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The restricted objectives 

Project should be emphasized. 

PREFACE 

of the Mackenzie Environmental Monitoring 

The intent of the project is not to provide 

recommendations for a definitive research program which would address all the 

fundamental knowledge gaps that exist in the region. The cost of acquiring 

these data would be very high and may still fail to address the issues which 

finally emerge as those of regulatory and public concern. The objective of 

MEMP is to identify and recommend those research and monitoring activities 

which are considered necessary for the responsible management of a phased 

development of Mackenzie region hydrocarbons. through the administration of 

the relevant legislation administered by the funding agencies. The specific 

focus and objectives of MEMP should not detract from an overall recognition of 

our fundamental knowledge gaps. Encouragement and support should be given to 

those agencies with responsibilities to conduct research programs which 

reflect their particular mandate in this region. 

Fred McFarland 

Northern Environment Directorate 

Indian and Northern Affairs Canada 
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SUMKARY 

There is considerable concern that hydrocarbon development activities in 

the Beaufort Sea, Mackenzie Delta, and Mackenzie Valley may result in adverse 

environmental impacts. Because of these concerns and the recognized uncer-

tainties associated with environmental impact assessment, there is a clear 

need for environmental research and monitoring programs that are fully inte

grated with ongoing and future exploration and development plans. In response 

to this need, Indian and Northern Affairs Canada (INAC) and Environment Canada 

initiated the Beaufort Environmental Monitoring Project (BEMP) in 1983. While 

BEMP has guided monitoring in the offshore marine environment since that time, 

no comparable program existed in the terrestrial and freshwater environment of 

the Mackenzie Delta and the Mackenzie Valley. In early 1985, in recognition 

of the need for such a ~ogram, INAC and Environment Canada, together with the 

Department of Fisheries and Oceans, the Government of the Northwest 

Territories, and the Yukon Territorial Government, initiated the Mackenzie 

Environmental Monitoring Program (MEMP). This report summarizes the results 

of the first year of MEMP (March 1985 to March 1986). 

The overall objective of the Mackenzie Environmental Monitoring Program 

is to recommend a monitoring and research program that will: 

1. address significant potential impacts; 

2. be based on the best current understanding of industrial development 

scenarios and ecological processes; 

3. have the capability to respond to changing industrial development 

scenarios and new information regarding ecological processes in the 

region; 

4. be applicable and practical; and 

5. be supported with a full scientific and technical justification. 

This report is the first product of a series of steps aimed at meeting 

the immediate objective of producing a plan for initiating research and 
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monitoring activities. Most of the report describes possible effects of 
development uncertainties in regard to our predictive capability, recommended 
research plans and rationale for the recommended studies. Also included is a 
description of the methods used throughout the program, since the nature of 
the recommendations have been heavily influenced by the methods. 

MEMP is being conducted using techniques and procedures proven during the 
Beaufort Environmental Monitoring Program (INAC and Environment Canada 1984, 

1985). To date, MEMP has proceeded through an initial workshop in Yellowknife 
(26-30 March 1985), technical meetings on resource harvesting held in Yellow
knife (June 1985), and Inuvik and Norman Wells (September 1985), and a second 
workshop in Edmonton (4-8 November 1985). The Yellowknife workshop was 
designed to obtain the raw material that would allow for construction of 

conceptual models of effects of oil and gas development on the people and the 
environmental resources in the study area. These conceptual models form the 
basis of the impact hypotheses and the research and monitoring recommendations 
that have been used throughout the program. Many of the hypotheses developed 
are concerned with the biophysical effects of development. However, MEMP is 
also concerned with the effects of oil and gas development on the harvesting 
of fish and wildlife. 

A number of terms were defined for MEMP: 

Impact hypothesis is a set of statements that links development 
activities with their potential environmental effects. 

Monitoring is a test of an impact hypothesis designed to: 1) measure 

environmental impacts; and 2) analyse cause-effect relationships. Monitoring 
is not surveillance, nor is it part of the regulatory process used to ensure 
that an industry meets the environmental terms and conditions of its operating 
permits. Rather monitoring is defined here as a scientific process designed 
to test specific hypotheses on the causes of environmental impacts and how 
they are expressed in the environment. 

Valued ecosystem components (VECs) are activities, resources, or environ

mental features that: 1) are important to local human populations; or 2) have 
national or international profiles; and 3) if altered from their existing 

status, will be important in evaluating the impacts of development and in 
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focusing regulatory policy. For MEMP the list of VECs included the popu
lations, harvests and quality of a number of species of birds, fish and 

mammals and the physical resources of air, drinking water and landscape 
quality. 

In order to develop and relate VECs, impact hypotheses and hydrocarbon 

development plans into meaningful studies that will track environmental un

certainties, the approach of MEMP is based on general principles of Adaptive 

Environmental Assessment and Management (Holling 1978). These were modified 

and successfully used in BEMP from 1983 to 1985 (INAC and Environment Canada 
1984, 1985). 

The basic approach proceeds through eight tasks: 

1. identification of valued ecosystem components (VECs); 

2. identification of development activities; 

3. identification of the temporal horizon and within-year resolution; 

4. identification of the spatial extent and resolution; 

5. identification of impact hypotheses that causally relate development 

activities to VEC's 

6. screening of impact hypotheses for validity, relevance and credib

ility; 

7. evaluation of impact hypotheses; and 

8. design of research and monitoring programs. 

Execution of each of these tasks involves modeling, workshops or report

ing and was accomplished through the previously identified workshops and tech
nical meetings involving northern residents, government scientists, industry 
representatives and consultants. For the 25 impact hypotheses that were 

developed, the conclusions and recommendations are as follows. 
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HYPOTHESIS NO.1: The presence of off shore drilling platforms, cons truction 
camps (and associated garbage) and gravel extraction will 
result in a decrease in the number of arctic and red 

foxes. 

VEC: Arctic fox and red fox 
Conclusion: a) Gravel extraction - invalid for arctic fox 

- unlikely for red fox 

b) Garbage - possible but of low significance 

Recommendations: Garbage treatment and education. 

HYPOTHESIS NO.2: Increased traffic on the Dempster Highway and roads on the 
North Slope will decrease the number of caribou and alter 

their distribution. 

VEC: 
Conclusion: 
Recommendations: 

Caribou 
Likely valid 
Studies on traffic levels and control; distribution of 
caribou; harvesting information. 

HYPOTHESIS NO.3: Gravel extraction, construction, seismic exploration and 
other development activities, and the presence of camps and 
garbage will decrease the number of grizzly bears and alter 

their distribution. 

VEC: Grizzly bear 
Conclusion: Valid 
Recommendations: Control by mitigative techniques, record grizzly bear 

kills. 

HYPOTHESIS NO.4: Oil and gas development activities will alter the water 
regime and decrease muskrat populations. 

VEC: 

Conclusion: 
Recommendations: 

Muskrat 

Invalid and not worth testing 
No specific studies required. 
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HYPOTHESIS NO.5: Oil and gas development construction and clearing 

activities and the presence of an above-ground pipeline 

will change the abundance and distribution of moose. 

VEC: Moose 

Conclusion: Unlikely 

Recommendations: Monitor browse regeneration, record moose kills. 

HYPOTHESIS NO.6: , Oil and gas exploration and development activities that 

alter habitat permanently or temporarily will influence the 

distribution and abundance of marten. 

VEC: Marten 

Conclusion: Unlikely and of low significance • 
Recommendations: No specific studies required. 

HYPOTHESIS NO.7: Disturbance associated with hydrocarbon development in or 

near waterfowl staging, moulting or nesting areas will 

affect the abundance and distribution of waterfowl. 

VEC: Waterfowl 

Conclusion: Possible but detection difficult due to natural variations 

Recommendations: Mitigate possible effects through land use and education. 

HYPOTHESIS NO.8: Disturbance and habitat alterations due to hydrocarbon 

development will alter the distribution and/or abundance of 

raptor species. 

VEC: Raptors 

Conclusion: Likely but of low significance 

Recommendations: No specific studies. 

HYPOTHESIS NO.9: The presence of camps and garbage disposal sites will 

attract predators that will lead to changes in the local 

abundance and distribution of waterfowl. 

VEC: 

Conclusion: 

Recommendations: 

Waterfowl 

Valid but of low significance 

Proper disposal practices. 
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HYPOTHESIS M>. 10: Chronic (episodic) spills of crude oil and diesel fuel 
near staging and moulting areas of nesting colonies will 
reduce the abundance of waterfowl 

VEC: 
conclusion: 

Recommendations: 

Waterfowl 
Valid under some circumstances but of low significance 
Documentation of mortality of birds resulting from oil 

spills. 

HYPOTHESIS NO. 11: Land subsidence resulting from hydrocarbon withdrawal 

will change the abundance and distribution of waterfowl, 

fish and muskrat. 

VEC: Waterfowl, fish and muskrat 

Conclusion: Unlikely to have significant effects if predictions on 

subsidence are correct 
Recommendations: Methods to predict subsidence 

required on reservoir geology, 
distribution at Niglintgak; 
elevations. 

are uncertain; studies 
terrain and permafrost 

monitor ground surface 

HYPOTHESIS NO. 12: Air emissions resulting from oil and gas development and 
operation will adversely affect air quality. 

VEC: Air quality 

Conclusion: Invalid 
Recommendations: Compliance with operational permits. 

HYPOTHESIS NO. 13: Increased local disturbance due to activities related to 

hydrocarbon development will result in decreases in fish 
quality. 

VEC: Fish 
Conclusion: Invalid 

Recommendations: None 
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HYPOTHESIS NO. 14: Improved access and fishing pressure will decrease the 
abundance of fish and affect their distribution. 

VEC: Fish 

Conclusion: Valid, likely to have significant effects 
Recommendations: Distribution and population studies; investigate popula

tion response to exploitation; monitor harvests. 

HYPOTHESIS NO. 15: Waste discharges and accidental oil/chemical spills will 

lead to unpotable water and decreased acceptability of 
fish as a food source. 

VEC: Potable water and fish quality 
Conclusion: a) potable water-unlikely but could have significant local .. 

Recommendations: 

effects 
b) fish quality-unlikely but could have significant local 

effects 
a) potable water-monitor results of regional studies 
b) fish quality-continue present studies on metals and 

hydrocarbons in fish 

HYPOTHESIS NO. 16: The construction and presence of linear corridors will 
affect the number, distribution and quality of fish, and 
fishing success 

VEC: 
Conclusion: 

Fish 
Valid and significant for fish numbers and 
valid but insignificant for fish quality 

success 

distribution; 
and fishing 

Recommendations: Mitigate significant effects through known techniques; 
site specific information on fish required in most cases. 

HYPOTHESIS NO. 17: Wolverines that are attracted to camps and garbage will be 
killed as nuisance animals, thus reducing the population 

VEC: Wolverine 
Conclusion: Unlikely 

Recommendations: Mitigate possible effects through line trapping and 
relocation of nuisance animals. 
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HYPOTHESIS NO. 18: Wage employment will change the harvest of white whales 

VEC: 

Conclusion: 

Recommendations: 

White whale 
Possibly valid in terms of harvest composition; probably 

invalid in terms of level of harvest 
Continue monitoring white whale harvests 

HYPOTHESIS NO. 19: Vessel traffic will decrease the harvest of white whales 

VEC: Whi te whale 
Conclusion: Possible but unlikely 
Recommendations: Continue current monitoring study. 

HYPOTHESIS NO. 20: Competition by non-locals will change the number of white 
whales landed and increase mortality in the population 

VEC: White whale 

Conclusion: Unlikely 
Recommendations: None 

HYPOTHESIS M>. 21: Increased or improved access associated with hydrocarbon 
development will increase the harvest of waterfowl, Which 
will lead to a reduction in the number and alter the 
distribution of waterfowl 

VEC: Waterfowl 

Conclusion: Valid but unlikely 
Recommendations: None 

HYPOTHESIS NO. 22: Increased levels of wage employment will change the total 

annual harvest of resources by communities in the region 

VEC: 
Conclusion: 
Recommendations: 

Mammals, birds and fish 
Invalid under present conditions 
Information on present wage employment and harvesting 

practices required to provide baseline information. 
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HYPOTHESIS NO. 23: ChanR"H III IIccess will alter Lhe harvest of birds, fish 

Bnd mil III III II I. H 

VEC: 

Conclusion: 
Mammal !'> , bl.rus and flHiJ 

Valid for mammals Ilild fish, but unlikely for migratory 

birds 

Recommendations: Document current harvests of mammals and fish 

HYPOTHESIS NO. 24: Industrial activities in harvesting areas will reduce the 

harvest of mammals, birds and fish because of conflicts 

between industry and harvesters over land use 

VEC: Mammals, birds and fish 

Conclusions: Poss! ble at local level especially for trapping 

Recommendations: Obtain harvest and land use information. 

HYPOTHESIS NO. 25: Increases in hunting by non-locals will restrict harvest 
by local natives 

VEC: Birds and fish 

Conclusions: Valid under present conditions 
Recommendations: Document non-local harvests; document native harvests for 

selected species; animal population studies. 
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Les repercussions de l'exploitation des hydrocarbures sur l'environnement 
de la mer de Beaufort, du del ta du Mackenzie et de la val1~e du Mackenzie 
suscitent de vives inqui~tudes. Ces inqui~tudes et les incertitudes li~es ~ 
l'evaluation des effets environnementaux ont rendu necessaire l'etablissement 
de programmes de recherche et du surveillance environnementales s' integrant 
parfaitement aux travaux engages ou prevus d'exploration et de mise en valeur. 
Pour combler ce besoin, Ie ministere des Affaires indiennes et du Nord 
Canadien (MAINC) et Ie ministere de 1 'Environnement ont lance en 1983 Ie 
"Projet de surveillance environnementales de la mer de Beaufort" (PSEB). Meme 
si Ie PSEB a guide la surveillance dans l' environnement marin au large des 
cotes depuis cet te epoque, il n' exis te encore aucun programme comparable pour 
Ie milieu terrestre et les eaux douces du delta du Mackenzie et de la vall~e . . 

du Mackenzie. Au debut de 1985, reconnaissant Ie besoin d 'un tel programme, 
Ie MAINC et Environnement Canada, de concert avec Ie ministere des Peches et 
Oceans, Ie gouvernement des Territoires du Nord-Ouest et Ie gouvernement 
territorial du Yukon, ont lance Ie Programme de surveillance environnementale 
du Mackenzie (PSEM). Le present rapport r~sume les r~sultats de la premiere 
ann~e du PSEM (de mars 1985 a mars 1986). 

L'objectif general du Programme du surveillance environnementale du 
Mackenzie est de recommander I' adoption d 'un programme de surveillance et de 
recherche qui portera sur ce qui suit: 

1. viser les repercussions possibles Ie plus importantes; 

2. se baser sur les meilleures connaissances actuelles en matiere de 
developpement industriel et de processus ecologiques; 

3. pouvoir s'adapter a l'evolution des scenarios de developpement 
industriel et tenir compte des nouvelles donnees sur les processus 
ecologiques dans la region; 

4. etre applicable et pratique; 

5. s'appuyer sur une solide justification scientifique et technique. 
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Le present rapport est le premier resultat d ' une serie d 'etapes axees sur 
l' objectif immediat du programme, c' est-a~dire produire un plan pour amorcer 
des activites de recherche et de surveillance. L'essentiel du rapport decrit 
les consequences possibles des hesitations de developpement en ce qui concerne 
notre capacite de prediction, les plans de recherche recommand~es et la 

justification des ~tudes recommandees. On y trouve aussi une description des 
m~thodes employees pendant toute la duree du programme, puisque la nature des 

recommandations procede largement de ces methodes. 

~ ~ 

Le PSEM est execute aI' aide de techniques et de methodes eprouvees au 
cours du Programme de surveillance environnementale de la mer de Beaufort 
(MAINC et Environnement Canada 1984 , 1985) . A ce jour , Ie PSEM a' tenu un 
premier atelier ~ Yellowknife (du 26 au 30 mars 1985), des r~unions techniques 
sur la recolte des ressources tenues a Inuvik, a Norman Wells et a Yellowknife 
(juin 1985), ainsi qu 'un deuzieme atelier a Edmonton (du 4 au 8 novembre 

~ 

1985). L'atelier de Yellowknife visait a obtenir les donnees brutes 

permettant de construire des mod~les conceptuels pour examiner les effets de 
1 'exploitation des hydrocarbures (p~trole et gaz) sur la population et les 

~ 

res sources environnementales dans la zone observee. 

constituent la base des hypotheses d'impact et 

Ces modeles conceptuels 

des recommandations de 
recherche et de surveillance qui ant ete employees pendant tout Ie programme. 
Un bon nombre des hypotheses elaborees portent sur les effets biophysiques de 
la mise en valeur. Toutefois, Ie PSEM s'interesse aussi aux effets de la mise 
en valueur petroliere et gaziere sur la recolte faunique en milieu aquatique 
et terrestre. 

Un certain nombre de termes ont ete definis pour Ie PSEM: 

Ainsi, une hypothese d'impact est un ensemble d'enonces qui rapprochent 

les activites de developpement de leurs effets possibles sur l'environnement. 

La surveillance est l'essai d 'une hypothese d'impact visant a: 1) mesurer 
~ .. . 

les repercussions environnementales e t 2) a analyser les relations causales. 

La surveillance est plutot def inie iei comme une methode scientifique con<;ue 

pour verifier des hypotheses specifiques sur les causes des repercussions 
environnementales et comment ces hypotheses trouvent leur expression dans 
l'environnement. 

Les elements prises de l'ecosysteme (EPE) sont des activites, des 

res sources ou des entites environnementales qui: 1) sont importantes pour les 
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populations humaines locales ou 2) sont reconnues a I 'echelon national ou 
international et 3) lorsqu'elles sont mOdifiees, jouent un role important dans 
l'evaluation des effets du developpement et dans l'orientation des politiques 

de reglementation. Pour Ie PSEM, la liste des EPE englobait les populations, 
les r~coltes et la qualit~ d'un certain nombre d'esp~ces d'oiseaux, de pois
sons et de mammiferes ainsi que les reSSQurces physiques liees a la qualite de 
l'air, de l'eau potable et du paysage. 

Afin de developper et de rapprocher les EPE des hypotheses d'impact et 
des plans de mise en valeur des hydrocarbures dans des etudes sur les incerti
tudes environnementales, I' approche du PSEM s' est appuy& sur des principes 
generaux d' evaluation et d' amenagement adaptatifs de I' environnement (Holling 
1978). Ces principes ont ete modifies puis ils ont ete employes avec succes 
dan Ie PSEB de 1983 ~ 198~ (MAINC et Environnement Canada 1984, 1985). 

1'approche fondamentale repose sur les huit taches suivantes: 

1. identification des elements prises de l'ecosysteme (EPE); 

2. identification des activites de mise en valeur; 

3. identification des limites temporelles et de la resolution dans 
l'anneej 

4. identification de l'etendue et de la resolution spatialej 

5. identification des hypotheses d'impact qui relient de fa~on causale 
les activites de developpement aux EPEj 

6. selection des hypotheses d'impact en fonction de leur validite, de 

leur pertinence et de leur vraisemblance; 

7. evaluation des hypotheses d'impactj et 

8. elaboration des programmes de recherche et de surveillance. 

1'execution de chacune des taches qui precedent necessite des travaux de 

modelisation, la tenue d' ateliers ou la preparation de rapports, et elle a ete 
accomplie grace aux ateliers et aux reunions techniques precedemment identi-
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fiee~ et auxquels ont participe des residents de Nord, des scientifiques et 
representants du gouvernement ainsi que des experts-conseils. Les 25 hypoth
eses d'impact qui ont ~t~ ~labor~es , les conclusions et les recommendations se 

trouvent Ci-apres. 

Premiere hypothese: 

EPE: 
Conclusions: 

Recommandations: 

EPE: 

Conclusion: 
Recommandations: 

EPE : 
Conclusion: 
Recommandations: 

La presence de plates-formes de forage 
construction de camps (et les d~chets qui 
et l'extraction du gravier entralneront une 

en mer, la 
en resultent) 
diminution de 

nombre de renards arctiques et de renards roux. 

Renard arctique et renard roux 
a) Extraction de gravier - non valable pour le renard 

arctique 

b) Ordur es possibles, 

peu probable pour Ie renard 

roux 
--portee l1mit~e mais de 

Traitement des ordures et education. 

La circulation accrue sur la route de Dempster et les 
chemins du Versant Nord (North Slope) fera diminuer Ie 
nombre de caribous et modifiera leur repartition. 

Caribou 
Probablement valable 

Etudes sur les niveaux de circulation et leur r~gulation; 
repartition du caribou; informations sur la r~colte. 

L' extraction du gr avier, la construction, la prospection 

sismique et les autres activit~s de mise en valeur ainsi 
que la presence de camps et d' ordures feront diminuer Ie 
nombre d ' ours bruns et modifieront leur repartition. 

Ours brun 
Valable 

Regulation par des techniques de reduction, 
enregistrement de cas de mortalit~ de l'ours bruno 
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4e hypothese: 

EPE: 
Conclusion: 
Recommandations: 

EPE: 

Conclusion: 
Recommandations: 

EPE: 

Conclusion: 
Recommandations: 

EPE: 
Conclusion: 

Recommandations: 

Les activites de mise en valeurpetroliere et 

gaziere modifieront Ie regime hydrique et feront diminuer 

les populations de rats musques. 

~ 

Rat musque 
~ 

Non valable et essais injustifies 
Aucune ;tude particuliere n'est requise. 

Les activites de mise en valeurpetroliere et gaziere, 
les travaux de construction et ded~frichement ainsi que 
la presence d 'un pipeline a la surface du sol modifieront 
l'abondance et la repartition des orignaux. 

Origrral 

Improbable 
Surveiller laregeneration des jeunes 

~ 

enregistrer les cas de mortalite de l'orignal. 

pousses, 

Les activites de prospection et de mise en valeur de 
petrole et du gaz qui alt~rent l'habitat de fa~on 
permanente ou temporaire influenceront la repartition et 
l'abondance de la martre d'Amerique. 

Martre d'Amerique 
~ 

Peu probable et sans trop de consequence 
Aucune etude particuliere n'est requise. 

La perturbation associee a la mise en valeur des hydro
carbures sur les lieux memes ou a proximit~ des aires de 

rassemblement, de mue et de nidification de la sauvagine 
affectera l'abondance et la repartition de la sauvagine. 

Sauvagine 
Possible mais la detection est difficile en raison des 

variations naturelles 
Reduire les effets possibles par une bonne utilisation du 

sol et des efforts d'education. 
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se hypothese: 

EPE: 

Conclusion: 

Recommandations: 

EPE: 
Conclusion: 

Recommandations: 

tOe hypothese: 

EPE: 
Conclusion: 

Recommandations: 

lIe hypothese: 

EPE: 

Conclusion: 

Recommandations: 

La perturbation et les alterations de l'habitat par suite 
de la mise en valeur des hydrocarbures affecteront la 
repartition ou l'abondance des especes de rapaces. 

Rapaces 
Probable, mais sans trop de consequence 

Aucune etude particuliere. 

La 
.-

presence de 

ordures attirera 

changements dans 
la sauvagine. 

camps et de sites d'elimination des 

les predateurs et donnera lieu a des 

1 'abondance et la repartition locale de 

Sauvagine 
Valable mais sans trop de consequence 
De bonnes pratiques d'elimination. 

Les deversements chroniques (episodiques) de petrole brut 

et de carburant Diesel pres des aires de rassemblement et 

de mue des colonies en nidification reduiront l'abondance 

de la sauvagine. 

Sauvagine 
Valable dans certaines circonstances, mais sans trop de 

.-
consequence 
Documentation concernant la mortalite des oiseaux par 
suite de deversements d'hydrocarbures. 

L'affaissement du terrain par suite de l'extraction des 

hydrocarbures modifiera l' abondance et la repartition de 
.-

la sauvagine, du poisson et du rat musque • 

.-
Sauvagine, poisson et rat musque 

N'aura probablement aucun effet important si les 
predictions sur l'affaissement sont justes 
Les methodes de prediction de l' affaissement sont 
incertaines; des etudes sont requises concernant la 
gitologie, la reparti tion des terrains et du pergelisol a 
Niglintgak; surveiller les e"levations a la surfacedu 

sol. 
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12e hypothese: 

EPE: 
Conclusion: 
Recommandations: 

Be hypothese: 

EPE: 

Conclusion: 
Recommandations: 

14e hypothese: 

EPE: 
Conclusion: 
Recommandations: 

15e hypothese: 

EPE: 

Conclusions: 

Recommandations: 

Les emissions d'air resultant de la mise en valeur et de 

l'exploitation du p~trole et du gaz affecteront la 

qualite de l'air. 

Qualite de l'air 
Non valable 

Respect des permis d'exploitation. 

La perturbation locale accrue en raison des activites 
liees a la mise en valeur des hydrocarbures provoquera 
une diminution de la qualite des poissons. 

Poisson 

Non valable • 
Aucune 

L' acces plus facile et la pression de peche rendront les 

poissons moins abondant et affecteront sa repartition. 

Poisson 
Valable, aura probablement des effets importants 
Etudes sur la r~partition et les populations; etudier la 

reaction des populations a l'exploitation; 

les recol tes. 

surveiller 

Les deversements d'ordures et les deversements 

accidentels de p~trole ou de produits chimiques 

contamineront l'eau et feront diminuer l'acceptabilite du 

poisson comme source d'alimentation. 

Qualite de l'eau potable et du poisson 
a) pour l'eau potable, peu probable, mais possibilite 

d'effets graves sur Ie milieu immediat 
b) pour la qualite du poisson, peu probable, mais 

possibilite d' effets graves sur l~ milieu immediat 
a)eau potable - surveiller les resultats des etudes 

regionales 

b) qualite du poisson - poursuivre les etudes en cours 

sur les metaux et les hydrocarbures dans les 
populations de poisson. 
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EPE: 
Conclusions: 

Recommandations : 

17e hypoth~se: 

EPE: 
Conclusion: 
Recommandations: 

lSe hypothese: 

EPE: 
Conclusion: 

Recommandations : 

EPE: 

Conclusion: 

Recommandations: 

La construction et la presence de corridors lineaires 

affecteront Ie nombre, la repartition et la qualite du 

poisson ainsi que Ie succes des efforts de p~che. 

Poisson 
Valable et impor tante pour Ie nombre et la repartition d~ 
poisson ; valable mais non significative pour la qualite 

du poisson et Ie succes des efforts de peche. 
Reduire les effets significatifs en recourant aux techni
ques connues; reunir et diffuser des donn~es propres ~ 
l' endroit en ce qui concerne Ie poisson dans la plupart 

des cas. 

Les carcajous qui sont attires dans les camps et pres des 
ordures m~nageres seront tues en tant qu' animaux nuis

ibles, ce qui reduira leur population. 

Carcajou 
Peu probable 
R~duire les effets possibles en recourant au piegeage par 

lignes et au d~placement des animaux nuisibles. 

La main-d 'oeuvre salariee modifiera la recolte de 
belugas. 

Beluga 

Probablement valable en ce qui concerne la composition 
des recoltes; probablement non valable pour ce qui est du 
niveau de recolte 
Poursuivre la surveillance des r~coltes de b~lugas. 

Le trafic des navires fera diminuer la recolte de 
~ 

belugas. 

Beluga 

Possible mais peu probable 

Poursuivre les . etudes 
surveillance. 
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EPE: 
Conclusion: 
Recommandations: 

2Ie hypothese: 

EPE: 
Conclusion: 

Recommandations: 

22e hypothese: 

EPE: 
Conclusion: 
Recommandations: 

EPE: 
Conclusion: 

Recommandations: 

La concurrence par des ~trangers fera varier Ie nombre de 
belugas r~coltes et fera augmenter la mortalit~ dans leur 
population. 

B~luga 
Peu probable 

Aucune 

L' acces accru ou ameliore, combine a la mise en valeur 

des hydrocarbures fera augmenter la r~colte de sauvagine, 

laquelle entrafnera une reduction numerique et affectera 
la r~partition de la sauvagine. 

SauvagiQe 
Valable, mais peu probable 
Aucune 

Les niveaux accrus de main-d'oeuvre salari~e feront 

varier la recolte annuelle totale de ressources par 

localite dans la region. 

Mammiferes, oiseaux et poissons 
Non valable dans les conditions actuelles 
Des recommandations sont necessaires concernant la 
main-d'oeuvre salariee et les pratiques de r~colte .. 
actuelles pour fournir des donnees de base. 

Les modifications dans les possibilit~s d'acc~s .. 
affecteront la recolte des oiseaux, des poissons et des 

mammiferes. 

Mammiferes, oiseaux et poissons 
Valable pour les mammiferes et les poissons, mais peu 

probable dans les cas des oiseaux migrateurs 

Reunir de la documentation concernant les r~coltes 
actuelles de mammif~res et de poissons. 
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24e hypothese: 

EPE: 
Conclusion: 

Recommandations: 

25e hypothese: 

EPE: 
Conclusion: 
Recommandations: 

Les activites industrielles dans les zones de recolte 
reduiront la r~colte des mammiferes, des oiseaux et 
des poissons en raison de conflits qui surviendront entre 

l'industrie et les recol teurs au sujet de l'utilisation 

du sol. 

Mammiferes, oiseaux et poissons 
Possible au niveau local, particuli~rement pour ce qui 

.-
est du piegeage 
Se renseigner au sujet des r~coltes et de l'utilisation 

du sol. 

Les augmentations de prises par les chasseurs etrangers 

limiteront lar~colte des autochtones qui vivent sur 

place. 

Oiseaux et poissons 
Valable dans les conditions actuelles 
Reunir de la documentation concernant les recoltes des 
etrangers; reunir de la 
recoltes des autochtones 

documentation concernant les 
en ce qui concerne certaines 

especes choisies; p~parer des ~tudes sur les populations 
d'animaux. 
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INTRODUCTION 

There is considerable concern that hydrocarbon development activities in 

the Beaufort Sea, Mackenzie Delta, and Mackenzie Valley may result in adverse 

environmental impacts. Because of these concerns and the recognized uncer

tainties associated with environmental impact assessment, there is a clear 

need for environmental research and monitoring programs that are fully inte

grated with ongoing and future exploration and development plans. In response 

to this need, Indian and Northern Affairs Canada (INAC) and Environment Canada 

initiated the Beaufort Environmental Monitoring Project (BEMP) in 1983. While 

BEMP has guided monitoring in the offshore marine environment since that time, 

no comparable program existed in the terrestrial and freshwater environment of 

the Mackenzie Delta and the Mackenzie Valley. In early 1985, in recognition 

of the need for such a progttam, INAC and Environment Canada, together with the 

Department of Fisheries and Oceans, the Government of the Northwest 

Territories, and the Yukon Territorial Government, initiated the Mackenzie 

Environmental Monitoring Program (MEMP). This report summarizes the results 

of the first year of MEMP (March 1985 to March 1986) . 

The overall objective of the Mackenzie Environmental Monitoring Program 

is to recommend a monitoring and research program that will: 

1. address significant potential impacts; 

2. be based on the best current understanding of industrial development 

scenarios and ecological processes; 

3. have the capability to respond to changing industrial development 

scenarios and new information regarding ecological processes in the 

region; and 

4. be applicable and practical; and 

5. be supported with a full scientific and technical justification. 

This report is the first product of a series of steps aimed at meeting 

the immediate objective of producing a plan for initiating research and moni-
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ment uncertainties in regard to our predictive capability, recommended re
search plans and rationale for the recommended studies. Also included is a 
description of the methods used throughout the program, since the nature of 

the recommendations have been heavily influenced by the methods. 

MEMP is being conducted using techniques and procedures proven during the 
Beaufort Environmental Monitoring Program (INAC and Environment Canada 1984, 
1985). To date, MEMP has proceeded through an initial workshop in Yellowknife 
(26-30 March 1985), technical meetings on resource harvesting held in Yellow
knife (June 1985), and Inuvik and Norman Wells (September 1985), and a second 
workshop in Edmonton (4-8 November 1985). The Yellowknife workshop was 
designed to obtain the raw material that would allow for construction of 

conceptual models of effects of oil and gas development on the people and the 
environmental resources in the study area. These conceptual models form the 
basis of the impact hypotheses and the research and monitoring recommendations 
that have been used throughout the program. 

Many of the hypotheses developed are concerned with the biophysical 

effects of development. However, MEMP is also concerned with the effects of 
oil and gas development on the harvesting of fish and wildlife. This meant 
that northern residents have had considerable influence over the direction 
taken by MEMP wi th respec t to resource harvesting and the development of 
impact hypotheses. Special technical meetings on resource harvesting were 
held in northern communities in order to obtain and maximize the contribution 
of native people. 

Based on the conceptual models a refined set of impact hypotheses was 
developed. These hypotheses were evaluated at the Edmonton workshop ad 
recommendations for monitoring and research were prepared. This report 
presents those recommendations within the framework of the impact hypotheses. 
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METHODS 

Definitions 

I.pact Hypothesis 

Central to the methods of this study is the concept of an impact 
hypothesis. Simply stated, an impact hypothesis is a set of statements that 
links development activities with their potential environmental effects. 
Every impact hypothesis has three primary parts that must be defined: 

1. the action - that which is the potential cause of an effect; 

2. the valued ecosyst~m component (VEC) or indicator - that which is the 

measure of effect; and, 

3. the linkages - that set of statements that link the action to the 

VEe. 

Monitoring 

Monitoring is a test of an impact hypothesis designed to: 

environmental impacts; and b) analyse cause-effect relationships. 

a) measure 

Moni toring in 
variables that are 

this context becomes the repetitive measurement of 
likely to change due to direct or indirect effects of 

development activity. The primary purpose of monitoring is to determine the 

causes of effects not associated with natural variability. The results of 
monitoring can be used to trigger a mitigative regulatory response. 
Monitoring is not surveillance, nor is it part of the regulatory process used 
to ensure that an industry meets the environmental terms and conditions of its 

operating permits. Rather monitoring is defined here as a scientific process 
designed to test specific hypotheses on the causes of environmental impacts 
and how they are expressed in the environment. 

The above types of monitoring programs in environmental management are 

needed because of our limited predictive capability in relation to environ-
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mental change as consequences of development. Assessments techniques are 

limited because of scientific uncertainty about the cause and effect 
relationships between project activities and the environmental resources being 

changed. 
Models and Workshops 

The development. refinement, and evaluation of impact hypotheses combined 
with the design of specific studies was organized through the use of 
workshops. In MEMP the identification of impacts and development of a 
monitoring plan was organized through the use of a conceptual modeling 
approach. This approach is based on Adaptive Environmental ASsessment and 
Management (Holling 1978) and was first used in BEMP (INAC and Environment 
Canada 1984,1985) and (Everitt et al. 1985). The basic approach proceeds 
through eight tasks: 

1. identification of valued ecosystem components (VECs); 

2. identification of development activities; 

3. identification of the temporal horizon and within-year resolution; 

4. identification of the spatial extent and resolution; 

5. identification of impact hypotheses that causally relate development 
activities to VEC's 

6. screening of impact hypotheses for validity, relevance and credit
ability; 

7. evaluation of impact hypotheses; and 

8. design of research and monitoring programs. 

Execution of each 
reporting. The first 

conceptual model are 

of these 

five tasks, 
accomplished 

tasks involves 

necessary for 

efficiently in 

modeling, workshops or 

the development of the 

a modeling workshop. 
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The remaining tasks are best accomplished in small working groups that mayor 

may not be part of a larger workshop. A detailed description of the tasks is 

provided in Everitt et ale (1985) and INAC and Environment Canada (1985). 

PROBLEM DEFINITION 

During the Yellowknife workshop, conceptual models were developed to 

define the scope of the MEMP. These models were developed through a set of 

structured exercises based on the first five tasks previously identified. 

These exercises began wi th a description of the proposed oil and gas develop

ment activities in the Mackenzie Delta followed by an unrestricted discussion 

of concerns and issues by workshop participants. After presentation of a 

synthesis of the issues, a discussion on the spatial aspects of the study area 

took place. This was folloVed by an effort designed to identify the linkages 

between major components of the conceptual model that will guide MEMP. 

Proposed Development Activities 

Hydrocarbon development within the study area has been under way for a 

substantial period of time and is presently occurring in three general areas: 

1. the Norman Wells area, where the completion of an oil pipeline to 

Alberta has increased production drilling in the Norman Wells field 

and has spurred interest in exploration activities throughout the 

general region; 

2. the Colville Lake area, where seismic and exploratory drilling is 

proceeding; and 

3. the Mackenzie Delta area , where exploration over the last 25 years 

has resulted in the discovery of both oil and gas reserves and where 

exploration is continuing. 

Development wi thin the study area is ultimately dependent on the presence 

of a hydrocarbon transportation system. Several pipelines are presently 

proposed or being considered . Decisions to proceed with pipeline systems or 
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marine shipping will be critical events in shaping the nature and pace of 

development within the study area over the next 20 years. 

Appendix A provides a detailed summary of the proposed development for 
the study area. Material included in this summary 1$ for the most part 
presented in other sources in more detail. Development activities and facili

ties are described and assessed in Volumes 2 and 4 of the Environmental Impact 
Statement for Hydrocarbon Development in the Beaufort Sea - Mackenzie Valley 
region (Dome et al. 1982). Similarly, documents included in the application 
to the National Energy Board prepared by Polar Gas describe and assess the 
impact of gas pipeline construction and operation. Other documents dealing 

with previously proposed pipelines contain descriptions of development 
activities and facilities as do those prepared by producers in the Delta 
region concerning gas production and processing. 

The development of a conceptual model and ultimately impact hypotheses 
require that specific activities that are expected to have impact be detailed. 
A preliminary list of these activities is: 

- construction and operation of gas processing facilities 
- construction and operation of oil processing facilities 
- construction and operation of support facilities 
- construction and operation of oil pipelines 
- construction and operation of gas pipelines 
- operation of staging sites on the river and delta 
- construction and operation of airstrips 
- construction and presence of all-weather roads 
- seismic activities 
- exploration activities 

- operation of a topping plant 
- operation of gravel pits, quarries 
- material removal in general 
- water withdrawals 
- atmospheric emissions 

- causeways 
- waste disposal 
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- reservoir pumping 

- power consumption by industry 

- oil spills 

- spills of toxicants, sewage effluent. 

Valued Ecosystem Components 

Beanlands and Duinker (1983) define valued ecosystem components (VEGs) 

.. attributes or components of the environment for which there is 

public or professional concern or both, and to which the assess

ment should be primarily directed.... These may be determined on 

the basis of perce~ved public concerns related to social, 

cultural, economic, and aesthetic values. They may also reflect 

the scientific concerns of the professional community ...... . 

This definition is extremely general and each new application must make 

a more specific definition. For this project the following definition was 

proposed. Valued ecosystem components (VEGs) are activities, resources, or 

environmental features that: 

1. are important to local human populations; or 

2. have national or international profiles; and 

3. if altered from their existing status, will be important in evalua

ting the impacts of development and in focusing regulatory policy. 

