG 3 33°02.170] 026°29.879' 532 4 potability, TDS ~ 2 400 mg/
GG 4 33°00.257] 026°31.492 383 0 Artesian, 28 flows into cement reservoir
GG5 33°00.951] 026°31.107 463 11.8 Operational splamersible pump
WK1 33°02.504] 026°29.667 567 35.4 Wilgerkloof, @gienal windpump, sampled for potability
WK 2 33°02.035] 026°29.843 533 Blocked Disused bibekiedpump near Themba spring

SPR 1

33°00.715

33°02.013

026°29.807'

026929.847'

542

19.5

Operational windpump with solar pumping water from
reservoir

Near Themba villagendary of GG and WK

33°201.403

026929.965'

Near valley streamatd WK 3

Kobus 33°02.597] 026°29.889' 551 Dam is 100 m away fooreholes GG 1
Loest 33°02.474] 026°30.085 556 Dam is 150 m away fooreholes GG 2
Potgieter | 33°02.282] 026°29.877 540 Dam is 200 m away tvoreholes GG 3

The hydrocensus revealed eight boreholes, two gprand three farm dams. Borehole depths were
estimated by the owner to range between 30 m anch & the property. The static water levels (or
‘water table”) ranged between 0 (springs) and 38.4gl, indicating a shallow to moderately deep wate
table. There is a inverse correlation between #phdto the water table and its vulnerability tdlydan.

The groundwater, springs and dams are used mainlijivestock watering. A small component of the
borehole water is used for domestic consumption.

7.3  Groundwater Quality

DWA's database was searched to assess the quatditpdtability’) of the groundwater in the general
area, with limited success, revealing only thatalT &tissolved Solids (TDS) in the Beaufort Groupk®c
in the area may range between 455 (Good quality)7aB00 mg/ (Dangerous quality).

Water quality is, however, expected to be “brackisling to poor recharge conditions and the marine
character of the underlying rocks. The latter ingaa strong NaCl (saline) influence on the
hydrochemistry.



On the property, field measurements of TDS usirgaad-held Hannah multi-meter, provided a very
useful, though superficial assessment of groundwguality. These TDS field readings range between

700 and 2 400 mg/ and imply Good to Poor quality water respectively

The budget for this desk study only allowed for ldigoratory analysis of four borehole water sampdes
test for potability (or, its acceptability for humaonsumption). Samples were taken from the four
boreholes closest to the intended lodge positibreet windpumps viz., GG 1, 2 and WK 1 and one

monopump viz., GG 3.

Sampling of these boreholes was done after puthi@dporeholes of stagnant water. These samples were
collected in 1 litre sterilised plastic sample lesttand were submitted to the Amatola Labs, Eastlbn
within two hours of sampling. This ensured that¢hemistry of the sample remained unchanged poior t
analysis. Table 3 shows the laboratory resultgterfour boreholes sampled. These results have bee

classified according to the document entitf@dality of Domestic Water Supplig®WA 1998).

The classification of water to determine its sultgbfor domestic use, is a two-step process. Step
involves determining the class per substance fonedtic use. Step 2 involves determining the overall

class of the water supply.

For Step 1, the water quality data are compardtidéquidelines (Tables 3 and 4) and are discudsed.
Step 2 the “worst” substance will then determine tverall class. The results of the water quality
analysis show that in the study area the watertgualmarginal to poor, as it is compromised bytalo

Coliforms, Turbidity, Chloride Sodium and Iron lése
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Table 3: Groundwater quality of selected boreholes.

