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Fig. 1 Location of Wulpen wastewater treatment plant (WWTP), and St-André Managed Aquifer Recharge Facility 
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[bookmark: _Hlk22308911]Fig. 2 Process of St-André Managed Aquifer Recharge Facility
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Fig. 3 Schematic reference of well screen depths at St-André MAR site
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Fig. 4 Genetic Programming equation tree for prediction of pond water temperature. X1 is the minimum air temperature, X2 is the maximum air temperature and Y is pond water temperature
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[bookmark: _Toc517169909]Fig. 5 Layout of St-André MAR MODFLOW model
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[bookmark: _Toc517169911]Fig. 6 Zones of hydraulic conductivity in the model
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Fig. 7 Contour of hydraulic head near the infiltration ponds at -5 mTAW (Level 2 monitoring wells) during: i) Winter 2015 (01/09/2015), ii) Summer 2015 (07/13/2015), iii) Winter 2016 (01/11/2016) and, iv) Summer 2016 (07/19/2016)
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[bookmark: _Hlk22309093]Fig. 8 Contour of hydraulic head at -5 mTAW (Level 2 monitoring wells) around the pumping wells during: i) Winter 2015 (01/09/2015), ii) Summer 2015 (07/13/2015), iii) Winter 2016 (01/11/2016) and, iv) Summer 2016 (07/19/2016)
[image: ]
[bookmark: _Hlk22310043]Fig. 9 Contour of hydraulic head at -20 mTAW (Level 1 monitoring wells) around the pumping wells during: i) Winter 2015 (01/09/2015), ii) Summer 2015 (07/13/2015), iii) Winter 2016 (01/11/2016) and, iv) Summer 2016 (07/19/2016)
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Fig. 10 Horizontal gradients between dunes and pumping wells
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Fig. 11: Vertical hydraulic gradient in Well series 21, 22, 23 and 24 for 2015-2016 period between Level 4 (3.55 mTAW) and Level 3 (0.55 mTAW) wells
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Fig. 12 Vertical hydraulic gradient in Well series 21, 22, 23 and 24 for 2015-2016 period between Level 3 (0.55 mTAW) and Level 2 (-5 mTAW) wells
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[bookmark: _Toc517169897]Fig. 13 Vertical hydraulic gradient between WP 6.2 and pond bed
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[bookmark: _Hlk22310135]Fig. 14 Linear regression plot for i) natural recharge vs infiltration rate, ii) daily sea level vs infiltration rate, iii) daily pumping rate vs infiltration rate, and iv) daily pondwater temperature vs infiltration rate
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[bookmark: _Toc515323137][bookmark: _Toc517169903]Fig. 15 Observed vs Predicted infiltration rate obtained after multivariate regression analysis
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Fig. 16 Comparison of mean daily pond water temperature and infiltration rate through pond bed
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Fig. 17 Regression analysis for density of water vs infiltration rate through pond bed
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[bookmark: _GoBack]Fig. 18 Observed vs simulated heads from MODFLOW model at St André, MAR facility. i) Results from summer model during summer months (JJA); ii) Results from winter model for winter months (DJF)

image7.tiff
> 2018

> 2018

Groundwater Elevation
in Winter 2015

x10°

2.02

2.019

2.017

2.98 3
X

Groundwater Elevation
in Winter 2016

3.02

x10°

2.02

i)

2.019

2.017

2.98 3
X

Legends: O Pumping wells

3.02

x10*

B Infiltration Ponds

Groundwater Elevation

«10°  in Summer 2015
2.02 A
5 i) N
g °
42 2019f &
E S
° °
©
32 >o018f
L2 N
5
) £
3 2.017
1
298 3 3.02
x10* X x10*
Groundwater Elevation
+«10°  in Summer 2016
A s 2.02
5
45 2019
E
B
38 >2018
L
5
2 £
2 2017
T
1

2,98 3
X x10*

¥ Monitoring (observation) wells

3.02

Hydraulic head (mTAW)

Hydraulic head (mTAW)




image8.tiff
Groundwater Elevation
%10° __in Winter 2015

a)

