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This booklet is written for those who are involved in water planning,
management and supply from large-scale, city supplies to small
scale town and village supplies. It describes artificial groundwater
recharge a method of managing water wisely by optimising sub-
surface storage. The bookiet covers the key issues that affect the
success of artificial recharge schemes and prowides case studies
from Southern Africa.

“Wiater banking, or storing surplus water in regional aguifers for
uEC S b(\unun( more comemon das crlies and states sk dmge-term
solutions to the perennial problem of ensuring adequeats

supplies, especially for perieds of drought ™

“The success of the Karkams and Windhoek (artificial re el Ny
can not be overstated. These projects demonstrate at small wond lergy
scales a significant improvement in both the guant

cl('Juu'&( \u.'.u.'.'t ) of Weller suppnics Fotentiad for reversing decln

in l’h’]lﬂ‘.‘h\';(f&" SLOAQeS, Cpansiont in waller sy s
increasing security of supply are clearly evident at both sit. /
ln]un'.’.x; has been decisively proven effective at these sites

Artificial recharge provides a sustainable opportunity to conserve

water and to improve ey guainly
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WISE WATER MANAGEMENT FOR TOWNS AND CITIES

1. WHAT IS ARTIFICIAL RECHARGE?

Adificial rechaige s ™he process of Yonsfemng water iInfo
an oguifer. The source of the Sorsfemed woler is usualy
surfoce woter. Trealed wastewoter ond ubon stomm unofl!
e DeCOMING PORUICr SOUICES Of OMBCKl rechorge water

Artificial recharge infiltration
basin in Atlantis,

near Cape Tovn

ARTIFICIAL GROUNDWATER RECHARGE i
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2. WHAT IS AQUIFER STORAGE
AND RECOVERY (ASR)?

ASR is Q Yo used 10 Jescrite aMiicidl recharge schames whene e

- ey B AR (€ e e le Ts ¥
FReChon DOMNOR 15 OIS0 SeC Qs O JOSTON
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3. WHAT IS WATER BANKING?

Water banking s storng water in an oquifer for security pUposes.
It usualy entalls long-lerm storoge with the purpose of
providing securty during droughts.

Woter resource manogers find
this concept amacive becouse
when ther “water bonk”™ is Ul
they know the volume of thewr
1eserves ond harefore know
how 10 Mmanoge demond, They
Can also un ther goms o
greater risk (ie crop the woler
evals lower Thon usual) since
they hove O dependable Hock
up

Applying the water bonkng
concept requies modifying the
common approoach 10

whan woter for articiol
raecharge bacomes available.
Oncea e "ponk” is Il (Ofte
large-scale afficial rechage).
the oquifer is monoged
accodng o ifs susi\anable
yielkd until the next crought (see
the swaich balow)

The oo & M ond Te apiw o
S -
H . - farTet
. e Savg o
1 -
L —
——

Water une (M’ w)
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4. WHAT IS MANAGED AQUIFER RECHARGE
(MAR)?

MAR s 0 ferm usad fo Incoporate all activities cesigned 1o
ougment oquifer recharge 1 inCiludas artficial rechange
ASR, water baning, ranial harvesting (where this water s

Jsed 1o sub-surfoce stornge| ond SOl ogufer Maatrmeant

the concep! of walee Taament Oy infitahor

| = 4
——— ‘.. : —~ / /
.g_._\_'—_T ,"‘- - =~ " /,/f
e \ AR - . ' R ’,//

Repvoducod wirh permioson of TAM MAR
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5. INTERNATIONAL EXAMPLES

[Cowmiry (m/% =
Corrmaavy 15% of s conking waler is supped from atficial recharge. River Dank

firaton and inflration basins are the most common methods. Trenches (~1 m wide by
-%mb‘by-smwlnmm Hore Infilvation rates of up 1o W0
- 199€)

m

[ wdkmswmm—.mmwm«mﬂ.
atiicialy recharged. Infiltration rates vty Detween 0.7 - 2.9 midey. (Source: Matva,

1998

birae! Borehole mechion nlo @ Golomelic agufer has recharged O average 1.1 méson m'Aa
geer s 2>-year period. (Sourse;, Sutimen, 1969),

USA The USA has numerous nlitralion and inection schermes. An exampie of an igection

schama & T imaesione aquifer at Peace River In Flonga. Mere 17 000 n'-d.y EY
njeciod nlo & borehoes of rates between 20 - 40 L's. (Sowrce Pyme  1998). Another
borehole mechon example s 3 sandsions aguiler near Denver. ahere iInjection takes
place at a rate of 38 Ls. (Source Lyte 198M)
Anstralis ASTYEa N @ numbet Of INECHon SCHeMes N PaNc-+0ck aquiers. INCUANG QUG
agutters. A 100-ynar ok antcial recharge schame s » cperation at At Gamber, whare
stommwaner 5 nfilrated v ~400 dranage boreholes o 2 harst aguifer and wsed for
domestic consuvenon  (Source Tefler, 1864 )

NORTHGATE

HOUed - viadie ‘N wna| Busideg A
the pur  ng slaton for the Aguifer
SArage & recovery System (ASK).

