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ABSTRACT

RisK assessment assocjated with nonthenn hydnocanbon

nesounce deveìopment as conducted in the Fedenal

Envinonmental Assessment and Review Pnocess was examined in

tenms of both genenal methodology and review critenia fon

the assessment of envinonmental hazards. The Beaufont

Sea/Mackenz'ie Del ta Regìon Envj nonmental Assessment and

Review Pnocess was used as a case study upon which

conclusions and necommendations wene based.

Risk assessment as it was conducted in the context of the

Beauf or t Sea/MacKenz j e De I ta Reg'ion Envi ronmenta I Assessment

and Revjew Pnocess was not adequately stnuctuned to contend

with the paucity of data nelevant to envjnonmental hazands,

Forma ì r'i sK assessment of the Beauf on t Sea/Macltenzi e De I ta

Reg'ion hydnocarbon nesource development proposal h/as I imi ted

to envi nonmenta I r i sK assessment . Futune env'i nonmenta I

assessments and reviews should also encompass njsK

assessments nespect'ing economic and socio-econom jc concenns.

Data bases concenning nonthenn hydnocanbon nesource

development cunrently avai lable, upon which nisK assessment

studies can be based, ane 'incomplete. R j sK assessments

which ane pnepaned ut j l'izing analogous and extnapolated data

are of I imj ted nel i abi l'i ty, and ane large ly unacceptable for
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decisions neganding northenn hydnocanbon nesource

deve 1 opment .

In cases whene fonmaì risk assessment js not possjble

because of a I acl< of rel i able data, the pnocedune of lisk
assessment may pnovide a useful fnamewonK fon the

organizalion of avaì lable data and fon the identjficatjon of

deficjencies. Genenic guidelines should be deveìoped

nespecting rjsk analysis jn the context of envìnonmental

assessment and revjews, Such guìdeljnes would assjst in the

deljneation of gaps in the practice and undenstanding of the

nole of ni sK anaìys'is jn the Federal Envi nonmental

Assessment and Review Pnocess, Guidel'ines which nequì ne

n'isK assessment i n the context of envi ronmenta I assess¡nent

and neview should include criteria fon validation of data

and scientific undenstanding and should include

necommendations on how to contend with scenanios whene these

cr i ten i a cannot be met .
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Chapter I

INTRODUCTION

1.1 BÀCKGROUND

Enengy jssues ane among the most ìmpontant faced by

Canada today, Internationa l , national and reg'ional

pnessunes have naised the pnoblems of enengy supply, demand

and del iverab'i I i ty to unpnecedented levels of attention and

actjon. The economìc, social, polìtical and environmental
jssues whìch sunround enengy questions have made analysis
and decjsion-maK'ing veny complex (Nelson, 1978).

In Canada, the quest fon secune supplies of petnoleum

pnoducts has focused attentjon on the fnontien negions.

Rap'id change js occunning jn Canada's Nonth, Much of the

change js evolvjng as a consequence of resounce deveìopment

pnojects, necently undertaKen on pnoposed, which focus on

the North's hydnocanbon potential (Nelson, 1978). Resounce

deveìopment pnojects nonth of 60 degnees latitude will have

considerable 'impact on the national economy, pantjcular 'ly on

the degnee of enengy self-neliance (enengy security) canada

is able to achieve (Envinonment Canada, 1983). Moneoven,

nonthern nesounce development projects offen the pnomise of
a powenful stimulus for the natjon's manufactuning, senvice
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and high technology 'industries, and they present the

pnospect of new job oppontunities fon southenn Canadjans

(Environment Canada, 1983). Alì Canadians, thenefone, will
be affected by the counse of the nonthenn entenprise.

Petnoleum exp'lonatjon js not new to the Beaufont

Sea/MacKenz je Del ta Reg'ion of the Canadi an arctic, The

fjnst expìoratony wel I in the Northwest Tenrjtonies, drj I ìed

jn 1920 at Nonman ltt/el ls, nesulted jn an oi I discoveny

( pal I ister, i97B) . Pai I jsten notes that oi I seepages have

been l,inown to exist on the banKs of the Mackenzie Riven fon

a centuny on more. Banny (1979) states that othen than the

deveìopment of the Nonman lrr/el ls f ield, there was scant

explonat jon and development act'ivi ty in the Anctic unti I the

years of UJonld UJan iI, when the Norman [,t/el ]s f jeld was

extended and an oil pipeljne laid to a nefineny jn

h/hi tehonse. This pipel jne was in fact neven put into
operat'ion.

Explonation in the Anctic was nenewed jn the 1950's as

oi I and gas discovenies jn northenn Albenta and Bnjtish
Columbia genenated intenest jn simj lan pnospects in the

southern Nonthwest Tennitonies and in the southern and

centnal YuKon Terni tonjes. Thjs exploratjon led to natural
gas discoveries at Rabbit Lake, N.U/.T. in 1955, in the Eagle

P lajns, Yukon Tenri tony in 1960, at Beaver Riven, Yukon

Tenn i tony i n 1 964 and at Poi nted Mountai n, YuKon Tenn i tory
in 1967 (McCnossan, 1973).

-2



In the High Anctjc, petnoreum expìonatjon was stimulated
by the 1955 "Operation FranKìin" neconnaissance geoìogical
and geophys'ical sunveys canried out by the Geo'logicaì sunvey

of canada (Dome Petroleum L'imited et al., igB0). Industnial
geophysical exploration and dni ll'ing resulted in the
discoveny of natural gas on Melvi r re Island in 1969.

subsequently, other oj I and natunar gas discovenjes have

been made jn the Anctjc anchìpe'lago.

In the ï¡iestenn Anctic, the finst well was dnilled on

Rjchards Island jn the Mackenzje Delta jn 1965, Exploratjon
in the Mackenzie Delta Region was accelenated by the twelve
biIIion bannel ojI discoveny on the Nonth sìope of Alaska at
Prudhoe Bay in 1969. (Dome petroleum Limi ted et al. , jgg0) .

In the Eastenn Anctic, manine geophysical surveys and

expìonation dri I ì'ing commenced in 1969, and the f inst
of fshore dni I l'ing tooK place in 1g7g jn Davis Stra j t and

Lancasten Sound.

The finst explonat'ion permìts jn the Beaufont

sea/Macl.renzie Del ta Reg'ion wene j ssued to the petroleum
jndustry by the federal govennment in 196b. The punpose of
these penmits was to encounage'industry to explone fon

hydnocanbon resounces jn the Beaufort sea/Mackenzje Delta
Reg'ion. To netain the permits, industry was obìiged to
carry out a specific, mìnjmum level of explonatjon nelated
act'ivity. since 1965, expìonation for hydnocarbon nesources

in the Beaufont Sea/Maclrenzie Del ta Region has evolved
thnough thnee distinct phases. In the fjnst phase, 1965 to
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1973, alI dniIling was cannjed out onshone. A numben of
oil and gas djscovenjes wene made, however, the nesenves

found wene too small to wannant development. In 1973, a new

phase was ini t jated when Impen jal o'i r (now Esso Resources

canada Limi ted) oni I led the fi rst offshone wer I in the

Beaufont Sea from an artificial island buiìt 'in thnee metres

of waten. Impenial 0j I and others had deveìoped 1g such

islands in the shallow watens of the Beaufont sea by 1981.

A combinat jon of disappo'inting explonation resul ts, mone

favounable geology further offshore and evolving technology

led to the stant of a thind phase of actìvìty jn 1g76 when

Dome Petnoleum L jmi ted began dn j I f ing f rom ne'infonced

drjììships further offshone in the deeper waters of the

Beaufont sea. This nesulted in a tnemendous sunge of
geoìog'ical and geophysical explonat'ion actìv'i ty, ìeading to
a numben of s'ignif icant hydnocanbon discoveries (Nelson,

1978),

It/hi le the nesource development pnojects pnomise

signjficant benefits, they have also naised many jssues of
concern to the public, Basic concenns ane being expressed

about the maintenance of envinonmental qualìty jn the North
(canadian Anctic Resources committee, igB4), As a nesult of
successf u I expìonat'ion, di scovened nesenves of hydnocanbon

nesources wene sufficient to wanrant consideration of
product ion and transpont of oi I and gas to southern manl,tets.

l¡Jonld ojì pnìces ane paramount in any considenatjon of
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'pnoduction and tnanspont of hydnocanbon resources fnom the

Beaufont sea/Mackenzje Delta Region. unstable world o.i I

pn'ices may delay on even inval jdate the pnospect of
exploitatjon of nemote northenn hydnocanbon nesources.

As of mid- 1986, al I explonation and deveìopment of
hydrocanbon nesources jn the Beaufort sea/MacKenzje Delta
Regìon was suspended pend'ing stabilizat jon of wor ld oj l
pn'ices. Neventheless, the explonat jon and development of
canada's fnontjer nonthenn hydnocanbon nesounces nemajn as

inevitable fonces in the neaìization of canada,s nesource
potential. In 1981, canada was importing appr-oxìmately

500,000 barrels of ojl pen day to the net detniment of the
national economy. Desp'i te ambj tious attempts to consenve

oj l, a 1978 Nationaì Enengy Boand nepont pnedjcted that by

1990 canada's demand fon imponted oi I would incnease to
appnox'imateìy 1,000,000 barnels pen day (Dome petroleum

Limited et â1., 1981 ). The hydnocanbon deveìopers in the

Beaufont Sea/Mackenzie Delta Region contend that sufficient
potentìal exists in the Regìon to neduce thjs shortfal I

substantiai ìy.
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L.2 PROBLEM STATEMENT

Nonthenn deve'lopment, and govennment pol jcjes which

pnomote development, have affected the Beaufont

Sea/Mackenzie Delta Reg'ion pnofound'ly (Mi lne and

Her I inveaux, 1979) , The Natjonal Enengy Pnognam, announced

jn 0ctober, 1980, generously promoted nonthenn hydnocanbon

nesounce explonation and development. The pnognam was

terminated jn Octoben, '1985, and was nepìaced by a new

series of l'njtiatives titled Canada's Energy Fnontìers - A

Framework fon investment and Jobs.

0ffshone hydnocanbon nesource deveìopment in the Beaufont

Sea Reg'i on uras ref en ned to the Feden a I Env j nonmen t a I

Assessment and Review Pnocess (rnnp) in 1980, The Beaufort

Sea Envinonmental Assessment Review Panel (BEARp) was

appointed in May, 1981 by the Mjnjster of the Envjnonment to
ident'i fy the major posi tive and negative ef fects of
hydnocanbon pnoduct jon and tnanspor"tat jon f nom the Beaufort

Sea/Macl<,enzje Delta Region upon the human and natural

envinonments in Canada's nonth, and to necommend

methodologì es f or dea ì i ng w'i th these ef f ects . ( Fedena r

Envi nonmenta I Assessment Revi ew 0ffi ce, 1 gB4 ) . The thnee

majon Pnoponents, Dome Petroleum Ljmjted, Gulf Canada

Resources Inconporated, and Esso Resounces canada Limited
prepaned and submitted a seven volume envjnonmentaì ìmpact

statement (EIS) to the Beaufont Sea Env'inonmental Assessment

Review Pane'l jn 1982, on behalf of forty companies hoìding
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explonatìon permits ìn the Beaufont sea/Mackenzje Delta

Region (Envjnonment canada, '1985). The EIS ouiljned the

poss jble envjnonmental, socjal, and econom'ic implicat jons of
commercjal deveìopment and transpont of hydnocanbon

nesources f rom the Beauf ort sea/Mackenz je Del ta Reg'ion.

The Proponents contended that wi th the pnoven hydnocanbon

nesenves and the potentjal fon addjtional discoveries,
planning should proceed fon the productjon and tnansport of
these resenves to southern markets (Fedenaì Envinonmental

Assessment Revjew 0ffice, 1984). The pnoponents expected

most of the hydnocanbon pnoducts fnom the Beaufort

sea/Macl<enzje Del ta Reg'ion to come f rom of fshone resenvojns
(Federal Envinonmental Assessment Review offìce, 1gB4).

Thnee tnanspontation scenanios for cnude oi r produced

wene identjfjed by the Pnoponents. These wene:

transpontatìon to manltets through an over land p jper jne,

transpontation v'ia icebreaKìng tanKers and transpontation by

a comb jnat jon of oven land p jpel ine and icebneak.'ing tankens
( Fedenal Envi ronmental Assessment Review office, 1gB4 )

(Figune 1 ). In accondance wjth jts Tenms of Refenence, the

Beaufort Sea Envjnonmental Assessment Review panel, djnected
its neview of the Pnoponents' submissions towands the
'identifjcation and assessment of majon issues and concenns

associated wjth the Pnoponents' EIS submjssions. One of the

pninc'ipal concenns of the Beaufort sea/Mackenz je Del ta
Region Envjronmental Assessment and Review was oj I spi'l ls
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nisk assessment, as the poss jb j I j ty of oj I spi ì I was the

majon env'ironmental concenn expressed by many nonthenn

resjdents and jntervenors. As a consequence of these

concenns and technìcal disagneements among expents r-eganding

the degnee of rjsK, the Pnoponents with thejn expents, the

Department of the Envinonment and techn jcal spec'ial ists held

numerous discussions on rjsK assessment and thnoughout the

envi nonmental neview process.

The Beaufont sea Envinonmental Assessment Review panel

published its nepont titled "Beaufont Sea Hydnocanbon

Production and Transpontation Pnoposal " in July, 1984. The

Panel report djscusses potential effects, both posìtjve and

negat jve, upon the physicaì, biologìcal, and socjo-economjc

envinonments affected by the Proponents' deveìopment

proposa'ls. The Panel's nepont maKes necommendations as to
how advense effects of the pnoposed deveìopment could be

mitjgated or avojded. An entine chapten of the paneì nepont
js devoted to the d jscussion of oj I spi I I r jst< assessment,

the causes and pneventjon of accjdents, the types of spills
which could occun as a nesult of Arctic oil pnoductjon and

tnansportat jon and oj I spì I I clean-up techn'iques. The panel

neport includes comments on the capabiljty of govennments to
contnol Beaufont sea hydnocarbon development, and on the

need f on subsequent pen'iod i c revi ews ( Fedena I Envi nonmenta l

Assessment Review 0ffice, 1984).
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Figure 1: Proposed tnanspontation noutes fon hydrocarbons
produced in tnê Beaufort Sea/Mackenzie Detta
Region (Af ter Dome Petroleum Limi ted et al. , igB2 )
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1.3 RESEARCH OBJECTIVES

The pnimany punpose of the study was to examine risk
assessment as i nc I uded 'in the Federa I Envi ronmenta I

Assessment and Review Pnocess, with nefenence to the

tnanspont of hydnocanbons from the Beaufort sea/Mackenzje

Del ta Region

Speci f ic objectives wene:

1. to develop and discuss a genenaì methodology for
conducting nisk assessments nelated to envi nonmental

hazands in an environmentaì impact assessment, with
specific regand to transpont of hydnocarbon pnoducts
jn the Nonth;

2. to nevi ew cr i ten i a for assessment of env'inonmenta ì

hazards in the context of envjronmental impact

assessments;

3. jn ìight of objectives 1 and 2, to cnjtically
comment on rjsk assessment as jt is pnesently

conducted in the context of the Federal Envinonmental

Assessment and Review Process, wj th speci f ic regand

to h5rdnocanbon tnanspor t i n the Non th.

- 10



L.4 METHODS

Methods empìoyed in the study included:

1, a comprehensive nevjew of exjstìng ljtenature and

nisk anaìysis infonmation and data perta'ining to the

environmental ìmpacts of the pnoposed transport
scenali os ;

2. a neview of the criteria for assessment of
envinonmental hazands in the context of envinonmental
'i mpac t assessmen t ;

3. pensonal and teìephone intenviews wjth government

negu l atony personne I , nepresentat i ves of the pn ì vate

secton and faculty membens at the Unjvensjties of
Mani toba and Aìbenta to ensune the acceptabi l'i ty of
the ana I yt'ica I methods and the j n pnoposed

applicatjons.
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Chapter I i

JURISDICTION OVER NATURÀL RESOURCES ANÐ THE
FEDER.â.L ENVIRONMENTAL ASSESSMENT AND REVIET¡¡

PROCESS.