295 3 3.05 3.1

X x10%

Groundwater Elevation
%10° Winter 2016

Ty

2.95 305 3.1
X x10%

Legends: O Pumping wells

Hydraulic head (mTAW)

Hydraulic head (mTAW)

2.025

2,02

2.015

H Infiltration Ponds

Groundwater Elevation
%10° _in Summer 2015

2.95 3 305 3.1
X x10*

Groundwater Elevation
ummer 2016

3 305 3.1
X x10*

¥ Monitoring (observation) wells

Hydraulic head (mTAW)

Hydraulic head (mTAW)




image9.tiff
Groundwater Elevation

)

%10° __in Winter 2015

2.95 3 305 3.1

X x10*

Groundwater Elevation
%10° __in Winter 2016

295 3 3.05 3.1
X %10%

Legends: O Pumping wells

Hydraulic head (mTAW)

Hydraulic head (mTAW)

H Infiltration Ponds

Groundwater Elevation
%10° _in Summer 2015

295 3 305 3.1

X x10*

Groundwater Elevation
%10° _in Summer 2016

0]

295 3 3.05 3.1
X %10
W Monitoring (observation) wells

w S

™
Hydraulic head (mTAW)

Hydraulic head (mTAW)




image10.tiff
Horizontal Gradient [-]

Horizontal Gradients from dunes to pumping wells
0.0016

0.0012
0.0008

0.0004

0.0000

Level 1 wells Level 2 wells

m Winter = Summer




image11.tiff
Hydraulic gradient [-]

Vertical hydraulic gradient (Between 3.55
and 0.55 mTAW)
0.7
0.6
0.5
04
03
0.2
0.1

0
WP 21 WP 22 WP 23 WP 24

Monitoring Wells

® Winter 15 = Summer 15 ®Winter 16 ™ Summer 16




image12.tiff
Hydraulic gradient [-]

Vertical hydraulic gradient (Between 0.55
and -5 mTAW)

0.025
0.02
0.015
0.01
0.005

0
WP 21 WP 22 WP 23 WP 24

Monitoring Wells

® Winter 15 = Summer 15 ®Winter 16 ™ Summer 16




image13.tiff
Hydraulic gradient [-]

Vertical gradient between pond and WP 6.2

03
0.29
0.28
0.27
0.26
0.25
0.24
023

WP 6.2

u Winter 15 © Summer 15 u Winter 16 = Summer 16




image14.tiff
Infiltration Rate [m/day]

Infiltration Rate [m/day]

02 04 06 08

0.0

02 04 06 08

0.0

i) Linear regression plot for
Natural recharge and IR

R?= 0.0005
. y =-0.0067 x + 0.2924

= Observed IR
L] [—e— Predicted IR

T T I I
0.000 0.005 0.010 0.015

Natural Recharge[m/day]

iii) Linear regression plot for
Pumping Rate and IR

n
R?= 0.2296
. y = 0.00002 x + 0.1195

L

= Observed IR
L] —e— Predicted IR

T I I I T I
5000 7000 9000 11000

Pumping rate [m3/day]

Infiltration Rate [m/day]

Infiltration Rate [m/day]

02 04 06 08

0.0

0.8

0.6

0.0

— y=0.0315x + 0.2180

| |
= Observed IR
- BMl—e— Predicted IR

— y =0.0060 x + 0.2012

ii) Linear regression plot for
Sea Level and IR

R?=0.0104

25 3.0

Seal level [m]

iv) Linear regression plot for
temperature and IR

R%= 0.4246

= Observed IR
L] —e— Predicted IR

10 15 20 25 30

Temperature [ °C]




image15.tiff
Observed IR [m/day]

02 03 04 05

0.0 0.1

Simulated vs observed Infiltration rate

[Multivariate Regression]

- . ) [
1 - ‘ I. | |
R2=0.4382

0.0

I T I T T
0.1 0.2 0.3 04 05

Simulated IR [m/day]





image16.tiff
Infiltration Rate (m/day)

