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EXECUTIVE SUMMARY

Introduction

The term sand abstraction system could be applied to a wide variety of applications
and different types of abstraction systems. This research has focussed on the
investigation into those systems used for abstracting water from river sand beds, be it
perennial rivers or ephemeral sand rivers.

Typical advantages associated with the use of sand abstraction systems in Southern
Africa are the following:

e The ability to abstract waters with high sediment loads and turbidity at relatively low
costs and with fewer problems in comparison with conventional methods.

e Water could be abstracted from seasonal and sand rivers, particularly in and and
semi-and regions where often the only source of water during the dry season is the
water stored and/or flowing in the sand of surface-dry rivers.

 Sand abstraction methods are ideally suited for application in rural areas and in
emergency situations where small-scale abstraction systems could be constructed
by simple, labour-intensive construction methods and the use of readily available
and cheap materials.

« Because of its simplicity and the filtering capability of the sand, very little operation
or maintenance is normally required and operators need not be highly skilled.

e The treatment of the abstracled water is relatively simple and cheap as normally
only chlorination is required.

Although sand abstraction systems offer many advantages, the behaviour of these
systems were found to be somewhat unpredictable and problems with reduced yield
were experienced at some of the relatively large sand abstraction systems in Southern
Africa. The erratic performance of these sand abstraction systems, together with the
findings of the initial investigations into the cause of the problems have led to the
initiation of this research.

Purpose of this Research

This research was primarily initiated to gain more knowledge and insight into the
problems and behaviour associated with sand abstraction systems in order 10 improve
the levels of success for future installations of such systems. In addition, the lack of
information available on sand abstraction systems indicated the need for the
establishment of a directory of existing systems, which would cover system information
and details regarding typical problems experienced with the system, the design,
construction and operation of the system.

Part of the research was 10 investigate typical problems that occur at sand abstraction
systems and to determine whether there are any significant correlations between
system performance and any other external parameters that might have an impact on
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system performance. This information were to be presented in such a manner that it
could be used for the identiffication of potential problems that would cause reduced
system performance and the risk of occurrence of such problems under prevailing
conditions.

In order to minimise and/or overcome the impacts of potential problems at sand
abstraction systems it was further required to critically evaluate theoretical and practical
guidelines for the design, construction and operation of such sand abstraction systems.
Due to the complexity of the problems pertaining to the application of sand abstraction
systems, it was agreed that emphasis should rather be placed on data collection and
evaluation, and on the identfication of problem areas and areas that would require
further investigations, instead of the development of appropriate design and operation
and maintenance guidelines for these systems

Research Methodology

After establishing the research objectives some hypotheses regarding the failure of
sand abstraction systems were formulated These hypotheses were based on
published reports and articles on the performance of sand abstraction systems and
practical experence. As the research progressed some of the objectives and
hypotheses were revised and modified 1o accommodate practical problems
expenenced and new information obtained on the performance of sand abstraction
systems.

The next step was o conduct a literature review on the application of sand abstraction
systems, which included the relevant aspects of system performance and guidelines on
the design, construction and operation and maintenance of sand abstraction systems
as addressed in the objectives of the research.

A comprehensive survey was also carried out to identify and log the characteristics of
existing sand abstraction systems in Southern Africa. The survey methodology
included aspects such as the compilation of the questionnaire, distribution of the
questionnaire 1o the identified target group, the processing of the retumned
questionnaires, the setting up and conducting of site visits to the systems identified
from the questionnaire and the sampling and testing of relevant system parameters at
these sand abstraction systems. Where possible, interviews were conducted with the
persons directly involved with the design, operation and maintenance of the abstraction
system visited The general findings and data obtained from the survey were analysed
and then summarised in tabular and graphical format, which are presented in the
relevant appendices of this report.

In addition to the literature and field surveys some scale model testing was conducted
in a laboratory to evaluate the impacts of different parameters. such as screen types,
sand density. abstraction rates and development, on the performance of a sand
abstraction system The data and test results oblained from this testing were analysed
and are summarised in the relevant appendices to this report.
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The research was concluded by the compilation of a comprehensive report, which
includes the findings, conclusions and recommendations that resulted from the analysis
and evaluation of the literature review, the data gathered and the testing results
obtained. Typical qualitative guidelines based on the findings of this research and
current practices for sand abstraction systems were included in the report as an aide to
persons responsible for the design, operation and maintenance of sand abstraction
systems.

Findings and Conclusions

Overview of Sand Abstraction Systems Surveyed

Although not all sand abstraction systems could be identified during the research
project, a total number of 67 sand abstraction systems were identified, of which 39
were visited in the field. About 40% of the systems visited had vertical well points
installed, whereas about 43% made use of horisontal well screens connected to a
caisson or collector sump. The remainder of systems visited were mainly caissons
installed in the nverbed or the riverbank.

The sand abstraction systems were mainly used for domestic water supply and in a few
instances for irrigation purposes. The design yield varied from 2 Us for a gabion type
collector sump with horisontal well screens to 1020 Vs for a bank of vertical well points
About half of the systems experienced problems of low yield, while one third of them
suffered from iron and manganese related problems. Only half of the systems with low
yield problems also had iron and manganese related problems.

About 20% of the systems expernienced some known flood damage during construction
or operation of the system. Only one of these systems, the biggest well point system,
with a design yield of 1020 I's, did not suffer from a reduction in yield after the flood
event.

Generally t was found that most of the sand abstraction systems were suitably
designed from a structural and hydraulic point of view. However, the geohydrological
aspects and the hydraulic flow through the sand formation were mostly neglected in the
design of sand abstraction systems. Similarly not much attention were given to
aspects such as operation and maintenance during the design phase.

Problems Experienced with Sand Abstraction Systems

Typically the problems most experienced with sand abstraction systems were that of
low yield, poor quality of abstracted waler and flood damage to the systems. The
following parameters were found to be the main causes of the problems experienced.

« The recharge rate of an aquifer is lower than the abstraction rate of the system,
resulting in over pumping and low draw down of the aquifer;

e A reduction in the permeability of the sand formation due to the accumulation or
deposition of fine silt in or on the sand bed,;

e The clogging of well screens by iron or manganese precipitates or by the
development and accumulation of biofilm in the screens;
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The degradation or rusting of materials used for well screens and pipes, which
caused either clogging of the system and or damage to pumps;

The clogging of certain geofabrics, which in some cases resulted in a permeability
of 10 times lower than when originally installed,

A drop in the level of the water table due to low rainfall, excessive draw down or
over pumping;

The displacement or movement of well screens during fluidisation of the riverbed
when floods occur,;

A change in the river course flow within the river bed over time, thereby changing
the location of the system in relation to the aquifer;

Insufficient developing of the system after installation. resulting in accelerated
clogging of the system

Damage to the infrastructure (pipes, screens, collector wells and pumps) of the
system due to flooding of the system

A rating (1 1o 5) was assigned to each of the systems visited in order to rate the typical
problems expenenced at each system in terms of low yield, biofouling, clogging of sand
and iron and manganese concentrations. These ratings are included in the relevant
appendices related to system performance.

Characteristics of Successful Abstraction Systems
The following observations regarding the design, installation and operation were made
at some of the successful abstraction systems visited:

The systems were normally located where favourable site conditions in terms of
sand characteristics, water quantity and quality, geology and geography prevail

Innovations in the design, construction, operation and maintenance played a major
role in the success of systems

Successful systems generally have good operational and maintenance practices in
place

The timely adaptation to any changes of the conditions that impact on the system.
Backwashing facilties were incorporated during the design of the system

From the literature study and the observations above it is clear that the following
aspects are of critical importance for the implementation of a successful sand
abstraction system-

The location of the site — the location of the sand deposits in relation to flood levels
is critical in order to minimise potential flood damage to the abstraction system and
to determine the optimum layout of the system.

The parameters of the water bearing sand formation ~ the thickness of the sand
deposit, the grading, grain size, permeability and the specific yield are all important
parameters to consider before deciding which type of abstraction system 1o design
and implement.
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e The qualty of the subsurface water — sufficient testing should be carned out to
determine the quality of the abstracted water, as too high treatment costs could
make the abstraction system uneconomical.

e The design of the system - the system should be designed to best suilt the
conditions prevailing at the selected site. The individual elements such as collector
wells, pipes. screens and pumps should be sized correctly to prevent over
pumping, excessive draw down and high flow velocities through the system.

e The construction and installation of the system - it is very important that the
construction and installation methods are suited to the site conditions and that the
properties of the water bearing formation are not changed during construction of
the system.

* Development of the system - it was found that the performance of a system is
significantly improved if it is properly developed before being used Several
methods of development are available and the best method or combinations of
methods should be employed

e The operation and maintenance of the system — it was found that successful
abstraction systems are generally operated within the design parameters and that
potential problems could be detected al an early stage with regular monitoring.
Corrective measures and maintenance as required would generally ensure
successful performance of the system

It was found that once problems have started to develop in a system, they would
progressively become worse. It would then become much more difficult to remedy the
problem i it is not dealt with as soon as possible. It is essential that the users of sand
abstraction systems be open to adaptation or modfication of the systems whenever
required

Correlation of System Parameters with System Performance

Water Quality

Generally it was found that the water quality parameters measured were not very good
indicators of problems that could be expected at a sand abstraction system. However,
it was found that the nitrate concentration in the surface water is a good indicator of the
total bactena counts in the system water and would therefore be a good indicator of
biofouling problems. Similarly the turbidity is also a good indicator 1o estimate the total
iron concentration, which could be an indication of potential problems related to iron
and manganese precipitation or the presence of iron bacteria

Graphs are included in the appendices. indicating the correlation between water quality
parameters and system performance in terms of problem rating. The findings are also
summarised in terms of risk (low, moderate and high) in Table A 62 of Appendix O 1 of
this report. These results could be of great value when determining the potential risk of
the occurrence of a certain type of problem in a system.
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Microbilogical 2
It was found that there is a moderate risk of bactenal biofouling in most of the systems
evaluated, with a high risk of bactenal biofouling occurrence in a few of the systems.

With regards to the samples drawn from the Nqutu System, it was found that bacteria
was the main agent in the sample and that the black substance from the walls of the
collector well was a result of bactenial fouling. The sulphate reducing bacteria (SRB)
count was too low to have played any role in the biofouling that occurred in this system.

With regards to the Ulundi System, the testing results indicated that biofouling has
taken place in the system and that the slime in the system was produced by bacteria
and/or algae. However. it could not be determined whether bacteria or algae were the
main causative agent of the slime production. The biofilm possibly formed because of
the presence of algae among the sand particles, which provided a growth surface for
the bactena. It was further clear that SRB did not form part of the biofouling problem

No conclusions could be made on the part that iron bacteria plays in the biofouling in
these systems. Although SRB normally has a major effect on biofouling, it was found
in this study that the number of SRB in the samples was oo low to cause the
biofouling. It is. however, clear that the risk of biofouling increases significantly when
algae and/or high counts of bacteria are present in the system

Sand Properies

Several sand properties were measured and compared with the problem rating at each
sand abstraction site visited. The results for each system, including a photograph
showing the composition of the sand, are included in Appendix M. 6 of the report. The
results of the grading analyses indicated good correlations between the percentage of
cenain particle sizes in the sand and problems of low permeability and subsequently
low yield and clogging of the sand No significant correlation could be determined
between the grading of the sand and other system problems such as biofouling and
iron or manganese related problems.

There was Iittle variation in the specific gravites of the various size fractions of the
sand samples. In some instances the fines fraction had a higher specific gravity than
the coarser fractions, but no particular trend or relationship was found between system
performance and specific gravity.

No direct correlation could be found between the in-situ bulk density and any of the
system problems such as low yield, clogging of sand. biofouling and iron or manganese
related problems. However, for in-situ bulk densities higher than 1650 kg/m’ there is a
marked drop in the permeability and void ratio of sands.

Observations of particle shapes are given in Appendix M § together with photographs
of the respective sand, the permeability and in-situ bulk density of the sand, and the
problem ratings for the systems installed in the sand. This information could be useful
as a field guide for examining sands during investigations for proposed abstraction
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systems and could be used as an initial indicator of the potential performance of an
abstraction system installed in the sand being examined.

Generally sand particles that are more rounded, not flaky and with high clay content
are the most likely to present performance problems such as low yield and clogging in
sand abstraction systems.

Geolegical Factors

Several parameters of calchment geology were measured 1o determine the relationship
between these parameters and system performance. A reasonable correlation could
be established between system yield and the size of the Drakensberg and Lebombo
Group in the catchment upstream of the abstraction point. If the size of this geological
Group is larger than 13% of the catchment some problems could be expected with low
yield and the clogging of the sand, whereas problems of biofouling and excessive iron
and manganese concentrations could be expected if the size is larger than 17% of the
catchment area.

The relative size of the Basement Complex in Transvaal, Swaziland, Namibia and
Rhodesia in the catchment area is another good indicator of biofouling and iron and
manganese related problems. Generally, the smaller this Complex the lesser is the
risk of biofouling and iron and manganese related problems. A reasonable correlation
was also found between Acid and Intermediate Intrusives in the catchment area and
potential biofouling problems. The smaller the size of these intrusives the lesser the
risk of biofouling becomes

Geographical Factors
Generally good correlations were found between potential biofouling and geographical
parameters such as the presence of sugar cane in the catchment area, the MAP of the
catchment and the size of cultivated land (land use) 50 km upstream in the catchment
area. A reasonable correlation was also established between potential iron and
manganese related problems in systems and other geographical parameters such as
the size of tropical bush & savannah (Bushveld) and the MAR of the catchment.

It appears that geographical parameters could be used in some instances 1o predict
problems related to biofouling and the presence of iron and manganese. It is, however,
not a good indicator of potential low yield and/or the clogging of sand abstraction
systems.

River Morphology
Overall it was found that the river morphology could not be considered as a good
indicator of potential problems that might affect system performance.

Effectiveness and Usefulness of Sampling and Testing Techniques

Water Quality Testing

Despite several precautionary measures, difficulties were experienced in keeping
samples at a constant temperature after t was taken on site and it was considered
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possible that samples may have undergone changes in the time between sampling and
analysis. This problem was solved by using portable sampling and testing equipment
for “on-site” analysis and testing. This procedure was very effective and provided more
accurate results of the on-site water quality.

Another problem was that the oxidation state of the iron and/or manganese in the water
samples taken from the abstraction systems probably changed in the time before the
laboratory analyses were done. This problem was resolved by preserving samples
specifically for ron and manganese analysis in the laboratory.

The following testing equipment was used very effectively for on-site water quality

testing:

e The HACH DR/B50 colorimeter, which could be used to test for more than 50
parameters. In this study it was used for testing Turbidity, Nitrate, Sulphate,
Ferrous lron and Total Iron

e The HANNA DISTWF 3 conductivity meter, which was used for testing the Redox
Potential of the water.

e The HANNA HI8314 pH / mV / *C meter, which was used for testing the pH and
Conductivity of the water

The standard methods, as descrnibed by the manufacturers of the instruments were
used for testing samples. It is important that samples of high turbidity should be filtered
prior 1o testing for Iron, Sulphate and Nitrate.

Testing of Sand Parameters

Al each site, where conditions permitted, general sand samples were taken for grading
analysis, density tests and laboratory permeability tests. During initial site visits the
taking of representative sand samples proved to be problematic due to reasons of
access and the method of sampling used. Due to these problems alternative sampling
methods were sought. Two samplers, a hand auger and a tube sampler. were found to
work particularly well in these conditions. The samplers were relatively cheap and
easy to make up, and were extremely manageable and effective.

In certain conditions, such as where the riverbed material was extremely coarse, with
high pebble content, or where the river flow was too deep, these samplers could not be
used. In these instances samples were excavated from the surface of the riverbed.

Another useful device, called the “directional” permeability test unit, was also used to
measure the in-situ permeability of sand. This device coukd be used to measure the in-
situ permeability of sand in a horisontal or vertical direction. A disadvantage of this
sampler is that samples could only be taken from exposed surfaces.

The bulk density of sand was measured by using one or more of the following devices
or methods:

——————————————————— ————— e e e - — - ———
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¢ Troxler - this instrument is useful in measuring the in-situ density of sands very
quickly. However, it has certain limitations in that #t is a very expensive device, it
has radioactive parts which could be a health risk if not operated correctly, it should
be calibrated regularly for different types of sand and it could not be used in
saturated or submerged conditions.

¢ Volumetric measurement of excavated hole — this method is very simple 1o use by
measuring the volume of the excavated hole by means of water replacement.
Unfortunately it did not provide reliable results of the in-situ density of sand and
also could not be used in saturated and submerged conditions.

e Density rning — this method is based on the excavation of a known volume of sand.
The density ring could be used in surface dry, saturated or submerged conditions,
and in most types of sands. However, the density ring cannot easily be used in
pebbly or extremely coarse matenals. Disadvantages of this method include the
fact that one is limited to taking samples from exposed surfaces.

e Dynamic Cone Penetrometer (DCP) — this instrument was used to determine the
relative density of the sand by counting the number of blows required to drive the
penetrometer a fixed distance into the sand.

Data and Testing Requirements for the Application of Sand Abstraction Systems
For successful sand abstraction systems it is essential that appropriate investigations
be conducted prior to the design and installation of such a system. Existing data and
information should be gathered and evaluated as far as possible before deciding on
what testing is required at a specific site.

The following data and information are normally readily available in well documented
areas and could be very useful when selecting sites for new abstraction systems:

« The location of the riverbed of the original river course in relation 1o the present
river course. Generally the sand depth above the riverbed of the original river
course is deeper than in other parts of the river.

« Changes in the width of the original river course over time - at Beitbridge, for
example, the old river course was approximately 45 m wide, whereas the existing
riverbed is approximately 330 m wide

e The depth of the seasonal water table in the sand bed Al Beitbridge the river is
usually surface dry from about April to October. During this period the depth of the
water table usually varies between 1.6 m and 3 0 m below surface level

o Typical characteristics of the sand, such as the type of sand and the percentage
fines in the sand. the transmissivity and storage coefficient of the sand, which could
be estimated from profiles and cross-sections of the aquifer and the permeability of
the sand, which could differ depending on the depth of the sand in the riverbed

e The extent of the alluvial aquifer upstream of the system in order to determine the
effective storage volume and zone of influence of the system.

« Relevant hydrogeological information such as MAP, MAR and general geology of
the catchment area upstream of the system.
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In riverbeds where the above data are known and available, the only tests that should
be required to determine the feasibility of a new abstraction system are tests to
determine the depth and profile of the sand bed

The typical tests required for the design and installation of sand abstraction systems
are the following:

o Grading analysis of the sand.
¢ Bulk density of the sand

« Permeability of the sand, either through laboratory analysis or through theoretical
calculations based on particle size distribution of the sand From this the
transmissivity of the aquifer could also be determined

e Stlorativity and recharge of the water-bearing formation through theoretical
calculations or through pumping tests such as step tests, at variable discharge
rates, and/or constant discharge lests at the same rale as the abstraction rate.
These tests should be caried out over extended periods in order to verify the
sustainable potential yield of an aquifer.

It is good practice to install new systems in areas where it is known that the alluvial
aquifer is contiguous with the alluvium of the riverbed. In these cases full
geohydrological investigations should be conducted. including the drilling of test holes
to determine the properties of the water-bearing formation and the execution of
pumping fests fo determine the recharge and storage properties of the aquifer.

Samples of the surface and sub-surface water should also be taken and tested for the
nitrate concentration, the turbidity and pH, which might have significant impacts on the
performance and operational and maintenance cost of the system.

Design Procedures and Considerations Relating to Design

Sit f 2 Sand Al ion Syst

Several factors have an impact on the siting of an abstraction system. The parameters
that should be taken into consideration are the following:

e Aspects of Water Demand - Generally the first guideline for siting a sand
abstraction system is the area where the water is required, the volume that is
required and for what purpose the water will be used

 River Morphology - The nature of the river morphology upstream and downstream
of a proposed abstraction site is a very important when deciding where the system
should be located and what system would be most suitable at that location. Sand
abstraction systems should be installed in such positions that the impacts resulting
from high fioods, such as bed fluidisation and damage 1o the structure of the
system, would be minimised.

Geological and Geographical Aspects
Before deciding on a site for a sand abstraction system one should study the geological
and geographical conditions of the catchment area upstream of the system. Typical
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parameters such as the presence and size of certain rock formations, the type of land
use, the MAR and MAP of the catchment are good indicators of potential biofouling,
high iron and manganese concentrations and clogging of the filter sand

Other parameters, which could also impact on the performance of a system, are
obstructions, such as weirs and bridges, and industrial and agricultural activites in the
immediate vicinity of the proposed site. Most of these parameters could be obtained
from regional geological and topographical maps and should be evaluated in terms of
the relevant graphs summansed in Appendix O of this report.

Estimation of Yield

A sand abstraction system could be considered successful if it could supply water of
appropriate qualty at the required rate over the design lifetime of the system. For any
good design the required abstraction rate should be in balance with the estimated yield
from the aquifer. The yield from an aquifer is dependent on its recharge capability,
which is determined by the flow conditions in the river and/or its interconnection with
other aquifers

The yield of a sand abstraction system is dependent on the hydraulic head above the
point of abstraction and the permeability of the sand bed through which the water flows.
Under natural conditions, the quantity of groundwater flowing through the alluvium
under non-pumping conditions at the position of the abstraction point could be
calculated by using Darcy's Law

The specific yield and recharge of an aquifer could be estimated by making use of the
developed equations for permeability in section 7.1.1 and Appendix M 4 of this report.
The permeability is based on the grading analysis and site density of the relevant sand
bed. The most accurate equation developed is based on the D;, Ds, Dys, Dye, Dy, Dy
and Dy range of sizes of a particular sand

Varous software packages, such as AQUAWIN, are also available which could be
used for modelling the behaviour of groundwater in an aquifer under pumped
conditions. These models are normally difficult to set up and are not of much use if not
calibrated correctly

Design Norms
Typical design criteria that should be considered for the design of sand abstraction
systems are the following:

e The infiltration rate from surface flow into the sand should be limited to about
0.4 mm/s in order to minimise the rate at which fine particles could penetrate and
block the voids in the surface layer of the sand.

e The hydraulic gradient should be kept between 0 45 (fine sands) and 1.00 (coarse
sands) to ensure laminar flow and the application of Darcy's equation for flow
through the sand bed.
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e Where well screens are used the flow velocity through the screen slots should not
exceed 0.03 m/s in order 1o keep the hydraulic gradient within the limits required for
laminar flow, and to minimise the infiltration of fines into the well screens, as well as
to minimise head losses through the screen.

e Where abstraction pipes are used the flow velocity in the pipes should be kept
between 0.9 m/s and 0.3 Vs in order to minimise head loss and the deposition of
fine material in the pipes respectively.

 The size of the slot openings in the abstraction pipes or screens should be such
that 95% to 100% of the surrounding sand is retained outside the pipe or screen.

e Provision should be made in the design for the development of the sand
surrounding the abstraction pipes or well screens

« Instead of developing the well, the installation of a filter pack around the abstraction
pipe or screen could also be considered.

o Hornsontal well screens, if used, should be installed as deep as possible in the sand
bed, or anchored to the riverbed. in order to minimise the impacts of sand bed
fluidisation under flood conditions

Design Calculations

As a guideline typical design equations for the calculation of head losses and flows
through the sand bed and collector pipes are included in Appendix R of this report. If
necessary, similar equations should be developed for differem assumptions and
layouts other than that shown in the appendix.

Where conditions are different, revised flow nets should be compiled 1o determine the
relevant flow and equipotential lines for different layouts and configuration of the
abstraction system

Standard hydraulic calculations should be used when sizing the different elements
(pipes, screens, valves. pumps, etc.) of the water abstraction system in terms of flow
velocity, head loss and flow capacity. The well screens should be sized in accordance
with the required abstraction rate, which would determine the opén area required and
the maximum screen velocity for specific slot widths.

Practical Design Considerations

The following are good practical considerations for the design of sand abstraction

sysiems:

« A factor of safety of at least 25% should be added to allow for possible clogging or
encrustation of well screens

e The use of geofabric as a fiter matenal should be avoided where possible due to
problems of clogging and reduced yield being experienced.

e Where possible corrosion resistant malerials should be used to minimise
maintenance and potential reduction in yield.
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Allowance should be made for backwashing facilities in the design of an abstraction
system. As such non-return valves should not be used, and vacuum tanks should
rather be installed.

Systems should be designed to faciltate easy access o critical elements for the
operation and maintenance of these systems.,

Well screens should be installed deep enough to allow for expected draw down of
the water,

Where possible, one should stay away from sand beds that contain clay lenses, as
it could cause reduced yield of the system. In some cases these clay lenses could
be successfully removed.

The design of the system should be re-assessed whenever new developments or
structures such as weirs or bridges are built in the near vicinity.

Provision should be made for ventilation to prevent air locks in the system.

Well points should be designed to operate individually instead of in banks. This
would reduce power consumption and optimise abstraction rates if problems occur
with some of the well points.

Allowance should be made for the priming of well point pumps through the
installation of vacuum tanks.

Centrifugal pumps are more efficient than submersible pumps and mono pumps.
For well point systems centrifugal pumps should ideally be backed up by
submersible pumps

Abstraction systems should not be positioned perpendicular to the river flow due to
higher risk of flood damage.

Well points should be attached to a buned manifold with a flexible hose or
couplings to provide flexibility of movement to minimise damage during flood
events

Construction Methods

It was found that construction methods may vary considerably for different types of
sand abstraction systems and are also dependent on the site conditions, available
technology and the cost of implementing such methods. However, it is very important
1o take note of the following issues when constructing sand abstraction systems:

ul [

I raction Wel

The walls of these wells should be excavated at a flatter slope 1o prevent stability
and safety problems during rainy periods

The protective thorn fences around these wells should be anchored or replaced
with conventional fencing to prevent the trapping of silt and finer sediments during
river flows, thereby making t difficult for people 1o find optimum well sites in the
river the following season.
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Infiltration Galleries

e The primary application for an infiltration gallery s in shallow aquifers and natural
barriers such as impermeable rock formations could greatly enhance well
efficiency.

e In most cases the hydraulic head would be low due to limitations on the depth at
which a trench laid gallery could be placed. In such cases it is imperative 10
position galleries in materials of high hydraulic conductivity, such as alluvial
deposits.

e Collection sumps should be constructed using the open-end casson sinking
method where reinforced concrete rings are sunk into the river bed by excavating
the sand on the inside until the desired depth is reached.

Infiltration |

 For easy access and to minimise potential flood damage to pumps and other
expensive equipment the collection sump of an infiltration well should be built on
the riverbank and then connected to the well

Collector Wells

e The excavations around the caisson should not be backfilled, as problems would
be experienced when trying 1o sink the caisson deeper.

« After placing aggregate at the base of the sunken caisson it should be covered with
a sieve or mesh with suitably sized openings to prevent movement of the aggregate
and disturbance of the filter material

e After installation of the screens, each radial should be individually developed to
remove the fines from the formation in the area adjacent 10 the screen. This
normally results in a higher yield and efficiency of the well.

« The caisson should be extended to a level above the design flood level before it is
fitted with a pumping house and the required controls. Unconsolidated sand should
first be excavated to the level of the water table before placing the first sections of a
caisson,

e Cofferdams should be provided to prevent flooding of the works during
construction. Besides damage to the works and loss of production, the
performance of the system could also be impaired.

Well Point Systems

« |t is important that once the screens are in position they should be developed using
surge plungers to remove the fines from the formation in the area surrounding the
well thereby improving the permeability of the surrounding soil.

e Submersible pumps should be installed above the screens in such a position as 1o
ensure an even suction over the full length of the screen.

e Where possible the manifold system should be buried in the riverbed to minimise
possible damage during floods
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e The optimum location for a well point is in a shallow alluvial aquifer where the water
levels remain close to surface throughout the year.

e A well point system should ideally be installed towards the end of the dry season
when the river water is at its lowest level

e The river sand should first be removed to the top of the water-bearing layer before
a manifold is installed on the water yielding sand. Slotted pipes should then be
driven at an angle into the water-bearing layer and then connected 1o the manifold.
To complete the installation the manifold should then be connected to a suction
pump on the riverbank

Screened Tube Wells
e Drilling, driving and/or jetting methods should be used to install the tube wells.

* Itis important that the well be developed on completion of the installation in order to
establish a zone of high permeability in the formation around the screen.

e The bottom of the tube well should be sealed off by pouring cement through an
inner pipe to form a 300 mm thick plug at the bottom of the tube

e A concrete collar should be provided around the part of the tube extending above
the average water level

Sand St Dams

e For a sand storage dam to be successful it is essential that it be constructed in
controlled incremental stages so that the velocities of flow through the basin are
sufficiently high to transport most of the fine sediments over the dam crest

e The objective should be to promote the deposition of coarse-grained sand deposits
in the dam, which will improve both the efficiency of absorption and the yield of the
sand storage dam.

e It is essential that each new stage should be constructed only after the previous
stage has effectively silted up.

Operation and Maintenance of Sand Abstraction Systems

In general it was found that the operation and maintenance of sand abstraction
systems in Southern Africa has not received the level of attention that it should and that
much of the success or failure of such systems are related to operation and
maintenance issues. Although the successful systems were not problem free, it was
found that proper operation and maintenance procedures were in place at these
systems and that problems were detecled and remedied at an early stage, thus
preventing more serious and costly problems.

Once a sand abstraction system is in operation ¢ should be monitored closely for any
signs of deterioration as the early detection of potential problems could potentially save
a lot of unnecessary costs and also ensure sustainable yield from the aquifer.

Some typical remedial measures that could be implemented once a problem is
dentified are the following:
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Clogging of the filter — this is generally caused by the deposition and infiltration of
fine silts during low flow conditions in the river. Possible remedial actions are the
back-washing or high pressure jetting of the filter medium.

Clogging of screens - this is normally caused by fine particles plugging the slots of
the screen due to high entrance velocities or insufficient filter around the screen.
Surge plungers. jetting or compressed air may be used to clear the screens

Biofouling of screens — this is generally caused by high levels of iron and
manganese in the presence of bacterial slimes. Chlorination, removing and
cleaning the screens with peroxide, mechanical agitation and pumping are some of
the methods that could be used to break up. dissolve and remove biofouling

Incrustation of screens — this is caused by the precipitation of inorganic ions such
as iron, manganese, calcium and magnesium. The use of acids and mechanical
agitation are some of the methods that could be used to remove incrustation

Accumulation of silt in pipes — this problem could be caused by too high inlet
velocities, too large slot sizes or an insufficient gravel fiter. Flushing, surging or
brushing methods could be used to suspend the fines whereafter it is pumped or
drained from the well

Corrosion of screens — this is generally caused by aggressive water.  The
damaged elements should be removed and replace with screens or pipes
manufactured from corrosion resistant materials.

The operation and maintenance of sand abstraction systems should, as far as possible,
be taken into consideration during the design phase of such a system and not after it
has been installed. For larger abstraction systems operators should be properly
trained in the monitoring and operation and maintenance of such systems.

Groundwater Management

Where appropriate, a formal groundwater management programme should be
developed and implemented, especially at large abstraction systems. The objectives of
a formal groundwater management programme would be:

In

To prevent an aquifer from being over-pumped.

To optimise the individual abstraction rates from different parts of a system e g
individual vertical caissons or well points.

To prevent poor quality groundwater from entering the aquifer.

To monitor and maintain the ecological integrity of the aquifer and the surrounding
environment

order to effectively manage alluvial aquifers in riverbeds, the following

measurements and equipment would be required:

Flow meters should be installed at all the abstraction points or for each abstraction
network. The total quantities of water abstracted from each system should be
recorded on a weekly basis.
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* Water level monitoring tubes should be installed at each abstraction point to record
the waler levels in the aquifer A 25 mm diameter PVC pipe installed vertically at
the abstraction point could be used for this purpese. The water levels inside the
pipe should then be measured by using a dip meter.

¢ The water levels should be monitored and recorded on a weekly basis for the first
12 months of operation, whereafter it could be measured on a monthly basis. It
should be indicated on the records whether the levels were recorded while the
pump was switched on or off Levels should be recorded at least four hours after
the pump was switched on or off, to allow the water level to stabilise.

o Groundwater quality should be monitored on a monthly basis for the first year of
operation and thereafter on a six monthly basis.

o Data collected over the period of a year should be submitted to a qualified
gechydrologist for analysis and evaluation.

In terms of the new Water Services Acl, the activities listed above are mandatory, and
it is the responsibility of the local Water Authority to carry out the required monitoring.

Discussion of Hypotheses Posed
The outcomes of the hypotheses postulated in this reporn are as follows:

Hypothesis 1: Biologically Induced Fouling

Of the thirteen hypotheses postulated regarding biologically induced fouling eight of

them were found to be invalid due to either insufficient results to support them or being

false. However, the following five postulations were found to be vahd:

e Biologically induced fouling in the Ulundi system is caused by iron reducing/
oxidising bacteria.

e Although bacterial growth can be expected in all sand abstraction systems, the
extent to which this growth occurs and the associated risk of clogging by biofouling
will vary depending on system conaitions.

e The level of nsk of clogging of a system by biofouwling is influenced by, and can
therefore be indicated by the surface water quality

e The level of nsk of clogging of a system by biofouling is to some extent nfluenced
by, and can therefore be indicated by upstream land use

e The level of nsk of clogging of a system by biofouling is to some extent influenced
by. and can therefore be indicated by upstream geology

Hypothesis 2: Sand Properties

Of the eleven hypotheses postulated regarding sand properties three were found to be
invalid due to either insufficient results to support them or being false. However, the
following eight postulations were found to be valid:

e The nature of the sand al the Ulundi sand abstraction system changed following
installation of the sand abstraction system, with an accumulation of fines in the
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system, particularly at depth. This is contnbuting to the problem of low yleld of this
System

o The installation and operation of sand abstraction systems will alter the nature of
the surrounding sand beds

e The accumulation of fines in the Ulundi sand is partly due to the presence of the
weir immediately downstream of the system.

e In centain types of sands, if there is a wewr downstream of a sand abstraction
system then fines will accumulate in the sand

e Sand permeabiity as measured in the laboratory is not necessanly a true
representation of the in situ permeability, as the bulk in-situ denstty of the sand is
not necessarily taken into account.

e The theoretical empincal formulae that are commonly used to estimate sand
permeability based on the sand grading do not account for sands with a very fine
fraction, even when this fraction constitutes a very small percentage of the sand.

o Depending on the particle shape, the permeability of sand is markedly affected by
the presence of a very fine fraction.

e The permeability of the sand is affected by the upstream geology, river morphology
and land use. In turn these factors can be used as indicators of potential success
of sand abstraction systems.

hesis 3: nese Precipi

Of the four hypotheses postulated regarding iron and/or manganese precipitation one
was found to be invalid due to either insufficient results 1o support them or being false
However, the following three postulations were found to be valid:

o Clogging by iron and/or manganese precipitation sometimes causes problems of
reduced yield.

e Risk of clogging by iron and/or manganese precipitation can be indicated by
immediate and upstream geology.

o Clogging by iron and/or manganese precipitation cannot necessanly be separated
from clogging by bacteria, the two mechanisms acting in conjunction with each
other.

Hypothesis 4: Screen Selection
The hypothesis postulated below regarding well screen selection was found 10 be valid.
e The type of screen used will affect the performance of a sand abstraction system

Hypothesis 5: General

Of the five hypotheses postulated regarding general issues two were found to be
invalid due to either insufficient results to support them or being false. However, the
following three postulations were found to be valid:

o Geofabncs should not be used in sand abstraction systems
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e In sands with lwgh fines content, the development of biofowling m an abstraction
system will exacerbate the accumulation of fines mn sand surrounding a system.
The development of biofouling in a system will result in a reduced flow through the
system and surrounding sand This, in turn. will result in an accumulation of fines
in the sand, as velocities are sufficient to draw the fines lowards the system, but not
sufficiently high to draw the fines through the system The permeabiity of the
surrounding sand will therefore reduce with time. the mechanisms of clogging by
biofouling and clogging of the sand acting in comyunction to reduce the yield of a
system

o The yield of systems that are not operated regularly and/or are only operated at a
fraction of their design yield will generally reduce in time  There will be an increase
in problems expenenced with biofouling, clogging of the sand, iron and/or
manganese precipitation and high iron content of the abstracted water

Recommendations
Based on the findings of the research the following recommendations are made:

Database of Sand Abstraction Systems

It is recommended that the information gathered on the abstraction systems be
captured on a separate database, and be continuously updated as new information and
data becomes available. The data should be made available to prospective users for
further analysis and evaluation as required.

Technology Transfer

As the bulk of the content of this report is not required for the design and
implementation of new sand abstraction systems it is recommended that the
technology be transferred by the development of reference manuals with guidelines for
the design, construction and operation and maintenance of abstraction systems.

Groundwater Management

It is further recommended that, where appropriate, a formal groundwater management
programme should be developed and implemented, especially for large abstraction
systems

Pilot Studies

It is recommended that pilot field studies be carried out for larger water abstraction
schemes, in order to verify the specific yields of aquifers and the assumptions made for
the designs of such abstraction systems. The results obtained from such studies would
enable designers 1o optimise the designs and construction of these systems before
investing large capital amounts

Ongoing Research

The findings of this research have indicated that there is a need for further research
into the behaviour of sand abstraction systems under certain conditions. It is
recommended that the following research be carried out in the near future:
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Research to establish the relationship between biofouling, the presence of iron and
manganese concentrations in the water, clogging of the sand and screens and the
performance of the abstraction system.

Further research into the cause and nature of the specific problems that occurred at
Ulundi. This research should include the impacts of different construction methods,
very low flow velocities through the sand and flooding on the performance of sand
abstraction systems.

Further research to find a more practical relationship between sieve analysis,
permeability of the sand bed and the specific yield of an aquifer.
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1 INTRODUCTION

11
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112

SAND ABSTRACTION SYSTEMS: A BRIEF OVERVIEW

Definition

The term “sand abstraction system” refers to systems for the abstraction of
water from sand. In the broadest sense the term is applied to any system
designed 1o abstract water from an alluvial aquifer This would include river
sand beds, beach dunes and other primary alluvial aquifers.

This research has focussed on investigations into those systems used for
abstracting water from river sand beds, be it perennial rivers or ephemeral sand
rivers. The research has mainly focused on those types of systems that are
designed to abstract water flowing on the surface of a river through the river
sand bed, or those systems designed 1o abstract sub-surface river flow.

Even in the context of abstraction from rivers, the term sand abstraction system
15 broadly applied to a wide varnety of applications and different types of
systems. Infiltration galleries, caisson type abstraction systems, vertical well
points and horizontal screen abstraction systems can all be categorised as sand
abstraction systems. Abstraction systems can differ vastly in scale and level of
sophistication. In addition, the reasons for using such systems, as opposed to
other abstraction methods, are numerous and varied

All types of river abstraction systems encountered during the course of this
research have been included in this study. A section through a typical river
sand abstraction system of a caisson or infiltration gallery type is shown in
Figure 1 below.
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Figure 1: Typical River Sand Abstraction System

Advantages of Sand Abstraction Systems

Although the use of sand abstraction systems offers numerous advantages, it
should be borne in mind that the advantages obtained are directly linked to the
specific conditions under which these systems are operated.
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1.1.2.1

Abstraction of Waters with High Sediment Load

A number of areas in Southern Africa have a high sediment yield. Examples
of such areas include the KwaZulu-Natal region and Swaziland, where
sediment vyields can vary between Stkm‘a to 723tvkm’a
[Rooseboom, 1992]. In the region consisting of the upper Orange and
Caledon catchments, including the south-eastern part of Lesotho, sediment
yield values range from 113 to 1 382 Vkm’ a [Rooseboom, 1992). River
waters that have a high sediment load or turbidity are associated with areas
such as these that have high sediment yields.

Numerous problems and high costs are associated with the storage,
abstraction and treatment of highly turbid waters. These problems can be
alleviated, and the associated costs be reduced, if surface water s
abstracted utilising sand abstraction systems as opposed to abstracting
surface waler directly from the river using conventional abstraction methods.

A comparison of the problems associated with abstraction and treatment of
highly turbid waters using conventional abstraction methods and the
potential benefits of using sand abstraction methods are given in Table 1.

Table 1 Comparison of using Conventional versus Sand Abstraction
Methods for the Abstraction of nghly Turbid Waters
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The cost benefits associated with the use of sand abstraction systems when
abstracting highly turbid waters can be demonstrated by a case study. In
19684 a study was conducted comparing the cost of utilising conventional
water abstraction and treatment to the cost of using sand abstraction and
treatment (ref. Chunnett, Fourie and Partners, 1994). The comparative
study was conducted for planning purposes for the then KwaZulu
Government (KZG) Department of Works and the Department of Water
Affairs and Forestry (DWAF), The comparison was done considering
demands on a relatively small, existing water treatment plant on the White
Mfolozi River that supplies water to the town of Ulundi in KwaZulu-Natal

For the period 1994 to 2015, if conventional abstraction and water treatment
were used, estimates of future demands indicated that it would be necessary
to augment the existing water treatment plant in the year 2004, increasing its
capacity from 13000 m’/d to 18000 m’d. In comparison, if a sand
abstraction system were to be installed and water was abstracted through
the sand, it would then only be necessary 1o install additional chlorination
equipment at the plant.

Considering only the capital costs of additional work and the costs of
chemicals, the present worth values of the two alternatives, for the period
1994 10 2015, were compared. The findings of the analysis are shown in
Table 2

Table 2 Present Worth Comparison of using Conventional versus

Sand Abstraction Method
Methodof  Costof Chemicals  Capital Costs Total Cost |
Abstraction (R million) (R million) | (R million)
Conventonal -
“Absacion | 2717 ‘ 7ooo_ . 97:1‘
Sand Abstraction 0756 2650 3406

Notes
~ Minemum cost for sugrmentation of water reatment plant
Cost for sand abstraction system and addiional chionnation equpment

—_——— - S U

This shows that. in this case, over a period of 20 years savings of the order
of R 6.4 million could be achieved by ulilising a system that abstracts water
through the sand as opposed to conventional abstraction. This is not
accounting for additional savings that could probably be achieved through
reduction of operation and maintenance costs other than chemical costs.

The above example clearly demonstrates the cost benefits that could be
gained by utilising sand abstraction systems when abstracting highly turbid
waters.
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1.1.22  Abstraction from Seasonal and Sand Rivers

In Southern Afnca, numerous rivers are seasonal, particularly in arid and

semi-and regions such as eastern Botswana and Namibia. Where rivers are

seasonal, often the only source of water during the dry season is the water

stored and/or flowing in the sand of surface-dry rivers. Under such

circumstances sand abstraction systems are commonly used for abstraction

of water from the underlying water bearing sand. In these instances, the

benefits arising from using sand abstraction systems include:

e access to continued, year-round water supply when rivers are surface-
dry.

* utilisation of storage in river sand beds, particularly where sand slorage
dams are built specifically to trap sand and store water in the sand,

* reduced loss of water through evaporation, and

« effective pre-treatment of abstracted water as it is filtered through the
river sand bed.

1.1.23 Application in Rural and Emergency Situations
In addtion to the advantages mentioned above, there are numerous
advantages associated with the use of small-scale sand abstraction
systems.

Small-scale abstraction systems can be extremely simple in design and
function. They can therefore be constructed using readily available and
cheap materials, and using simple. labour-intensive construction methods,
employing unskilied labour. Simplicity of function, coupled with the fact that
the water is filtered through the sand river bed as it is abstracted, means that
generally little operation or maintenance is required for these systems, and
operators need not be highly skilled. In addition the method of treating the
waler once abstracled s simple and cheap, as normally only chlorination
would be required.

These factors offer the following advantages, making them extremely
sutable for use in rural and emergency situations:

* Local manpower can be employed for construction, thus providing
employment for local people during the construction period.

* Systems can be installed at relatively short notice and relatively quickly.

e Although small-scale systems are usually not resistant to larger floods,

they are cheap and relatively easy to repair. Local manpower can be
employed to repair, rehabilitate, and / or upgrade such systems.

¢ Rural communities can easily operate and maintain their own systems,
making the systems more sustainable.

e Minimal operation and maintenance requirements mean that operation
costs are low. This s extremely important where rural communities are
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required to pay for the operation and maintenance of their own water
supply schemes, as is now the case in South Africa.

¢ Minimal water treatment requirements after abstraction also reduce costs
and do not demand high level of skill level for operation.

1.1.3 Problems Experienced with Sand Abstraction Systems

Although sand abstraction systems offer many advantages, the behaviour of
these systems has been found to be somewhat unpredictable. In particular,
significant problems were experienced with a relatively large sand abstraction
system installed in the White Miolozi River at Ulundi', KwaZulu-Natal. Shortly
after this system was commissioned. the yield of the system dropped rapidly to
below the design yield. This particular problem. and the findings of initial
investigations into the cause of the problem, led to the initiation of this research,
which is discussed in more detail in Section 1.2 of this report

On commencing this research the researchers were only specifically aware of
problems being experienced with one other sand abstraction system, that being
a system also located in the White Mfolozi River at Mpungamhlophe®, KwaZulu-
Natal. Although it was rumoured that numerous sand abstraction systems had
failed, performed poorly or required extensive rehabilitation, the specific nature
of problems experienced at other systems was unknown. Generally, it
appeared that problems had not been investigated as systems were small and
inexpensive, and the cost of further investigation was not warranted. In
addtion, no previous documentation was found discussing problems
expenenced with sand abstraction systems. Due to this lack of information, it
could initially not be confirmed whether problems were commonly experienced
with sand abstraction systems and whal types of problems were experienced.