Poster outside the punp howse of an
injection scheme in Northgate,

\astralue

ARTIFICIAL GROUNDWATER RECHARGE .
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Plars for the Northgite artificial roharge scheme. Urivan runeff
Is collected in wetlamds. whes e waeler 65 treated and then
Bjected imto an Dnjection ai rraction ovehole. The recovered

wallcer My ol for irrigation

B ARTIFICIAL GROUNDWATER RECHARGE
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6. WHERE IS ARTIFICIAL RECHARGE
PRACTICED IN SOUTHERN AFRICA?

There are six ofiicial recharge sites In Southem Africa thot
hove been studied in depth ond few Moe whese
feasbiity s\uaes have been comed out. In oodition 10
hese there ore numerous farm doms scottered
eoughout he region at were bullt with the purpose of
replenishing groundwaoter The effectiveness of these cams

has never been astablished

ety conshucied

Winohosk
Anonts Over 20 yaors Of 00NN
Pookwanre Over 10 yoors of cpeaton
Omoel* vt S yoors Of Cpesgion
Konorme Owvex 5 yaors of COeROoN
Covinic Recenly conshruced

* The Omde! scheme sapylies I lemtior By \md.'rwm wd and

Walvis Bay

ARTIFICIAL GROUNDWATER RECHARGE .
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7. WHY IS ARTIFICIAL RECHARGE GAINING
POPULARITY?

Waoler resource maonagers are INnCraasngly seeng he
oovanioges of Niegrahng surtoce and grounawater In hewr
gesre 10 CONsarve woler OnNd usa & ophmaly. If iSO Mokeas
SErSe TOMm ON SCONOMIC ONd anvironNmanial perspechive o

uliise ovallobile sUD-SfoCe SI0r0e

8 ArTEICIAL GROUNDWATER RECHARGE
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Common uses of arfificial s Tocombat odverse
echonge ane: condiions such as:
- Progressive lowerng of
e 0 provice woler securty Qrouncwater levels,
during croughts. - Saline water Infrusion
e« o provide water secuily Of peogressive
during e dry season, ncreosng solinity in
s O provicse stosoge for locol the ogusfer.
of mponed supius surfoce s To provice freatment and
woler storoge for reciaimed
e O CcOxgnate he opesation wostowaner for subsequent
of surfoce ond - LS
QroOUNCWSIN 1esenvors « Torecuce or stop land
e TOo improve the quoity of subsicence
Qrounawater Or 10 disploce

SCine groundwater by
Creging a "bubble” of fesh
waler in the aquifer

¥
g AU '—’.\-’\.. R |
Declining water levels i TS \\ —7.1
anmd increasing ; - \ |l !
salinity in o borehole £ ]
at Karkams before - _“
artificial recharge
B 1 .
' I a -
- - . - . - - . - - - .
. . L - . - L » -
. - ) - -~
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3 —
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Reversal of megative
tremds doe to ..r.’:}u.d
recharge at Karkams

Abstraction BL) 8 EC. (mSm)

il 3

[LTTTMEIE
' e

Ihe main punwse of Sewtlern Africa’s

artificiel recharge sohemes

Windhoek
Atlantix
okwane
Omudel v
Karkams ol
Calvinia

1‘ ARTIFICIAL GROUNDWATER RECHARGE
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8. HOW DOES ARTIFICIAL RECHARGE
WORK?

ANCIOl reChorge requires JOMESic supply stongords
coptunT g W ohe ?"'GT"\] " PRor 10 Dorehoie INechon
ond ransiening it vic and gt Folokwona, the
DOMEHONS, NINONON DOosSrs O Yogted wastawatar mea's
renches 10 N oQuler e NSRONG effuent QUOIty

N water SOUICes 1aNCOrds padr 10 dschange
NCIVOC GOMS. Nvers No e nver Dad hom whare
MUNC RO wostaewahar ond I Nfivcies he oquifes
P " -~

Inecimeant moy aiso be

roatrmont may 5 D¢ Smoie, suCh as of KOkoms
SOPNSHC O hexa Oon In-stream sand fitter
preven QoG N ™ME JSOJ prdx 10 OO
oqufer or ot the sur'oce ! weliongs ae
infitlration bosins. In Decoming pooucs teatment
WIRahoes feOrmpe, e { ns. N port o O urbor
wOrer IS TUly rected b f