2.I PREÀMBLE

Th'is chapten is intended to senve two bas'ic functions,
The finst section wj I I outl ine the bnoad ìegìslative
jurisdictional fnamewonk, oven natunal nesounces in the

canadj an North. The fol lowi ng sect jon wi I I out ì i ne the

Federal Envinonmental Assessment and Revjew Pnocess having

regand to the ieg'i s I at i ve f nameworK.

2.2 JURISDICTION OVER NÀTURAL RESOURCES NORTH OF 60
tEõÞEEilÃr r ruDE

The or igina'l consti tut jon of canada was a statute of the

united Kjngdom titled the Bnitjsh Nonth Amenjca Act, '1867

(now entnenched as the Const'i tution Act, 1867) , The

pneamble to the Constitution Act, 1867 provides that the

Canadjan Constitution should be similan in pnìncipìe, to
that of the Unjted Kingdom (Hogg, 1gB5). In the Unjted

Kingdom, Parìjament is sovereìgn in jts jurisdjction as it
has the jnhenent powen to maKe, on disso'lve any law

whatsoeven. Thene is no I imi t to Pan'l iament's leg'islat jve

powen and it may delegate'i ts powers to anyone such as a



Mjnjsten to enforce legislatjon. Thenefore, the sounce of a

delegate's powen on duty is Parliament which may deìegate a

bnoad genenal authonity or discretjon to act. In the

absence of author-'i ty, such cleìegates do not have

junisdiction to act (,Jones and De Vi I lars, 1gB5). The

Constjtution Act, 1867, cneated a fedenal system for
govenning canada in wh'ich the powen to ìegìslate is divjded
between the federal panliament on the one hand, and the

several pnovincial legislatunes on the other (Hogg, 1g85).

Thus, in canada, the right to ìegislate'is djvjded between

two levels of govennment. Each government js soveneign

wjthin jts own designated jurìsdjctjon, and may not purpont

to enact legjslation on any subject matten which js beyond
jts powen as set out jn the Constitution Act, 1867 (Hogg,

1985). These "heads of powen" are set out specìficaì1y jn

sections 91 and 92 of the Constitution Act, 1862.

The canada Lands ane those aneas of canada which fail
under fedenal jurisdjctjon unden the Bni tish Nonth Amenjca

Act, 1867 (Constj tution Act, 1867 ) , and. whjch are said to
include the aneas of f canada's coast the Yut<,on and Nonthwest

Tennitorìes, and small aneas scattered thnoughout canada

(Thompson, 1972). The Canada Lands compnise an anea almost

twjce as lange as that constituted by the ten pnovinces
(Thcmpson, 1972). The federal govennment has exclusive
junisdjction oven all natural nesources in the canada Lands.

The power of the fedenal govennment to legislate jn the
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north'is entnenched in the pneamble to section 91 of the

constitutjon Act, 1867. The pneamble guanantees that the

federal panljament may enact laws fon peace, onden and good

govennment jn nelation to mattens not coming w'i thjn the

classes of subjects on heads of 'leg'islative powens ass'igned

to the pnovjncial ìegislatunes. As wel ì, subsection g1(2)

of the const'i tut i on Act , 1867 nespect i ng trade and commence

power, cneates a ìange fedenal junìsdjction oven the

negulation of natunaì nesources not coming unden pnovincjal

authon'i ty. The des'ignated pnovincial junisdjct jon oven

non-renewable natunal resounces js specified in sectjon
92(a) of the Constitution Act, 1867. Tennitor-ial

ìegislatjve powen has been deìegated by the Yukon Act and

the Nonthwest Ternìtonies Act. This powen pnov'ides fon

execut jve, legislat jve and judic'iaì respons jbi I j t jes that
mone on less coincjde with the powen granted to a pnovince,

wjth the exception beìng the control of natunal nesounces.

S jnce junisdict jon to enact terri tor jal legislation .is

denjved fnom a fedenal deìegation of powen, any enactment of
the Ternjtonial Councj I must gìve way to any panamount

enactment of Par I i ament ( Lewi s , 1972). Th'is subondi nat ion

of tenni tonial junisdict'ion has not been chal ìenged, and i t
is unlikely to be, until the Yul<on on Nonthwest Tenrjtonjes
gain pnov'inciaì status,

canadjan fedenal jurisdjction oven the offshone extends

to the Yukon/Alaska boundary jn the Beaufort Sea .in the
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nonthwest; to the medjan ljne between canada and Gneenland

jn the nontheast; oven the contjnental shelves of the Anctjc

Ocean and Atlantic Ocean (and beyond, to the limit of
ability to exploit) jn the nonth and east, and to the

Canada/U.S. boundany to the southeast (Dome Petnoleum

L i mi ted and the Govennment of the Nor. thwes t Ten n ì ton i es ,

1980).

The Depantment of Indjan Affairs and Nonthenn Development

(DIAND) administens the fedenal jurisdiction over petnoleum

and natural gas beneath the lanC and watens north of 60

degnees I at i tucie ( tfre Canada Lands ) ( Depar tment of i nd.ian

Affains and Northenn Deveìopment, 1979). The Nonthenn

Af fa jns Pnognam of DIAND is changed wi th contnoì'l ìng the

deveìopment of natunal nesounces jn the Yukon and Nonthwest

Tenritonjes. A pn'imany objectjve of the Nonthenn Affains
Program is to see that any such development js for the

benefjt of all canadjans and does the least possible damage

to the envi nonment and to the I j f esty'les of al I northern

nesidents (Depantment of Indjan Affajns and Nonthern

Development, 1981 ) , No 'less than 25 dj f ferent p'ieces of
legislation (acts of Pan I jament or sets of negulatjons ) , as

wel I as a numben of speciaì cabinet d'irectives set out the

nules govenn'ing the many types of resounce development jn

the Nonth (Depantment of Indian Affains and Northern

Development, 1981 ) .
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2.3 OVERVIEW OF THE
REVIEW PnOCgSS

FEDERÀL ENVIRONMENTÀL ÀSSESSMENT AND

Much has changed 'in the past two decades with nespect to
the theory and process of natunal nesounces deveropment.

Hjstolicaìly, it was genenally thought that environmental

pnotectjon and economic development wene confljctjng policy
j ssues, Honever, a new awaneness and focus that
envi ronmental consjdenations must pnovìde the integnating
fnamewonk fon soc'ial and economic decjsjon-mak.ing is
becom'ing wìdely accepted (canadian Envinonmental Adv'isony

Counci l, 1988). Much of this change has fol lowed as a

result of a federal cabinet memonandum dated Decemben 20,

1973, which indicated that envinonmentar matters wene

hencefonth to be given the same degnee of consjdenation as

economic and technjcal mattens jn decisions nespectìng

federal pnojects and proposals (The Rawson Academy of
Aquatic science, 1987 ) . Th js nepresented a bold jni t jat.ive

neganding a mechanism for mone balanced developmentaì

decjsion-making in aneas of fedenaì junisdjctjon.

Foì lovri ng the 1973 Cabi net memonandum, the Fedena ì

Env'i nonmenta I Assessment and Rev'iew pnocess ( r¡np ) was

ìmplemented on Apnil 1, 1974, unden the authonity of the

Minister oi the Envinonment (Couch et â1., 1gB1 ). Its
object was to nequ'ine all Injtiatons of federal government

projects, pnognams, or actjvj tjes, and centain Cnown

corporat jons and negu'latony agencies to establ'ish nevjew
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mechanjsms to fulfjll thejr mandates and meet, at an ear-ìy

stage, thein nesponsibj lities jn accondance wjth the

Envinonmental Assessment and Review Pnocess befone

innevocable decisions wene made (trrjolf , 1gB2), The

Envinonmental Assessment and Rev'iew Pnocess was to be an

impontant planning tool fon pned'ict'ing the potentjal
envinonmental consequences of development pnoposals wjth the

concunnent oppontunities to aìter on abandon pìans if
signifjcantìy negatjve envjronmental effects could not be

attenuated or el iminated (Feder-al Envi nonmental Assessment

Review 0ffice, 1987b).

As a nesul t of expenience and comments rece.ived, the

Environmental Assessment and Review Pnocess was amended on

Febnuany 15, 1977, to allow fon the appointment of panel

membens from other depantments as wel I as fnom outside the

fedenal public senvice to ensune that all nelevant

infonmation was pnovided to the M'injsten of the Envinonment
jn evaluatjng pnojects on proposais, and to ensune that
pubì'ic 'input and part'icìpat jon was sought early .in the
plannìng stages. These changes wene made wjth the following
goals in mind (lrre Rawson Academy of Aquatic Scjence, 1gg7):

o to naise pubì'ic awaneness of the envinonmental and

nelated social consequences of development, and to maKe

expìicit the tnade-offs that must be made between the

consequences of development and the economjc benefits
of ma ter j a I growth ,
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to he'lp even the odds between competing weak and

powenful jnterests in socìety. Spec'if ical ly, the

Environmental Assessment and Review Pnocess was to

pnovide a publ ic fonum fon ìmpacted ind jviduals and

communities to make thein case when pnojects favouning

developens and, often dìstant, consumers were being

cons'idened .

to bring balanced jnfonmatjon and judgement to bean on

the po ì i cy mak'ing and pno ject appnova I s pnocess .

to enhance the accountabjlìty of public senvants and

polìtic'ians by expos'ing the envjnonmental basjs of
decisjon-maKing,

Though 'legislation has not been speci f ical ìy enacted to
establ'ish the Envi ronmental Assessment and Review pnocess,

the f edera I govennment i n rJune, 1984 i ssued Guidel i nes Onder

PC 1984-2123 (Canada Gazette, Part II, 11 Ju1y, 1gB4) unden

section 6(2) of the Govennment Onqanization Act, 1g7g

reganding the impìementatjon of the federal policy on

Envj ronmental Assessment and Review. Sect jon 6 ( 1 ) pnov'ides

for the Minister of the Envinonment to initiate, necommend

and undertaKe programs to ensune that new federal pnojects,
pnograms and activjties ane assessed eanly in the pìanning

pnocess for potential advense effects on the quality of the

natunal environment and that a furthen neview is carnied out

of those pnojects, prognams and actjvitjes that ane found to
have probable signjficant adverse effects, and the results
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thereof taKen jnto account. sectjon o(2) pnovides fon the

Minister of the Environment, w'i th the appnoval of the

Governolin counci l, to establ ish gu'idel ines fon use by

departments, boands and agencìes of the Govennment of canada

and, whene appnopnjate, by conponations listed jn Schedule D

(now schedule c) to the Fjnancjal Adm'injstratjon Act and by

negulatony bodies (hlal lace, i986). This Onden def .ined the

tenms, outljned the scope and applìcatjon of the process,

and defjned nesponsibi I i ties fon the Inj tìating depantment,

the Proponent, and the Fedenal Envinonmentar Assessment

Review 0ffice (FEARO). The Order also confinmed that
self-assessment was the undenìying concept behind the

Pnocess . I t conf i nmed the evolv'ing pnact.ice that
envinonmental assessment should include not only the

envinonmental effects, but also the social effects d.inectly
nelated to those envinonmental effects, as weil as any

effects that ane extennal to canadian ternjtory. The 0rder
also extended appljcatjon of the process to all conponatjons

listed in scheduìe D (now Schedule c) to the Financial
Admin'istnation Act and to any regulatony body, subject to
certain quaì j ficatjons concerning conponate pol icy, ìegaì

ìmpediments and dupl ication. The Onder lef t to the minjsten
of the Inj tiating depantment the key decisjon-maKing

responsibiìity fon determjning which pnoposals would be

nefenred for pubì ìc review, as wel I as deciding wh jch panel

necommendations to accept, (lrre Rawson Academy of Aquatic

Science, 1987).
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The tenm "Injt'iatìng department" 'is defined as any

depantment, boand or agency of the Govennment of Canada or

any conporation listed jn Schedule D (now schedule c) to the

Financjal Adminjstnatjon Act and any negulatory body that
js, on behalf of the Govennment of Canada the

decjsion-making authonìty fon a pnoposaì. The Injtjatìng
depantment ìs g'iven the lead nole jn the entjne
Environmentaì Assessment and Review Pnocess. EARP

guideljnes ane to be fol lowed wheneven an Injtiating
depar tment ( Fedena I Envj nonmenta I Assessment Revi ew 0ff j ce,

1988b):

1. 'intends to execute a pnoposal put fonth djrectly by a

govennment depantment .

2. has the authority to maKe decjsions about a pnoposal

of anothen depar tment , boand , agency or I 'i s ted

conponatjon that:

i) might have an envinonmental effect on an anea

of federal nesponsibi I i ty,
ji) would requine financjal suppont fnom the

Govennment of Canada,

iji) would be undertaken on lands admjnistened by

the fedenal govennment, 'includ'ing the Canada

Lands and those offshone,

3. jntends to execute a pnoposal whjch might have an

envinonmental effect on other countries.
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The Fedenal Envinonmental Assessment Review 0ffice was

cneated by Onder in Council unden the Govennment

Onoanization Act, 1979, oÍì riune 22, 1984 to ovensee the

Federal Environmental Assessment and Review pnocess on

behalf of the Mjnjster of the Envinonment. Though jt
neceives admjnistnatjve support from the Depar"tment of the

Envinonment, i i majntains an independent nelationship. This
i s necessany as the M j ni sten of the Env'inonment can be an

injtiaton or Proponent in a public nevjew and js almost

always an active participant (Fedenal Envinonmentar

Assessment Revi ew 0f f i ce, 1987a ) . The Feder-a I Env'i nonmenta I

Assessment Revjew 0f f ice js priman'i ìy active .in the

fol jowing mattens (Fedenal Env'inonment Assessment Review

0f f ice, 1987a):

o the offìce pnovìdes advice and pnocedunar guìderines
fon the applicatjon of the pnocess.

o the office pnovides the secnetaniat fon pubric neviews

cannied out by Panels appointed by the Minister of the

Envi nonment.

o the office nonmaìly appnoves the chainpenson for each

Envinonmental Assessment Review Panel .

e when necessany, FEARO negotjates pnovincial, or
tenni torial pant'icipat jon in a nevjew, fedenaì

pantìc'ipatjon in a prov'incial neview, on any othen such

coopenat j ve arrangement .
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@ the office advises the Ministen of the Envinonment on

envinonmental 'impact assessment, and js the fedenal

voi ce on envi ronmenta l i mpact assessment 'in the j ni t j a l

stages of EARP.

o the office pnovides fundìng, secnetarìat, and technical

suppont to the Canadjan Envjnonmental Assessment

Reseanch Counci l.

The Envinonmental Assessment and Review Pnocess has thnee

cji st i nct phases :

1, the jnitial assessment phase jn whjch the Injtjating
depantment undentaKes the pnef im'inany nev'iew of a

pnoposal to determine the potentjal envjnonmental

ìmpacts and nelated socìal impacts that could result
fnom the imp'lementat jon of a pnoposal.

2. the public neview phase in wh'ich pnoposals w.i th
potent'ial ly s'ignif jcant environmental 'impacts are

subjected to a publ ìc rev'iew by a Paneì appoìnted by

the Minister of the Envinonment.

3. the'implementation phase in which the pnoposal js
'imp'lemented , sub ject to such env j nonmenta I

constnajnts as may have been deveìoped thnough the

Envinonmental Assessment and Review Process

Each agency of the Government of canada is nesponsibre

fon ensuring that each proposal fon which jt is the

decjsjon-making authoni ty is subjected to inj tjal
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assessment, In'i tial assessment detenm'ines whether, and to
what extent, thene may be any potentjaìly advense

envinonmental effects antìcipated fnom the imp'Iementation of
the pnoposal.