During the course of this research it was found that there are a number of
problems commonly associated with sand abstraction systems. These include:

* low yield of sand abstraction systems ie. where the yield of the system is
considerably less than the design yield, with the design yield having been
determined on what would be considered acceptable site investigations and
investigations of the sand properties etc,

 marked reduction of yield with ime, where yield was initially high,

« flood damage,

* clogging of screens and pipes by what appears to be biologically induced
fouling,

" This system s included as system number 34 in the survey of exsting abstraction systems in Secton 1
of thes repont
“ This system s included as system number 35 in the survey of exsting abstraction systems n Secton 1
of thes report
. o o ‘ CHAPTER 1 - INTRODUCTION




« changes in the physical properties of sand surrounding abstraction systems
over time, including accumulation of fines in the sand, and reduction in the
permeability of the sand,

* high iron and / or manganese content of abstracted water.

These problems have proved to be complex in nature and the reasons for their
occurrence are not always evident.

1.2 EVENTS LEADING TO THE INITIATION OF THIS RESEARCH

During 1994 a sand abstraction system was constructed in the White Mfolozi
River near Ulundi, KwaZulu-Natal. The system was designed to meet a peak
abstraction rate of 313 /s with an associated head loss of 086 m across the
system.

Shortly after completion of the system, it was found that the yield of the system
was considerably lower than the design yield, and the head loss across the
system was extremely high. From the end of 1994 to early 1996 numerous
tests were conducted to determine the cause of the problem of low yield, and
various measures were faken in an attempt to improve the flow through the
system. Details and findings of these investigations are discussed in
‘Addendum to Report No 22 White Mfolozi River Balancing Storage - Water
Abstraction from the Sand”, included as Appendix J 40 12 to this repont.

The determination of the cause of the problem was, in this case, complicated by
the fact that prior to the completion of the construction of the system it had been
flooded, with a large amount of fine silt and rubbish being washed into the
system. However, despite relatively extensive investigations, it was nol possible
to determine the exact cause of the problem of low yiekd.

Initially, the properties of the sand bed were investigated. The results of the
investigations showed that there had been a marginal increase in the fines
content in the sand covering the abstraction pipes, with an associated marginal
reduction in the permeability of the sand However, even with the lower
permeability of the sand, as measured in the laboratory. it should still have been
possible to meet the design capacity of the system with a marginally higher
head loss through the sand. Indications were, therefore, that although reduced
permeability of the sand could have been a factor contributing to the problem of
low yield, 1 was not the major cause.

Results of further testing did, however, indicate that biofouling was possibly a

major factor contributing to the problem. Factors that pointed to biofouling being

a major contributing factor included:

e The average total bacterial counts of water samples taken from the system
were of the order of magnitude of 10°. Although by no means categorical
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evidence, these counts were sufficiently high to indicate a possible presence
of biologically induced fouling.

 Samples of organic matter washed out of the abstraction pipes were identified
as iron bacteria of the genus Leplothnix (refer Appendix J 40 13 - Report:
“Microbiological Analysis of Ulundi Water Samples™). This is a sheath-forming
bacteria that is ofien associated with microbiologically induced fouling. It has
been documented that these bacteria are known 10 "grow in pipes along with
deposits of won or manganese and interfere with the passage of water in wells
and filtration plants™ [Dondero. 1995] It must, however, be noted that it was
not possible to culture Leptothnx from the water samples that were also
analysed for total bacterial counts.

e A portion of one abstraction pipe was excavated for inspection. Despite
disturbing the pipe extensively during excavation, it was found that the inside
of the pipe was coated with a brown slime of bactenal sheaths. There was
also evidence of the bacterial slime in a number of the slots on the extenor
of the pipe.

o After dosing the abslraction pipes with chiorine, the yield of the system
increased from about 78 I's 1o approximately 228 Us. It did, however,
diminish rapidly shortly thereafter, possibly indicating a regrowth of biofilm

o Total bacterial counts obtained from the water samples taken from the
system 24 hours after the chlorine dosing were of an order of magnitude 10,
compared to 10° prior 1o dosing. An increase in bacterial counts of this
nature could indicate sloughing of biofilm from the surface of the abstraction
pipes due to stress on the biofilm as caused by the chlorination.

Although these factors indicated that biofouling was possibly contributing to the
problem of low yield of the system, there was insufficient evidence to state this
categorically. In addition, if there was biofouling in the system, it was not
possible to state what the onginal cause of the microbiologically induced fouling
was.  Further investigations were therefore deemed necessary in order to
establish categorically the root cause of low yield of the system.

Based on the experience with the Ulundi system. this research into sand
abstraction systems was initiated. It was strongly felt that the findings of further
investigations into the Ulundi problem would be beneficial not only for the
operation of that system, but would also contribute significantly 1o the current
knowledge on sand abstraction systems in general. Equally, investigations into
other sand abstraction systems could possibly shed light on the cause of the
problem at Ulundi.

A fact that was, and still is, considered anomalous, is that the design of the
Ulundi system was based on the same theoretical principles as the design of a
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similar system located in the Buffalo River near Nqutu, KwaZulu-Natal’. This
second system, designed for a yield of 180 s, had successfully been in
operation from 1979 to 1994, when problems were first experienced with the
Ulundi system. This anomaly is indicative of the complexity of the problems
experienced with sand abstraction systems.

Despite the complexity of the problem no documentation of any other
investigations into similar problems were found at the time.

NEED FOR THIS RESEARCH

As discussed previously, there are numerous advantages associated with the
use of sand abstraction systems. However, as evidenced by the Ulundi system,
there were, and are, obvious gaps in our knowledge and understanding of the
behaviour of these systems, and their performance can be somewhal
unpredictable. This research was therefore initiated to gain more knowledge
about the manner in which these systems operate and about the problems
associated with these systems. It was hoped that such knowledge would result
in an increased assurance of success with future installations of sand
abstraction systems

It was felt that an improved understanding of these systems would be extremely
beneficial, as, considering the advantages of sand abstraction systems,
(Section 1.1.2), it can be seen that sand abstraction systems have a potentially
wide application and are particularty sutable for use in the Southern African
context.

Although at least one definitive study of infiltration galleries (Helm, 1998) has
been completed since the commencement of this research, at the time there
was very little information about these systems available in Southern Africa.
There were no standard guidelines for the design of these systems, and little
documentation of systems that had been installed and were successfully in
operation or of problems that had been experienced with these systems. For
this reason it was felt that it would be extremely beneficial if a directory of
existing sand abstraction systems in Southern Africa were to be established,
covering details such as system design, method of construction, surface water

quality etc.

Combining the information obtained from such a survey with information on
theoretical and actual yield of the sand abstraction systems, it was hoped that it
would be possible to establish what factors contribute to problems of low yield.
Based on this information the intention was to establish guidelines for the
design, construction and operation of sand abstraction systems. It was felt that

' This system is included as systern number 31 in the survey of existing sand abstraction systems in
Secton 4 of thes report  Detads of this system are included in the database

RN —
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this was essential if sand abstraction systems are to be used to their full
potential in South Africa.

During the course of this research, the need for the research was repeatedly
reaffirmed. The initial response to the survey, the number of queries received
asking for advice with regard to the design of new systems, together with the
increasing application of these systems, the number of problems experienced
with the systems, and the number of people reliant on them, indicated the
existing and growing need for the research.

REPORT OUTLINE

This report discusses the research conducted into sand abstraction systems
and the findings of that research.

Initially, research objectives and hypotheses are outlined, and the Iterature on
vanous aspects relevant 1o the research is discussed.

Next, the survey that was conducted of existing sand abstraction systems is
discussed The methodologies implemented for conducting the survey,
including aspects such as questionnaires, site visits and sampling and testing
techniques are discussed. The general findings of the survey and the system
data are presented, with particular attention being paid to problems experienced
with sand abstraction systems.

Scale model testing that was conducted is discussed and the data from this
testing is presented. This is followed by discussion of the analysis of the data
from both the survey and the scale model testing. Findings and conclusions
drawn from the data and data analysis are presented, with reference to the
hypotheses postulated during the course of the research.

Based on the data and analysis thereof, a critical evaluation of sand abstraction
systems is presented. Although no design guidelines are presented, this critical
evaluation discusses aspects of sand abstraction systems that should be of
assistance to persons designing and operating and maintaining sand
abstraction systems.

Finally recommendations arising from this research are made. These include
recommendations regarding sand abstraction systems, further research and
investigations required, as well as recommendations regarding aspects such as
sampling and testing techniques and developments required in this area.

10
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2 RESEARCH OBJECTIVES AND HYPOTHESES

At the outset of the research, a number of aims and objectives were sel. These are
outlined in Section 2.1 below. During the course of the research, based on initial
findings, and as a result of problems experienced in implementing certain aspects
of the project, # became evident that it was necessary to modify these original
objectives. The modified objectives, and reasons for making these madifications,
are given in Section 2.2.

In addition to attempting 1o meel the objectives for the research, various aspects of
the research were specifically conducted to investigate a number of hypotheses
that were postulated during the course of this research. The hypotheses were
based on prior experience, findings during the early stages of the research and on
discussion in the literature. These hypotheses are presented in Section 2.3

21 ORIGINAL RESEARCH OBJECTIVES
The original objectives of this research were divided into two main sections, viz
* those pertaining to general investigations into sand abstraction systems in
Southern Africa,

« those pertaining to the specific case study of an existing sand abstraction
system located in the White Mfolozi River near Ulundi, KwaZulu-Natal. As
previously mentioned, relatively detailed investigations had already been
conducted into the problem of low yield of this system. In addiion, the
information available on the theoretical design, the construction and the
operational history of the system was complete. It was therefore felt that this
system would be deally suited as a case study for investigations into
problems of low yield of sand abstraction systems.

2.1.1 General Objectives

e Aim1 - To establish a directory and / or database of sand abstraction
systems in Southern Africa.
The directory / database was to include information on aspects such as:

» system design, including aspects such as type of abstraction pipes used.
» construction methods,

» system performance, including yield and problems experienced,

» sand properties,

» surface and abstracted water quality, including presence of bactena, and
~ site and catchment geology and rniver morphology.

e Aim 2 - To determine whether any correlation exists between system yield

(specifically low yield) and / or problems experienced with sand abstraction
systems, and system parameters such as those listed above

CHAPTER 2 - RESEARCH ORJECTIVES AND MYPOTMESES a 1"



e Aim 3 - To establish guidelines / critena for the design. construction and
operation and maintenance of sand abstraction systems.
These gudelines were to be based on the findings of the general
investigations into sand abstraction systems, as well as on the findings of
the case study of the Ulundi sand abstraction system

2.1.2 Ulundi Case Study

22

The original objectives set pertaining to the specific case study of a sand
abstraction system located in the White Miolozi River near Ulundi are listed in
Table 3 on the following page. A detailed study was to be conducted to
investigate the problem of low yield, possibly caused by biofouling, experienced
with this system. Dependent on the interim findings of the study, it was
expected that the aims would change as shown in Table 3

MODIFIED RESEARCH OBJECTIVES

At the time of setting the original research objectives, it was estimated that
approximately 20 sand abstraction systems would be located in Southern Africa
and included in the database of systems. However, over 50 systems were
found, with 39 systems eventually being studied in detail. The scope of work
regarding the development of a database of existing systems was therefore
virtually doubled.

It was found that very little base information about existing systems could be
obtained through surveys, as was initially intended. It was therefore necessary
to visit all systems included in the detailed survey, collecting data largely
through sampling and testing, visual observation of the systems. interviews with
operators and users, and from sources such as maps. The extent of work
required for data collection was therefore considerably increased from that
initially planned.

Initial investigations also showed considerably greater vanation than that
originally expected in aspects such as system design and application, as well as
in the problems experienced with the systems. It also became evident that, in
order 1o obtain a reasonably comprehensive view of sand abstraction systems
and the problems experienced with them, it would be necessary to investigate
certain aspects in more detail than originally allowed for  This included more
detailed investigations into aspects such as iron and manganese preciptation,
sand properties and biologically induced fouling.

12
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Table 3 Original Research Objectives - Ulundi Case Study

Aim 4
To determine the following with respect to the Ulundi abstracbon system

- whether microbiologically induced fouling is present in the system,
- biofoulng is present in the system, to identify the types of bacteria present in the system. and

problem of low yield of the abstraction system, or whether & was merely a factor contributing 1o the probiem

the extent to which the biofouling contributes to the problem of low yweld of the system i e. to determine whether biofouling was the main cause of the

“Wm‘mm“m‘m Hmﬂsmwmdm
system
Aim 5a Aim 5b
To determine the conditions which led to the development of biofouling in the system, specifically To determine the cause of the
i To determine whether the ii. To determine whether a once off condition or fi. To determine whether lowy»cldofm
physical parameters and event (e g. fouling of the system during flooding,  changes n the system, caused
operating conations of system  no flow through the system due to river diversion | by factors other than biofouling
are suited to the development or the excavation of the river sand during | (e.g an accumulation of fines in
of bofouing, and 1o determine | construction) temporarily created condtions that l the sand), led to the
in what way these conditions were sutable for the intial development of | development of condtions that
differ from systems where biofouling. which, once established, was were suitable for the
biofouling is not a problem maintained under normal operating conditions development of biofouling
Aim 6a Aim 6b Aim 6c¢ Aim 6d
To develop a method to control | To develop a means of eliminating the biofouling, | To develop a method to control If possible, to develop a method
the biofouling | and prevent the recurrence of events that created | the biofouling To identify the of controlling the identfied cause
conditions suitable for iofouling | root cause of the problem of low of the problem of low yield
yield and a method to control thes
problem
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The achievement of the original objectives that were set pertaining to the case
study of the Ulundi system was largely dependent on gaining access 1o this
system for an extended period of time. The access manhole to this system is
located in the riverbed, and river flows must necessarily be low in order to gain
access to the system.

At planning stage it was assumed that access 1o the system could be gained
during the dry season, as had been the case during a number of years
preceding the commencement of this research. Exceptionally high rainfall,
however, occurred throughout the research period. This resulted in river levels
being too high to permit access to the system for the majority of the research
period. It was therefore not possible to proceed with detailed investigations and
testing at the Ulundi system as originally planned

Due to these problems, and based on the initial findings of the general
investigations, the original research objectives were modified. It was felt that
the maximum benefit would be obtained from the research if the emphasis were
shifted from the case study of the Ulundi system to the development of the
database of systems and to more general investigations into aspects relevant to
sand abstraction systems. In addition, the analysis of data was largely 1o be
omitted from the project, with the emphasis being placed on data collection.
The data collected could then be analysed in future work.

The scope of work pertaining to the general investigations was therefore
increased, with the objectives for this portion of the work being somewhat
refined. Simultaneously, the scope of work pertaining to the Ulundi case study
was considerably reduced, with some of the onginal objectives of the research
being omitted.

Finally, t was considered that the problems surrounding the design, apphcation
and operation and maintenance of sand abstraction systems were far more
complex than originally thought. Due to the complexity of the problem, it was
felt that, based on this research, it would not be possible to develop true design
or operation and maintenance guidelines or criteria for these systems. Rather,
emphasis was to be placed on data collection and evaluation, and on the
identification of problem areas and areas requiring further investigations. Based
on evaluation of the data collected, critical observations regarding the design
and application of sand abstraction systems should be presented. The modified
research objectives are detailed in Section 2.2.1.

2.2.1 Modified General Objectives

e Aim1 - To establish a drectory andfor database of sand abstraction
systems in Southern Africa
The directory/database was to include information on the following aspects:

» location and catchment of abstraction sites,

14
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» system design, including aspects such as type of abstraction pipes or
screens used and type of implementation,

» construction methods,

» system performance, including any problems experienced,

» sand properties, including sand grading, bulk density. particle density
and permeability.

» surface and abstracted waler quality, including presence of bacteria, and
changes in these parameters,

» site and catchment geology. and

» river morphology.

The long-term objective of the development of the database is to establish
correlations between system parameters and system performance. The
establishment of such correlations would allow for the identification of
parameters that could be used as indicators at planning and design stage of
potential poor performance or possible problems that could be experienced
with a proposed abstraction system. This would, in turn, allow for the
incorporation in the design of suitable methods for the operation and
maintenance of systems, or even for the selection of a more appropriate
method of abstraction.

In addition, parameters could be identified that could be used as indicators
of the development of problems in existing abstraction systems. By
mondornng these parameters in existing systems, mitigatory measures could
be taken in the early stages of the development of problems with the
systems,

Considering these long-term objectives, and the fact that sand abstraction

systems are often implemented in situations where development and

planning costs necessarily be kept to a minimum (e g. rural water supply), it

was considered important that data be collected in a manner such that:

~ sampling methods used were simple, easy to perform and would be
readily accessible and affordable to the designer,

~ all testing conducted to establish sand and water quality parameters be
readily accessible and affordable to the designer,

» readily available data sources could be used by designers (e.g 1:50 000
topographical maps) using simple and inexpensive methods

Data collection was further defined by the requirement that data be collected
such that it allowed for particular investigation into the following aspects:

~ possible problems caused by biological fouling.
~ possible accumulation of fine sand around systems and subsequent
clogging of systems, and
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~ possible problems associated with iron and / or manganese precipitation
and / or poor quality of abstracted water due to high iron content.

e Aim 2 - To determine whether any correlation exists between system yield
(specifically low yieid) and / or problems expenenced with sand abstraction
systems, and system parameters such as those listed above.

It was noted that due 1o the generally qualitative nature of the data collected,
correlations could not necessarily be established on a statistical basis. As
previously mentioned, full analysis of the data collected was not covered in
the scope of the project. Correlations were to be established using simple
methods such as graphical plots.

e Aim3 - To conduct detaled investigations into vanous factors that will
influence the peirformance of sand abstraction systems. and hence the

design approach that should be adopted
Factors to be investigated included:

~ the effect of screen type on head loss through a system, and
~ the effect of bulk density on permeability.

e Aim 4 - To present a critical evaluation of sand abstraction systems as an
ad for the design, construction and operation and maintenance of
abstraction systems

Aspects o be considered in the critical evaluation included:

» initial investigations and data required to aid in determining the feasibility
for the application of sand abstraction systems,

» discussion of potential problems,

~ analysis of successful applications, and

~ operating procedures implemented at successful systems

2.2.2 Ulundi Case Study: Modified Objectives

23

The specific aims pertaining to the Ulundi system largely fell away.
Investigations into the problem of low yield and possible biological fouling that
could be completed at this system were 1o be continued, bul this system was to
be treated purely as one of the systems included in the general database.

HYPOTHESES

As previously mentioned, a number of hypotheses were postulated during the
course of this research. Initially the hypotheses were based largely on the
experience gained at the Ulundi abstraction systems, and the results of the
original testing conducted at this system. A number of hypotheses were based
on the observation of major differences between the Ulundi and Nqutu systems.
This was considered a basis for postulation as, even though the systems were
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designed on the same theoretical basis, extensive problems are experienced
with the Ulundi system, while the Nqutu system has successfully been in
operation for a long period.  Although not necessarily substantiated by the initial
investigations or the literature, hypotheses were also based on a basic
understanding of sand abstraction systems and of natural river systems.

Hypotheses that were postulated with reference to the Ulundi system were
extended o sand abstraction systems in general. Additional hypotheses were
also postulated during the course of the research. These were based on the
findings of the inttial phases of this research and discussion in the terature.
The hypotheses. and the basis for the postulations, are presented in Table 4

Table 4 Hypotheses on the Failure of Systems

Hypothesis Basis for Postulation
1. Biologically Induced Fouling

1 1a  Clogging of the screens by bologically  Findings of the investigations conducted prior
induced fouling 1s @ major cause of the 1o commenang this research mdcated that
reduced flow in the Ulund sand bofoulng could be causing the problem at this

— abstraction system. L system
110 Bwlogkally mduced fouling results n
clogoing anc reduced yekl of sand Extension of 1. 1a
oo abstractonsystems =<0 & 2 i 4
12  Bologkally induced foung n the Uundi | Inita investigations samples taken from the
system 1 caused by iron reducing / systermn were Jdentfied as ron bactena of the
—— ox:sing bactena . ____9enus Leptothm
132 The shape of the siots of the screens First prnciples and mayor difference from

used in the Ulund: system s such that the  Nqutu system  The form of certain siot shapes
screens are more prone 10 diokouling |m1mmnm«cbom'deau'uenm
flow velocties are very low, thus allowing for

attachment of bactena

130 Cenain screen types are more prone 1o
____ bologically mduced foukng
14 Although the conomons at the Ulunds
system may be extremely sutabie for the
development of beofoulng it 1s postulated
that the problem was nibated and
exacerbated by events that occurred
dunng the early ide of the system

14a The development of biofilm in the Ulundi  First principles and iderature It 18 known that
system was indiated as a result of the | bacteria adhere 1o fine particles  If this wevre
flooding of the system pnor 10 completion | true. then a large amount of bactena would
of construction when a large amount of ~ have been washed into the system together
fine sand and rubbish was washed into with the fine sand, thus seeding the system
the system It is postulated that dunng Under normal operating conamions these
this event, the systemn was seeded. In particles would largely have been removed
Bddmon the presance of fne sand from the water as it amered the system, as the
particies in the system faciitated the water would have been filtered as & passed
cevelopment of a biofilm through the sand bed  The presence of the

fine partcles n the system would have

faciitated the development of the biofilm_ as

the surface area for attachment would have

noreased considerably from what it would

Extension of 1 3a

have been under normal circumstances
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Table 4 Hypotheses on the Failure of Systems (cont.)

Hypothesis ; Basis for Postulation
1. Biologically Induced Fouling (cont.)

140 Folmngmpbtmolhsmmumr: Frst prncples  For a bofam to develop
waler was drvened away from the system | velocties must be suthcently low 1o allow

This allowed for the development of a biofilm | for attachment of bactena o a surface

in the system I The diversion of the water away from the

e —e e —— " —— et it it - -

ismmﬁﬂnmhﬂnam

n the velocties through the screens, thus
faciltasng the development of a bofilm

15 Anxhough bactenal growth can be expected n |

whach this growth occurs and the associaled

nsk of clogging by bofoulng will vary
depending on system conditons

biofoulng s influenced by and can therefore
be indicated by the surface water quaity

1.7 mle‘vcialvmrtol;oggmgol-a'syﬂmw
biofouling is 10 some extent mfluenced by,
and can therefore be indicated by upstream

1.8  The level of risk of clogging of @ system by
biofouling s 1o some extent mfluenced by,
and can therefore be indicated by upstream

) geclogy. ]

16 Systens where flow is manly subsurface will
be less prone 1o problems of clogging by

biofouling,

all sand abstraction systems the exient to ‘ Frst pnncples. Inibal findings of research,

by biofouling of some. but not all systems

16 The level of nsk of clogging of a system by 'Fompnnupln Development of eofikm will

where it appeared that there was clogaing

be dependent on conditions beng sutable
for bactenal / algal growth  This would
_Inchude nutnent levels, turbidity elc

First principles  If postulate 1 6 holds true
then this should apply, as land use aflects
water qualty

then this should apply, as geology aMects
water quality

Furst pnncgles and observaton "Mm,
subsurface nutnent feed 10 the system
should be less.

2. Sand Properties

21a The nature of the sand at the Ulund: sand
abstraction system changed followng

with an accumulation of fines in the system, |
particularly at depth.  This is contnbuting 1o '
S penserpaoanes

instaftation of the sand abstracton system, | Findings of the intial investgation indcated

an accurnulabon of fines in the sand

21 The installaton and operaton of sand
abstracton systems will alter the nature of
_____ thesuroundngsandbeds
22a The accumulation of fines i the Ulund: sang
is partly due 10 the presence of the weir
mmediately downstream of the system
22b  In centain types of sands, If there is a wewr
downstream of a sand abstraction system
__then fines will accumuiate in the sand.
The accumulation of fines at depth in the
sand at Ulundi s partly due 10 the nature of
the sand itself, with the finer particles having
a tmgher specific density than the coarser
particies. Thes in tum would be due to the |
geology of the source rock

4

23a

2.3b  In certain types of sands the fine particles

have a hgher density than the coarser
particles. In such sands the fing particies can
_accumuiate at depth in the sand

- ——

practice of using denser fine matenals such

mm——— e e

Extension of 2.1a
First prncples. Major difference from the
Nautu system

Extension of 2 2a

Frst prnoples. The accumulation of fines
at depth 18 anomalous i purely the
hydrauhcs of the problem are consdered
This idea was posiulated by a member of
the sleering committee based on the

as garnet in engineered sand filters

Extension of 2 3a

—————————————— =
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Table 4 Hypotheses on the Failure of Systems (cont.)

depth in the sand nverbeds ‘

Hypothesis I Basis for Postulation
2. Sand Properties (cont.)
23c  In cenan geological condions. 4 can be |
expecied that fines will accumulate at Extension of 2 3b

24 Sand permeatvity as measured In the
laboratory is not necessany a true

representation of the in situ permeabeity,

__hot necessanly taken mio account
The theoretcal empincal formulae that are
commonly used 1o estimate sand
permeatrity based on the sand grasng

as the buk in situ density of the sand s

Findings of mtial investigations It was found
that minor changes made to the compacton of
the sand in a permeameter dramatcaly
afected the measured permeatility of the
sand

Findings of mitil mvestgatons 1t was found
that the calculated permeabdty of sands wih

@0 not account for sands with a very fine i
fracton even when this fracton
constitutes a very small peccentage of the |
sand.

Depending on the particke shape, the
permeability of sand s markedly aMected
by the presence of a very fine fraction
The permeabtiity of the sand s afected by
the upstream geology, nver marphology
and land use  In lurn these factors can be

26

27

anmpmooies "poomlan?ﬁholmmﬁ-;

a very fine fracthion did not match the
measured permeability. Modification of the
empincal formulae. catenng for the fine
fraction. appeared 10 give a better correlation

Observaton

|

shoukt hole true. Particie shape wil be
aflected by geology and particie size will be

usec as macators of polential success of
sand abstraction systems

affected by niver morphology. geology and
land use

3. Iron and / or Manganese Precipitation

a Clogging by won and / or manganese
Precextation somebmes causes problems
of reduced yweld

Findings of mitial investigations

Rusk of clogging by won and / or
manganese precapitation can be indicated
bywmlm'qudc_y .

Risk of clogging by won and / or
manganese precipitation can be indicated
by immediate and upsiream geology

a2

33

34 Cloggeg by iron and / or manganese
precipitabon can not necessanly be
separated from clogging by bactena, the
WO Mechanisms acting in congunction
with each other

4

First principles It was noted that thes maght
not be the case due 10 the oxdised state of
______ thesurface water
Fust pnnciples and findings of natial
investigatons Upstream and immediate
geology will affect the ron and manganese
content of subsurface waters  Inmal
investigabons indCated that the problem was
prevalent in specific geographic areas |
Findings of nitial investigations and Merature
Intial invesbgatons showed an increase in
total bactenal counts where clogging by iron
precp@ation was reported. It s noted in the
Iterature that pariculate matier s often
incorporated in biofilms, thus appearing to be
@ purely chemical precipetabion

1

4. Screen Selection

41 The type of screen used will affect the
performance of a sand abstraction
system

Literature It 15 réported in the Iderature that
| the screen type can have a marked eMect on
‘ borehole performance, as the flow rate
' through the screens, as well as through the
Y surrounding aquifer 18 mfluenced by the

screens
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Table 4 Hypotheses on the Failure of Systems (cont.)

Hypothesis Basis for Postulation
5. General
51 Geofabnes should not be used in sand
' F@‘Mmmum

52 The method of constructon of a system
may affect the performance of the system.
possibly increasing the nisk of teofoulng of

the systam or alterabon of sand
properies

The construction method was a maor
difterence between he Ulund and Nguty
systems  Members of the Department of
Water Alairs and Foresiry postulated this.

53 Ideally, systems should not be operated at |
veloaties less than a certan meumum

velocty. If velocfties are lowes than some

(@5 yet undetarmined) minmimum velocty

fines will not wash through the sand and
system. will accurmulate in the sand

surrounding the system and will therelore
reduce the permeability of the sand

Follows on postulates 2

5& In sands with high fings content, the
development of biofouling in an
abstrachon system will exacerbate the
accumulation of fines in sand surrounding
a system The development of bofouling
n @ system wall result in @ reduced flow
through the system and surrounding sand |

This, in turn, will result in an accumuiation |
of fines in the sand, as velocibes are Follows on postulate 53 Observations
suMficient 10 draw the fines 1owards the !
system, but not sufficently high 10 draw |
the fines through the system The l
permeabity of the surrounding sand will
therelore reduce with time the
mechanisms of cloggng by biofouling ang
dogging of the sand acting in conunction |
10 reduce the yelkt of a system |

55 The yield of systems that are not operated |
regularly and / or are only operated at a
fraction of their desgn yield will generally
reduce »n ime There will be an increase
in problems expenenced with biofouling,

cloggng of the sand, ron and / or |
manganese precpitation and high iron
content of the abstracied water
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3 LITERATURE REVIEW

3.1 SAND ABSTRACTION SYSTEMS

3.1.1 Introduction
In the Wterature review it was found that various types of sand abstraction
systems are commonly in use all over the world to provide in the supply of water
demand. The types of abstraction systems used were generally dependent on
the volume of water required and the nature and position of the alluvial deposits

Most of the sand abstraction systems found in the Merature make use of an
infiltration process to abstract the water from the sand. According to Helm
(1998) the concept of using infiltration for the supply of potable and irngation
water is at least 2000 years old Wells dug by hand in the bed of an apparently
dry river was a common and probably the oldest “constructed” method
employed by rural populations in arid and semi-arid parts of the world to collect
water through infiltration

3.1.2 Purpose of Sand Abstraction Systems

Hussey (1999) stated that many communities in many countries are dependent
on groundwater for all their water needs. Johnstone (199_) supported this view
by stating that alluvial aquifers have increasingly become a potentially viable
source of water 1o meet domestic, commercial, mine and agricultural demand.
Johnstone wrote that the main purpose of any designed water abstraction
system is to yield the required volumes of water, free of sand and silt, and as
efficiently as possible.

In a technical publication of the United Nations Environment Programme
(UNEP) in 2000 a sand abstraction system is described as a method involving
the use of slotted cast iron or PVC pipes drilled into a sand-filled river bed,
connected to a mainline or manifold and a pumping system. In small-scale,
domestic systems, wells or casings are usually sunk into the sandy nverbed and
fitted with simple hand pumps or a bucket and windlass assembly. UNEP
further stated that freshwater abstraction from sandy riverbeds is widely used in
Zimbabwe and Botswana for farming and domestic supply purposes and has
great potential for freshwater augmentation

Helm (1998) stated that the initial principle of filtration through river sand beds
has evolved over time to such an extent that recently entire cities, including a
power station, were supplied from this source. Various abstraction systems
such as perforated brick tunnels, vaulted adits and gallenes were constructed
during this time to access and abstract the water from the niver sand beds.
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3.1.3 Types of Sand Abstraction Systems

3131

3132

3133

“Traditional” Sand Abstraction Wells

Burger and Beaumont (1970) stated that the principle of storing and
conserving water under a cover of sand was well known to the primitive
inhabitants of Southern Africa and that they used to dig shallow wells or
probed for water with hollow reeds in the dry riverbeds. According 1o Helm
(1998) hand dug wells in the bed of an apparently dry river was a common
method employed by rural populations to collect water in and and semi-arid
pans of the world

In surveys of water supplies in Zimbabwe and Botswana by Hussey (1999)
and Davies et al (1995) respectively, many examples of shallow hand dug
abstraction wells were found. These wells were usually dug in the river sand
down to the river bed to a minimum depth of about 4 0 metres and then
protected from animals by placing thorn fences around them

infiltration Galleries

Where “traditional” sand abstraction wells supply insufficient yield the
method of infiltration gallenes s often used in situations of shallow
groundwater and limited depth of aquifers. Helm (1998) stated that
infiltration galleries are commonly used in conjunction with surface water
sources where they are either bed mounted (placed under the source) or
bank mounted (placed adjacent to the source). Helm defined a typical
infiltration gallery as consisting of a perforated pipe positioned within an
aquifer and discharging to a sump from where the collected water is pumped
or drawn. Buss (1981) described an infiltration gallery as a screen or series
of screens installed in a gravel filter pack in a bed of a lake or stream along
its shore.

According 1o Hussey (1999) the most effective way of constructing an
infiltration gallery is o install perforated pipes on or below the riverbed and
then to backfill with an aggregate rather than the surrounding sand particles
The perforated pipe would then drain into an offset false well on the
riverbank from where water could be abstracted by either a bucket or hand
pump.

A major advantage of infiltration galleries is that it is relatively inexpensive to
install and that the yield could easily be increased by just adding additional
collection surface area for infiltration

Infiltration Wells

Helm (1998) defined infiltration wells as large diameter wells of typically 3 0
meter in diameter. The larger the diameter of the well the greater the
surface area available for infiltration and hence the more water can be
collected.

2
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Infiltration wells are generally built as point sources in either a niver bed or on
a river bank, depending on the hydrogeclogical conditions prevailing at the
ste. The lower part of the well is normally constructed with porous or
perforated concrete to ensure sufficient flow of water into the well.

According to Cornelissen (1970) several 3.0 meler diameter perforated
concrete wells as well as two 7.6 meter diameter perforated concrete wells
were successfully constructed during 1946 in the Buffels River in
Namaqualand, South Africa.

3134 Collector Wells

According to Helm (1998) collector wells. also known as Ranney wells in the
USA. s an adaptation of infiltration galleries but operate on the same
principles. The Ranney collector well is generally constructed by using the
open-end caisson sinking method to form a reinforced concrete shaft that
serves as the wet well or pumping station. A bottom-sealing plug is provided
1o make the caisson watertight. A series of lateral well screens are then
projected horizontally from the caisson into the aquifer formation at one or
more elevations in a variety of patterns and varying lengths. |If required,
artificial gravel-pack fiters could be installed. The caisson is normally
extended to a level above the design flood level before it is fitted with a
pump house and the required controls.

The collector well can be constructed in either the river sand bed or on the
riverbank depending on the specific hydrogeological conditions at the site It
is a simple process 1o increase the yield of a collector well by the addition of
extra lateral screens.

Until recently the construction of collector wells were very expensive but due
fo the development of appropriate equipment and technology these wells
can now be constructed at lower unit cost of water than the more traditional
methods.

3135 Well Point Systems

Well points are a simple and quick solution to abstract subsurface water and
are generally used in cases where smaller volumes of supply are required.
Johnstone (199_) defined a well point system as a group of closely spaced
small diameter wells, connected to a header pipe and manifold and pumped
by suction Iift. Individual well points are normally positioned by driving or by
jetting methods. Cashman (199_) stated that suction pumping is limited by
the physical bounds of suction lift and that a multi stage well point installation
should be made if more lowering of the water table is required

Several well point systems have been installed in Southern Africa and are
performing quite well. Comelissen (1970) described the installation and use

~_of well point systems in the Buffels River in 1947 to augment the water
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3137

supply to a nearby mining company  Although yields of up to 16000 litre per
hour per well point were achieved, some problems were experienced with
clogging of openings by fine sand, corrosion by saline water and the need
for repeated lowering of suction points as the water level dropped

Gittens (1986) reported on the performance of a 12 well point system in the
Sabie River in Zimbabwe where about 1.0 million ltres per hour was
abstracted from the river sands and also another 8 well system where about
0.33 million litres per hour was abstracted from a “dry’ nver bed in the
Limpopo River

Screened Tube Wells

Screened tube wells are defined as large diameter PVC or steel tubes with a
porous section to allow water 1o enter the tube and then be extracled by
pumps situated in the tube well. According to Johnstone (199_) the optimum
location for screened tube wells are in alluvial aquifers with a saturated
thickness of more than 7.0 meters to allow for sufficient draw down after the
installation of a screen and pump. The pump is installed within the tube well,
which allows for greater fluctuations in water levels in the sand. Generally
this is a more efficient system in terms of power requirements and water
supply.

Sand Storage Dams

According 1o Burger and Beaumont (1970) the first recorded construction of
a sand slorage dam in Southern Africa was a weir built in 1907 near
Windhoek. The weir was completely sited up by 1913 and yielded a steady
supply of water at that time  Wipplinger (1958) studied the use of sand
storage dams in semi-arid regions and mentioned several other successful
sand storage dams in the United States of America and Germany which
yielded “small but dependable” volumes of water.

In essence a sand storage dam consists of a weir-type structure placed
across a watercourse behind which layers of sand are deposited by
successive floods (Burger and Beaumont, 1970). The sand absorbs
floodwater, which can then be withdrawn over a period of time by means of
wells or drainage systems. Wipplinger (1958) stated that in small sand
slorage dams a well at the dam wall, surrounded by surtable filters, would
provide sufficient drainage. However, in larger dams the drainage system
should be specifically designed and extended upstream into the dam basin
to allow for the low permeability of the silt and sand deposits.

More recently Chunnett, Fourie and Partners (1995) designed and installed
a waler abstraction system in the sand trapped behind a weir in the White
Mfolozi River near Ulundi in the Kwazulu-Natal province of South Africa

L
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Design and Construction Guidelines

The design guidelines found in the literature is more applicable to large-scale
sand abstraction systems where high volumes of water supply are required.
Many design quidelines are based on practical experience and experimental
results obtained in the field or in laboratories. Although not much formal design
guidelines for small-scale sand abstraction systems were found in the Iterature
survey, the principles are essentially the same as for large-scale systems.

Johnstone (199_) stated that any system designed to abstract water from sand
is dependent on the following three criteria

e The volume of water required,
 The nature of the alluvial deposits, and
¢ The geographic position of the sand deposits in relation to flood events

It is obvious that the yield from sand abstraction would be insufficient if the
volume required were more than the volume stored and the net recharge to the
alluvial aquifer. The potential yweld is further dependent on the permeability and
thickness of the saturated alluvial deposit. The location of the sand deposits in
relation to the river flow needs to be considered in the design of a well in order
to minimise potential flood damage to the abstraction system.

In a technical bulletin published by Edward E Johnson Inc (1955) it is stated that
the yeld, and therefore the design, of any well in water-bearing sand is affected
by the following three factors:

« The natural characteristics of the water-bearing sand,
* The elements of well design (type. layout and sizing of well) and
¢ The methods used in constructing and developing a well.

Although a designer has no control over the natural characteristics of the water-
bearing sand, an experienced designer could at least select the site where
aquifer conditions are most favourable for maximum yield. It is further within the
designer's control to design an abstraction well that is best suited to the
hydrological and geological conditions prevailing at the selected site. The
designer or contractor could also control the third factor impacting on the yield
by using appropriate methods to construct and develop the well

Typical design and construction guidelines for the various types of sand
abstraction systems are described in the following paragraphs, taking into
account the factors impacting on the design of such a system

“Traditional” Sand Abstraction Wells

No formal design guidelines exist for “traditional” sand abstraction wells. For
generations these wells were simply dug by hand in the sand beds of
seasonal rivers where subsurface water were found. The size and depth of
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these wells varied depending on the depth of the water level in the sand and
the volume of water supply required.

A simple method of constructing small “traditional” wells is described in a
paper presented by Hussey (1997) at the 23 WEDC conference. As the
walter in a seasonal river drops below the surface of the sand the people
excavate the sand up 10 the waler-bearing layer and then drive a drum with
no top or bottom into the wet sand. The sand is then scooped out from
within the drum until a depth of about 150 mm of standing water inside the
drum is achieved. A lid was then placed over the drum to protect the well
from drifting sand. The wells were usually protected from access by wild
animals by placing thorn fences around the perimeter of the wells

According to Hussey the steep walls of some of these wells created stability
and safety problems during rainy periods and when the river initially starts
flowing the protective thom fences are washed into the wells and trap the silt
and finer sediments. This in turn clogs up the river and makes it difficult for
people to find optimum well sites in the following season

Infiltration Galleries

Helm (1998) carried out extensive research in the design and construction of

infiltration galleries. According to Helm the main design criteria for infiltration

galleries are the following:

a) Sili { the infiltrati I
Infiltration galleries could be installed in either the riverbed or the
riverbank of perennial and ephemeral rivers. Generally the presence of
phreatophytic vegetation would be a good indication of the presence of
underground water and a potential site for an infiltration gallery. Other
factors such as the river morphology, surrounding land use or nearby
weirs all have an impact on the possible siting of infiltration galleries and
should be taken into consideration during the design stage.

Buss (1981) wrote that the primary application for an infiltration gallery is
in shallow aquifers and that natural barriers such as impermeable rock
formations could greatly enhance well efficiency.

b) Estimation of yield
The yield of a gallery is dependent on the hydraulic head above the
gallery and the hydraulic conductivity of the water-bearing formation. In
most cases the hydraulic head would be low due to limitations on the
depth at which a trench laid gallery could be placed. In such cases it is
imperative 1o position galleries in materals of high hydraulic conductivity,
such as alluvial deposits

26
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According to Helm typical values for hydraulc conductivity (k) in

m’/m’/day is as follows.

e Fine sand 1-5

e Coarse sand 20-100

o Gravel 100 - 1000
¢ Mixed sand and gravel 50 - 100

These values, used in conjunction with the hydraulic gradient, could be
used o estimate the potential yield from an aquifer.

c) Soil testing
In order to determine the suitability of soils for infiltration galleries Helm
suggested that a sieve analysis be performed on the soils. The grain
size distribution curve normally provides useful information on the
following material characteristics:

o Degree of sorting ~ this is also known as the Uniformity Coefficient
(C,), which is equivalent to the ratio Dy/Dys. A well-sorted material
(C, < 2) is desirable for improved specific yield.

o Effective size -  normally taken as the D,; size, which is commonly
used for the selection of slot width for well screens

¢ Hydraulic conductivity — an empirical formula based on the D, grain
size has been developed in recent work in sand rivers in Zimbabwe
It is suggested that
k=7753(Dy)~ 16104

be used as an approximation of the hydraulic conductivity based on a
sieve analysis.

e Specific yield — Helm stated that a logarithmic relationship between
specific yield and hydraulic conductivity was established for sites
tested by Mutsvangwa in 1998 The suggested formula is

S, = 12 426In(k) ~ 19 98

where S, is the specific yield (%) and k is the hydraulic conductivity
(mvs).

d) Collection pipes or screens

Design guidelines recommended by Helm and Buss for collector pipes

and screens are more of a qualitative nature and are summarised in the

following paragraphs.

o Where possible the largest diameter pipe available or affordable
should be used while at the same time sufficient flow is maintained in
the pipe to prevent deposition of fines. In any event the minimum
pipe size should not be less than 100 mm in diameter in order 1o
facilitate cleaning of the pipe
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Allowance should be made for potential clogging of the pipe by
increasing the required length of the pipe in order to maintain supply
of the design yield.

In order to minimise head losses the gallery should be placed normal
o the groundwater flow where possible.

The spacing between individual collector pipes should be at least 3.0
metres in order to minimise hydraulic interference of collector pipes
on one another.

The flow velocity within the collector pipe should not be higher than
0.9 m/s in order to minimise turbulence and head losses and it should
not be lower than 0.5 m/s in order to prevent sediment deposition.

Pipes in gallery trenches should have a slope of 1:100 towards the
clearwell

Where screens are used the slot widths should be based on the
gravel pack or envelope available and should retain 100% of the
gravel pack or envelope. The entrance velocities into the screens
should be limited to 0.03 m'/s in order 1o reduce head losses and
growth of bacteria.

Gallery collector pipes or screens should be constructed at least 0.5
metres below the dry season water level and placed on a gravel layer
of minimum 0.3 metres thick. Where iron or manganese are present
in the water the gallery should be placed at least 4 to 5 metres deep
to reduce the presence of dissolved oxygen and the possibility of
encrustation.

In rivers prone 1o flash flooding and where bed fluidisation occurs the
collector pipes shoukd be placed deeper and/or anchoring of the
collector pipes to the river bed should be considered.

e) Gravel backfill
A gravel backfill around an infiltration gallery is essential and serves the
following funclions:

Prevention of finer particles entering the gallery

Provides improved hydraulic conductivity in the area between the
gallery and the formation.

Allows for the use of larger slot sizes in the gallery pipe.
Reduces turbulent flow and consequently head loss at the screen.

According to Helm the surrounding gravel filter pack should be graded in
successive layers of decreasing coarseness with increase in distance
from the gallery. Sami (1998) suggested that each successive layer
should consist of particles of which the Dy, size is about 6 times greater
than the Dy size of the adjacent filter layer. Filter layers should be at
least 100 mm thick.
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Mixed results have been attained in infiltration galleries where filter packs
were substituted with geotextiles. Clanahan (1997) encountered several
gallery systems where clogging problems occurred whereas Cansdale
(1998) and Hussey (1997) reported some successes in the use of
geotextiles.

f) Collection sump
Helm proposed the following general design and construction guidelines
for collection sumps and clearwells:

 Collection sumps should be positioned and sized so that it is easily
accessible for operation and maintenance.

* Allowance should be made for desilting of the sump and access for
maintenance work on the collector pipes.

e Collection sumps are normally constructed using the open-end
caisson sinking method where reinforced concrete rings are sunk into
the river bed by excavating the sand on the inside until the desired
depth is reached

e A concrete plug of at least 100 mm thick should be placed at the
bottom of the collection sump to seal off the sump

o Where possible provision should be made for backwashing capability
from within the sump. According to Buss (1981) the backwash rate
should be twice the maximum pumping rate.

Infiltration Wells

Not much literature is available on the design and construction of infiltration
wells However, infiltration wells are essentially large-scale replicas of well
points and the same basic design critena as for well points could be applied
to infiltration wells,

Infiltration wells are usually built as point sources in a sand bed of a river
using concrete caissons and placing a porous plug in the base. The porous
plug acts as a filter to prevent the entrance of silts and sand particles.
Porous or perforated concrete is normally used for the lower caissons to
ensure sufficient flow of subsurface water into the well

For easy access and to prevent flood damage to pumps and other expensive
equipment a collection sump is often built on the river bank and connected to
the well. This collection sump is then fitted with the required pumping

equipment

Infiltration wells could also be installed in the river bank provided the
hydrological and geological conditions are favourable, such as the presence
of sufficient permeability between the water source and the abstraction point
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Cornelissen (1970) described the construction of several 3 0 meter diameter
perforated concrete wells as well as two 7.6 meter diameter perforated
concrete wells in the Buffels River in Namaqualand, South Africa, in 1946
The wells were constructed in the riverbed by casting a bottom ring on site
and adding more rings as the wells were deepened. The two large diameter
wells performed satisfactonly but the smaller 3.0 meter diameter wells were
found to be less effective and impractical for the required large scale
pumping.

