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ÀBSTRACT

Two simple models have been designed and tested in this

sLudy in an attempt to both extract data and spatially eval-

uate the transportation of dangerous goods in the province

of Manitoba.

The first nodel (Part I) accrues to the transportation

network and employs data obtained from a sample industry

survey to produce a spatial assessment of route utilization

for one chemical type or group. ÀJ-though this exercise con-

siders the 'in transit' (dynamic) parameters of approximate

frequency of shipments and approximate voLume (i. ) per ship-

menL, the model has the capacity to evaluate alternate pa-

rameters in subsequent studies.

The second model (Part II) accrues to the impact of risk

along the transportation routes estimated in Part I given

the occurance of mishap or unintentional release of a dan-

gerous good (s). Human population, the selected impact of

risk criteria, is evaluated according to the static parame-

ters of rural population density and urban population, and

the dynamic parameter, average annual daily volume of traf-

fic. All data for the tesL parameters in Part II are ex-

tracted fron secondary sources

I



Notwithstanding delimitations, assumptions and controlled

variables, each modeL provides a reasonable methodology to

spatially evaluate the transportation sysLem in terns of in

transit' commodity flows and the estimated impact of risk.

1--1
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ChapLer I

PRACTICUM PROPOSÀL

1.1 BACKGROUND PROBLEM STÀTEMENT

This practicum is designed to examine the transportation

of dangerous goodsl in the province of Manitoba. In Part I

a model which is capable of evaluating transportation route

utilization for dangerous goods has been designed. Part II
consists of a model which can assess the impact of risk

along the routes designated in Part I, given an accident in-

volving dangerous goods.

Since the fall of 1984, both federal and provincial leg-

isla'tion has governed the transportation of dangerous goods

in the province of Manitoba. Paradoxically, a unified and

complete data base consisting of nature of goods transport-

In section 1 of The Danqerous Goods Handlinq and Transpor-
tation Àct (S.M. 1984, c. 7 - D12), 'dangerous goods' are
defined as t...] any product, substance or organism desig-
nated in the regulations, or conforming with the criteria
set out in the regulations, or in any regulation adopted
in accordance with this Äct, and includes hazardous wastes
1...1. The classificaLion of dangerous goods are as foÌ-
lows: Class 1 - explosives; Class 2 - gases; Class 3 -
flammable and combustible liquids; Class 4 - flammable
solids, spontaneously combustible, dangerous when wet;
Class 5 - oxidizing substances, organic peroxides; Class 6

- poisonous and infectious substances; C1ass 7 - radioac-
live materials and prescribed substances; C1ass I - corro-
sives; and, Class 9 - miscellaneous dangerous subslances
or articles.

ÀND
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ed, the routes utilized, the frequency'or the volume of

shipments, is virtually non-existant. lthatever data are

available is negligible, incomplete or scattered. These de-

ficiencies preclude rigorous spatial eval-uations of danger-

ous goods transportation routes and likewise, knowledge of

the magnitude of impact under circumstances of unintentional

release or spi11. In terms of procedure for research, there

are no apparent precedents.

Identification of administrative jurisdicLíon, land use,

population density and/or environmental sensitivity along

routes, is paramount. Route identification, and estimated

risk impacts, are required to evaluate the transport of dan-

gerous goods both within the transportation system, and, in
terms of the geographically diverse regions thereof. As

Hewitt and Burton (197'1 ) renark:

Ii]n hazard studies, the'weakest link'wi11 vary
with the type of hazard, with the type of communi-
ty and with space and time, but it is especially
important to try to isolate these various leve1s
of vulnerability.

The means of creating a useful daLa base, a spatial evalua-

tion tool and an impact of risk model, are essential to

maintain effective and efficient administration of dangerous

goods in transit.

This practicum has been designed as a planning tool. The

research herewith is not an exhaustive analysis of the

"transportation of dangerous goods, but rather, a methodology

intended to extract information regarding the Lransportation

of dangerous goods.

-2-



It is intended that this approach will benefit federal

and provincial administrators, municipalities, and Iocal-

government districts in Manitoba.

1,2 OBJECTIVES

The purpose of this research project was:

1. to design a model (Part t) which will enable a spa-

tial assessment of road utilization and flows of dan-

gerous goods in .the 
province of Manitoba,

2. to design a model (Part II) which wil1 enable the

identification of the irnpact of risk given mishap or

accidental release of a dangerous good (s), which is

. based on the roads identified in part I,
3. to test the effectiveness of each model with actual

data,

4. to provide recommendations based on the practical ap-

plication of each model, and,

5. to provide recommendations based on the test results

of each model.

1.3 DELIMITÀTIONS

Delimitations pertaining to the methodologies employed in

the transportation route utilization model and the impact of

risk model are outlined specifically in Chapter 3.

-3-



1.4 PRACTICUM FORMAT

The practicum research document consists of five chap-

ters. Chapter 1 is the practicum proposal with general in-

formation about the study. Chapter 2 is a literature review

which contains background information, and in particular,

risk analysis, a brief discussion of federal and provincial

legislation and the economic effects of implementing danger-

ous goods safety regulations. Chapter 3 outiines the neth-

odol-ogies employed to conduct Part I and part Ii of the

study. Chapter 4 presents the results of the study and dis-

cussion. Chapter 5 provides recommendations and summarizes

the practicum.

-4-
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Chapter II

LITERATURE REVIEW -- RISK ÀNÀLYSIS, LEGISTÀTIoN
ÀND ECONOMICS

2.1 INTRODUCTiON

This chapter is designed to provide background informa-

tion on the transportation of dangerous goods. The sections

will address risk analysis, present a brief discusssion of

federal and provincial legislation and assess the economic

effect of implementing dangerous goods safety regulations.

2.2 RISK ANATYSIS

2.2.1 Introduction

To a degree, virtually all activity involves the element

of risk. By some, risk has been termed 'the occurance or

potential of a particular accident, which consists of an

event or sequence of events' (McCormick, 1981). Others de-

fine risk as 'the chance of harm or, the potential realiza-

tion of the unwarranted consequences of an event' (Rowe,

1980). Frequently, formal definitions fail to state that

risks need not be negative. It is noteworthy that particu-

lar risks may be unavoidable.

-6-



Risks are evident in most personal decisions, and un-

doubtedly risks play an important role in decisions which

affect many lives. 0f pertinence to this chapter is the

latter category, when decisions or activities involving a

substantial degree of risk and human life are made outside

or beyond the control of the individual, such as for the

transportation of dangerous goods.

The process to measure risk is termed risk analysis,

which considers the probability of an accident occuring and

its subsequent consequences (McCormick, 1981). The impact

of risk may be assessed in a similar fashion; however, the

parameters of interest concern those persons or places which

may be affected should mishap occur. Cotlectively, risk

analyses identify relaLionships among factors in a particu-

1ar system, enable the evaluation of these relationships and

provide a basis for planning the reduction of the probabili-

ty of occurance(s) or the mitigation of the consequence(s).

Risk analyses may also be comparative where two or more

projects or systems are evaluated simultaneously.

In pursuit of implementing policy or regulation, adminis-

trative agencies and private industry must understand the

nature of risks and translaLe this knowledge effectively;

this is the essence of risk manaqement. However, risk anal-

yses are not easily conducted.

-7-



In this part of Chapter 2, objective and subjective risk

estimation techniques and deficiencies are criticarly evalu-

ated. By no means should this presentation be considered

exhaustive. Through apprication of sl-ightry different ter-
minology, the components and rerationships of risk estima-

tion have been organized by Rowe (1980), as ilrustrated in

Figure 2.1 .

2"2.2 0biective Risk Estimation

Objective risk estimation is closely related to the sta-

tistical field of probability where the probability of risk

is assessed in terms of theory, theorem and proof.z this
sec!ion has been restricted to an overview of principles.

2.2.2.1 Estimating Risk as an Event

An event may occur as a result of naLural circumstances

(commonJ.y phrased'act of God') or an event may be attribut-
ed to a deliberate (i.e. man-made, man-induced) circumstance

(Mccormick, 1981). one format used to express risk is a se-

guence, chain or series of events resulting from a particu-

lar risk (..g. hazard --> outcome --> exposure --> conse-

quence), which in turn produces a multipLicity of

interconnected outcomes (Ess, 1981a).

Refer to Ess, 1981a;
for reference. (See

McCormick , 1981,rLiterature Cited'

-8-
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For practical. purposes, simplification is essential, es-

pecially if a numerical value is to be computed for the

event. One fornula designed to achieve both objectives, is

a mathematical description of risk: risk is the function of

its probability multiplied by the value of its conseguence

(Rowe, 1980). Thus,

Risk (n) = f( p, c(v) ).

Ess (1981a)

product of

conseguence,

curing:

purports that the evaluation of risk is the

the conseguence occuring and the value of the

multiplied by the probabiJ.ity of the event oc-

Risk (n) = P(conseguence occuring X value of consequence)

There are limitations, however, to basic statistical
presentations of risk estimation. In particular, Rowe

(1980) identifies serious problems in accurately estimating

the probability of occurance for rare events. The probabil-

ity of occurance is largely based upon historical data of

the previous fiequency of an event or related events occur-

ing. For rare events, the statistical base may be insuffi-

cient for adequate analysis. This is perhaps the greatest

practical problem of risk analyses which seek to evaluate

Lhe transportation of dangerous goods. Events of mishap

generaJ.ly occur infrequently bul with potentiatly great mag-

nitude or consequence.

- 10 -



Similar1y, when risk analyses are conducted for new tech-

nologies, there are usually limited, oÍ non-existent data

bases availabLe for comparison or there may be lack of

knowledge or appreciation of critical elements in the risk
pathway. Rare events, and other factors influencing objec-

tive risk estimations will be discussed in section 2.2,4.

2.2.2.2 Dependent/ independent Event Estimation

The difference between dependent and independent events

is significant in risk analysis. Two or more events are in-

dependent, if Lhe occurance, or non-occurance, of one of the

events does not change the occurance of the other event(s)

(Mendenhall, 1983). If this does not hold true, the events

are dependent. The following computations are based on the

seguence: Hazard (H) --> Outcome (O) --> Exposure (n)

--> Consequence (C).

The dependent conseguence occurance formula resembles ba-

sic conditional probability, where:

P(consequence occuring)

P(H) xP(r/n)xpG/o

Here, the risk is dependent upon

ing.

one or more evenfs occur-

c) =

X H/.

P(Hx

H) xP

0xEx
(c/t, x o

-'1'1-



In

of

Independence of the occurance of

by the formula:

each event is expressed

P(occurance, each event) = p(H x O x E x C)

P(H) x (o) x (n) x (c).

this case, the risk occurs independently of the occurance

one or more separate events.

Once again, the reliability of data computed in this ex-

ercise is dependent upon the availability of information re-

garding previous events in the seguence (Ess, 1981a). If
there exists limited or incomplete data, which is usually

the case for the transportation of dangerous goods, the re-

sults will be inaccurate or unfounded.

2.2,2.3 Expected Value Estimation

A mathematical expectation is the average of a random

variable calculated for the theoretical population defined

by its probability distribution (MendenhaII, 1993). Expect-

ed value estimations can be conducted in risk anaJ.yses, if
the probability of the consequence(s) is known (Ess, 198ia).

computation of the expected value is a multiplicative func-

tion of the relationship between the probability of the con-

sequence and the value of the consequence where, for simple

events:

E Ix] = p (consequence) x val-ue (consequence),

and f or multipJ.e events,

-12-



E [X] = the I of P(consequence) x value (consequence)

of each event.

Ess (1981a) criticizes this approach by indicating, in

particular, that societal perceptions (characteristically

influenced by the magnitude of the probability of the conse-

guence) have been ignored. Thus, for analyses which attempt

to include a degree of human perception, calculation of the

expected value of risk is not suitable. Suffice to say at

this time, societal risk perception has played an important

part in directing administrative attention toward the trans-

portation of dangerous goods. The implications of this ob-

servation, however, exceed the scope of the present study.

2.2.2,4 Àbsolute vs ReIaLive Risk Estimation

Rowe (1980) classifies risk into absolute risk and rela-

tive risk. Àbsolute risk is an estimation of the Iikelihood

of an event with a specific conseguence. Relative risk con-

siders the likelihood of other events of similar magnitude.

The value of absolute risk estimaLions will depend upon

risk estimation and the range of uncertainty (Rowe, .1980).

Compared to an indifferent condition, absolute risk can be

measured in terms of 'greater than' or 'less than'. This

terminology is useful to decision makers who may seek to

idenLify a risk-Lakin g/ risk-aversion margin.

- 13 -



0n Lhe otherhand, relative risk estimation will produce

groups of alternalives which can be useful for priority-set-

ting or ranking. In this case, the conditions of indiffer-

ence for the probability of occurance are estimated (Rowe,

1980). Data would then be compared and a choice made.

The work of Rowe (1980) aids in grouping formative sta-

tistical estimations which, by thenrselves, are complex and

useless to the decision maker. However, some may argue that

grouping data foregoes objectiveness.

2.2.2.5 Upper and tower Limits to Risk Estimations

The Poisson probability distribution provides a good ap-

proximation of the dispersion of many variables and in par-

ticular, rare events (Mendenhall, 1 983 ) . Rowe ( 1 980 ) as-

serts that the upper and lower limits of the probability of

an event(s) can be determined by this process. if the

probability of risk is less than one in one million (106),

by convention it is removed from the analysis, provided

suitable explanation is submitted (Rowe, 1980). However, if
circumstances preclude explanation, alI low probability

risks must be included. From a technical viewpoint, this

methodology is suitable for risk analyses which seek to de-

termine the probabiiity of occurance of transportation acci-

dents involving dangerous goods.

-14-



2.2.2,6 Fault Tree Risk Estimation

In recent years, fault tree analyses have evolved and

have increased in popularity (Slovic et al, 1980). Fault

trees are highly sophisticated mechanisms designed to esti-

mate risk from virtually undocumented intuition (Ess,

1981a). In the judgement of Ess (1981a) fault trees meet

all of the objectives of a suitable analytical method by:

providing an estimation of risk probability,

enabling rnultiple input of various individuals and

di sc ipJ- i nes, and,

producing an easily reviewed evaluation of risk.

In essence, the components of a risk-related problen can

be illustrated until the level of probability required to

calculate event occurance, is either known or easiLy deter-

mined. The top 'event' represents a key situation or group

of situations, in the risk pathway. Actual, estimated or

anticipated causes for the top event fo1low in 'branches'

(Ess, 1981a). Symbols in the faul-t tree have a specific

meaning which pertain to the relationships among events.

There is potential for complex numerical calculations in

fault tree analysis. For simplification, therefore, Ess

(1981a) suggests that Boolean algebra, and Shannon's method

for expanding Boolean functions, will- reduce equations Lo

the smallest combination of component failures. Essential-

ly, if these failures occur, the top event occurs.

t.

¿,

3.
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The fault tree analysis has been subject to scrutiny.

Slovic et al (1980) observe in particular that fault trees

entertain a poLentially high amount of human judgement and

thus, Lhere is no guarantee of objectivity or discretion.

