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THE GEOSCIENTIFIC INFORMATION SYSTEM FOR THE NORTH MONTREAL REGION

Abstract

The geoscientific information system for the North Montreal Region was created to

provide basic data for the design of a regional land-use plan.
and geomorphological

geological, geotechnical,

information;

It consists of a data bank of
testing programs; mapping

programs (SY MAP V); and combination programs. The system produces variable maps (raw data
maps) or integrated maps. Integrated maps are produced by simple addition of several weighted
variable maps or by the combination of variable maps with an intervariable weighting method.

.
Resume

Le systeme d'information ge'oscientifique de la re/gion nord de Montreal a e/te'com;u pour
fournir l'information de base pour l'élaboration du plan regional d'affectation des sols.

Il est constitue d'une banque de donnees géeologiques, geotechniques et geomorphologiques,
de programmes de tri, de cartographie (Symap V) et de combinaison. Le systeme produit des

cartes de donnees brutes ou des cartes interpretees.

Les cartes interpreiees sont le resultat,

soit de l'addition de cartes de variables pondeérées, soit d'une méthode de combinaison qui fait

intervenir une ponderation entre les variables.

INTRODUCTION

Environmental impact surveys have become more
common in North America (Barteli etal., 1966; Bélanger,
1972; Dumper, 1972; Kiefer, 1967; Pepper, 19725 Turner and
Coffman, 1973). The basic purpose of these multidisciplinary
surveys is to provide data which will allow the construction of
facilities without repeating the environmentally costly mis-
takes of the past. Because of the initially high cost of such
multidisciplinary surveys, however, a simple compilation
based upon data available from separate surveys of various
aspects of the area is often utilized. Generally the data used
in these compilations are out of date and so restricted in
scope that their value in planning is limited.

To develop solutions to the problems of multisource,
fragmented base data and complex data integration, the
Geological Survey of Canada, Quebec Department of Mines,
and Department of Regional Economic Expansion sponsored a
geoscientific study of the area around the Montreal
International Airport at Mirabel (North Montreal Region) (St-
Onge and Scott, 1972). The region studied is 1290 km? (498
square miles) in area (Fig. 1). It is bounded in the north by
the Precambrian Shield, in the west by Riviere du Nord, in
the south by Lac des Deux Montagnes and Riviere des Mille
Iles, and in the east by the county boundary.

The purpose of this study was to develop and demon-
strate methods for gathering and integrating data on
geological, geomorphological, and geotechnical problems. To
maximize the use of all information gathered

The ultimate objective of the geoscientific study was
to provide data for the design of the regional land-use plan
(Charles, 1972). The system was developed over two years
(May 1971 to May 1973). The field data were gathered
during the summers of 1971 and 1972. Most laboratory work
was done in the field on a continuous basis during the time
of the study (Morin, 1973). This paper presents the data
processing and data presentation aspects of the study.

The paper summarizes parts of a Ph.D. thesis (Kugler-
Gagnon, 1974) presented at the School of Graduate Studies
(Geography), University of Ottawa, Ottawa, Ontario. Field
work and thesis preparation were supported by the National
Research Council of Canada (postgraduate bursary 1972-
1973), Geological Survey of Canada, and Quebec Department
of Mines.
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during the survey, a computer information
system was developed which allowed the combi-
nation of various types of raw data for integra-
tion with respect to specific land uses. Other
integrated environmental studies hopefully will
follow the same pattern. Many of the ideas and
techniques presented here are not individually
new, but their integration and application to a
problem of this nature represent a new
approach.
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THE GEOSCIENTIFIC STUDY

The concept and methods of the geoscientific study
have been described previously by St-Onge and Scott (1972).
Figure 2 illustrates the different steps in the study.

Laboratory analysis of surficial materials (Fig. 3) was
conducted on 800 samples obtained from 734 auger holes
(Fig. 4). During the deep drilling program 211 boreholes
(Fig. 5) were drilled which provided another 800 samples as
well as additional information on the bedrock in the area.
Laboratory analysis provided the following information: grain
size, pH, Atterberg limits, water content, bulk density, and
unit weight of solids. Additional information on the lithology
and stratigraphy of the subsurface was gathered from the
drilling logs of the Department of Transport (C.A.LM.,
Construction de l'aéroport international de Montréal);
E.Z.A.LM. (Ecologie de la zone de l'aéroport international de
Montréal) provided noise value and slope information
(Dansereau, 1971); the Quebec Department of Mines provided
hydrogeological ~data; and the B.A.N.ALM. (Bureau
d'aménagement de l'aéroport international de Montréal)
provided the noise values (B.A.N.A.LM., 1972).

