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Overview of Groundwater

SMPLIFED.

LoGY

SIMPLIFIED GEOLOGY
SOUTH AFRICA, LESOTHO AND SWAZILAND
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Aquifers Types

mary / Alluvial Aquifer (Intergranular)
ondary / Fracture Aquifer:

ather and Fractured Aquifer

lomitic / Karst Aquifer

Primary / Alluvium Aquifer

dwater occurs in pore spaces that developed during deposition (alluvial)

rivers channels
ine (dunes)

leo Channels
sands

of Richards Bay
ri

dile River

| areas



geo4a.htm

econdary / Fracture Aquifer

Its from
ock that cracked upon deposition

t aquifers in RSA (80%+) are fracture aquifers,

Dolomitic / Karst Aquifer

olution of carbonate rocks

s of water

movement— —— — 00—
holes | cwwom

ap
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in the GRA Il

sable Groundwater Exploitation Potential Aquifer Yield

Utilisable Groundwater Exploitation Potential
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us of Groundwater Use - WMA

OLIFANTS/DOORN
5%

Registered

LUVUVHU LETABA VO | u m es
. Groundwater

Use per

WMA in RSA
MZIMVUBU-KEISKAMMA =
vort 1% . u- /
UMZIMKULU %UZE

1%

3%

LOWER ORANGE
1%

INKOMATI
1%

s of Groundwater Use - Sector

AGRICULTURE: AQUACULTURE

0%

URBAN (EXCLUDING
INDUSTRIAL &/OR DOMESTIC)
0%

Water Use per
Sector in RSA

RECREATION

0% SCHEDULE 1

6%

POWER GENERATION
0%

INDUSTRY (URBAN)
2%

INDUSTRY (NON-URBAN)
1%
AGRICULTURE: WATERING

LIVESTOCK
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undwater Use - Large users

e —— s Pretoria

o + Fountains 1905
* 60 ML/day or

14,9 Million m3/a

® 1-2miion

2-5miion
* 5-10milion

* > 10 milion

Johannesburg
* 11 ML/day

dwater Use — Water Supply

Water sources of 481 towns and villages in RSA




Water sources of 481 towns and villages in RSA

roundwater Use

r of Towns and Villages (Sources water) — 23 297

I T T T

Groundwater 22% 59% 53%
Combined 34% 34% 34%

Surface water 44% 7% 13%
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roundwater Use

WRS1 - 1 088 million m3
R2005 — 1 771 million m3
ARMS — 2 123 million m3
ARMS — 2 723 million m3

500 million m3

roundwater Use

dwater 2013 — WARMS — 2 123 million m3
water 2013 — WARMS — 16 965 million m3
%

use ~ 14 700 million m3
1%

undwater use is 3 000 million m3

6/29/2018
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Available Groundwater

ailable Groundwater - million m3

rage Groundwater Resource Potential — 47 727
rage Groundwater Exploitation Potential — 19 073
ble Groundwater Exploitation Potential — 14 802

sable Groundwater Exploitation Potential —

mal — 10 345 Dry —7 530
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Groundwater Quality

ndwater Quality

n?
groundwater handled different than surface water?

drink surface water without purifying to drinking
tandards ?

quality of groundwater must be at drinking water
rd otherwise it is unusable?

6/29/2018
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GROUPS

) Alkaline Soda Carbonate Waters

 Temp hard Cmbnmle Waters

Highly mineralised Chloride- Sulphate Waters
Total solids >100 parts per 10° CI>27%.50¢>5%
Permanent hardness > 127 Ca CO;

Slightly saline Chloride Waters
Total solids >30< 50 ports per 10°.
>27 504 <30%

Tofal ris per 10° Total hardness>70%
Temp. hmdnu»g;zemhwmdozak?z pH>7:6

Tofal solids < 100 parts per 10°.
Nc; CO;3 0r NoHCO3 >l$1 Permanenthardness=Nil.