Determinants | UNIT GG1 GG 2 GG3 WK 1 yHASSFCA
| Giss2 |
E.Coli count 0 0 0 0 0 >1 10-100 >100
Faecal Coliforms |count 0 0 0 0 0 0-1 10-100 > 100
Total Coliforms  |count 172 0 0 0 0-10 100 -1000| >1000
Conductivity (EC) | mS/m <70 | 70-150 370 - 520 > 520
TDS mg/ 830 967 954 <450 [450 - 1000 2400 - 3400] > 3400
pH mg/ 7.04 7.05 7.57 7.47 5.5-9.5 45-10 03-11 [<3or>11
Turbidity NTU <0.1 1-1 20-50 >50
Nitrate (N) mg/ 2.2 0.88 0.02 0.15 <6 6- 10. 20 - 40 > 40
Ammonia (N) mg/ 0.01 0.01 0.05 0.02 0 <1 > 2
Sulphate mg/ 42 61 69 62 <200 |200 - 400 600 - 1000 | > 1000
Fluoride mg/ 0.91 0.99 0.94 0.81 <0.7 0.7-1 4555135 =85
Chloride mg/ <100 |100 - 200 600 -1200| > 1200
Total Alkalinity GaCO3/ 427 452 482 506 Mg/CaCOs/
Total Hardness  ¢aCO3/ 239 <200 |200 - 300 > 600
Calcium mg/ 67 75 83 66 <80 | 80-150 > 300
Magnesium mg/ 44 45 44 18 <70 | 70-100 200 - 400 > 400
Sodium mg/ 189 <100 |100 - 200 400 - 1000 | > 1000
Potassium mg/ 12 9.90 6.90 2.90 <25 25-50 100 - 500 > 500
Iron mg/ 0.24 0.87 0.95 <5 5-1 5- 10. > 10
OVERALL
WATER CLASS Class 2 Class 2 Class 2
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Table 4:

SABS Drinking water Criteria

Water Quality Drinking Drinking Food :
Classes health aesthetic preparation = LEume ;7
No effects, suitable fof .
Class 0 many generations Water pleasing No effects No effects No effects
Suitable for lifetime | Some aesthetiq  Suitable for Minor effects Minor e_ffects
Class 1 use effects apparent  lifetime use on bathing or on bathing or
PP bathing fixtures| bathing fixtures
May be used without Mav be used
health effects, may | Poor taste and with)c/Jut health Slight effects on| Slight effects on
cause effects in appearance arg . bathing or bathing or
A ; ; or aesthetic L g
individuals in noticeable effects bathing fixtures| bathing fixtures
sensitive groups
Risk of chronic health Bad taste and erlsk Iorf1 cr;fronlc Slfgfjmflcant S|fgf1n|f|cant
Class 3 effects, esp in babies appearance may health effect, effects on effects on
an’d alderl 7 lead to rejection| esp in children bathing or bathing or
y of water and elderly bathing fixtures| bathing fixtures
Severe Acute health Taste and . Severe acute Serious effects| Serious effects
. appearance willl health effects, . .
Class 4 effects, even with - . on bathing or | on bathing or
lead to rejection| even with short Co o
short term use bathing fixtures| bathing fixtures
of water term use
STEP 1

The groundwater quality results for the four selddioreholes reveal the following:

(i)

Bacteriological Criteria

E.Coli is used as an indicator of faecal pollution by wdrooded animals, wheredsaecal

Coliforms indicate recent faecal pollution and the potents of contracting infectious diseases.

Neither indicator was detected (count = zero), makig both these Class O (Ideal).

Total Coliformsare indicative of the general hygienic quality lo&é twater. The Total Coliform

Count is Class 0 in boreholes GG 3 and WK 1(ldé#bwever, it is slightly elevated (Class 2) in
boreholes GG 1 (Marginal) and Class 3 in GG 2 (Roor

Unless disinfected, water from boreholes GG 1 a@R @oses a risk of chronic health effects,
especially in babies, children and the elderly. deer, there is no reason why filtration and mild
sterilisation cannot successfully treat elevatethllf@oliform levels.

The source of the elevated Total Coliform counbdmeholes GG 1 and GG 2 may be attributed
to contamination by livestock at these boreholes.
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(i) Physical Criteria

Electrical Conductivity (or ‘EC’) is the ease with which water conducts electridistilled
water conducts electricity very poorly, while sesavawith its high salt content, is a very good
conductor of electricity. Both EC and TDS indicateether the water is fresh or salty.

