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1 INTRODUCTION

1.1 General

A detailed hydrogeological and engineering geological investigation was conducted at Upper Gqumashe
village in the Nkonkobe local municipality of the Amatola district municipality, with the aim of determining
and evaluating the hydrological and engineering geological characteristics of the project area for the
construction of proposed VIP latrines.

1.2 Terms of reference

Southern Africa GeoConsultants (PTY) Ltd — hereafter referred to as GeoCon - was appointed by ATS Rural
Development Services to carry out a hydrogeological and geotechnical investigation to verify the potential of
groundwater pollution from on site sanitation systems and to address technical issues from which decisions
can be made regarding appropriate sanitation technology options at Upper Gqumashe village.

The investigation reported on in this report included detailed soil profiling, laboratory analysis of soil
samples and in-situ permeability testing. A Desktop Study Sanitation Report in which preliminary terrain
verification was discussed along with proposed actions for the detailed investigation preceded this
investigation. Phase 1 community awareness creation also formed part of the desktop study phase.

1.2  Scope of investigation

GeoCon was appointed to render the following hydrogeological and engineering geological consultation
services in the project area:

a  Assessment of groundwater potential

O Evaluation of Groundwater usage

0  Geohvdrological community awareness creation — Phase 2

0 Application of the groundwater protocol for sanitation

0 Evaluation of pollution risk

0 Geotechnical survey

a Reporting - Delineation of zones where different construction methods will be applicable - e.g.

lining of pits, excavatability problems. sensitive arcas to be protected from possible pollution. etc.

1.3 Location of study area

The village of Upper Gqumashe is located in the Nkonkobe local municipality of the Amatole district
municipality in the Eastern Cape Province. approximately 3.5 km east northeast of the town Alice (Figure 1).
The village are situated at an elevation of between 620 and 650 m above mean sea level.

1.4 Available Information

Community liaison and terrain observations were used to verifv historical data regarding existing water
sources as well as terrain conditions. This was mainly done during the Desktop Study phase preceding this
report but additional actions were carried out during site visits that were made during the phase 2 community
awareness creation. as well as during the geotechnical surveyving. Liaison documentation is attached in
Appendix A for reference.

The following sources of information were used during the investigation:
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Figure 1: Regional locality map
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Geological maps and information

- Geological map of the Republic of South Africa and the kingdoms of Lesotho and
Swaziland. 1997 : Scale 1 : 1 000 000

- 3226 KING WILLIAM’S TOWN: Scale | : 250 000

Topographical maps and information
- 3226 DD ALICE, Second Edition, 1981 : Scale 1 : 30 000

Hvdrogeological maps and information
- 3126 QUEENSTOWN, First Edition, 1997 : Scale 1 : 500 000

Aenal photographs -
- Job 981. strip 11, photos 300. 301. 302, Scale 1 : 30 000

Other information
-  SURFACE WATER RESOURCES OF SOUTH AFRICA 1990. F'OLUME 3. Water
Research Commission, First Edition 1994

Guide to COMMUNITIES and their WATER SERVICES LEVELS. Department of
Water Affairs and Forestrv: Version 2.

- Department of Water Affairs and Forestry's National Groundwater Database (NGDB)
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2 SITE DESCRIPTION AND INFORMATION

2.1 Site geology and hydrogeological setting

Geology:

According to the geological map, Upper Gqumashe village is underlain by sedimentarv rocks of the Balfour
formation (Figure 2). This formation is part of the Adelaide subgroup that is part of the Beaufort group of
the Karoo Supergroup. These rocks are mainly grey mudstone, shale and sandstone. The sedimentary rocks
typically form horizontally orientated alternating rock layers of varying thickness. The formation dips toward
the north at an angle between | and 3 degrees.

Dolerite, m the form of sills, dykes and sheets intruded the strata during the late Karoo volcanism. A
prominent dolerite sill intrusion occurs towards the north of the study area. No prominent faults and shear
zones were noted in the study area.

Hyvdro g' eology:

The Queenstown 1 : 500 000 hydrogeological map describes the study area as being underlain by
predominantly argillaceous rocks with groundwater expected in intergranular and fractured zones with
expected vields of between 0.5 I/s to 2.0 I/s at successful boreholes. The groundwater potential of the study
area can be described as /ow to moderate.

Soils:

According to the WRC report. SURFACE WATER RESOURCES OF SOUTH AFRICA. referred in
paragraph 1.4, the soils in the study area can be described as moderate to deep with a sandy loamy texture
with the relief of the area classified as being steep.

2.2 Topography

The study area exhibits morphological elements of typical hillslope development under semi-humid
conditions. The village is generally located on the central northern section of a fairly prominent. basically
eastwardly trending ridgecrest. Due to the drainage characteristics of the area only a small variety of
landforms are present.

Photo I: General topography of the study area
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Figure 2: Regional geological map_
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The slopes throughout the study area are gentle to moderate. with steep slopes on the southern section of the
local ndgecrest. The study area is located at an elevation of between 620 and 630 m above mean sea level.

2.3 Drainage

Surface water drainage in the project area is in basic northern direction to the Gqumahashe River and in a
southern direction towards the Furrow River. Both these small non-perennial rivers drain water in a
westwardly direction towards the Tyume River that drains water in a basic southern direction towards the
larger and regionally important Keiskamma River.

No major dams occur near the village and the surface water that the community use occur in small streams
and marshes as well as in a small embankment dams in the direct vicinity of the villages. Unprotected
riverbanks may lead to extensive soil erosion in the study area.

2.4 Climate

The study area is located in the Summer Rainfall Zone of the Republic of South Africa.

According to SURFACE WATER RESOURCES OF SOUTH AFRICA 1990, Saki village is located within
the R10E quaternary sub-catchment of the Keiskamma River. The village lies within the R 1B rainfall zone
and receives a mean annual precipitation of approximately 300-600 mm, and has a mean annual evaporation
of between 1500 to 1600 mm. The mean annual runoff is approximately 20 - 50 mm.

Weinert's N-value for the area is between 2 and 3. indicating that the dominant mode of weathering is
chemical decomposition of the constituent minerals. rather than mechanical disintegration.

2.5 Vegetation

The natural vegetation occurring in the study area has been extensively disturbed due to urban development
in its direct vicinity. The area is currently covered by grassland with scattered examples of indigenous trees
and scrubs and forest plantations.

E s, S

Photo 2: Project area vegetation
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2.6 Existing water sources

Surface water drainage in the area is associated with the catchment of the Keiskamma River. The Tyume-
and Furrow rivers, which are minor tributaries of the Keiskamma River, runs through the Upper Gqumashe
village project area and drains surface water generally to the west. Gradients are low to moderate over the
majority of the study area, with steep gradients occurring on the southern sections of the village. The area
can generally be characterised as slightly undulating terrain. The community in Upper Gqumashe village is
currently mainly relying on a bulk water supply system. Community members are still using local springs
when the bull water system is in disrepair. None of the identified boreholes are currently in use,

iy
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3 INVESTIGATIVE METHODOLOGY AND TECHNIQUES

3.1 Hydrogeological survey

Geological mapping entailed a walk-over survey of the study area during which rock outcrops were visited
and geological formations identified by means of visual identification and the use of available geological
maps as mentioned in paragraph 1.4. Geological mapping forms an integral part in the investigation stage to
assess the groundwater potential in the area and identify sensitive aquifers and zones where pollution can
take place.

A brief hydrocensus was carried out to identify boreholes and prominent springs in the study area. This is
done to aid in the assessment of the groundwater potential in the area and community members play a vital
role. These boreholes and springs are investigated and important information regarding the water levels:
quality and previous usage are annotated.

Remote sensing of the study area was done using stereoscopic aerial photographs as mentioned in paragraph
1.4. Stereoscopic aerial photography is used to delineate geological contacts and identify possible structures
that may have an influence on the local underground water potential. These aerial photographs allow the
viewer to see the photographed region three dimensionally. The viewer looks down on the photographed
area, and can identify landforms, dolerite dykes, sills and linear features that may predict the existence of
possible water-bearing features and structures.