Collector Wells

Ranney originally developed the concept of radial collector wells during the
early 1920's when drilling for oil in Texas in the United States of America
The technology was later applied to water recovery systems in the early
1930's. A collector well operates hydraulically very similar to a vertical well
with the difference being that lateral well screens are installed horisontally
near the bottom of the water-bearing formation in order to better utlise the
saturated thickness of the aquifer.

The Ranney collector well system is patented and each well is designed in
accordance with site-specific environmental and operational criternia, which
include the following:

* Riparian and in-stream environmental issues,

« stream flow and stage data,

« bottom and velocity profiles of the stream and

* geotechnical conditions al the intake assemblies and caisson wet well

The information gathered from the criteria listed above is used to optimise
the location of the system, the screen sizing, the entrance velocities and the
construction methods best suited for installation of the system,

Typically a collector well consists of a reinforced concrete caisson which
serves as the wet well or pumping station. The caisson is normally
constructed in the sand bed using the open-end caisson sinking method. A
bottom-sealing concrete plug is poured at the bottom of the caisson to make
it watertight. The diameter of the caisson is dependent on the size of the
pumps and access requirements for operation and maintenance of the
system. The Swiss recommended a minimum diameter of 1.60 metre for the
Fehlmann collector well (similar to the Ranney well) developed by them,

A series of lateral well screens are projected horisontally from the caisson
into the aquifer formation at one or more elevations in a varnety of patterns
and varying lengths, depending on the characteristics of the formation, the
required yield and flow restrictions within the individual pipe or screen. After
installation of the screens each radial is individually developed to remove the
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fines from the formation in the area adjacent to the screen. This normally
results in a higher yield and efficiency of the well. It is a simple process to
further increase the yeld or efficiency of a collector well by adding extra
lateral screens and thereby making maximum use of the aquifer drawdown

The caisson is normally extended 1o a level above the design flood level
before it is fitted with a pump house and the required controls.

A typical example of a collector well system in South Africa is the system
designed by Chunnett, Fourie and Partners (1978) in the Buffels River in the
Kwazulu-Natal province. The system consists of four collector wells on the
bank of the Buffels River, with four to five horizontal radials positioned into
the river sand bed from each well. Typical design criteria used for this
system were the following:

e Abstraction rate - a rate of 170 Itres per second to prowvide for the initial
water demand of a nearby town.

* Available yield - surface water will be abstracted through the sand bed in
the river, which would act as a filter medium. During low flows the
surface water would be supplemented by water released from a dam
upstream of the system.

o Sand properties - test results on the sand indicated a permeability (k) of
between 1.6 10 4 8 mm per second

e Siting and layout of the system — the system was located on the river
bank of the Buffels River to provide easy access during operation and
maintenance of the system. Four collector wells were installed along the
river bank and from each well radial well screens were horisontally
positioned into the river sand by means of jacking methods. The radials
were placed at a depth of 4 0 metres to minimise the impact of bed
fludisation on the system. The four wells were connected o a
gravitational pipeline flowing into an abstraction tower from where the
collected water would be pumped.

« Filtration rate - the filtration rate at the surface of the sand was limited to
0.4 mm per second to minimise possible clogging of the sand bed.

e Hydraulic gradient - the hydraulic gradient was limited 1o a maximum of
06 in order to maintain laminar flow and the application of Darcy's
equation for flow in a porous medium.

e Screen flow velocity — the flow through the slots in the screens were
limited to a maximum of 0.03 metres per second to minimise head loss
and possible clogging of the slots

¢ Pipe flow velocity - the flow velocity in each pipe was limited to between
0.5 and 0.9 metres per second to prevent deposition of fine materals
inside the pipe and to minimise head losses
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e Width of siot openings — the width of the siot openings in the screens
was selected as 0.15 mm to retain at least 80% of the surrounding sand
outside the screens.

o Collector wells - the diameter of the collector wells was 3.50 metres to
provide sufficient access for the installation of the radial screens. The
wells were also provided with ventilation pipes to prevent the formation of
air pockets and subsequent reduced flow inside the system.

The design equations and flow nets used 1o determine the flows, head
losses and the H-Q curves for one radial cover with 4.0 metres of sand are
included in the design report by Chunnett, Fourie and Partners (1995).

During construction it was necessary 1o build cofferdams to prevent flooding
of the works.  After completion of the excavations 1o the required levels the
reinforced concrete wells were built in-situ and backfilled. The honsontal
radials were then dnlled through the sandstone formation into the river sand
bed. After this the well screens were installed by means of a steel casing
that was jacked into the sand formation up to the required length. During
construction the system was flooded and since completion of the
construction problems were expenenced with reduced yield.

Well Point Systems

Not much design guidelines specifically aimed at well point systems were
found in the Werature survey. According to Hussey (1997) the most
important aspect for the design of a successful well point system is the
sizing of the individual parts or members of the system.

Hussey further stated that the required yield and the velocity of water in each
part of the system should determine the number of well points required, the
size of the manifold, the size of the piping 10 the river bank and the type and
size of pump required. The layout and configuration of a well point system
atl a particular site could therefore be optimised by using standard hydraulic
design formulae for the sizing of individual parts of the system.

Practical design guidelines regarding the siting of the well points, the type
and the size of screen slots are important issues 1o be considered for
maximum yield. Gittens (1986) reported on a project where a 12 metre thick
water bearing formation was located by means of a preliminary geophysical
survey. Eight wells, with 152 mm stainless steel continuous slotted screens,
were installed at 18 metre intervals in this formation. The continuous slots
were wedge shaped and had a width of 0.075 mm in order to hold back at
least 60% of the fines in the water bearing formation. Once the screens
were in position they were developed using surge plungers to remove the
fines from the formation in the area surrounding the well thereby improving
the permeability of the surrounding soil

w
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The wells were then tested at a pumping rate of twice the required yield
whereafter submersible pumps were installed above the screens in such a
position as 1o ensure an even suction over the full length of the screen. The
entrance velocity into the screens was imited to 0.03 metres per second in
order to prevent excessive movement of silt in the area surrounding the
screen. The submersible pumps were then coupled to a manifold leading
into a single 254 mm diameter pipe that feeds a large reservoir from where
the water is pumped for further use. The manifold system was buried about
3.0 metres deep in the riverbed for protection against damage during floods

In a related article about well points Cashman (199 _) stated that extra care
Is required to prevent abstraction of fines when installing well points in silty
soils. He advised that it might be necessary 1o install multi-stage well points
in cases where greater lowering of groundwater levels are required,
especially in low permeability soils with a highly stratified structure.
According to him the optimum location for well points is in a shallow alluvial
aquifer where the water levels remain close 1o surface throughout the year.

Hussey (1997) gave some general guidelines for the construction and
operation of well point systems in Zimbabwe. He mentioned that a well point
system should have a sufficiently low velocity of water at the abstraction
point in order to prevent sand from being drawn into the system. According
to him a well point system should wdeally be installed towards the end of the
dry season when the river water is at its lowest level. The river sand should
first be removed to the top of the water-bearing layer whereafter a manifold
should be installed on the water yielding sand. Slotted pipes should be
driven at an angle into the water-bearing layer and then connected 1o the
manifold  To complete the installation the manifold should then be
connected 1o a suction pump on the riverbank

3146 Screened Tube Wells
As for any other type of well the first step towards the design and installation
of a screened tube well is the selection of the most favourable site
Generally coarse-grained sand provides a better rate of flow and deep sand
provides a high column of water.

According to Cornelissen (1970) the size and number of screened tube wells
to be installed in an aquifer depend on the volume of water required. The
required yield should be in balance with the volume of water that is available
in the water-bearing formation.

The bottom portion of tube wells should either be perforated by slots of
specifically designed width and length or fitted with slotted screens with
sufficient slot size to prevent the abstraction of fines from the formation
around the well  Drilling, driving and/or jetting methods could be used to
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install the tube wells. As the casing is lowered additional lengths are added
to the column until bedrock is reached. Johnstone (199_) stated that it is
important that the well be developed on completion of the installation in
order to establish a zone of high permeability in the formation around the
screen. Once this is done the bottom of the tube well should be sealed off
by pouring cement through an inner pipe to form a 300 mm thick plug at the
bottom of the tube. The installation is then completed by providing a
concrete collar around the part of the tube extending above the average
waler level and the installation of a suitable pump.

Cornelissen (1970) described the installation of several steel casings similar
to screened tube wells in the Buffels River since 1957. According to him
these wells have proved to be the most effective method of water withdrawal
from deep sands. Initially twelve 508 mm diameter casings were installed
from which about 675 to 1800 Ire per minute was abstracted. These
casings were slotted in the bottom portion over a length equal to the average
height of the waler column in the sand and were positioned using driving and
jetting methods until bedrock was reached. The bottom was sealed of with
cement and a concrete collar was constructed around the portion of casing
extending above the average water level. It took about one week to install a
S08 mm casing in 12 metres of sand.

Sand Storage Dams

According to Wipphnger (1858) the basic principle for developing a
successful sand storage dam is to construct it in controlled incremental
stages so that the velocities of flow through the basin are sufficiently high to
transport most of the fine sediments over the dam crest. The objective is to
promote the deposition of coarse-grained sand deposits in the dam. which
will improve both the efficiency of absorption and the yiekd of the sand
storage dam. In practice silt beds and lenses do occur when silt is deposited
during small floods. However, subsequent floods of higher magnitude would
normally scour part or most of the deposited silt.

Sand storage dams are therefore constructed in stages, with the height of
each stage carefully controlled and each new stage constructed only after
the previous stage has effectively silted up (Burger and Beaumont, 1970),
Wipplinger recommended that a flow velocity of 0.5 metres per second near
the dam wall be adopted as a limiting condition for the design of stages of a
sand storage dam. Wipplinger further stated that the additional pressure
caused by the sand deposits needs to be taken into account when designing
the dam wall.

Further guidelines regarding the grading of successive layers of filter
material around the abstraction well is also proposed by Wipplinger. Based
on standard sieve analyses the D,. size of successive filter layers should not
be coarser than four times the Dy size of the adjacent layer of material and

34
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the slot size of the well screen should be equal to the Dy, size of the filter
layer nearest to the well screen.

More recently Chunnett, Foune and Partners (1995) designed and installed
a waler abstraction system in the sand trapped behind a weir in the White
Mfolozi River near Ulundi in the Kwazulu-Natal province of South Africa
The system consisted of a reinforced concrete gallery installed parallel 1o the
river on the river bank with a series of collector pipes positioned at right
angles from the gallery into the river sand deposited behind the weir
Typical design criteria used for this system were the following

Abstraction rate - a rate of 313 ltres per second, based on peak demand
during emergencies was applicable.

Filtration rate — based on sand samples tested a maximum filtration rate
of 0 4 mm per second was allowed at the surface of the sand in order to
minimese clogging of the voids in the surface layer,

Hydraulic gradient - the maximum hydraulic gradient was found to be in
the range of 0.84 to 0.96 for the in-situ sand at the weir site. By
removing the portion of sand finer than 0.30 mm the hydraulic gradient of
the sand was improved to between 104 and 1.33. It was therefore
decided 1o remove the fraction of sand finer than 0.3 mm and to limit the
hydraulic gradient to 1.0 near the abstraction pipes.

Coefficient of Permeability (k) — the effective coefficient of permeability of
the river sand was determined as 1.20 mm per second.

Screen flow velocity — the flow through the slots in the collector pipes
were limited to a maximum of 0.03 metres per second to minimise head
loss and possible clogging of the slots.

Pipe flow velocity — the flow velocity in each pipe was limited to between
0.5 and 0.9 metres per second to prevent deposition of fine matenials
inside the pipe and to minimise head losses

Width of slot openings ~ the width of the slot openings in the pipes was
sized to retain at least 95% of the surrounding sand outside the pipes.
For the system 150 mm diameter PVC Soloflo wedge pattern screens
with 0.25 mm slot width and 2 67% open area were selected.

Bed fluidisation —~ the minimum installation depth of the collector pipes to
minimise the impacts of bed fluidisation was estimated at 2 50 metres

Gallery — the gallery was provided with ventilation to prevent the
formation of air pockets
Sizing of indwidual structures and pipes -~ the gallery, outlet pipe and
individual pipes and screens were all sized in accordance with the design
cntena and the associated head loss when abstracting the design yield
of 313 Itres per second.
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Part of the design of the abstraction system was to optimise the placing of
the collector pipes. In order to do so flow nets with equipotential lines were
compiled for various depths and intervals between the collector pipes
Darcy's equation for laminar flow through a porous medium was used to
calculate the flow through the sand bed. The design equations used 1o
determine the flows, head losses and the backwater curve in the gallery and
pipes are included in the design report by Chunnett. Fourie and Partners.

3.1.5 Development of Wells

The way in which a well is drilled and developed has an important bearing on its
yield and efficiency. According to Johnson Inc. (1959) the development of a
well could be defined as the removal of the silt, fine sand or gravel around the
well screen in order 1o produce a natural fiter of coarser and more uniform sand
or gravel The purpose of development is to create a coarse filter around the
well screen in order to have the greatest possible amount of open space for
water to flow through.

A further advantage of development is that the grading of the material in the
water-bearing formation around the well screen is “stabilised”. thereby making
the formation safe against failure regardiess how heavily it may be pumped.

In Bulletin No. 1033 of December 1859, Johnson Inc. gave a detailed overview
of the various methods available to develop a well. The three methods of well
development described by Johnson Inc. are the following:

1. Developing Wells with Surge Plungers
According to Johnson Inc. surge plungers are well known for their
effectiveness and simplicity to develop sand wells. Generally two types of
surge plungers are used in the development of a sand well. The two types
are the following:

* Sold surge plunger - this plunger is operated up and down in a well
casing for the purpose of exerting more or less equal force on the inward
and outward movement of the walter through the screen. The repeated
application of this surging force will tend to shift the sand particles and
change the entire arrangement of the water-bearing formation around
the screen. As a result the formation will have both a higher porosity and
a higher permeability.

It is very important that the screen slots have a sharply receding opening
(such as a wedge shape) to prevent any clogging during the
development procedure.

o Valved surge plunger - this plunger is normally used in wells where the
formation has a weak yielkd. It works on the principle of producing a
greater in-rush than out-rush of water through the screen and formation.
It is operated in the same way as the sold surge plunger and provides
excellent results in developing obstinate wells in sand and gravel
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provided the well is properly screened and the plunger is operated
correctly.

When the screen is filled about 65% with sand the surging operation should
be stopped and the sand first removed before continuing with surging

3 i Is with Air
The use of compressed air to develop a well could be very rapid and
effective if the correct equipment and methods are used. The two methods
generally in use are the following:

o Back-washing Method - the principle of this method s to force the water
back out of the well. through the screen. into the water-bearing formation
by means of compressed air after sealing off the top of the casing In
order 10 prevent “air-logging” of the formation special provision is made
to prevent the air from entering the formation. Normally a 3-way valve is
used to release the compressed air from the well when required.

o  Open Well or Surging Method — for this method it is essential 1o have the
correct equipment to develop the well and at least 60% of the air-line in
the well needs to be submerged for this method to be efficient. This
method is based on the principle of combined surging and pumping. A
strong surge is produced in the formation by means of the sudden
release of large volumes of compressed air in the well and pumping is
done as with an ordinary air lit. In many cases this method has been
used successfully in conjunction with the surge plunger method.

3 I with [ i L
According to Johnson In. the simplest and most common method of
developing a well ending in sand and gravel is by means of “over-pumping”
This is done by pumping the well at a much higher rate than the normal
operating rate, thereby creating a higher draw-down and subsequently a
higher head in the water-bearing formation.

However, there are generally the following three objections against this
method of development:
o Over-pumping does not improve the yield of a well significantly.

o  Over-pumping tends to cause the sand lo “bridge” in the formation, which
could later lead to clogging of the well.

o Over-pumping often requires larger pumping equipment than is
conveniently available.

Some of the problems with “bridging” could be overcome by keeping the
water as agitated as possible by pumping intermittently.  However, this
method is not recommended where “bridging” problems are foreseen or
where large development of a well is required

—— e —————— - —— e ——
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Back-washing is based on the principle of surging or agitating the formation
at the well-end with the purpose to prevent “bridging” of the sand particles
and to remove a large portion of the finer matenal by using either hydraulic
or water pressure. It is recommended by Johnson Inc. that back-washing be
used in conjunction with other methods for efficient development of a well

3.1.6 Operation and Maintenance of Wells
In his research report Helm (1998) stated that the operation and maintenance of
sand abstraction systems 5 the most deficient aspect of water supply
programmes in developing countries and that much of the success or failure of
such systems are related to operation and maintenance issues.

Several authors advocate that operation and maintenance issues of sand

abstraction systems should be taken into consideration during the design phase

of such a system. Once a sand abstraction system s in operation it should be

monitored closely for signs of deterioration. The early detection of potential

problems could save the owner of the system a lot of money and also ensure

sustainable yield from the aquifer Helm (1998) identified the following

parameters worthwhile of monitoring:

o Water turbidity — relative increases in turbidity could be an indication of
deteriorating filter performance

 Water quality — sudden deterioration in water quality may be an indication of
a source of poliution into the aquifer. The pollution could be from chemical
(iron content) or bacterial (coliform) sources.

 Water quantity — changes in pumping rates could be an indication of a drop
in the water table, insufficient recharge to the aquifer, clogged screens or
loss of pump efficiency.

The following potential problems and possible solutions were identified by Helm:

* Clogging of the filter — generally caused by the deposition and infiltration of
fine silts during low flow conditions in the river. Possible remedial action is
back-washing, jetting and use of compressed air.

* Clogging of screens - this is caused by fine particles plugging the slots of
the screen due to high entrance velocities or insufficient filter around the
screen. Surge plungers, jetting or compressed air may be used to clear the
screens.

* Biofouling of screens ~ this is generally caused by high levels of iron and
manganese in the presence of bacteral simes. Chlorination, mechanical
agitation and pumping are some of the methods used to break up, dissolve
and remove biofouling.

* Incrustation of screens — this is caused by the precipitation of inorganic ions
such as iron, manganese, calcium and magnesium. The use of acids and
mechanical agitation are some of the methods used to remove incrustation
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e Accumulation of silt in pipes ~ this could be caused by too high inlet
velocities, too large slot sizes or insufficient gravel filter. Flushing, surging or
brushing methods are used to suspend the fines whereafler it is pumped or
drained from the well

o Corrosion of screens ~ generally caused by aggressive water Replace with
screens or pipes manufactured from corrosion resistant matenals

It should be borne in mind that no single treatment is suitable for all types of
wells and that a combination of different treatment methods are often used in
some problematic situations

3.2 BIOLOGICALLY INDUCED FOULING

3.21 General
Biologically induced fouling, or biofouling, is the phenomenon whereby surfaces
in contact with water are colonised by micro-organisms, which are ubiquitous in
our environment (Costerton and Bovin, 1987). The accumulation of unwanted
organic malerials in an environment, either natural or man-made is generally
referred to as biofouling (Wolfaardt, 1990)

Micro-organisms distinguish themselves from other water contaminants by their
abilty to utilise available nutrient sources. reproduce, and generate intra- and
extracellular organic and inorganic compounds in water (Wolfaardt, 1990). This
normally results in biofilm formation.

Biofilm formation is a consequence of the activity of micro-organisms, of which
two distinct populations are found in water systems: planktonic (free-floating)
micro-organisms present in the bulk fluid and the more predominant sessile
(surface attached) micro-organisms growing in biofilms (Schapira, 1988) Micro-
organisms most commonly involved in biofim formation are the coliform
bacteria, the pseudomonad, fungi (moulds and yeasts), and algae. These
organisms grow on available surfaces, initially as adherent micro-colonies and
eventually as a confluent layer (Costerton, 1984).

The development of biofilms occurs as follows (Lynch and Edyvean, 1988):

1. Immediately upon immersion, dissolved organic matenal is adsorbed onto
the surface to form a conditioning film.

2. This is followed by the adhesion of microbial cells to the conditioned surface
Bacteria, datoms and algae are probably carried to the substratum in
association with suspended organic debris

3. Then, if conditions are suitable, growth of the attached organisms occurs.
These produce copious amounts of extracellular polysaccharides, resulting
in the charactenstic siime associated with biofilms. Growth continues until
nutrient limitation occurs at the base. leading to death of some organisms
and a sloughing in parts of the biofilm,

CHAPTER 3 - LITERATURE REVIEW ' *



3.2.2 Parameters Affecting Biofilm Development
The formation of biofilms is affected by a number of parameters such as:

3221

3222

3223

3224

Temperature

Micro-organisms have a characteristic optimal growth temperature at which
they exhibit their highest growth rates and metabolic activities. Biofilm
development is affected by both ambient temperature (related to season.
day length etc.) and system temperature. The closer temperatures get o
the optimal growth temperatures of the micro organisms involved, the higher
the rate of biofim development. This is due o increased rates of
accumulation of new cells on surfaces as well as increased rates of cell
growth (Fera ef a/, 1989).

Water Flow Rate

Schapira (1988) statled that an increase in flow rate causes an increase in
biofilm thickness. He further stated however, that this might also increase
shear forces, thus reducing microbial attachment and removing attached
biomass.

Nutrient Availability

Since nutrients are concentrated at the solid-water interface, motile bacteria
display a positive chemolactic response to the surface. A low nutrient
availability can also stimulate biofilm development since some bacteria
adhere to surfaces as a strategy to survive low nutrient conditions
(Marshall, 1985).

Concentration of Inorganic Particies
Inorganic particles can become entrapped and so provide additional
attachment sites (Costerton and Irvin, 1981).

3.2.3 Organisms Involved in Microbially Influenced Corrosion

3231

Sulphate Reducing Bactena (SRE)

During dissimilatory sulphate reduction, sulphate s reduced to hydrogen
sulphide, which is a corrosive agent. Dissimilatory sulphate-reduction is
carried out by a specialised group of anaerobes: the sulphale reducing
bactena (Cloete ef a/, 1954).

SRB have been isolated from the anaerobic regions of marine and estuarine
sediments as well as from saline ponds and non-saline environments such
as anaerobic mud and sediment of freshwater. Although these bacteria are
strictly anaerobic, their presence has been detected in many aerobic regions
(Cloete ef al., 1994). SRB are identified as the single most causative micro-
organisms responsible for corrosion under anaerobic conditions. Algae and
fungi are also indireclly involved in corrosion as these organisms are
involved in biofilm formation (Wolfaardt. 1990).

CHAPTER 3~ LITERATURE REVIEW



3232

lron Bacteria

In a special topic report Stuart Smith (1997) states that iron bacteria, also
known as iron biofouling, consists of biofims which include living and dead
bacteria their sheaths, staks. secretions and other leavings, and embedded
metal oxihydroxide particles

Iron bactenia aerobically oxidise dissolved ferrous ions to insoluble ferric
salts. These may be deposited in a covering sheath, or produce a stalk-like
filamentous form (Tatnall. 1981). It has been suggested that these bactena
alter the environmental pipe surfaces. encouraging the growth of chemo-
organotrophic bacteria (Poulton, 1993).

According 1o Smith (1997) iron bacteria often acts as a preliminary iron filter
in wells and therefore can serve a positive function as well. Generally iron
bacteria causes side effects such as sulphide odour, red water and pitting-
type corrosion of iron and steel.

3.2.4 Biofouling Control in Water Systems

3241

3242

Biofiim Monitoring

A recent approach for biofilm monitering has been the development of
replaceable sampling surfaces. These allow more detailed observation of
relatively undisturbed portions of the biofilms. Pederson (1982) developed a
method for the study of biofilms in flowing-water systems. In this method,
microscope slides, placed in flow cells, parallel to the direction of flow
through the cells, provide the test surfaces

Estimation of Microbial Numbers

Several methods have been used to determine microbial numbers in water.
The most common are the different culture techniques where several
dilutions of each sample are grown on growth media. Agar plates allow the
isolation of pure strains and the enumeration of colonies arising from
individual viable cells. It is therefore also referred to as colony counts. The
most generally used methods include the following techniques:

e Pour plates

e Spread plates

e Thin-layer plates

e Layered plates

« Membrane fiter methods

In biofouling related studies it may often happen that only a limited amount

of information is gathered with these techniques since:

* Numbers of planktonic organisms are usually determined which provide
lttle information as to what is occurring on the surface because there is
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often no relationship between sessile and planktonic numbers
(Wolfaardt, 1990).

e The media employed for the counting of micro-organisms normally have
an efficiency of less that 10% (Steyn and Cloete, 1989) for the recovery
of bacteria.

Scanning electron microscopy (SEM) techniques are sometimes employed
to quantify the extent of biofouling on surfaces. However, since a large
amount of expertise and sophisticated equipment are needed to obtain
results with these techniques, they are not suitable for routine monitoring of
biofouling (Wolfaardt ef a/.. 1980)

A possible solution to this problem bkes in the use of 4'6-diamino-2-
phenylidole (DAPI). a highly specific DNA stain used to detect bacterial cells
(Wolfaardt, 1990). VWhen excited by light at the nght wavelength (365nm),
the DAPI-DNA complex produces a bright blue fluorescent glow in direct
proportion to the cellular content. The unbound dye molecules and DAPI
bound to material other than DNA may fluoresce a pale yellow

IRON AND MANGANESE

High iron and/or manganese content in abstracted water is one of the problems
commonly associated with sand abstraction systems. An article by Global
BioSciences Inc (2003) confirms that chemical and biological incrustation are
major causes of decreased well performance and eventual failure. GBI further
states that iron and manganese bacteria not only produce accumulations of
slimy material (biofouling) but that they also precipitate dissolved won and
manganese. This process, together with oxide and hydroxide depositions, is
generally the cause of well screen clogging and failure. This correlate with the
statements of Smith (1997) and the findings of the Northern Territory
Government of Australia (2002) that ron bacteria is generally the catalyst for
iron and manganese precipitation in abstraction wells.

Iron and manganese precipitation typically occurs when oxygen or another
oxidising agent such as chlorine is introduced. In a technical report Armstrong
reported on the use of the Vyredox Method (Hallberg and Martinell, 1976) to
remove iron and manganese from a clogged up well in Massachusetts The
Vyredox Method is primarily applicable to shallow sand and gravel aquifers and
involves the injection of oxygenated water into the ground around a supply well.
According to Armstrong the activity of certain beneficial bacteria are stimulated
through this process resulting in the precipitation of iron and manganese, which
are retained within the aquifer

According to Vance (2002) the inorganic oxidation processes whereby iron and
manganese are precipitated in the presence of dissolved oxygen in groundwater
are the following:

CHAPTER ¥ - LITERATURE REVIEW



* |ron oxidation
O, + 4Fe™ + 4H" => 4Fe™ + 2H,0
« Manganese (I1) oxidation
O; + 2Mn™* + 2H,0 => 2Mn0O; + 4H"
« |ron sulphide oxidation
150, + 4FeS; + 14H,0 => 4F (OH), +8S0,” + 161"

When using the Vyredox Method to preciptate iron and manganese in
groundwater. Armstrong also found indications of a mineral transformation from
amorphous limonite Fe(OH) H.O to hematte, Fe,O, having hexagonal
crystals.

Vance (2002) also stated that ferric hydroxide (Fe(OH)) is the direct result of
ferrous iron oxidation and precipitation and that. with time, ferric hydroxide is
mineralised in the following principal forms:

¢ amorphous hydrous ferric oxide (Fe,O, XH.0),

e maghemite (gamma-Fe;0.).

* lepidocrocite (gamma-FeOOH),

« hematite (alpha-Fe,0,) and

¢ goethite (alpha-FeOOH)

The above iron oxides are listed in order of decreasing solubility, which also
reflects increasing crystallinity. According to Vance the time required for ferrous
iron to undergo oxidation to the ferric state is dependent on many factors, with
the dominant being pH. temperature, dissolved oxygen level. and the presence
of other soluble ions.

In an article bv Sedin (2002) of Swedish FPA it ie etated that tha raday
conditions of groundwater affect the concentration and solubility of many
substances contained in 1. A low redox potential (water devoid of oxygen)
indicates several risks, including precipitates of won and manganese and
difficulty in reducing the water's concentration of these metals in soluble form.
According to David Finger (200_) results of tests performed on infiltration
through sediments of riverbeds indicate that microbiologically mediated
dissolution of manganese and ferrihydrite involving organic matter (bactena)
occurs at low redox potential as follows:

e dissolution of manganese

CH,O 106(NH;) 16(HPO,) + 212Mn0O; + 438H' => 106C0O, + 16NH," +
HPO,? + 318H,0 + 212Mn"" and

o dissolution of ferrihydrite

CH:O 106(NH;) 16(H.PO.) + 424F¢(OH)s + 862H" => 106C0O. + 16NH," +
HPO,? + 1166H,0 + 424F e’
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Conversely, in groundwater with a high redox potential (high presence of
dissolved oxygen) the manganese and iron would then be oxidised and
precipitated as shown before

In a study of the kinetics of Fe(ll) oxidation and well screen encrustation by
Applin and Zhao (1989) it was concluded that the greatest rate of oxidation
occurs when pumping from the well is stopped and the remaining water in the
well gradually becomes oxygenated after exposure to atmosphenc O;. They
also found that precipitation would continue until Fe(OH), production ceases.

SAND PROPERTIES

Grading Analysis

The standard sieve analysis is generally used to determine the grading or size
distribution of particles in sand. Wipplinger (1958) and Helm (1998) used the
following grain sizes to determine the relative suitability of various types of sand

e The effective size Dy, ~ the grain size of the 10% finer fraction (D,,) is
normally used for the selection of the slot widths of well screens. According
to Heilm it could also be used in the following formula to estimate the
hydraulic conductivity of the material:

K =775.3(Dy) -161.04

where K is the hydraulic conductivity (m/day) and D, is the effective size
(mm).

* Uniformity coefficient C, = Dy/D,; - this gives an indication of the degree of
sorting of the alluvial material. The lower C,, the better the sorting of the
material and the higher the hydraulic conductivity

e The D, and D, sizes are imporianm parameters for the design of filters
around well screens. Generally the D, of a filter layer should not be coarser
than 4 times the Dy of the adjacent filter layer.

Porosity

Porosity is the ratio of the pore volume to the total volume of a representative
sample of the material. According to Wipplinger (1958) the porosity of a
material is largely dependent on the size and shape of grains, the uniformity of
grain size and the compaction of the matenal.

Fine sands tend to have a higher porosity than coarse sands because of their
more uniform grain size. This is confirmed by Lu et al (1993) who showed that
the mean value of porosity varies from 0.43 for fine sand to 028 for coarse
gravel. However, where fine and coarse sands have the same porosity the
coarse sands will have a higher specific yield due to the larger grain size of
coarse sand.
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Hydraulic Conductivity and Permeability

According to Yu et al (1993) and many other authors the hydraulic conductivity
of a soil is a measure of the soil's ability to transmit water when submitted to a
hydraulic gradient. It is often referred to as K (m/s), as in Darcy's equation for
flow through a porous media (Hillel, 1971). The hydraulic conductivity ¥ can be
expressed as follows (Bear, 1972):

Knm
Y

where k. the intrinsic permeability of the soil depends only on properties of the
sold matrix. and pg/qu. the fluidity of the hquid, represents the properties of the
percolating fluid. When the fluid properties of density and viscosity are known,
the above equation can be used to expermentally determine the intrinsic
permeability k, and the hydraulic conductivity K. For water, pg/us can often be
assumed as a constant value, with the result that k is directly related to K.

The hydraubc conductivity is dependent on the soil grain size, the structure of
the socil matrix, the type of soil fluid. and the relative amount of soil fluid
(saturation) present in the soil matrix (Yu et al). The most important properties
relevant to the solid matrix of the soil are the pore size distribution, the pore
shape, the tortuosity, the specific surface and the porosity. Hillel (1971) stated
that the mean size of the pores, rather than the total porosity, has the largest
influence on hydraulic conductivity.

It is evident that certain properties of alluvial sand have a direct impact on the
yield of a water-bearing formation. Measuring and analysing these properties
could provide valuable information regarding the yield of water-bearng
formations. Yu et al (1993) provided some tables with typical values of the
saturated hydraulic conductivity, and subsequently the permeability, of different
soils based on the soil type. the soil texture, the grain size, the degree of sorting
and the silt content

Bulk Density

The soil bulk density (dry density) is the ratio of the mass of the solid phase of
the soil (dried soil) to its total volume (solid and pore volumes together). Bulk
density is dependent on the structure of the soil matrix (or its degree of
compaction) and the soil matrix's swelling/shrinkage charactenstics. Yu et al
(1993) listed the following typical values of the bulk density of soils, based on
soil texture type

Soil type Dry Density (g/cm’)
Sand 1.52
Sandy loam 144
Loam 1.36
Silt loam 1.28
Clay loam 128
Clay 120
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The common method used in the field to classify a soil is the “feel” method
where the soil is rubbed between the thumb and fingers (Brady, 1984). A more
accurate, but time-consuming method to classify soil is by means of a sieve
analysis in the laboratory

WELL SCREENS

Definition and Purpose

The Ohio Department of Natural Resources (fact sheet 93-7) defines a well
screen as a fitering device that allows ground water from unconsolidated or
semi-consolidated aquifers to enter the well while at the same time keeping the
majonty of sand and gravel out of the well and out of the pump.

Other important purposes of well screens are to support the aquifer matenal and
to prevent the well from collapsing. Jackson (1883) added that well screens
also need to be resistant to corrosion to prevent the collapse and the
subsequent pollution of a well and that well screens should minimise the loss of
head when water enters the well.

Types of Well Screens

A number of different well screen types are available in the market. These
screens are normally manufactured using non-corrosive materials such as
plastic, glass reinforced plastic. stainless steel and galvanised mild steel. The
screens are manufactured using different slot construction techniques, different
slot sizes, different slot shapes and different percentages of open area. The
manufacturing processes normally used to form the desired sizes and shapes of
slots are machining. drilling, pressing and the winding of wire around a set of
vertical rods. The various types of screens can therefore broadly be classified
in terms of the configuration of their slots.

According to the Ohic Department of Natural Resources (1993) the three most
common screen types used in Ohio are the continuous slot screens; slotted
PVC screens and slotted or perforated pipe screens. During his research on
well screen performance Jackson (1983) tested various types of screens, which
included screens with continuous, slotted, mesh, and shutter (louver) types of
slots. Clark & Tumer (1981) camried out several experiments to assess the
hydraulic efficiency of well screens. The well screens tested by them included
screens with continuous, slotted and bridge types of slots.

Performance of Well Screens

The hydraulic performance of various types of well screens was evaluated by
several researchers in terms of the slot characteristics of the screens. Jackson
(1983) and Clark and Turner (1981) investigated the impact of the type of slot,
the slot size, the slot shape and the percentage of open area on well screen
performance.
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Both research findings showed that the head loss over all the types of screens
tested was very small (less than Smm), except for the wire mesh type of slot
(25mm for coarse mesh 1o 400mm for fine mesh), and could be considered

negligible

Jackson (1983) also evaluated the head losses in the formation surrounding the
well for each of the various screens. The measured formation losses was
approximately the same for the wire mesh and shutter (louver) type of screens,
while the comparative losses for the continuous and slotted type of screens
were about 20% to 100% higher. The results further indicate that the slot width,
rather than the percentage of open area, has a major impact on the head losses
through the formation. It appears that there is an optimum slot width for each
type of screen, which is dependent on the charactenistics of the formation
surrounding the well. Clark and Turner (1981) also found that there was no
significant improvement in the hydraulic performances of well screens,
irrespective of design, provided the open area of the screen exceeded 10%.

The Ohio Department of Natural Resources (1993) stated that continuous slot
screens are often the best choice for use in unconsolidated sand and gravel
aquifers because the design allows small particles to pass completely through
the screen without becoming wedged in and clogging the screen. The
Department also stressed the importance of selecting the proper slot size
(width), which would allow water to freely enter the well while holding back the
majonty of the aquifer material.

Design of Well Screens
According to Lightfoot of Basic Mineral Engineering (Pty) Ltd in South Africa the
successful design of a well screen is dependent on the following parameters

e The amount of water available in the aquifer - enough holes should be
drilled to determine the volume of water available in the aquifer

e The position of the aquifer — the optimum aquifer should be determined from
the borehole drilling log information.

e The size distribution of particles — the drilling information should provide
information on the size distribution of particles i.e fine sand, coarse sand,
gravel etc

e The permeability of the aquifer - in general the better the sorting of the
grains, the coarser the average grain size, the looser the packing and the
lesser the cement there is between the grains, the higher the permeability
would be. The permeability of an aquifer could be increased by a factor of
three to five times by providing a suitable artificial gravel pack or by proper
development of the aquifer

e The yield from the screen — the screen should be sized in accordance with
the required abstraction rate. which would determine the open area required
and the maximum screen velocity for specific slot widths
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» The specific capacity of the aquifer - the aquifer should have sufficienmt
capacity and depth to accommodate the expected drawdown and the
required length of screen. It is good practice to have a pumping test done to
ensure that the required yiekd does not exceed the capacity of the aquifer,

Well screens should be selecled in terms of the type of slol, the slot size, the
length and diameter of the screens, any fittings that may be required and the
construction conditions prevailing at the water abstraction site.

4
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4 SURVEY OF SAND ABSTRACTION SYSTEMS: METHODOLOGY

As stated in Section 2 1.1, the first objective of this research was to establish a
database of existing sand abstraction systems in Southern Africa To this end a
survey of existing sand abstraction systems was conducted. This chapter
discusses the implementation of the survey, the types of data collected, methods of
data collection and problems experienced with data collection

The survey of existing sand abstraction systems was conducted in two phases.
The purpose of the first phase of the survey was to find as many sand abstraction
systems in Southern Africa as possible, and to determine whether problems of low
yeld had been experienced with any of these systems. The purpose of the second
phase of the survey was to gather detalled information and data about those
systems that were found during the first phase of the survey

41 SURVEY - PHASE |

In order to locate sand abstraction systems in Southern Africa, a questionnaire
was drawn up for distribution throughout the water sector. The questionnaire
included a letter that briefly described the research project and the objectives of
the research. The questionnaire itself was kept extremely bnef, in the hope that
this would resull in a better response. A copy of the questionnaire is included in
the electronic appendices to this report as Appendix ¢ A

The questionnaire was posted to as many role players in the water sector in
Southern Africa as possible. This included:

« all consulting civil engineering companies listed as water engineers in the
directory of the South African Institute of Civil Engineers (all branches of
each company were sent a questionnaire),

* irngation boards,

e water boards,

 manufacturers and supplers of well screens,

e engineering, microbiology, agricultural and environmental departments of
universities and technicons,

e institutions and associations, including the Water Institute of South Africa
and the Borehole Water Association of South Africa. and

e government departments, including the various offices and divisions of the
Department of Water Affairs and Forestry, South Africa

In total, 745 survey questionnaires were posted to the various groups.

42 SURVEY - PHASE Il

The purpose of the second phase of the survey was to gather detailed data and
information about the systems located during Phase | of the survey. The type of
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data collected, and the manner in which it was collected, were determined by
the objectives set for the project as defined in Section 2.2.1. In addition data
was collected to allow for investigation of the validity of the vanous hypotheses
postulated during the course of the research.

Detailed Questionnaire

It was initially intended that detailed information about the design. construction
and operating history of each system be gathered mainly by means of a
questionnaire. Where data was incomplete, it was then intended that sites of
the abstraction systems would be visited and interviews would be conducted to
obtain additional information.

A detailed questionnaire was therefore drawn up and posted 1o all persons
given as contacts for each of the systems found during Phase |. A copy of the
detailed questionnaire is included in the electronic appendices to this report as
Appendix e 8.

The response 10 the detailed questionnaire was, however, extremely poor. In

retrospect the poor response can be attributed to three main factors, viz

* The questionnaire was 100 long.

e The questionnawre was designed based on the research team's own
experience with sand abstraction systems. At the time this was limited to
infiltration galleries that incorporated horizontal well screens  Questions
about system design were therefore relatively specific to these types of
systems, and dd not actually cater for the wide variety of systems
encountered during the research.

* It was assumed that the contact persons would have a reasonably good
knowledge of the abstraction systems. This was rarely the case.

Site Visits and Interviews

Due to the poor response to the detailed questionnaire, it was necessary to use
alternate methods to gather detailed information about the systems. Therefore,
where possible, the sites of the sand abstraction systems were visited. The
purpose of these site visits was to:

¢ Interview designers, operators and / or owners of the systems. Aspects that
were discussed during these interviews included.
» purpose of the system e g. community water supply, irrigation etc.,
» system design and arrangement, including design principles, matenals
used. testing done during the design phase elc
» sand properties,
» water quality,
» method of construction and problems expernenced during construction,

~ operating history of the system, including general operation and
maintenance aspects. system yield elc , and

CHAPTER & - SURVEY OF SAND ARS TRACTION SYSTEMS: METHODOLOGY



423

» problems experienced with the system,

o Make observations regarding aspects such as system location, layout and
design, as well as river morphology, land use and vegetation in the
immediate vicinity of the system

e Take water samples for on-site and laboratory analysis (see Section 4.2.3).
e Take sand samples for on-site and laboratory analysis (see Section 4 2 4).

As far as possible, the sites of all systems located during Phase | of the survey
were visted Some of systems were, however, not visited. Reasons for this
include:

* The geographic locations of the systems were such that it was prohibitively
expensive to visit these sites e g systems located on the West Coast

* Systems had been washed away and / or were no longer in operation

o Owners of the systems refused permission for the research team 1o visit the
sites.

e Appointments to visit systems were broken by the owners of the systems,
and systems were too distant to allow for a second visit.

e During the period when systems were being visited the owners of the
systems could not be contacted, or were not available.

e Owners and / or systems could not be located when site visits were being
planned.

In most instances, due to the paucity of information available about them,
systems that were not visited by the research team were excluded from the
detailed survey.

In agamon to conducting site visits, individuals and companies who had
relatively extensive expenence with sand abstraction systems were visited and
interviewed. Aspects discussed during these interviews include those outlined
above.

Water Sampling

Al all sites, water samples (grab samples) were taken for water quality analysis
and microbiological analysis Water samples were taken for a number of
reasons. These included

o Comparison of the surface water to the abstracted water al each system
Such comparisons would in turn allow for:
» The determination of the effective filtration achieved by using different
types of sand abstraction systems
»~ Investigation into the possible problems of biologically induced fouling,
as changes in various water qualty parameters occurnng as water
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passes through an abstraction system could possibly be used as
indicators of biofouling

~ Investigation into the problems of iron and / or manganese precipitation

and the problems associated with high iron and/or manganese
concentrations in some of the abstracted waters

The determination of any correlation between surface water quality and the
various problems experienced with sand abstraction systems. If such
correlations could be established, then surface water quality could be used
during the planning and design phase of sand abstraction systems as an
indicator of the possible problems that could be experienced with a
proposed system. This would in turn allow for adequate planning and
design for the operation and maintenance of a system in order to manage
potential problems, or even for the selection of an alternative abstraction
method as more appropriate for the given river conditions.

The determination of any correlation between abstraclted water quality and
problems experienced with abstraction systems, as well as any correlation
between the change in water quality between the surface water and the
abstracted water at any given system. If such comrelations could be
established, then surface and abstracled water quality could be used as
indicators for the early detection of developing problems in existing sand
abstraction systems.

Generally, two sets of water samples were taken at each site viz.

samples of the surface water, and

samples of the water abstracted through the sand abstraction system, prior
1o treatment.

Where possible and appropriate, each set of samples included:

a sample for on-site water quality testing,
an unpreserved sample for laboratory water quality testing,

a preserved sample (preserved using nitric acid) for laboratory testing of
iron and manganese content.

a sample for microbiological analysis,

In some instances it was only possible 10 take one sel of samples e g where
rivers were surface dry, and/or the systems were not in operation. In other
cases, where it was felt that useful information could be gleaned from additional
testing, additional sets of samples were taken e g during backwashing of a
system
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Details of water samples taken, water sample handling, reasons for the
selection of the water sampling and handling methods, and discussion of some
problems experienced with water sampling, are included in Appendix 8.

Sand Sampling and On-Site Testing

It is broadly accepted that the properties of the sand in which a sand abstraction
system is bedded have a significant effect on the performance of the system. It
was therefore considered of particular importance that sand properties be
established for each system, thus making it possible to determine any
correlation between these properties and system performance. Sand samples
were therefore taken at each site for laboratory testing.

In addition, as listed in Table 4, a number of hypotheses regarding sand
properties were postulated during the course of this research. Sand sampling
and testing were therefore also conducted to allow for testing of the validity of
the various hypotheses postulated.

At each site, where conditions permitted, the following samples were taken:

o general samples,
* asample for a directional permeability test, and
o asample for a bulk density test

Tests, using @ hand held Dutch Cone Penetrometer (DCP), were also
conducted at each site.

In a few cases not all the sand samples were taken, and in one instance no
samples were taken. Conditions where this occurred included:

« where the river sand was 100 coarse to permit taking “contained” samples as

required for the directiona! permeability samplc and the Bulk densily test
sample,

« where the river flow conditions were too high to allow for all the samples to
be taken without undue risk of drowning (e g. Save River), and

e where the risk of becoming crocodile dinner was particularly high (e g.
Limpopo River).

The sand sampling methods used are briefly discussed below. Details of the
sand sampling methods, sand sample handling, reasons for the selection of the
sand sampling and handling methods, and discussion of some problems
experienced with sand sampling. are included in Appendix C.

