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SUMMARY
In response 10 a request to increase its
activities in environmental geology and
to collaborate with the provinces, the
Geological Survey of Canada (GSC) in-
itiated a project in 1993 to provide geo-
science information for utban and re-
gional planning and development in
eastern Ontario and western Quebec.
Prior to the launch of the project, rep-
resentatives from various levels of gov-
ernment, private consultants, environ-
mentalists, universities and the general
public were invited to a forum to dis-
cuss the need for and usefulness of
urban geological information. The par-
ticipants confirmed the importance of
urban geological information and sup-
ported a co-ordinating role for the GSC.
Following this forum Natural Re-
sources Canada's Audit and Evaluation
Branch undertook an impact study that
examined the usefulness and value of
benefits of basic types of geoscience
information in urban and regional plan-
ning and development. The evaluation
study of the National Capital Region
Project determined that gecscience
documents are used extensively and

provide an authoritative standard for
work. They are particularly useful in pre-
liminary project planning, geotechnical
engineering for major facilities, environ-
mental impact assessments, public
safety planning, and as a multi-discipli-
nary research tool and field guide. The
estimated value of benefits includes a
5%-20% reduction in the cost of civil/
environmental engineering design and
planning study work, and considerable
monetary savings in derived or indirect
benefits, amounting to annual savings
of several million dollars. Recent tech-
nological advances increase the possi-
ble range of applications, especially for
those who have traditicnally been us-
ers of geological maps.

RESUME

Suite & une requéte adressée & la Com-
mission géologique du Canada pour
quelle augmente ses activités en géo-
logie de I'environnement et qu'elle col-
labore plus étroitement avec les pro-
vinces, celle-ci a lancé, en 1993, un pro-
jet visant & fournir de Finformation géo-
scientifique pour I'aménagement urbain
et régional dans I'Est ontarien et 'Ouest
québécois. Lors du lancement du projet,
on a invité des représentants des ditfé-
rents paliers de gouvernements, des
experts-conseils, des environnemen-
talistes, des universitaires et des gens
du publique en général, pour discuter
de la pertinence du projet de geologie
urbaine. Les participants ont souligneé
de fagon unanime I'importance des don-
nées géologiques &n aménagement du
territoire et ont appuyé le role de coor-
donnateur de la Commission géolo-
gique en ce domaine.

Dans un deuxiéme temps, la Direc-
tion de la vérification et de I'évaluation
du Ministére des Ressources naturelles
Canada a entrepris une étude d'impact
pour déterminer I'utilité et la valeur des
données géoscientifiques fondamen-
tales dans I'aménagement régional.
L'étude du cas de la Capitale nationale
a démontré que les documants géosci-
entifiques sont utilisés de fagon exten-
sive et fournissent des normes officielles
acceptées. Les données sont particu-
lizrement utiles pour la planification des
projets, les travaux d'ingénierie pour les
installations publiques, pour les études
d'impact sur I'environnement, pour la
sécuritéd publique et enfin servent d'outil
de recherche multidisciplinaire et de
guide sur le terrain. La valeur estimée
des bénéfices inclut une réduction de
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5%-20% des colts dans la planification
des études de génie civil et environne-
mental, ainsi que des économies
indirectes pouvant atteindre plusieurs
millions de dollars annuellement. Les
développements récents en informa-
tique permettent d'étendre I'utilisation
des données géoscientifiques a de
nouveaux domaines, bénéficiant princi-
palement, aux utilisateurs traditionnels
des cartes géologiques.

INTRODUCTION

Urban geolagy in Canada is a century
old, as repored by Scott (1998). “...in
May 1899 recognition of the significance
and importance of geology to urban
centres was manifest by the presenta-
tion of a paper (Ami, 1900) on the geol-
ogy of the principal cities of eastern
Canada to a meeting of the Royal Soci-
ety of Canada.” Despite the early con-
tributions by Ami, few systematic stud-
ies, with the objective of providing in-
formation to assist in municipal plan-
ning and development, were made dur-
ing the following 60 years (Scoft, 1998).
it was only at the end of the 1960s and
during the 1970s, that public awareness
of environmantal issues led to a sud-
den increase in programs and publica-
tions on environmental/urban geology.
This sudden awareness of the impor-
tance of earth sciences in environmen-
tal planning was summarized in a pres-
entation by J.E. Harrison at the 28th
Canadian Geotechnical Conference, in
1975: “Had | been writing this introduc-
tion 4 or 5 years ago | would have spent
several paragraphs justifying the role of
geology in urban planning. Today, with
McHarg's Design with Nature (1969) &
years old and Legget's Cities and Geol-
ogy (1973) enjoying wide circulation,
there is a growing acceptance of the
philosophy that an understanding of the
materials and processes of the natural
environment is the starting point for
good urban planning.”