A wethend in Adclaide, Ai ! ats comstrcted to treat srban

storme runort P NTCRNE INNCTION

ARTIFICIAL GROUNDWATER RECHARGE 11
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The borchole tnjcition \ ind (the horchole s

on the left of the pucti {uegomadly to it)

9. ARTIFICIAL RECHARGE SUCCESS FACTORS

abiity of the woter
QVaICDIe or recharne

™ Ne QUORY Of reChorpe
waler, ogQuIfer geoChemisiry

e COmpatitnty of e o

12 ARTIFICIAL GROUNDWATER RECHARGE
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9.1 THE RECHARGE WATER SOURCE:
QUALITY AND RELIABILITY

Woter sources ronge from relcie municipal wastewater
10 ephemeanal sreams where only oppotunstic afificial
recharge s possibie. Surpius surfoce water that s avaliobie
ourng the ranfall season is a ComMmon source

Wiater sowrces pr Sowthern ,‘\f'hM" J

artificial recharge schemes »n

Wimdloek v

Atlantis v v

Wlodkwvane v

Owde! v

Karkam« v

Calrinia v
Warer for aquifer recharge can be used successiully
PuUrpOses has 1o hove o in &Ny kind of rechage
consistent quality. High system

QuUaity. low DIty water

9.2 WATER QUALITY ISSUES

Vorious focion nfluence rechaige water offen

the qualily of the water remains the main focior
when artificially rechaiging detemminng the final water
on oquifer. However, the Quality.

initicl quality of the

ARTIFICIAL GROUNDWATER RECHARGE .
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0.2 1 RECHARGE WATER QUALITY

he quality of the recharge reduce he nument Or organic
water gffects he hype of compound lood. g surfoce
OMhicdl rechoroe scheme hot NANGRON systeam Moy De
Con D@ oMpOyeq approonoie. Allemamely

preregimeant Cohons mMay e
Boranoe Inachion schames NECassary 10 reguce b aty
1aquee very high Quoity woter ONG MEOove QUOIty pedr 10
".h,-_./‘ me wohey » Blo- 1", r.~..“-_ echon

moovemeant 1or exarrg

Erecting a granular activated
carbon filter next to an injection
horchole in Windhock. The water
sowrce is fully trewted drinking
water. Thus &5 further treated with
|,"n'7,h'." wclivaticd cartwn and
plorimation o enswre top qualit

WHlEeY @S TranmsJerved (9 IR sipuifer

44 2rriEiciaL GROUNOWATER RECHARGE
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he use of regied municioal
wasiewatier as Q source for
oquifer rechage has bean
psoarched exensively. During
he Baaimean! DeoCess Dy
progducts Can be produced

ang hease Moy presant o

Pty St S aunlians | e B e
2,0 O T0 WOROT USR5 >
o brrvam theyt s il ) )
Wi W O QU v

9.22 AQUIFER
he chemistry e f
NCam whame o !
orouNOwoier & 1 pot =
most 354
4 '.',!‘ k e v

F

Q substantial copocity 1o
change ond Impeove e waler
stored In hem, pamiculany with
respect 1o dsinfechion
DYENIOOUCTE NG DOMOOeNS
IMcCorthy et O

P04 Pyne

1981; Geges

yvh VyBs o R |

ICHEMISTRY
1000 NOOMON Of s
% (e ! the

(
o)

8

!

!

i

—— 4 "
4 :
' L 0N SDeCHS
m oM SUCh Cs
Minerai dow in Calvin

growmdwater compartment
mecrysifaled ..L‘\".."A" 4
analywey o avess the potential
fov reactioons bhetween the
recharge water and the rocks
aflcr impaxtion
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Rising main encrusted witk
Servic arom hydroxde
(fervikydrite ) pvecipitates
il o grovendnatler scieme in
tive Waostern Capy
Although this picture is nd
from cim oreif 0orechairge
SHE, ".'n’:.‘ na '/"lx'l’\-
Mot wanl fo mintentionaily
introduce axygenated water
into an irow-rick aquifer

9.2.3 WATER COMPATIBILITY

Wheee e composition of e

rechQrge woter is Compatte
with the grounowarer, Dieraing

e woiers should not couse
ChemiICOl DrecCionates 10 ‘o
DO WOierns are of QOOd QuOITy
e NGl water shouka oiso be
SUICDIe fOr GCmeshic
CONSUMDhON with ihe
regtment after recovery

SIoDeMms MAy anse I emer e
SNOIge warer of the
Founcwaoter goas Not rmeael
Finkng woler '"ocr:xf T™his
W ISQUS O geochamco
WeSHIgahcn 10 assess CIogoNg
fenhal ONdg water regimendt

