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ABSTRACT

Conputer technol ogy, |ike Environnental |npact Assessnment (ElA) has
undergone rapid and extensive devel opnent during the |ast decade.
Coupled with recent initiatives toward environmental |y sustainable
econoni ¢ devel opnent, an opportunity is provided to shift our
perspectives and practices about data and infornmation toward the
I mprovenent of the use of conputer technology in ElA

Today, a nunber of computerized s%stems are available to be ape\lhi ed
to the activities associated with environnental assessnent. ile
sone technol ogies are wel| devel oPed and others are evolving, the
challenge is to integrate all of the various technol ogies for
applicatron to EIA

This report discusses the major conponents of environnental inpact
assessnent; how EIA is practised in Canada; and the various
categories of current conputer systens such as, Data Base
Managenment Systems (DBMS); Conputer Aided Instruction (CAl);
CGeographic Information Sgst ems (GS); Decision Support Systens
(DSS); Expert Systens (ES) and Conputer Mdelling that coul d be
applied to the ElIA process. Fol | owi ng the sunmmary of conputer
systems, a brief description of a nunber of applications to ElA
are provided.



1.0 | NTRGDUCTI ON

The advancenents of science and technol ogy, the devel opnent of
human cultures, and the intensity of human activities have al
contributed to the high standard of |iving many of us enjoy today.
However, these sane elenents, coupled with our uncaring attitude
toward the environnental consequences of our actions, have produced
a conplex array of environnental inpacts that threaten our way of
life and survival. Evi dence concerning global warm ng, o0zone
depl etion, species and habitat reduction and elimnation, forest
destruction, the spread of deserts, soil degradation, acidification
of | akes and streans, and surface and groundwater pollution exists
in abundance in the literature. The environnental problens we face
today are due to unsustai nabl e econom c devel opnment and growth in
industrialized countries. As third-world countries accelerate
their econom c developnent in order to raise their standards of
living to those of developed countries, these environnental
problenms will worsen

Systematic attenpts to mtigate environnmental inpacts are only
about two decades ol d. In this brief period, our understandi ng of
the strategies required to control environmental inpacts has
undergone a fundanental change. During the last 20 years, our
approach to dealing wth these environnental inpacts has been one
of react - and-cure. Thi s appr oach concentrated on | ocal
environnmental effects and damage by inposing em ssion standards,
and by incorporating environnental factors into project design

Today, the growi ng evidence that environnental problens are gl obal
in scope, and that they could limt econom c devel opnent, has |ed
to the urgent need to reassess the react-and-cure approach and to
adopt an anti ci pat e-and- prevent approach, one that wll ensure that
environnmental considerations are integrated into decision-naking
at the early planing stages of proposed devel opnent initiatives.

Envi ronment al i npact assessnment (EIA), a planning tool that had its
beginning in the late 1960s, has evolved as one of the nost
effective nechanisnms available to help decision-makers deal
effectively with the environnental consequences of their decisions.

Li ke EI A, conputer technology has undergone rapid and extensive
devel opnent during the |ast decade. The technol ogy has evolved in
its application to financial nanagenent, and the managenent of
natural resources and environnmental assessnent. In addition, a
m cro-conputer revol ution is underway. Compl ex systens that were
previously only available on large mainframe conputers are now
available in desk-top conmputers. W now have a powerful technol ogy
that we can use to help practioners and nanagers inprove the
effectiveness and efficiency of ElA

This report discusses the major conponents of EIA;, how EIA is
practised in Canada, and the various categories of current conputer
systems that could be applied to the process. The report provides
a brief description of a nunber of applications by a nunber of
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Canadi an firnms that will be denonstrated at GLOBE'90.

2.0 ENVI RONMENTAL | MPACT ASSESSMVENT

EIA is one of the nost effective approaches to anticipating and
preventing environmental danmage. It attenpts to identify, predict,
and assess the likely consequences of proposed devel opnent
activities, be they biophysical, socio-economc, cultural, or
heal t h-rel at ed. The ultinmate objective of EIAis to pronote the
integration of environnental considerations into all social and
econom ¢ devel opment decisions. ElIA provides one of the essenti al
tools that can and should be used to achieve the goals of
environmental |y sustainabl e econonm ¢ devel opment, a concept that
has been entrenched universally follow ng the publication by the
United Nations General Assenbly of the Brundtland Conm ssion's 1987
report, "Our Conmon Future". El A should be seen as a test, as
fundanmental as that of economc feasibility, when considering
?conﬁnic devel opnent initiatives at the policy, program or project
evel .

EIA was first incorporated as a regulatory procedure in the United
States under the 1969 National Environmental Policy Act (NEPA).
NEPA required that all actions significantly affecting the quality
of the human environnent woul d be subject to an El A Si nce NEPA,
ot her countries have adopted simlar provisions which make ElIA a
prerequisite for integrating environmental considerations into
econom ¢ decisions, as well as for the approval of devel opnent
proposal s.

Most EIA processes attenpt to identify, analyze, and evaluate in
a comprehensive and systematic way the I|ikely consequences of
proposed devel opnent activities, through an open, participatory,
and consistent process. Such an interactive system can be thought
of as a set of elenents connected together to forma whol e. The
properties of the whole enmerge from the interactions of the
el enents. The elenents of EIA are the follow ng:

APPRAI SI NG BASELI NE | NFORNMATI ON: It IS necessary to
collect and collate data about the state of the
environment and to analyze the quality of the tenporal
and spatial variations in the data. The data can then
be presented as information. \Wile much information can
be obtained through existing data bases and individuals
know edgeabl e about the environnent, monitoring studies
are required to collect data to fill in information gaps.
| f baseline data needs to be collected, monitoring nust
be carried out early in the planning stages.
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| DENTI FYI NG ENVI RONVENTAL HAZARDS: It is inportant to
identify the environnental hazards associated with a
proposal and to predict the effects they may have on
humans and the environment.

ASSESSI NG ENVI RONVENTAL | MPACTS: The central conponent
of EIA is prediction of the inpacts of a proposal on
humans and their biophysical and social environments.
In addition, know edge about the methods that can be
applied to mtigate the inpacts of a devel opnment mnust be
obtained, and if this is not possible, neasures of
conpensation nust be identified. Adverse environnental
hazards can be mtigated in the planning and operati onal
st ages. Conpensation procedures can help in the re-
creation of habitats where mtigation neasures are not
expected to be effective. The remaining task is then to
assess the significance of the residual inpacts, and to
determine the risks associated with them

PUBLI C | NVOLVEMENT: An inportant and essential conponent

of EIA is public involvenent. I nvol verrent i ncl udes
identifying stakehol der( notifying stakehol der
about the proposal; comunicating the nature of the
proposal, including associated risks; listening to the
publics concern about the proposal and involving the
st akehol der (s)in the design of the proposal. Effective
public participation is a vital link to the long-term
validity of the resulting mtigation and conpensation
responses.