Ess (1981a) supports this and indicates that in some cases

there are æ feasible objective methods for estimating evenl

probabilities. In this case, judgemental probabilities must

be utilized.

The fault tree analysis should be considered as a tool

which expresses Lhe relationships among events and estimates

al1 corresponding probabilities of occurance. It would ap-

pear lhat this methodology is theoretically suitable for

evaluating transportation mishaps involving dangerous goods.

2.2.3 Risk/Benefit Analvses

From an alternate perspective, risk can be estimated

through a risk/benefit analysis. nisk/benefit analyses are

subsequently less objective than fault trees, with numerical-

values equating losses and gains attributed to a particular

risk.

2,2,3,1 Risk/Benefit Analyses and Equity

Rowe (1980) observes thaL throughout life an individual

is faced with many garnbles which incur trade-offs between

the quality of life and the quantity or longevity of life.

-16-



More often than not, attention is directed at inequitable

gambles which do not promote Pareto Optirnality. However,

almost every major technological or social undertaking is a

particular gamble involving a degree of inequity. According

to Rowe (1980), and supported by McCormick (1981), there is

no phenonenon of 'zero risk'. Risk analyses which enterlain

a goal of zero risk, fail to realize both the trade-offs be-

tween risk and benefit and the relative impossibiliLy of

reaching this goa1.

Trade-offs make risk/benefit analyses possible. For ad-

ministrative agencies or private industry, the risk/benefit

analysis is appealing because it rvill illustrate the econom-

ic, or dollar value, of tisk in a manner which ca¡ be under-

..stood and utilized efficientì-y. Attempts can be made

through this methodology to minimize loss (risk) and maxim-

ize gains (benefits).

Two examples of risk/benefit analyses have been submit-

ted: 1. the cost,/value analysis, and, 2. the value/ínpact

analys i s .

2.2.3.2 Risk/BenefiL - Cost,/VaIue Analyses

nisk/benefit - cost,/vaIue analysis requires a dollar val-

ue for benefit(s) ano a dollar value for risk(s); Lhese val-

ues are then weighed against each other (McCormick, 1981).

In simple terms, risk includes the dollar value of disabili-

-17-



ty and death, and benefit includes the value of resources.

The total social cost (disability and death) can be compuLed

by the number of individuals multiplied by the cost of one

disability day; in turn, these are multiplied by a discount

rate for a specific time period (Micormick, 1981). The for-

mula for total social cost is¡

TSC=NC(l+i)t r>6000

where the variable N represents the number of individuals;

the variable C represents the dollar value of one disability

day; (l + i) represents the discount ratei the variable (t)

represents time in consecutive days of disability; and, the

figure (5000) represents the number of days equivalent to a

falality (McCormick, 1 981 ) .

There are several ways to acquire dollar values f.or cosL/

value analyses. The vaLue of human life can be estimated

from insurance premiums or the discounted value of a per-

son's future earni.ngs can be used (McCormick, 1981). AIter-

natively, records of what has been spent to avoid accidents

in the past (e.g. safety equipment; guardrails; etc.) can be

examined to compute similar values (McCormick, 1981). How-

ever, past decisions are not aJ.ways optimal.

In the cost/value analysis, safety expenditures should be

made until the marginal or last dollar exchange between so-

cial costs and risk control costs equal (Mccormick, 1981).

At this point, the expenditure of one dollar for safeLy
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s¡ould reduce the social cost by one dollar. Àt some point,

however, the cost effectiveness (".g. value received/unit

expenditure), falls belos a level of acceptability or prac-

ticality (McCormick, 1 981 ) .

One major criticism of the cost/value analysis arises in

regard to the appropriate 'value' of human life. McCormick

(1981) suggests that a social consensus be acquired prior to
the endorsement of any specific dollar value.

2,2.3.3 VaIue/impact Ànalyses of Risk

e value/impact analysis is defined as the cost of saving

lives (McCormick, 1981). Àlternatively stated, a value/im-

pact analysis considers the cost of preventing or avoiding

an extra death before the age of 55 years from any cause

(u.g. cost of saving an extra statistical life) (McCormick,

1981). Understandably, this approach would receive public

support, but industry might perceive the method as less

practical or too costly.

Potentially, risk/benefit analyses can satisfy the objec-

tives of certain interested parties or users better than

others. One must be wary of reports which quote risk/ben-

efit statistics without specifying the parameters, delimita-

Lions and assumptions employed. it is irnportant to deter-

mine what a particular risk/benefit anal-ysis represents.

For exampJ.e, a risk analysis nay be a special case of. cost/
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benefit analysis, or it nay be the optimal use of insurance

which protects human life (McCormick, 1981 ). Once a criti-
cal evaluation of the risk/benefit analysis is conducted,

decisíon-makers can set regulations in the best inLerest of

society, which reflect both the protection from risk and the

necessity for the activity in question (McCormick, 1981).

2.2.4 The timitations of Risk Àna1ys i s

Thus far in the evaluation, sone limitations of risk

analysis have been outlined but because of the high frequen-

cy and significance of these limitations, further discussion

is required. As will be apparent in subsequent sections,

this information is particularly important in any anal'ysis

designed to evaluate the transportation of dangerous goods.

2.2,4,1 Rare Events and the Relevance of Historical Data

One of the key problems encountered in risk analysis is

lhe estimation of the probability of occurance for rare

events (Rowe, 1980). Rowe (1980) identifies two classes of

rare events: events of low probability and high consequence

termed 'zero - infinity' events, and, ell freak occurances

such as, for exampLe, rare events masked by numerous compet-

ing event,s which cannot be identified 'a priori' (Rowe,

1980). Rare events typically obey a Bernoulti probability

function and are independent; these events either occur with

a probability (p) or they do not occur (l - P) (Rowe, 1980).
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Rare events commonly lack substantive historical data

bases used to estimate the probability of occurance value.

Documentation of the occurance of events is usually employed

to estimate risk. Thus, historical data provide insight

into the relative causes of past occurances and, theoreti-

cally, present a basis for comparison. If data are lacking,

objective and reliable calculations are prevented. For ex-

ample, when the number of trials of an event are large, by

convention the estimation of risk is objective (Rowe, 1980).

However, when the number of events is small or conjectured,

the estimation of risk is subjective (Rowe, 1980). By Lheir

nature, rare events faI1 into the latter category and ac-

cordingly, so do the conseguence vaLues. Limited data bases

can be attributed to the infrequent nature of rare events,

where direct observation is not always possible (Rowe,

1980).

Despite uncertainty, risk analyses commonly ínvolving

rare events and values of risk computed under these circum-

stances, should be viewed in light of potential inaccuracies

or understatement. However, rare event calculations provide

a useful range of outcomes for decision-makers who are

obliged to act before, not afÈer, the fact.
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2.2.5 Methodoloqies of Risk Ànalysis -- Discussion and
Summary

This section has provided informaLion about the complex

discipJ-ine of risk analysis, in terms of the competing and

sometimes conflicting techniques, the factors which should

be incorporated and frequent gaps in knowledge (CoveIIo,

1980). There are no apparent precedents, definitions or

branches of risk analysis specifically pertaining to the

transportation of dangerous goods. À table of strengths and

weaknesses of the various methodologies is submitted as Fig-

ure 2.2 and a comparison of these techniques is submitted as

Figure 2.3. Present risk analysis methodologies, or combi-

nations thereof, should be carefuily considered and then em-

ployed according to the nature of a specific study and the

desired use of the results. As a final point, it is impor-

tant to consider that the results of risk analyses can com-

pete with the beneficial aspects of risk-taking (Covel_Io,

1980)

2,3 THE RiSKS OF DANGEROUS GOODS IN TRANSTT

2.3,1 Public Perception

Dangerous goods are conveyed on public transportation

systems in ever increasing amounts (Silverstone , 1gB2).

I{hether the goods are in transit for industrial or for do-

mestic consumption, an accident or mishap may produce ef-

fects ranging from inconvenience to disasler (sirverstone,
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1982). In an illustration of the scope of the maLter, HaIl

(1982) , observes Lhat the consumption of gasoline for pri-

vate and commercial use places the vast majority of society

in contact with the inherent risks of a highly flammable

substance; public exposure to these risks may be greater

during transportation to the service station than at the

service station.

A large proportion of the gasoline for public consumption

is transported by road (riatt , 1982; Krewski et aI , 1982').

Tank trucks travelling between bulk storage facilities and

service stations pass through a' variety of environments

ranging from sparsely populated or rural regions to densely

populated or urban centres (Krewski et al , 1982). Hall

(1982) asserts that although accidents may occur at any

point in production, transportation or end-use, the greatest

risk exists during transportation. Perhaps this is due in

part to the multidimensional risk inherent to any transport

system and the lives of unprotected partíes who may be vic-

timized by mishap. This principle can be applied to danger-

ous goods other than gasoline and various transportation

modes.

When a dangerous good(s) accident occurs, a range of haz-

ards may arise, depending upon the precise location of the

mishap, the degree of spillage and the properties of the ma-

terial involved (Krewski et al , 1982). It is according to

this information that the rate at which the material is
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disseminated throughout the environment, the number of inju-

ries and/or deaths (employee, third party)3 and property

damages (company, third party), can be assessed (Hal1,

1982). Transport Canada (198.1) suggests that

If]ittfe or nothing can be done to change an indi-
vidual's behavior or to make the interaction be-
tween individual's less dangerous.

Àlthough risks are greatest during the transportation of

dangerous goods, it is asserted that the relative freguency

of spectacular events (".g. the Mississauga-Lype railway in-

cident of 1979) have been relatively low (Slovic et a1,.

1 981 ) . Transport Canada ( 1 981 ) supports this by stating

that

Imost] accidents are minor although the potential
for catastrophe is great where Iarge quantities
are involved.

ParadoxicalJ.y, however, public perception of risk has a ten-

dency to overestimate the spectacular events and underesti-

mate the relatively higher frequency of unspectacular events

(Slovic et aI, 1980). Rowe (1977 cited by Ess, .1981b), sug-

gests that public risk perception is influenced by factors

such as involuntary, uncontrolled, undesirable and cata-

strophic events involving a group with which one can identi-

fy.

Third parties include the transport worker, handler, fire-
fighter, police and the public (Transport Canada, 1981).
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There is an apparent correlation between Lhe public per-

ception of a risky industrial practice (u.g. the transporta-

tion of dangerous goods) and vociferous pubric pressure via

the media, on politicians and governments for corrective

legislation and regulation (uatt, 1982). In the opinion of

Mccullough and Burton (1982) administrative (i.e. governnen-

tal) risk-related decisions tend to be as dependent on pub-

lic pressure as they are based on science (u.g. probability

of an event occuring). As the federal administrative agen-

cy, Transport Canada (1981) states that

Id]emands arising from the general pubLic indicate
an increasing arrareness that the transportation
system is moving ever larger quantities of chemi-
cals and products having a danger to 1ife, proper-
ty and the environment land thus] a concerled ap-- proach to the regulation of these substances is
essenL ial .

As illustrated in section 2, evaluating risks is a diffi-
cult task. Hovever, uncertainty is not restricted to the

aspect of risk analysis nethodology; uncertainty is Iargely

reflected in human risk perceptions. UsualIy lay people

evaluate risks without reference to, or reliance on, statis-
tical data (Slovic et aI, 1980). Society tends to rely on

inference or information remembered (e.g. hearsay; observa-

tions) (slovic et al, 1980) which relates to the phenomenon:

'fear of the unknown' (Gavin, pers. comm. ). ALtributed to

the multiplicity and intangibility of risk pathways, the

normal individual is characteristically perprexed or con-

fused and subsequently this is reflected in erroneous judge-
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ments of risk (Ess, 1981b; Da1key, 1972). When expanded,

this concept gives rise to the assertion that people seldom

viev¡ reality realistically.and rarely do people share simi-

lar perceptions (Ess, 1981b).

To reiterate, Slovic et aL (1980) have identified a ten-

dency for overestination by laymen in their perceptions of

spectacular events and a corresponding underestimation of

unspectacular events. Surprisingly, the relative frequen-

cies of unspectacular events are significantJ.y greater than

those which are spectacufar; in theory, individuals should

be more concerned about high probability events than low

probability events (Slovic et al, 1980). It has also been

observed that people are typically adamant and overconfident

about their judgements (Slovic et al, '1980). Furthernore,

Slovic et al (1980) cite Ross (1977 ) as observing that the

beliefs of people change slowIy and are extrenrely persistent

in the face of contrary evidence; nerv evidence will be con-

sidered reliable, only if it supports a former judgement.

This is related Lo the phenomenon of 'self-fulfilling proph-

ecy' (Gavin, pers. comm. ). For example, convincing people

that the occurance of a catastrophe is unlikely, is diffi-
cult even under ideal conditions. Hal1 (1982) asserts that

at some point within this network of factors, Lhe trade-offs

between risks and benefits become obscured. Thus, herein

lies the rationale for public information and education by

government and industry alike (Gavin, pers. comm.).
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2.3.2 Leqislation

The Transportation of Danserous Goods Àct (S.C. 1980, c.

36) is founded on Criminal Law with respect to safety and

stems fron the residual poe¡ers of the federal governnent un-

der the Peace, Order and Good Government provision of the

British North Àmerica Àct of 1867 (Transport Canada, 1981).

In a paper addressing jurisdiction and liability with re-

spect to the transportation of dangerous goods, Silverstone

(1982) remarks:

t... I it is clear that the primary role of the
legislative and regulatory systems with respect to
the carriage of dangerous goods is the anticipa-
tion and alleviation of circumstances and proce-
dures that may increase the likelihood of an acci-
dent and to provide for control and minimization
of damage should one happen.

The regu)-aLions pursuant to the federal Àct are designed to

promote safety through the communication of information in

terms of Lhe nature of the products being transported, and

to ensure that reasonable safety standards are established

for packaging, handling and transportation (Transport Cana-

da, 1981). The Àct and regulations encompass all modes of

transportation (".g. road, rai1, air, water) into one "com-

plete package", thereby eliminating the previously compli-

cated, confused and uncoordinated regulatory system (Trans-

port Canada, 1981 ).

In accordance with the Transportation of Danqerous Goods

Act (S.c. 1980 c.36), the cfasses of dangerous goods are as

follows (Transport Canada, .1983):
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1. Class 1 -- explosives,

2. Class 2 -- gases,

3. Class 3 -- flammable and combustible liquids,

4. Class 4 -- flammable solids, spontaneously combusti-

bIe, dangerous when wet,

5. CLass 5 -- oxidizing substances, organic peroxides,

6. Class 6 -- poisonous and infectious substances,

7, Class 7 -- radioactive materials and prescribed subs-

tances,

8. Class I -- corrosives, and,

9. Class 9 -- miscellaneous dangerous substances or ar-

ticles.

Manitoba has enacted The Dangerous Goods Handlinq and

Transportation Act (Cap. D12, S.M. '1984, c. 7) which comple-

ments the federal legislation. The provincial statute en-

compasses both the transport and disposal of hazardous

wastes (S.t'1. 1984, c. 7, s. B, 9, 10) and includes a provi-

sion for municipal by-Iav¿s governing the transportation of

dangerous goods (s.t'1. 1984, c. 7, s. 43).

