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1 INTRODUCTION

In 2007 DWA published the first Artificial Recharge Strategy (DWAF, 2007) with a clear vision of maximising the
use of sub-surface storage.

This report focuses on two of the DWA-
supported artificial recharge
assessments undertaken during the roll-
out of the artificial recharge strategy,
namely those at Prince Albert and
Plettenberg Bay. It also summarizes the
other studies undertaken during the roll-
out project, namely those at Sedgefield,

Artificial recharge vision

To use natural sub-surface storage as part of
Integrated Water Resource Management wherever

Hermanus and in the Vermaaks River technologically, economically, environmentally and
Valley near Oudtshoorn, as well as the socially feasible.

recent borehole injection tests carried

out on the Langebaan Road Aquifer. Source: Artificial Recharge Strategy, DWAF, 2007
Brief summaries have been included on (availahle at www.artificialrecharge.co.za)

other areas where artificial recharge has
been proposed, like the Sand Dams of
the Limpopo and Mpumalanga
Provinces, the Lephalale artificial recharge assessment, and the Kenhardt and Kathu proposals. The aim of the
report is to provide examples of various levels of investigation into artificial recharge. The examples provided are
shown in Figure 1.1.

The Prince Albert case study is an example of how an aquifer can rapidly be replenished to ensure it is full prior to
the onset of summer. This example is described in detail and can serve as a guide for future studies of this nature.

The Plettenberg Bay st udy provides an example of an opportunity
drawing water levels down deeply and then transferring winter runoff to replenish the aquifer prior to summer.

The Sedgefieldst udy presents an opportunity to utilizesea sand
The Langebaan study proposes a way forward after an initial borehole injection test.

The Hermanus study looks at the possibility of diverting household roof runoff (and potentially urban runoff) into the
sand aquifer for household irrigation.

The Vermaaks River Valley assessment provides an example of opportunistic artificial recharge with storm runoff.
The Sand Dams section gives examples of areas potentially suitable for augmenting small-scale irrigation supplies.

The Lephalale case study presents a recommendation of simultaneously developing wellfields and artificial
recharge schemes.

Kenhardt is an example of how an existing dam with a low assurance of supply can be used for opportunistic
artificial recharge.

Kathu provides an example of how mine water abstracted during the de-watering process can be used to replenish
a townds groundwater supplies.

P.1
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2 BOREHOLE INJECTION IN PRINCE

ALBERT

21 Introduction

This report follows on from the initial investigation into artificial recharge by Groundwater Africa (Murray, 2007)
where most components of a feasibility study were completed. Oustanding components include injection testing in
the borehole P5 - P8 area (Figure 2.1 - 2.4) with runoff from the Swartberg Mountains. The study was completed in
2010 and the results are presented below together with the remaining components that fulfill the requirements of a
feasibility study.

21012007 DigitalGlobess

'2007TermMet[|cs - gl _- :-Googlex

: _ ImageiNASA > N -
Pointer, 33215,10105SH22202'18°835 E- Jelev) 2467t Streaming"|||||]]]]]|5100% Eye alt 8235 1t

FIGURE 2.1 GOOGLE EARTH IMAGE OF THE WELLFIELDS (GOOGLE EARTH, 2010)

P.3



0

1

2 3 4

Potential Artificial Recharge
Planning for implementation

< =%

5 Kilometers

-

22/

-
22M4 =

Schemes:

Monitoring boreholes
Production boreholes

Furrow intake
Rainfall station

GMU-A
GMU-B

GMU-C N

T |6Z00343
(dpo ) bevie.s |GZ00344

]

33AL6"

33A18'

N e L ]
g - :

T G2

i

Y BhTA — ' = FY o

E.
e-;-s.‘j“\

o
Kn din Rivier

Bh7B -
- e 2 Bl o :
[ W= e S i s
2 1 - o = _|’ et
GZ00345 2 '\_' o= 5
GZ00346 - s o
= i | - \I L
N W Pt 2 e g
R ¥ o L W ey s, g i, Lt LA ) i,
¥ "N Gzo0349 [iltS ALBERT| - ¥ e i TS
- | . o i :
= T - HU =T v |
3 s S i
e ] 3346
- T
"B AVLA A
! B ]
! W fes
1. "', _j:,;_ ]

33A18'

FIGURE 2.2 BOREHOLE LOCATIONS SHOWING THE ARTIFICIAL RECHARGE AREA (P5-P9) FALLS WITHIN
GROUNDWATER MANAGEMENT UNIT A (GMU A)

P.4



Potential Artificial Recharge Schemes:
Planning for implementation

1n7 .Y,
"i. \6200348 e ,-!"1« o
GZ00345 =
au 4.GZ00346
\ . L .' -' i L
v
= GZ00349 m$ KLBERT
A =R S
Th, —_—— ' -_
. T "}:IIIH_ - _ﬂ?_ﬂ ¥,
".'II-:-‘-:, o ' el
Gz00347 A

- |ezooss1

PA P5
GZ00346 Fanie se Gat %

GZ00345

GZ0348
PA PR,

7A

»

620034475

GZ00350 JanQBoom se|Gat

-

Image ©2008 DigitalGlobe
©2008'Europa Technologies

FIGURE 2.4 BOREHOLE LOCATION IN THE P5-P7 AREA (GOOGLE EARTH, 2010)

P.5



Potential Artificial Recharge Schemes:
Planning for implementation

22  The need for artificial recharge
221 Groundwater 6s rsunmimerwaterseawsityur i ng

Groundwater accounts for over 70 %%ebafancébeingmade upAithtswface 6 s
water which is piped into town from an intake immediately below the Swartberg Mountains in the Dorps Rivier
(Murray, 2007). The t o w nvéites use taken over one year of total supply (2008-2009) prior to the piping of the
supply furrow is summarized below and in Figures 2.5a & b.

Total supply
A Total (average): 2 400 m*/day
A Groundwater (average): ~1750 m3/day (estimated 73% of total, Murray, 2007)

Summer supply

A Total (average): 2800 m% day with daily peak demand up to 3 400 m?/ day
A Groundwater (average): ~2 400 m¥/ day (estimated at 85% of total, Murray, 2007)
Winter supply
A Total (average): 1900 m*/ day
A Groundwater (average): ~990 m®/ day (estimated at 52% of total, Murray, 2007)
4000
[ Total Daily Water Supplied to the Main Reservoir from
r Boreholes and Furrow
3500 |
3000 |
2500 |
& C
E 2000 I
° C
E -
5 C
< 1500
1000 |
500 |
& & & N & ® & & ® & ) &
?9& ®r$\ 5\50 §\§ ?9% %QQ OC}' éo OQIO sfb(\ 50(\ \y’b‘

FIGURE 2.5A TOTAL WATER SUPPLY (2008-2009)
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Winter Summer Total

85%

@ Groundwater B Surface water

FIGURE 2.5B GROUNDWATER AND SURFACE WATER USE

In 2010 the furrow from the river intake to the water treatment works (at P9) was converted to a pipeline to minimize
water losses, and as a result the proportion of surface water available to the town has increased. The figures above
are pre-pipeline values. Even with the new pipeline, groundwater will remain the main water source, especially in
summer when the surface water flows are low. The security of water supply to the town thus rests on the reliability
of groundwater. From historical water level records (Murray, 2007) it is evident that the boreholes located at the
base of the Swartberg Mountains (GMUs B & C) receive continuous recharge from the Dorps Rivier, however, the
boreholes located closer to town (GMU A) do not have a permanent source of water to recharge the aquifers. The
Dorps Rivier is perennial to a variable point below P4 after which it ceases to flow due to evapotranspiration from
the dense vegetation along its course. The wellfields located below P4 (i.e. the P57 P9 areas) are only recharged
after heavy rains when the river flows down to these areas. If the river does not flow to these areas because of low
rainfall in the catchment, the groundwater levels in these areas may not fill up prior to the onset of summer. For this
reason, artificial rechar glupsoh osud cdu rbiet yd e vteol obpee dd canse tihfe
recovered prior to summer.

222  Groundwater levels without artificial recharge

The natural inflow to the P51 P7 groundwater compartments is variable according to rainfall and river flow. Since
monitoring has taken place in 2006 the river flowed each winter and the aquifers filled up, however, in 2010 this did
not happen, and the aquifers or groundwater compartments would not have filled up by December 2010 as can be
seen in Figure 2.6. This assumes that the storage in the aquifer is constant with depth and that the inflow is
constant. The aquifer storage with depth, however, is not constant, and decreases with depth (Murray, 2007) thus it
would take much longer than shown in Figure 2.6 for the aquifer to fill if it did not receive any natural recharge. Note
that the natural water level rise is not due to natural recharge but rather to lateral inflow to the aquifer, where in this
area, the water table is depressed due to abstraction from borehole P5.
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FIGURE 2.6 NATURAL
GROUNDWATER LEVEL RISE IN
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FULL LEVELS AFTER SUMMER compartments in the P5 - P9 area are full
(AQUIFER FULL LEVEL IS 7 ; o
MBGL). prior to summer it is necessary to have the
ahility to artificially recharge them if needs
he.
2.3 The quantity and reliability of the wat er source

Artificial recharge and the filling up of the P51 P9 groundwater compartments should take place whenever there is
surplus surface water and when these compartments are not already full. Water should be available for this at the
following times:

i) During the 27 4 week annual furrow cleaning period
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i) Whenever the reservoirs are full and the municipality

time)

i) Whenever other users of the furrow do not need their allocations.