FOLLOW UP: Wen all of the information has been
identified, analyzed, and evaluated, and a decision

rendered, it is inportant to outline the mtigation and
conpensation commitnents that should be inplenented. As
well, nonitoring plans that wll be enployed for

det ecti ng changes and probl ens and for inproving upon the
met hods, techni ques, and approaches used in prediction,
mtigation, and conpensation should be devel oped.

3.0 THE FEDERAL ENVI RONVENTAL ASSESSMENT AND REVI EW PROCESS ( EARP)

In Canada, EIA evolved from a 1973 federal cabinet decision to
establish the Environmental Assessnent and Revi ew Process (EARP).
The process was established in 1984 as an Order-in-Council. Mre
recently, a nunber of events have resulted in a nobve towards
est abl i shing an Environmental Assessnent Act for Canada.

EARP can be seen as two distinctive but inextricably I|inked
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processes. One is the Environnental |npact Assessnent Process and
the other the Environnental Follow Up Process. The processes are
descri bed bel ow.

3.1 Environnental |npact Assessnment (ElA) Process

The environnent al i npact assessnment process enconpasses the
activities that must be taken to assess the potential inpacts of
a given project on the physical, biological, social, cultural and
economi c environnents; to identify the mtigation and conpensation
which would reduce or elimnate the inpacts; to undertake other

followup activities that may be required (e.g., nonitoring,
research, audi ting) and to take a decision on project
acceptability. In the EARP, this process can be separated into
two phases. First, there is the initial assessnment which provides
screening and the initial environnmental evaluation. The initial
assessnent phase involves a systematic, docunented assessnent of
envi ronnent al inmplications of a proposal, i ncl udi ng t he
significance of adverse environnental consequences which nmay i npact
on the project. Screening determnes the need to mtigate

environnental inpacts, and indicates whether further investigation
IS required. An exclusion list assists in the identification of
proposals that would not be expected to produce any adverse
environnmental effects, and should thus be excluded from any nore
detail ed exam nation under the EARP.

If, during the Initial Assessnent Phase, it is found that there is
a need for further investigation of the nature, extent, and
significance of the inpacts and the efficacy of known mtigation
and or conpensation nmeasures, than an [Initial Environnenta

Evaluation (I1EE) is conducted. If the 1initial environmental
evaluation determnes that the effects are insignificant or they
can be adequately mtigated or conpensated, then the proposal can
be allowed to proceed (Figure 1).

The second phase is the Public Review. Thi s phase is undertaken
when a proposal's adverse environnmental and directly related socia
effects are significant, or if public concern is such that a public
review is desirable. The proposal is subject to a detailed
exam nation by an independent panel, wth opportunity for public
i nvol verrent (Figure 2).

3.2 Environnental Follow Up Process

The environnental follow up process enconpasses post-assessnent
activities including nonitoring. Followup activities are
undertaken to ensure the inplenentation of the proposal in
accordance with the terns inposed by the environnmental inpact
assessnment process, and to learn fromthe particular activity being
studied in order to provide for nodifications or changes where
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required.

Key to the success of this phase is the developnent of
Envi ronnental Managenent Pl ans and the invol venent of regulatory
agencies and the public in the devel opnment and i npl enentati on of
the plan. These plans are outlined in documents which articulate
how t he comm tnents made during the EIA Phase will be inplenmented
to manage the inpacts of the project throughout its Ilifecycle.
These pl ans include descriptions of precisely how mtigation, and
nonitoring will be inplenented.

The various conmponents of the environnental managenent plans are
as follows:

Mtigation Plans aimto describe in detail the methods
and techniques to be applied to the elimnation or
reduction of the negative effects and risks of an
initiative, and the regulation and control of those
effects and risks where they occur.

Conpensation Plans describe those techniques that are ained
at redressing or offsetting the unavoi dable negative
effects of an initiative which can not be adequately
mtigated.

Contingency Plans identify how the detection and tinely
response to potential divergencies and unanticipated
problems wll be addressed.

Community Involvenent Plans provide the nmeans by which
effective two-way communication and probl em sol ving can
be inplenented on an on-going basis.

Monitoring Plans identify data collection and eval uation
for the purposes of determ ning the changes which may
have occurred as a result of the project. The nonitoring
plan should cover sever al types of nmeasur enent
activities, with differing purposes. The two main types
of nonitoring are:

(1) Effects nmonitoring: This involves the
nmeasur ement of environnental variables during
project construction and operation to help in
the determ nation of changes that may have
occurred as a result of the project.

(2) Conpliance nmonitoring: This takes the form
of periodic sanpling and/or cont i nuous
nmeasur ement of the levels of waste discharge,
noise, or simlar emssion to ensure that
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conditions and standards are net.

Audit Plans cover the evaluation of adherence to terns
and conditions or established procedures.

4.0 COWPUTER TECHNOLOGY AND EI A

Advancenents in conputer hardware and software provide an
opportunity to greatly inprove the use and effectiveness of EIA in
deci si on- maki ng.

Today, a nunber of computerized systens are available to be applied
to the activities associated wth environnmental assessnent.

Computer technology can provide valuable assistance to EIA
researchers, nanagers, and practitioners. Because ENA is an
integration of various disciplines, the application of conputers

to EIA will need to integrate all the various technologies
avai | abl e. Some are well developed, while others are stil
evol vi ng. The challenge is to integrate all of these for

application to EIA (see Figure 3). The conputer-based systens that
can be applied to EIA are discussed bel ow

4.1 Data Base Managenent Systens (DBMS)

These systens nmanage | arge anounts of simlar data such
as physical, biological, and chemcal data that is
collected and <collated for EIAs. Systens may be
relational, i.e., the system conponents may be |inked by
the user so that when one file is updated, sinultaneous
updating of other relevant files will occur. \While the
initial set-up of a DBMS may be relatively conplex and
beyond the scope of the casual user, the actual use of
such a system can be sinplified by the use of built-in
commands which allow a user to call up a database
directly and store or retrieve data as required. DBMS
allow the user to define criteria, such as date, subject,
or range for any factors or conbinations of factors.
Reports presenting statistical summaries nmay be generated
on the selected data. DBMS t hat can handl e non-nuneric
data, such as long text fields are also available. An
exanple is a bibliographic system which can |ocate
envi ronnent al information in technical or scientific
reports. Such a systemallows the user to retrieve EIA-
related information by author or subject keywords.
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4.2 Conputer-Aided Instruction (CAl)

Wth conputer-aided instruction systens, users can be
presented with a hypothetical situation and then offered
choices for further action (e.g., gather nore data on the
i npact, neke a decision). Choices are then evaluated by
the program G aphics can be used where appropriate as

an ald to instruction. The size of any such training
package is linmted only by the hardware used, as programnms
may be linked to each other. As well, varying l|evels of

chal l enge can be built into the package to accommodate
users at various |levels of expertise. This system Iike
a decision support system can help |ead to devel opnent
of a standardi zed approach in EIA.