The VEGs identified by MEMP participants are air quality, water quality, 

landscape quality and population harvests and quality of the following 

animals: 



caribou 

polar bear 

grizzly bear 

moose 

arctic and red fox 

beaver 

muskrat 

marten 

white whale 

wolverine 
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Birds 

snow geese 

raptors 

ducks 

loons 

Fish 

broad and lake whitefish 

inconnu 

Arctic cisco 

burbot 

Arctic char 

pike 

lake trout 

It is important to note that social and economic considerations of develop

ment, except those of resource harvesting, are excluded from the list of 

valued ecosystem components. While it may be necessary to consider many of 

the social and economic impacts, they will only be considered to the extent 

that they affect valued ecosystem components. 

Study Area 

Areas that were considered part of the study area (Figure 1) included 

the Tuktoyaktuk Peninsula, the entire Mackenzie Delta down to normal low 

water level and the mainstem Mackenzie River south to Fort Norman. The east

ern and western limits of the study area are somewhat flexible. This was 

particularly true for the Colville Lakes area to the east, and the Peel 
drainage and the Dempster highway route to the west. 

The southern limit of the study area is the Mackenzie River at Fort 

Norman, at the mouth of the Great Bear River. The northern limit of the 

study area was subject to some debate, but eventually agreement was reached 

that the normal low water mark would be an appropriate boundary. This choice 

raised some questions regarding coastal zone processes, as they might affect 

the shoreline area. It was resolved that if such processes affected habitat 

above the low water mark, they should be considered, but the bounds of the 

study area, insofar as areas of impact are concerned, would remain the low 

water mark. 
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Figure 1.1 Proposed boundaries of the MEMP study area. 



10 

The western and eastern boundaries of the study area raise more 

difficult questions. To the west, Herschel Island is included in the north

west corner. The western boundary follows the proposed National Park 

boundary at the Babbage River. It is intended to include the North Slope as 

far west as the continental divide. To the east, the Colville Lakes 

included but the whole of the Anderson River drainage is not. The 

interest in the Colville Lakes area was from the perspective 

exploration effects on caribou, although, in addition, several lakes 

area is 

primary 

of the 

in this 

area support substantial lake trout populations. Interest in the Anderson 

River drainage related to the potential for 011 spills in the area affecting 

the water quality and fish. However, such impacts were not considered to be 

likely within the time frame of this study (20-year development scenario). 

Planning Horizon 

To be more meaningful, conceptual models must be placed in an appro

priate temporal context and a choice of a time horizon must be made. For 

this study the development scenario was produce4 assuming a twenty-year 

planning horizon. Because of considerable uncertainty about the scale and 

pace of development, it is difficult to forecast many of the more detailed 

aspects of the development scenario. However, an even longer time horizon 

may be required to detect impacts on longer lived VECs. Thus monitoring 

activities of development may require more than 20 years. 

Linkages Between Key Components 10 the Conceptual MOdel 

To gain a better understanding of the social and environmental system 

within the study area the following components were recognized: 

1. development activities 

2. socio-economic system 

3. physical processes, terrain and vegetation 

4. fish and water quality 
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5. mammals 

6. birds 

7. resource harvesting 

The last five components are the major parts of the conceptual iOOdel. 

Because the MEMP program is primarily an environmental monitoring program 
many of the social and economic impacts of development were not considered. 

However, because the impacts on resource harvesting are within the mandate of 

the program, it was necessary to consider some social and economic 

information. The development scenario, of course, is the major driving 

force. The Yellowknife workshop identified the linkages between the seven 
components of the conceptua~ model as shown in Table 1. 
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Major linkages between components of the MEMP conceptual model. 
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INTRODUCTION 

The following material describes, in detail, workshop results of 17 hypo

theses relating possible effects of hydrocarbon development activities on 

various types of natural resources. These include various species of fish, 

birds and wildlife as well as potable water and air quality. Although a 

common format was adopted for each hypothesis, some decisions regarding style 

and treatment were left to each subgroup. 
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HYP.oTHESIS NO. 1 

THE PRESENCE .oF .oFFSHORE DR.ILLING PLATFORMS. OONSTRUCTION 

CAMPS (AND ASSOCIATED GARBAGE) AND GRAVEL EXTRACTI.oN WILL RESULT 

IN A DECREASE IN 'IBE MJMBER. OF ARCTIC AND RED FOXES 

PARTICIPANTS 

Terry Antoniuk 

Albert Elias 

Harvey Jessup 

David Krutko 

John McDonald 

Margaret McLaren 

Wendy Nixon 

Peter Usher 

INTRODUCTION 

In summer arctic foxes occur primarily in tundra and taiga portions of 

the study area, and are most commonly found on the Yukon North Slope and on 

the Tuktoyaktuk Peninsula. On the North Slope, arctic foxes den in areas of 

mixed sand and gravel soil; 

(Smits and Jessup 1985). 

all known dens are west of the Babbage River 

During the denning period, 

primarily small mammals, and, to a lesser extent, bi rds 

arctic foxes eat 

(Macpherson 1969). 

During winter, however, foxes move onto the sea ice where they scavenge 

carcasses of seals killed by polar bears (Macpherson 1969; A. Elias, pers. 

comm.). Foxes that move onto the sea ice tend to be young animals and often 

travel long distances. Foxes tagged at Prudhoe Bay have been recovered on 

Banks Island and on the Tuktoyaktuk Peninsula (Eberhardt and Hanson 1978). 

Foxes that travel tend to be healthier and have better quality pelts than 

animals that do not travel (A. Elias, pers. comm.). 

Red foxes are more abundant than arctic foxes on the delta and in treed 

portions of the study area. This species also feeds on small rodents and 

birds throughout the year and does not travel on the ice during winter. 

Although red foxes occur on the Yukon North Slope in summer, Inuit observers 

report that they move south by December, apparently because the hard snow of 

the tundra prevents foxes from reaching small mammals (H. Jessup, pers. 

comm.). Because red foxes do not travel on the sea ice, Links 1 to 6 of the 

hypothesis do not apply to this species (Figure 1-1). 
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FIGURE 1-1 

The presence of offshore drilling platforms, construction 
camps (and associated garbage) and gravel extraction will 

result in a decrease in the numbers of arctic and red foxes 
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LINKAGES 

Link 1: Polar bears that encounter offshore platforms will subsequently be 
attracted to these facilities. 

Link 2: Polar bears that approach offshore structures have to be controlled, 
and this will result in the need to destroy some bears. 

Link 3: Changes in the distribution of polar bears will alter the 
distribution of seal carrion on the ice. 

Link 4: A decrease in the number of polar bears will reduce the amount of 
seal carrion on the ice. 

Link 5: A decrease in the number of seals due to offshore activities will 
reduce the amount of seal carrion. 

Li nk 6: A decrease in the amount and change in the di st ri bution of seal 
carrion will decrease the number of arctic foxes. 

Link 7: The presence of camps and refuse will affect the abundance and 
distribution of arctic and red foxes. 

Link 8: Gravel extraction activities will decrease the amount of denning 
habitat. 

Link 9: A decrease in the amount of denning habitat will reduce the 
reproductive success of arctic and red foxes. 

Link 10: Reproductive success influences the abundance and distribution of 
foxes. 



18 

LINUGES 

Link 1: Polar bears that encounter offshore platforJas fill subsequentlY be 
attracted to these facilities. 

Participants of past BEMP workshops concluded that some polar bears will 
be attracted to offshore and coastal industry facilities (Indian and Northern 
Affairs Canada and Environment Canada 1984, 1985, Stirling et ale 1977, 1978). 
However, it was agreed that polar bears would usually only be attracted over 
relatively short distances, and that only a small proportion of the regional 
population would actually be involved in direct interactions with offshore 
structures. 

Link 2: Polar bears that approach offshore structures have to be controlled, 
and this will result in the need to destroy some bears. 

The 1984 and 1985 BEMP reports documented several instances where it has 
been necessary to destroy polar bears for reasons of human safety at both off
shore and onshore industry facilities. Two specific instances in the Beaufort 
Sea were cited, where bears were shot after killing humans. Additional bears 
may also have been shot by Inuvialuit hunters at sites of industrial activity, 
but were not reported as nuisance bears because they were considered part of 
the legal quota. 

Link 3: Changes in the distribution of polar bears fill alter the distribu
tion of seal carrion on the ice. 

This link was considered valid . However, the subgroup concluded that it 
is unlikely that changes in the distribution of polar bears will affect the 
availability of seal carrion to arctic foxes, since foxes are known to follow 
polar bears on the sea ice (A. Elias, pers. comm.). 

Link 4: A decrease in the number of polar bears will reduce the aaount of 
seal carrion on the ice. 

Although the loss of even a single polar bear has the potential to reduce 
the amount of carrion on the ice, the amount of carrion is also determined by 
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the amount of the kill that is consumed by the bear. Polar bears frequently 

consume only the blubber from seals that they kill (Stirling 1974; Stirling 

and McEwan 1975), thereby leaving the remainder of the carcass for foxes. 

However, more of the carcass is eaten when seals are not abundant (Stirling 

and Archibald 1977) and in these circumstances less food may be available for 

consumption by foxes. In general, there does not seem to be an excess of food 

available for foxes. Seal carrion that is available tends to be completely 

consumed by foxes (A. Elias, pers. comm.). It was concluded that a loss of 

polar bears through Link 2 is unlikely to have significant effects on the 

populations of arctic foxes since (1) they are able to cover long distances in 

search of food and (2) mortality of polar bears following active industry 

attraction to facilities is expected to be low. 

Link 5: A decrease in the 'humber of seals due to offshore activities will 

reduce the amount of seal carrion. 

Seal carrion is available to arctic foxes only when seals are partially 

consumed before being abandoned by bears. Since polar bear populations are 

controlled to some degree by the availability of ringed seals (Stirling et 

a!., unpub!. data cited in INAC and Environment Canada 1985), a significant 

reduction in the number of seals would result in a decrease in the size of 

bear populations and therefore, less seal carrion for foxes. 

During the BEMP workshops in 1984 and 1985 the potential effects of off

shore hydrocarbon development on Beaufort Sea populations of ringed seals and 

bearded seals were examined. The development activities of primary concern 

were marine vessel traffic, seismic activities, dredging operations, aircraft 

overflights, and activities at offshore platforms and islands. BEMP 

participants concluded that effects of offshore hydrocarbon development on 

ringed seals were possible, but would be difficult or impossible to detect 

given the natural variability in Beaufort Sea ringed seal populations and the 

difficulty of establishing cause-effect relationships between population 

changes and industry activities. It was expected that effects at the 

population level of either species were unlikely. 
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During the BEMP workshops. the effects of increased frequency of ice

breaker traffic on ringed and bearded seal pup production was also examined. 

Direct pup mortality as a result of icebreaker traffic was anticipated for 

both species but the effect was not expected to be significant at the popula-

tion level. Interference with vocalizations of male bearded seals due to 

icebreaker traffic and a subsequent reduction in mating success was considered 

likely but at a local level such that industry-related effects on pup 

production would not be detectable . 

The potential for large-scale destabilization of the Amundsen Gulf ice 

cover and, hence. a significant change in the total annual amount of open 

water in the region was identified as a significant concern in relation to 

regional ringed seal pup production, as well as regional populations of ringed 

seals and polar bears in Amundsen Gulf. On the basis of limited available 

information on the physical processes controlling the ice edge stability, the 

hypothesis that icebreaker traffic through Amundsen Gulf will move the stable 

ice edge to the east was considered possi ble, but unlikely. Even if this 

should occur, the effect on the total amount of open water was expected to be 

influenced by other factors such as the location of the polar pack ice edge 

and general wind conditions which could advect ice into or away from Amundsen 

Gulf. It was recommended that a research program be initiated to analyse 

existing data on ice and seals in the Beaufort region and to determine if 

there were measurable effects on ringed seals in Amundsen Gulf during years of 

natural destabilization. 

Participants of past BEMP workshops concluded that it is unlikely that 

offshore activity will significantly affect ringed seal populations. There

fore, the working group concluded that it is also unlikely that development 

would reduce the availability of seal carrion to arctic foxes. 

Link 6: A decrease in the amount and change in the distribution of seal 

carrion will decrease the number of arctic foxes. 

Inuit observers reported that seal carcasses are always well utilized by 

foxes (A. Elias, pers. comm.). This indicates that there is probably not an 

excess of food available to foxes on the ice and that the availability of seal 
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carrion could potentially affect the number of foxes. Although this link was 

considered valid it was concluded that development will not reduce the amount 

of seal carrion on the ice. 

Link 7: The presence of camps and refuse will affect the abundance and dis
tribution of arctic and red foxes. 

There are several mechanisms through which camps and the presence of 

garbage may affect the numbers and distribution of arctic and red foxes. 

Camps could act as 'artificial bait stations', particularly in offshore areas, 

and lead to locally dense congregations of foxes. Increased availability of 

food may in turn favour greater survival of foxes, although local 

concentrations may be easily trapped or killed as nuisance animals • 

• 
Bot~ arctic and red foxes are attracted to camps by garbage and workers 

who frequently feed these animals (H. Jessup, D. Krutko, pers. comms.). For 

example, food handouts from workers at Issungnak attracted up to 20 arctic 

foxes for a period of several weeks (D. Krutko, pers. comm.), while a camp at 

Johnson Point on Banks Island attracted 50-60 foxes (Urquhart 1971). In the 

Prudhoe Bay area, the density of arctic fox dens is higher than that in 

surrounding areas (Eberhardt et a1. 1983). Reproductive success in a year 

when lemmings were not particularly abundant was also higher near Prudhoe Bay, 

and these authors attributed this success to availability of food from garbage 

and handouts. 

Although garbage handling is controlled by various regulations, refuse is 

usually incinerated only once per day and may be available to foxes at other 

times (D. Krutko, pers. comm.). The subgroup recommended that an education 

program be implemented to inform workers of the potential consequences and 

hazards of feeding foxes (e.g., rabies). 

The potential for trapping of foxes concentrated near camps, particularly 

those on the sea ice off the Yukon North Slope was identified as an area of 

concern by the subgroup. According to H. Jessup (pers. comm.) the local 

breeding population on the North Slope may only be able to sustain a harvest 

of 60-80 foxes per year but Inuvialuit who have trapped in the area believe 

that several hundred foxes could readily be taken each winter. Trapping could 
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affect both local and distant populations, since the origin of the foxes on 

the ice in this region remains unknown. If offshore platforms attract local 

breeding individuals as well as travelling foxes and, if trapping extends into 

April when foxes are returning to terrestrial denning areas, local breeders 

may be trapped during the den re-occupancy period. At least some arctic foxes 

display year-to-year fidelity to den sites (Eberhardt et ale 1983). Loss of 

local breeders could reduce the numbers of foxes that den on the North Slope 

for at least the season in which resident foxes are trapped. 

Although the group acknowledged that congregations of foxes at camps 

could facilitate the spread of rabies, this was not considered a serious 

issue. Rabies epidemics occur naturally and may be naturally spread by 

contact among foxes feeding on seal carrion. The group concluded that 

attraction of foxes to camps would not significantly increase the risk of 

spreading the disease. 

Link 8: Gravel extraction activities viII decrease the amount of denning 

habitat. 

The potential for loss of arctic fox den sites in the Yukon North Slope 

was not considered an issue because all known dens are west of the Babbage 

River in areas where gravel extraction is unlikely. Den sites in coastal 

areas of the North Slope were identified during recent surveys conducted by 

the Government of Yukon, Department of Renewable Resources (H. Jessup, pers. 

comm.). 

The effect of gravel extraction on den sites for red foxes in the 

Mackenzie Delta was considered an area of concern because of the scarcity of 

gravel in this area. Although industry has attempted to avoid destruction of 

existing dens during gravel extraction operations, the group noted that dens 

do not remain indefinitely and there is little or no information regarding the 

characteristics of sites selected for new dens. Nevertheless, it was 

considered likely that, even after extraction activities were complete, 

sufficient gravel would remain to permit foxes to establish dens within the 

Delta. The group expected that revegetation of mined sites would accelerate 

stabilization and improve sites for future denning. It was also noted that 
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foxes have established dens in berms and in gravel pits at facilities such as 

DEW Line sites. 

Link 9: A decrease in the aaount of denuing habitat will reduce the repro

ductive success of arctic and red foxes. 

Since arctic foxes do not den within the Delta this link is valid only 

for red foxes. [The presence of arctic foxes on the Delta is believed to be 

due to their winter dispersal patterns (N.W.T. harvest records; YTG trapper 

interviews in Aklavik)]. A decrease in the amount of denning habitat would 

only have a direct effect on reproductive success if availability of den sites 

were presently limiting the size of the red fox population. There is no 

evidence to confirm or deny such a relationship for foxes in the Mackenzie 
• • Delta or the MEMP study area in general. However, in the context of this 

hypothesis, the lack of evidence for or against this link is not important 

since the previous link was concluded to be invalid. 

Link 10: Reproductive success influences the abundance and distribution of 

foxes. 

Reproductive success ultimately determines the abundance of faxes. How

ever, both the abundance and distribution of foxes, particularly the arctic 

fox, are affected by several other factors. The abundance of arctic foxes is 

cyclic and is controlled at least in part by the availability of lemmings 

(Macpherson 1969). The distribution of arctic foxes in winter is largely 

determined by the distribution of food, and food availability directly affects 

both their survival and abundance. It was suggested that foxes that travel in 

search for food in winter tend to be healthier than more sedentary individuals 

CA. Elias, pers. comm.). 

CONCLUSIONS 

The linkages concerning the effects of gravel extraction on fox 

populations (Links 8 to 10) were considered invalid for arctic foxes (because 

their denning distribution does not overlap with projected areas of gravel 

extraction) and unlikely for red foxes. On the basis of existing information, 
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the other linkages were considered possible but probably of low significance. 
The subgroup concluded that the effects of hydrocarbon development on arctic 
foxes would be difficult to detect because effects (if they occur) are 
expected to be small in relation to the high degree of natural variability in 

fox distribution and numbers. 

RESEARCH 

During the workshop, it was noted that the existing knowledge of arctic 
foxes in the study area is inadequate in several respects. It is known that 
individual foxes travel long distances on the sea ice but very little is known 
regarding the travel rates, pattern of movements, or relationships of foxes on 

the sea ice to breeding populations. The working group agreed that this 

information is essential for the management of fox populations and would be of 
value in verifying the conclusion reached by the subgroup that hydrocarbon 
development will not significantly affect arctic fox populations. 

The presence of offshore drilling sites provides an opportunity for 
research on foxes that travel on the ice. A tagging program at drilling sites 
could establish whether (1) individual foxes remain at camps for extended 
periods, or (2) if foxes observed at camps are individuals from a continuously 
moving population. Subsequent observations of marked animals would provide 
further information of movement patterns and aid in the identification of 

discrete populations. Some subgroup participants believed that the first step 
toward the establi shment of a research program for arctic foxes should be a 
compilation of all existing literature including that from Soviet sources and 
Alaskan and Canadian 'grey literature'. Although much of the available liter

ature has been compiled by the Yukon Department of Renewable Resources, synth
eses of the data exist for only relatively restricted subjects and geographic 
areas (Usher 1971; Smits and Jessup 1985). 

A further indicator of the status of exploited fox populations is catch 

per unit effort. Any significant variation in catch per unit effort beyond 
normal limits of variability over the population cycle is the first concrete 
indication of significant change in a regional fox population. In order for 
catch per unit effort to function as an adequate index, a time series of data 



25 

covering two or more population cycles is considered necessary. Some baseline 

data could be assembled from a review of existing literature, but most data 

requirements can only be satisfied through coordination of research efforts 

with harvest survey programs recommended in relation to the resourCe 

harvesting hypotheses (Numbers 18-25). 
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HYPOTHESIS t«>. 2 

INCREASED TRAFFIC ON DEMPSTER HIGHWAY AND ROADS 

ON mE NORTH SLOPE WILL DECREASE 'mE NUMBER OF CARIBOU AND 

ALTER mEIR DISTRIBUTION 
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INTRODUCTION 

The estimated size of the Porcupine caribou herd is about 135,000 animals 

(D. Russell, Canadian Wildlife Service, pers. comm.), and the range of this 

herd extends over the northern Yukon , northwestern Northwest Territories and 

northeastern Alaska. The herd winters as two populations: one in the vicinity 

of Arctic Village, Alaska , and the other (about 80,000 animals) in the Yukon 

and adjacent N.W.T. 

There is considerable variability in the wintering areas of the Yukon 

population. In most years, the herd is located south of the Richardson 

Mountains, but occasionally large numbers of caribou remain on the North Slope 

and the western Mackenzie Delta. In years when the herd moves south of the 

Richardson Mountains , its wintering area can be predicted to some extent from 

information on snow depth . In years of low snowfall, caribou winter primarily 

in the Eagle Plains area, which supports a high biomass of lichens. However, 

in years of high snowfall, most caribou remain south or west of the Dempster 

Highway in the Ogilvie Mountains and the upper Peel River drainage. These 

areas tend to receive less snow than the Eagle Plains (D. Russell, pers. 

comm.). Although caribou presence can be predicted to some degree from snow 

depth, other unknown factors also control caribou movement. For example, 

during the winter of 1984-85, Eagle Plains received a substantial amount 
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FIGURE 2-1 

Increased traffic on the Dempster Highway and roads on the 
North Slope will decrease the number of caribou and 

alter their distribution 
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Traffic on the proposed road inland to Mt. Fitton (or through Blow 
Pass) could act as a barrier to a large segment of the Porcupine 
caribou herd and prevent animals from reaching insect-relief areas 
in the northern Richardson Mountains in late July and early August. 

Restricted access to insect-relief areas will increase the daily 
energy requirements associated with insect avoidance, reduce fat 
storage in the fall and may also result in an increased incidence of 
parasites in caribou. 

Lower energy levels will result in decreased calving success, lower 
calf survival and, therefore, lower numbers of caribou. 

Reduced access to insect-relief habi tat will increase the incidence • of parasites and reduce the quality of caribou hides. 

Decreased animal fat levels will reduce the quality of caribou meat 
and hides. 

Increased traffic on the Dempster Highway will increase the number 
of caribou killed as a result of collisions with vehicles. 

Road kills on the Dempster Highway will decrease the abundance of 
caribou. 

Increased traffic levels on the Dempster Highway will harass 
caribou and increase energy expenditure. 

Link 9: Increased traffic on the Dempster Highway will act as a barrier 
and prevent access of caribou to habitat south of the highway. 

Link 10: Traffic on the proposed road inland from King Point could act as a 
barrier to the bull/barren cow segment of the herd and force animals 
to travel a greater distance to reach the large post-calving 
aggregations of caribou. 
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of snow, and the caribou wintered on the North Slope and in the Richardson 

Mountains. However, the herd had remained on the North Slope through the 

fall; they did not move south, encounter deep snow and then return north. 

The spring migration of caribou occurs in two phases. Pregnant females 

commence their northward migration in March; bulls and immature and barren 

cows do not follow until about mid-April. Pregnant cows arrive on the 

calving grounds by late Mayor early June before the snow melt is complete. 

Calving occurs primarily in snow-free areas of the foothills north of Brooks 

Range in northeast Alaska. Scattered calving bands may occur as far east as 

the Mackenzie Delta, but large numbers of parturient cows are rarely found 

east of Stokes Point (Curatolo and Roseneau 1977; D. Russell, pers. comm.). 

Bulls and barren cows that winter in Alaska and the Yukon or N.W.T. reach the 

Yukon North Slope by mid-June, and over 100,000 animals may be present on the 

North Slope at this time. The bull groups gradually move westward and join 

the cows and calves in large post-calving aggregations near the Yukon-Alaska 

border. 

During July, these large groups move eastward to the northern Richardson 

Mountains to seek relief from insects. In August, they disperse into smaller 

groups throughout the northern Yukon and into Alaska. Fall migration begins 

in September and the animals usually reach the wintering areas by late 

October. The rut occurs during the second week of October when the herd is 

usually located south of the Peel River. 

The number of animals in the Porcupine caribou herd has remained stable 

over the last 20 years (Bergerud et al. 1984). The harvest by natives has 

been estimated at 2.9-4.8% of the population each year (Thomas, pers. comm., 

cited by Dickinson and Herman 1979). 

LINKAGES 

Link 1: Traffic on the proposed road inland to Mt. Fitton (or through Blow 

Pass) could act as a barrier to a large segment of the Porcupine 

caribou herd and prevent thea from reaching insect-relief areas in 

the northern Richardson Mountains in late July and early August. 
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Caribou have been observed in the Richardson Mountains since the late 

1800's (Surrendi and deBock 1976). Since 1971, detailed data have been 

collected on the numbers and movements of caribou. These records indicate 

that at least a portion (in some years, more than half) of the herd passes 

through the area of the proposed road en route to their summer range. In mid

July of 1971 and 1972, approximately 5000 caribou crossed the Blow River into 

the northern Richardson Mountains. In 1973, approximately 70,000 caribou 

crossed the Blow River to reach their summer range (Surrendi and deBock 

1976). In 1978 and 1979, 10,000 to 15,000 caribou moved through the Barn 

Mountains across the Blow Valley to the Richardson Mountains. In late July 

of 1982, most of the herd was located on the coastal plain in the Blow and 

Babbage River drainages (Yukon Department Renewable Resources, unpubl. 

reports). The majority of the caribou summering in the northern Yukon in 1984 

(4000 caribou) and 1985 (40,000 caribou) passed through the Blow River 

drainage in mid- to late July en route to the northern Richardson Mountains 

(W. Nixon, pers. comm.). 

Interactions between vehicular traffic and caribou have been studied on 

the Dempster Highway, in the Alaskan oil fields, in Mount McKinley Park (now 

Denali National Park) and elsewhere. The result of these studies suggest that 

traffic has variable effects depending on individual caribou. Some 

individuals or groups of caribou alter or delay their movements, but others 

apparently display no overt behavioural response to traffic; they will cross a 

road once traffic has passed, and may feed near a road with low levels of 

traffic (Surrendi and deBock 1976; Tracy 1977; Russell and Martell 1985). Dau 

and Cameron (1985) and Smith et a!. (1985) studied the effects of vehicular 

traffic on caribou in northern Alaska during the insect harassment season. 

They found that the caribou moving north did cross the road toward insect 

relief areas and that their return movements tended to be deflected along the 

road and around a processing facility. In 1984, movement south was not 

deflected along the road, but road crossing occurred in the evening when there 

was less traffic. Dau and Cameron (1985) recommended that traffic be 

minimized during the period of 1 July to 1 Augustto reduce interference with 

summer movements of caribou to insect-relief areas. 
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The above information suggests that frequent traffic on a road inland to 

Mt. Fitton could interfere with the movement of at least some caribou migrat

ing eastward to the Richardson Mountains in July and August. However, the 

working group concluded that, because the passage of caribou is fairly rapid 

(1-2 weeks) and predictable, effective mitigation (cessation or convoying of 

traffic) would be possible. 

Link 2: Restricted access to insect-relief areas will increase the daily 

energy requireaaents associated with insect avoidance, reduce fat 

storage in the fall, and may also result in an increased incidence 

of parasites in caribou. 

During periods of insect harassment, caribou use various strategies to 

reduce the degree of contact with :nosquitoes and parasitic flies (nasal bot 

flies, Cephenemyia trompe, and warble flies, Oedemagena tarandi). When in

sect harassment is severe, caribou in the Barn and Richardson Mountains move 

to high slopes and ridges where wind exposure is greatest. If movement to 

insect-relief habitat is impeded, it is conceivable that caribou will employ 

other strategies to avoid insects (e.g., an increase in the rate of movement 

in a circular pattern (milling within a group) or in an upwind direction to 

increase apparent wind speed). Caribou that move to avoid insects spend less 

time feeding (have reduced energy intake) and have a greater energy expendi

ture (S. Fancy, in prog.; W. Nixon, pers. comm.). During the insect season, 

caribou are often already in poo~ physical condition (Kelsall 1968). 

It is considered possible that the parasite load of caribou will increase 

if parasitic flies have more opportunities to contact individuals, although 

this has not been confirmed through research conducted to date. Studies of 

insect harassment of the Porcupine caribou herd indicate that there were few 

days of severe insect harassment in 1984 and 1985, but low to moderate levels 

of harassment occurred on several days (CWS, in prog.). Restricted access to 

insect-relief habitat does have the potential to increase daily energy re

quirements, and possibly the incidence of parasites, especially during periods 

of moderate to severe insect harassment. Increased parasite load has been

shown to reduce fat reserves and general body condition (Dieterich et ale 

1981; Hout and Beaulieu, in press). 
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Link 3: Lower energy levels will result in decreased calving success, lower 

calf survival and therefore lower numbers of caribou. 

This link was considered valid. Increased parasi te load has been shown 

to reduce body condition (Dieterich et ale 1981; Hout and Beaulieu, in 

press). Poor body condition (i.e., low fat reserves) has been related to 

reduced fertility in Peary caribou (Thomas 1982). Reindeer herders in Yakutsk 

Province, U.S.S.R. increased productivity from 67-72 to 78-89 calves/l00 cows 

by using systemic drugs to reduce the parasite load, primarily bats and 

warbles (D. Russell, pers. corom.). Helle and Tarvainen (1984) reported that 

reindeer calves were significantly lighter in weight in the fall and early 

winter when insect harassment was severe during the summer of birth. They 

also found that, in one of the two areas they studied, insect harassment 

directly influenced calf sur vival. Poor feeding conditions in late winter, 

followed by a summer wi th severe insect harassment resulted in significant 

levels of calf mortality. 

Link 4: Reduced access to insect-relief habitat will increase the incidence 

of parasites and reduce the quality of caribou hides. 

As previously discussed, it is possible that a delay in the movement of 

cari bou to traditional insect-relief areas could increase the rate of warble 

fly infestation of individuals or the entire herd. However, this was not 

considered an area of concern since a very high proportion of caribou are 

normally infested with parasites (Kelsall 1968) and the hides of infected 

animals are only of poor quality in the spring when breathing holes of warble 

larvae are open. Caribou are generally not hunted for their hides in spring 

because the hair is loose at this time of year and the skins are of little 

value for clothing or bedding (D. Krutko, pers. comm.). 

Link 5: Decreased animal fat levels will reduce the quality of caribou meat 

and hides. 

In the northern Yukon, native hunters traditionally harvest caribou 1) in 

the fall during the southward migration of the herd to wintering grounds, and 

2) in the spring during northward migration to the calving grounds. Caribou 
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are in peak condition in the fall prior to the rut. Caribou meat is of poor 
quality during the rut and, therefore, hunters normally avoid shooting bulls 
during this period. Adult males begin to regain fat in late winter (Dauphine 
1976) and the best caribou meat is from animals that have substantial amounts 
of fat (D. Krutko, pers. comm.). 

It was considered unlikely that any development-related disturbance would 
affect the condition of the caribou more adversely than the stress associated 
with migration or rut. However, the combined energy costs required for migra
tion, insect avoidance, increased parasite load, and increased movement due to 
traffic may reduce the body condition (i.e., fat reserves) of the caribou and 
result in lower quality meat. 

There is no evidence to suggest that hide quality is affected by fat 
levels in the caribou. The preferred hides are those taken during the fall 
hunt when the hair is shorter and does not shed (D. Krutko, pers. comm.). 

Link 6: Increased traffic on the Dempster Highway will increase the number of 
caribou killed as a result of collisions with vehicles. 

This link was considered valid by the workshop subgroup. Most collisions 
were expected to occur in December and January because of the long periods of 
darkness during these months. 

Link 7: Road kills on the Dempster Higbway will decrease the abundance of 
caribou. 

This link was considered self-evident and valid. However, the number of 
caribou killed by collisions with vehicles was expected to be insignificant at 
the population level. 

Link 8: Increased traffic levels on the Dempster Higbway will harass caribou 
and increase energy expenditure. 

Several studies have shown that some caribou near the Dempster Highway do 
react to traffic by running (Surrendi and deBock 1976; Horejsi 1981; 
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Russell and Martell 1985). Although Russell and Martell (1985) indicated that 

levels of traffic were low during their investigations, they found no 

consistent differences between activity patterns of caribou adjacent to the 

highway and those more distant from the highway. Given the levels of traffic 

predicted in the development scenario the sub-group concluded that harassment 

of caribou by traffic was likely to have small effects on the energy balance 

of individuals. 

Link 9: Increased traffic on the Dempster Highway will act as a barrier and 

prevent access of caribou to habitat south of the highway. 

There are numerous examples of crossings of both highways and railways 

by herds of caribou and wild reindeer (e.g., Jakimchuk 1980; Skog1and and 

M01men 1980; Bergerud et a1. .1984) and the sub-group concluded that access to 

areas south of the highway would not be permanently blocked. However, the 

subgroup also concluded that traffic could cause short- or medium-term changes 

in the distribution of caribou near roads. Short-term displacements where 

caribou approach the road are deflected by traffic, but eventually cross at 

the original location, probably occur frequently (e .g. , Surrendi and deBock 

1976; Russell and Martell 1985). Longer-term displacement in which caribou do 

not cross the highway or move a considerable distance before crossing have 

also been observed. In one case, a group of about 1000 caribou attempted to 

cross the highway near the Yukon-NWT border but were deflected by traffic. 

These animals then moved along a ridge parallel to the highway and eventually 

crossed near Eagle Plains about 110 km from their original attempted crossing 

point (D. Krutko, pers. comm.). This type of change in the distribution of 

caribou may be significant both to harvest levels (if a temporary increase in 

the number of caribou near the highway increases the harvest) and to 

distribution of the harvest (if traditional migration routes that cross the 

highway are changed). 
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Link 10: Traffic on the proposed road inland froID. King Point could act as a 
barrier to the bull/barren cow segment of the herd and force animals 
to travel greater distance to reach the large post-calving congrega
tions of caribou. 

As discussed in previous links, increased traffic on roads on the North 
Slope may impede movement of caribou along the Richardson Mountains migration 
route. It was suggested that monitoring of caribou movement and convoying of 
traffic when caribou were present could minimize interference with migration. 

However, some members of the working group were uncertain that regulations 
requiring convoys could be justified because they believed that (1) deflection 
of this segment of the herd inland around the quarry was unlikely to cause a 
significant increase in energy expenditure and (2) blockage of movement of 
some individuals would not likely cause significant effects on the popula
tion. Other participants agreed that the potential effects of traffic on the 

caribou population in the spring were not as significant as those during the 
insect season. However, they indicated that some provision for monitoring the 
approach of caribou should be made and that convoying or other measures should 
be employed in years when a large number of animals are migrating. 

CONCLUSION 

The subgroup considered the overall hypothesis to be valid. In particu

lar, there is evidence to suggest that insect harassment in conjunction with 
severe winters can affect calf survival. Therefore, reduced access to 
insect-relief habitat could affect the abundance of caribou. (However, 
mitigative techniques, such as road closures during the week when large groups 
of caribou are moving east, could prevent traffic from restricting access of 
caribou to insect-relief areas). 

Presently, road kills are less than 100 animals/year. 
levels are about three times greater than present levels. 
tionship between the number of road kills and the volume of 

to exist then about 300 caribou would be lost each year. 

Projected traffic 
If a linear rela

traffic is assumed 
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Traffic on the Dempster Highway has caused some caribou to alter and 
delay their movements. Although the animals eventually cross the highway, it 

is not always at the original crossing site or within the same day. With 
increased traffic, longer-term changes in the distribution of caribou and the 
location of crossing sites along the highway may occur. A primary concern of 
some members of the subgroup was that changes in the distribution of caribou 
would influence the success of native hunters. 

RESEARCH 

The group concluded that research on the use of insect-relief habitat by 
caribou should be continued. This research is presently being conducted by 
the Canadian Wildlife Service. Initiation of further studies should be 
contingent on the results of the present research • 

• 

MONITORING 

Aerial monitoring of caribou movements in July should be initiated in the 
North Slope area (if the proposed roads are constructed) so that the 
appropriate measures can be taken to minimize interference with caribou 
migrations. In addition, the working group recommended that sightings of road 
kills along the Depster Highway be documented so that mitigative measures 
(e.g., warning signs, speed limit s, convoys) could be emplo yed if the number 
of caribou lost on the highway significantly increases. 

During the workshop, much of the discussion focused on the potential 
effects of traffic on the distribution of caribou during fall migration and 
the development of an inexpensive method for determining whether the 
distribution would change in response to increased traffic levels. To monitor 
the effects of traffic on caribou distributions, information would have to be 
obtained regarding (1) traffic levels in September and most of October, and 
(2) the number of animals harvested and the locations where they are 
harvested. Information about traffic levels in September and most of October 
can be obtained from ferry records. Hunter checks to determine number of 
animals taken already exist. It was considered feasible to obtain information 
about locations where harvested animals were taken through the existing 
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system. Information f r om these t wo sources would have to be combined with 

data regarding seasonal movements of the Porcupine herd before any conclusions 

about change in distribution of harvest could be drawn. Therefore, the 

subgroup recommended the continuat ion of the program that is being conducted 

by the Yukon terr itorial government and the Canadian Wildlife Service to 

monitor the distribution and movements of the Porcupine caribou herd. 
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INTRODUCTION 
• 

In the Northwest Territories, the distribution of grizzly bears is gener

ally limited to the treeline, tundra and mountains, while black bears are dis

persed throughout the boreal forest. The average densi ty of grizzly bears on 

Richards Island and the Tuktoyaktuk Peninsula has been estimated at one bear 

per 250 km2, which is much lower than that observed for other grizzly bear 

populations in the Yukon and N.W.T. (Miller et ale 1982; Nagy et ale 1983). 

Like polar bears, grizzlies have very low adult mortality rates and a low 

reproducti ve potential. In the Mackenzie Delta area, females do not breed 

until they are 5 years old and produce an average of 2.2 cubs every three or 

four years (Nagy et a1. 1983). Grizzlies maintain territories. Male and 

female territories overlap, but adult males will not tolerate the presence of 

any other male. Females will occasionally share their territory with a 

daughter (Pearson 1975). 

All grizzly bears hibernate during the winter. They enter dens in early 

October and do not emerge until seven or eight months later (Nagy et ale 

1983). During denning, the bears lose an average of 25-30% of their fall body 

weight. 

After emergence from their dens, bears continue to lose weight until mid

July, although they continue to feed on tender green sedges and forbs and 
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PIGURE 3-1 

Gravel extraction, construction, seismic exploration and 
other development activities, and the presence of camps and garbage 

will decrease the number of grizzly bears and alter their distribution 
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LINKAGES 

Link 1: Gravel extraction will remove denning habitat. 

Link 2: A decrease in denning habitat will result in a decrease in reproduc
tive success and overwinter survival. 

Link 3: Construction and other development activities during late summer may 
disrupt feeding acti vi ty and increase movement of bears, which will 
result in decreased fat reserves in the fall. 

Link 4: Fat reserves determine reproductive success, overwinter survival and 
quality of the fur. 

Link 5: Construction, seismic exploration and other development activities 
during winter may cause bears to abandon their dens, which will 

" reduce overwinter survival and reproductive success. 

Link 6: Reproductive success and overwinter survival determine, in part, the 
size of the grizzly bear population. 

Link 7: Grizzly bears that are attracted to camps and garbage may be destroy
ed as nuisance animals, which will result in a decrease in the griz
zly bear population. 
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the occasional reindeer carcass (Nagy et al. 1983). Between mid-July and mid
September, the bears must feed extensively to build up fat reserves for 
winter. In late summer, bears become extremely hungry and search for fat- and 
carbohydrate-rich food sources that are easily converted into fat reserves. 