Pure Waters :
Total solids <15 parts per 10°.
-1 E

e e T R S

ndwater Quality - GRA |

Groundwater Quality
mS/m

[ o070
70-300

| 300-1000

-

6/29/2018
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ndwater Quality - WRC 2011

Groundwater Quality

Electrical Conductivity
SA Groundwater Quality

Legend:

1-lip channel

2 —glass / perspex cover
3 — containment

4 —foundation

5 —feed water reservoir

tills
er/m2/day
aintenance

6/29/2018
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Remediation Methods

Qroundwiator Flow
p

Impaclnﬂ
Groundwatsr

Definitions / Concepts

15



GEOHYDROLOGICAL TERMS

ter that infiltrate o ters, pans
d replenish gw is ""'fé’l”“'"“
harge ‘

urated portion in
subsurface is
undwater whose
per limit is defined
the water table.

undwater moves
y slowly

MOISTURE TRANSPORT
Sl Fopls Wedvrng Freues  Diffuse Preferential

| UnsatpratediSatorated |
i Fractured Zone

g

actured Auuilﬂ

GEOHYDROLOGICAL TERMS (2)

non-flowing artesian

water table well well -

S

_______ potentioretric surface of
confined acpuifer

water table

flowing artesian well

unconfined or water
tahle aguifer

confining unit

confined acuifer

irnperneable bedrock

6/29/2018
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GEOHYDROLOGICAL TERMS (3)

ne of depression: is an area around a pumping
rehole where water level is significantly
ered due to pumping

Groundwater flow

' GEOHYDROLOGICAL TERMS (4)

ainable vield: safe amount of water that can be
racted without causing damage to the system

ansmissivity: ability of the aquifer to transmit
4 (2 r
ativity: aquifer’s ability to release water

ifer: a saturated and permeable underground
geological unit that can transmit or produce water
of significant quantities

D
4,
J
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| Effect of over-exploitation

Lorca earthquake 'caused by groundwater
extraction'

neighbours and streams

6/29/2018
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bstraction - Groundwater Footprint

19


http://www.nature.com/nature/journal/v488/n7410/full/nature11295.html
http://www.nature.com/nature/journal/v488/n7410/full/nature11295.html

GROUNDWATER OCCURENCE

I_I Borehole

GROUNDWATER OCCURRENCE

subsurface water groundwater?

Soil water (soil moisture) supports vegetation: occurs
near surface

Interflow occurs within the unsaturated zone (vadose
zone): source of low flows
Groundwater is below water table

Baseflow is that part of groundwater that support low
- flows in rivers (or streams)

— Water in capillary fringe occurs above water table

& .
Q; Hence not all water below surface is groundwater
1

6/29/2018
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Surface
vwater Wi el
Rivers and
Lakes o -
l_
=%
%28
o= el e Water
z ﬂ TV Copiiary FRINGE ] [ ]| | 1evel
R T Pt A _ =
= | Water tabkle
AEE i
= GROUND ¥ ATER
= =]

Groundwater Flow
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SURFACE WATER G/WATER

INTERACTION
ring high flow
ditions, surface
ter leaks into
undwater (influent
eam)

ring low flow,
undwater seeps

o streams (effluent
eam)

Information Sources and
Examples

22



Information sources

groundwater section Region Office
onal Office

ndwater data: National Groundwater Database
DB) + Groundwater Resources Information
ect (GRIP)

ndwater quality: WMS

nle Data / Info / Maps

000 Hydrogeological Maps (GRA1 maps)
ap (Utilisable Groundwater Exploitation Potential Aquifer Yield

water Occurrence map

ge map

(SA Weather Service or WR2005)

y maps(Council of Geoscience)

re Geology maps (Council of Geoscience)
iliation Strategies (DWS Website)

photo (Land Survey: Director General)
orne Geophysics (Council of Geoscience)

hole data (National Groundwater Archieve — NGA — DWS website)
undwater Quality (DWS)

6/29/2018
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involves the withdrawal of measured quantities of water from of the addition of water to, a borehole(s); and the measurement of resuitng changes in hesd i the aquifer both during and afer the period of abstraction or

B iy s ssr s tjchd o pping o ol ndercontotlic st cndion b b et th hydenalc prnebr f the oot st g s respons b th s o bsbracicn.

is. testing important?

The purposs of aquifer testing is to daterming the hydraulic paramsters of the aquifer systm which are used to quantify water resources and facilitate resource management.

Pumping boreholes  Opsarvation
ol

static water level

aquifer

illing Rig

24
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Borehole rock chips

Piper plot

Piper

Electrical conductivity

SA drinking water- humans

® No Value

€23 ® Value > 300.00
©70.00 < Value < 300.00
© Value < 70.00

o

ca Cations Na+K  TAk Anions CI+NO3
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Durov plot

Mg

Ca
TAl Na+K

: & o oMiuweme,

So4:

ClNo3 EC (10-100)

pH (7-10)

Expanded Durov plot

i
/o
Y
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T a
+g N
.
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-t e
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Borehole log