4.3 Geographic Information Systens (dS)

GISs have evol ved from conputer mapping packages, which
pl ace primary enphasis on the display of data, to systens
wWth a capacity for sophisticated anal ysis and managenent
of geographic data, including the follow ng functions:

The storage of geographic data in which many
types of different information are coded and
stored in graphic (map) form

The anal ysis of geographic data, for instance
t opol ogi cal overlays for extracting or creating
new data that neets sonme required conditions

and

The visual display and production of geographic
data maps on colour nonitor, printer or
plotter.

G S can be adapted to becone a decision support system or an
expert system or can provide significant nodelling capabilities.
@S is an inportant integrator of data and can anal yse data in a
manner that has often not been done before.

4.4 Decision Support Systens (DSS)

This general termmay be used to describe any systemthat
allows efficient use of nethods of analysis and
information to aid in the devel opnment of decisions. Such
a system may be a hybrid conposed, for exanple, of a
simul ation nodel (e.g., for the effect dam construction)
and a rule-based system that develops a decision or
refines the criteria for reaching a decision, based on
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the users' answers to a series of questions. The system
represents a cunul ative pool of know edge to which all

users have access. A DSS can help a community to anal yse
the potential inpacts of a proponent's plans, and to
denonstrate nodification of aspects of the plan.

4.5 Expert Systens (ES)

An expert systen1is a conputer tool that provides the
judgenent of experts to a |arge nunber ofmfeople_|n_a
user-friendly fashion. Typically, the know edge is in
the formof facts (information specific to the problem
at hand), and rules (reasoning nethods for using the
facts) used to arrive at conclusions about the problem

By conbining these two el enments, the expert system uses
both its reasoning power and the know edge possessed by
the user to nake reasonabl e and conprehensive decisions.

Expert systens can be used in two ways: experts use the
system to enhance and corroborate their own ability to
make conpl ex decisions; |ess specialized individuals my
require the expertise and understanding incorporated into

the system in order to nmade better decisions. Bot h
approaches have been used successfully in environnental
assessnent .

Wthin the community, expert systens can be used to
capture the know edge of elders and specialists and allow
it to be applied to the analysis of devel opnent
proposals. The ability of expert systens to explain the
applied reasoning can assist in the comunication of
communi ty know edge to young peopl e.

4.6 Conputer Modelling

Mbdel | ing extracts the features involved in the problem
under consi deration. The nodel that results fromthe
extracted features can be used to select the
environnental technol ogy best suited for the solution of
specific environmenta probl ens. Mdelling allows
conputer sinulation for inpact assessnent and provides
the possibility of simulating the behaviour of systens
as changes occur in the external variables of the
environment. For exanple, if the conputer is programred
wth the tides, currents and formations of a stretch of
river, and to understand how oil behaves in water, it can
denonstrate the effects of an oil spill.

Comput er video-inmaging has also recently becone avail able
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for use in simulations. This tool is nost effective when
conbined with Digital Terrain Mdelling (DTM. DTM
provi des accurate simulations, however it uses |line and
synbol drawings so they are not very realistic. Conputer
vi deo-i maging adds the realism  The system graphically
mani pul ates i nmages in video or photographic format. This
neans that a photograph of a |andscape can be shown on
a conputer nonitor and manipulated to show proposed
alterations realistically based on the accurate DIM
image. This allows proponents, agencies, and the public
to see for thenselves the potential visual inpact.

5.0 EXAMPLES OF COVWUTER APPLI CATIONS I N EIA

A nunber of applications of conputer technol ogies have been
devel oped by various Canadian firns. Exanpl es of applications to
El A whi ch have been devel oped and are being denonstrated during
GLOBE '90 at a FEARO sponsored-di splay are descri bed bel ow

5.1 Catherine Berris Associates |nc.

Catherine Berris Associates Inc. is a consulting firmof planners
and |andscape architects who provides services in research,
pl anning, and design of land and water areas to public and private
clients. Qperating out of Vancouver, B.C., the firm has been
involved primarily in projects in western Canada, wth sone
international experience.

The firmis involved in a broad range of project types, from
environmental and | and use planning studies that include resource
managenent, suitability analysis, and risk analysis, to recreation
pl anni ng and design projects. Services range fromresearch through
analysis to the devel opnent of plans and nanagenent guideli nes.

Specific expertise includes consensus-based planning, public
i nvol verment prograns, and conflict resolution. Wiile only sone
projects may specifically focus on environmental inpact assessnent,

the consideration of environmental inpacts has a central role in
every project undertaken.

Computer applications feature the use of geographic information
systems (GS), conputer-aided drafting (CAD), database nanagenent
systenms (DBM5), digital terrain nodelling (DTM, and conputer
vi deo-imaging (CVI). These applications are used by the firm as
tools to assist in all phases of the environnental inpact
assessment process as appropriate. The followi ng sumraries describe
the ways in which the technol ogi es have been applied to specific
proj ects.
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1. Sechelt Inlets Coastal Strategy o _
Sunshi ne Coast Regional District, British Col unbia.

This project arose out of increasing denmands for use of
resources in a fragile coastal area, conflicts anmong residents
and users, and concern about the area's future. Wth the vision
of ?y|d|ng the future of the area to bal ance devel opnent. and use
with a sustainable environnment, resource information was
docunented and analyzed in a GS and DBMS, and potentia

environnental inpacts were assessed. The results were used for
consensus- based planning with a working conmttee conposed of
the primary federal, provincial and regional agencies, industry,

and two public representatives. Publi ¢ open houses were held
to review draft and final docunents, and fieldwrk and conflict
resolution techniques were used as required. The result of the
project is a strategy for the inlets which includes an area
desi gnation plan acconpanied by guidelines and policies for
i npl ementation and nonitoring. Endorsed by the agencies
participating in the planning effort, it will serve to mnimze
the environmental inpacts of future devel opnent.

2. Transport of Dangerous Goods Study G S
G eater Vancouver Region, British Colunbia.

This study involved risk analysis of existing and potenti al
routes for transportation of dan%?rous goods wthin the |ower
mai nl and of British Col unbi a. conputer GS and DBMS were
used to generate road, rail, and marine networks: |ocations
where dangerous goods are nanufactured, stored, and
transported; emergency response facilities;, human popul ation
density and property values; and vulnerable bird, fish, and
mammal popul ations. The conputer GS was used to analyze risk
along alternative dangerous goods routes according to
potenti al i mpacts on  popul ation, property, and the
environnent. This was produced as a tool for fmanagenent and
prevention of environnental inpacts.