Bears have been hunted in the Richards Island/Tuktoyaktuk Peninsula 
region for many years. The Tuktoyaktuk Hunters and Trappers Association (HTA) 
has a quota for five grizzlies which allows successful hunters to sell the 
hides or to offer sport hunts. With an average price of $3000-$5000/sport 

hunt, grizzly bears provide a substantial source of revenue. 

Concerns related to the effects of hydrocarbon development in the 
northern Mackenzie Valley region on grizzly bears are (1) disturbance during 
the August-September feeding period; (2) disturbance of dens; (3) loss of 
denning habitat; and (4) increase in numbers of nuisance bears. These effects 
could influence the reproductive success and/or overwinter survival of grizzly 
bears, and cause a decrease in the abundance of these animals (Fig. 3-1). 

Proposed oil industry facilities could affect grizzly bears primarily on 

the Tuktoyaktuk Peninsula or in the Mackenzie Delta, as well as near Holmes 
Creek and Parsons Lake. Grizzly bears in the Colville Lakes region or within 
the Mackenzie River Valley near Norman Wells could also be affected by 
development in these areas. 

LINKAGES 

Link 1: Gravel extraction viII remove denoing habitat. 

Within the Mackenzie Delta and on the Tuktoyaktuk Peninsula, bears are 
known to prefer den sites along lake shores and stream banks with sandy or 
silty soils (Harding 1976). Dens are rarely used more than once, and fidelity 
to den sites has not been observed (Mychasiw and Moore 1984). 

Development activities will require substantial amounts of sand and 
graveL Because of land use regulations, sites selected for extraction 
operations are generally located on well-drained terrain not adjacent to water 



45 

bodies. Most borrow areas will only be used during short construction 

periods, and the deposits remaining after extraction operations should still 

provide some suitable denning habitat for grizzly bears. Although den sites 

can be a limiting factor to the overwinter survival of grizzly bears (Pearson 

1975), given the proposed development scenarios, this is not expected to be 

a significant concern. Suitable denning habitat is widespread in the study 

area (Pearson and Nagy 1976). 

Link 2: A decrease in denning habitat will result in a decrease in reproduc

tive success and overwinter survival. 

This link. is considered invalid because gravel extraction operations are 

not expected to result in a reduction in the availability of den sites for 
• 

gri .zzly bears. 

Link 3: Construct;1on and other development activities during late SUJIIIler may 

disrupt feeding activity and increase IIOvement of bears. Iirlch .UI 

result in decreased fat reserves in the fall. 

No studies have been conducted to determine if disturbance of bears by 

human activities will result in reduced fat reserves. Studies of bear 

behaviour in parks have indicated that bears actively avoid humans (Herrero 

1985). Harding and Nagy (1980) reported that bears tended to avoid active 

drilling and staging camps by distances of at least 1 km. In Alaska, the 

heart rate of bears in dens was higher when there was construction activity 

during the period of denning (Reynolds et a1. 1983). Black bears in the 

vicinity of the Tar Sands project at Cold Lake, Alberta, were more active than 

bears that resided elsewhere (Tietje and Ruff 1983). 

The above evidence suggests that human activity in the vicinity of bears 

can result in increased acti vi ty of some individuals and cause avoidance of 

parts of their territory. If the disturbance occurs during the July-September 

feeding period, it might disrupt normal feeding activities and prevent bears 

from gaining the necessary weight (i.e., fat reserves) needed for the winter 

months. In the summer of 1986, radio-collared bears on Richards Island will 

be observed to determine whether or not bears avoid areas of hydrocarbon 

exploration activity. 
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Link 4: Fat reserves deteI1ll1.ne reproductive success. overwinter survival, and 

quality of the fur. 

In the context of this link, reproductive success is defined as the 

potential for a female to give birth to cubs. Grizzlies mate in June, but the 

fetuses do not become implanted in the womb until October. The cubs are born 

1 n late December and suckle the female while she hi bernates. By spring, the 

cubs weigh 5-7 kg. 

Little definitive information on grizzly bears is available in relation 

to the validity of this link. In Minnesota, female black bears that did not 

reach a threshold fall weight did not produce cubs during the following spring 

(Rogers 1976). Nagy et ale (1983) reported finding a cub that apparently died 

of starvation during the winter. Other instances of emaciated subadults and 

old bears found dead in their dens have been documented (Reynolds et al. 

1976). In the Arctic, where grizzly bears hibernate for 7-8 months of the 

year and pregnant females have an additional energy cost associated with the 

support of 2 or 3 growing cubs, adequate fat reserves are extremely important 

for both the overwinter survival of bears and, in particular, reproductive 

success. 

It was noted that the quality of grizzly fur is very important to sport 

hunters (A. Adams, pers. comm.). However, the relationship between the 

quality of fur and the fat reserves of bears is presently unknown. 

Link 5: Construction, seiSllic exploration and other development activities 

during winter may cause bears to abandon their dens, which will 

reduce overwinter survival and reproductive success. 

Harding and Nagy (1980) reported that two grizzly bears abandoned their 

dens as a result of winter seismic operations and gravel mining. During 

winter, energy demands increase dramatically for a non-hibernating bear and 

survival of the animal is unlikely (R. Archibald, pers. comm.). If 

development acti vi ty causes a female with cubs to abandon her den, the 

potential for both reproductive success and overwinter survival will be 
reduced. 



47 

Link 6: Iteproducti ve success and overwinter survival determine ~ in part ~ the 

size of the grizzly bear population. 

This link is self-evident and valid. Recruitment into the population is 

determined primarily by the number of cubs born and their subsequent sur

vivaL Since grizzly bear cubs and subadults already have the highest rate of 

natural mortal! ty (Nagy et al. 1983), a further reduction in the number of 

cubs born and in the overwinter survival of subadult bears will reduce 

recruitment into the breeding population and cause a gradual decline in the 

size of the population. 

Link 7: Grizzly bears that are attracted to camps and garbage may be 

destroyed as nuisance ani.als, which will result in a decrease in the 

grizzly bear populat~on. 

It has been well documented that grizzly bears are attracted to camps and 

garbage (Herrero 1985) because they provide an accessible and concentrated 

source of food. Once a bear becomes habituated to garbage, it may be 

extremely difficult to deter the animal from the site. In these cases it is 

sometimes necessary to destroy the bear if it becomes a nuisance or safety 

hazard. 

Proper handing of camp wastes and garbage, the implementation of 

awareness programs, and the use of bear detection and deterrent techniques 

could be effective in reducing the number of bear encounters that occur. 

Research on methods for detecting and deterring bears is being conducted at 

Churchill, Manitoba and Norman Wells (Stenhouse 1982, 1983; Clarkson, in 

press). A deterrent technique involving the use of guns that fire rubber 

bullets is particularly promising and could be effective in reducing the 

number of bear kills. 

A sustainable yield of less than 2% has been calculated for adult female 

polar bears using a population model developed by Taylor et aL (in press). 

Since the population characteristics of grizzly bears in the Mackenzie Delta 

are similar to those employed in the polar bear model, the subgroup expected 

that the sustainable yield for the grizzly bear population would be only 
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slightly higher than that predicted for polar bears. Nagy et a1. (1983) sug

gested that the bear population in the Delta area (estimated at 80 animals) 

could not sustain an average annual mortality of over 7 or 8 individuals. In 

the event that the number of nuisance bear kills exceeds the present quota of 

5 bears, a gradual decline in the size of grizzly bear populations in the 

Mackenzie Delta and Tuktoyaktuk Peninsula area would likely occur. 

CONCLUSION 

Given the current development scenario, the subgroup concluded that this 

hypothesis is valid. In view of present harvest levels and low reproductive 

rates, an increase in bear mortality due to development activities (e.g., 

nuisance bear kills), that exceeds population losses associated with the har

vest, is expected to result in a gradual decline in the grizzly bear popula

tion. However, the potential effects of development activities that directly 

influence bear populations (Le., disturbance of denning bears and bear/human 

conflicts that result from improper garbage handling practices) could be con

trolled by appropriate planning and mitigative techniques. 

Given the probable scale and timing of hydrocarbon development in the 

region, it is not expected that bears would avoid large portions of their 

range or be disturbed so frequently in late summer that they do not accumulate 

sufficient fat reserves. Although gravel extraction operations will remove 

some bear denning habitat, this is not expected to cause a reduction in the 

reproducti ve success or the overwinter survival of grizzly bears because of 

the large amount of suitable denning habitat available within the region. 

RESEARCH AND KlNITORING 

Records of the number of grizzly bears observed or killed near camps 

should continue to be maintained in support of efforts to determine population 

sizes and mortality rates. The subgroup also recommended continued support of 

bear awareness programs and deterrent/detection research that is presently 

being conducted by the N.W.T . Wildlife Service. In addition, the N.W.T. 

Wildlife Service has been conducting a program that involves radio-collaring 

grizzly bears on Richards Island to update the popUlation estimate and to 
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investigate the movements and feeding patterns of bears in relation to 

industry activity. This research is expected to continue until 1987. 
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Within the study area, muskrats occur primarily on the Mackenzie Delta. 

The Delta has the highest concentration of good quality muskrat habitat in the 

Northwest Territories (Dennington et a!. 1973). The best quality habitat is 

located in the upper Mackenzie Delta rather than in lower areas adjacent to 

the Beaufort Sea. Two long-term studies on muskrat populations in the Delta 

indicate that muskrat numbers fluctuate widely and possibly cyclically in this 

region (Stevens 1953; Hawley and Hawley 1975). Populations may be limited by: 

(1) food availability, particularly in winter: (2) lack of suitable denning 

sites; and (3) freezing of shallow lakes (Stevens 1953; Ambrock and Allison 

1973). Although two litters are produced by some females in the Delta, 

(Stevens 1953), productivity is not as high as in temperate portions of their 

range where as many as three li tters are produced in a single season (Fuller 

1951; Ambrock and Allison 1973). Survival of young muskrats is very low, 

particularly over the winter (Stevens 1953; Hawley and Hawley 1975). 

Every spring, hunters and trappers from Inuvik and Aklavik travel to 

traditional areas within the Delta to hunt and trap muskrats. Residents 

in other Mackenzie Valley communities harvest smaller muskrat populations 

which are located primarily along shallow rivers and lakes throughout the 
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FIGURE 4-1 

Oil and gas development activities will alter the water 
regime and decrease muskrat population 
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LINKAGES 

Link 1: Water withdrawals will decrease water flow in smaller streams and 
water levels in smaller lakes. 

Link 2: Physical drainage barriers across the Mackenzie Delta will interrupt 
the pattern of water flow. 

Link 3: Patterns of water flow determine water levels and distribution. 

Link 4: The timing and extent of overbank flooding determine the duration of 
snow cover and the albedo. 

Link 5: The duration of snow cover and albedo influence the length of the 
growing season. 

Link 6: The length of the growing season influences the growth and species 
composition of ripar! an and aquatic vegetation. 

Link 7: The timing and extent of overbank flooding affect the levels and 
distribution of nutrients and sediments. 

Link 8: The levels and distribution of nutrients and sediments influence the 
growth and species composition of riparian and aquatic vegetation. 

Link 9: The growth and species composition of riparian and aquatic vegetation 
affect the population size and quality of muskrats through influences 
on feeding and survival. 

Link 10: Changes in water flow and water level affect the water thermal 
regime. 

Link 11: The water thermal regime affects the ice regime. 

Link 12: The ice regime affects survival of muskrats. 
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study area. Between 1975 and 1980, the average value of the annual muskrat 

harvest was over $580,000 (Tinling 1982). 

Suitable muskrat habitat depends upon predictable seasonal water levels. 
Increases to those water levels can result in flooding of breeding chambers 
and increased winter predation under the ice; decreases can result in loss of 
habitat. Although current oil and gas development scenarios should not result 

in large-scale water level changes in the Mackenzie Delta, some potential for 
local changes in water levels does exist due to site-specific water withdrawal 
requirements. 

Although most of the detailed information on muskrat popUlations in the 
Mackenzie Delta is 15 years old or more, there is no reason to suspect that 
the biophysical conditions that produce such favourable muskrat habitat in 
this region have changed substantially over the last few years. 

LINKAGES 

Link 1: Water wi tbdrawals will decrease water flow in smaller streams and 
water levels within ssaller lakes. 

Water withdrawals associated with hydrocarbon development are anticipated 

for: (1) hydrostatic testing of pipeline sections; (2) water re-injection at 
some production wells; and (3) water supplies at construction camps and 
processing facilities. 

Hydrostatic Testing: The present technology in pipeline testing may allow the 
use of air rather than water as the medium during testing for pipeline 
integrity. The recently completed IPL oil pipeline from Norman Wells to Zama 
Lake was tested using air, except at the two large crossings across the 
Mackenzie mainstem and the Great Bear River. Air was approved as a suitable 

medium because the 324 mm diameter pipe was of 'high qual! ty' and not subject 
to 'running fractures' (A. Pick, IPL, pers. comm.). Air testing of pipeline 
integri ty is currently cont rolled in the south by a si te-by-si te approval 
process because of safety concerns and the higher human population densities. 

Air tests are not considered feasible for large-diameter, high-pressure 
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pipelines of any considerable length. However, if suitable high-pressure gas 

is available, there is the possibility of its use as a test medium. If water 

testing is required for northern pipelines, the normal practice w;)uld be to 

withdraw water from larger streams or lakes to minimize the effects of this 
procedure on water levels. The pipeline companies are also investigating the 

possibility of "shuttle testing", which is the use of the same water or air 

for testing successive lengths of pipe. Approximately 65 m3 of water per 100 

m of pipe is the unit capacity of the proposed Polar Gas 914-mm gas pipeline. 

Lesser or greater amounts of water could be required depending on details of 

the procedure finally adopted. It is expected that larger water bodies 

will be available as a source over most of the proposed pipeline route. In 

the few locations where it may be necessary to withdraw water from smaller 

streams, changes in withdrawal rates could be used to alleviate effects • 

• Vater Injection: Water injection requirements at production wells could 

also require relatively large amounts of water. However, this is not 

expected to result in large-scale water level changes since most of the 

production facilities will be located adjacent to large water bodies, i.e., 

main channels of the Mackenzie River and offshore of the Mackenzie Delta 

within Mackenzie Bay. Some potential exceptions are production wells located 

onshore along the Tuktoyaktuk Peninsula. However, this region is poor muskrat 

habitat and, therefore, was not considered an issue. Another region which is 

not currently part of future production plans (exploration only) is the 

Colville Lake area. Depending on the result of exploratory drilling and the 

prospects for future production, water injection sources for production 

facilities (if required) would likely be located at considerable distances 

from the larger water bodies in this area. 

HUIIllll ConsUlaption: Water required for construction camps and accommodation 

facilities at production fields will typ~cally be taken from mainstem 

Mackenzie River channels, as was the case during construction of the Norman 

Wells IPL pipeline (S. Matthews, N.W.T. Renewable Resources, pers. comm.). 
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Link 2: Pbysical drainage barriers across the Mackenzie Delta viII interrupt 
the pattern of water flow. 

Physical barriers such as pipeline berms, well-site structures, staging 

areas and access roads have the potential to influence the distribution of 

floodwaters in the outer (New) Delta, which may, in turn, affect the structure 

of muskrat habitat. The only significant (but localized) effects are expected 

near the Taglu, Niglintgak and Adgo fields on the outer portions of Richards 

Island. Such barriers could alter the regular patterns of spring flooding in 

floodplain areas that are located some distance from the channels. Removal of 

the snow and ice cover by seasonal flooding in downstream areas behind 

pipeline berms may be delayed or, in some cases, may not occur at all. The 

most significant effects would be expected at a few small and intermittent 

locations (up to a few kilometres across) on the northern side of east-west 

pipeline berms from Taglu to Niglintgak and/or Adgo. In these regions, 

limited change in the species composition of riparian and aquatic vegetation 

could result. However, this potentially affected area of the outer Delta is 

not typically used for the harvest of muskrat (Milton Freeman Research Limited 

1976). The harvest occurs primarily to the south within the inner Delta and 

extends only as far north as a line about 10 km south of the low relief 

Taglu-Niglintgak floodplain. It is postulated that smaller numbers of 

muskrats reside in the Taglu-Niglintgak floodplain area due to less suitable 

denning habitat because of poor bank conditions and unstable water levels 

caused by storm surges on the outer Delta (L. Allison, pers. comm.). 

CONCLUSION 

The working group concluded that the first tlo'O links of this hypothesis 

were invalid or inconsequential. As a result, discussion of the remaining 

links shown in Figure 4-1 was considered unnecessary. NO significant decrease 

in the Mackenzie Delta muskrat populations are expected as a result of water 

withdrawal and drainage disr uption associated with hydrocarbon development. 

Therefore, no research or monitoring is recommended. 

The areas identified within the MEMP study region that could experience 

significant water withdrawal and/or floodplain alterations because of 
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development-related activities or facilities are not located within principal 
muskrat habitat or harvest regions. Localized groups of muskrats could be 
affected by operations in the area that influence a few smaller lakes. 
However, these effects are expected to be short term, if they occur at all 
due to the high reproductive capac! ty of muskrats. A significant proportion 
of prime muskrat habitat would have to be affected (e.g., by long-term 
variations in water levels of the Mackenzie River) before effects at the 
population level could be detected. In localized areas where muskrats have 
been extensively harvested or where habitat has been altered or disturbed, the 
populations typically return to normal levels within a short period once 
suitable habitat has been re-established (L. Allison, pers. comm.). 
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• 
INTRODUCTION 

Moose are widely dispersed throughout forested portions of the MEMP study 

area. During the summer months, they are also found on the North Slope where 

they occur primarily along streams (Doll et al. 1974). Moose generally calve 

in late Mayor early June in lowland riparian areas or alluvial islands. 

During the summer, some moose may remain near the rivers, but most move into 

adjacent upland areas where they feed primarily on aquatic vegetation. The 

rut occurs in September and October. Moose winter in riparian areas such as 

the Mackenzie River islands or burn areas where there is an abundant supply of 

food or, less frequently, in upland areas. The winter range consists of early 

successional areas where substantial shrub growth is interspersed with 

coniferous cover. In the Northwest Territories, prime winter habitat is 

maintained by periodic flooding and forest fires (Prescott et al. 1973; Watson 

et al. 1973). Such habitat is believed to occur between 11 and 50 years after 

a fire (Kelsall et al. 1977), depending on the intensity of the fire. After 

very intense fires, rootstocks of willows are destroyed and regeneration is 

slow (M. Mendo, pers. comm.). 

There is limited information regarding moose populations in the MEMP 

study area. The few data that are available indicate that densities of moose 

in the Mackenzie Valley are considerably lower than those in other parts of 

North America (Treseder and Graf 1985). Within the study area, the lower 
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FIGURE ~l 

Oil and gas development construction and clearing activities 
and the presence of an above-ground pipeline will change 

the abundance and distribution of moose. 
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LINKAGES 

Link 1: Wood-chipping operations, seismic lines, right-of-way, and other 
clearing will increase the amount of food available to moose in the 
short to medium term. 

Link 2: Construction activities and associated traffic will disturb and 
harass female moose and their young and cause individuals to expend 
more energy to locate suitable habitat. 

Link 3: Construction activities and associated traffic will disturb moose 
populations and lead to a change in distribution and the location of 
some individuals in alternative habitats and areas. 

Link 4: Changes in the seasonal distribution of moose will increase the 
amount of energy required for some individuals to locate suitable 
habitat. • 

Link 5: An above-ground pipeline will prevent the passage of moose, which 
will lead to changes in migration patterns. 

Link 6: The energy balance of an adult determines its reproductive success. 

Link 7: Reproductive success determines, in part, the number of moose in the 
population. 

Link 8: Increased traffic associated with development will result in 
increased numbers of moose killed through collisions with vehicles. 
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Mackenzie River valley from Fort Norman to Fort McPherson supports relatively 

high moose densities (Brackett et al. 1985). Islands in this region provide 

excellent winter range (Prescott et al. 1973), while there is lower quality 

range in the Mackenzie Delta. Although riparian vegetation is kept at an 

early stage of development by ice damage and flooding, thereby providing an 

abundant source of food for moose, coniferous cover used for shelter is limit

ed on the Delta. Densities of moose in the Delta average less than 1/100 km2 

and the entire Delta population has been estimated at 300 animals (Brackett et 

al. 1985). 

The impact hypothesis for moose addresses three sets of linkages: (1) 

effects of increased traffic levels on permanent roads, particularly the 

Dempster Highway, (2) potential effects of an above-ground pipeline on moose 

movements, and (3) effects of clearing forested areas. 

LINKAGES 

Link I: Wood-chipping operations, seismic lines, right-of-way and other 

clearing will increase the CDOunt of food available to moose in the 

short to medium tena. 

Optimum moose habitat, particularly winter habitat, consists of an inter

spersion of areas that provide food and cover. Moose browse on shrubs, par

ticularly willows, and use nearby stands of coniferous trees for shelter. 

These conditions are often found in areas that have been affected by mod

erately intense forest fires or selective logging (e.g., Bergerud and Manual 

1968; Watson et ale 1973; Krefting 1974). Telfer (1970) found that logging in 

eastern Canada resulted in a 50-fold increase in browse seven years after 

cutting. An increase in shrub growth of this magnitude in the Northwest 

Territories is unlikely because of harsher climatic conditions in the region. 

Nevertheless, it is expected that cutting trees for wood-chip production and 

creation of new 'edges' along pipeline right-of-way, seismic lines and around 

industry facilities will increase the amount of food available to moose. 

Whether new habitat created by construction activities will be used by 

moose depends to some extent on the size and shape of the cleared areas. 
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Telfer (1974) suggested that moose will use openings of up to 128 ha (0.5 mi 2 ) 

in size. However, Hamilton and Drysdale (1975) found that moose seldom moved 

more than 40 m from cover, and never went beyond 100 m. It should be noted 

that neither of these studies was in the N.W.T. These observations may 

indicate that the behaviour of moose varies wi th location. It is expected 

that newly created habitat along seismic lines and rights-of-way will most 

likely be used by moose. However, use of the new habi tat in areas cleared 

during wood-chipping operations may be variable and dependent on the size and 

shape of the clearing. Most areas cut for wood chips during construction of 

the IPL pipeline were 20-50 ha in size and will likely be used by moose. A 

few areas were up to 200 ha in size, but were selectively cut in irregular 

shapes to produce enhanced habitat for moose. 

Table 5-1 provides estiql.ates of the present total forested area and the 

amount of clearing projected in the current development plan for three 

regions within the MEMP study area. Since clearings along pipelines and, 

particularly, seismic lines will be created at different times, they will be 

at various stages of succession and will not all be of equal value as moose 

habitat at anyone time. Although there is insufficient information regarding 

moose dens! ties and the factors that control moose populations to make any 

predictions about the potential effects of this new habitat at the population 

level, it is clear that moderate amounts of feeding habitat may be created. 

Table 5-1. Summary of major activities that will create clearings in three 
sections of the MEMP study area from 1985-2004. 

Mackenzie Colville Norman 
Delta Lakes Wells Total 

Total forest (km2 ) 2830 97,200 27,200 127,230 

Seismic lines (km x 1000) 381 278 52 711 

Pipelines (km) 300 600 690 1590 

Wood chipping 38 km2 in 
20-200 ha 
blocks 
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The length of time required for the regeneration of willows and other 

shrubs depends on the amount of ground disturbance that occurs, the initial 
floristic composition of the cleared area, and whether seeding and fertiliza-
tion of disturbed areas is undertaken. For example, on pipeline right-of-
way, seeding and maintenance of grasses could reduce the amount of browse that 
may otherwise be available. Similarly, seeding and fertilization may 
initially determine the composition of plant growth on spoil areas and borrow 
pits. In areas cleared for wood-chip production, willows may be cut, but will 
regenerate from the rootstock within one year. However, in areas where little 
or no willow is present (e .g. , climax forests), it may take 3-5 years before 
browse for moose develops and growth of willow may never be extensive (W. 

Younkin, R. Graf, pers . comms . ). In areas that are not cleared regularly 
(e.g., seismic lines that are ndt re-used , areas cut for wood-chip produc
tion), succession to coniferous forest would likely occur within 20-50 years 
(W. Younkin, pers. comm.) . Therefore , these areas will only be of temporary 
value as feeding areas for moose . 

The group concluded that Link 1 is valid, but that creation of additional 
moose habi tat will not necessarily result in an increase in the abundance of 
moose. 

Link 2: Construction activities and associated traffic w:l.11 disturb and har

ass feaa.le mose and their young and cause individuals to expend oore 
energy to locate suitable habitat. 

There is little evidence to support this link. The subgroup agreed that 
moose were less likely to be affected by construction-related disturbances 
than more gregarious animals. During construction of the IPL pipeline, moose 
appeared to be relatively undisturbed (5. Matthews, pers.comm.). However, it 
was considered possible that in years with deep snow, moose may expend a 

greater amount of energy to locate suitable habitat as a result of 
disturbances caused by construc tion activities. 
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Link 3: Construction activities and associated traffic will disturb lIWlose 

populations and lead to a change in distribution and location of some 

individuals in alternative habitats and areas. 

There is no evidence for this link. The general habitat requirements for 

moose (i.e., food and shelter) are similar throughout their range and are not 

likely to change in response to construction activities. There is no evidence 

to suggest that the distribution of moose in the southern Northwest Terri

tories has changed as a result of construction of the 1PL pipeline or roads 

and highways. It was noted that moose are frequently observed along the 

margins of major highways in southern Canada. However, improved access via 

roads and highways may lead to increased hunter effort and thereby cause 

changes in the local abundance and distribution of moose. 

Link 4: Changes in the seasonal distribution of 1IlOose will increase the 

amount of energy required for some individuals to locate suitable 

habitat. 

This link was considered unlikely since the previous links were concluded 

to be invalid. 

Link 5: An above-ground pipeline will prevent the passage of ooose, tibich 

will lead to changes in lIWlose migration patterns. 

Present development scenarios do not include above-ground pipelines, but 

it is possible that in certain areas of discontinuous permafrost, segments of 

heated oil pipelines will have to be built above the ground, and thereby act 

as barriers to moose movements . However, experience in Alaska has shown that 

above-ground pipelines can be constructed so that the passage of moose is not 

obstructed. Van Ballenberghe (1978) and Eide and Miller (1979) both reported 

that moose crossed above-ground pipelines more frequently than expected when 

the pipe was raised to allow moose to pass underneath. Van Ballenberghe 

(1978) found significantly more crossings than expected at pipe heights of 

6-8 ft (1.8-2.4 m), significantly fewer crossings at heights greater than 

8 ft (2.4 m) and no difference from expected numbers at heights less than 6 ft 

(1.8 m). Eide and Miller (1979) based their observations on different height 
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categories. They found significantly IOOre crossings than expected at heights 

of 9-11 ft (2.7-3.6 m), significantly fewer crossings at heights less than 

5 ft (1.5 m) and greater than 12 ft (3.7 m) and no difference from expected 

numbers for the other categories. The depth of snow cover was relatively low 
during both of the studies (less than 70 cm), and was not considered to be a 

factor in determining the location of the crossings. Of greater importance 

was the location of habi tat with respect to the pipeline and the use of 

traditional migration routes. Despite the fact that many moose did cross the 

pipeline, Van BaUenberghe (1978) presented evidence from track counts that 

moose crossed a disused track about 100 m from the pipeline much more fre

quently than they crossed the pipeline itself. This suggested that some 

animals were avoiding the area of the pipeline. Eide and Miller's subsequent 

study did not address this question. 

The working group concluded that the potential for moose migration pat

terns to be affected by above-ground pipelines does exist. In the event that 

above-ground pipelines become part of the hydrocarbon development plan, the 

group suggested that regulations controlling the distance between the pipe and 

the ground be implemented and that a monitoring program be initiated to 

examine the migrations of moose in the area of the pipeline. 

Link 6: The energy balance of an adult determines its reproductive success. 

General biological principles indicate that this link is valid. The 

energy balance of moose is generally negative from the fall through early 

spring (MacLennan 1974). It is expected that, in some years, the negative 

energy balance of some individuals affects calf production. 

Link 7: Reproductive success determines, in part, the number of moose in the 

population. 

Although this link is inherently valid, reproductive success may not be 

the IOOst important factor controlling moose populations in the Northwest Ter

ritories. Information regarding the number of moose in the area is limited. 

Nevertheless, densi ties of moose are known to be considerably lower than those 

in other parts of North America, including the Yukon and northern Alberta. 
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This may be due to high calf mortality in late winter (Treseder and Graf 

1985). Comparisons between studies in the N. W. T. and other parts of the North 

America indicate that calf survival is high until late fall. However, by late 

winter, the proportion of calves in moose populations in the N.W.T. is low 

compared to other areas. The authors emphasize that the data used for compar

ison were taken from different parts of the N. W. T. and that their conclusion 

is tentative. 

[The existing data on moose populations in the N.W.T. have been collected 

largely from aerial surveys conducted in the past and are presently inadequate 

for the management of these populations. Additional data that are required 

include: (1) calf production and survival rates; (2) types and numbers of 

predators; (3) numbers, age and sex of moose harvested by native people; and 

(4) information on the effel;ts of s 'now depth and severity of winter on 

reproduction and survival. The N. W.T. Department of Renewable Resources has 

initiated a research program to address some of these data gaps, but further 

information regarding population dynamics in the MEMP study area is needed for 

management.] 

Link 8: Increased traffic associated with development will result in in

creased numbers of moose killed through collisions with vehicles. 

The number of moose killed by collisions with vehicles is affected by 

many factors, including speed of traffic, size of vehicles, density of mose 

in the area, depth of snow and height of snow banks (i.e., ease of egress from 

the road corridor). The group concluded that only permanent roads, such as 
the Dempster Highway, were likely to result in serious or fatal collisions, 

because road conditions are maintained during winter months and traffic is not 

forced to slow down. Conversely, conditions on winter roads are poor and 

vehicles generally travel much more slowly. It was noted that there have been 

no reports of moose killed by collisions with vehicles on the Gordon Lake 

winter road in 5-6 years of operation. Similarly, there were no road kills 

reported during construction of the IPL pipeline from Norman Wells to Zama 

(S. Matthews, pers. corom .). On the other hand, at least three collisions have 

occurred on the Dempster Highway within the past year (D. Krutko, pers. 

comm.). 
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CONCLUSION 

It was considered unlikely that construction activities and associated 

traffic would affect the seasonal distribution (Link 3) and energy balance 

(Link 4) of moose. Although the links relating effects of increased traffic 

levels to moose numbers (Li nks 2 and 3) were considered valid, no monitoring 

beyond existing programs was recommended. The consensus of the group 

was that new habitat created along seismic lines, right-of-way and other 

clearings (Link 1) would have neutral or beneficial effects on individual 

mOose in these areas. However, this will not necessarily result in an 

increase in the number of moose in the population since food availability may 

not be the factor limiting moose production in the Northwest Territories (Link 

7). 

The workshop participants concluded that the overall hypothesis was 

valid. However, on the basis of existing knowledge, it was not possible to 

determine whether the cumulative effects of development will cause an increase 

or decrease in the abundance of moose. 

RESEARCH 

No research specifically related to the effects of hydrocarbon develop

ment on moose populations was recommended. However, the group recognized the 

importance of moose to the native harvest, and supported the continuation and 

expansion of basic ' research on the numbers, movements, recruitment and 

energetics of moose populations in the Northwest Territories. 

MONITORING 

Areas c leared for wood-chip production during construction of the IPL 

pipeline provide a unique opportunity to monitor the regeneration of woody 

browse on sites of varying topography and floristic composition. It was 

recommended that the appear ance, gr owth and duration of woody browse suitable 

for moose consumption be monitored . 
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The subgroup recommended that the number of road kills be reported 

through existing monitoring programs. In the event that above-ground sections 

of pipeline more than 3-5 km long are proposed, it was also recommended that 

moose movements along the pipeline should be monitored for the first two or 

three years of operation to determine whether the movement of these animals is 

restricted. 
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HYPOTHESIS NO. 6 

OIL AND GAS EXPLORATION AND DEVELOPMENT 

ACI'IVITIES THAT ALTER HABITAT PERMANENTLY OR TEMPORARILY 

WILL INFLUENCE THE DISTRIBUTION AND ABUNDANCE OF HARTEN 

PARTICIPANTS 

Lee Doran 

Robert Ferguson 

Susan Fleck 

Harvey Jessup 

Peter McNamee 

Steve Matthews 

Maurice Mendo 

Archie Pick 

Walt Younkin 

INTRODUCI'ION 

Marten (Martes americana) are soli tary animals. They inhabit mature 

forests and tend to avoid areas with little ground cover such as muskeg, open 

pine forests and areas of recent fires (More 1978; Archibald and Jessup 1984; 

M. Mendo. pers. corom.) . Although marten may travel across or hunt in open 

areas, their resting and natal dens are primarily restricted to hollow trees 

and fallen logs in mature forests. Females frequently demonstrate fidelity to 

natal dens (Archibald and Jessup 1984). 

Adult marten are terri torial. Home ranges of marten of t.he same sex 

do not overlap, although the territory of one male will overlap with that of 

several females. Immature marten are transient and may travel distances of up 

to 50 km to establish a territory (Archibald and Jessup 1984). Marten prey 

primarily on mice, but will also feed on snowshoe hares, red squirrels, birds 

and berries (More 1978). In winter, marten hunt microtines that are found in 

the subnivean layers (Archibald and Jessup 1984). 

In the Yukon, the average size of a male and female home range is 6.2 and 

4.7 km2 , respectively (Archibald and Jessup 1984). Estimates of the density 

of marten in the Mackenzie Valley vary between 0.13-0.86/km2 (Wooley 1974). 

These values suggest that home ranges in the N.W.T. (1.2-7.6 km2 ) may be 
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FIGOJlE 6-1 

Oil and gas exploration and development 
activities that alter habitat permanently or temporarily will 

influence the distribution and abundance of marten 
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LINKAGES 

Link 1: Seismic lines, wood-chip operations, temporary winter roads and pipe
line rights-of-way will temporarily decrease marten denning habitat. 

Link 2: Permanent roads, facili ty si tes and borrow pi ts will permanently 
decrease marten denning habitat. 

Link 3: A decrease in denning habitat will decrease the local breeding popu
lation of marten. 

Link 4: Seismic lines, wood-chip operations, temporary winter roads and pipe
line rights-of-way will temporarily increase marten feeding habitat. 

Link 5: Permanent roads, facility sites and borrow pits will permanently 
decrease marten feeding habitat • 

.. 
Link 6: An increase in feeding habitat will increase the local breeding popu

lation of marten through increased survival. 

Link 7: The siz·e of the breeding population ·of marten influences recruitment. 

Link 8: Recruitment contributes to marten population levels. 

Link 9: A decrease in denning habitat will increase the emigration of marten 
to surrounding areas. 

Link 10: An increase in feeding habitat will increase the immigration of mar
ten from surrounding areas. 
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smaller than those in the Yukon. Within the Mackenzie Valley, marten provide 

the largest source of income to full-time trappers (Dickinson and Herman 

1979). With an average price of $60.00/pelt and an average annual harvest of 

21,000 marten (N.W.T. Fur Records), this resource represents a source of 

substantial revenue. 

Hypothesis No.6 addresses the potential effects of hydrocarbon develop

ment on marten populations. The major concern is that activities associated 

with exploration and development will cause either temporary or permanent 

changes to marten habitat and subsequently lead to fewer marten (Fig. 6-1). 

The hypothesis was considered worth evaluating because of the value of the 

marten harvest to trappers and the specialized habitat requirements of the 

species. 

LINKAGES 

Link 1: Seisllic lines, wood-chip operations, temporary winter roads and pipe

line rights-of-way (ROWs) will temporarily decrease marten denning 

habitat. 

Approximately 68% of the Colville Lakes and Norman Wells region (180,000 

km2 ) is covered with mature spruce or mixed spruce woodland, in c~mparison to 

2% of the Mackenzie Delta region which is 50,000 km2 (Hirvonen 1975; W. 

Younkin, pers. comm.). On the basis of existing knowledge regarding previous 

seismic operations and construction of the Norman Wells pipeline, potential 

changes to marten habitat were predicted by the subgroup and are presented in 

Table 6-1. As shown, between 1985 and 2005, 1856 km2 or 1.5% of the total 

forested area will be removed due to seismic operations (Table 6-1). In 

contrast, construction of an entire pipeline ROWand associated wood-chipping 

operations will remove only 92 km2 of forest. These estimates suggest that 

the loss of denning habitat as a result of construction of a pipeline is 

almost negligible in comparison t o the amount of habitat lost due to seismic 

operations. However, seismic lines are usually only 8 m wide and well over 

400 m apart. If the average size of marten home range is 4-7 km2 , less than 

2% of it would be removed due to seismic operations. Although a female often 

displays fidelity to a natal den, it is expected that the animal would locate 
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a new den within her territory if the old den was destroyed (R. Jessup, pers. 

comm.). 

Clearcutting of forests has reduced marten populations in northern Maine 

and in B.C. according to Steventon and Major (1982) and Kelly (1982); however, 

these clearcut areas exceeded the size of individual marten home ranges. The 

average size of wood-chip blocks cut for the Norman Wells pipeline is 0.178 

km2 (range 0.002 - 1.5 km2) (A. Pick, pers. comm.), which is much smaller than 

the home range of a marten. 

The consensus of the subgroup was that construction of temporary roads, 

pipelines, seismic lines, and wood-chip operations will temporarily decrease 

marten denning habitat, although this will not be significant at the popula

tion level. (There is th~ potential for overharvest of populations as 

increasing development activities improve access to previously untrapped 

areas.) 

Link 2: Permanent roads, facility sites and borrow pits will peraanently 

decrease lIarten denning habitat. 

During construction of a pipeline, less than 92 km2 of forest cover will 

be removed (Table 6-1); however, individual areas involved will be less than 

the home range of a marten. It was expected that if a small portion of a home 

range is removed, a marten would not leave its territory (R. Jessup, pers. 

comm.). 

The subgroup concluded that permanent roads, facili ty si tes and borrow 

pits will permanently decrease marten denning habitat. 

Link 3: A decrease in denning habitat will decrease the local breeding popu

lation. 

A reduction in the local marten breeding population is not expected to 

occur, since a decrease in denning habitat is expected to affect only a very 

small portion of the home range of any female. 
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Table 6-l. Total forested area and projections of habitat 
disturbance associated with proposed Beaufort Sea region 
oil and gas exploration and development between 1985-2005 

Mackenzie 
Delta 
(km2) 

Total areal 50,000 

Total forested 
area 1,0002 

Habitat permanentl y4 
removed by pipeline 
facilities 0.1 

Forest removed by5 
pipeline ROW 0.4 

Forest removed by6 
woodchip operations 
for pipeline 23 

Forest removed by7 
seismic lines 61 

1 Extrapolated from Map 1 in Owens (1985). 
2 2% of area is forested (W. Younkin, pers. 
3 68% of area is forested (Hirvonen 1975). 