3.2 Aquifer Characterisation

The survey aims to evaluate and define a conceptual model of the aquifers present in the study area. It
embodies all the important features of the groundwater flow system, while incorporating simplifyving
assumptions. which include:

{(a) a definition of the study area (modelling domain);

(b) the known geological and hvdrogeological features and characteristics of the area
(geomerry).

(c) the static water levels/piezometric surfaces of the study area (initial conditions):

(d) the interaction of the geology and hydrogeology on the boundary of the studv area

(boundary conditions),

(e) a description of the processes and interactions taken place within the study area that will
mfluence the movement of groundwater (groundwater flow dinamics)

The conceptual model consists of all relevant ideas, incorporated into an idealisation to develop a better
understanding of site conditions, and to be able to communicate this understanding. A eroundwater model is
a representation of the real system. It is therefore at most an approximation, and the level of accuracy
depends on the quality and quantity of the data that is available. The groundwater model in this investigation
should therefore nor be seen as a predictive tool, but rather as a prospective evaluation Leol to determine the
potential behaviour of the system with time, given a set of changing parameters.

Should pump testing data be available from any existing borcholes in the project area, this data can be used
to better understand and characterize the aquifer. Different methods are used to analvze pump-testing data.
Two parameters are used to describe the physical propertics of an aquifer. namely transmissivity (T) and
storativity (S The first of these =~ wramiffae =2 2t which water moves through the aquifer and the
latter quantifies the aquifer’s abiliv 10 release water.

T
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3.3 Engineering geological survey

An engineering geological survey was conducted throughout the study area. Geotechnical surveying entails
the identification of the different landforms in the area by means of remote sensing as mentioned in
paragraph 3.1. After the relevant landforms have been identified on the different seological formations, test
pits are excavated on each landform to determine the sub-surface soil conditions. The individual soil lavers in
the test pits are described according to the following parameters, which constitute the soil profiling system
proposed by Jennings, Brink and Williams (1973): Moisture, Colour, Consistency, Structure. Soil tspe and
Origin, known as the MCCSSO system.

Disturbed soil samples are taken of the most important soil layers that will have an influence on the proposed
development. The samples are submitted to a soils laboratory and analysed for the determination of its
grading characteristics and basic mechanical properties.

R [N
Photo 3: Profile pit constructed by the community in project area

3.4 In-situ permeability testing

In-situ permeabililies of the most prominent soil horizons were determined by means ol double-ring
infiltrometer (esting. The test is basically conducted as follows:

Alfter »refiling of'the soif herons are conducted. a test pit is excavated into the top portion of the soil laver
that 1s to be tested. Two steel rings. comprising an inner and outer ring of known diameter is driven into the
soil layer to prevent water [fom seeping out underneath the rings. The outer ring is filled with water. The

~1
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inner ring is then filled with water to the exact level as the outer ring. As soon as the levels are the same, the
test commences. (It is very important that the water level in the outer ring is kept at the same level as the
mner ring in order to prevent a difference in height that will influence the accuracy of the test).

The water level in the inner ring is measured on certain time intervals. The test is completed when a linear
correlation between the infiltration rate and time is reached for a minimum of 30 minutes. The data is
represented on a graph of time (s) over infiltration (mm). The permeability of the soil layer is then
determined with an equation that is based on Darcy’s permeability equation.

3.5 Community awareness creation

Community awareness creation plays a very prominent role throughout all the project phases, but is
especially important during the hydrocensus and soil surveying phases. Members of the community are
requested by the project team to be present during the implementation of the hydrogeological and
geotechnical techniques. The actual techniques that are used are explained to the community while the actual
investigation is conducted and the importance and relevance of the techniques arc envisaged. Community
members are also given the opportunity to ask questions that are answered by the consulting hydrogeologist
and/or engineering geologist. -

Photo 4: Community mvareness creation
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4 RESULTS

4.1 Hydrogeological survey

4.1.1 Community awareness creation

Community awareness creation played an important role in the geohydrological and geo-environmental
investigation that was conducted at Upper Gqumashe Village. Community awareness creation data and
results are attached in Appendix D for reference.

4.1.2 Site Geology

Geological mapping of the project area was conducted during the respective sile visits of December 2003.
Terrain boundaries and conditions were verified and current water sources were inspected and evaluated.
Attention was given to the presence of dolerite dykes and sheets and the different landforms that are present
on the geological formations. ’

1t was determined that the study area is underlain by mudstone and sandstone of the Balfour Formation. The
strata generally dip to the north at an angle of between 1 and 3 °.

No dolerite sill intrusions and dolerite dyke intrusions are present in the study area. A relatively prominent
east west trending dolerite dyke intrusion occurs to the north of the village.

4.1.3 Hydrocensus

A preliminary hydrocensus of the project area was conducted during the first phase of the project carried out
in 9 July 2003. A more detailed hydrocensus was conducted during the site visits of December 2003. A total
of two existing boreholes and one “prominent” spring were identified within the boundaries of the study
area, The relative position of existing water sources are indicated in Figure 3.

; ( b

¥




s s Bl e Bl B Bl s Ml Rl

PROJECT: UPPER GQUMASHE SANITATION - PHASE 2
Fur'e 3: Detailed site layout map
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Hydrocensus results are summarised in Table 1 below.

YIELD
PUMP | SWL
NR LAT LONG EST COMMENTS
TYPE | (mbgl)
D)
- J’l A0 4L " ozA " - = - <10 = a1 2 4
T23269 32°46'44.1 26°32'21.7 Windmill 43.14 Kl/day Windmill in disrepair
" | s . ’ ; <10 Windmill in disrepair. Situated 50 m
CDBI1301 v| 32°05'56.5 26°52'20.9 Windmiil 8.4 Kl/day down-gradient of cemetery site
Spring Tocated 40 m from borehole
S1 ‘/ 32°45'38.9" 26°52721.3" - N/A <0.1Vls CDB1501, down-gradient from cemetery

site

Table 1: Hydrocensus summary table

None of the existing boreholes, or the spring, was found to be currently in use. The boreholes are both in
disrepair. and due to the low yield of the spring, community members prefer walking down to the river. Over
the coarse of this project a bulk water system was installed at Upper Gqumashe village. The local spring is

still being used for livestock watering.

[t was noted during the hyvdrocensus that the community gravevards are situated along streams and drainages
throughout the villages. mostly within a distance of less than the required 60 m as proposed by DWAF, The
proximity of the graveyvards to borechole CDB13501 is indicated in photo 6.

cemetery
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Hydrocensus results are summarised in Table 1 below.

YIELD
‘ PUMP | SWL
NR LAT LONG EST COMMENTS
TYPE | (mbgl)
(I/s)
g \/ o * | "w oo " - - -~ < ]0 . Sy . &
T23269 32°46'44.1 26°5221.7 Windmill 43.14 Kl/day Windmill in disrepair
e T o SEEa S _ <10 Windmill in disrepair. Situated 50 m
CDBI301 v| 32°05'56.5 26°52'20.9 Windmill 84 K/day down-gradient of cemetery site
Spring located 40 m from borehole
Sl \/ 32°45'58.9" | 26°52213" - N/A <0.1Vs | CDBI1301. down-gradient from cemetery

site

Table 1: Hydrocensus summary table

None of the existing boreholes, or the spring, was found to be currently in use. The boreholes are both in
disrepair, and due to the low yield of the spring, community members prefer walking down to the river. Over
the coarse of this project a bulk water system was installed at Upper Gqumashe village. The local spring is

still being used for livestock watering.

[t was noted during the hvdrocensus that the community gravevards are situated along streams and drainages
throughout the nllaues mostly within a distance of less than the required 60 m as proposed by DWAF. The
proximity of the gravevards to borehole CDB1301 is indicated in photo 6.