0.50
0.45
0.40
0.35
0.30
0.25
0.20
0.15
0.10
0.05

Infiltration rate vs Pondwater temperature

0.00
1-Jan-15

11-Apr-15  20-Jul-15  28-Oct-15  5-Feb-16 15-May-16 23-Aug-16

Month

@ Infiltration Rate * Pondwater Temperature

35.00

30.00

25.00

20.00

15.00

10.00

5.00

0.00

Temperature (°C)




image17.tiff
Infiltration Rate [m/day]

02 04 06 08

0.0

a) Linear regression plot for

density and IR

R?= 0.4289
y =-0.0406 x + 40.8375

Density [ka/m]®

= Observed IR I
_|—®— Predicted IR
T T I I I
996 997 998 999 1000

Infiltration Rate [m/day]

02 04 06 08

0.0

b) Linear regression plot for
dynamic viscoity and IR

= Observed IR
_|—®— Predicted IR

R%= 0.4571
=-201.7230 x + 0.5264

I T
0.0008 0.0010

T I I
0.0012 0.0014 0.0016

Viscosity [Pa.s]





image18.tiff
i) WP 6.2 i) WP 6.2
o~ 4 N A A ) 4
— &
Z 03 e |2 3
= =
g 2 g 2
3 1 g 1
(5] [
z 0 z 0
\5 15 \5 \5 A5 15 \6 16
N\a‘lp’g w“ng o N P,\)’JLQ @o‘lp’o 069\7—0 w‘\p’o Qe‘on‘g
Month Month
WP 22.2 WP 22.2
~ 4 ~ 4
E 3 A . é 3 -—,_—.
E i E 2 .
et T
NSRRI RN N& NS NS NG
@a‘!n W P&%\l gqu, ﬁo«ﬂl Oecﬂ ' W‘on‘
Month Month
WP 42.2 WP 42.2
~ 4 ~ 4
-————a
E 0 |E 2 O
E 2 E 2
g ! LR
0 Tz 0
\5 \5 AS VD oV 10\5 'LQ\S \7,0\6 qp\(’
R no 0&20 W N ,gm s o e o ool
Month Month
+ Observed —~—Predicted





image1.tiff
Location of Wulpen WWTP

Netherlands

East Pond

fy;’;

France

SN

WP42_ / WP21
¢ oI

S 1arans

\ L WlE
\ X ; L P15 WP16
De Pame Sources: D HERE\Garmin wmy ¥ . P

incement P Cxgp., GEBCO, USGS, FA

NPS, NRCAN, GeoBas & IGN, Kadas te

NL Ordnance Sus an, VET

L+ EsriChina (Hong Ko
\,, OpenStreethap con
% User Community

Legend
*  Pumping Wells
@® Observation Wells




image2.png
WaterSource

Treatment

Recharge

Storage

Recovery

Post treatment End use

Torreele Waste
Water
Treatment plan
(TWWTP)
effluents

Ultrafiltration
and
Reverse
osmosis

Dune
infiltration
using
Infiltration
Ponds

30 m deep
unconfined
sandy
aquifer

137
extraction
wells
surrounding
the ponds

Chlorination
+

uv
Treatment

Potable
water

supply




image3.tiff
~ 7.1 mTAW

3.55 mTAW
0.55 mTAW

-5 mTAW

-20 mTAW





image4.tiff
b
X1 -
fapits Acos
Lmadabs Atimes
X2X2 X2 e X1
fabs Acos
Aninus Mmylog
Bmyog  Dabs
Atimes  Aminus
bsabs Lsin Bcodmylohtimes
Amin Dsin Amings - Rinuingo
Aplus Pyiddsin Koz, iz xt
a Aglus Atimeabs Lmaabs
Rmax Agin Psinyixe X2 myog
Kpludhabs Limes us Aminus ©
Kmi Kemiy A Kmyng
i, & Amis in myhg
Lmit AN s
PR Yoz inus plusdminus
ANa 4L
X2 S 1 X1rylon2
Amis
min ©
Lcos Btimes
A d Legends:
PGPS X1: Minimum air temperature
Yo Brgtog X2: Maximum air temperature

X2

Y: Pond water temperature

X1




image5.jpeg
Bdla i T

40

U

%
s





image6.tiff
Legends

Zone

N o s w N e

1000