3. Surrey Environnentally Sensitive Areas
Mini cipality of Surrey, British Colunbia

Surrey is a large nmunicipality close to Vancouver where the
demands for devel opment are threatening the environment. This
study is being conducted with a teamto assist the
Muni ci pality of Surrey in managing its resources w sely.

Areas which are environnmentally sensitive for physical and/or
cul tural reasons have been identified and entered into a AS
and the characteristics of sensitivity entered into an
associ ated DBMS. The potential environnental inpacts of
devel opment on resources have been assessed and managenent
techniques and policies for each environnentally sensitive
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area were established. The product will be a working tool to
assi st planners in predicting and managi ng environnent al
i npact s.

4. Meager Creek Suitability Analysis
Meager Creek, British Col unbia.

This project involved analysis of environnental and resource
use factors to determne the nost suitable areas within the

Meager Creek valley for five land uses, including an
international resort conplex, recreational cabins, a golf
course, agriculture, and industry. Topography, SoOIlsS,

geol ogi cal hazard, solar radiation, and visual factors were
anal yzed using S as a tool for overlay analysis, and a
recreation assessment of existing and proposed activities was
undertaken. The purpose of the project was to site |and uses
and p_rov(ijde guidelines so that environmental inpacts would be
m ni m zed.

5. Quesnel /Barkerville Corridor Simulations
Quesnel/Barkerville, British Col unbi a.

Digital terrain nodelling and conputer video-inaging were used
together for visual inpact assessnent in an area where
proposed cutting IJl ans submtted by a forest conpany were
opposed by the public. In conjunction with the B.C. Mnistry
0 Forests landscape staff, simulations of the forest
| andscape were produced according to proposed and alternative
cutting patterns. The sinulations, i ch show the |andscape
as it wll ook over time, are being used as part of a public
i nvol venent program on forest |andscape nmanagenent in the
ar ea.

6. Resource Sensitivity Information System (RSIS) for G Spill
Managenent o _
Queen Charlotte Islands, British Col unbi a.

As part of a multi-disciplinary team this project involved
developing a GS and DBMS system for planning and
deci sion-making with regard to oil spills. The project is a
prototype that will identify all resources and their relative
sensitivity, so that in the event of the spill, nmanagers can
make deci sions about areas with the highest priority for
protection and clean-up.

/. Matsqui Gavel Pit Sinulations
Mat squi, British Col unbi a.

A DIM for a proposed gravel pit site was devel oped to assi st
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in the assessnent of visual inpacts. Three phases of

extraction were docunented, and perspectives were generated
for each phase from specific viewpoints. The conputer system
was brought to a Council neeting and to a public nmeeting so
that the inpacts of the proposed pit fromparticular |ocations

could be illustrated to decision-makers and the public.

8. N seko West Solar Analysis
Ni seko, Japan.

The site for this project is a nmountain in Japan which is
being planned as a ski resort. In siting lifts, runs, and
mountain facilities, in order to mnimze environnenta
i npacts and best accommodate users, the client needed to
identify the particularly warmspots on the nountain where
snow woul d nelt sooner, and the very cold areas which would
be unsuitable for certain uses. A DIMwas generated for the
mountain, and in conbination with GS, perspective sketches
and maps were devel oped simulating sun/shade patterns for 9:00
a.m, noon, and 3 p.mon Decenber 21, February 21 and Apri
21. Mrning and afternoon maps were then overlaid to find the
col dest and warnest areas.

9. Port Mbody North Shore Sinulations _
District of Port Mody, British Colunbia.

To assist in visual inpact assessnent, a proposed housing
devel opment was sinulated from key viewpoints using DIM and
cvi. The purpose of the project was to assist the planning
staff and elected officials in their decision-mkin regarding
devel opnent on the north shore and approvals of propose

proj ects.

10. Urban H gh-Rise Visual |npact Assessnents
Vancouver, British Col unbia.

Since views are so critical to the citizens and politicians
of Vancouver, there is nuch concern about the inpacts of
proposed high-rise buildings. Several projects were
undertaken in which CAD and CVI were used to sinulate the
visual inpacts of proposed projects from specific |ocations.
Concerns 1ncluded blocking the views of nountain peaks from
key public use areas, lack of conformty wth surrounding
buil dings, and visual | mpacts on streetscapes. The
sinul attons allowed for a clear understanding of the inpacts
of the buildings.

Exanpl es of the above are shown in Appendix 1.
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5.2 Digital Resource Systens Ltd.

Digital Resource Systens Limted (DRS) was fornmed in 1981 for the

pur pose of devel opi ng, selling, and supporting |and managenent
sof tware sol utions. DRS has over 300 clients worldw de using a
variety of |and nanagenent productivity tools. The conpany has

experience in land managenent in Canada and the United States.
Staff have extensive experience wth survey and map-related
applications of geographic information system requirenents in
Canada, the United States and Southeast Asia (Thailand and
Mal aysi a) .

The conpany's head office is located in Nanaino, British Colunbia.
A branch office in Waterl oo, Ontario was opened in Decenber 1989.
Digital Resource Systens currently has a staff of over 30, nostly
prof essionals from diverse backgrounds including surveying and
mappi ng, geol ogy, forestry, conputer science, and engi neeri ng.

The conpany's core product, TerraSoft offers a powerful set of
mappi ng and anal ytical tools which can greatly enhance the ability
of land/resource managers to quickly assess |land use alternatives
and nake inforned decisions. Mar keting of TerraSoft is done both
t hrough direct efforts and authorized deal ers and distributors.

Digital Resource Systenms recently received the 1989 Award of
Excel l ence from the Software Association of British Colunbia in
recognition of its achievenents in the devel opnment and marketing
of TerraSoft.

A PC-based 3S, TerraSoft provides pragnmatic solutions that build
on the user's acquired mcroconputer skills. TerraSoft is noted
for its natural user interface, flexibility, and t ranspar ent
integration with popular third-party database managers such as
dBase, Rbase and O acle. It can be exported to PC prograns such
as Lotus 123 and Word Perfect.

Wth its multi-theme overlay capability, and its ability to utilize
data from a variety of sources, TerraSoft can play a central role
in ElA Apart from handling both vector and raster polygons for
fast analysis previews, the programcan handle up to 255 |l ayers for
clear presentation of congested geographic data. Qher facilities
include 3-D terrain nodelling (DTM), cartographic plotting
capabilities, a screen image capture and playback utility and
translators for standard industry graphics formats such as | GDS,
ARC/ | NFO and AutoCAD.