General Sample
Using a hand augur. tube sampler or simple excavation, sand samples were
taken for conducting sand grading analysis, particle density tests and
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permeability tests. Where possible sample were taken at different depths,
so that some distinction between the sands located at different depths could
be determined.

Sampling for Directional Permeability Tests

It was postulated that laboratory permeability test do not necessarily give a
true representation of the in-situ permeability of the sand (Hypothesis 2.4),
In order to compare laboratory permeability measurements to actual in-situ
conditions, some measurement of in-situ permeability was required. |deally
in-situ permeability would be measured by means of pump testing
However, due to the number of sites included in this research pump testing
was not a viable option, as it would have been prohibitively expensive.

In his book on sand storage dams, Wipplinger recommends the use of a
device for taking “undisturbed” sand samples and then measunng the
permeability of the sample without transferring the sample
(Wipplinger, 1958). Permeability tests conducted using a device of this
nature are advantageous as they can be considered to give a reasonable
representation of the in-situ permeability of the sand.

Based on Wipplinger's device, a permeability sampling and test unit was
made and used for obtaining some indication of in-situ permeability. This
unit was called the “directional” permeability test unit as it can be used to
take samples in a specific direction (vertical or horisontal) in the sand and
thus test the permeability in that direction. Details of the device, and the use

thereof are given in Appendix C 2.

Wherever possible directional permeability samples were taken below the
water table, at the same surface depth at which the tube, augur or hand dug
samples were taken.

Sampling for Bulk Density Tests

As discussed, it was postulated that the permeability of samples measured
in the laboratory is not necessarily a true representation of the in-situ
permeability, as the in-situ bulk density of the sand is not taken into account
(Hypothesis 24). To determine the validity of this hypothesis, it was
necessary 10 obtain some measurement of in-situ bulk density of the sand at
the different sites.

Different methods for measuring in-situ density of sand, and problems and
advantages associated with the different methods are discussed in
Appendix C 3 For this study, a simple method, based on first principles,
was adopted to measure the in-situ density of the sands. The method used
is referred to as “the density ring”. Wherever possible samples were taken
below the water table, at the same surface depth at which directional
permeability and the tube, augur or hand dug samples were taken.
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As stated previously, a measurement of the in-situ bulk density of the sands
was required A number of penetromeler-type tests have been used by
engineers to determine various parameters of in-situ soils, including relative
density. Cone penetrometer tests are. however, limited in accuracy, and it is
recommended that they be used in conjunction with information from other
methods and evaluations (Cernica, 1982). They are not recommended for
cohesive scils, and are also not used in saturated and submerged
condrtions.

As the use of penetrometer tests to determine relative density of soil strata is
an established practice, t was decided 10 conduct penetrometer tests at all
sites in conjunction with the ring density tests. When commencing this
research it was not known whether these tests would give an indication of
relative density in saturated or submerged conditions. It was known that it
would be likely that the test would not be effective in saturated or submerged
conditions, as instantaneous shearing of the soil structure can occur and
such conditions. The test would then not give any indication of the density of
the soil

The penetrometer tests were, however, included in the testing programme in
order 1o determine whether, in riverbed conditions, there is any correlation
between bulk density and/or permeability and the results of these tests. The
tests are cheap and easy to conduct, and should such a correlation be
shown, the implementation of such a test would be extremely valuable when
conducting preliminary investigations for the installation of sand abstraction
systems

A hand held Dutch Cone Penetrometer (DCP) was used for the
penetrometer tests. Details of the DCP and its use are given in
Appendix C 4.

DCP tests were conducted at all sttes, except in extremely pebbly matenal.
The tests were started at the same surface depth at which the directional
permeability, the ring density and the tube, augur or hand dug samples were
taken.

425 Ulundi System: Pederson Device
In addition to the standard investigations that were conducted at all other sites,
more detailed investigations into the possible problem of biofouling were
conducted at the Ulundi sand abstraction system As part of these more
detalled investigations, Pederson devices and modified Pederson devices were
built and installed in the abstraction screens of the Ulundi system

Pederson devices are designed to allow for the growth of biofilm in a system on
a substrate e g. a glass shde, which can be removed from the system. A
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relatively undisturbed sample of biofilm can thus be obtained from a system.
faciltating the investigation of the sessile, as opposed to the free floating,
bacterial population in the system.

Three different types of devices were made and installed in the screens of the
Ulundi abstraction system. These included:

e aslide unit,
e ascreen section untt, and
e ascreen section unit with sand.

Details of the devices used are given in Appendix D.

Three sets of units were installed in the abstraction screens of the Ulundi
abstraction system  Two sets of units included slide units and screen units with
no sand, whilst the third set included a screen unit without sand and one with
sand. The sets of units were installed in the separate screens as far apart from
each other as possible, at approximately 10 m into the screens from the screen
outlets.

It was initially intended that the units be installed in the Ulundi abstraction
system and sampled at a maximum of one-week intervals, thus allowing for
monitoring of the progressive development of any biofilm. Access to the Ulundi
system was, however, limited due to the extremely high rainfall experienced
dunng the research period, and it was not possible to take samples from the
units at regular intervals.

The units were installed in the system on 16 Oclober 1998. They were left in
the system until 24 April 1999, when access could once again be gained to the
system. The units were then removed from the system and stored, with ice
packs, in water taken from the system for transportation 1o the laboratories.

4.2.6 Water Quality Testing

The water samples taken from the systems included in the survey were
analysed for a number of different water quality parameters. As discussed in
Section 4.2 3, water quality was analysed in order to investigate several of the
problems associated with sand abstraction systems and to determine whether
any correlations exist between water qualty and system performance.
Parameters that could be used as possible indicators of biological fouling and
ron or manganese related problems were therefore selected for analyses.
Water quality paramelers for which analyses were conducted are listed in
A 1x

Both laboratory and on-site testing of water qualty was conducted. All waler
quality laboratory testing was conducted by Waterlab Research (Pty) Ltd,
Pretona.
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Ideally water samples should be delivered to a laboratory for testing as soon
after sampling as possible. This would ensure that there are no, or minimal,
changes 1o the water quality of the sample, through biological activity, oxidation
elc. prior to testing

Due to the remote location of a number of the sites visited, and the extended
periods that the research team were in the field, it was not possible to deliver
water samples to the water laboratory shortly after sampling Samples were
kept refrigerated (at 4°C as far as possible) and were shipped or delivered to the
laboratory in ice packs generally within a week of sampling. There was still,
however, concern that changes could have occurred to the water quality of the
samples prior to laboratory testing. Two measures were therefore taken to
assess whether any such changes in the water quality of the samples had
occurred. These included:

* Preserving one set of samples with nitric acid. This would prevent changes
from occurring in the total iron and manganese concentration of the
samples. These preserved samples were analysed by Waterlab Research.

¢ Conducting on-site water quality testing.

Methods used for on-site water quality testing are discussed in Appendix £ 1

Microbiological Analyses

As part of the investigations into biwologically induced fouling, various
microbiological analyses were conducted on the water samples taken from the
abstraction systems. Microcheck Laboratones CC conducted all microbiological

analyses.

Details of the microbiological analyses conducted are discussed in Chapter 3 of
Microcheck’s report “Microbioloaical Analvses of samoles from Sand Abstraction
Systems”, and is included as Appendix £ 1 lo this report.  Microbiological
analyses conducted included the following:

Total Bacterial Counts in Water Samples

Total bactenial counts were conducted on all water samples to determine the
planktonic (free floating) bacterial population in the samples  Although
biofouling is caused by sessile populations of bacteria i e. bacteria attached
1o a surface as biofilm, it was generally not possible to obtain samples of
biofilm from any of the abstraction systems. It was therefore necessary to
determine the planktonic bacterial populations in the abstraction systems. as
this can give some indication of the sessile bactenal population in a system.
Nutnent agar was used for the total bacterial counts. This medium is used
for the enumeration, isolation and cultivation of less fastidious micro-
organisms
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Enumeration of Sulphate Reducing Bacteria (SRB)

As previously discussed, Sulphate Reducing Bacteria (SRB) are commonly
associated with biofouling and biclogically induced corresion. In order to
identify whether SRB were contributing to fouling of abstraction systems,
enumeration of SRB was initially included in the microbiological testing
regime. Testing for SRB was, however, discontinued, as initial testing of
samples from a number of systems indicated extremely low or zero counts of
SRB. The Modified IS medium was used. This medium is used for the
isolation and enumeration of sulphate reducing bacteria.

Scanning Electron Microscopy (SEM)

Scanning Electron Microscopy (SEM) was conducted on water samples from
the Ulundi and Oshoek systems, as well as on the slides taken from the
Pederson device installed in the Ulundi abstraction system: Electron
microscopy was not performed on the samples from the Ulundi and Nqutu
systems containing large agglomerations of biofilm, due to the density of the
material present in the sample. The personnel at the electron microscopy
unit advised us that in order to be able to take any meaningful photographs
of the maternial, t would have to be diluted several times. This could render
unrepresentative results. SEM was not performed on other samples due o
the high cost.

Light Microscopy

Light microscopy was performed on the samples that came from systems
appearing to have problems with deposits and/or slime formation. Wet
preparations as well as Gram staining was performed on these samples.

DAPI Staining
The slides from the Pederson device installed in the Ulundi abstraction
system were stained with DAPI to detect bacterial cells on the slides.

Culturing of iron Reducing / Oxidising Bactena:

Iron reducing / oxidising bacteria are commonly associated with biofoulng.
In addition, tests conducted on samples from the Ulundi system, prior to the
commencement of this research, showed the presence of iron reducing
bacteria. Culturing of iron reducing / oxidising bacteria was therefore initially
performed on some of the water samples.

Several media were used in attempts to culture and/or isolate iron bacteria.
i.e.: Iron-oxadising medium, Iron bacteria isolation medium, and Iron sulphite
medium. Initial attempts were, however, unsuccessful. Due to the lack of
success expenenced in culturing iron bacteria, this testing was discontinued.

It must, however, be noted that the failure to culture iron bacteria did not,
necessarily mean that there were no iron bacteria present in the samples. In
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the past a lot of difficulty has been experienced in culturing iron bacteria,
probably due to the fastidious nature of these bacteria An example of
similar problems was communicated to Ms Wagner of Microcheck by
researchers from SASOL who also had no success in culluring these
organisms. It also has been noted that media for the culturing of micro-
organisms usually have an efficiency of less than 10% for the recovery of
bacteria from their natural environment (Steyn and Cloete, 1989).

428 Sand Testing
Testing of sand samples was conducted to determine various parameters of the
sand from the different sites. Sand testing was conducted by various soils
laboratories as well as by the research team.

4281 Sois Laboratory
Testing conducted at solids laboratones included:

Sand grading analyses

It stands to reason that the grading of a sand will affect the permeability
of the sand, and hence the performance of a sand abstraction system.
Parameters determined from sand grading analysis are traditionally used
for the calculation of the theoretical permeability of sand

Sand grading analyses were therefore conducted on all sand samples,
with the exception of samples taken using the density ring and site
permeameter. It was assumed that the gradings of these samples would
be similar to those of the samples taken using the short tube sampler or
hand dug at the surface of the rnverbed. Grading analyses were
conducted on samples taken at different depths in the sand bed to
determine whether there were any changes in the sand properties
through the bed.

Specific gravity of the entire sample:

Specific gravity (SG) analyses were conducted on the entire samples.
The SG was determined, together with the bulk density of the sand, to be
used for the determination of the void ratio of the sand.

Although not normally used for the determination of the theoretical
permeability of the sand, it was hypothesised that the SG and bulk
density of the sand, or equivalently the void ratio of the sand. would have
an effect on the permeability of the sand. The SG results were therefore
used in the analyses conducted to determine correlations between sand
parameters and permeability of the sand.

Specific grawty on fractions of the sampie
Initial grading analyses conducted on samples taken at the first sites
visited indicated that at some sites there was an increase in fines content
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of the sand with increasing depth in the sand bed. Considering the
normal settlement of sand in rivers, this is anomalous. It was therefore
decided to conduct specific gravity (SG) analyses on several of the
sieved fractions of the samples e g. the SG of the fraction of sample
retained on the 1.18 mm sieve. Specifically, the SG of those fractions
containing the Dy,, Dy, Dy and D; particle sizes was determined (where
the Dy is the particle size corresponding with 80% passing on the
grading curve, the Dy is the particle size corresponding with 50%
passing on the grading curve etc ).

These tests were conducted 1o determine whether the SG of the finer
fraction was greater than that of the coarser fraction of the sample. If this
was found 1o be true, this could. to some extent, explain the anomaly of
the accumulation of fines at depth. The fraction SG's could also be used
in the analysis 10 determine correlations between sand paramelers and
permeability of the sand.

All testing conducted at soils laboratories was conducted according to SABS
standard methods. Soils laboratories where testing was conducted included:

e Matrolab, Pretoria

e Department of Water Affairs and Forestry Soils Laboratory, Pretoria
e Letaba Lab, White River

e SNALab. Nelspruit

Bulk Density Tests

The in-situ bulk density of the sands was determined using the samples
taken using the density ring. Bulk densities were measured for use in the
determination of the void ratio of the sand. The bulk densities determined
were also used during the permeability tests, as discussed below. The
method used to determine the bulk densities of samples is discussed in
Appendix G 1.

Permeabiiity Tests

Constant head permeability tests were conducted on all samples taken using
the directional permeability unit (as described in Appendix C 2) and on at
least one representative sample (typically the long tube sample) from each
system visited using a constant head permeameter. At least two constant
head permeability tests were done for each sample tested. These included:

e Permeability test done at “normal testing” density
The first permeability test conducted on each sample was done with the
sample at what has been referred to as “normal testing” density. By
“‘normal testing” density it is meant the density at which the sample would
naturally settle in the permeameter without any compaction. This is the

s!
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manner in which constant head permeability tests are normally
conducted, hence the name used: ‘normal testing” density.

o Pemmeability test done at “site” density
After completing the permeability test at “normal testing” density, the
sample was tested at “site” density. The sample is compacted such that
its bulk density is equivalent to that determined for the n situ sand
(determined using the “density ring” sampler)

Permeability tests were conducted at the two densities in order 1o establish
the effect of the bulk density of the sand on the permeability, and to
determine whether it is necessary to alter normal testing practice, preparing
the sample such that its bulk density in the permeameter is equivalent to that
of the in situ sand

In some instances additional permeability tests were done. Where it was
ewvident that fines were accumulating in layers in the sample, or the sample
became more compacted during the course of the test, then the sample was
backwashed for an extended penod. The sample was backwashed by
reversing the flow through the system. After backwashing of the sample, the
permeabilty tests were repeated.  This allowed for determination of the
effect of backwashing on the permeability of the sample

Permeability testing procedures are described in Appendix G 2.

4284 Particle Shape
Photographs were taken of representative samples from each system and
observations of the particle shape and general appearance of the sand were
made.

Panticla chape will affoct the packing of the sand, with more angular paities
generally being more loosely packed, while more rounded particles will be
more tightly packed. Flat or flaky particles will affect the permeability of the
sand in that the permeability in one direction (usually the horizontal direction,
depending on the onentation of the particles) will generally be much higher
than that in another direction.

Observations of particle shapes were made in order 1o determine whether
the general particle shape of sand has an impact on the performance of a
sand abstraction system In addition, if general visual observations of dry
sand can be used as an indicator of the potential success or failure, this
would be extremely useful during initial site investigations being conducted
for the development of a new sand abstraction system

The manner in which the particle shape and general appearance of the sand
were defined is given in Appendix G 3.
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Observations of particle shapes are given together with photographs of the
respective sand, the permeability and in-situ bulk density of the sand, and
the problem ratings (as described in Section 4.3.1) for the systems installed
in the sand. This can be used as a field guide for examining sands durng
investigations for proposed abstraction systems, and can be used as an
initial indicator of the potential performance of an abstraction system
installed in the sand being examined.

4.29 Geographical and Geological Aspects
Geographical and geclogical aspects of the catchment upstream of a sand
abstraction system woulkd probably have an effect on the performance of a
system. This is due to the fact that water quality and sand parameters are
determined by the geology and geography of the catchment. Aspects that could
affect system performance include:

General catchment geology

All sediment in a river is derived from the base rock in that catchment. The
base geology of a catchment will therefore largely determine the nature of
the sand in rivers in that catchment. Parameters of the sand that could be
affected by the geology include:

~ particle shape,

~ particle density,

~ panticle size and sand grading curves,

~ mineralogy.

The base geology of a catchment will also affect the water quality of a river.

Other factors that would impact on the nature of rivers in a calchment are in
turn influenced to some exient by the base geology of an area e g rainfall-
runoff response, natural vegetation cover and land use activities.

River morphology

River morphology, or the shape and slope of the river and its catchment, will
influence the development of sand in a catchment as well as the manner in
which the sand is deposited in the riverbed Examples of how river
morphology could affect sand in rivers include:

» sands developed in steep valleys will differ from those developed in flat
broad plains, and

» the deposition of sand in meandering rivers would differ from the
deposition of sand in rivers with a relatively straight flow path.

Land use

Land use will affect both the development of sand in a catchment, as well as
the water quality of a river.  This would include aspects such as agricultural,
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urban and forestry developments in the catchment, and the development of
impoundments on rivers.

Other geographical parameters that could possibly be related to the
performance of a sand abstraction system through their impact on the river
catchment include:

rainfall. runoff and evaporation parameters,
soils,

sediment yield,

natural vegetation

Considering the above. geographical and geological data about the river
catchments upstream of the abstraction systems was collected from various
sources

4291

42902

1:50 000 Topographical Maps

Data about the reach of river 50 km upstream of the system. (or to the head
of the catchment, whichever was the shorter) and the associated catchment,
was gathered from 1:50 000 topographical maps. Types of data gathered
from these maps included river morphology, land use and settiements.

A 50 km reach was studied, as it is probable that the effects of land-use etc
in more distant parts of the catchment would have minimal effect on the
performance of the system. In instances where the catchment is extremely
large e.g. the Limpopo and Olifants Rivers (Northern Province), the entire
caichment for the 50km reach was not studied, but the area that was
assessed 1o have the most impact on the system was considered.

Oelaiis of lwe dala exbiacied ftom e 1150000 maps are given In

Appendix H 1.

“Surface Water Resources of South Africa 1990 - Map Books"

Data about the entire system catchment was extracted from the maps in
‘Surface Water Resources of South Africa 1990 Book of Maps”, (Ref 0)
Types of data gathered from these maps included land cover, precipitation
and sediment parameters, geology and soil types. Generally the data was
extracted as percentage areas of each system catchment falling within a

specific data category.

Unfortunately these maps do not cover Zimbabwe or Botswana. It was
therefore not possible to collect the relevant data about the Zimbabwe
systems, nor about the entire catchments of the systems located on the
Limpopo River.
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Details of the data extracted from the maps of “Surface Water Resources of
South Africa 1990. Book of Maps™ are given in Appendix H 2.

4293 Geological Maps

43
431

As no geological information could be gathered for the Zimbabwe systems
from the “Surface Walter Resources of South Afnca 1990° maps, geological
data was also extracted from geological maps covering all of Southern
Africa. The geological map used was Figure 167 ~ Geological Map of
Southern Africa (Scale: 1.6 000 000)" from AB.A. Brink's “Engineering
Geology of Southern Africa” (Ref. 0). The stratigraphic terminology used in
this map is as recommended by the South African Committee on
Stratigraphy, 1977). This map was used as opposed to standard 1:250 000
geological maps as it was the level of complexity of the geology shown on
the 1:250 000 maps was too great to allow for interpretation of the data with
respect o dernved sand types and sand abstraction system performance.
The stratigraphy shown on Brink's map is a simplified version of that shown
on the 1:250 000 maps

Percentage areas of each different type of stratigraphic formation in each
sysiem calchment were determined. This data was then interpreted 10 give
a general description of the dernved sand that could be expected in each
catchment.

An example of a typical geological map extracted from Brink's map, with the
catchment defined, is shown in Appendix H 3

DATA ANALYSIS

Rating of Abstraction Systems

Following the site visits and collection of data regarding the performance of the
abstraction systems, each system was given a rating relative to the problem of
low or reduced yield from the system. The systems were rated from 0 to 5,
where 0 indicated no problems of low yield experienced and 5 indicated severe
problems. The systems were also given a rating relative 1o the problems of
possible clogging of the sand, possible microbiological fouling of the system and
problems related to ron and manganese (€ g. high ron concentrations in the
abstracted water, precipitation of iron in the system).

It must be noted that the ratings given each sysiem are relatively subjective.
being based on the understanding of the research team of the varous systems
and the problems associated with them

Ratings for each system were plotted against the vanous parameters for each
system, including water quality. sand, geological and geographical parameters:
in order to determine the relationship of each parameter to system performance,
or to the problems associated with abstraction systems. Correlations between

g/
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paramelers and system performance were determined visually using these
plots.

Correlation of Sand Parameters with Laboratory Measured Permeability
Correlation analyses were conducted to determine the relationship between
sand parameters and laboratory-measured permeability of sand samples. Sand
parameters considered in the analysis included:

« Sand grading analysis.

The sand grading analyses were included in the correlation analyses by
incorporating the various D sizes of the samples in the equation. The D size
is the particle size al a given percentage passing on the grading curve e.g.
the D, is the paricle size corresponding with 2% passing on the grading
curve. The D sizes were calculated by means of inear interpolation of the
log, of the particle size between the percentages passing measured for the
standard sieve sizes.

* Bulk site density.
The correlation analysis was done to develop an equation for the theoretical
calculation of permeability, and to determine whether the inclusion of the
bulk density of the sand as a parameter in the equation would give better
correlation than the existing equations used to calculate permeability.

Correlation coefficients were determined by comparing the calculated sand
permeability, using the developed equations, with the measured permeability of
the different sands. These were compared with the correlation coefficients
obtained when comparing the calculated sand permeability, using existing
equations, with the measured permeability of the sands.

The existing equation used for calculating permeability was:

k : ae’“ a LR hd
[ :glﬂ“
1+ h-.DmJ'

The results of the analyses are shown in Appendix M 3 of this report
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5 SCALE MODEL TESTING

A scale model test unit 1o simulate a typical horisontal well point was constructed to
evaluate the impacts of specific variables on the performance of the well point. The
aims. methodology and the test results are discussed in more detail in the following
sections

51

5.2
521

AIMS OF SCALE MODEL TESTING
The aims of the scale model testing were

To determine the flow patterns and head loss through the sand bed and well
screens in a horizontal well point type abstraction system.

To compare the performance of two different types of well screens, namely
~ Plastic moulded Soloform screen with wedge shaped slots, 0.25 mm slot
size (2 66% open area. 150 mm internal 0.

~ Stainless steel wedge wire screen, with profile wire head width 1.5 mm,
slot size 0.25 mm.

To determine whether the different types of screens affected the flow paths
and head loss through the sand

To determine the effect of developing the sand around the screen on system
performance

To determine the effect of a small percentage of clay in the sand on the
performance of the system

To determine the effect of the sand profile relative to the screen on the
performance of the system.

METHODOLOGY

Test Unit
Details of the layout of the scale model test unit are shown in Figure 2

Essentially the test unit consisted of a perspex box. 590 mm wide x 220 mm
deep x 960 mm high. The unit incorporated:

A half section of well screen. installed at the bottom of the unit against the
sidewall. Outlets and valves for a scour drain, ar release valve and outlet
were incorporated in the side of the unit from the inside of the screen
section.

Openings for piezometer tubes with Smm o piezometer tubes  The
pezometer tubes were installed in a gnd pattern in the front face and side of
the unit. Smaller diameter tubes were not used as suitable fittings for the
connection of the tubes into the walls of the unit coukd not be obtained

An overflow weir at the top of the unit This was incorporated so that a
constant head could be maintained in the unit at all imes

L
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5.2.2 Testing Method
The method of testing was carried out as follows:

The unit was filled with sand.  Throughout the process of filling the sand was
kept submerged to prevent air from being trapped in the sand.

Water was pumped into the top of the unit, being allowed to overflow the
weir to maintain a constant head in the sand. Water flowed out of the unit
through the outlet inside the well screen section.  Trapped air was released
through the air release valve installed inside the screen section.

The unit was left for some time to allow for the stabilisation of the flow
through the sand bed The system was considered stable when the water
levels in the piezometer tubes remained constant

(1]
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e The water levels in all the piezometer tubes were then read. This gives a
measurement of the head loss through the sand from the surface to the
depth of the piezometer tube.

e Coloured dye was then injected into the sand bed, al three points across the
sand bed. The time of flow and position of the flow path of the coloured dye
was tracked and recorded.

e Five main variables were altered through the testing regime  These
included:

- Screen type: All tests changing the other variables were conducted
using both the Soloform and wedge wire screens.

- Sand: Sand from two systems was used in the testing. Sand from
the Nqutu system (system 31) and the Ulundi system (system 34)
were tested Al lests changing the other variables were conducted
using both sands. Sand from these two particular system was used
for the following reasons:

o There is large amount of information available on both systems,
including details of design procedures, construction methods and
operational history.

o The systems are in adjacent catchments, are of similar design
and were designed based on the same principals. The Nqutu
system performs extremely well, with problems of low yield only
occurring 23 years after installation, while the Ulundi system has
never performed adequately. It was thought that use of the sand
from these two systems could possibly provide some insight into
the reasons for the difference in performance of the two systems.

- Development of the sand: Tests were conducted without developing
the sand, and then repeated with developing the sand.

- Addition of clay to the system:  Some tests were conducted after a
small quantity of fines was added 1o the system

- Surface profile: Tests were conducted varying the surface profile

from level, to sloping up away from the screen section, to sloping
down away from the screen section. This was done in order to
determine whether the profile of the surface of the sand bed relative
to the screen would affect system performance.

In addition to changing these variables, the flow rate was changed with tests
being conducted at high and low flow rates. The flow rates were adjusted by
throttling the outlet valve.

In total, 99 tests were conducted. A breakdown of the vanables tested is
shown in Table 5. An index of all tests conducted is included in Appendix P.
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Table 5 Variables in Tests Conducted in Scale Model Unit
| Total Number of

Test Parameters / Variables Number of Tests
Tests
- 1
Ulung 04
»ang 4
Ngutu 45
Soloform 57
Screen
Johnson's a2
Development of sand by Not Developed 33 |
Dackwashing system Developed 66 pu
Yes
Clay / sit acded
No 92
Level 3o
Sand surface profile i .
Up from screen 32
relabwve 10 screen Slopng $
Down from Screen KR

TEST RESULTS

Overall a total of 99 tests were conducted in the scale model test unit. A typical
test in progress is shown below in Plate 1. Details of the scale model test
results are included in the electronic Appendix e H A summary of the test
results is shown in Table 6

Dye injected
o sand
R - - o

Flow path of
dye in sand

Screen section

Plate 1: Flow Paths in Scale Model Test Unit

Some important results from these tests include the following

e The average permeability for a specific sand is higher when using stainless
steel wedge-wire screens than when using the plastic moulded Soloform
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screens (same slot size). The effect of the screen appears to be more
marked with sands of higher permeability. This cannot, however, be stated
categorically without testing additional sand samples. A difference of as
much as 26% in the permeability of the sands was measured when using
the two different screens.

 Normally, by developing the sand, there was an increase in the permeability
of about 22% to 39%. When developing the sand in the "Nqutu Soloform”
tests, there was not. however, always an increase in the permeability of the
sand. The effects of developing on the sand can be seen in Plate 2. This
photograph was taken shortly after backwashing or developing of the system
was started. It can be seen that the fines have been washed out of the
wedge of sand immediately over the screen

e Considering the profile of the surface of the sand relative to the screen, in
most cases, the permeability was highest when the surface was sloping up,
away from the screen (i.e shallowes! part of sand bed over the screen), and
lowest when the surface was sloping down away from the screen (ie
deepest pan of sand bed over the screen).

e The addition of a small amount of clay to the sand resulted in an average
reduction of the permeability of 23%. This indicates the impact the fines
fraction of a sand has on its permeability. It is therefore very important to
consider the fines fraction when designing a system.

e The head loss across the screen was measured during the testing. This
was done by monitoring and recording the waler levels of piezometer tubes
installed on either side of the screen. To compare the head loss at different
flow rates, the head loss was divided by the square of the flow rate  |deally
the velocity should be used, but the percentage open area of both screens

was not known. The g varied markedly for any one particular set of tests

conducted for a given screen type and a specific sand. Theaveme%h: for

the tests were:

~ Nqutu Soloform 10

~ Nqutu Johnson's 1"

» Ulundi Soloform 16
Ulundi Johnson's 19

Considering these results, it appears that the head loss through the screen
is more dependent on the sand, rather than the screen type
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Table 6 Summary of Results of Scale Model Unit Tests

i Average for Tests
. Permeability
Gross
Test Dry Density Gross o/ are Mean
A
(kgim’) Average Root
Permeability Permeability
- (mm/s)
— ! -
"~ ha0r | 48T | a6o
L. 1409 508 _496
1408 476 454
13716 526 IS4
1424 520 | 511
L 1428 472 462
T Tia08 as5s | a3
1408 537 { 515
1398 441 417
1408 614 | 568
1383 | 504 477
S 1418 B 654
l.')evehpod chdSurboo 1321 445 397
Developed - Surface Sioping Up from Screen | 1430 | 451 433
Dculopod Surface Sioping Down from 1399 1 526 . 502
-Level Surtace 1306 | 7es | 680
-smsmmupm&:m a9 1 708 682
- Surface Sloping Down from Screen | 1439 l 588 871
Mm'_fm T a0 339 289 |
Developed iy = 1396 297 292
415 382 292
ot Developed - Level Surface 1387 | 309 | 306
Developed - Surface Sloping Up from Screen 1424 . 287 | 282
Developed - Surface Sioping Down from 18 | 287 1 280
-Level Surface 1 e | 340 287
Pewsloped  Surface Stoping Up Som Sorcen 2452 397 282
L Rt R LR - '
-smswmmm 1404 364 304
Al "Ulundi Johnson's™ Tests 1 Thars 343 201
Developed . 1454 — 300
Developed 1485 | 380 328
Developed - Clay / sit added _M4B3 | 284 | 195
it Developed - LﬂdSurfm 1439 | o 290
Developed - Surface Slopng Up from Screen | 1474 108 is0
Developed - Surface Sloping Down fom 1449 284 271
- Level Surface 150 458 420
Developed - Surtace Sloping Up from Screen 1467 35 . 309
Developed - Surtace Sloping Down from Screen 1485 325 . 255
Developed - Clay or silt agded - Level Surface | 1463 328 189
Clay or silt adgded - Surface Skoping 1483 299 | 213
+ — —
- Clay or sit added - WM 1484 290 177
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Piate 2: Effect of Backwashing in Scale Model Test Unit

e The flow paths were plotted for all tests. For similar tests using different
screens, it was found that the flow paths through the sand differed. An
example of this is shown in the following graphs in Figure 3. This is an
indication that the screen type does have an impact on the flow through the
entire sand bed
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6 SURVEY OF SAND ABSTRACTION SYSTEMS: DATA AND FINDINGS

6.1

6.2.1

SURVEY — PHASE |

A total of 745 survey questionnaires were distributed to relevant parties in the
water sector in Southern Africa. The inttial response to the surveys is shown in
Table 7

Table 7 Response to Survey - Phase |

- | Number | percentage
Questionnaires diswibwted | 745 woo%

ﬁ“‘”‘"‘"’,’ returned | 130 17 4% response rate
:’;“::;:::“ ’:onh'tmm l 5 l 38 2% of questionnaires returned

| Actual number of abstraction systems | 2% 66 7% of questonnares indicatng

| found from survey knowleage of an abstraction system '

SURVEY - PHASE Il

In addition to those systems found through Phase | of the survey, another 33
systems were found during the course of the second phase of the
investigations, giving a total of 67 systems that were found. This is only
including those systems of which the existence, either past or present, could be
confirmed. Numerous rumours of other systems were also “collected” during
the course of the research, but if these could not be confirmed they have not
been reported on.

Systems not Visited
Of the systems found, 28 systems were not visited. Reasons for not visiting the
systems included the following:

* The system no longer existed, having been destroyed in floods, or having
Deen repliacea by an alernanve system,

¢ The system was no longer utilised. These were generally systems that were
extremely problematic.

* The systems had been installed for emergency water supplies during severe
drought periods and had then been abandoned

o The owners of the systems could not be contacted. or would not permit the
research team to visit the system

e Systems were too remote to be visited within the budget available to the
research team.

* Responses 10 the survey were received after all site visits were complete
Some responses 10 the survey were received up to three years after the
initial surveys were distributed
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Where possible, people were interviewed to collect information about the
systems that were nol visited This included interviews with the design
engineers and operating authorities. Alternatively information was gathered
through the distribution of a detailed questionnaire. Details of the systems not
visited are included in Appendix K.

The geographical distribution of the location of the systems was as follows:

e Zimbabwe: 8
* Botswana 1
« Swaziland: 1 (scheme including a number of systems)
* Lesotho: 1
e South Africa: 18, located in the following regions:
~ Northern Province: 8
» Northern Cape 3
» Free State: 1
» KwaZulu-Natal: 6

In discussions with a number of people systems in Mpumalanga were
mentioned, and information promised. Despite follow up on these discussions,
specific details about systems in Mpumalanga could not be obtained.

Systems Visited

A total of 39 systems were visited during the course of the research. Details of
each system visited are given in the System Information Sheets included in
Appendix J. Where information was available it has been included in these
system information sheets. Details discussed for each system include the
following:

* Locality and catchment maps

« Details about the system location, system owner and source of information.

e Purpose of the system.

* Testing and investigations during the design and feasibility phases.

« Design procedures.

o General description of the system

* The construction methods used.

« The operational history of the system, including problems experienced

* Remedial measures taken o improve the performance of the system.

e Photographs and drawings or sketches of the system.

A summary of the details of the systems visited is given in Table 8.
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Table 8 Systems Visited -~ Summary Information

z l |
§ [ | l i é J§i gg
E  System Name l River Country . Province Purpose Type of system Ug ‘2 ‘ g ‘ é ‘

| ' | 8'
r | i 5 é '
|
ol | | 5
| 1 | Dyssesdop  OMants | ScuthAtica |Western Cape Domestic water supply  Vertical wel point 08  No  No +_Yu |
| ) Caisson & honzontal ! i
. , |
1_2 W‘ : Wigehout | South Atica \Mmc—aoo mmiﬂ"i collector o | 12 . Y:s‘ i No hl No 1
| 3 Langsburg 2 . Buttels Sonlu_\u V!ewnmbmwwy Cassons [ 22 1 No No *
4 | Meknposstrand j Sout 1 South Afica  Western Cape  Irgation - golf course & hor ' 10 No ' No No |
well screen l ] !
: —_————— . .
| ‘ Imgation & ‘arm 35 per wel | l
s | Fox Farm Caledon Scuth Afnca | Free State e Vertical well ponts bt & Yes Yes Yes
| IS . . | domest Supply i o !
. B l Pexa Caledon Lesctho Dumacnurwm’ Banko:nl m:l ol Unknown Yes Yes No
! 1 - | ! | — .
f . Bank of vertical well 3 89 for one !
| 7 Y Y N
T lfom ' Higtse ' Lesotho Domtﬂcvm?fm wel point cs i °s L o
8 Teyateyaneng | Puthiatsana Lesotho Domestic water supply - : e Unknown Yes ; Yes Yes
" London Catholic Tuolomuhho-; ' " Norner - 1
[0 | e | oy | SO | py | ooy | O | U | Mo | Mo | W
! Northern Casson & horzontal | | |
1" Giyany Klein Letaba | South Atrica | Provista ()ovinotm:mnlo'unmrwya well scre l _20 No No No
Nortrern | '
12 Bothashoek Steelpoort = South Afnica Provi Domubcwuumwl Casson | 375 No No No
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Table8 Systems Vloltod :_s_ummary lpfommion (cont.)

| | 1 | | * ]
| | ! 1 ! ) }
System Name River Country Province Purpose Type of system g ‘; | i
: A L 1R )
& | 2
l |
13 Messna Umpooo | SouMAtca | por. | Domestcwalersupply | Vedcalwelponts | 11010340 Yes | Mo | Yes
14 | Chkwarakwara Limpopo Zimbabwe ) Masvingo Imgat;c;\—'- Vom;m:i_po;m | 222 - Vn__ No N; 5
e — 3 , =
Matabeleland Irngation & farm Bank of vertical well ; |
15 ’Wmft Ltmoio bz_.m 5 d 1667 | Ves Yes Y:- ‘;
| & farm Bank of vertical well |
6 | Chsumba | s . Y
‘ e Save Zimbabwe I Masvingo | | 020 No No | es 1[
' Matabeleland | Bank of vertical we | |
7 ‘ | '
1 i s.h‘:h. . Shashe Zimbabwe B !] Irmgaton ' sainie 3§2 No No | No
Irrigation - market | Horzontal wel screen -
5 | e M| bt |t | MO PO e | 0 | o | w0
| Matabeleland | Domestic water supply - Bank of vertical we! |
L W Shashane Zyrbabwe s C Hoson | 1 42 | Yes ‘ No- No
 Matabeleland | Bank of vertical well :
20 | Mamban Shashe = Zmbabwe | South l—modm - ' paurs : 40 _ No | No_ No
' i . : Irrigaton - market Horizontal wel screen - f
v | RS [ Veww | Teeew | Wen ]| e | ewpeew [WWeSE] W ) B | W |
Umgeni Water - | | KwaZulu-Natal Bank of horizomal well
22 " ‘ Mtwalume | South Africa South C Domnu:mm[ 2889 Yes Yes | No
_ n | A - KwaZulu-Natal o " Bank of harzontal wel . o 1 B '
23 Umazinto Mzinto South Africa | Domestic water supply | 654 Yes Yes No |
( | | South Coast | | screens |
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Table 8 Systems Visited - Summary Information (cont.)

] | | ' —
| ; |
| - HE:

S k]
i System Name River Country Province Purpose Type of system Uz 2
: 3i
: i :
- | |
24 Umkomaas = Mkomazi l South Afnca Ks .Coonl Domeshc waler supply - - 289 No | Yes No
| ‘ | Kwalulu-Natal | Dormeshc water supply - ,
25 Mmswooll Miwalume South Afnca g Coast | B g un::;dhor:omu 2 | No : No No |
—— B —— O S —————— e - e — = —————- -— . - ‘. “+
2% Farview Mzumbe South Afnca Ks . . Domestc water supply  Vertical well ponts 56 Yes Yes No
27 Pungashe Mniabatshane  South Africa K;:‘ o Domestic water supply wpe ' 10 No No No
T Umvot- llovo | kwazuuNatal| a1 PR PPue i e |
| - mi I} nkon: Y . No
, 28 5 | Mvot South Africa | - ’ Industrial - Sugar Horzontal well screens  Unknown No es |
waZulu-Natal Honzontal well screens,
29 Umdiob | Umdiob J South Africa Kl - Domestic water supply ”:'“::‘ . 4 Unknown No i No No
] S Gabion type colector
30 Glover : Mona | South Afnca '(“.'z::v Domestic water supply  sump and horizontal | B Yes | No No
3 Nautu Bu'fels 4' South Africa | . Domestc water supply hfruomuu:r'”' 1 170 Yes | No Yes
. ' | ——— !
32 Makhosine Moembeni | South Africa " Domestc water supply - 33 No No No
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Table 8 Systems Visited - Summary Information (cont.)
" ol

, | T B o |
i | | SRR E
§ ‘ l ' ;“ ‘;
System Name River Country Province Purpose Type of system o 2 1 B
: ‘ ’ i1 hE
| |
Horizontal well screen
KwaZulu-Natal with horzontal collector
33 Opuzare Nsingane , South Africa ™ e Domestic water supply |, e 825 Yes No No
f‘ concrete sump |
KwaZulu-Natal Horzontal well screens |
;-3‘ ) Wundh B Nn.‘ Mfuoch South Afnca | s mmml off gallery , 310 . vt_*_.“:“,__h,b
‘ Horzontal well screens |
35 | Mpungamiiophe | White Miolozi | Scuth Africa | LNl restic water supply  packed in selected 108 Yes | No  Yes |
| B - B aggregate cages |
Nartaen |
K1 Havercoft Mine | Lower Olifants |  South Afica | o Mning Cassons 165 Yes . No
— —— - — g -— A — — -— L Ti
39 Apei Mission Olifants South Africa Pm:‘nal Domestc water supply Casson | Unknown Yes No | No
1 Y T = —
45 Hbberdene Mzumbe | South Africa S “.g S Irrigaton - sugar cane  Vertical wel points . a5 Yes Yes No
waZulu-Natal | T —
45 Miudbatuba Miolozi 1' South A¥ica K” hC Domestc water supply  Vertical well points ) No Yes No
— — —— —— — . - - --r—- >
| :
a7 Nondwen: | Nondweni Seuth Africa :K“zu“m' Domestc water supply  Vertical well points Unknown No 1 No No
’ | interior | B i
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6.2.3 Types of Systems

6231

Numerous different types of systems were encountered during the course of the
research. The main types of systems are discussed below.

Caisson Type Systems

Numerous caisson type systems were found. These systems incorporate a
large diameter vertical caisson installed in the sand of the riverbed or the
riverbank. The level of sophistication of caisson type systems varies from
simple systems constructed using precast hollow blocks or even large
perforated steel drums to structures constructed using precast manhole
rings, reinforced concrete or no-fines concrete

Provision needed to be made for the infiltration of water into the caisson.
Various methods, including the following were used:

e The use of no-fines concrete for the construction of the caisson. No-
fines concrete is permeable. thus allowing water to infiltrate into the
system through the entire caisson surface

e The inclusion of slots or openings in the caisson walls. Some slots were
covered with a screen or mesh to prevent the ingress of sand into the
caisson. A typical caisson with slot openings is shown in Figure 4.

o Selected aggregate or stone were used to construct the floor of the
caisson. This allows for infiltration of water through the floor of the
caisson. Some of the floors were covered with a screen mesh to prevent
the ingress of fines into the system and to retain the aggregate in place
Where caissons have both slot openings in the wall and an aggregate
floor, it has been found that the majority of water infiltrates through the
fioor of the caisson It was evident that caissons performed better if they
were constructed with either a packed aggregate or no-fines concrete
floor.

e Hornsonal well screens connecied 1o the caisson were positioned in the
sand bed surrounding the caisson Waler infiltrating the well screens
then flow through the screens into the caisson. Multiple screens were
generally installed radially from the caisson. A typical system of this type
is shown in Figure 5.

Caissons lend themselves to the installation of submersible pumps making it
possible 1o pump the collected water directly from the caisson 1o a storage or
treatment facility. Alternatively, outlet pipes are installed in the bottom of the
caisson, connecting the caisson to the wet well of a pumping station, or the
outlet pipes are connecled to the suction pipe of a centrifugal or mono-type
pump. Where more than one caisson is installed at a site, a common
collector pipe is normally used to discharge the water collected from the
caissons into a sump at the pumping station.
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Figure 4: Caisson with Intake Slots or Sections :

Where possible caissons should be founded on bedrock and anchored o the
rock by means of rock dowels or similar. VWhere not possible, it might be
necessary to construct the floor of the caisson in submerged conditions.

Numerous successful applications of caissons were encountered. It was,
however, found that caissons with slot openings are not ideally suited to
conditions where there are high percentages of fines in the river sand. Fines
tend to enter the caisson and there is a build up of sludge in the bottom of
the caisson under these conditions. Caissons with horisontal well screens
with appropriate slot sizes would be more suited to these conditions.

Caissons are also not ideally suited to installation in rivers where relatively
high flood flows with associated bed fluidisation of the sand occurs at depth.
Caissons could then begin to “float” within the sand and could be overturned
Caissons installed in the riverbank are less susceptible to flood damage.
However, the parameters of the alluvium in the riverbank should be carefully
investigated to ensure that sufficient infiltration could be achieved if the
caisson is 1o be installed in the riverbank.

Caisson type systems are most suited to conditions where:

e The depth of the sand bed vanes between 3 and 5m. This gives
sufficient depth for infiltration into the caisson, and allows for founding
the caisson on the bedrock.

e The fines content of the river sand is not high, unless horisontal well

zl

screens are 1o be used.
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A disadvantage of caisson type systems is that they do not lend themselves
1o backwashing or development of the sand around the caisson.
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6232 Infiltration Galleries with Honsontal Well-Screens

Infiltration galleries with horisontal well screens incorporate a honsontal
gallery installed in the riverbed or riverbank Horisontal well screens are
connected to the gallery, near the invert of the gallery. These well screens
project into the riverbed. The well screens are normally parallel to each
other, although screens can be installed in the ends of the gallery, projecting
perpendicularly to the screens installed in the sides of the gallery A typical
infiltration gallery with horisontal well screens is shown in Figure 6.

The length, diameter and slot size of the well screens will be determined by
the parameters of the sand, and the required yield of the system. The
screen diameter is also governed by the need 1o minimise head loss for flow
through the screen pipe.
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Figure 6: Collector Gallery with Horisontal Well Screens

The collector gallery would normally be constructed from reinforced
concrete, but other construction materials such as blockwork could also be
used. The gallery should be founded on bedrock, with the gallery being
anchored to the rock by means of rock dowels or similar.

Construction of these types of systems can be lengthy, and when compared
to other systems, costly. Systems with a collector gallery and horisontal well
screens are therefore more suited to apphcations where demand is relatively
high, and higher capital costs can be justified For systems where demands
are lower, other types of systems would be more suitable.
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These systems are less susceptible to flood damage than are banks of
vertical or horisontal well screens.  This is generally because the well
screens could be installed at greater depth than systems where the wells
screens are connected to a manifold. The collector gallery also provides
some anchorage under flood flow conditions.