EC is Class 2 or Marginal quality for the four boreholes tested.

The TDS(related to EC) is Class 1 (Good) except for bolelGG 3 where the salt content is
unfortunately elevated just enough to place it las€ 2 (Marginal). Aesthetically, the water will
have a slight salty taste. No health effects akelti for short-medium term domestic
consumption. Treatment may be undertaken to actiisedd class water” with a TDS of less
than 450 mg/.

pH is a logarithmic expression of the proton activityvater, or simply the degree of acidity or
alkalinity of the water.
All boreholes are considered ideal with respect tpH, having readings slightly greater than

seven.

Turbidity is indicative of the presence of suspended matisually consisting of inorganic
matter, such as clay and soil particles, and oogamatter therefore affecting the microbiological
quality of the water. Turbidity has no direct hbadffects. However it has aesthetic effects, which
can alter taste and colour of water. Simple filtrawill remove excess turbidity.

Turbidity is Class 2 (Marginal) in all boreholes.

(i) Chemical Criteria:
Nitrate (NGs) is a plant nutrient, being the end product of dkiglation of ammonia (NE and
nitrite (NO,).

Nitrate is Class O (Ideal) in the tested boreholes.

Ammonia is a compound of nitrogen and hydrogen with themfda NH. It is normally

encountered as a gas with a characteristic purggur. Ammonia contributes significantly to
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the nutritional needs of terrestrial organisms byisig as a precursor to food and fertilizers.

Ammonia is Class 1 (Good) in the tested boreholes.

Sulphateis the oxy-anion of sulphur in the +6 oxidatioatset
Sulphate is Class 0 (Ideal) in the tested boreholes

Chloride is the negatively charged or anionic componenable salt. Elevated chloride imparts a
salty taste to water and accelerates corrosionetélsy High concentrations are found in the near
marine environment.

The chloride concentration is elevated slightly irexcess of what is considered to be “good”,
and is at Class 2 (Marginal) in the tested borehote

Prolonged consumption of water with excessive @doposes a risk to sensitive groups, which
includes infants and individuals with congestiveatiedisease. Chloride can be removed by

reverse osmosis, electrodialysis, distillationgesin ion-exchange demineralization.

Sodiumis the alkali metal constituent of table salt $odium chloride). Sodium is an essential
dietary element needed to maintain electrolytermaan the body. Typically, sodium is low in
fresh water in regions of high rainfall. Excessimtake of sodium salts in babies can place a
strain on the kidneys and the heart, and leadrtousedisturbances of the salt balance in the body

with water retention.

All the boreholes show sodium levels in the regidrthe “marginal” boundary, being mostly
Class 2 (Marginal), with borehole GG 1 slightlyteetat Class 1 (Good).

Excess sodium is treated together with excessidilor

Total Hardnessis the sum of the calcium and magnesium concémbsatexpressed as mg/
calcium carbonate (CaGP The total hardness relates to the ease or diiffiof lathering soap.
It also affects the taste of the water, especialiyorewing tea or coffee. Some total hardness or

mineralisation is required in water as it is beciafito health.

Boreholes GG 1, GG 2 and 3 have marginal (Class @)ater quality in terms of hardness
Sustained consumption may cause effects in semgjtiups, such as infants and individuals with
a history of kidney or gallstones. Total hardness easily be removed from water
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High calcium concentrations impart a ‘hard’ taste to water andedther with magnesium) causes
scaling in distribution systems and appliancessiiga groups include those individuals with a
history of kidney or gall bladder stones. Calciuan de removed through precipitation and

sedimentation or by cation exchange softening.

Calcium in the tested boreholes is Class 0 (Ideah) boreholes GG 1 and GG 2, and Class 1
(Good) in boreholes GG 3 and WK 1.

Magnesiumis an alkaline earth metal and is an essentialtiutal element needed for normal

functioning of muscles. .