Borehole Log - B6
Depth [m] Locality - X: 47740.00 Y: 2887157.00 Z: 1620.00
Lithology Geology 2 EC [mS/m ] 120
0
s 0.00-1.00: 501 velwishBroun,Clayey
10 = =
1.00- 1400 SANDSTONE Vel Very Weathred
15 =
1400- 22.00: SANDSTONELIgh Gry. i,
20 =
25 =
30 =
35 =
35.00- 3700 HALEDwKGeey
73!ﬂn-woa SHALEDark Grey, Carbonaceous
40 =

Box and whisker plot

0.045

0.035

Tl

o, EEEEgY [0
EEE E + Mean
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Water Level

. Groundwater flow vectors

6/29/2018
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Rain vs Water level

. Rain (mm) —— Water level
1420.00 600.00
1410.00 500.00
& 1400.00
% 1390.00 Ly E
° =
3 1380.00 300.00 E
g 1370.00 g
g 20000 §
= 1360.00
1350.00 10000
1340.00 0.00
“2285¢BI3INYFISS23K8LR
ﬁﬁﬁﬁﬁﬁﬁ
Time (months)

Pollution plume

6/29/2018

29



6/29/2018

Aeromagnetic Map
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Water Quality Map

: i
"CHEMICAL DISTRIBUTION MAPS|
o

== o Town Lithology. [ strubenbep Fomatin [
—— el 2B =

;;iluval u::m omoscr )4 B jrsopagenic Eftuent =me-u GWMM Emull-meru

= oo = cren Besccn 0 Hatoune e
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Recharge
Map
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Planning process

anning life cycle

1. Reconciliation
Study/Update

9. Evaluate reconciliation 2. Pre-feasibility Study

8. Report/evaluate 3. Feasibility Study
scheme/wellfield

L 4
=

’ ’
.

SR

6. Operate (Training, Operating 5. Design of Scheme &

rules) Implementation of Scheme

34
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Development Process

Conceptualisation
Reconnaissance
Pre-feasibility

* Feasibility

"+ Design

* Construction

* Operation

T ——
Level of Study Product / Decision Data collection Confidence | Scale
|| Conceptualisation | Inception / Planning Expert evaluation of existing data 1:500 000 to
| Report 50 % 1:250 000
Reconnaissance ID Target Areas Primarily desktop work with limited
Recommendation for fieldwork and data collection, as
| and prioritisation of required, (e.g. Hydrocensus)
monitoring 1* order water balance model 60 % ~ 1:250 000
Pre-feasibility Environmental Geological and ecological mapping
monitaring and Installation of monitorin
assessment . 9
infrastructure and ongoing
monitoring of relevant processes 1:100 000 to
ID Target Sites Re-calibrate water balance model | 70 % 1: 50 000
Feasibility Exploration Site survey, borehole siting
Yield estimation Drilling and testing of exploration
boreholes
| License & EIA Regional groundwater modeling
| application Invest in collecting all relevant input 1: 50 000 to
Feasibllity Report | T0" 4esign purposes 80 % 1: 10 000
Options Analysis Options Analysis Comparison of different options for
Report water supply, based on feasibility
| studies 80 %
|| Design * Wellfield design and | Design all components of the
1 implementation scheme 1: 1000 to
| Operating rules Wellfield model 90 % 1:10 000
Operation & Operation & Ongoing monitoring
Maintenance * Maintenance 95 % ﬁ

35



Development Process

emental Development

lan and design whole scheme
onstruct initial part of scheme
dd elements, when required

ject life cycle

sDesktop (data, maps, aerial photos, reports)
«Conceptual model

«Hydro-c identifying receptors water users or water resources)
«sampling

«Testing pumping existing boreholes

«Information gap analysis

*Geophysics and borehole siting.
eExploration drilling
eTesting pumping (determine the sustainable aquifer yield:

*Update conceptual model
*Develop model (Numerical model)
Assessment report

ePrelimary Design of scheme
*Monitoring Programme
*Costing

*Record of Decision

sAquifer/Well field development report

eInfrastructure design (wellfield and bulk)

eImplemetation of infrastructure

*Handover (Management plan + Training)
*Operatingrules (aquifer, well field and borehole - production and monitoring)

*Operate and Maintanance

«Audit and Review current groundwater resource

borehole drilling/desigi ion & testing) ]
J
J
)
J

X ECCEEEX

6/29/2018
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ethodology: Free State
ROUNDWATER POTENTIAL DESKTOP STUDY
ting geohydrological data;

rocensus

al photo interpretations

al magnetic interpretations

physical field survey

map compilation

ermination of high groundwater abstraction areas
. harge volume estimation

pilation of a Geohydrological Potential Report

6/29/2018
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hodology: Vaal Gamagara
NDWATER POTENTIAL & DEVELOPMENT SCHEME
desktop study: collation & updating Existing geohydrological data;
Owner Engagement process