TerraSoft is currently being used in 13 countries for applications
in forestry, muni ci pal managenent , hydr ol ogy, agricul ture,
environmental inpact assessnent, transportation, risk analysis,
recreation planning, surveying and map production, r egi onal
pl anning, and |and redistribution.
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A full-featured G S such as Terrasoft is not onlg a powerful tool

it can fulfil a central role in EA It can be easily conbi ned
with other tools (e.?., statistical, spreadsheet or graphics
software) to provide different types of analyses and presentations.

Tradi tionally, the(fublic review stage of an EIA is often hanmpered
by bulky reports and the inability of the proponent to present data
in a manner that is easily understood by the public. A S can
greatly inprove the ability to convey relevant information to
deci sion makers and the public, through both hard copy and
interactive participation. Using a PCtogether with a large
monitor or projection unit alternatives can be examned directly
on a projection screen.

In addition to projects conpleted by Catherine Berris Associates
using TerraSoft, denonstrations of other projects where
environnental considerations have played a mpjor role wll be
avail able at G1oBE 90. These include the follow ng:

1. Sustainability Study of the Jhikhu Khola watershed in Nepal

Thi s study, undertaken by Dr. Hans Schreir, Professor of
Soi| Science at the University of British Colunbia
utilized TerraSoft to analyze trends for the past 40
years in |land use and soil erosion, and the inplications
of these trends for sustainability. The study used naps
and denographic data dating fromthe original survey of
1947. Data from the Land Resource Mapping program
sponsor ed béJCIDA during the 1980s was eval uated and
utilized. urrent food, feed, and fuel wood inventory
data from this program were used.

Wth the assistance of agricultural economst, Dr. Ceorge
Kennedy, a nodel was devel oped, using Lotus 123, to
arrive at a neasure of sustainability by def|n|n? a
poverty index and a supply-and-demand bal ance sheet for
each district. Using TerraSoft, trends fromthe past,
through the present and projections into the future were
graphically dliflayed for the many different districts
of the watershed.

This study has fornmed the basis of ongoing work to
devel op and inplement the appropriate |and use strategies
and policies to achieve sustainability in the region.
Exampl es of this study are found in Appendix 2.
2. Transm ssion Line Routing Study in Southern Saskatchewan

This  study, undertaken by  Terrestrial Agquatic
Envi r onment al Managers for = saskPower  Corporation,
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eval uated eight alternative routes for a transm ssion
line in terns of environnmental and other constraints.
A clear choice for the optinmal route, with the m ninmm
environmental inpact, emerged fromthis analysis

5.3 Environnental and Social Systens Anal ysts ( ESSA)

ESSA is a research and development firmdedicated to the
devel opment and inplenentation of creative solutions to
environmental probl ens.

ESSA was incorporated in 1979 by three systens ecologists
associated with the Institute of Animal Resource Ecol ogy at the
University of British Colunbia. They sought to nake the
quantitative techniques of systens analysis available to the fields
of environmental and social research, assessnent and managenent.
During the past ten years, ESSA has conpleted over four hundred
projects for corporate and governnent clients in North and South
Anerica, Europe, Southeast Asia, Australia and Africa. In Europe,
ESSA's partner is Hontermann and \eber, a resource nanagenent and
pl anning consulting firm|ocated near Basel, Swtzerland. ESSA has
offices in Victoria, Toronto, Bangkok, Thailand and a head office
I n Vancouver

ESSA provides unique integration of scientific expertise, rigorous
systens anal ysis techniques (such as conputer simulation, expert
systems, GS, nmathematical nodels, database design/ managenent,

statistical analysis and policy  exercises) and  proven
comuni cations expertise (such as audiovisual presentations,

training workshops, conf erences, conflict resolution  and
structured, probl em sol vi ng wor kshops) for creative and

conprehensive issue resolution.

ESSA's wide-ranging experience includes research planning,
nmoni toring and managenent in fisheries, forestry, wldlife and
agricul ture; r esear chi ng, assessing, and predicting t he
environmental and social inpacts of acid rain, stratospheric ozone
depletion, and global climte change; and designing policies,
tools, and procedures in support of integrated environnental inpact
assessnent .

ESSA's researchers and scientists nake extensive use of the nost
recent avail able conputing technol ogy for software devel opnent,
model 1ing, analysis and document preparation. Project Devel opment
occurs in close collaboration with clients to devel op a product
that is nost useful to their needs.

ESSA offers four main types of conputer applications: geographic
information systenms; conputer and nathematical nodelling; expert
systens; and statistical analysis. The follow ng are exanpl es of
how t hese applications are used for project devel opnent.
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Geographic information systens (GS) have becone an
inportant tool for |and and resource managenment and their
use is expanding rapidly as nmore spatial information is
being digitized and obtained from aerial and satellite
phot ography. Wile both GS and expert systenms are being
devel oped and used nore widely, they are in general bein
used independently. At present, there are no genera
interfaces between expert systenms and G S that can be
used to devel op systens that conbine the benefits of both
appr oaches. Over the next two years, ESSA will be
addressing the devel opnent of this mssing |ink. The
conbi nation of these two technologies will provide a mx
of expert systems and G S which would give the user of
the overall systeman intell idqent deci st on maki ng tool,
t he useful ness of which would be much greater than the
sum of the two parts.

Conput er and mat hematical nodel ling. ESSA's strength in
the environmental consulting field can be defined by our
ability to apply a nunber of different conputer
applications to our projects and proposals. This
expertise in resource nodelling has often been in
conjunction wth interdisciplinary workshops.  Some
EI’OJ ects have involved the developnment of inpact
WKpot hesis to aid in the design of nonitoring prograns,

Ile in others, simulation nmodels were constructed to
help evaluate the inplications of development and
managenment options. Recent clients that have benefited
from this technology include: Mekong Secretariat,
Vi etnam Northwest Power Planning Council; U.S. Fish and
WIldlife Service; Canadian Wldlife Service (CWs), and
Organi zation of Eastern Caribbean States.

ESSA's work in statistical analysis ranges from the
structuring and analysis of sinple datasets to conpl ex
data analysis requiring the devel opnent of customized
prograns. Pro%rama ~are designed using information
relevant to each project and nost appropriate to the
client's needs. Conpleted projects requiring statistical
anal ysis incl ude: a nmesoscale |ake survey for the
Department of Fisheries and Cceans; a dose-response
framework for the 1990 NAPAP assessment for the U S. EPA
and a regional nodel of acidification effects on
waterfowl for the CWS.

Since 1987, ESSA has had an internal research and
devel opment program aimed at the production of expert
systemtools for environnental assessment, planning and
revi ew. In the course of this research program ESSA
devel oped a framework for handling environnental inpacts
In expert systems that can be generalized to many
different applications.
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2. SCREENER Expert System

SCREENER has been designed for application wthin EARP

As such, its features have been tailored to neet the
special requirements of EARP. Basic features of the
system allow it to deternmine the appropriate FEARO
screening code; provide the associated rationale for the
screening decision; and list mtigation, nonitoring, or
information requirenments as necessary.