Colville Norman 
Lakes Wells 
(km2) (km2) 

140,000 40,000 

95,2003 27,2003 

3.2 1.5 

16.2 7.5 

26 14 

1,512 283 

comm.). 

Total 
(km2) 

230,000 

123,400 

4.8 

24.1 

63 

1,856 

4 For each km of pipeline installed, 
ties are constructed (Owens 1985). 

approximately 0.5 ha of permanent facili-

5 For each km of pipeline installed approximately 2.5 ha of land are required 
for a right-of-way (Owens 1985). This figure was then converted to km2 and 
multiplied by 0.02 for the Mackenzie Delta area and 0.68 for the other two 
areas to determine the area of forest removed. 

6 During construction of the Norman Wells pipeline, 0.009 km2 of forest were 
cleared for every km constructed to provide woodchips for insulation. This 
figure was tripled (0.027 km2) to account for the lower productivity of 
forests north of Norman Wells (A. Pick and W. Younkin, pers. comms.). It 
was estimated that the lengths of mainline and gathering lines to be 
constructed will be 850, 950 and 440 km for the Mackenzie Delta, Colville 
Lakes and Norman Wells areas, respectively (Owens 1985). 

7 Total length of seismic lines from Owens (1985) was multiplied by 0.8 ha to 
derive total area of land affected and converted to km2 • To determine 
forest area removed, the figure was multiplied by 0.02 for the Mackenzie 
Delta and 0.68 for the other two regions. 
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Link. 4: Seisa1c lines. lIOod-chip operations. temporary winter roads and pipe

line ROWs will teaporarily increase marten feeding habitat. 

The extent to which habitat for the prey of marten improves as regenera

tion occurs on a seismic line or a pipeline ROW within the Mackenzie Valley is 

presently unknown. Riewe (1979) reported that seismic operations in the 

Mackenzie Valley caused the species composition of prey in the area to change, 

but the total number of mice and voles remained virtually the same. 

Link 5: Permanent roads. facility sites and borrow pits will permanently 

decrease .arten feeding habitat. 

Given the amount of forested area that would be removed by each of these 

development facilities (see Link 2), a loss in marten feeding habitat will 

undoubtedly occur. However, -this is expected to be insignificant at the popu

lation level. 

Link 6: An increase in feeding habitat will increase the local breeding JXlpu

lation of marten through increased survival. 

Since marten territories are exclusive and contiguous, an increase in 

feeding habitat will not increase the recruitment of marten into the breeding 

population. This would occur only if terri tories became smaller. However, 

there is no evidence to suggest that or evaluate if territories of individual 

marten will change in response to a change in feeding habitat. 

Link 7: The size of the breeding JXlpulation of marten influences recruit

ment. 

See Link 8. 

Link 8: Recruitment contributes to marten JXlPulation levelse 

Links 7 and 8 are inherently valid. In the Yukon, females usually bear 

their first litter when they are 2 years old and produce an average litter of 

3.3 young (Archibald and Jessup 1984). Because implantation of the fetus is 

delayed, the condition of the female marten in the fall dictates whether the 

fetus will implant. The effects of prey density on the condition of female 
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marten are unknown. In trapped areas, the lifespan of a marten is usually 

only 4 - 5 years (H. Jessup, pers. comm.). The above suggests that the 

turnover of terri tories is relatively frequent and the recrui tment rate is 
low. 

Link 9: A decrease in denning habitat wlll increase the emigration of marten 

to surrounding areas. 

Emigration of marten to surrounding areas will increase if removal of 

forest cover affects a large enough portion of the home range to cause marten 

to relocate. However, proposed exploration and develoPJllent acti vi ties will 

not likely affect the majority of any individual home range. 

Link 10: An increase in feeding habitat wlll increase the imadgration of mar

ten fro. surrounding areas. 

Mature spruce forest offers a relatively stable environment for marten. 

As indicated earlier, an increase in marten feeding habitat will not result in 

an increase in marten density because territories are exclusive. However, 

local fluctuations caused by immigration of marten do occur (M. Mendo, pers. 

comm.). It is speculated that this may be due to local changes in prey 

density, Which could cause an 'influx' of subadult and non-reproductive marten 

that do not establish terri tories. Although it is known that subadult marten 

will disperse as far as 50 km in search of food and/or a territory (Archibald 

and Jessup 1984), there is no further evidence to support this assumption. 

CONCLUSION 

Only changes in habitat that result in loss of a substantial part of 

the home range of a marten are expected to decrease marten numbers. Increases 

in feeding habitat are not expected to change the abundance or distribution of 

marten populations. Although activities associated with oil and gas develop

ment will result in both a temporary and permanent loss of forest cover, these 

habi tat changes will affect only small portions of many marten territories and 

will be insignificant at the population level. 
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RESEARCH AND K>NITORING 

Provided that habitat alterations resulting from oil and gas development 

do not affect the majority of a marten home range, no impacts to marten 

populations are anticipated and, therefore, no monitoring is recommended. 

However, the size of 

presently unknown. 

(Government of N.W.T.) 

marten's home ranges in the Northwest Territories is 

In 1986-87, the Department of Renewable Resources 

will likely be conducting a 2-year study on the ecology 

and population dynamics of marten in the Brackett Lake area. 
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HYPOTHESIS NO. 7 

DISTURBANCE ASSOCIATED WIm HYDROCARBON DEVELOPMENT 

IN OR NEAR WATERFOWL STAGING, KlULTING OR. NESTING AREAS WILL AFFECT 

THE ABUNDANCE AND DISTRIBUTION OF WATERFOWL 

PARTICIPANTS 

Tom Barry 

Robert Ferguson 

Peter McLaren 

Dave Mossop 

Glen Sutherland 

John Ward 

INTRODUCTION 

• 
The Mackenzie Delta, Tuktoyaktuk Peninsula and Yukon North Slope provide 

important summer habitat for more than 20 species of waterfowl. About 20,000 

tundra swans, 5000 snow geese, 3000 white-fronted geese, 600 brant and over 

400,000 ducks nest and/or summer in this region (McCormick et ale 1984; 

Alliston 1984). Virtually all of the snow geese and most of the brant nest in 

the Kendall Island Bird Sanctuary; the swans, white-fronted geese and ducks 

nest in suitable habitat throughout the region. Birds arrive in the area in 

May, and begin nesting shortly afterwards. Moulting occurs in July and 

August. Although many birds moult near nesting areas while raising their 

broods, subadults, failed nesters and non-nesters may move to favoured 

moulting areas such as the outer Mackenzie Delta (McCormick et ale 1984). 

In late August and September, several thousand snow geese and white

fronted geese move into the region to stage prior to fall migration. During 

this period, the outer Mackenzie Delta and Yukon North Slope are used exten

si vely as feeding areas. By late September, southward migration has commenc

ed. Most swans and geese follow the Mackenzie Valley, although few birds use 

the waterbodies in the valley as stopover areas. Most ducks also migrate 

south along the Mackenzie Valley; however, migration is generally protracted 

and the birds tend to be widely dispersed. 

The major concern and basis for Hypothesis 7 is that disturbance due to 

activities associated with hydrocarbon development in the study area will 
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FIGURE 7-1 

Disturbance associated with hydrocarbon development in or 
near waterfowl staging, moulting or nesting areas will affect 

the abundance and distribution of waterfowl 
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Increases in aircraft overflights will increase disturbance to 
waterfowl. 

The presence of exploratory, processing and distribution facilities 
will increase disturbance to waterfowl. 

Increased access will increase disturbance to waterfowl. 

Increased vessel traffic on the Mackenzie River will increase 
disturbance to waterfowl. 

Increased disturbance will displace waterfowl in spring staging 
areas, and interfere with feeding, courtship and nesting. 

Increased energy - costs due to displacement during spring staging 
will decrease reproductive success. 

An increase in disturbance will cause an increase in nest desertion 
and brood loss. 

Increased nest desertion and brood loss will decrease reproductive 
success. 

Link 9: A decrease in reproductive success will reduce the abundance and 
alter the distribution of waterfowl. 

Link 10: Increased levels of disturbance will increase energy costs during 
moulting and fall migration. 

Link 11: Increased energy costs during moulting and fall migration will cause 
an increase in mortality. 

Link 12: The presence of towers and wires will increase mortality of water
fowl. 

Link 13: Increased mortality will reduce local abundance and alter the 
distribution of waterfowl. 
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reduce the abundance and alter the distribution of waterfowl summering in the 

region. Conceptual steps linking industrial activities with potential effects 

on waterfowl populations (Fig. 7-1) are discussed in subsequent sections. 

The subgroup also considered the issue of habitat loss as a result of 

increased levels of disturbance. Two types of habitat loss were considered: 

(1) direct or actual habitat loss, where suitable habitat is eliminated by 

industry facilities such as compressor stations and stockpiles; and (2) 

effective habitat loss, whereby an individual or individuals are excluded from 

suitable habitat by disturbance. The group concluded that both types of 

habitat loss were likely to occur as a result of development . However, it was 

expected that industry facilities will not (due to imposed regulations) be 

located in areas that are critical to waterfowl. Consequently, actual habitat 

loss was not directly addressed in the hypothesis, although the subgroup 

acknowledged that some loss of habitat will likely occur as a result of 

development. 

LINKAGES 

Link 1: Increases in aircraft overflights will increase disturbance to mter

fowl. 

Helicopters and fixed-wing aircraft are a necessary mode of transporta

tion in the Canadian Arctic, and are used regularly by the petroleum industry 

in the Beaufort Sea-Mackenzie Delta region. As hydrocarbon exploration and 

production proceeds, a concomitant increase in aircraft activity will likely 

occur. 

Some species of waterfowl are very susceptible to disturbance by air

craft. Salter and Davis (1974) reported that the number of waterfowl on a 

lake decreased as float-plane traffic on the lake increased. Similarly, snow 

geese were frequently flushed from summer feeding areas as a result of low 

flying aircraft (Gollop and Davis 1974; Schweinsburg 1974). However, the 

susceptibility of waterfowl to disturbances varies with the species, time of 

year, and type of aircraft. Recent studies by the Canadian Wildlife Service 

have suggested that different species of nesting waterfowl react differently 
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to various types of helicopters and altitudes of overflight. White-fronted 

geese appear to be most sensitive to disturbances by aircraft overflight, 

whereas whistling swans seldom show any disturbance response (T. Barry, 

C.W.S., pers. comm.). The studies have also indicated that the sight of 

overflying aircraft may cause as much of a disturbance to waterfowl as the 

sound of the aircraft. The effects of aircraft overflights on waterfowl are 

also influenced by factors such as the time of year (e.g., elevated stress 

levels during the moulting stage, natural restlessness due to the migratory 

urge), and environmental conditions (e.g., cloud cover, wind speed and wind 

direction). 

Link 2: The presence of exploratory» processing and distribution facilities 
viII increase disturbance to waterfowl . 

• 
Hydrocarbon development in the study area will require that several types 

of facilities be constructed in areas that are presently utilized by water

fowl. In addition to buildings, wharves, stockpiles, compressor stations and 

communication towers, there will also be a need for connecting roads and high

ways. As previously discussed, the level of disturbance to waterfowl depends 

on the type and persistence of the disturbance, the susceptibility of the 

species in the area, and the time of year. There are few unequivocal data 

that document disturbances due to facilities per~. Barry and Spencer (1971) 

reported that the numbers of pintail, green-winged teal and scaup in an area 

adjacent to an active drill site on Richards Island were significantly lower 

than those in the surrounding area. Gallop and Davis (1974) noted that a 

sound simulating the noise of a compressor station caused a significant level 

of disturbance to snow geese. In contrast, studies by the Canadian Wildlife 

Service have detected few effects on the production and number of waterfowl as 

a result of the presence and operation of a drilling rig on Richards Island 

(T. Barry, pers. comm.). 

As in the previous link, the subgroup agreed that disturbance may be both 

visual and noise-related but distinguishing between the two may be difficult 

or impossi ble. 
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Link 3: Increased access viII increase disturbance to waterfowl. 

Hydrocarbon development in the study area will result in an increase in 

the number of roads and facilities and thereby cause an increase in the number 

of people within the region. In addition to petroleum industry personnel and 

the employees of various support industries (e.g., transport companies) an 

increase in the number of tourists travelling in the area is likely to occur. 

The Dempster Highway has resulted in a large increase in the number of tour

ists in the Mackenzie Delta, and construction of a road from Inuvik to Tuktoy

aktuk would allow access to areas that are presently inaccessible. The 

importance of the region as a waterfowl summering area may promote many 

tourists, hunters, bird watchers and naturalists to visit sensitive waterfowl 

areas and cause disturbance of birds in areas where such activities have not 

occurred in the past. 

The lWOrking group considered increased access to bi rds and their summer

ing and nesting habitat to be one of the greatest potential impacts of hydro-

carbon development to birds in the MEMP study area. A negative impact on 

nesting success from disturbance during bird surveys has been demonstrated 

(MacInnes and Misra 1972; Ellison and Cleary 1978; Anderson and Keith 1980; 

MacInnes 1980). Helicopters that have, on occasion, landed near flocks of 

birds have not caused any apparent disturbance; however, subsequent emergence 

of passengers has caused birds to flush (T. Barry, pers. comm.). Although 

some direct effects of increased numbers of tourists on nesting waterfowl will 

likely occur it is expected that most of the impact will result from indirect 

effects such as increased predation on waterfowl (i .e., waterfowl eggs and 

young birds are extremely vulnerable to predation by gulls, Jaegers and foxes, 

when the adults are forced to leave nests as a result of human presence) 

(MacInnes 1980) . 

Link 4: Increased vessel traffic on the Mackenzie River viII increase dis

turbance to waterfowl. 

The mainstem of the Mackenzie River is an important spring staging area 

for most species of waterfowl that summer in the study area. In May, several 

thousand tundra swans, snow geese, white-fronted geese and Canada geese, and 



87 

several species of ducks use open water areas on the river (Barry 1967; 

Campbell and Shepard 1973; Salter 1974). These birds move to summering areas 

to the north when they become snow-free. During the summer and fall, the 

Mackenzie River is not used extensively by waterfowl. 

Increases in vessel traffic on the Mackenzie River are expected to occur 

as a result of hydrocarbon development in the region. However, such increases 

in activity will occur during the open-water season after the important spring 

staging period for waterfowl. Consequently, the subgroup concluded that Link 

4 is not valid. 

Although the use of hovercraft was not discussed in the description of 

the development plan for the Mackenzie region, it was identified as an area of 

potential concern by the subgroup because hovercraft can cause a high degree 
" of disturbance to waterfowl. In the event that hovercraft are proposed in 

future development plans, the validity of this link should be re-evaluated. 

Link 5: Increased levels of disturbance will displace waterfowl in spring 
staging areas, and interfere with feeding, courtship and nesting. 

Sources of disturbance that were considered relevant to the link includ

ed: (1) aircraft overflights; (2) the presence of stationary facilities and 

associated noise; and (3) the increased number of people in the region as a 

result of increased access. Within the MEMP study area, the principal spring 

staging habitat for waterfowl occurs along the Mackenzie River (Campbell and 

Shepard 1973; Salter 1974; Salter et al. 1974). 

Recent studies conducted during development of the Norman Wells Project 

have been summarized by Sikstrom and Boothroyd (1985). Data from these 

studies indicate that: (1) use of the islands and shorelines of the Mackenzie 

River in the vicinity of Norman Wells by waterfowl, particularly snow geese, 

is highly variable; (2) the oil field and drilling activities on production 

islands in 1983, 1984 and 1985 had only minor and local effects on staging 

waterfowl; and (3) the distribution and abundance of staging waterfowl along 

the river were influenced to a greater extent by environmental factors, such 

as weather and river levels, than by drilling and support activities. 
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Sikstrom and Boothroyd (1985) also reported that geese most frequently reacted 

to aircraft overflights by taking flight, but that they usually returned to 

the same location within minutes. 

During the spring mig r ation of snow geese, the majority of their feeding 

occurs on the prairies (Wypkema and Ankney 1979; Hobaugh 1985). Consequently, 

feeding areas on the Mackenzie River are of less relative importance at this 

time. In addition to the above observations, the subgroup also noted that: 

(1) aircraft overflights appear to have only minor effects on staging water

fowl (Sikstrom and Boothroyd 1985); (2) spring staging habitat along the 

Mackenzie River is extensive (Sikstrom and Boothroyd 1985) and only a small 

portion of it is likely to be affected by development; and (3) the spring 

staging habitat is generally in areas that are inaccessible and unlikely to be 

affected by tourist-related types of disturbances. In view of the above and 

the current development plan for the region, it was concluded that Link 5 was 
improbable. 

Link 6: Increased energy costs due to displacement during spring staging wLll 

decrease reproductive success. 

This link was considered invalid, since it was previously concluded that 

disturbance \¥QuId not interfere with feeding or staging to any detectable or 

appreciable extent (Link 5). 

Link 7: An increase in disturbance will cause an increase in Dest desertion 

and brood loss. 

This link was considered theoretically valid. However, given the current 

development plan, the working group concluded that the effects of increased 

disturbance by aircraft or stationary facilities on nesting success of 

colonial waterfowl (geese) and solitary nesting species would be minor. There 

were two primary reasons for this conclusion. Firstly, current regulations 

governing land use activities and operating conditions include restrictions on 

aircraft altitudes. Existing regulations require that aircraft maintain an 

altitude of 152 m (500 ft) or greater over sensitive waterfowl areas. Recent 

studies by the Canadian Wildlife Service have indicated that this minimum 
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altitude is adequate to prevent flushing of nesting geese under normal 

circumstances (T. Barry, pers. corom . ). Disturbance of solitary nesters 

(particularly ducks) was considered unlikely to have significant effects on 

large numbers of individuals because of their widespread distribution. 

Secondly, the current development plan does not include the construction 

of permanent facilities near known nesting colonies of geese and, therefore, 

direct effects of development on nesting success are not expected to occur. 

However, future changes in the development plans (e.g., siting of facilities) 

may significantly alter the degree of concern regarding this potential 

impact. Any alterations to the development plan should be evaluated to ensure 

that disturbance of nesting geese is potentially minimized, particularly any 

significant changes in aircraft flight patterns and altitudes • 

• 
The subgroup identified increased access by people (Link 3) to sensitive 

geese nesting habitat as one of the most serious potential impacts of hydro

carbon development in the study area. During the workshop, discussion focused 

on the effects of activities of tourists and non-consumptive users of wild

life. (The effects of access on waterfowl harvests are considered in a 

subsequent hypothesis . ) Presently, all waterfowl nesting areas, including 

favoured nesting habi tat such as islands and barrier beaches, are potentially 

susceptible to human intrusion because tourist-related activities are not 

regulated by federal legislation. This situation is unlike many other forms 

of land use activity . People who visit geese colonies during the incubation, 

hatching and early brood-rearing stages can indirectly cause considerable loss 

of eggs and young birds. There are documented cases where predators have 

destroyed waterfowl eggs and young birds while the females have left their 

nests in response to human interference (MacInnes 1980; Strang 1980). It is 

expected that separation of broods and subsequent loss of young may also occur 

at this time . Tourism in the study area is projected to increase within the 

next decade, although the magnitude of this increase and its potential impact 

on nesting waterfowl are difficult to predict . 
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Link 8: Increased nest desertion and brood loss vlll decrease reproductive 

success. 

Although this link is not universally applicable, the subgroup concluded 

that it is theoretically valid especially for arctic-nesting waterfowl. 

Re-nesting by waterfowl after failure of an initial nesting attempt is not 

believed to occur during the short arctic summer (Calverley and Boag 1977). 

Consequently, any loss of a nest or brood by a nesting pair will result in 

reproductive failure for that pair in that breeding season. 

Link 9: A decrease in reproductl ve success vlll reduce the abundance and 

alter the distribution of waterfowl. 

The subgroup agreed that this link is logical, . but pointed out that 

effects on long-lived and short-lived species of arctic waterfowl may be 

different. The loss of a nest or brood as a result of disturbance is not 

expected to have long-term effects on the population of a long-lived species, 

since the breeding pair are capable of nesting again in subsequent years. 

Although shorter-lived species of ducks may not be capable of nesting in 

subsequent years, it was concluded that the localized effects of disturbance 

would affect too few birds, due to their dispersed nature, to have a sig

nificant impact on the regional population. 

The subgroup expected that the link is most applicable to colonial nest

ing waterfowl, which include snow geese and brant at the Kendall Island Bird 

Sanctuary (McCormick et al. 1984). However, decreases in reproductive success 

at nesting colonies would have to be substantial and occur over a period of 

several years to have any significant effect on population levels. The 

Kendall Island snow goose colony has varied in size from near zero to almost 

9000 birds since the 1950's (Barry and Barry 1982; Kerbes 1983). Furthermore, 

during a period of four consecuti ve years in the 1970's reproductive success 

of the colony was virtually zero, and likely due to various factors including 

storm surges, predation by grizzly bears, and disturbance from a barge ground

ing; the colony presently consists of about 2500 breeding pairs of snow geese 

(T. Barry, pers. comm.). There are virtually no data describing the relation

ship between a threshold level of reduction in reproductive success and 
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abandonment of a colony (T. Barry, pers. comm.). although it was suggested 

that reproductive failure would have to persist over the adult life span of 

the species before a colony is likely to be abandoned. 

In summary, the subgroup concluded that wi th specific reference to the 

present development plan and birds in the study area, this link is only valid 

for colonial nesting species. It does not apply to waterfowl species that are 

widely dispersed nesters. 

Link 10: Increased levels of disturbance wLII increase energy costs during 

aoulting and fall migration. 

Moulting waterfowl (both non-breeders and adults with young) are at the 

most vulnerable phase of their life cycle. During the moult, these birds are 
• 

physiologically stressed and are flightless. Therefore, waterfowl are very 

susceptible to predation from air, land and water and are also very sensitive 

to any type of disturbance. The faster that individuals can regrow flight 

feathers, recover the weight lost during nesting, and regain flight muscles, 

the less susceptible they become to predation. At this time, it is important 

that moulting grounds provide an adequate food supply as well as protection 

from disturbances. Moulting areas are generally marshy and flat (for good 

visibility), near shallow lakes, rivers or mud flats, and have an ample supply 

of food (i.e., Carex, Equisetum, grasses, insects). In the Mackenzie Delta, 

nesting geese do not generally eli sperse more than 35 km from their nest sites 

to moult (T. Barry, pers. comm.). 

Moulting geese react quickly to any disturbance or threat by massing into 

tight flocks on water or by running overland. However, they normally return 

to feeding activities shortly after the source of disturbance has disappear

ed. Disturbances resulting from human intrusion (which is likely to occur 

infrequently due to the general inaccessibility of moulting areas) or by 

predators or aircraft overflights, would have to persist for extended periods 

of time to cause serious impact on t he usually conti nuous feedi ng ac ti vi ty of 

flightless geese. Give the present development plan, the subgroup concluded 

that persistent disturbance is unlikely to occur. The group also concluded 

that any effects of disturbance associated with development would be 
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difficult, if not impossible, to measure and distinguish from the effects of 

natural events. 

The subgroup agreed that it is most unlikely that increased disturbance 

will cause increased energy costs to fall staging geese. Fall staging 

generally occurs in the late summer and fall (Le., the period of increasing 

darkness) when disturbance is less likely to occur. Furthermore, geese are 

capable of full flight at this time and, therefore, can avoid persistent dis

turbances. 

Link 11: Increased energy costs during lIDulting and fall llligration will cause 

an increase in mortality. 

The subgroup concluded that this link was invalid because Link 10 was 

considered unlikely. Moreover, any changes in energy costs resulting from in

creased levels of disturbance would be too difficult to distinguish from the 

variabili ty caused by natural factors. The breeding success of arctic geese 

is known to be highly variable from year-to-year (Barry 1967; McLaren and 

McLaren 1982). The percentage of young in flocks arriving in the fall staging 

areas on the outer Mackenzie Delta and Yukon North Slope can range from near 

0% to 60%. Similarly, the physical condition of the geese leaving the fall 

staging areas can vary widely. 

The cause of fluctuations in the number and the physical condition of 

geese is related to the lateness of nesting seasons (i .e., snow clearance); 

cycles in fox abundance (as well as cycles of other predators); and early snow 

cover and freeze-up (Barry 1967; Koski 1975, 1977a,b). When anyone or a com

bination of these events occur, fall migrating geese are in poor condition and 

weak during flight. The flocks (particularly those made up of families) must, 

therefore, land frequently to rest and feed, often in marginal habitat, and 

are subject to increased hunting and predation pressures. The effects of dis

turbance caused by development might have to be of a large magni tude and per

sistent to be distinguishable from those caused by natural events. Such dis

turbances are considered unlikely , given the current development plan. 

However, it can also be argued that relatively small di sturbances to already 

heavily stressed birds could have disproportionate effects. 
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Link 12: The presence of towers and fires fill increase lIOrtality of water
fOlll. 

Some species of birds are known to be susceptible to collisions with 

towers and wi res and, in most cases, such colli sions are fatal. Substantial 

mortality can occur during the fall migration when birds are in large flocks. 

Several studies have shown that a large number of birds (primarily passerines) 

are lost each year as a result of collisions with TV towers and light-houses 

(Weir 1976; Avery et al. 1978). In Great Britain, mortality of swans due to 

collisions with towers is regularly reported (T. Barry, pers. comm.). 

Although it is a rare occurrence, eider mortali ty as a result of colli sions 

with boats in the Beaufort Sea has also been reported (J. Ward, pers. comm.). 

It is most likely that construction of communication and navigation 

towers and other tall structures will take place as part of hydrocarbon deve

lopment in the study area. These towers may be located in the Mackenzie 

Valley and along the coast of the Beaufort Sea and, thereby, represent a 

hazard to waterfowl in the region. 

The subgroup concluded that this link was valid, since mortality of 

waterfowl due to collisions with project facilities is possible. However, 

such losses were expected to be small and undetectable at the regional 

population level. 

Link 13: Increased lIOrtality fill reduce local abundance and alter the distri
bution of waterfolll. 

The subgroup concluded that local changes in the abundance and distribu

tion of waterfowl were possible, but highly unlikely given the present 

development plan and the mi tigati ve measures that are expected to accompany 

development in the region. 
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CONCLUSION 

Although the subgroup concluded that Hypothesis No. 7 was in general 

valid, the localized effects of disturbance usually would be small and 
impossible to detect at regional population levels due to natural variability 

in the distribution, production levels and population levels of waterfowl in 

the region. The linkages concerning increased mortality resulting from 

development were considered possible or even probable. However, the potential 

impacts were expected to be regionally insignificant and not worth testing 

(Links 11 and 12). Increased energy costs during moulting and fall migration 

due to increased levels of disturbance was considered unlikely. 

The only area of concern that was expected to warrant serious attention 

was increased human access to nesting areas of colonial species and to brood

rearing and moulting areas, which could result in reduced reproductive success 

of waterfowl. The subgroup suggested that for certain situations and areas 

(specifically the Kendall Island snow goose colony), appropriate measures 

should be employed to reduce the likelihood of impacts occurring. 

RESEARCH AND K>NITORING 

Although the subgroup agreed that evaluation of the effects of increased 

human access on specific important breeding colonies was desirable, it con

cluded that a research program to determine cause-effect relationships was 

not warranted. It was noted that the Canadian Wildlife Service is presently 

conducting a study of the effects of aircraft disturbance on nesting geese at 

the Anderson River colony (east of the study area). It was suggested that a 

program could be designed and initiated to quantitatively evaluate the effects 

of human disturbance on nesting waterfowl, perhaps at the same colony. 

However, this suggested research was not accepted by the majori ty of the 

subgroup because several studies have already provided qualitative evidence 

that such effects can occur . 

Other approaches to evaluate and mitigate the impact of human access were 

considered. Information regarding land-use activities of residents and 
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reduce the abundance and alter the distribution of waterfowl summering in the 

region. Conceptual steps linking industrial activities with potential effects 

on waterfowl populations (Fig. 7-1) are discussed in subsequent sections. 

The subgroup also considered the issue of habitat loss as a result of 

increased levels of disturbance. Two types of habitat loss were considered: 

(1) direct or actual habitat loss, where suitable habitat is eliminated by 

industry facilities such as compressor stations and stockpiles; and (2) 

effective habitat loss, whereby an individual or individuals are excluded from 

suitable habitat by disturbance. The group concluded that both types of 

habitat loss were likely to occur as a result of development. However, it was 

expected that industry facilities will not (due to imposed regulations) be 

located in areas that are critical to waterfowl. Consequently, actual habitat 

loss was not directly add5essed in the hypothesis, although the subgroup 

acknowledged that some loss of habitat will likely occur as a result of 

development. 

LINKAGES 

Link 1: Increases in aircraft overflights will increase disturbance to water
fowl. 

Helicopters and fixed-wing aircraft are a necessary mode of transporta

tion in the Canadian Arctic, and are used regularly by the petroleum industry 

in the Beaufort Sea-Mackenzie Delta region. As hydrocarbon exploration and 

production proceeds, a concomitant increase in aircraft activity will likely 

occur. 

Some species of waterfowl are very susceptible to disturbance by air

craft. Salter and Davis (1974) reported that the number of waterfowl on a 

lake decreased as float-plane traffic on the lake increased. Similarly, snow 

geese were frequently flushed from summer feeding areas as a result of low 

flying aircraft (Gollop and Davis 1974; Schweinsburg 1974). However, the 

susceptibility of waterfowl to disturbances varies with the species, time of 

year, and type of aircraft. Recent studies by the Canadian Wildlife Service 

have suggested that different species of nesting waterfowl react differently 
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visitors is currently available from community wildlife offices, economic 

development field personnel and tourism offices, and could be quantified on a 

community-by-community basis. This information is not adequate by itself to 

determine cause-effect relationships between nesting failures and specific 

disturbance effects. However, in conjunction with the results of existing 

routine monitoring of colonies, it could alert government biologists of the 

potential for access-related impacts. In addition, public awareness programs 

(e.g., the use of brochures, guiding activities or information available at 

bird colonies) could greatly reduce the impact of unregulated human presence 

in the region. 

Alliston, W.G. 1984. 
and productivity 
wooded Mackenzie 
Ontario, for B.C. 
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DISTlJRBANCE AND HABITAT ALTERATIONS DOE TO 

HYDROCARBON DEVELOPMENT WILL ALTER 'lHE DISTRIBUTION 

AND/OR ABUNDANCE OF RAPTOR SPECIES 
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INTRODUCTION 

• 
for the peregrine falcon 

golden eagle (Aquila 

The MEMP study area provides nesting habitat 

(Falco peregrinus), gyrfalcon (!.. rusticolus), 

chrysaetos)and bald eagle (Haliaeetus leucocephalus). Only about 15 pairs of 

peregrine falcons are known to nest in the region and all of these are found 

in the Northwest Territories (B. Bromley, GNWT, pers. conun.). These nesting 

pairs belong to the subspecies anatum, which is considered endangered under 
U.S. Legislation and by the Committee on the Status of Endangered Wildlife in 

Canada (COSEWIC). Peregrines formerly nested on the Yukon North Slope, 

although no nest sites are known to exist there at present (D. Mos .sop, pers. 

comm.). Nests are generally located on cliffs that are associated with water 

bodies; the locations of most sites are known. Nesting occurs from mid- to 

late April through to late August. Peregrines feed IOOstly on shorebirds, 

waterfowl and passerines, which are caught in flight (Roseneau et ale 1981). 

About 100 pairs of gyrfalcons nest in the Yukon. This population is well 

known and is monitored annually by the Yukon Territory Government. Fewer than 

15 pairs of gyrfalcons are known to nest in the NWT portion of the study area 

(B. Bromley, pers. comm.). This species nests primarily on rocky cliffs, 

bluffs or outcrops and often in riparian habitats. Some individuals remain in 

the region throughout the year at or near their nests, and nesting generally 

occurs from April to late August. Their principal prey is ptarmigan. although 

arctic ground squirrels and Jaegers may also be important food (White and Cade 

1971; Roseneau 1972). The gyrfalcon is a preferred species for falconry. 
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FlGUItE 8-1 

Disturbance and habitat alterations due to 
hydrocarbon development will alter the distribution 

and/or abundance of raptor species 
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Ravens and rough-legged hawks will establish nest sites in tall 
structures. 

Link 2: Gyrfalcons will take over some of the nests of ravens and/or rough
legged hawks that are in the tall structures. 

Link 3: The presence of gyrfalcon nests in tall structures will result in an 
increase in the abundance and/or range of this species. 

Link 4a: Roads, pipeline rights-of-way and seismic lines will allow access to 
raptor nest sites. 

Link 4b: Increased access by people will result in increased poaching of eggs 
and young. 

Link 5: Increased poaching will result in a reduction of peregrine falcon 
and gyrfalcon populations. 

Link 6: Borrow sites can either create or destroy raptor nesting habitat. 

Link 7a: Persistent aircraft activity at low altitudes will disturb nesting 
raptors. 

Link 7b: An increase in the number of people in the area will result in 
disturbance to nesting raptors. 

Link 7c: Activities at or near ground facilities will disturb nesting 
raptors. 

Link 8: 

Link 9: 

Disturbance at raptor nest sites will result in decreased reproduc
tive success. 

A decrease in reproductive success will result in a reduction of 
raptor populations. 
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About 300 immature golden eagles and 150 breeding pairs are present on 

t he Yukon North Slope (D. Mossop, pers. comm.). A smaller populat ion is 

present in the Northwest Territories' portion of the study area, but the exact 

size of the population is unknown. Golden eagles nest primarily on cliffs, 

cutbanks and rock outcrops. The nests are widely dispersed and are generally 

difficult to reach. Although some eagles will remain in the study area 

throughout the entire year, the majority of the population is usually only 

present from late March to late September. Golden eagles are both predators 

and scavengers, and prey primarily on small mammals and birds. Non-breeding 

birds often feed on caribou carrion and will occasionally kill caribou calves 

(Roseneau and Curatolo 1976). 

Bald eagles are relatively common within the study area and across 

Canada. Because they are tree-nesters, they are found only in wooded areas in 

the Mackenzie Valley. Unlike cliff-nesting species, the bald eagle has 

greater flexibility and choice of nest sites and is potentially less vulner

able to disturbances. They feed primarily on fish and, in some areas, the 

distance between nests may be an indicator of fish abundance. 

Several species of raptors in the Arctic have high national and interna

tional profiles because of the relatively low numbers in the region and their 

general rarity elsewhere on the North American continent. There is concern 

that hydrocarbon development in the Mackenzie Delta and Valley and on the 

Yukon North Slope could jeopardize the continued viability of these popula

tions. Various activities associated with hydrocarbon development could 

affect the population levels of raptors in the study area in different ways. 

As a result, the subgroup found that a general hypothesis regarding the 

effects of development on raptor populations was unworkable and, therefore, 

developed four different sub-hypotheses. The conceptual steps linking 

industry activities with their potential effects on raptor populations are 

presented in Figure 8-1 and are discussed in the following sections. 
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SUB-HYPOTHESIS 8A 

The presence of tall structures constructed during hydrocarbon develop

ment will increase gyrfalcon populations. 

LINKAGES 

Link 1: Ravens and rough-legged hawks will establish nest sites in tall 

structures. 

Rough-legged hawks and ravens are common and widespread nesting residents 

of the Tuktoyaktuk Peninsula and outer Mackenzie Delta. Although rough-legged 

hawks will nest on the ground on hillsides and ravens will nest in 3- to 4-m 

tall willows along tundra. streams (T • Barry, pers .comm.), they appear to 

prefer to build nests on taller structures if they are available. (Even if 

development-related structures do not serve as suitable nesting sites, they 

may be used by hawks and ravens for perchi ng and possi bly duri ng hunti ng.) 

The group expected that tall man-made structures would be used to some degree 

by hawks and ravens as nesting sites. 

Link. 2: Gyrfalcons wl.ll take over some of the nests of ravens and/or rougb

legged hawks tbat are in the tall structures. 

Gyrfalcons do not build nests of their own, but instead use old "stick 

nests" of ravens and rough-legged hawks, or use suitable cliff ledges (White 

and Cade 1971). The availability of nest sites may be the limiting factor in 

the number of gyrfalcons that occur in certain tundra areas (e.g., the 

Tuktoyaktuk Peninsula). In the Mackenzie Delta-Anderson Plains region and in 

the Yukon Territory, gyrfalcons nest in trees, in old nests built by other 

birds, or on cliff ledges where no nests need to be built. However, on the 

tundra of the Tuktoyaktuk Peninsula and the outer Mackenzie Delta there are 

few suitable nesting sites, although there is an abundant supply of prey 

(ptarmigan, waterfowl, and shorebirds). Because gyrfalcons nest earlier in 

the year (March-April) than most ravens and all rough-legged hawks, and may 

stay on or in the vicinity of their nesting territory throughout the year, 

they are able to co-opt suitable nests of other species, which were built in 
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previous seasons . Gyr fa l cons on the t undra have also been observed to nest on 

fuel tanks, a wing of a crashed airplane, power poles, scatterwave reflector 

supports, and a radar tower (T. Barry. pers. corom.). 

Link 3: The presence of gyrfalcon nests in tall structures will result in an 

i ncrease in t he abundance and/ or range of this species. 

This link was considered valid. There was some discussion concerning 

whether an increase in the numbe r of gyrfalcon nests would result in an 

increase in the number of nesting pairs or merely in the occupation of new 

areas by the population. It is thought that the availability of nest sites in 

the Yukon Territory is not currently limiting to the gyrfalcon population but 

this is not the case in tundra areas of the Northwest Territories. Although 

there is limited information on gyrfalcon populations in the region, the 

subgroup assumed that these populations consist of a non-breeding surplus of 

adults (as do most bird populations), and that it would be theseindividuals 

that could occupy these new nest sites. 

Conclusion 

The working group concluded that the sub-hypothesis comprising Links 1, 2 

and 3 was valid and testable. Assuming a nesting density of 1 breeding 

pair/170 km2 , as has been found on the Yukon North Slope (D. Mossop, pers. 

comm.) and that a sufficient number of tall structures would be built in 

unoccupied habitat to support a comparable density, the maximum increase in 

the number of gyrfalcons would not likely exceed 10 nesting pairs. Raptor 

populations in the region are rout inely monitored by both the Government of 

the Northwest Terri tories and the Yukon Terri tory Government. The subgroup 

recommended that locations of new man-made potential nest s1 tes be reported 

and be included as part of the exi st ing monitoring programs. 

SUB-HYPOTHESIS 8B 

Hydrocarbon development will result in increased poaching of peregrine 

and gyrfalcon eggs and young and cause a decrease in the abundance of the 

local populations of these species. 
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Link 4a: Roads, pipeline rights-of-way and seismic Unes will allow access to 

raptor nest sites. 

Link 4b: Increased access by people will result in increased poaching of eggs 

and young. 

Nest sites used by peregrine falcons and gyrfalcons in tundra areas are 

generally located on cliff or rock outcrops and, therefore, are relatively 

conspicuous. Although there may be a substantial degree of relocation of nest 

sites from year to year (Platt and Tull 1977), highly preferred sites that 

provide shelter from severe weather conditions or from disturbance may be 

occupied by falcons for many years (D. Mossop, pers. comm.). Platt and Tull 

(1977) suggested that disturbance may determine whether gyrfalcons re-occupy 

the same nest sites in the ~ollowing year. 