Similarly to caissons, these systems lend themselves 1o the installation of
submersible pumps  Water could then be pumped directly from the collector
gallery to a storage or treatment facility. Alternatively, an outlet pipe could
be installed in the bottom of the gallery, connecting the gallery to the wet
well of a pump station, or being connected to the suction of a centrifugal or
mono-type pump

A disadvantage of infiltration galleries with horisontal well screens is that
they do not lend themselves to the incorporation of a facility to backwash the
screens, or 1o the development of the sand around the screens at the time of
construction. It is possible to develop the sand by isolating each screen
independently. but it is far easier to develop the sand when instaling banks
of vertical or horisontal well screens connected to a manifoid.

6233 Horisontal Well Screens Connected to a Manifold
Banks of horisontal well screens are generally installed in the water-bearing
formation with all the screens connected to a common manifold. The
manifold could then be connected either directly to the intake of either a
centrifugal or mono-pump, or water could flow under gravity to the wet well
of a pumping station. A typical horisontal well screen type system is shown
in Figure 7

The banks of screens could be installed in either the riverbed or riverbank.
In general, although more susceptible to flood damage, yields will be better
when screens are installed in the riverbed instead of in the riverbank

When installing systems of this type, it is good practice to install the manifold
on the riverbank. It would then be possible to incorporate isolating valves at
the head of each well screen, so that each screen could be isolated from the
rest of the system. However, this would not always be possible, particularly
when the riverbed is extremely wide and the main flow of the river (surface
or subsurface) is not close to the riverbank

The length, diameter and slot size of the well screens are determined by the
parameters of the sand, and the required yield of the system. The screen
diameter is also governed by the need to minimise head loss for flow
through the screen pipe.

The well screens should be connected to the manifold by a length of flexible
pipe (helical) to allow for some movement of the well screens within the sand
bed, thereby preventing shearing of the screens at the manifold
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Suction and Well screen (or siotted collector pipe) |
Backwash with end caps, mstaled verically
Pipe of horizontally 1o Sufl rver bed.
Pumg
Stavon
Mandold and valves ,n fiver bank
(Mandold without valves can be
shed in the river bed )
Flenble couping
| Figure 7: Horizontal/Vertical Well Screen System off Manifold o

It has generally been found that the performance of systems that are
backwashed regularly as part of normal operation procedures is better than
that of systems that are not backwashed. Backwashing of the screens will
remove any fines that have accumulated in the screens and will assist in
breaking down and controlling the development and build up of scale and/or
biofilm in the screens.

Where possible, the system should therefore be designed 1o accommodate
backwashing facilities. This could be done by either incorporating a return
flow from the storage tanks, with a bypass around the pumps, or by
incorporating a circular return system, whereby water abstracted from one
screen is pumped back into another screen to backwash it. The former
system s however, preferred. In case of the latter system, problems could
arise if fines and biofilm etc. being washed out of a particular screen is
sucked into the screen that is being used to abstract the water for
backwashing. This could lead to clogging of the screens.

If possible, only one screen should be backwashed at a ime. If the entire
bank is backwashed simultaneously, the backwash water will follow the path
of least resistance, flowing out of the cleanest screens, and not effectively
backwash those screens that require backwashing the most.
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Well screens are susceptible to flood damage, particularly when the screens
are installed at relatively shallow depths in the sand. Sufficient measures
should therefore be taken to protect the screens against flood damage.
Alternatively, one could simply accept that the screens would occasionally
be damaged or lost, replacing them only if required. The latter approach has
often been found to be more economical, particularly where the operating
body has the skill to rapidly and easily replace the screens. This approach
would not, however, be suited to schemes where the operating body do not
have the skills to replace the screens, or are not kkely to have the capital
resources to pay for replacing lost screens e g large community water
supply schemes

The following typical methods and measures have been implemented to
protect horisontal well screens:

¢ Installing the screens at the greatest possible depth, just above bedrock
level

¢ Tying the screens 1o anchor blocks buried in the sand.
* Encasing the screens in gabions or packed rock.

e Laying the screens on a mass concrele foundation, and encasing them
in aggregate enclosed in a mesh cage. which is bolted to the concrete
foundation. The cage is then covered with rock. This system. designed
by Bradford, Conning and Parnners, Newcastle, was implemented at
Mpungamhlophe (system 35) when the damaged system was replaced.
The system is relatively expensive to construct when compared 1o other
horisontal screen systems, but it is beleved that this system will remain
successfully in operation for many years. The design has the added
advantage of incorporating a graded filter around the screens. Problems
of low yield are also therefore less likely to occur at this system. Details
ol liks sysien are given in Appendix J 41

* Attempts have also been made to anchor the well screens 1o the bank by
means of a chain connected to rings on the end of the well points. This
has, however, not been very successful

Vertical Well Points
Vertical well points are either installed independently, or in banks connected
to a manifold

Well points that are installed independently are similar 1o normal boreholes.
They could be installed in the riverbed, or the alluvium of the riverbank.
Generally they incorporate a well screen installed vertically in the sand bed.
The entire well point need not be screened. Normally the upper section of a
well point consists of a steel or PVC casing whereas the lower section below
the water table is screened.
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In most cases submersible borehole type pumps are installed in independent
vertical well points. The depth 1o which the well point 1s installed will thus
depend on the drawdown level in the sand when water is being abstracted.
The well point should be installed in such a manner that the pump intake is
always below the water table during operation

Banks of vertical well points connected 1o a manifold are installed in a
manner similar to that in which banks of horisontal well points are installed.
The well points are normally installed at an offset from the manifold by
incorporating straight lengths of pipe, which are installed horisontally from
the manifold to the well point

Most of the times it is not possible to install the manifold in the riverbank.
Valves for isolating each well point are therefore also not normally
incorporated in the system. The manifold is usually buried in the sand, at
sufficient depth to have some protection during floods. The manifold is
generally directly connected to the intake of either centrifugal or mono-type
pumps installed in a pumping station on the riverbank.

When using centrifugal pumps care should be taken in making provision for
priming of the pumps. This is particularly important when the water level in
the river drops below surface level Non-return valves should not be
incorporated on the intake side of the pumps, as it would prevent easy
backwashing of the pumps Problems were also experienced with the
sealing of non-return valves because of grit being trapped in the valve,

The priming of pumps could be provided for by incorporating a vacuum tank
on the intake side of the pump. The vacuum tank should have a volume
equivalent to about 2% times the volume of the pipework to the vertical well
points. This tank should be connected to the delivery pipe of the pumps by a
small diameter bypass with an isolating valve. Before starting the pumps,
the vacuum tank should be filled with water from the delivery pipe of the
pumps in order to faciltate the priming of the pump.

Alternatively, a small mono-type pump could be installed tc pump water into
a storage tank for priming the centrifugal pump. A system of this type is
used at Chisumbanje (system 16). Photographs of this pump installation are
shown in Appendix J 19 8.

Vertical well point installations are suited to conditions where the sand bed is
very deep, and where the river is often surface dry. The largest system
found in Southern Africa is the one at Chisumbanje, Zimbabwe. It consists
of three banks of vertical well points installed in the river sand of the Save
River and has a yield of 1 020 ltres per second.
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Gabion Type Systems

Gabion type sand abstraction systems generally incorporate a sump
constructed out of gabions (rock packed in wire baskets) The sump is
normally installed in the riverbed near the bank and is founded on bedrock,
on packed rock or on concrete. The sump is covered with a concrete slab
with an access manhole, and a submersible pump is installed in the sump.
Water flows through the gabion walls into the sump, from where it is directly

pumped. A typical gabion type system is shown in Figure 8.

The system could be augmented by the inclusion of horisontal well screens
connected to the sump. These well screens could either be buned in the
sand of the riverbed or be encased in gabions.

In all systems of this type that were visited. the gabions had been wrapped
in geofabric. Both the design engineers recommended the use of Kaytech
geofabrics as opposed to bidum The systems are located in river sections
where the turbidity of the river is low and where there are very low
percentages of fines in the river Up to the time of inspection no problems
were experienced with the use of geofabric in these systems. The geofabric
has, however, shown signs of reduced permeability. It was evident that this
type of system would rapidly clog under conditions where there are a large
percentage of fines in the sand.

A typical gabion type system was developed by Sik Kisch Peralta Engineers
(SKP), Durban This system is called the “Hydrochamber™ and has been
patented by SKP Details of the “Hydrochamber” are shown in

Appendices J 29 9 and J29 10 A similar system has been installed by
Glover Development Engineers near Nongoma (system 30) (Appendix J 36).

Gabion type systems are ideally suited to applications where:

¢ The water demand is low.

e Itis necessary 1o keep construction costs 1o a minimum

e Operation and maintenance should be as simple as possible

This system is therefore ideal for use in rural water supply schemes. In
addition, the system are suited to conditions where:

* The surface water is relatively clean.

e The alluvium of the riverbed is coarse

e Flood levels are not very high.

These conditions normally occur at the head of a catchment
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6236 Abstraction Chambers
In addition to the caisson type abstraction chambers, horisontal abstraction
chambers were also visited

These are generally long. narrow sumps that are relatively shallow The
sump is installed in the riverbed. Provision is made for the flow of water into
the sump either through the inclusion of screened openings in the sump
walls, or through the use of no fines concrete. A pipe connects the sump to
the wet well of a pump station installed in the riverbank. The invert level of
the pump station wet well should be such that the water can gravitate from
the sump to the wet well of the pumping station. Submersible pumps or
normal centrifugal pumps are normally installed in the pumping station.

The chamber should ideally be founded on bedrock and anchored to the
bedrock by means of rock dowels or similar.

A typical horisontal abstraction chamber is shown in Figure 9 This system
was designed by Ernst Cloete and Associates in Vryheid, and has been
successfully implemented at Makhosine (system 32) and Opuzane
(system 33).

Horizontal collector chambers are ideally suited 1o applications where:

e The water demand is low.

e Operation and maintenance should be as simple as possible

e A reasonable level of filtration is required.

This system is therefore ideal to be used in rural water supply systems,

where the water is not treated (except for chlorination) prior 1o use. In
aaamon, the system are suited to conditions where:

« The surface water is relatively clean
e The alluvium of the riverbed is relatively shallow.
e Flood levels are not very high

These conditions normally occur at the head of a catchment

CHAPTER & -SURVEY OF SAND ABSTRACTION SYSTEMS DATA AND FINOINGS ’ 9l



Zulland Regional Councit
Makosen Viater Progect

Orawnyg Ttle Detads of Abstraction Chamber at Mpemberni River

Orawng No 561913

Date December 1997

Ermst Cloete and Associates, Vryheid
Emst Cloete and Assoclates, Vryheld

Qesign By
Orawng By

z e —————————————
Reference Drawing:

CHAPTER & -SURVEY OF SAND ABSTRACTION SYSTEMS DATA AND FINDINGS

—



6237 Smal-Scale Systems
For many rural applications small-scale, low technology systems are often
more suitable than larger more sophisticated systems. A simple hand-
pumped sand abstraction system has been developed by Dabane Trust in
Zimbabwe and successfully implemented for water supply for community

market gardens

This system incorporates a short well screen that is installed in the riverbed,
at an angle to the surface The well point is connected to a Rower pump
(hand pump) installed on the nverbank just above the flood line. Water from
the Rower pump is discharged directly into a concrete or sealed blockwork
sump instalied in the riverbank.

If it is necessary to pump the abstracted water to a higher elevation, a
second pump s installed. This pump. a Joma hand pump, is installed further
up the embankment. This pump is used 1o draw water from the sump, which
is filled using the first Rower Pump, and then pumping it further up the
embankment to where it is discharged into a reservoir from where it is
distributed for domestic water supply or for irrigation

With the simplicity of this system, women can easily operate and maintain
this system. As the major water users and collectors in rural communities,
this is particularly important. It was noted by Dabane Trust that women
quickly learned to undertake all basic maintenance and repair work 1o the
pump. The women have cited the sustainability and low operation and
maintenance costs, in addition to increased self-reliance, as reasons for their
preference for using this system.

The design of these systems is simple, and the systems, including the
pumps, can be built using commonly available materials. It is therefore
possible to teach rural communities to construct and install systems of this
type themselves.

These systems are ideally suited 1o applications where:

e The water demand is low

e Simple appropriate technology is required.

e Operation and maintenance should be low cost and simple.

o Electncity or fuel supplies are not readily available.

In addtion, the system are suited to conditions where:

e The river is often surface dry.

¢ The alluvium of the riverbed is either shallow or deep.

Other small-scale systems include temporary systems that can be used for

localised or emergency supply. An example of such as system is a trench
dug across a surface dry riverbed. Seepage water is collected from the
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trench either by hand or with the use of a small submersible pump. Farmers
in the Karoo commonly use systems of this type

Other Systems

Other types of systems that do not fall into any specific category were found
during the survey. These included the system installed at Laingsburg on the
Wilgehout River (system 2), a collector channel, and the system installed in
the Olifants River at Olifantspoort, Northern Province (system 38), and a
“buried culvert” system

The collector channel, at Laingsburg, is installed in the streambed, near a
spring source, It is constructed from cement hollow blocks (390 x 190 x
140 mm), oriented such that the openings of the hollow blocks connect the
surrounding sand to the inside of the channel. The channel is covered with
precast concrete slabs

The Olifantspoort system was constructed in a stratfied alluvial aquifer of
9 m depth. The horisontal culvert type system incorporated a 90 m long box
culvert, constructed by using 400 x 400 mm increasing to 900 x 900 mm
precast culvert sections. The culvert was installed in an 800 to 1 000 mm
thick layer of 19mm stone. The effective abstraction length of the culvert
was approximately 60 m. The culvert was installed immediately upstream of
a weir, running parallel to the weir. Details of this system are given in
Appendix K 1,

Although this system has never performed efficiently, this design has the
potential 1o render high yields if successfully implemented. Indications are
that factors other than the design of the system have caused the problems of
low yield experienced at the system  During installation the bedding
aggregate was wrapped in geofabric, which could be the cause of the
reduced yield of the system.

During construction the system was also flooded, resulting in a large amount
of fines, silt and organic matter being washed into the system. It was found
that the yield of a number of systems that have been flooded in a similar
fashion during construction has been low from the time of commissioning,
reducing rapidly once in operation. In these cases the systems were never
used continuously and were not given a chance to be developed or flushed.
Although not substantiated, it appears that flooding of this type might “seed”
a system, causing rapid development of biofouling in the system.

Experience, mostly gathered since the installation of this system, has also
shown that severe problems of low yield have been experienced at the
majority of the systems installed in the Olfants River in the Northern
Province. A number of factors could be contributing to this, including

- — - e —— —_— ——————
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problems of fouling associated with iron and manganese precipitation, and
the sealing of the sand through the ingress of clay.

Typical Tests and Investigations Carried Out

It was found that often very Ittle lesting and investigations were conducted
during the feasibilty and design phases of sand abstraction systems. It is
anomalous that in some instances, where no preliminary investigations were
conducted, the system worked well, while in other instances. where extensive
and comprehensive lesting had been done, the system failed, with the yield of
the system reducing rapidly with time

A summary of the testing conducted for different types of systems is given
below. It must be noted that the tests for both surface dry and surface flow
conditions are discussed. Appropriate tests were implemented at the different
systems depending on the river flow conditions.

General Types of Data and Information Required.

Whether obtained through on-site testing, desktop studies or from previous

experience with a particular site or river reach, the following general

information was normally obtained for use in selecting sites and for the

design of new systems:

e The profile of the riverbed, including the depth and average saturated
depth of the alluvium

e The various harisons within the alluvium, in particular, any clay lenses or
silt layers.

¢ In larger rivers, knowledge of where the original river course lies beneath
the present riverbed. The sand depth above the onginal river course Is
generally deeper than that in other parts of the river,

e The depih ul lie waler labie 0 e sand duning pernioas wnen ine nver 1S
surface dry. This varies with the seasons.
¢ The characteristics of the sand, including
» The sand type and percentage fines in the sand.
» Transmissivity and storage coefficient of the sand
» Permeability of the sand

e The extent of the alluvial aquifer upstream of the system (effective
storage volume).

e The characteristics of the catchment area upstream of the system
(effective recharge area) and average precipitation for the catchment, as
well as no-flow (i.e. no recharge) periods.
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Common Tests and Investigations for all Types of Sand Abstrachon Systems
Centain tests were commonly conducted for virtually all types of systems.
These tests included the following:

e Determination of cross-sectional profiles of the riverbed, including the
depth of the alluvium, horizons in the alluvium, depth of the water table
and the profile of the bedrock beneath the alluvium. This was done by
means of one or a combination of the following tests:

» Depth probes using steel probes done in a gnd pattern in the area
where the system was o be installed.

» Vertical electrical and resistivity soundings.
» Where possible, drilling and sampling of test holes.
» Where possible, digging, inspection and sampling of test pits.

« Determining the extent of the alluvial aquifer upstream of the system by
means of the following method:

» The distance the alluvial aquifer extends upstream of the system can
be estimated from a study of topographical and geological maps.

» The width of the alluvial aquifer can be estimated from a study of
fopographical and geological maps, together with the cross-sectional
profiles of the river, established as discussed above.

Tests for Caissons

The instaliation of new systems:

In some cases, particularly Havercroft Mine (system 37) extensive testing
and investigations were conducted during the feasibility study and design
phases, including the following:

e The aquifers were investigated by means of jetting to determine the
depth of the sand bed and the grain size of the sand particles, A dual
type method of jetting was used, where a 1" pipe inside a 2" pipe was
jetted into the sand. The smaller pipe was then removed, a PVC pipe
was placed in the larger pipe, and the larger pipe was removed. During
the jetting process, sand returns in the waler were logged and sampled,
allowing for the evaluation of the alluvial aquifer in terms of its thickness
and grain size. Sites of active erosion were avoided.

 Sand grading analyses were conducted for samples taken at different
depths and locations.

e Aquifer pump tests were conducted, determining drawdown levels in
piezometer tubes located at varying distances from the well point from
which water was being pumped. Based on the results of aquifer pump
tests the following parameters were determined:

» The transmissivity of the aquifer.

» The sand storage coefficient (based on the cross sectional area of the
aquifer and the storage coefficient).
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~ The zone of influence around an abstraction point was estimated.

» Considering the zone of influence around an abstraction point and the
storage coefficient of the sand, the volume of water that is held
around an abstraction point for utilisation was estimated.

» Based on the cross-sectional area of the aquifer, the hydraulic
gradient in the aquifer and the permeability of the sand, the through
flow rate through the sand were estimated.

The digging of test pits and taking of “core” samples to determine the
profile of the alluvium.

Testing done at existing systems

Where it was necessary to augment the water supphed from existing
systems, through either the installation of new sand abstraction systems, or
modifications to the existing systems, testing was conducted taking the
existing systems into account. Testing of this nature was conducted at both
the Laingsburg systems (systems 2 and 3).

In general, tests for augmenting systems incorporated the following:

Investigations to determine whether the existing systems were
abstracting all available sub-surface flow, and whether the efficiency of
these systems could be improved.

Geophysical investigations to determine the thickness of the alluvium
and the storage capacity or yweld potential of the alluvium.

The installation of piezometer tubes around the existing caissons, or
other types of sand abstraction system. These were monitored during
pump tests and normal system operation to determine the flow patierns
of the subsurface water.

When installing the plezomaior tubas, COit 5aMpies Wweic lancin. Tiwn
various types of horizons and depths of these horizons were determined
by examining the core samples.

Extended (24 to 36 hours) pump test were conducted, pumping at a
constant rate from the existing system. Where other systems were
located near the system at which the pump test was being conducted,
these were operated at normal abstraction rates throughout the pump
test, to monitor the combined effect of the two systems on the water flow
in the alluvium. During these pump tests observations were made of the
following parameters:

~ Waler levels in the abstraction system
» Water levels in the piezometer tubes

» Flow rates into the existing abstraction system to identify the
presence of any blockages or restrictions to flow.
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Multiple rate discharge or step tests were carried out 1o determine the
performance characteristics of the abstraction system, which is
influenced by the geometry of the system (e g vertical well or caisson
diameter and depth, the arrangement and depth of wells screens etc )
and the nature of the aquifer material. The quantity of groundwater
available for abstraction and the amount of groundwater flowing through
the alluvium at the well is generally determined by step tests as follows:

» During a step test, the abstraction system or well is pumped at
increasing abstraction rates (Ref 0). Drawdown rates and levels are
monitored for each discharge rate.

» When pumping is stopped, water levels in the aquifer rise to their pre-
pumping levels. The rate at which the water level rises to the pre-
pumping levels (the rate of recovery) provides a means of calculating
the hydraulic conductivity and storage potential of the aquifer

»~ The difference between pre-pumping and post-pumping waler levels
is an indication of aquifer dewatering.

~ The data from multiple rate discharge tests is then used to estimate
the sustainable yield of the abstraction system.

» Well or abstraction system efficiency could also be determined from
the results of step tests (Ref 0). A positive linear correlation
between discharge and drawdown is an indication that the well is
functioning efficiently.

In some instances it was recommended that constant discharge tests be

conducted after installation of the caissons. These tests need to be done

over a penod of 7 days in order to confirm the sustainable potential yield
of the aquifer.

Tests for Infiltration Gallenes and Caissons with Honzonta! Well Screens
Prior to the installation of infiltration galleries or caissons with horizontal well
screens, the following tests were done:

The 1:100 year flood levels were determined using normal hydrological
methods. This was done to allow for an estimation of the depth of bed
fluidisation during floods. When the sand bed is fluidised, movement will
occur in the bed, both as suspended load and as bed load.

Investigations of the sand bed over a long reaches of the river in order to
identify the best site for the system. These investigations were
conducted during low flow periods. Riverbed profiles were determined
based on the assumption that the bedrock would be relatively close to
the surface of the sand where there was still surface flow in the river.

Al the site selected for the installation sand samples were taken on a gnd
pattern at various depths in the sand bed. Grading analyses were
conducted on the samples 1o determine the uniformity of the material in
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the sand bed and to identify any clay lenses present in the sand bed.
The results of these tests were used to verify whether the assumption of
a constant permeability through the sand bed was correct.

« Laboratory permeability lests were also conducted on the sand samples.
e Pumping tests were conducted in the nverbed.

e Further tests were conducted during construction, including the following:
-~ Detailed profiling of the bedrock.

-~ Grading analyses were conducted on sand samples taken from sand
removed from the well screens casings.

» Waler samples were taken regularly and tested throughout the
construction period.

6245 Tests for Hornzontal Well Screens Connected to a Manifold
No details of tests conducted during the design and feasibility phases were
given for any of the systems that incorporate horizontal well screens
connected to a manifold.

6246 Tests for Vertical Well Points Instalied in the Riverbank
Sites for new vertical well points to be installed in the river bank were
selected in areas where it was known that the alluvial aquifer in which the
well points were to be installed was contiguous with the alluvium of the
riverbed.

Common tests conducted as part of the investigations for the installation of
vertical well points in the alluvium of the riverbank included:

e The drilling of exploration holes in the alluvial aquifer of the riverbank.
This was done 1o:

s Deleimnmne e DOw yieid o 1ne 1est Nows.

» Determine and define the profile of the alluvium, including the vertical
and lateral extent of saturated potential aquifer horizons represented
by coarse sands and gravels.

» Determine the water quality of the groundwater in these alluvial
aquifers.

e The drilling of production holes in areas where the physical structure of
the aquifer was suitable for the installation of a vertical well point, or
where a test hole had a sutable blow yield.

» The production hole was equipped, whereafter piezometer tubes
were installed around the production hole for observation of the water
table during pump testing.

» Hydrological and production pump tests were then conducted at the
production hole.
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In some instances, based on the findings of the pump tests conducted at
the production hole, additional production holes were drlled and the
wells were equipped.

A well field monitoring programme was then implemented. This
incorporated:

~ Weekly monitoring of water levels, including piezometric ievels.

~ Monthly monitoring of production yields. This was done to:

o Determine whether pumps were producing at recommended
rates

Calibrate recharge volumes.
~ Water quality monitoring.
~ Monitoring and recording of flow penods and water levels in the river,

as this s when there recharge to the aquifer. This allows for the
calculation of the effective recharge extent and period.

Using the results of the monitoring programme, recharge rates, the
amount of water available for abstraction, and aquifer parameters were
determined.

Tests for Vertical Well Points Instailed in the Riverbed

Prior to installing vertical well points in riverbeds, tests were conducled o
investigate the alluvial aquifer associated with the river  Investigations
included the following:

In some instances (Chisumbanje — system 16) shallow sand samples
were taken and it was assumed that the finer sands would not be
encountered with depth. It must be noted, that on studying sand
samples from numerous systems, this assumplion should generally not
be made. In many instances fine sand accumulates at depth in the
riverbed.

The drilling of exploration holes in the alluvium. This was done to:

~ Inspect samples during drilling to determine particle size and nature
and bed depth

-~ Install small diameter piezometer tubes for the collection of samples
for water quality testing.

» To determine the depth and saturated depth of the alluvium.

The drilling of production holes in the alluvium:

» The production holes were equipped with screens and casings for
pump testing.

» The results of the pump testing were used to determine the hydraulic
properties of the sand, potential yield and associated drawdown.

» Samples were taken for water quality testing.
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e Al Chisumbanje, the production holes were used as a pilot scheme,
which was operated for a number of months, through an extreme dry
period Based on the operation of this pilot scheme, the larger system
was then developed.

Tests for Gabion Type Systems, Abstraction Chambers and Small-Scale
Systems

Generally, for the installation of gabion types systems, abstraction chambers
and small-scale system, no testing was done other than to determine the
depth of the sand bed and the normal level of the water table This is
appropriate. as

 These are low cost systems and the cost of detailed investigations would
not be justified when installing these systems.

e Abstraction chambers and gabion type systems were generally instalied
in shallow sand beds (0.5m to 2.0 m depth), and were installed be
excavating the sand bed Any anomalies in the sand would therefore be
quickly identified during the early stages of construction.

e The volumes of water abstracted using these systems are so small, that
it is highly unkikely that any stress will ever be placed on the aquifer

In the case of the small-scale hand pumped systems, it may, however, be
advisable to take sand samples using a sampler similar to the tube samplers
used by the research team. This should be done to identify clay lenses. It
was found that when using the tube sampler, clay lenses that occurred
within the sampling depth (up to approximately 2.0 m) could be identified.

6.2.5 Design Procedures

6251

For most systems it was found that the structural design and hydraulic design
(for flow in pipes and pump design) of systems was generally implemented
usiiy NUBal elnods.  IL was, however, foung thal win respect 10 the
geohydrology and the hydraulics of the flow through the sand and into the
system, systems were seldom designed. Rather, the approach of “install it and
see if it works and how much water we gel” was often taken

Various design procedures thal were implemented for the design of some of the
systems are discussed below. General aspects noted during interviews with
persons with extensive experience with abstraction systems are also included

General Aspects Relating to Design

Discussions were held with a number of people, including Mr A J. Fox (Fox
Farm, system 5) Mr J du Toit (Messina, system 13) and
Mr C. Ambler-Smith (Nottingham Estate, system 15) who have many years
experence with the installation and operation of sand abstraction systems.
During these discussions, a number of important points were noted
regarding general design principals and the use of sand abstraction
systems.  These included:
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The success of sand abstraction systems cannot necessarily be based
on “scientific or engineering design”, although good design does
contribute to the success of a system. It is essential that lessons be
learned from experience with these systems, and that the users of the
systems be open to adaptation, modification or upgrading of the systems
if required

Sand abstraction systems should never be considered as systems that
require low maintenance and management On a daly basis,
maintenance requirements are low, but the production/yield of any
system should be monitored and steps taken to alleviate any problems
that may occur with systems as and when they do arise. Once problems
start developing in a system, it they are not dealt with as soon as
possible, the problems will rapidly become worse and are then extremely
difficult and costly to remedy

Design of Caissons

The design and sizing of caissons was generally based on the results of
pump tests and geophysical investigations. Data obtained from the pump
tests was used 1o determine the transmissivity and storage coefficient of the
alluvium, as well as the estimated zone of influence of an abstraction point.

Calculations used for determining the quantity of groundwater available

for abstraction from the alluvium or aquifer potential:

» There must be a balance between the water being drawn from an
aquifer and the water entering the aquifer or recharge into the
aquifer. Recharge to the aquifer can be through ingress of surface
water (surface water flow or precipttation), or from other
interconnected aquifers. Using this water balance, the amount of
water that can be abstracted from the aquifer, without exhausting it,
was determined.

» The quantity of groundwater available for abstraction from the
alluvium over a year was calculaled by estimatling the saturated
thickness of the alluvium, the average width of the alluvium in the
river bed, the length or distance the alluvium extends upstream of the
well, and the storativity of the alluvium.

» The storativity of the alluvium is defined as the volume of water
released from storage per unit surface area of the aquifer per unit
decline in hydraulic head. Storativity is a dimensionless quantity, as
it is a volume of water stored per volume of alluvium.

» The quantity of groundwater available for abstraction from the
alluvium was calculated as:

Volume =txbxlixs

where: 1t =saturated thickness of alluvium
b = average width of alluvium
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I = length of alluvium upstream of abstraction point
s = slorativity

This volume of water is considered the upper limit of water available
for abstraction. The lower limit of water available for abstraction was
determined by the amount of water that can actually flow through the
alluvium and reach the abstraction system. Under natural conditions,
the quantity of groundwater flowing through the alluvium under non-
pumping conditions at the position of the abstraction point was

calculated using Darcy's Law:
Q = kiA
dh
ocQ-kd
where:. Q= flow rate (measured at the abstraction point)
A= cross sectional flow area perpendicular 1o the
direction of flow.

i= hydraulic gradient

dl = distance between two observation points

dh = change in piezometric level between the two
observation points.

These two results give the upper and lower estimates of the quantity
of groundwater available for abstraction, but neither gives an accurate
reflection of the water available for pumping. Rather, they provide a
scenario of natural groundwater conditions that can be used for
modelling the effects of pumping

o Caiculation of recharge of aquifers from surface water flow:
~ Recharge to the alluvium in a nverbed occurs whenever the nver

fiows. Annual ficw data for the fiver was thereloie Conanleied wiich
determining production pumping rates for a system, in particular
extended low flow periods were noted.

» Where a system was installed in a river that is surface dry for a period
of the year, the longest no flow period recorded was noted and the
system was designed 1o be operated such that it would dewater the
aquifer in a period longer than this no-flow period e g. if the river is
surface dry for a penod of 4 months, with no surface flow to recharge
the aquifer. then the pumping rates were set such that the system
would dewater the aquifer over a period of say six months. This
would give a factor of safety in the use of the aquifer during extended
dry periods.

» Where systems were dependent on surface flow, the abstraction
rates of the system were set not higher than the normal low flow
levels in the river
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Varnous software packages are available which can be used for
modelling the behaviour of groundwater in an aquifer under pumped
conditions. These include AQUAWIN. Modelling of the aquifer and
groundwater flow at the systems was conducted. Computer simulations
were used to estimate:

» The amount of water that could salely be abstracted from the system.

~ Whether the capacity of the abstraction system would be governed by
the recharge rate into the catchment and the storage capacity of the
aquifer, or by the transmussivity of the aquifer i.e. the ability of the
aquifer to convey the water to the abstraction points.

» The time period with nil recharge, but continued use of the abstraction
system at a given rate. that would result in the aquifer being
completely dewatered.

The various computer programmes developed to model groundwater, are
adaptable and powerful. Setting up of data for the models is time
consuming, particularly if three-dimensional models are being used
Good quality data is also required to get useful answers from the
modelling process, and adequate data is rarely obtainable. In particular,
good historical data is needed to calibrate the models. When historical
data is not available, and the models cannot be calibrated then results
from the models can only be used as indicators of the behaviour of the
groundwater in the aquifer.

If facilities, or finances, were not available for modelling the system, it
was generally considered safe to assume a pump rate equivalent to that
determined using Darcy’s Law ie. the lower imit of water available for
abstraction.

Based on the results of the pump tests and modelling, pumping rates
were set for each caisson dependant on the available head in the
caisson. Pump rates were set to maintain a minimum head over the
pump. Pumps were throttled using vales 1o give the required pumping
rate.

When setting pumping rates consideration was made of legislation
requiring the maintenance of a base groundwater flow for environmental
purposes. The National Water Act, 1998, requires that a certain quantity
of groundwater be conserved to maintain the ecological integrity of the
aquifer and the surrounding environment. This is referred to as the
environmental reserve. The Act also requires that all large-scale
groundwater abstraction be monitored 10 avoid over-pumping of an
aquifer and damaging the surrounding environment. To gain accurate
estimates of groundwater reserve requirements requires extensive and
costly hydrogeological and environmental impact assessment of the
given study area. This could be avoided by adopting a conservative
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approach, allowing a large amount of the groundwater to be allocated 1o
the environmental reserve.  This approach was taken when establishing
suitable pumping rates for the systems at Laingsburg, where 50% of the
available water was allocated fo the reserve and the remaining 50% was
considered available for explostation

6253 Design of Infiltration Gallenes and Caissons with Honzontal Well Screens
The following design norms were adopted for the design of these systems:

e A maxmum infiltration rate (into the sand from surface flow) of
1.5 m/m’/hr was set. This was required to minimise the rate at which
fine particles can penetrate and block the voids in the surface layer of the
sand.

« A maximum hydraulic gradient of 0 45 (fine sands) to 1.0 (coarse sands)
was allowed. The maximum hydraulic gradient occurs in the system as
the flow enters the abstraction pipes. This was done 10 ensure laminar
flow into the system. Darcy's equation for flow through a porous medium
could then be used to calculate the flow through the sand bed.

e Based on information obtamned from the distributors of Johnson's well
screens, the following design norms were adopted for the flow in the
horizontal well screens.

» Maximum flow velocity through the screen siots: 003 mis.

This was done to

o Maintain the hydraulic gradient in the sand surrounding the pipe
within limits for laminar flow.

o To minimise the infiltration of fines into the well screens.
o To minimise head losses through the screen.
» The maximum flow velocity in the well screens: 081009 m/s

y

» Maximum head loss in the well screen: 03m
~ Slot size selection such that 80 to 100% of the surrounding sand is
retained outside the screen

It is necessary fo adopt these design norms 1o
~ Retain the fine fraction of the sand outside the screen.

» To keep any fines that do migrate into the screen in suspension, so
that they are washed out of the well screens and do not accumulate
in the screen, thus blocking the screen.

» To keep head loss in the well screens 10 a minimum,

e In order to maintain the design norms as the flow in the well screen
increased. it was recommended that the diameter of the screens be
changed along the length of the screen.
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e The depths at which the screens were installed in the riverbed were
determined by the profile of the bedrock. The screens were installed as
deeply as possible in the sand bed. This was done as it is difficult to
determine the depth of bed fluidisation under flood flow conditions. and it
is considered prudent 1o install the screens as deeply as possible.

e The size of the caissons and infiltration gallery were generally
determined by the construction method e g. where the horizontal screens
were jacked into the sand from the caissons it was necessary 1o size the
caissons such that the necessary equipment for installation of the
screens could fil into the caissons.

e The collector pipe or collector gallery were sized 1o keep head losses in
the pipe to an absolute minimum. This would ensure that the heads
against which the different caissons were operating would be virtually
identical, and would ensure that all the caissons connected to the pipe
would be used to their full potential. The maximum allowable head loss
from the furthest caisson to the intake tower was therefore setat 0.1 m

 The permeability of the sand was determined both through permeability
tests and using Casagrande's equation,

Design equations developed and used for the determination of flow through
the sand and screens, and the associated head loss in a system with parallel
horizontal well screens and a collector gallery are included in Appendix R
Similar equations can be developed from first principals for horizontal well
screens installed in different configurations e.g. a radial configuration.

Design of Well Screens Connected to a Manifold in the Riverbed

Mr C. Ambler-Smith of Nottingham Estate (system 15) has had more than 20

years experience with the installation and use of abstraction systems. In an

interview with him the following points were noted regarding the general

design of sand abstraction systems, with particular reference to well point

type systems:

e A factor of safety should be allowed for in the design of systems, with the
systems generally being +25% over-designed. This should be done to
calter for the risk of clogging of well screens through rust (steel screens),

the accumulation of fines, siltation and / or the build up of salts or biofilm
in the screens.

e The systems should be designed for abstraction at relatively low
velocities. Mr Ambler-Smith recommended that:
~ Velocities in the well points are kept to below £3 ft./s (0.914 m/s).

» Velocities in the mainlines or manifolds are kept to below 25 fi/s
(1.52 mvs).
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Velocities in the systems should be kept low for a number of reasons,
including:

~ To minimise the ingress of fines into the well points.

» To reduce the friction losses with flow into the well points. It was
found that there is approximately a one third greater power
requirement (based on the volume water pumped and delivered
pressure) for pumping from sand abstraction systems than for
pumping from surface flow. This is attnibuted to friction losses in the
sand and as the water flows into the well screens. By minimising the
flow velocities in the system, these friction losses can be reduced.

-~ Higher entrance velocities into the well screens result in more
abrasion on the slots of the screens.

» When using positive displacement or mono pumps. unless operating
at low velocities, vibrations develop in the system and the wear on
the pump rotor and stator are increased

6255 Design of Vertical Well Points
Generally vertical well points were designed based on findings from test
holes dnlled and the hydrological and production pump tests conducted.

The following norms were apphied when designing vertical well point
systems:

The well points were spread over a large distance to minimise the draw
down in the alluvium.

In sands with a relatively high percentage of fines, it was recommended
that well points of smaller diameter e.g. 50 mm be installed. Very high
levels of drawdown were expenenced during dry periods when using well
points of large diameter. This in turn resulted in an increased suction
ead against winch pumps were operaung ana increasea power
requirements for pumping.

In larger rivers that are surface dry, the well points were sited such that
they were installed in the main subsurface flow channel in the riverbed.

The configuration of the well points was varied, depending on the
position of clay lenses relative to the system

Where conditions were suitable, the well points were installed below clay
layers in order to abstract water of better qualty. Clay layers in the
alluvium can seal out saline water from the lower portion of the sand bed,
where the water quality is less saline.

Expenence has shown that a greater slot area is required the greater the
distance of the well point from the pump
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Where possible well points shoulkd be anchored to the bedrock
Allernatively well points should be tied lo stakes or concrete beams
driven into the riverbed.

Non-return valves were not incorporated in the systems, as the systems
were designed such that the well points could be backwashed

Generally centrifugal pumps were used to pump the well point systems.
Centrifugal pumps were preferred to mono-type pumps for the following
reasons:

» Positive displacement or mono pumps can cause vibrations in the
system, and wear on the pump rotor and stator can then be rapid.

» Submersible pumps have been found 1o be up to ten times more
efficient than non-submersibles, but the pumps generally do not allow
sufficient flexibility in adjusting flow rates.

Ideally, a system should be equipped with a centrifugal pump, with a
submersible pump as backup.

System alignment relative to the river was varied It was, however
preferred not to install the systems directly perpendicular to the flow of
the river, as systems installed in this fashion are more likely to be
washed away during flooding.

6.26 Construction Methods

Construction methods implemented varied considerably. Methods used for
installing different types of systems are discussed below Although requested
by the Project Committee, the specific ratio between the cost of construction
and the performance of the system could not be determined, as details of cost
and specific performance were generally unknown.

626.1

108

Caissons
The most commonly used method for installing caissons is described below:

At the site of the caisson, the unconsolidated sand was excavated to the
level of the water table.

The caisson rings were placed in the excavation. The excavations
around the caisson were NOT backfilled at this time. This is imponant to
note as it was found that if the excavations were backfilled at this stage
then problems were experienced with getting the caisson to settle/drop
into further excavations.

Sand and clay inside the caisson was then excavated to bedrock level,
and the casson rings were allowed to drop as the sand was excavated.

Wet sand in the caissons used to form a slurry, which was pumped out of
the caisson using a slurry pump

Clay layers, and larger stones or small boulders that were encountered
were removed manually.
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e Once the caisson was founded on bedrock, aggregate was tremmied
onto the floor of the caisson and levelled at a suitable depth. The
aggregate was then covered with a sieve or mesh with suitably sized
openings.

6262 Infitration Galienes and Caissons with Horizontal Well Screens
Various methods were implemented to install infiltration galleries or caissons
with horizontal well screens. In general, the installation of these types of
system proved to be the most problematic, costly and time consuming. This
may, however be the impression given as these systems are generally
installed where larger yiekds are required

For all methods implemented to install these systems, excavations were dug
for the installation of the caissons or galleries, and the caissons or gallenes
were constructed using normal methods of construction for reinforced
concrete

The most commonly used method for installing the well screens is described

below:

e The systems were installed by excavating the sand bed to the required
depth for the laying of the horizontal well screens.  For the installation of
single well screens deep wide trenches were excavated, while for the
installation of a bank of well screens, the entire area in which the
screens were o be installed was excavated 1o the appropriate depth.

e The screens were then laid in the excavated trenches. Where systems
incorporated graded filters, the selected aggregates or sand were then
packed around the screens prior to backfilling.

e It was normally necessary to dewater the sand continuously throughout
the installation of the horizontal well screens

In most cases problems were experienced during the laying of the hornzontal
well screens in this manner. These included:

« Problems were expernienced with excavation plant sinking into the sand
bed This occurred when the sand bed was not sufficiently dewatered
prior to excavation. In one instance (Melkbosstrand — system 4) this
problem was resolved by dewatenng the bed prior to continuing with
excavations. Vertical well points were jetted into the sand, and water
was pumped from these continuously, thus dewatering the aquifer. It
took an average of 3 to 4 days to sufficiently dewater an area to allow for
continued excavaton.

o General problems were experienced with continuous dewatering of the
excavations.
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In a few cases problems were also experienced with flooding of the
works prior to completion of the system. This resulted in a large amount
of silt and debris being washed into the systems. This included rocks,
clay and even a small dewatering pump. Indications are that a large
amount of fines washed inlo these systems prior to completion has a
significant negative impact on the system from the time it is
commissioned.

An alternative method of installing these types of systems involves the
jacking of the well screens into the sand from the caisson or gallery. This
method, as implemented at Nqutu (system 31) is described below:

The work commenced with the installation of the collecior pipe and
caissons.

The excavations for the caissons and collector pipe were protecled and
kept dry using cofferdams.  The cofferdams were constructed using sand
bags and cement.

Initially the first sections of the horizontal holes for the well screens were
drilled from the caissons through the sandstone and shale (300 mm @)

The remainder of the holes for the horizontal screens (300 mm o) were
formed by jacking a casing with a steel drive point into the sand  The
drive point of the casing was connected to a pipe inside the casing.
which allowed for the removal of material from the shaft, thus facilitating
jacking.

The abstraction pipes were installed in the casing and the casing was
removed.

During construction once installation of a well screen was completed, it
was sealed with a screwed sewer plug This was done to keep the water
levels in the caissons sufficiently low 1o allow for the installation of all the
horizontal well screens.

On completion of installation of the well screens, each well screen was
developed by jetting pulsed flows at high pressure into the screens.

The construction of the caissons was relatively expensive, as they were
installed in hard weathered sandstones and shales. It was, however,
believed that the additional expense was justified, considering the
improved stability of the caissons that would be achieved, particularly
during floods. In addition, the accessibility of the system during flood
flow conditions would also be improved by installing the system in the
rocky bank. The system has now been operated for twenty-three years
without sustaining any major damage during floods

Typical problems expernenced during construction when using this
method included:
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» Problems with the sealing of the first sections of the horizontal holes
that were dnlled through the sandstone and shale. The caissons
were often flooded with sand and water form these holes.

» The works were flooded five times during construction.

» During installation of the well screens, problems were experienced
with sealing installed well screens to allow for continued work in a
caisson. Problems were also experienced with aspects such as
instaling screens/casings skew.

6263 Honzonta! Well Screens Connected to a Manifold Instalied in the Riverbank
The installation of these systems was generally relatively easy and low cost
when compared to the installation of other types of systems. The installation
method used for the majority of the system s operated by Umgeni Water
(Mtwalume, Umzinto and Umkomaas) is described below.

¢ Normal construction methods were generally used for the installation of
the pipe manifold and isolating valves and of the pump station on the
riverbank,

¢ The horizontal well screens were then connected to the manifold and laid
on the surface of the riverbed. The screens were then simply allowed to
settle into the sand with time. This was possible as the screens are
attached to the manifold by a section of flexible helical piping.

Some innovative measures implemented when constructing the pumping
stations for these types of systems, included the use of brickwork as
shuttering for the concrete work for the pump station. This helped to prevent
the ingress of water into the works when pouring concrete, and is generally
more aesthetically pleasing than a plain concrete structure. This was done
at Umdioti (system 29).

6264 Vertical Well Points Installed in the Riverbed
Virtually all vertical well point systems installed in the riverbed were installed
in the same manner The following methods were generally used:

¢ The systems were normally installed during the dry season.

o These systems were generally installed using a bulldozer, dewatering
pumps and a simple cable tool dnlling ng.

e Where well points were connected to a manifold, the sand bed was
excavated 1o the level of the water table, and the manifold was lad in the
sand bed at this level. Excavations were either done manually (smaller
systems) or using a bulldozer

o The vertical well points were then either jetted or driven (hammered) into
the sand of the riverbed from the level of the excavations. Where single
well points were installed the well points were installed from the surface
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level of the sand bed. Typically, jetting the screens into the sand

involved:

» The use of small diameter jetting pipes to wash a temporary casing
into place. The temporary casing had an internal diameter larger than
the outside diameter of the casing and screens that were 1o be
installed. The hole was washed through the sand by the water that
emerges from the jetting pipe.

» When the casing was installed to full depth, the jetting pipe was
removed and the casing was flushed clean,

» The screen and casing were then installed in the temporary casing.
and the temporary casing was manually removed

Each well point was developed separately to remove fines from the
vicinity of the well point, effectively creating a graded filter. This was
done by hand surging the well points or by back washing them, using
both water and compressed air.  Development of the well points is
essential for efficient functioning of the systems.

In some instances development was done using the jetting tool, typically
a small diameter tool with multiple nozzles that discharge water at high
velocities. Clean water from the previous well point installed was used to
develop the next well point.

