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ApsU method for groundwater intrinsic vulnerability
assessment

Process-based approach following the general concepts of the COST620 Action (Daly et al. 2002)
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ApsU method for groundwater (intrinsic) vulnerability
assessment

Physically based approach dealing with

» Direct and lateral infiltration of pollutants (land surface hazard)

« 1D vertical transport of contaminants from land surface to groundwater table (protective capacity
of the unsaturated zone)

» Physical criteria (advective-dispersive minimal travel time, maximal concentration, duration)

minimal travel time Short (e.g. 24h) Medium (e.g. 50 d) long
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Original version of the Apsi method & assumptions

Working hypotheses
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However, your working hypotheses can sometimes be discussed

The aquifer of interest is not always the first from the land surface...
e.g. Groundwater bodies delineated in the scope of the EU WFD and GWD

Example : GWB BERWEO013 « Limestones
of Pérulwez-Ath Soignies »
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However, your working hypotheses can sometimes be discussed

The aquifer of interest is not always the first from the land surface...
e.g. Groundwater bodies delineated in the scope of the EU WFD and GWD
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Groundwater - river interactions
~—— Undetermined

— Losing stream

_____ ~— Gaining stream

= — Equilibrium

Example : GWB BERWM021
« Condroz Limestones & Sandstones »

Thanks to detailed regional scale
investigations, groundwater — river interactions
have been characterized in detail...

And rivers are not always losing!




In response to this, adaptations of the ApslU methods in 2 directions

Groundwater —river interactions

Conceptual model

Aquifer (A1)
Interface (1;)
CASE 1 the groundwater
Groundwater body (G) bt ol CASE 2: the groundwater
alluvial table of the Meuse Tabla B riot kocated nder
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Meuse river
Interface (1) B interface (i;) l s Jromdimar akies
BERWMO72 and
Groundwater body (G:) Groundwater body (G1) Groundwater body (Gy) BERWMO73

The Meuse river is
considered gaining
Losing
stream

Indetermine:
interaction
The vulnerability of G, is The vulnerability of G, is at The vulnerability of G, can be
classically evaluated and most equal to that of A, considered very low because Land surlace hazard = 0 G @
takes into account the transfer G, is doubly protected by A; under the Meuse river
and Iy -
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influence of the alluvial aquifer of subsoil to crass |

Section of
river considered
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permeability
terrain
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Conceptual model : « surimposed aquifers »

Conceptual model considering that the
targeted groundwater body (G;) is
possibly  covered by an aquifer
hydrogeological formation (Aquifer A,)
with possibly an aquitard or aquiclude

Groundwater body(Gl) type hydrogeological unit (Interface I,)
separating them.

e If A, is absent, the vulnerability of G, (VM,) is classically evaluated, taking into account the transfer of pollutants through I, (target =
piezometric level of M,).

e IfA ispresent:
o Ifl; exists, the VM, vulnerability can be considered very weak because M, is doubly protected by Al and I,

o Ifl;isabsent, VM, is at most equal to that of A; (VA;)



Conceptual model : « superimposed aquifers »

« classical Apsi »

Conceptual model

-----------

-----------

Aquifer (A;)

P
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Interface (11)

If A1 is absent

l

...........

...........

Interface (1)

=
.

Groundwater body (G;)

&

The vulnerability of G; is
classically evaluated and
takes into account the transfer
of pollutant through 1,. The
target is equivalent to the
piezometric level of G;

Groundwater body (G1)

f

If 1, is absent

Aquifer (Az)

Groundwater body (G)

&

The vulnerability of G; is at
most equal to that of A;

Target : G,

If A; is present

...........

v

If 17 is present

Aquifer (A1)

Interface (l1)

Groundwater body (G;)

&

The vulnerability of G; can be

considered very low because

G, is doubly protected by A;
and I,



Conceptual model : « groundwater — river interactions »

’ River

(7 Groundwatertable
Alluvial aquifer

« classical Apsu »

(a) (b)
Gaining stream Losing stream
Land surface hazard = 0 under the river Land surface hazard =1 under the river

Direct vulnerability = 0 under the influence
of the river

Direct vulnerability = O for the
groundwater table under the influence of
the alluvial deposits
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Conceptual model : « groundwater — river interactions »
Considering water exchanges and alluvial plain deposits

’ River

@ Groundwater table

(a) (b)