Improved access to raptor nest si tes will likely occur as a result of 

hydrocarbon development in the area. For example, a newall-weather road 

leading from the Dempster Highway to the Yukon North Slope has been proposed 

(Dome etal. 1982). Easy boat access to the Peel River system was provided in 

the 1970s as a result of the construction of the Dempster Highway, which 

crosses the headwaters of the river. Use of roads and waterways does not 

require expensive machinery or logistics (e.g., helicopters) and, therefore, 

such routes are used by a relatively large number of people. Because raptor 

nest sites are permanent or semi-permanent, new roads and highways could lead 

to an increasing number of people becoming aware of and subsequently gaining 

access to these areas. 

Annual reports of the Government of the Yukon Territory indicate that an 

increasing number of falcon sites are being visited as they become more 

accessible and that poaching has subsequently occurred at the sites (D. 

Mossop, pers. comm.). Removal of young birds and/or eggs from raptor nests by 

casual explorers gaining access to such areas has already occurred to some 

degree (YTG file data), and will increase the number of birds lost from the 

population beyond those taken by professional poachers (D. Mossop, pers. 

comm.). 
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Increased poaching will result in a reduction of peregrine falcon 

and gyrfalcon populations. 

The subgroup considered this link to be theoretically valid. However, 

whether it is applicable t o the regional population of gyrfalcon in the north

ern Yukon and Mackenzie Delta and Valley is unknown and would also be diffi

cult to test. Poaching of eggs and/or young could result in the loss of one 

year's production, but the potential long-term impact of this loss on the 

regional population is not known. Gyrfalcons do not breed every year, and 

numbers of breeding pairs in a region can fluctuate widely (Platt and Tull 

1977), often by an order of magnitude from high to low abundance years (White 

and Cade 1971). Moreover , it is considered most unlikely that poaching would 

increase to a level which would cause a reduction in the size of the regional 

population. Although raptor populations may be more vulnerable to over

harvesting than other more commonly harvested bird species (Mossop and Hayes 

1981), there is no evidence that poaching has caused a major impact on a 

population, or on the local occupancy of nesting habitat. The group expected 

that incremental effects of development-induced poaching would be difficult or 

impossible to separate from the effects of present poaching activities in the 

region. 

Conclusion 

The subgroup agreed that this sub-hypothesis (Links 4 and 5) was theoret

ically valid, but would not be testable. The effects on falcon populations 

would be difficult to detect, given the difficulty of establishing cause

effect relationships between population changes and poaching activity. 

No monitoring or research programs that specifically address this area of 

concern were recommended. However, the subgroup supported the continuation of 

the existing raptor monitoring programs to evaluate the status of the 

populations. 
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SUB-HYPOTHESIS 8e 

Excavation sites created during development will alter the number of 

raptor nest si tes. 

Link 6: Borrow sites can either create or destroy raptor nesting habitat. 

The working group expected that this link is only applicable to rock 

quarries. If a rock quarry were to be located at or near a rock face that was 

actively used as a nest site, nesting birds may abandon this site because of 

physical destruction of the nest or because of a persistent high-level 

disturbance. The level of disturbance required to cause nest abandonment and 

the subsequent reaction of the bird would likely vary with different species 

of raptors and the time of t!he nesting cycle. 

On the other hand, quarries that are located in areas that do not 

presently provide suitable nesting habitat for raptors could provide new 

habitat following their abandonment. Golden eagles are known to nest in 

abandoned quarries in the Yukon (D. Mossop, pers. comm.) and the Northwest 

Terri tories (B. Bromley, pers. comm.). 

Conclusion 

The subgroup concluded that the sub-hypothesis involving Link 6 was 

valid, although it was ex'pected that the amount of suitable nesting habitat 

created at rock quarries would be insignificant to raptor populations. It is 

possible that a quarry could be located at an existing raptor nest site. How

ever, protection measures conducted as a part of routine mitigation would min

imize the potential of this occurring. 

SUB-HYPOTHESIS 8D 

Nesting raptors will be disturbed by persistent low-altitude aircraft 

activity, increased numbers of people and activities at ground facilities, and 

this will lead to reduced reproductive success and population sizes. 
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Link 1a: Persistent aircraft activity at low altitudes viII disturb nesting 

raptors. 

Although aircraft overflights may disturb nesting falcons, the suscepti

bility of these birds to disturbances varies with species and individuals of 

the same species. Boeker and Ray (1971) reported that golden eagles rarely 

showed any disturbance responses due to approaching aircraft, and Hickman 

(1972) documented that golden eagles would seldom flush from nests, even after 

repeated aircraft passes. On the other hand, Platt and Tull (1977) suggested 

that helicopter traffic may have been a factor contributing to the abandonment 

of a nest site by gyrfalcons, and Campbell and Davies (1973) and White (1969) 

both noted that peregrine falcons often reacted strongly to disturbances at 

nest sites. 

Link 1b: An increase in the DWIlber of people in the area will result in dis

turbance to nesting raptors. 

During the planning, construction and operation phases of hydrocarbon 

development, an increasing number of industry and support personnel will move 

into, and reside in the MEMP study area. Consequently, an increase in the 

number of people visiting raptor nest sites will likely occur. Disturbance 

caused by tourists (Campbell and Davies 1973), rock climbing expeditions (Snow 

1972), and oil exploration teams (Craig, cited in Snow 1972) has led to nest 

abandonment and chick mortality. Similarly, people using the Dempster Highway 

have caused disturbance of golden eagles at nests in the Yukon Territory (D. 

Mossop, pers. comm.). 

Link 1c: Activities at or near ground facilities viII disturb nesting 

raptors. 

Depending on the location and nature of industrial facilities, noise and 

human acti vi ty at these si tes may di sturb nesting raptors. This has been 

reported to have caused nest abandonment by peregrine falcons in New York 

(Herbert and Herbert 1969), and trapper activity below nest sites along the 

Anderson River was sufficient to cause adult gyrfalcons to desert nest sites, 

leading to chick mortality (Hickey 1969). 
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Disturbance at raptor nest sites will result in decreased reproduct
ive success. 

Disturbance at raptor nest sites may cause: (1) nest abandonment; (2) 

egg loss due to insufficient incubation or accidental knocking of the egg from 

the nest by the adult; (3) chick mortality due to abandonment by parents or 

exposure; and (4) decreased fitness of young, resulting from insufficient 

feeding during the nestling stage or from premature fledging. However, 

several studies have indicated that raptors can habituate to some disturbances 

such as aircraft overflights (Platt and Tull 1977; Campbell and Davies 1973) 

and human activity and noise (Hickey 1969; White and Roseneau 1970). The 

subgroup concluded that decreased reproductive success due to disturbances at 

nest sites is possible, although the likelihood of this occurring depends on 

the level and persistenc~ of the disturbance, the susceptibility of the 

species or individual to disturbances, and the ability of that species or 

individual to habituate to the disturbance. 

Link 9: A decrease in reproductive success will result in a reduction of 
raptor populations. 

This link is self-evident, at least on an empirical level; a long-term 

reduction in rapt or productivity has led to a reduction in the number of 

peregrine falcons on the North American continent (Hickey 1969). Given the 

widespread nature of raptor nest sites and the localized nature of most 

disturbances that are expected in view of the current development plan, a 

reduction in the reproductive success of raptors would most likely be local 

(i.e., one nest si te) and would be insignificant in terms of the regional 

population. 

Conclusion 

The subgroup concluded that Links 7, 8 and 9 were theoretically valid, 

but the sub-hypothesis was extremely unlikely given that industry facilities 

and activities associated with hydrocarbon development in the region will 

probably not be located in known nesting habitat of raptors. Mitigative 

measures to prevent disturbances due to aircraft overflights, human activity 
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industry facilities would be identified and employed prior to initiation of 
development. However, it should be noted that the subgroup identified human 
(tourist) activity as one of the most serious potential concerns in relation 
to raptor populations in the region. 

COliCLUSIOli 

The subgroup concluded that, although all of the links in Hypothesis No. 
8 were theoretically valid, the cumulative effects of all links would most 
likely be inconsequential at the population level. The effects of disturbance 
on local populations (or even individual breeding pairs) of raptors would also 
be difficult to detect given both the natural variability in the Yukon 
Territory-Mackenzie Delta raptor populations, natural mortality, and the 
difficulty in establishing cause-effect relationships in 'uncontrolled' field 

studies. 

RESEARCH AND K)NITORlllG 

No research or monitoring programs to address this hypothesis were recom
mended. However, the subgroup supported the continuation of routine 
monitoring of raptor populations that is presently being conducted by federal 
and territorial governments. Because of the sensitivity of raptors to 
disturbance at nest sites, the subgroup also recommended that specific 

operating conditions (regulations) to mitigate potential disturbances 
resulting from development should continue to be enforced by government 
agencies. 

A possible future regulated harvest of gyrfalcons was not included in the 

conceptual model, but was a subject of considerable discussion during the 
workshop. The value of gyrfalcons on world and domestic markets is sub
stantial and very well known among most local residents. The governments of 
both the Yukon and Northwest Territories have been examining the potential for 
harvest of falcons as a method of capitalizing on their value. The harvest of 

young from nest sites is considered feasible and not likely to adversely 
affect existing population levels (Mossop and Hayes 1981; Newton 1985). 
Management agencies have been experimenting with both regulated 'wild' 
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harvests (N.W.T., Yukon) and captive breeding programs (Yukon) as possible 

methods of obtaining saleable birds. However, the costs associated with a 

regulated harvest are expected to be high, and presently range up to $8000 to 

either raise a captive bird or to obtain a wild bird legally. In view of this 

high cost the group concluded that it would be difficult to compete with 

poachers. Concern was also expressed that any decrease in the size of rapt or 

populations due to disturbance (Sub-hypothesis 80) or increased poaching 

(Sub-hypothesis 8B) could reduce or eliminate a legal allotment of harvestable 

birds. Such an elimination could result in the termination of management 

programs, a component of which are the ongoing monitoring programs. 
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INTRODUCTION 

The Mackenzie Delta, Tuktoyaktuk Peninsula and Yukon North Slope provide 

summer habitat for large numbers of waterfowl, including approximately 20 ,000 

tundra swans, 5000 snow geese , 3000 white-fronted geese , 600 brant and over 

400,000 ducks (McCormick et al. 1984 ; Alliston 1984) . Most of the snow geese 

and brant nest in the Kendall Island Bird Sanctuary, while the remaining 

species nest in suitable habitat throughout the region. Moulting generally 

occurs in July and August near the nest i ng areas . 

The presence of indust r ial camps and garbage disposal sites in the region 

may result in an increase in the number of waterfowl predators in local 

areas. If these si tes are located in or near areas wi th high waterfowl 

densities, increased predation of birds may result . 

The workshop participants agreed that the general wording of the hypothe

sis statement was satisfactory. However, the original wording of the linkages 

prepared prior to the workshop was amended to include ravens as a potential 

predator. The working group also considered including domestic dogs in the 

list of predators; however, because company policies generally prohi bi t dogs 

in camps, they were not considered a likely threat to waterfowl population in 

the area. 



114 

FIGURE 9-1 

The presence of camps and garbage disposal sites 
will attract predators that will lead to changes 
in local abundance and distribution of waterfowl 
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Link 1: The presence of camps and garbage disposal sites in an area will 
result in localized increases in the number of potential waterfowl 
predators (including bears, foxes, jaegers, gulls and ravens). 

Link 2:(a) Nesting or moulting waterfowl near camps and garbage disposal 
sites will be subject to increased predation. 

(b) Waterfowl nesting or moulting away from camps and garbage disposal 
sites will be subject to reduced predation. 

Link 3: Increased predation of nesting and moulting waterfowl near camps and 
garbage disposal sites will cause a decrease in the abundance ' and 
alter the distribution of waterfowl. 
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LINKAGES 

Link 1: The presence of camps and garbage disposal sites in an area wIll 
result in localized increases in the number of potential waterfowl 
predators, including bears, foxes, jaegers, gulls and ravens. 

Link 1 was considered valid in the absence of proper handling and dis

posal of domestic garbage. In the Yukon and the Northwest Territories, it is 

well known that animals are attracted to camps and garbage disposal sites, 

where they scavenge on domestic wastes. Examples of such occurrences include 

the presence of black bears at Norman Wells, wolves and foxes at the White

horse city dump, and gulls and ravens at the Yellowknife city dump. Foxes may 

also be attracted to camps because the raised buildings and trailers often 
• provide suitable denning sites beneath their floors (D. Mossop, pers. comm.). 

Regulations concerning proper handling and disposal of garbage and domestic 

waste are usually specified in the operating conditions attached to land-use 

permits. Although most permit holders are required to incinerate garbage on a 

daily basis, it may still be available to scavengers before it is burned. 

Animals are attracted to camps and garbage sites if they provide an 

easily accessible source of food. Some animals, particularly bears and foxes, 

may be destroyed if they become a nuisance or safety hazard (see Links 1 and 

3). Although direct evidence is lacking, it was suggested that the local 

abundance of bears may be reduced due to the occasional need to destroy 

nuisance animals. This, in turn, could reduce predation on nests. 

Bears have been known to destroy a large number of snow goose nests in 

the Kendall Island Bird Sanctuary over several nesting seasons (T. Barry 

unpub1. data). Gulls, jaegers and ravens are opportunistic feeders that prey 

on waterfowl eggs and young birds (Godfrey 1966; Nettleship 1972; Pitelka et 

a1. 1955), and often attack nests when the adults are forced to leave their 

nests as a result of disturbances (e.g., human interference). Under normal 

circumstances, waterfowl eggs and young birds are not particularly vulnerable 

to avian predators because the nests are widely dispersed and generally well 
concealed (ducks) or are actively defended by both parents (geese). When 

threatened by arctic fox, snow geese may be more effective than brant in 
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defending the nest due to their size. However, neither species is successful 
when defending nests against red foxes (T. Barry, pers. comm.). 

Link 2(a): Resting or multing 1iIlterfowi near camps and garbage disposal 
sites will be subject to increased ~edation. 

The subgroup agreed that congregations of moulting waterfowl are not 
particularly vulnerable to predators. Similarly, solitary nesting species 
(e.g., ducks) are unlikely to experience significant losses due to a localized 
increase in the number of predators because of their highly dispersed nature 
and the widespread availability of suitable habitat. 

The validity of this linkage for the study area was difficult to assess 
in the absence of detailed information concerning the locations of development 
facilities. Colonial nesting geese are most susceptible to increased preda
tion through Link 2a. However, the development scenario anticipates no major 
camps or garbage sites near the snow goose colonies within the Kendall Island 
Bird Sanctuary, although a gas plant may be located nearby. In any event, oil 
and gas development will not necessarily cause localized increases in 
predators if preventive methods to eliminate garbage are practised. Daily 
incineration of domestic wastes is considered a normal part of operation in 
the development scenario (R.A. Owens Environmental Services Ltd. 1985). 

Link 2(b): Waterfowl nesting or multing away fro. camps and garbage disposal 
sites will be subject to reduced ~edation. 

Nesting or moulting waterfowl in areas away from camps and garbage sites 
would be subject to reduced predation only if (1) predators vacate their 
established home ranges or territories to re-direct their feeding/ scavenging 
activities near camps and garbage sites, and (2) vacated areas are not 
reoccupied by other predators. The workshop participants concluded that this 
is highly unlikely. 



117 

Link 3: Increased predation of nesting and lIDulting waterfowl near camps and 

garbage disposal sites will cause a decrease in the abundance and 

alter the distribution of waterfowl. 

This link was not formally discussed by the subgroup since it was added 

to the hypothesis after the workshop for consistency within the MEMP frame

work. This link is theoretically valid but measurable significant decreases 

in the abundance of waterfowl would not occur because of the conclusions 

reached in Link 2a. 

CONCLUSION 

The participants of the workshop concluded that Hypothesis No. 9 is 
• 

valid. However, in view of the locations of proposed facilities and if proper 

handling procedures for domestic waste are undertaken, camps and garbage 

disposal sites will not likely affect the number of waterfowl lost through 

increased predation. Disposal of domestic wastes associated with land-use 

activities in the region is currently regulated under the Territorial Lands 

Act. 

RESEARCH AND K>NITORING 

No research or monitoring programs that directly involve studying 

predator-prey relationships were recommended. The group agreed that IOOnitor

ing of the nesting success of waterfowl in the area would most likely cause 

disturbance of nesting birds, and may actually increase the number of nests 

lost to predators as a result of the monitoring study. Preventive and 

remedial actions to eliminate problems associated with attraction of wildlife 

to garbage were considered to be most practical and economical. Any initial 

efforts should be devoted to monitoring the degree to which garbage problems 

develop. 
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HYPOTHESIS NO. 10 

CHRONIC (EPISODIC) SPILLS OF CRUDE OIL AND DIESEL FUEL 
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WILL REDUCE mE ABUNDANCE OF WATERFOWL 
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IN'J;RODUCTION 

Small oil spills occur during routine operations by the petroleum 

industry in the study area. At present, these spills are restricted largely 

to fuels, but in the future will likely include crude oil spills at production 

facilities and along pipelines. Information available from report files on 

past oil spills indicate that volume of chronic spills is inversely related to 

the frequency of spills and that the majority of spills involve oil losses of 

less than one barrel. Currently, the most frequent and largest oil spills are 

associated with existing shorebases in the Beaufort development region (Dome 

Petroleum, unpubL data). It is expected that development of additional 

production and transportation facilities in the Mackenzie Delta and 

Tuktoyaktuk Peninsula area and along the Mackenzie River Valley will increase 

the frequency of chronic spi.lls in these areas. 

Information available for offshore production areas and from the oil 

spill case history literature both indicate that the vast majority of oil 

spills are caused by human error and equipment failure (Dome Petroleum et al. 

1982). Table 10-1 tabulates oil spills in 1984 in the Beaufort region. There 

has been a decrease 

the last few years 

increased awareness 

programs; and (3) 

in the occurrence and volume of chronic oil spills over 

(Dome Petroleum, unpubl. data) as a result of: (1) 

by industry personnel; (2) more thorough training 

improved technology. Nevertheless, the frequency and 



LINKAGES 

120 

FIGURE 10-1 

Chronic (episodic) spills of crude oil and diesel 
near staging and moulting areas of nesting colonies 

will reduce the abundance of waterfowl 
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Link 1: (a) When susceptible bird species co-occur in space and time with the 
presence of an oil slick, physical contamination of the bird will 
occur. 

Link l:(b) Mortality of waterfowl will occur following physical contamination 
by oil. 

Link 2: Waterfowl will consume oil through ingestion of contaminated food 
sources and preening of fouled plumage. 

Link 3: Mortality of waterfowl will occur if oil is ingested. 

Link 4: The quality of waterfowl flesh will be reduced if oil is ingested. 
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Table 10-1. Volumes and locations of oil spills during 1984 operation of the 
petroleum industry1 (from INAC and Environment Canada 1985). 

Locations No. of Spills 

Tuktoyaktuk Harbour2 10 

Open Ocean 12 

Land Spills 3 

McKinley Bay 2 

Wise Bay 2 

Herschel Basin 9 

TOTAL 38 

Volumes (litres) No. of Spills 

45 and less 21 

46 - 225 6 

226 - 450 3 

451 - 900 1 

901 - 2250 1 

> 2250 

TOTAL 38 

1 Dome, ESSO and Gulf 

2 Three spills were of unknown origin; these were in the '45 and less' 
category 
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cumulative volume of chronic oil spills will likely increase with future 

hydrocarbon production and transportation in the study area. 

Most contact of birds with oil has been associated with spills in off

shore and coastal waters, but oil spills will also be associated with onshore 

development in the MEMP study area. Due to the location of most facilities 

away from waterbodies, most onshore chronic spills would only affect ter

restrial habitats, where concerns related to bird contamination are relatively 

insignificant. However, there is a potential for oil to be released into 

rivers and lakes (i.e., fuel transfer docks along the river and pipeline river 

crossings) that may result in effects on waterfowl. 

LINKAGES 

Link l(a): When susceptible bird species co-occur in space and time with the 

presence of an oil slick, physical contamination of the bird will 

occur. 

Link l(b): Mortality of waterfowl will occur following physical contamination 

by oil. 

The following discussion in relation to Link 1 is based on the conclu

sions presented in relation to BEMP Hypothesis No. 10 (INAC and Environment 

Canada 1984, 1985). For the present study, only chronic oil releases into the 

Mackenzie River and into lakes were considered. Spills in the terrestrial 

environment were considered inconsequential to waterfowl and, therefore, did 

not warrant further discussion at the workshop. 

Many species of birds are highly susceptible (due to behaviour and life 

history) to oil spills, and have suffered mortality following contamination by 

petroleum hydrocarbons (Duval et al. 1981; Brown 1982). This mortality 

results principally from the physical effects of oil on thermoregulatory 

capacity and buoyancy, as well as from the toxicity of petroleum hydrocarbons 

ingested during preening or feeding activities (see Link 2) (Brown 1982). When 

birds are fouled through direct contact with oil slicks, the plumage becomes 

matted and loses some of its waterproofing properties. Although this loss of 



123 

buoyancy may be sufficient to cause a bird to drown, hypothermia caused by the 

loss of insulation normally provided by the plumage is the primary cause of 

death. A third possible pathway through which oil effects bird populations is 

contamination of eggs. It has been demonstrated that oil can be transferred 

from the plumage of an adult oiled bi rd to the surface of the egg and cause a 

toxic effect on the embryo (King and Lefever 1979; Albers 1980). The group 

considered this form of mortality to be an unlikely consequence of chronic 

spills in the region. 

Relati vely small spills can cause extensive bird mortality under some 

circumstances (Barrett 1979) , such as when large concentrations of susceptible 

bird species occur wi thin a restricted area. On the other hand, large 

episodic spills do not necessarily result in an oil slick that is capable of 

fouling birds. Because th~e are few locations in the study area where con

centrations of waterfowl could be exposed to oil from chronic spills, IOOst 

waterfowl species are not expected to be at major risk. Waterfowl were 

considered most susceptible to oil spills during the period of spring migra

tion when waterfowl are attracted to areas that are (or appear to be) open 

water. Nevertheless, for most species, except snow geese which tend to 

congregate in large numbers in small areas of open water, the number of 

individuals actually contacting oil slicks is expected to be small in relation 

to the regional populations . 

Link 2: Waterfowl will consmne oil through ingestion of contaainated food 

sources and preening of fouled plumage. 

Waterfowl may ingest hydrocarbons either directly through preening of 

fouled plumage or indirectly through consumption of oiled prey. It has been 

demonstrated that invertebrates and fish accumulate hydrocarbons and store 

potentially toxic compounds in their tissues (Thomson et al. 1981). It has 

also been demonstrated that captive mallards (Anas p1atyrhynchos) will consume 

oil-contaminated grain (Holmes et ale 1978, 1979). The subgroup considered it 

likely that waterfowl would feed in an area where an oil spill had occurred 

and thereby ingest hydrocarbons through consumption of contaminated food. It 

was noted, however, that ingested hydrocarbons are metabolized and depurated 

fairly rapidly; thus, contamination might be relatively brief after an 

episodic spill. 
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Link 3: Mortality of waterfowl 1dll occur if oil is ingested. 

Several studies have indicated that ingestion of oil can be fatal for 

several species of ducks, and that consumption of sublethal quantities of oil 

will increase the susceptibility of waterfowl to environmental stress such as 

cold temperatures (Hartung and Hunt 1966; Holmes 1978, 1979). 

Link 4: The quality of waterfowl flesh 1dll be reduced if oil is ingested. 

There is no evidence for or against this link. Uptake and accumulation 

of hydrocarbons due to ingestion of contaminated food has not been shown to 

cause tainting in waterfowl . The subgroup agreed that the amount of oil 

required to cause perceived tainting in waterfowl flesh would most likely be 

lethal to the bird before it was harvested. 

CONCLUSION 

It was concluded that there is sufficient information to accept the hypo

thesis that chronic oil spills will cause mortality of birds Wlder some 

circumstances. The combination of circumstances that may lead to bird mortal

ity (i.e., volume of spill, oil type, time of year, type of habitat contamin

ated, slick thickness and movement, and the behaviour of contaminated birds) 

is complex and effects can be highly variable. The significance of oil

related mortality to waterfowl populations was expected to be low. Neverthe

less, it was recommended that any mortality of birds reSUlting from chronic 

oil spills in the study area be documented. 

RESEARCH AND K>NITORING 

No research in relation to this hypothesis was recommended. 

Since episodic oil spills in the MEMP study area were considered unlikely 

to result in significant mortality of birds, no extensive monitoring program 

was recommended. INAC and Environment Canada (1985) reported that there have 

been no reports of bird mortality to date following chronic spills. If 
large-scale mortali ty of bi rds was occurring in t he Beaufort region, this 
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would have been noted by government and oil spill response personnel. It is 

thought that because many northerners are actively employed in various aspects 

of petroleum industry operations in this region, and because 

of native communities in protection of wildlife resources, 

mort ali ty of birds due to chronic spills observed by these 

of the interests 

any significant 

people would be 

reported to industry environmental coordinators, government agencies or a 

local Runters and Trappers Association. It was also emphasized that bird 

mortali ty due to chronic oil spills is not considered a problem in other 

areas (e.g., Gulf of Mexico, North Sea) where oil production has occurred for 

many years (INAC and Environment Canada 1985) or in onshore production areas 

(e.g., Alberta). 

It was concluded that the only monitoring that is required at the present 
• time is the documentation of the numbers and species of oil-contaminated birds 

in oil spill reports. It was recommended that oil spill report forms should 

be redesigned to include wildlife information but it was noted that some 

petroleum industry companies already collect this information. If chronic 

spills increase substantially in frequency and volume from present levels, 

implementation of a systematic monitoring program may be justified. 
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INTRODUCTION 

The active (Outer) Mackenzie Delta is generally a low, flat area under

lain by discontinuous permafrost. The Tuktoyaktuk Peninsula and the majority 

of Richards Island (part of the Pleistocene Coastal Plain), are predominantly 

low-lying and are underlain by continuous permafrost. Many of the positive 

relief features in the area are due to the presence of large quantities of 

underground ice. Within the active and Pleistocene Delta area, the currently 

anticipated gas production sites are located at Parsons Lake and YaYa (North 

and South) - Gulf; Niglintgak - Shell; and Taglu - Esso. 

Subsidence is the lowering of the land surface either locally or 

regionally, and may result from natural processes or be directly or indirectly 

induced by man's activities. The potential for land subsidence as a result of 

hydrocarbon reservoir pumping has been identified as a concern in relation to 

waterfowl, fish and muskrat habitat (see Fig. 11-1), particularly in low-lying 

areas of the Outer Mackenzie Delta. Background information on the complexity 

of natural deltaic processes, the natural changes in land and sea levels, the 

influence of permafrost, and the effects of development-induced subsidence is 

provided below. In addition, a more detailed discussion of the potential for 

subsidence in the Mackenzie Delta due to reservoir pumping is provided in 

Appendix B (McComiskey 1985). 
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FIGURE 11-1 

Land subsidence resulting from hydrocarbon withdrawal 
will change the abundance and distribution 

of waterfowl, fish and muskrat 
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Hydrocarbon production will cause subsidence of the ground 
surface overlying the Mackenzie Delta oil and gas fields. 

Subsidence of the ground surface will cause a change in the 
thermal and hydrologic regime. 

Links 3,4,5: A change in the thermal and hydrologic regime will cause a change 
in the area and quality of habitat for muskrat (Link 3), 
waterfowl (Link 4) and fish (Link 5). 

Links 6,7,8: A change in the area and quality of habitat will cause a change 
in the numbers of muskrat (Link 6), waterfowl (Link 7) and fish 
(Link 8). 
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Natural Subsidence 

Natural subsidence of the Mackenzie Delta area is continuing as regional 

submergence occurs in the southern Beaufort Sea (Forbes 1980). Some of the 

potential causes are subsidence of the Mackenzie sedimentary basin, subsidence 

due to the weight of accumulated sediment and subsidence due to consolidation 

of sediments. Hill et al. (1985) found that sea level at the margins of the 

Canadian Beaufort has risen 140 m in the last 27,000 years. They attributed 

35 m of the relative sea level change to basin subsidence. The current rise 

of the monthly mean tide level may be 1.67 mm/y (Forbes 1980) or as much as 

1.0 cm/y (Forbes and Frobel 1985, after Harper et al. 1984). 

Induced Subsidence 

Underground fluids fill intergranular spaces and support sediment 

grains. Consequently, the withdrawal of fluids such as oil and gas results in 

a loss of support and causes compaction to occur. The land surface may 

subside where such compaction occurs. This is direct subsidence. In many oil 

and gas reservoirs, only a small degree of reservoir compaction and surface 

subsidence are experienced. On the ot her hand, the harbour at Long Beach, 

California has subsided as much as 9 m due to oil and gas extraction (Mayuga 

and Allen 1970). Smaller amounts of subsidence have been documented elsewhere 

such as in the Houston-Galveston area, where a 30-cm subsidence occurred 

throughout an area of 6500 km2 and as much as 2.25 m in local areas . (Lee and 

Nichols 1981). Martin and Serdengecti (1984) concluded that "As yet, no 

reliable method has been established to ••• accurately predict large-scale 

reservoir compaction and subsidence." 

In the Mackenzie Delta, subsidence may cause a change in the ground 

thermal regime which could subsequently result in an increase in the spatial 

extent of both natural and man-induced subsidence. This could occur if 

increased flooding or direct effects result in extensive thawing of ice rich 

sediments. If this occurred, surface elevation would be influenced to. a 

greater extent than would be predicted from an analysis of the reservoir 

geology. 
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LINKAGES 

Link 1: Hydrocarbon production will cause subsidence of ground surface 
overlying the Mackenzie Delta oil and gas fields. 

In the Mackenzie Delta, land surface subsidence and a concomitant rise in 
the relative sea level is naturally occurring. The following discussion 
addresses the potential for directly- and indirectly-induced subsidence in the 
area due to hydrocarbon production. 

Directly-induced subsidence: Direct surface subsidence most likely occurs to 
a certain degree over all oil and gas reservoirs where pressure is not 
maintained. Of the oil and gas fields in the study area, the Niglintgak 
reservoir is considered · to be the most susceptible to substantial 
subsidence (McComiskey 1985). Subsidence is not anticipated at the other 
reservoirs in the Delta because (1) pressure will be maintained during 
production, and/or (2) it is thought that the specific reservoir 
characteristics would prevent subsidence from occurring (see Appendix B). For 
this reason, effects of subsidence are considered only at the Niglintgak field 
in the following discussion . 

Due to site-specific variations in hydrocarbon reservoir properties, 

fluid pressure, reservoi r geomet ry and mechanical properties of the rock, it 

is very difficult to predict the extent of ground surface subsidence (Martin 
and Serdengecti 1984). Kyles et al. (1979) provide two estimates of the depth 
of potential subsidence at Niglintgak . Their conclusions are provided 

verbatim. 

(1) A subsidence bowl will form at the surface as the Niglintgak 
field is depleted. 

(2) There is a high probability (some 90%) that maximum subsidence 
after 25 years of production will be about 1/2 metre. This 
level of subsidence can be accommodated by minor changes in 
design of well casing and foundations for surface facilities. 
If subsidence were as great at 2 . 6 metres (10% chance), drastic 
alterations to surface topography would occur (see Section VII). 

The final subsidence which is realized will depend on whether or 
not the reservoir has been pre-stressed to levels above current 
ef f ecti ve st ress by the presence of a large ice cap in the 
recent past (90% chance the ice was there , 10% chance it 
wasn It). 
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(3) Maximum subsidenc e wil l occur under the river channel about 0.3 
kilimeters S-SE of the 8-19 well. 

Maximum subsidence of currently 'dry' land will occur over the 
point of land south of 8-19. 

(4) The pr incipal unknown in the calculation of surf ace subsidence 
caused by reservoir compaction is the reservoir rock uniaxial 
compaction coefficient Om . Lab work done by KSEPL on core from 
8-19 was intended to define this parameter, however this work 
was successful only in defining a reasonable upper limit to the 
value of Cm . (yields the afore-mentioned 2.6 metre subsidence). 

Detailed examination of lab-measured Om values and field per
formance from several fields where compaction is monitored did 
not yield a consistent relation between Cm (lab) and em 
(in situ) . 

(5) The one facet of the compaction phenomenon which appears certain 
is: if the reservoir has been subjected to greater stresses at 
some time in the past than currently exist in the rock frame
work, compaction during depletion will be extremely small until 
effective stress increases beyond this previous maximum value. 

It should be noted that the above assessments were predicated on a 90% 

probability that a large ice cap was present in the recent past (Kyles et a1-

1979). However, no evidence in support of these probabilities was provided by 

these researchers. 

The Niglintgak area is located within the zone of discontinuous perma

frost. However, is is not known whether the Nigl1ntgak field itself is under

lain entirely or partially by permafrost. If permafrost is present, it may 

influence the rock mechanical properties of the reservoir and thereby affect 

the rate of direct subsidence. 

Indirectly-induced subs i dence: There are no site-specific data available on 

the distribution of permafrost and its associated ground ice in the Niglintgak 

area. Pollard and French ( 1980) attempted to calculate the volume of ground 

ice in the Richards Island area. They found that immediately below the top of 

permafrost (i.e., at a depth of 1-2 m) ice may occupy over 60% by volume of 

the ground. In a low-lying area, thawing of this layer could cause subsidence 

of the ground surface t o below the present water level. 
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FIGURE ll-2 

Potential land surface subsidence at the Niglintgak field (from Kyles 1979) . 
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Link 2 : Subsidence of the ground surface will cause a change in the thermal 
and hydrologic regime. 

Approximately 80% of the outer Delta area floods each spring (Slaney and 

Company Ltd. 1976). More of the Delta may flood as a result of land surface 

subsidence; however, these effects will be minor and localized if only a small 

degree of subsidence occurs. 

Direct Effects: Currently there is a lack of information concerning natural 

hydrologic processes in the area (e.g., changes in the water level), although 

it is apparent that the magnitude and duration of flooding is highly variable 

from area to area within the Delta. However, if the "worst case" situation is 

assumed (i.e., 10% probability that subsidence will be as great as 2.6 m), the 

southern edge of the island on which most of the Niglintgak reservoir is 

located would be submerged throughout the summer. Considering the "best case" 

(Le., 90% probability that maximum subsidence will only be 0.5 m), the 

effects of flooding would be more localized. 

If subsidence occurs, storm surges may transport salt water into areas 

where it has not previously occurred. The salinity of this water would be 

low, and it would most likely be flushed out of such areas during the 

subsequent spring freshet. 

Indirect Effects: The indirect effects of land surface subsidence on the 

thermal and hydrologic regime cannot be predicted quantitatively due to the 

lack of site-specific information regarding the distribution of permafrost and 

ground ice. 

occur along 

However, the potential does exist for thermokarst processes to 

with associated changes in hydrologic conditions (i.e., an 

increase in area submerged). Depending on the extent and distribution of ice, 

the indirect effect could influence a larger area than originally predicted on 

the basis of reservoir geology. 
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Links 3.4.5: A change in the thermal and hydrologic regime will cause a 

change in the area and quality of habitat for muskrat. waterfowl 
and fish. 

According to the 'best case' scenario presented by Kyles et ale (1979), 

an elliptical subsidence bowl, with an area of approximately 100 km2 and a 

maximum depth of 0.5 m at the well site, will form at Niglintgak due to direct 

subsidence. If the spatial extent of direct subsidence is restricted to that 

predicted in this scenario and indirectly induced subsidence does not occur, 

the subgroup concluded that the loss of muskrat and waterfowl habitat would be 

inconsequential relative to total available habitat in the area. It was also 

expected that no critical habitat for muskrat and waterfowl would be lost. 

Subsidence would increase water depths and permanency of shallow water areas, 

and thereby increase the r-otal amount of potential aquatic habi tat for fish. 

Particular habitats could be positively affected (e.g., overwintering areas) 

or negatively affected (e.g., shallow water feeding areas). It is thought 

that the overall effect on fish habitat in the study area would be inconse

quential. 

Given the 'worst case' scenario presented by Kyles et al. (1979), an 

elliptical bowl with an area of approximately 100 km2 and a maximum depth of 

2.6 m near the southern field limit will form due to direct subsidence. 

Substantial alterations to surface topography would also occur (Kyles et ale 

1979). The subgroup assumed that these alterations would be due to indirect 

effects such as thermokarst and thermal erosion. Indirectly-induced 

subsidence is a potential cause of land submergence (see Link 1). Thermokarst 

activity has occurred naturally on the Delta, and many of the large lakes in 

the Niglintgak area are considered to be of thermokarst origin; this includes 

Big Lake, which has an area of 16 km2 (C.P. Lewis, pers. corom.). However, it 

is not suggested that induced thermokarst activity at Niglintgak would 

necessarily be of such a magnitude. It was concluded that the indirect 

effects of subsidence on the area and the quality of illuskrat, waterfowl and 

fish habitat could not be assessed on the basis of available information. As 

discussed in a subsequent section, a research program would be necessary to 

address this area of present uncertainty. 
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Links 6,7,8: A change in the area and quality of habitat will cause a change 

in the numbers of muskrat, waterfowl and fish. 

In the 'best case' subsidence scenario, the subgroup expected that 

changes in terrestrial and aquatic habitats would be inconsequential in terms 

of their effect on muskrat, waterfowl and fish populations. However, given 

the 'worst case' scenario, it was not possible to assess the indirect effects 

of subsidence on the area and quality of habitat or its subsequent potential 

impact on the numbers of muskrat, waterfowl and fish. It was recognized that 

the creation of large lakes (e.g., Big Lake) and other topographic features in 

the area were a result of past thermokarst activity, and that the potential 

exists for substantial alterations to the land surface due to geomorphological 

processes induced by hydrocarbon extraction (Kyles et ale 1979). 

CONCLUSION 

On the basis of existing information and the current development scen

ario, the working group conditionally concluded that changes in the area and 

quality of available habitat and the numbers of muskrat, waterfowl and fish 

due to subsidence associated with hydrocarbon reservoir depletion would likely 

be inconsequential at population levels. This conclusion was conditional 

because there is no reliable method to accurately predict reservoir compaction 

and direct subsidence (Martin and Serdengecti 1984). The workshop subgroup 

based their conclusion on the premise that (1) the two probability estimates 

of potential direct subsidence at Niglintgak (Kyles et a1. 1979), and (2) 

evidence that direct subsidence over other reservoirs in the MEMP study area 

would be negligible were correct. It was agreed that the potential exists for 

indirect effects, although the extent of this could not be accurately 

predicted. To evaluate current predictions concerning potential subsidence in 

the Niglintgak area, the following research and monitoring programs were 

recommended. 

RESEARCH 

(1) Reservoir geology of the Niglintgak area should be reviewed and compared 

to that in areas of known subsidence. 
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(2) The importance of permafrost on mechanical properties of reservoir rock 

and, therefore, on potential direct subsidence should be examined. 

(3) The vertical and horizontal distribution of permafrost in the area of 

hydrocarbon reservoirs should be determined. 