The punpose of in'i tial assessment is ultimately to
detenmìne whethen the pnoposal should pnoceed direcily to
the 'implementation phase (no signi f icant ìmpacts, on advense

effects k,nown to be mjtigabìe) on to refen it to the

Minjsten of the Envinonment fon a pubì ìc neview (s.ign jf jcant

adverse ef fects or publ ic concenn) . 0nly a smal ì m'inon.i ty
of pnoposaìs ane neferned fon review (Fedenal Envjronmental

Assessment Review 0ffice, i980).

Duning the initial assessment phase, the Injt.iating
depantment is whoììy nesponsjble for:

c assun'ing that pnoposals under its jurisdiction ane

subjected to environmental screening on jnj tial
assessment.

c maKing the decisìon eithen to proceed with, or defen

the project at this stage, on to nefen jt to the

Mjnjster of Envjronment for pubìic neview.

Irr/hi le the In j t jatìng department may seek advjce on talte
pant in various jnter-departmental referal pnocedures, no

othen govennment depantment on pubì ic jntenest group has any

legal night of access to the initjal assessment stage of
EARP non fonmal recourse to a highen authority in the event
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of laten d'isagneement oven a scneening decìsjon (lne Rawson

Academy of Aquat ì c Scj ence, 1 987 ) .

A number of key decjsions ane made at the injtial
assessment phase. Two of these ane straightforwand:

o automatic exclusion fnom study.
o autornatic nefenal for pubììc neview.

Exclusions are those types of pnoposars that would not

produce any advense envjnonmental effects and can go ahead

wjthout assessment. Automatjc nefenals ane those types of
pnoposals that could pnoduce sìgnjfjcant advense

envinonmental effects and therefone, must be nefenned to the
Ministen of the Env'i nonment fon pubì.ic nevìew by an

independent Panel.

If a department nej then automat jcaì ìy excludes a proposa'l

fnom study non automatically nefens it fon public neview,

the decis'ion wi I I be to:

1 . pnoceed wi th the proposa ì ,

2. abandon the pnoposal, or

3. nefen jt for public neview

Fon those pnojects that ane ne.i ther abandoned non

nefenned fon pubì ic revjew, âñ 'important component of the
jn'i tial assessment stage is the jdentjfjcation of
appnopr jate mi t'igation measunes and the inconponation of
these measunes jnto the project design.
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After a decision has been made, thene must be public
access to infonmation about the proposaì, the decjsjon and

an oppontun'i ty to nespond to this jnfonmation befone the
pnoposal is canried out (Fedenal Envinonmental Assessment

Review 0ffice, 1987b).

shou ld a depar tment detenmi ne that a pub ì ì c nevi ew 'is

wannanted, the Proponent's (the organization that desjnes to
carry out the pnoject) pnoposal is refenned to the Minjsten
of the Envinonment fon nev'iew by an Env'i nonmental Assessment

Revjeu,r Panel consistìng of a gnoup of expents chajned by the

executive chainpenson of the Fedenal Envinonmental

Assessment Revjew 0ffice on its deìegate, The fjnst majon

task of the Panel is to pnepane clean and explicl't
guìdel ines for the pnepanation of an environmental 'impact

statement (EIS) , The Pnoponent beans the responsjbj I j ty of
pneparing the EIS. The EIS js a document whjch contajns a

compnehensjve envjnonmental analysìs of the pnoposal

incìud'ing altennatìves, descriptìons of pnesent nesounce

use, socjal concenns, potential ìmpacts, and jndjcations of
how'any potential ly advense impacts wi I I be mj tigated or

avojded altogethen. The EIS a'lso states whene the pnoposed

development wjll occun, how long jt wjll rast, how it can be

carpied out, and the pneferred methods of implementatjon
( Fedenal Environmental Assessment Review 0ffice, 1987a), in
effect the envjnonmental impact statement should contajn
documentatjon of all the factons nespecting environmental
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and socjo-economic'impacts which must be consjdened and

whìch wi I I become the focus of the pub'l 'ic nevjew of the

pnoposa'l . it js extremely important that the EIS be

grounded on valjd and accunate data and based upon clear,
expljcit gu'idelines or the entire Envjnonment Assessment and

Revjew Pnocess will effectiveìy be undenmjned (canadjan

Environmental Advjsony council, 1981). us'ing the Guidel jnes

provided, the Pnoponent pnepares an EiS and subm'i ts j t,
thnough the Injtjaton, to the Panel, In its review of the

EIS, the Panel consuì ts r^r j th technical agenc'ies of
governments and the publ ìc, partìcuìanly local nesidents who

may be affected by the project. Dependìng on the complexìty
of the EIS and the thoroughness with which it is compreted,

the Panel will eithen (Fedenal Environmental Assessment

Review 0ffice, 1980):

r asK technical agencies of governments fon cornments on

the EIS and the pnoposed pnoject, and then make the

comments avaj lable to the public to assist the public
in its own nevìew, or

o asK both techn'ical agencies and the pubì ìc to canny out
the'i r nevjew simultaneousìy and to pnovide u¡nitten

comments to the Panel.

0n nece'ipt of comments f nom techn jcal agencìes and the

public, and aften its own neview, the Panel may jssue a

statement of Deficiencjes to the Pnoponent, Thjs document

is made pubì'ic and speci f ies add j t jonal infonmation that the
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Panel cons'idens necessany for a propen nevjew, ì¡rjhen the

Pnoponent has responded to the Statement of Deficiencjes,
and af ten allowjng t'ime for the Panel and the pubrìc to
stucly the response, publjc meetings may commence.

Publjc meetings provide a fonum to the proponent of the

pnoposal to explajn or nespond to questjons concerning the

proposaì, as wel I as al low'ing the pubìic an opportunity to
expness any views about the proposal,

The meetìngs, whjle structuned, ane jnfonmal and

co-openative jn natune. Thjs design pnovides an oppontuni ty
fon a non-conf nontational exchange of views whjch may lead

to conclusjons that maKe it possjble to impnove a pnoposaì

that is compatjble wjth the envinonment on to neject a

pnoposa I that cons t'i tutes a thneat to the qua ì i ty of the

envi nonment.

Aften concludìng a pubf ic nevjew of the pnoposal, the

Panel will pnoduce a nepont that descnjbes the pnoposal, the

issues naised, out I ines i ts conclusions and makes

necommendations in accordance with its Terms of Refenence.

The Envjronmental Assessment Panel Repont js then submjtted
to the Mjnisten of the Envjnonment and the proponent and is
normal ly released to the pubì'ic shontly theneaf ten (Federal

Envi nonmenta I Assessment Revi ew 0ff i ce, 1 gBSa ) .

Decjsjons on the Panel's necommendatjons ane made by the

Minister of the Envinonment and the Ministen of the
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injtiating or sponsonìng depantment. If they agnee to

accept the necommendatjons, the appnopniate depantment(s) or

agenc'ies ane instnucted to ìmplement them. The j n deci sion
may aìso identìfy the fedenal departments or agencies

responsible for any survejllance and rnonitorìng needed, .i f
this has not been detailed in the Paneì Report. should

thene be any d'isagneement between the two M jn j stens, the

matten can be referned to the Federaì Cab'inet fon resolution
(Fedena l Env'inonmenta l Assessment Revi ew of f ice, 1gB0 ) .

The third phase of the Pnocess is that jn which pnoposals

subjected to EARP ane'impìemented, Duning thjs phase FEAR0

has no continuÍng role and the paner (if the pnoposal was

subjected to a pubi'ic nevjew) wi I I genenal ly no longen

exist. It is impontant though to note that EARP 'is not yet

comp I eted. Fon pnoposa I s rvhi ch pnoceed to thi s phase, the
govennment decjsion-makers wj I I have selected condj tjons
(such as the use of sui table m j tigat'ion measunes ) wh jch must

become a part of the appnoval, These decjsions may have

been taKen duning the in'i tial assessment phase if no public
review was undertaken; on the decisjons may have been based

on the necommendatjons of a Panel, The Ini tiating
department js nespons'ible for seeing that these cond j tions
are incorponated into the design, constructjon and openation
of the pnoposal and that sui table implementat jon, 'inspect jon

and envinonmental monj toning pnognams ane establ jshed. The

Pnoponent is nesponsible fon ensuning that appropniate
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post*assessment moni toning, sunvei I lance and nepontìng,

nequined by the Injtiat'ing depantment, ane cannied out
(Federal Envinonmenta'l Assessment Review 0ffice, 1gB0) .

2 .4 STJMMÀRY

as

rhis chapten has set out the basic junisd'ict'ion oven

natunal nesounces and the fnamework of the Fedenal

Envinonmental Assessment and Revjew pnocess, as jt exjsts
today. As stated pnev'iousìy, much has changed in the past

two decades wi th nespect to the theory and process of
natunal nesounce development. It js to be expected that
wjth incneasing awareness of envinonmental concenns, this
natunal pnocess of change wjll contjnue and result jn an

incneasingly mone effjcjent and wonKable fnamewonk for
nesounce deve lopment wi th suffjcjent flexìbi ì i ty to meet

long- tenm decj s ì on-makì ng nequj nements ( Federa ì

Environmental Assessment Review 0ffice, lgggc). Fon

example, the fol lowing pnoposals ane under study at the
pnesent time and may impact on futune deveìopment (Federal

Envinonmentaì Assessment Review 0ffice, 19BBc) :

o the definition of "envinonment" shourd be bnoadened .in

Keeping wi th the pnesent focus on sustainab'le

deveìopment and the need to integnate b'iophysìcaì and

socio-economic concenns in pìanning and

decision-making.
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3 the Envinonmental Assessment and Review Pnocess should

be based on ìeg'islatìon wjth cleanly stated objectjves.
s envìnonmental assessment should be pant of an

ìntegrated pnocess of fedenal pìanning and

decjsjon-maltìng.

o al I Cnown departments, agenc'ies, and conporat jons

should be subject to the Envinonmentar Assessment and

Review Pnocess.

o the Envinonmental Assessment and Review process should

ìncorponate pnocedural checlts and barances to ensure

gneaten accountabi 'l i ty, transpanency, openness, and to
minimize dupl jcation and reduce inef f .ic'iency.

o effective fund'ing pnognams should be implemented to
guananiee publ'ic access to the pnocess.

. a fonmal appeal pnocess should be set in place.

The pneceding recommendatjons are but a fnactjon of the
pnoposals which are cunnentìy unden study or ane pnoposed

fon study. commentany on each of these is beyond the scope

of providing a context for undenstanding cunnent
jurisdiction oven natural nesources and the fnamewonl<, of the

Fedenal Envinonmental Assessment and Review pnocess.
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Chapter I I I

RISK ASSESSMENT IN THE FEDERAL ENVIRONMENTAL
ÀSSESSMENT AND REVIEW PROCESS

3.1 PREÀMBLE

Th'is chapten is jntended to pnovide bacKgnound

infonmation on the d'iscipl ine of envjnonmentaì risl.t

management. The sectjons will intnoduce njsk analysis, the

scope and pnocess of envi nonmenta l n i sK management , r i sl<.

identif ication, nìsK estimat'ion, risK evaluation and n'isK

control.

3,2 INTRODUCTION

The pnocess of envinonmental pnotection has become

increasing'ly jnvolved wj th the need to mal.re pol.icy and

negulatony decisions in the face of uncenta'inty, rislr,
stnong economic pnessures, conflicting objectives and

di sparate soc'ial values. Thi s j s exempl i f jed in the

proposal by deveìopment Pnoponents to pnoduce and tnansport

hydnocanbon pnoducts f rom the Beaufont sea/Mackenz'ie Delta

Reg'ion to southenn manKets . The f undamenta I not j on of r i slr

management is that tnade-offs have to be made between nisks

and benefits, between risks and costs and between one nist<

and anothen. In thjs regand, lr/hyte and Bunton (isso) nefen
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to envii'onmental r jsk management as the seanch fon the "best

noute" between social benefit and envinonmental risK. In

addi t ion to the not ion of trade-offs, envi nonmenta I r i sk

management js intended to enhance the qual.i ty of such

decisjon-maK'ing thnough the use of anaìyticaì technìques

which ane pnocedunal ìy rat'ional and wh jch integnate
scientific infonmation with considerations of economic and

socjal values. It is assumed that "supenion" choices ane

selected on the basis of delibenate seanches fon all
nelevant jnformatjon relating to altennative counses of
act jon. In add j t jon, thoughtful and systemat'ic

consjdenatjon must be given to al I avai lable jnfonmation,

and tnade-offs must be made expl icj t.

RisK management (analysìs) is sti ì I in j ts infancy and as

such js bejng punsued simultaneous]y and independenily by

severaì diffenent disciplines. As a consequence, thene js

of ten a lacK of agneement on termjnoìogy, def jnj t'ions and

methodology. hlhat fol lows js the authon's intenpretation of
an appnopriate consensual view, and appl ication, of risl<,

management to the issues at hand,



3.3 THE CONCEPT OF RISK

In the context of rjsk management, the tenm njsk can be

defined as the potentjal fon realjzalion of unwanted

negatir¿e consequences of an event (Rowe, 1977). Rowe (1gTT)

notes that th js def jn'i tion points out the two-dimensional

natune of nisK, that is, that a hazandous outcome is
assocjated wjth a sjtuation, action on system and that thene

exjsts uncertainty as to the natune, magnjtude and

I jtteì jhood of the hazard's occurnence. lrr/hyte and Bunton

(1980) state that s'ince nat jonal decjsjon-mat<ing nequines

quant i tat i ve measures of n i sl<, (so that they may be assessed

or companed), the uncertaìnty aspects of nisk ane most often
expressed jn terms of a pnobabi I i ty. Knewsl<. j et al . ( 1982)

suggest that the sìmplest and penhaps the core model for
quant i tat i ve r i sK be can expnessed as:

Risk = Hazand x Pnobability
whene the hazands ane defined in consistent units relevant
to the jssue, such as deaths/mi I I ion/yean. This equation js

penhaps an over-sìmp'l i f jcation fon the punposes of
demonstnat jon. I t does not exp'l 'ici t ìy take i nto account

eithen the extent of the hazand, or how pubìic penceptions

on dispanate socjal vaìues might affect the magnitude of the

possible consequences. KrewsKj et al, ( lggZ) note that a

mone realjstic nelatjonship would follow the general fonm:

RisK = (Hazand, Exposune, Probab'i l'i ty, Signi f icance)

w j th each tenm adequate ì y quant'i f i ed .
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3.4 UNCERTAINTY ÀND PROBÀBILITY

trlhyte and Bun ton ( 1980 ) state that uncen tai nt j es w j l l
play an incneasingìy 'impontant nole 'in envjnonmental

decision-maKing. Thenefone jt is crjtical that the concept

of uncentajnties regarding the components of a system under

consjdenation be thonoughly undenstood. The fundamental

concept of uncentainty as used by lrlhyte and Bunton (1980),

js the absence of Knowledge. Thus the tenm "degnee of
uncerta'inty" addnesses that propontjon of the jnfonmatjon

about a system, that js unknown. Thjs absence of
jnfonmatjon may be about past, pnesent on futune events,

values on condjtions. Rowe (lsll ) notes that most commonìy,

one is dealing w'i th the "rdhat if?" approach during the

assessment of n'isK. Thenefone, intenest is in those

uncentainties which af fect our abj I i ty to s jmulate the

outcome of pantjcular actjons, the so cal led pnedjctjve
uncentainties ( Rowe , 1977) .