Pho!o 6. Gravevards near spring and bw ehole CDBI30]
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4.1.4 Aquifer characteristics

The hvdrocensus that was conducted in December 2003 revealed that two boreholes and one spring exist in
Gqumashe village. These boreholes could not be tested due the boreholes being in disrepair. It was also
decided not to test the boreholes due to the possibility that information from previous studies could
theoretically be available. Due to the limited amount of available hydrogeological information, the aquifer
characterization discussed in this paragraph is based on the occurrence of springs in the project area.

In many cases the sustainability and the flow rate of springs depends mainly on permeability of the aquifer,
recharge rate and groundwater reservoir. The hydraulic head above the spring also plays a major role in
sustaining the flow rates of the springs. The presence of springs in the project area signifies shallow
groundwater conditions and connections with surface conditions. Due to the presence of springs in the
project area, the underlying aquifer can be assumed to be permeable, hence feeding water to the spring. The
above conditions are said to take place in the project area during rainy season where the underlying aquifer
gets rainfall recharge. During dry periods, the groundwater levels decrease thus responding to unavailability
of recharge, resulting to insignificant contribution of groundwater to flow rate of the spring.

Based on the information discussed above, it can be said that the chances that underlying aquifer mav be
polluted during rainy season are high- taking into consideration the rise in groundwater levels responding to
rainfall recharge as well the presence of springs which directly and/or indirectly link the surface and
groundwater conditions. It is therefore recommended that the underlying aquifer be protected to avoid
anticipated groundwater pollution in the project area taking into account the permeable nature of the
underlving aquifer.

Water quality

No samples from the existing boreholes were taken due to the fact that the boreholes were in disrepair for a
long period and are no longer being used by the community. Indication is that the drinking water qualitv of
these sources is expected to be marginal to poor, with contamination by faecal coliforms. Possible high
nitrate levels at the sources can be expected as a result of migration of contaminants from the nearby
cemetery. Water samples from the boreholes should be taken if and when they are rehabilitated lor possible

future use. Contamination from faecal coliforms is also noted. The spring zone is indicated in Photo 7 below

it ¢ 23 s
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Photo 7: Spring zone in Upper Gqumashe village
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4.2 Engineering geological survey

4.2.1 Landforms

[n the light of the available physiographic information, the study area can be divided into the following
landforms (i.e.: areas with similar topography, drainage regime and geological character) according to the
systems devised by the National Data Bank for Roads of the Council for Scientific and Industrial Research
(CSIR):

o 1/3 - Ridge crests

@ 3/ -Convex and concave side slopes

The extent of the different landforms is the basis for the correlation and extrapolation of the engineering
geological results within each landform.

4.2.2 Soil profiles

A total of 8 test pits were profiled during the site visit of 10 December 2003. The test pits were excavated by

utilising local labour. The test pits were specifically placed to obtain a detailed overview of the succession of
soil and rock layers underlying each identified landform. and to delineate changes in the soil character. Test
pits were placed as indicated in Figure 3. Detailed test pit profile logs are attached in Appendix B for
reference.

4.2.2.1  Generalised soil profile on Sedimentary Formations

The majority of the project area was generally found to be covered by hillwash composed of sandy clay with
scattered angular siltstone gravel, exhibiting a firm consistency and micro-shattered structure that extends
from the susface to a depth of between 0.10 and 0.75 m (mean 0.32 m).

The hillwash is underlain in localised areas by ferruginised reworked hillwash and residual stltstone.
composed of abundant ferricrete nodules with a diameter up to 5 mm and scattered siltstone gravel.
moderately densely packed in a matrix of sandy clay. This layer generally has a thickness of between 0.05 m
and 0.25 m (mean 0.135 m).

The transported material is generally underlain by siltstone bedrock, with the exception of test pit GQU/TP/7
where residual material composed of silty clav with a soft to firm consistency and micro-shattered structure
was encountered. The residual material has a thickness of approximately 0.43 m.

Highly to moderately weathered siltstone bedrock was encounterad in all of the test pits excavated on
sedimentary formations. The bedrock material is generally very fine-grained. very thinlv jointed and
fractured. exhibiting a very soft rock to soft rock hardness. The Joint surfaces are generally narrow and
stained with rough joint surfaces. Some joints were observed to be clay filled. The depth to bedrock material
varied between 0.10 m and 0.90 m (mean 0.46 m).

The generalised soil profile on sedimentary formations can be observed in the Photo § below
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Photo 8: General soil conditions encountered on sedimentary formations

4.2.2.2  Generalised soil profile on Igneous Formations

The remainder of the project area was generallv found to be covered by hillwash composed of sandy clav.
exhibiting a firm consistency and micro-shattered structure that extends from the surface to a depth ol
between 0.30 and 0.40 m (mean 0.35 m).

The hillwash is underlain by highly to moderatelv weathered dolerite bedrock that was encountered in all of
the test pits excavated on igneous formations. The dolerite bedrock is generally fine-grained, very thinly
jointed and fractured, exhibiting a very soft rock to soft rock hardness. The joint surfaces are generally
narrow and stained with rough joint surfaces. Some joints were observed to be partially clav filled. The

bedrock shows classical “onion peel™ weathering pattern. The depth to bedrock material varied between 0.30
m and 0.40 m (mean 0.35 m).

The generalised soil profile on igneous formations can be observed in the Photo 9 below.

—
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Photo 9: General soil conditions encountered on igneous formation

4.2.3 Laboratory analysis

Two disturbed samples were taken of the most prominent soil horizons that will be influenced by on-site
sanitation and were submitted to Messrs. Controlab Civil Engineering Materials and Geotechnical
Laboratory (East London) for the determination of the standard foundation indicator values (liquid limit.
plasticity index & grading) of the different soil materials. A double hvdrometer test was also carried out on
the samples for determination of the soil dispersivity. Laboratory results are attached in Appendix C for
reference.

Detailed processed laboratory results are summarised in the table below:

14
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TABLE 1 Summarised soil test results

F;;HPI.E saﬂ}im i ORIGIN : _ GRADING AMALYSES | ATTERBERG LIMITS | LS | ___g;;—.-;mﬁg;

MUMBER| DEPTH | . fGcce sed | st | Chy | L moer | 2 | TasTm
GRU1 0.00 - 0.40 | Hillwazh 1 26 46 ar 33 16 14.2 8.0 | CL:Lean clay with sand NfT Hedi.-F;s; Slight Rizk NIT Moderate Risk 4E-07
Gau2 0.35 - 0.60 | Rewarked residual mudstone 4 32 41 23 26 13 9.0 6.5 | CL: Sandy lean ¢lay NT Low Risk $light Risk M High risk 4E-07

1 Liguid Limit 6 Calculated by means of the method proposed by Van der Merwe (1964), as modified by Wilson (1976)

2 Weighted Plasticity Index (corrected to represent the whole sample) 7 Determined by means of the Emmerson Crumb Test A

3 Linear Shrinkage 3 Determined by comparing the grain size distribution with grain size limits defined by Knight and Errera 4
4 According to the A.S. T.M. Standard on the Unified Soil Classification System 9 Determined by means of special tests

3 According to the American Association of State Highway and Transportation Officials 10 Calculated by means of Hazen's permeability equation: k = 100 x Dy

NT Not tested

_m B ;- =~ W, ,.E,.nl‘ - ..._._g,i:*r'_"‘
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4.2.4 Excavatability

Excavatability plays an important role in the determination of the type of sanitation svstem that will be
implemented. Pit latrines are generally required to be excavaied to a depth ranging between 1.50 and 2.00
metres (ideally 1.80 m), into a suitable permeable soil at the base; while a septic tank system requires at least
2.00 metres of suitable permeable soil from the surface to the base, implying depths in excess of 2.00 metres.

It was generally possible to excavate the test pits to a depth ranging between 0.65 and 2.0 m (mean 1.32 m).
after which bedrock with a soft rock consistency prevented further excavation. Excavation refused in all of
the test pits on sedimentary or igneous bedrock with a soft rock consistency.