Magnesium is Class 0 (Ideal) in the tested borehae

Potassiumis an alkali metal, and an essential dietary dtuestt.

Potassium is Class 0 (Ideal) in the tested borshole

Dissolvediron is often found in water, due to dissolution fronilsor sediments under aerobic
reducing conditions. Iron is an essential nutrgilomicronutrient needed for formation of the

oxygen carrying red-blood pigment, haemoglobin.

Iron is Class 2 (Marginal) in borehole GG 1. Thisacceptable, but sustained consumption may
cause effects in sensitive groups such as infardstlze elderly. The source of this iron may be
related to old corroded borehole casings, pumpgiaadpipes. This should be checked and such

pipes replaced with stainless steel or uPVC whessiple.

Iron concentrations are either Class 0 (Ideal) ms€ 1 (Good) in the other tested boreholes,

which is perfectly acceptable for consumption.

Excess iron may be easily and effectively removethfborehole water by cooling, aerating and
bringing the water into contact with lime, collegtly causing precipitation of the iron.

Alternatively, RO or distillation will also be efféve.

Step 2 of water quality classification involves therst” substance determining the overall class,

as summarised in Table 5 below.
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Table 5: Overall water quality classification for Grey’s Gift boreholes

Rank Borehole Overall Water Class Problem indicators
(1=best)
2 GG1 Class 2 — Marginal Quality
3 GG2 Tot. Coliforms,

2 GG3 Class 2 — Marginal Quality

1 WK 1 Class 2 — Marginal Quality

It is recommended that WK 1 and GG1 and GG 3 be sidered as source (production)

boreholes for the intended development.

Filtration and sterilisation (UV or mild chlorinafi) is recommended prior to consumption. This
will sort out the Total Coliform and Turbidity priems effortlessly. To remove the excess salts,

desalination via the reverse osmosis process ftiltatien will be required.

The neighbouring Kandwe Reserve utilises a lowsanesRO plant to treat brackish water for its
domestic consumption. A visit to this plant is necnended. Alternatively, Graham Tek in
Somerset West should be approached regarding ititkistrial and domestic RO plants which

they design, manufacture and install. Their wehsiteaww.grahamtek.com.

Another approach to removing excess salt from waterd be distillation. Here the eco-friendly
and German-designed HelioTech solar water treatsyetém only needs sunlight and brakwater
for operation. Here brakish water is continuously into the evaporator unit from a water intake
and heated to over 100 degrees by high-performeaoeum heat pipes. The water condensed in
this way is germfree and is cooled by cooling eletmeon its way to the storage tanks. No
specialist is required for operation and mainteparfhis water treatment system is a modular
design and each module is relatively small in simeasuring 2.2 m wide x 2 m height x 1.9 m
deep, and is therefore easily transportable. Eawtiuia has the capability to produce 30ay of
potable "germ-free" water. Where necessary theutegdcan be connected to create miniature
plants. This system has a very low energy budgekjmg the unit cost of the water exceptionally

low. More information can be obtained atvw.heliotech.net
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8 Groundwater Resource Assessment

8.1 Water Use Authorisations

There are three types of groundwater use authianisat
Schedule 1 (small volumes of groundwater for domeste),
General Authorisation

A formal Licence (large volumes of groundwater andébstraction for commercial

purposes in a sensitive area).

It is assumed at this early stage, that a Generaltiorisation will be acceptable for this
development.

A General Authorisation allows for conditional use¢heut a license as described in Government
Notice 26187 of March 2004. The country’'s aquifease been divided into five different zones,
which allows for different quantities of water te Abstractedrhe Q 92 G quaternary catchment
defaults to a General Authorization (Zone C), whéxe 75 niha/annum may be abstracted
This is equivalent to 197 m3/day for the properThis is much more than the lodge requires.
Any groundwater abstractions that exceed thesdslimil require licensing. However, the daily
volume required by the developer is significantygd than the limits of abstraction under a
General Authorisation. It is envisaged that thetrabtion for the development will only require

DWA registration and not formal licensing.