Rowe (lgzl ) states that pnedjctive uncentainties can be

classi fjed jnto four types: stochastic uncentainty,

scienti f jc uncenta'inty, extennal uncentainty and analytical
uncentainty. Stochast'ic uncenta'inty i s related to the

pnedict ion of events wh'ich by the j r natune on nandom

behavjon ane uncertain. sc'ient j f jc uncentaìnty stems f rom a

laclt of Knowledge, informat'ion, on scient j f jc agneement

neganding cause-effect relationships. Rowe (1977) notes

that scientifjc uncentaìnty jtself has two components,
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descn'iptive uncentainty and measunement uncertainty,
Descniptive uncertainty nefens to uncentajnty of Knowledge

negarding what panametens and internelatìonshìps define the

syrstem, whi le measunement uncerta'inty i s concenned wi th the

ass'ignment of quanti tat jve values to the system parametens

(Rowe , 1977) . Extennal uncenta'inty nelates to the Knowledge

of othen dec j sions wh'ich may have nelevance to the pnobìem

at hand, but which ane outsjde the control of the

decisjon-maKìng gnoup. Rowe (lgll) descnìbes anaìyt'ical
uncentainty as stemming f nom the jnabì l'i ty of pnedict jve

tools (e,9. models) to f ai thfuì 1y nepresent real i ty.

Risk assessment attempts to quantify predictjve
uncentaintjes through pnobabi listic estimates of I iKelihood.
Rowe (1977 ) notes that jn some ìnstances, most notably jn

the field of stochastic uncentaìnty, pnobabj lities may be

denived fnom historjcal ìnfonmatjon using conventionar

statistical techniques. In many cases, however, data bases

ane'inadequate to enable such calculatjons to be penformed.

New technologìes on nare events commonly lacK substantjve
histonical data bases which can be used to estimate the

probab'i l'i ty of occunnence values. Thus, the estimation of
the ljkelihood of occunnence fon such systems must tunn to
othen means, spetzìer and stael Von Holstejn (1975) suggest

the use of judgemental pnobabjlities in such cases,

uludgemental pnobabi I i ties ane anrived at by the use of
pnobabjljty theony to summanjze the judgement of expents on



the occunrence of an event, on the accunacy of a scientjfjc
hypothes'is. Despìte the inhenent uncertajntjes, risk
anaìyses encompassing rane events can pnovide useful
information fon decis'ion-mal.<ers who are faced wi th decisions
that must be made before, nathen than after the fact.

3.5 THE SCOPE ÀND PROCESS OF ENVIRONMENTAL RISK MANÀGEMENT

copi ng wi th envi nonmenta l n i sk has been an i ntn i ns i c

aspect of life for al I socjetìes thnoughout hìstory. Since

the natunal envjnonment js not totally benìgn, and man's

undenstand'ing of j ts wonKing mechanjsms js fan f nom

complete, the pnocess of procuning a living necessani ly
i nvolves r i sJ<.s or adverse env j ronmenta I consequences . Thus

in the seanch fon the envinonmental goods negarded as

necessary to'impnove social weì'l -being (e.g, food, energy,

naw matenials), thene wi I I be associated envinonmental

costs, some of which wi l l be obsenvable, some carculable,
and some unKnown. Kates (1977; 1g7B) and Bunton et al,
( 1978) note that al I societies, negandless of thein state of
scjentific knowledge or technological deveìopment are faced

wj th envi nonmental costs wh jch must be pa'id in netunn for
environmental goods. All socjal groups have evolved ccping
mechanisms jn onden to live wjth envjronmental risl.r (Kates,

1977). Figune 2 descrjbes this nelationshìp jn s.imple,

diagrammatìc tenms. F'igune 2 also shows that envjronmental

nisks ane the unintended, but jnevjtable by-pnoducts of
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resounce expÌoi tat ion, wh'ich i tsel f i s the outcome of
stniving fon a betten I j fe. Figune 2 also impì ies that the

terms envjnonmental ìmpact and envjnonmental njsK ane

broadly sjmiìan. lrr/hyte and Bunton (1980) and the council
for science and Socìety (lgll) note that, conventionarìy
speaking, impact is the outcome and nisl< is the pnobabì l'i ty
of occunnence, The col I ect'ive phnase, env'i ronmenta I n j sK i s
often used to expness both an advense event and j ts
ljt<eljhood of occunnence, The term envjronmental impact

assessment (EIA) js now being incorponated in the mone

'inclusive concept of envinonmental n jsK management. The mone

specific term njsK assessment, on the calculatjon of the

prcbabilities of hazandous consequences of centajn counses

of action, is also encompassed wj thin the nisk management

concept (l,rihyte and Bur ton , 1 980 ) . lr/hyte and Bur ton ( 1 gB0 
)

po'int out that the advantage of this fusion of tenms Iies in
the I'inKage between analysis and contnol, fon the not jon of
njsK management incìudes the jnstj tutions and negulations

designed to cope wjth njsk, as welì as the techniques for
calcuìating it. Envinonmental 'impact assessments are

reganded pnìnc'ipal ìy as analytical account'ing devices, wh j le

r jsk assessments ane vjewed mone as modeì l'ing and balanc'ing

mechanisms, Fìgune 2 also indicates that environmental nislr

management encompasses the linKs between socjal and

technologìcal processes (abi I j t jes) , the appì ication of
these pnocesses (activj tjes) , and the effect on socjal
we I 1 -beì ng i n tenms of net ga'ins (somet imes nef enned to as

risk-benef j t analysi s ) .
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ïhe task of envjnonmental nislr management identifjed jn

F'igune 2 js descrjbed jn mone detajl in Figune 3,

EnvinonmentaI nisK management js the seanch for the safest
route between social benefit and social loss, and is often
neganded as a balancìng pnocess in which d'i f fenent
combinatjons of njsKs ane companed wj th vanjous benefjcjal
outcomes (Tunnen , 1985 ; Kates , 1978; tirlhyte and Bun ton,
1980), in general terms, env'inonmentar nisK management

consjsts of four components whjch, 'in any gjven jnstance, do

not necessaniìy follow each other jn a logicaì sequence.

These are: nisk identi f ication, nisk estimation, risl<,

evaluation and risk contnol.
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3.6 RISK IDENÎIFICATION

R jsk jdent j f ication is the act'ivì ty of necogniz.ing that a

specjfic hazand with defjnable chanactenistjcs exjsts. Some

nisks can be neasonably weìì anticipated, based on

expenjence. In such cases, pnoceeding to the analys.is stage
may be stnaightfonwand, 0ther nisks, as chanactentzed by

the introductjon of a new technorogy, pnoduct, chemjcal or
the combination of such vaniables in a henetofone untested
geogn aph'i ca I area , f or wh i ch no ì ong - tenm recond of
envinonment-nelated data is available, may be jnjtially
identified as risl<s thnough a fonmal jzed pnocess of testìng '

and scneen'ing aga'inst specjfic cnjteria (o,Riondan, 1g7g),

A brief ment'ion should be made of "scoping" in nist<
'identjficat'ion. s'ince rjsK assessment js an expensjve and

time consuming pnocess, it is considened impontant to
delìneate the impontant aspects of the analysis, specìfyìng
appnopniate boundanies to be considened. it .is unlikely,
howeven, that even jn the most sophistjcated studjes, alì
the relevant nisl<,s wi I I be identi f ied, 0,Riordan ( 1g7g)

notes that an extremely'impontant featune of the rist<
ìdentjfjcatjon phase is the seanch fon second onder risks,
namely the risfrs associated wi th the technologies and

techniques deveìoped to neduce the fjrst onder penceived

nisks, The fact that nìsK chains need to be considered,
I jnKs the foun components of nisk management jn a cyc'l ical
manner as pontnayed jn Figune 3,
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3.7 RISK ESTIMÀTION AND ANÀLYSiS

Rjsl.< estjmatjon ìnvolves the modeìling of njsk causes and

pathways, the pned'ict jon of I jkely consequences, and thei r

distnibutjon jn space and time. The analysis component'is

the discìpl jne of the natunal sc'ientist. 0'Riondan (1979)

suEgests that as a finst step, a concept must be deveìoped

fon the total envinonmental system in questjon, including
jts components and intennelationsh'ips. Scjentjfic
jnfonmation is then used to quantify the concept. 0'Rjordan
(1979) po'ints out that quantif icatjon of the concept of the

envinonment js usually achieved via a modeì, covening the

signj fjcant aspects of the nelevant cause-effect
relationships, 'incìuding those of sounce, necepton, exposure

susceptibì ì i ty and dose nesponse. Thnough the appl jcatjon

of this model to assumed initjal boundany conditions, the

n jsk of al tennat'ive actìons, or of test scenanìos, may be

estimated (0'Rjondan, 1979). 0'Rjordan (1979) and l,vhyte and

Bunton ( 1980) note that the validity of thjs pnocess js

dependen t upon adequa te peer rev i ews and mode 'r va r j da t j on .

some components of cause-effect may be undenstood wer r

enough to be considered detenministic (nendening thein
modeìl'ing straight forwand); howeven, in many cases one is
confnonted wi th uncer tai nt i es i n parameten va I ues , j n

occurnence of events, on in the pnesence on absence of
speci fic featunes (0'Riondan, 1979) . such uncentaintjes
would be incorporated into nisk analys'is by assignìng
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probabì I i ty distrjbutions to them, where these djstributions
would nepnesent the judgement of indivjduaìs knowìedgeab le

reganding the pnoblem, It should be noted that the choice
of pnobabi I i ty dìstnibutjons can also jntnoduce ennon into
the analysis. Kahneman et al. ( rggz) note that thene js a

gnowing literatune on how one may obtajn, and use,

judgemental on subjectìve pnobab'i I ì ty jnfonmation.

Rowe ( 1979) identj fjes the pnocess of nisk estjmatjon as

bejng composed of fjve steps: jdentjfication of the cause

of the njsk,; measurement of jts effects; detenmjnation of
risK exposune; definjtjon of the consequences of exposune to
the n'isk and the value of the consequences of exposune to
the risl,<. These five steps are illustnated in Figune 4.

The finst step in Rowe's ( 1979) model js the

identjficatjon of causative events, on events whjch create a

pnobabi ì ì ty of n j slr occunrence. Each causat i ve event may

lead to several possjble outcomes. In the second step, the

outcomes of causative events ane defined, and the.in relative
pnobabilities detenmined. Rowe (lgzg) notes that the

causative event and outcome do not of themselves constitute
risK, unti I the exposune of humans, instj tutions, and the

natural envinonment is considened. The pnobabj I istjc
relationships between events and thejn outcomes can be

measuned thnough empinical experìments, statistjcal des.ign

of experiments, and hypothes'is testing. Rowe ( lgzg) points
out that if such expeniments nequìne exposune of humans on
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of the envjnonment to n jsK, then the risk of conduct'ing the

experiments must also be evaluated, The third step jn rjsk
estimation, as outlìned by Rowe ( 1g7g), ìs to define
exposure pathways, the means by whìch njsks are transmitted,
The pnobabìljty of vanious exposure pathways and of
nesultant exposunes are aìso detenmined in the thjrd step of
njsk estjmatjon, Rowe ( lgzg) states that the founth step jn
n jsK estimation 'is the def in j t jon of the possìble

consequences of risk exposune and the determjnatjon fon each

nislr, the pnobabi f ity that such consequences wj r r occun.

The fjfth and final step jn nisk estimatìon (as pnoposed by

Rowe ( 1979) ), is the considenatjon of the varue praced by

the affected jndjvjduals on the consequences of risk
exposure.

The pnobab'i I j ty of nist<, occunnence, and the varue praced

on n jsl.r consequences by af fected ind'ivjduaìs, wi I I detenmine

govennment and pub I 'ic nesponse to at tendant n j s}<s . Thus ,

the process of nisl< estimation requjnes two basjc
detenmjnatjons: a consequence pnobabi I i ty detenminatjon and

consequence value determi nat jon,

Rowe ( lgzg) notes that estimated nisk cannot be fuì ìy
equated wj th actual n jsk because probabi l.i ty and

consequences may be jnexact. The pnobabiiity that a

consequence wjll occur may be determined by dinect
obsenvatjon of repeated tnials of a causative event. Rowe

(1979) points out that when the numben of tnjals js large,

-44



'RO?AOILITYDCTERHIIIATIOII

I .o*rrorrr..
) vr¡.ur

J 
ocrenurrrrron

DEF|lilTlONr C
PROPAEILITY OT COHIIOUGIICI
occuR REIcE

OPAAILITY OT PATHWAY

0ErtNllloN.
PROPAEILITY
OCCURFENCE

VALUC OT
coltSE0uEltcE

AllO EXPOSURt

0EFtlilTt0tt.

ouTco uE tt I

CAUgATIVE
EVENTIsI

coil3 E0uEilce
VALUE lSl

coñ9EauEilcEl3l

EXPOSURE

I HYPOT}IEtI3

L'gg,:- -

TI

toc-'
o

f
(o:t
\¡O
(o
'-Tlo-t

o'o
on
U,

o-tt
1
3nx
o
v,É

Êr
.-F

oJ

Þ
{l
a+
o
I
n
o
€
o

o
o
t-

¡¡¡
E

x
gt

E

I

à
ul
I



the est imate of pnobabi I i ty i s appropr i ateìy termed

objective, because i t nepnesents an empjnicar estjmation.
Al ternately, j f probabi l'i ty estimates ane made on the bas js

of one on a few tnjals (on by conjectune), then the

nesu'l ting pr-obabi ìity est jmate is subject jve. Rowe,s (1979)

defjnj tjons of subjective and objectjve pnobabi ì i ty compane

wjth classical definitions neconded by collocott and Dobson

(1974). collocott and Dobson (1974) define subjective
probabi I i ty as a f igune (between zero and one) ass'igned to
an event based on pensonal views as to whethen on not the

event will occun. Rowe (lszg) points out that between these

extnemes I jes anothen estimate, synthesjzed probabi ì i ty.
Rowe (1979) oetines synthesized pnobability as that fon

which the pnobabi l'i ty of a consequence is not measuned

dinectly; rather, it js extnapoìated fnom the objective
pnobabjlities of causative systems that ane expected to
behave simi lar ìy.

Rowe ( 1979) states that a range of centajntjes also
exists jn calculating consequence values. Objective
estjmates of consequence values consist of consequences that
ane djnectly obsenvable and measuneable, thus enabling the

consequence value to be explicjtly expressed. subjective
consequence values, on the othen hand, ane encountered when

the consequence value of a partjculan nisl.r agent depends

entjneìy upon the pensonal vaìue system and the situatjon of
those affected by the risks. Rowe ( lgzg) notes that between
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these two extnemes I ie value est'imates, on obsenvabre

consequence values. Rowe (1979) describes value estjmates

as those 'in which the behavional nesponses of groups in
soc'iety to objective on subjective nisK consequences ane

ascentained and measuned by the study of actual behavions.

The nelationships between the natune of pnobability and

the natune of consequence, both of which range fnom

objective to subjective, ane illustnated jn Figune 5.

Pnobabìlity is diagnammed vent'icalìy, and consequence

horizontal ly. Figune 5 j 1 lustnates how vanjous combjnations

of pnobabi ìity and consequence define njsk, Thus, the

comb j nat ions of pnobabi 1 i ty and object ive consequence def .ine

objective risk. Rowe (1979) notes that most scientific
studies of nisk have concentnated on objective risKs,
because such ri sks ane the s'imp I es t to def i ne and measune.

Rowe ( 1 979 ) staies that synthes tzed probabi 1 ì ty and

obsenvable risk define an anea termed modelled n'isl<.. Such

njsKs ane nej then dinect ly obsenvable nor objectìve, Thus,

the usefulness of computìng model led nisk is dependent upon

the degnee to whjch the mode'l conresponds to neaìity,
Figune 5 indicates that al I othen nisks are subjective
because they are computed on the basjs of subjectjve
est'imates, subjective valuations, on both, Rowe (lgzg) sets
fonth that the science of nisk estimation has tradìtionalìy
used scient'if ic expeniments and empi n jcal measunements to
compute ob ject i ve n i slr. Recent 1y, the concept of
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synthesized pnobab'i l'i ty has been developed and uti I ized
extensìveìy (t¡J'inKlen, 1982) .