2.3.3 Economic Consideration of Safetv Requlations

The economic ramifications which result from new legisla-

tion and regulations, are seldom considered by lay people.

Public attention and involvement is usually stimulated by

controversial evenls or issues and diminishes when statutes

are enacted and regulations enforced. Even when concern is
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directed Lowards public well-being, the ineviLable costs in-

curred t,o secure the benefits are frequently overlooked by

soc i ety.

This presentation is not to be regarded as_ an exhaustive

list of economic effects (i.e. costs, benefits, spin-offs),

but rather, consLitutes an overview of economic impacts re-

sulting from the regulation of the transportation of danger-

ous goods.

2.3,3.1 The Economics of Risk Management

To justify the new legislation and regulation, Transport

Canada (1981) supports the economic rationale that:

externalities arise in a market transaction if
costs or benefits are irnposed on third parties not
included in the contract Isic.l Regutation is
required to 'internalize' the externality - make
the market more efficient by incorporating the
costs of health, safety and environmental damage
into the price of goods which generate such costs
(Green and Waitzman, 1979 as cited by Transport
Canada, 1981).

Gavin (pers. comm. ) reports that this important principle is

also endorsed by Environment Canada. It is this rationale,

however, which has generated the greatest concern and criti-
cism from industry. Às illustrated by Doo1ey and Byer

(982), in mosL environmental decisions there is often a

risk regardLess of what is done: a risk if action is taken

and a risk if no action is taken. Hall (982) reports that

there is increasing evidence that regulations are causíng a

significant economic burden on industry and hence, on socie-
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ty. Thus a trade-off has to be made between the risks and

benefits and between the level of risk and cost (Dooley and

Byer, 1982), otherwise the economic penalties may be such

that regulatory action is counter-productive (Hatt, 1982).

Although not discussed in this report, these assertations

reflect a classic divergence between micro and macro econom-

ic theory (Gavin, pers. comm.).

Hall (982) suggests that if decision-making were based

only on competitive market forces, enterprises would accept

higher levels of risk to society than society itsetf would

accept. In industry, risks to the well-being of the busi-

ness accrue to competitive pressures on prices, loss of mar-

kets, rising labour costs, increased taxes, government regu-

lations and accidents during job-related activities among

others (tiatt, 1982). Invariably, these components of risk

can be expressed in monetary terms and are considered costs.

In a competiLive economy, €fficiency is attained through

cost- minimization. Thus there is some incentive, irrespec-

tive of regulations, for companies to direct funds toward

accident and risk reduction (Hat1, 1982) and thus, minimize

the costs which they might bear.

However, history shows that industry cannot regulate it-
seJ.f, or that it is unwilLing to do so (Gavin, pers. conm.).

Àgain, the 'role of government' in setting standards or

'ground rules' is important. The relationship between the

level of risk, the cost of accidents and accident reduction
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for any company is illuslrated in Figure 2.4. Expenditures

for accident reduction are justifiable only to the point

that the incremental (private) cost of accidenL reduction is

less than the incremental reduction in (private) cost of the

accident avoided (i.e. the point where the sLope of total

cost is zero and the sl-opes of the cost of accident reduc-

tion and the costs of accidents are equal and opposite)

(nigure 2.4) (Hatt, 1982), Levels of risk due to accidents

either above or below this point of financial acceptability,

increases the conpany's cost and moves away from the optimum

overali risk/benefit balance assumed by the owner (Hal1,

1e82) .

The effect is that safety regulations increase the cost

of accident reduction and Lhus increase the total cost of

production (i.e. the curve shifts upwards and/or changes

slope). The consumer will undoubtedly absorb these in-

creased costs to some extent (Hatt , 1982).

The risk-cost relationship for society can be expressed

using similar reasoning as that considered for the firm

(nigure 2.5). McCormick (1981) suggests that the Iaw of di-

minishing returns applies to risk reduction.

Safety expenditures should be made until the marginal (or

'last dollar') exchange between social cost and risk control

cost is equal; at this point the expenditure of one dollar

for safety would reduce the social cost by one doIIar. 11-
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lustrated by the total cost curve, costs diminish up to this

point and increase past t.his point (nigure 2,5),

It is a considerably difficult task Lo determine the cost

of accidents and the cost of accident reduction (Hall,

1982). As presented, Figures 2.4 and 2.5 are highly concep-

tua1, illustrating the relationship between cost and effec-

tiveness, a financially acceptable range of alternatives and

the optimum safety level. It would be a formidable task to

determine the precise location or range of alternatives and

the optimum safety Ieve1.
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It is worthy to note the great cost to a firm and to so-

ciety to attain the leve1 of 'zero-risk'. Figure 2.6 illus-
trates a cost-effectiveness relationship where risk, the

costs of risk reduction and technology to achieve risk nrini-

mization are conpared. It is on the basis of cost-effec-

tiveness reasoning that industry has expressed concern about

the reguJ.ations governing dangerous goods, insofar as this

'practicable range' is exceeded (nigure 2.6). Àlternatively

stated, industry fears over-regulation but as previously

discussed, government intervention is required to some de-

gree (Gavin, pers. comm. ).

In contrast to costs, benefits are usually more difficult
to quantify in monetary terms. The benefits accruing to

safety regulations include lives saved, injury avoided, rê-

duced clean-up costs and avoided accidents (Transport Cana-

da, 1981). Public assurance may be the greatest intangible

benefit of all.

Considering that both federal and provincial legislation

is in force, the econonic spin-offs which may result are

virtually unavoidable. However, the potential for further

legislation exists in section 43 of The Danserous Goods Han-

dlinq and Transportation E (Cap 012, S.M. 1984, c.7 ) of

Manitoba. In consideration of the information contained in

this seclion, an additional group of regulations for the

transportation of dangerous goods may be an unreasonable ec-

onomic alternalive.
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ChaPter III

THE TRÀNSPORTÀTION ROUTE MODEL AND IMPÀCT
RISK MODEL METHODOTOGY

PART I -- THE TRANSPORTATION ROUTE MODEL

Introduction

OF

3.1

3.1.1

In fulfillment of the primary objective which, to reiter-

ate, is the development of a mechanism or framework to as-

sess route utilization and flows of dangerous goods in Mani-

toba, the following methodology has been designed. The

initial goaf is to construct a simple model; the second goaJ-

is to test the model with actual data from Manitoba and ob-

serve the results. in order to achieve this, effort has

been directed towards Lhe control of specific parameters.

it is anticipated that simplicity will be more effective at.

this stage. Thus if the model proves to be successful, sub-

sequent studies may relax the simplifications and vary pa-

rameters as desired.

3.1.2 The Population

The transportation model requires the identification of a

population of industries which are Íeasonably uniform in

terns of the following parameters:
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1. equal or comparable

2. equal or comparable

3. equal or comparable

empLoyees ) ,

4. equal or comparable scope (e.9. expressed in terms of

output ) ,

regionality (e.9. exists within a specific.region or

regions), and,

spalial diversity within the specified region(s).

Àn attempt should be made such that all six (6) criteria re-

ceive equaL weight. In practice, Lhe application of this

procedure will furnish the researcher with a specific block

or group of industries.

To test the model group 27 of the standard industrial

codea (S.l.c. ) classification was chosen. This group ac-

crues to printing, publishing and allied industries, of

which there are nine sub-categories. For the purposes of

this study, the diversity of this group requires further de-

duction. In terms of best satisfying the popul-ation parame-

ter criteria, a reasonable choice is newspaper publishers of

group 2710.s Thus, a case study population to test the model

has been determined.

Information source: Dunn and Bradstreet. 1979, Guide to
Canadian Manufacturers. Howard and Smith publishers¡ To-
ronto.

Refer to footnote 4.
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3.1.3 The Population Samp1e

The criteria used to evaluate the population sample, fot-

lows similarly to that applied Lo the population itself.
Considering the test group of newspaper publishers (S.I.C.

2710) the sample size is determined according to the foll-ow-

ing criteria.

Regionality: expressed in terms of five (5) of the

six (6) Hazardous and Special l,iaste Management Envi-

ronmental Control Regions of l"tanitoba (1985 ) as indi-

cated on Figure 4.'1 :

E: Eastern Region (mapping symbol 2)

S: Southern Region (mapping symbot 3)

W: Western Region (mapping symbol 4)

P¡ Parklands Region (mapping symboJ. 5)

N: Northern Region (mapping symbol 5)

Sample Number: will not exceed four (4) companies per

region, therefore a maximum of twenty Q0) companies

will be sampled.

N = 5 4 companies per region.

Size of Community: expressed in terms of population.

populaLion = < 5000

Geographical Location of Samples: a subjectively pre-

determined decision criteria with the inlent to

achieve spatial diversity within each region.6

Information source: 1985. 138th year
adian Àlmanac and Directorv 1985. sr
Copþ Clark Pitman ttd.; Toronto. pp.

of Publication, Can-
. ed. Susan Bracken.
118 - 119.

t.

2.

{

A.
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5.

6.

1.

2.

3.

Scale of Industry:

À:

B:

Scope of industry:

One

expressed in terms of employment,T

< 1 1 employees

11 - 25 employees

expressed in terms of output,s

(1 ) issue per week.

3.1 .3.'1 Exceptions to the Population Sample

To achieve spatial diversity the following exceptions

were made for the population sample criteria.

Three samples in the Northern Regions and one sample

in the Parklands Region do not meet the 'size of com-

munity' parameter of the population sample criteria.
Two samples in lhe Northern Region do not meet the

'scope of industry' parameter of the population sam-

ple criteria.

Two samples in the Northern Region and one sample in

the Eastern Region do not meet the 'scope of indus-

try' parameter of the population sample criteria.

Information source: March, '1983. Manitoba
IL. Winnipeg, Manitoba. pp. 103 - 105.

Refer to footnote 6.

Trade Directo-

I

o Hazardous and Special Waste Management Environmental Con-
trol Regions of Manitoba, 1985.
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3,1.4 The Population Sample Survey Criteria

Telephone interviews will be conducted with each of the

newspaper publishers in the population sample in accordance

with the following criteria.

1. The assurance of confidentiality, in terms of the

following coding scheme:

a) nigits .1 and 2: random sequence number

b) Digit 3: region identification

c) nigit 4: scale of firm in employees

d) Digit 5: scope of firm in output

2. The affirmation of use of a particular chemical group

employed in the operâtions of each firm.

3. The distributor of the chemical group.

4. 'The Location of the distributor for the chemical

group.

5. The means of transportation for shipment by the dis-

tributor of the firm for the chemical group (Road =

RD; Rail = RL).

6. An approximation of the volume of the chemical group

per shipment.

7. Àn approximation of the frequency of shipments.

3.1.4.1 A Chemical Group identification procedure

The following step will be employed to increase the effi-
ciency of the survey with respect to the general chemical
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types and groups

cess. Criteria:

employed in the newspaper publishing pro-

It. A large metropolitan newspaper of E scale (e.g.

101-200 employees)10 wiLl be approached.

This company wiII be considered 'representative'of

the newspaper industry, insofar as employing process-

es similar to those in smaller scale operations.

This company will be solicited for the express pur-

pose of determining a range of principle chemical

groups or types which may be employed by the popula-

tion sample.

3.1.s The Distributors Survey Criteria

Determined in the population sample survey, distributors

of the chemical group identified will be contacted to add

dimension and scope to the spatial analysis of transporta-

tion routes. Therefore, these companies are not determined

via the same deductive paraneters as those for the popula-

tion sample.

This exercise will provide a linkage between the provin-

cial- consumers (e.g. the sample population) and the suppli-

ers (u.g. in the province of Manitoba, in Canada, etc.) and

identify routes rqhich would not be apparent otherwise. Às a

fo1low-up to the principal sample survey, telephone inter-

ro Refer to footnole 7 for source.
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views with chemical distributors in the province of Manitoba

will be conducted according to the folJ.owing criteria.

1. The assurance of confidentiality in terms of the fol-
lowing criteria.

a) oigit t and 2: random seguence number

b) Digit 3 ( ): region idenLificationll

2. The geographic location of the supplier for the

chemical group identified in the population sample

survey.

3. The means Of transport for shipment by the supplier

for the chemical group in question (Road = RD; RaiI =

Rr).

4. An approximation of the frequency of shipments for

the chemicai group in question.

5. Àn approximation of the volume of the chemical group

in quesLion per shipment.

3.1 .6 Post Survey FoLlow-Up

Companies solicited in the two surveys will be sent a

letter of appreciation for participation in the study.

11 Distributor region identification includes the sixth (6)
Hazardous and Special Wasle Management Environmental Con-
trol region WP: Winnipeg (mapping symbol 1 ) and any re-
gion ouLside of Manitoba.
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1 .7 Table and

1 .7 .1 The Data

Map Ep¡mat

Tables

Data obtained in the telephone surveys will be organized

in a series of tables according to:

1. the results of the population sample and distributor

surveys,

the estimated transportation routes by least dis-

tancel2 (kilometers),

cumulative frequency of shipments per segment of es-

timated transportation route, and,

cunulative volume per year, per segment of estimated

transporLation route.

3.1.7 .2 The Mapping Procedure

The population sample survey data and distributor survey

data will be plotted simultaneously on base maps to illus-
trate the spatial distribution of transportation route uti-
lization in the province. The chemical group or type will
be mapped in terms of the estimated least-distance (kiIo-

meters) transportation route utilization for road and rail
for each of the following:

12 Least-distance (kilometers) between the origin of' the
shipment and recipient of Lhe shipment, is determined in
terms of major highways (either provincial trunk highways
or provincial roads) and does not consider multiple-des-
tination truck routings (e.g. considers direct, non-stop
transit ) .

2,

3.

L
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1 . estimated Lrahsportation routes utilized (general;

both surveys),

2, estimated populaLion sample and distributor survey

number of users (grouped; both surveys) along the es-

timated transportation routes,

3. the number of shipments per year (grouped; both sur-

veys), and,

4. the volune of the commodity per shipment (grouped;

both surveys).

3.1.8 The Delimitations of part !

Since the primary objective of Part i is the derivation

of a model to evaluate transportation route qtilization for

dangerous goods, and, the second objective is to test the

suitability of the rnodel with actual data, the following

delimitations apply.

1. The test of the model will not examine transportation

routes within urban centres (".g. cities).
2. The static aspects of the transportation system (".g.

holding facilities, warehousing, transfer facilities,
etc.) are not considered.

3. The model does not account for non-stop, interprovin-

cial shipments or transportation flows of the chemi-

cal group or type of interest.

4, The City of Winnipeg is excluded from the population

survey sample because it does not meet the population

sample criteria in this study.
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Product Identif ication Numbers

in reference to the chemical

tions in chemicaL composition

names.