During connection of the pipework it was found advantageous lo lay the
pipe “uphill” to facilitate bleeding any air out of the system

The entire system was then connected to the suction end of a pump,
which was installed in the riverbank.

Vertical Well Points Installed in the Riverbank
When installing vertical well points in the riverbank, normal procedures for
installing a borehole were usually followed.

The vertical wells/boreholes were drilled in the alluvial aquifer of the
riverbank. Drilling techniques used included direct circulation mud rotary
drilling with biodegradable drilling fluid flush

A casing of PVC or steel was then installed in the borehole, with the
lower section of the casing being a well screen or perforated pipe.

In most instances, the casing was surrounded by a selected aggregate
gravel pack.

In some cases, the upper section of the casing and gravel pack were
enclosed in a sleel sleeve, which was cast in concrete. This was done
for protection against damage during flooding.

The wells were then developed for the following reasons:

na
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» To repair the damage to the formation caused by the drilling of the
well hole.

» To aker the physical charactenstics of the aquifer near the well such
that water will flow freely into the well.

» To achieve sand free water and the highest possible well efficiency.

Wells were developed by:

» A lifting for to discharge drilling fluid and induce ground water flow.

» Backwashing and surging. A column of water was lifted above the
pumping water level and allowed to fall back into the well point. This
has a rinsing action in the screen, gravel pack and formation around
the screen

~ High velocity jetting and airlifting. Chlorinated water was used with
simultaneous airift pumping.

Development time can vary between 12 and 48 hours. Once the wells
were developed, submersible borehole pumps were installed.

6266 Gabon Type Systems
Installation of the gabion type systems is generally simple and is as follows:

e The riverbed was excavated to the required depth for the installation of
the gabions.

e A level surface was created on the bedrock of the riverbed. This was
done by packing rocks to create a level platform.

e Concertina gabion boxes were used to form the sump and the gabions
were packed with stone.

e In some cases (Pungashe - system 27) plastic pipes were installed
veilieaily i e gabions, o dhe il gl of e suinp. Tiwse pipes
were filled with concrete and reinforcing steel. The cover slab was
anchored to the concrete and steel in these pipes.

e Reno mattresses were also often installed around the systems o prevent
local erosion

6267 Abstraction Chambers

Standard construction methods were used for the installation of these
systems, with the necessary excavations being dug in the riverbed and bank
for the installation of the system

6268 Smal-Scale Abstraction Systems
For small-scale abstraction systems such as the hand pump systems
developed by Dabane Trust (Whuwana, system 18 and Shangani
system 21) a typical installation involved:
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e The well screen was jetted into the sand. This was done using a potable
diesel driven pump.

e The sump and trenches for the pipework for the Rower Pump and Joma
pump were hand excavated.

e The Rower and Joma Pumps were manufactured by Dabane Trust
using normal plastic pipe and pipe fittings.

e All sumps and other structure were constructed using reinforced
concrete, blockwork or stonework.

Problems Experienced with Systems

Numerous and varied problems were experienced with sand abstraction
systems. With the exception of the smaller systems, virtually none of the
abstraction systems investigated were problem free. It must. however, be noted
that although problems are experienced at a system, it does not mean that the
system is not a successful application of sand abstraction methods. Many
systems are well managed, operated and maintained, and measures are taken
1o prevent and remedy problems that occur in the systems. Thus, successful
systems are nol necessarily problem free systems, but are generally those
systems that are properly managed and operated.

The main types of problems found to occur with abstraction systems are:

e Problems of low yield, where the system does not meet the design yield, or
there is a decrease in system yield over time,

o Poor quality of abstracted water, specifically with respect to high iron and
manganese concentrations.

* Flood damage.

These and other problems experienced at sand abstraction systems, and the
probable causes of these problems, are discussed below. Remedial measures,
both successful and unsuccessful, that have been taken to alleviate these
problems are discussed in Section 6.2 .8.

Low Yield. Other Causes

Problems of low yield were experienced in at least 20 of the 39 systems
visited (51%). Generally, problems of low yield have not occurred at the
smaller scale systems with low demands. In some instances insufficient
information was available 1o state where problems of this nature had
occurred at the system. The main causes of problems of low yield were
identified as either one or a combination of the following factors:

+ Reduction in the permeability of the sand. through the accumulation of
fines in the sand bed or on the surface of the sand

« Clogging of the well screens by iron or manganese precipitate.
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e Clogging of the screens by the development and accumulation of biofilm
in the screens

These causes of problems of low yield are discussed in further detad in the
sections following. Other causes of problems of low yweld include:

e Degradation of Matenals
In some instances piping and well screens have degraded, resulting in
either clogging of the well screens through rusting, or the development of
operational problems caused by holes in piping, damaged or worn
pumps etc. This is particularly prevalent in older systems, which were
constructed prior to the advent of the variety of plastics and other
corrosion resistant materials. Examples of this include:

» Chikwarakwara (14)
Well points for the original system were fabricated in 2" galvanised
steel pipe. with longtudinal slots cut with an oxy-acetylene torch.
High tensile steel galvanised wire was wound around the pipe over
the entire length of the slots, with the ends welded in place. This was
done on a slow moving lathe The wire surfaces were, however, in
contact with each other This resulted in the aperture being very
narrow, and the screens were rapidly clogged, either through rusting
or the accumulation of fine sediments, salts efc.

» Chisumbanje (16)
In 1992 a severe drought was experienced in Southern Africa. At this
time problems were experienced with priming the pump of the system
installed in 1983. This was due to corrosion of the pump.

» Shashani (19)
Problems were experienced with clogging of the screens with rust.

» Umkomaas (24)
Problems were experienced with holes in the sections of helical
piping connecting the well screens to the manifold.

e Clogging of Geofabrics
In general, where geofabrics have been incorporated in an installation it
has been found that they clog. resulting in a reduction in the permeability
of the geofabric and associated reduction in yield of the system
Clogging of geofabrics is not as severe when used in systems that are
installed in very coarse sands and in nvers that do not have high
turbidty. Clogging of geofabrics with an associated reduction in yield has
occurred at the Messina (13). Mpungamhlophe (35). Opuzane (33),
Mtwalume School (25) and Glover (30) systems.
» Opuzane (33)
The horizontal well screen was wrapped in Bidum U34  Although the
bidum has not been inspected, clogging of the geofabric can be
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virtually the only reason for the reduction in yield of this part of the
combined type abstraction system.

» Mtwalume School (35)
Samples of the geofabric (Kaymat U64) were taken from the
geofabric around the gabions approximately two years after the
system was installed. The permeability of the samples was tested,
and it was found that the permeability had reduced by a factor of 210
The permeability was measured as 10 000 /m’/hr or 2.778 mmy's.

Induced Stress on the Aquifer

At Messina. it was found that if the aquifer was stressed through over
pumping, then the recharge rates decreased. It has been found that if
the water level is drawn down too far, then a wedge of dry / unsaturated
sand is formed in the riverbed, and the recharge rate into such a wedge
is very low. The system is now operated such that the alluvial aquifer is
not stressed. The use of the abstraction points is rotated, with blocks of
about 7 to 8 abstraction points being used for short periods. This is done
to prevent excessive drawdown in the sand around the abstraction
points.

Drop in the Level of the Water Table

It is relatively self-explanatory that the yield of a system will decrease

when there is a drop in the level of the water table. The level of the water

table will drop if:

» Low rainfall, and hence low recharge rates, is experienced.

» The abstraction and use of the water in the upstream catchment has
increased.

~ The abstraction system is being over pumped, stressing the aquifer
such that water levels do not return to the original level,

At the Wilgehout (2) caisson, it was found that the level of the water table
dropped around the caisson after many years of use of the caisson. This
occurred shortly after the abstraction system upstream of the caisson
was improved, and a borehole in the catchment upstream of the caisson
was commissioned. It is likely that the drop in water level at the caisson
could be attributed to the increased efficiency of the abstraction system
upstream of the caisson. In addition, with the borehole in the upstream
catchment being brought into production, it is possible that some of the
recharge that would normally have fed into the abstraction system
catchment is now recharging the borehole aquifer.

Other systems where declining water levels have resulted in reduced
yield of the system include Nottingham Estate (15), Shashani (19)

ile
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e Movement of Well Screens Within the Riverbed
Al some systems, it has been found that well screens move within the
river bed during periods of high flow. This occurs most frequently when
well screens have been installed attached to a manifold by means of a
section of flexible piping. In some cases the well screens settle in the
sand at a level above the level of the water table in low flow periods. It is
possible that this has occurred at Shashani.

e Change of the Course of Flow of the River Within the Riverbed

With systems that are designed for the abstraction of surface water flow,
problems are often expernenced during low flow periods, when a river
changes its normal flow course within the riverbed and the surface flow is
no longer near the abstraction system. It then becomes necessary o
divert the stream flow. using sand bags or similar such that it is flowing
over the well screens. This problem has been experienced at systems
including Mtwalume (Umgeni Water) (22) and Apel Mission (39).

6272 Rapid Loss of Yield after Commissioning
At three systems it was found that the system yield reduced rapidly after
commissioning, the system performance finally stabilising at a yield of
approximately % of the design yield This occurred at Ulundi (29),
Havercroft Mine (37) and Olifantspoort (48 - not visited).

At Havercroft Mine, a multiple caisson system installed in the riverbank, it
was also found that the influence of adjacent caissons on each other
increased markedly with time. When the system was first installed (1997),
the extent of interference was neglgible. In 1999, the yield from the total
system remained virtually the same whether one or three caissons were in
use, indicating that the extent of interference between the caissons had
increased considerably from the time of installation. The vield from the
caisson located closest to the river is, however, greater than that from the
other caissons.

For all three systems comprehensive testing and investigations were
conducted during the feasibility and design phases, and the design of the
systems was based on the findings of these investigations. At all three
systems potential yields were calculated based on the parameters of the
sand, or production yields were recommended based on the results of pump
tests. It is therefore difficult to explain the rapid drop in the yields of these
systems. Indications are that the installation and use of the abstraction
systems have impacted on the alluvium in which they are installed, rapidly
altering the charactenstics of the alluvium and decreasing the transmissivity
or permeability of the surrounding sands.

Both the Ulundi and Olifantspoort systems were flooded prior to the
completion of construction. In both cases fine silt, clay and organic matter
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were washed into the collector system (gallery and well screens at Ulundi
and “culvert collector” at Olifantspoort). It may be that the initial ingress of
fines into these systems has contributed to the rapid decline in the
performance of the systems

Reasons that have been identified as probable causes of low yield at these
systems are discussed in the sections following.

Biofouling

Biologically induced fouling. or biofouling, is the phenomenon whereby
surfaces in contact with water are colonised by micro-organisms, which are
ubiquitous in our environment (Costerton and Bowin, 1987) The
mechanisms of biofouling are discussed in Section 3.2 Essentially a slimy
matrix is formed in the well screens, clogging the slots of the screens and
thus resulting in reduced yield of the system.

Biofouling is difficult to identify in sand abstraction systems, as it is usually
not possible to inspect the abstraction points or well screens. An indication
of possible biofouling can be obtained from the total numbers of planktonic
(free floating) bacteria in the water of the system. This however is only an
indicator of bicfouling, as numbers of planktonic organisms may provide little
information as to what is occurring on the surface because there is often no
relationship between sessile (attached) and planktonic numbers.

Despite the difficulties associaled with idenlifying biofouling, there are
indications of biofouling at a number of systems listed below

e Umazinto (23):

~ Problems have been experienced with the accumulation of organic
slime on the screens.

» At the time of the site visit in 1999, the sand riverbed had been
excavated to the levels of the screens. It was noted that at the level
of the top of the excavations (approximately 1 m below water level) a
thick black granular slime had accumulated. Tests of this slime
indicated both a very high fines content, as well as high total bacterial
counts. It is speculated that this is a combination of bacterial growth,
probably iron reducing bacteria. and iron precipitate. This could well
be causing the low yield problems experienced at the system.

» It has been noted that there is development of iron bacteria against
the upstream face of the weir downstream of the system.

e  Umvoli (lovo Sugar) (28)
There was evidence of bacterial growth (possibly iron reducing / oxidising
bacteria) in water samples taken from the system during the site visits in
1998,
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o Ngutu (31)

» In 1986, at the time of the site visit, Bradford, Conning and Partners,
Newcastle were conducting investigations, into problems of low yield
being experienced atl the system These problems had commenced
in about June 1998

» Indications were that the screens were clogged by a combination of
biofilm and/or iron precipitate, and the ingress of clay particles into
the screens  This was evidenced by:

o All the abstraction pipes were found to be coated with a granular,
black shmy matenal. In some of the screens the layer of this
material inside the screen was up to 10 mm thick.

o Athin layer of clay was present in the bottom of the well screens.

o The screens with the thickest coating of black slimy matter had
the least amount of clay in them, but had the highest flows. The
screens with the largest amount of clay in them had the lowest
flows

-~ At the time of the site visit a magnetic flow meter had been removed
from the intake to the water treatment plant. Discrepancies had been
found in the flows measured entering the plant and leaving the plant
and the meter had been removed to service it. It was found that the
meter was thickly coated with a similar black slimy granular
substance to that coating the abstraction pipes. The coating of this
substance was so thick inside the meter that the flow velocity through
the meter had increased, thus affecting the measured flows

» Tests conducted on the black matter removed from the screens and
the flow meter showed high bacterial counts (2.5 x 10 cfu/ml). This
clearly indicates that bacteria are contributing to the fouling of the
sysu-m

~ It was unfortunately not possible to test the substance for iron
content. Light microscopy performed on the samples did. however,
show large quantities of granular debris in the sample

» Considering these results, it is speculated that biofilm develops on the
inside of the screens and pipe fittings. trapping particulate matter in
the biofim Iron precipitation may also be occurring, with the
precipitate being caught in the biofilm. This will lead to clogging of
the screens.

» As was noted, where the black film on the inside of the screens was
the thickest, the least clay occurred in the screens. It is possible that
the biofilm prevents the ingress of clay into the screen, but this may
in turn result in a build of clay in the sand immediately surrounding
the screen.
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Uundi (34)

Numerous and detailed investigations have been conducted to determine
the cause of the problems of low yield The results of these
investigations are discussed in a report by Chunnett Fourie, enclosed as
Appendix J 40 12 In summary, the actual cause of the problems of low
yield could not be identified, but a number of factors are thought to
contribute to t, including microbiological fouling. There are numerous
factors that indicate that there is biofouling in this system, including:

”~

High total bacterial counts, (of the order of > 1 x 10°, to > 1 x 10°) in
water samples taken from the system. Water samples taken from the
system at intervals from 1985 to 2000 showed high total bacterial
counts. Findings of the analyses conducted on water samples taken
from the system are discussed in Appendix J40 13 Report
Microbiological Analysis of Ulundi Water Samples and Appendix F 1
‘Report: Microbological Analyses of Samples from Sand Abstraction
Systems”

Bart tests (tests used to identify iron, sulphate and slime forming
bacteria) showed insignificant growth of slime forming bactena, but
aggressive growth of iron reducing and sulphate reducing bacteria.
Samples of biomass taken from the system were dentified as iron
bacteria of the genus Leplothrix (also called sheath-forming bacteria)
This is discussed in Appendix J40 13 The identification of the
bacteria present in the system as sheath-forming bacteria is a strong
indication that the problem of low flow through the abstraction works
is caused by biofouling. It has been documented that these
organisms are known to “grow in pipes along with deposits of iron or
manganese and interfere with the passage of waler in wells and
filtration plants "[4].

Other samples of biomass were identified as black algae as
discussed in Appendix F 1.

A section of well screen was excavated and removed from the
system. The inside of the pipe was coated with a brown slime of
bacterial sheaths and there was evidence of similar slime in a
number of the slots on the exterior surface of the pipe.

Test units (Pederson devices, (as described in Section4.25 and
Appendix D) were instalied in the screens of the system, and left in
the system for a period of approximately 6 months. On removal of
the test units from the system, it was found that the shdes and screen
sections in the test units were covered with biofilm. This is shown in
Appendix J 40 10. Sldes from the 1est units were studied using
scanning electron microscopy (SEM) techniques. The SEM showed
that algae, bacteria and slime were present in the samples, with the
dominant substance on the slides being the slime matrix
(polysaccharide slime). which could be produced by both the bactera

and/or the black algae present in the biofilm. It was found that the
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thickness of the biofilm on the shides was such that it could cause
clogging of the screens. Photographs of the biofilm taken using
SEM, together with discussion of the findings of the microbiological
investigations are discussed in Appendix F 1.

It is probable that biofouling may often be associated with problems related
1o high concentrations of iron and manganese in systems. Based on the
findings of this research it is, however, difficult to test this hypothesis. This is
due to number of reasons, including lack of data:

At many of the systems where there are reported problems with high iron
concentrations, it has been difficult to obtain samples from the systems.
These systems are either not in operation or only used in emergencies
(Fairview (26), Umvoti (28), Mtubatuba (46) and Hibberdene (45))

Many of the other systems, where problems associated with high iron
concentrations are reported, are backwashed regularly at high pressures
(Mtwalume (22), Umzinto (23) and Umkomaas (24)). During
backwashing operations at high heads, biofilm would be disturbed and
broken off the screens

Reduction in Sand Permeability

Reduction in the permeability of the sand foliowing the installation of the
abstraction system has occurred at many sites. This occurs either through
the ingress and accumulation of fines in the sand bed, or through the natural
deposition of fines on the surface of the riverbed during low flow penods.

Deposition of Fines on the Surface of the Sand

» Laingsburg 1 and 2 (2 and 3)
Fine sediments deposited on the surface of the riverbed dry out and
form an extremely hard layer on the surface. During site wisits, This
dyel Ccould NOL De penerralea using nana augurs ana 1 was
necessary 1o first excavated a hole in the river bed prior to taking
augur samples. Similar problems were experience by members of
the CSIR when conducting tests at these sites.

» Fox Farm (5)
The development of a caked silt layer on the surface of the sand
occurs. This silt layer effectively seals the sand.

» Umkomaas (24)
Problems of low yield are caused by the accumulation of silt, or clays
in the system and on the surface of the riverbed This becomes
severe during low flow or drought periods when there is not sufficient
surface water flow to wash away the silt deposited on the surface of
the sand The silt layer effectively seals the surface of the sand
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» Apel (39)
Considering the sand bed, although the sand in the river is generally
coarse, there is a layer of clay and silt that has built up just beneath
the surface layer of coarser gravels and sand. This may be a factor
contributing to the low yield of the system, causing clogging of the
sand around the abstraction system.

Accumulation of Fines in the Sand Bed

In many cases reduction in the permeabilty of the sand has occurred
where_ during construction or site investigations, clay lenses were found
in an otherwise generally coarse alluvium with relatively low fines
content Indications are that through the installation and operation of an
abstraction system in the sand bed. fines are drawn into the sand around
the system, accumulating and reducing the permeability of the sand in
the vicinity of the abstraction systems.

Clogging of screens by some agent (biofouling, precipitation or fines) and
the accumulation of fines in the sand surrounding an abstraction point
appear 1o be interactive. It is speculated that with clogging of abstraction
points, flow into the abstraction point is reduced, with an associated
reduction in the velocities in the surrounding sand. Fines therefore can
be drawn to the system, but velocities in the bed are not high enough to
draw them through the sand into the abstraction point  This leads to an
accumulation of fines in the sand and an associated reduction in the flow
through the sand reaching the abstraction point. There is then a
reduction in the flow velocities entering the abstraction point and a
reduction in any scouring effect of flow into the slots of the abstraction
point. Clogging material can thus accumulate more rapidly. This is very
much a circular “chicken and egg” siuation. This interaction could
explain why, once problems do develop in a system, the extent of the
problem increases extremely rapidly.
» Fox Farm (5)
Reduction in yield of vertical well points at Fox Farm was first
attributed to clogging of the screens by iron and manganese
precipitation. The screens were therefore removed and cleaned
before being reinstalled in the riverbed at the same sites where they
were originally installed.

Although the yield of the system increased once the screens were
cleaned, it was still lower than the onginal yield achieved when the
well points were initially installed. Backwashing the well points at
high pressures for an extended period (i.e developing the sand
around the system) resulted in an improvement in the yield. This
indicates that there was a reduction in permeability of the sand
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around the well point, probably through the accumulation of fines in
the sand around the well points

» Teyateyaneng (8)
This system was abandoned due to poor yields. The sand had a high
percentage of fines. It may therefore be possible that clogging of the
sand bed itself has occurred

~ Nottingham (15)
Low yield problems are sometimes caused by the accumulation of
fines in the sand. It has been noted that after operating one system
virtually continuously for a penod of a year, there was a high level of
accumulation of fines in the system. The system was then
backwashed Subsequent 1o this, however, it was found that there
was significant fines accumulation within a period of about a month.

» Chisumbanje (16)

Problems were experienced with clogging of the system installed at

Chisumbanje in the 1970's. Reasons for the clogging of the system

were not established, but it is likely that the following factors may

have contributed to the problem:

o The system was not properly developed.

o The system was installed at a relatively shallow depth in the
riverbed, possibly resulting in the ingress of fines from the surface
of the riverbed

» Mtwalume (22)

Problems are experienced with accumulation of fines in the sand.

The system is, however, designed to be backwashed at high

pressures. As part of normal operation procedures the system is

backwashed approximately 4 times per week, or more often if
required.
» Umzinto (23)

It was noted by the design engineer, that when this system was

instalied, the clay fraction in the sand was less than in the sands at

any of the similar systems constructed for Umgeni Water

(Mtwalume (22). Umkomaas (24)) A clay lens was, however,

encountered in the sand bed when the system was first installed.

This is important 1o note, as of the three systems, Umzinto has

proven to be the most problematic, particularly with respect to

clogging of the system by accumulated fines. This may well be linked
to the presence of the weir immediately downstream of the
abstraction system.

» Umkomaas (24)

It is believed that some of the problems can be attributed to

disturbance of the sediment through sand winning operations on the

opposite bank and just downstream of the system. Sand winning
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upstream of the system may. however, benefit the system, as
sediment is removed from the river prior 1o reaching the system
-~ Nqutu (31)
Investigations into problems of low yield at Nqutu showed that the low
yield was likely caused by a number of factors, including
accumulation of fines in the sand and clogging of the screens, partly
by the ingress of clay particles into the screens. This was evidenced
by:
o A thin layer of clay was present in the bottom of the well screens.

o The screens with the thickest coating of black slimy matter had
the least amount of clay in them, but had the highest flows. The
screens with the largest amount of clay in them had the lowest
flows.

o A reduction in permeability of the sand around the well screens,
as a result of the ingress of clay into the sand bed

» Havercroft Mine (37)

An important observation made during the site visit was the evidence
of the sand being sealed. probably by clays. A small hole was dug in
the riverbed, where the bed was surface dry, immediately adjacent to
the surface flow in the river. The water level in the hole was
approximately 15 cm below the level of the water flowing on the
surface of the sand bed, approximately 30 cm from the hole. The
water level in the hole did not rise above the observed level. The only
possible explanation for this is that the sand is sealed, with no flow
between the surface flow and the hole. Should a similar phenomenon
occur deeper in the sand bed, this could possibly explain the
reduction in yield of the caissons.

Accumulation of Fines at Depth

It has been at a number of systems that there is an accumulation of fines
in the sand bed at depth. The percentage fines in the sand decreases
from the surface of the bed, and then increases to a maximum at greater
depths, either at the level of the horizontal well screens (if present in the
system), or just above the bedrock.

This was found at Ulundi (34), Mpungamhiophe (35) and Umzinto(23).
When the Mpungamhlophe system was excavated prior to replacing the
system, a layer of silt and fines was found at the bottom of the sand bed
around the screens. Similarly. the screens of the Umzinto system were
excavated in an attempt to increase the yield of the system. and a layer
of fines and a black slimy matenal was found at the depth of the screens.
Sand samples were taken from the sand bed at Ulundi at various depths.
The accumulation of fines was identified from the grading analyses
conducted on these samples.
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These three systems have two main factors in common. They were the
only systems visted that were installed immediately upstream of a
concrete weir. They are also all systems that incorporate banks of
horizontal well screens

With the banks of horizontal well screens, water will be drawn vertically
down through the sand bed over a relatively large area. Fines will
therefore also be drawn into the bed over the same area. It is hkely that
the obstruction caused by the weir in the riverbeds impacts on the
accumulation of fines at depth. With the weir, there would be no
horizontal flow of water through the sand at depth, and any fines drawn
into the sand by the abstraction system would remain in the sand. At
other systems these fines would be washed out of, or through the sand
under higher flow conditions.

Posing this as a possible cause of this phenomenon. one would then ask
why similar problems are not experienced with systems such as the sand
dams constructed in Namibia There are a number of differences
between sand dams and the three weirs at the systems discussed above.

» Sand dams are constructed in phases, with the sand dam wall being
raised progressively over time as the dam fills with sand. The height
of each lift of the dam wall is determined such that the flow velocities
through the dam are sufficiently high to keep the fines fraction of the
sand load in suspension. Coarse sand is therefore accumulated in
the sand dam. The weirs at the three systems discussed above were
all constructed in a single phase, and were all rapidly filled with sand
during one or two flood events. Fine sand would therefore have
been deposited in the dams.

» Sand dams are normally constructed in rivers that are surface dry for
a large percentage of tha vear The three ahetraction eyetame arm
installed in rivers where there is virtually continuous flow, and the
rivers generally have a very high turbidity.

~ Abstraction systems installed in sand dams are normally of the
caisson or vertical well point type. Fines woukl therefore not be
drawn into the sand to the same extent as with the banks of
hornzontal well screens

6275 Problems Associated with High Iron and Manganese Concentrations
Problems associated with high iron and manganese concentrations have
been found in numerous systems, particularly on the KwaZulu-Natal Coast,
and in the Northern Province. Two main problems are associated with high
won and manganese concenirations in the water in the alluvium in which
sand abstraction systems are installed These include:

* High iron concentrations in abstracted water.
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The precipitation of iron and manganese in the abstraction system,
resulting in clogging of the system. Clogging caused by this precipitation
will be worse when associated with significant biofilm development. as
particulate matter will be trapped by the biofilm, resulting in rapid
clogging of the screens etc

Typical examples of systems where iron and manganese problems were
experienced are the following:

Fox Farm (5)

It was initially found that delivery lines (LDPE pipes) were being clogged
by iron and manganese precipitation. This indicated that similar clogging
of the well points themselves could be occurring. In 1998 / 2000 a
number of the vertical well points were removed from the riverbed. It was
found that the screens were clogged with a black substance, possibly
iron and manganese precipitate with some biofilm

Teyateyaneng (8)

One reason for the faillure of the system could be clogging of the screens
by manganese precipitation. On removing screens it has been found
that the screens are encrusted with manganese oxide.

Mtwalume (Umgeni Water) (22)
Problems have been experienced with the accumulation of iron salts and
scale in the system, clogging the screens

Fairview (26) and Hibberdene (45)
The Hibberdene (45) system is located adjacent to the Fairview system,
and virtually identical problems are experienced at both systems

At both systems severe problems are experienced with extremely high
iron concentrations in the abstracted water. Similar problems are not
expenenced if walter is abstracted from the surface flow.

In the Hibberdene pumping station, there was evidence of severe
corrosion of the centrifugal pumps, and the walls of the pump station
were stained orange from water that had obviously been sprayed on the
walls when priming the pump.,

During the site visits, although the systems were nol in operation, the
storage tank of the Fairview system was inspeclted The water in the
tank was bright orange in colour, with large clumps of biomass floating in
the water (hairy in appearance and orange in colour). This could be
colonies of iron bacteria. Bacterial counts from the water storage tank
were high.

Samples were taken by members of the Fairview Water Committee when
the system was brought back into operation in November 1999 Samples
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were taken just after starting the pumps and then about 20 minutes after
the pumps had been started. The first sample taken was bright crange in
colour and had extremely high total ron concentrations. The quality of
the water had improved by the time the second sample was taken, but
still had high iron concentrations.

There has been a reduction in the yiekis of both of these systems.
Considenng the problems experienced with high iron concentrations in
the systems, it is possible that this is caused by clogging of the well
points either through iron precipitate or through iron bacteria

e Nqgutu (31)

Water samples were taken regularly throughout the construction penod.
Initially these samples contained high concentrations of iron and
manganese, but dropped to within acceptable norms for domestic
consumption after water had been flowing through the screens for an
extended period of time. This, however, indicates a source of iron and
manganese in the catchment, indicating the potential for the
development of problems associated with iron and manganese.

o Apel(39)
The array of horizontal well screens is no longer delivering water 1o the
caisson. The screens have become clogged with iron oxide

e  Mitubatuba (46)

Severe problems are expenenced with extremely high iron
concentrations in the abstracted water  Similar problems are not
experienced if water is abstracted from the surface flow The water
abstracted from the well points is otherwise of very good quality, but the
cost of treating the abstracted water (for iron removal) is higher than the
cost for treating surface water with very high turbidity. The well point
system is therefore only used for water sunolv in emeraencies

Problems have been experienced with corrosion of the borehole risers, It
has been necessary to replace the risers. It is not known whether this
problem is related to the high iron and manganese concentrations in the
abstracted water

It is not known whether there is iron or manganese precipitation occurring
in the screens, forming scale in the screens

6276 Flood Damage
All systems are at nsk to flood damage. but in many instances have proven
to be surprisingly resilient under flood flow conditions. Only 9 of the 39
(23%) systems visited have been damaged during floods Of these 9
systems that were damaged, three have been in place for longer than 20
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years (Messina (13), Nottingham (15), Nqutu (31)). Examples of systems
damaged during floods include:

e Chisumbanje (16)
A system installed at Chisumbanje in the 1970's was destroyed by
floods.

e Umvol (28)
Some problems have been expenenced with flooding of the pumping
station, as it is located well within the flood plain of the river and the
manhole access to the pumping station is only approximately 24 m
above the level of the riverbed.

e Ngutu (31)

All the screens in caisson 1, the most downstream caisson, were broken
in about 1997, 19 years after installation. Shortly before the screens
were broken, sand-winning operations commenced in the riverbed just
downstream of the system. It is believed that these operations may have
resulted in a rapid shift of the sand bed, as sand moved to replace the
sand being excavate from the system. This could have been a major
factor contributing to the damage of the screens in caisson 1. One
screen in caisson 2 is also broken.

Operational Problems
Problems have been experienced in training, or persuading, operators o use
sand abstraction systems.

Mr Fox (Fox Farm, 5) noted he expenenced problems with operators
refusing to work if at any time it became necessary for them to go into the
river. This would be necessary, if for example, pumps were to be removed
10 protect them from flood damage.

Al Ulundi (34) problems were experienced in training the water treatment
plant and pumping station operators how to use the abstraction system. The
problem arose in that the operators could not see the water flowing into the
pumping station intake works. The outlet from the abstraction system was
connected to an existing intake works. Surface waler abstracted from the
river by conventional abstraction methods flowed from a channel off-take,
over screens into this intake works. Previously the operators had been
taught not to turn on the pumps when they could not see water flowing over
the screens. With the installation of the abstraction works, the water
delivered 1o the pump intake works did not flow over the screens, and pump
operators adamantly refused to switch on the pumps. Even when all
manholes were opened and they were shown the subsurface flow from the
abstraction works, they still refused to start the pumps.
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It is believed that the non-operation of the Ulundi system has contributed to
the problems of low yield experienced there, as the system and sand bed
has never been flushed Attempts were made 1o persuade the water
treatment plant staff to operate the system on a daily basis, but this was not
done and the system has not been in use. This was possibly partly due to
the fact that switching from the conventional abstraction system to the sand
abstraction system required the opening and closing of a number of valves
and sluice gates.

Aspects such as these are important and should be addressed when
designing a sand abstraction system. They are, however, difficult to control,

Administrative Problems

Administrative problems were experienced at some of the abstraction
systems installed for community water supply in rural areas. These types of
problems are not unique to sand abstraction systems. However, in one
instance the poor quality of the abstracted water may have contributed 1o the
administrative problems, which have resulted in the system not being used
and standing idle.  This. in turn, has exacerbated the problems experienced
with the sand abstraction system

Typical examples of administrative problems experienced at systems are the

following:

e Fairview system (26)
Problems have been experienced at the Fairview System (26) with
respect to non-payment of the necessary tarffs for water. The Water
Committee has then been unable to pay electricity accounts (for running
the pumps) and the system has not been operated for extended periods.

L

poor quality of water received from the system. The abstracted water
has a very high iron concentration, and community members do not feel
it is justified paying tarffs for water that is bright orange in colour, stains
their clothes when used for washing and is generally of poorer quality
than water abstracted directly from the river

Thie noan naumant by tha communite can in nard ha atribaind (5 tha
- A gEwR gLl ie W g A iw wwsiieiiwmiAie)  wwmias e g B e

It is possible that by letting the system stand idle, a build up of iron and
iron bacteria was created in the system, resulting in the subsequent
problems experienced with the system.

e Glover system (30)
The Glover system had not really been used at the time of the site visit
due to administrative problems. During the initial stages of the project
the community signed an agreement as to how they would operate and
maintain the scheme. Several problems were expenenced with the
implementation of this agreement
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Problems were also expenenced with the removal and vandalism of
standpipes in the village reticulation system. It was then the community s
responsibility to replace the standpipes, and the scheme would not be
operated until such time as the standpipes had been replaced.

With the system standing idle, fine silt and clay has accumulated in the
system, evidenced by the high turbidity inside the gabion sump It is
likely that this could affect the performance of the system in the future.

Other Problems
Some other problems experienced at sand abstraction systems are
described in the following paragraphs

Nottingham (15)

» The development of airdocks in the sand. This stuation could be
remedied by surging of the system.

~ High groundwater salinity. It would be necessary 1o test the salinity of
the water on a monthly basis

~» The occurrence of siltation inside the well screens.

» Pump suction problems.

Umvoli (28)

The total dissolved solids concentration (TDS) of the abstracted water
was found to be quite high, causing other problems when used in the
sugar mill. Because of these problems, a well was dug directly in the
riverbed and water was abstracted from there. It was found that the high
TOS concentration was somewhat reduced when using this well.

Makhosine (32)

Some problems were experienced with the accumulation of sludge in the
wet well of the pumping station. The problem was resolved by cleaning
and removing the sludge from the wet well.

6.2.8 Remedial Actions

6281

Although systems are sometimes abandoned when problems are expenenced
with them, many different types of remedial actions have been implemented to
improve the performance of systems. Remedial actions can either be
preventative or curative. Actions taken and the level of success achieved by
implementing are discussed below.

Fox Farm (5)

A layer of silt developed on the surface of the sand, partly sealing the
sand and reducing the system yield. The problem was solved by simply
herding cattle into the river, thereby breaking up the silt layer
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In 1999/2000 a number of the vertical well points were removed from the
riverbed. It was found that the screens were clogged with a black
substance, possibly iron and manganese precipitate with some biofilm.
The problem was remedied by removing and cleaning the screens with
peroxide. The screens were reinstalled in the riverbed at the same siles
where they were onginally installed.

Although the yield of the system increased after the screens were
cleaned, it was still lower than the original yield achieved when the well
points were initially installed. Backwashing the well points at high
pressures for an extended period (1.e. developing the sand around the
system) resulted in an improvement in the yield.

6282 Nottingham (15)
Low yield problems were attributed to the accumulation of fines in the river
sand  The system was subsequently backwashed to improve the yield of the
system. However, soon after this significant fines accumulation occurred
again within a period of about a month.

6283 Mtwalume (22)

Problems were experienced with the accumulation of iron salts and scale
in the system, resulting in the clogging of the screens. The screens were
removed form the riverbed, acid cleaned and then reinstalled.

Problems were also expenenced with accumulation of fines in the river
sand. To resolve the problem the system was backwashed at high
pressures. Today part of the normal operation procedures is to
backwash the system approximately 4 times per week, or more often if
required.

Backwashing of two of the screens was observed during the site visit.
The sand bed around the screens is rapidly fluidised during
backwashing Black flaky particles could clearly be seen being washed
from the sand, and possibly the screens, during the backwashing
process Backwashing of the system as part of the normal operation of
the system has been successful in maintaining the yield of the system at
high levels.

6284 Umzinto (23)

Problems were experienced with the accumulation of organic slime on
the screens. The screens were removed form the riverbed and acid
cleaned before being reinstalled. At the time of the site visit in 1999,
some of the screens has just recently been excavated and cleaned

Problems were also experienced with the accumulation of fines in the
river sand. To resolve the problem the system was backwashed at high
pressure by releasing water from the storage reservoir al a pressure
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head of some 50 metres. Today part of the normal operation procedures
IS to backwash the system approximately 4 times per week, or more
often if required. Despite these backwashing measures, problems are
still experienced with reduced flow in the system

Nqutu (31)
Following the investigations conducted in 1999, the following remedal!
actions were implemented in an attempt to improve the yield of the system.

e Water containing 50% peroxide was pumped into the well screens in
order to kill any biofilm that had developed in the system. Peroxide was
used because it is rapidly diluted by water and should not cause any
harm to the natural environment once washed out of the system

e Following the use of peroxide in the screens, there was a slight increase
in the flow from the screens  This indicated that there had been some
effect of sloughing of bacteria from the biofilm However, the bulk of the
biofilm. although no longer viable, remained attached to the screens

o A few days after dosing the system with peroxide, the screens were
jetted at high pressures. Roto Rooter was employed to do this work,
using equipment that is normally used for cleaning sewers. As the
screens were jetted, the flow into the system increased so rapidly that
the screens that had already been cleaned had to be isolated. Sufficient
flow to meet the demand could be obtained from one caisson. The
system has been used successfully since this remedial action was taken.

It is possible that the jefting of the screens may have been successful
without dosing the system with peroxide. Similar jetting of the screens was,
however, undertaken at the Ulundi System without dosing the screens with
peroxide. There was very little improvement in the flow from the Ulundi
system following the jetting of the screens. Further evidence would be
required to be able to state categorically whether both dosing with peroxide
and jetting should be implemented simultaneously 1o successfully improve
the yield of a system.

Considerning the success of the remediation measures taken, it appears that
the reduction of flow is caused by two factors:

* Clogging of the screens through the development of biofilm and through
the ingress of clay into the screens.

e Reduction in the permeability of the sand around the screens through
accumulation of fines

This is similar to what has occurred at Fox Farm (5). These processes are
likely to be interactive, with the one exacerbating the other.
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6286 Ulundi(34)
A number of remedial actions were attempted prior o the commencement of
this research, none of which were effective. These are discussed in more
detail in the report included as Appendix J 40 12. The measures include
jetting air into the sand, rodding the sand, and dosing the system with HTH

In 1985 it was decided 1o dose the entire abstraction system with
chlorine in an attempt to kill the bacteria A total of 200kg of HTH was
therefore pumped into and distributed over the abstraction pipes. The
weir reservoir was filled approximately 7 days after this was done The
pipes were sealed for 24 howrs after dosing. Water and bacterial
samples were taken from the abstraction system before dosing the
pipes. and half an hour after opening the pipes samples were taken.
Further samples were taken an hour after opening the pipes.

Bacterial counts obtained from the samples taken before dosing and half
an hour after opening the pipes were of the same order of magnitude,
being in the region of 1 to 8x10°. Depending on the system in which the
bacteria are found this is considered an average to high bacterial count.
It was found that the counts obtained from the samples taken half an
hour after opening the pipes were an order of magnitude larger than
those obtained from the other sets of samples. This result can possibly
be attributed to the sloughing of bacteria from the biofilm due to the
environmental stress created by the chemical dosing. It is indicative that
there 1s biofilm development in the abstraction pipes, and that the biofilm
was affected by the chemical dosing. The bacteria were not, however,
killed by the chemical dosing, having only been stressed to the point
where portions of the biofilm sloughed off the pipe surface.

Intially the dosing appeared to be effective in improving the yield.
Shortly after dosing the system the yield improved to 2228 Itres per
second. However, the capacity of the abstraction system diminished
rapidly and within one week had dropped to £78 litres per second.

It is highly probable that the rapid reduction in the capacity of the system,
after the marked improvement after dosing of the system, could be
attributed 1o the re-establishment of the biofilm in the abstraction pipes.
It has been recorded that biofilms can rapudly re-establish after chemical
dosing if the bacteria in the film have only been stressed, and not killed.
In some instances the biofilm will develop to a greater extent than pnor 1o
chemical dosing, as the less resistant bacteria are killed, resulting in
selection of the more resistant bactena

Since the commencement of this research, the only remedial action that
has been taken at this system was in October 2000. Roto Rooter was
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employed to jet the well screens of the abstraction system. The screens
were individually jetted at a pressure of 16 bar. This was done following
the success of jetting of the screens in the Nqutu abstraction system
The screens were not, however, dosed with peroxide prior 1o jetting, as
was done at Nqutu

The jetting of the screens was not successful in restoring the yield of the
system. There was only small increase in the flow from the system
following the jetting of the screens. It must be noted that it was not
possible to jet any of the screens for an extended period, or to jet all the
screens, as flow in the riverbed increased and it was necessary 10 leave
the gallery before it was submerged.

6.2.9 System Performance

As noted previously, problems of low yield have been expenenced at 51% of the
systems visited. Many of these systems are, however still being effectively
utilised through good management and the implementation of remedial actions
to improve the yield of the systems.

In general, the performance of small-scale systems is good, with the exception
of problems occasionally being expenenced with high iron concentrations in the
abstracted water. This can be attributed to the fact that small-scale sysiems do
not stress the alluvial aquifer in any way.

The performance of larger systems is varied. with no specific type of system
appearing to perform better than others. The extent of problems experienced
tends to vary with geographic location. Fewer problems are experienced with
systems in Zimbabwe, whilst problems are experienced with vinually all medium
to large-scale systems found on the KwaZulu-Natal Coast, in Lesotho, and in
the Northern Province.

Problem systems are also associated with particular catchments, notably the
Olifants River in the Northern Province, the White Miolozi River in KwaZulu-
Natal, and the Caledon River on the border of the Free State and Lesotho
Problems of a similar nature can also be linked with geographic regions

As discussed in Section 4.3.1, systems were rated according to the extent of
problems experienced at the system. This rating does not necessarily give an
indication of the success or failure of a system, because, as previously
mentioned, in many instances the problems are conained through good
operational and management practices

The ratings given to systems for the various types of problems that can typically
be experienced are shown in Table 9.
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6.2.10 Water Quality at Systems
As previously discussed water samples were taken at each system for testing to
determine various system parameters. Details of the samples taken and the
results of the tests conducted are included in the electronic appendices. as
Appendix e D.

6.2.11 Microbiological Aspects
The results of all microbiological analyses conducted are included in

Appendix F 1 and Appendix F 2

62111

Ulundi System: Pederson Device
The Pederson type devices thal were instalied in the Ulundi System were
removed from the system some 6 months after they were installed.

All the devices were entirely covered with a black slimy, slightly granular
substance, with the exception of the surfaces of the screens abutting the
sand in the sand unit. One of the units removed from the system is shown in
Plate 3 below. The devices were stored in nver water in a cooler box for
transportation to the laboratory. During transportation, some of the biofilm
on the units was sloughed off, leaving the water black in colour.

Detailed results of the tests conducted on the samples obtained from the
Pederson type dewvices and the water in which they were stored for
transporiation are given in Appendix £ 1. In summary, the following results
were found:

e Total bacterial counts: 163 x 10" to 2.00 x 10° cfu/m/

« Sulphate Reducing bactena: <10 cfu/mi

e Gram staining: Gram negative and gram positive
bacteria present, with gram
negative bacteria dominant.

e Light Microscopy: Brown algae and Dbacteria
identified.

e Scanning electron microscopy: Showed algae (possibly black

algae), bactena and slime present
in the samples, with the dominant
substance on the slides being the
polysaccharide slime matrix
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CHAPTER 7

Section of Soloform
screen instalied in unit

Glass slides
installed in unit

| Clear perspex

Plate 3: Pederson Type Device Removed from Ulundi System
Note: The units are constructed from clear perspex

Sand Properties

As previously discussed, sand samples were taken at each system for testing to
determine various system parameters, Details of the samples taken and the
results of the tests conducted are included in the electronic appendices, as

Aemndn" [24 F

Some problems were expenenced with discrepancies in the testing results
obtained from the laboratories. This was particularly the case with the specific
gravity tests done on the various size fractions of the samples. These results
have therefore not been used in the correlation analysis conducted to determine
the relationship between sand parameters and permeability

Full grading analyses were also not conducted on some samples, with the
fraction of the samples > 6.7 mm being discarded. Where additional sample
was available full grading analyses were conducted on these samples. The
correlation analysis conducted to determine the relationship between sand
parameters and permeability was therefore conducted on two sets of data, one
using full grading analyses, and one using the partial grading analyses. As
shown in Section 7.1.1, this proved to be fortuitous, as better correlations were
obtained using the partial grading analyses. This indicates that the larger
fractions of the sand have minimal impact on the permeability of the sand

The following points can be noted about the sand data

« For any one sample, there was little variation in the specific gravities of the
various size fractions of the samples. In some instances the fines fraction
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had a higher specific gravity than the coarser fractions, but there was no
particular trend in this.

The specific gravity of all samples taken in the Olifants River (Northern
Province) calchment are high, being in the order of 3 200 kg/m’. Severe
problems of low yield have been experienced at most of the systems
installed in this river, even when comprehensive testing and investigations
have been done for design purposes (Havercroft Mine (37)).

Permeability Tests
The detailed results and charts of the permeability tests are included in the

electronic Appendix e.F.5.

As discussed in Appendix G 2 permeability tests were conducted at two
densities, namely ‘normal testing” density and site density. The “normal
testing” density is the density that the sample naturally assumes in the
permeameter without compaction, while the site density is the density
equivalent to the in-situ bulk density measured for that sand.

In general, it was found that the “normal testing” density was lower than the
site density, with an associated higher permeability. The maximum
difference between the two densities was 17% relative to the normal density,
with the average difference being 5%.