Despite the perceived acceptance of
the role of earth sciences in urban plan-
ning, Mathewson and Font (1974)
showed that basic earth science was
more often ignored than used in the
planning process. The reasons for not
using earth science data were identified
as: the required information did not ex-
ist, the access to it was difficult, and
the information was not in a form com-
patible to the user's need. In response
to these information needs, the Geologi-
cal Survey of Canada (GSC) initiated,
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in 1970, a project to develop a compu-
terized system to facilitate the compila-
tion, processing and display of earth
science information, and to provide
planners, enginsers and administrators
with geoscience information required for
the orderly and efficient development of
urban centres (Bé&langer and Harrison,
1980). The Urban Geology Automated
Information System {UGAIS) (Bélanger,
1975a,b) was used in 1971-1972 to com-
pile more than 110,000 engineering drill
hole records for 26 major urban cen-
tres in Canada {Scott, 1998). The Re-
gional Geoscience Information: Ottawa-
Hull report (Bélanger and Harrison,
1980) and accompanying maps were
used extensively in the National Capi-
tal area, but the electronic data bases
of the UGAIS that were sent to the other
cities and provinces were used only
marginally, due to the difficulties of
processing computer files at that time
(Bélanger, 1998).

The arrival of personal computers,
and the rapid evolution of hardware and
software in the 1980s and 1990s com-
pletely changed the approach for com-
piling, processing and releasing gec-
science information, and contributed to
a revival of urban geology initiatives. In
the early 1990s, in response to concems
expressed by the Canadian public re-
garding environmental problems, the
GSC was asked to increase its activi-
ties and collaborate with the provinces
on projects concerning environmental
geology issues. One of the requests
voiced by local governments and the
private sector was for the updating of
the geoscience data base of the Na-
tional Capital area. By the time a new
urban geology project was launched in
1993, the GSC had already automated
its map production through the use of
Geographic Information Systems (GIS),
and most data sets were available in
digital format. Similarly, following a
trend observed throughout the world
{deMulder,1990), many of the regional
and municipal administrations of Can-
ada were making use of aulomated sys-
tems to store and retrieve information
for planning purposes.

A recent survey of the 27 data bases
compiled by the GSC in 1972 showed
that:

. Four data bases are maintained
locally (Kitchener-Waterloo, Toronto,
Montreal and St. John's).

. Four data bases were trans-
formed to PC-compatible formats and

re-released by the GSC (Vancouver,
Winnipeg, Hamiiton, and Ottawa), and
these data bases will be available on
the Internet through the GSC Web site.
. All the Ontario data bases were
transformed to a PC-compatible format
and the originals are kept by the On-
tario Geological Survey (OGS) {Thun-
der Bay, Sault Ste. Marie, Sudbury,
Windsor, London, St. Catharines-
Niagara, and Oshawa).

. Seven data bases are stili avail-
able on microfiche at the GSC (Edmon-
ton, Calgary, Regina, Chicoutimi, Fred-
ericton, Halifax and Moncton). Plans are
to enter the information on computer
and release the data bases on the
Internet.

. The five remaining data bases
are not readily available (Victoria, Tr-
ois-Riviéres, Shawinigan, Sherbrocke
and Saint John}: of those data bases,
only the Victoria one was reported as
existing in archives.

In order to assess the need for a new
urban geclogy project and evaluate ils
impact from the user's perspective, Na-
tural Resources Canada decided to con-
sult various groups of people who could
be possible users of geoscience infor-
mation. The project was first discussed
at a user's forum, hetd prior to the
launch of the project. As a tollow-up to
a recommendation from an evaluation
of the GSC programs by the Audit and
Evaluation Branch(AEB) of Natural Re-
sources Canada, the project was also
selected as a subject of an evaluation
study on the use and value of
geoscience information, based on ex-
tensive interviews with a wide range of
users of geological information. The use
and value of urban geology in Canada
presented here is based on feedback
obtained from these two consultations.

THE USER FORUM

Since the release of the Regional Geo-
science Information: Ottawa-Hull report
and data base for the QOttawa-Hull pro-
ject (Bélanger and Harrison, 1976 and
1980), the GSC has continued to re-
ceive feedback from engineering firms,
local governments, environmental
groups, and individuals, underlining the
usefulness of the report and the neces-
sity of updating the data base. These
users deplored the fact that the report
went out of print within only a few
months of its release. The wide accept-
ance of the urban geology report indi-
cated that there was a need for geosci-

ence information not only for regional
planning purposes, but also to serve as
background information for private firms
when planning engineering works or
conducting environmental impact stud-
ies.

