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... fromia practical point of view:: one of the classicall guestions
of hydregeology::
delineation off protections zones around! pumping wells
infaquifers: ... integrating| (asifar as possible) all
available data

=, the future of « dealingwithrheteregeneity > in hydregeclogy;
depends largelyion’a conscious decision to) Betier characterze,
describhe andimedellthe geology. of the sites: ...

derViansiy et all; 2005

S hErcEn el gUESTERICIREtHERtHENSIOCHESHEIMELIOE;
Whichireaisiaguiierhetereueneiyias avandemiieldis
applicablestonealfaguiiersiuhdeicld condiienseSIOEEn

dEfimtivel answeredr
W= Aslelerson), 1995
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Outiline

Capture zones) delineationiin aguifers

> Co-conditional stochastic method for delineation| of
time-relatedicapiune zone combinediwith an inverse
modelling procedure

> Applicatieniieravirtuali(Synthetc) study: case
> Application o areal case

s CONCIUSICNS/ PEISPECHVESHTOMIa Rl CCaI PRI CIAIEW,
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Groundwatier proiection zones

s Time-related capture zone (protection Zzone)

=) delineation based on the concept ofi travel time

= anea aneund the welllirom Whichh\water;
isicaptured withintas certaintime s

=
pasedionrereliabiliizeiRthesydieoEsleicalimeuElS
depencsistrenaly onreurallliiAierd EScrlvertneraguiier
Sy/stem| pProperties (K8 #e, »..)

eseclontouFkneledaeroiftnerdeciogyA(imiedNyiiie
existingNieldiceie)
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Ob)jjectives

Propose a stochastic method to delineate protection zones,
applicable to real study case

with fusion of data friom geophysical prospecting

VA guantification oiftherwell Captiure Zzone UNCErtainty;

Vareducton eifthisStURCERaIM BN USIBRIeIdIECHanc NN EIECT
prlezistfes of /€
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Geostatistical v (Co-)conditional
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PEICIE Stansiicel

Flow simulation

Stochastic
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Conditional simulations

; %
::f S (-'7\‘) <

(x) + 2°(x)

Conditional Non-cond.
Simulation Kriging Simulation
(@S) (NCS)

Kriging o
the:NCS

NUming Bands
(Mettneron, 1978 —
Meanitaglou & Wilsan, L982)

‘Begt Line:r ‘Noise!
Uplicjue Esitignztos (zero ait thle measirement goinis)

-+ Southing
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Conditional simulations

HCSfvy = A5/ SNCSy) —
3(x) = Z(x)* 3} (x)
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|ULs]

conditional simulations

7j(x) =

Non cond: Estimation
Simulatien 0)Y/
Simulation NES ofithertNES

o BYAhIS CERNBINONIUSICRICIISECONdaRACa1E))
E— C e eI CalaCIEiSaliBRIGIthEISpaualNaaliyAsiehiained
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(Co-)conditional simulations
Data Availability

s K =) conditional simulations of Ink®

s Kandp === co-conditional simulations;of Ink?

— Conditionalsimulationsioing
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|U I Conditioning on measured /
b2l T1iOUGH aniinverse modelling procedure

mm=) requires parameterisation (zonation in ‘facies’)

mm— oW to perform that without loosing the
geostatistical properties of the K fields; 2

Actual variationirange fo) Inks

l. Zorieitior)

avec
Kci=kc=Kecs=Ker=<Kco

s {jjeshoelds\Valuesifordividinoiin: facies o tnifermiValie
(K,i=1,...,5)
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Which thresholdvalues (S))?

»  Principle : minimum variance within each ‘facies’

mmm) MiNIMISing function f°

Ne¢ ‘\V(/i

f=2.> (nk, ~InkK,)’

i=1 j=1

Ink
b b N4 &b &S kb A

classified InK data

B HEntheNVallel oA =" aVerageNValleyfiacies
D seiverasinitialvaluesnNheradieinno)Zzones ol thENaCIES
D OpIHIMISECNByAHEN IVESENIOCEH UIE
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After the inverse procedure:
selection criterion (order critierion)

» after optimisation| ofi the A values;in each ‘facies’, we add the
selection| criterion| that the initial respective erder must be
respected: Kci < Kci+1)

o) relaxing:
= Ol ene permutation

= climinatinefrealisations et iespecting this Chteron
asi«irealistichields i argeelogicalipoInt CIVIEV:
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irzicldng azlysis

Elov simuletion:

i
i

Plezoizine Protection SIOCHESHIE
distrutien Zone o) ProECHONIZONE
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Statistical analysis

Capture zone probability: distribution

14

[CAP(x,)] =1 SU(x,0),
n A
k=1

= prohability that a tracer pasticle released at a particular
locationiis capturedt by therwelllwithinra specifieditime

(O 005 [:(0:5) [:(0:95) (1)

Thelisolines R connect the \
|ocationSINhE CAPAWIthFthE
Szlfe grogellinyg o(CLECe 1)) =
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Syntheftic study case

Groundwater model
representing
« d reference situation »

very: similar to alluvial aquiifer
conditions "
Not at scale

Heterogenepus
Kequivalent g Kequivalent

" Alluvial plain bdundary
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Consiiruction of' a reference
capiire zone