There was up to a 95.6% decrease in the permeability measured at "‘normal
testing” density and that measured at site density. The average decrease in
the permeabilty measured was 29.8%. Generally, it was found that the
difference in the permeability of the two densities was lower for sites that
have shown fewer problems associated with reduction in permeability of the
sand.

For each test, the permeability was measured in the surface layer (k,) of the
sample, as well as in the body of the sample (k;). As would be expected, the
k, value was always higher than the k; value. The permeability at the
surface tended to decrease rapidly after the tests were started.

Tests were run over an extended period of time (up to 2 days). The flow
was increased in steps, and then decreased in steps. In some cases, the
sample in the permeameter was backwashed, and then permeability tests
were resumed. The sequence of permeabilities measured was then plotted
for each test. Examples of these plots are shown in Figure 10 to Figure 13.
Some interesting trends in the sequence of permeabilities were observed.
These included:

e Permeabilities measured remained relatively constant throughout the
testing sequence for systems where problems associated with reduction
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in permeability of the sand. An example of this is shown in Figure 11,

the test resulls for Mambal (20)

e The permeabilities measured for systems where problems are

expenenced with reduction in permeabilty of the sand either vaned
considerably throughout the testing penod (Figure 10, Peka (6)) or
continued to decrease throughout the lesting period (Figure 13
Ulundi (34))

¢ The effects of backwashing can clearly be seen in Figure 10, Figure 12
and Figure 13, where there is always an increase in permeability after

backwashing

e In samples from some of the more problematic systems, it was also

noted that the surface permeability. k,, continued to decrease throughout
the testing regime. This is shown in Figure 13. In some instances this
could be attributed 1o a build up of clay on the surface of the sample (the
test waler was recycled), but in other cases there was no obvious reason
for this

Another interesting phenomenon that was observed during the tests was the
development of stratification within the sample during the test. This can be
seen in Plate 4 and Plate 5. This usually occurred in samples that have high

fines content, and a generally low permeability

|
Plate 4: Permeameter with Sample Plate 5: Permeameter with Sample
from Glover System (30) | from Laingsburg 1 System (2)
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6.2 122 Sand Data Collected from Other Sources
Sand data was obtained from other sources such as design engineers and
other researchers This included data of tests conducted at the time of
construction. Where possible this data was compared 1o data gathered
during the course of this research

Nautu (31)

Grading curves were oblained from tests done during the feasibility study
for this system, and during the construction of the system. Bradford,
Conning and Partners. Newcastle, also made available results of grading
tests conducted on samples during the investigations they conducted into
the problems of low yield of this system. The results of grading analyses
conducted on sand samples from the Nqutu system are shown in
Appendix J 37 8. These results show that there has been Ittle change in
the characteristics of the sand between 1978 and 1999. Al tests
conducted in 1989 fall between the finest and coarses! gradings
measured in 1978,

Ulundi (34)

Grading curves were obtained from ests done during the feasibility study
for this system. and during the construction of the system, as well as for
tests conducted during earlier investigations into the problems of low
yield at this system. Comparing these grading analyses of the sand. as
well as grading analyses conducted as part of this research, it has been
found that there has been an increase in the fines content of the sand.
This is particularly noticeable at depth, where the fines content near the
screens is higher than anywhere else in the sand bed.

Whuwana (18) and Shashani (19)

Mr S W. Hussey of Dabane Trust is currently conducting studies into
small-scale sand abstraction systems. As part of his investigations,
Mr Hussey took sand samples at different depths in the riverbed at
Whuwana and Shashani. Results of grading analyses conducted on
these samples are shown in Appendix /218 and Appendix J228.
Unfortunately the depths at which samples were taken and the depth of
the water table at the ime were not given.

It can be seen from the results that the coarsest sand occurs in the
central depths of the sand bed, with the gradings of the sand al the top
and bottom of the sand bed being very similar. The sand at the bottom of
the bed has a slightly higher percentage of fines than does the sand at
the top of the bed. This may vary depending on the size, intensity and
duration of the last flood event in the river.

6.2.13 Geographical and Geological Aspects
Geographical and geological data colleclted are included in elecironic
Appendix e G This includes data collected from the 1:50 000 topographical
maps, the “Surface Water Resources of South Afnica — Map Books", ABA
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Brink's geological map. as well as long and cross-sections of the river valleys
upstream of the systems

On plotting the valley cross-sections, an aspect thal clearly became evident,
was that the cross-sectional valley form. particularly in the reaches
approximately 40 km upstream of the system, appears to be a good indicator of
problems of clogging of the sand bed This can be explained in that, depending
on the geology of the catchment, more erosion. and hence more fines, could be
expected in a steeper catchment. Typical cross-sections for a system where
problems of clogging of the sand are not experienced (Chisumbanje (16)) and
for a system where problems of clogging of the sand are experienced
(Mtwalume (22)) are shown in Figure 14, The cross sections are plotted on the
same horizontal and vertical scales.

River Cross Sections © 16 Chisumbanje
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Figure 14: Typical Valley Cross-Sections for Systems
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7 DATA ANALYSIS
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SAND PARAMETERS

Correlation between Laboratory Measured Permeability and Other Sand
Parameters

Various standard equations are currently being used for the calculation of the
permeability of sand. However, these equations have been found to give
extremely unrelable results in some instances. This could possibly be
attributed to the fact that the existing standard equations for the calculation of
the theoretical permeability generally only take into consideration up to three D,
sizes (the nominal sieve sizes passed by x% of the sand sample) of the sample
Factors such as the bulk and specific density, compaction of the sand, particle
shape and in-situ void ratio, are not taken into account

It would therefore be extremely uselul if a more reliable method of predicting the
permeabilty of sands, without conducting permeability tests, could be
developed. |deally a reasonable prediction of permeability should be obtained
using only the results of sand grading analyses and density tests (bulk and
specific densities) These tests are relatively, imple and easy to conduct at
relati¢ely low cost. and could be useful for the prediction of the permeability of
sand in the early stages of any investigations into the feasibility of a sand
abstraction system

In order to develop an equation that would give a more reliable estimate of the
permeability of a given sand, some correlation analyses were performed to
determine the relationship between the measured permeability of a given sand
and various other sand parameters.

The complex and somewhat intuitive correlation found between permeability
and other sand parameters was initiated by recognising that the density and
mechanical clogging of sand beds would be the most important factors in
assessing the physical capability of water flow through the sand bed.
Biophysical factors such as bacterial infestation would also affect the
permeability of sands However, these type of factors were not taken into
account because they are often difficult and expensive to measure, and the
need to conduct complex and expensive testing in order 1o predict the
permeabilty of a sand would negate the usefulness of any theoretical equation
for the prediction of permeability.

The density of a sand bed is mos!t likely linked 1o particle size relationships,
which appear to be best analysed in terms of particle volume . It was found that
irregular sand particle shapes, rather than spherical or cubic shapes, are the
norm and that the cube of the particle nominal dimension would therefore not be
a correct comparative measure.

In carrying out the correlation analysis, the equations were set up to enable
terative determination of particular factors, such as particle size exponents.
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The D, Dy Dy etc values are factors that are easily determined through
common laboratory grading tests and are therefore the most useful basic
information 1o use in the prediction of the permeability of a sand

A number of factors were varied during the correlation analyses. Typical
variations in the data sets and parameters used, and the basis of the developed
equation included the following:

e The inclusion or exclusion of the bulk dry density of the in-situ sand (as
measured using the samples taken with the “density ring”) as a parameter in
the equation. The size of the data set used was usually smaller when the
bulk site density was included as a parameter, as bulk site densities had not
been measured for all samples tested.

e The use of either full or partial sand grading analysis results, and the
associated D, values as paramelers in the equations,
~ Full grading results: The grading analysis of the entire sample was

used, including the fraction of the sample > 6.7 mm.
-~ Partial grading results: The grading analysis of the fraction of the
sample < 6.7 mm was used, where 6.7 mm was taken as 100% passing.

Full and partial grading analyses were conducted for the following reasons.

~ Firstly, when laboratory tests were carned out on a number of the
samples, the fraction larger than 6.7 mm was inadvertently discarded
Where sufficient sample volumes remained, the samples were retested
and full gradings were obtained for them. It was thought that a more
comprehensive data set could be used if the partial grading analyses
proofed to be adequate for the correlation analysis.

~ Secondly, it was done in order to determine whether the larger fraction of
the sand had a marked influence on the permeability or not.

e The equations were varied by using natural logs and/or base 10 logs and by
calculating the k (permeability) or log,ok values.

« For some analyses smaller sample sets were used; excluding samples that
were known not to be representative of the entire sand bed (e g samples of
clay plugs were excluded)

e The fineness modulus (f,) was incorporated in the equations. Varnations of
the fineness modulus, that effectively weighted different particle sizes, were
also used. The modified fineness moduli used are shown in Appendix M.

e The number of parameters included in the equations was varned, and
parameters such as the in-situ void ratio and in-situ bulk dry density were
either included or excluded.

Due to a lack of reliable grain density (specific density) data on a large enough
range of samples for analyses to be meaningful, no correlation of permeability
was done against grain density, although it would probably have a significant
effect on the accuracy of the prediction equation.
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The correlation coefficient was determined by comparing the calculated
permeability, using the developed equations, with the measured permeability at
site density. These results were compared with similar results obtained when
using the following standard equation for the calculation of permeability:

e? L) 187
-2 )

1+In \gﬁ '

k

Numerous equations were developed, varying the above-mentioned
parameters. Details of the range of correlations investigated are summarnsed in

Appendix M 4,

Seven of the developed equations have been selected to demonstrate the
effects of the vanation of parameters in the correlation analyses. The equations
and the results of the correlation analyses are included in Appendix M3 A
summary of the varations in the equations and the correlations obtained are
shown in Table 10. Details of the equations and correlation analyses of
equations 6 and 7, for which the best correlations were achieved, are shown in
Sections 7.1.1.1 and 7112 It should be noted that the scatter of the
calculated permeabilities for these twe equations was considerably reduced.

Despite a number of problems experienced in data and information collection,
the calculated correlation coefficient (R”) of between 70% and 90%. as shown in
Table 10. is considered a good result. Particular indication of poor permeability
has been achieved, which is also important, as an indicator that can predict a
poor 1o very poor yield is a useful tool. Avoiding expending time, cash
resources and energy on installations that could be predicted to be barren, is
even more important than predicting good yields.

The equations developed are somewhat cumbersome 10 use, but the degree of
accuracy that can be achieved to estimate the permeability with data obtained
from low cost testina would aenerally iustify the use of these equations

Table 10 Summary of Calculated Permeability Correlation Analysis

T Tele T2 el (83 1s 1 | <l2.2
| 2 3. |3 £ | 2. & = 30k
£ 2 i | 5,23 3z 2. 31| 85|88 z
02 i§gEEE ¢ osff 38 F B3 Biid
w gs 5 3| &£ 3’33 2 E §8 8#-%!
[ | 51 = . l gg 2 "1 5 ;

' 1 1163 | patal | No | Fme,  no | logy | &k | 07455 | 04772 |
| 2 | 163 |partial | No | Fm: no  Natuwral k| 07395 04772

| 3 (163 partal, No | Fmy, no_ | Natwal Log-k 07101 | 04772
L4 a3t Yes | Fm _ mo | Logw | k07640 05495
s |33 [pamai | Yes |Fms; | yes | Logw | k | 06833 02656
|6 1133 pamal | Yes | Fmy; yes | Logw | Loguk 08971 02658

[ 7 133 |partial | Yes | Fmy; yes | Natral Logok 08995 | 02658
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7111 Equation 6 Correlation of Calculated and Observed Laboratory
Permeability (k)
Analysed against part grading results, i.e. including only material < 6.7 mm,
and site dry density, with 30 sites excluded for lack of density data or on
inspection of sand samples and gradings.

100G k= C10™ + C,10™ + C,10™ + CA0™ 4.+ C,10™ + C,10™

where'm1 = (1/(Fmy ;) ° C.= 301878
m2=10"" and nt1=(D)" C,= -4.0946
m3=10" and n2=(Dy)**+235n1 Cy= 20792
m4=10" and n3= (D)’ +235n2 C.=-0.11473
m5=10™ and nd=(D,)*"" +235n3 Ce=-1.99977
mB=10" and nS=(Dy)’"+235n4 Ce.= 242089
m7=10" and n6=(Dg)’ ' +2.35n5 C,= -5.20487
m8=10"" and n7 = (Dg) " +235n6 Cs= 88554
m9 = (1500/(cd)) ' * ; cd = comparative (site dry) density

Cy=-0.01394
and where

D, Ds, Dy . . are the computed threshold sizes for 2%, 5%. 10%. . of the
sand sample; and
Fm ; is the standard Fineness Modulus of all material < 6 7 mm only

For a sample of 133 calculated permeabilities, the correlation coefficient (R¥)
achieved was 08871 The cormresponding correlation coefficient for the
“Standard Permeability” was 0.2658.

Measured vs Predicted Permeability

Equation 6
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0esm 0.2658

Figure 15: Plot of Measured Versus Predicted Pormeability, Equation 6
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7112 Equation 7 Correlation of Calculated and Observed Laboratory
Permeability (k)
Analysed against part grading results, 1.e. including only material < 6.7 mm,
and site dry density, with 30 sites excluded for lack of density data or on
inspection of sand samples and gradings

logy k= Cie™'+Cie™ +Cie™ +Cie™ +..+Cie™+Cy10™

Where: m1 = (1/(Fmeg,)) '© C,= 48217
m2=e” and nt1=(D)" C,=-68218
mi=e™ and n2=(Dy)""+162n1 C,= 38566
md=e™ and n3=(Dy) " +162n2 C.=-0.3149
ms=e™ and nd = (D))" +162n3 Cs=-2.3603
mé=e™ and nS=(Dx) ' +162n4 Ce= 2.1029
m7i=e™ and nb=(Dy) ' +162n5 C;=-3.9321
m8=e" and n7=(Dg) ' +162n6 Cs=-00628
m8 = (1500/(cd))“'"; cd = comparative (site dry) density
C, =-0.1183
and where

D;, De, Dy ... are the computed threshold sizes for 2%, 5%, 10%.. of the
sand sample; and
Fm - is the standard Fineness Modulus of all material < 6 7 mm only

For a sample of 133 permeabilities, the correlation coefficient (R?) achieved
was 08896 The corresponding correlation coefficient for the “Standard
Permeability” was 0.2658.

Measured vs Predicted Permeability
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Figure 16: Plot of Measured Versus Predicted Permeability, Equation 7

1%0 A(.NA"-TEQ T-DATA ANALYSES




7.1.2 Correlation of Sand Parameters with System Performance
All of the sand parameters and various permutations of the sand parameters
were plotted against the system rating parameters set for the problem types
identified i.e.
* Low yield
¢ Biofouling
* Clogging of the sand

e Problems related to high iron and manganese concenlirations in the system
waler.

Typical examples of these comparalive plots are shown in Figure 17 below  All
charts that show a correlation between system performance and sand
parameters are included in Appendix M All other charts are included in the
electronic Appendix e £

In general, where there 1s a correlation between sand parameters and system
performance, these are “wedge-shaped” relationships. By this is meant that for
either the minimum or maximum limit of the problem rating, the value of the
parameters measured cover the full range of parameter measurements
(minimum to maximum). For the other imit of the problem rating, only a small
range of the parameter measurements are covered, usually near the minimum
or maximum of the parameter measurements.

For example, considering the plot of

ABS (Permeability k; - Permeability k)
% Permeability k, versus low yield problem rating

in Figure 17, and ignoring the outlier at 430%, it can be seen that for systems
with low problem ratings of 0.5 to 2.0, the percentage difference between the
body and surface permeability ranges from 0 to 240%. For systems with higher
problem ratings between 3 and 5. the difference between the body and surface
permeability ranges from 0 to £180%.

This type of relationship cannot be used to necessarily predict the performance
of the system, but can be used as an indicator of potential problems. Numerous
system parameters, including water and geographical and geological
paramelers, exhibit relationships of this type with system performance. All can
be used as indicators of potential problems, and when considered in
combination, a far assessment can be made of the possibility of problems
developing at a system. It can actually not be expected that any single, or even
a combination of a few, parameters, could be used to predict system
performance. System performance is dependent on numerous interactive
factors, each of which is defined by a number of parameters.

e —— ——— — s —— —— ——

CHAPTER 7 - DATA ANALYSIS 1



Low Yesd Srotkem Satng - Permeataty
Permestdty Measwred # Sto Domty (efher cormtu! Nl Dermesmeter o Seoctons permoalty
test)
L] —

Veassed P remats 2y |
——
x *
b oxx
»
R x
x
D
> o x
o g—u—p—

,
-
-
3

25 3 3%
Sroteem Satog

Low Yeld Proberr Rateyg - SASSPem Bogy - Perm Surtaces Perm Body)
Porrmatoty Mosmsoc # Sae Densy (e0her Constant 'wad permaameter o deectaona e meatdty

ton
- Soow ]
3 L x l [
zi"" .
350% | :
300% ! |
; 200% i
5 200% * x {
'g 150% x ‘
g L3 x x 1
0% x x |
0% - X 3% * * g :
3 os 1 15 2 28 3 3s 4 ' 3
Procten Raeng
Low Yl Probeemn Ratng - “Range n Permeatety Test o See Doty |
» - x i
R .
2’“ . x
e x
gm x ¥ x x
‘ I
ms: " |
gvn x
LTS L, x '
% »*— - - !
[ 0s 1 15 2 25 3 3% 4 a5 € |
Probiem Ratng f
Figure 17: Typical Charts of Sand Permeability Parameters vs System Low Yield
Problem Rating

CHAFTER 7 - DATA ANALYSLS



7.2 WATER QUALITY

7.2.1 Correlation of Water Quality Parameters with System Performance
Various system parameters, including surface (river) water and abstracted
(system) water quality parameters, were tested to determine whether these
could be used as indicalors of problems experienced in sand abstraction
systems or of sand abstraction system performance, either potential or actual
The results of these tests are summarised in Appendix L 1 of this report for each
system. The water quality parameters evaluated were the following.

* Total bacteria counts,

« Total iron concentrations,

e Ferrous iron concentrations,
* Nitrate concentrations,

* Manganese concenirations,
o Conductivity,

e Sulphate concentrations,

e  Turbidity,

e Sulphide concentrations,

e pH,

« Total Dissolved Solids,

¢ Sulphate Reducing Bacteria and
* Redox Potential

The water quality parameters were plotted and grouped together by type of
problem actually experienced in the abstraction systems in order 1o determine
whether there were any trends in these paramelers relative to the different types
of problems. The resultant plots are shown in Appendix L 2 of the report.

Typically it was found that the nitrate concentration in the surface water is a
good indicator of the total bacteria counts in the system water. The relationship
as shown in Figure A70 in Appendix L could be used to estimate the total
bacteria counts in the system. Similarly the turbidity is also a good indicator to
estimate the total iron concentration in a system. The equations shown in
Figures A 85 and A 86 could be used to estimate the total iron concentration in
the abstracted water.

Selected graphs were also compiled to determine whether there are any
correlations between water quality and the following parameters:

e The type of problem experienced,
* The geographical region of a system,
* The total bacteria count in a system,

—— e — -— —— —— ——— . ———e
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¢ The total bacteria count resulting from a change in water quality parameters
as waler move from the surface to the system and

e The total iron concentration in abstracted water.

The results are shown in Appendix O 1 (Figures A176 to A199) The
correlation between water quality parameters and system performance are
shown in terms of risk (low. moderate and high) in Table A 62 of Appendix O 1
of this report. These results indicate that a number of surface (river) water
quality parameters could be used as indicators of a system being at either high
or low risk of the occurrence of a certain type of problem.

Similarly, it was found that various abstracted (system) water quality parameters
could be used as indicators of the development of different types of problems in
existing systems.

GEOGRAPHICAL AND GEOLOGICAL ASPECTS

Geological Interpretation

Interpretation of the effects of catchment geclogy on potential river abstraction
installations was done as a low level task, using “Engineering Geology of
Southern Africa’, (Brnink AB.A, Re®0). This book. in four volumes, discusses
the engineering properties of rock and derived soils from each geological Group
or Supergroup.

This was considered to be a simple procedure, which could be followed by most
people interested in or designing an installation. The main indicators sought
were the range of sand grain shape and size, as well as the probable content of
very fine clay and silt particles. These indicators would then give a very rough
basis of assessing the degree of mechanical clogging and compaction that will
probably occur

A rough guide to derived sands based on interpretation of the geology of the
catchment was developed. Derived sands would also be markedly influenced
by other factors such as the size, slope, vegetation, MAR, land use and farming
practices in the catchment, both as to overall sand-grading and transmissivity or
permeabilty. This should be taken into account when using this guide. The
assumed river sand characteristics derived from geological strata occurring in
the catchment are shown in Table 11 below

Using this rough gude, the geology of each system catchment was interpreted.
Based on the percentage area of the various types of geological strata occurring
in the catchment, the types of sands that would likely occur at the abstraction
system were defined. The results of this interpretation are shown in

Appendix N.
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Table 11 Assumed River Sand Characteristics Derived from Geological Strata Occurring in the Catchment

Mapping Description (Groups) I Interpreted Rock Types Assumed Derived Sand 1

From descrptions of .
As noled i the Key of the geological engineering properies in A rough gunde 10 derived sands based on viterpratation of the geology of the caichment. Dernved

- b el “Enoi 5 of sands will also be markedly inflsanced by other factovs such as the size, slope. vegelation, MAR

N land use and farmung practices in the catchment, both a3 1o overall sand.gracing and
catchment geology Southem Afnca”™ Bnnk
ABA (Ref 0) PRGN T Iea
Basement Complex in Namaqualand & g |Im~me|c _@m@uﬁ-ﬁdeM—m;-Mthmf
Natal - C 1 cakhments Very fine Factions generally absent or low percentage.

Smtmdlll w":m Wlm'ﬂ “':“:.:m As above, with harder smaller angular gramed sands denved from the lavas and greywacke
- " Fine grained rounded hard particles #om sandstone. with very fine partcles derved from
, - a'_ ) 1 M__ R | ~ mudrocks. Generaly prone 10 clay and / or mechanical clogging. )
Bokkeveld Group / part Cape Super siatey mudrocks  Harder mudrocks giving nse %o flaky and rounded angular particles, Mﬁ\hwml

Growp | e than honzontal transmissivity.  Clays and silts could cause problems
, . | GMmmblmrgwm(wmy)M|ndmwm ~tending 1o be
W&M?me B Lmom&t{otomho ~ anguiar and hard

Wmegmehmlhm mhbmlmbubmthesmor
Drakensberg & Lebombo Groups | basalt, lava, agglomerates | finer round partides. depending on basalt type Agglomerates would contribute more rounded
| ; medum szed grans Varable transmessivity

——— -

| Tilvte should nse to medium graned hard cubical to rounded sand grains, while the
Econ Growp & Dk Fosmation Whoc, S ' il mudrocks would contrbute it / Cays 1o the matrix
Kuidis Sub G 1 shale, sandstone, quartzites MMgmmthmbmmdvmmwymmmwm
I v R ... e _ _gran —
uoomermsnm Mwwyumwgmsumwm bmnomndodmbvw
Granoghyre Sudtes | 9'7 - 1 ~ catchments. Very fine fractions generally absent or low percentage

Maimesbury. Ganep, Swakop & Otavi o I Fm-granedwm larger particles faky, whmmwubw Even
Groups WO S, 973ding but low 10 medium transmessivity

. fine sandsione, mudsione, | MbMMhmummmwadehdm&mm
Molteno, Elhot & Clarens Formations gristone days Poort issoty m larger catchments
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Table 11 Assumed River Sand Characteristics Derived from Geological Strata Occurring in the Catchment (cont.)

Mapping Description (Groups) Interpreted Rock Types Assumed Derived Sand
From descrptions of
po n the Key of the Y in Awmmmmu’wmnmﬂmdumndmn
P S5 adutl goldaugon 'Eg 9 prope “ol Denvexd sands wil also be markedy infipenced by olher factars such as the size, siope,
e S G _S;MNAGA vegetaton, MAR, land use and farrming practices in the catohment, both as fo overal sand-
. ¢ 0 WAO) graxing and ansonssivly or penmeabiily
| " . -—C— - mm—u:nm Mdnunbmvumwm—bwmmhmm};mndwm.mvﬁ-
| s V_F " pmstore clays Poor transmissivity in larger catchments.
. Fine-graned sands - larger particies flaky, with smaller particies cubecal to rounded. Even
) Pretoria Group 7_.Shdumdqumzm a adng but low 10 medum vansmsswty
Rooiberg Group ~felsibc granites i | V«yMrdmulvloﬂaky coarse to medwm gran szed Shmnmgoodnmmm
| Rustenburg Layered Sunte gabtro/ norite, maficetc  Hard angular 1o cubic medium to medium-fine gramed sands. Should give good transmissivity
Fine-graned sands - larger particies flaky, with smaller particles cubical to rounded  Even
L Soulpmngrouo mm:wmr#m gradng but low to medium ransmissity
| Swaziland Super Group & Basement e Moderately hard cubical grains of medium sized ‘ractions - becoming rounded in larger
~ Complex et connin caichments Very fine fractions generally absent or low percentage -
These should gve rse 1o hard cubic 1o rounded smaller frachons with angular flaky medum
Table Mountan Group ‘ shales. sandstone fine 1o medium grain szes. 7
Table Mountain Group / pant Cape Quanate sandsione + minar Fmtomemmfmmds cubie to rounded MWtholomemucymuo
L __Super Group mudrock ____Mmudrock derivatives
Vi Super Group lavas, 3gg) mmunumooﬁnwummvmmmmwmmm
S __" '”’__: DS | transmissiety Y Tp—
[ Wa . ‘ r— men:dmhrmdm.v:;r:"nmbmnmquwmm

Witteberg Group / part Cape Super

e e—

slatey mudrocks mcaceous

Fine to medum fine sands, flaky 10 angular 1o cubic to rounded, with lower vertical than
harzontal ransmessivily and prone to problems due to mudrock and sitstone dervatives

5 - . §"s. sinstones, conglomerates Difcuit
Witwas G G Shales, quartzites, Fine to medium grained sands - larger particies flaky, with smader panticles cubical to rounded
[ 2 ' conglomerales Even grading but low 10 medum ransmsswvity J
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Correlation of Catchment Geology with System Performance
In order 1o determine whether there are any correlations between system
performance and the specific geology of the catchment within which a system is
situated the following readily available data and maps were used:

¢ 1:50 000 topographical maps.,
* Maps from “Surface Water Resources of South Africa 1990" and

e Geological maps from AB.A Brink's “Engineering Geology of Southemn
Afnca”.

With respect to the geology, maps were developed using the "Surface Water
Resources of South Afnca 71990° geological maps as base maps. The
catchment of each system was defined, with the catchments being divided into
sections upstream and downstream of large and medium dams. The
catchments were divided in this way, as sediments would be trapped in dams
upstream of the system, with mainly only the very fine sediments from the
portions of the calchments upstream of the dams reaching the abstraction
systems. Each section of the catchment was then divided into upper. middle
and lower catchment portions. Typical maps showing the catchments and
geology as defined for the data collection are shown in Figures A.3, A4 and A5

in Appendix H.

It was endeavoured to establish a possible relationship between system
performance and catchment geology. The evaluation was based on the
catchment geology and the sze of the catchment, which was compared 1o the
probability of occurrence of the four main problem types identified earlier. The
results are summarised in Table A 64 and A 65 in Appendix O 3 of the report.

In some instances it was found that the size and type of catchment geology
could be a reasonable good indicator for the occurrence of system problems but
overall the relationship between system performance and catchment geology
was poofr.

Generally it was found that the problem of low yield increases with an increase
in size of catchments consisting of formations of the Drakensberg and Lebombo
Group (Figure A 224 in Appendix Q) On the other hand, the iron/manganese
problem decreases with an increase in size of calchments consisting of
formations of the Basement Complex in Transvaal. Swaziland, Namibia and
Rhodesia (Figure A 231). From Figure A 239 it can be seen that the biofouling
problem would decrease with an increase in the size of catchment comprising of
Acid and Intermediate intrusives

Correlation of Geographical Parameters with System Performance
The same topographical and geological maps listed in the previous section were
used to determine whether there are any correlations between system
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performance and the geographical parameters of the catchment within which a
system

The different categories and sub-categories of data extracted from the 1:50 000
topographical maps are shown in Table A 3 in Appendix H of the report. The
areas in the system catchments, relative to the system, for which the data was
extracted. are also shown A distinction was made between the areas
immediate to the river and the general catchment in order 1o determine whether
the areas immediate to the river had a larger impact on abstraction system
performance than the catchment as a whole.

The different categories and sub-categories of data extracted from the “Surface
Water Resources of South Afrca 1990° maps are shown in Table A4 of
Appendix H. The data was extracted for the entire system calchment upstream
of the system.

In order to establish a relationship between system performance and
gecgraphical parameters of a catchment the following indicators were evaluated
in some detail as shown in Table A 66 in Appendix O:

o Catchment area,

« Vegelation,

e Soils,

e Land cover and

e Sediment charactenstics,

« Precipitation,

e Land use upstream and in the immediate vicinity of the system.

Generally poor to moderate correlations were obtained for the use of
geographical parameters as a means 10 predict system problems. However,
reasonably good correlations were established in the following cases:

¢ Biofouling could become a problem when increasing the area of land use by
cultivating (Figure A 253 and A 261),

e The higher the MAP from the catchment area upstream of the system, the
higher the risk of biofouling becomes (Figure A 258),

e Similarly, the higher the MAR from the catchment area upstream of the
system, the higher the risk becomes for iron and manganese related
problems (Figure A 259).

* lron and manganese related problems appear to be reduced when the area
upstream of the system compnses of trees and bushes instead of cultivated
land (Figure A 262).

From the results it appears that geographical parameters do not have a direct
impact on system problems such as clogging of sand and low yield
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7.3.4 Correlation of River Morphology with System Performance
The river morphology up to a distance of 50 km upstream of the system and in
the immediate vicinity of the system was also evaluated in an attempt to find a
correlation between system performance and specific characteristics of the
river. The following characteristics of the river were analysed:

The number and length of straight sections in the river,
The meandering of the river in plains and in valleys:
The number of horseshoe bends;

The number of rapids,

The number of major and minor tributaries.

The number of bridges;

The number of impoundments;

The total number of obstructions in the river and

The valley shape where the system is installed.

Although the correlation factors between system performance and the river
characteristics listed above were found to be somewhat low (less than 0.10),
some of the characteristics do give an indication of whether problems could be
expected or not. Typical nisks of failure (low, moderate and high) for each river
characteristic and potential system failure are summarised in Table A 67 in
Appendix O 5 of this report,
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8 CONCLUSIONS

8.1

811

8.1.2

180

OBSERVATIONS REGARDING SAND ABSTRACTION SYSTEMS IN
SOUTHERN AFRICA

Overview of Sand Abstraction Systems Surveyed

Although not all sand abstraction systems could be identified during the
research project. a total number of 67 sand abstraction systems were identified,
of which 39 were visited in the field Although most of the systems were found
in South Africa and Zimbabwe (26), it is a large enough number of systems to
be considered a representative sample of all types of systems currently in
operation within the borders of Southern Africa

About 40% of the systems visited had vertical well points installed. whereas
about 43% made use of honsontal well screens connected to a caisson or
collector sump. The remainder of systems visiled were mainly caissons
installed in the niverbed or the riverbank.

The sand abstraction systems were mainly used for domestic water supply and
in a few instances for irrigation purposes. The design yield varied from 2 Us for
a gabion type collector sump with horisontal well screens to 1020 /s for a bank
of vertical well points. About half of the systems experienced problems of low
yield. while one third of them suffered from iron and manganese related
problems. Only half of the systems with low yield problems also had ron and
manganese related problems.

About 20% of the systems expenienced some known flood damage during
construction or operation of the system. Only one of these systems, the biggest
well point system, with a design yield of 1020 I/s, did not suffer from a reduction
in yield after the flood event.

Generally it was found that most of the sand abstraction systems were suitably
designed from a structural and hydraulic point of view. However, the
geohydrological aspects and the hydraulic flow through the sand formation were
mostly neglected in the design of sand abstraction systems. Similarly not much
attention were given o aspects such as operation and maintenance durnng the
design phase.

Problems Experienced with Sand Abstraction Systems

Several problems experienced with sand abstraction systems were dentified
during the research. The following three main types of problems were identified
that contributed most 1o the problems experienced at sand abstraction systems:

e Lowyileld,
o Poor quality of abstracted water and
¢ Flood damage to the systems.
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8121 Low Yeld
As mentioned previously the problem of low yield was identified in about half
of the systems evaluated in the research. Problems could generally be
attributed to insufficient design and/or construction methods used, or a
combination thereof. Typical causes of low yield are the following:

e The recharge rate of an aquifer is lower than the abstraction rate of the
system, resulting in over pumping and low draw down of the aquifer;

e A reduction in the permeability of the sand formation due to the
accumulation or deposition of fine silt in or on the sand bed,;

* The clogging of well screens by iron or manganese precipitates or by the
development and accumulation of biofilm in the screens;

o The degradation or rusting of materials used for well screens and pipes,
which caused either clogging of the system and or damage to pumps;

e The clogging of certain geofabrics, which in some cases resulted in a
permeability of 10 times lower than when originally installed;

e Adrop in the level of the water table due to low rainfall, excessive draw
down or over pumping;

e The displacement or movement of well screens during fluidisation of the
riverbed when floods occur,

e A change in the river course flow within the river bed over time. thereby
changing the location of the system in relation to the aquifer;

« Insufficient developing of the system after installation, resulting in
accelerated clogging of the system.

8122 Poor Quaiity of Abstracted Water

Generally the poor quality of abstracted water could be associated with the
presence of high concentrations of iron and manganese in the water. This
problem was noted at several of the systems visited in the field. Besides
discolouring, scaling, precipitation and eventual biofouling and clogging of
the system elements, it also causes corrosion of screens, pipes, valves and
pumps

At several sand abstraction systems it was found that the surface water was
of a better quality than the abstracted water in terms of iron and manganese
concentrations. It appears that favourable conditions are sometimes created
within sand abstraction systems for the development of iron and manganese
precipitation and iron bacteria  In most cases these conditions are caused
by high flow velocities in the sand formation or screens and could have been
be prevented through proper design and installation of the system.
8123 Flood Damage

Although surprisingly resilient under flood conditions all sand abstraction
systems are susceptible 1o flood damage during or after installation. About
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23% of the systems visited have been damaged during floods. Through
careful design and installation methods the possibility of flood damage to
sand abstraction systems could be significantly reduced.

Typical problems that occurred during floods were damage to the
infrastructure (pipes, screens, collector wells and pumps) of the system due
to surface water flow and sand bed fluidisation due to subsoil water flows
Damage to the system infrastructure could generally be minimised by
constructing the system elements on bedrock or anchoring them to bedrock
with ties. The deeper well screens are placed within a sand bed the lesser
the damage would be in the case of sand bed fluidisation.

It is essential that the design and layout of each system should be suited to
the site conditions to minimise flood damage as far as possible.

8.1.3 Observations of Successful Abstraction Systems
Many sand abstraction systems in Southern Africa are successfully in operation
years after installation. The following observations regarding the design,
installation and operation were made at some of the successful abstraction
systems visited:

¢ Chisumbanje
» Very favourable site conditions prevail at the location of this system
» Following the second dry season of operation of the system installed in

1983, it was recognised that the system needed minimal monitoring and
did not require any maintenance

» The system of vertical well points was never backwashed

» An unexpected benefit of the system was a significant reduction in
herbicide apphcation requirements when the estate was irrigated using
only water from the abstraction system. This was due fo the exclusion
of weed seeds and poor quality associated with river surface water.

« Laingsburg

» Innovation played a major role in the success of this system. Different
types of systems were installed to utilise the scarce waler resources.

» Modifications were made to the system to suit changing conditions.

» Comprehensive testing was done prior 1o installation of the system
These testing included geophysical investigations, electrical soundings
for cross-sectional profile of the riverbed. core samples, pump testing
from caissons and piezometer tubes to monitor sub-surface flow.

o  Mtwalume Umgeni Water & Umkomaas

» The operation of this system was a key factor to its success.

» The design including for backwashing at high pressures as problems
were expenenced with accumulation of fines in the river sand The
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system is normally backwashed about four or more times per week as
the need anses.
e Mtwalume:

» The success of this system could be ascribed to effective filtration
through the sand. This made it possible to overicad the sedimentation
basin of the water treatment plant by up to 100%, with respect to
through flow time.

» A maximum limit of turbidity of 05NTU is set for water quality
requirements for domestic water consumption. The turbidity of the
abstracted water normally varies between 1 NTU during the rainy
season in summer and 0.4 NTU during low flow penods in winter.

¢ Opuzane & Makhosine

» The success of these systems are mainly because of innovative desians

and the extremely favourable site conditions
e Nqutu

» This system is successful because of the suitable site and

~» because it is well designed

¢ Messina

» Good operational practices and adaptation 1o changes played a major
role in the success of this system

» The low recharge rates in the alluvium are taken into account during
operation of the system in order not to stress the aquifer.

» The success of the system could further be attributed to continual
upgrading and modification of the system whenever problems are
experienced.

« Nottingham

» The operation of the system and adaptation to changed conditions.
« Whuwana and Shangani

» These systems were installed on favourable sites and the

» demand is very low so that the system never stresses the aquifer

¢ Nondweni
~ This abstraction system has a deep vertical well, which contributes to
the success of the system.
e Dysselsdorp
~ This system also has a deep vertical well,
» the testing results were good and
~ good operational practices are applied.
* Mtwalume School and Pungashe
» Very suitable site conditions and
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~ an innovative design was used at this system.

Other successful sand abstraction systems were also visited at Umdloti,
Melkbosstrand and Mpungamhlophe. The successful use of these systems
could be attributed to proper testing, good design and construction of the
systems.

From discussions with Mr Fox, and other persons who have worked with
abstraction system for a long time, ft is also evident that the success of
abstraction systems cannot necessarily be based on “scientific or engineernng
design”, although good design does contribute to the success of a system. It
was also evident that abstraction systems should never be considered as
systems that require low maintenance and management. On a daily basis,
maintenance requirements are low, but the production/yield of any system
should be monitored and steps taken to alleviate any problems that may occur
with system as and when they do arise.

From the Iterature study and the observations above it is clear that the
following aspects are of critical importance for the implementation of a
successful sand abstraction system:

¢ The location of the site — the location of the sand deposits in relation to flood
levels is critical in order to minimise potential flood damage to the
abstraction system and to determine the optimum layout of the system.

e The parameters of the water bearing sand formation — the thickness of the
sand deposit, the grading, grain size, permeability and the specific yield are
all important parameters to consider before deciding which type of
abstraction system o design and implement.

e The qualty of the subsurface water — sufficient testing should be carned out
to determine the quality of the abstracted water, as too high treatment costs
could make the abstraction system uneconomical

e The design of the system — the system should be designed to best suil the
conditions prevailing at the selected site. The individual elements such as
collector wells, pipes, screens and pumps should be sized correctly to
prevent over pumping, excessive draw down and high flow velocities
through the system

¢ The construction and installation of the system - it is very important that the
construction and installation methods are sued to the site conditions and
that the properties of the water bearing formation are not changed during
construction of the system

« Development of the system - it was found that the performance of a system
is significantly improved if it is properly developed before being used
Several methods of development are available and the best method or

combinations of methods should be employed.
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The operation and maintenance of the system — it was found that successful
abstraction systems are generally operated within the design parameters
and that potential problems could be detected at an early stage with regular
monitoring  Corrective measures and maintenance as required would
generally ensure successful performance of the system.

8.1.4 Observations of Problematic Abstraction Systems
The following observations regarding the design. installation and operation were
made at some of the problematic abstraction systems visited:

At Havercroft Mine the system performed poorly despite comprehensive
testing that was done to a depth of 3m. The screens were installed
underneath a clay layer, which resulted in fines being drawn into the system

All the pumps at Havercroft Mine were installed below the 1op of the wedge
wire screen sections. If the system i1s operated incorrectly and the water
level in the caissons is allowed to drop to the level of the pumps (when the
pumps would cut out), then sections of the screens would be exposed to air
This would cause aeration of the sand around the screens, which would
probably induce the development of bioclogical fouling and/or the
precipitation of iron and manganese out of solution through oxidation.

At Umdloti the pumping station has station tipped over, probably because of
poor founding conditions at the site.

At Mtwalume, Umgeni the pumping station was flooded. The level of the sill
was raised and sand bags were packed in strategic positions to remedy the
problem.

The movement of the river course in the riverbed also caused problems at
Umdioti, Apel and Mtwalume. The river no longer flowed over the screens
or close to the abstraction system. Sand bags were used to divent the river
back to its original position.

A problem with high concentrations of iron was noted at Miubatuba,
Fairview, Hibberdene and lllovo. The problem was aggravated because of
the intermittent use of the systems and because the screens were not
located directly in the riverbed, but in flood plains adjacent to the riverbed
Reeds and/or other vegetal growth also covered the systems, resulting in
possibly a higher rate of biofouling and subsequently low yield.

Problems with low oxidation (low redox potential) were experienced at
Dysselsdorp. This was probably due to low vegetation in the area
surrounding the abstraction system. A low redox potential could be an
indication of several risks, including precipitates of iron and manganese and
difficulty in reducing the water's concentration of these metals in soluble
form. It could also indicate microbiologically mediated dissolution of
manganese and ferrihydrite involving organic matter (bacteria), which could
cause clogging of well screens and the subsequent poor performance of
abstraction systems.
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A problem rating was assigned to all systems visited (Table 9) in order to rate
the typical problems experienced at each system in terms of low yield,
biofouling, clogging of sand and iron and manganese concentrations. This
rating does nol necessarily give an indication of the success or failure of a
system, because in many instances the problems are contained through good
operational and management practices

Once problems start developing in a system, they will rapidly become worse and
are then extremely difficult to remedy if not dealt with as soon as possible. It is
essential that lessons be learned from experience with these systems, and that
the users of the systems be open to adaptation of the systems if required.

CORRELATION OF SYSTEM PARAMETERS WITH SYSTEM
PERFORMANCE AND PROBLEMS EXPERIENCED

Water Quality

Several water quality parameters were measured at the sand abstraction
systems visited to determine whether there is a relationship between the water
quality and the problems being experienced at the system. The results of a
regression analysis performed on the data are shown in Appendix L 2 of the
report.

Generally it was found that the water quality parameters measured were not
very good indicators of problems that could be expected at a sand abstraction
system. However, it was found that the nitrate concentration in the surface
waler is a good indicator of the total bacteria counts in the system water and
would therefore be a good indicator of biofouling problems. The relationship
shown in Figure A 70 in Appendix L could be used 1o estimate the total bacteria
counts in the system

Similarly the turbidity is also a good indicator to estimate the total iron
concentration, which could be an indication of potential problems related to iron
and manganese precipitation or the presence of iron bacteria. The equations
shown in Figures A 85 and A 86 could be used to estimate the total iron
concentration in the abstracted water.

Selected graphs in Appendix O 1 (Figures A 176 to A 199) show the correlation
between waler quality parameters and system performance in terms of problem
rating. These findings are summarised in terms of risk (low, moderate and high)
in Table A 62 of Appendix O 1 of this report. These results could be of great
value when determining the potential risk of the occurrence of a certain type of
problem in a system.
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Microbiological Aspects

Several methods and techniques, such as DAPI, SEM. light microscopy, elc
were used to carry out bacterial counts on samples obtained from various sand
abstraction systems. It was generally found that there is a moderate risk of
bacterial biofouling in most of the systems evaluated, with a high risk of bacterial
biofouling occurrence in a few of the systems.

With regards to the samples drawn from the Ngqutu System, it was found that
bacteria was the main agent in the sample and that the black substance from
the walls of the collector well was a result of bacterial fouling. The sulphate
reducing bacteria (SRB) count was too low 1o have played any role in the
biofouling that occurred in this system.

With regards to the Ulundi System, the following conclusions could be drawn
from the testing of the samples:

e The shime in the system was produced by bactena and/or algae.

e After an initial decrease in bacterial numbers, the number of bactena in the
system started to increase, indicating that biofouling is occurring in the
system. This is supported by the presence of the slime matrix and the algae
in the system.

« The high number of planktonic bacteria in the system together with the high
number of bacteria on the slides from the Pederson device is also an
indication of bacterial biofouling.

« The biofim possibly formed because of the presence of algae among the
sand particles, which provided a growth surface for the bacteria.

« It could not be determined whether bacteria or algae are the main causative
agent of the slime production, and subsequently the formation of the biofilm.

e However, it is clear that SRB does not form part of the biofouling problem

No conclusions could be made on the part that iron bacteria plays in the
biofouling in these systems. Although SRB normally has a major effect on
biofouling, it was found in this study that the number of SRB in the samples was
too low to cause the biofouling. It is, however, clear that the risk of biofouling
increases significantly when algae and/or high counts of bacteria are present in
the system.

Sand Properties

Several sand properties were measured and compared with the problem rating
at each sand abstraction site visited. The results for each system, including a
photograph showing the composition of the sand, are included in Appendix M 6
of the report. The relationship between system performance and various sand
properties are summarised in Appendix 0.2 of the report. The findings and
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conclusions for the relevant sand properties are discussed in more detail in the
following paragraphs.

8231

8232

Grading Analysis

The results of all grading analyses conducted on sand samples from the
systems visited are shown in Appendix M € whereas the results of grading
analyses done by others are included in Appendix J Selected grading
analyses graphs related to system performance are shown in Appendix M 5
of the report.

From these results it is clear that generally problems of low permeability and
subsequently low yield and clogging of sand could be expected if more than
50% of the sand is smaller than 0 60 mm and the Dy/D,, relationship is less
than 50 Another good indicator of potential problems related to low
permeability. low yield and possible clogging is when Dy, < 0.20 i.e. at least
10% of the sand is smaller than 0.20 mm.