Rowe (1977 ) notes that thene ane sophjsticated methods,

such as ManKov chain anaìyses fon 'integrating pnobabj list jc
varia.t jons jnto risk mode'l l ing, He poìnts out that wh j le
such soph jst jcated modeì l'ing tools exist, of ten, simpìen

events (fault) tnee analyses ane used jn rjsK assessment.

In event tree analysis, a specjfjed decjsion, on event js

considened to bnanch out into a finite numben of possjble
outcomes, each wi th j ts own pnobabi ì i ty of occunnence as

determined f nom the subject jveìy detenm'ined pnobabi I i ty
distnibutions (slov'ic et â1. , 1gB0) . The I ikel ihood of each

hazand is then given by the pnoduct of the pnobabjljtjes
along ì ts particulan branch.

To summarize: risk estimation is the scienti fic
determination of the chanacteristics of risl<.s, in as

quant j tative a f ash jon as poss jble, Quanti tat.ive n jsk

estjmation techn'iques may jnclude the estjmatjon of the

magn j tude, spatìal scaìe, dunation and ìntens'i ty of adverse

consequences, and thei r associated probabi I j tjes, as wel I as

a description of the cause and effect r jntrs of the rjsks in
questjon. The uj timate goal of njsK jdentj fjcation and

estjmation is to undenstand the envjronmental system and its
complex pathways and pnocesses thnough which njsks occun.
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3.8 RISK EVALUATION

Rist< evaluation is the central tasK of risk management

for i t jnvolves not only the socja] judgement of n jsks as

identifjed and estjmated, but the balancing of such njsKs

against perceived and/or estimated, social ga'ins (0'Rjordan,

1979) . The weighting of al ternatjves is the heant of the

njsk evaluation pnocess. One cannot evaluate njsK wjthout
cons ì der i ng human nesponses . Man j s by nature n.i slt

avens jve, tendìng to avo'id acts on s j tuations whose

consequences may threaten, among other things hjs health and

safety, The risk avensive natune of soc'iety, together wj th

an ìncneasìng awareness of new nisks cneated by novel

technology and deveìopment endeavons, have focused attentjon
on techno'logìcaì risl<. The gnowth of public awaneness and

concern fon nisk js pnobably jnneversjble because the

[<nowìedge nequjned fon technology assessment and njs]<
jdentification is now avajlable to all Ievers of society.
cons'ideratjon of socjetal rjsl<. is becoming an accepted pant

of technolog'ical decìsions. Consequent ly jncneased

negulatony attentjon js now focused on risk assessment.

Rowe (tgzg) suggests that a methodoìogical appnoach whjch

assures a reasonabìe perspective in evaluating nisl< js

necessary 'i f a government's negulatony appanatus js to

openate nesponsìbly and v'isibìy.

Tunnen (1985) states that a f igune nepnesent.ing a

quantjfjed rjsK lacks mean'ing unless it js compared to a
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njsl< measurement scale. Tunnen ( 1gB5) suggests that such

comparisons fon the treatment and assessment of
envinonmental hazards may be of foun Kjnds. In the case of
elevated risk, the risK value js judged against those whjch

occun natunally in the envjnonment, on those that have been

envjnonmentally tolenated for an extended period of time

without ill effects. Balanced njst< sìgnifjes that the rislts
are companed with those assocjated with altennatjve ways to
achjeve the same objective, or altennatery, that the njsKs

associated wjth an actjon ane balanced agaìnst the njsks of
not tal<ing such action. companative njsk on the othen hand,

nefens to comparjsons wjth othen njsks whjch ane not tnue

al tennat jves, but lend a sense of rerat jve s'ign j f jcance.

The founth and most commonly used approach js n jsl< benef .i t,
the comparìson of nist< wjth the gain to be made, Thene are

several analytìcal technìques (such as multi-attnibute
ut j I i ty analys'is ) wh jch have been deveìoped to ass jst jn

njsK benefjt comparjsons. Slovjc et al. (lggl) note that
desp'i te the problems jnhenent in attempting n j sk benef it
companisons (e,g.diffìculty'in balanc'ing the units and

compnehensiveness of both sides of the companison,

vaniations in time scales of nisk and benefit, social
sepanation of those who ane at n'isK fnom those who ane to
benef i t , etc. ) , the pnocess 'is cons i dened to provì de

valuable 'input to dec js jon-making as i t provides a summany

ovenview of the issues.
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RisK evaluation is centnal to poìicy detenminat'ion; it
provìdes pol icy-makens wi th a systemat'ic ana lysìs of the

issues and the j n uncertaint jes in as quanti'tat jve a f ashion

as pcssible, Decision-malrens must weigh risK evaluation
infonmation a long wi th avai lable Knowledge nespect'ing

economic, soc'ial and political factors to reach solutions,
and to orchestrate actions,

3.9 RISK CONTROL

RisK ccntnol is the implemention phase of njsl<.

management, the stage whene executive action 'in the fonm of
regulat jon, moni toning, enforcement and re-evaluat jon tal<,e

p1ace. Ideal ly, these tasKs ane undertaken fol ìowjng an

extended process of neseanch, consultation and judgement.

In Canada, the Fedenal Envinonmental Assessment and

Revjew Pnocess (jnsti tuted by Cabinet memonandum 'in jg73 and

subsequently amended) pnovides fon a survey of proposed

activjties whjch may impact on the environment. Thus the

Federal Envinonmental Assessment and Review pnocess senves

the function of a federal envinonmental risk contnol tool in
Canada.

Clean ly, o j I and gas explonation and deveìopment

openatjons, onshone and offshone, and transportation of
petroleum pnoducts by'land on by sea, or by tanker on

pipeljne fall withjn the categony of proposed development
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actjvjties which may impact on the envjnonment. Offshone

hydnocarbon deveìopment in the Beaufont Sea/ Mackenzie Delta
Regìon was refenned to the Fedenal Envjnonmental Assessment

and Review Pnocess (fnnp) in 1gB0 with the establjshment of
the Beaufont sea Environmentar Assessment Review panel

( BEARP ) ( Federa I Envi nonmenta I Assessment Revi ew 0ff i ce,
1984). The punpose of the nevjew was to facj litate a fonmal

pub'l ic assessment of the possible environmental and

socio-economic impacts of the pnoposed Beaufont

sea/Macltenzie Del ta Region o'i r and gas developrnents.

3.10 SUMMARY

individual and societal nesponse to hazands'is
multi-detenmined. Political, social, economic and

psychoìogical f actons al ì interact wi th technical
feasibility 'in complex and poonìy undenstood ways. The

d jsc'ip1ìne of environmentar r jsk management through j ts
various pnocessess (risK identjfjcatjon, nìsK estjmatìon,
nisk, evaluatjon and nisK contnol ) attempts to arnjve at a

consensus on the best noute between social benefìt and

envinonmental njsk. Envjnonmental njsk management is
intended to enhance the quality of envinonmental

decisjon-making thnough the use of analytical techn.iques

whjch integnate scientj fic jnfonmation wj th consideratjons
of economic and social values.
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Chapter IV

PERCEPTION OF RISK

4. ]- PREAMBLE

The ab'i l'i ty to sense and avoid hanmf uì envi ronmentar

conditions js necessary fon the sunvival of all ìiving
organjsms. sunvival js also aided by an ability to cod'i fy
and leann fnom past experience. Humans have an additjonal
capabi li ty which al lows them to alten the environment as

well as nespond to it. This capacity both cneates and

neduces n i sk.

in recent decades, the widespnead development of new

industrial pnocesses and technoìog'ies has been accompanied

by the potentjal to cause catastrophic and long-lastìng
damage to the eanth and jts life fonms. The mechanisms

under ì yi ng the comp I ex techno I og'ies ane unf ami r i an and

ìncompnehensible to most citizens. Thein most hanrnful

consequences ane rane and often delayed, and ane hence

dif f icult to assess by stat'istical anaìys'is, and not wel I

suited to management by trjaì and enror, The elusjve and

diff icult to manage qual jties of today's hazancls have fonced

the cneation of the dìscipl jne termed n jsl<. assessment. R jsk

assessment is intended to a jd in the identi f icat.ion,
charactenizatjon and quanti fication of rjsK.
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Mjheneas technologìca l ly sophisticated analysts employ

nisl< assessment to evaluate hazands, the majonity of
c'i tizens neìy on intuitive risk judgements, typ.ical ly
nefenned to as nisfr pencept jons. For these people,

experjence wjth hazands tends to come fnom the news medìa,

which nather thonoughìy publjcjze mìshaps and thneats
occurning wonldwide. The dominant penception of most

Americans (and one whjch contrasts shanply with the vjews of
pnofessional rjs]<. assessons), is that they face mone risk
today than in the past, and that futune rjsl<s wjll be even

gneaten than today's (slov'ic, jggT ) . slovic ( lgaz ) notes
that sjmilar views appean to be herd by cjtizens of many

othen jndustnial ized nat jons. penceptìons of enhanced r jsl<.,

as a consequence of the Proponent's deveìopment pnoposal fon

the Beaufont Sea/Mackenz je Del ta Reg'ion wene widely held by

northenn canadians. These feans, along with many othen

concenns wene repeatedìy vo'iced by repnesentat jves of the
vanious staKe-holdens in the Beaufort sea Env.inonmental

Impact Assessment and Review process. slovic ( lggz) asserts
that these pencept'ions, and the oppos j t jon to technology
that accompanies them, have puzzìed and fnustnated
'industrialists and negulators, and have red numenous

obsenvens to argue that the Amenican publjc's appanent

punsui t of a "zeno-nisl< soc'iety" thneatens the nation, s

poì ì ticai and economjc stabj I i ty.
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During the past decade, a small numben of reseanchers

have attempted to examjne the op jn jons of peop'le when aslred,

in a vaniety of ways, to evaluate hazandous activities,
substances , and technologi es . Th'is neseanch has at tempted

to deve l op techn'iques f on assess i ng the comp l ex and subt l e

opinions wh jch peopìe have about n jstr. Iil j th these

technìques, neseanchens have sought to djscoven what people

mean when they say that something is (on is not) "risKy",
and to determine what factors undenlje those perceptions.
ïhe basic assumption underlying these effonts is that those

who pnomote and negu'late health and safety requ jne an

undenstanding of the ways in wh'ich peopre thjnk about and

nespond to risK. If successfuì, this reseanch shouìd ajd
policy-makens by ìmpnoving communicatjons wjth the public,
by dinecting educational effonts, and by pnedicting publ ic
nesponses to new techno'logies, events, and new rìsk
management stnategies,

4.2 RISK PERCEPTION RESEARCH

Explicjt njsK assessments ane a fajnìy new addjtion to
the nepentojne of intejlectual enterprjses. As a resuìt, the

nisK experts are only beginnìng to neach a consensus on

tenmjnology and methodology. Their communjcatjons to the

publ'ic ane only beg'inning to express a coherent penspective,

to help the publ ic understand the varìety of meanjngs that
risK can have (cnouch and hli lson, 1gB1). Expen jmentaì
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studjes (Slovic, 1979; 1980) have'indjcated that when expent
n j sk assessors ane asl<.ed to assess the r j sk of a techno I ogy

on an undefjned scaìe, they tend to nespond wjth numbers

whìch appnoximate the numbens of neconded or est.imated

fatal jties in a typical year. lr/hen asKed to estimate
"avenage yean fatalìtìes", Iaymen pnoduce fajnly s.imi lar
numbers (Fischhoff et â1., 1gB3). t¡Jhen asKed to assess
"nìsk", however, ìaymen pnoduce qu'i te diffenent nesponses.

Fischhoff et al. ( 1gB3) note that these estjmates seem to
be an ama lgam of thei r avenage year f ata I'i ty judgements 

,

a'long w'i th thein appraisal of othen featunes, such as a

technology's catastroph'ic potential on the equì ty w.i th which
the nisks ane distnibuted.

Impontant contributjons to the cunnent undenstandìng of
risl'r penception have been made by the fields of geography,

sociology, pol i tical science, anthnoporogy, and psychology.

Geognaph'ica I neseanch on igì na ì ry focused on understandi ng

human behavion in the face of natunal hazands, but it has

s'ince been broadened to jnclude technoìog.ical hazands.
(Bunton et al., 1978), sociolog'ical (shont, 1gg4) and

anthnopoìogical studies (Dougras and tr/i ldavsky, 1gB2) have

shown that the perception and acceptance of njsk has jts
roots in social and cultunal factors. shont ( 1gg4) argues
that nesponses to hazands ane medi ated by soc.ia I j nf I uences

tnansmi tted by fniends, famì ìy, fel low workens, and

nespected publ jc of f jcjals. Douglas and h/i ìdavsky (1992)
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assent tlrat peopìe acting wi thin social gnoups mjn jmize

centain nisKs and emphastze othens, as a means of
mainta'ining and contnoì l'ing the gnoup. psychoìogical

neseanch on njsl< perception onigjnated in empirjcal studjes
of pnobabì ì i ty assessment, ut j l.i ty assessment and

decisjon-makìng pnocesses (Edwards, 1g6j), A majon

development in thjs anea has been the discoveny of a set of
mental stnategies, on heunì stics, which people empìoy .in

onden to maKe sense out of an uncentain world (Kahneman et
âl . , 1982 ) . Al though these penceptions may be val id in
specì f jc c j ncumstances, they of ten lead to widely he'ld and

pensistent biases, with senious impììcations for nisK

assessrnent. In particulan, ìabonatony nesearch on basic
penceptjons and cognitjons has shown that diffjcultjes ìn
undenstand'ing pnobabi'l istic pnocesses, biased media

covenage, mjslead'ing pensonaì experiences and the anxietjes
genenated by I j fe's gamb'les cause uncertainty to be denied,
nisKs to be misjudged (sometjmes overestimated and sometjmes

undenestjmated) and judgements of fact to be held wjth
unwanranted confidence (Slovic, 1gB7 ) , Kahneman et al .

(1982) note that expents' judgements appean to be prone to
rnany of the same biases as those of the genenaì pub'l ic,
panticulanly when experts venture beyond the lìmjts of the.in

expenjences and of available data and resont to jntuitjon,

Many debates focus on whethen the njsKs assocjated with a

pantjculan configunatjon of a technorogy ane acceptable.
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S'lovjc et al. (lggO) have found substantial d.isagneements,

not onìy among people belonging to di f ferent population
gnoups, but also withìn gnoups when questions concennìng
particulan technolog'ies ane posed in different ways,

Fjschhoff et al. (1983) note that although such

dì sagreements are of ten 'intenpneted as nef 'lect i ng

conf ì ict'ing social vaìues, or vanying 'ind jvjdual vaìues,
closen examination may suggest that the questjon of what

level of nisK is acceptable may not be beìng addnessed

adequately.

Fischhoff et al. ( 1gB3) state that one does not accept
lisks. Rather they assert that one (or soc.iety as a whole)

may accept options which entaj I advense rjsl< consequences.

l,tJheneven the decjs jon-making pnocess has cons jdened benef .i ts
on othen (non-nisk) costs, the most acceptable option need

not be the one with the least risK. Indeed, Fischhoff et
a I . ( I ggs ) note that one mì ght choose (on accept ) trre

option wi th the highest n'isk j f i t has suf f jcient potentiaì
for compensatìng benefjts. Fjschhoff et al. (1980) assent

that the attnactiveness of an option depends on jts fulì set
of nelevant posj tive and negatjve conseguences.