The flow through the new supply pipeline is in the order of 50 L/s. Assuming this flow is available for artificial

recharge, there is potential for an artificial recharge capacity of:

A 4.3 Ml/day
A 30 Miiweek
A 130 MI/month

2.4 Aquifer hydraulics : Can the aquifer receive and store

In order to test the aquiferds
following boreholes:

A GZ00346 in the P5 compartment
A GZz00350 and GZ00344 in the P7 compartment

241  The P5Compartment: Injection test at GZ00346

2.4.1.1 Introduction

The P5 area site layout is shown in Figure 2.7.

the water?

a hjection tesys wereocarnie@ @ueon the

Bh IA No1

GZ00346 GZ00345

Not to scale

FIGURE 2.7 PUMP 5 SITE MAP
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Borehole P5, like GZ00346, had a high drilling yield (Table 2.1).

PHOTO 1 & 2: THE BOREHOLE INJECTION RIG USED FOR THE PRINCE ALBERT ARTIFICIAL RECHARGE

TESTS
TABLE21  PUMP 5 COMPARTMENT: BOREHOLE CONSTRUCTION
Drilled
depth and | Depth and gross Depth of _
Bh No measured blow yield of alluvium (m) Construction
depth in water strikes
brackets (m)
12mi seep
49mi 2L/s
Pump 5 9 57mi 10 L/s 9 0-12 m: Plain steel casing
(PA97/04) 80mi 15L/s 12-90 m: Open hole
87mi 25L/s
89mi 40L/s
0-10 m: Plain steel casing
6200345 31 0 10 10-31 m: Open hole
0-45 m: Plain steel casing
100 34mi 13 L/s igzgomm Pgrfz;a;esesteel casing
GZ00346 57m7 6.9 L/s 9 - Dpen ot
(99.4) . Cement seal was inserted to 21 m to
69mi 31.4L/s .
separate the alluvium from the hard-
rock. Unsure if this is a true seal.

2.4.1.2 The Shour trial injection test on GZ00346 at an average of 18.5 L/s

The first recharge test was conducted on Bh GZ00346 on the 19" June 2010 to test the injection capacity in the Bh
5 area. The test was run for 9 hrs 15 minutes and a total of 621 400 litres was injected at an average rate of 18.5
L/s. The monitored boreholes include P5, located 38.5 m east of the injection hole, and a newly drilled borehole (1A
Bh1), located 59 m north of the injection hole. Bh IAl is a private borehole drilled by lan Uys, the owner of the land.
Water for the test was diverted from the new pipeline that conveys water from the Dorps Rivier to town. The
injection resulted in a 3.2 m water level rise in the aquifer (Figure 2.8).
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FIGURE 2.8 WATER LEVEL RISE IN BOREHOLE P5 DUE TO INJECTION AT 18.5 L/S IN BOREHOLE GZ00346

Figure 2.8 shows the water level rise (due to borehole injection) in relation to the natural water level rise that was
taking place at the time. The injection water level rise translates to a volume of 200 m*m in the aquifer. This
reflects the low storage capacity of the shales at this depth.

The estimated abstraction potential from this compartment was determined from water level and abstraction data to
be 46 000 m® (Murray, 2007). This comprised of:

7-12m: Predominantly alluvium 16 000 m® 3200 m’/m

127 49 m: Predominantly shale and quartzite 30000 m* 800 m*/m

The short-term injection test showed that the storage capacity of the hard-rock formations (200 m*m) is a quarter of
the abstraction potential (800 m*m) of the shales and quartzites, and thus most of the abstracted water comes
from inducing flow from further afield. A more realistic storage capacity of the hard-rock formations was obtained
from the 7-day injection test, which gave a value of 460 m*/m.
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2.4.1.3 The7-dayinjection test on GZ00346

The second recharge test was conducted on GZ00346 from the 1% to the 8" of August 2010 (Figure 2.9) to assess
the overall storage capacity of this compartment. The injection rate started at ~35 L/s, but the test was interrupted
as water levels neared the surface. The water level decline was assessed when injection stopped. After an 18-hour
break, it was re-started at a lower rate (~10 L/s). The average injection rate, taking stoppages into account, was
~20 L/s, and the total volume injected was 10 708 m>. The combined artificial recharge volume (from both tests)
was 11 330 m°. The stoppage showed that the upper alluvium had not received water during injection. Figures 2.8
to 2.13 show the results of the injection tests.

GZ00346

-10
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-40
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FIGURE 2.9 WATER LEVEL RESPONSE IN GZ00346 DUE TO INJECTION IN GZ00346
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2.4.1.4 Conclusions from the PEompartmet injection tests

Although the water level in the injection hole neared the surface during artificial recharge, the aquifer was not filled
by the injection of ~11 000 m®. It appears as if the artificially recharged water filled the adjacent hard-rocks (the
shales and quartzites), but it did not fill the alluvium. At most, this compartment could have received another
~100007 15000 m®.

From the 7-day injection test, the storage capacity of the hard-rock formations is in the order of 450 m%m. This is
the capacity up to about 12 mbgl. The storage capacity of the alluvium (predominantly) between this level and the
rest water level (aquifer full level) of 7 mbgl has not been tested, but the abstraction capacity, which takes both
storage and lateral inflow into account, is estimated to be 3 200 m>/m or 16 000 m”.

At the current pump intake depth of 50 mbgl, the storage capacity is estimated to be:

7-12m: Predominantly alluvium 16 000 m° 3200 m*/m (includes lateral inflow)

127 50 m: Predominantly shale and quartzite 17 000 m® 450 m*/m

Assuming the pump intake of P5 is dropped to 1 m above its deepest water strike (i.e. to a depth of 88 m), the
maximum injection capacity of the hard-rock aquifer would be:

127 88 m: Predominantly shale and quartzite 34000 m*® 450 m*/m

If we assume the storage capacity of the alluvium is in the order of 10 000 m?, then the injection capacity of this
area is estimated to be 30 000 m® i 45000 m® depending on the level to which the water is initially drawn down.
Because there will always be a significant component of lateral inflow after the pump has been shut down, an
injection capacity of 30 000 m* should be designed for.

The key design recommendations are:

A The designed maximum injection rate should be 30 L/s at GZ00346 (with the longer term injection rate
dropping to ~10 L/s).

A The design should cater for injection into recharge wells, pits or trenches around GZ00346 should this
borehol eébs efficiency decrease markedly by clogging
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242  The P7 Compartment: Injection tests on GZ 00350 and GZ 00344

2.4.2.1 Introduction

The P7 area site layout is shown in Figure 2.14, and their drilling yields and constructions are shown in Table 2.2.

7A

7B

GZ00343
10m

GZ00344

GZ00350

Not to scale

FIGURE 2.14 PUMP 7 COMPARTMENT SITE MAP
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TABLE 2.2 P7 COMPARTMENT: BOREHOLE CONSTRUCTION
Drilled
depth and
measured Deptr_] gl Trees Depth of .
Bh No - blow yield of water b Construction
depth in strikes alluvium (m)
brackets
(m) _
Pump 7 137 i? 2 : g ;/i/s 12 0-12 m: Plain steel casing
(PA97/01) 105 mi 25 L/s 12-17 m: Perforated steel casing
0-10 m: Plain steel casing
6200343 30 0 10 10-30 m: Open hole
38mi see 0-55 m: Plain steel casing
- b 55-91 m: Perforated steel casing
91 62mi 1.8L/s .
GZ00344 . 10 Cement seal was inserted to 21 m to
(86.6) 8lmi 3.4L/s .
. separate the alluvium from the hard-
89mi 10.2L/s e
rock. Unsure if this is a true seal.
0-54 m: Plain steel casing
54-93.5 m: Perforated steel casing
150 71mi 2.6 L/s 93.5-150: Open hole
6200350 (138.2) 92mi 20.1L/s 10 Cement seal was inserted to 21 m to
separate the alluvium from the hard-
rock. Unsure if this is a true seal.
TA unknown unknown unknown unknown
7B unknown unknown unknown unknown

Short-term injection tests were conducted on boreholes GZ00350 near the Water Treatment Works (and near
borehole P8), and GZ00344 near borehole P7. The volumes injected were:

A Gz00350: 609.5 m® over 27 hours (average 6.3 L/s)
A GZ00344: 317.4 m® over 9 hours 27 minutes (average 9.3 L/s) and 2 625 m* over 4 days and 2 hours.

2.4.2.2 GZ00350:The shortterm injectiontestat a maximum rate of 15.7 L/s

An injection test on GZ00350 was conducted over a period of 27-hours starting on the 26" June 2010 to establish
the injection capacity of this borehole. The maximum injection rate was 15.7 L/s. The test was stopped a number of
times to clean leaves from the filter. This problem was solved after this test when a new, easily cleaned filter was
obtained. The water level response to injection is shown in Figures 2.15 and 2.16.
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A rough assessment of the storage capacity of the quartzites of this area is:

A P7 water level response: ~760 m*/m

A P8 water level response: ~440 m*/m

From previous abstraction data the groundwater yield estimates from the hard-rock parts of the aquifer were
estimated to be 800 m*m and 500 m*m for the P7 and P8 areas respectively (Murray, 2007). These figures
included storage and lateral inflow.