€NSUS: Id & verification of use & sampling

esolution airborne geophysical surveys: magnetic & TDEM
remote sensing & assessment of airborne geophysical data

i g of exploration/test boreholes
roundwater sampling on newly drilled boreholes

hodology: Vaal Gamagara
NDWATER POTENTIAL & DEVELOPMENT SCHEME
r test pumping exploration boreholes:

hort term test: SDT & 24h CDT — bh yield capacity + aquifer
stainability

)Ng term test: 72h — aquifer sustainability + aquifer hydraulic

ameters for modelling
2ptualizing of hydrogeological model

arical 3D modelling: simulate aquifers + predict long term sustainability
feasibility of implementing development

gement recommendations: production design + buffer effect
pilation investigation report

6/29/2018
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hat is wrong with this picture?

NB Data

centrated area

r distribution

bank & Middelburg — Coal - AMD?
lpoort — Platinum mines?

39



lanning Assistance

Reconciliation Studies
onjunctive use

aps
uidelines
ools
ethodologies
nterventions

nciliation Studies

WCWSS : RECONCILIATION OF SUPPLY AND

‘ LI e I N
High Water Requirement Curve with WC/WDM

1000

T o0 % E
E High Water Requirement Curve
Th 3
£ s A o
£ \ P
S / .
2 \
c
@ 700 4 - / 8
£ Actual Water Requirement Curve 2
2
5 | g
H Pt
o 600 1 3
Year of First 2
No Intervention Water or Saving 1
1 |Optimise System Operation 2012 Existing System Yield
2 |Voslviei Phase 1 2019
3 |Lourens 2021 8 s .
4 [DWAASR: West Coast 201 2007 2009 2011 2013 2015 2017 2019 2021 2023 2025 2027 2029 2031 2033 2035
5 |Cape Flats Aquifer 2022 Year
6 |TMG Scheme 1 2022
7 |Raise Lower Steenbras 2023
8 |Re-uss Generic 1 2024
9 |Re-use Generic 2 2026
10| Desalination 2028
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Secondary Legend

SRK Borehole Blow yield

Blow_yield (s) s
® w.w

Schematic Diagram of the Water Infrastructure
for Greytown

boreholes
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aps of GRA |

S Website

/[Iwww.dwa.qov.za/projects.aspx

/[lwww.dwa.qov.za/groundwater,

»G

In late 2003, the Department of Water and Sanitation (DWS) of South Africa initiated the Groundwater Phase 2 Project, which is aimed at
the quantification of the ter of South Africa on a national scale. The project has been carried out by a consortium of
consultants comprising SRK Consulting, GEOSS, WSM and CSIR (SGWC) in close collaboration with key DWS personnel and was completed
in June 2005. Algorithms have been developed forthe estimation of storage, recharge, base flow and the impact of the reserve and
presentgroundwaterused has been recorded. The results, in addition to methodology, include several valuable datasets and maps and
will provide input to various levels of planning and management of water resources once reviewed and verified. The data, information
and paper copies of technical reports can be obtained from georequests@dws.gov.za.

» Geohydrological Reports

ngaur@dws.gov.za

Geohydrological Reparts are available at
requests to georequests @dws.gov.za.

www.dwa gov.za ort. Users will be able to search the system. Alternatively mail your

6/29/2018
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http://www.dwa.gov.za/projects.aspx
http://www.dwa.gov.za/groundwater/
http://www.dwa.gov.za/groundwater/
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A Guideline

Guideline for the Assessment, Planning and Management
Groundwater Resources in South Africa”

WA website at
.dwa.gov.za/groundwater/documents.aspx.

lack of effective assessment. nlannina and
, .
Q Feedback

PLANNING

? Feedback

Guideline

A Guideline for the Assessment, Planning
and Management of Groundwater
Resources in South Africa

March 2008
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ORAD Toolkit

s of a collection of documents, software and maps

at improving the management of groundwater at
pal level in South Africa

.dwa.gov.za/Groundwater/NORADtoolkit.aspx

ework for Groundwater Management of Community
Supply,
on Making Framework for Municipalities,

1 A dwater Monitoring for Pump Operators,

A@UITWEQRX

Department of Water Affairs - Aquifer Monitoring and Management System

B

m &) start 117172007

@s.,,,\mmm g I é‘ Rits EZ]