8.2 Groundwater Requirements:

The following section quantifies and gives a braadessment of groundwater resources available
for the 960 ha property on which the developmemtiasnned. These are superficial, “first pass”

assessments.
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Daily water requirements for the development candleulated to be approximately:
Daily Demand = Number of person x estimated consuption per capita

= 15 x 500Qea/day

= _750Q0day

This is equivalent to pumping a borehole at 0.Z5over 8 hrs/day. In terms of quantity, this
water requirement should be very easily met. Ohegptoposed production boreholes have been

scientifically yield tested, this will be confirmed

In this case, 197 m3/day is available for the profyeunder a GA. As the intended development
will only use a small fraction of this amount, DWAre likely to consider the development
favourably.

9 Supplementary water options

9.1 Waste Water- OBN Projects

Organic, Biological and Natural solutions (OBN Raig) have been approached to implement
the on-site treatment and rehabilitation of wastewaf the lodge. Their system includes
handling and conversion of organic kitchen and gardaste to produce a plant growth medium

as a final output.

OBN Projects’ submerged aerated wastewater retstlilh plant (SWRP) has been
recommended. These plants have been designed ¢onmimimum impact on the environment.
The system is normally constructed below grounelléabove ground if required) and has no
open dams or pits. It is designed for low mainteeasnd to use minimum electrical power. Solar
power can be used. This plant can be designedndidaffluent from groups of 25 people, up to
large communities. It should easily accommodate dffeient load from the entire lodge.
Significantly, the quality of the final effluent reeased by the plant complies with DWA/DEAT
regulations and standardsRegular monitoring of final effluent will be regad by law. There
are no movable parts in the plant and thereforatmaance will be minimal. The products used

in the plant apply metabolising and pathogen m&stn and disinfection methods.

Sewage is collected from a network of sewage pipasis routed to the SWRP for treatment.
The handling of solids, separation and primaryliegttakes place in the anaerobic phase. The

floatable solids will move to the surface, whil@sk that settle will precipitate to the bottom. No
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screening takes place in this phase or prior terang the facility. The plant has been designed

with a solid storage capacity that allows for loniggervals between periodic cleanouts.

Biological treatment of greases, fats, and oilsrfrihe effluent is recommended before it enters
the plant. This can easily and cost effectivelyamhieved by installing the OBN Biotrap, a

submerged and closed free-flow unit for first phamtabolizing of kitchen wastewater.

Aerobic digestion, final settling, disinfection arstierilization follow anaerobic primary and
secondary settling and treatment phases. The @fihlent is prepared for discharge and is
sterilized to eliminate any harmful bacteria.

A basic outlay of the OBN Projects plant is showrFigure 3 below. Inspection covers for each
phase should be constructed autonomously. Thesgscoan be decorated in an eco-friendly way
S0 as to disguise the system from view.

— — —
Effluent flow [Primary Settling | Secondary Settlind  Aerdbigestioh [ Final Settlijg [ Disinfection Disposal

Figure 3: Basic outlay of the SWRP

The waste flow of 7 500 of effluent will be treated daily from sewage, kién, and cleaning
wastewater. From a groundwater perspective, dispafsthe resultant waste stream requires
careful disposal to avoid contaminating the undegyaquifer(s). A proper location for treatment

of wastewater would be on the same elevation aadthe lodge.

Disposal of this “good quality treated effluent’cgiid be diverted into a storage reservoir for
monitoring. This water can be recycled and reh@dd water can in turn be piped to the lodge
and used for toilet flushing or irrigation of ardigenous garden or lawn. Solid kitchen waste can

be converted to plant growth medium, a kind ofilizdr.
This option seems relatively sustainable and cgmaut the water supply significantly.
9.2 Rainwater Harvesting

Rainwater harvesting is the collection of rainwdtem roofs of buildings that can be a good
contribution to fresh drinking water. Rainwater \esting will be considered as a source of

available fresh water storage/usage for the lodgeldpment.
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Given the annual rainfall of 466 mm, a 600m2 rodthva 70 % harvesting efficiency, has the
potential to divert 195.7 m? into a storage resereo an annual basis. This is equivalent to

supplying 536 of fresh, drinking water on a daily basi$is is equivalent to 35/person/day.