2.4.2.3 GZ00344 Injection tests
A 9.5-hour injection test was conducted on the 3" July 2010 on GZ00344 to establish the injection capacity of this

borehole. A total of 317.4 m®> was artificially recharged at an average injection rate of 9.3 L/s. The water level
response to injection is shown in Figure 2.17.
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FIGURE 2.17 WATER LEVEL RESPONSE IN P7 TO INJECTION IN GZ00344

The short test showed the limited capacity of the borehole to receive artificially recharged water. This test was
followed by 4-day injection test (9-13 August 2010) at an average of 7.4 L/s, where a total of 2 625 m*® was injected
(Figure 2.18).
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The injection flow rate was monitored during this test (Figure 2.19).
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The storage capacity of the hard-rock formations from the 4-day injection test is estimated to be about 330 m¥m.

2.4.2.4 Conclusions from the P7 compartment injection tests

Although the groundwater compartments are interconnected, the P7 compartment can be considered to be the
area that contains the P7 and P8 boreholes. From the 4-day injection test, the storage capacity of the hard-rock
formations is in the order of 320 i 760 m%¥m, with 320 m¥m probably lying closer to reality. This value is the
capacity up to about 5 mbgl. The storage capacity in the alluvium (predominantly) between this level and the rest
water level (aquifer full level) of 2 mbgl has not been tested, but the abstraction capacity, which takes both storage
and lateral inflow into account is estimated to be 3 200 m*m or 10 600 m®.

At the current pump intake depth of 51 mbgl, the storage capacity is estimated to be:

2-5m: Predominantly alluvium ~10000m® 3200 m’/m (includes lateral inflow)

57 51 m: Predominantly shale and quartzite ~15000m® 330 m*m

Assuming the pump intake of P7 is dropped to 1 m above its deepest water strike (i.e. to a depth of 104 m), and
that the storage capacity remains even with depth, then the maximum injection capacity of the hard-rock aquifer
would be:

57 104 m: Predominantly shale and quartzite ~32000 m* 330 m’/m

If we assume the storage capacity of the alluvium is in the order of 10 000 m?, then the injection capacity of this
area is estimated to be 25 000 m® i 42 000 m® depending on the level to which the water is initially drawn down.
Because there will always be a significant component of lateral inflow after the pump has been shut down, an
injection capacity of ~30 000 m* should be designed for.

The key design recommendations are:

A The designed injection rate should be:
0 8L/s (maximum) at GZ00344 (with the longer term injection rate dropping to ~6 L/s)
0 16 L/s (maximum) at GZ00350 (with the longer term injection rate dropping to ~10 L/s)

A The design should cater for injection into recharge wells, pits or trenches around P7 and GZ00350
shouldthesebore hol es®é ef ficiencies decrease markedly

243  Summary of the artificial recharge capacity

The abstraction capacity from the P5 and P7 groundwater compartments are in the order of 100 000 m?®, and the
injection capacities about 60 000 m® (Table 2.3). The total injection capacity of the three boreholes (from the
injection tests) is considered to be in the order of 36 7 56 L/s (Table 2.3).
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TABLE 2.3 ARTIFICIAL RECHARGE CAPACITY

Artifiiial rechgrge Artifiqital__recharge Artgicial Abstgact_ion capacity
Groundwater compartment i y(L /r:)ammum capact {L;Sz)average rcer;;paacri?)(/a pu(mp) mlzgkceucrjr:&:]s
(m®) (~50 mbgl)*
P5 compartment 30 20 30 000 46 000
P7 compartment 24 16 30 000 56 000
Total 54 36 60 000 102 000

*Based on the summer of 2007 when water levels in the aquifer was heavily drawn down

25  Water Quality

251 Introduction

The groundwater quality of the P5 and P7 compartments are described in Murray (2007). The 2010 injection tests
provided further information on the behaviour of the two ions of greatest concern, namely iron and manganese.

The presence of appreciable concentrations of iron and manganese is a general feature of groundwater in the

fitotal © iron and

Prince Albert well field area (Table 2.4). The data in Table 24 repr e s e n't

dissolved and particulate iron and manganese.

TABLE 2.4 IRON AND MANGANESE CONCENTRATIONS IN GROUNDWATER AT PRINCE ALBERT

Source Parameter Minimum Maximum Average Median N
TMG i Tchando Formation
SRK1 Fe 10.00 10.00 10.00 10.00 1
Mn 1.04 1.04 1.04 1.04 1
SRK3 Fe 2.10 2.10 2.10 2.10 1
Mn <0.05 <0.05 <0.05 <0.05 1
1 Fe 0.05 0.05 0.05 0.05 1
Mn <0.05 <0.05 <0.05 <0.05 1
Bokkeveld Group i Traka Formation
B0 Fe 0.20 0.20 0.20 0.20 1
Mn n.a. n.a. n.a. n.a. 1
Fe 0.05 0.05 0.05 0.05 1
P3 Mn 0.08 0.08 0.08 0.08 1
P4 Fe 0.42 0.42 0.42 0.42 1
Mn 0.14 0.14 0.14 0.14 1
Witteberg Group i Weltevrede Formation
PS5 Fe 0.07 0.12 0.10 0.10 4
Mn 0.05 0.91 0.35 0.08 4
6700346 Fe 0.01 0.03 0.02 0.02 10
Mn 0.00 0.13 0.04 0.02 10
Fe 0.05 0.65 0.35 0.35 3
i Mn 0.09 0.68 0.29 0.10 3
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Source Parameter Minimum Maximum | Average | Median N
Witteberg Group i Kweekvlei or Witpoort Formations
b7 Fe 0.08 10.00 3.01 1.27 5
Mn 0.17 1.10 0.51 0.39 5
Fe <0.01 <0.01 <0.01 <0.01 1
GZ00343
Mn 0.08 0.08 0.08 0.08 1
Fe 0.01 0.04 0.02 0.02 10
GZ00344
Mn 0.52 1.28 1.11 1.15 10
Fe 0.01 0.11 0.04 0.04 9
GZ00350
Mn 0.20 0.43 0.36 0.40 9
P8 Fe 0.09 5.20 2.98 3.66 3
Mn 0.21 0.30 0.26 0.26 3
Spring/surface water
Fe 0.03 0.26 0.12 0.10 4
Furrow
Mn <0.01 <0.01 - - 4

Sampling groundwater for iron and manganese needs special precautions to obtain values representative of the
iron and manganese concentrations in the aquifer. Apart from the fact that boreholes may have steel casings that
contribute to the presence of dissolved and particulate iron in the groundwater, redox conditions in the aquifer
determine the solubility of the two elements. During pumping, redox conditions change as aeration takes place and
water bodies in the aquifer are displaced. In addition, deposits that settled out in the borehole, the well screen, or
gravel pack if present, are mobilised when pumping starts and can yield very high concentrations which are not
representative of the conditions in the aquifer. The 10 mg/L found at the SRK1 borehole or borehole P7 (Table 2.4)
may be a case in point. Furthermore, dissolved iron (and manganese) may also precipitate in the sample bottle
after sampling and yield an incorrect analytical result. For this reason filtration of an aliquot at the time of sampling
is recommended with submission of both filtered and unfiltered samples to the laboratory. Generally the samples
are not filtered in the field and at best a total iron concentration is obtained when acidifying an aliquot in the
laboratory.

The table shows that certain formations (e.g. those of the Witteberg Group) possibly yield higher manganese levels
while in other cases both iron and manganese may be low. The spring water in the furrow does not have
manganese levels above the detection limit (0.01 mg/L). Hence, the manganese found in the groundwater both
before and after injection has to originate from the aquifer matrix.

252 Injection test

In an attempt to relate the presence of iron and manganese in the groundwater with the abstraction-injection
regime at borehole P5 a series of samples were procured from the borehole before and after injection. After the
brief injection test on the 19" June 2010 and the longer test from the 3 1 9" August 2010, abstraction resumed (in
September) and one sample was obtained on the 25" October during abstraction. The analytical results for iron
and manganese are shown in Table 2.5 and presented graphically in Figure 2.20.
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TABLE 2.5 BOREHOLE PS5 IRON AND MANGANESE CONCENTRATIONS BEFORE AND AFTER THE INJECTION

RUN

Date Fe total Fe dissolved Mn total Mn dissolved
mg/L mg/L mg/L mg/L

27-Jul-10 0.85 <0.01 0.08 0.08*

01-Aug-10 0.34 0.09 0.04 0.04*

20-Aug-10 0.17 0.02 0.03 0.03*

09-Sep-10 0.03 0.03 0.82 0.82

25-Oct-10 0.03 0.01 0.73 0.72

*Note: levels estimated due to contamination from sample bottles

For this series of tests borehole P5 was pumped for 30 minutes and the samples filtered at the well head. Both the
filtered and unfiltered samples were submitted to the laboratory. In the initial stages a large part of the iron was in
particulate form which was removed by filtration. The dissolved iron never exceeded 0.1 mg/L. Each subsequent
time samples were procured the quantity of particulate iron decreased and from 9 September 2010 the dissolved
iron virtually equalled the total iron. The important conclusion is that particulate iron collects in the borehole and this
takes sever al hoursé pumping to be removed. It is
concentration in the aquifer. These data are also in agreement with the historic data for borehole P5 (Table 2.5).

