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Removal of Pathogens & Organic Compounds

Indicators

Bank filtration sites in

Germany

Log removal of
microbial pathogens

Total coliform

Percent removal of
organics

E. coli

Clostridia > 99.9 %

Enteric viruses

BOD up to 82

COD up to 42

DOC > 40 %

Atrazine *




Stream-Aquifer Interactions

Production well
I

Initlal Groundwater level

Colmation layer (4)

— - D
e, e Filtration
Mixing Biodegradation
Adsorption
Chemical Precipitation
T&S Groundwater flow

IMPERVIOUS STRATUM .~~~

I R s

Production well between distance
20 m and 250 m depending upon
hydrogeological and connectivity between

river & underneath aquifer.
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Hydrogeology

= Hydraulic connection between river and aquifer

= Unconfined or confined aquifer

= Aquifer thickness and hydraulic conductivity

Distance to river

Aquifer Thickness and k-value

Water works no.
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Grischek {2008)
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Appropriate Conditions for RBF

= Continuous river flow, stable river banks
= Sand and gravel river bed, bed erosion
= Average infiltration rates < 0.2 m3/(m? x day)

= Sand and gravel aquifers with a hydraulic
conductivity > 1x10* m/s (about 10 m/d)

= Aquifer thickness > 10 m

» Distance between wells and river bank depending
on objective

Grischek (2009)



Surface Water — Groundwater Interaction

Parallel flow Cross flow
without exchange



Find a new Site for RBF
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A: Meanders influence eroundwater flow

B: Old branches can have lower water level

C: Boundaries along river basins

Anisotropy of the aquifer



11 Delineated area for potential

RBF system

—_

. Chiangsan, Chiang Rai Province
. Muang, Chiang Rai Province
Chiang Mai-Lam Phoon Province
. Muang, Lam Phang
Muang, Phrae Province

Muang, Kamphaengphet Province
. Muang, Phichit Province

Krokphra, Nakhonsawan Province
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. Muang, Chainat Province
10. Srichiangmai, Nongkhai Province

11. Phoon Phin, Suratthani Province

Figure 20. Eleven (11) areal zoning delineated for
potential RBF system detailed feasibility
study and design
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India

Existing & potential bank filtration sites in India
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Existing bank filtration sites
Dehradun (Bandal River)
Srinagar (Alaknanda River)
Nainital (Nainital Lake)
Rishikesh (Ganga River)
Haridwar (Ganga River)

Delhi (Yamuna River)
Mathura (Yamuna River)
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Patna (Ganga River)
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Existing bank filtration sites
Dehradun (Bandal River)
Srinagar (Alaknanda River)
Nainital (Nainital Lake)
Rishikesh (Ganga River)
Haridwar (Ganga River)

Delhi (Yamuna River)
Mathura (Yamuna River)
Patna (Ganga River)
Ahmedabad (Sabarmati River)
Vadodara (Mahi River)
Medinipur (Kangsabati River)

Potential bank filtration sites
Allahabad (Yamuna River)
Bhubaneswar (Mahanadi River)
Guwahati (Brahmaputra River)
Kota (Chambal River)

Lucknow (Gomti River)
Vijayawada (Krishna River)



Haridwar India

Legend
Large-diameter production well
Large-diameter production well
in operation since 2010
1...5 Sluice gates

ram o\weep
Island

18

« 22 RBF wells (@ ~ 10 m)
incl. 6 new RBF wells (2010)

- Daily production > 32,000 m®/day

« Depth = 6.5-10.7 m bgl




Haridwar India

Removal of Pathogens & Organic Compounds

Parameter Surface water Well water
R. Ganga + Canal | Bankfiltrate + GW

Coliforms [MPN/100 mL] 4,300 - 93,000 <2 -23
Faecal Coliforms [MPN/100 mL] 1,500 - 43,000 <2
Turbidity [NTU] 1 - 200 0.2 -0.6

DOC [mg/L] 0.9-12 0.7-12




Germany

RBF in Saxony
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Torgsau Germany.

Water Works Torgau, Q = 100,000 m°/d



Torgau Germany.