People who agnee about the f acts negand'ing a technology,
and share common values may neventheless disagree about the

acceptabi I'i ty of associ ated n i sKs because they have

diffenent notions about which of those values are nelevant
to a partjculan decision pnoblem. Thus, when laymen and
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expents disagree about the acceptab'i I i ty of a n'isk, one must

always considen the possibi lity that they ane addnessing

di fferent pnoblems, wi th di fferent sets of al tennatjves,
values on a djffenent set of relevant consequences, Stallen
( 1980) assents that assuming that both ìaymen and expents

have a f u I I undenstandi ng of the 'impl'icat jons of f avoured

pnoblem defjnjtions, the choice among defjnitjons often
becomes a politjcaì questjon.

4.3 RISK PERCEPTION VERSUS RiSK ANALYS I S

Risl.< ana'lysìs is a fonmal method for detenmining the

degnee of nisK, It js concenned wjth the pnobabj ljty of an

event occunning, and with its ìmpacts or consequences, Thjs

requjnes a modelììng of the "rìsK system" fnom the

in'i t'iating event (or cause) through to the f jnal outcome or

consequence. RisK anaìys'is, so concejved, js intended to be

a nat'ional , object'ive, scienti f ic appnoach wh'ich conscious'ly
seeks to exclude emotional biases and vaìue judgements. To

critics who assent that njsk analysts, being human, ane

unable to exclude emot'ions completely and that the mode of
analysis j tseìf inevj tably expresses a varue judgement, the

analysis can be defended on the gnounds that both emot.ional

biases and value judgements can be obsenved in the analysis.
Fonma'l analysis in whjch all assumptions are cleanìy
specifjed provides a manner of showing pnecìsely whene and

how non-natjonal consjdenatjons jntnude, A key argument is
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that whatever the shontcoming of the pnactìce, it js the

analyst's jntention to be objectjve, and that the degree of
objectìvj ty can be enhanced by normal procedunes of
scienti f ic val idation.

The modeì'l 'ing of nisl< systems aìways nequines expì ici t
assumptjons to be made. These always jnvolve a

s'impl i f icat ion of neal i ty for neasons of data ava j ìab.i 1i ty,
lacK of J<.nowledge on ease of calculation. s'implifying
assumptions have to be made both in the anea of natjonal on

technoìogical processes and jn human behavional vanjables,

Risl<. analysis is therefone a technicaily specialized
f unct jon which 'is cann ied out by tnained expents fon othens.
The risk anaìysts calculate the nisKs to which others are

exposed. The analysts may on may not be exposed to the

nisk' in any case, the anaìysts endeavon to exclude
personal feelìngs fnom the anaìysis and to thjntr jn tenms of
"tanget populatjons" or "those at nisk" as bejng othen human

beings. The expenience suggests that thjs is successfully
achieved jn most cjncumstances. This js the maìn strength
of nisK anaìysis. It is also a weakness, in that risk
analysis does not necessanì ìy neflect the emotjons on values
on pnefenences of those at rislr, Some pensons may reject
objective f ind'ings of a r jsk analysis on the grounds that j t
does not neflect thein own pnefenences. The rjsk analysts
can then neply that this is not relevant. 0n the othen

hand, the nislr analysts may necommend a pneferned cho.ice,
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which may then be nejected by the publ ic on by

decisjon-makens fon reasons whjch the analysts considen

complete'ly innationaì, or based on pnejudìce. Rjslr analysts
who achjeve a high degnee of objectivity jn thein wonk ffiây,

howeven, find it diffjcult to project that detachment to the
pub I 'ic.

Ristr analys'is is not Iimited to the est'imation of the
pnobabìlity of an event on sequence of events. It can, and

usually does extend to the estimation of consequences.

Howeven, r'isk analys'is in the stnjctest sense stops at the
boundany whene n'isk acceptabi I i ty comes j nto quest jon. A

good analyst attempts to describe the njsK as preciseìy as

poss'ible, This description can include the levels of
compan'ison of one njsk to othens, on to benefjts on to prion
conditions.

Pnobabì ì ì ty and consequences are thus at the heant of the
nisl< analys'is pnocess. Total risK may be expnessed as:

Rjsk = Pnobability (E) X Consequences

l¡/hen thjs jnfonmatjon js set in a context of companative

nisI<, costs and benef i ts, the choices to be made about

acceptable levels of nisl<. may seem obvious. Risk
penceptjon, howeven, js not as cleanly defjnable.
Penception of risKs by an individual, or by a society is
quite a djffenent matten fnom rjsk analysis. Ris[< may

involve pensonal thneat to 1i fe, ì'ivel ihood on emot jonal
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equi I jbrium, Fon any g jven thneat each jnd jvidual chooses

the dinectjon of hen/his nesponse. The dinectjon and

stnength of thjs response depends on many factons. These

can be cons jdered as thnee sets: f actons perta'ining to the
'individual, to the gnoup, and to society. Individual
factons include such vaniables as the size, soc.iaì, or
economic functjon of the gnoup. The social context nefens

to bnoader soc'ial and economic dimensions and to the class
on gnoup of people at n'isk, the nelatjonsh.ip of risK to
economjc benefjts (such as employment) and the pnesence on

absence of soci a I conf I i ct .

ïo those study'ing r i st< pencept ion there ane no cornect
answers. All penceptions ane valid expnessions of
subjective evaluatjons of lisk. The rjsk anaìyst may pnotest

that such pencept j ons ane not va'l i d , and that they nesu I t
fnom the djstorting jnfluence of emotjonal and other
consjdenat'ions. Thjs, howeven, ìs not how they appean to
pensons at rìsK, on to laymen as penceivens of nisk, The

laymen may wel I jnclude information and assessments pnovided

by n'isk analysts jn thejr own pencept'ions. Laymen typical ly
weigh what the experts sây, and add their own ideas based

upon the indjvìdual, gnoup and soc'ial context var jables

previously discussed,

Thjs does not nenden the laymen's vjew jnvaìid on a

misconception, It sìmply necognizes that the mix of
vaniables in the social assessment of nisl<, includes the
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jntentionaì ìy objectjve analysis of the expents, and the
jntentjonal ìy subjectjve apprajsal of the ìay population,
The laymen's appra jsal js ìmportant because 'i t expnesses the
feel'ings and values of society (on a segment of society).
Feelìngs and values ane an 'integral part of the manner in
which humans nelate to one another, and it is neasonable

that they should be recognized.

Given the djffenent bases and punposes of nisK anaìysis
and nisK penceptions, it is not sunpn'ising that they ane

of ten wicely divengent or. seem to be fundamentaì ly opposed,

lVluch need I ess f nustnat ì on occurs i n pnesent -day socì ety
because nisk analysts tend to expect thejr conclusjons to be

accepted, and because laymen neject nisk analyses as

neglectful of thejr neal feans and concenns. l¡Jhi le n jsk
analysis and nisK penception ane different concepts,

socjetal decjsions invoìving njs[<. ane jnfìuenced by both,

This conclusion does not mean, however, that nisK

analys'is and n jsK penception cannot both be improved. I,vhj le
improvements ane possible, and some convergence between nisK
analys'is and nisk penception may be achieved, d j f ferences

wjl'l nemain. For the lay nisk-pencejven, the magnjtude of
the consequences of nisks nemain larger than the estjmates
of n jsk pnobabi Iit jes, whi le r jst< anarysts tends to avojd
pneoccupatjon wjth the wonst case scenanjo.
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4.4 EMPIRICÀL INVESTiGATIONS

To date thene have been few empjnical investigatjons of
the factons affectìng n'isk percept'ion, Cleanly, mone

contnol led studies ane nequ jned. The lack of avai lable data

f rom contnoì led stud'ies i n canada has meant that i t has been

necessany jn the past to nesort to data of a more general

nature, as avai lable fnom publ ic opjnjon and atti tudjnar
sunveys conducted natjonalìy and negìonalìy in Canada over

the last ten yeans. Thjs sounce of jnfonmat'ion js

supplemented by detai led studjes of njsK penception for
partjcular locations or gnoups of people.

4.5 SUMì'íÀRY

The pnesentat jon to the pub'l ic of jnfonmat jon which js

nelevant to nisl.t analysìs (assessment) is a gneat impedjment

to the appl'icat jon of n jsf<. analysis to EIA. Gnima et al.
( 19Bo ) note that the uncentain and probab j l ist'ic nature of
much of the infonmatjon pnovided by risk anaÌyses

(assessments), as wel I as the mathematical language used .in

rjsk calculations, can nenden njsk analyses (assessments)

thneatening rathen than enl jghtening to the 'layman. The

penception of the utì Iity of nisk analysis in the Fedenal

Envinonmental Assessment and Review Process can be expected

to be enhanced'if the fjndings of nist< studies ane

communjcated to laymen jn clean, unambiguous and

compnehensjble tenms.
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Grima et al. ( 1986) state that funthen neseanch jnto the
"penceptjon of njsK" shou'ld taKe jnto account the

intenweav'ing of the pol i t jcal and psychological elements of
the Federal Envinonmental Assessment and Review process, ìf
nisk anaìyses (a.ssessments) are to become wonthwhi le
additions to the EIA pnocess. If risl<, analyses
(assessments) ane to become a cornerstone of the Federal

Envinonmental Assessment and Review pnocess, it is vital
that the public have a betten undenstanding of the

pnocesses, the methods, the assumptjons and the sounces of
infonmation used in nisk analyses. unt'i I thjs js ach'ieved,

thene can be no expectation that the pubric wiil accept

necommendations and conclusjons based on rjsk analyses. The

acceptab'i l'i ty of the EIA Pnocess i tsel f j s an ìntegraì part
of the acceptabi lity of the nesults of the pnocess. Grima

et al. (1986) note that the pnocess of EIA is one of the

best ways of ensuring that nisks and benefits are

acl.tnowledged, Gn jma et al. (1gBO) also assent that the use

of njsk analysìs (assessment) techniques and concepts assist
in th'is by ensurìng that uncentainties about futune
consequences are not 'ignoned, but ane specif ica'l ly
consjdened, clanified and communicated to the staKe-holders,
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Chapter V

THE BEAUFORT SEÀ ENVIRONMENTAL ASSESSMENT AND
REVIEW PROCESS: A CASE STUDY

5.1 PREAMBLE

This chapter will neview the Beaufont sea Envjnonmental

Assessment and Revjew Pnocess, the development proponents,

envjnonmental ìmpact statement, nelated data-bases and ojl
spiìl nisl<. assessment, As well, a crit'ique and commentary

nespecting nisk analys'is in the Beaufort Sea/MacKenz je Det ta
Region hydnocanbon nesource deveìopment envi nonmental 'impact

statement will be presented. The Beaufort Sea Envinonmental

Assessment Review Panel necommendatjons and the practjcal
aspects of rjsK assessment in the Fedenal Envjnonmental

Assessment and Review Pnocess wilr be neviewed, Genenal

guidel jnes fon the conduct of ri sl< assessment in the context
of envinonmental impact assessment wi r r be set fonth.
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5.2 THE DEVELOPMENT PROPOSAL ÀND THE REVIEW PROCESS

Based upon successf u I expìonat ion dli Ì I'ing nesu'l ts j n the

Beaufont sea/MacKenzie Delta Reg'ion as of i97g, (which

indicated necovenab'le nesenves of o'i I at 120 mi I I ion cubic
metnes and gas at 290 billion cubic metens), the ojl and gas

industny wi th explonation ìnterests in the Beaufor"t

Sea/Mackenz je Del ta Region establ'ished that the recovenable

resenves of hydnocanbon nesounces in the Region wene

suffjcjent to wanrant consjdenatjon fon pnoductjon and

tnanspont to southenn mankets (Dome petnoleum Ljmjted et
â1., 1981). in July, 1980, the Department of indian Af fajns
and Nonthenn Development (DIAND) ini tiated a fonma'l pubì.ic

rev'iew of a proposal for pnoduction of oj I and gas fnom the

Beaufon t sea/Mackenzie Del ta Reg'ion, and for tnanspont of i t
to southenn manKets by pjpeline on tanl<er or both, The

Mjnister of the Envjronment appointed seven membens to the

Beaufont Sea Envi nonmental Assessment Panel between ulanuany

and May, 1981,

An issues seminan was held in calgany, Alberta by the

Fedenal Envinonmental Assessment Review office (FEAR0) in
November, 1980, to jdentify preì'imjnany envjnonmental and

socio-economic jssues associated wjth the proposal, The

seminan was attended by a wide range of potentìal
panticipants in the Panel's neview pnocess, including
nepnesentatives fnom the oil and gas industry, the fedenal

and tennj tonial governments, nonthenn communj tjes, nâtive
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groups and specjal jnterest gnoups (Fedenal Envinonmental

Assessment Revjew 0ffice, 1984), The jssues jdentjf.ied at
the semìnar wene useful in the development of the Draft
Guidel jnes neleased by the Panel jn dune, 1981, to ass jst
the Proponents in the pneparatjon of an envjnonmental impact

statement (EIS). Aìthough oven 40 companies held oj I and

gas leases in the Beaufont Sea/Mackenzje Delta Region at the

tjme of the publ'ic nevjew, the companjes most actjve jn the

exp lorat ion prognam at that t ime, Dome petroleum L jm j ted,
Esso Resounces canada Limited and Gulf canada Resources

Inconponated acted as Proponents fon the purposes of the
pubì ic neview.

Ear ly in the nev'iew pnocess, the pane r opened an of f ice
jn Inuvik and empìoyed a nesident of Tuktoyaktuk to
coondinate Panel activ'i t jes jn the h/estenn Anctic. The

Beaufont Sea Envinonmental Assessment Review Panel received
comments and suggestjons on jts Draft Guidelines jn l.lovemben

and December 1981, at public meetings herd in yukon and

Northwest Tenni tonies communi ties and in calgary. ( Federal

Envjnonmental Assessment Revjew offjce, 1gB4). in February,

1982, the Panel jssued nevjsed Guidelines fon pnepanatjon of
an Envi ronmental Impact statement. These Guidel ines

ccntained many changes fnom the oliginal dnaft as a nesult
of comments neceived at the public meet'ings (Fedenaì

Envi ronmenta I Assessment Review 0ffice, i gB2 ) . The

Pnoponents wene asked to include in thein EIS an analysis of
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signjfjcant jssues, impact predictions, mit'igation and

compensation measunes, enhancement of desjnable effects,
monitoning, Knowledge defjcjencjes and reseanch needs,

nelevant to the development pnoposal . Howeven, ño cnj terja
for the tneatment and assessment of env'inonmenta I hazands ,

upon which the Pnoponents could have stnuctuned thein
analysjs wene set fonth by the Review panel. The lack of
clani ty and defìnj tion jn the Guidel jnes caused consjderable
confusion dur'ìng the counse of actual pneparation of the EIA

as to what in fact was expected of the pnoponents.

At approx'imateìy the same t'ime, the paneì presented an

Inten im Repon t to the Mi n'isten of the Envi nonment . The

Repont summan jzed the Panel's progness to date, outl.ined
futune pIans and provided pnelìminany comments on the
neview process. it also necommended amendments to the
Panel's Tenms of Refenence. As a nesult of the Ministen of
the Envinonment's neview of the interìm Repont, and after
consultation with the Ministen of Indian Affains and

Northenn Development, amendments wene made to the panel,s

Tenms of Refenence. The amendments pnovjded fon a nevjew of
all possible onshore and offshone ojr and gas pnoductjon
f aci I i ties in the canadian Beaufont sea/MacKenzie De'l ta
Region and of tnanspontation opt'ions for oi I and gas to
southenn manl<ets . The Pane] was i nstnucted to aslr for
pre'l ìm'inary design jnfonmation on pnoduct jon concepts, and

fon a statement of the pnemjses upon which desjgns were
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based. Ihe Tenms of Ref enence exp ì 'ici t l y stated that
jnfonmation submjtted by the Pnoponents should descrjbe and

just'i fy any statements i nvolvi ng concept vi abi I 'i ty or r j sk

analys'is of pcssible fai lune. Thus, fnom the ìncept jon of
the envjnonmentaì neview it was an accepted fact that nisk

analysìs (assessment) was to play a pivotal nole jn the

del ineation of envinonmental hazards,

The Panel was instnucted in its Terms of Refenence to
take jnto considenatjon pnevious and possjble futune

northern activi ties which would be nelevant to the

development pnoposaI submitted by the Pnoponents (.,g. the

MacKenzje val ìey Pìpel ine Inquìry, the Norman I¡Jer rs 0 j I

Expans'ion Pnoject, the Arctic Pi lot Project, Lancasten Sound

Exp ìoratory Dri I I 'ing, the A I aska Hi ghway Gas p'ipe r i ne, and

the Senate Commi ttee Report on Northenn pipel ines) .

