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MANAGEMENT PERSPECTIVE 
This paper presents an overview and first year results of the «Aquiferes Fracturés du Sud-Ouest 
Québécois » (AFSOQ) project. This project on regional hydrogeological mapping of fractured 
aquifers from southwestern Quebec is a four year multidisciplinary and multiainstitutional 
initiative. The project aims to provide’: key knowledge required for the sustainable development 
of groundwater; a quantitative evaluation of the resource exploitation potential in the study area; 
recommendations on the protection and use of the resource; and a technical protocol for the 
‘hydrogeological mapping of fractured sedimentary rock aquifers. Our involvement in the project 
has been primarily to provide expertise, training and equipment in the field characterization of 
fractured rock aquifers. Increasingly, it is becoming clear that the groundwater contamination is 
intimately linked to the groundwater quantification and protection. This work wi1_l further our 
understanding of the hydrogeology of heterogeneous rock systems and improve our ability to 
predict and prevent" the environmental effects of toxic substances in groundwater and help to 
conserve and restore priority ecosystems in Canada. 

Work is ongoing ‘in the study. Asecond field season was completed in September and analysis 
and compilation are planned for the next year. Regional scale hydrogeological modelling will be 
a major component of the next year’s work and finally the project will complete a reporting 
phase.
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SOMMAIRE A L’INTENTiON DE LA DIRECTION 
Cet article présente un apercu de la premiere année du proj et « Aquiferes fracturés du sud-ouest 
québécois » (AFSOQ), ainsi que ses résultats. Ce proj et de cartographic hydrogéologique 
régionale de d’aqu'it"eres fr'ac'turé‘s du sud-ouest du Québec est une étude pluridisciplinaire de 
quatre ans faisant appel :21 plusieurs institutions, en vue d’obtenir1es cormaissances clés requises 
pour le développement durable des eaux souterraines; de réaliser une évaluation quantitative du 
potentiel d’exploitation des ressources dans la zone de1’étude; de faire des recommandations 
pour la protection et Putilisation des ressources, et de préparer un protocole technique pour la 
cartographie hydrogéologique des aquiféres de roches sédimentaires fracturées. Notre 
participation an projet consistait surtout a foumir l’expertise, la formation et 1-’ équipement pour la 
caractérisation in situ des aquiferes de roches fracturées. Il est de plus en plus clair que la solution ' 

des problémes de contamination des eaux souterraines passe par la quantification et par la 
protection des eaux souterraines. Cette étude doit améliorer notre compréhens‘ion de 
Phydrogéologie des sy‘st‘eI'nes' de roches hétérogénes, ainsi que notre capacité a prévoir et a 
prévenir les effets environnernentaux des substances toxiques dans les eaux souterrairies, afin de 
contribuer a la conservation et 5 la remise en état des écosyste/mes prioritaires au Canada. 

Les travaux se poursuivent . On a terminé une deuxieme saison de 1’étude sur place en septembre, 
et on prévoit1’analyse et la compilation des résultats au cours de 1’année prochaine. La 
modélisation hydrogéologique e‘11’éche11e régionale sera 1’un des éléments maj eurs des travaux de 
1’armée-prochaine et, a la fin, on rédigera un rapport sur les réalisations du projet.
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ABSTRACT This project on regional hydrogeological mapping of fractured aquifers from southwestern Quebec is _a four 
year multidisciplinary 

‘ 

and multi-institutional (initiative. The project aims to provide: key knowledge required for the 
sustainable development of groundwater: a quantitative evaluation of the resource exploitation potential in the study area; 
recommendations on the protection and use of the resource; and a technical protocol for the hydrogeological mapping of 
fractured sedimentary rock aquifers. The approach we advocate is to closely link the regional hydrogeolcgical surveys to the 
recently revised geology of the Lower Paleozoic sedirrfie_ntary forrnations of the aquifer system, and of the Quaternary 
sediments covering this aquifer. The hydrogeclogical surveys include a fracture study, piezometric mapping, 
hydrogeochemical sampling, surficial and borehole geophysics. and Lugeon and pumping tests. This paper describes the 

' 

project progress after one year of work and the planned activities for the remainder of the project. 