Advanced features designed into the systemare flexible
options to allow the user to select the desired |evel of
detail in reporting; automatic updating of the screening
registry database used for quarterly reporting for FEARQ
a past-screening decisions database to allow the user
access to Past-scneenlng deci sions and review them for
their applicability to the present project being
screened; and the ability to save and recall site
specific environmental information for use in future
screeni ngs of project on the sane or simlar sites.

This system presents the foll ow ng advantages to environnental
managers across Canada:

A It will |essen the burden on managers and their
staff. SCREENER wi | | all ow a | arge nunber of
proposals to be screened each year and w |l provide
to less skilled professionals the tool for high-
| evel environnental assessnent.

B. It will acconplish screening nore efficiently in
terns of tine and noney.

c. It wll pronote consistency in screening
deci si ons.

D. It will ensure a nore effective inplenentation of

the environnental assessnent process, thereby
reduci ng the potential for project delays and cost
overruns due to unforseen environnental concerns.

SCREENER is_ an interactive, user-friendly system Users
require mnimal conputing experience in order to operate
1.

In addition to SCREENER, ESSA has designed sinilar expert
systens for a number of clients. Variations on the theme
of SCREENER have been produced for the U S. EPA
Transport Canada, Environment Canada, Parks Canada
Service, Canadi an Coastguard, Canadian Forest Service and
G eat Lakes Fishery Conm ssion.

An exanpl e of Screener is shown in Appendix 3.
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5.4 S.L. Ross Environnental Research Ltd.

S.L. Ross Environnmental Research Limted is an internationally
recognized consulting firm specializing in oil and chenical spills
and their control, and geographical information systeWIFGIS)
dat abase devel opnent and spatial nodelling. Particular areas of
expertise include:

research and devel opnent of  environnental | npact
assessnment et hods _ _ _
assessnent of environnental inpacts associated with
marine transportation and offshore oil and  gas
activities

conputer nodelling of oil and chem cal spill behaviour
and fate

environnental studies using GS

The oil spill inpact assessnent system developed by S.L. Ross is
an exanple of the integration of oil fate and inpact assessnent
software with a state-of-the-art m croconputer based G S.

1. Computer Applications to EIA by S.L. Ross

Tydac Technol ogi es' Spatial Analysis System (SPANS) is
used to handle the spatial requirenents in this system
An in-house oil-fate prediction nodel is directly Iinked
with the GS software as a user function to allow access
by the oil fate nodel to spatially mapped data such as
| and mass |ocation and water currents, and to permt the
output of an oil distribution map in a GS format. The
real -tinme inpact assessment system automatically
calculates the oil's trajectory, distribution, and
properties; overlays the resulting map onto the resources
in the vicinity of the spill; then calculates the percent
of each resource at risk fromthe oil spill. The system
has been autonated such that the end-user does not have
to know how to operate the G S system it is sinply
utilized in the process when needed. Because the G 'S
handl es all of the spatial requirenents, the inpact
assessnment tool can be inplenented in any geographic
| ocation by sinply mapping the new coastline and resource
base of interest. The current application was devel oped
for the U S. Qlf of Mexico. The nmet hod used for oi
spills has other parallel applications in fate and
effects nodelling such as in air dispersion and soi
contam nation probl ens.
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| npact Assessnent Model

The nodel estimates the inpact of an oil spill as
fol | ows. A map of oil fate and novenent is generated
showi ng predicted |ocations and concentrations of oil at
various times after the discharge. Gl fate data is
conbined wth resource-specific toxicity data to
determ ne the size and |ocation of areas of toxic
conditions or areas of effect (AOEs) for each resource.

AOEs are conmpared with the  historical spatia

distributions of each resource at the tine of year of the
spill to estimate the proportion of stocks and fisheries
that may be at risk fromthe spill. This estimate is

then corrected for the influence of other spatial,

temporal, and biological factors %e.g., popul ation age-
structure) to yield an estimate of spill inpact on all

resources and fisheries.

Li st of key environmental resources

There are thousands of species of resources in the
bi ol ogi cal comunities of the GQulf of Mexico and it was
not practical to compute inmpact on all of these. Wth
the cooperation of representatives of the five Qulf
states, a representative list of 70 resources has been
conpi | ed t hat i ncl udes representatives of al |
oil-sensitive groups and all major ecologically or
econom cal ly inportant resources, major habitat-types,
model representatives of other oil-vul nerable groups,
endangered species, and species of |ocal concern.

Ol fate: Hybrid SPANS/S.L. Ross Model

A key elenent of the inpact analysis is the ability to
predict oil fate and novenent as a function of tine after
di scharge. The surface slick thickness, volune left on
the surface, sub-surface hydrocarbon concentrations and
physi cal properties of the oil are needed to determ ne
whether resources exposed to oil may be adversel
affected. The oil spill fate nodel used accounts for al
the major oil fate processes of advection, spreadin

evaporation, natural di spersion, and emulsification. The
model generates dinensions and thicknesses of oil slicks
and slicklets, oil properties, and dispersed ol

concentrations as a function of tine after discharge.
This model has been tested against major oil spills that
have been adequately docunmented, and the correlations
are good.

After the oil fate and trajectory analysis is conpleted,
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this oil spill information is conbined with the resource
dat abase to determne spill inpacts.

Vul nerability of resources

Popul ati ons of certain resources are wdely distributed
over large areas. Even though individual menbers of such
popul ations may be at risk fromspills, these individuals
may represent only a very small proportion of their
respective popul ations. O her resources, on the other
hand, are highly aggregated in a limted nunber of
specific locations. If oil enters these areas, the risk
of significant effects to these populations is high. The
historical data on the distribution and aggregation
patterns of resources (and hence the vulnerability to
spills) are depicted using distribution maps stored in
the SPANS GS. These nmaps represent the distribution of
each resource, identify sub-popul ations or stocks, and
show the location, size, and density of any areas of
aggregation. For resources in which certain |ife stages
(eggs, larvae, juveniles) differ dramatically fromadults
in their habits or when habits or distributions of any
given life stage change seasonally, each life stage
and/ or seasonal distribution is mapped separately. A
total of over 400 maps are required to characterize the
70 resources nodelled in the Qul f of Mexico application.

Appendi x 4 provides a nodel of the distribution of adult
snappers in the @il f of Mexico.