Furthenmone, the Panel was instnucted to cons'iden the

capac'i ty of governments to contnol Beaufont sea oj I and gas

development. The Panel was also instnucted to maKe

necommendat jons nespect'ing the need fon subsequent pubì ìc
nevjews of any aspects of the pnoposed development (Federal

Envinonmental Assessment Review 0ffice, 1g84),

In November, 1982, the Beaufont Sea Envjnonmentaì

Assessment Review Panel received the Pnoponent,s EIS,

Subsequent to a 90 day fonmal public nevjew peniod, duning

which the advice and comments of 36 Intenvenons and

Technical Specjalists wene consjdered, the Panel detenmjned
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that add j t jonal infonmat'ion was requined. The panel issued

a Defic'iency statement thnough DiAND to the Proponents jn

Manch, 1983, The Pnoponent's nesponse to the Def ic'iency

statement, the EIS supplementany Infonmation, was submjtted

to the Panel in June, 1983, In August, 'lgB3, af ten

neviewing the EiS Supplementany Infonmation and 20

intenventions, the Panel establ ished that the Pnoponent's

subm'issions conta jned suf f icient infonmat jon to pnoceed wi th
pub f ic sess ì ons , The pub'l jc sess i ons wene to be f onums he I d

in northenn and southenn communities to discuss and considen

the environmental and socio-economic effects of the

pnoposal,

The pubìic sessions were completed in Decemben, lgB3,

aften whìch the Panel deliberated on all mattens brought

befone it. The Beaufont Sea Environmental Assessment Review

Panel publ jshed i ts fjnal nepont tj tled "Beaufont Sea

Hydnocanbon Pnoduction and Tnanspontation pnoposal" jn July,
1984. The Repont discussed potentia'l effects, both positive
and negatjve, upon the physìcal, biologìcal, and

socio-economic envi nonments ì iL<e1y to be af fected by the

Proponent's pnoposed deve'lopments, The Paneì, s Report

necommended how advense effects of the pnoposed development

could be contnolled on avoided. The Repont aìso included

conments on the capab'i Iity of govennments to control
Beaufort sea hydnocanbon development, such as envjnonmental

regulatjon and on the need for subsequent neviews (Fedenal

Envinonmental Assessment Review 0ffice, 1gB4) .
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5.3 THE ENVIRONMENTAL IMPACT STATEMENT

The Pnoponent's envinonmental impact statement, aìong

wj th the 37 suppont documents and the EIS supplementany

information, constitute one of the most complete

envinonmental and socio-economjc neviews compiled in Canada.

The EIS consjsts of appnoxìmately 2,000 pages jn seven

vo I umes .

in nesponse to the Review Panel's EIS Gujdel'ines, the

development pìans described jn the EIS forecast a possjble
range of events to the yean 2000. The Pnoponents, jn

submissions to the Beaufort sea Envinonmental Assessment

Review Panel, descnibed a range of options and scenarios for
oil and gas pnoduction and tnansport fon the Beaufort

Sea/Mackenzje Delta Region. The options presented wene:

tnanspont of hydnocanbons to southenn manKets by an overland
p'ipel ine along the Mackenz je val ìey f nom R jchands Island in
the Mackenzie Delta to Edmonton, Albenta (both small and
'lange diameter pjpelines, pantially elevated or burjed wene

considered); on tnanspont of hydnocarbons via ìcebneaking

tankers thnough Parny channe'l and Davj s strai t to eastenn

Canada; on a combination of the above transport optjons
(F'igune 1). The number of tankers and/on the d'iameten of a

pipeline would be determined by the nate of pnoduction of
hydnocanbon resounces achieved in the Beaufont Sea/Maclrenzje

Delta Reg'ion, In addj tion to the tnansportation systems,

man-made offshone islands, or othen types of platforms wene
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pnesented as opt'ions to pnovide the foundat jons fon dr j I ìing
systems, productjon wells and assoc'iated pnocessìng

faci I j t jes offshore. 0nshore pnoduct jon methods would be

simi lar to those used in southenn Canada. Production

estjmates by the Pnoponents nanged fnom oil pnoductjon

levels of about 15,000 cubjc metnes/day to 200,000 cubjc
metnes /day (Federal Envinonmental Assessment Review Offjce,
1984). The Fedenal Environmental Assessment Review 0ffice
( 1984 ) nepont notes that expìonat jon nesuì ts obta'ined by the

Pnoponents suggest that productjon nates towands the lowen

end of the above range could be expected.

The environmental impact statement pnepared by the

Pnoponents concentrated on the fjnst five yeans of
development, nathen than on long term plans, because such

plans ane mone susceptible to extennal factons such as

government po I 'icy, commun i ty i mpacts and the nesu I ts of
moni toning programs (Dome Petnoleum Limi ted et â1. , 1gB2) .

The Pnoponents' 37 EIS support documents provide nelevant

infonmatjon ìn support of the EIS,

Punsuant to the Gujdelines for Pnepanation of an EIS

publ'ished by the Beaufort Sea Envjnonmental Assessment

Review Panel fon use by the Proponents, the Pnoponents

undentooK extens'ive neseanch on oi I sp'i I ls and nisk as a

consequence of the pnoposed development actjvities jn the

Beaufont sea Region. The entjre contents of Volume 6 of the

EIS ti t led Accjdental spj I ìs is devoted to the examination
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of the occunnence, pnevention and behavion of oi I sp'i 1ls in
the arctic envjnonment, 0jl spììl nisK assessment

(analysìs) 'is discussed thnoughout the Pnoponents' EIS in
van ious contexts,

5.4 RELATEÐ DATÀ-BÀSES

The need for ìncneased Knowledge negarding Canada's

Arctjc has been enunciated for more than a centuny. To

mention a few advancements, the Fnankljn Expeditions, the

Canadian Arctjc Expeditions 1913-'18, the Geologìcal Sunvey

of Canada's Openation FnanKììn, and the necent govennment

and petnoleum jndustny's envinonmental baselìne studjes have

each contnjbuted to the Anctic Knowledge data base.

Hcweven, ìn consideration of the size and compìexity of thjs
vast negion, much remajns to be leanned.

In necent yeans, several pnoposals have been advanced fon

delivery of anctjc oiì and gas to southern marKets. These

include the tnansport of oil and liquefìed natunal gas fnom

the Alasl<,an North Slope, the tnanspont of ojl and l'iquefied
natunal gas fnom the Lancaster Sound Region, and, the

delivery of liquefied natunal gas and methanol fnom the Hìgh

Anctic Islands, Funther pnoposals can be expected, as

pnevalent economic and political condjtjons favoun

expïonation and development in arct jc neg'ions. Al though the

pnoposed pnojects vary in mode (tanl<er vs. pìpeline), cango

(oj I vs, LNG or methanol ) , po'int of onig'in (Alaskan Nonth
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slope vs. High Arct'ic Islands) (Macxenz'ie var rey p'ipeì ines

vs. Northwes'r Passage TanKer ) each na jses simj Iar jssues.

These include the exencjse of soveneignty jn the Anctic, the

development of a merchant marine, the pnotectjon of
envjnonmentally signifjcant aneas, the thnust of enengy

pol icy and the ìmpact on nat jve peop'les, etc. The

impìications of each of these projects tnanscend thejn mene

function, the pnoduction and tnansport of hydnocanbon

nesounces tc manket, to assume national impontance,

Development pnoposaìs such as the Mackenzje Valley
Pipeline, the Anctic Pilot Pnoject, the Nonman h/ells
Pipel jne, the AlasKa Highway Gas P'ipel jne and the Lancasten

sound Regionaì study have each included a consideratjon of
nisK assessment (analysìs), None of the proposars, however,

has achieved the level of formalized nisK assessment

(anaìysis) as it was presented 'in the Beaufont Sea/MacKenzje

Del ta Deveìopment Pnoposal . Thus, al though much useful
j nf onma t i on has been assemb I ed concenn'i ng the r i sKs j nhenen t
to the development of the Nonth's hydnocanbon potentiaì,
much of the infonmation is of minimal nelevance to the case

at hand, except as backgnound jnfonmation.
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5.5 OIL SPILL RISK ASSESSMENT

The purpose of oi I spì I I rjsK assessment fon the Beaufort

sea/MacKenz'ie Del ta Region Envi nonmental Assessment and

Review, as set fonth by the Fedenal Envinonmental Assessment

Review 0ffice was two-fold. Risk assessment studies wene to
provide numen jcal est jmates of the n jslr of an oi 1 sp'i ì I

assocjated wjth each component of any pnoposed product'ion

and transpont system. Such numenjcal est'imates were to
pnovide an jndìcation of the types of accidental spi I 1s

which would be most l'iKely to have potent'ially serjous
envi nonmenta I effects.

The assessment of oi'l spi I ì nisKs for the Beaufort

Sea/MacKenzie Delta pnoductjon and transport pnoposal

involved the use of analogous hjstonjcal data obtained fnom

other oi I pnoducìng negìons of the worlci. The Beaufont sea

Envinonmental Assessment Review Paneì Report ( 1984) notes

that 'in many cases, the h jstorical data was den jved f rom

data bases whjch jncluded pnoduction and tnanspont faciìity
data which diffened in age, des'ign, size and cause of
accidents from those assumed for the Pnoponents' pnoposaì.

The data wene mod j f jed (extrapoìated) to ref ìect the

conditjons prevalent jn the arctjc envjnonment, and the

engìneening technolog'ies the Proponents stated they would

emp loy.

- 77



The Beaufort Sea Envinonmentaì Assessment Review Panel

Repont (1984), poìnts out that dur-ing the nisk assessment

s tudi es conducted fon the Beauf on t Sea Env'i nonmenta I

Assessment Review, much of the discussjon focused on

methodoìogìcal issues, such as the menits of vanious

statjstical techn'iques and data bases. Technical experts (on

behalf of both the Pnoponents and the Beaufort Sea

Envi nonmenta I Assessment Rev'iew Pane I ) necogn ized the

I imj tatjons of avaj lable methods and data fon oi I spì I I risk
assessments of the development pnoposal, Nonetheless, it
was concluded that such methods could be used to provide

neasonable bounds fon assessment of sp'i I I f nequency and s jze

( Federa I Envi nonmenta I Assessment Revi ew 0ff i ce, 1 gB4 ) ,

The Panel concluded that the anaìyses pnesented wene

val id only jn descrìbing risk wj thin the range of
possibi I j tjes assumed fon the pantìcular anaìyses, and that
even then, othen factors such as human ennon, enhanced

awareness of nisK, and unfonseen circumstances could

s'ignifjcantly alter the actual risk fnom the pnojected njslr,
in addition, the Beaufont Sea Envinonmental Assessment

Review Paneì nepont (1984) notes that as a nesult of the

conceptual natune of the Proponents' pnoposal, assumptions

wene made as to the location of pnoduction facilitìes. The

Froponents, thenefone, had to base thein risk estimates on

hypothet'ica I scenar ios . hJh j le the Paneì accepted these

scenanios as neasonable, changes in concept couìd
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substantial ly alten the n'isk est jmates pnesented by the

Pnoponents.

5.5 CRTTTQUE AND COMMENTARY ON THE RISK ANALYSTS DONE rN
THE- BEñFoRT mÃÆõREñzrs DELre necroN HyDRocansoN
nusounce DEvpLopl¡eNT ENVIRONUe¡trar, essessMENT AND
REVIEW

It is clear f nom the neview of ava'i lable data that the

Beaufort Sea/Mackenzie Del ta Region deveìopment Proponents

wene conscientjous in identifying and tnying to undenstand

the nisl<,s that could result fnom oil spills in the Beaufort

Sea/Mac}<.enzje Delta Reg'ion as a consequence of hydnocanbon

nesounce development and tnanspont. Howeven, in ìight of
pubìicly avajlable jnfonmation, the evidence presented by

the Pnoponents in the envjnonmental ìmpact statement was

insuf f icient, and tended to gloss oven or avoid pnoviding

the publ jc wi th quanti tative estimates of the probabì I i ty
and location of vanious pnojected spi l ls.

In theory, mathematical njsk anaìysìs (assessment) js an

ideal tool in the evaluation of losses associated with
al tennatjve solutjons to environmental decision pnoblems.

In practice, howeven, the complexjtjes of even the simplest
pnoblems ane such that at best, the resuIts ane only

appnoxjmate est'imates of the njsKs that are antjcipated.
Ideal ly, jn the case of the Beaufont Sea/Mackenzie Delta

Regìon deveìopment, the publ ic would want to Know the

pnobabi I i ty of spì ì'ls of vanious s jzes at aì I the points
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along al I possible tnanspontat'ion routes, along wi th the

present and future soc jo-economic 'impacts associated wj th

each of these spi ì 1s,

In pract'ice, howeven, j t is imposs'ible to adequate'ly

quant'i f y soc jo-economic 'impacts and i t would take sevenaì

lifet jmes to begin to measure the pr"obabj Iity of al I the

s'ign j f jcant outcomes. In addì t jon to these pnoblems, thene

remains the practical pnoblem that not al I impontant njsKs

can be an t i c'i pa ted .

The question then anjses as to why risK analyses

(assessments) should be conducted in envinonmental impact

assessments. Fon example, why not sìmply al low those

concerned w'i th the envinonmental 'impacts of a pnoposed

development to vote on the choices befone them. The

compljcations with such a solution ane that the votìng

publ jc would not be cognizant of the relevant techn'ical

complexities jnherent to development, Ihe compromjse

soìut jon to this problem js that thene is a pnagmat'ic

balance which can be struck between these two extnemes which

is nei then purely subjective non punely objectjve.

ïhe publjc's undenstandìng and acceptance of risk
analyses (assessments) associated wi th envjnonmental

assessment and reviews ane of vj ta'l importance. Thenefone,

jt js cnucial that nisk analyses (assessments) conducted fon

envjnonmental 'impact assessments be supponted by the
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assumptjons and analyses which ane used to denjve njsK

estimates.

Thus, in the case of estjmating and comparìng the njsKs

jnherent to nonthern hydnocarbon nesounce development, thene

js a pìace for r isK analys'is (assessment ) . It must be noted

howeven, that rjsk analysis (assessment), is merely a tool

whjch can be used in support of the far more complex and

'innepl aceable process of human judgement,

5.7 BEAUFORT SEA ENVIRONMENTÀL ASSESSMENT REVIEW PANEL
REco-MlrENoar r oNs

The Beaufont Sea Envinonmentaì Assessment Review Panel

concluded that the nisK of an oil spilì as a consequence of
hydrocanbon nesounce deveìopment activitjes in the Beaufont

Sea/Mackenzje Delta Region would not be appneciably highen

than for othen parts of North Amenjca and abnoad. The Panel

advocated a phased approach to hydnocanbon nesounce

pnoduction and tnansport 'in the Beaufont Sea/Macl<.enzie Del ta

Reg'ion. The Panel concluded that a smal I diameten (e.g.