RESUME Le prcjet de ‘cartographic hydrogeologique régionale des Aquiferes Fractures du sud-Ouest Québécois" 
(AFSOQ) est une initiative multiedisciplinaire et multi-institutionnel_le d'une durée de quatre ans. Le projet veut fournir: les 
connaissances nécessaires a la gestion durable des eaux souterraines; une évaluation du potentiel exploitable de la 
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ressouroe en eau souterraine de la région d'étude; des recommendations sur la protection et l'utilisation de la ressource; et 
un guide methodologique pour la cartographie hydrogéologique régionale des aquiferes en roches sédimentaires fracturees. 
L’approche que nous preconisons est" de lier etroitement les levés hydrogeologiques régionaux a la géologie recemrnent 
revisée des roches sédimentaires des Basses-Terres du St-Laurent du systeme aquifere. et des sediments d_e surface du 
Quatemaire recouvrant cet aquifere. Les leves hydrogéologiquesy incluent l'étude des fractures. la piézométrie, 
l’échantillonnage hydrogéochimique, la géophysique de surface et diagraphique. ainsi que des essais Lugeon et de 
pompage. Cet article décrit les progres du prcjet apres une annee d'exercice et les activités prévues jusqu'a la fin du prcjet. 

Un,ivers_ity. Environment Canada. the United State 1. THE OBJECTIVES 

In a broad perspective, this regional hdrogeological 
mapping project (1998-2002) primarily aims to further our 
understanding of the distribution and availability of 
Canadian groundwater, and at answering the needs of 
decision makers relative to the use and protection of 
groundwater resources. Three levels of government, federal’ 
(Economic Development Canada. Natural Resources 
Canada), provincial (Ministere de l'Environ_nement du 
Quebec: MENV) and municipal (Conseil Regional de 
Développement—Laurentldes, four Regional Cou_nty 
Municipalities (RCM)), work together through this 
partnership to solve key issues related to groundwater 
management. Specifically, the goals of the project are to: 
(1) develop an approach for the regional scale 
characterization of fractured sedimentary rock aquifers; (2) 
develop a technical protocol to guide regional mapping in 
such a context; and'(3) quantify groundwater availbility of 
the St.Lawrence Lowlands in southwestern Quebec. e.g. of 
the RCM of Argenteuil, Deux-Monta nes. Mirabel and 
Therese-.de-Blainvflle (over 1500‘ k ; Figure 1). The 
research project is conducted by the Geological Survey of 
Canada (GSC) through a multi-institutional collaboration 
with INRS-Géoressources. Laval University, Brock

\ 

Geological Survey. Ministere des Transports du Quebec. 
and Ministere de l'Envlronn,ement du Quebec. A strength of 
the present initiative is in teaming up scientists from 
numerous disciplines: computer modelling, geophysics, 
hydrogeochemistry, hydrogeolo9Y. isotope geochemistry, _~ 

Quaternary geology. sedimentology, stratigraphy, and 
structure’! geology. 

The aquifer system characterization program integrates 
revised geological inforrnaticn and newly collected 
hydrogeological data, uses the large 1:100 000 mapping 

‘scale, and explores the third dimension of the system at 
depth. The regional study includes aquifer delineation in 

sedi_méntarY rocks of the St.Lawrence Lowlands. the 
measurements of hydraulic properties. the chemical and 
isotopic characterization of groundwaters, and the 
quantification of groundwater recharge. The main objective 
for the first year of the program was to obtain a prefiminary 
regional view of the fractured sedimentary rock aquifer 
system using the characterization of fractures, water level 
_r_n_eas‘u_reri1ents in numerous wells. water level monitoring in 
selected wells. pumping and Lugeon tests, and sampling of 
groundwater for hydrogeochemical characterization (Table 
1). In this paper, we present progress after the field



campaign carried out during the summer 1999 and the 
planned activities for the coming years. 
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Figure- 1. Stratigraphy of the.st.Lawrence Lowlands, and location and geological maps of the study area. 