Instead of JoJo-type tanks, concrete under-gaesgvoirs can be considered for each unit. This
will require a dual reticulation system, where veater is used for drinking/food preparation
water, while borehole water is used washing, flaghand irrigation and other purposes. Mixing
or blending of rain and groundwater can be considiebut this requires a more sophisticated

system and an informed hands-on approach.

Rainwater harvesting systems for the lodge camipeimented and effectively maintained with

the following simple guidelines:
The roof

The key elements to consider with respect to batemquality and quantity are the material that
the roof is constructed from, as well as possiblgtes of contamination en-route to the storage

reservoirs.
Routes of contamination

The risk of contamination should be minimised. Tihidudes cleaning the roof and storage tank
if no rain has fallen for a long time. Also, birglsould be discouraged from perching, as well as

animals from wandering on, or over, the catchmarfase.
The guttering system and down pipes for roof wabarvesters

Guttering is often the weak link in the performamdea rainwater harvesting system. Problems
range from gutter maintenance to gutter design. mMbet appropriate and affordable guttering
and down pipe system should therefore be usedrtesizall available water.

The selection of a more expensive (but durablelegag (e.g. uPVC or aluminium) will depend
on the purchaser’s preparedness to spend more eoinitial installation to avoid long-term

maintenance.
Optimising the design
The following design elements optimise wajeaslity :

A coarse screen between the guttering and the edgligipe in order to prevent the

ingress of large foreign bodies, such as leaves;
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A fine screen between the delivery pipe and thé& &rd at all openings to the tank to

prevent access by insects and rodents;
A lid on top of the tank to keep out dust;
A system to intercept and dispose of the firstHlfrem the roof;
The use of a suitable roof surface material.
The following design elements optimise wajeantity:
An adequate gutter slope;
Sufficient guttering and storage to enable watdret@ollected from the entire roof area;
Secure attachment of gutters to roof;
Gutters and down pipes sized to accommodate expedgitgall intensity;
Splash plates to minimise rainfall losses;
Storage tanks large enough to retain irregulafatliand last through long dry periods.

The developer proposes 10 x 10 00@nks to be installed in the lodge. This will lmpizalent to
the storage of 100 000of fresh water when filled to capacity. This isoabhalf the volume of

rain that can potentially be harvested, given ttoppsed roof design, on an annual basis.

Unless borehole water is filtered, sterilized amsalinized via RO or distillation, rainwater is

recommended for drinking water.

10 Groundwater Vulnerability

Groundwater vulnerability is the likelihood of aguifer being affected by a pollutant imposed by
surface activities. Assessment of groundwater valnity is related to the distance that a
pollutant must flow to reach the water table, theeswith which it can flow through the soil and

rocks above the water table and, naturally, tt#sling.

As the proposed lodge development has been mootdst teco-friendly, appropriate ‘green’
aspects should therefore be incorporated in itggdeand operation to reduce its ecological
footprint as much as possiblEhe recommended sanitation is reported to produastewater that
complies with DWA’s minimum standards for disposald/or irrigation. Not only will such a

system conserve scarce water through recyclingtrdaed wastewater will also recharge the
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aquifer as a result of disposal or irrigatidlo problems are expected from this routine dispgsal
however contingencies must be put in place for cdtaphic failure of the system, no matter

how remote this may be.

While the water table is shallow to moderately kivalin the valleys where the boreholes are
located, disposal of wastewater will take placauatbthe lodge, which is elevated ~ 100 m above
the valley floor. This greatly reduces the riskaofy contamination through vertical percolation,
as the depth to the water table will vary sympathdy. The depth to the water table on the
property varies between 0.0 to 35.3 m bgl and timerlying geology corresponds to relatively
impermeable rocks, which will attenuate the dowrdvéow of potential pollutants to the water

table. Table 6 summarises the results of the vability assessment.