6.

| npact al gorithms

The | ocation and extent of the ACE resulting froma
spill are mapped using the "hybrid" nodel and then
conpared with the distribution maps of the target
popul ation, to estimate the proportion of the
popul ation that may be at risk fromthe spill. The
conparison is made by creating a SPANS "unique
conditions overlay" of all of the appropriate maps
needed in the final analysis. A text report that
item zes the conbinations of attributes from these
map layers is also generated by SPANS. Estimates of
spill inpact on resources are then conputed by a
series of resource-specific I npact assessnent
algorithns that utilize the information from the
uni que conditions report and data concerning the
sensitivity and vulnerability of resources. Because
of the different kinds of interaction between oil

spill nodel is shown in Appendix 4.

r ed
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and resources, unique algorithnms were devel oped for
each resource.

7. Relative inportance of resources

AnY di spersant decision nust take into account not
only the inpact of oil on resources, but also the
relative inportance of the resources to the |oca

human popul ati on. In a system such as this, the
"relative inportance” question mght be handled in
a nunber of ways ranging froma rigid quantitative
ranking scheme based on socio-econom c and ecol ogi cal
criterra, to a conpletely unstructured subjective
system In the Qulf of MeXxico nmodel systemthe state
representatives decided to assess the relative
i nportance of resources subjectively at spill tineg,

based, in part, on econom c and other data that are
docunented as part of the system

8. Summary of inpact assessnents

Once the effects of treated and untreated oil have
been conputed for all resources, these results are
sumari zed so that the user can quickly determ ne
whet her dispersants can reduce the overall effect of
the spill. A conparison of risks is made by Iisting,
side-by-side, the predicted effects of the treated
and untreated spills on the key resources. The user
can then, on the basis of these estinmates of inpact
and assessments of inportance, ?repare arguments both
in favour and agai nst the use of dispersants, and can
quickly formulate a | ogi cal and defensible decision
regarding dispersant use.

9. Docunentation

One of the nost inportant concerns of a decision-
maker who is dealing with the dispersant problemis
docunent ati on. The decision nmaker legitimately
requi res detail ed docunentation of the dispersant
decision for justifying and defending the decision
to superiors, the press, interested parties, and the
public at large. In this regard the system has been
designed to provide, on demand, details of inpact
cal cul ations tfor each resource (effects on |ifestages
and fisheries), as well as the biological and
t oxi col ogi cal input and the oil fate data that went
into the inpact calculations.
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10.  System Operation

One of the major requirenents of this systemis that
it had to be able to quickly (within an hour or so)
eval uate the potential inpact froman oil spill and
do so with mninmal operator input and interaction.
This is acconplished through the use of the "hybrid"
oil fate/GS software and other software devel oped
i n-house, which permts the unattended operation of
the SPANS @S. A nenu driven "front-end" has been
devel oped to  pronpt the  user for  spill
characteristics and envi ronnent al condi tions
necessary to run the inpact nodel. After the user
enters the needed data, the system operates to
conpl etion w thout further operator intervention.

5.5 Pegasus Consulting G oup

Today's business and resource devel opment problems are conplex and
their solution requires a multi-disciplinary approach. The Pegasus
Consulting Group offers biological, economc, planning, managenent,
and information services that are designed to solve these problens.

The Pegasus Consulting Goup, a partnership of corporations, is
comprised of resource developnent conpanies, major consulting
organi zations, and governnment. Pegasus can help clients take
advant age of opportunities to apply conputer technology to deal
with business and resource devel opnent issues through the follow ng
information technol ogy services:

- User-needs analysis and the eval uation of system
al ternatives ‘
.Devel opment of databases for use with G S (mapping)
.Systens _ . .
of tware package eval uation and inplenentation
- End-user training and support
.Desktop publishing

Pegasus, through one of its partners, Keir s Muller Associ ates
Inc., is denonstrating mpping and 4GS work froma full
environment al assessnent of a planned generating station for
Ontario Hydro on the N agara Peninsula, Ontario.

The project that will be the basis of the Pegasus denonstration at
the GLOBE 90 conference is the proposed 1.3 billion Sir Adam Beck
3 project located in Nagara Falls, Ontario. It involves the
devel opment of a new 1050-megawatt generating station on the
Niagara River sone 10 kilonetres downstream fromthe Falls. \ater
for the plant will be conveyed to the station via two underground
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tunnel s that start up-river fromthe Falls and run underneath the
city of Niagara Falls to energe at a reservoir_ |ocated on top of
the” gorge above the proposed power station. The tunnels will be
approximately 13 metres in dianmeter and at their deepest point wl|
be sone 200 netres bel ow grade. Construction is proposed to start
in 1992 and conpletion is scheduled for 1998.

Wrk on the project, in conjunction with Acres International,

involves the preparation of a full project environnenta

assessment . Asa means of portraying baseline conditions and
identifying and anal yzing inpacts, Pegasus has been using a variety
of programs on Macintosh conputers to develop intelligent maps to
portray engineering, natural environment, and socio-economc
Information. Chloropleth maps were constructed for the study area
showi ng the land use fabric. Dermogr aphi ¢ and comunity data was
conpi led in a database and subsequently used to construct social
area maps. |Isopleth maps were constructed for noise and dust data
and a series of thematic and quantitative nmaps, sone of which were
integrated with a database, were developed for natural environnment
and socio-econom ¢ data. Engineering draw ngs were devel oped via
CAD applications and entered into various map bases.

An exanpl e of the above is shown in Appendix 5.

5.6 TYDAC Technol ogi es

Established in 1982, TYDAC Technol ogi es specializes in the
devel opment of G S software and related applications. TYDAC's nain
product, SPANS, is designed for professionals who require stand-
al one desktop workstation with strong data integration, analysis
and nodel ling capabilities.

A pioneer in the use of the quadtree structure, SPANS can rapidly
Erocess conpl ex geographically referenced databases in all three
key data structures (vector, raster, and quadtree), along wth
i mages of varying resol ution.

At present, nore than 600 SPANS systens have been installed in over
30 countries. Envi ronnent Canada has over 50 SPANS in use
t hroughout the Canadian WIldlife Service, Canadian Parks Service,
and Inland Waters Directorate. The St. Lawence Centre is using
SPANS in its clean-up work on the St. Lawence R ver, and the
International Joint Conm ssion has actively utilized SPANS in its
recent investigation of the inpacts of fluctuating water levels in
the Great Lakes.

Approxi mately 75% of Tvpac's SPANS systens are exported, primarily
to the United States, United Kingdom  Southeast Asia and
Austral asi a. TYDAC has offices in Qtawa, Washington, D.C.,
London, England, and Bangkok, Thail and.
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I n Novenber 1989, TYDAC Technol ogies won the Silver Award in
I nnovation in the Canada Business Awards of Excel|ence.