2. GEOLOGICAL AND HVYDROGEOLOGICAL CONTEXT 

The aquifer system of southwestern Quebec consists in 

Lower Paleozoic sedimentary rocks of the St Lawrence 
Lowlands, a geological province bordered by the 
Laurentians (Precambrian, Grenville) to the North, and the 
Appalachians (Cambrian to Upper Ordovician) to the South." 
The geological mapping of the Cambrian to Upper 
Ordovician sedimenta_ry rocks and of the overlying 

T Quaternary sediments was performed by the GSC NATMAP 
team in coordination with the Min_is_tere des Ressources 
Naturelles du Québec (MRNQ). The MRNQ compiled the 
recent and older data in a new map, whereas GSC was 
responsible for thematic surveys i_nc_luding sedimentology 
and stratigraphy. 

The recently revised regional stratigraphic succession in the 
southwestern St.Lawrence Lowlands includes. from bottom 
to top: the Potsdam (Covey Hill and Caimside fonnations). 
Bee‘k'ma'ntow’n (T héresa and Beauharnois forma_tjons)v.- 

Chazy, Blackriver and Trenton groups (Figure 1). The 
primary pores of these sedimentary units are totally 

occluded by diagenetic calcite and quartz cements, except 
for the dolostone fo the Beekmantown Group which locally 
shows some open pores (Bertrand et al., 1995; Chi et al;., 

2000). Most of the rock units would be impermeable if it 

Table 1. Summary of hydrogeological activities. 

Characterization Activity 
Fracture characterization (sites) 
New observation well drilling 
Water level measurements 
Wells with GW level monitoring 
Borehole geophysics (wells) 
Seismic survey (km) 
GW sampling 

- Bulk samples 
- Multi-level samples 

Lugeon Tests (packers) 
- Number of wells 
- Number ofintervals 

Pumping tests 
Slug tests 
Rain sampling (number of samples) 
Snow sampling (numberof samples) 

1999 
22
9 
500 
27 

69 
15‘ 

10 
166 

26073 

31 
50 
30 
22 

100 
100 

12 
300 

19 
70 

25 GW sampling with 3 lysimeters

_
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were not for secondary apertures such as joints and 
fractures. 

‘ ‘ 

The Lower Paleozoic strata of the studied area are mostty 
flat-lying, but some major structures exist such as the Oka- 
Beauharnois anticline. the Lachute fault and the Cretaceous 
intrusions (Figure 1). Folding of the strata occurred during 
the Appalachian Lower and Upper Paleozoic orogenies 
which resulted from plate convergence compression. and 
the Cretaceous plutonism. The brittle structures such as 
fractures were produced from the Cambrian to the l_V_leso_zoic 
(Rocher and Tremblay. 2000). The faults and joint sets 
represent the main conduits for groundwater flow (see 
section 4.1). Taking into account defonnation due "to 
d_issimilar physical properties under tectonic constraints, we 
can group the southwestem Quebec Paleozoic sedimentary 
rocks into three main lithological units: silicoclastic units 
(Covey Hill. Cairnside. Lower Chazy). dolostone (T hérésa, 
Beauhamois), and limestone (Upper Chazy, Blackriver and 
Trenton). A priori, according to their individual physical 
behavior. the main lithological units should harbour distinct 
hydrogeological properties. 