In March 1994, before going ahead
with the update of the regional geo-
science data base and maps of the Ot-
tawa-Hull region, the GSC invited 35
representatives from geoscience con-
sulting companies, local and regional
municipalities, provincial and tederal
governments, and universities 1o dis-
cuss the needs for a new urban geol-
ogy project and the type of information
required by users. The participants were
divided into discussion groups and, with
the help of facilitators, were asked to
provide feedback on the following
points:

1. What role should the Geological Sur-

vey of Canada play in urban geclogy?

2. Does the Ottawa-Hull urban geology

project respond 1o a need?

3. Who are the users of earth science

data, generated by the Ottawa-Hull ur-

ban geoclogy project?

4, Is the type of information provided

by the GSC adequate?

5. Are the limits of the proposed Ottawa-

Hull study area adequate?

6. Data base:

* What type of information should the
urban geology data base contain?

s Are the sources of information ad-
equate?

* What should be the format of the
data base?

* Should the data base be updated?

« What should be the role of the GSC?

¢ How should the data base be re-
leased?

7. Maps:

* Are the legends of bedrock and sur-
ficial geclogy maps adequate?

+  Should the GSC produce derived, in-
tegrated or other types of maps?

+ Should the maps be released on pa-
per, in digital format or both?

= if digital, what format?

8. Should the GSC be involved in hydro-

geclogy studies in urbanized areas?

9. Is there a need for any other type of

documents?

The opinions expressed in each group
at the user forum were compiled and
summarized as follows:

The Need for
an Urban Geology Project
+ Geoscience information forms the
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basis for regional planning, zoning and
regulations by the various levels of gov-
ernment. Geoscience information is
also required in environmental studies
such as waste management, develop-
memrt of regional infrastructure, inven-
tory of natural resources, hydrology, and
geological hazards.

« An urban geology project would pro-
vide the opportunity to compile all the
geoscience information available for the
National Capital region and release the
information in a standard format that
could be accessible by all users, includ-
ing the private sector, the various lev-
eis of governments, universities, and the
general public.

The Role of the GSC

» The GSC shouid co-ordinate the ur-
ban geology project, but there should
be co-operation with other governments
(regional, provincial, federal) and the
private sector to avoid duplication, and
to arrive at a consensus on the stand-
ardization of formats and typse of infor-
mation.

» The private firms and local govern-
ments do not have the resources 1o
enter the geoscience information into
computers, but they would like to par-
ticipate in the project by providing all
their data, if the GSC is able to compile
the information and serve as the main
repository for the geoscience data base.
s The GSC should publicize the Ot-
tawa-Hull urban geology project by in-
forming the private sector, govern-
ments, and the general public in order
to promote co-operation and generate
interest in the project.

Type of Information Required

+ The Ottawa-Hull urban geology pro-
ject should compile and release all the
available information for the area. This
includes the nature, thickness and prop-
etties of the bedrock and surficial ma-
tenials, aquifers, geochemistry and geo-
technical properties of materials.

+ There is a need for site-specific in-
formation such as stratigraphic logs
from drill holes and regional compila-
tions such as bedrock and surficial ge-
ology maps. Documents and maps de-
rived from the geoscience data base are
also required, such as drift thickness,
bedrock topography and stratigraphic
cross sections. Ideally, the project should
provide 3-D models of the regional ge-

ology.
» The data base containing borehole

information should be released in dig-
ital form, on PC-compatible diskettes or
CDs, in a format as universal as possi-
ble. Maps and regional compilations
should be available in digital form, with
the possibility of producing print copies
on demand.

= Users, including governments and
private firms, want information as de-
tailed and specific as possible and at a
scale as large as possible, mainly for
surficial materials. The GSC would not
compete with private firms when releas-
ing detailed site-specific information, as
the purpose of each type of document
is different. The information released by
the GSC is meant to serve as back-
ground information and must not re-
place engineering testings, which carry
legal implications.

Compilation and

Distribution Procedure

+ Most of the existing private engineer-
ing files are manual and the firms do
not have the resources to enter the data
in computers, especially backlog infor-
mation. The engineering firms would
welcome GSC personnel to compile
their reports into digital format. As an
incentive, the GSC would give a com-
puterized copy of the consultant's data
base in digital format to the consultants,
* The data base should indicate only
the generic provenance of the informa-
tion contained in the data base to pro-
tect the agency providing the data, un-
less specified otherwise by the provider.
¢ All the documents produced by the
Ottawa-Huli urban geology project
should be released to the general pub-
lic. The fees for the publications should
not be prohibitive and should be pro-
porticnate to the disbursement incurred
by the GSC.