MONITORING 

Production at Niglintgak will provide an excellent opportunity to conduct 

a monitoring program on the effects of subsidence in an area of permafrost. 

The program could initially include collection of site-specific topographic, 

hydraulic, surficial and geological data, which could be used to quantitative

ly predict the potential effects of subsidence and also serve as a baseline 

for the assessment of actual effects and accuracy of predictions. Site

specific biological data may also have to be collected since detailed base 

line information is lacking in most instances. 

Due to the inherent difficulty in predicting the extent of directly

induced subsidence, and the effects of permafrost and contained ice, it was 

recommended that monitoring of ground surface elevations be initiated prior to 

and continued during production around the Niglintgak reservoir area. It is 

anticipated that the oil and gas industry will establish a geodetic baseline 

in order to monitor these elevation changes. The monitoring program should be 

conducted on a regular basis to ensure that subsidence is detected as early as 

possible and should be designed to differentiate between natural and 

production-related subsidence. If subsidence occurs, its significance in 

terms of the habitat and fish and wildlife populations should be 

re-evaluated. Additional research and monitoring may be necessary if actual 

effects are significantly greater than those anticipated. 
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HYPOTHESIS NO. 12 

AIR EMISSIONS RESULTING FROM OIL AND GAS DEVELOPMENT AND 
OPERATION WILL ADVERSELY AFFECT AIR QUALITY 

PARTICIPANTS 

This hypothesis was prepared prior to the MEMP workshop by one of the 
participants (T _ Jandali) and was presented during a plenary session_ Unlike 

the other hypotheses, it was not the subject of a subgroup meeting and open 

discussion. 

INTRODUCTION 
• 

Future development of hydrocarbon resources in the study area will result 

in gaseous and particulate emissions to the atmosphere. The objective of this 

review was to determine if these emissions could adversely affect regional air 
quality_ The degree of potential impact of air emissions was assessed using 

the following steps: 

a) A 'worst-case I production scenario within a sub-region of the study 

area was assumed in order to estimate the quantity and composition of 

air emissions that could be associated with hydrocarbon development 

activities; 

b) Dispersion calculations were completed to estimate ground level 

concentrations of pollutants likely to prevail within the defined 

sub-region during worst case meteorological conditions; and 

c) Estimated maximum ground level concentrations were compared with 

regulatory guidelines established by Environment Canada. 

Three locations of possible intensive exploration and production activity 

were identified. These are the Mackenzie Delta, Norman Wells and Colville 

Lake regions. Of these, the Mackenzie Delta region has the greatest potential 

for intensive development and therefore was selected for use in the worst-case 

scenario. 
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FIGURE 12-1 

Air emissions resulting from oil and gas development 
and operation will adversely affect air quality 

AIR (J,IALITY 

1 

PRODUCTION ACTIVITIES 

Link 1: Air emissions from a number of sources will adversely affect air 
quality. 
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It was assumed that, in a full development situation in the Mackenzie 

Delta region, active production facilities would be located at Mayogiak, 
Parsons Lake, Taglu, Niglintgak, Adgo, Ivik, and Kumak, and production drill
ing would reach a maximum of 60 wells per year. The presence of one major 
support base at Tuktoyaktuk was also assumed for the purpose of air emission 
determinations. In addition, a maximum of 3 major pipelines were assumed to 
originate from the Mackenzie Delta area, a 924 mID gas pipeline (including 2 
compressor stations within the sub-region), a 500 mID oil pipeline (including 2 
pumping stations), and a 200 mm oil pipeline (including 2 pumping stations). 
It was assumed that camps would be located on Richards Island and at Parsons 
Lake and would provide facilities for up to fifty personnel at each site. 

The primary source of atmospheric emissions associated with oil and gas 
production in the Macken~ie Delta region are outlined in the following 
sections. These sources and their corresponding emission factors were used to 
estimate the quantity of pollutants emitted to the atmosphere under a 
worst-case situation. Unless otherwise stated, data regarding the amount and 
composition of air emissions were adapted from the 1983-84 report of the 
Beaufort Environmental Monitoring Project (INAC and Environment Canada 1984). 

1. Solid Waste Incineration: Incineration of solid waste at production 
facilities, support bases, and camps would result in air emissions 
containing the following quantities of pollutants (expressed as percent 
weight of combustible solid waste): 

Carbon Monoxide (CO) 
Nitrogen Oxides (NOx) 
Sulphur Oxides (SOx) 
Hydrocarbons (HC) 
particulates (TSP) 

- 1.49% 
- 0.22% 
- 0.12% 
- 0.12% 
- 0.62% 
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2. Diesel Fuel Coatbustion: The combustion of diesel fuel at development 

wells, support bases, and camps would result in the emission of the 

following pollutants (expressed as percent weight of fuel used). 

Carbon Monoxide (CO) 

Nitrogen Oxides (NOx ) 

Sulphur Oxides (SOx) 

Hydrocarbons (HC) 

Particulates (TSP) 

- 0.92% 

- 3.38% 
- 0.69% 

- 4.92% 

- 1.69% 

3. Separated Gas Combustion: Emissions of NOx resulting from the combustion 

of gas for power generation at each production facility was estimated to 

be approximately 570 kg/day. 

4. Gas Flaring: Gas flaring at production facilities was assumed to result 

in emissions of NOx at the rate of 3.68 tonnes per million cubic metres 

of gas burned. 

5. Fuel Tanks: Evaporative losses from storage fuel tanks at the major 

support base in Tuktoyaktuk were estimated to be about 50 tonnes of 

hydrocarbons per year. 

6. Natural Gas CoIIlbustion: Natural gas would be used to power pipeline 

compressor stations. The following emission rates were assumed to occur 

as a result of natural gas combustion in heavy-duty gas turbine compres

sors (U.S. EPA 1977). 

CO - 0.7 g/kWh 

NOx - 1.7 g/kWh 

SOx - 0.003 g/kWh 

HC - 0.1 g/kWh 

TSP - n/ a (1.0 g/kWh assumed) 
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7. Propane Combustion: The use of propane at support camps was assumed to 

result in the following pollutant emissions expressed as kilograms per 

1000 litres of propane (U.S. EPA 1977). 

co - 0.23 kg/l03L 

NOx - 1.3 kg/l03L 

SOx - 0.01 kg/l03L 
HC - 0.084 kg/l03L 

TSP - 0.22 kg/l03L 

LINKAGES 

Link 1: Air emissions from a number of sources v.Ul adversely affect air 
quality. 

The link between air emissions and air quality is direct. Therefore, in 

order to assess the significance of this hypothesis, the following information 

is presented: 

1. quantitative estimates of total emissions of each pollutant during 

peak production; 

2. identification of the spatial distribution of emission sources; 

3. description of the dispersion calculations that were completed using 

the "box model" approach; and 

4. comparison of estimated ground level pollutant concentrations with 

regulatory guidelines. 

1. Total Emissions During Peak Production 

Production Facilities Air emissions at production facilities would 

result from incineration of solid waste, combustion of separated gas, and gas 

flaring. 
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(i) The amount of solid was t e incinerated at each facility was assumed to 

be equivalent to one offshore production platform - 7'00 kg/day/ 
facility (INAC and Environment Canada 1984). Therefore, the total 
solid waste incinerated was estimated to be 4900 kg/day. 

(ii) Separated gas used to operate power generation turbines at all 
production facilities was estimated to result in 4000 kg/day of NOx 
emissions. 

(iii) Flaring was expected to consume 4.5 x 105 m3 of gas per day for all 
production facilities. Resulting emissions of NOx would amount to an 

estimated 1656 kg/day. 

Therefore, the operation of seven production facilities in the Mackenzie 
Delta region would likely result i n the following emissions: 

CO 
NOx 
SOx 
HC 
TSP 

SUMMARY OF EMISSIONS FROM PRODUCTION FACILITIES 
(kg/day) 

Solid Waste Separated Gas Gas Flaring 

73 
11 4000 1656 
6 
6 

30 

Totals 

73 
5667 

6 
6 

30 

Development Wells Air emissions from development wells are expected to be due 
entirely to diesel fuel combustion at the wellsite. It is estimated that each 
well will produce 2000 kg/day of emissions; these are conservatively assumed 
to consist entirely of pollutant s . Furthermore, assuming that all 60 wells 
will be drilled simultaneously, the following quantities of emissions to the 

atmospher e would be expected : 

SUMMARY OF EMISSIONS FROM DEVELOPMENT WELLS 

(kg/ day) 

CO 
NOx 
SOx 
HC 
TSP 

9,500 
35,000 

7,100 
50,900 
17,500 
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support Base Emissions of atmospheric pollutants at the support base located 

in Tuktoyaktuk will result from incineration of solid waste, combustion of 

diesel fuel, and release of hydrocarbons from fuel storage tanks. Estimates 

of the quantity of emissions from this base were derived from data presented 

in the 1983-84 BEMP report (INAC and Environment Canada 1984) for the total 

quantities of emissions expected from four bases, given the expectation that 

Tuktoyaktuk, the largest base, would account for one-half of these total 

emissions. The estimated emissions from all sources due to year-round 

operation of the support base at Tuktoyaktuk are tabulated below: 

SUMMARY OF ESTIMATED EMISSIONS AT TUKTOYAKTUK SUPPORT BASE 

(kg/day) 

CO • 
NOx 
SOx 
HC 
TSP 

265 
739 
157 

1,337 
404 

Pipelines The operation of pumping and compressor stations for oil and gas 

pipelines, respectively, will result in emissions to the atmosphere. Com-
pressor and pumping stations for the three pipelines identified in the produc

tion scenario were assumed to have the following power requirements: 

Pipeline 

924 mm gas 

500 mm oil 

200 rom oil 

SUMMARY OF PIPELINE POWER REQUIREMENTS 

Type of Station/Power 

compressor/20,000 HP 

pumping/ 5,000 HP 
pumping/ 1,000 HP 

No. of Stations 

2 

2 

2 

The estimates of air emissions assume that all stations use natural gas 

as a fuel source and that the quantities used are proportional to the 

horsepower requirements. These estimates are summarized below: 
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SUMMARY OF EMISSIONS FROM COMPRESSOR/PUMPING STATIONS 
(kg/day) 

924 oun gas 500 oun oil 200 rnm oil Totals 
pipeline pipeline pipeline 

CO 501 125 25 651 
NOx 1,217 304 61 1,582 
SOx 2 1 0 3 
HC 72 18 4 94 
TSP 716 179 36 931 

Camps Air emissions from camps would result from solid waste incineration, 
power generation, and propane combustion. 
were assumed. 

The following consumption rates 

Solid waste incineration 
Power generation (diesel) 
Propane combustion 

3.6 kg/person/day 
5 kg/person/day 
4 gal/person/day 

Therefore, the following emissions were estimated for two camps (50 
persons at each) located within the Mackenzie Delta region: 

SUMMARY OF EMISSIONS FROM TWO CAMPS 
(kg/day) 

Solid Waste Diesel Propane Totals 

CO 5 5 10 
NOx 1 17 2 20 
SOx 3 3 
HC 25 25 
TSP 2 8 10 

Summary of Emissions In combination, the various activities associated with 
the peak production scenario in the Mackenzie Delta region are projected to 
result in the following total daily emissions to the atmosphere. 
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SUMMARY OF OVERALL DAILY EMISSIONS TO THE ATMOSPHERE 

(kg/day) 

Production Development Support Pipelines Camps Totals 
Facilities Wells Base 

CO 73 9,500 265 651 10 10,499 
NOx 5,667 35,000 739 1,582 20 43,008 
SOx 6 7,100 157 3 3 7,269 
HC 6 50,900 1,337 94 25 52,362 
TSP 30 17,500 404 931 10 18,875 

2. Spatial Extent of Development Region 

The locations of as~umed production facilities, support base, pipelines 

and camps within the Mackenzie Delta region are depicted in Figure 12-2. 

These facilities are all located within an area that extends 165 km in an 

east-west direction and 115 km in a north-south direction. 

3. Dispersion of lhissions 

Simple dispersion calculations were completed using the "Box model" 

concept to estimate maximum regional ambient ground level concentrations of 

various pollutants. This approach provides order of magnitude estimates of 

pollutant concentrations averaged over a 24-hour period. The following 

assumptions were made in order to undertake this analysis. 

(i) Pollutants will be uniformly distribute:i in a mixed layer (100 rn 

deep) below an elevated inversion, and will be spacially distributed 

due to the separation of sources and transport of emissions by light 

wind. 

(ii) The lateral dimensions of the "box" are 165 kIn in the east-west 

direction and 115 km in the north-south direction (Figure 12-2). 

Given a 100 m mixing layer, the resultant "box" volume is 1.9 x 1012 

m3, and encompasses all scenario activities in the Mackenzie Delta. 

(iii) Emissions will be confined within this space for up to four consecu

tive days, which represents worst-case calm and/or light wind condi-

tions. 
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4. Estimated Concentrations 

Results of dispersion calculations are summarized in the following table 
which shows predicted maximum 24-hour average ground level concentrations of 
the five primary pollutants. It must be emphasized, however, that these esti
mates reflect two considerations. 

(i) Predictions of maximum ground level concentrations are regional aver
age values and, therefore, are not applicable to site-specific situa
tions where plume impingement may occur; and 

( ii) The regional estimated concentrations were derived 
case emissions (maximum scale of development) 
meteorological cohditions (prolonged confinement of 

by assuming worst
and worst case 
pollutants) • 

ESTIMATED MAXIMUM 24-HOUR GROUND LEVEL CONCENTRATIONS OF PRIMARY POLLUTANTS 
( g/m3) 

CO NOx SOx HC TSP 

Estimated 24-hr 
average 22 91 15 110 40 

Regulatory 6,000 200 150 nla 120 
guidelines 

(averaging 
time) (8 h) (24 h) (24 h) (24 h) 

The regulatory guidelines for each pollutant, as established by Environ
ment Canada, are also shown in the above table. In all cases, the regional 
maximum average concentrations are well below the regulatory guidelines. 

5. Ice Fog 

The potential impact of ice fog formation due to water vapour emissions 
was not considered during the evaluation of Hypothesis No. 12. This was 
because the effects of ice fog will be very localized and, therefore, unlikely 
to affect the region as a whole. However, the following comments are 

presented for general information: 
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(i) Ice fog will begin to form when ambient air temperatures are lower 

than -20°C, and will definitely form when temperatures are lower than 

-40°C. 

(ii) Formation of ice fog is caused by the emission of large quantities of 

water vapour from combustion processes. The formation is enhanced at 

warmer temperatures, (i.e. near -20°C) by the presence of particulate 

matter in the atmosphere. 

(iii) Ice fog can accumulate locally (within 1 to 5 km of the water vapour 

emission source) during prolonged periods of calm and cold tempera

tures, thereby obstructing visibility and potentially affecting 

transportation activities. 

(iv) There are no mitigative measures available to reduce ice fog forma

tion other than stopping combustion and/or eliminating the source of 

water emission vapours. 

CONCLUSION 

Based on the foregoing analyses, the hypothesis that regional air quality 

will be adversely affected to an extent that would warrant the design and 

implementation of a monitoring program was rejected. This conclusion, 

however, should not preclude the possible need to implement air quality 

monitoring program( s) near major emission sources to monitor local effects as 

part of required operational permits. 
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HYPOTHESIS NO. 13 

INCREASED WCAL DISTURBANCE DUE TO ACTIVITIES RELATED TO HYDROCARBON 

DEVELOPMENT WILL RESULT IN DECREASES IN FISH QUALITY 

PARTICIPANTS 

Mike Jones 

Peter McCart 

Chris O'Brien 

Archie Pick 

Aaron Sekerak 

Cal Sikstrom 

Jeff Stein 

Dave Thomas 

INTRODUCTION 

The links that comp~ise this hypothesis are shown in Figure 13-1. 

palatabili ty was used as an indicator of fish quality during discussion of 

this hypothesis by the subgroup. 

CONCLUSIONS 

The group concluded that this hypothesis was not valid for the following 

reasons: 

1) There is no evidence to indicate that disturbance has ever affected 

the palatability of northern fishes; 

2) No potential activity could be identified that could cause sufficient 

disturbance to increase the energy expenditure of fish. 

3) Substantially greater sources of disturbance (e.g., noise, vessel 

traffic) in southern waters have never been identified as a cause of 

decreased fish quality; and 

4) Sport fishing can be considered an extreme source of disturbance, 

since it results in thorough exhaustion of fish. Nevertheless, 

decreased quality of sport-caught fish has not been reported. 
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FIGURE 13-1 

Increased local disturbance due to 
activities related to hydrocarbon development 

will result in decreases in fish quality 

FISH 
QUAlITY 

ENERGETI C COSTS 

LOCAL 
DISTURBANCE 

Link 1: Increased local disturbance (e.g. from additional barge traffic) will 
result in energetic costs to fish in the areas of disturbance. 

Link 2: Higher energy expenditure will result in decreased fish quality. 
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FIGURE 14-1 

Improved access and fishing pressure will decrease the 
abundance of fish and affect their distribution 

FISH ABUNDANCE AND 
DISTRIBUTION 

3 

DOMESTIC AND COMMERCIAl 
HARVESTS 

SPORT HARVEST ...... ----, 

LINKAGES 

Link 1: 

Link 2: 

Link 3: 

Link 4: 

ACCESS -----' NUfmER (F SPORT 
FISHERMEN 

Improved access will increase sport, commercial and domestic 
harvests of fish. 

The number of recreational fishermen will increase due to industrial 
development; this will increase harvests of sport fish. 

Increased sport harvest will reduce local and regional populations 
of sport fish. 

Increased domestic and commercial harvests will 'reduce local and 
regional populations of fish, and alter their distribution. 
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trout and inconnu also occurred at Kelly Lake, Great Bear Lake and along the 

Great Bear River. In the past, domestic fishing for Arctic grayling occurred 

at Stewart Creek and the mouth of the Three Day Lake drainage system which is 

located 11 km upstream from Norman Wells. Local fishermen also harvested 

small numbers of humpback and broad whitefish, inconnu, Arctic cisco, pike and 

yellow walleye at other locations in the Mackenzie River. 

The pattern of fish resource use changed little during and following the 

Norman Wells Expansion Project. However, the intensity of fishing increased 

during the 1983 to 1985 period when as many as 1300 construction workers were 

located at Norman Wells. Sport-fishing pressure increased slightly at Kelly 

Lake and Great Bear Lake, although no data are available to quantify the 

change. Domestic fishing in the Norman Wells area is not thought to have been 

significantly affected by t'he development. Some fishermen may have been 

forced to set nets at locations away from the boat traffic associated with the 

development, although no concerns were expressed by the local Hunters and 

Trappers Association. Information on domestic fishing in the region from 

Norman Wells to Fort Good Hope was obtained from the local Hunters and 

Trappers Association and is included on environmental maps for the Norman 

Wells Spi 11 Containment and Recovery Plan. Areas of relative importance to 

domestic fishermen and fish are identified and documented on these maps. 

LINKAGES 

Link 1: Iaproved access ~ll increase sport, commercial and do.estic harvests 
of fish. 

Sport Fishing Harvest: Increased access will undoubtedly increase the sport 

fishing harvest in the study area. Arctic char and lake trout are most likely 

to be affected because they are highly prized by anglers and have a limited 

distribution within the study area. The harvest of grayling will also 

increase, particularly where they congregate in the vicinity of culverts and 

other in-stream obstructions. However, this species is the most widely 

distributed and most abundant sports species in the study area. Therefore, 

the increased harvest as a proportion of the total regional population is not 

likely to be as great as for Arctic char and lake trout. Sport fishing for 
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whitefishes, other than infrequent efforts for inconnu, is not practised in 

the study area and these species are not expected to be a target of recre

ational fisheries in the foreseeable future . 

Domestic and Commercial Harvests: Recent commercial fishing within the study 

area has been limi ted to the harvest of whitefish in the Mackenzie Delta and 

then only to supply local markets. Attempts at expanding to southern markets 

have been unsuccessful, primarily due to high transportation costs (Corkum and 

McCart 1981). It is anticipated that development activities in the region 

will support or even perhaps lead to an expansion in the existing fishery. If 

development results in improved access to southern markets particularly by 

highway, transportation costs may be reduced to the point where a major expan

sion of the commercial fishery could become economically viable. Improved 

access to the Yukon North Slope may also result in the entry of local Arctic 

char to the marketplace. 

A number of species are taken in the domestic harvest, including lake and 

broad whitefish, Arctic char, lake trout, burbot, inconnu and Arctic gray

ling. Although Arctic char and lake trout are highly desirable species, they 

have limited distributions and most populations are relatively inaccessible 

froTJl communi ties wi thin the study area. Improved access to populations of 

these two species is expected to result in increased fishing pressure from the 

domestic fishery. The remaining species taken in the domestic harvest are 

most common in the mainstem Mackenzie River and its major tributaries where 

access by boat is already good. The populations of these species are, there

fore, less likely to be affected by further improvements in access. However, 

should a road be established along the Tuktoyaktuk Peninsula, additional 

whitefish fisheries could occur and thereby increase the harvest pressure on 

these species. 

Link 2: The number of recreational fishermen will increase due to industrial 

development; this will increase harvests of sport fish. 

It appears to be an indisputable fact that sport fishing will increase as 

the size of human populations increase in the north. As was the case in 

Norman Wells, establishment of temporary or semi-permanent work camps will 
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also result in increased numbers of sport fishermen. It should be noted, 

however, that construction workers often have little leisure time and con

struction often occurs in winter. Therefore the contribution of the construc

tion workforce to increases in sport fishing may not be proportional to its 

size. Nevertheless, it is concluded that the sport harvest will increase as a 

consequence of a greater number of fishermen in the region. 

Link 3: Increased sport harvest will reduce local and regional populations of 

sport fish. 

Some fish species within the study area are sensitive to exploitation by 

sports fisheries due to their slow growth rates, late maturity and extended 

life histories . Populations will likely be reduced in areas where angling 
• 

pressure is intense. Lake trout are expected to be the most sensitive species 

for the following reasons: 

1. they are popular target species among recreational fishermen; 

2. they occur in a relatively small number of lakes within the study 

area; and 

3. evidence to date suggests that populations recover very slowly, if at 

all, following major declines in abundance due to overharvesting 

(Healey 1977, 1978) . 

Sport fishing has led to significant changes in lake trout population struc

ture, including a marked reduction in the proportion of older, larger fish 

that are sought by trophy fishermen, even in a lake as large as Great Bear 

Lake (F alk et a1. 1974). 

Arctic char populations can also be reduced by angling pressure , as 

observed in the Tree River east of the study area (Moshenko et ale 1984). 

However, information presented in Johnson (1976) suggests that populations of 

this species recover relatively quickly once exploitation ceases. 
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Grayling are the most widespread and most abundant of the major fish 

species harvested in sport fisheries within the study area. While local popu

lations may be reduced due to fishing pressure (there are unstudied cases of 

such effects in the Fort Simpson area and elsewhere in the Mackenzie BaSin), 

regional ef fect s of increased harvest pressure are expected to be less than 

the impact on either Arctic char or lake trout. 

Link 4: Increased domestic and commercial harvests will reduce local and 

regional populations of fish, and alter their distribution. 

It i s well documented that domestic and especially commercial fisheries 

can reduc e the size of fish populations. This has been observed with stocks 

of Pacific salmon throughout their range (Archibald and Graham 1981), lake 

trout in Great Slave Lake (Healey 1978), Arctic char in the Silvia Grinnell 

River (Kristofferson and Sopuck 1983), lake whitefish in Lake Winnipeg 

( Davidoff et al e 1973) and with nume rous other species of fish in waterbodies 

throughout the wor ld. The most susceptible species within the study area will 

be Arctic char and lake trout ; these species have limited distributions, popu

lations are relatively small and they are the targets of considerable harvest 

activity by fishermen. The concern is compounded by the inadequacy of the 

existing database which, for most populations would be insufficient to predict 

the collapse of a fishery. 

CONCLUSIONS 

The group concluded that Hypothesis 14 was valid a nd , in fact, is a com

monly observed result of increased human access . It was also noted that 

changes in the abundance of fish stocks (or overfishing) can theoretically be 

controlled to a certain degree by imposing quotas, catch limits, seasons, 

etc. on the various types of fisheries. However. such regulations have 

historically proved to be difficult to establish and enforce, particularly in 

the Arctic, due to overriding social and economic considerations. 
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RESEARCH 

Research needs were discussed on an individual species or species group 

basis because they vary considerably for different fishes in the region. 

Arctic Char: A considerable amount of information is available on the 

response of populations of eastern Arctic char to exploitation in various 

fisheries. However, similar data for western Arctic char (which is considered 

a separate species by a few authorities) is presently lacking. This type of 

information would be of obvious value in the management of local and regional 

fisheries. However, the number and size of western Arctic char populations in 

Canada is limited and further disturbance to these populations through 

scientific study may not be justified • 

• 
Lake Trout: Documentation of the distribution of lake trout is the main 

research requirement for this species. This could be accomplished by a 

compilation of available records and knowledge, accompanied by limited field 

sampling to address gaps in knowledge. Data on fishing activities should be 

collected as part of such an inventory. 

Whitefishes: Research is required on all species of whitefish but particu

larly on broad whitefish due to their abundance in the region and the fact 

that they are the primary target of domestic fisheries. The Mackenzie River 

system appears to be t he most important river in North America in terms of 

broad whitefish populations, with only the Yukon River system approachiQg the 

importance of the Mackenzie to this species . 

A high priori ty for research is the di fferentiation of stocks of broad 

whitefish in terms of movements , locations of rearing, overwintering and 

spawning areas and other critical life history events or habitats . Available 

information indicates that this species has a complicated life-history pattern 

which involves long-distance migrations, reliance on different locations and 

habitats at different stages in their life history, and a vulnerability to 

several different fisheries in various parts of the study area. Therefore, it 

will be very difficult to document the direct and indirect effects of indus

trial development on th i s species. 
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Stock di fferentiation studies have been initiated by DFO (Western Region) 

and i nc lude collection of samples from populations near spawning areas and 

exami na t i o n and use of a variety of techniques (electrophoresis, morpho

metrics , par asites, growth patterns) to distinguish separate stocks. Migra

tion studies are also in progress to determine movement patterns. The group 

recommend ed that both of these studies should be continued. 

Arctic Grayling : It was concluded t hat over-exploitation of Arctic grayling 

in st reams was a commonly observed result of improved road access in the 

north. An experimental harvest study to determine response of grayling 

populations to fishing would provide some of the data required to assess the 

effects of i nc r eased fishing pressure on grayling. The response of grayling 

populat ions t o fishing. and population recovery times are presently unknown. 

It is also unknown if grayling form discrete populations (or stocks) and spawn 

in their natal areas. Since it is suspected that this is the case, local 

populations may be small and vulnerable to overfishing. 

MONITORING 

The group agreed that there was a need to determine the total annual 

catch of major fish species in sport, domestic and commercial fisheries on a 

waterbody-by-waterbody basis. The effects of future increases in catch cannot 

be accurately predicted without knowledge of present harvest levels and dis

tribution of fishing effort. There is also a need for index monitoring of 

catch and fish populations. This could be accomplished by determining 

length/ age frequencies from catches or population samples and evaluation of 

catch per unit effort in domestic and commercial fisheries or experimental 

studies involving sampling gillnets . This type of monitoring could aid in 

identification of trends in population sizes caused by harvest activities. If 

adverse effects related to fishing pressure are identified, appropriate 

resource management decisions can be made on the basis of a more extensive 

database. 
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The original statement of Hypothesis No. 15 included both fishes and 

water quality (potable water) as VECs . The subgroup chose to divide the hypo

thesis into two parts, one dealing with potable water (l5A) and the other 

dealing with fishes (l5B Figures 15-1 and 15-2). However, due to the over

lapping nature of many aspects of Hypotheses 15A and 15B, they share a common 
introduction. 

INTRODUCTION 

The extraction of hydrocarbon resources in the study area would result in 

the introduction of contaminants into the environment through various waste 

discharge streams. In the Mackenzie River system in or near the study area, 

the primary inputs of contaminants from industrial development are associated 

with the exploration for and production of oil at Norman Wells. In addition, 

input of petroleum hydrocarbons to the Mackenzie River also occurs from 

natural sources, primarily the oil seeps at various locations within the river 

basin such as the Athabasca Tar Sands . 

The contaminants of concern include crude and refined oils, heavy metals, 

bacteria and viruses in sewage, and various chemicals that are now, or would 

be used during the exploration, development, production and transportation 

phases of a project. Occurrence or build- up of some of these substances in 
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FIGURE 15-1 

Waste discharge and accidental oil/chemical 
spills will lead to unpotable water. 
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LINKAGES 

Link 1: Direct discharges of contaminants to rivers, streams and lakes will 
increase their concentrations in water. 

Link 2: Discharges of contaminants to treatment ponds will lead to increased 
contaminant concentrations in subsurface water. 

Link 3: Terrestrial spills of contaminants will lead to increased contaminant 
concentrations in subsurface water. 

Link 4: Increased concentrations of contaminants in subsurface water will 
result in increased concentrations of these elements or compounds in 
surface water. 

Link 5: Increased contaminant concentrations in surface water will lead to a 
decrease in the pot ability of water sources. 



166 

FIGURE 15-2 

Waste discharge and accidental oil/chemical spills 
will lead to decreased acceptability of fish as a food source 
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Direct discharges of contaminants into rivers, streams and lakes 
will increase their concentrations in water. 

Link 2: Discharges of contaminants to treatment ponds will lead to increased 
contaminant concentrations in subsurface water. 

Link 3: Terrestrial spil l s will lead to increased contaminant concentrations 
in subsurface water . 

Link 4: Increased concentrations of contaminants in subsurface water will 
result in increased contaminant concentrations in surface water. 

Link 6: Increased contaminant concentrations in surface water will result in 
increased contamin~nt concentrations in sediments. 

Link 7: Increased contaminant concentrations in surface water will lead to 
contaminant uptake by fish . 

Link 8: Increased contaminant concentrations in surface water will lead to 
increased contaminant body bur dens in forage fish. 

Link 9: Increased contaminant concentrations in sediments will lead to 
increased contaminant body burdens in bottom-feeding fish. 

Link 10: Increased contaminant concentrations in sediments will lead to 
increased contaminant body burdens in benthic fauna. 

Link 11: Increased contaminant body burdens in forage fish will lead to in
creased body burdens in predatory fish. 

Link 12: Increased contaminant body burdens in benthos will lead to increased 
body burdens in bottom-feeding fish. 

Link 13: Increased contaminant body burdens in fish will lead to decreased 
acceptability of fish as a food source by local residents. 
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receiving environment can, under certain conditions, result in bioaccumulation 

and biomagnification of some pollutants in fi sh. In addition, drinking water 

may become unpotable if the concentrations of certain contaminants eKceed safe 

limits. The potential for hydrocarbon or heavy metal contamination and 

subsequent decrease in the palatability of fish and potability of water is an 

area of potential concern within and downstream of hydrocarbon development in 

the study region due to: (1) the existing and possible eKpanding use of fish 

and potable water; (2) reports of the possible deterioration of fish quality 

in the Mackenzie River; and (3) ex periences associated with tainting elsewhere 

in the world. In addition, concern has been expressed that traditional 

sources of drinking water used by hunters could become contaminated in areas 

near sumps containing waste drilling mud, drill cuttings, waste lubricating 

oils and rig wash waters. 

On the basis of the magnitude of contaminant inputs, it was eKpected that 

hydrocarbons and heavy metals will be the areas of greatest potential con

cern. Accordingly, they became the focus for evaluation of this hypothesis. 

Exposure of fishes to hydrocarbons can re sult in a range of sublethal 

physiological, pathological and behavioural effects. Some of the pathological 

changes and abnormalities observed in fishes include: (1) liver necrosis 

(Sabo and Stegeman 1977; Dimichele and Taylor 1978; McCain et ale 1978; Wood

ward et al. 1983) and liver neoplasm (Malins et al. 1984); (2) gill damage 

(Blanton and Robinson 1973; Dimichele and Taylor 1978; Ernst et al. 1979; 

Englehardt e t al. 1981; Woodward et al. 1983); (3) necrosis of intestinal 

mucosa (Dimichele and Taylor 1978; Hawkes et ale 1980); (4) pancreatic 

necrosis (Dimichele and Taylor 1978; Solangi and Overstreet 1982); (5) renal 

damage (Dimic hele and Taylor 1978); (6) necrosis of olfactory and taste organs 

(Gardner 1975; Solangi and Overstreet 1982); (7) muscle degeneration 

(Dimichele and Taylor 1978); (8) changes in fin pathology (Woodward et ale 

1983) ; and (9) fusion of gill filaments (Khan and Kiceniuk 1984). Some of 

these histopathological changes are unique to hydrocarbon ex posure and, 

therefore, may be useful in monitoring programs designed to detect chronic oil 

pollution . However, other pathological effects appear to be caused by stress 

and , therefore, could be a reflection of environmental conditions unrelated to 

hyd rocarbon exposure. 
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Hydrocarbons can accumulate in the tissues of fish at concentrations 

below those which are lethal or lead to pathological changes, and may still be 

of concern because they (or their degradation products) can cause tainting. 

Tainting is a change in the characteristic smell or flavour of fish (or any 

food stuff). In general, crude oil, petroleum products, refinery effluents 

and wastes from petrochemical complexes have all been implicated in tainting 

incidents involving a variety of fish, shellfish and seaweeds (Whittle 1978). 

The presence of a "kerosene-like" or "oily" flavour has been clearly cor

related with the presence of petroleum hydrocarbons in flesh of fish collected 

from areas where spills of crude oil or refined petroleum products have 

occurred (Mackie et al. 1972; Paradis and Ackman 1975), or where there have 

been chronic oil discharges from ships or shore-based industrial facilities 

(Vale et al. 1970, Nitta 1972). However, 'petroleum' taint in fish flesh does 
• not necessarily arise due to petroleum contamination. For example, Howgate et 

al. (1977) indicated that tainting of fish flesh is well known in certain 

fisheries and has been traced to natural dietary components. Tainting of 

flesh due to petroleum contamination is usually accompanied by the presence of 

hydrocarbons that can be traced to the contaminant source, although these 

hydrocarbons are not necessarily themselves responsible for the taint. 

A number of compounds present in petroleum are believed to be responsible 

for creating an oily flavour in fish (Motohiro 1983). These are saturated and 

unsaturated paraffins, aromatic hydrocarbons and sulphur compounds. The in

tensity of the oily flavour depends, to some extent, on the type, number of 

carbons in, and the molecular structure of the responsible hydrocarbons. 

Qualitative and quantitative analyses indicate that off-flavours can be attri

buted to many different types of petroleum hydrocarbons. Benzothiophene, 

toluene, xylene and benzene may not only produce an oily flavour in fish, but 

they also inhibit enzyme reactions in the energy transfer system. 

Exposure of fish to heavy metals can result in mortality and a range of 

sublethal physiological, pathological and behavioural effects that have been 

reviewed extensively in the literature (Rosenthal and Alderice 1976; Giesy and 

Wiener 1977; Reish et al. 1978; ESL 1982; Dillon 1984). Total metal 

concentrations in water or sediments are seldom good indicators of the 

potential for biological effects, because the availability of a metal for 
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intake is largely determined by its chemical form (free ion, organically 

complexed, etc.) and kinetics of assimilation. Other important factors 

include pH, dissolved oxygen concentration, particulate matter interactions, 
presence of organic compounds, and the occurrence and concentrations of other 
metals. 

During recent years, extensive and varied research has been conducted in 
relation to the health hazard associated with heavy metal contamination, par
ticularly for mercury (Knauer and Martin 1972; Hardisty et ale 1974a, b; Bohn 
1975; Renfro et al. 1975; Stenner and Nickless 1975; Carr et al. 1980; Liss et 
a1. 1980; Neff 1982). It is generally believed that, with the exception of 
mercury and cadmium, heavy metals are not passed through food chains and, 
therefore, should not affect human health. On the other hand, it has been 
well documented that mercury bioaccumulates, is passed through food chains and 
is a hazard to human health (National Research Council of Canada 1980). 

The following sections briefly describe the qualitative and quantitative 
evidence regarding the mechanism of contaminant uptake by fish and contaminant 
transfer between various components within the hydrologic regime, as well as 
recommendations of the subgroup on monitoring and research strategies that may 
be required to address this potential concern in the study area. 

LINKAGES 

Link. 1: Direct discharges of contaminants to rivers, streaDlS and lakes wlll 

increase their concentrations in water. 

The working group considered this link to be generally valid, although it 
is also possible that a decrease in contaminant concentrations may occur if 

the receiving water contains a higher concentration of a particular contam

inant than that present in the discharge stream. 

Link 2: Discharges of contaminants to treatment ponds will lead to increased 

contaminant concentrations in subsurface waters. 

This link is valid, but the extent to which contaminants may enter the 

subsurface water will depend on several factors including: the containment 
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efficiency of the treatment ponds; the permeability of soil materials; the 

chemical characteristics of oil materials ; and the slope of the land. At the 

present time, there are no data that allow quantification of the amount of 

contaminants that could enter subsurface waters . 

Link 3: Terrestrial spills will lead to increased contaainant concentrations 
in subsurface water. 

The extent that contaminants introduc ed by terrestrial spills could enter 

the subsurface waters would depend on the following factors: 

1. soil permeability (e.g., type of material and presence or absence of 
permafrost or ice lenses) ; 

• 
2. water content of the soi l; 

3. type of material spilled; 

4. time of year of the spill; and 

5. effectiveness of subsequent clean-up operations. 

Link 4: Increased concentrations of contaainants in subsurface water ¥ill 
result in increased contaminant concentrations in surface water. 

Contaminants in subsurface waters may enter surface waters via springs or 

in areas of river banks, cliffs , sloughs and slumps. The concentrations of 

contaminants in surface waters will increase if those elements or compounds 

are present in higher concentrations within the groundwater. 

Link 5: Increased contaminant concentrations in surface water ¥ill lead to a 
decrease in the potability of water sources. 

Depending on the nature and concentrations of contaminants, receiving 

waters mayor may not be affected to the extent that they are rendered unpot

able, as defined by the Canadian Drinking Water Standards. In situations 
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where the receiving waters contain contaminants in excess of acceptable 
standards, this s ituation may be rectified in one of two ways: 

1. Natural dilution processes may reduce contaminant concentrations to 

the point where the water source is once again potable. The time 
required for this to occur will depend on the local mixing/dispersion 
reg ime . The Mackenzie River would probably be more effective in the 

natural dilution of contaminants than would be the case in smaller 
tributar ies or lake systems. 

2 . If insufficient natural dilution capacity is available to restore 
waters to an acceptable potability, chemical or physical processes 
would have to be used to treat the contaminated water. 

Link 6: Increased contaminant concentrations in surface water will result in 

increased contaminant concentrations in sediaents. 

Suspended sediments are an effective mechanism for trapping many dis
solved contaminants ( primarily hydrocarbons and heavy metals) through the pro
cess of adsorption. The degree to which suspended particles will adsorb con
taminant s depends on: 

1. the nat ure of the particles (e.g., clay type, organic carbon content, 

surface area); 

2. the concentration of the contaminant in solution; and 

3. the aff ini ty of the contaminant for particle surfaces. 