Quaternary sedimentation took place over the eroded strata 
of the Cambrian to Upper Ordovician sedimentary rocks. 
During the ‘latest glaciation. the Paleozoicnsedimentary 
rocks beca_me cove_red with thick deposits of tills, which can 
have variable permeabirlity. The til_|_s were later covered by 
Champlain Sea minor sands and widespread clays which 
are well known for their cohesive and impermeable 
properties (Figure 2). Understanding the spatial relationship 
between these Quaternary deposits and the underlying 
fractured Paleozoic rocksgis essential to delineate the 
aquifer and its rechargesystem, it therefore constitutes one 
of the main purposes of the NATMAP project (transect No. 
1: e.g., Salad H_ersi and Lavoie, 2000). This initiative aims 
to provide a 3-D representation of the Quaternary and 
Paleozoic geology for the territory of the four RCM involved, 
a prerequisite to developing a regional hydrogeological 
conceptual model. . 

E Littoral sands overlying marine clay Z Ilartno day
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Figure 2. Preliminary geological map of theQujaternary 
deposits. 

Surface water is drained by the Mascouche and the Riviera- 
du.-Nord rivers and their tributaries, the two main streams 
being located in the east, and the northeast to southwest of 
the study area. respectively. Where the confining. clay 
layers are not present. the streams are hydraulically. 
connected to the aquifer system. As mentiorined above, the 
Paleozoic rocks constitute the regional aquifer system, but 
locally, perched aquifers occur in sand underlain by clays. 
At the contact of the Paleozoic rocks and Quatemay 
sediments, a very permeable layer of either altered rocks or 
tilt is commonly described in driller reports. The nature and 
extent or this layer will be defined (through the regional 
mapping program as this permeable unit might play a 
significant role in groundwater dynarnics. 

The distribution of the Quaternary sedirnents and their 
thicknesses allows the Identification of direct groundwater 
recharge areas and a first approximation of the fractured 
aquifer vulnerability (Figure 3). Areas where the Paleozoic 
rocks are outcropping orare only covered by till are the 
most sensitive to contamination, whereas areas with a thick 
clay cover represent well protected portions of the aquifer. 

M":-'3'-~°"m"3’m-"'m" 

El 0-1:: 
10-20 

.53 29'?!’ -30.40 E 40‘ 
Figure 3. Thickness of Quaternary sediments and first 
approximation of the fractured aquifer vulnerability. 

3. SPECIFIC HYDROGEOLOGICAL INVESTIGATIONS 
3.1 Recharge Study 

The study of the recharge is based on: (1) an analysis of 15 
well hydrographs monitored between 1975 and 1993, and 
five river hydrographs measured since 1930: (2) an analysis 
of meteorological data; (3) interstitial water sampling; (4) 
water level survey in Quaternary deposits characteristic of 
the region (fill. sand and clays); (5) characterization of 
infiltration with double ring infiltrometers; and (6) slug tests 
in till_s. These investigations will help to estimate regional 
groundwater recharge.

'

~



3.2 Local Investigation Areas 

Based on the available hydrogeological information, the 
geological setting and the specific needs of the individual 
RCM. six sites were selected for detailed hydrogeological 
investigations. The investigations will include local 
piezometric mapping. pumping and Lugeon tests. vertical 
flow profiling in dynamic and static conditions. a_nd borehole 
geophysics (see 4.2). During, the summer of 1999, one of 
the six selected sites, the SteAnne-des-Plaines municipal 
pumpi_ng station. has been partly investigated with 
piezometric mapping, Lugeon and pumping tests. This site 
lies in a confined po__rt_ion_ of the aquifer system hosted by 
the upper Chazy Group (l,i_mest_one). Data analysis o one 
eggipinze test 

indicates" a transmissivity between 10 and 
m s. 