The analytical data showed that manganese was higher in some of the filtered samples than in the unfiltered ones.
As that is impossible the problem was traced to the use of 50 mL plastic bottles which were tinted brown. These
were new bottles procured from the pharmacy and tests confirmed that the samples leached manganese from the

concl

brown bottles. As t he values for #Atotal o and Adi ssodavkedaelymangar

assumed that the manganese was present in solution. This has implications for the removal process as the levels
are well above the limits acceptable for drinking water.
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FIGURE 2.20 BOREHOLE P5 TOTAL IRON AND MANGANESE CONCENTRATIONS BEFORE AND AFTER
INJECTION TESTS

On the left of Figure 2.20, the graph shows the historical average values for iron and manganese in 2005 to 2007.
Whereas the total iron remained in the order of 0.1 mg/L the manganese concentration varied over a wide range
reaching a maximum of 0.9 mg/L. The initial brief injection test, which was aimed at testing the infrastructure, took
place on 19 June 2010 when 621 m® was injected in just over 9 hours. At that stage the water level was more than
40 m below surface and it is possible that particulate iron was dislodged by the injected water. It is possible that
changes in redox conditions also affected the iron and manganese solubility in the aquifer. Until the second
sampling on 1 August, i.e. just before the main injection test (represented by the arrows pointing downwards)
commenced on 3 August, the (particulate) iron concentration decreased significantly. After the injection run,
dissolved iron decreased and remained very low during the subsequent abstraction period (represented by the
arrows pointing upwards) from 14 September onwards.

The cause of the high manganese concentrations from September onwards is not evident at this stage but it could
be due to changes in the pH-Eh relationships in the aquifer. The historical data for borehole P5 (Table 2.5 and
Figure 2.20) also showed such a high value and an inspection of the raw data shows that this represented
dissolved manganese. More detailed information is required to link these high concentrations to redox changes in
the aquifer. It will also be necessary to continue monitoring the manganese concentration in order to establish
whether it will eventually return to background levels as in August 2010.

It will be necessary to repeat the observations during a subsequent injection run in order to confirm whether the
increase in dissolved manganese can be related to the effect of the injection on the pH-Eh relationships in the
aquifer and perhaps the effect of the rising water table during injection. The rising water table will allow the
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dissolution of salts, including manganese compounds precipitated in the unsaturated zone as the water level
declined.

253  Equilibrium diagrams for minerals

Activity diagrams using pH and Eh as variables and assumed concentrations for other constituents serve to
illustrate the ranges of pH and Eh over which the various species of iron and manganese can be expected. Two
examples of such diagrams are shown below (Figure 2.21).

1.40 L NN S AN Y T 7 T T | 1.40 ¢ | T T i | T T =TT 2 7
r — b= -
1.20 Water oxidised - 1.20 Water oxidised
1.00 |- FelOHg - 1.00
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FIGURE 2.21 STABILITY FIELDS FOR SOLID AND DISSOLVED SPECIES OF IRON AND MANGANESE WITHIN
THE INDICATED PH AND EH RANGES (AFTER HEM, 1970)

Each boundary in the diagrams is governed by a chemical equation describing the reaction for the conversion of
the various compounds. These boundaries are affected by the concentrations of the ions and other compounds
and the diagrams need to be compiled specifically for the specific groundwater composition, taking the solid phases
and partial pressures of dissolved gases into account. The diagrams above are only included for the purpose of
illustrating the complexity of the systems and to some extent to show that dissolved Mn** is stable over a wide pH-
Eh range whereas for Fe*" the ranges are limited. This affects the removal possibilities of iron and manganese from
groundwater.
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254 Conclusions

The historical data for the Prince Albert well field boreholes confirm that iron and manganese occur in the aquifer
matrix and these constituents need special consideration in the aquifer management regime.

The injection test provided some insight into the water quality changes that may occur during and after injection of
aerated surface water into the aquifer. However, due to the natural conditions in the aquifer and the large volumes
of water involved, a short term pilot test will mainly provide data on the hydraulic feasibility of the technique. A
reliable evaluation of hydrochemical interactions needs longer term injection runs with detailed monitoring.

The fact that high (total) iron concentrations were observed at a certain stage points towards the possibility that
particulate iron was present in the aquifer after the water level dropped during abstraction. The introduction of
oxygen would assist in the precipitation of oxidised iron. Some of these precipitates may have been mobilised by
the short term injection test and appeared as particulate iron during the first sampling. At each subsequent
sampling the proportion of particulate iron decreased as this was removed from the borehole and its surroundings.

The dissolved iron increased slightly before the main injection run, possibly due to reducing conditions existing in
the aquifer at that stage, which allowed Fe** to enter into solution. Longer term injection would seem to introduce
sufficient oxygen into the aquifer to create oxidising conditions limiting the dissolution of iron. This would seem to be
in agreement with experience elsewhere in the world where up to five times the injected volume could be recovered
before the iron concentration started increasing again.

Manganese chemistry is more complex and the response to injection of oxygenated surface water needs further
study. Initially the manganese concentration was very low after the main injection test but subsequently increased
rapidly. As the stability diagram indicates, manganese (Mn2+) remains soluble under a wide range of redox and pH
conditions. These parameters will need to be measured during operation to find the optimum conditions to maintain
low values for dissolved manganese.

255 Recommendations
Recommendations regarding water quality monitoring are:

A Detailed planning of monitoring for longer scale injection runs should be carried out to provide the
information that could not be obtained during the brief pilot injection tests.

A Provided the borehole is open and accessible, down-the-hole logging should be carried out to establish
the redox conditions in the deeper parts of the profile. Logging should be carried out before injection
(before a sampling run) and after injection (also before a sampling run). If possible it should also be
done three to six months after injection or when the iron or manganese concentration increases.

A Regular sampling and analysis of iron and manganese is essential. Before injection, monthly samples
are needed for establishing background levels. After injection, sample weekly for two weeks, then
monthly.

A Measurement of dissolved oxygen and oxidation-reduction potential is essential at each sampling in
addition to the down-the-hole logging.

Sampling should take place after 30 mi nut esd® pumpi ng u stc botdes NOTetiated, eq.rboronmh i t e

Samples should be filtered at sampling and filtered and unfiltered samples should be submitted for analysis.
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2.6  Engineering Issues

The primary purpose of implementing artificial recharge in Prince Albert is to increase the water reserves in storage
that will be available for use during the summer peak periods. In other words, the goal is to maximise the use of the

aquifer storage to store excess water from the wet periods for use during the dry season when most water is
consumed.

As part of the installation of the new pipeline in the furrow, four 100 mm diameter take off points were installed
along the pipeline corresponding to the following borehole locations:

A Gz00347
A P5
A P6

A Midway between P7 & P8

This was done in anticipation of the artificial recharge project, thus it is now relatively simple to convey the water
from the source water pipeline to the recharge borehole locations.

A test rig (Figure 2.22) was designed and assembled for injection testing. The rig consists of the following
components:

Sample tap - for sampling water quality

Strainer to protect the water meter from being blocked or damaged by debris in the water
Water meter with pulse output for logging

Pressure gauge

Air valve - for removing air from the source water

Butterfly valve - for shutting off and controlling flow

Layflat injection hose i to minimise cascading and to avoid potential cavitation in the pipeline
Fabricated legs to support the test rig

Tou T I I I I B B

During the initial tests, the simple strainer located upstream of the water meter fuffilled its function of protecting the
water meter. However, due to the large number of leaves in the source water, the strainer often became blocked
within a short period of time and would have to be cleaned, which disrupted the testing. Each time the strainer was
cleaned, the water had to be isolated at the valve at the main pipeline. For the subsequent tests the following
components were added to the rig:

A A large surface area, in line strainer was positioned before the test rig to trap the leaves. This strainer
~ has aflushing valve and can be flushed without having to shut off the flow to the test rig.
A Aball valve upstream of the new strainer for easily isolating the flow if required.

A An additional pressure gauge was installed upstream of the strainer to monitor the pressure difference
across the strainer (as an indicator of when the strainer needed clearing).
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FIGURE 2.22 TEST RIG COMPONENTS USED FOR INJECTION TESTS

The design of the works proposed for the permanent installation needed for injection has taken these points into
account in the following way:

A Two large-surface area intake screens have been specified, one at the intake of the furrow from the river
and the second at the point that the furrow enters the pipeline. This will greatly reduce the amount of
leaves entering the pipeline and would also significantly reduce the frequency of the blockages at the
municipal meter.

A The pipework and fittings specified for the injection infrastructure includes a large surface inline strainer
and the additional valve and pressure gauge for easy monitoring of strainer clogging.

Due to the potential for borehole clogging, allowance has been made for the construction of recharge wells of 5 m
deep and 1.25 m in diameter in the area adjacent to two of the three injection boreholes sites (BH5 and BH7). The
injection wells would be used in place of the injection borehole and would use the same injection pipework. As a
result no additional pipework has been allowed for during implementation.
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Table 2.6 describes the pipeline infrastructure required at each of the three injection boreholes.