Table 6: Vulnerability of Groundwater Aquifer due t o Hydrogeological Conditions.
Vulnerability Measurements Definition Grey’s Gift
Class Water Sources
Extreme: Fractured| High Risk: Less than Vulnerable to  most GG 4 (Spring)
rock and/or high water 2 m to water table. | pollutants with a rapic
table. impact.
High: Fractured orn Medium Risk: A | Vulnerable to many GG 3 (Spring)
gravelly rock and/or a medium distance (2 | pollutants, except those

high water table. 5 m) to the wate

table.

highly absorbed, filtered
and/or readily|
transformed.

GG1,2&WK 3

9 Provided irrigation
is compliant and
down-gradient of
abstraction point

Medium: Semi-solid
rock, fine sand, dee
loam soils

Low Risk: Medium
pto long (> 10 m) to
the water table.

Vulnerable to inorganic
pollutants in the very lon
term

Low: Usually clay or
loam soils with semi
solid rock and a dee

Minimal & Low
Risk: Has a long td
pvery long distance (3

Only wvulnerable to thg
most persistent pollutant
> in the very long term.

» WK 1

s . L
Provided irrigation
is compliant and

water table 20 m) to the watef .
down-gradient of
table. . .
abstraction point
Negligible:  Usually | Minimal Risk: With | Confining beds ensure no
dense clay and/grconfining layers. significant infiltration

solid impervious rock

with a deep table

from surface areas abo

e

aquifer.

Source: A Protocol to Manage the Potential of Groudwater Contamination from On-Site
Sanitation. Edition 2. DWA, 2003.
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When one considers that the nearest borehole origl200 m down-the-gradient from intended
lodge location, this implies that surface runofthex than downward percolation is likely to

constitute the biggest threat of contamination.

Boreholes on the property are in fairly good canditbut should be fenced off from animals and
protected from damage and pollution. Proper managénof groundwater and control of
hazardous activities is essential for the protecttmd the sustainability of the groundwater
resource. A proactive approach to protect the ghlaater resources from pollution is
encouraged, as it may be very difficult and costlytreat the groundwater once it has been

polluted.

Monitoring and maintenance of the selected supptrefole(s) and the groundwater

infrastructure should be done on a quarterly basis.

Groundwater flow: The presence of a waste water treatment platiealotige, and the need for
disposal of the effluent requires an understandingroundwater flow to indicate the direction
that any pollution plume may take, in the eventaofmalfunction or failure which would

effectively render the Lodge as a point sourceatiiion.

Figure 4 shows that the flow direction of groundsvabn the property would follow a path
towards the Koonap River (northern boundary of greperty), mimicking the surface drainage.

This groundwater flow direction was determined gdiorehole collar heights and water levels.

As the groundwater flows from the lodge towardsriker to the north, it is recommended that

boreholes down the hydrogeological gradient belegtyumonitored.
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Figure 4. Groundwater flow directions
It is therefore recommended that utmost care bentak this regard up-gradient of all water

sources.

11 Summary and Conclusions
The following can be concluded about the groundwaggime within the area designated for the

development.

The client proposes an eco-friendly lodge to accoduate around 15 people on the 960

ha property with full occupancy expected year-round

The initial required demand for this developmerdpgproximately 7 500/day based on
15 persons at 500person/day. This demand will be derived mainlyrfrgroundwater
and will require boreholes pumping at 0.26 over an eight-hour cycle. This is

equivalent to 0.09/s being pumped continuously.

According to DWA, the effect of groundwater absti@t on surface water flow in the Q
92 G quaternary catchment, is considered to beligiblg’. Also, groundwater in the
quaternary catchment is considered to be to beeumtilised’. This augurs well for

DWA considering the development favourably.
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The underlying geology consists predominantly ofinagks alternating with subordinate
sandstones. Dolerite intrusions are restrictedrtallsoutcrops in the southern portion of

the property.