9.2.4 CLOGGING ISSUES

Cloggng of rechage basins
renches of Doeholes Couses o
o In the gta at which woter s
received in Me ogufer - the
efficency of ha recharge
peocess s reduced Comectly
aeaing with ClogQoing piays o
gecisve ol In cetemrmining e
suCCess o 'alure of g schame,
Clogging of he system con be
aue 1o mechanical, physcal,
chamical and biclogical
PrOCesses. Qs well a

16 Ar=rriciaL GrOUNOWATER RECHARGE

mONGhon O hese. It con
toug pioce at the nfisation
surfoce, n e unsStlurgted 20N
or In e oquiter tself. In e
CO$e Of MECHon. It COUIC DIOCK
he frochures leodng oway from
ihe borehola. A horough
xfms?onor‘g Of e DIOCHSSes
nvoived ang the consequent
reversibiity or meversbiity of the
shuchion is needed in order 0 be

able 10 MenNoge clogging.
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Sieving river sand for
Karkams' filter i prepration
for the next artificial recharge

run. Newly sievod sand is

. ; "
desant Lo mtintlatine I filker's

efficiency and prevent clogging

in IRe dauifer

9.3 AQUIFER HYDRAULICS AND GROUNDWATER
RECOVERY

9.3.1 AQUIFER MYDRAULICS

Thése e WO chwsical ChoroCieristics
that getemne whethar on oquifer s
sufabie for occeping afificialy
rechorged water, Thay ore

e ooufers cemecdiity ond
STOI0Qe COPOCTy. Key Queshons are

- 5 the "_)-’JJ'L" ':‘..“'C ".""‘v'
DermMectia 10 giow M e
rechaige woter 10 entex if?

s Doss the ogufer haove
sufficient sioroge avalabie
10 QCCap! hHhe woter?

ﬁm‘nl{ n {l‘h "\.‘l:.l\y. A i ZHeS enswre .f{,w
permeaiilities. Tujoction rates of up to

60 L's can | hieved

ARTIFICIAL GROUNDWATER RECHARGE '1
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Where oquilers have been over-
pumped (where abshochon s
r;'u(rnr Hon N rechome
SOOCe wil De avallobie Tor
omiicial rechage. Afifca
rechoge, however, shoukd not
only be consdead as O Maons

of ropioNSN N g OVOT 4 WSO

around e pont of recharge.
By doing 0. a “non-oquifer”
Ccon be rorsiormead Mo o
VIODIE SIOI00e Companment
Many oquifer stiaroge and
recovery (ASR) schames have

DOenN OaveoDad N saonea

‘
OQuUiess ' o )3 OBs0 be
CONSIORNeC DIo-OCTvERy O 2 Winahoek neame NoS
TaanNs Of Maumisng ) O 2057 ] WOW TOr
- y My i . y v o odern g .
VOROD O 0 ¢ 3 3 )
~ ~P o 4 S~ hr " e =07 P o
N De O *C Dy OO0 J < = 15 whee
"o *oar - - r 4 - . -
e warer Donk ] QX ) aa agted Dy
- e p——— o ¥ , e b ’ AWt
CaN QS0 De O ] 2CN0N,. ONC
SCANG O it N . " vy P
- v ' -~ ' W Pp—— oY
OO e » ors { > 3
» . ot "
N PO JUCTY b
"o ‘o~ - . W '
2 TWOIOUJICS o
() ".; ot -
-2 ST W e TS
—
. -
o -
' 4 At M
y

s e e e

Windin
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9.3.2 THE RECOVERY OF ARTIFICIALLY RECHARGED WATER

n most cases, virtualy ol
antficially recharged water s
recovered. Unless O scheme is
poOy designed, It s unikely that
more waier will be lost rom sub-
surfoce storoge thon from
SUrfoce siornge, CoNSIienng
Southem Afica's high
avapoiation rates

Whae the chorocienshcs ond
exdent of 1he oqufer Qe known
In suficient gelal, water levels

Creating G "Dutitle” of bash woler In O saine oguifer

can be manoged 10 prevent
lossas of aficially rechaiged
water. Port of the manogement
sholegy Moy be 10 Induce flow
fo me welfields by lorge-scole
cbshochon. Hyaroulic grodents
can be reversed ona water that
wOUld oiherwse De considenad
“lost”, con be “re-cophured”

-~
ARTIFICIAL GROUNDWATER RECHARGE ﬁ
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9.4 ECONOMICS

Unused ogufer storoge
COpOCy CaN De eveoDed
at @ signicontly lower cost
than surfoce storage fociihes
oNG without he Qoverse
enwronmental CoNSequences
freguenty associgneg win
surface storoge. Often the
Ovearol Costs Of oMScol
IEChQIQe Operahons o'e ass
than half the capital cost of
CONvenhonal warer supoy
OEMONVES SSDECIalY Mo
MmoMNg development of new
reservors, freafment ‘ociites
Of axtonsve pipelings (\Nahoro
Resecich Counci. 1594

it s important when
uncenoung a Cost paneft
ONClySS ON vONOUSs wOler
SUCEly Ophons 'O ensue at
gl the cos's ré Considerad
Thase should not only Include
he COosts associctad with
O8velopnNg ONG OPeraiNg Me
sChemes. but aiso e savings
from minmsing water iosses
paticulory evoporation