The sidewalls of the test pits remained stable during the profiling and the sampling of the test pits, with little
or no collapse occurring,

4.2.5 Groundwater occurrences

Slight groundwater sespage was encountered in test pit GQU/TP4 at a depth of 0.9m in fractured siltstone
bedrock. Seepage occurred through fractures and joints within the bedrock. Groundwater seepage was not
encountered m any of the other test pits.

Ferruginised material was however encountered in four test pits (GQU/TP4, GQU/TP3, GQU/TP6 and
GQU/TPT), which is indicative of seasonal perched groundwater table conditions. Liaison with the
community revealed that seasonal groundwater seepage does also take place in localized arcas during the
Tainy season,

Static groundwater levels recorded in the study area vary between 8.4 and 43 mbel as recorded at boreholes
T23269 and CDB1501.

4.2.6 Permeability

The soils must have permeabilities sufficient to adsorb and drain away the liquid waste but not so high as to
pollute the groundwater. Percolation takes place through the base of the pit and through the lower part of the
sidewalls. In a fine, homogenous sandy soil for instance, bacteria are generally filtered out within less than 3
metres although viruses travel much further. However, once a pollutant has entered the groundwater it can
remain active for a long time.

Pollution of the groundwater via an excessively permeable soil in an area where boreholes and/or springs are
used can present a serious health hazard to water consumers.

The following permeability limits for residential and industrial areas utilising sepiic tank systems arca
proposed by Warwick and Gregg (1971):

Q Less than 4 X 107 cm/sec to prevent pollution
0 Greater than 3 X 10™ cm/sec to be sufficientlv permeable

A lower permeability value can be tolerated in the case of pit latrines and a higher value is permissible where
the water Lable is very deep and there are no boreholes and/or springs in the immediate vicinity of the pit.

+.2.6.1  Double Ring Infiltrometer Testing

Double ring infiltrometer tests (DRIT) were conducted on the most prominent soil horizons as described in
paragraph 3.4. A total of three double-ring infiltrometer in-situ permeability tests were conducted on selected
soil horizons identified during the soil-profiling phase. Results are summarised n the followmg table with
detailed results attached in Appendix E for reference:

- 16
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TEST NR MATERIAL PERMEABILITY CLASSIFICATION
DRIT 1 Hillwash 3.0x 107 es Slightly permeable
DRIT 2 Siltstone Bedrock 1.2 x 107 cm/s Slightly permeable
DRIT 3 I Dolerite Bedrock 9.4 x 10™ cm/s Slightly permeable

Table 2: Summary of double-ring infiltrometer tests

4.2.6.2  Calculated permeability using Hazen’s equation

Coefficients of permeability for the disturbed samples submitted to Controlab, as mentioned in paragraph
4.2.3, were calculated by using Hazen’s permeability equation:

k = 100 Dml
Where: k = coefficient of permeability in cny/sec

Dyy = maximum particle size (in cm) of the smallest 10 % of the sample

(Holtz and Kovacks (1981) noted that this equation is not very reliable for permeabilities below 10™ cm per
second.)

Calculated permeabilities of the six samples range between 2 X 107 em/sec and 4 X 107 cm/sec. which classifics
the material as being slightly permeable to practically impermeable. This value is affected by the grading
characteristics of the sample and it is expected that the permeability of this horizon is much lower. The soil
structure of the horizons also influences the permeability and it is very likely that permeabilities for the other
samples can be expected (o be slightly areater than the abovementioned values as were found with the double
ring nfiltrometer testing,

TAMPLE | SAMPLE ORIGIA GRADING AHALYSES ATTERBERG LIMITS | LS CALCULATED
HUMBER| DEPTH Gravel| Sand | Silt | Chy L Pl Pr x PERMEABILITY
(= -m=) z 2 E 4 z z [cmizec)
1 2 3 1E-01
GRU1 0.00 - 0.40 | Hillwach 1 26 46 27 33 16 14.2 8.0 4E-07
GeU2 0.35 - 0.60 | Reworked residual mudstone 4 32 41 23 26 13 9.0 6.5 4E-07

Table 3: Summary of caleulated permeabilities
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5 APPLICATION OF THE GROUNDWATER PROTOCOL

5.1 Assessment of groundwater potential

Regional strategic value:

According to the Aquifer Classification Map of South Africa, the Upper Gqumashe Village project is located
in an area that is classified as a MINOR aquifer.

Local value of the aquifer:

Although the aquifer is not currently being fully utilised - the value of the local aquifer is seen as moderare
to low. A large percentage of the community’s water demand can be met from utilising local groundwater
sources. Chemical water quality is expected to be marginal to poor due to expected elevated levels of faecal
coliforms counts, most likely due to influences from cattle waste and poor sanitation practises. Protection of
the aquifer at present and future groundwater abstraction points is therefore seen as important.

5.2 Evaluation of groundwater use

The hydrocensus that was carried out revealed that only two existing boreholes occur in the study area but
are mainly in disrepair. The use of groundwater in the study area is deemed to be slight. due to bulk water
svstems that are installed and fed by water from the Sandile dam.

Water from springs and rivers is currently being used by the community for drinking and stock watering
purposes when the bulk water system is inoperative or in disrepair.

The potential for future use of groundwater in the study area is deemed to be moderate.

5.3 Assessment of flag situations

The following flag-situations occur and must be taken note of:

O The base of all pit latrines will be in fractured and weathered sedimentary or igneous bedrock

0 Shallow groundwater levels (0-10 m below the base of pits) can be expected in localized areas of the
study area but is not very likely

Q  The formation of contaminated perched water tables at shallow depth within slightly permeable soil
material is likely to occur

2 The formation of perched water tables in fractured sedimentary bedrock is very likely to take place
after heavy precipitation events. Seepage was encountered in one of the excavations during the soil-
profiling phase

0 Water abstraction points are not fenced off and not used exclusively for water collection purposes

Existing small cemetery sites were observed within a radius of 75 m of existing boreholes

0 Ferruginised soil material was encountered in several test pits in the study area and is indicative of
seasonal perched groundwater conditions

N

5.4 Assessment of the vulnerability of the aquifer

The vulnerability of the underground water source is related to the distance that the contaminant must flow
to reach the water table. and the case with which it can flow through the soil and rock lavers above the water
table.

Evaluating the project area according to the Groundwater Protocol s (Edition 1) Risk Assessment Table. it is
seen that a LOW TO POSSIBLE RISK exists as far as ground water pollution is concerned throughout the
study arca.

The vulnerability of the aquifer in the project arca can be classified as HIGH according to the Groundwater
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Protocol  Sccond edition), due to highly fractured rock and (high water tables in localised areas). The aquifer
may be v alnerable to many pollutants except those highly absorbed, filtered and/or readilv transformed. The
overall risk of contamination of the groundwater is deemed to be HIGH. Remedial measures should be
implemented where necessary in high to medium load risk areas and necessary precautionary measures
should be implemented where contaminant load risk is deemed to be minimal.

5.5 Strategic classification of the groundwater
The strategic value of the groundwater is a function of the potential yield of the aquifer, the present or
probable future use off the groundwater, and the existence of alternative water source.

At Upper Gqumashe village the potential vield of the aquifer is considered to be 0.1 to 1 Ml/dav.
Groundwater is not currently a water source in the community and it is possible that the source will be
developed w future. Bulk water from Sandile Dam is the only alternative water source in the arca, along with
water from nearby Rivers.

