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A regional fractured-rock
aquifer system partly filled
with brackish waters (TDS <
~10 g/L), at shallow depths!...

N

o € | Laurentian st L;i:‘:{? &
! Highlands : l F 4 »1
> ./Ii\ )
XA ,
A ,'&‘?n
S Montréal g/ TS r‘-{
| ChamplalnSea ' ( "'.‘ X
\
‘ max' .eXtent ‘f l D Brackish delimited groundwater
' study area
: tugy ar == Fresh GW with signif. salinity
/ “V Thickness of the clay layer (m)
- 0 25 %  100km [ | l -
Ontario Lake o \rbrbb‘cg\g,\b,&,ﬁ)qﬁo
O N D D & o \Q R2Y B 7

Source: Beaudry et al., 2011. G.S.C. O.F. 6960 P el

Abstract n® 2343 ; E-poster spot n°1; 4:40 pm to 5:00 pm



Modeling of the palaeo-hydrogeological evolution of a fractured-rock aquifer

following the Champlain Sea Transgression in the St. Lawrence Valley (Quebec)
Marc Laurencelle, René Lefebvre , John Molson, Michel Parent

» explain present-day

I 3. METHODS 4. REsuLTs

Numerical modeling s required to represent this coupled flow & transport i) Quantitative comparison of mass fluxes for different processes, alone (A, B, C) or coupled (A & C]
bl o denchy di d linity). i + ith | A. Aquitard salinity evolution 8. Consolidation and drainage during C. Density-driven free convection in the rock aquifer S a e ‘ ) e Sys e I I l
problem (water density SPRnason aalint y), in a system WILLGONEX during and after sedimentation j ion (S&C) of clays {E69): confined by clay(t) cover (563 : unconfined (clay-free)
geometry (e.g. topography) with spatial and temporal variations of model e Darcy 9 9
parameters and boundary conditions. % - éfocttie 900/ 200
E E .
8 E E
Conceptualisation of the palaeo-problem: 3. Iy g f g re CO n St r u Ct I O n eVO | .
s i £ ]
2y £ 600 £ 600
RSL(t) H Duidop g H . M
A il porosity < -
o | iV F - : of GW salinity &
H :
surisce “‘/ lake salinity(t) ore 1060 1000
conditions
¢ 7 08 convection 0 2 4 8 1 12 ° 2 485 0"
LAt g, - leaching time (kyr} time (kyr, . .
consollidation i 100
=S i = ynamics following
subsurface C diffusion ﬂnﬂﬁlﬂ#ﬂﬂkiﬂ', 4 s f’*"\r.-ﬁ;‘\:nnv inflow (surface ») CA - RA (@¢)
processes e odyn. dispersion) % oe % ok 2w SR
i o L t L NS S > . .
Baur " e . degIaC|at|on
Sy o - 2 0 2 4 & 8 10 12 00 05 10 15 20 28 o 2 N . s 10 12
red: salinity (TDS); q;: fluid flux (L3/T/L3); q,,,: mass flux (M/T/L?) time fkyr) asily i (641 time (kyr)
i) A plausible reconstitution of the evolution of groundwater salinity and dynamics following deglaciation (A & C;
Conceptualization of palaeo-conditions (at model surface): color scales | t=8.2 ka o ° res i m O rta n Ce Of
RSL Relative sea (or lake) level (RSL) A Champg:g tg: silis ™ Zc“‘_“"‘“ | p . p
flooding lower elevations o w | relative
. 2E salinity
% ol
= 2-stage linear decrease 0 2 s Scy,

physical processes:
| - diffusion of salts
e N | - marine clay consolid.

Salinity of flooding water
(at bottom of the water bodies)

= constant at max. then linear
decrease late in the C.S. stage

7 Clay & silt accumulation at sea
bottom (from settling of fines)

1038.02 [a]
= linear thickening, mostly R
during the C.S. stage o 2 4
o e 2o induced water fluxes
Numerical modeling approach:
. .
- denS|ty-d riven free
e . GW flow solution > p or hy, - (q,, a,)
ay U \ )
r — p € ¢ € solute transport solution «—
o(k = .
convection
1Dz(t) model for: A) advective- dlspe sive salt 20xz(t) model flowchart for: C) variable density
transport in and below the forming aquitard; coupled flow & transport, with fully-transient

B) expulsion of saltwater from the forming conditions at model surface
aquitard due to clay accumulation & consolidation

- gravity-driven flow &
Cropped preview of my poster, so that you have to come to the leaching of salts

e-poster session to see the full version, this afternoon...
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