(P. I .H. ) are not used

group because of varia-
'and manufacturer brand

3.2 PÀRT Ii _- THE IMPÀCT OF RISK MODEL

3.2,1 Introduction

in fulfillnent of the second research objective, part II
seeks to design and test a methodology which is capable of

assessing the impact of risk along the road routes identi-

fied in Part I. Sinilar to the model of Part I, it is es-

sential that the complexity of the analysis be controlled.

The second model will be tested by one variable (not mul-

tiple variables) under the condition of mishap or accidental

release of a dangerous good (s). The information will be

mapped according to the relative impact of risk along the

transportation routes determined in Part I. It is antici-
pated that this procedure will provide additional dinension

in the evaluation of the transportation of dangerous goods,

which is of particular importance to poJ-icy makers.

In the future, impact of risk analyses can be conducted

to evaluate alternate impact of risk criteria which are not

considered at this time.
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3,2.2 Definitíon of Terms

The following definitions apply to

II.

1. The inpact of risk refers

cussions and/or magnitude

release of a dangerous good

being dynamic ) according

which the event occurs.

the evaluation in Part

the anticipated reper-

a mishap or accidental

s) in transit (transit

the 'environment' in

to

of

(

to

'Environment' refers to land use.

The estimated impact of risk refers to the reasonable

estimation of a parameter given the conditions out-

lined in point one lisLed above.

3,2,3 The Impact of Risk Model

In this study the impact of risk model utilizes the

transportation routes identified in Part I; therefore, the

criterion for population and sample selection in Part i ap-

plies to Part iI. ÀI1 exceptions, assumptions and delimita-

tion outlined in Part I uppfy ,o the transportation routes

further evaluated in Part II.

If the Transportation Route Model and the Inpact of Risk

Mode1 of this docunent are not simultaneousJ.y ernployed, âD

equal or comparable methodology, which enables the identifi-

cation of dangerous goods transportation routes, must be

utilized.

2,

J.
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3.2.4 The Impact of Risk Model Test Criteria

Às outlined in the introduction to Part II, a sinqle Lest

criterion (variable) must be selected from the entire ranqe

of.impact of risk criteria (variables). For purposes of

this study, the'impact of risk'has beén defined as Lhe an-

ticipaLed repercussions and/or magnitude of impact, of a

mishap or accidental release of a dangerous good (s) in

transit according to the 'environment' in which the event

occurs. Similarly, 'environment' has been defined as land

use. 0i the numerous classifications of land , use, human

population has been subjectively chosen as the appropriate

criterion to test the impact of risk model.

3.2.4.1 Test Criteria Parameters

Land user ês a function of human population, has been

subjectively subdivided into three (3) categories of inter-

est for purposes of this analysis:

urban populationl 3 ( static variable ) ,

rural population densityl4 (static variable), and,

Urban population as illustrated in the At1as of Manitoba
(1983) according to Statistics Canada, Place Name Refer-
ence List, Western Provinces /1978) data.

Rural population density as illustrated in the Atlas of
Manitoba (1983) according to lhe 1976 Census of Canada,
Population, Geoqraphic Distributions, Census Divisions
and Subdivisions in Western Canada and Territories, and
Population Counts for Unincorporated Places, 1976, from
D. Bright, Chief, Customer Services Section, Data Disse-
mination Division (977) data.

1.

2.

13

14
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3" provincial trunk highway and provincial road traffic
volumel s (dynamic variable).

Data for each of the three (3) impact-of-risk-model-test-

parameters have been obtained Írom secondary data bases.

Each parameter will be evaluated seperately in the analysis.

3.2.4,2 Exceptions to the Test Criteria Parameters

Data used to assess the test criteria parameters do not

i nc lude :

1. Indian Reserves and HuLterite colonies,

2. urban centres with a population l-ess than 50 people,

and,

3. rural population densities north of the 53rd paral--

Iel.

3.2.5 Table and l'lqp Format

3.2,5,1 The Data Tables

Each parameter of the human population test criteria will
be organized in a series of three (3) tables according to:

1. rural population density per segment of estimated

transportation route (eart t),

I s Annual average daily volumes of traffic from Maniloba
Highways and Transportation 1983 Traffic Flow I'tgp for
Provincial Trunk Hiqhwavs and Provincial Roads Map M-703.
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2. urban population of cities and t,owns of 50 people and

over per segment of estimated transportation route

(eart t), and,

3. annual average daily volumes of traffic by subsegment

per segment of estimated transportation route (part

r).

3"2.5.2 The Mapping Procedure

Data for each parameter of the human population test cri-
teria will be plotted separatelv on base maps to illustrate
the estimated impact of risk, which arises from the spatial

distribution of transportation route utilization in the

province of Manitoba f.or one group or type of dangerous

goods

The mapping sequence for the estimaLed impact of risk

zones will be according to each of the following:

1, rural population per segment of transportation route

(part I ),

2, urban population per segment of transportation route

(Part i ), and,

3. annual average daiJ.y volumes of traffic by subsegment

per segment of esLimated transportation route (part

i).

It must be stressed that the impact of risk mapping se-

quence pertains to the transportation routes identified in
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Part I, and Lo the one

tified thereof.

specific chemical type or group iden-

3"2"6 The Delirnitations of Part IT

The test criteria of human population does not include:

1. seasonal population fluctuations (".9. parks, cottag-

ês, campsites, etc.), and,

2, seasonal traffic fluctutations (e.g. summer, weather

conditions, etc. ) .

The Impact of Risk Model does not take into consideration

the issue of jurisdiction or liablility in the event

of mishap or accidental release of the dangerous good

type or group.

3.3 THE MAppINg DESIGN (p¡nr r, pÀRT rr)

If rigorous spatial analysis is to be achieved, much in-

formation must be presented in map form for each analysis

(Part I, Part Ii). To prevent overcrowding of maps and to

maximize information, all mapping is through a system of ov-

erlays where general informaLion is presented in hard copy

form (i.e. paper copies) and all mapped data are presented

in overlay (i.e. aceLate) form. it is anticipated that the

ihterchangable capacity of this mapping design wi1J. permit

maximum user utility.
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3,4 DOCTJMENT SUMMARY

Upon completion of both Part I and Part II, each spatial

analysis will be judged by merit (s) and the applicability

of the model (s) to alternate industries, commodities, im-

pact of risk criteria and regions through consideration of

all controlled variables and exceptions and delimitaitons

thereof.

THE
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Chapter IV

THE ANÀtYSIS

4.1 THE TRANSPORTATION ROUTE

4.1.1 The Survey Results

4,1,1,1 Chemical Group Identi

MODEL (pnnr r) ANÀLYsrs

fication

A newspaper publishing company (S.I.c. 2710) which em-

ploys approximately 200 persons and publishes 6 days per

week in I"iinnipeg, lras contacted (study identification

01I{PE6) on March 25, 1985. The purpose of the telephone in-

terview was to increase the efficiency of Lhe population

sample survey by determining a group of chemicals which

would be consumed by members of the newspaper pubtishing in-

dustry, despite the size and production capacity (".g.

scale) of the sample.

Às a result of the conversation with the production man-

ager of 01VÍPE6, it was suggested that a range of'developing

chemicals employed in the typesettinq process' would be an

appropriate chemical group to survey. Not all small centre

newspapers print issues or operate presses but mosL have

typesetting facilities.

For illustrative purposes the following list provides

several examples of the types of products which are included
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in the broad

ployed in the

classification of 'developing chemicals

typesettinq process'.

em-

1. Ultra No. 2 Deveì.oper Replenisher.l6 This is a photo-

graphic developer for phoLo-nechanical films, which

comprises an aqueous neutral- solution of primarily

mild reducing agents and a fornaldehyde bisulfite ad-

dition compound.

Ultra No. 2 Ðeveì-oper Replenisher part E.17 This is a

photographic developer for photomechanicaL f itms

which consists of an aqueous alkaline soluLion.

Starfix Fixer.l8 This is a photographic rapid fixer

for film and papers which consists of a mild aqueous

solut i on .

Graphomatic Fixer.le This is a reproduction film fix-
er which consists of a proprietary aqueous solution

of predominant.ly inorganic salts.

Consideration that other firms manufacture similar or

comparabJ.e products, would confirm that this lisi is not ex-

haustive. Hazard classification information regarding

chemicals of this nature is reserved for discussion in sec-

tion 4.2.1 of this chapter

2.

?

4.

l6

17

18

19

ManufacLured by lhe
Palisades Park, New

See footnote 15.

See footnote 15.

See footnote 15.

Philip À.
Jersey.

Hunt Chemial Corporation,
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4.1.1.2 The Population Sample Survey

Twenty (20) population sampling units were determined ac-

cording to the methodology outlined in Chapter 3 (3.1.2,

3.1 .3 and 3 " 1 .3.1 ) and a telephone survey was designed. The

survey commenced March 26, 1985 and each sample population

member was solicited for the following information with re-

spect to 'deveLoping chemicals for typesettinq':

confirmation of use of this chemical group,

the geographical location of the distributor of this

chemical group,

the mode of transportation by which the shipments are

received,

an approximation of the frequency of shipments for

this chemical group, and,

an approximation of Lhe volume of this chemical- group

per shipment.

Respondents were confidentially classified according to

the criteria discussed in Chapter 3 (3.1.4, point 1). Tab1e

1 in Àppendix A contains the raw data collected in the sur-

vey.

0f the twenty Q0) ca11s, two (2) samples (".g. 13NÀ1 and

16EÀ.5) did not utilize 'developing chemicals for typeset-

ting' because this service was performed by the printer.

t.

2,

I

II

5.
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Variation in the reported frequency and vol-ume of the

samples is not evaluated, because Lhe data cannot be com-

pared. However, to achieve consistency of units and meas-

ures for the forthcoming analyses, all frequency units are

converted to approximate frequency per year and all volume

units are converted to litres (L. ) (3.8 X U.S. gaI. = Li-

tres; 4.55 X Cdn. gal. = Litres). To observe this conver-

sion step, Table 3 in Appendix A has been prepared.

The route estimation criterion is based on the assumption

that transportation carriers use paved routes which are the

least distance in kilometers (km.) between the origin (dis-

tributor) of the shipment and the recipient of the shiprnent.

Not all of the sample locations are served by one least-dis-

tance route, therefore, both the estimated routing seguences

and single estimated least-distance transportation routes

have been included in Table 3 of Àppendix À.

À11 newspaper publishers in the popul-ation sampì.e re-

ce,ived shipments via truck transport, with evidence suggest-

ing a dependency between the frequency of shipment.s and the

volume of chemical shipped. For example, sample member

05PÀ1 makes significant single purchases of developing chem-

ical-s from time to time, whereas other samples purchase

smaller volumes more frequently.
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4.1 . 1 .3 The DisLributors Survey

Most respondents of the population survey sample volun-

teered the name of the distributor who supplied the 'devel-

oping chemicals for typesetting'. Because of repetition,

only six (6) different distributors were identified. Each

distributor rvas surveyed for the following information:

'1. the geographical location of the supplier of 'devel-

oping chemicals for typesetting',

2, the mode of transportation by which the shipments

were received,

3. an approximation of the frequency of shipments of

this chemical group, and,

4. an approximation of the volume of this chemical group

per shipment.

Each distributor solicited was confidentially classified ac-

cording to the criteria discussed in Chapter 3 (3..1.5, point

1).

The results of the distributor survey are shown in Table

2 in Appendix À. One distributor in Ontario (e.9. 010) did

not respond. Each distributor response related to frequency

of shipments and volume per shipment was converted for con-

sistency of units (rable 4, Appendix À).

All distributors received shipments of 'developing chemi-

cals for Lypesetling' by truck transport. Volume appears to
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be related to the frequency of shipments as previously in-

fered for the population sample survey. iL must be

stressed, however, that the distributors of the chemical

group, service others not included in the population sample.

Distributors inevitabl-y supply nev¡spaper publishers of vary-

ing scal-e not considered in this study, ôs well as indus-

Lries other than those included in the standard industrial

code 271 0.

4.1 .2 Base Maps

Figure 4.1 and Figure 4.2 are base maps to be used with

the overlay maps of subsequent sections. Figure 4.1 is a

general information base map which illustrates the six (6)

Hazardous and Special Waste Management Environmental Control

Regions (1985), all railway lines, provincial trunk highways

and a selection of urban centres (for geographical loca-

tion). Figure 4.2 illustrates by name, each rural munici-

pality and local government district in south-central Mani-

toba.
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FIGURE 4.1: General information base map for
Figures 4.3 to 4.6, and Figure 4.8.
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FIGURE 4.2:
Municipality and Locat Government District jurisdictions. Base
map for Figures 4.3 to 4.6, Figure 4.8 and Figure 4.9
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4.1.3 Route Ufilization (poputation and distributor
samples )

To generate a spatiaJ. analysis of the estimated routes

utilized by the population and distributor samples, the es-

timated routinq sequences of Table 1A and 1B are examined.

To reiterate, this methodology employs the least paved road

distance in kilometers (km) between distributor and consum-

êr, supplier and distributor. Figure 4.3 indicates the di-
rection of flow of each routing sequence determined (no rep-

etitions). This simple illustration of the estimated

routes, facilitated by each survey sample, provides the

baseline data for future analysis in part I and part II.

Figure 4.3 in the map pocket (back cover) illustrates
that all estimated routing sequences for the population sam-

ple radiate from Winnipeg. This is the desired outcome of

the transportation route model analysis of part I (Chapter

3, 3.1.3, point 4). It appears that the population sample

criLeria has enabled a spatially diverse test of the Trans-

portation Route Model.
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Table lA. PopulaË1on sarnple survey daÈa--esEimated

I.D. #

I

Or
C¡r

I

02PBl

O3PAI

04PAI

O5PAl

06SB1

07sAl

08sAl

09sA1

1ONB2

I1NA6

12N81

13NA1

148A1

15EAl

16EA.5

17E81

l8WAl

19f.lA1

20r.rAl

21WAl

Transpor ta t ion
Mode

( Rd=Road )

Rd

Rd

Rd

Rd

Rd

Rd

DfsÈrlbutfon
Loca tlon

transport.atlon rouÈes, developlng chemLcals for typesetting.

t¡pg

I.lpg

wpg

I.¡Pg

t.,pg

lJPg

I.¡pg

wng

I,Jpc

t.Jpg

I.,pc

n/a
lJpg

lJpg

n/ a

t.Jpg

l.¡Pg

Rd

M

Rd

Rd

Rd

n/a

Rd

Rd

n/a

Rd

Rd

Es t ima Èed
Rou t lng

Sequence

IH/16/5
rw / 16 /83

LttlL6/5/n
LW /L6

3

7s /L4 /30

2

3

Lw/L6 /5 /Lo
6/39rw

6 /391N

n/a

7

s9144

nla
s9/44/Lr

2/83

I
2

tl"J/16

Frequency of
Shfpments
Per Year

Rd

Rd

12

2

L2

I
4

10

Volume
Per ShiprnenE

(r. )

45.5

273

11.38

234

5

50.05
(4v.45.5-54.6)

I9
22.75

22.75

10

10

nla
22.75

70.25

nla
76

18

54.6

38

30

!üpg

t.JPg

I
6

t

T2

L2

¡/a

24

4

n/a

4

3.5
(Av. 3-4)

7

2.5
(Av. 2-3)

4I.¡pg



lable lB. DlsEribuÈor survey data--estlmated

I.D. 
'I

I

Ol\¡
I

010

02wP

03WP

TransporÈat lon
Mode

(Pd=Road )

04wP

05hrP

06wP

n/a

Rd

Rd

Rd

Rd

Rd

Ëransportaclon routes, developing chemlcals for cypesectlng.