Taking;the above-mentioned into consideration the relevance of threat of contaminants for the project area
can be defined as follow:

O Bacterial and viruses — High risk
2 Nurates — Medium risk

3 Chlorides — Minimal risk

5.6 Evaluation of measures to reduce the risk

Dug to the classification of the terrain as a HIGH OVERALL RISK. the following approach will have to be
taken to reduce this High risk. These should be negotiated and decided on by the sanitation engineer in
consultaticn with the Geohydrologist and the community. Risks can be reduced by taking one or more of the
following remedial- or precautionary measures:

2 Increase the path length of contaminants to groundwater table by shallower pits. raised pits or
parually sealed pits.

Adopt eco-san sanitation systems

Miaimise infrastructure such as pit latrines. cattle kraals. sewer pipes. et close to sensitive areas
anc areas where groundwater recharge is likely to take place

J Mcve or install water abstraction points sufficiently far from poilution sources

Waiter from groundwater sources that will be used for drinking purposes should be chlorinated
berare consumption,

5.7 Groundwater monitoring and sanitary surveillance programme

Mon:toring of both the quality and quantity of groundwater at the point of abstraction forms a very essential
basis ol suszainable management of the resource. Effective and accurate monitoring requires that boreholes
and pump perators should be equipped with the essential monitoring equipment:

Measuremamt of quantity pumped and water table levels

° “Vater level monitoring-Piezometer Tube of 25 mm or 32 mm diameter must be installed in
noreholes for measuring water levels

. “np meter for measuring borchole water depth

Meanureroat of water quality

° 4 sample tap must be supplied close to the borchole to allow direct sampling of water from the

19
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borehole. Alternatively grab-samples should be taken every four months for detailed analvsis

o Sterile sample bottles for microbiological analysis

o Clean sample bottles for chemical analysis

a Basic testing equipment for on-site measurement of temperature. pH. conductivity and active
chlorine

Pump operators or whoever is responsible for groundwater monitoring should be issued with the relevant
monitoring equipment including a dip meter and a record book. It is also very important that the person or
people responsible for this exercise should be properly trained for this responsibility and be regularly
evaluated to ensure a good quality data is collected.

A sanitation engineer and hydrogeologist should conduct a site inspection in order to assess the continued
use of the two boreholes at Upper Gqumashe village and to recommended further actions required to ensure a
acceptable water supply to the village.

2f]
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6

SANITATION DEVELOPMENT POTENTIAL EVALUATION

The development potential of the study area is assessed based on the intended construction of a pit latrine
sanitation system.

The results of this hvdrogeological and geo-environmental investigation reveal that the study area can be
divided into the following development potential zones: (Figure 4)

6.1 Zone A1

The areas defined as Zone A1 is deemed suitable for the development of a pit latrine sanitation system,
provided due cognisance is given to the following:

-~
>

a risk of excavatability problems at or near the surface in localised areas due to the presence of
Jractured bedrock with a very soft rock to soft rock consistency. This is expected over the entire zone

a high risk of pollution of the deep aquifer.

Permeability problems are foreseen throughout this zone due to the presence of slightly permeable to
practically impermeable soil material that may lead to the flooding of the pit latrines.

A risk of pollution of local aquifers in the areas targeted for future groundwater source development

Areas around existing boreholes, springs and streams that are being urilised for drinking purposes or
may possibly be utilised in future for drinking purposes
Areas demarcated for future groundwater development programmes
The presence of extensively ferruginised material from which seepage could take place could be
encountered during excavation — it is recommended that the specific pit be lined or partially lined o
prevent the ingress of seepage into the pit and to prevent pollutants from seeping out of the pir.
The jollowing recommendations are made for this zone:

o The use of power tools or a mechanical excavator may be required in cases where the

required depth cannot be reached in the area. alternarively the pit larrine has to be elevared
to obtain the required depth.

o ltis recommended that a rudimentary sewerage svstem thar does not relv on seepage for the
disposal of liquids be installed. These generally include:

o Ventilated Improved Pit latrines

»  Ventilated Improved Vault latrines

= The EnviroLoo

s Aquaprivis
o The pir opening must be protected such that no surface water is allowed to enter the hole.
o Localised rock outcrops have to be avoided by moving pit latrine sizes.

o Should extensively ferruginised material from which seepage rakes place be encountered
during excavation — it is recommended that the specific pit be lined to prevent the ingress of
seepage into the pit or the ferruginised material will have 1o removed within a radius of at
least I metre of the edges of the pit and replaced with an impermeable soil material

Q

No pit latrine should be excavated into fractured bedrock. If this is unavoidable. the specific
pit should be lined 1o prevent the possible pollution of the deep ayuifer. Alrernarnvely pirs
should be constructed shallower and wider to allow for shallow bedrock conditions

From the preliminary results 1t 1s recommended that all latrines in this zone must be lined or partially lined
lo prevent the movement of liquids to and from the pit due o its proximity to groundwater recharge and

a1
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Figure 4: Develdpment potential
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surface water features. It is recommended that a system be implemented that does not rely on seepage for the
disposal of liquids or sealed units be installed.

6.2 Zone A2

Those areas defined as Zone A2 are deemed suitable for the development of a pit latrine sanitation svstem.
provided due cognisance is given to the following:

» a risk of excavaiability problems at or near the surface in localised areas due ro the presence of
Sractured bedrock with a very soft rock to soft rock consistency. This is expected in the entire zone

Vg

>

a moderate to high risk of pollution of the deep aquifer

Permeability problems are foreseen throughout this zone due o the presence of slightly permeable to
practically impermeable soil material that may lead to the flooding of the pit latrine.

The presence of extensively ferruginised material from which seepage could take place could be
encountered during excavation — it is recommended that the specific pit be lined 1o prevent the ingress
of seepage into the pit and to prevent pollutants from seeping out of the pit.

The following recommendations are made for this zone:

o It is recommended that a system be implemented thar does not rely on seepage for the
disposal of liguids. These generally include:

o

Ventilated Improved Pit latrines
Ventilated Improved Vault latrines
The EnviroLoo

Aguaprivi.

> Localised rock ourcrops have to be avoided by moving pit larrine sites.

o Iris recommended that excavation will take place hevond the bottom of impermeable hardpan
ferricrete (when encountered) so that the pit base is in more permeable ground. These pits
should however be lined.

O

e}

The pit opening must be protecred such that no surface water is allowed to enter the hole.

No pit latrine should be excavared into fractured bedrock. If this is unavoidable, the specific

pit should be lined ro preven: the possible pollution of the deep aquifer. Alternarively pits
should be constructed shallower and wider to allow for shallow bedrock conditions

From the preliminary results it is recommended that if ferruginised material is encountered during
construction, lining must be considered to prevent the movement of liquids to and from the pit. It is
recommended that in such instances - a system must be implemented that does not rely on seepage for the
disposal of liquids or sealed units be installed.

49
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7 CONCLUSIONS AND RECOMMENDATIONS

The study area is underlain by mudstone and sandstone of the Balfour Formation. The most western
portion of the village is underlain by a small dolerite sill intrusion. No dolerite dvke intrusions are
present in the study area.

A total of two existing boreholes and one spring were identified within the project boundaries. The
community members currently rely on bulkwater for all household purposes. Local streams and springs
are still being used to some extent when the bulk water system is in disrepair.

Due to the underlying geology of the project area in combination with the groundwater recharge
potential from surrounding rivers and streams, the groundwater potential of the area is considered to by
low to moderate.

Static groundwater levels were available from boreholes in the area and were measured between

- approximately 8.4 mbgl and approximately 43.14 mbgl. Due to the existence of springs in the lower

lving portions of the study area it is obvious that shallow groundwater is an important aspect to be noted
regarding groundwater in the study area. Static water levels in localised areas of the inhabited part of the
study area are expected within the first 10m from surface.

The general groundwater flow direction is expected to be in an northwardly direction. associated with
the local and regional topography.

No water samples were taken at the existing boreholes and spring due to the boreholes being in cisrepair
and the spring showing obvious evidence of bacteriological and other contamination. Groundswater in
the study area is expected to be of Marginal to Poor drinking water quality

A thin layer of hillwash generally covers the project area. The hillwash tends to become reworked with
residual siltstone material and is generally slightly ferruginised. Transported material in localised
sections of the project area is underlain by residual material that is slightly ferruginised in localized
areas, and by siltstone bedrock in the remainder of the study area. Highly weathered and fractured
sandstone and/or mudstone bedrock was encountered in test pits GQU/TP3 to GQU/TPS. Highlv
fractured and jointed very soft rock to soft rock dolerite bedrock was encountered in test pits GQU/TPI
and GQU/TP2. Detailed generalised soil profile descriptions are made in paragraph 4.2.2.