Legend

WW Waterworks Torgau-Ost
® Production well
+ Observation well

-80- Piezometric line in ma.s.|

1 km

| |

o)

» 42 vertical wells

* Distance to river:
about 300 m

* Depth of filters:
30-50 mb.g.l

e Abstraction rates:
150 m3/h/well




Torgau Germany

Monitoring Cross-Section |




Torgau Germany
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Dresden-Tolkewitz Germany

Water Works in Dresden
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@ Saloppe 1875

@ Tolkewitz 1898

3 Albertstadt 1902

@ Hosterwitz 1908

5 Coschiutz 1946



Capacity:
35,000 m>/day

Retention time about
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Flooding at RBF Site Dresden-Tolkewitz
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Flood-proof Abstraction Wells




Duesseldorf Germany
(

Water Works Flehe, Dlsseldor

Q = 41,000 m¥d



Duesseldorf Germany

Siphon Pipe Systems
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Trinkwass

Trinkwassergewinnung durch U

wassertragende Sohle




Vertical RBF luuszindlne
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Vertical RBF luuszindlne
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Initial Ring With leveling Course and Cutting Shoe




First Short Section

-

.‘ ] '153..‘1!"0 - H.t' z
' I \.‘“!':i ~

mrmm y

w"7 |
’ 1;!

;.,'.."...




Place Inside Forms




Finish Inside Steel and Lower Outer Forms




Prepare the Bottom




Going Down in the Caisson




Projection Pipe

- 16 inch - 10 inch
- 12 inch or 8 inch laterals
- Screw joints

- Push and pull




Projection System

Aquifer

Sand, silt
: . and debris
Digging Head washed'in

Caisson Wall




Screen Installation




Removing Sand Accumulation




Water is naturally filtered




Acceptance Pumping Test







Examples of RBF worldwide

Location Well field Description Production (m’ /day)
Rhine River m Gemmany Diisseldorf 70 vertical wells, 18 radial collector wells 357,600
Llobregat River in Spamn Cornella 26 extracting wells, 7 recharpe wells 62 0040
Limmat Fiver in Swiss Hardhof O vertical wells, 4 radial collector wells 15,0040
Donau River in Austria Lobau 8 radial collector wells 1 36,000
Donau BEiver m Hungary Csepel 256 vertical wells, 30 radial collector wells 1 50,000
Missour: River in USA Mearman simgzle radial col lector well 120,000
kansas Riverin USA Foansas City | col lector well 151200

Ohio River in UUSA
Makdong River in Korea

Louisville, Kentucky
Changwon

2 ool lector wells

| 4 vertical wells

75600
260000

Source: Lee & Lee, 2008



335UU RBF ﬁLﬁm Louisville, Kentucky, USA
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BEDROCK

Tyuawuu collector well 1 Ua Uviansa9 7 19 AAN81MUY9 61-73 4.
JEELYN9AINLAUUT Ohio 30.5 U. wiWINI19 600 U. An 10 Y. WAsHBINTINIThEA 6,300 — 28,000 AaU.U./2UM
NNAINITHANENEA 76,000 AU.4./U



UseaNsNINNI5N5DIVBI52UU RBF 91 Louisville

1,000,000 — 10,000
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1 - (== en iUV ——8-——YYon | - e
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Date Date
1,000
—e—River —&— Collector Well
100
¥ 1
o U/ o A .
— (%)
g g113UURU total coliform Lag
2
3 n=365 i
g , . Heterotroph lat t (HPC
5 .t eterotropnic ptate coun
v
N bacteria A & 5 ]
q
0.01 T T
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35UU RBF ﬁLﬁa\‘l Lake Havasu City, Arizona, USA

Lake Havasu City Ithuianaiianisgulnauilnaudtihuimaamuniwidesinsuaaiesnniinnnududuvassiamin
wazuanfiags Sefinnsineweda RBF dldvauurususnairsvstwidivalndnziaay Lake Havasu iielidaldiusoy
vasszuulunisnsasinfinAudifiaunmdndnihuinaunld versuninsautrdivuianislu 4.9 4. suranisuen 6.4 4.
&n 31.7 u. fiviefuthauauasd 14 vie 812991 533 u. ndeNWAUaNUIEsalHinl 4,000 Au.aL/A,