Suppl le r
Loca t lon

n/a
Toronto

Toronto

ToronÈo

Toronto

ToronÈo

Es E 1ma ted
RouÈ1ng
Sequence

n/a

1E

IE

Frequency of
Shipments
Per Year

IE

IE

1E

n/a

24

54
(Av.48-60)

24

48

I2

Volume
Per Shlpment

(1. )

n/a

200

I25
(Av. 113.5-136.5)

57 L .38

100

2,000



The distributor survey revealed that 'developing chemi-

cals for typesetting' are nol manufactured in Manitoba and

that all Manitoba distributors sampled, received shipments

from suppliers in southern Ontario. Therefore, for this
particuLar test of the Transportation Route Model, the onJ.y

flow of 'developing chemicals for typeseLting' into Manitoba

is along the Trans Canada Highway, from the Ontario border

to f,iinnipeg.

4.1 .4 Estimated Number of Users p¡ Route/ Cumul-ative
Freguency

Table 2À and Table 28 are designed to extract further in-

formation from the population sample and distributor sur-

veys. In accordance with the estimated routes utilized (ta-

ble 1À and Table 1B), each route has been segmented. À

segment refers to a portion of a specific route between two

major highway intersections. The number of users per seg-

ment of an estimated transportation route has been deter-

mined by computing the cumulative freguency of shipments per

year, for each survey, pÊr segment of highway.
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No. of
(n)

Table 24. Dlstrlbutor aurvey data--cumulatlve frequencyper aegmenÈ of eeÈfmaÈeä t.ransporÈatlon routà,

Users

I

Crl
\.o

I

I
2

3

4

5

6

7

r.D. ll

O2PBl

03PAl

O4PAl

O5PAI

lONB2

19WA1

2lWAl

Transportatfon
llod e

(P¡l=Road)

1

I
2

3

4

5

6

Rd

Rd

Rd

Rd

Rd

Rd

Rd

E6tfmaËed
Hlghway

19wA1

O2PBl

O3PA1

04PAl

05PAI

lONB2

2ll{Al

I
1

1

1

t
I
I

Froro 1o

of ehl-pmenËs per year
developlng chemlcale

1

2

3

Hlghway
Segnent

Rd

t.Jpg

I,¡pe

I'¡pg

I.Ipg

wpg

l{pc

I{pg

Rd

Rd

M
Rd

Rd

Rd

1

2

3

O2PBl

O4PA1

lONB2

I

16

16

16

16

l6
l6
16

and
for

Frequency of
Shfpment/Year

l6
l6
16

16

16

16

O2PBI

O4PAI

1ONB2

number of ueera
typeBet tfng.

Rd

Rd

Rd

16

CumulaËlve Frequency
of Shlpments/
Year/Segment
of Hlghway

T2

2

L2

1

2

7

4

I
1

I
I
I
1

M

Rd

Rd

83

5

5

5

L2

L4

26

27

29

36

40

5

5

5

5

5

5

20

20

20

16

16

16

7

L2

2

12

I
2

4

20

20

20

5

5

5

7

L2

L4

26

27

29

33

5 ILO

5lro
5/10

L2

T2

2

L2

L2

2

L2

26

L4

t2

24

26



No. of Usere
(n.)

Table 24. (cont.)

I

\¡o
I

1

2

I.D. #

I

04PAI

lONB2

TransportaÈion
Mode

(Rd=Road )

I
2

lONB2

I
2

O3PAl

O5PAl

Rd

Rd

I
2

3

Esc ln¡a ted
Hlghway

O3PAl

O5PAl

Rd

5/rc
5 lro

O8SA1

18WA1

20wA1

I

Rd

Rd

From

I

Highway
Segment

10

Rd

Rd

lSr,lAl

20

20

1

2

16

16

l8WAl

Rd

Rd

Rd

To

83

I

83

83

0681

O9SAl

83

83

Frequency of
Shipment /Year

5

5

Rd

10 North

J

O9SAl

2

2

2

l6
l6

M

Cumulatlve Frequency
of Shfpnents/
Year/ Sepent
of Hlghway

L2

2

83

83

Rd

Rd

I,Jpg

t.Jpg

I.lpc

2

2

83

5

5

Rd

2

1

l8

3

3

L2

I4

18

18

18

2

2

I

3

l.¡pg

Llpg

2

83

8

3,5

2.5

83 Souch

2

3

13

l3
13

2

3

3.5

I
11 .5

r4

3,5

34

4

6

3.5

6

3.5

4

t0

.,.3

6



No. of
(n)

Users

Table 24.

t
t

(cont. )

I.D. il

t

I INA6

12NB 1

Transportatlon
Mod e

( nrl=Road )

I

1 1NA6

I

I
2

I2NB I

Rd

Rd

Estlmated
ll 1 ghway

I4EAI

I
2

Rd

I5EAI

I7 EBI

Rd

6

6

1

llfghway
Se gmen È

From To

l5EAI

lTEBt

391

Rd

I

Rd

Rd

l,lpg

Hpc

t

39r

T7EBl

O7 SA]

I

7

Rd

Rd

6

O7 SA1

59

59

391

191

Frequency of
Shi pmen t /Yea r

6

OTSAI

Rd

391 Wes¡

l.Jpg

44

4ll

... 3

391 North

Rd

Cumulatlve Frequency
of Shipmenca/

Year / Se gmen t
of Hlghvay

Hpg

l,,lpg

t2

L2

Rd

il

67

Rd

59

59

75

L2

44

44

L2

14

t2

24

tl.

l0

ll
tl

24

llpg

T2

4

4

75

t4

T2

14

Ill

24

¿¡

4

30

30 South

4

8

L

l0

4

I

t0

4

IO

IO

IO

10



Table 28. Dlstrlbutor survey data--cunulatfve
seßment of esclmared EransPorcatlon

No. of
(n)

Usere

I

{
t\)

I

1

)

3

4

5

6

I.D. #

0r0

02WP

03|¡P

04wP

05wP

06wP

Transpor ta t lon
Mode

( Rd -Road )

frequency of shlPments Per Year
route, develoPlng chemlcals for

nla
Rd

Rd

Est lmated
H lghway

Rd

Rd

Rd

îla
IE

1E

1E

IE

IE

H lghuay
Segrnent

From To

n/ a

Ont

OnÈ

and number of uaere Per
typesetÈ1n8.

Ont

Ont

Ont

nl a

t,JpB

!,lPg

t,lpg

l{pg

tJp g

Frequency of
Shlpment /Year

nl a

24

5l'
(4v.48-60)

24

48

t2

Cumulative Frequency
of Shipmencs/

Year / Se gment
of lll.ghvay

jli].{::1':'¡¡¡¡'¡

î/a

24

78

102

150

r62



The number of users per route provides an opportunity to

estimate the use of designated routes by the population and

distributor samples for a specific chemical group as illus-
trated in Figure 4.4 (map pocket, back cover). Àccording to

the estimated transportation route criteria and by virtue of

the geographic location of population samples, the Trans

Canada Highway between Winnipeg and the intersection of

highway #16 and the Trans Canada Highway frorn the Ontario

border to Winnipeg are both dominant segments. Once again,

there appears to be a radii of diminishing estimated route

use originating at Winnipeg.

The cumulative frequency data provide an estimate of

shipments per year of 'developing chemicals for typesetting'

for the population and distributor surveys. ÀLtributed to

the distributor survey data, the Trans Canada Highway be-

tween the Ontario border and t^iinnipeg (Figure 4.5, back cov-

er pocket) is dominant. The Trans Canada highway to the

junction of highway #16 also indicates a high frequency of

shipments; however, this paLLern is attributable to the pop-

ulation sanple data. Às in Figure 4.3 and Figure 4.4, the

cumulative frequency of route utilization diminishes as

routes progress from Winnipeg. This is attributed to the

diminishing nunber of users per route, the function of sam-

pIe location and the estimation of routes procedure.
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4.1.5 Cumulative Volume

Àn estinration of cumulative volume has been computed in

Table 3À and 38. For each estimaLed highway segment the

frequency of shipments per year per sampl-e, was multiplied

by the vol-ume (litres) per shipment. This calculation pro-

duces the cumulative volune (litres) per year, per highway

segement. These calculations estimate the anount of 'devel-

oping chemicals for typesetting' which may be transporLed

along a specified route during a calendar year.
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Table 34, PopulaËfon survey sample daEa--cumulaÈfve volume (1) perof estLmåred transporEatlon rouce, developlng chemicale

r.D. ll

I

-J(tl

I

O2PBl

O3PAI

04PAl

05PAl

lONB2

19r.rA1

2lwAl

Es È ima ted
Hlghway

I
I
I
I
1

I
1

Hfghway
Segment

From To

19t¡Al

O2PBl

O3PAl

O4PA1

O5PAl

lONB2

21r.JAl

l.Jpg

l.Jpc

t,tpg

I,lpc

I.,pg

t,¡pg

I,¡pg

1

Frequency of -.Volune (1)/ 
= VoLume(l)/

ShÍpment/Yea. * Shipr"na year

16

I6

l6
16

t6
16

16

16

L6

16

L6

16

16

02PBI

04PAI

lONB2

year. per aegment
for typesettlng.

76

I2

2

I2

I
2

7

4

I
I
1

I
1

t

02PBl

O4PAI

lONB2

5

5

5

B3

45.5

273

11.38

23tt

22.75

54.6

30

5

5

5

5

5

5

20

20

20

L6

I6
16

7

546

546

136 .56

234

45.5

328.2

720

Cumu 1a t lve
Volume(l)/

Year/Segment
of Hlghway

L2

2

L2

I
2

4

5

5

5

20

20

20

54.6

5lt6

IO92

L228.56

1462.56

1508.06

1836.26

1956.26

45 .5

273

11.38

234

22.75

30

s/r0
5 /L0
5/rc

I2

T2

2

382.2

546

546

136.56

234

4s.5

120

t2

L2

2

45 .5

1l .38

22.7s

382.2

546

LOg2

L228.56

1462.56

1508 .06

1628.06

546

136.56

4s .5

45.5

11.38

22.75

546

136.56

45.5

546

682.56

7 28.06

546

682.56

728.06



lable fA. (conr.)

T.D, II

I

\¡
Ol

I

O4PAl

1ONB2

Es t lmaEed
Highway

lONB2

5/ t0
5/rc

O3PAI

O5PAl

Ilighway
Scgment

From To

03PAl

O5PAl

10

16

16

20

20

08sAl

18WÀt

20wA1

83

83

83

t8I.¡Al

83

83

Frequency of , Volume(1)/ _ Volunre(l)/
Shiprnenc/year^ Shipment year

5

5

t

2

2

l0 North

18WA1

16

I6

06s81

O9SAI

L2

2

83

83

2

t.Ipg

I,¡pg

l.¡pg

O9SA1

83

2

5

5

r1.38

22.75

3

3

2

1

18

18

18

18

22.7 5

t

3

2

1

136.56

45.5

Cumu Ia t lve
Volume(I)/

Year/ Seg¡nen E

of Highway

l.lpg

wPg

...2

I
3.5

2.5

83

273

234

83 South

4s.5

13

273

234

136.56

182.06

13

l3

3.5

546

234

3.5

19

18

38

34

45. s

546

234

5

6

546

780

152

63

95

t8

6

18

546

780

4

22.75

63

L52

2L5

310

22.7 5

63

20

136 .5

63

136.5

63

20

156.5

136.5

... 3



Table 34. (conr.)

I.D. #

I

\¡\¡
I

IlNA6

12N81

Estlmated
Hlghway

l1NA6

I2NBI

6

6

tlighway
Scgrnen t

From To

148¡,1

391

I5EA1

17 EBl

391

t.¡ps

lJpg

l5EAI

I7EBl

7

6

59

59

17 EBI

391

391

Frequency of _. Volume(I)/ _ Volume(l)/Shipment/yearx Shipmenr year

6

07sAl

t,Pg

44

44

391 Wesr

07SA1

t.Jpc

!'lpc

391 North

12

L2

l1

07sA1

75

67

59

59

I2

L4

44

44

I2

44

10

10

30

24

I.¡pc

11

11

CumulaÈive
Volume (l) /

Yea r/ Scgment
of Hlghway

10

4

4

75

11 North

... 3

r20

r20

10

14

22.75

4

4

L4

L20

30

70.25

76

30 South

L20

4

120

240

l0

546

70.25

76

t20

10

281

104

r20

10

76

281

304

50.05

546

50. 05

28L

585

3Ott

50.05

500.5

28r

585

500.5

500. 5

304

500.5

500.5

500. 5



Table 38. Disrrfbutor
of estlmaÈed

r.D. #

I

\¡
@

I

010

02wP

03r.JP

04hrP

05I{P

06r{P

Es c lmated
Highway

survey data--cunulaÈive
transporÈeÈfon route,

n/ a

IE

1E

IE

1E

IE

Hlghway
Segment

From To

\/a
OnÈ

Ont

Ont

OnE

Ont

volume (1)
developing

Per year,
chemlcals

¡/a
t.¡pg

!Ùpg

t.lPg

l.Jpg

tlpg

Frequency of -- Volume(1)/ 
= Volume(1)/

Shtpment/Yearx Shlpment year

per segnent
for cypesetting.

nla
24

54

24

48

T2

nl a

200

L25

571.38

100

2000

n/a

4800

6750

13713.12

4800

24000

Cu¡nulat lve
Volu¡ne (l ) /
Year/Segment
of Hlghway

¡/a
4800

11550

25263.L2

30063. 12

5t+O63.Lz



Figure 4.6 (map pocket, back cover) presents the cumura-

tive volune (litres) per year per segment, of estimated

transportation route for the population and distributor sam-

ples. several high volume flows are apparent in this spa-

tial illustration. These wourd include, for example, the

Trans canada highway between the ontario border and liinnipeg
(exceptional volume), the Trans canada highway to highway

#16, highway #16 to highway #93, highway #7, highway #59 to
highway #44 and highway #7b to highway #j4, among others.

This mapping exercise illustrates how the consumption (by

volume) of a specific chemical by smal] scale consumers can

be very significant.

4.1.6 Discussion

The principar objeclive of part I was to provide a spa-

tial analysis of route utilization for the express purpose

of transporting dangerous goods. The popur.ation sample and

distributor surveys related to 'developing chemicars for
typesetting', combined with the assumption that carriers
utilize routes of least-distance (kilometers) between the

origin and recipient, have been successfur criteria to spa-

tiaJ-1y evaruate dangerous good (s) transportation routes.