EVALUATION STUDY BY

NATURAL RESOURCES CANADA

In 1995, as part of an examination of
the impact of all GSC programs, GSC
work in urban geology was made the
subject of an evaluation study. The
study was directed by the Audit and
Evaluation Branch (AEB) of Natural
Resources Canada, whose responsibili-
ties include examination of departmen-
tal programs and evaluation of their
continued relevance, cost-effectiveness,
impacts, and success in mesting de-
partmental cbjectives. The AEB, in con-
sultation with the GSC, decided to fol-
low a case study approach and selected
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the arsa covered by the GSC’s Ottawa-
Hull urban geology project (Fig. 1). Mare
specifically, its objective was to “exam-
ine the use and value of the basic types
of geological mapping products in the
urban-regional planning and develop-
ment process as exemplified in the
eastern Ontario-western Quebec area”
{Moore, 1998). The study was intended
to address not only NRCan concerns
but also many of the design concerns
and objectives of those managing the
Ottawa-Hull urban geology project as
well,

The evaluation study was carried out
intwo parts. The first developed a broad
overview of the use of these maps and
data through interviews with those in-
volved in the geological and technical
aspects of urban-regional development:
included were GSC and academic geo-
scientists and engineers, geotechnical/
environmental consultants, and a litera-
ture review. The second part of the study
was a more detailed examination of the
use of geoscientific maps and data by
the more intensive users of this infor-
mation, and was based on interviews
of 12 geotechnical and environmental
engineering consulting firms in eastern
Ontario-western Quebsc. Findings of
the second part are given in the next
section. The complete report can be ob-
tained from the Audit and Evaluation
Branch, Natural Resources Canada
{Moore, 1998).

GEOSCIENCE MAPS AND DATA
The original intent of the evaluation
study was to examine the use of the
maps and dala contained in the stand-
ard GSC reference source for the Na-
tional Capital Region, Regional Geo-
science Information; Ottawa-Hull (Bé-
langer and Harrison, 1980), which con-
tains a series of surficial and bedrock
geological maps and related data files.
This material has been entered into dig-
ital format, After several interviews it be-
came readily apparent, however, that
the range of materials covered would
have to be extended.

Analysis of the relative importance of
sources was complicated not only by
the wider than expected range of source
materials used, but also because these
maps were frequently highly interre-
lated. Current federal and provincial
geological mapping products were of-
ten found to be interdependent in origin
and content, being based on earlier geo-
logical maps and studies. Furthermore,
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maps produced by other natural re-
source mapping agencies, such as
maps produced by soil surveys and for-
estry agencies, were frequently derived
in part from geological maps. Thus, un-
ravelling the lines of attribution to a par-
ticular piece of geoscience work could
prove quite a complex task.

USERS OF

GEOLOGICAL INFORMATION

The survey demonstrated that the di-
rect users of geoscience information
were divided among:

* The three levels of government that
are responsible for managing or con-
ducting research on natural resources.
* The geotechnical and environmental
consulting firms that serve them directly
or indirectly (through the civil engineer-
ing firms who design major facilities).
* Educational and research bodies, es-
pecially universities.

The most intensive direct users were
the consulting firms. Local governments
were more often indirect users because
they did not possess the technical ex-
pertise and rely on the consulting firms
for these needs.

There were also users of products de-

rived from geoscience maps and data.
These derived products included soils
surveys, forestry research, land man-
agement, and land use and zoning
maps used by urban and regional plan-
ners and private developers. This cat-
egory of users was not interviewed. A
study of the use of soil survey maps in
Ontario demonstrated the potentially
great impact of these derived products
(Acton et al., 1986).

PURPOSES FOR USE

Preliminary Project Planning

For many, if not most, geotechnical and
environmental consulting firms, geosci-
ence documents provide the major
source material for preliminary project
design work. Firms use these maps to
determine the type of field work required
for a particular project or study, e.g., fre-
quency and depth of drilling, other soil
or water samples to be collected and
the types of analyses needed, likely
types of construction methods or pre-
cautions, construction materials and
structures suitable for the site condi-
tions. Their role in estimating work re-
quirements for geotechnical and envi-
ronmental consulting contract bids can

be the critical difference in completing
a project within estimated cost and time.
or not. As an example, a depth of drift
map indicates the depth of drilling re-
quired to reach bedrock. Since drilling
is expensive, an underestimate of depth
would lead to cost overruns and losses
for the contractor. Many firms could not
conceive of conducting their work with-
out referring to GSC or OGS geologi-
cal maps.

Geotechnical Engineering for
Public Systems and

Major Facilities

Geological maps have been found most
helpful for geotechnical and design en-
gineering purposes where only gener-
alized regional geological information is
required. Location selection studies for
either sites or routes for public activi-
ties or major private facilities are prob-
ably the most important category of ap-
plication. In these cases, typically geo-
logical and other geographic criteria are
established to screen the region for pos-
sible sites by eliminating those that do
not meet the selection criteria.
Examples of this application include:

¢ Locating a landfill facility
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Figure 1 Extent of theOttawa-Hull urban geology project.
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Budgeting for municipal water sys-

tem maintenance

» Research on a city water supply sys-
tem

« Estimating costs for conducting a
water system maintenance program

» Establishing accurate cost estimates
for engineering work and ensuring
satistactory engineering design.