Gaining stream Losing stream

Land surface hazard = 0 under the river Land surface hazard = 1 under the river

=

Direct vulnerability = 0 under the influence

&

of the river

Land surface hazard and direct vulnerability applied to gaining/losing streams when the alluvial table is not mapped
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Conceptual model : « groundwater — river interactions »
3 contexts for alluvial plains

Alluvial plain of the Meuse river
= 1 Groundwater Body |

5 P : =% Alluvial plain not mapped
R f S s for smaller tributaries

— Extent of alluvial pIa|n
g/ mapped in the geological map

&J (e.g. Lesse river)
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Conceptual model : « groundwater — river interactions »

CASE 1: the groundwater
table is located under the
alluvial table of the Meuse

river
Groundwater
table under
the alluvial
table of the
Meuse river

l

The Meuse river is
considered gaining

4

CASE 2: the groundwater
table is not located under
the alluvial table of the
Meuse river

Analysis of
groundwater - river

Concerned groundwater tables :
BERWMOT71,

BERWMO72 and

BERWMO073

Gaining
stream

Land surface hazard =

Meuse river's alluvial
layer

Direct vulnerability = 0
under the influence of the

0 J L
under the Meuse river

interactions

Losing
stream

Direct vulnerability = O under the river
Land surface hazard = 0 under the river

If the alluvial plain is mapped :

Direct vulnerability = 0 under the
influence of the alluvial aquifer

Land surface hazard = 1 under the
river

When the alluvial plain is mapped :
Alluvial terrain is considered a layer
of subsoil to cross

Section of
river considered

as gaining in low
permeability
terrain

Section of

river considered
as losing in
permeable
terrain

y

y

Undetermine
interaction
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Application : Wallonia (Belgium) — « superposed aquifers »

GWB BERWMO021 « Condroz

208
- Aol dos cakaves dvono caeibres

Nivesu idzométique probabe de

Limestones & Sandstones »

couetve chom e
Fase

Groundwater - river interactions
— Undetermined
— Losing stream
. Gaining stream
vl = Equilibrium

Main hydrogeological units [ Aquiclude et aquifére du Groupe du Hainaut
B Aquifére alluvial B Aquiclude @ niveaux aquiféres du Houiller
B Aquitard & niveaux aquiféres du socle cambro-silurien == Aquifére des calcaires du Carbonifére

[ Aquifére des sables du Paléocéne Aquifére des calcaires dé iféres (sous c

[ Aquifére des craies du Crétacé I Aquitard limoneux

[ Aquiclude - Aquitard des argiles de I'Eocéne [ Aquiclude du Famennien - Frasnien

[ Aquifére des sables de I'Eocéne I Aquiclude du Frasnien )

B Aquifére des calcaires du Frasnien [ Aquiclude - Aquitard du Givetien

B Aquiclude des marnes du Turonien [ ] Mmdude & niveaux aquiféres du socle cambro-silurien
B Acuifére des terrasses fluviatiles [ Aquifére du Cénomano-Albien

GWB BERWEO013
« Limestones of Pérulwez-Ath Soignies »
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Application : Wallonia (Belgium) — « superposed aquifers »

Conceptual model

If A1 is absent

l

Aquifer (A;)

Interface (11)

Groundwater body (G;)

'

If 1, is absent

Interface (I1)

Aquifer (Az)

Groundwater body (G;)

&

The vulnerability of G; is
classically evaluated and
takes into account the transfer
of pollutant through 1,. The
target is equivalent to the
piezometric level of G;

Groundwater body (G)

&

The vulnerability of G; is at
most equal to that of A;

If A; is present

If 17 is present

Aquifer (A1)

Interface (l1)

Groundwater body (G;)

&

The vulnerability of G; can be

considered very low because

G, is doubly protected by A;
and I,
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Application : Wallonia (Belgium) — « superposed aquifers »

GWB BERWEO013 « Limestones of Pérulwez-Ath Vulnerability of first encountered
Soignies » overlain by sands aquifer (including sands)
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[ Aquifére des terrasses fluviatiles [ Aquifére du Cénomano-Albien M * [l Extremely high



Application : Wallonia (Belgium) — « superposed aquifers »

Vulnerability of first encountered Vulnerability of the deep aquifer G1
aquifer (including sands)
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Application : Wallonia (Belgium) — « groundwater — river interactions »