UV RBF ﬁtﬁa\‘l St. Joseph, Missouri, USA

pdsanintviaumsily Missouri and Mississippi Rivers
Tul 1994 Missouri American Water Company ba%11n13
USuueseuuyszUmaailas St. Joseph lagn1sasnaue
UIANALL P ILAZ UL UIUOUSIUILLN
Uouwnusuaialpeiiviosathvuinniely 4.9 4. vuie
Meuen 6.1 3. An 36 1. iveSuthaunuaad 14 vio 815

396 1. MAIINWAUIUDNUINEWSLAUELA 2,400 AU/
%l




3¥UU RBF ﬁLﬁaﬁ Kansas City, Kansas, USA

veuwueuadadulud 1997 Tnefiveriuthwwanielu 6.1 1. 80 36.6 u. TungnewtimiSuiausih
Misouri fivienses 14 vie 8133w 747 wlneldvionsesvuiaduriuaudnans 12 1 vdmnimunve
anansnguiinlésEan 4,000 au.al/¥y. 39 Board of Public Utilities fiasnsTiszuutseurlvaitiane
1ld 95,000 auaL/Au wagdosiretildunnis luuisaswesngdeu



City of Prince George, B.C., Canada

1389 City of Prince George AAReszTUULDULIUDY
4 Uo Wipsesuaudaenisin Uauuiuaui
Fishtrap Island gna31slud 2005 Tungnautiwg
yaausitn Nechako tital#ldunagnetios 100,000
aU.4./9U

Uakuiuauildurugudnatanisly 4.88 u. 8n 33 1. fvon389 10 119 813534 457 4. LBNDase
LaELEsanUINEImsaaunta 100,000 aU.L/3U waziiuanigalaf 118,000 au../du



52UV RBF Tun3vglsy

o
(o)

svuu RBF A5l lunivelsy

° udunaiuinnid 100 U Tneanie
* lumdegaufinanannssuiingg

WALNSEUUTEUY RBF TUINAY

Hosmnammmiiluusivhaendn
> o qQanube HoulvsuaseEeunnanmsszung
idegnannssuuazguuiod
g Imt,awwﬂﬁzt,wﬁiu&jmmﬁﬂ Rhine,
Elbe wag Danube tTudu

RBF lasun1s8ausuINa@1nnsaanadlsuiluaudunssluiinuls s1unadslsasunsie wu Wi Giardia
1% Cryptosporidium waz ¥elisa



52UU RBF Tunsitayy Wissunud Ussimagens

Tudszmasani3 70% vasmsldundunisguldiuima sinldiAadymessaugaiiuiaia aneuds Sefinns
Wau1s2uU RBF wagszuu MAR wnndu dagtiuunnndd 1 u 3 sasmsguinuiaaunlélusanidunainszuy RBF
Tasiawnzthduvas Wesyaua Tuhanszuuiinemun

52Uy RBF Ailugyfigavasusitnaiyu Ae ssuuil iWesyaniua Usenasen13 ssuudsag 2 wie Ao fnng

Szentendre MdtlaUILAZINTE Csepel VN8
#137: International Groundwater Resources Assessment Centre



5¥UU RBF #lN1¢ Szentendre Wiasyniug UseinAzgenis

3%UU RBF 17il,m$ Szentendre §
N1A9INITNANVDIUAAZUDITLIAIN
. 10,000-20,000 AU.4./9U N189N13
NARIIN 600, 000 AaU.4./U ANIT
NaR39UTZU8 300,000 AU/
= 5045V 60% vasnsldineiunves
\WasynLud
| Sausifinandumsldunnusdndile
L AligaAIWANIN LNeIuwARIY
nszuUIUMssLBudfaasadely
L TidKiae vinTsdAuszuugnann

flun Tuinhof and Heederik, 2002



52UV RBF undgumnnisuuiaunasalsaludssmaduine
wagansuyludsemadsnanmne

S¥UU RBF 99 Chapai Nawabganj Usginavsnaiine
P AUaAEN UG UTUNIINUBUINATULIUT

52UV RBF lunuisiaslu Maharashtra Usgineduligh
aunsaguldihuimaanezneuelenliiinisuuleu
igealsnltnnaany

‘ﬁm Van Steenbgen and Tuinhof, 2009
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