The degree t o which contaminant concentrations could increase in sedi
ments will depend on how far the particles sediment out from the source of 

contamination, t he relative concentration of contaminants in the natural sedi
ment within thi s downs tream area, and the mass of contaminants that are added 
to the system. In general, increases in contaminant levels will be easier to 
detect in quiet depositional areas such as lakes and river side-channels than 
in sediments sub ject to erosion (e.g., within active river channels). 
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Link 7: Increased contaminant concentrations in surface water will lead to 

contaminant uptake by fish. 

Fish can quickly absorb hydrocarbons through gill epithelia, mucosa and 

other soft body surfaces (Malins 1977; Teal 1977; Thomson et al. 1981). An 

increase in available dissolved hydrocarbons usually results in increased up

take, although the rate and extent of uptake varies with the species, life

history stage and type of hydrocarbons. Absorbed petroleum hydrocarbons are 

usually stored in tissues with a high lipid content (e.g., liver). Following 

uptake, however, enzyme (MFO) mediated detoxification processes result in 

depuration. The rate of hydrocarbon depuration depends on a range of physio

logical and external factors such as competing metabolic processes, state of 

health and water temperature, but is usually considerably slower than uptake • 

• 
Bioaccumulation of metals by fish also occurs. Metalloenzyme systems 

(e.g., metallothionein) are involved in the detoxification process. Depura

tion efficiency depends on factors similar to those described above for hydro

carbons. The body burden of metals in fish are usually stored in the liver 

and kidneys. 

Link 8: Increased contaminant concentrations in surface waters will lead to 
increased contaminant body burdens in forage fisb. 

Uptake of hydrocarbons and metals in forage fish will occur as described 

in Link 7. The degree that the body burdens of these substances increase will 

depend on the efficiency and rate of depuration and the duration of exposure. 

Link 9: Increased contaminant concentrations in sediments will lead to 
increased contaminant body burdens in bottom-feeding fisb. 

This is considered possible if the contaminants associated with the sedi

ments are present in a form available to the fish and at relatively high 

concentrations in comparison to background levels. At anticipated levels of 

contaminant enrichment of sediments, it is unlikely that increases in 

contaminant body burdens in bottom feeding fish would be detectable. 



174 

Link 10: Increased contaminant concentrations in sediaents viII lead to 

increased contaminant body burdens in benthic fauna. 

Benthic invertebrates can accumulate both hydrocarbons and metals in 

their tissues. The extent of bioaccumulation is much greater when uptake 

occurs from the liquid phase than from the solid (sediment) phase. The rate 

of depuration of hydrocarbons and metals from benthic invertebrates varies 

from days to years depending on the exposure concentrations and the duration 

of exposure. 

Link 11: Increased contaminant body burdens in forage fish viII lead to 

increased body burdens in predatory fish. 

Although frequently postulated, uptake and accumulation of hydrocarbons 

due to ingestion of contaminated prey organisms has not been shown to be a 

dominant pathway in the tainting of aquatic animals. Hydrocarbons may be 

absorbed through the gut, although they appear to be excreted quickly and do 

not generally enter tissues (Teal 1977; Thomson et ale 1981). In the case of 

metals, it is believed that only mercury and cadmium biomagnify (Le., are 

passed through the food chains). These metals may become concentrated in the 

tissues of predatory fish following ingestion of contaminated forage fish. 

Link 12: Increased contaminant body burdens in benthos viII lead to increased 

body burdens in bottom-feeding fish. 

For the reasons outlined in the discussion of Link 11, the possibility of 

increases in contaminant body burdens in bottom feeding fish are limited to 

mercury and cadmium. 

Link 13: Increased contaminant body burdens in fish will lead to decreased 

acceptability of fish as a food source by local residents. 

This link is valid to the extent that it is known that threshold values 

exist for the presence of petroleum hydrocarbons, organic substances and 

metals at which fish become undesirable because of off-flavour, smell and poor 

texture. 
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HYPOTHESIS 15A 

CONCLUSION 

Although the workshop subgroup concluded that all of the links of Hypoth
esis 15A are possible, evaluation of the likelihood of petroleum industry 
activities leading to unpotable water sources must consider the expected scale 

of activities. Using Norman Wells as an example, the primary potential 
sources of contaminants are currently : 

1. refinery effluents; 

2. discharges associated with central processing facilities; 

• 
3. drilling muds and cuttings ; and 

4. domestic and sanitary sewage from camps. 

The Norman Wells refinery produces approximately 500 m3 d- l oil, and the 
waste discharge from the refinery is 45 L s-l. Contaminant concentrations in 
this effluent are regulated by permit as follows: 

Oil and grease (max. annual average) 5 mg C l 

Phenols ( max • annual average) 0.10 mg L- l 

Sulphide (max. annual average) 0.10 mg L-l 

Ammonia Nitrogen (max • annual average) 2.0 mg L-l 

pH between 6 and 9.5 

Based on measurements reported in Envirocon (1981) an approximate esti
mate of the concentration of hydrocarbons in the Mackenzie River is 10 Wg L-l 
(range is 1-36 Wg L -1; maximum value was near an oil seep at Norman Wells). 

Assuming that 10 W g L -1 is a reasonable estimate for background hydrocarbon 
concentrations in the river (there is some question regarding this estimate, 

but it may be resolved with forthcoming data), the dilution required to reduce 
oil and grease effluent concentrations to background levels is 500: 1. This 



176 

leve l of dilution is like ly to be achieved wi t hin a f ew tens of metres from 

the discharge point. From a mass l oading pe r spective, the natural load of 

d i ssolved hydrocarbons in the river at Norman Wells averages 20 g s-1 (at a 

flow of 2,000 m3 s-l) as compa red to 0.2 g s-1 f r om t he refine r y discharge (45 

L s-I). These calcula t i ons indicate that the potential inputs of oil and 

grease from refinery effluent would likely be i nsuffic ient to cause the water 

to become unpotable, except on a very local scal e . However , it must be empha

s ized that local anomalies can occur, and a be tt er estimate of natural levels 

o f hydrocarbons in the river should be obt a ined. 

At the present time, EPS in Yellowknife i s directing a monitoring program 

t hat should provide the data necessary to determine a mass ba lance for hydro

c arbons within the Mackenzie River in the vi c inity of Norman Wells . These 

da t a will include the amount and charact eristics of all contaminants present 

i n waste streams associa ted with activitie s at Norman Wells , as well as "back

gr ound" values in the river. When this study is complete and the mass balance 

de t e rmined, monitoring programs can be recommended and designed (if re

quired ). Considerat ions in designi ng possible monitoring pr ograms will 

inc l ude the relative scal e s of natural and anthropogenic contributions to con

t ami nant levels in the river, and an a s sessment as to whether the waste char

acter istics currently observed at Norman Wells are r epresentative of those 

t ha t may occur in the future at this site or at o t her l ocations along the 

river. 

Of particular concern is the pos s i b i l ity that i n land drinking water 

s ources that are used by hunters travelling overland could be rendered unpot

able by the presence of contaminants. 

MONITORING 

No monitoring of the receiving environment in the Mackenzie River is 

r ecommended until mass balance calculations are compl e ted. However, a case 

study of the mobility of contaminants in the vic inity of an abandoned drilling 

was t e sump should be initiated. 
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HYPOTHESIS I5B 

CONCLUSION 

On the basis of existing information and the current and proposed level 
of hydrocarbon development in the region, the subgroup concluded that it is 
unlikely that contaminants introduced as a result of industrial activity would 
lead to unpalatable fish. Nonetheless, the group recognized the importance of 
domestic fisheries and the fact that, although there have not yet been com

plaints of tainted fish in the study area, concerns have been voiced regarding 
abnormal (shrivelled, discoloured) burbot livers and soft, watery flesh in 
whitefish. Consequently, it is recommended that the on-going monitoring pro
gram that is currently directed by DFO should continue. This DFO study will 
provide detailed data on" the composition and concentrations of hydrocarbons 

and heavy metals in liver and muscle tissue of fish known or suspected to have 
morphological abnormalities. 

MONITORING 

It is recommended that the time-series measurements of hydrocarbons and 
metals in burbot and whitefish flesh and livers continue in its current form. 
These studies are designed to monitor the variability in the presence of these 

contaminants in fish flesh, as well as 
the presence of specific contaminants 
fish. Possible biological causes of 

investigation. 

to determine the relationship between 
and morphological abnormalities in 

these abnormalities are also under 
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INTRODUCTION 

The freshwater ecosystem formed by the mainstem Mackenzie River, its major 

tributaries and the distributary channels and lakes of the Mackenzie Delta is 

the largest system that drains into arctic or boreal seas bordering North 

America. The region also supports unique fish resources. Some species, such 

as Arctic cisco, may only spawn in the Mackenzie River drainage; hence, their 

distribution and abundance may be governed by conditions in the freshwater 

environments of the Mackenzie drainage. Other species, such as broad white
fish, are more widespread, but the Mackenzie River drainage is the centre of 
their distribution and the location of the largest populations in Canada. 

Still other species, such as western Arctic char, only occur as small popula

tions in a few rivers in the northwestern portion of the study area. These 

fish resources and a number of other species (e .g. , inconnu, Arctic grayling, 

lake trout, lake whitefish) are important in the economy and lifestyle of 
northern residents and to a growing number of sport fishermen . As a result, 

the effects of linear corridors on fish are of relevance and potential concern 

in relation to any northern development . 
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FIGURE 16-1 

The construction and presence of linear corridors 
will affect the number, distribution and quality 

of fish, and fishing success. 

FISH 
QUALITY 

10 

12 

: NIJIlE:i~ ~~~RIBlITIOII 

9 
E&SAND 

LARVAl 14 
SURVIVAl 

13 HABITAT 

15 

WATER 
CLARITY 

FOOD 
PRODUCTION 

LETHAl AND 
SUBLETHAl 

EFFECTS 
ON FISH 

BED MATERIAL 
COMPOSITION ACCESS 

SED liMEN 
PRODUCTION _____________ --J 

~ 
CHANNEL 
GEOMETRY 

L..-_____ CONSTRUCTION AND PRESENCE ----~ 
OF LINEAR CORRIDORS 



LINKAGES 

Link 1: 

Link 2: 

Link 3: 

Link 4: 

Link 5: 

Link 6: 

185 

Construction and operation of linear corridors will increase rates 
of sediment production at specific locations or over large areas. 

Construction activities will alter channel geometry at specific 
locations. 

Increased rates of sediment production at specific locations will 
decrease water clarity. 

Increased rates of sediment production at specific locations will 
decrease the abundance or availability of prey species. 

Increased s~pended sediment concentrations and exposure durations 
will have lethal and sublethal effects on fish and change their 
behaviour patterns. 

Local changes in sediment production will affect streambed material 
size. 

Link 7: Alterations in channel morphology will directly affect the extent or 
distribution of in-stream habitat at specific locations. 

Link 8: Local changes in channel geometry or thermal regime will result in 
blockage of fish movement. 

Link 9: Local decreases in water clarity will decrease angling success and 
increase net fishing success. 

T ~-'- 10: Local decreases in the production of prey organisms will reduce the 
size and quality of fish. 

Link 11: Local decreases in the production of prey organisms will result in 
fish mortality or changes in their distribution. 

Link 12: Fish avoidance, attraction or migrations due to high suspended 
sediment concentrations will affect the number and distribution of 
fish. 

Link 13: Increased concentrations of fine-textured materials within the river 
bed will reduce egg and larval fish survival. 

Link 14: Local changes in the amount and quality of habitat will change 
the number and distribution of fish. 

Link 15: Local restrictions in access will reduce spawning or rearing success 
and overwinter survival and, therefore, affect the number and 
distribution of fish. 

Link 16: Local decreases in fish egg and larval survival rates will reduce 
numbers and alter the distribution of fish. 
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LINKAGES 

Construction and operation of linear corridors will increase the 

rates of sediment production at specific locations or over large 
areas. 

The construction and operation of linear corridors (particularly high

ways, railways and pipelines) within boreal and temperate areas has resulted 

in temporary increases in suspended sediment concentrations and deposition of 

fine-textured sediments on the stream bed (e.g., Blench 1972, cited in Neill 

1972; Porter et al. 1974; Landeen and Brandt 1975; Barton 1977; Kruzynski and 

Sekerak 1980; Cline et a1. 1983). If these processes are of sufficient 

magnitude and persistence, they may be detrimental to fish (e.g., Saunders and 

Smith 1965; Bjornn et al. 1974; Phillips et al. 1975; Newcombe 1985) 

The magnitude of the increase in sediment production resulting from the 

construction of linear corridors depends on a variety of factors including: 

1. the erosional susceptibility of the materials through which the fac

ility is constructed; 

2. the project design; 

3. the proximity of the corridor to a stream or river and the number of 

stream or river crossings; 

4. the construction methods; and 

5. the level of post-construction maintenance activity. 

The experience of the working group participants suggests that highways are 

more likely than pipelines to create sediment related effects. Studies such 

as Fernet ( 1984, 1985), ESL ( 1983, 1985) and Kruzyns ki and Seker ak ( 1980) 

support the conclusion of Neill and Mallard (1980) that the sedimentation 

effects of river crossings in northern Canada are generally "local and 

temporary, and can be mitigated by proper design, construction and maintenance 
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procedures." However in some circumstances such as where a linear corridor 

crosses a river many times or is located in very unstable terrain, sediment 
production may be more significant. Unpublished data from the Coquihalla 
River valley in British Columbia (R. Ptolemy, pers. comm.) provides some 

evidence of significantly increased rates of sediment production due to 

pipeline construction. 

The rate of sediment production is expected to be at a maximum during 
construction and the period prior to revegetation. However, unusual storm 
events or design failure can cause large sediment loadings during the 

oprational phase of the project. Depending on the availability of men and 
equipment, significant periods of time can elapse between the detection of 
post-construction sediment problem and initiation of measures to curtail the 
introduction of sediment ~nto a stream or river. 

The ability to detect increases in sediment production depends in large 

measure on the river discharge at the time the sediment is introduced and the 
naturally occurring rate of sediment transport. The discharge and suspended 
sediment transport regimes within the study area are characterized by 

significant spatial and temporal variability. On the Mackenzie River the 

annual hydrograph is dominated by the spring freshet although summer 

rainstorms can also result in substantial rates of discharge as illustrated in 
Figure 16-2 (Inland Water Directorate 1984). Flows decrease significantly in 
the fall but, due to the regulation and the large size of the watershed 
(1,660,000 km2) a reduced discharge continues throughout the winter months. 

Suspended sediment transport shows a 

(Figure 16-2); concentrations are high 
periods with maximum values of roughly 

unusual mid-summer flood events. 

similar seasonal variation pattern 
throughout the spring and summer 
10,000 mg/L being associated with 

The discharge regime of streams draining the north slope of the Yukon 
exhibit a more pronounced seasonal variation. As shown on Figure 16-3 for the 
Babbage River (basin area 4200 km2), maximum flows are associated with spring 
freshet and early summer rainstorms. However, as much of the runoff of these 
rivers is associated with the melting of snow or ice, daily discharges during 

the freshet period can show a significant diurnal variation. Mid-winter flows 
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are generally negligible and periods of zero flow may occur in all areas 

except those near sites of groundwater discharge (Forbes 1981). Suspended 

sediment concentrations show a similar seasonal pattern and maximum observed 

values are associated with late spring flood events. Suspended sediment 

concentrations are generally lower than those in the Mackenzie River; however, 

naturally occurring concentrations of up to 1800 mg/L have been observed. 

Small watersheds, such as Boot Creek (drainage area 31 km2) near Inuvik, 

have an annual discharge regime similar to that of the Babbage River but with 

a shorter spring freshet (two to four weeks; Figure , 16-4). Data presented by 

Anderson and MacKay (1974) suggest that the spring snowmelt (possibly aug

mented by rainfall) produces the most significant runoff of the year. System

atic suspended sediment measurements are not available from small streams in 

the study area and, therefore, spatial and temporal variations in sediment 

concentrations are presently unknown. 

Given the seasonal regimen described above ., increased rates of sediment 

production are most likely to be detectable during the low flow period in 

winter. Due to the large temporal variations in natural sediment transport 

during the spring and summer, it will be difficult to detect increased 

sediment production in this period unless measurements are made immediately 

upstream and downstream of the sediment source. Even in these circumstances, 

detection may prove to be difficult unless the volume Qf sediment produced is 

a significant percentage of the total natural load. 

On the basis of the above discussion, it was agreed that linear corridors 

could result in significant increases in sediment production but that it could 

be minimized in most circumstances through appropriate design, construction 

and maintenance activities. 
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ANNUAL HYDROGRAPH - 1974 
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Figure 16-2. Annual discharge and suspended sediment concentrations. 
Mackenzie River above Arctic Red River, 1974 (data from Inland 
Water Directorate 1984) . 
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PARTIAL HYDROGRAPH - 1976 
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Figure 16-3. Seasonal hydrograph and suspended sediment concentrations, 
Babbage River below Crow River, 1976 (data from Forbes 1981). 
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Figure 16-4. Runoff and precipitation at Boot Creek basin, 1973 (from 
Anderson and MacKay 1974). 
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Construction and operation activities will alter channel geometry at 

specific locations. 

Changes in stream or river channel geometry can result from: 

1. in-stream construction activities such as the placement of tem

porary berms and the establishment of winter snow roads; 

2. the removal of bed material during pipeline burial, surface 

gravel mining or subsurface dredging; 

3. the placement of permanent culverts, bridges, berms, rip-rap, 

diversion channels or other river training works; and 

4. construction- or operation-related changes in the thermal regime 

or · pattern of water flow which promote icing (or aufeis) 

formation. 

Many construction related changes in channel geometry will be of short 

duration. Examples would include the construction of temporary berms or 

diversion channels to allow instream work to be undertaken "in-the-dry". The 

effec ts of instream excavations or gravel extractions may be more persistent, 

particularly in those circumstances where the river cannot readily replace 

.either the size or volume of material that was removed. The potential dur

ation of these effects can be estimated through a variety of empirical tech

niques. However, long-term regional or on-site data provide a more reliable 

means of assessing the likely persistence of changes in channel geometry. 

Permanent alterations to channel geometry are most likely to be 

associated with the construction of roads or above-ground pipelines. Culverts 

and retaining walls will likely cause the most significant change to channel 

morphometry and hydraulics. Buried pipelines are unlikely to result in much 

disturbance, especially if crossings are located perpendicular to the river. 

Channel geometry may also be affected by the build-up of ice (icing) 

which may fill a channel during the winter and can, in some circumstances, 
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result in significantly reduced channel conveyance capacities in the spring. 

The exposure of subsurface drainage and the placement of culverts are two 

activities that commonly result in icing formation. The burial of a cold gas 

pipeline within a seasonally unfrozen zone of a stream bed may also result in 

icing formation due to the subsequent restriction of subsurface water movement 

(Williams 1979). 

Link 3: Increased rates of sediment production at specific locations will 

decrease water clarity. 

The concentration of suspended sediment is a major factor determining 

water clarity. The effect of an increased sediment supply on water clarity 

depends on the texture and volume of the material entering a watercourse , 
• 

pre-existing sediment concentrations and the volume and turbulent character-

istics of water available to dilute or transport the incoming material. 

Link 4: Increased rates of sediment production at specific locations will 

decrease the abundance or availability of fish foods. 

According to the present development plan, most pipeline-related stream 

or river crossings would occur during winter when the majority of streams in 

the study area are frozen to the bottom. Any sediments resulting from 

construction will therefore be removed during the subsequent spring freshet. 

The subgroup expected that the effects of the incremental input of sediments 

on benthic organisms would be insignificant in comparison to the effects of 

the normal sediment loads carried by most streams at this time of year. 

Summer or winter construction activities in flowing streams will decrease 

the abundance of benthic organisms, but such effects have generally been 

observed to be localized and temporary. McCart and de Graaf (1974) examined 

the effects of man-caused disturbance (seismic lines and winter roads) upon 

the benthic macro-invertebrate populations of several small sub-arctic streams 

near Norman Wells. It was found that there was a considerable decrease in the 

numbers of organisims in locations where severe and sustained erosion 

occurred. In other affected areas where banks have remained stable, there was 

no measureable change in the numbers of benthic invertebrates which could be 

attributed to the disturbance. Even in situations where massive amounts of 
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sediments have been introduced, effects appear to be of relatively short 

duration if sediment additions are not large and continuous. Rosenberg and 

Snow (1975) studied a natural retrogressive-thaw flow slide on Caribou Bar 

Creek in northern Yukon that added an estimated 2000-2600 metric tons of 

sediment into the stream. Standing crop of benthic invertebrates was reduced 

immediately by 70% and qualitative changes in proportions of 

benthic-invertebrate taxa were evident. Recovery of benthic invertebrate 

populations occurred within a month. Although the mudslide was intermittently 

active during the following year, no apparent effect on the benthic 

invertebrate fauna resulted. 

There is no evidence to indicate that increased sediment production will 

affect the availability of forage fish, and it is assumed that any displace

ment of these species due to construction activities will be minor. 

Link 5: Increased sediment concentrations and exposure durations will have 

lethal and sublethal effects on fish and change their behaviour 

patterns. 

Although laboratory experiments have demonstrated that fish may be killed 

by high concentrations of suspended sediments, such concentrations are rarely 

found in natural situations even during instream construction activities. For 

example, Wallen (1951) found that many temperate species of fish were able to 

tolerate suspended sediment concentrations of 100,000 mg/L for over a week and 

did not die until concentrations greater than 175,000 mg/L were reached. 

As shown in Table 16-1, recent studies on the effects of placer mining on 

Arctic grayling have also shown that suspended sediment concentrations must be 

unusually high to cause acute effects. In longer-term field experiments, 

McLeay et al. (1984) found grayling mortality to be unaffected over a six-week 

period by suspended sediments ranging in concentration from 100 to 1000 mg/L. 
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Table 16-1. Effects of suspended sediment exposure on Arctic grayling (from 

McLeay. 1983). 

Inorganic Organic Exposure 

Acclimation sediments sediments Duration 

temperature (mg/L) (mg/L) (days) Effects 

15°C :;; 250,000 4 No mortality 

15°C :;; 50,000 16 No mortality 

15°C :;; 50,000 4 No IOOrtality 

5°C :;; 10,000 4 No mortality 

5°C :;; 10,000 4 10-20% 

mortality 

Sublethal effects of suspended sediments (which are considerably IOOre 

common than lethal effects) are expected when relatively high sediment 

concentrations persist over a long period. The most commonly reported 

sublethal effects are reduced growth and respiratory efficiency, lowered 

resistance to disease and reduced spawning success and fecundity. However, 

the role of food chain effects or other complicating factors is not always 

clear. For example, Buck (1956) found that yields of largemouth bass, 

bluegill and red ear sunfish were highest (162 lb/ acre) in clear ponds (<25 

mg/L), intermediate (94 lb/acre) in somewhat turbid ponds (25-l00mg/L) and 

lowest (29 lb/ acre) in turbid ponds (>100 mg/L). It is not known if these 

results were due to direct effects such as stress or reduced feeding 

efficiency, or due to indirect effects such as reduced food availability. 

Recent studies on Arctic grayling have contributed to our knowledge 

of effects of sedimentation on boreal or arctic fishes. Birtwell et al. 

(1984) found that, in controlled circumstances, Arctic grayling from unmined 

(clear) tributaries in 

than did those from 

underyearling grayling 

the Yukon consumed a greater diversity of prey items 

mined turbid streams. The condition factor for 

from clear streams was also higher than that of 
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grayling from turbid streams. S~spended sediment concentrations as low as 50 

mg/L caused acute stress response (high and/or varied blood sugars, lowered 

leucocrit levels) in underyearling grayling in laboratory experiments by 

McLeay et al. (1983). Based on these results and those of their six-week 

field experiments, McLeay et al. (1983, 1984) concluded that chronic exposure 

of Arctic grayling to suspended sediment concentrations <1000 mg/L may not 

cause direct mortality of fish or impair respiratory capabilities, but 

suspended sediment concentrations > 100 mg/L can cause a . number of serious 

sublethal effects including i;npaired feeding, reduced growth rates, downstream 

displacement of individuals, decreased activity and decreased resistance to 

other environmental stresses. 

The effects of suspended sediments on fish behaviour are not well 

documented. Most reports are of fewer fish in turbid versus clear streams 

(Birtwell et al. 1984) or of a decreased number of fish after clear streams 

become turbid or vice versa (Gammon 1970). However, fish may be attracted to 

turbid waters under some circumstances. Craig (1985) found that four horn 

sculpin were present in highest densities at a dredge outfall where suspended 

sediment levels were approxi~ately 12,000-14,000 mg/L. In this situation, the 

fish may have been attracted by dead or injured prey that passed through the 

dredge. Sekerak et al. (1985) also reported that lake whitefish and least 

cisco appeared to be attracted to turbid waters caused by dredging in the 

Meade River, Alaska. As indicated in the subsequent discussion of 

is suspected that these whitefishes utilized the turbid waters 

50-100 mg/L of suspended sediments) for shelter. 

Link 9, it 

(generally 

The group concluded that Link 5 was valid. Although fish mortality 

seldom occurs in natural conditions, increased sediment concentrations induce 

a variety of sublethal and behavioural effects. Although most effects are 

considered detrimental to fish, some could be beneficial at least in the short 

term. Behavioural responses and sublethal effects can vary markedly among 

different fish species. We now have some knowledge on effect on Arctic 

grayling. 

study area. 

Similar data are not available for any other species in the MEMP 
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changes in sediment production will affect streambed material 

of sediment delivered to stream channels will vary with the 

composition and volume of material supplied, channel geometry, 

material size and the discharge regime of the watercourse . 

is important since fine material may be carried in suspension 

for considerable distances and extremely fine sediment may not be deposited 

until it reaches a lake or ocean. Coarser-textured sediments may only be 

entrained during periods of high flow and are subject to frequent redeposition 

in areas with low water velocities. Channel geometry and bed material size 

determine how much energy is available to entrain or transport sediment. The 

discharge regime determines the seasonal timing of sediment transport and 

depos it ion. • 

The time required to flush sediments out of a system depends on the total 

volume of sediment entering the watercourse and the sediment transport 

capability of the stream. A variety of empirical techniques can be used to 

estimate potential bed load and suspended load transport rates. However, the 

results of such analyses are subject to large uncertainties and require field 

verification. 

It may require a significant time to flush material moving as bed load 

out of a system. Point source inputs of large volumes of material may move 

gradually downstream from one depositional area to the next (Church and Jones 

1982). These sediments may change the surface bed material size and the finer 

portions may penetrate the interstitial spaces of the underlying materials 

(Beschta and Jackson 1979). This is particularly likely in situations where 

sand or finer sediments are deposited over gravel. This process can reduce 

bed permeability, increase gravel compaction and reduce the flow of water and 

dissolved oxygen to the underlying sediments (Cooper 1965; Koski 1966; 

Phillips et al. 1975). 

The capability of lakes to transport sediment is severely limited. 

Wind-generated waves and currents in lakes in the Mackenzie Delta area have a 

limited ability to entrain material (Mackay 1963). If a lake is seasonally 
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connected to a sizeable river, there is a limited potential for fluvial trans

port of sediment. However, rates of sediment transport will generally be 

small or non-existent and, once deposited, sediment may not be re-entrained. 

Link 7: Alterations in channel geoaetry will directly affect the extent or 

distribution of in-stream habitat at specific locations. 

Construction activities, such as the placement of rip-rap, bridge abut

ments, and set-back dykes can reduce naturally occurring rates of channel 

shifting over the long term. This channel movement may be important for 

removing fine-textured sediments from bed materials and increasing the diver

sity of habitat for invertebrates and fish. Any alterations to this process 

may be significant when critical habitats are involved or when a linear 

corridor parallels or intersects a stream channel over considerable distances. 

In-stream construction activities (such as excavation for a buried pipe

line) or gravel extraction can alter both channel morphometry and bed material 

composition. These changes are likely to be relatively short-lived in streams 

or rivers with high bed load transport rates. More long-term effects can 

occur in the following situations if (1) boulders are removed from the stream 

and they cannot be naturally replaced by the river; and (2) the volume of 

excavated material is large in comparison to the rates of bed load transport. 

The effect of gravel mining on fish habitat along the Alyeska Pipeline route 

has been described by Woodward Clyde Consultants (1980a, b) and Den Beste and 

McCart (1984). 

Increased rates of sediment production can lead to material being 

deposited on a stream or river bed. In severe cases this can result in 

changes in channel morphology and bed material size with associated effects on 
habitat quality and availability. 

It was concluded that the potential impacts discussed above could occur. 

However, the likelihood of their occurrence could be minimized through 

appropriate engineering designs and, in cases of unavoidable impact, a variety 

of options are available for providing replacement habitit (e.g., Kellerhals, 
Miles and Seagel 1985). 
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Link 8: Local changes in channel geometry or thermal regime will result in 

blockage or restrictions of fish movements. 

The subgroup noted that such changes could result from: 

1. increased water velocities; 

2. reduced water depth; 

3. increased fall or winter water temperatures; or 

4. alterations to the drainage pattern which would increase or decrease 

the water supply. 

The effects of linear corridors on fish access is almost always a signif

icant issue in situations where the presence of such corridors overlaps with 

the distribution of valued fish species. The principal cause of such concerns 

has been the increase in in-stream water velocities resulting from channel 

constriction or simplification (e.g., culvert placement, in-stream placement 

of bridge support structures, channelization of braided streams). For 

example, there is extensive evidence that poorly constructed culverts can 

inhibit the upstream movement of fish, especially small individuals whose 

burst swimming speeds are low. However, appropriate culvert design and 

placement and the use of bridges where necessary can usually ensure that 

adequate fish passage opportunities are maintained (e.g . , Dane 1978a,b; 

Katopodis et ale 1978). 

Some activities, such as gravel extraction, can result in areas of suf

ficiently shallow water that fish passage is inhibited, even when water veloc

ities are relatively low. In extreme cases, changes in channel geometry or 

bed material size can result in localized dewatering of the stream channel. 

Temporary winter roads may also create physical barriers in spring, delaying 

or possibly even preventing fish access to spring and SUllL."Uer rearing areas. 

Again, however, appropriate engineering design can minimize these effects. 
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Changes in the thermal regime of streams, particularly as a result of the 

presence of heated pipelines, might affect fish that rely on thermal cues to 

stimulate downstream movements. For example, Arctic grayling move out of 

feeding areas into overwintering habitats when stream water temperatures drop 

to 4°C (Den Beste and McCart 1984) . If instream temperatures are artificially 

elevated above 4°C, the fish may remain in habitat that is unsuitable for 

overwintering and ice buildup may then prevent fish from leaving. During the 

coldest part of winter, these warmed water areas may be extremely restricted 

in size. This type of impact, while possible, is likely to be very localized. 

Linear corridor construction can alter small drainage courses or infi11 

wetland areas and result in localized effects on fish habitat. However, in 

general, this type of impact is readily mitigated by careful route selection 

and the placement of appropriate drainage structures. In cases of unavoidable 

impact, a variety of techniques are available to provide similar or higher 

quality replacement habitat. 

Due to their restricted distribution, Arctic char is the fish species 

thought to be most susceptible to physical or thermal changes in habitat. 

Grayling in the small tributary streams draining into the mainstem Mackenzie 

River from the east could also be adversely affected. In addition, the large 

rearing populations of anadromous whitefishes on the Tuktoyaktuk P·eninsula may 

be susceptible to this type of impact, particularly if several streams along 

the Peninsula are rendered inaccessible. 

Link 9: Local decreases in ¥'Iter clarity will decrease angling success and 
increase net fishing success. 

Available information suggests that water clarity could have both posi

tive and negative effects on fishing activities. Despite the apparent lack of 

specific studies, it was expected that sport fishing would be less effective 

in turbid waters, since most fishermen use spin casting methods with rapidly 

moving lures that fish cannot detect efficiently in turbid waters. 

Sekerak et ale 

vicinity of dredging 

(1985) examined 

activities in 
the abundance of whitefishes 

the Meade River near Barrow, 

in the 

Alaska. 
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Dredging increased turbidity by about two orders of magnitude (from 11.5 mg/L 

to 50-200 mg/L) for tens of kilometres downstream of the dredge. Gillnet 

catches in turbid waters averaged 5-10 fish per hour, while catches in clear 

water averaged less than 2 fish per hour. This trend towards greater catches 

in turbid water was apparent for lake whitefish and least cisco but not for 

Arctic grayling. It was not thought that the likelihood of a single fish 

being caught increased in turbid waters, but rather that fish appeared to be 

more abundant in turbid waters, perhaps preferring this habitat due to the 

shelter it provides. Since the majority of the whitefishes were in pre-spawn

ing condition and were not feeding in the river, food was not expected to be a 

factor influencing their distribution. Whatever the reason for the concentra

tion of fish in turbid water, gillnetting success was increased. 

Although the subgrou~ concluded that water clarity could affect fishing 

success in certain situations, it was not thought to be a significant area of 

concern in the present development plan for the following reasons: 

(1) Much of the subsistence gillnet fishery takes place in the Mackenzie 

River or other large rivers during the open water season. During 

this period, the rivers are naturally turbid and any increases in 

turbidity due to development activities would likely be undetect

able. Gillnetting in lakes could be positively influenced by 

increased turbidity since the fish would have more difficulty 

detecting the net. 

(2) Sport fishing in smaller streams generally occurs when the water has 

cleared after the spring freshet, but pipeline crossings of these 

streams would be constructed in winter. Road construction generally 

occurs in summer and has a greater potential to increase water tur

bidity and interfere with sport fishing. However, even these 

effects are normally limited in duration. 

(3) Most of the effects of road construction would occur during the 

active construction phase, which is a period when public access is 

limited. Consequently, sport fishing would not occur at the time 

when streams are likely to be most affected by increased water 

turbidity. 
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Link 10: Local decreases in the production of prey organisms wlll reduce the 

size and quality of fish. 

Significant decreases in the growth and production of prey organisms in 

streams and lakes may result in reduced growth rates and the smaller adult 

fish. If the food shortages are localized, fish will tend to redistribute 

themselves among the more productive habitats if they have the opportunity. 

There is no evidence to suggest that reduced availability or production 

of prey organisms influences the quality of fish, except in situations where 

size is a factor determining fish quality (e.g., in trophy fisheries). 

Link 11: Local decreases in the production of prey organisms wlll result in 

fish mortality or changes in their distribution. 

It is unlikely that the localized, short-term reductions in production of 

prey organisms that could result from the development plan under consideration 

will cause mortality of fish. It is considered more probable that fish would 

redistribute themselves to avoid heavily sedimented, unproductive habitats. 

Link 12: Fish avoidance, attraction or migrations due to high suspended sedi
ment concentrations will affect the number and distribution of 
fish. 

Since it was concluded that Link 5 was valid, it follows that Link 12 

must also be valid. However, the significance of any change in fish abundance 

or distribution is expected to be minor because of the short-term, site

specific nature of increases in suspended sediment concentrations. 

Link 13: Increased concentrations of fine textured sediments within the river 
bed will reduce egg and larval fish survival. 

Significant increases in the proportion of fine material within or on 

stream substrates will decrease the survival of eggs and larval fish as a 
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result of: 

1. reduced oxygen availability; 

2. reduced rates of dissipation of metabolites; and 

3. the physical inability of larvae to emerge through substrates con

taining a high percentage of fine sediment. 

Decreased rates of oxygen and metabolite transfer would likely have the most 

significant effect on species, such as Arctic char, which have large eggs (and 

therefore low surface to volume ratios), which are fall spawners and have a 

long period of incubation (up to nine months). The effects of sediments in 

stream substrates would be least for spring spawning species, such as 

grayling, which have small eggs (with relatively high surface to volume 

ratios) and short incubation periods (often less than a month). 

Link 14: Local changes in the amount and quality of habitat will change 
numbers and distribution of fish. 

With the exception of Arctic char, most fish species are widely distri

buted and occur in relatively large numbers throughout much of the study 

area. It was therefore concluded that changes in fish distribution due to 

alterations in most habitats would be of minor significance. Arctic char were 

considered an exception as they are more likely to be affected by local 

disturbances for the following reasons: 

1. they only occur in a few streams in the northwestern portion of the 

study area; 

2. they overwinter and spawn in localized areas (in and immediately 

downstream of perennial springs); and 

3. their critical overwintering and spawning habitats are spatially 

limited and, therefore, are susceptible to local disturbance. 

Lake trout also have a restricted distribution in the study area but their 

habitat (large, deep lakes) is not as susceptible to local disturbance as is 

that of the Arctic char. 
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Link 15: Local restrictions in access will reduce spawning or rearing success 

and overwinter survival and, therefore, affect the number and 

distribution of fish. 

Restrictions in access to spawning areas could reduce spawning success 

and, over the long term, affect population sizes. The severity of such events 

depends on a number of factors including the duration of the restriction and 

the availability of suitable spawning habitat below it. The primary species 

at risk in the MEMP study area are those such as Arctic char and grayling, 

which utilize small streams for spawning. The coregonids, which spawn in 

larger tributaries and the mainstem Mackenzie River, are less likely to 

encounter blockages during migration. 

It is unlikely that the development of linear corridors wi thin the study 

area will significantly restrict access to fish rearing habitats, except for 

projects which cross stream/lake systems along the Mackenzie Delta and Tuktoy

aktuk Peninsula. This area is extensively used by juvenile and adult coregon

ids for rearing and feeding (Lawrence et al. 1984; Bond and Erickson 1985). 

While most fish species in this region use deep sections of rivers, lakes 

or the Mackenzie itself as overwintering habitat, other species such as gray

ling and arctic char are found in spatially-restricted, spring-fed areas of 

smaller streams (McCart 1980). Flows are limited in such habitats and even 

minor restrictions could reduce the overwinter survival of grayling and char. 

Link 16: Local decreases in fish egg and larval survival rates will reduce 

the number and alter the distribution of fish . 

Local decreases in egg and larval survival rates could lead to decreases 

in the populations of certain species if the area of disturbance accounts for 

a large proportion of the egg production of those populations. This is most 

likely to occur with species such as Arctic char which have a restricted 

spawning distribution in the western Arctic. Populations are expected to 

tolerate some mortality if it is limited to only a small proportion of the 

total egg deposit i on and to one or a few year classes. 
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The regional distribution of the populations of some fish species could 

change if survival of eggs or larvae in one or more areas was substantially 

reduced. Nevertheless, reductions in the density or biomass of fish popula-' 

tions in part of the study area would not necessarily be reflected in changes 

in the geographic range of affected species populations. 

CONCLUSIONS 

Linear Corridors Will Affect Fishing Success 

The subgroup considered this sub-hypothesis to be valid. However, it was 

concluded that any effects of hydrocarbon development in the study area on 

fishing success are likely to be localized and of minor significance. In 

addition, other factors ~re important in determining fishing success, and for 

this reason, the hypothesis would also be difficult to test. 

Linear Corridors Will Affect Fish Quality 

This sub-hypothesis was concluded to be valid if the size of fish was 

considered an index of quality. However, given the present development scen

ario, it appears unlikely that linear corridor developments would have a 

significant effect on fish size. Other factors such as the rate of fisheries 

exploitation and the presence or absence of disease were expected to have a 

greater influence on fish quality. 