Limestones & Sandstones »

S~ N o

Groundwater - river interactions
— Undetermined
— Losing stream
—— Gaining stream
— Equilibrium

Main hydrogeological units B Aquiclude et aquifére du Groupe du Hainaut

I Aquifére alluvial [ Aquiclude 3 niveaux aquiféres du Houiller

B Aquitard & niveaux aquiféres du socle cambro-silurien E=1 Aquifére des calcaires du Carbonifére

[ Aquifére des sables du Paléocéne [T Aquifére des calcaires dévono-carboniféres (sous couverture)
1 Aquifére des craies du Crétacé I Aquitard limoneux )

B Aquiclude - Aquitard des argiles de |'Eocéne [ Aquiclude du Famennien - Frasnien

[ Aquifére des sables de I'Eocéne [ Aquiclude du Frasnien

I Aquifére des calcaires du Frasnien [ Aquiclude - Aquitard du Givetien

I Aquiclude des marnes du Turonien [ Aquiclude @ niveaux aquiféres du socle cambro-silurien

B Aquifére des terrasses fluviatiles [ Aquifére du Cénomano-Albien

GWB BERWEO013 « Limestones
of Pérulwez-Ath Soignies »
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Application : Wallonia (Belgium) — « groundwater — river interactions »

Well known groundwater — river interactions Vulnerability of first accountered aquifer

S
Limit of groundwater bodies

N . Intrinsic vulnerability

Groundwater - river interactions B Very weak # /

— Undetermined Wy AN ]

— Losing stream [ weak — R g e
«._ |~ Gaining stream ] Moderate SO~ A et
% — Equilibrium [ High
s LS = very high

—_— Il Extremely high
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Tﬂﬂ/ o— fl/
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Application : Wallonia (Belgium) — « groundwater — river interactions »

CASE 1. the groundwater
table is located under the
alluvial table of the Meuse

CASE 2: the groundwater
table is not located under
the alluvial table of the

. Meuse river
Groundwater
table l.lnC!eI' Analysis of
the alluvial (Jioimd\"-ﬁl(‘r - river
table of the i -tio '
. interactions
Meuse river

BERWMO71,

Concerned groundyiia
l BERWMO72 and

_ BERWMOT73
The Meuse river is

considered gaining

Gaining Losing Undetermine
& stream stream interaction
Land surface hazard = 0 @ @
under the Meuse river

Direct vulnerability = 0 under the river Land surface hazard = 1 under the
Land surface hazard = 0 under the river river

Direct vulnerability = 0
under the influence of the
Meuse river's alluvial
layer

If the alluvial plain is mapped : When the alluvial plain is mapped :
Direct vulnerability = O under the Alluvial terrain is considered a layer
influence of the alluvial aquifer of subsoil to cross

{ i)

Section of Section of
river considered river considered
as gaining in low as losing in

permeability permeable
terrain terrain




Application : Wallonia (Belgium)
— « groundwater — river interactions »

Vulnerability of first encountered aquifer

Limit of groundwater bodies S
Intrinsic vulnerability
B very weak
[ weak
1 Moderate
1 High
1 very high
Bl Extremely high
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Vulnerability of groundwater body BERWMO021
considering groundwater — river interactions

Limit of groundwater bodies Y

Intrinsic vulnerability
B Very weak
= Weak

1 Moderate

1 High

=3 Very high

[ Extremely high

______
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Application : Wallonia (Belgium) — « groundwater — river interactions »

Vulnerability of BERWMO021 considering

Vulnerability of first encountered aquifer .. )
groundwater — river interactions

Limit of groundwater bodies

Limit of groundwater bodies
Intrinsic vulnerability

Intrinsic vulnerability

I Very weak e I Very weak
CIweak e [ Weak

1 Moderate ] Moderate

I High = High

3 Very high 3 very high

I Extremely high [l Extremely high
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Conclusions — Perspectives

« Classical » Groundwater vulnerability assessment methods
usually focus on the first aquifer saturated zone

- GW Vulnerability maps often biaised (« too red colored »)

Very often, main aquifers of interest (e.g. GW bodies) are deeper
and protected by shallower geological layers

-> Alluvial aquifers in particular may act as effective barriers
to the transfer of pollutants to deeper aquifers but this strongly
depends on groundwater — river exchanges
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