Policy makers should

model, however. Other

should be evaluated and

in this study. indeed,

not overestimate the resuLts of the

industries and other dangerous goods

compared to the roules indenlified

wilh more information, trends nay
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arise and on that basis,

made.

more effective decisions can be

4.2 THE IMPÀCT OF RISK MODEL (P¿NT II) ANÀLYSIS

4.2.1 Route Assessment þy Human Population

To reiterate, the 'impact of risk' is defined as the an-

ticipated repercussions and/or magnitude of a nrishap or ac-

cidental release of a dangerous good in transit (Chapter 3,

3.2.2), The Impact of Risk Model (Part II) utilizes the

routes determined in Part I.

Human population has been selected as the Inpact of Risk

Model test criLerion (Chapter 3, 3.2.4). This criterion is

based on the assertion, or value judgement, that the element

of human exposure to any mishap or accidental release of a

dangerous good (s), is of utmost concern. Às indicated in

Chapter 2, vaLue judgements of this sort are inevitable in

most risk analyses.

In section 4.1.1.1 of this chapter, four (4) brand name

'developing chemicals for typesetting' were cited. D. lril-

son, Environmental 0fficer, Environmental Management Servi-

ces, Manitoba Department of the Environment and Workplace

Safety and Health (telephone interview, Apri1, 1985), sug-

gests that' developing chemicals for typesetting' belong to

Class 6 (poisonous and infectious substances) of the federal

dangerous goods classification scheme, if the chemicals are
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transporLed in useable form (i.e. water based). On the oth-

er hand, if the chenicals are transported in concentrated

forn, the classification may be expanded to include Class 3

(flammable and combustible liquids). Since the population

and distributor surveys perused general information regard-

ing this chemical group, it is only possible to estimate the

federal classification for Lhis dangerous goods group.

Notwithstanding these limitations this information is of

importance to administrators and emergency personnel in the

event of mishap or accidental release of a shipment (s) of

'developing chemicals for typesetting'. The extent of ener-

gency procedure and clean-up, however, will be dependent

upon the nragnitude of the event in terms of all transporta-

tion and impact of risk criteria.

4.2.2 The Rural Population Base Map

For illustrative purposes, Figure 4.7 has been submitted

as a base map for use with overlay Figures 4.8, 4.9 and

4.'10. The information contained on this map shows rural

population density which can be used to compare the urban

population impact of risk map (figure 4.8) and/or to cross-

reference the rural population impact of risk map (Figure

4.9).
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FIGURE 4.7:
Rural population density (persons per square kilometer).

Base map for Figure 4.8 and Figure 4.9.
(Source: Atlas of Manitoba, 1983.)
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4.2"2.1 The Rural Populatíon Density paraneter

Rural population density, in this study, is considered to

be the first of two reratively static measurements of the

concentration of human population along the estimated

transportation routes of part I. This criterion is signifi-
cant considering that a potential mishap or accidental re-

lease of a dangerous good will not necessarily occur in a

densely populated zone or one of few inhabitants. A guide

to the rural population along each segment of the estimated

transportation route is necessary when planning evacuation

routes, estimating the magnitude of human exposure to any

dangerous good (s) mishap or assessing the emergency re-

sponse potential of a particular region.

Rural popuration along each segmelnt of the estimated

routes of Part I, is submitted in Table 4. Data for this
exercise were obtained from the Àtlas of Manitoba (1993).

statistics for the local government districts north of the

53rd parallel were not included in this source. However,

because most of the northern local government districts in

Manitoba are dominated by urban centres, it is anticipated

that this information will be furnished through lhe urban

population parameter exercise in the following section.

-83-



For purposes of the present study, the legend provided with

Figure 4.7 has been divided into three (3) categories of

risk (Source: Atlas of Manitoba, '1983):

High 1 "7 - > 4.8 persons/knz

Moderate 1.0 - 1.7 persons/knz

Low 0.0 - '1 .0 persons/km2

The boundaries of each intervai- can be set or regulated by

the researcher. The maps of Part II illustrate how informa-

tion may be grouped and/or organized into distinct caLego-

ries, and mapped in an efficient manner.
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EB tloated
Hfghway

(Parr I)

Table 4. populaÈlon Sample and DlsËrtbutor
or Local Government Dlscrlcc,l p.,

I

@
(Jr

I

I

Hfghway Segnent
(Part t)

From To

L¡pg

t6

t6

5

Survey DaÈa
Segment of

l6

20

I

83

Cartler
porËage la prairle

-- Rural
EB È lmaEed

l0

Munlclpality or
Local Government

Dlscricc

t6

Populatlon Densfty by
TransporEaClon Route

5

l0

5

NorÈh Norfolk
Norch Cypreee
Corn¡rall ls
El ton
WhfCehead
Sffton
I{al lace

5

20

5/ to

Munl cl pal I ty
(Parc I).

PorÈage la pralrle
Hes Èborne
Lansdowne
Rosedale

83

83

Rural
Populatlon
Deneltyl

Ochre Rfver
Dauphfn

Rosedale
McCreary
Ste. Rose
Ochre Rlver

Dauphfn
Gllberr plalne
Ethelbert
L.G.D. MounEatn
Mlnl tonas
Sr¡an Rlver

2,5 - 4.8
2.5 - 4.8

l0 north

r.7 - 2.5
1.4 - 1.7

> 4.8
2.5 - 4.8
r,4 - t.7
r.0 - 1.4
t.7 - 2.5

2.5 - 4.8
1.4 - t.7
1.0 - 1.4
r.4 - r.7

S¡ran Rlver
L.G.D. MounÈain

1.4 - t.7
1.4 - 1.7
t.4 - I.7
t.4 - t.7

1.4 - 1.7
t.7 - 2.5

t.7 - 2.5
t.4 - r.7
0.6 - t.0
0.0 - 0.6
1.0 - t.4
t.7 - 2.5

t.7 - 2.5
0.0 - 0.6

.,



Es ElmaÈed
Hlghway

(Part I)

lable 4. (conc.)

l6

I

@
Oì

I

Hlghway Segment
(eart I)

From To

83

5

2

83

l6

2

I{pg

Municlpallty or
Local GovernuenË

DiB t rlc t

83

Roseda 1e
Mlnto
Saskat.chewan
Harrison
Strathclalr
Shoal Lake
8f rr le
Rueeell

5

3

l8

l8

2

RusselI
Shellnouth
Shell Rlver

83

I{pg

Rural
Popu laÈ lon
Densftyl

...2

MacDonald
Grey
South Norfolk
Vl cÈo rla
South Cyprees

83 eouth

t.4 - t.7
1.4 - t.7
1.4 - t.7
t.0 - 1.4
t.4 - 1.7
r.0 - 1.4
1.0 - 1.4
1.4 - t.7

t3

0akland
Glenwood
Sl f ton
Pl pes Èone

Pipes tone
Albe rt

1.4 - t.7
1.0 - 1.4
t.4 - 1.7

MacDonald
Duf fe rl n

t.7 - 2.5
1.7 - 2.5
r.7 - 2.5
1.0 - 1.4
0.6 - 1.0

1.4 - 1.7
1.4 - I.7
t.0 - t.4
1.0 - 1.4

r.0 - t.4
0.6 - t.0

t.7 - 2.5
2.5 - 4.8

...3



Es flnated
H lghway

(Part I)

Table 4. (conr.)

3

I

@
\.¡

I

Hlghway SegnenÈ
(parr I)

From To

t3

Hpg

7

34

59

44

391

Hunlclpalfty or
Local Government

DlsÈrlcÈ

I{pg

ll

Dufferfn
Roland
S t anley
Penblna
Louise

t{pg

75

59

67

Rosger
l{oodlande
St. LaurenË
Coldwell
Erikedale
L.G.D. Grahandale
Siglunea
L.c.D. Grahandale

t4

44

L4

I{pg

lt

... 3

RuraI
Populat lon

Dena tty I

I I north

Roaser
Rockwood

75

2.5 - 4.8
1.4 - t.7
2.5 - 4.8
t.4 - t.7
1.4 - t.7

St. Clemente

l4

Brokenhead
Lac du Bonnet

2.5 - 4.8
1.7 - 2.5
t.7 - 2.5
1.0 - 1.4
0.6 - 1.0
0.6 - 1.0
1.0 - 1.4
0.6 - t.0

30

Lac du BonneË
L.G.D. Alexander

RitchoÈ
Morr{s
Montcalm

2.5 - 4.8
2.5 - 4.8

Montcalm
Rhineland

> 4.8

2.5 - 4.8
t.7 - 2.5

1.7 - 2.7
0.0 - 0.ó

> 4.8
2.5 - 4.8
1.7 - 2.5

t.7 - 2.5
2.5 - 4.8

... /!



EB cimated
Hfghway

(Psrr I)

Table 4. (cont.)

I

@
@

I

Highway Segnent
(parr I)

FroE To

Canada, PopulaÈlon, Geographlc DfaÈrlbutlong
Terrftorlee, a

I R,rral

secrton, Dara Dtee;;fnariãã-ntliãtõñ

populatlon denelÈy ee illuetrared

30 eouth

aÈfon CounËs

Hunlclpallry or
Local GovernmenÈ

Dfstrlct

Rhlneland

tn the 4ç1?s of l,tantËoba (19g3) accordtng ro thelænsus Divlslone and Subedfvfslone in Western ca

L.c.D. Reynolde
St. Anne
Tache
Sprlngf leld

ed Placee, 1976, rrãn5. iri[fü]-õñrãrl

Rural
Popu lat lon
Deneftyl

0.0 - 0.6
> 4.8
> 4.8

2.5 - 4.8

1976 Ceneus

Cuatoner Servfceg
ada

of



The mapping symbols of Figure 4.8 (map pocket, back cov-

er) are arbitrarily assigned. For example, all density in-

tervals between 1.7 persons per kilometer2 and greater than,

or equal to, 4.8 persons per kilometer2 are assigned a

'high' rating. For maximum user utility, mapping symbols

are not specifically defined. Thus, one user nay interpret

the hexagon symbol for exampì.e, as 'high population densi-

ty', whereas another user might interpret this symbol, as

'high 5þf, according to population density'.

As illustrated by Figure 4.8, the diminishing "rings" of

rural population which originate at Winnipeg, are apparent.

In some instances, it is anticipated that urban centres

within the boundaries of each unit nray be contributing to

the skewness of the reported density.

4.2,2.2 The Urban Population Parameter

Urban population, in this study, is considered to be the

second of two static measurements of human population along

the estimated transportation routes of Part I. This cri-.

terion is most significant in terms of the magnitude of the

impact of risk due to the concentration of population in a

defined space. Magnilude, however, is dependent on the size

of the urban cenLre. in terms of administrative priority,

urban populalion is perhaps of greatest concern.

-89-



ÀlL urban centres along the segments of the estimated

routes of Part I are shown in Table 5. Àccording to the

source for this information (etlas of Manitoba, 1gg3) ,urban

centre' refers to "any cluster of residences together with

related buildings having a populátion of 50 or more in

1976." This analysis, however, does not include Indian Re-

serves or Hutterite colonies. As in section 4.2.2,1. cen-

tres of urban population have been categorized into three

groups of risk according to the following scale, for Figure

4.9 (Source: Atlas of Manitoba, 1983):

High 2,001 - 25,000 persons/centre

Moderate

Low

s01

s0-

2,000 persons/centre

500 persons/centre

-90-



Table 5. Populatton Sample and^Distrlbution Survey DaÈa -- Urbanl Populatton of Clttes and lowns
of 50 people and overz (excludlng Indlan Reserves, Hutterlte Colonles, or other ethnlc
cornmunlties) per scgmenc of estlmated transportatlon route (Parc I).

Es t lma ted
Htghway

( Part I)

I

I

r.o

I

ll lghway
SegmenL (Part 1)

From To

I'Ipg

16

l6

5

t6

Urban Centrel

83

20

I

l0

El 1e
Portage La Pralrle

t6

MacGregor
AuBt ln
S ldne y
DouÂ lae
B randon
Alexander
Gr f sso ld
Oak Lake
V I rden

5

Popul at 1on2
Grorrp

5

20

5

Ha cD<¡na 1d
l{es t bourne
Glad s tone
Neepawa

?ot - 500
10,001 - 25,000

501 - I,000
20t - 500
50 - 200
50 - 200

> 25,000
201 - 500
50 - 200

20r - 500
2,001 - 5,000

5/ t0

Eden
Rtcllng MounÈaln
Ke lwood
McCreary
SÈe. Ro.ee du Lac
Ochre Rlver

83

Dauphln

50 - 200
50 - 200

50l - 2,001
2,001 - 5,000

Erhe 1be r E

Carl and
Plne Rlver
Cowan
Ml.nl tonas
Swan Rlver

50 - 200
50 - 200

201 - 500
50l - I,000

t ,001 - 2,000
201 - 500

5.001 - 10,000

201 - 500
50 - 200

201 - 500
50 - 200

501 - r,000
2,00t - 5,000



E6tlmãted
H fghway

(Part I)

Table 5. (cont. )

I

r@
î\)

I

l0

H lghway
Segnent ( ParÈ

From

t6

83

83

t)

To

l0 North

5

Urban CenEre 
I

l6

83

Bor¡sman
lli rr:h RI ver
Ma f ekl ng
The Pas
[.Janl-ess

Hpg

2

83

5

Mf nnedosa
Basswood
Newdale
S t ra t.hc 1a1r
Shoal Lake
Foxwarren

Popu la t ton2
Group

t8

18

Bl ns ca rÈh
Russell
Robl in

20
50
20

5 ,00
20

- 500
- I,000
- 500
- l0,000
- 500

2

Sp rl ngs Èe 1n
S t arbu ck
Fannys Èe1 1e
Elm Creek
Haywood
St. Claude
Ra thwe I 1

T rehe rne
llo I land
Cypress Rlver
Glenboro

2,OOl - 5,000
50 - 200

20t - 500
201 - 500
501 - I,000
50 - 200

83

83 Sourh

20t - 500
1 ,00I - 2,000
I,001 - 2,000

Walrane6a
Sourls
Pi pes tone

50 - 200
zot - 500
50 - 200

20t - 500
50 - 200

501 - I,000
50 - 200

50r - r,000
20t - 500
20t - 500
50I - I,000

Meltta

201 - 500
1 ,00r - 2,000

5() - 200

I,O0t - 2,000

?



EsÈlmated
Highway

(ParÈ I)

Table 5. (cont.)