Price 10 the construcion of the
Windhoek artificial recharge
sCheme. wo eConomic
fecsitiity stucies were

a ARTIFICIAL GROUNDWATER RECHARGE

UNSeNoken Mg comparad
VOIOUS waler SUDDY Opfons
I'S-‘-'ECO Intemational. 2002 &
von der Merwe, 2002) The
One foCUSed on Mooeing he
secunty of sutoly ong
SCoNOMIC Vohilty, ond the
ofher InCluded Conventongl
COost-Dana’' oNoVSes

ncludng Nnacatons such as
net prasant yalua, nfemal rofe
of retum. POYOOCK D00 ONG

%! hene™ rancs). Boh

recommeangad Mot omiiciol
rechaige ba acceptad as he
Dast viotle option 10 cugment
e OIS wWOler SO0

PossOly *he gragtest potensal
volue of ontificiol rechorge is
having G oependobie
quantity of worer haid In the
water bonik. In Crecs wih
mted Or enahic ronioll. ond
Wit CIMONC chonge
preociad 10 Increcse Me
vancilty of randail, this
technoiogy offers o cos!
effecive ophion for proviang
WOler SecCumy
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9.5 SCHEME MANAGEMENT

N gene:al, aMicial recharge
schemeas commonly involve
surfoce Or wastewater
cophure, freatment,
pumpng. astbution, and
water evel ond quaity
monionng. In cecer for these
procasses 10 be afficient
corefyl plonning ond
manogament § neaded

A Iull-frme parson with o
QO0C UNTSIONGNG Of e
aqQuier mMay De needed N
order fo mamise the
afficiency of o large-scale
OMiciol rechorge scheme
s is poriculory mmponant
when clogging prevention
and manogement 5 o key

concem. Al schemes wil run
Info problems Or lose ther
efficiancy If the responsitilty
ond osks required 1o
manNoQe e schemes ore
not Cleary gatned

n he cose of smoll sCole
schemes it may. In cenain
nstances, ke of Korkams, be
possible 10 design the
SCHEamE 1o minimal woler
reorment ond manienance
Nevarmeless, scme
monitonng and maintenance
ON O 1eguiar DOSS reMmorg
2ssenial 1o ensuing the
suCCcess of the scheme

Artificial Recharge Management

Manage Water
Quality (In and out)

Optimise Recharge &|

Abstraction

ARTIFICIAL GROUNDWATER RECHARGE .
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10. SOUTHERN AFRICAN CASE STUDIES

10.1 BOREHOLE INJECTION IN WINDHOEK'S
QUARTIITE AQUIFER

e oim ™ N it  ala’) e axiert
recharging e Wnat here He OQUITer (O waier
o o ¥ o ' . s v
WINdhoek wim wa i no g oUrCo Qunng
e City Ospend Y N =
sfoce water By s . "
Otk ) - s |
e 0 WS 0N " oms Oof hgher
M > ? -2'
accounts | 0 Ly u ! mMeet e
WO NEECs. DUl 'with 1I0rQs 20Mord
$CQIe OMifCia rechorge m
A -— b
Windhock »utl 0y moentainons
mal chgrownd
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10.1.1 BACKGROUND

Groundwoler levels around
Windhoek have dropped by fens
of metras n ihe wellfield areas,
ond ore steodily dropping In the
nNOUNal 1echQige oreas south of
the city. Artificial recharge will
farget both the wellfield ana
natural recharge oreas in order 10
IORICly 1epienish e oquier

L¢ -

Quartzite mountitins rising abowe

)

the wollfickds

10.1.2 FEASIBILITY STUDY 5‘

The Winahoek oquifer consists o groundwater fliow model by
qQuartzites ond schsts. Intense SUONg the geclogy and
fouling ond folding haos resultoc hyckogeoiogy of the area. and
in @ highly froctured ond 10 conven this model inlo o
compliex oguifer system numerical fliow moded

A key challenge was 10 develop
O horough cConcemius

¥ 10.1.3 PILOT INJECTION TESTS J
The abiity of the ogquer 10 is e city's reated domesic
receive water was esiablished warer that comes mostly hom
by conauching borehole thekr supply dams

injection tests. The water souice
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he longest fest lasted 195 can De 1opaly repenshed
Gays ond e highest after large-scale abskochion