It was generally possible to excavate the test pits to a depth ranging between 0.65 and 2.0 m {mean 1.32
m), after which bedrock with a very soft rock to soft rock consistency prevented further excavation.
Excavation refused in all of the test pits on bedrock with a very soft rock to soft rock consistency. The
sidewalls of the test pits remained stable during the profiling and the sampling of the test pits. with little
or no collapse oceurring. Shght groundwater seepage was only encountered in test pit GQU/TP4 at a
depth of 0.9 m in fractured siltstone bedrock. Groundwater seepage was not encountered in any of the
other test pits. Ferruginised material was however encountered in test pits. which is indicative of
seasonal perched groundwater table conditions.

Measured and calculated permeabilities of the three double ring infiltrometer tests and two siol samples
range between [.2 X 107 cmi/sec and 4 X 107 em/sec. which classifies the material as being slightly
permeable to practically impermeable.

Although the aquifer is not currently being fully utilised - the value of the local aquifer is seen as
moderate Lo low. A portion or even a large degree of the local community’s water demand can be met
from utilising local groundwater sources. Chemical water quality is expected to be of marginal to poor
quality. Proiection of the aquifer at abstraction points is therefore seen as important.

It must further be noted that springs occurring in the project arca are seen as part of the vroundwater
regime — the local value of the aquifer 1s seen as HIGH.
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Recommendations regarding the protection of local groundwater sources is given in chapter 5

Recommendations regarding the delineation of the project area with the identification of sensitive
areas as well as zones where future groundwater development is likely is given in chapter 6
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APPENDIX B

DETAILED TEST PIT PROFILE
LOGS
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PROJECT: UPPER GQUWMASHE SANITATION
TEST PIT HO.: GauTP
CLIENT: ATS Rural Dayelopment Services LATITUDE: 3276705°58
CONTRACTOR:  Locat Labour LONGITUDE: 2686496 "E DATE EXCRVATED: & Dscombor2003
i'.m.cﬁ INETYPE: Hand dug ELEVATION: DATE PROFILED: 10 Dacom ber 2003
Depth Lithology Description Sampling

o —

Moist, browwn, in profile dusky brown, firm, micro-shattered, sandy clay. Roots. HLLWASH
1o —
r?
Ian —
JIa —
r Vo R .«l“a".a"ﬁ‘h"a“ ” : N i inivini
W . pintaiataiat] | Orangeand olivebruwn,hlghlyweaihered,hne-gramed,thlniwolnted,verysaftrnckDOLERlTE
i AR AR BEDRCCK with anion peeled westhering. Joint surfaces are narrow, stained and rough.
ARAS A AR g
r sn —  paaaaa] | Scattered hard rock dolerite boulders
LY LY AL A
1
m | [
T BReEaaaw
s aﬁs"aalc“:. A
r T sl
w o R
[A At aRa A S pN
| n:a‘“a"n“a.:A:
; e
: Do Rasaaaniaia
IR A AR A A
1
A LY
A N, A LA
s I
I fatatatiaA g
Y o AN
e
108 — ARAANARAA A
A:a:a:.«"a:a\:
T P
N 1m — gt oA A
r AN EOH Excavetion refused on DOLERITE BEDROCK with a very soft rock consistency
190 —
- -
130 —|
14m —|
=
150 —
n
160 —|
1700 —
. -
e —
A e
o —
] o
‘ 210 —|
q zm
Southern A frica Hotesg: Grounvater espage vas NOT sncouritered
1 GeoConsultant The tidewail mmained 1hbls during profiing
Cne dltturded 1ampie van tan
(PTY) Ltd ed 12mple va1 bken
Eudroch topograpir; Imeguiar
" 'OCQ‘\" Pololaune  East Lonchn  Pretorin
1 e Potchefztroom Hoemfonten GQU/TPL
l.
e e TS e
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PROJECT: UPPER GQUMASHE SAHITATION

TEST PIT HO.:  GQUTP2

CLIENT: ATS Rural Dsvelopment Zervices LATITUDE: J2reT50° 8
CONTRACTOR:  Local Labour LONGITUDE:  263G624°E DATE EXCAVATED:  § Dsgsmber2003
MACHINETYPE: Hand dug ELEVATION: DATE PROFILED: 10 Decom ber 2003
Depth Lithology Description Sampling
o —
Moist, brown, in profile dusky brown, firm, micro-shattered, sandy clay. Roots. HLLWASH
1m —
b 1 1 JR—
Im — = T
Orangeandolivebrawn, highly westhered, fine-grained thinlyjoirted, very sofirock DOLERITE
7 BEDROCK wvith onion peeled westhering. Joint surfaces are narrow, stained and rough.
m — Scettered hard rock dolerite boulders
an —
o —
M —
g —
90 —
100 —
Excavation neer refusal on DOLERITE BEDROCK with a very soft rock consistency
11m —
130 —f
130 —
10 —{
150 —
1600 —
17m —
t5m —
fem -:I
A —
21m —
zm
Southern Afl'it'.‘ﬂ Hotes:  Grounvair wepage vwai1 NOT encountered
SeoConsultants Tie 1idecalls remainied riabls durtng profiing
(Pm Ltd Ro mamplen
: Esdroch topograpir; imeguisr
c‘e’cca‘ﬂ Pololusae  East Loncbm  Pretorn .
iz GQU/TP2

Potchefstroom Hoemfonten
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PROJECT: UPPER GQUMASHE SAHITATION
TESTPITHO.:  GQUTP3
CLIENT: ATS Rural Dovelopmart Seruicsn LATITUDE: 427665075
CONTRACTOR:  Locat Labour LONGITUDE:  26.36734°E DATE EXCAVATED:  § Dacember 2003
MACHINETYPE: Hand dug EL EVATION: DATE PROFILED; 10 Decam ber 2003
Depth Lithology Description Sampling
a —
Moist,brown, inprofile dusky brown, firm, micro-shettered, sandy clay with scatteredangular
g sitstone gravel. Roots. HILLWASH
1m —
m = . - -
Yellowish brown, highly westhered, very fine grained, very thinly jointed, very soft rock
N SILTSTOME BEDROCK. Joint surface are narrow, stained and rough.
I —
im —
=1 o Jp—
a —
o EOH Excavation refused on SILTSTOME BEDROCK with a very soft rock consistency
g —
qy —
10 —f
1m0 —
12m —
.
138 —
Hm —|
15m —
16 —
170 —
16D —|
160 —
am —
210 —
3 —
Southemn Afr'ica Hotes: Grounvater weepage vas NOT sncountered
GeoConsultants The iidevats ematned rfable aurtng profiling
(FTY) Ltd Ho 1ampler
Endrock topograply; imegutar
- &cg;ﬂ"t Polokuwnne  East Lsnckm  Pretorin

Patcherstroom Hoemfonten

GQUATPI




PROJECT: UPPER GQUMASHE SANITATIOHN

TESTPIT HO.:  GQU/TP4

CLIENT: ATS Rural Davelopmont Servicen LATITUDE: 3176421°%

CONTRACTOR: Logal Labour LONGITUDE: 2656973 E DATE EXCAVATED: 3 December 2003

MACHIMETYPE: Hand dug ELEVATION: DATE PROFILED: 10 Dacembor 2002
Depth Lithology Description Sampling

sitstone gravel. Rocts. HILLWASH

Moist, brown, inprofiedusky brown, firm,micro-shsttered, sandy clay with scatteredangular

\H[LLWASH AND RESIDUAL SILTSTONE

Abundent ferricreie nodules with & diemeter up to 5 mm and sceattered siltstone gravel
modergtely densely packed in a matrix of sandy clay. FERRUGINISED REA/ORKED

/

SILTSTOME BEDROCK. Joint surface are na

Yellowish brown, highly westhered, very fine grained, very thinly jointed, very soft rock

rrow, stained and rough.