I

r..o
(¡,

I

3

H ighway
Segment (Parc I)

From To

3

I,lpg

t3

l3

Urban Centrel

391

Hpg

34

391

San fo rd
Brunkl ld
Sparl ing
Carman

7

39 l

59

Morden
Da rl I ngford
Manl t ou
La Rlvtere
Pí1ot Mound
Crystal Clry

44

ó

Populatlon2
Grou p

6

llpg

Grosse Isle
[,ta rren
I{ood lands
St. Laurent
Oak Point
Lundar
Erl ksdale
As hern
Moosehorn
Grand Raplds

J9 I tlesl

20t - 500
50 - 200
50 - 200

2,00t - 5,000

f,,lpti

J9 I North

59

2 ,001 -
50-
50-

20t -
50t -
501 -

67

Cranberry Portage
Flln Flon

5,000
200
200
500

I .000
I ,000

44

il

Wa bor¿d en
Thompson

50 - 200
201 - 500
50 - 200
50 - 200

20t - 500
50t - I,000
201 - 500
501 - I,000
50 - 200

501 - I,000

Stony l*fountain
Stoner.¡all

Birds Hlll

Ga rson
Tyndall
BeauseJ our

501 - I,000
5,001 - 10,000

501 - I,000
10,001 - 25,000

1,00t - 2,000
1,001 - 2,000

50r - I,000

201 - 500
20t - 500

2,001 - 5,000



I

r.o
rÞ

I

Ës È irna ted
H tghway

(ParÈ I)

Iãb-!9_1. (conr. )

U

75

H ighway
SegmenÈ (Part l)

From To

t4

30

44

I

I-According to Èhe Atlae of Manltoba (1983) the term "urban" refers co "any clu6ter of resldences together
nlth related bufldlngs ÎãiTig a pop-uIãî-fon of 50 or more in 1976."

2urb.n populaÈ1on as lndicated fn the AÈlae of Manltoba (1981) accordlng to Statistfcs Canada, place Name
Reference LfsÈ, I{esÈern provlnces (197s) ¿aìã.--.--

tlpg

ll North

75

Urb¿rn Ccnt re 
I

l4

Ont arlo

t4

Seven SlsÈere Falls
I,ac du BonneÈ
Creat Falle

30

30 SouÈh

Ros en fe ld

G I enlea
Ste. Agathe
Morrls
St. .Jeån Baptlste

I,Ùpg

Populat{on2
Croup

Al Èona

WesÈ Har¡k Lake
Falcon Lake
Rlcher
Ste. Anne

50 - 200
501 - 1,000
20r - 500

50 - 200
201 - 500

I,001 - 2,000
501 - I,000

201 - 500

2.00I - 5.000

50 - 200
50 - 200

201 - 500
I,00t - 2,000



In Figure 4,9 (map pocket, back cover) ttre mapping sym-

bols relate to arbitrary intervals of urban poputation. In

anticipation of any mishap or accidenLal release of a dan-

gerous good (s), urban centres of greater than 2,000 persons

received a 'high' rating. The versatility of the mapping

symbol presentation and user interpretation for Figure 4.9

is outlined in section 4.2.2,1.

In this exercise (nigure 4.9), the spatial array of map-

ping symbols along the estinrated routes of part I is consid-

erably different from thaL of the previous rnaps. The arbi-

trary radii of diminishing use, frequency of shipments,

volume of shipments and rural population density are not

discernable. Instead, urban population is highly variable

and unpredictable, a condition which adds dimension to the

spatial analysis in the impact of risk evaluation. However,

it may also present undue complications in the interpreta-

tion and use of information by adrninistrators.

4.2.2.3 Ànnual Àverage Daily Volume of Traffic parameter

The annuaL average daiiy volume of traffic2o refers to

the average amount of traffic on a particular stretch of

highway for a 365 day period, based on either permanent or

short-term counting station observations. The importance of

The definilion of annual average
as reported by M. Lai, a Traffic
Manitoba DeparLment of Highways
phone interview; April 23,1985)

-95-

daily volume of traffic
Ànalysis Engineer of the

and Transportation (teIe-

20



this dynamic neasuremenL of human population relates to the

number of vehicles which might come into contact with a

mishap anð/or accidental release of a dangerous good (s) by

virtue of route utilization. Consideration of the annual

average daily volume (¡.¡.¡.v.) of traffic adds interesting

and useful scope Lo the impact of risk analysis.

The following scale

egorize and hence map

Traffic in terms of the

interest to this study:

Except i onal

High

Moderate

has been developed in order to cat-

the ÀnnuaI Àverage Daily Volume of

impact of risk along the routes of

> 10,000 À.À.0.V.

5,000 - 10,000 A.À.D.V.

1 ,000 - 5,000 A.À.0.v.

< 1 ,000 À.À.0.V.Low

-96-



Ee t.lnaEed
Htghway (Part t)

Table 6. Populatlon Sample and Dfstrlbutor Survey DaÈa -- Annual Average Dally Voluoe
of Trafflc per Segment of Estlmated TraneporÈatlon Route (ParE I).

I

to\¡
I

Hfghway Segment
(rarr I)

Froro To

llpg

Hlghvay Count
Recordlng SÈaClon

LocaÈlonr by hfghway
eubsegment (prov. 

^roadlntersec t lon)z

t6 100 - 334

334 - 248

248 - 430

4 30 - East of Port.age

Eaet of Port.age bypass -
I{est of Port.age bypass

l6 83

Anntral Average
Daily VoluueJ

by hlghway
aubeegroent (prov.
road lnÈeraecElon)

[,lee t of Portage bypaes -
350

350 - 34

34 - 352

352- 5

5-464
t+64 - l0

l0 - West of Brandon

West of Brandon - 2l

2t - 254

254 - 83

l6

12,130

7 ,333

6 ,858

7,760

7 ,604

Mapplng Category
t : Exceptional A.A.D.V.
Il : Hfgh A.A.D.V.
M: ¡'foderate A,A.D.V.
L : Lo¡¡ A. A. D. V.

I 5

4 ,800

3,948

4,o94

3,769

3,868

4,7 44

1,692

2,890

2,7 25

2,794

I

H

H

H

H

l- 50

50 - 460

460 - 352

352- 5

M

H

M

H

M

M

H

H

M

2,435

2,28O

2 ,880

3,3 15

M

M

H

M



Es tiBaÈed
Hlghway (Part I)

Table 6. (cont.)

I

\¡,
@

I

Highway Segnent
(Part I)

From To

Hlghway Count
Recording Statlon

LocaÈlonl by hfghway
eubeegoent (prov. ¡oad

lnEereectlon) I

l6 20

20

5-265
265 - 357

357 - 26t

26t - 19

t9 - 462

462 - 50

50 - 480

480 - 235

235 - 20

l0

Annual Average
Daily Volume3

by htghway
eubaegmenE (prov.
road lntersecÈlon)

5 5/ t0

5

l0

Mapptng Category
! : Exceptlonal A.A.D.V.
H : Hfgh A.A.D.V.
M : Moderate A.A.D.V.
L : low A.A.D.V.

83

I,969

1,420

|,240
I ,070

I,030

1,231

I,035
|,414

1,322

20-
5-

...2

5

l0

83

5-267
267 - 274

274 - 27t

27t - 20

20 - 366

366 - 83

l0 north

t{

M

H

ll
u

l.l

ll
M

il

I,900

2,251

83 - 279

279 - 268

95s

842

7t5

562

9t4

,7 63

t{

ll

1,722

I,005

L

L

L

L

L

Èt

H

M

... 3



E8 tltrated
Hlghway (Part I)

Table 6. (conr.)

I

\c,
r.O

I

l0 (contd.)

Hlghway Segnent
(Parr I)

From To

83

Hlghway Count
Recordlng SEatlon

Locatlonl by hfghway
eubeegnent (prov. ¡oad

lntereect lon)l

l0 North

L6

268 - 365

365 - 277

277 - 327

327 - 282

282 - 283

283 - 287

5

Annual Average
Daily VoluoeJ

by htghway
eubeegnenc (prov.
road lnÈeraecÈlon)

83

83

s-466
466 - 262

262 - 270

270 - 250

250 - 354

354 - 2t

2L - 472

472 - 83

Mapplng Category
I : Exceptlonal A.A.D.V.
H : Hlgh A.A.D.V.
M : Hoderaue A.A.D.V.
L : lor¿ A.A.D.V.

t6

832

863

758

577

I,650

I,498

5

... 3

t6 - 478

478 - 4s

4s - 254

254 - 366

366- 5

2,915

2,480

1,715

I,700

1,344

I,490

I,32O

I,006

L

L

L

L

M

H

ìt

H

H

H

M

H

H

H

1,292

I,635

935

789

952

H

M

L

L

L

... 4



Es ÈfEaÈed
Hlghway (Parr t)

Table 6. (cont.)

I

J

oo
I

Hlghway SegrnenÈ
(Part I)

Fron 1o

IJpg

Hlghway Count
Recordfng StaÈfon

Locatfonl by hlghway
aubsegment (prov. road

lnEereect fon) ¿

l5 100 - 332

332 - 248

248 - 13

t3 - 240

240 - 244

244 - 34

34 - 342

342- s

5- r8

Annual Average
Daily VoIumeJ

by hlghway
eubeegnenc (prov.
road lnferaecÈfon)

l8 83

83

Happlng Category
I : Exceptlonal A.A.D.V.
H : Hfgh A.A.D.V.
H : Hoderace A.A.D.V.
L : I¡¡¿ A.A.D.V.

,8ó8

,457

,37O

,4 30

,27 4

,259

,061

,045

838

3

L8 - 344

344 - l0
l0 - 348

148 - 22

22- 2l
2r - 254

254 - 83

2

... q

83 SouÈh

l{pg l3

H

M

H

M

H

M

H

H

L

2-345
345- 3

I,033
1 ,159

I ,162
I t492

962

800

661

too - 247

247 - 305

305 - 336

¡l

H

M

H

L

L

L

550

7lo

2,625

I,850

I,835

L

L

M

il

M

...5



E8 tlúa Èed
Hfghway (Part I)

Table 6. (cont.)

I

o
J

I

Hfghway Segnent
(Part I)

From To

3 (contd. ) t{pg

Hfghway CounÈ
Recordlng StaLlon

Locaclonl by highway
eubeegroenE (prov. road

lnteraect lonp

I3

l3

34

336 - 13

13 - 23

23- 14

14 - 432

432 - 528

528 - 244

244 - 242

242 - 253

253 - 423

423 - 34

Annual Average
Dally VolumeJ

by hlghway
subsegnent (prov.
road lnterseccfon)

t{pg 39r

Mapplng CeËegory
I : Excepttonal A.A.D.V.
H : Hlgh A.A.D.V.
M : ModeraÈe A.A.D.V.
L : l¡r¡ A.A.D.V.

2,245

2,258

2,058

4,173

I,150

I ,165

I,031

940

790

620

...5

l0l - 32r

32t - 67

67 - 323

323 - 4t4

414 - 4t5

415 - 419

4r9 - 68

68 - 235

235 - 325

325 - 239

239 - 328

H

H

¡t

H

H

M

H

L

L

L

2,7 14

I ,900

I,920

I,560
I,330

I ,140

970

[ ,110

930

830

650

M

H

ìt

H

H

M

L

M

L

L

L

... 6



Es t ir¡aÈed
lllghway (Part I)

Table 6. (conr.)

I

o
t\)

I

Hlghway Segnent
(Part I)

(contd. )

Fron 1o

t,Jpg

Hlghnây CounC
Recordlng SÈetlon

Locacfonl by highway
aubeegment (prov. road

lntereecEfon) 2

391

39 I

6

391

328 - 327

327 -
Along

Route

- 391

39 I f{eg t

Annual Average
Dally VoluneJ

by hlghway
subsegnenÈ (prov.
road lntereectlon)

6-392
392 - l0
l0-

Along Route

- Saek. Border

6 391 North

7

Mapptng Caregory
! : ExcepClonal A.A.D.V.
H : Htgh A.A.D.V.
ìf: Hoderate A.A.D.V.
L : l,ow A.A.D.V.

270

275

330

336

379

6-373
373 -

Along

the

Route

- 375

375 - Thompson

l{pg

233

300

792

636

I,200

67

L

L

L

L

L

t0l
32t

427

49r

452

462

475

710

855

32t

67

L

L

L

L

L

4,620

3,720

L

L

L

L

L

L

L

ll
M
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EstlnaÈed
Hfghway (Pa¡E I)

Table 6. (cont.)

I

o(,
i

Hfghway Segnent
(Part I)

59

From To

44

t{pg

Hlghway CounÈ
Recordlng SÈatlon

Locarfonl by hfghway
subsegnenE (prov. r^oad

Lntersectlon) I

44

59

lot - 2I3

213 - Birds Hfll
Btrde Htll - 44

II

It

59 - Tyndall

Tyndall - BeaueeJour
Èurnoff

BeauseJour turnoff -
t2

t2 - 316

316 - ll

Annual Average
Dally Volume3

by htghway
eubsegnenE (prov.
road lnceraecÈlon)

75

44 I North

12,496

6,657

5 ,208

Èlapplng Category
I : ExcepÈlonal A.A.D.V.
H : Htgh A.A.D.V.
H : Ibderat.e A.A.D.V.
L : I¡w A.A.D.V.

l{pg

44 - ztt
ztL - 2t4
2t4 - 3t7

317 - Great. Falle

2,986

2,604

1,r92

2,541

|,2J0

t4 100 - 200 Turnoff
200 Turnoff - 247

247 - 305

304 - 205

205 - 23

23 - 523

523 - 246

246 - 14

I

H

H

H

H

H

M

Irl

950

850

740

745

12,964

4,577

2,9L2

2,840

3,000

2,965

2 ,980
2,190

L

L

L

L

I

Ìt

H

M

I'f

H

M

M



Es ÈlBated
Hlghsay (Part

Table 6. (cont,)

I

J
o
rÞ

I

Highway Segnent
) (Part I)

l4

Fron To

30

75

Hlghway Count
Recordlng StaÈlon

LocaÈlonl by htghway
eubeegmenÈ (prov. road

lntersecElon) 2

30

L4

lnt. Border

30 South

75- 30

lTh. hfghrry count recordlng statlon locaElon lllusÈraÈed by the 1983 Trafftc FIor{ Èfap for Provlncfal
lrunk Hlgh¡¡aye and Provlnclal Roade (H-703) (fssued by the Hanftoba DeparÈnenÈ of Hlghways and TransporÈaclon)
hae b€en approxfmated becr¿een naJor lnEersectfons of provlnclal roade, provlnclal trunk hfghnaye or any corr-
blnaÈlon lhereof.

2Provfncial road lntersecÈlons and correepondlng trafflc counta of fnÈereeÈ lnclude all statletfce rrlthln
the hlghway segnenÈB deelgnated ln Part I.

34" ."po.t"d by H. Lal, a Trafflc Analysle Engineer of the l{anltoba Departnent of Hlghwaya and
Traneporcat.lon (telephone lntervier¿, Aprll 23, 1985)r "Annual Average Dally Volume of Trafflc" refere Èo Èhe
average aoounÈ of Èrsfflc on a parElcular BÈreÈch of hfghway for a 365 day perlod, baeed on elther p€nlanent
or ehort teru countlng staÈ1on obeervatLone.

l{pg

Annual Average
Dally VoluneJ

by htghway
eubeegnenc (prov.
road lnÈereecÈlon)

t4- 2t

OnÈ. Border - 44

44 - 301

301 - 308

308 - lr
rl - 302

302 - 207

207 - t2

t2 - 290

290 - t00

Èlapplng Category
I : Exceptlonal A.A.D.V.
H : Hlgh A.A.D.V.
M : lbderate A.A.D.V.
L : Lotr A.A.D.V.