In the case of the water system re-
search, the National Research Council
{NRC) used the GSC's surficial maps
in locating a geological environment
suitable for studying the effects on city
water pipes that had been buried in
clays containing salt water. The objec-
tive ot the NRC research project was to
determine a means of detecting and re-
ducing corrosion damage of water
pipes.

Environmental Impact Assessment
and Related Public Health Planning
Recently, geoscience maps have found
increasing applications in remedial work
related to public safety and public health.
They are a primary source of informa-
tion required for determining the appro-
priate course of action when toxic chem-
icals such as chlorinated or hydrocar-
bon compounds have spilled and pos-
sibly leached into the ground and en-
tered the ground water. The presence
of clays can reduce the risk of ground
water pollution, while permeable depos-
its can require major remedial work. En-
vironment-related work has risen from
negligible levels 12 years ago to con-
stitute an estimated 50% ot the local
consulting industry's business today.

Public Safety

Hazard-Related Planning
Geoscience maps have also been used
in studies related to public safety haz-
ards. It is critical to understand ground
stability, and geoscience maps can pro-
vide information on the geological ma-
terials, their history, and their proper-
ties. This aspect is padicularly impor-
tant in the Ottawa-Hull study area ow-
ing to the presence of sensitive marine
clays that are susceptible to landslides
and differential setttement.

Another example is the potential risks
related to earthquakes. The amount of
damage from earthquakes commonly
is dependent on local geclogical condi-
tions. Seismic risk can be established
for an area, but the effect of a seismic
disturbance will vary with specific sur-
tace and bedrock materials. Insurance

companies have recently contracted
geoscience consultants to conduct stud-
ies to establish the relative risk to spe-
cific areas by combining information
from surficial and bedrock maps with
information on seismic activity. This in-
formation, together with information on
structures, is critical in establishing rea-
sonable insurance rates {Risk Manage-
ment Solutions, 1995).

An Information Infrastructure for
Public Geod Planning

Public agencies are extremely reliant on
geological maps for major land use,
public facility, and route selection deci-
sions. They need comprehensive cov-
erage of a wide variety of geological
information tor established and some-
times unexpected purposes related to
the public good. Public agencies seek
to provide an infrastructure of knowl-
edge critical to adequately manage the
natural resources in a region, to protect
public health and safety, and to facili-
tate the more efficient functioning of the
economy.

As a form of capital investment, geo-
logical maps enable useful studies 1o
be conducted at far less cost than oth-
erwise. In fact some impontant studies
could not be conducted at all were it
not for the existence of geological maps.
A case in point is the study of aggre-
gate resources in Regional Municipal-
ity of Ottawa-Carleton, in which it was
estimated that the costs would have tri-
pled without the publicly available geo-
logical maps. If the maps had been in
digital format, time requirements and
costs would have been further reduced.

A Multi-Disciplinary Research Tool
and Field Reference Guide
Geological maps are also used as a ref-
erence guide in field work, not only for
updating maps and understanding the
geological charactenstics of an area, but
for correlative work in related disci-
plines, e.g., for conducting soil surveys,
forest management and research proj-
ects on ecology, and other studies of
the natural environment. Because sur-
ficial and bedrock geology provide both
the foundation material of which the
natural environment is composed and
the basic framework on which the natu-
ral environment is built, they have
proven to be particularly useful in natu-
ral environment management and re-
search studies.

A number of users estimated that the
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GSC surficial geology maps in the Ot-
tawa-Carleton area reduced the time
required for soil surveys by 1 year, or
approximately 15% of the cost of pro-
ducing a map. Surlicial geology has
been used by Ontario government for-
estry researchers in defining forest man-
agement regions, and as an explana-
tory variable in predicting the likelihood
of forest fires.

An Accepted

Authoritative Standard

The overriding reason given for the wide
use of geological maps was that they
provided a consistent and dependable
context within which 10 conduct and
guide work. The use of the same or a
similar legend and classification system
for large geographic areas was men-
tioned by many as a deciding factor in
selecting a particular map or map se-
ries for use, It should be noted that these
maps also provide a useful and espe-
cially authoritative standard that can be,
and often is, included in submissions
to regulatory agencies and as evidence
in court cases.