No acceptable correlation could be determined between the grading analysis
and other system problems such as biofouling and iron or manganese
related problems.

Permeability

The correlation analysis conducted to determine the relationship between
sand parameters and permeability was conducted on two sets of data. one
using full grading analysis, and one using the partial grading analysis. Better
correlations were obtained using the partial grading analysis, which indicate
that the larger fractions of the sand have minimal impact on the permeability
of the sand.

From the results in the scale model it was found that the permeability at the
surface of the sand bed tended to decrease rapidly after abstraction of water
was started. However, there was always an improvement in permeability
after backwashing was done

In samples from some of the more problematic systems, it was also noted
that the surface permeability continued to decrease throughout the testing
sequences. This could be attributed to a build up of clay on the surface of
the specific sample and or the occurrence of stratification or the formation of
clay lenses in the sand, which subsequently resulted in low permeability.

The permeability of the surface sand, as well as the body of the sand
formation has a direct correlation with problems of low yield. Generally,
whenever the permeability of a specific sand is less than 2 0 mm per second
and the FM is less than 3.0 respectively. problems of low yield and clogging
of sand could be expected. There is no clear correlation between the
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permeability of sand and any problems related to biofouling and the
presence of iron and manganese in the abstracted water.

8232 Specific Gravity
There was little vaniation in the specific gravities of the varous size fractions
of the sand samples. In some instances the fines fraction had a higher
specific gravity than the coarser fractions, but there was no particular trend
or relationship between system performance and specific gravity.

8234 Bulk Density
No direct correlation could be found between the in-situ bulk density and any
of the system problems such as low yield. clogging of sand, biofouling and
iron or manganese related problems. However, for in-situ bulk densities
higher than 1650 kg/m’ there is a marked drop in the permeability and void
ratio of sands

Problems with low permeability and low yield could be expected for sands
where the in-situ bulk density is much higher than 1650 kg/m’. and a
corresponding void ratio of less than 40%.

8235 Particle Shape

The visual observations of the general appearance and particle shape of the
sand samples were defined in Table A28 of Appendix M 6 of this report.
Observations of particle shapes are given in Appendix M 6 together with
photographs of the respective sand, the permeability and in-situ bulk density
of the sand, and the problem ratings for the systems installed in the sand
This information is useful as a field guide for examining sands during
investigations for proposed abstraction systems and could be used as an
initial indicator of the potential performance of an abstraction system
installed in the sand being examined.

Generally sand particles that are more rounded, not flaky and with high clay
content are the most likely 1o present performance problems such as low
yield and clogging in sand abstraction systems.

8.2.4 Geological Factors
It is important to note that the Grootfontein system. as well as other systems on
the Olifants River where problems were experenced with iron and manganese
precipitation is just downstream of the confluence of the Lepalane River with the
Olfants River. Specifically, the Grootfontein system was situated approximately
30 km downstream of the confluence of these rivers. The Lepalane River
crosses the Merensky Ridge, which is a high ore-bearing geological formation
High concentrations of manganese and iron are brought into the Grootfontein
River by the Lepalane River, causing the problems of iron and manganese
precipitation in abstraction systems sited downsiream of the confluence of these
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rivers. This clearly indicates the impact of catchment geology on abstraction
system performance.

Several parameters of catchment geology were measured to determine the
relationship between these parameters and system performance. The results of
the analysis are shown in Appendix O 3 of this repon

Figure A 244 in Appendix O 3 indicates a reasonable correlation between yield
and the size of the Drakensberg and Lebombo Group in the catchment
upstream of the abstraction point. If the size of this geological Group is larger
than 13% of the catchment some problems could be expected with low yield and
the clogging of the sand, whereas problems of biofouling and excessive iron and
manganese concentrations could be expected if the size is larger than 17% of
the catchment area.

The relative size of the Basement Complex in Transvaal, Swaziland, Namibia
and Rhodesia in the catchment area is another good indicator of biofouling and
iron and manganese related problems (Figure A 230 & A 231) Generally, the
smaller this Complex the lesser is the risk of biofouling and iron and manganese
related problems. Figure A 239 also indicates that there is a reasonable
correlation between Acid and Intermediate Intrusives in the catchment area and
potential biofouling problems. The smaller the size of these intrusives the lesser
the risk of biofouling becomes.

Geographical Factors

The geographical parameters as hsted in Table A 66 in Appendix O 4 were also
analysed in order to determine whether there are any relationships between
these parameters and system performance.

Generally good correlations were found between potential biofouling and the
following parameters:

e The presence of sugar cane in the catchment area (Figure A 253) - the
more sugar cane in the catchment upstream of the system, the more likely
problems of biofouling would occur,

o  MAP of the catchment (Figure A 258) - the higher the MAP, the higher the
risk of biofouling becomes and

e The size of cultivated land (land use) 50 km upstream in the catchment area
(Figure A 261) — the larger the size of the land the higher the risk of
biofouling becomes.

The following geographical parameters were found to have a reasonable
correlation with iron and manganese related problems in systems

e Tropical bush & savannah (Bushveld), (Figure A 243) - the smaller the area
of tropical bush, the higher the risk of problems occurring. This is similar to
the graph shown in Figure A 262.
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e MAR of the catchment (Figure A 259) - more problems could be expected
the higher the MAR in the catchment upstream of the system

It appears that geographical parameters could be used in some instances 1o
predict problems related to biofouling and the presence of iron and manganese.
It is, however, not a good indicator of potential low yield and/or the clogging of
sand abstraction systems

8.2.6 River Morphology
As discussed in the previous chapter, the nver morphology could not be
considered as a good indicator of potential problems that might impair system
performance.

83 EFFECTIVENESS AND USEFULNESS OF TESTING AND SAMPLING
TECHNIQUES

8.3.1 Water Sampling and Testing
Due to the remote location of the majority of the sites, it was not possible to
deliver the samples to the laboratones within 24 hours of sampling as is
generally preferable. Every effort was therefore made to preserve samples by
refrigerating them or putting them on ice as soon as possible after they were
taken. Where possible, samples were sealed in cooler bags with ice packs and
couriered 1o the laboratornies.

Despite these measures, difficulties were expenenced in keeping samples at a
constant temperature and it was considered possible that samples may have
undergone changes in the time between sampling and analysis. To solve this
problem it was decided that water quality analyses should be conducted as
soon as possible after sampling. Portable equipment for water quality analysis
was purchased and an additional water sample was taken for "on-site” analysis
and testing. This procedure was very effective and provided more accurate
results of the on-site water quality.

A second problem that became evident after completing the initial site visits was
that of a probable change in the oxidation state of the iron and/or manganese in
the water samples taken from the abstraction systems. It was therefore also
decided that it would be of value 1o preserve a sample for iron and manganese
analysis in the laboratory This was done where specific investigations were
being conducted into aspects of iron and/or manganese precipitation, and was
applied with good effect.

Al all sites, two sets of water samples (grab samples) were taken; one set from
the surface water and another set from the water abstracted through the sand
abstraction system, prior to any treatment. Four samples were taken for each
sample set, which included:

* one 500 m/ sample (unpreserved) for water quality analysis “on-site”,
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o one SO0m/ sample (unpreserved) for water quality analysis in the
laboratory,

e one 250 m/ sample, (preserved, nitric acid) for water quality analysis in the
laboratory. and

e one 30 m' sample (unpreserved) for microbiological analysis

Several testing equipment were evaluated for on-site water quality testing
Based on efficiency, cost effectiveness and ease of use, the following testing
equipment was used very effectively for on-site water quality testing:

e The HACH DR/850 colonmeter, which could be used to test for more than 50
parameters. In this study it was used for testing Turbidity, Nitrate, Sulphate,
Ferrous Iron and Total fron.

. The HANNA DiISTWP 3 conductivity meter. which was used for
testing the Redox Potential of the water.
. The HANNA HI8314 pH / mV / *C meter, which was used for testing

the pH and Conductivity of the water.

The standard methods. as described by the manufacturers of the instruments
were used for testing samples. Samples of high turbidity should be filtered prior
to testing for Iron, Sulphate and Nitrate.

Sand Sampling and Testing
Al each site, where conditions permitted, general sand samples were taken for
grading analysis, density tests and laboratory permeability tests.

During initial site visits the taking of representative sand samples proved to be
problematic due to reasons of access and the method of sampling used. Due to
these problems alternative sampling methods that would not require too
expensive equipment and that would allow for sampling from as a great a depth
as possible were sought. It should also allow for the analysis of the sand
properties at different depths in the sand bed and be easily manageable by only
two people.

Two samplers, a hand auger and a tube sampler, developed by Mr R. Fourne of
Geotechnical Services, Pretoria, were found to work particularly well in these
conditions. The samplers were relatively cheap and easy to make up, and were
extremely manageable and effective.  Details of these samplers are included in

Appendix C 1 of this report.

In certain conditions, such as where the riverbed material was extremely coarse,
with high pebble content, or where the river flow was too deep, these samplers
could not be used. In these instances samples were excavated from the
surface of the riverbed
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A useful device, called the “directional” permeability test unt, was also used to
measure the in-situ permeability of sand. This device could be used to measure
the in-situ permeability of sand in a horisontal or vertical direction and is
described in more detail in Appendix C 2 of the report. A disadvantage of this
sampler is that samples could only be taken from exposed surfaces.

The bulk density of sand was measured by using one or more of the following
devices or methods:

e Troxler — this instrument is useful in measuring the in-situ density of sands
very quickly. However, it has certain limitations in that it is a very expensive
device, it has radoactive parts which could be a health risk if not operated
correctly, it should be calibrated regularly for different types of sand and it
could not be used in saturated or submerged conditions

¢ Volumetric measurement of excavated hole — this method is very simple to
use by measuring the volume of the excavated hole by means of water
replacement as described in Appendix C 3 of the report. Unfortunately it did
not provide reliable results of the in-situ density of sand and also could not
be used in saturated and submerged conditions

« Density ring - this method is based on the excavation of a known volume of
sand as described in Appendix C3 The density ring could be used in
surface dry, saturated or submerged conditions, and in most types of sands.
However, the density ring cannot easily be used in pebbly or extremely
coarse matenals. Disadvantages of this method include the fact that one is
limited to taking samples from exposed surfaces.

¢ Dynamic Cone Penetrometer (DCP) ~ this instrument was used to determine
the relative density of the sand by counting the number of blows required to
drive the penetrometer a fixed distance into the sand.

DATA AND TESTING REQUIRED FOR THE APPLICATION OF SAND
ABSTRACTION SYSTEMS

For successful sand abstraction systems it is essential that appropriate
investigations be conducted prior to the design and installation of such a
system. These investigations should, however, be at a level appropriate for the
size, sophistication and cost of the type of abstraction system to be installed
For example, minimal investigations should be conducted where small hand
pump type systems are installed.

The required level of assurance of water supply should also be considered
when planning investigations. Vhere a failure in the water supply will have
senous consequences, the investigations should be comprehensive, even for
small systems. It must, however, be noted that comprehensive investigations
and good design procedures are no guarantee that a system will work
efficiently.  This has been demonstrated both at the Ulundi system (system 34)
and at the Havercroft Mine system (system 37).
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Existing data and information should be gathered and evaluated as far as
possible before deciding on what testing is required at a specific ste. For
example, an extensive knowledge base about the Limpopo River in the area of
Messina has been built up over a period of approximately 55 years. Very littie
testing, except for verification purposes, would therefore be required pnor 1o the
design and installation of new abstraction systems in this region.

The following data and information are normally readily available in well
documented areas and could be very useful when selecting sites for new
abstraction systems:

e The location of the nverbed of the original river course in relation to the
present river course. Generally the sand depth above the riverbed of the
onginal river course is deeper than in other parts of the rnver.

« Changes in the width of the original river course over time - at Beitbridge, for
example. the old river course was approximately 45 m wide, whereas the
existing nverbed is approximately 330 m wide.

e The depth of the seasonal waler table in the sand bed At Beitbridge the
river is usually surface dry from about April to October. During this penod
the depth of the water table usually varies between 1.6 m and 3.0 m below
surface level

 Typical charactenstics of the sand, such as the following should also be
readily available in well documented regions:

» The type of sand and the percentage fines in the sand.

» The transmissivity and storage coefficient of the sand, which could be
estimated from profiles and cross-sections of the aquifer.

» The permeability of the sand, which could differ depending on the depth
of the sand in the riverbed

e The extent of the alluvial aquifer upstream of the system in order to
determine the effective storage volume and zone of influence of the system,

¢ Relevant hydrogeological information such as MAP. MAR and general
geology of the catchment area upstream of the system

In riverbeds where the above data are known and available, the only tests that
should be required to determine the feasibility of a new abstraction system are
tests to determine the depth and profile of the sand bed by using one or more of
the following methods

« Depth probes by using steel rods in a grid pattern to determine the thickness
and profile of the sand bed.

o Vertical electrical and resistivity soundings
e Driling and sampling of test holes
« Digging. inspection and sampling of test pits
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Typical tests required for the design and instaliation of different types of systems
are discussed in detail in section 6.2.4 of this report and include the following:

* Grading analysis of the sand.
e Bulk density of the sand

e Permeability of the sand, either through laboratory analysis or through
theoretical calculations based on particle size distribution of the sand. From
this the transmissivity of the aquifer could also be determined

e Storativity and recharge of the water-bearing formation through theoretical
calculations or through pumping tests such as step lests, at varnable
discharge rates. and/or constant discharge tests al the same rate as the
abstraction rate. These tests should be carried out over extended periods in
order to verify the sustainable potential yweld of an aquifer

It 1s good practice to install new systems in areas where it is known that the
alluvial aquifer is contiguous with the alluvium of the riverbed. In these cases
full gechydrological investigations should be conducted. including the drilling of
test holes to determine the properties of the water-bearing formation and the
execution of pumping tests 1o determine the recharge and storage properties of
the aquifer.

Samples of the surface and sub-surface water should also be taken and tested
for the following parameters, which might have a significant impact on the
performance and operational and maintenance cost of the system:

« Nitrate concentration, which is also an indicator of the total bacteria counts
and subsequent biofouling of the system.

« Turbidity, which is a good indicator of the total iron concentration in the
water.

e The pH of the water, which is a reasonably good indicator of the total
bacteria counts when the pH is in the range of 7 to 9.

It should be noted that the testing of these parameters should be carried out
within 48 hours of the sample being taken. Where this is not possible the HACH
DR/850 colonimeter or similar device could be used to do the testing on site.

DESIGN PROCEDURES AND CONSIDERATIONS RELATING TO DESIGN

Siting of a Sand Abstraction System
Several factors have an impact on the siting of an abstraction system. The
parameters that should be taken into consideration are the following:

Aspects of Water Demand

Generally the first guideline for siting a sand abstraction system is the area
where the water is required, the volume that is required and for what
purpose the water will be used. The installation of an abstraction system too
far from the place where it is required, or in an aquifer with insufficient yield
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or of poor quality water could make it unfeasible. It is therefore important
that these three parameters are laken into consideration during the initial
dentification of potential sites.

River Morphology

The nature of the river morphology upstream and downstream of a proposed
abstraction site is a very important when deciding where the system should
be located and what system would be most suitable at that location.

Generally infiltration gallenes should be placed along straight sections of the
river where the river has a steady non-turbulent flow, whereas caisson types
and well point systems should ideally be placed on the outside of a
horseshoe bend, on the downstream section of the bend. in a meandering
river

It is very important that sand abstraction systems should be installed in such
positions that the impacts resulting from high floods, such as bed fludisation
and damage to the structure of the system, would be minimised.

Geological and Geographical Aspects

Before deciding on a site for a sand abstraction system one should study the
geological and geographical conditions of the catchment area upstream of
the system.

Typical parameters such as the presence and size of certain rock
formations, the type of land use, the MAR and MAP of the catchment are
good indicators of potential biofouling. high won and manganese
concentrations and clogging of the fiter sand. Other parameters. which
could also impact on the performance of a system, are obstructions, such as
weirs and bridges. and industrial and agricultural activities in the immediate
vicinity of the proposed site. Most of these parameters could be obtained
from regional geclogical and topographical maps and should be evaluated in
terms of the relevant graphs summarised in Appendix O of this report.

8.5.2 Design of Sand Abstraction Systems

8521

Estimation of Yield

A sand abstraction system could be considered successful if it could supply
water of appropriate quality at the required rate over the design lifetime of
the system. For any good design the required abstraction rate should be in
balance with the estimated yield from the aquifer. The yield from an aquifer
is dependent on its recharge capability, which is determined by the flow
conditions in the river and/or its interconnection with other aquifers.

The yield of a sand abstraction system is dependent on the hydraulic head
above the point of abstraction and the permeability of the sand bed through

17e
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which the water flows. Under natural conditions, the quantity of groundwater
flowing through the alluvium under non-pumping conditions at the position of
the abstraction point could be calculated by using Darcy's Law. The
permeability. and consequently the potential yield from a water bearing
formation, could be estimated by using either equation 6 or 7, which were
developed for parameters obtained from a simple grading analysis and the
site density of the relevant sand bed (see section 7.1.1). Other relationships
shown in graphical and tabular format in Appendix M 4 could also be used
as possible alternatives.

Varnious software packages. such as AQUAWIN, are available which could
be used for modeliing the behaviour of groundwater in an aquifer under
pumped conditions. These models are normally difficult to set up and are
not of much use if not calibrated correctly.

Design Norms
Typical design criteria that should be considered for the design of sand
abstraction systems are the following:

e The infiltration rate from surface flow into the sand shoukd be limited to
about 0.4 mm/s in order to minimise the rate at which fine particles could
penetrate and block the voids in the surface layer of the sand. During
penods of high flow, when the water is more, turbid, an even lower
infiltration rate would be desirable.

e The hydraulic gradient should be kept between 045 (fine sands) and
1.00 (coarse sands) to ensure laminar flow and the application of Darcy’s
equation for flow through the sand bed. The hydraulic gradient is at a
maximum where the water enters the abstraction point. It is essential
that the hydraulic gradient be controlled at this point in order to maintain
laminar flow in the system

e Where well screens are used the flow velocity through the screen slots
should not exceed 0.03 m/s. This is necessary in order 1o keep the
hydraulic gradient in the sand surrounding the screen within the mits
required for laminar flow, and to minimise the infiltration of fines into the
well screens, as well as 10 minimise head losses through the screen

« Where abstraction pipes are used the flow velocity in the pipes should be
kept between 0.9 m's and 0.3 m/s in order to minimise head loss and the
deposition of fine matenal in the pipes respectively. The head loss in a
pipe should not exceed 0.30 m.

e The size of the slot openings in the abstraction pipes or screens should
be such that 95% to 100% of the surrounding sand is retained outside
the pipe or screen

* Provision should be made in the design for the development of the sand
surrounding the abstraction pipes or well screens. This is normally done
through the pulse jetting of water into the screens, thereby removing the
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finer particles from the sand around the screens and leaving the coarser
fraction of the sand around the screen,

« Instead of developing the well, the installation of a filter pack around the
abstraction pipe or screen could also be considered

« Honsontal well screens, if used, should be installed as deep as possible
in the sand bed, or anchored to the riverbed, in order to minimise the
impacts of sand bed fluidisation under flood conditions. It is estimated
that bed fluidisation could occur up to depths of about 2 50 m.

Design Calculations

As a guideline typical design equations for the calculation of head losses
and flows through the sand bed and collector pipes are shown in Appendix R
of this report  If necessary, similar equations should be developed for
different assumptions and layouts other than that shown in the appendix.

Where conditions are different, revised flow nets should be compiled to
determine the relevant flow and equipotential lines for different layouts and
configuration of the abstraction system.

Care should be taken that assumptions made in the design phase are stll
valid under different operating conditions of the system

Standard hydraulic calculations should be used when sizing the different
elements (pipes, screens, valves, pumps, etc) of the water abstraction
system in terms of flow velocity, head loss and flow capacity. The well
screens should be sized in accordance with the required abstraction rate,
which would determine the open area required and the maximum screen
velocity for specific slot widths.

Practical Design Considerations

During the research the following practical design considerations for sand

abstraction systems were noted:

e A factor of safety of at least 25% should be added to allow for possible
clogging or encrustation of well screens.

e The use of geofabric as a filter material should be avoided where
possible due to problems of clogging and reduced yield being
expenenced

e Where possible corrosion resistant materials should be used to minimise
maintenance and potential reduction in yield

e Allowance should be made for backwashing facilities in the design of an
abstraction system As such non-return valves should not be used, and
vacuum tanks should rather be installed.

e Systems should be designed to faciltate easy access to critical elements
for the operation and maintenance of these systems.
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Well screens should be installed deep enough to allow for expected draw
down of the water.

Where possible, one should stay away from sand beds that contain clay
lenses, as il could cause reduced yield of the system In some cases
these clay lenses could be successfully removed

The design of the system should be re-assessed whenever new
developments or structures such as weirs or bridges are built in the near
vicinity.
Provision should be made for ventilation to prevent air locks in the
system
Well points should be designed to operate individually instead of in

banks. This would reduce power consumption and optimise abstraction
rates if problems occur with some of the well points

Alliowance should be made for the priming of well point pumps. Here
again vacuum tanks could be installed

Centrifugal pumps are more efficient than submersible pumps and mono
pumps. At well point systems centrifugal pumps should ideally be
backed up by submersible pumps.

Abstraction systems should not be positioned perpendicular to the river
flow due 1o higher risk of flood damage

Well points should be attached to a buried manifold with a flexible hose
or couplings to provide flexibility of movement to minimise damage
duning flood events.

CONSTRUCTION METHODS

It was found that construction methods vary for different types of sand
abstraction systems and are also dependent on the site conditions, available
technology and the cost of implementing such methods.

Typical construction methods for vanous types of sand abstraction systems are
discussed in detail in sections 3.1.4 and 6.2 6 of this report and are not repeated
in this section. However, it is very important to take note of the following issues
when constructing sand abstraction systems:

“Traditional” Sand Abstraction Wells

The walls of these wells should be excavated at a flatter slope to prevent
stability and safety problems during rainy periods.

The protective thorn fences around these wells should be anchored or
replaced with conventional fencing to prevent the trapping of silt and finer
sediments during river flows, thereby making it difficult for people to find
optimum well sites in the river the following season.

CHAPTER 8 - CONCLUSIONS AND CRITICAL EVALUATION OF SAND ARS TRACTION SYSTEMS ' 19



8.6.2 Infiltration Galleries

It should be noted that the primary application for an infiltration gallery is in
shallow aquifers and natural barriers such as impermeable rock formations
could greatly enhance well efficiency.

In most cases the hydraulic head would be low due to limitations on the
depth at which a trench laid gallery could be placed. In such cases it is
imperative to position galleries in matenals of high hydraulic conductivity,
such as alluvial deposits.

Collection sumps should be constructed using the open-end caisson sinking
method where reinforced concrete rings are sunk into the river bed by
excavating the sand on the inside until the desired depth is reached.

8.6.3 Infiltration Wells

For easy access and to minimise potential flood damage to pumps and other
expensive equipment the collection sump of an infiltration well should be
built on the riverbank and then connected to the well.

8.6.4 Collector Wells

The excavations around the caisson should not be backfilled, as problems
would be experienced when trying to sink the caisson deeper.

After placing aggregate at the base of the sunken caisson it should be
covered with a sieve or mesh with suitably sized openings to prevent
movement of the aggregate and disturbance of the filter material.

After installation of the screens. each radial should be individually developed
o remove the fines from the formation in the area adjacent to the screen.
This normally results in a higher yield and efficiency of the well

The caisson should be extended to a level above the design flood level
before it is fitted with a pumping house and the required controls.
Unconsolidated sand should first be excavated to the level of the water table
before placing the first sections of a caisson.

Cofferdams should be prowvided to prevent flooding of the works during
construction, Besides damage to the works and loss of production, the
performance of the system could also be impaired.

Well Point Systems

It is important that once the screens are in position they should be
developed using surge plungers to remove the fines from the formation in
the area surrounding the well thereby improving the permeability of the
surrounding soil.

Submersible pumps should be installed above the screens in such a position
as 1o ensure an even suction over the full length of the screen.

Where possible the manifold system should be buried in the riverbed to
minimise possible damage during floods
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e The optimum location for a well point is in a shallow alluvial aquifer where
the water levels remain close to surface throughout the year.

« A well point system should ideally be installed towards the end of the dry
season when the river water is at its lowest level.

e The nver sand should first be removed to the top of the water-bearing layer
before a manifold is installed on the water yielding sand. Slotted pipes
should then be driven at an angle into the water-bearing layer and then
connected to the manifold. To complete the installation the manifold should
then be connected to a suction pump on the riverbank,

8.6.6 Screened Tube Wells

e Drilling, driving and/or jetting methods shoukd be used to install the tube
wells

e It is important that the well be developed on completion of the installation in
order to establish a zone of high permeability in the formation around the
screen

e The bottom of the tube well should be sealed off by pouring cement through
an inner pipe to form a 300 mm thick plug at the bottom of the tube.

e A concrete collar should be provided around the par of the tube extending
above the average water level.

8.6.7 Sand Storage Dams

» For a sand storage dam lo be successful it is essential that it be constructed
in controlled incremental stages so that the velocities of flow through the
basin are sufficiently high to transport most of the fine sediments over the
dam crest.

¢ The objective should be to promote the deposition of coarse-grained sand
deposits in the dam, which will improve both the efficiency of absorption and
the yield of the sand storage dam.

e It 1s essential that each new stage should be constructed only after the
previous stage has effectively sited up

87 OPERATION AND MAINTENANCE OF SAND ABSTRACTION SYSTEMS

In general it was found that the operation and maintenance of sand abstraction
systems in Southern Africa has not received the level of attention that it should
and that much of the success or failure of such systems are related to operation
and maintenance issues. Although the successful systems were not problem
free, t was found that proper operation and maintenance procedures were in
place at these systems and that problems were detected and remedied at an
early stage, thus preventing more senous and costly problems.

Once a sand abstraction system is in operation it should be monitored closely
for any signs of deterioration as the early detection of potential problems could
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polentially save a lot of unnecessary cosls and also ensure sustainable yield
from the aquifer

Typically, the following parameters should be monitored at water abstraction
systems in order to quickly identify performance problems:

Water turbidity - relative increases in turbidity could be an indication of
deteriorating filter performance.

Water quality — a sudden deterioration in water quality could be an indication
of a new source of pollution into the aquifer. The pollution could either be
from chemical (iron content) or bactenal (coliform) sources.

Water quantity — changes in pumping rates could be an indication of a drop
in the water table, insufficient recharge to the aquifer, clogged screens or
filter sand or a loss of pump efficiency.

Some typical remedial measures that could be implemented once a problem is
identified are the following:

Clogging of the filter — this is generally caused by the deposition and
infiltration of fine silts during low flow conditions in the river. Possible
remedial actions are the back-washing or high pressure jetting of the filter
medium,

Clogging of screens — this is normally caused by fine particles plugging the
slots of the screen due to high entrance velocities or insufficient filter around
the screen. Surge plungers, jetting or compressed air may be used o clear
the screens.

Biofouling of screens — this is generally caused by high levels of iron and
manganese in the presence of bactenal simes. Chlorination, removing and
cleaning the screens with peroxide, mechanical agitation and pumping are
some of the methods that could be used to break up, dissolve and remove
biofouling.

Incrustation of screens ~ this is caused by the precipitation of inorganic ions
such as iron, manganese, calcium and magnesium. The use of acids and
mechanical agitation are some of the methods that could be used to remove
incrustation.

Accumulation of silt in pipes — this problem could be caused by too high inlet
velocities, too large slot sizes or an insufficient gravel fiter Flushing.
surging or brushing methods could be used 1o suspend the fines whereafter
it is pumped or drained from the well.

Corrosion of screens - this is generally caused by aggressive water. The
damaged elements should be removed and replace with screens or pipes
manufactured from corrosion resistant materials

It should be borne in mind that no single remedial method works for all types of
wells and that a combination of different treatment methods could be used in
some problematic situations.
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Furthermore, the operation and maintenance of sand abstraction systems
should, as far as possible, be taken into consideration during the design phase
of such a system and not after it has been installed. For larger abstraction
systems operators should be properly trained in the monitoring and operation
and maintenance of such systems.

GROUNDWATER MANAGEMENT

Where appropriate, a formal groundwater management programme should be
developed and implemented, especially at large abstraction systems. The
objectives of a formal groundwater management programme would be:

¢ To prevent an aquifer from being over-pumped. Over-pumping could result
in the long-term depletion of groundwater throughout the aquifer, which
could result in changes to the alluvium characteristics (through settlement
etc.) and the introduction of oxidation, with its related problems, in the
alluvium and the abstraction system.

 To optimise the individual abstraction rates from different parts of a system
e.g. individual vertical caissons or well points. I individual pumping rates
are too high, then localised depletion of the groundwater could occur, which
would result in a higher pumping head and subsequently an increase in
energy consumption for the operation of the system Problems of potential
cavitation in the pumps could also occur if the water level is drawn down 1o
the pump intake levels and a combination of water and air is pumped.

¢ To prevent poor quality groundwater from entering the aquifer. If abstraction
rates are too high, poor quality water could be drawn into the aquifer from
adjacent sources

e To monitor and maintain the ecological integrity of the aquifer and the
surrounding environment,

In order to effectively manage alluvial aquifers in riverbeds, the following
measurements and equipment would be required:

o Flow meters should be installed at all the abstraction points or for each
abstraction network. The total quantities of water abstracted from each
system should be recorded on a weekly basis.

« Water level monitoring tubes should be installed at each abstraction point to
record the water levels in the aquifer. A 25 mm diameter PVC pipe installed
vertically at the abstraction point could be used for this purpose. The water
levels inside the pipe should then be measured by using a dip meter.

e The water levels should be monitored and recorded on a weekly basis for
the first 12 months of operation, whereafter it could be measured on a
monthly basis. It should be indicated on the records whether the levels were
recorded while the pump was switched on or off. Levels should be recorded
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at least four hours after the pump was switched on or off, to allow the water
level to stabilise.

« Groundwater quality should be monitored on @ monthly basis for the first
year of operation and thereafter on a six monthly basis,

« Data collected over the period of a year should be submitted to a qualified
geohydrologst for analysis and evaluation.

In terms of the new Water Services Act, the activities listed above are
mandatory, and it is the responsibility of the local Water Authority to carry out
the required monitoring.

DISCUSSION OF HYPOTHESES POSED

The hypotheses posed in Table 12, section 2.3 of this report are discussed
critically in the following paragraphs, based on the findings and conclusions of
this study.

Hypothesis 1: Biologically Induced Fouling

1 1a - Clogging of the screens by biologically induced fouling is a major cause of
the reduced flow in the Uundi sand abstraction system.
Uncertain. Investigations into this matter were inconclusive. It was found
that many other factors, such as algae and high concentrations of iron
and manganese, also have a significant impact on reduced flow

1.1b - Biologically induced fouling results in clogging and reduced yweld of sand
abstraction systems.
Uncertain The correlation between the clogging of sand and bacterial
counts is very low (correlation factor of 0.02) However. biologically
induced fouling coukd be a catalyst for other parameters causing clogging
of the sand.

1.2 - Biologically induced fouling in the Ulundi system is caused by iron
reducing/oxidising bactena.
True From the literature review it was found that iron and manganese
bacteria not only produce accumulations of slimy material (biofouling) but
that they also precipitate dissolved iron and manganese This process,
together with oxide and hydroxide depositions, is generally the cause of
well screen clogging and failure. This correlate with the statements of
Smith (1997) and the findings of the Northern Territory Government of
Australia (2002) that iron bacteria is generally the catalyst for iron and
manganese precipitation in abstraction wells.

1.3a - The shape of the slots of the screens used in the Ulundi system is such
that the screens are move prone to biofouling
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Uncertain.  This hypothesis could not be verified due to inaccessbilty to
the Ulundi system.

1.3b - Certain screen types are more prone o biologically induced fouling
False. Although certain screen types are more prone to clogging and
reduction in permeability, no evidence could be found that the screen
type is the cause of biofouling.

1.4 - Although the conditions at the Ulundi system may be extremely suitable
for the development of biofouling it is postulated that the problem was
intiated and exacerbated by events that occurred during the early life of
the system,

Uncertain.  During flooding of the system in the construction phase fines
were deposited on the sand bed, which caused clogging, reduced
permeability of the sand bed and reduced performance of the system.
However, no evidence could be found that the flood intiated the
development of biofouling.

1 4a - The development of biofilm in the Ulundi system was initiated as a result
of the fiooding of the system prior to completion of construction, when a
large amount of fine sand and rubbish was washed into the system. It is
postulated that during this event, the system was seeded. In addition the
presence of fine sand particles in the system faciitated the development
of a biofilm.

Uncertain. The hypothesis is based on an unproven premise. It also
could not be verified due to a lack of comparative information on the
relevant system parameters before the flood event.

1.4b - Following completion of the system the nver water was diverted away
from the system This allowed for the development of a biofilm in the
system.
Uncertain. This hypothesis could not be verified due to the presence of
other system parameters, such as algae and iron and manganese
bacteria, which also contribute to the development of biofouling.

1.5 -~ Although bacterial growth can be expected in all sand abstraction
systems, the extent to which this growth occurs and the associated risk
of clogging by biofouling will vary depending on system conditions
True Findings from the research indicate that biofouling generally
occurs under favourable biochemical and physical conditions, which
include the presence of organic and inorganic matter, algae, bacteria,
oxygen, the correct temperature, the flow rate, the layout. position and
elements of a system elc,
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1.6 — The level of nsk of clogging of a system by biofouling is influenced by, and
can therefore be indicated by the surface water quality
Trye It was found that certain surface water quality parameters such as
nitrate concentration and pH are good indicators of potential nsk of
biofouling

1.7 = The level of nsk of clogging of a system by biofouling Is to some extent
influenced by. and can therefore be indicated by upstream land use.

True. It was found that the size of cultivated land and sugar cane land
are good indicators of potential risk of biofouling.

1.8 = The level of nsk of clogging of a system by biofouling is to some extent
influenced by, and can therefore be indicated by upstream geclogy

True It was found that the presence of certain geological formations
such as the Drakensberg and Lebombo Group and Acid and
Intermediate Intrusives in the catchment upstream of the abstraction
point are good indicators of potential risk of biofouling.

1.9 -~ Systems where flow is mainly subsurface will be less prone to problems
of clogging by biofoulng
False Of all the systems with performance problems only two were
found where the flow was mainly subsurface (26 & 28). At both of these
systems problems were experienced with biofouling. It could probably be
attributed 1o the presence of reeds, bushes and other vegetal growth on
the sand bed from which the water is abstracted.

8.9.2 Hypothesis 2: Sand Properties

2 1a - The nature of the sand at the Ulundi sand abstraction system changed
following instaliation of the sand abstraction system, with an
accumulation of fines i the system, particularly at depth. This is
contributing to the problem of low yield of this system.

True. The findings of the research do indicate the presence of fines in
the sand bed, which has a significant impact on the permeability of the
sand and subsequent low yield of the system

2 1b - The installaton and operation of sand abstraction systems will alter the
nature of the surrounding sand beds

True. The findings of the research indicate significant changes in the
permeability of the sand bed at various abstraction rates and periods of
discharge, including the occurrence of stratification of layers in the sand.

2.2a - The accumulation of fines in the Ulundi sand is partly due lo the presence
of the weir immediately downstream of the system
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True The findings of the research indicate that fines could be deposited
during low flows and be drawn into the sand bed thereby reducing the
permeability of the sand and the performance of the system.

22b - In certain types of sands. if there is a weir downstream of a sand
abstraction system then fines will accumuiate in the sand.

True The findings of the research indicate that fines could be deposited
during low flows and be drawn into the sand bed thereby reducing the
permeability of the sand and the performance of the system.

2 3a - The accumulation of fines at depth in the sand at Ulundi is partly due to
the nature of the sand itself, with the finer particles having a higher
specific density than the coarser particles. This in turn would be due to
the geology of the source rock

False. No significant correlation coukd be established between the
specific density of particles and the accumulation of particles at depth
and subsequently reduced performance of a system.

2. 3b - In certain types of sands the fine particies have a higher density than the
coarser particles In such sands the fine particles can accumulate at
depth in the sand

Uncertain. This postulation could not be verified due to a lack of
information and testing data.

23c - In certain geological conditions., it can be expected that fines will
accumulate at depth in the sand riverbeds.
Uncenain.  This postulation could not be verfied due to a lack of
information and testing data.

2.4 - Sand permeability as measured in the laboratory is not necessarily a true
representation of the in situ permeabllity, as the bulk in-situ density of the
sand is not necessanly taken into account
True. Laboratory testing has shown significant changes in permeability
for minor adjustments in the compaction of test samples.

25- The theoretical empincal formulae that are commonly used to estimate
sand permeability based on the sand grading do not account for sands
with a very fine fraction, even when this fraction constitutes a very small
percentage of the sand
True. Laboratory testing has shown that higher correlation factors are
obtained when the finer fraction of sand is taken into account when
estimating the permeability of sand.

2.6 - Depending on the particle shape. the permeability of sand is markedly
affected by the presence of a very fine fraction.

e e—cam— - e — - —— e ——— e
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27 -

True. Laboratory testing and the lterature review have shown that the
particle shape has a significant impact on the porosity and permeability of
asand.

The permeability of the sand is affected by the upstream geology, river
morphology and land use. In turn these factors can be used as indicators
of potential success of sand abstraction systems

True. Reasonably good correlations were obtained between system
performance, which is related to the permeability of the sand, and
parameters such as upstream geology, rnver morphology and land use.

Hypothesis 3: Iron and/or Manganese Precipitation

31-

32-

33-

34-

Clogging by iron and/or manganese precipilation sometimes causes
problems of reduced yweld

True. The literature review and laboratory testing have validated this
postulation.

Risk of clogging by iron and/or manganese precipitation can be indicated
by surface water quality

False. It was found that surface water quality is generally not a good
indicator of iron and/or manganese related problems.

Risk of clogging by iron and/or manganese precipitation can be indicated
by immediate and upstream geology

True. Good correlation factors were obtained to support this postulation.

Clogging by iron and/or manganese precipitation cannot necessarily be
separated from clogging by bacteria, the two mechanisms acting in
conjunchion with each other

True. From the literature review t was found that iron bacteria generally
acts as a catalyst for the precipitation of iron and/or manganese.

Hypothesis 4: Screen Selection

41-

The type of screen used will affect the performance of a sand abstraction
system

Trye. From the literature review and the scale model unit testing it was

found that the screen type has a significant impact on the permeability of
the sand bed and therefore the system performance.

Hypothesis 5: General

51-

Geofabrics shouid not be used in sand abstraction systems

True. From the Iterature review and observations at the visited systems
it was found that geotextiies tend to clog, resulting in reduced
performance of the system

CHAPTER 8 - CONCLUSIONS AND CRITICAL (;A..UA’I(N OF SAND ABSTRACTION SYSTEMS



52- The method of construction of a system may affect the performance of
the system, possibly increasing the nsk of biofouling of the system or
alteration of sand properties.

Uncertain. Different construction methods were used at Ulundi and
Nqutu, which could have had an impact on the system performance
However, scale model testing on the same screens with sand from
Ulundi and Nqutu respectively gave different results in permeability for
the same flow rates, which is an indication that the sand properties could
be a major cause of the different performances of the two systems.

53 - Ideally, systems should no! be operaled at velocities less than a certain
minimum velocity. i velocities are lower than some (as yel
undetermined) minimum velocity. fines wili not wash through the sand
and system, and will accumulate in the sand surrounding the system and
will therefore reduce the permeability of the sand.

Unsyre This postulation could not be verified from the literature review
or any laboratory tests done on samples from the systems visited.

54 - In sands with high fines content, the development of biofouling in an

abstraction system will exacerbate the accumulation of fines in sand
surrounding a system The development of biofouling in a system will
result in a reduced flow through the system and surrounding sand. This,
in turn, will result in an accumulation of fines in the sand, as velocities are
sufficient to draw the fines towards the system, but not sufficientiy tugh to
draw the fines through the system. The permeability of the surrounding
sand will therefore reduce with time, the mechamisms of clogging by
biofouiing and clogging of the sand acting in conjunction 1o reduce the
yield of a system.
True. Results from the literature review indicate that the flow through the
sand bed should be lmited to about 40 mm/s to minimise the
accumulation of fines. At a constant abstraction rate the velocity in the
sand would increase with the accumulation of fines (reduced flow area).
resulting in further accumulation of fines and a reduction in permeability
This, together with biofouling would result in the reduction of the yield of
the system.

55- The yeld of systems that are not operated regularly and/or are only
operated at a fraction of their design yield will generally reduce in time.
There wil be an increase in problems experienced with biofouling,
clogging of the sand, ron and/or manganese precipitation and high ron
content of the abstracted water.

True. Results have indicated that a minimum flow of 0.3 m/s should be
maintained in the abstraction pipes of a system to prevent finer particles
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from setting in the system. Reduced abstraction rates would therefore
result in settling of finer particles, clogging of the sand and reduced
performance of the system
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9.2
9.21

DATABASE OF SAND ABSTRACTION SYSTEMS

A large volume of information regarding the application of sand abstraction
systems in Southern Africa has been gathered and evaluated during this
research project. Typical design guidelines for the various types of abstraction
systems visited, including a field guide based on the properties of the sand from
which water is to be abstracted and a comprehensive risk profile of the potential
occurrence of particular problems based on easily measured parameters are
included in this report for use in the design of new abstraction systems.

It s recommended that the information on these abstraction systems be
captured on a separate database, and be continuously updaled as new
information and data becomes available. The data could then be available for
further analysis and evaluation as required.

As the bulk of the content of this report is not required for the design and
implementation of new sand abstraction systems it is recommended that the
technology be transferred by the development of reference manuals with
guidelines for the design, construction and operation and maintenance of
abstraction systems.

TECHNOLOGY TRANSFER

Design of Sand Abstraction Systems
It is recommended that the design manual should provide appropriate guidelines
with regards to the following parameters:

« |dentification of suitable sites
e Appropriate sampling and testing requirements for the sand bed and water

« Identification of potential problems and the risk of occurrence of problems at
the selected sites

+ Determination of the specific yield and recharge of the aquifer by making
use of the developed equations for permeability in section 711 and
Appendix M4 of this report. The permeability is based on the grading
analysis and site density of the relevant sand bed. The mos! accurate
equation developed is based on the D;, Dy, Dy, Dys, Dyg, Dy and Dy range
of sizes of a particular sand.

¢ Determination of the type of abstraction system most suitable to the site
conditions and required water demand

e The layout and design of the following abstraction system elements, where
applicable:
-~ Screen type, size, percentage of open area and slot widths,
» Diameter, length and material type of collector pipes,
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» Gallenes, collector wells and/or caissons, including ventilation
» Gravel packs and/or filter matenals

» Manifolds, pumps, pumping house, valves, instrumentation and
backwashing facilities

o Accessibility features for operation and maintenance of the systems
* Flood protection measures, where apphcable

It should be noted that the design manual should be seen as a guideline for the
design of sand abstraction systems in Southern Africa and that an experienced
person should carry out the final design of a system in order to find the optimum
design for a specific site.

Construction of Sand Abstraction Systems

As for the design of a sand abstraction system it is equally important that the
best-suited construction methods and technology be employed during the
installation of an abstraction system. It is therefore recommended that a
construction manual be developed in conjunction with existing contractors to
provide general “best practice” guidelines for the installation of the different
types of abstraction systems. The following issues need (o be included:

* Alernative methods of installation i.e. open excavations, caissons, drilling of
holes, jacking. jetting etc.

* Protection of the works against flooding

e Dewatering of the works

* Restrictions and safety measures

« Suitable methods for the development of wells

e Testing of the installed system

¢ The use of local materials and labour

« Stakeholder involvement

It should be noted that the construction manual guidelines should not be
prescriptive but should rather address typical practical issues as listed above.
Contractors should have the opportunity to develop and implements their own
construction methods

Operation and Maintenance of Sand Abstraction Systems

The research has shown that, although most of the sand abstraction systems
develop problems at some point during its lifetime, these problems could be
effectively countered by the implementation of proper operational and
maintenance procedures. It is therefore recommended that a reference manual
be developed specifically for the operation and maintenance of abstraction
systems.

————— e ———— S ——— - —
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The manual should provide general guidelines with regards to the following
parameters:

« Typical operational procedures required for the various types of systems
* Permissible rate of water abstraction

¢ Minimum and maximum periods of water abstraction

* Monitoring and logging of the quantity and quality of the water abstracted

* Typical indicators of potential problems that could be expected and possible
solutions to rectify the problem

e Typical maintenance procedures for the different types of systems

*  Minimum skills and training requirements for the operation and maintenance
of sand abstraclion systems

It is further recommended that, where appropriate, formal groundwater
management programmes should be developed and implemented, especially
for large abstraction systems.

PILOT STUDIES

It is recommended that pilot field studies be carried out for larger water
abstraction schemes, in order to verify the specific yielkds of aquifers and the
assumptions made for the designs of such abstraction systems. The results
obtained from such studies would enable designers to optimse the designs and
construction of these systems before investing large capital amounts.

ONGOING RESEARCH

The findings of this research have indicated that there is a need for further
research into the behaviour of sand abstraction systems under certain
conditions. It is recommended that the following research be carried out in the
near future:

e Research to establish the relationship between biofouling, the presence of
iron and manganese concentrations in the water, clogging of the sand and
screens and the performance of the abstraction system.

e Further research into the cause and nature of the specific problems that
occurred at Ulundi. This research should include the impacts of different
construction methods, very low flow velocities through the sand and flcoding
on the performance of sand abstraction systems.

e Further research to find a more practical relationship between sieve
analysis, permeability of the sand bed and the specific yield of an aquifer.
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