4. REGIONAL HYDRQGEOLOGICAL INVESTIGATIONS 
OF THE ST.LAWRENCE LOWLANDS FRACTURED 
ROCKS 
4.1 Characterization of Fracturing and Hydrostratigraphic 
Rock Units 

Structural features of the Paleozoic sedimentary rocks at 22 
locations (15 outcrops and 7 quarries) were characterized 
using their orientation, dip, spacing. length and connectivity 
(Lem_ieux. 2000). The systematic structural survey of five 
quarries which accounts for 700 to 800 individual joints at 
each quarry, resulted in the identification of regionally 
distributed sets of joints. A maximum of four sets of 
subvertical joints were recognized with their orientation 
mostly around 355-10°, 70-90‘. 140-160“. 20-40“. but 
regional variations frequently occur (Figure 4). The survey 
also suggests that the dolostone of the Beauharnois 
Formation is the most fractured unit in the studied area, 
followed by the silicoclastic dolostone of Theresa 

_ 

Formation, both forming the Beekmantown Group. 

Figure 4. Rose diagrams of the joints sets. 

4.2 Planned Geophysical Surveys 

All newly drilled wells for the regional hydrogological survey 
will be characterized by borehole geophysics. The 
geophysical equipment will be provided by Laval University 
and the USGS (Morin et al., 2000), The tools to be used 
include: caliper. impeller. flow meter. accoustic and optic 
televiewers; probes for fluid resistivity. normal resistivity. 

induction resistivity and temperature; and natural gamma. 
sonic. neutron and gamma-gamma logs. in order to obtain 
characteristic geo'phy‘si_cal profiles, boreholes with known 
stratigraphy including the main geological Paleozoic and 
Quatemay units will be characterized with geophysics. 
Borehole geophysics will then help the. stratigraphic studies 
in new boreholes for which there is no drill cores available. 
i.e. with unknown bedrock stratigraphy. A surface 
geophysics survey will also be conducted to support the 
stratigraphic interpretation and the mapping of the 
Quatemary sediments. to define the rock subsurface 
topography, and also to detenninethe morphology of buried 
troughs. Surface geophysic will use high frequency 
common depth poi_nt seismic reflection with split spread 
geometry. six-fold. and twenty four channels. This type of 
survey will cover sectors of very thick Quaternary deposits 
such as the southern central portion of the study area. 

4.3 Water Levels and Regional Groundwater Flow 

0ve_r 500 water levels measurements were made regionally 
in July and August of 1999. in addition. a regional water 
level monitori_ng network of twenty-seven wells was set up 
durifng July 1999. with seven automated data loggers and 
twenty monthly manual measurements. The compiled data 
suggest that the regional groundwater flow in the ‘fractured 
rock. aquifer system is controlled by regional topography. 
Therefore, the main groundwater flow direction is from 
northwest to southeast, with local disturbances near the 
Cretaceous intrusions (Figure 5). 

4.4 Hydrogeochemistry and Water Quality 

The regional investigation of hydrogeochemistry aims to 
provide a data set that will: (1) allow the comparison of 
surficial freshwater with groundwater chemical properties. 
and the identification of groundwater sources; and (2) allow 
the study of water-rock interactions along groundwater flow 
paths. Ten rain collectors were installed to obtain rainwater 
samples monthly. starting in septembre 1999. For winter 
precipitations, twenty five composite snow samples were 
taken in March 2000. and monthly water samples from 3 
lyzimetres will be collected from May to November 2000. 
Sixty nine regionally distributed bulk groundwater samples 
were collected from private and municipal wells during the 
summer 1999. For the summer of 2000, the collection of 
one hundred other composite samples as well as one 
hundred multflevel samples is planned. 

The complete hydrogeochemical characterization (see 
Cloutier et al_.. this volume) will include stableisotope ratios 
of H C. N and 0 (analyses at the Delta-Lab of GSC-Q), 

. 

"Sr/aésr (analyses by GSC-CGD), radiodfating tracers such 
as 3H and 0 (external contract), and" bactericlogic 
parameters. major and minor element concentrations
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(MENV). The preliminary regional distribution of total 
dissolved solids (T DS) in groundwater sampled in 1999 is 
presented in Figure 6. The recharge areas of the aquifer 
generally contain groundwater with low TDS. The wells with 
high TDS are mainly associated with high sodium-chloride 
concentrations. 