MECHoN 10N OCH v was
SP.4Us (214 mhy), These

fasts showea hat e oquier

“as
L i |
|
L
4 -2 ™
4 o ~,,/ \ ——
| - "
x " =
-2
ran
i - -
w—— V .»'“'
P
Lo
L)
@7y ELE o LR = . Onvl
-
Bovel S mt
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10.1.4 IMPLEMENTATION . |

The Ciy of Windhoek odopted a 3-phased approoch 1o
mpiementing lorge-scale aiicial rechange

Phase 1 (complede)
8 enistng boreholes Y0 be used for 37 9
MPCHION ad ALSITACHON
Phase 2

4 more existng borenoles and 2
new Sorehokes 10 be used for 21 43
yechon 4 adbsirachon

Phase J

3 more ensting boretoles and 7
new bovreholes 10 be used for 165 87

WPCHon & abAITaChon

The long-term Qoal is 10 be abile 10 replanish the oguifer as repidly
Qs pOsSHe ofter penods of high abstrocsion

ARTIFICIAL GROUNDWATER RECHARGE .
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e e e e e e e .

10.2 SMALL-SCALE BOREHOLE INJECTION IN
NAMAQUALAND

e viloge of Karkoms, wih
Q meon annual raniall of
250 mm and G population
of 1700, cepends sokely on
Qrouncwater

Nahrol grouncawoter
rechane s very Ow, o0
Qs C resus® of cobshacion
gnce the ma 19905
QrouNOwWarer aves Nove
_3'r:cc-e-: tens Of mene
ond e woler QUOATY
SQNIty) hQs getancorated
sgnificantty. The aim of
ONMRCCI rechorge 5 1
reverse ths Nnegatve rend
Dy ropiQly repienishing me
paufer when nver runol!
QvaiIQle

Karrsaomes village

10.2.1 THE HYDROGEOLOGICAL SETTING

he Korkoms oquifer consists of flucnoe 3 mg/L). The woter
gronies ana gnesses Cut Dy Quality changas from relatively
mojor fauts on which high frash woler near e surfoce
yeldng barehoies ore sted. The Older, More stognont woler Of
groungwater quality Is oeph

charocterzed Dy relafively hagh
salines |~ 250 m&/m). and high
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Pump howese for the injection
and abstraction borehole

10.2.2 THE ARTIFICIAL RECHARGE SCHEME b
The scheme conssts of o sond nechion boreholas. The only
fiter that Is built in the bed of marienance equired aung
an ephemernal nver. Mos* of CPEaNON 5 weekly removal of
he water, when ovalicbie ha fina secamant that settias
flows over and past he fiter, on e fifgr SNCE # sows down
but some nfirctes he sond niimation

fer and is grovitated 10 the

Layout of the artificial rechange

whee
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Sieving river { fvr the sand

e pump

howse o vk crowmd

10.2.3 BOREM E INJECTION TESTS

v =0 - - » ) 148", ( S8
form 190 ._»;4 noa he el e
alfact VesNg e decinng Wit
WO WO mONas » ', ,.; 'v-‘_. ~¢
NOEST Tast, wh! asied 1o 15 yee ¥ ecChog= e SeC
avs. & 567 m was injected coNauCivity valuas Oropped
'-~‘3 S rmoe hor v o e from over 2 e S Dnor b
aNNUGI SUSASINCDIe yield of the nlechion 10 less hon 100 me/m
borahole (2 400 m /o Offer IN\CHor
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B 10.2.4 CONCLUSIONS AT KARKAMS -
This case stuagy demonstrates Karkams. This s water that

he value of opportunisic would otherwise be lost o
arfificial recharge. and hat © SvapOMation, The Korkoms cose
very low yieldng borehole and shucly shows thot this

a low ylelding oquifer con be technoiogy Is not only
echarged of raiatively high appicabie 10 knga-scole

rates. An odditional benefit of
INrogucing fresh water 10 he
oquifer is that & sgnificantly
lowexs the sainty of he
groundwaoior

During years with rainfall. this
scheme provides QOOC Quaity
water 10 the residens of

schemes, but that it con be
used effecively n small-scole
operatons. it also shows thot
the penciple of conunciive use

valuabie iIn cugmenting
Soumeam Alnca's 1other imiled
natug recharge

10.3 ATLANTIS: 20 YEARS OF ARTIFICIAL RECHARGE
USING INFILTRATION BASINS

(adapted from G Tradow, E C Murray & L C Cawd, 2002)

The fown of Ationtis, located 50
km noeth of Cape Town, has @

population in excess of 100 000.