One non-conditional K—field generation: reference medium

s Rcference protection zone f(7)
(by direct groundwater flew: simulation and particle tracking)

=== Create sets of ‘measured data’ K, fuandlp

TRéf
Ke(7/5) EE ¥ /

@=16NTIE/lN
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lU]—gI Creating realistic
‘measured data sets’

s Creating a (&) hydraulic conductivity: data set

) (11 fEW ‘MEasurement points’: value
from the K field

s Creatinga () pIezemeic hEads datalSet

m—  [IEWSTEASUEMENFPOIRISENAIUE
e tENEierenceNiowaield
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|U]-g| Creating realistic

‘measured data setis’ (following)

» Creating a (p) geeelectrical resistivity data set

Data measured and collected! in
many: sites ofi the alluvial sediments
of the: River Meuse

mmmp correlation between Inktand Inp

) cltificiall genernation ofia prdata
set fromithe reference Kfield
considerninorN(OrrasiaandemidiWanitaim

2 stendandmoemalidistrbubienianc e
standandideviationieitheNEnressionesidual;

lop.=by+ b, Wi+ o 1 (D, 1)

00 resisiviny veli=s, disidgtice) oy)
2N CMEORAPHICNGCHIES
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Application 1o fihe synthetic study case

| x.0)]

[CAP(x.0)| Kis, Jis] [CAP(x.1)| Kas, Jiis]
AP
o [CAP(x.D)| Kis, Ji25] [CAPCx1)| Kas, Ji2s]

CAPGep)| s, paso
CAPGc )| V125, pash

CAPGe )| V25, P30 .
200 CAPEx’t; h'ﬁ:z: ICAPGxe.t)| Kis, Jiss, psoi| | [CAPGe.)| Kas, Jizs, p3os]

150 o [CAP )| Kas, Viis, piso] | ICAPEe1)| IG5, Viss, pisn)

f=1,5, 10, 20 ceys
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|U]_g| Performance quantification

(after van Leeuwen & a/., 2000)

1'*(})_:{)%))

(@)
waol and w2 = a measure ofi the @ B 0

surface between IF'® and '@ : and
hetween [(0:05) and [F(©:25)

wr = deviation of F@-)\with regards
VOrTRES

Wil andwsz=heWialGRrRe ISAEll

includedinithe zone RWand
[(005)
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|U]-g| For each realisation,
keomeeied compuiation of the 20-day.

capiiure zone ===p CaPD

g =ny=n,=

1= g, = 159y : K=y
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U
Syntheftic case: summary
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Alluvial sediments
Tournaisian
Fameznian (Cinzy)
Famenian (Souv-Pré)

Famenian (Esneux)

Application fio a reall case
(Anseremme near Dinant, Belgium)

A. Dassargues 2006
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U]-gl Application to a real case
(Anseremme near Dinant, Belgium)

N

Depth  Reration 8 RMS emor= 145 %
~5|] 0

Resistivity in Ohm.m

|

MEE '3 %7 1% 21
L N
silts

Ll

saturated sands ' saturated gravels'

EQuIvalenmvale eiipreniaiied e oeVeE]
layer(@litviallsediment)
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U]-gl Application to a real case
(Anseremme near Dinant, Belgium)

- conditioning| on Inp: (293 data points)

- inverse medelling  onihi (8 data points)

- verifiying the coherence of the ebtained K
lields withiregards te the' 3idata
peints; eifmeasured A

1041
L1623 350

Variogramme de Inp

100 150 200 250
Distance h (m)
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|U]_g| Application to a real case
Anseremme near Dinant, Belgium

»

100 OO 300 400 506 €00 700 100 FOD 300 400 500 €00 700
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|U]_g| Application to a real case
(Anseremme near Dinant, Belgium)

1 = 24 hours

| b

") - 100m
A e A
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| U]—gl Lessons

stochastic co-conditional approaches bring Improvements
it does not spare us the acquisition of measured data

selection| of ‘best” locations for geophysical measurements
cani be crucial

i piezometric headsiare usediforinverse modelling

) parameterisation / zonation in facies’

=) (hreshoeldsivalles)/ selection criterion

=) sfatistics on remaining realisations

== |f selection criterieninot teo)had
geosiaustcallStiiciurerseems ioNIE preseved

s e TACIESH ZONES CaliIErdIS| eI pesSih] ENiKSHONE
foupel it iere ‘eleeiic gzis el ofgoldejiczal clgelyss
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|UL) .
Conclusions

- advantages of fusioning available geological / geophysical /
hydrogeologicall data

- Optimizing soft data measurements is required ...

- assumption| that geclogy generates; ‘sediment facies’

- genetic/genesisimodels;modellingrock formation precesses  should
help morerandimere 2

-\WHER Zenes corespondingltor facies are defineds . hew e deal
withra calilrationy?

“Keepiig the geometiy/ ol theracies: changesiin
parametersyvaluesiandiindichtenaierselection

20| Ustment eithE gECmELR:  aradualfdEefematen(Hy
enal 2001

SuturercombneeRNvthimul Pl elpeinigEestalisticCalNECHNIGUES
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- ENRS Belgitum
- SWDE
- DGRNE

Thanks |

lU]—gIEffec‘r of the zonation in facies and
—selection on the spatial structure ?
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