In the central southern part of the study area,’ the 
groundwater with high TDS comes from a portion of the 
bedrock aquifer located bellow valleys mostly filled with 
marine clays of the Champlain Sea. 

F" 

4.5 Lugeon Tests and Transmissivity of the Fractured 
Rocks 

Ten boreholes previously characterized with a caliper probe 
were investigated with Lugecn tests. Testing was done on 
166 four meter intervals with a constant head injection 

system using two inflatable packers. At this stage,_we have 
begun the characterization of the Beauhamois, Theresa, 
Caimside and Covey Hill formations and of the Chazy 
Group. Preliminary results suggest that rock transmissivity 
has a. weak decreasing trend with depth. Variations in 

transmlssivity of numerous orders of magnitude were 
observed in all the investigated rock units (Nastev et al.. this 

Figure 5. Plezometric map and groundwater flow direction in the fracuredroclgj aquifer a_nd cross section of the water table in 
-the fractured rock aquifer. “ 

Figure 6. Concentrations in Total Dissolved Solids in 

groundwater of the fractured rock aquifer. 

volume).



Preliminary Lugeon test results also suggest that the 
dolostone of the Beekmantown Group would be the most 
permeable unit of the studied area" (Nastev et al., this 
volume). This interpretation is in agreement with the 
fracture study performed regionally which revealed a higher 
density of fractures within the Beekmantown dolostone (see 
section 4.1). 

4.6 Data Base Management 

Hydrostratigraphic and hydrogeological data of 8000 drill 

holes from water well records were filed into our database 
after validation of their well collar altitude, longitudinal and 
latitudinal locations, and water levels. l_n addition, the 
database includes results from one hundred technical 
reports and from our hydrogeological surveys in the 
summer of 1999. The database uses‘ Microsoft Access and 
a modified version of the GSC-Q GIMS as the interface 
software (Boisvert and Michaud, this volume). GIMS is a 
stand alone application communicating with the database 
using ODBC (Open DataBase Connectivity), hence opening 
possibil_ities to interact with other database engines. The 
advantage of GIMS is that it allows central management of 
information and avoids the duplication of‘ a multitude of 
software—specific files. The data are held i_n a relational 
database that can be accessed by several users at the 
same time. The database structure follows a simple scheme 
that can be expanded to accomodate new data types. 

5. MAPPING SCALE AND THE PLANNED OUTPUTS 
Proposing a regional hydrogeological mapping protocol 
poses the problem of selecting the optimal scale to collect 
and report hydrogeological data. The present research 
approach consists in soundly de_fining the geological 
context as a basis for hydrogeological mapping at the scale 
of 1:100 000. This approach allows the integration of 
regionalsurveys of piezometry and hydrogeochemistry, with 
local characterization of key hydrogeological properties 
such as transmissivity and conductivity in the main 
geological units. The scale of ‘1:100 000 is considered a 
practical hydrogeological mapping scale in the perspective 
of groundwater management for a sustainable development 
of the resource. in that context, the research team has 
designed a hydrogeological research program that will 
assess the mapping approach. The team will also provide 
outputs ‘to support decision makers of southwestern 
Quebec by fi_l_l_ing up the lack of information on groundwater 
resources in the St,Lawrenc_e Lowlands, and contribute to 
the canadian groundwater inventory. For these purposes, 
the project will provide a better understanding of regional 
groundwaterflow obtained from the regional integration of 
data, and of the hydraulics of groundwater flow in fractured 
media from hydraulic charaterization and detailed studies. 
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Next steps: ' 

Work is ongoing in the study. A second field season was completed in September and 
analysis and compilation are planned for the next year. Regional scale hydrogeological 
modelling will be a major component of the next year’s work and finally the project will 
complete a reporting phase. '
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