TABLE 2.6: RECHARGE BOREHOLES AND ASSOCIATED PIPE INFRASTRUCTURE

Downhole
DWA Associated . Max . : . Downhole injection
Borehole abstraction LZrIP?[h Flow E)rlnprﬁ 353 'll?lpi Comment pipe depth pipe
Number Borehole 9 (I/s) yp required (m) diameter
(mm)
GZ00346 BHS5 75 30 110 uPVvC 50 102
12 m 110 mm
GZ00344 BH7 12+36 8 63 HDPe uPVC shared 50 50
12 m 110 mm
GZ00350 BH8 12+64 16 90 uPvC uPVC shared 50 76

The infrastructure for re-abstracting the water from the aquifer and supplying the water to the water treatment works
is already in place.

A twelve month programme for implementation is envisaged with the water use license taking seven months and a

seven month period required for design, tender and construction. A one year mentoring period has been allowed
for before final handover.

Month 1

Month 2

Month 3
Month 4

Month 5

Month 6
Month 7
Month 8

Month 9

Month 10
Month 11
Month 12

Month 13
Month 14
Month 15
Month 16
Month 17

Month 18
Month 19
Month 20
Month 21
Month 22
Month 23
Month 24
Month 25

DWA water use license application

Design, tender and construction

Training & commisioning

Management mentoring

Final Handover

27

Environmental Issues

A detailed study of environmental issues was conducted by Dr S Milton of Sukaroo, and is captured in Murray

(2007).

Under the 2010 NEMA regulations (DEA 2010) no environmental authorization is required. The pipelines conveying
the water from the existing pipeline to the recharge boreholes are within 32 m of the watercourse, but all the
pipelines are less than 1000 m in length and so do not exceed the limits of section 9 of Regulation 544.

No storage facilities are being constructed therefore section 12 of Regulation 544 does not apply.
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28 Legal and Regulatory Issues

The current Registered Use for the water sources utilised by Prince Albert Municipality are listed in Table 2.7

TABLE 2.7 PRINCE ALBERT MUNICIPALITY (PAM) REGISTERED WATER USE FROM THE WARMS DATABASE

Volume
Percentage allocated to
Volumein m®per | allocated to PAM
Source annum PAM (m*annum)
Groundwater 229 000 100% 229 000
Dorps Rivier* 1350 480 12.60% 170 700
TOTAL 399 700

*The Kweekvallei Irrigation Board has a total authorised abstraction from the Dorps Rivier of 1 350 480 m® per
annum of which 12.64% is allocated to PAM. The actual volume of water abstracted from the Dorps Rivier is not
known due to fouling of the meter with leaves.

Without artificial recharge and pumping according to the recommended pumping rates (Murray, 2007), a total of
488 700 m® per annum would be abstracted from groundwater. The additional abstraction required to re-abstract
the recharged water from P5 and P7 areas is 60 000 m® per annum giving a total of 548 700 m® per annum, more
than double the current registered groundwater use.

Typically an artificial recharge project would include three activities that require authorisation:

1. Abstracting the source water from a water resource (DW760 NWA Section 21a) i this is covered under the
allocation of the Kweekvallei Irrigation Board as no additional water is to be taken from the resource

2. Storing of water (DW762 NWA Section 21b) - Required

3. Re-abstracting the water from the aquifer (DW760 NWA Section 21a) I Required.

In summary, the Prince Albert Municipality must:

A Apply for a license for the storing of 60 000 m® of water in the aquifer compartments of P5 and P7. Two
key issues will need to be addressed in the license application documentation. The first is that the
applicant will have to prove that the water is being stored in the aquifer and that it is not leaking away in
the period between the injection and the re-abstraction. Secondly the applicant will have to
demonstrate that the injectant water does not contain waste.

A Ensure that the current registered use is properly authorised and licensed where required.

A Ensure that the additional abstraction required for re-abstracting the artificially recharged water is
properly authorised and licensed where required.

29 Economics

The construction of the scheme was costed based upon 2010 costs (Table 2.8). The total cost of supplying an
effective 60 MI of water storage is R860 093 or R14.33 per m°. This is significantly less than the cost of alternative
water storage, using comparative costs based on the Cost Benchmarks, Typical Unit Costs for Water Services
Development Projects, published by DWAF in 2003 and escalated to current values.
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The cost of providing the same volume of storage with concrete reservoirs would be about seventy times the cost
or R60m rand.

It is unlikely that providing the same volume of storage in the form of a surface earth dam would be feasible
considering evaporation, the land availability and environmental issues. However, assuming it was feasible, the
dam costs alone would amount to approximately R4 million or four and a half times the cost of the aquifer storage.

TABLE 2.8 PROVISIONAL COST ESTIMATE

Estimated Value: Direct Costs Rands

Fabrication and installation of filter screens at stream source and pipe inlet 12 230

Borehole GZ00346 (associated with abstraction borehole BH5)

Connect to bulk supply pipeline, lay pipe, construct recharge apron, injection infrastructure,

monitoring facilities and fencing. 79712
Recharge Well (5 m deep) 19 337
Monitoring equipment 10000

Boreholes GZ00344 & GZ00350 (associated with abstraction boreholes BH7 & BH8)

Connect to bulk supply pipeline, lay pipe, construct recharge apron, injection infrastructure,

monitoring facilities and fencing. 123712
Recharge Well (5 m deep) 19 337
Monitoring equipment 5 000
P&G's (20%) 51 420
Contingencies (10%) 30852
Sub Total Direct Costs 351 600

Estimated Value: Indirect Costs

Professional Fees (20%) 70 320
Water Use Licences 49 104
Environmental authorisation & monitoring -
Survey & servitude registration 20 460
Occupational health & safety requirements 20051
Construction Monitoring 77748
Management & operation training 47 800
0O&M mentoring and GW monitoring start-up (1 year) 98 200
Disbursements (5%) 19184
Sub Total 754 468
VAT 105 625
TOTAL 860 093
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2.10 Management and technical capacity

The day to day operation of the scheme is not difficult and should be easily performed by the normal operational
staff of the municipality. The more difficult aspects of the scheme operation are in the overall management of the
aquifer, the management of pumping schedules to maximise the benefits of the scheme, and the monitoring
required to generate the data that can be used to make informed management decisions. The management and
technical tasks, their frequency and the capacity required for the tasks are listed in Table 2.9. The competency
needed for the tasks is described and it is assumed that the municipality will have the resources to perform much of
this in-house but will probably need to contract external skilled resources for some of the tasks needing specialist

knowledge.
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TABLE 2.9 MANAGEMENT AND OPERATIONAL TASKS

Task Description

Frequency

Responsibility /
required competency

Ensure that all management and operation tasks are
appropriately resourced and ensure each person
understands the tasks to be performed and has the tools
and resources needed to do the work. Monitor reports
and regularly assess performance of all parties involved
(both internal and external)

Ongoing

Municipal water manager

Develop operating rules with the aim of having the aquifer
water levels at an optimum level at the onset of the
recharge period to ensure maximum benefit from AR

Prior to project handover

Hydrogeologist

Ensure that the scheme is operated according to the
operating rules designed to allow for maximum benefit

from AR Ongoing Municipal water manager
Ensure ongoing groundwater management, manage
consultation and communication between specialists,
municipal staff and the community Ongoing Municipal water manager

Check all infrastructure components and pipework for
leaks and damage, and repair where required

Prior to injection event
commencing

Municipal scheme
operator

Monitor weather conditions and the injectant water quality
(turbidity specifically) to ensure no turbid water is injected
into the boreholes

During injection events as often
as required.

Municipal scheme
operator

Check and clear screens at furrow inlet, pipe inlet and

During injection event, twice per

Municipal scheme

strainers day or more often as required. operator
Design monitoring system, identify monitoring boreholes Prior to injection event
and set monitoring criteria commencing Hydrogeologist

Design water quality monitoring system, identify
monitoring points, sampling schedules and determinands
to be analysed

Prior to injection event
commencing

Water quality specialist

Check all flow meters and data loggers are working
correctly

Prior to injection event
commencing

Experienced technician

Manual readings & records of water meters, pressure
gauges and water levels

During injection event, twice per
day or more often as required.

Experienced technician

Collect water samples and conduct field water quality
tests

During injection event, based on
schedule.

Experienced technician

Download data

After injection event completed

Experienced technician
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Responsibility /

Task Description Frequency required competency

Analyse data and make recommendations on future Hydrogeologist / water

injection and abstraction schedules After injection event completed quality specialist
Hydrogeologist & water

Assess injection efficiency and make recommendations After injection event completed quality specialist

Re-habilitate boreholes (flushing, acid cleaning) As required Contractor

2.11 Institutional arrangements

The Prince Albert Municipality (PAM) is the owner, manager and operator of the scheme and needs to maintain a
number of institutional relationships to successfully manage the scheme.

The Kweekvallei Irrigation Board is the manager of the surface water scheme that supplies the water from the
Dorps Rivier to the town. The PAM has an allocation from this water supply and an agreement in place that saw the
municipality fund the installation of the pipeline in return for a greater share of the water supplied from this system.
The primary recharge period for the scheme is planned to take advantage of the furrow cleaning period which is
managed and scheduled by the Kweekvallei Irrigation Board. The relationship between the two institutions is key
for the successful operation of the scheme.