DATA PROCESSING

The internal structure of the data bank is simple and
allows the addition of various types of information such as
physical environmental — microclimate, frost penetration;
biological — vegetation, sensitive zones; or historical and
sociological — existing land-use regulations, historical sites,
building, and political constraints. All geoscientific data
gathered during various phases of the project were stored on
magnetic tape (Fig. 6) under a fixed format. The format,
however, changes from one type of information to another.
The use of variable format would have maximized the use of
tape space but would have required a far more sophisticated
level of programming. The final file is about 40 000 lines
long. The data bank contains information associated with
points (auger holes and boreholes) or with areal surfaces (data
already mapped: distribution of till, gravel, slopes, noise
zones).

Initially the data were processed in two different ways
to produce either tables giving the physical properties of soils
in a given area of basic data maps (raw data maps) (Fig. 7).

FIELD WORK

Aerial photographs
Surficial depos\i/ts
— Surficial samp;ling
Seismic sound;{'\g
Deep drilling !

H Deep sampling

Bedrock lithology

Laboratory I

OFFICE WORK

Cartographic data
Geological reports

Bibliography

L Digitizer

l COMPUTER PROCESSING l

1

DATA BANK

Programming

| USER

T

Analysis

| INFORMATION SYSTEM 1

Y

Tables

Raw data maps

Suitability maps

Figure 2. Flow chart for the geoscientific study of the North Montreal Region.
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Maps derived from point information required interpolation
from measured values (control points) (Figs. 8 and 9). Most
users found maps more feasible than tabular listings; there-
fore, a series of raw data maps were produced. These
allowed the user to obtain an overview of the data as well as
simultaneously to consider the application of several types of
data in a planning decision. Tables are used, when required,
to provide detailed information at specific locations.

The raw data maps (variable maps), developed as part of
the geoscience base for planning purposes for the area around
Mirabel airport, include: slope, lithology, anticipated
background noise level, distribution of till, gravel, and
outcrops, and a map for each property determined in the
laboratory (grain size; sand, silt, clay ratio; Atterberg limits;
plasticity; bulk density; water content; unit weight of solid

LEGEND

Punched card Disc

> Data
H bank

( 7 Necessary
——————————— data
\

Raw data

~ __| map

Index lineofno. 9. ... ...............
Graphic data subfile. . . . ... .. . .. . — —

constituents; porosity). These variable maps can be drawn for
any depth below the surface at which the user requires
information.

The maps were produced using the SYMAP V program
(Douglas and Fleming, 1969). The SYMAP V mapping
program, however, is not exactly suited to deal with earth
science data. Interpolation formulas of the program do not
take into account the trend and discontinuity of the variables.
The SYMAP V interpolation algorithm is based upon a linear
interpolation with a weighting factor related to distance from
a control point and to a shadow effect behind a control point.
Careful field work and a large number of control points make
this mapping program an extremely useful tool yielding
reliable results. The maps produced cannot be used for a
specific site study but are useful as a planning tool in
providing information of regional nature.

Printer

|

Localization
Map type
Scale

Tape

@!

RAW DATA MAPPING

Control cards

Sorting
program

Mapping
program

Raw data
map

QYD

SUITABILITY MAPPING (4 Factors)

Data subfile. . . .. ... .. ........ [

Boundaries of study area and map-sheets. . . .1 Factor maps

Surficial drilling data. . . .. ... ... ...... 2

Deep drillingdata. . . .. .. ............ 3

Seismicdata. . . .. ... .. ... ... ... 4

Hydrogeology . . ... .... .. .......... 5

C.A.LLM. data (Construction |I'Aéroport

International de Montréal) . . . . . ... . .. 6 Grouping program
Cartographicdata. . . .. ... ........... 7
Slopes. . .. .. ... 8
Suitability Suitability
Figure 6. Geoscientific informatign system: map map
data bank structure.
Figure 7. Geoscientific information system: flow chart.
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Superposition of Factors

A Suitable B Moderately suitable C Unsuitable

Factor 1

Factor 2

B Suitability map

Factor 1 Factor 2 Suitability map
Ag 18 A
Ag < Bs 14 A
CH 10 B
Ag 14 A
Bs < Bs 10 B
Ci 6 C
Ag 10 B
Cy 2 c

Figure 10. Suitability map construction: superposition of factors.