400mm) bunied pipeline thnough the Mact<enzie Valley would be

the most acceptable alternative for tnanspont of oil fnom

the Beaufont Sea/Mackenzie Delta Region. In jts 1984

neport, the Beaufont Sea Environmental Assessment Revjew

Panel stated that a sma'll bunied pipeline would be the most

acceptable tnanspont al tennative because the dli I I ing and

pnoductjon actjvities to justify such a pipeline would
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provìde benefjts to the North, while imposing only minjmal

negative 'impacts, Thene was wide consensus among fedenal and

tenni tonjal government depantments that a smal I djameter

pìpeline could be bujìt in an envjronmental'ly acceptable

manner, gìven appnopniate regulations, regu'latory

enfoncement and moni tor i ng pnocedunes ( Fedena I Envj nonmenta I

Assessment Review 0ffice, 1 984 ) .

I,tJhen the Panel publjshed its repont in rJuly, 1984, jt was

estimated that the earl'iest poss jble date fon commerc jal
shìpments of hydnocanbon resounces fnom the Beaufont

Sea/Mackenzie Delta Region would be 1988. The Panel

suggested that the jntenval between the publication of its
neport and the estimated commencial stant-up date be used to

allow govennments and the Proponents suffjcient tjme to taKe

steps to penm'i t onden ìy, saf e pnoduct j on and transpor t of
hydnocanbon resources jn the Nonth, I¡/hj le f ive yeans have

passed since the Beaufort Sea Environmental Assessment

Review Panel published jts nepont, productjon and tnanspont

of hydrocanbons from the Beaufont Sea/MacKenzje Del ta Region

have not pnoceeded.

5.8 PRACTICAL ASPECTS OF RISK ASSESSMENT IN THE FEDERAL
ENVIRONMENTAL ASSESSMENT AND REVIEF_PNOCESS

Throughout human hÍstony, people have aìways attempted to

avoid inondinately hìgh rjsl<.s to thein health, safety,
pnoperty and envjnonment. As such, humans have sunvjved and

adapted to a chang'ing, and of ten tunbulent envjronment,
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Thenefore, thene js nothing noveì in the attempt of
jncjividuals to necognìze and mi t'igate risKs to theìn

everyday Iives. ttJhile nìgorous rjsK analysis (assessment)

has been used fon many yeans in fields such as actuarjal
science, it is onìy necentìy that rjsK analysis has been

jdentifjed as a specific concept and tool, to be studjed as

a djscìpline 'in and of itself , and jntendiscipì'inan'i 'ly in
the context of i nqui n'ies i nto envi nonmenta I hazards . The

main ìmpetus fon the'incneasing attent'ion paid to nisK as a

concept in Envinonmental Assessments and Reviews, has been

the enhanced poìitjcal and socjal concenn oven the

admìnjstrat'ion of a growìng col lection of potent'ial'ly
hazandous pnoducts , technologì es and projects . I¡Jol f ( 1983 )

notes that the hì stony of r j sl< anaìysi s (assessment ) as used

in the study of envj ronmental pnoblems nuns para'l lel to that

of envjnonmental impact assessment. He also notes that some

of the factors responsible fon the new jnterest jn njsl<, ane

simi lan to those which influenced the ini tìation of
envi nonmental'impact assessment . Ri sK anaìysi s ( assessment )

as conducted i n env j nonmenta I impact assessment pi ov'ides a

f namewonk fon jnfonmat jon col'lect'ion, and the identi f jcation

of gaps in Knowledge.

Gnima et al. ( 1986) note that the United States National

Reseanch Counci I ( runC ) I gAZ Commi t tee on R'isk and

Decjsion-mak'ing states that there is no eas'i ly avai lable
infonmat jon on companat jve and aggnegate risl<,s. Yet, the
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NRC asser ts that the companat i ve assessment of r j st<s j s a

vi ta I and compe ì I 'ing component of env'i ronmenta I i mpact

assessment. Thus, whìle jt is undenstood that the Fedenal

Envinonmental Assessment and Review Pnocess is, in its own

right a sìgni ficant jnstj tutjonal annangement fon

monjtoring, neducing or contain'ing njsK, it 'is not clear as

to how nisk analysis (assessment) is to be accompr'ished jn

the context of EIA.

Gnjma et al. ( 1986) assent that to conduct a competent

risK analysis thene must be an adequate jnfonmatjon base,

Panadox'icaì ly, the most intenesting and contnovensjal

envj nonmental 'impact assessments of ten deal wi th pnojects

which nequ'i re the appì ication of new and unpnoven

technologies (e.g. high tempenatune incineratons), which

propose to move into pnevìously fonb jdden tenn.i tory (e.g.

Arctic development), on which otherwise go beyond existìng
pnactice (Grima et â1., 1986), RisK analys'is, therefone, js
plagued wi th the use of jnfonmat jon oniginal ly col lected fon

othen punposes , cop'ing wi th di sparate quant i t i es and

qualities of avaj lable data, and the need to extrapolate
beyond the nange of exjsting obsenvatjons (Gnima et aì.,
1986). The applìcatjon of risK anaìys'is techn'iques to a

situatjon such as that investigated by the Beaufort

Envjronmental Assessment Revjew Paneì exemplifjes these

complications. indeeci it may be viewed as a wonst case

scenario in 'l ight of the fact that the entire nisk analysis
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pnocess nespect'ing Beauf on t Sea hydnocarbon nesounce

deveìopment (as conducted by the development Pnoponents and

the Intenvenons ) concenned new and unpnoven technolog'ies,

pnoposed fon use 'in hjthento fonbjdden terrjtories.
Furthen, the entine risk analysjs was based upon

extnapolated and analogous data.

In addi t jon, the quest jon anises as to whethen nisl<

analysis (assessment) 'is a val jd on suff icìently sensjtive
techn'ique to use in the evaluatjon of deveìopment pnoposals

fon the fnagi 1e physical and socjo-economic anctjc
envinonment. That is, ane nisk anaìyses (assessments) as

they are curnently designed and conducted, adequately

responsive to the subtle nuances that must be considened

when d'i scussìng anct ic development?

Furthen, thene rema'ins the more complex question of who

should decjde what levels of njsKs ane acceptable fon the

Nonth? That is, what is the nole of social consensus in

detenmjning a monaìly justifiable and equitable balance

among nisks, costs and benefits?

All these questjons deal, in one way or another, with a

pnobìem that is djffjcult to pose meaningfuìly and even more

djffjcult to nesolve - the philosoph'ical pnoblem of nistr and

consent. Penhaps a pantial answen to these most djffjcult
questions ljes in the fact that tommornow's society is
shaped by today's decisjons, The inclusion of nisk analysis
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(assessment) as part of the Federal Envjnonmental Assessment

and Review Process provìdes a fonum fon the expnessjon of
what society (through its desjgnates jn the EIA pnocess)

believe ane at staKe in a pnoposed deveìopment or pnoject.

Ristt analys'is (assessment ) , I jKe othen technìques of po'l icy
analysis used in the past (e.g. benefjt - cost anaìysìs) is
ìangeìy an analytìcal tool, and can be used by diffenent
interest gnoups to f unthen the j r own part jcu'lan purposes.

Grima et al. ( 1986) state that risk assessment should not

be expected to nesolve va'lue quest jons, but rathen to
clarify the implications of various altennative decisions

for value gnoups. Fundamental to the jnclusjon of njsK as a

concept to be studied as pant of an envjnonmental impact

assessment , i s the recogni t ion of j ts l imi tat'ions .

Thenefone, in the conduct of nisK anaìysìs (assessment)

pnudent caution must be exencised 'in ascrìb'ing val'id'i ty to

risK estjmates and to subsequent conclusions.

5.9 OF RISK ASSESSMENTSnev¡eil-AND

Eveny nisl<, assessment is unìque jn its own n'ight, and can

be Henculean in its complex'i ty. Thjs is pant'icuìarly tnue

because of the of t encountened di f f icul ties due to lacl<, of
data, uncentainties, and pubìic jnvolvement.

lrt/hyte and Bunton (lggZ) assert that njsl<. analyses

(assessments) jn environmental ìmpact assessments would be

mone acceptable and persuasjve jf:

GUIDELINES FOR THE CONDUCT
EñïmntrgNrer, essss5uEt[Ts

IN
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6 the assumptions adopted in any panticular analysis are

neal istjc;
r the ana lys'i s i s seen to be ob ject i ve and i s not

suspected of being biased jn favon of a panticular

outcome;

o the analysis has a spec'i f ic punpose (e.9. to detect and

reduce njsks) and is not simpìy an attempt to jnfluence

publ'ic opinion;
o the analysis is not based on classified data on neports

that ane confjdentìal;
o the anaìysis is pnesented in language that is as clean

as possible, that necognizes and does not attempt to
conceal uncertainty and divengence of expent opjnion;

o the nesults ane pnesented in an unamb'iguous fashion

wjih expìjcìt necommendatjons on action to be taKen,

Gnima et al. ( lggO) note that because the literatune on

nisk assessment has expanded so napidìy jn the last few

yeans, it may be helpful to pnactitionens to deveìop genenic

guidelines on nisk assessment. Funthen, they note that such

guidel ines would maKe n jslt assessrnents more consistent

acnoss vanious envjnonmental ìmpact assessments.

Gu'idel jnes could be developed fon vanjous issues such asl

r when risK assessment is necessary;

e what infonmation on nisks should be pnovided;
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. the use, adequacy, and admissibi lity of data nespecting

nisks;

o the mode of pnesentation of nisK nelated data,

Grima et al. (1986) note that even ìf guideljnes fon the

conduct of njsl-r assessment jn envjnonmental impact

assessments wene jni t'ialìy veny generaì, they could be of
jmmediate use, The exencise of wn'i ting gu'idelines would aid
jn the identificatjon of gaps jn the practice and

understanding of nisK assessment's nole in the Fedenal

Envi nonmenta I Assessment and Rev j ew Process. I¡/hi ì e genen'ic

gui de I i nes cou ld be of use to those conduct ì ng n j sl<.

assessments, it would nevertheless be vital that each case

be cons'idened on i ts own men i t .

5.10 SUMMARY

This case stucly of the Beaufont Sea/MacKenzie Del ta

Reg'ion Envjnonmental Assessment and Revjew Pnocess serves to
demonstrate some of the stnengths and weafrnesses of
appnoaches and techniques used fon long tenm decisjon-making

nequjnements in nesource deve'lopment. It js anticipated
that as a consequence of the examjnation of case studjes

such as the Beaufont Sea example discussed jn thjs Chapten

and the'inconporation of nelevant solutions fnom thjs, as

well as othen case studies, jn the futune, the Envjnonmental

Impact Assessment Review Process wi I I become a mone

effjcient and viable fnameworlt for resounce development not
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only for the Nonth,

assessment neviews

but fon whene even

are conducted.

envi ronmental
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Chapter VI

CONCLUSIONS AND RECOMMENDATIONS

Since 1965, over 150 expìonatony wells fon oil and gas

have been dni I led, both onshone and offshone in the Beaufort

sea/Macl<enzje Delta Reg'ion. As a nesult of this explonation
wonK, sufficjent nesenves of hydnocanbon resounces were

discovened to warrant considenation of pnoduction and

transpont of oil and gas fnom the Beaufont Sea Region to
southenn manl<,ets, in rJuly, 1980, the Mjnjster of Indjan
Af f a jns and Nonthern Development jn'i tiated a fonmaì pubì.ic

neview of oil and gas pnoduction and transpont the Beaufont

sea, by asking the Mjnjsten of the Envjnonment fon a panel

nevjew under the auspìces of the Environmental Assessment

and Review Pnocess (EARP). 0n behalf of over 40 compan.ies

holdì ng exp lonat jon permi ts j n the Region, the thnee

companies (Dome Petnoleum Limjted, Esso Resources canada

Limi ted and Gul f canada Resources Inconporated) (trre

Proponents ) w'i th the I angest i ntenest i n the Region pnepaned

and submjtted a detajled envinonmental ìmpact statement

concenning the pnoductiorr and tnansport of ojl and gas fnom

the Reg'ion to the Beaufort Sea Envi ronmentar Assessment

Review Panel in Novemben, 1982. At the request of the

Environmental Revjew Panel, the Proponents also submjtted

addi t i ona I background and supp lementany j nf onmat ion j n rJune,

- 90



1983, As part of the envinonmental impact statement

pnepaned by the Pnoponents, assessment studjes respectìng

environmental nisK wene conducted.

The primany objective of thjs pnacticum was to examine

risK assessment as it is included in the Fedenal

Envinonmental Assessment and Review Process. The Beaufont

Sea/MacKenzie Delta Region Envinonmental Assessment and

Revjew was used as a case study in the examjnatjon of how

risk assessments ane undentaKen in envinonmental assessments

and neviews. The fol low'ing conclusions ane based on a

review of nelated I i tenature and consul tation wj th industry,
nesearch and govennment nepnesentat i ves i nvolved wì th n i sl<,

assessment in the Fedenal Envinonmental Assessment and

Revi ew Process:

1. Risk assessment as it was conducted in the context of
the Beaufont Sea/Macl<enzie Del ta Region Envi ronmental

Assessment and Revjew Pnocess was not adequately

stnuctured to contend wi th the paucì ty of data

ne I evant to env'i nonmenta I hazands .

2. Data bases concenn'ing nonthenn hydnocanbon nesource

development cunnently avai ìabìe, upon which nisK

assessment studjes can be based, are ìncomplete,

R i sl-< assessments wh j ch are pnepaned ut i I ì zì ng

analogous and extrapolated data are of Iimjted
nel jab'i I i ty, and ane langely unacceptable fon

dec j sions regand'ing northenn hydnocanbon nesounce

deveìopment.
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In cases where fonmal nisK assessment is not possjble

because of a lack of nel'iable data, the pnocedune of
nisk assessment may pnovìde a useful fnamewonK fon

the onganizatjon of avai lable data and fon the

identi f ication of def iciencìes.

Genen'ic guidelines should be developed nespecting

nisK analysìs in the context of envjnonmental

assessment and neviews. Such guidelines would ass'ist

in the delineatjon of gaps in the pnactice and

undenstand'ing of the nole of r i sk ana lysi s j n the

Fedena I Envi nonmenta I Assessment and Rev'iew Pnocess .

Gujdelines whjch nequ'i ne nisK analysìs (assessment)

in the context of environmental assessment and

neviews should include critenia for val'idation of
data and scienti f ic understandìng and should 'include

necommendations on how to contend with scenarios

where these cniteria cannot be met,

FormaI nisk assessment of the Beaufont Sea/Mackenzie

Del ta Region hydrocarbon nesounce development

proposal was limited to envjnonmental njsK

assessment. Futune envinonmental assessments and

ner¿i ews shou ld a'lso encompass n i sK assessments

respect'i ng econom j c and soc i o-economi c concenns .

Research shoulC be conducted jnto when, during the

Fedenal Envinonmentaì Assessment and Revjew Pnocess,

the expl ic j t pubì'ic focus on n jsK should take pìace.

ïwo principaì types of public pantic'ipation jn the

5.

6.

7.
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Federa I Env'inonmenta I Assessment and Revi ew process

nespecti ng n j sK assessment ane nequi red. These ane:

publ'ic forums at which the publ'ic and j ts
repnesentatives can articulate their own pniori tjes
and concenns; and public scnutiny of the adequacy of
the technjcal njsk analyses. The practjce of
sol ici tìng publ ic input befone guìdel ines fon the

pneparat j on of envi nonmenta I 'impact statements ane

pnepaned, wouìd jncnease the effectiveness of pubì ic
panticìpatìon in the Fedenal Envjronmental Assessment

and Review Pnocess.

L tl/hi le much of the wonk in cunnent envinonmental

assessment and neview includes njsk ana'lysis
(assessment ) , the expì ic'i t tneatment of n jsk concepts

in envinonmental assessment would assist in the

clari f icatìon and cod j f icat jon of the pnocess. Risl<

analysìs (assessment ) could thereby pnov'ide the

stjmulus fon specific explicit questions about

acceptable njsK, Thjs in tunn would lead to betten

informed decisions based on the nesults of
envinonmental assessments and neviews.
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