MONETARY BENEFITS

FROM THE USE OF

GEOQLOGICAL INFORMATION
General Considerations in

the Measurement of Benefits
Attributing monetary value to the use
of geoscience products presents many
challenges. Most applications require a
large consideration for the public good
or general weliare of society particularly,
protection of public health and safety
through regulatory controls over build-
ing and pipeline construction, provision
of public services such as highway
transportation, and use of crown land
and resources for the long-term value
to society. Establishing value for these
public uses of geoscience information
is not straightforward, requiring many
assumptions. The estimates obtained
thus can be controversial. However, a
reasonable and conservative approach
to valuation was taken, and thus the
valuation provides a useful perspeclive
on the benefits actually received from
use of these maps.

It is important to take a longer-term
perspective in identifying the benefits of
geological maps. Specific applications
of the maps will vary with the public con-
cerns or tasks at a point in time. A
shorter-term perspective would miss
some important applications.
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Estimated Value of Benefits
Estimates of the value of using geologi-
cal maps and data are divided into
firmer, direct benefits, and indirect or
derived benefits. The estimates of di-
rect benefits are based on the opinions
of the users of the geological informa-
tion materials. The number of those in-
terviewed for the eastern Ontario-west-
emn Quebec study area was not large
but constituted a high percentage of the
total population of users, especially af-
ter weighting the responses by the vol-
ume of work undertaken by their organi-
zations. Most of the larger consulting
firms were covered, as well as a cross
section of the smailer firms. This means
that there was at least a 67% to 75%
coverage of the volume of business. Es-
timates of time and cost savings were
very similar for both private firms and
public agencies.

Estimates given to this study on the
annual volume of geoscience-related
contract business undertaken in the
study area of eastern Ontario-western
Quebec varied widely; however, esti-
mates made by some of the larger con-
sulting firms place the figure for geo-
technical engineering, land use plan-
ning, and environmental impact type
work at $50-$60M per year. This in-
cludes most but not all of the work con-
tracted by public agencies, since they
conduct little engineering and planning
work themselves; however, the value of
the work conducted by public agency
staff is so small that it would serve to
firm up the upper limit of the estimated
range.

Direct Benefits: Engineering
Design and Planning Applications
The direct or operational benefits of
using publicly available geoscience ma-
terials in civilenvironmental engineer-
ing design and planning study work
were estimated by many private and
public sector users to have reduced the
costs of completing their tasks by 5%
to 20%. In the case of geotechnical/en-
vironmental engineering and planning
firms, that estimate translates into a
savings of $2.5M (ie., .05 x $50M) to
$12.0 {i.e., .20 x $60M} per year for the
study area. In the case of planning, de-
sign and maintenance work undertaken
by municipal and other governmental
resource agencies in forestry and agri-
culture and management of aggregate
resources for highway departments,
similar rates of operational savings were

estimated. Direct or operational savings
are more likely to be in the range of $1-
$1.5M per year, with major projecls
{e.g., transportation systems planning)
bringing the figure to the higher level in
particular years.

These figures include a wide range
of uses from project cost estimation,
planning of field work/determination of
appropriate tests, to site or route selec-
tion. They are all exercises that can be
based largely on existing geoscience
maps and data bases. It was difficult to
distinguish the estimated benefits be-
tween these different applications,
which could vary from project to project.

Table 1 presents six examples of sav-
ings and other benefits provided by the
use of geoscience information in the
gastern Ontario-western Quebec study
area. These examples came from inter-
views with those involved in carrying out
specific projects.

Derived or Indirect Benefits: Land
Use Controls and Construction
Monetary benefits derived from the re-
sults of civil/environmental engineering
design and regulatory work {e.g., the
construction of highways, facilities, land
use, and public servicing) should also
be included. While these benefits are
typically only partly attributable to the
use of the public geoscience informa-
tion, they are considerable. An aggre-
gate benelfit figure would be difficult to
establish, but an order of magnitude can
be estimated from a series of examples.
* The cost of damage that can be re-
lated to geclogical characteristics or
conditions of a site frequently exceeds
millions of dollars. Several examples of
remedial work costing several tens of
thousands of dollars were recorded dur-
ing the evaluation study.

+ There are also real-time benefits in
the ability to quickly survey and locate
other areas of risk once an emergency
such as a pipeline break, explosion or
landslide has occurred. Speed can be
critical in lessening or eliminating dam-
age in these other locations of risk, e.g.,
along natural gas, water and sewer
pipelines, highways, railways, aquifers
etc.

s Many of the benelits of the use of geo-
logical maps and data bases are real-
ized through the land use/environmen-
tal controls and building codes used by
public agencies for the protection and
general welfare of society. The pub-
lished geoscience resources are almost

indispensable to these applications.
They are virtually the only source of any
reliable generalized information on hy-
drogeology, building site stability, and
other information: on the location and
characteristics of surface materials and
bedrock so important in determining
appropriate land uses. The maps alsc
have value as standards for reference
in regulatory submissions and hearings,
e.g., natural gas pipeline submissions.
* The determination of the magnitude
of all of the benefits that can be attrib-
uted to the use of geological maps and
data bases rests on the ability to con-
struct likely alternative courses of ac-
tion in their absence. Some users stated
that they would have gone ahead with-
out GSC maps, using their background
understanding, and accepting the risks
involved. Given the magnitude of these
known losses and risks involved, even
at a conservatively estimated 1% level
of attribution, the geoscience informa-
tion would enable hundreds of thou-
sands of dollars of savings per year.