INTEGRATED MAPS

Before and during field work it was not possible to
identify all the eventual users or the nature of their
requirements. Thus data collection and laboratory procedures
were designed to study the basic physical properties of soils
s0 as to cover as broad a spectrum of variables as possible. It
soon became obvious that raw data maps did not fully meet
the requirements of some users. Integrated maps or master
maps (Dubois, 1974) would have to be produced to ensure that
physical parameters would be considered in the planning
process. Table | gives an example of three planning criteria,
the factors affecting these criteria, and the field and
laboratory data used to evaluate these factors.

To illustrate the possibilities of the integrated mapping
computer program, suitability maps were produced for four
land-use types (low density residential, light industry, septic
tanks, landfills) and for landslide susceptibility. In order to
combine various data maps the different variables must be
weighted according to their specific land use suitability.
Weighting is based on suitable (A9, Figs. 10 and l1), moder-
ately suitable (B5), and unsuitable (Cl) categories.
Combinations of variable maps were made from two different
routines. The first method (superposition method) involves a
simple addition of the weight of every variable for each point

on the map (Fig. 10). The second one, the taxonomic method,
adds an interfactorial weighting process (Fig. 11). Using this
method, the order in which the variables enter the combina-
tion plays the role of an intervariable weighting. If an area is
unsuitable for the second variable, for example, the computer
program will not take into account the values of the
succeeding variables for that area. Thus, to produce a map of
residential suitability for an area (e.g. Ste-Scholastique map-
area) the following factors are combined: slope data,
surficial deposits, thickness of the surficial deposits, depth to
water table, and the distribution of till, gravel, and outcrops.

The map obtained by the superposition method (Fig. 12)
and the one using the taxonomic method (Fig.13) are
different. By the second method, slope and drainage were
considered to be the most important variables (Table 2); a
large area was found to be unsuitable for residential housing
using the taxonomic method (Fig.13).  Figure 14 was
produced by the same combination process (taxonomic
method), but the water table depth data were omitted in
order to simulate the same area with no drainage constraint.
Thus if the drainage of the area is improved, only the
steepest slopes appear as unsuitable sites. Comparison of the
two maps (Figs. 13 and 14) clearly indicates that poor
drainage was a very important factor. Producing various
maps by superposition and taxonomic methods, and in the



Taxonomic Method

A Suitable B Moderately suitable C Unsuitable

Factor 1

Factor 2

Suitability map

Factor 1 Factor 2 Suitability map
AS 18 A
Ag Bg 14 A
Cq 10 B
Ag 14 A
Bg < Bs 10 B
Ci 6 c
(o 1 c

Figure 11. Suitability map construction: taxonomic method.

latter case with or without water table data, not only
demonstrates the flexibility of the system but also could
indicate to a planner the importance of one particular
constraint (e.g. high water table). Planners then could
incorporate costs of remedial measures in their proposals. By
including the variable of anticipated noise level generated by
the airport activities, Figure 15 shows the residential
suitability outside the noise zones. As the area is not in the
vicinity of runways, the noise zone here is located along one
of the airport access roads.

CONCLUSIONS

This example of integrated mapping shows some of the
advantages and disadvantages of the geoscientific informa-
tion system for the North Montreal Region.

The main advantages are the ease with which it is
assembled and the fact that information can be made
available to planners at any time during its various stages of
preparation. The system described here represents solution
to the problem of information dissemination encountered by
planners, especially in the urban fringe where analytical
information must be delivered quickly and where good raw
data exist but usually are scattered in the files of various
agencies or consulting firms. Other information systems only

10

make interpreted syntheses available whereas this system
allows easy access to the information base. The information
can be updated, and maps can be produced at any scale. As
this is a 'custom' mapping system, the user of the system
chooses, with the operator, the type of data and the type of
combinations that are required. Also the operating cost is
low compared to the cost of a traditional study.

The main disadvantage of the system is the SYMAP V
computer program, which is not completely satisfactory for
mapping geoscientific data. In future projects it is
recommended that a more specialized program be used
(Delfiner and Delhomme, 1973; Chiles and Chauvet, 1973;
Laffitte, 1972). The type of basic information to be
combined as variables to produce integrated maps should
result from an interdisciplinary study and not from the
available data as was done here. Weighting of variables in
the integrated mapping process must be improved in order to
take into account the positive and negative influences of one
variable on another. Improvements are under way to make
the programming system more generally applicable regardless
of the local stratigraphy and to change the mapping program
and the programs for weighting and choosing the variables. It
would also be desirable to have an interactive remote
terminal which would allow a dialogue between the user and
the system.
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Figure 12. Suitability for residential housing, superposition of factors method, St-Scholastique map-area.
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Figure 13. Suitability for residential housing, taxonomic method, Ste-Scholastique map-area.