Excavation refused on SLTSTONE BEDROCK with a very soft rock consistency

Southem Africa Hotes:
GeoConsultants
(PTY) Ltd

Pololavane  Enst Loncbm  Pretori
Patchefztroom Hoemfonten

el

stightgroungrater 1sepage sncountsrasa st0.5m
The sigevants ematiied rhable durtng profiing

Ho tampiet

Esdroch topograpir: imeqular

GQU/TP4
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PROJECT: UPPER GQUMASHE SAHITATION

TESTPITHO.:  GQU/TPS

CLIENT: ATE Rurat Development Servicen LATTURE: J2rETSR Y
CONTRACTOR:  Loeal Labour LONGITUDE: 2057087 °E DATE EXCAVATED: 5 Dscomber 2003
MACHINE TYPE: Hand dug ELEVATION: DATE PRCFILED: 10 Docember 2003
Depth Lithology Description Sampling
E ] ey
7| | Moist,brown, inprofile dusky brown, firm, micro-shattered, sandy clay with scaitered anguler
b sitstone gravel. Roots. HILLWASH
1m —
AN
Im
o —
g —
(70—
m —
] Abundant ferricrete nodules with a diameter up to 5 mm and scattered sittstone gravel
CES moderately densely packed in a metrix of sandy clay. FERRUGINISED REWORKED
. HILLWASH AND RESIDUAL SILTSTONE
ﬂ ] s
‘Yellowish hrown, highly westhered, very fine grained, very thinly jointed, very sott rock
7 SILTSTOME BEDROCK. Jaint surface are narrow, stained and rough.
100 —
1m —
120 —
130 —
1 —
1500 — =
EOH Excavation refused on SILTSTONE BEDROCK with a very soft rock consistency
1600 —
171m —
1em —|
150 —
am —
21m —
fras s

Southern Africa
GeoConsultants
(PTY) Ltd

0 e’ocgﬂ Polslanne  East Lonchm  Preteria
= Patchefstroom Boemfonten

Hotes:

Groundvatsr 1espage va1 NOT ancountsd
The tidevalia remained sfable during profiing
o 1amplet

Bodroct topegraphis meguiar

6QU/TPS
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PROJECT: UPPER GQUMASHE SANITATION
TEST PITHO.:  GQU/TPG
CLIENT: ATE Rural Development Services LATITUDE: brigi+r ]
CONTRACTOR:  Locsl Lsbour LONGITUDE: 26757 °E DATE EXCAVATED: 3 Decomber 2003
MACHIME TYPE: Hand dug ELEVATION: DATE PROFILED: 10 Docamber 2003
Depth Lithology Description Sampling
1} i
Moist,brown, inprofile dusky brown, firm, micro-shattered, sandy clay with scetteredangular
7 sitstone gravel. Roots. HLLWASH
1m -
N —
o
i Moisttovery moist, reddishbrown, in profilereddish brown, soft to firm, micro-shettered, sitty B
LD clay. Few roots, REAORKED RESIDUAL MUDSTONE L2mpie ST
ﬂn -—
Eﬂ = - -
Grey and reddish brown, highly wesathered, very fine grained, very thinly jointed and highly
T fractured, very soft rock MUDSTONE BEDROCK. Joirt surfaces are narraw, stained with
m —] some clay infiling and rough
3]] -
Em p—
100 —
110 —
ECH Excavation refused on MUDSTONE BEDROCK with & very soft rock consistency
1an —
130 —
fm —
150 —
1600 —
17m —
1800 —
1800 —
o —
21m —
zm
Southern Africa Notes: Groundsmter tespage was NOT encountsd
GeoConsultants Tite tdeeaila rvmained rhbls dunng profiling
(PTY) Ltd Cre dltturped 1ample was Shen
Bedroch topographis imequiar
c‘e’c‘:qﬂ Pololnne  East Lonckm Pretorn

Porcherstroom Bremtonten

6QUSTPS




PROJECT: UPPER GQUMASHE SANITATION
TEST PIT HO.: GQU/TP?
CLIENT: ATS Rurat Dy vetopmertt Servicen LATITUDE: bried ri i ]
CONTRACTOR:  Losal Labour LONGITUDE:  2€3714°E DATE EXCAVATED: 3 Dscombsr 2003
MACHINE TYPE: Hand dug ELEVATION: DATE PROFILED: 10 Decombor 2003
Depth Lithology Description Sampling
a —
Moist, brown, inprofile dusky brown, firm, micro-shattered, sandy claywith scatteredangular
T siltstone gravel. Roots. HLLWASH
1m —
T —
m = - .
Moist to very moist, reddishbrown, in profilereddish brown, soft to firm,micro-shettered, sity
E clay. Few roots. Contact with bedrock is slightty ferruginised. REWORKED RESIDUAL
m — MUDSTONE
g0 —
Em ] .v
| Scattered to abundant ferricrete nodutes with a diameter up to 10 mm locsely packed and
L \wealily cemented in a malrix as above. FERRUGINISED RESIDUAL MUDSTONE
) Greyishbrown, highlywesthered very finegrained,verythinlyjointedandhighly fractured, very
T — soft rock becomingsoft rock MUDSTOMEBEDROCK. Joirt surfaces arenarrow, stained with
4 some clay infilling and rough
on —
1m —
110 —
12m —
13 —
1m —
150 —
160 —]
700 —
15 —
1em —
am —|
Excavation refused on MUDSTOME BEDROCK with a very soft rockto soft rock consistency
21M —
2z

eoto”

Soufhem Afr‘ica Hotes: Groundvabr reepage vmi NOT sncounted
GeoConsultants The sideszils remained viable during profiling
(PTY) Ltd No ramples
Evdroey topogrzpiry imegutar

Polslunne  Esst Lonchm  Pretorin

Prtchefztroom Heemrtonten GQ u/TP?




PROJECT: UPPER GQUMASHE SANITATION

CLIENT: ATS Rural Development Servicel
CONTRACTOR:  Logal Labour

MACHINETYPE. Handdug

LATITUDE:

LONGITUDE: 2GEEIWS°E

ELEVATION:

3276332° 3

‘ TEST PIT HO.:

GQU/TPS

DATE EXCRVATED.

DATE PROFILED:

3 Dhcembsr 2003

10 Dacomber 2003

Depth  Lithology Description

Sampling

Moist,brown, inprofiedusky brwm,fhn,micro-shattered, sandycl
sittstone gravel. Roats. HILLWASH

aywith scetteredanguler

m —

Vellawishbrown hightywesthered veryfinegrained,v
soft rock SILTSTONE BEDROCK. Jaint surface are narrovy, stained and rough.

erymmlyjoimed,verysoﬂrocI:becoming

EQH Excavation refused on SILTSTONE BEDROCK with a soft rock consistency

Southern Africa
GeoConsultants
(PTY) Lid

Gcf\ Pololasane  Bast Loncbn Pretoris
el ’ S
- Potchetstroom Hoemfyuten

Hotes:

Grourszater 1eepage a1 NOT encounisned
Thie sidsvalls remalned viable during proTiling
No 1ampiet

Badroch topograpit; meguitar

GQU/TPS




APPENDIX C

DETAILED SOIL TEST RESULTS
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MEAL UG

19 8L Pauls Sead
Zast Landen, 5201
P.O. Box 345

Zast Londen, 5200

Tel: (043) 722 8565 / 722 5420

Fme (043) 743 9042

I rom=Luit | RULAB

0437439942

GEOTECHNICAL LABORATORY

T-330

)\ CONTROJ_AB cc

CIVIL ENGINEERING MATERIALS AND

R[]

F-332

BRANCH CEEiges
Cape Town
Kokstad

Pzt Efizabeth
Umtata

CLIENT: S A Gecconsultants (Pty) Lid
Private Bag X2C63
CAST LONDCM
£200

ATT: Mr F de Jager

PROJECT: SQUMASHE

DATE: 13-01-2004

REF: 26806

RESULT ST ARy
| SAMPLE NO: $700 8701
POSITION GQU 1 GQU 2
DEPTH: _—
| DESCRIPTION; iR Br R Br
L sty ¢f sdy cl
SIEVE ANALYSIS
% PASSING 75 mm I
F5 mm l | S
18 mm 100 | :
22 mm =le] 1040 i ‘
175 mm 8% 6 | ‘ :
L 235 mm | a3 28 lj J
L 148 _mm 56 75 | !
! 0.8CC mm 2 ' 73 | ; i
0.425 mm 89 69 3
0.20C mm 87 53 ! |
cman | | s i |
i 0.897% mm [ 73 ! 24 5 i
— MECHAMICAL AMALYSE
I ocs wm | eo | 33 | |
. 0.02 mm | 43 J 26 ! i
L 0..08 mm | 35 25 [ i |
| coe2rm | 27 o | | ;
SCIL CONSTANTS
LIQUID _aar | 33 28 | ? ]
FLASTICITY INCEX l 18 13 { l f ﬁ_:
' _INEAR SREEINKAGE _L 539 | &5 ! ! : !
CISPERS/\ITY
{_DCUBLS SYORCMETER % | 38.2 57 1 f { i
f REMARKSE Motz that 100% indicatss 3 cempepletely
; dispersive clay sized fraction and
; } 2% ingicates completaly non discersive
e !