A Secondary, or fractured aquifer is associateth factured sandstones. This is not a
productive aquifer owing the fact that these roeise not been subject to deformation

post-deposition.

As a result of the paucity of data, a hydrocensas wonducted, which located eight
boreholes, two springs and three dams. This allaavednfident assessment of the water
regime on the property. The 4 boreholes closesi¢antended lodge viz., GG1, GG2,

GG3 & WK 1 were sampled for their potability.

Overall water quality Class 2 (Marginal) for boréd®GG 1, GG 3 & WK 1 and Class 3
(Poor) for borehole GG 2. The water quality is nieeitly compromised by Total
Coliforms, EC/TDS, Turbidity, Chloride, Sodium ahdn.

Boreholes WK 1, GG 1 and/or GG 3 should be coneidles a source of supply to the
lodge. This water will have to be treated if ittes be used for prolonged domestic

consumption.

According to the General Authorisation, up to 1%7day is available for use on the 960
ha property, without the use of a formal licencke Thtended development will only use
a very small proportion (~ 4 %) of this amount asdvery likely to be approved by

DWA.

Given the annual rainfall of 466 mm, a 600m?2 roekidn with a 70 % harvesting
efficiency has the potential to divert 195.7 mdbiatstorage reservoir on an annual basis.
This is equivalent to supplying 5360f fresh drinking water on a daily basis. This is
equivalent to supplying 3%person/day with fresh drinking and food preparati@ter.

OBN Project’s will treat the waste flow of effluefrom sewage, kitchen, and cleaning
wastewater daily proposed SWRP. The resultant veisgam must be clean and conform
to the minimum standards for disposal and irrigatas required by DWA.

Groundwater vulnerability is considered low to madi for the property, as a
consequence of the fairly shallow water tables dhd underlying impermeable
mudrocks. However, monitoring is required to enswarly detection of any

contamination.
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The groundwater supply potential on the property is sufficient to fulfil the required
demand to the lodge. With treatment of water quality and monitoring and
maintenance of groundwater infrastructure, the developer should have minimal
difficulties in securing good water supply to the lodge.

12 Recommendations

The following recommendations are based on thetrimdtion at hand, and consider the nature of
the proposed development, and the planned usage gfoundwater.

Groundwater is recommended as the main water sigopisce to the lodge. This can be
augmented with rainwater.

It is recommended that WK 1 GG 1 and GG 3 be cemnsil as source (production)

boreholes for the intended development.

Filtration and sterilisation (UV or mild chlorinat) is recommended. Removal of Total
Coliforms and Turbidity can be easily achieved Hhitration and sterilisation.
Desalination, via RO or the distillation processll wemove excess salts (Na, Cl, Fe)

from the brackish groundwater.

All wastewater should be treated to comply with DWH#nimum Standard, such that it
can be used to irrigate the gardens and to flustapetc for the proposed development,
or discharged into the environment.

The architect should incorporate astute rainwadgvesting principles into the design of
the roof structures for the proposed developmeht ihstallation of built in cement

reservoirs under-garage for each unit is recomntande

The type of sewage/sanitation system to be instaflest be carefully considered and the
risk of each type, in terms of possible contamoratif the groundwater resources, must
be thoroughly assessed.

All point sources of pollution, such as fertilizepesticides, fuel bowsers, animal waste,
graveyards, waste-disposal sites etc. should ba&ledvammediately up gradient of all

water sources.
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Proper management and monitoring of groundwatessential for the protection and the

sustainability of the groundwater resource.

The ‘eco-friendly’ approach serves as an importaatketing tool to draw investors to
the development. Investors buy into the green qunaad are most likely to be very

frugal with their water consumption and waste gatien.
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APPENDIX A:
SATELITE IMAGE OF THE BOREHOLES DISTRIBUTION AT GRE YS GIFT FARM
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