See Figure 12 for complete legend.
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Figure 14. Suitability for residential housing, taxonomic method, with improved drainage, Ste-Scholastique map- area.
See Figure 12 for complete legend.
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Figure 15. Suitability for residential housing, superposition of factors method, including noise factor,

Ste- Scholastique map-area. See Figure 12 for complete legend.



REFERENCES

B.A.N.A.LM. (Bureau d'aménagement de l'aéroport inter-
national de Montréal)

1972: Normes d'utilisation de sol liées a l'agression
sonore; Office de planification et de développe-
ment du Québec, Société d'amenagement du
territoire de la région aéroportuaire, 22 p.,
6 cartes.

Barteli, L.J., Klingebiel, A.A., Baird, J.V., and
Heddleson, M.R.
1966: Soil surveys and land-use planning; Soil Sci. Soc.
Am., Am. Soc. Agron., Madison, Wisconsin.

Bélanger, J.R.

1972:  Un exemple d'informatique appliqué a la géocarto-
graphie de la région d'Ottawa; thése M.A., inéd.,
Département de géographie, Univ. d'Ottawa,
Ottawa, 146 p.

Charles, R.
1972: Les colts d'aménagement des zones urbanisées:
cas de Ville de Laval; Les presses de I'Université
de Montréal, Montréal, 120 p.

Chiles, J.P. et Chauvet, P.

1973:  Application du krigeage universel a la carto-
graphie des fonds marins; Ecole nationale
supérieure des mines de Paris, Centre de
morphologie mathématique, Publ. 354,
Fontainebleau, 15 p.

Dansereau, P.
1971: Ecologie de la zone de l'aéroport international de
Montréal, une aventure inter-disciplinaire; Rev.
Géogr. Mont., v. xxv, no. 3, p. 301-305.

Delfiner, P. and Delhomme, J.P.

1973: Optimum interpolation by kriging; Ecole nationale
supérieure des mines de Paris, Centre de
morphologie mathématique, Publ. 343,
Fontainebleau, 26 p.

Douglas, D. and Fleming, L.

1969: Reference manual for Synagraphic computer
mapping: "S.Y.M.A.P.", as adapted to the
University of Ottawa LB.M. 360/65 computer;
Univ. of Ottawa, Computer Centre, Ottawa, 77 p.

Dubois, J-M.
1974: La cartographie normalisée, une technique rapide
d'évaluation des surfaces sur les cartes d'inter-
prétation; Rev. Géogr. Montr., v. XXVIII, no. 2,
p. 143-156.

Dumper, T.
1972: A computer generated model for land-use decis-
ions; unpubl. Ph.D. dissert.,, Polytechnical
Institute and State University, Ann Arbor,
Michigan, 176 p.

Kiefer, R.W.
1967: Terrain analysis for metropolitan fringe area
planning; Am. Assoc. Civ. Eng., J. Urban Plan.
Dev. Div., v. 93, no. U.P. &, p. 119-139.

Kugler-Gagnon, M.

1974: Information géoscientifique et aménagement;
thése de doctorat, inéd., Département de
géographie et d'aménagement régional, Univ.
d'Ottawa, Ottawa, 320 p.

Laffitte, P. (sous la direction de)
1972:  Traité d'informatique géologique; Masson et Cie,
Paris, 624 p.

Morin, F.
1973:  Quelques analyses physiques des sols, méthodes de
terrain; Comm. Géol. Can., Dossier public 172,
81 p.

Pepper, J.E.

1972:  An approach to environmental impact evaluation
of land-use planning and policies: the Tahoe Basin
planning information system; unpubl. M.A. thesis,
Dep. Landscape Architecture, Univ. of California,
Berkeley.

St-Onge, D.A. and Scott, J.S.
1972:  Geoscience and Ste-Scholastique; Can. Geogr. J.,
v. 75, no. 1, p. 232-237.

Turner, A.K. and Coffman, D.M.
1973:  Geology for planning: a review of environmental
geology; Quart. Colorado School Mines, v. 68,
no. 3, 127 p.

15



	pa_76-26_c
	pa_76-26_t