Some of the recharge and abstraction boreholes are located on private land and the PAM has agreements in place

with the landowner covering access to this infrastructure. Any additional infrastructure must be implemented in
terms of this agreement or additional agreements must
use of groundwater must be monitored and managed to ensure that the recharged water is retained in storage for

the use of the PAM.

The license to abstract water and the proposed license to store water underground are granted by DWA who have
monitoring and reporting requirements that must be fulfilled in terms of the license conditions.

212 Projectl mplementation Stages

Table 2.10 provides a summary of the project implementation stages, the current progress with project
implementation and the work still to be completed.
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TABLE 2.10 PROJECT IMPLEMENTATION STAGES

Project Phase

Key activities

Status and Progress

Authorisation
Requirements

Identify the potential AR project and

Identify funding sources and ensure
the feasibility study complies with all
requirements of the proposed funder

Compile a detailed programme

PAM to identify suitable funding
O sources. Most probably internal
budget or MIG or combination.

Summary programme in this
document. Actual programme dates
dependent on the confirmation of
funding,

detail the information currently \%
% available
= Assess the potential AR project v
> based on existing information
= . . Pre feasibili mpl
s Identify the work required for the Gr?)ui?j?/vl;tg Z?ri cg ?r:ezdogél None
@ feasibility phase and estimate the \%
% cost of producing the feasibility study
a Establish existing water use license

conditions and authorisation Y,

requirements from DWA and DEA

Undertake a detailed feasibility study Feasibility study completed by

including relevant testing v Groundwater Africa in 2007

(injection/infiltration/borehole pump excluded testing. Testing took place

tests) in June to August 2010

Do preliminary des_lgn of the Vv This document

infrastructure required

No phasing proposed. If funding

Identify the phases of project constrained, implement GZ00346
% implementation if phased \% (BH5 compartment) first then None. DWA
= implementation is proposed GZ00344 & GZ00350 (BH 7&8 permission to test was
i compartment) obtained. Both DWA
= and DE&ADP
= .
@ Estimate the costs of the project . informed of tests.
§ implementation v This document Tests witnessed by
L DWA.
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Project Phase

Key activities

Status and Progress

Authorisation
Requirements

Groundwater infrastructure
development & testing

Engineering detailed design,

All groundwater infrastructure
already in place

Most of the infrastructure is in
place. Minor works required to
link with bulk supply pipeline and
equip injection boreholes. The
infrastructure is relatively low

Apply for DWA water
use license for

strategy

period

o tender, construction and storing water.
_f:(g commissioning of AR C(r)cit:’ez%rr:a?s c;gzg‘laedx tﬁ”;;:e o Verification of the
[=% infrastructure P : X existing authorisation
= phases, then the construction is needed to confirm
2 costs can be split into 2 that it covers the
g quotations of below R200 000 current abstraction
2 each (surface and
IS groundwater). No
g— environmental basic
Set up groundwater and recharge Largely been done, finalise during trig gi?ggsbsympﬁgan ed
water monitoring system implementation activities
To be compiled to match the
Compile operation & maintenance de&gngd infrastructure and
procedures and train operators eI SFET, 1D be done to
coincide with construction
completion
Q
- 8 Performance monitoring during A one year mentorship period is
S5 production budgeted for
= @ Compliance
-2 = monitoring and
g = Modified operation & maintenance To be fine tuned during reporting
(%E procedures mentorship period
g Final monitoring and reporting On completion of mentorship

2.13 Conclusions and recommendations

The conclusions and recommendation are summarized as follows:

1.

Ar ti

ficial

recharge

should pdd bveatdeerv ed eoplerdi tays
period. It should be carried out every year if the groundwater levels have not recovered to aquifer full levels
during winter when surplus surface water is available for recharge.

Borehole injection should take place in the following areas:

ftohre

The estimated cost of the scheme is R860 093 or R14.33 per m® for the 60 MI of additional storage
capacity added to the water supply system. It is recommended that the scheme be implemented as a cost
effective method of increasing water security for the summer peak demand period.
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a) PS5 groundwater compartment: Borehole GZ00346 at a maximum rate of 30 L/s
b) P7 groundwater compartment:

4. Borehole GZ00344 at a maximum rate of 8 L/s
a) Borehole GZ00350 at a maximum rate of 16 L/s

b) After each injection cycle the following should be assessed to establish the performance of the
scheme:

c) Water level response in the injection borehole and surrounding boreholes
d) EC, iron and manganese response in the closest production boreholes (i.e. P5, P7 & P8).
5. If the efficiency of the injection boreholes decreases markedly (as a result of clogging) the boreholes
should be rehabilitated by backflushing (i.e. pumping) and possibly applying acid. This must be assessed

after at least two injection runs.

6. The infrastructure design must allow for injection into shallow wells, pits or trenches if clogging of the
injection boreholes is severe.

7. The operator of the scheme must be trained in:
a) Ensuring recharge does not take place if the injectant (river water) is turbid
b) Cleaning the filters (i.e. removing leaves) during injection
¢) Measuring and recording water levels and flow meter readings

d) Sampling and ensuring the analysis of the groundwater water quality before and after each
season of artificial recharge.
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3 BOREHOLE INJECTION IN

PLETTENBERG BAY

3.1 Introduction

An artificial recharge assessment was initially conducted in 2007 (Murray, 2007) with the idea of injecting water
from the Keurbooms River into boreholes in Kwanokuthula. The study recommended an approach to assessing the
full capacity of the scheme. This report essentially updates the previous report by Murray,2007.

Like a number of coastal towns, Plettenberg Baybds water
have an enormous peak demand over the December holidays:

Summer demand: 127 13 Ml/day [Peak Week Christmas i New Year: 17-18 Ml/day]
Existing water supply:

- 6.9 Ml/day from surface water (drought) / 8.6 Ml/day (normal)

- 3.4 Ml/day from existing boreholes

- 2.8 Mliday from the Roodefontein Dam (off-channel storage dam i this is the estimated portion -
55% of storage - which is allocated to the municipality)

- Total: 13.1 Ml/day
Existing water supply: Under construction (November 2010):

- 2.0 Ml/day from desalination (during peak demand periods)
Proposed water supply:

- 2.3 Ml/day from artificial recharge (over 5 peak demand months)

Total: 17.4 Ml/day

The target groundwater/artificial recharge capacity is considered to be:

Artificial recharge: 3.9 Ml/day over 3 months or 350 Ml

Abstraction: 5.1 Ml/day over 5 months or 780 Ml (natural groundwater & artificially recharged water)

Note: A 10% loss on injection volumes have been assumed, i.e. total injection target is 4.3 Ml/day
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To date, the Kwanokuthula Aquifer has been underutilized; however, its considerable storage potential makes it a
viable option for large-scale use in summer coupled with artificial recharge in winter. In order to finalise the
feasibility study, a period of large-scale abstraction followed by large-scale injection, followed by large-scale
abstraction is needed. The project status is outlined in Table 3.1.

TABLE 3.1 PROJECT STATUS
Phase Description Key tasks Target completion date
Phasel Pre-feasibility 1. Initial indication of scheme viability | Complete (Murray, 2007)
study 2. ldentifying key issues
Phase 2 Feasibility study 1. Assess borehole injection capacity | 1. Injection capacity: Complete (2010)
T Injection 2. Assess aquifer storage and 2. Abstraction: Nov 2010 - April 2011
testing recovery potential 3. Injection using existing boreholes (GWA5
3. Apply for water use license (sub- & Bh6): Jul i Sep 2011
surface storage) 4. Abstraction: Nov 2011 - April 2012
5. License: Dec 2011
Phase 3a Design & 1. Drill injection & monitoring 1. Drilling: Jul 2012
construction boreholes 2. Design & construction: Jul 2013
2. Design & construct treatment & 3. O&M procedures: Jul 2013
conveyance infrastructure to get
water to injection boreholes.
3. Operation & maintenance
procedures
Phase 4 Production & Performance monitoring during Completion: Jul 2013
Post-project production Monitoring & final operation procedures:
support Modified operation & maintenance Jun 2014.
procedures
Final monitoring and reporting
strategy

Note on Phase 3: The scheme can be up-scaled as the need arises i.e. the injection target of 4.3 MI/d could be achieved in two or more stages.

Phase 2 of the artificial recharge plan involves three stages that need to be done prior to finalizing the design of the
scheme. These include:

1) Large-scale abstraction. Five months of continuous abstraction is needed to assess the storage capacity
of the aquifer and to create the space for artificial recharge.

2) A short period of rest followed by three months of artificial recharge.

3) A short period of rest followed by large-scale abstraction.