# was inificily fully dependent on
grouncwater, howeve, the
resorves wore insufficient, ond
anificiol lecharge was
inoduced 1o augrment local

groundwaler suppies. The
rechorge system, using urbon
runoft and high quality reated
comesic wastewater, has been
N operation for more than 20
years
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| r .": :,:'..‘ "..". o J
10.3.1 HYDROGEOLOGY oted 5

- K -"‘
> hMmoled 0
' 3 et
— ' m
a o ’
10.3.2 ARTIFICIAL et - m )
RECHARGE WATER contibuted 10 e success of the
SOURCE AND SCHEME rtficiol recharge opexahon. Qs
DESIGN Nfancr QUaity SToem rUNOH ONg
wastawater fTom the NndusSinG
20 is Gvened ond not usea f

ortficial rechaoe ¢

o2 DUIDOsSes
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L
E Atlantis infiltration Inesins and wellfields ’

Low saiinity stomm nunoff and
high qualty ¥ected domeshic
wastewater are channelied
no two laige spreading
basins for orfificial recharge
up grocient of the main
wellfield.

Treated industricl wostewater,
InCusiiol e stom unoff
and the relotively high solinity

basefiow s divered o the
coasial recharge basing in
order 10 create o hwdrousc
mound for preventing
seawater hom infruding into
the wellfield
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A coastea! intiltration hasin

10.3.3 THE EFFECTIVENESS OF ARTIFICIAL RECHARGE

™ runoff and wastewater
nfitgtion cugments e noturg
McChoge of e groungawater In
e Main walhiela areq (iIne

f..e ,.l‘b..;““". :’W : 3 (28 n.: r
ho bosns renge from 0.01 %
0.16 m/Oay O8Dancang ool

he INCiness of the unsaturcied
2 MCing J -

Y T — e ws ) 1Y 4
207 Witzaona unit). by | . 3x10" 1o

5 By sl

&MY .

10.3.4 MAIN OPERATIONAL CHALLENGES

A gecing n e yeld of the

Manoging woler quality ang, I
parhiculQr salinity Nas bean one ©
the greatest challenges for the
Afiontis Water Scheme. The recent
imporation of imited guantteas of
surfoce water from outsioa the
caichment s on imporant
OaaRONG! sOurce of low salinty
fresh woter enterning the system

boraholes In the Atiants oquifer
led 1o the discovery of ron
rected clogging problems. The
couse of he Dio‘ouling probilam
was suspectad 1o be over
pumping of the boraholes, which
alowed Ngress of oxygen No the
oquiter

n ARTIFICIAL GROUNDWATER RECHARGE
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Adificial groundwater rechorge
SNEUred e susiaonNatbiltly of he
ANCNIS worer SUpEN 10r over two
decodeas and will confinue 10 play
a key role. A mojor component of
e schemse Nas been Me
SEPIONon Of the source woter
o afferent TChons, as s has

alowed rechorge of the highost

10.4 RECYCLING
POLOKWANE'S TREATED
WASTEWATER

Wokrovine I O area

CONCLUSIONS

Quaiity woter In the arecs of
Oreaies! Mmpononce

he Aflonts groundwater scheame
provides O cost-effective water
SUDON Ophon wher PSS with

corafd manogement of he

wOher sOuIC

€5 aOnd Me oqurer

wane, Wit O pODUahon N
CxCess of 400 000 ond woter
}queements of about 12 milion
rgely cepencent on
e wOlsr However he 'own
Xooeoie grouncdwater
ashuciue g Con

4

DRl comeshic woler in tmes of
vatex shoroges and durng
penods of peck demand. During
gt
groundwater occounted for g lage

propohon of the citys needss (3.7

he 1992 10 1994 Ox

milion m'/g)

The relabilty of this sOurce i lagely
aue 10 the Infimation of ected
municipal waslewater No
Polokwaone's alluvial and gnelssic
oquifers
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regted wostewoter is
aschorged info e
S0NEMENal SONA Kiver, whch
ows Over Q —~ 20 m Thick by

SO0 m wide layer of gfuvium

Ungeting the aluvium are

WISE WATER MANAGEMENT FOR TOWNS AND CITIES

YOROGEOLOGY

Qranite-gnesss 1ocCks hat are
wegharea ana froctured 10
Gepths of 0 m. The
DIOOUCRON DOMNOSS
panghale s Oeanar hog

rock 0q

10.4.2 THE WASTEWATE

= e ~ ot
WO NONCea O

X CWONE § WOsTe Wale

Treatment 'Works [WWTW

goeas heough both pamary
ond secondary heatment
i omlertionix 203
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Abstract e mear

INFILTRATION SCHEME

Weeks In C senes of
NGO PONCS

QuUOIty Of e wostewarer
gscharge s mantaned
within he national effluent
QUORtY StoNCorcs.
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Polokwan

Treat Wovks
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O o ¥ 1
reQred Dy SO rCt

» anters tha Fard

DelOw The Oluviure S wir
arftificial rechoaroe schames
Q'.l:.ak]"'-'A " L | :- : ;_-'-. '
IMEIoves he phy } nen