* There is also an all-pervasive and
even more elusive application for these
geoscience materials: their educational
use. The economic benefits of these ap-
plications have not been separated from
the others already estimated. They
would, however, serve to strengthen the
estimates.

SURVEY OF PRIVATE

CONSULTING COMPANIES

Once the overview was established dur-
ing the first part of the evaluation study,
the second step in the study was a more
systematic and detailed examination of
the use of geoscientific maps and data
by the more intensive users of this in-
tormation, the geotechnical and envi-
ronmental engineering consulling indus-
try of eastern Ontaric-western Quebec.
This was accomplished through a struc-
tured survey of 12 geotechnical and en-
vironmental engineering firms in the
region. The survey was conducted via
face-to-face and telephone interviews
based on an interview guide.

The 12 companies reported a total of
approximately 304 employees. They
estimated their total volume of business
at $21.5M per year, of which approxi-
mately $18M was for work in the three
categories covered by the study. land
use planning and regulation-related
work; design and engineering work; and
environment-related work. These firms
conducted approximately 3430 projects
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per year, of which 2850 were in the three
selected categories of work.

Estimates provided by individual
compantes for total consulting fees or
contracts for geotechnical, environmen-
tal assessment and environmental
geoscience-related consulling work in
the eastern Ontario and westemn Que-
bec region varied widely; however, they
supported an overall estimate of ap-
proximately $50 to $60 million for all
geotechnical and environmental work in
the entire geographical region.

As a means of determining the rela-
tive importance or usefulness of particu-
lar items of geological information to the
users, a rating scale was developed by
averaging the ratings of individual com-
panies. A numerical score was assigned
to each user's response as follows:

+ very important/very useful 3
* important/useful 2
+ less important/less useful 1
* not important/not useful 0

Overall Importance of Urban
Geology Maps and Data Bases

The importance of urban geology
information for each of the three major
categories of work was rated between
“important” and “very important,” with
scores of 2.2 for land use planning and
regulation-related work; 2.1 for design
and engineering work; and 2.4 for
environment-related work,

Use of Urban Geology Maps

and Data Bases

The most useful GSC products, in the
opinions of the 12 participating com-
panies, are surficial geclogy maps at
scale 1:125,000 and 1:50,000 (scores
2.1 and 2.8, respectively), bedrock ge-
ology maps {score 2.4}, and drift thick-
ness trend maps at 1:50,000 (score
2.2). The scores for the surficial geol-
ogy and drift thickness trend maps in-
dicate that maps of scale 1:50,000 are
more useful than those at 1:125,000.
Only one company out of the 12 inter-
viewed was using digital versions of the
existing maps.

The lack of familiarity with certain
GSC products, expressed by one-third
of companies interviewed, suggests that
GSC could improve its marketing and
promotion of urban geology products,
and also notity companies of the exist-
ence of its web site.

In terms of other urban geology prod-
ucts, most companies used various
products from the Ontario Geological

Survey and found them “useful.” Other
products widely used are air pholo-
graphs (both federal and provincial) and
provincial water-well records.

Geoscience Information Purposes
Among a number of identified purposes,
GSC products were considered most
useful for initial orientation and screen-
ing (score 2.4), conceptual understand-
ing (score 2.3}, and selection of meth-
odology or technigues required for field
work {score 2.2). This rating order was
confirmed by a direct question on the
most important use.

All companies agreed that interaction
with the organization that provided the
maps is not normally necessary during
a project.

Role of the GSC,

Its Products and Services

Eleven companies considered the
GSC's contribution to urban geology in-
formation in the Ottawa Valley region
to be “important” or “very important.”
One company indicated that it had used
the GSC in the past (for consultation or
services), “for solutions to specific/
unigue/uncommon problems.” Nine
companies indicated that the fact that
a product or service came from the GSC
made a difference because of its name,
reputation or standard.

In terms of the consequences of the
unavailability of GSC maps or data
bases, eight out of 12 companies indi-
cated that they would have gone to an-
other source of existing information as
a first option. Three others would have
relied much more on their own compa-
ny's maps, data bases and files from
other projects. Several companies noted
that, in the absence of GSC mapping,
they would put mere emphasis on or-
ganizing internal company data from
previcus projects.