I,060

2,0 16

2,7 24

2,840

2,969

3,216

3,084

3,750

3,900

6,094

I,090

M

M

H

lt

Ìl
M

M

u

H

H

t{



Tab1e 6 contains the relative À.À.0.V. of traffic with

respect to each segment of the estimated routes of Part I.

Data were obtained from the Manitoba DeparLment of Highways

and Transportation Traffic Flow Mgp for Provincial Trunk

Hiqhways and Provincial Roads (uap u-703) (1983). For pur-

poses of this study, traffic count stations were estimated

by subsegment (e.g. provincial road intersection), within

each highway segment of the estimated routes from Part I.

Mapping symbols represent arbitrary intervals of traffic

counts.. For Figure 4.10 (back cover map pocket), it was

necessary to include a category of exceptional frequency.

This unusually high category may be attributed to the use

of the perimeter highway (e.g. highway #'100, highway #101)

by residents of Winnipeg.

Àt first glance, Figure 4.'10 appears to have a concen-

tric-circle pattern of traffic flow radiating from Winnipeg.

However, when examined more closely, there are some excep-

tions to this assertion. The average annual volume of traf-

fic in some cases tends to increase in close proximity to

urban centres. intuitively, this is a reasonable explana-

tion.

4,2.3 Discussion

The Impact of

routes which were

this study is based on the

Part I according lo a popula-

Risk Model

est imated

IN

1n
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tion sample and distributor survey for one chemical group.

0f significance to this analysis is the reliance on relative

rather than absolute impact of risk. The absolute impact of

risk is an unreasonable goal-, for simiLar reasons to those

outlined for zero-risk in Chapter 2.

The final comment pertaining to this section relates to

the implicit need to implement value judgements in the im-

pact of risk analysis. in the selection of the impact of

risk critera and the parameters for mapping, choices must be

made and subjective decision criteria must be employed.

- '105 -



Chapter V

suMMÀRy, coNcLUsIoNS AND RECoMMENDÀTIONS

(Part t/YarL II)

5.1 DrscussroN ÀNp ÀpprrcATIoNs PART !

Transportation Route Model

The Transportation Route Model is a methodology which en-

ables the identification of estimated transportation routes

for the transport of dangerous good (s) shipments. poten-

tially, âny route may be utlized for the transportation of

dangerous goods; however, the importance of this information

lies in the confidence of estimations for policy makers.

The accuracy of the results of the Transportation Route

Model may be impeded by errors in either decision criteria
or the actual execution of analysis. For example, the in-

formation obtained in each of the two sample surveys is sub-

ject to error in terms of respondent misinterpretation of

survey questions and/or the erenent of over or under estima-

tion in the responses. This point reaffirms the necessity

of keeping research objectives in focus when inlerpreting

resul-ts. In this exercise, the responses were used to con-

firrn route utilization.
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The versatility of application is perhaps the greatest

advantage of the Transportation Route Model. WhiIe the in-

dustry tested in this exercise resulted in a road route ap-

plication, the principles for rail routing are essentially

the same. The model can be used to evaluate existing and

prospective transportation corridors for any transportation

mode (".g. railroad, pipeline, water course, air) in any ge-

ographical region.

The ease with which this model can be computerized to

provide management, fire, police, municipal and industriaL

agencies with urgent information, is fundamental. This in-

formation can be compiled with accident statistics, route

and environmental hazards, and many other criteria. The

Transportation Route Model rvas intentionally designed to

control all potential factors influencing the transportation

network because it is not possible to address arl variables

or criLeria at one time. Any delimitations which apply to

this particular test of the Transporlation Route Model can

be relaxed in future analyses. The potential for variation

is infinite

It is anticipated that the model would be best employed

as a planning tool. In terms of the principal objective of

this research study, the resulting test of the Transporta-

tion Route Mode1 has been most successful in providing a

spatial assessnent of route utilization.
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5,2 DISCUSSTON AND APPTICÀTIONS PART TI

The Impact of Risk Model

The Impact of Risk Model is a useful tool which can iden-

tify variables of importance in situati.ons of mishap or ac-

cidentaL release of a dangerous good. The principar advan-

tage of impact of risk' data relaLes to the immediate

estimation of .the maqnitude of a dangerous good(s) mishap or

accidentar rerease. I{ith the aide of compired data pertain-

ing to different impact of risk criteria, administrative

agencies can swiftly determine the potential effects and ra-

mifications of a dangerous good(s) incident. Tirne, effort
and cost will be minimized, and efficiency greatly enhanced.

Àny emergency response initiated at the time of an acci-

dent or mishap is inevitably subject to scrutiny by the me-

dia and by the public (as discussed in Chapter 2, section

2,3.1). The regional p.C.B. spill in northwestern Ontario

serves as a prime example of the 'panic syndrome' which of-

ten accompanies.'dangerous good mishaps. If a comprehensive

data base of proaìct information, routes, impact of risk and

emergency response were in existence, at the very least, it
wourd indicate that administrators are reasonably aware of

and in control of the situation. The information would

place an incident in perspective.

Thus, in the near future, efforts must be made to expand

the concepts introduced in this document. Additional prod-
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uct and route 'impact of risk' criteria should be evaluated.

if this $¡ere to take place in time, a coordinated data base

would result and, if the data were computerized (as suggest-

ed in section 5.1), information could be availabre instanta-

neously.

The only condition of the Impact of Risk model applies to

users. Àlthough 'impact of risk' has been defined for pur-

poses of this study as 'the anticípated repercussions and/or

magnitude of a mishap of a dangerous good(s) in transit ac-

cording to the 'environment' in which the event occurs', the

user must realize that all data are estimated, and that if
any changes to the model are desired, that they be docunent-

ed anC defined.

5.3 RECOMMENDÀTIONS SYNOPSI S

The models designed in this study, the data and spatial

analyses, can be employed to identify alternatives for poli-

cy or procedure by any agency. indeed, it would have been

appropriate to employ the methodology and resulting data of

this document, in the design phase of regulation develop-

ment. However, formulation of the regulations of the Trans-

portation of Danqerous Goods Àct (S.C. 1980 c, 36) and the

Danqerous Goods Handlinq and Transportation Àct (Cap. D1Z

S.M.1984 c.7) preceded this research.

AND
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Existing regulations should not be amended on Lhe basis

of information contained in this document. This applies to

the provision in the Manitoba statute for municipal juris-

diction alsoi effort must be made to avoid the over-regula-

tion of specific industries (".g. transport carriers, ship-

pers, handlers, etc. ) as discussed in Chapter 2 (section

2.3.3.1 ). The new regulations must be enforced for a suffi-
ciently long period to. enable effective and objective judge-

ment. It is recommended that this study be used to evaluate

transportation systems in pursuit of more efficient and ef-

fective emergency response in the event of a dangerous

good(s) mishap or accidental release.

This study has designed and employed two models which may

be used acquire information relating to the transportation

of danqerous goods in Manitoba. The methodology which has

been introduced, provides a systems approach to the evalua-

tion of dangerous goods in transi.L; if adopted, there should

be decreased administrative and social costs and a notable

increase in administrative efficiency, in the long run.

Notwithstanding the delimitations and assumptions, the

approach introduced in this practicum has maximized user-u-

tility. Seven different paraneters relating to the trans-

portation of of dangerous 
. 
goods, and the environment in

which the transportation systen exists, rrere successfully

evaluated and spatially translated. The use of overlay maps

has provided a versatile media to present information in a
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c1ear, uncomplicated manner. Thus,

l-y met all research ob j ect ives.

Lhe study has effective-
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Appendix A

SURVEY DÀTÀ
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Table l. Populatlon sample

I

rÞ

I

011.t"8ó

02PB1

O3PA1

04PAT

05PAl

06s81

07SAl

08sA1

O9SAl

1ONB2

11NA6

12N81

13NA1

14EAl

l5EAl

16EA.5

17881

lSI.,Al

19t,,Al

20¡.rA1

21r.rA1

Typeeetting
Developlng
Cheurlcals

lt

It

survey daEa--common chemlcal Broup daÈa.

Dls t r lbutor
Locatlon

tt

tt

lt

lt

tt

tt

lt

tt

n/a
ta

It

¡la
tt

lt

il

il

lt

t.lpg

l{pg

wPg

I.,pc

tJpg

I.¡pg

lüpg

HPg

t.¡Pg

l.lpc

l,,pg

n/a

l.¡pg

l.Jpg

nla

l.¡pg

lüpc

I.¡pg

I.¡pg

!.,pB

Mode of
Shipments
(Rd=Road)

Approxima t.e
Frequency of

Shfpments

Rd

Rd

Rd

Rd

Rd

Rd

M

Rd

Rd

Rd

Rd

n/a

Rd

Rd

n/a

Rd

Rd

Rd

Rd

Rd

l/no
1/6rnoe

I /mo

1/year

l/3mos

10/year

l/1.5¡nos

L/2noa

2/Year

11no

I /mo

n/e
2lno

4 / year

n/a

4 /year
3-4 /year

7 /yeat
2-3 / year

4 / year

Approximate
Volume

Per Shlpment

10 gal

60 gal

2.5 gat

234 L

5l
10-12 gal

19 I
5 gal

5 gal

10 1

10 I
n/a

5 gal

15 gal

n/a
20 U.S. gal

18 I
12 gal

I0 U.S. gat

30 I
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I
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I

Tabre 2. Dlstrfbutor survey data--developlng cherulcars for Èypese.trng.

010

02t.IP

03WP

04wP

05wP

06t.'"

Chemfcal
Group

Typese t r ing
Developlng
Chemlcale

tt

il

il

il

it

Mode of
Suppl le r
Locat lon

¡la

ToronEo

ToronÈo

Toronto

Toronto

Toronto

TransportaÈ lon
Shipmente
(Rd=Road)

¡la

Approxlmat.e
Frequency of

Shipmente

Rd

Rd

Rd

Rd

Rd

nla

2/no

4-5 /mo

2lmo

Approxlmate
Volume

Per Shipment

n/ a

200 I
25-30 gal

3781+
17 (2.5) eal

100 I
2,000 I

4lw
1/mo



r.D. /l

3g!l"__1. Populatlon sarnple aurvey data (converted) and eatlmated routing sequence.

I

(¡r

I

O2PBl

O3PAI

O4PAl

05PAl

O6SAl

OTSAI

08sA1

O9SAl

IONB2

lINA6

12NB1

13NAl

14EAI

15EAI

16EA.5

l7EBI

18WAl

lgWAt

20t,tA1

2II.JA]

Origln of
Estfmafed

Route

tlog

f.¡pg

I.¡pB

I.lpg

l¡pg

I{pg

llpg

llpg

l,¡pg

!.,pg

f'J:':

nla
t{pg

t.¡pg

n/a

t.¡pg

t.¡pg

I.,pg

l.Jpg

t.¡pg

TransporEat.fon
Mode of

Shfpmen c s
(Rd=Road )

Rd

Rd

Rd

Rd

Rd

Rd

Rd

Rd

Rd

Rd

Rd

nla
Rd

Rd

î/a
Rd

Rd

Rd

Rd

Rd

Es È lma ted
Rou t ing
Sequence

Ll,JlL6ls

tlvJ/16183

rl'J/t6/5l]o
IW/L6

3

75 /14 l30
2

3

rvrlL6 /5 /LO

6139r

6/39L

n/a

7

59/44

n/a
5el44lrL

2/83

I
2

Ll'J16

Approxlmate
Frequency of

Shlpments/Year
(Conver ted)

L2

2

L2

I
4

l0
8

6

2

L2

L2

n/a
24

4

nla
4

3-4

7

2-3

4

Approxlmate
Volume/Shfpment

(r. )
(Converted)

44.5

273

11.38

234

5

45.5-54.6

19

22.75

22.75

10

10

n/a
22.75

70.25

nla
76

18

54.6

38

30
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Table 4. DlsÈrlbutor survey daEa (converÈed) and estlmated routlng sequence.

010

02wP

03t.¡"

04r{P

05wP

06wP

Orlgfn of
Es t lma ted

Route

¡la
Toronto

Toronto

loronÈo

Toronto

loronto

TransportaÈlon
Mode of

Shlpnencs
(Rd=Road)

a/a
Rd

Rd

Rd

Rd

Rd

Es t lmated
Routlng
Sequence

o/a

1E

1E

IE

IE

1E

App rox lma Èe
Frequency of

Shiprnent s /Year
(Converced )

t/ a

24

48-60

24

48

l2

Approxlnate
volume/Shtpment

(1.)
lConver red I

n/ a

200

Lr3.75 -136.5

571.38

100

2,000
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FIGURE 4.3: Overlay map for Figure 4.1 and Figure 4.2. Direc-
tion of transportation flows by estimated routes ut¡l¡zed, develop
ing chemicals for typesetting, newspaper industry (S.l.C. 27101
sample and distributor sample.
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LEGEND:
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4 Lane Highways
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S trans - Canada Highway

e Frovincial Trunk Highways

@ Provincial Roads

Description of
Mapping Symbols:

O t-2usersof route
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FIGURE 4.4: overlay map for Figure 4.1 and Figure 4.2. Number
of users of estimated transportat¡on routes, dõveloping chem¡-
cals f-or typesetting, newspaper ¡ndustry (s.l.c. zito¡-sample
and distributor sample.



FIGURE 4.5: Overlay map for Figure 4.1 and Figure 4.2. Cumu-
lative frequency of shipments per year, per segment of estimat-
ed transportation route; developing chemicals for typesetting'
newspaper industry (S.l.C. 27101sample and distributor sample.



FIGURE 4.6: Overlay map for Figure 4.1 and Figure 4.2. Cumu-
lative volume (litres) per year, per segment of estimated trans-
portation route; developing chemicals for typesetting,
newspaper industry (S.l.C. 27101sample and distributor sample.
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LEGENÐ:
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4 Lane Highways

- 
2 Lane Highways
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@ Provincial Roads

Description of
Mapping Symbols:

O Xigtt' 1.7 > 4.8 personslkm2

Y Moderate: 1.0 - 1.7 persons/km2
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FIGURE 4.8: Overlay map for Figures 4.1, 4.2 and Figure 4.7.
Estimated impact of risk zones per segment of transpodation
route (Part l) by Municipality or Local Government District
population density. (Source: Atlas of Manitoba, 1983.)
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FIGURE 4.8: Overlay map for Figures 4.1, 4.2 and Figure 4.7.
Estimated impact of risk zones per segment of transpodation
route (Part l) by Municipality or Local Government District
populat¡on density. (Source: Atlas of Manitoba, 1983.)
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Description of
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FIGURE 4.9: Overlay map for Figures 4.1, 4.2 and Figure 4.7.
Estimated impact of risk zones per segment of transportation
route (Part l) by urban population (excluding lndian Reserves).
(Source: Atlas of Manitoba, 1983.)
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FIGURE 4.10: oveday.map for Figures 4.1,4.2 and Figure 4.7.
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fic. (source: Man¡toba Highways a'nd rranspòrtatión, isas.¡
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