The planned abstraction 1 injection i abstraction cycle is shown in Figure 3.1.
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m Abstraction (5 months: NovMar)

m Rest (3 months: AprJun)

H Injection (3 months: JulSep)

B Rest (1 month: Oct)

FIGURE 3.1 PLANNED ARTIFICIAL RECHARGE CYCLE

At this stage no dedicated injection boreholes exist, although GWA 1 and Bh 6 could be used in the mean time for
a trial injection test (the combined injection rate would, however, only be ~20 L/s or 1.7 MI/day, which is significantly

short of the 50 L/s or 4.3 Ml/day injection target). The | ocati on of ab8&rhceon boeeholeeandgg Bay 0
reservoirs in the Kwanokuthula area are shown in Figures 3.2 and 3.3.
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FIGURE 3.3 KWANOKUTHULAG S IHG AND PLANNED BOREHOLES (GOOGEL EARTH, 2010)

(Existing abstraction = yellow; planned abstraction = dark green; planned injection = bright green;
planned monitoring = orange)

P.41



Potential Artificial Recharge Schemes:
Planning for implementation

3.2  The need for artificial recharge

321 Theneed for additional summer supplies

As a seasonal holiday town, Plettenberg bay experiences a large variation in the monthly water demand. While
there is a distinct peak over December and January, the general pattern is a six month period of higher demand

and six months of a lower demand (Figure 3.4). Artificial recharge is considered as an option to augment the
summer demand.

400000

350000

300000

250000

200000

150000

Water Consumption (kl/month)

100000

50000

FIGURE 3.4

3.22  How groundwater abstraction with
artificial recharge could meet the
summer requirements

The water requirements over the summer
months is in the order of 150 000 m*month more Natural groundwater together with artificial
recharge should meet the additional 5 Ml/day

than the winter requirements. This equates to ~5

Mliday or ~58

estimated that this can be supplied over a period

of five months

natural groundwater abstraction. The existing and
proposed supply system is outlined in Table 3.2.

== Kwanokathula
I Plettenberg Bay Town
Average (3 month moving)
I
[IIRTINI
[LEEELLLT
il i
il I i I ] BT |
333333333383558588858555588888888888885555
BEEE5355828583055305828582083305828888%

Monthly variation in water demand for Plettenberg Bay town and Kwanokathula

Lis of continuous supply. It is required for the summer months.

through artificial recharge plus
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TABLE 3.2 PROPOSED BOREHOLE ABSTRACTION PLAN WITH ARTIFICIAL RECHARGE

a) Abstraction at higher rates

Production Daily Yield 5 Month Surplus (+) or
Abstraction Boreholes Yield (L/s) (Ml/day) Yield (MI) Defecit (-) (MI)
Target groundwater yield (Kwanokuthula only) 53.7 4.6 705.2 0
Existing boreholes
Bh3 10 0.9 131.3
Bh 6 6 0.5 78.8
NH 4 0.3 52.5
GWA1 8 0.7 105.1
GWAS 5 0.4 65.7
GWAG6 8 0.7 105.1
Total 41 3.5 538.4 -166.8
New abstraction boreholes with artificial recharge
2 New abstraction boreholes (7 L/s each) 14 1.2 183.9
Total yield with AR 55 4.8 722.3 17.1
Daily 3 Month
Injection Injection Injected
Avrtificial recharge requirements Rate (L/s) (Ml/day) Volume (MI)
Kwanokuthula
3 Injection Bhs (10 L/s each) 30 2.6 235.9
Losses (10%) 0.3 23.6
Additional available volume 30 2.3 212.3 28.4
b) Abstraction at lower rates
Production Daily Yield 5 Month Surplus (+) or
Abstraction Boreholes Yield (L/s) (Ml/day) Yield (MI) Defecit (-) (Ml)
Target groundwater yield (Kwanokuthula only) 53.7 4.6 705.2 0
Existing boreholes
Bh3 10 0.9 131.3
Bh 6 6 0.5 78.8
NH 4 0.3 52.5
GWA1 5 0.4 65.7
GWAS 5 0.4 65.7
GWAG6 5 0.4 65.7
Total 35 3.0 459.6 -245.6
New abstraction boreholes with artificial recharge
4 New abstraction boreholes (5 L/s each) 20 1.7 262.7
Total yield with AR 55 4.8 722.3 17.1
Daily 3 Month
Injection Injection Injected
Artificial recharge requirements Rate (L/s) (Ml/day) Volume (Ml)
Kwanokuthula
4 Injection Bhs (10 L/s each) 40 3.5 314.5
Losses (10%) 0.3 31.4
Additional available volume 40 3.1 283.0 20.4

Note: GWAS had not been test pumped at the time of writing this report
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The vyields presented in Table 3.2 are
provisional estimates. Boreholes GWALl & 6
can both supply 8 L/s, but it may be best to
pump them both at yields of 5 L/s because of
the high iron concentrations present in these

boreholes (minimising the abstraction rates may The existing Airport borehole and Bh 4 have a
minimise this problem). Likewise, the injection combined yield of 4.3 L/s or 0.4 Ml/day. This
borehole capacities are not known, although hrings the total groundwater potential with
indications from the injection test on Bh 6 show artificial recharge to ~5.2 Ml/day over the

that 10 L/s is a reasonable estimate. five peak demand months.

The above estimates for the Kwanokuthula
Aquifer also assume that natural recharge (inflow) to the aquifer is ~540 Ml/annum (~17 L/s). This needs to be
tested by monitoring continuous abstraction followed by a rest period (and will only be known with a high degree of
confidence after monitoring both rainfall and a few seasons of groundwater abstraction and levels). This 17 L/s
estimate is based on recharge and throughflow estimates by CGS (1992 and 1997) and Murray (2007) natural
recharge estimates. Should these estimates be conservative, artificial recharge would only be necessary if more
water is required than the targeted 5 Ml/day. If, however, they are on the high-side, the artificial recharge
requirements will need to be higher in order to make up the deficit.

3.3  The quantity and reliability of the source water

The source water for artificial recharge is surplus winter water from the Keurbooms River. There are two options for
artificial recharge:

1. Inject fully treated water from the Water Treatment Works (preferable)

2. Treat water to minimum injection standards prior to injection.

Optionl: Fully treated drinking water

There is sufficient capacity at the WTW to cater for a winter injection flow rate of 30 1 50 L/s. Figure 3.5 shows the
volume of water treated per month and the spare capacity per month based on an assumed monthly operating
capacity of 410 000 kL/month (410 ML/month). The maximum capacity of the works is 22 000 kL/day (22 ML/day)
or 660 000 kL/month (660 ML/month).
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| O Treatment works supply B Treatment works unused capacity |

Jul-05
Aug-06
Sep-06
Oct-06
Nov-06
Dec-06
Jan-07
Feb-07
Mar-07
Apr-07

FIGURE 3.5 MONTHLY TREATMENT WORKS SUPPLY AND SPARE CAPACITY BASED ON THE UTILISED
TREATMENT WORKS CAPACITY OF 410,000 KL PER MONTH (160 L/S)

There is sufficient treatment works capacity
during the winter months to supply the

treated water required for artificial recharge
(20-50 L/s).

Option 2: Raw water treated to injection standards

The Keurbooms

River raw water bypass is designed to transfer water to the Roodefontein Dam at a rate of 35 L/s.

This happens during off peak demand times when it is not necessary for the treatment plant to receive all the water
from the Keurbooms pipeline and when the Roodefontein Dam has the capacity to receive the water.

The water would have to be treated to lower the turbidity, DOC and iron concentrations, increase the pH, and it
should be disinfected to ensure microorganisms are not introduced into the aquifer.
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35 L/s of untreated water would he available

for artificial recharge during the winter, low
demand months.

34  Aquifer hydraulics

The aquifer consists of fractured quartzites of the Peninsula Formation of the Table Mountain Group. The key
issues relating to the storage capacity of the aquifer are:

1. Isthe aquifer sufficiently permeable to accept recharged water?
2. What is the storage capacity of the aquifer?

3. Will the recharged water be recoverable? Or put another way, will the recharged water remain in storage
until it is needed?

34.1 Isthe aquifer sufficiently permeable: Will the aquifer receive artificially recharge water?

The ability of the Kwanokathula Aquifer to transmit water is good, with localised transmissivity values reaching up to
several hundred mzlday. Table 3.3 summarises transmissivity values.

TABLE 3.3 TRANSMISSIVITY VALUES FOR KWANOKATHULA BOREHOLES

Bh No T-early T-late
(m?/day) (m?/day)
BH 3 (Production, 2007) 60 60
BH 6 / GCS 3 (Pumping Test, CGS, 1993) 35 95
BH NH - New Horizon / Hillview (Pumping Test, 1998) 50 500
GWALC (Pumping Test, 2010) 75 50
GWAG6B (Pumping Test, 2010) 1300 380

Borehole injection test on Bh 6

An injection test was carried out on Bh 6, the most up-gradient production borehole in the wellfield, where a
continuous supply of water could be obtained for artificial recharge. The test was limited by the availability of source
water, which was domestic water supplied to Kwanokuthula (i.e. fully treated drinking water). The test lasted 9 days
and 12 hours and a total of 6 156 m® was injected at an average rate of 7.5 L/s. Photo 3.1 shows the injection
borehole and Figure 3.6 shows the water level response in the injection borehole (the flow meter failed two days
before the completion of the test). The fluctuating injection rates and corresponding water levels was a result of the
changing availability of water for injection, which in turn was in accordance with the changing water use in
Kwanokuthula. The higher flow rates (~9 L/s) were recorded during the night when domestic use was negligible.
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PHOTO 3.1 BH 6 CONVERTED TO AN INJECTION BOREHOLE FOR CONDUCTING ARTIFICIAL RECHARGE

TESTS
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The main conclusion from the injection test is that the aquifer is highly permeable -
recharge water. The rapid drop in water levels after injection to virtually the starting water level indicates that the

FIGURE 3.6 RESULTS OF THE 12 %2 DAY INJECTION TEST AT BH6

aquifer has a very high storage capacity and/or the water flows rapidly away from the point of injection.

it easily accepts artificially
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34.2 Whatis the storage capacity of the aquifer?