Sekct Evalate Lne
ke Avg *ubel Fitered \W

Relative  Label ‘Spnhl
i
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ater ITmauomnnwnan|

ent [9ooh axremecasaanalnssoscal

v Ganzaca
v DATA

oK Ganicel.
s *Rs
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© B

L
|Cr1bocuments and Setings\fouriefiDesktop AuiworxDemolt X : 23.9711 Y : 30,4367 oo T [
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rtificial Recharge

tificial recharge is the process whereby surface
ter is transferred underground to be stored in an
uifer

.artificialrecharge.co.za

ment Maps

i
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http://www.artificialrecharge.co.za/

aboutus | careers | terms &conditions | intranet | extranet | sitemap | contactus

South African
'WATER RESEARCH COMMISSION

Supporting sustainable development through research

WATER i
REEEAY o funding, knowledge creation and dissemination
commissIon
Home  KnowledgeHub  Research  Resources &Tools = Learning |~ WRCWater Community =~ News & Media  Blue Pages Login | Register
Access denied. You do not h ion to perform this actis this 3
O aroan cess denied. You do not have permission to perform this action or access this resource. WRC WATER COMMUNITY

Eil Events»»
, Guidelines and training aids for...

StartDate  Title

) Asimple guide to the chemistry,... 2014/10/13 Short course on adaptive

5 ore strategies for water use
N e RESEARCH: Announcements, Research Scope, Research Documents and Guidelines > 2nd demand
Guideline for the inspection of management
» wastewater... * Proposals
] h [q * Projects. 2014/11/03 Gender , Water and
) Water purification works design Fund Management System * Reviews. Development Conference
Login  * Mestings 3-7 November 2014, East
. London, South Africa
What others are browsing...
2014/11/05 SANCOLD Annual
, Anslytical solutions for the recovery... @ WRC Dialogues: WRC Dialogues > Conference 2014
The Water Wheel -5
» September/October... RESOURCES & TOOLS:

ionary, Water Statistics, Software >>
NEWS & MEDIA

Knowledge Review 2012/13
» ede 2k o to Water Dictionary for explanation and definitions of water terms. View the latest

\ WAC Annual Report 2012/13 Regional Water Statistics. Look up other Water Facts & Figures. Download free Water ) Latest News >
software. , Standing on the shoulders of South
) Irrigation methods for efficient... African giants - Dr Inga Jacobs

LEARNING: Students, Educators, Users >

Science and Technology's new members
Latest Publication: The Water Hub ac the i of learning and collects, ofthe National Advisory Counil on

develops and provides learning materials and resources for learners, students, Innovation appol

, An updated manual for cost benefit... educators and other water users. , Addressing sanitation services in South
Africa
A manual for fish kill investigations... -
' FOLLOW US ON: n D [45] Press Release >

Afeasibility study of in-fine rheological...

B Gender Water & Development
 Rainfall intensity effects on crusting... Conference Announces -New dates.
Media advisory: Water and Sanitation
Summit

. o s
4

, Analytical solutions for the recovery... »

| Capacity

anagement institutions must be structured and

d in such a way that groundwater development and
ent can be optimally achieved. The challenge is

e institutional functioning and support.

private partnerships must be establish to manage
ystem and well field

6/29/2018

46



tutions: Water Supply Models

West:

arm/property with groundwater (buy of registered water right)

ate municipal well field and develop own groundwater
e Service Provider)

Artificial recharge is the process whereby
surface water is transferred underground
B to be stored in an aquifer.

The most common methods used involve
injecting water into boreholes and
transferring water into spreading basins
where it infiltrates the subsurface.

Underground water storage is an efficient
way to store water because it is not

vulnerable to evaporation losses and it is
relatively safe from contamination.

A
e ———

=
e

o
P
A
v

er is WSP. Supply water to reservoir from private well field.

6/29/2018
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Benefits

The on-going enhancing of aquifer yields using treated
waste water and storm water (Atlantis) and treated waste
water only (Polokwane);

Enhancing aquifer yields by transferring groundwater
from one aquifer to another (Williston);

Enhancing aquifer yields through opportunistic artificial
recharge whenever surface water is available (Kharkams in
Namagqualand and Omdel in Namibia);

Enhancing the security of supply by large-scale sub-
surface water banking from treated dam water for long-
term and seasonal storage, and for emergency
requirements (Windhoek), and

Improving water quality (Atlantis and Kharkams).

Recharge releases
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Infiltration Basins

Basins constructed in sand orgravel aguifars.
Surface water is diverted fo the basins and
dlowed fo infiltrate through an uneaturated zone
to the underfying unconfined aguifer.

t ;L !l(‘”li'

Thank you
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