APPENDIX D

 COMMUNITY AWARENESS
CREATION RESULTS




1. Introduction:

Thiv 15 the report on the Upper Gqumashe Sanitation Project community awareness
creatton, Refer to the geo-hydrology report for the exact position of the community.

AGIS Eastern Cape was appointed to facilitate the awareness creation for sanitation and
groundwater,

2. Terms of Reference:

¢ Liaison with community

¢ Create awareness of sanitation and the need for healthy sanitation practice
e Create awareness of Groundwater Principles

¢ Discuss the different sanitation options

3. Methodology:

+ Establish link within community with relevant people
e Set dates for community consultation

e Facilitate awareness creation day for whole community
e Community Feedback

« Report compilation

4, Results:

The Upper Gqumashe community was visited on the 3™ of December 2003 and a
link was established with the community liaison, which was also the counselor of
the ward.

e Dates were set for an awareness day with the whole community,

° An awareness day was facilitated on the 9" of December 2003 at the Local
School and the following was presented:

Groundwater awareness

Sanitation awareness with its impact on the environment.

The structure and mechanism of V.LP latrines was demonstrated to the

members present.

Community Interaction with questions and answers regarding the

construction and maintenance of the latrines.

~ Awareness on the preservation of latrine structures ncluding how to keep
the bio system of a latrine healthy.

~ Awareness on cleanliness and healthy sanitation practice

» Community discussion on the need for latrines

VY

v




WI 'ﬂ 'ﬂ!ﬂ!

i

I

(Community Members)

3. Conclusions

o The community has expressed a definite need for latrines.

e The community has shown a high level of awareness of good sanitation practice
and a willingness to maintain the latrines.

e The community has a counsel that manages community related issues and the
counsel seems to be in good standing with the community.



6. Recommendations

o It is highly recommendable that good latrines are constructed in the Upper
Gqumashe community and as the plots are fairly widely spread it is recommended
that each site gets it’s own latrine for the sake of maintenance and ownership.

® It is recommended that local contractors be involved in the process of
constructing the latrines so as to contribute to the income of the community and
also for reasons of experience.

(Children Participated in the groundwater model exercise)
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APPENDIX E

- DETAILED DOUBLE RING
INFILTROMETER TEST DATA




WSWI pea0g =" #

{a=) 230a181D ey 00z =
19134 pruy +9- =iy
JuBrans e 19 LTI
SHNOM T
{spuoaas) gL g g caenmm...-m_.
ey P o = oL I O N ] " 0D06
s sz Toog ]
SUNON 7] .n.. $> camh
RS, U ERSISNCES SRS i - ~ -1 o T —t O syl g- 000
e ot 41l - 00bs
gL g - T
i -1 | . fe & ion e = —1 & HNOH | 0 4 Qcmn
s 002
vaerlly 7- 0081
— — ] — i s ol vgrlg | - 0051
= ozl | - 00ZL
: m ol |- 006
Mo e B b r 3 s[5 ()- 009
= wulg 0 oS
u L T 08y
\\\\\\ SR S N o o= v g - 02y
5 we oS Q- 08¢
3 wuslh - 00g
N N I w 3 o 012
o - ove
= £ 0Lz
g w7 - 081
——f— - - = 1 0 051
e} g D2k
0o 06
e z el 09
Do &y
0o "~ O0E
_ i 0o 51
00 0
yyuy ung | (2es] owL
= —_—— R B & e, 0
S 3 o © o ~ o o n A o ~ 2 = @ o ysemiiH HEIEET
e 5§ ¢ ¢ E 8§ § 8§ EE 8 8 8 8 ¢ & 8 8 wrgi0 [AoHisod
s = I TONSaL
L ura [ Jubiiay Buiy
w3 3z 0iQ Burd 1aud] |
Sd1nD9 [ uonejiueg aysewnby Jjaddpn |:Logrodd |

1531 d31INOULTANI ONIF-37gN0a

b= B==e E— i [ — | I—-— - S— | — - - S [ B— [ - | Ry . | [ - B B




WSWI L =

[333) 33uzr3gen awn| 0024 ='n
BB ey, 69- = n:
o ra- =hy
SHNOH [
(spuodas) awIL v a%%mnm_.
e — ; - - - , . ol P— 0006
up gl Ay | ﬂQ—.ﬁ
EHNOH 1} .m\ mn % GQN“
AT R = — e — —1 0 wagrmff - 00c9
vcenyfly, g- 00¥S
N, sostmfly G- " gosy
- i S| e / ‘ & i = Ly unow g - 009¢
,L/ wonllg g 0042
\ werfly - 008}
e S s - N _ - |t a wnasefl o 00SL
. / = waorl[7 |- 00z
/ m wanlpy- 006
S s b — N — = ~le j woifig O- 009
= w7 - (5
/ B vt el[g - 08y
S-S O N N, ; — " - e e 5 g g 0zy
/ e uusle - 03¢
3 v sl - 00E
Z = PO 0/Z
S ) / B e w el - 0bZ
= £0 ¥
g w7 - 08t
S asa: s / == - 2 051
0Z1
06
S Fa— S NTESE— e P i = 5 Soniees i I g —Cn Qm
0o 33
0o o¢
L N . N ] [
(R4} ¥ 0
/f’f Hyuy cwng (oas) o)
— SN USRS (Y AU USSR RSN A [ S . |
2 2 = = ¥ 2 =z g E o 8w 0w 0w o2 = g o yao4paq ouoispniy |:ojasen
e § £§ § £ § ¢ E B £ 8 58 &8 E & E o8 8 £o fuopIsod
= = Fi TON 3501
4 w3 (23 24b|ay Burd
wa Bz T BIQ Bujy Jau|
£dLNDD _ uonejiues aysewnby saddn |:Lo3roud

1S3L HILFNOHLTANI ONI¥-IT19N0d

R S | 5= fee [— — — [ — i L i i i i | S H i L




00801
0ozok
D036
0005 -
oorg
008t
06ZL

(2a) a3umiagn ewn naae

fusa) e oyl

fuasy wsliey prann

SHNDHC]

{spuooas) WL A

ol e

0oos

i

gols

0024

a0es

0oy

ooSk

009¢

0042

0osl

0051

11143

0086

Q09

ovs

osy

ozy

0sE

00E

042

o (P

ove

ol

uratflg ()~

agL

|
(t3) NOLLYHLTIANT SAILYINNND

0S

0z

06

11}

w0
O
9 w e

14

1]

51

0

Hyupwing | faos) awiyy

e 0

i
A

o ¥ao0ipoq ajuajog

IBUBEN

ooss
000y
oozy
oo3c
ooot
oorZ
00BE
ooz

urgso

iuopjsod

£

TON

1581

m wa

re :jyfijay Bupy

| (15

BZ :"e)g Bupy Jauu]

L LNDD _ uolejiues aysewnby 1addn

|:1oaroud |

1S31 ¥31INOHLTILANI ONIY-I19Nn0a