TYDAC technologies has developed the following conputer
appl i cations:

Proposed Low Level Training Facility at Coose Bay, Labrador

The Department of National Defence (DND) has
purchased SPANS for its Canadian Forces Base (CFB)
at Goose Bay, Labrador. An environnent al i npact
statenment has been prepared by DND as part of the
federal environmental assessment and review process
assessing the effects of lowlevel training flights
that originate from CFB Coose Bay. Each year, NATO
countries including West Germany, The Netherl ands,
and Geat Britain conduct approximately 7,000 of
these flights in a training area of 100,000 square
kil onetres.

Using a 500,000 square kilonetre area in Eastern
Quebec and Labrador, SPANS is being used to integrate
and analyze information regarding |and use, noise and
air pollution, wildlife, and socio-econonics in order
to mnimze any negative inpacts of |owlevel flying
on the environnent and the users of the area. From
these analyses, SPANS will be used to generate
constraint maps that will indicate which areas should
be conpl etely avoi ded, under nonitored avoi dance, or
designated as free flying zones.

SPANS wi || al so be used in DND's on-going di scussions
with native peoples to review issues of concern such
as hunting and fishing areas and canp | ocati ons.
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Meager Creek Suitability Analysis

Manatee Glacial Peaks - Main Meager Valley

Meager Group Peaks

Ridgetop
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Computer sketch of the Meager valley looking west
’ CATHERINE BERRIS ASSOCIATES INC.



Niseko West Solar Analvsis
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Sustainability Study of the Jhikhu Khola Watershed in Nepa
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Sustainability Study of the Jhikhu Khola Watershed in Nepal
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Concerned about Environmental Impacts?

RIS aME Frroject Number:
J Project Title:

Registration

Environmental
Components

Summary of
Impacts

terrestial animals

landforms/derrain

snile

atmasphere

resource harvests

recrestion

cmmny facil’services

land use

emplymateconomy

peapie

SiP101-0602
Pitt Meadows Runway Extension

Environmental Setting: Pittmeadow

Summary of Impacts

No lmpact
No Impact
MITIGATED
SIGNIFECANT
Mo Impact
SIGNIFICANT
No Impact
nNo Impact
MITIGATED
Mo Impact
Mo Impact
SIGNIFICANT
Mo Impact
SIGNIFICANT
No Impact
No Impact

Screening Code: 5 : Help and Edltlng
Screening Status: OK faci ities

Screening
status

Interactive
Windows and
Menus

Introducing SCREENER
An Expert System for Environmental Assessment

‘When do you need it?

= lack of environmental expertise

= large number of proposals
» documentation and public
accountability required

= potential unforseen
environmental consequences

ESSAEnvironmental and Social Systems Analysts Ltd.

# 705,808 Nelson Street, Vancouver BC (604) 689-2912
#102, 66 Isabella Street, Toronto Ont. (416) 967-7330

What does it provide?

* consistency
* rationale for decision
" mitigation, monitoring
and information requirements

Requires IBM AT (80286) or compatible
with 640Kl memory and a hard disc
EGA or CGAcolord display
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Computer Applications to EIA by S.L. ROSS
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THE PEGASUS CONSULTING GROUP
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Niagara River Hydroelectric Develou::ent Glen and Queenston Alternatives



two, three, and four 275 MW units were considered
for the Glen development.

The proposed Glen development would be oper-
ated in conjunction with the existing SAB facilities to
optimize power and energy output for power gener-
ation. Storage capacity available in the Grass Island
Pool (about 6 million m®) and the SAB PGS reservoir
(about 21 million m®) would be used completely every
day to maximize the transfer of water available during
nighttime hours for power generation during the day-
time hours. The existing SAB PGS would operate in
the pumping mode each night to refill the reservoir.
During the daytime period the SAB PGS would oper-
ate in the generating mode to provide peak power
output and supplement diversion flow for use by the
existing SAB No.1 and No.2 stations as well as the
proposed Glen generating station.

From an economic point of view, the two-unit
550 MW scheme, including additional diversion
capacity of 700 m¥s, is the most attractive Glen
alternative. Estimated net average annual energy
output for this combination is about 800 GWh, or
800 hillion kilowatt-hours per year. Discharge
capacity to the lower Niagara River would increase
by about 720 m¥s for the two-unit installation.

Queenston Development Scheme

The Queenston development concept incorporates
headworks located within the existing SAB PGS
reservoir dyke, penstock tunnels about 10 metres

in diameter, and a powerhouse located downstream
from SAB No.1. This proposal would develop the
head available between the SAB PGS reservoir and
the lower Niagara River. The available head would
range from about 116 metres to 107 metres and would
average about 112 metres. The SAB PGS would be
used primarily to refill the pumped storage reservoir
each night. The stored water would then be dis-
charged through the Queenston powerhouse during
the daytime period when electricity demand is
greater.

Generation capacity for the Queenston develop-
ment concept is relatively independent of the diver-
sion capacity available because of the large storage
volume available in the existing SAB PGS reservoir.
Additional diversion capacity, however, is an integral
part of the proposed Queenston development con-

4

cept. Benefits of this additional flow diversion capabil-
ity would be realized at the existing SAB stations as
well as the Queenston development. Evaluations of
two, three, and four 350 MW unit installations have
been considered for the Queenston development
concept. The two-unit installation (700 MW) would
have a discharge capacity of about 720 m®s and gen-
eration would extend over a period of about 8 hours
per day. The three-unit installation (1050 MW) would
use the SAB PGS reservoir storage capacity of 21 mil-
lion m* in just over 5 hours; discharging water at a rate
of about 1080 m?*s. Based upon the feasibility study
results, the two-unit and three-unit Queenston
alternatives have both been retained for further con-
sideration.

Net average annual energy output for the proposed
Queenston development, including additional diver-
sion capacity of 700 m%s, is estimated to be about
1030 GWh. This is nearly 30 percent greater than the
net energy output gain estimated for the correspond-
ing Glen development. The higher net energy output
of the Queenston concept results from a marginal in-
crease in net head and the removal of hydraulic ineff i-
ciencies attributable to operation of the SAB PGS in
it's generation mode.

Future Activities

Before identifying a preferred alternative for the
Niagara River Development, Hydro’s project team
will study the possible effects of both proposals on the
natural and social environment. The team will be
working closely with government agencies, con-
servation and other special interest groups, as well as
members of the public.

Each alternative will be evaluated based on cost,
energy output, technical aspects, effects on the natu-
ral environment and local communities. The evalua-
tion will be assisted by comments from all levels of the
government and the public.

This evaluation will lead to the identification of the
preferred alternative. Where appropriate, measures
to minimize environmental effects and disruption to
the community will be proposed.

Results of the assessment will be documented in
the Environmental Assessment (EA), which will then
be submitted to the Ministry of Environment early in
1991. A decision on the approval is anticipated by late
1992.