10.4.4 CoNCLUS

nilion N a
R .
wastewater dischoarged
the naemaly & .
N INfirale he . .
M ——— 3
oNEISSIC oguifer, ond De

YT Ny ONe

' 1N City's Cunent we

3

pQuUsements. If this water wos
NOt recyciad Mrough afficol
rechorge and sutsaquent
cbshochon, I would eifher be
1082 10 SVOPRONTNSORCNON Or B
would be pumped om the
fver Or oquiier Dy Ofher users
gownsiream of the dschonge
poInt. In Cecex for the

” ARTIFICIAL GROUNDWATER RECHARGE

Ire ter
di<i the
5 f '
ALITY ISSUES
~ Wy of
sed, offer
114 W e natural
PN v o 1‘.'" s
J FeC ang Dienced
i — e

AT POLOKWANE

o . ity 1
. ¥
Y s ware
3 i 35
. e Sh i s
JNESSC OqQuUITer In Ths wQy
SPOCe & Cragted In he

Xuier. ONG ME recycing
08 ODOSSDW

XOCESS 8 1Y

As with all arificial rechare
schemes Ihat rely on reated
wostewoler, reguUiar monitoning
ond manogement of he
wosiewaler and he
abshrociad grounawater 5
required 10 ensure high qualty
woler is suppied 10 he
CONSUIMENs.
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10.5 INFILTRATION BASINS IN THE NAMIB

DESERT

(by Surene Zerlie)

e coastal towns of Hanties
3ay. Swokopmund and Wavis
8qay. with o mean annual
rainfall of kess than 50 mmyo
QOpands solaly on
grounciwaier. These 1owrs ore
SUDDONed Dy 'wo borehoe
sChameas ossociotea with
grouncwater In palecchonne
systems, of which e OMD:
Omarnuny Deita) Aquiler s
used for arficial recharge
ond cbstrochon

Natural groundwaler recharge
IS vory low and only occurs
whan 1oods occur in e
ephemenal Omaoanury River, As
Q r|esult of over-agbsirochon
since the mia 1970,
QIOUNOWOier avels hove
arocoed tens of menes. The
am Of aMhcal rechage s 10
reversa this negative tend by
Ry replenishing the oquifer
when mver iunol is avaiable

Swuikoymund
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e e e

OMOEL AQUTT?
-c—-,-‘-'
—
—————
4
4
- t—— &
e e e eve
AN O e . .
”
V
-
.
The O

10.5.1

The OMDEL ogurfer systarr
of on SluVIUT WedQR if
ganite. Of the fous
poleochonnes prasant only he
"U- C."'O'V“? ~OMONS [ e
wator

LAY M~

10.5.2 THE ARTIFICIAL

fhe artificial recharge schame
consists Of four Nfirchion basing
These aré opendied In g routine of
nfivgfing. anying. SCroping and
efiling. Infilration storts at @ rate
of 1.2 mid ond con be
MANIGINed 1or 2 waaks.

3B ArTIFICIAL GROUNDWATER RECHARGE

THE HYDROGEOLOGICAL SETTING

QIQe § severdy NOMPened

Y Ioves deposited on
m ong

1 milion

L
D =

e nverbed
j|ence only
) recharges ™e oquifer after

veroge 14 mion m /g food

RECHARGE SCHEME

Thereupon ropikd Clogoing (sit
decragses he INfilrciion rafe °C
0.5 myd ond e 1op S-10 cm of
sit is rermoved with g groder after
drying. The entire Infilation cycle
nomally confinues for
appodmoiely 3 weeks.
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Layowt of the infiltration basing

The trov western
infiltrataonr basing

, 10.5.3 THE EFFECTIVENESS OF ARTIFICIAL RECHARGE ‘]

These nove been two this vOlume wos successiully
amhciol 'ech()‘ge events nimgied 10 1he oquiter after
snce he consiruchion of the eoch event. This is water that
scherme. One was in 1997/8 would otharwise hove been
and the other In 2000. In 08t 10 evopOoIation. As it is,
boih cases 18 milion m” waos mast of the isfained woler
retained In the OMDEL dom hat did not Infiliate the sub-
for the pumpose of surfoce wos lost 10
recharging e oquifer. B is evaROrotion,
essmated ihat 52 - 53% of
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WISE WATER MANAGEMENT FOR TOWNS AND CITIES

10.5.4 CoONCLUSIONS AT OMDEL

™S Cose Study shows hat e coeration of ihe
aven In and araas armhcal sChame s checp ona
recharge by means of easy. 115

5 POWOver
NAMaRoN Dasns con assenhal 10 hove O

}ooCored opesanon ond

HONINCONTY INCrecse e

shored water resenvas nanianance 'eam 1o
Surface runcff ot would maamise Infifrahion anc
o ool e T TEN "
n bo eate e
. Y :
IO
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