Groundwater Consulting Services (GCS, 1993)
estimated the size of the entire aquifer to be 22
million m? and the storage coefficient to be 0.5%.
This would imply a storage capacity of 1.1 million
m® per 10 m of vertical thickness of the aquifer. This
refers to the entire TMG aquifer in and around
Plettenberg Bay. If we consider the aquifer around
Kwanokathula to lie between the shale band to the
north and the Enon Formation to the south (1.5 km
wide), and to extend over a length of 3 km, we get a
storage capacity of 225 000 m® per 10 m of aquifer
thickness. If we assume a conservative storage
coefficient of 0.3% (as opposed to the 0.5% used by
GCS) we get 135 000 m?® per 10 m of aquifer thickness.

The aquifer can easily accept injection water

at a rate of ~10 L/s per injection horehole.

If we set the artificial recharge target as 400 M, then this should require about 30 m of vertical aquifer thickness.

The aquifer has sufficient storage capacity to

store the preliminary upper artificial recharge
target of 315 Ml

34.3  Will the recharged water be recoverable?

To answer this question it is necessary to consider groundwater levels in the aquifer. The natural groundwater
levels in the aquifer are surprisingly deep and flat, which can be observed in the two cross sections (Figures 3.7 to
3.10). This supports previous statements that the aquifer is highly permeable.
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FIGURE 3.7 LOCATION OF CROSS SECTIONS THROUGH THE AQUIFER (GOOGLE EARTH, 2010)
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Historic groundwater levels show that the water levels in Kwanokuthula return to around 60 mamsl after periods of
abstraction (Figure 3.10). This level indicates the level at which the aquifer is in equilibrium, or the level where
natural inflow matches natural outflow.

100
——Bh6 ——Bh3 ——BhNH Bh4 ——Bh2 —GWAL
90
Original WLs after drilling
80
= 70
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FIGURE 3.10 HISTORIC GROUNDWATER LEVELS

There are two options on recharging the Kwanokuthula Aquifer:
1. Store water above ~60 mamsl (the natural rest water level)

2. Store water below ~60 mamsl

Option 1: Store water above ~60 mamsl

With an unsaturated zone that ranges between 115 7 130 m in Kwanokuthula, there is ample potential storage
space above the natural water level. Historic water level data suggests that water will discharge from the aquifer
once the levels are raised above 60 mamsl. At this stage it is not known how rapidly this water would discharge
from the Kwanokuthula area, i.e. whether water stored above 60 mamsl would be lost before the onset of the
summer abstraction period. For this reason it is recommended that Option 2 should be implemented T at least
during the initial stages of the project.
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Option 2: Store water below ~60 mamsl

It is recommended, at | east i niti alnamys| Oncehrere islenown abbut r
the flow system in the aquifer, it may become evident that little water is lost once water levels are raised above 60
mamsl and that storage above 60 mamsl is possible. However, at this stage it is best to assume that there will be
losses if the water level is raised above 60 mamsl, and that abstraction and artificial recharge should be restricted
to below this level.

This option would require lowering the
water level in the aquifer first, and then
artificially recharging it if the water levels

do not naturally rapidly revert back to the . “ "
Ffullo | eveltsewad ovelo The aquifer should he “operated’ helow 60

remain below the 60 mamsl mark, it is mamsl (ie the storage in the aquifer below
highly unlikely that artificially recharged this level should he targeted for use in order

water be lost (until the water levels in the to minimize the chance of water losses)
aquifer have risen to 60 mamsl).

35  Water quality

Water quality issues relating to artificial recharge are documented in Murray, 2007. There are two options regarding
the source of water for artificial recharge. Both rely on surplus winter flow from the Keurbooms River:

i)  Fully treated surface water from the Water Treatment Works

i) Surface water treated to artificial recharge requirements prior to injection. This would require installing a new
treatment plant for the injectant (the water used for artificial recharge).

The key water quality characteristics and treatment requirements are summarized in Table 3.4.

TABLE 3.4 TREATMENT REQUIREMENTS FOR ARTIFICIALLY RECHARGED WATER

Fully treated water from the Raw water from the
In]e(atllj%q\it\gater Water Treatment Works Keurbooms River
requirements . .
I q Water quality Treatment Water quality Treatment
characteristics requirements characteristics requirements
Electrical conductivity, <60 ~20 None ~7-15 None
mS/m
pH 851 9 85-9.2 None 6 Lime addition®
Dissolved Organic Carbon o 3 ~3 None ~10 Activated carbon®
(mg/L)
_ N Flocculation & pH
Iron as Fe mg/L 0.1 0.1 None 0.5 adjustment’
Micro-organisms: 0 0 None 1007 1800 .
Ozonation only, Pue

E. coli /100 mL to high DOC
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Notes: 1. Alternatively (in line) sodium hydroxide addition is possible (but not preferred)
2. Unless ozone treatment is in place
3. Alternatively ion exchange is possible for Fe removal
4. |I'f DOC O 1 mg/L chlorination for disinfection is pc¢

In both cases the recovered water should not require further treatment besides chlorination. It is recommended that
the first option, the existing fully treated water, be used for artificial recharge. The advantages of this are:

i) The water is superb quality for artificial recharge

ii) The treatment plant can be utilized in winter (when it would normally be under-utilised).
If the second option is preferred the water would require:

i) Increasein pH

i) Reductionin DOC

i) Reduction in iron

iv) Reduction in micro-organisms.

3.6  Engineering issues

There are two options on how water could be transferred to the aquifer.

36.1 Option 17 Recharging with treated water

The first option is to recharge with treated water from the water treatment works and will involve the following (and
is shown in Figure 3.11):

A The excess winter capacity of the treatment works will be utilised to treat Keurbooms for recharge during
the 3 winter months of artificial recharge.

A A new 300 mm diameter pipeline has been installed between the water treatment works and the New
Horizons reservoir. During the next financial year, the pipeline to Kwanokuthula will also be upgraded,
followed by the pipeline from the main Kwanokuthula reservoir to the Western Reservoir. This
infrastructure will ensure that there is the capacity to supply 50 L/s from the Western reservoir to the
injection boreholes.

A This option includes the following components
o Drilling and equipping up to 5 injection boreholes
o Drilling and equipping up to 4 new abstraction boreholes
o Drilling 6 monitoring boreholes
0 950 m of injection pipelines and about 2000 m of pipelines from the abstraction boreholes
o Chlorination only

A Implementing this option if all boreholes are necessary, will cost R12.6 million.
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FIGURE 3.11 INFRASTRUCTURE COMPONENTS FOR OPTION 117 RECHARGING WITH TREATED WATER
FROM EXISTING WATER TREATMENT WORKS (GOOGLE EARTH, 2010)

3.6.2 Option 27 Recharging directly with Keurbooms river water
With the second option (Figure 3.12), the following is relevant:

A The pipeline is limited to a flow of 35 L/s which is less than the target for recharge of 50 L/s

A Referring to the section above on water quality, the treatment required to achieve acceptable water
quality is comprehensive and includes a number of different components (lime dosing, activated carbon
filtration, flocculation & filtration and Ozone treatment). This would require a comprehensive treatment
works that has a significant cost (both capital and for operation) and would need to be staffed and
managed.

A A pipeline is required to transport the water from the Keurbooms pipeline to the injection borehole
locations. The most convenient pipeline route would be adjacent to the N2 but this route is not favoured
by the Bitou Municipality due to land access and servitude issues with SANRAL.

A This option includes the following components:

o Driling and equipping 3 injection boreholes

Drilling and equipping 2 new abstraction boreholes

Drilling and equipping 3 monitoring boreholes

2400 m of injection pipelines and 1800 m of pipelines from the abstraction boreholes
Water treatment plant

O O oo

A Implementing this option will cost R23 million.
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FIGURE 3.12 INFRASTRUCTURE COMPONENTS FOR OPTION 27 RECHARGING WITH KEURBOOMS RIVER
WATER AND TREATING IN NEW TREATMENT WORKS (GOOGLE EARTH, 2010)

3.6.3  Preferred option and project phasing
The preferred option is Option 1, recharging with treated water, based upon the following:

A Option 1 makes maximum use of existing infrastructure

Option 1 uses the spare capacity of the existing treatment works and does not include the construction
of a separate works

A ltis the most cost effective to implement and has cheaper running costs

Phasing of Option 1 has been looked at for two reasons. The first reason is financial; it is unlikely that the full project
budget would be immediately available. The second reason is to allow for the large scale testing of the artificial
recharge concept and the aquifers performance. In other words, can the water levels be lowered (to make storage
space available) through large-scale abstraction? Can the water be recharged? And, what volume is retained in the
aquifer?
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