All companies indicated that these
alternatives to the existence and use of
GSC maps would result in an increase
intheir costs. There would be increases
in costs to prepare proposals, and in-
creases in project costs. These addi-
tional project costs would be passed on
to their clients.

Respondents felt that GSC urban
geology maps increased competition in
the consulting industry by creating a
level playing field, since the information
is available to everybody. They did not
feel that the maps affected profitability,
because cost increases for contracts

would be passed on to the client. All
companies agreed that the GSC infor-
mation makes it easier to prepare pro-
posals; it improves accuracy and re-
duces uncertainty in estimating project
costs.

In terms of the role that the informa-
tion plays in the final project results, the
consequences depend on the purpose.
For site-specific projects, there was
general agreement that GSC informa-
tion plays very little role in the final proj-
ect results. For regional studies and for
site or route selection, however, the in-
formation does have an impact on final
project results.

User Opinions of the GSC’'s Ottawa
Valley Urban Geology Project

Most companies thought that it would
be worthwhile for the GSC to convert
its products to digitai format, and to add
new drill hole data as it becomes avail-
able.

Most companies expressed satisfac-
tion with the timing of release of infor-
mation, the level of detail of informa-
tion, the level of consultation, and their
strength of relationship with the GSC.

Among the new products planned for
the Ottawa Valley region, the sngineer-
ing data base was considered the most
useful new product (score 2.8), followed
by surficial geciogy maps at 1:50,000
(score 2.6), hydrogeology_maps(score
2.5), drift thickness trend maps at
1:50,000 (score 2.3), and bedrock to-
pography maps at 1:50,000 (score 2.3).
Products considered the least useful
were drainage basin maps (score 0.9),
and hazards maps (score 1.0).

All companies responded that it
would be useful to preview these prod-
ucts on the Internet prior to ordering.
Concerning the medium for distribution
of these products, paper and CD-ROM
were considered essential media. Only
one company selected diskette as a pre-
ferred medium.

Asked what should the GSC's role be
in urban geology, most companies felt
that the GSC should continue with the
role that it is currently playing; that is,
as ong company described, to provide
base information on the geology of the
area, and to identify problems that com-
panies are likely to encounter.

SUMMARY AND CONCLUSIONS

Both the user forum on the urban geol-
ogy project and the later evaluation
study on its impact have brought about
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a better understanding of the needs of
users of geoscience information, and
helped to clarify the importance and role
of the GSC-produced geoscience infor-
mation in environmental studies. The
user forum revealed extensive uses for
geoscience information, and a broad cli-
ent base, encompassing five major user
groups (governments, private consult-
ants, environmentalists, academe, and
the general public), with applications
going far beyond the original objective
of providing geoscience information for
government land use planning pur-
poses, zoning and regulation. Geosci-
ence information is now used exten-
sively in the National Capital area for
environmental impact studies related to
waste management, development of
regional infrastructure, tapping of natu-
ral resources, and geoclogical hazards.

The user forum demaonstrated that the
private sector welcomes site-specific
information and regional compitations
published at the largest possible scale.
Consulting companies do not see the
release of site-specific data by the GSC
as being in competition with them. They
consider GSC publications to be back-
ground information and not replace-
ments for engineering testing or other
specific types of environmental studies,
which may carry legal implications.

The evaluation study on the applica-
tions of geoscience maps and data in
an urban-regicnal development context
demonstrates well the value of these
maps and data bases, confirming the
role of government in their production
and the fact that these geoscience maps
and data are well worth their costs. Pri-
marily the maps save time in the de-
sign phase of projects or for land use-
related planning or research projects
where only generalized information is
required. This can result in substantial
savings in that the design phase is less
expensive and the project can be com-
pleted sooner. Earlier completion can
mean earlier use of the facility and
therefore earlier returns from it, for ex-
ample, transportation cost savings, in-
come from sales or production or serv-
ices. Secondarily, the use of the maps
can also reduce the risk of error in work
undertaken by keeping plans and de-
signs within the geological-environmen-
tal constraints.

The maps provide frameworks for
many types of work. The multiple ap-
plications cannot always be foreseen:
for example, the now extensive use in

environmental impact work. The fact
that geology is the foundation on which
and in which the natural and human
systems operate gives the geological
maps potentially broad applications and
tong shelf lives. Recent advances in GIS
technology increase the possible range
of applications largely because they are
now technically and financially more
feasible, In this light the study noted the
potential for increased co-operative and
collaborative work in future with those
who have not traditionally been users
of geological maps. Geoiogical maps
can now be simplified or tailored to the
requirements of those working outside
the geoscience area.
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