Linear Corridors Will Affect the Number and Distribution of Fish 

The group agreed that this sub-hypothesis was valid although it was 

expected that the magnitude of any effects would vary with location and fish 

species. The types of impacts identified in this hypothesis can be minimized 

by careful route selection and design, development of appropriate mitigation 

strategies where required, routine on-site supervision during the construction 

period and normal post-construction monitoring and maintenance activities. 
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RESEARCH AND If>NITORING 

The subgroup discussed the need for a wide variety of investigations, 

including: 

1. studies to improve the design of culverts such that fish passage can 

be ensured during icing conditions; 

2. determination of the distribution, movements and critical habitats of 

whitefishes and grayling; 

3. systematic monitoring of fish and selected indicator species; 

4. expansion of the existing hydrometric network (including both dis
charge and sediment stations) to provide base line data for engineer

ing and biological studies; 

A consensus on the need for any particular research or monitoring program was, 
however, not reached within the time available. Lack of consensus appeared to 

be a result of a combination of: 

1. research not being needed to determine the validity of the links; 

2. the conclusion that mitigation strategies were generally available to 

deal with the potential impacts discussed in this hypotheses; and 

3. while there was general agreement that the existing physical and 
biological data base could usefully be expanded, it was not felt that 
recommendations for additional baseline studies could be justified on 
the base of Hypothesis 16. 

It was generally agreed that present knowledge would allow for development of 
linear facilities in the MEMP study area without large detrimental effects to 

fish populations if mitigative measures were applied where necessary and 

appropriate base line information was collected on a site-specific basis 

during the design phase of the project. In some cases, overdesign of facili-
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ties could compensate for a lack of knowledge of particular site-specific 
conditions or biota and, should unexpected effects occur, these would be 
detected and rectified by routine project monitoring and maintenance 
activities. 
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HYPOTHESIS NO. 17 

WOLVERINES THAT ARE AITRACTED TO CAMPS AND GARBAGE WILL BE KILLED 

AS NUISANCE ANIMALS, mus REDUCING 1llE POPULATION 

PARTICIPANTS 

Lorraine Allison 

Susan Fleck 

Harvey Jessup 

INTRODUCTION 

Maurice Mendo 

Steve Matthews 

Nicholas Sonntag 

Wolverines are found throughout Canada except the Maritimes, but are most 

abundant in the forested mountains in the west and on the northern tundra. 

They are the largest member of the weasel family (Mustelidae). Wolverines 

di splay fideli ty to a home range but they do not aggressively defend their 

territories to the exclusion of other wolverines. This is likely due to the 

size of their home range; 422 km2 for males and 388 km2 for females (Hornocker 

and Hash 1981). They are not restricted in their movements by major bodies of 

water or mountain ranges as is the case with other mustelids. 

Females reach sexual maturi ty at two years of age. Breeding takes place 

from June until August and two to four young are born in April/May, following 

a period of delayed implantation. The young reach adult size by the fall but 

often accompany the female until late winter. Dispersing wolverines can 

travel in excess of 480 km in search of new ranges (Gardner and Jessup 1984). 

Wolverines are opportunistic feeders and scavenge mainly on carrion, but 

they are also known predators of small mammals, birds, birds' eggs, and an 

occasional caribou calf or lamb. Wolf kills are also an ifllportant source of 

food and wolverines have been observed following caribou herds and feeding on 

wolf kill remains (S. Fleck, pers. comrn). 
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FIGURE 17-1 

Wolverines attracted to camps and garbage will be killed 
as nuisance animals, thus reducing the population 

POPULATION (F 
WOLVERINES 

1 

PRESENCE Of CAMPS 
AND GARBAGE 

Link 1: Wolverines attacted to camps and garbage will be killed as nuisance 
animals, thus reducing the population. 
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The wolverine is managed as both a game animal and a furbearer in the 

Yukon and the N.W.T. Although sports hunters are allowed to take one wolver

ine during the regular hunting season, most of the harvest is taken by trap

pers between November 1 and March 31. The national harvest has exceeded 900 

anillals with over one third of those corning from the Yukon (Statistics Canada 

1984). The fur is known for its resistance to frost and is used as a northern 

garment trim. Up to 90% of the harvested furs are sold to natives in the 

north for domestic use (J. Desmond, Hudson's Bay Co., pers. comm.). 

LINKAGES 

Link 1: Wolverines attracted to camps and garbage. Wolverine will be killed 
as nuisance ani.als, thus reducing the population. 

Wolverines tend to be reclusive and are not attracted to people unless 

food is also present. However, once attracted to food at a camp site, wolver

ines can become a nuisance although not a threat to humans in the area. There 

are no records of wolverines having ever attacked people, but like bears, they 

can destroy property. Because wolverines tend to be shy and large camps are 

well regulated, problems are greater at smaller seismic and drilling camps 

than at large pipeline construction camps. During the IPL pipeline construc

tion, no observations of wolverine at the mainline camps were reported (S. 

Matthews, pers. comm.). 

The arguments for the links between attraction of wolverine, killing of 

nuisance animals and decreased wolverine populations are identical to those 

put forward for grizzly bears (Hypothesis 3). Like bears, wolverines occur in 

low densi ties and have large home ranges. It is not known how many animals 

can be attracted by a single camp or how far wolverines will move to a source 

of food. During the 1982/83 trapping season a trapper in the Yukon took 15 

wolverines from one wolf kill (moose) in a valley approximately two miles in 

width and four miles in length (H. Jessup, pers. comm.); such concentrations 

are extremely unusual. 

The present population levels, numbers 

harvest on wolverine populations are unknown . 

in the annual kill are also unknown. 

harvested and effects of the 

The effects of small increases 
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CONCLUSIONS 

The linkage in this hypothesis 

information on wolverine behaviour. 

associated killing of wolverines. 

is considered unlikely based on known 

There is no need to have development

This is a management and regulation 

problem. Because they pose no threat to people, nuisance wolverines can be 

removed from camp areas without killing them. 

RESEARCH AND K>NlTORING 

There is no need for monitoring programs specifically related to the 

effects of development on wolverines. 

camps should be limited or prevented • 
• 

However, trapping and hunting around 
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INTRODUCTION 

The terms of reference for MEMP were expanded to include consideration of 
the effects of development on the socio-economic process of resource 
harvesting by Native people in the region, as well as its effects on 
biophysical processes. 

Resource harvesting is a complex system involving biological, economic, 

and social variables. These include the abundance, distribution, and quality 
of the biological resources themselves; direct socio-economic considerations 

such as costs and benefits of harvesting, alternative opportunities and 
constraints; and indirect effects of the more general process of 
socio- cultural change and the perception of social well-being. The effects of 

industrial development upon harvesting can thus be conceptualized as following 

three separate but related causal paths, as illustrated in Figure 1. 

It was decided at the first MEMP workshops to restrict the consideration 
of resource harvesting impacts to the middle set of variables (Hypotheses 

18-25). The variables on the right hand side of Figure 1 are the subject of 
Hypotheses 1-17. The variables on the left hand side were considered to be 
beyond MEMP's terms of reference, except insofar as they could be shown to 
affect directly those in the middle column. 

Harvesting can be conceived of as a Valued Ecosystem Component (VEC) in 
two ways. First , harvesting refers simply to a physical output; a quantity of 
produce resulting from measurable inputs. Changes in input will result in 
different levels of output. Secondly, harvesting refers to a way of life 
which, when altered, may have effects on social and cultural well-being. 
Hypotheses 18-25 attempt to address both. 

The first usage may be defined in terms of precise, quantifiable 
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Figure 1. Model of the impact of industrial development on Native resource 
harvesting. (Terms used in this diagram are explained in Concepts 
and Terminology). 
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parameters, for example: 

The maintenance of community harvests at per capita levels and at 

catch per unit effort levels within their recent range of natural 

variability (see Factors of Production and Effort, and Harvest). 

The second usage takes account of the several distinct but overlapping 

elements of harvesting that Native people value; that is, how harvesting as an 

activity is a VEe. These include: 

1. a socio-economic system of food production; 

2. a set of dietary standards, which may be expressed in cultural as 

well as quantitative nutritional terms; 

3. a viable economic option for some portion of the Native population; 

and 

4. a social and cultural way of life based on harvesting. 

The first usage emphasizes short-term cost/benefit calculations as the 

stimulus to harvesting effort. It is essentially an economic model that 

explains behaviour in terms of individual preference and utility. The second 

emphasizes long-term considerations of social system maintenance and their 

effec ts on effort. It is an anthropological model that explains behaviour in 

terms of interdependent preferences (in effect, culture). Although the first 

is easier to model, quantify, and monitor, the two are closely related and the 

resource harvesting hypotheses consider the second as well. Non-Native 

harvesting (I.e., recreational hunting and fishing) was excluded from the 

terms of reference for this project. 

Some of the hypotheses, at their current state of development, lack 

supporting scientific documentation. None have been formally tested in the. 

study area; some have not even been stated before. Instead they are derived 

from two sources: the knowledge and experience of local people along with 

some social scientists who have done related research in the study area, and 

from relevant research results from similar study areas. Due to the 
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continuously evolving nature of any local resource harvesting system, however, 
analogues from other times and places can never have more than qualified 

application. Consequently the contributions of local harvesters themselves at 

the workshops were especially important in formulating the resource harvesting 

hypotheses. 

Consideration of industrial impact on resource harvesting has moved BEMP 
and MEMP from the natural sciences to the social sciences. It is therefore 

appropriate to provide readers with an outline of the concepts and terminology 

that are used in these hypotheses. 

Concepts and Terminology 

Key variables are " enumerated according to the following general 
categories: The social unit, the resource base, the factors of effort, 
harvests, and the agents of change. Much of the material in this section has 
appeared in similar form in DeLancey & Usher (1986), a report prepared for the 
Government of the N.W.T. in relation to MEMP. 

Unit of Production 

The basic unit of production (also referred to in the hypotheses as 
"production unit" or "producing unit") in the study region consists of several 

individuals normally resident under the same roof (and also normally 

family-related) . Their economic functions (see below) are determined largely 

according to sex, age, and experience. The unit of production consists of all 

those members of a household who in some way contribute economically to the 

harvesting, processing, marketing and distribution of animals and fish as well 

as other domestically used renewable resources. Almost invariably this 

includes all members of the household. This unit endures for many years, with 

membership fluctuating chiefly on the basis of birth, death, and marriage, but 

also incorporating other social means of entry and exit. 

For at least the last 20-30 years in the study region, the household has 

been the most readily observable unit of both production and consumption. 

This is in contrast to most models of economic activity, which differentiate 
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between the firm (max imizing profit) as the unit of production, and the 
individual (maximizing utility) as the unit of consumption. To analyse the 
units of production in harvesting, it is essential to consider both the 

functional roles and interrelations of the individual members. 

Although harvesting is organized on a household basis, the typical 
household is also engaged in other economic activities which it combines with 
harvesting for its optimum maintenance. For example, household income may be 
derived from any or all of the following sources: 

1. wages and salaries; 

2 . transfer payments (e .g., family allowance, child tax credit); 

3. sale of commodities (e . g., furs, handicrafts); and 

4. domestic production (e.g., meat, fish, wood). 

Members of the household , as a unit of production, may thus perform one 
or more of the following roles : 

1 . harvesters 

trapping); 
(those actually engaged in hunting, fishing, and 

2 . processors (those who skin and clean pelts, butcher meat, split fish, 
prepare food, etc.); 

3. servicers (those who make clothing and gear, clean and maintain them, 
repair equipment, etc.); and 

4 . supporters (those who contribute cash obtained from sources other 
than harvesting to the purchase of gear and supplies). 

For a household to be a producing unit, i t must have harvesters among its 
members. It is an advantage to have processors and servicers among its 
members, although if necessary these functions can be obtained by arrangement 
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with other households, or even commercially. Unless a substantial amount of 

income from harvesting is in the form of cash, the household must have 

supporters. Cash support may be obtained by harvesters themselves taking on 

wage employment, or by other household members contributing employment or 

other income to the harves t ing endeavour. 

Harvesting Group 

Any particular harvesting task may be performed by an individual or a 

group. Harvesting group composition may vary from one form of harvesting to 

another and even from one occasion to the next. Examples include trapping 

partnerships, whaling crews, and hunting parties. These groups may consist 

entirely of members of a single unit of production, or they may consist of 
• members of two or more such units, who temporarily or habitually ally 

themselves (generally on the basis of kinship), for the specific tasks in 

question. 

While the foregoing definitions are generally applicable in the study 

region, the specific principles of household and harvesting group formation 

are somewhat fluid, and vary in detail over time and space. Consequently they 

should be empirically verified at the outset of any particular research and 

monitoring program, and periodically confirmed thereafter. However, it is 

these basic social units of production, rather than individuals ~~, that 

are the appropriate units of observation and analysis in a resource harvesting 

monitoring program. 

Mode of Production 

Mode of production is a descriptive term that categorizes socio-economic 

systems according to their factors of production (land, labour, and capital, 

see Factors of Production and Effort), and their relations of production (see 

below). The basic units described above are themselves part of a larger 

social unit: traditionally the co-residential hunting group or the band, more 

recently the community or some socially integrated section of it, or some 

regional entity. The key properties (relations of production) of these larger 
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units are: 

1. a communal interest in defined harvesting territories; 

2. a system of property relations (i.e., rules governing who has what 

rights over the factors of production, for example the land tenure 

system, rights of ownership and use with respect to equipment, and 

rights to command labour); 

3. a system of resource management based on rules of allocation and 

harvesting; 

4 . a system for recruiting, training, and organizing productive labour; 

and 

5 . a system of mutual aid and sharing that ensures flexibility among 

units of production with respect to both the factors of production 

and the product itself , so that the basic needs of all households are 

taken care of. 

There is substantial literature documenting the evidence and mechanics of 

these systems, both in the study area and for hunting and fishing societies 

generally. It is therefore a basic assumption in each of the resource 

harvesting hypotheses that all of these systems are presently in force in the 

study area. That assumption should be considered valid until it can be 

demonstrated otherwise. 

The Resource Base 

The resource base consists of the harvested species of animals, birds, 

and fish, each of which is considered in terms of the following attributes: 

1. abundance (i.e. , population as indicated by total number and/or 

density) ; 

2. distribution (i.e ., geographic variation in numbers and density, 

especially seasonally and from year to year); and 
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3. quality (i.e., suitability of flesh for human consumption, or sale
ability of pelts or other byproducts). 

Other renewable resources are also significant in some 
berries and other edible plants, and wood for fuel and tools. 
been made in MEMP, however, to develop criteria for harvest 
any special reference to those resources. 

Factors of Production and Effort 

areas, such as 
No attempt has 

monitoring with 

The factors of production are conventionally considered to consist of 
land (resources), labour, and capital. The first has been considered in the
previous section. The other two , in the context of fish and wildlife harvest
ing, may be more precis~ly defined as effort. Effort consists of the follow
ing attributes of labour, in combination with operating equipment (capital): 

1. Time. With respect to harvesting, time can be defined in two ways: 

a) time actually spent harvesting, including preparation, travel, 
search, kill , retrieval, transport, processing, marketing; and 

b) amount and distribution of time in which the opportunity to 
harvest occurs. 

The first definition is relevant to a consideration of effort as 
further defined below, the second to household decision-making. 

2. Skills. The physical and mental skills necessary for harvesting, as 
well as accumulated knowledge of habitat and environment, and 
especially of the abundance, distribution, behaviour, and natural 

history of species. 

3. Information. Current information on environmental conditions and 
resource abundance, distribution and quality. 
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4. Equipment. Productive equipment, such as boats, engines, snow-

mobiles, rifles, fishnets, as well as gas, lubricants, parts, and 

ammunition required for their operation and maintenance, may be 

measured in terms of its value (quantity x purchase value x 

depreciation rate) and its effectiveness (productivity as measured by 

rate of gain, or output over input, in units of energy or currency). 

5. Effort. Effort is thus the product of equipment, time, skills, and 

information. Since only the first two are easily quantifiable, the 

measurement of effort is commonly reduced to a product of equipment 

(gear) and time. Specific parameters of the unit of effort varies by 

type of harvesting. Some common ones include (in approximate order 

of their intrinsic precision and their correlation with harvesting 

success) : 

Harvest 

a) fishing - (length and depth of net x days set); 

b) trapping - trap checks (traps x trapline trips), trap days (traps 

x day set); and 

c) hunting - hunter days (hunters x days out). 

Harvest is discussed in terms of volume (numbers struck and retrieved), 

value and numbers struck and lost. Volume, the numbers of animals struck and 

retrieved, is normally expressed as the quantity taken over a specified time 

and in a specified area . (This is the number normally reported by harvesters 

when surveyed) Harvest (1. e., success) can also be expressed relative to 

effort, specifically, catch per unit of effort (CPUE). 

Two other definitions are possible : 

1. Total number of animals removed from a population by virtue of 

harvesting activities (i.e., retrieved + struck and lost + stress

induced mortality). This quantity, higher than struck-and-retrieved, 

is of primary interest to wildlife managers, and may be expressed as 

the number of animals or as their total live weight (biomass). 



227 

2. Total number of animals used by the harvesting group (i .e., struck 

and retrieved less numbers lost in transport, storage, and 
preparation, less numbers judged inedible or unsaleable). This 
quantity, lower than struck-and-retrieved, is the basis of the 

economic value of the harvest. It may be expressed as the number of 

carcasses or pelts, or in units of edible weight. 

Based on the above, harvest may be expressed as a value, either precisely 
in terms of dollar income, weight of produce, or quantity of key nutritional 
elements; somewhat arbitrarily on the basis of imputed values or shadow 

prices; or as a rank order based on cultural or personal preference. It is 

the evaluation of the harvest in these or other relevant terms by the 
harvesting groups themselves, not the absolute kill level, which governs the 
amount and allocation at harvesting effort . 

Struck-and-Iost refers to the numbers of animals actually killed or 
mortally wounded by direct encounters with gear (ammunition, traps, fishnets), 
but which are not subsequently retrieved by harvesters. This number is signi
ficant because it may vary, as a proportion of retrieved harvest, with the 
skills and equipment of harvesters, and may induce changes in the state regu

latory regime in response. Struck-and-Iost may be expressed as an absolute 
quantity or as a rate, relative to the quantity retrieved . 

Agents of Change 

Five types of changes entrained by or related to hydrocarbon development 
have been identified as having significant impacts on the harvesting system. 

Industrialization 

The general process of socio-economic change associated with industrial
ized societies (as opposed to the more popular usage, Le., factories and 
blue-collar work). Some key features are: 

1. the predominant unit of production is the firm, whether publicly or 
privately owned; 
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2 . the factors of production are conceptually and practically separate, 

a nd each is a commodity that can be bought and sold by private 

individuals or firms; 

3. in particular, labour is a commodity that is paid for primarily by 

means of wages or salaries, and firms buy labour itself rather than 

i t s produc t s. (A corollary is that labour is rna bile, and hence 

people, as the embodiment of labour, must be separable from their 

t i e s to land, kin and community.) Employment is thus equated not 

with gainful activity as such, but the sale of labour by individuals 

to f irms for a wage or salary; 

4 . in particular, land and resources are commodities that are bought and 

sold in the market, and are commonly the private property of 

individuals or firms; 

5. there is commonly a separation between the conception and execution 

of tasks within the unit of production (i.e., of functions between 

managerial and technical personnel on the one hand, and manual and 

cler ical personnel on the other); and 

6 . t here is a hierarchial organization of labour within the productive 

unit, with owners and/or managers having the predominant right to 

de t ermine the objectives, organization, and techniques of production. 

The a bove is an indicative rather than exhaustive list. However, it will 

be seen t hat industrialization as defined above applies to all of the basic 

economic i nstitutions of non-Native society - government, financial, and 

business , as well as to what is normally considered as "industry". It is in 

this sense that the oil and gas industry itself is only a representative part 

of the overall mode of economic organization. 

Industrialization as a general process occurs independently of any part

icular oil and gas project or activity, and results in certain gradual changes 

in the harvesting system (in particular, with respect chiefly to the relations 

of product i on outlined above), detectable only as long-term trends rather than 
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in direct response to particular activities. It is nonetheless important to 

recognize where and how these changes are occurring so as to enable valid 

interpretation of shorter-run changes detected through a monitoring program. 

Wage Eaployoaent 

The features of wage employment that affect harvesting include: 

1. wage rates; 

2. duration of employment; 

3. conditions of employment; 

4. location of employment; 

5. hiring policies; and 

6. training policies. 

All employment, regardless of employer or industry, may be expected to 

have an impact on the harvesting system. Employment which is direc tly or 

indirectly created by the oil and gas industry is significant to the extent 

that it: 

1. differs from other types of employment in any or all of the above 

respects, and 

2. constitutes a major change in the quality of employment opportunities 

available to harvesters. 

The most significant short-run effects of employment upon harvesting are 

on the one hand to reduce the time available for harvesting and on the other 

to provide extra cash which enables the purchase of better harvesting equip-

( ment. Wage rates, a measure of time and income, provide a key - indication of 

purchasing power and hence the likelihood of wage employment actually contri

buting to harvesting success. By the same token, measures of harvesting costs 

are also required. 
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Project Activity 

Specific aspects of oil and gas development such as traffic, construc

tion, seismic operations, and drilling may physically affect harvesting when 

they occur (e.8., through damage to productive equipment and caches, vandal

ism, interference, etc.). 

Access ( for local Native harvesters) 

Physical installations or changes as a result of project or project 

related activities may affect the harvester's access to resources. These 

include seismic lines which increase or redirect access to trapping areas (at 

least when r elat ively new); roads which increase or redirect access to hunting 

to trapping areas (at least when relatively new); roads which increase or re

direct access t o hunting areas; and winter ship traffic creating open water 

lanes which cannot be crossed by terrestrial vehicles. 

Competition 

Increased numbers of non-local harvesters active in the area may create 

competition. This may occur through: 

1. increased non-Native settlement or Native inmigration from other 

areas in response to project or project-related employment opportuni

ties; 

2. temporary presence of non-local harvesters, Native or non-native, due 

to project employment (e.g., rotational or fly-in situations); and 

3. i nc reased road access from outside the region, which allows non-local 

harvesters (Native or non-Native), easier and less readily controlled 

entry for hunting and fishing. 

It should be noted that project activity, increased access and competi

tion may also have direct effects on fish and wildlife or their habitat, 

resulting in changes in the abundance, distribution or quality of harvestab1e 
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resources. These direct biophysical effects are considered in PART 1: Biolog

ical Hypotheses (1-17). 

Concerns of Native Harvesters 

Native people from northern communities had considerable influence on the 

direction taken by the project with respect to resource harvesting and the 

development of all of the impact hypotheses, but especially those on resource 

harvesting. Native representatives stressed two points at all workshops and 

meetings. One is that the communities themselves wish to be involved in the 

design and implementation of any monitoring system. The other is that they 

are concerned as much about relatively small-scale regional and site-specific 

impacts as they are about impacts on populations or habitat types, because 

community harvesting a~eas are not necessarily coincident with population 

ranges or natural habitat boundaries. What a natural scientist might thus 

view as an incidental impact on a particular population or habitat might be 

considered a major impact by local harvesters, or vice-versa. This underlines 

the necessity of a community-based monitoring system. 
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INTRODUCTION 
• 

White whale harvesting has historically been important to residents of 

the Mackenzie Delta communities (Tuktoyaktuk, Aklavik and more recently, 

Inuvik). As many as 200-300 people used to congregate at traditional summer 

camps, such as East Whitefish Station, for the harvest and processing of white 

whales. These traditional whaling sites are still used, but by fewer people 

and fewer family groups. Historical data indicate that the number of white 

whales harvested annually has declined over the years (Fraker 1977). This is 

most likely due to the fact that native dependence on the white whale as a 

source of food is not as important as it was in past years. Many native 

residents are employed in the wage economy and supplement their diet with food 

from commercial outlets. 

relatively stable. 

In recent years, the white whale harvest has been 

During the BEMP workshop in 1985, the participants addressed the 

hypothesis that various facilities and activities associated with offshore 

; hydrocarbon development will affect the white whale harvest by changing whale 

distribution and abundance. Vessel traffic could affect the time available to 

hunt and, therefore ., affect the harvest; this is addressed in Hypothesis 19. 

The proximity of oil industry base operations to white whale concentrations 

(particularly at Tuktoyaktuk), could lead to the harvesting of whales by 

hunters from elsewhere in the region during periods when they are not actively 

engaged in wage employment. The participation of less-experienced hunters 
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FIGURE 18-1 

Wage employment will change 
the harvest of white whales 
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LINKAGES 

Link 1: Wage employment of Mackenzie Delta residents will result in less time 
available for hunting and thereby reduce native hunting effort. 

Link 2: Reduced hunting effort will decrease the amount of new information 
obtained each year concerning the distribution and availability of 
white whales. 

Link 3: Wage employment will affect the current level of information by 
changing the travelling routes and living areas of natives. 

Link 4: A change in the current level of information will affect the harvest. 

Link 5: Reduced hunting effort will decrease the number of whales taken 
and/or change the age/sex composition of the harvest. 

Link 6: Wage employment will alter the number and/or the composition of 
harvesting groups. 

Link 7: A change in the number and/or the composition of harvesting groups 
will decrease the general level of skills and change the quality of 
equipment used by hunters. 

Link 8: Wage employment will change the quality of the equipment used by 
hunters. 

Link 9: Less skillful hunters and a change in the quality of equipment used 
wi 11 reduce hunter efficiency (1. e., increase the ratio of lost to 
landed whales). 

Link 10: An increase in the ratio of lost to landed whales will increase white 
whale mortality. 
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could affect the overall efficiency and size of the white whale harvest. This 

area of concern is addressed in detail in Hypothesis 20. 

This hypothesis focuses on the potential that wage employment of local 

residents in the Mackenzie Delta area will alter the time and/or resources 

available to hunters and, therefore, change the resource harvesting intensity 

and patterns. For example, a greater number of inexperienced local hunters 

were involved in the Alaskan bowhead whale hunt following land claim settle

ments, and this resulted in an increase in the number of whales that were 

struck-and-Iost. On the other hand Kruse (1982) reported that employment of 

Alaskan Inuit by the oil industry did not result in a significant decrease in 

the time spent or interest in the traditional hunting activities throughout 

the year. 

LIRKAGES 

Link I: Wage eaployaent of Mackenzie Delta residents will result in less time 

available for hunting and thereby reduce native hunting effort. 

Whaling camps serve a variety of social and economic functions other than 

the harvest of white whales. The transfer of traditional skills and knowledge 

to other hunters is particularly important (A. Aviugana, A. Elias, T. Strong, 

pers. comms.). The subgroup agreed that wage employment may not prevent 

hunters from partiCipating in the annual white whale harvest (because they 

value the experience and use holidays and other time off to hunt) but it may 

affect the level of effort. Weekend or short-term hunters spend a greater 

proportion of their available time travelling. Although the actual time spent 

hunting is not necessarily reduced, the opportunity to become involved in 

other activities at whaling camps may be lost (i.e., processing effort is 

reduced). The hunter may not have time to process the whale, and instead the 

muktuk is used fresh or taken back to the settlement to be frozen. In such 

cases, the whale meat is often left for use by people remaining in the camp, 

or in rare cases, abandoned. 
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Link 2: Reduced hunting effort will decrease the 8IIlOunt of new information 

obtained each year concerning the distribution and availability of 

white whales. 

The subgroup concluded that this link is invalid. Information on the 

current distribution and availability of whales is easily obtained by 

hunters. For example, most hunters from Aklavik and Inuvik stop at a whaling 

camp to talk with other hunters before engaging in the harvest and current 

information on whale location is freely shared. During the annual harvest, 

the entire community of Tuktoyaktuk is similar to a whaling camp with respect 

t o the exchange of information. The only conceivable change that might affect 

the free sharing of information is the establishment of a quota at a level 

that would cause competition among hunters for a limited number of white 

whales. 
.. 

Link 3: Wage employment will affect the current level of information by 

changing the travelling routes and living areas of natives. 

Link 4: A change in the current level of information will affect the 

harvest. 

Links 3 and 4 were considered invalid. As stated in the previous 

discussion (Link 2), knowledge on the distribution and availability of white 

whales is not gained solely through hunter experience, but also through 

consultation with other members of the community that actively participate 

inthe harvest. In addition, the Mackenzie stock of white whales tends to 

congregate in the same general areas at the same time each year. The location 

of traditional whaling camps depends on the site fidelity demonstrated by this 

stock. For these reasons, the subgroup concluded that even if most hunters 

; were employed in the wage economy, this would not affect the current level of 

information regarding the white whale stock or the harvesting of this stock. 

Link. S: Reduced hunting effort will decrease the number of whales taken 

and/or change the age/sex co.position of the harvest. 

It was agreed that reduced effort because of wage employment would not 

necessarily reduce the white whale harvest but the subgroup considered the 
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effects of wage employment on hunter selectivity to be worth addressing. It 

was agreed that wage employment will reduce the quality of hunting time 

available to weekend hunters (due to adverse weather and unpredicted patterns 

in whale distribution), which may cause hunter selectivity (i.e., the desire 

for large, older male animals) to be compromised. This may lead to harvesting 

of the first available whale (large or small, male or female) rather than the 

preferred whale, and also encourage hunting in less than optimal conditions. 

This could ultimately lead to reduced hunting efficiency and a change in the 

age and sex of the harvest . (The taking of more females could have a negative 

impact on the white whale population if the maximum sustainable yield is 

approached, but this was considered unlikely both at the present time and in 

the near future.) 

Link 6: Wage eaployaent viII alter the number and/or the composition of 

harvesting groups. 

The group considered this link to be valid. Experience in the Mackenzie 

Delta has shown that although sharing of the harvest still occurs among some 

hunters, there are presently fewer large family harvesting groups. Natives 

employed in the wage economy may choose to hunt by themselves rather than as 

part of a large family unit and fewer young people that are employed may 

consistently participate in the white whale harvest. 

Link 7: A change in the number and/ or the composition of harvesting groups 

will decrease the general level of skills and change the quality of 

equi~t used by bunters. 

The subgroup considered this link to be valid. The harvesting of white 

whales requires specific skills and appropriate equipment. It was noted that 

camp experience is very important for acquiring the necessary skills, 

including the techniques required for effective hunting and processing. 

Equipment selection, care and handling is also learned from experienced 

hunters. The ability to predict and deal with weather conditions is 

considered particularly important for the hunter and difficult to obtain 

independently. 
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Link 8: Wage ea.ployaent will change the quality of equipment used by 

hunters. 

The group concluded that the quality of equipment used and the decision 

to allot funds to upgrade equipment were determined on an individual basis. 

Wage earners may be in a better position to purchase higher quality equipment 

which could lead to increased hunter efficiency. However, at the same time 

wage employment could reduce the experience of the hunter, which could lead to 

inappropriate equipment being used for the hunt. Some experienced hunters may 

occasionally use poor quality equipment, but they rely less on their equipment 

than the inexperienced hunter, so hunting efficiency will not be affected. 

Link 9: Less skillful hunters and a change in the quality of equipaent used 
will reduce hunter efficiency (i.e •• increase the ratio of lost to 

landed wbales). 

The group concluded that community pressure and education have prevented 

a decrease in and may have, in fact, improved hunting efficiency to date. 

Regulations (imposed from within or outside of the community) are expected to 

control the number of white whales that are struck-and-Iost. 

This link is addressed in greater detail in relation to Link 4 of Hypo

thesis 20. 

Link 10: An increase in the ratio of lost to landed males will increase iihite 

whale IIOrtali ty. 

This link is considered self-evident and valid. Hunters usually have a 

production target, so if a whale is struck-and-lost, they continue to hunt 

/ until a whale is successfully taken. 
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CONCLUSIONS 

The group concluded that wage employment may reduce the time available 
for hunting, which may affect hunter selectivity, thus changing the 
composition of the harvest. However, wage employment was not expected to 
affect the level of the harvest. Although employment may change the number 
and/or the composition of the harvesting group, as well as reduce the level of 
skill of the hunter and overall quality of equipment, regulations imposed from 
within or outside of the community are expected to offset these changes. Wage 
employment is unlikely to change the level of information regarding the 
distribution and availability of white whales. 

RESEARCH MID K>NI'l'OJUNG 

The subgroup supported the continuation of the monitoring program that is 
presently being conducted by the Department of Fisheries and Oceans. The 
program provides valuable information regarding the age structure of the 
harvest, current status and trends of the Mackenzie white whale population and 
aids in identification of potential conflicts with industry operations that 
could affect the annual hunt. The following information is obtained: 

number of whales landed 
number of whales struck-and-Iost 
names, home settlements and hunting area of hunters 
sex of harvested whales 
total length of harvested whales 
age of harvested whales (teeth, jaw, colour) 
reproductive information 

method of hunting (calibre of rifle, number of shots fired, number of 
shots to hit the whales, use of harpoon before or after shooting) 

To evaluate whether wage employment directly influences the white whale 
harvest, it was suggested that the program be expanded to include information 
concerning the employment status of the hunters. However, due to the personal 
nature of this information, it was realized that it could be difficult to 
obtain such information, especially on a consistent basis . 
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INTRODUCTION 

Vessels currently operate throughout Kugmallit Bay, which is frequented 

by whi te whales. Vessel traffic was formerly present in Shallow Bay and 

Niakunak Bay, which are also areas used by whi te whales. Although vessel 

traffic has been present in Kugmallit Bay for more than 15 years, white whales 

continue to occur in the area during their period of summer residence in the 

southeast Beaufort Sea. 

Estimates of the number of whi te whales occurring in the Beaufort Sea 

have varied from 2000 in 1972 (Slaney 1973) to about 11,500 in 1981 (Davis and 

Evans 1982). Results of the 1984 offshore surveys suggest that the true popu

lation estimate is probably close to 11,500 whales and may even be greater 

(Norton and Harwood 1985). White whales are hunted by Inuvialuit from 

Aklavi k, Inuvik and Tuktoyaktuk in areas of the Mackenzie Estuary where the 

whales concentrate during July and early August each year. The reported 

annual harvest has ranged from 208 in 1954 to 68 in 1965. An average of 121 

whales have been landed annually, with a probable total mortality associated 

with the harvest of fewer than 200 (based on 23 years of data between 1954 and 

1984; Strong and Weaver, in prep.). In any given year, approximately 30% of 

the harvest is from Niakunak Bay on the west side of the Estuary, and 70% from 

Kugmalli t Bay on the east side of the Estuary (Strong and Weaver, in prep.). 

Hunting practices differ slightly between the two areas because of different 

water depths and coastal topography. 
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FIGURE 19-1 

Vessel traffic will decrease the harvest of white whales 

WHITE tlfAlE 
HARVEST 

TIME 

VESSEL TRAFFIC 

Link 1: Vessel traffic will reduce the time available for hunting by directly 
interfering with hunting activities. 

Link 2: Less time available for hunting will result in a decrease in the 
harvest of white whales. 
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LINKAGES 

Link 1: Vessel traffic will reduce the U .. e available for bunting by directly 

interfering with bunting activitiese 

This link was considered valid, although the disturbances resulting from 

vessel traffic are of a temporary nature . The oil and gas companies operating 

in this region are committed to continuing the mitigation of potential 

conflicts with the white whale harvest by scheduling vessel movements so that 

they do not coincide with the timing of the annual hunt. 

Link 2: Less tiae available for bunting will result in a decrease in the 

harvest of white whales. 

Current levels of vessel traffic have not had a measurable effect on the 

white whale harvest (DFO unpublished catch statistics; Strong and Weaver in 

prep.). However, the effects of a large-scale increase in vessel traffic on 

the white whale harvest, which may result from increased industry activity 

(e.g., a port on the Yukon North Slope or oil/gas shipment from offshore 

wells) is unknown. Such an increase would most likely affect the whale 

harvest in Niakunak Bay because of the greater difficulty in harvesting whales 

in deeper water. A substantial increase in the level of vessel traffic may 

result in changes in the distribution and movements of white whales in the 

Mackenzie Estuary, although evidence from other summering areas such as the 

St. Lawrence River suggest that white whales habituate to areas of repeated 

vessel traffic (Sargeant and Hoek 1973). The potential effect of ship traffic 

disturbance on the distribution of white whales was examined during the BEMP 

workshops in 1984 and 1985 (INAC and Department of Environment 1985). 

Given the current levels of vessel traffic, the group concluded that Link 

2 is invalid. The average annual harvest has remained relatively consistent 

for more than 15 years (Strong and Weaver, in prep.). Presently, the major 

factor that influences success is weather conditions (A. Aviugana, pers. 

comm.). 
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CONCLUSIONS 

The hypothesis is considered possible, but unlikely in view of the 
present levels of vessel traffic and associated mitigative practices for the 
scheduling of vessel traffic. 

RESEARCH AND K>NITORING 

Current monitoring practices are sufficient at the present time, but if 
development plans change and the potential for interference with the white 
whale harvest increases, the scope of monitoring programs should be re-eval
uated. 
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IHTR.ODUCIION 

White whales in the Mackenzie Estuary are harvested almost exclusively by 
residents of Aklavik, Inuvik and Tuktoyaktuk. Two or more hunters and often 
at least one whale processor typically comprise each producing group; the 
number of groups is relatively consistent from year to year. The whaling 
camps are occupied for a period ranging from several days to weeks. 
Occasionally hunters from another community will participate in the harvest, 
usually accompanying a local hunter in his boat. For example, in 1981 
families from Holman Island participated in the harvest and took 13-15 white 
whales, with the assistance of residents of Aklavik (Norton Fraker and Fraker 
1982). 

White whales are hunted in areas of the Mackenzie Estuary where they 
congregate during the months of July and August. Major hunting areas (Shallow 
Bay/ Niakunak Bay, East Mackenzie Bay and Kugmallit Bay) are easily accessible 
by boat from the oil and gas industry bases at Inuvik and Tuktoyaktuk. 
Non-local Inuvialuit employed by the industry work on a 'time-on, time-off' 
basis at these bases. This hypothesis addresses the potential concern 
associated with participation of non-local employees in the white whale 
harvest between work shifts. 
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FIGURE 20-1 

Competition by non-locals will change number of 
white whales landed and increase mortality in the population 
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Link 1: Competition will increase the number of, and alter the composition of 
the harvesting groups if both local and non-local hunters are 
involved in the harvest. 

Link 2: An increase in the number of harvesting groups will increase the har
vest and mortality of white whales. 

Link 3: Inexperienced, non-local hunters will have less skill than local 
hunters, as well as incomplete or inappropriate equipment. 

Link 4: Less skillful and effective hunters, in conjunction with incomplete 
or inappropriate equipment, will increase the ratio of lost to landed 
whales. 

Link 5: An increase in the ratio of lost to landed whales will cause an in
crease in white whale mortality. 
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LINKAGES 

Link 1: Competition will increase the number of, and alter the ~position of 
the harvesting groups if both local and non-local hunters are 
involved in the harvest. 

It was considered extremely unlikely that non-local wage earners would 

remain in the area to hunt white whales between work shifts. Available 

information suggests that, because of family ties and other obligations, 

non-local employees of the petroleum industry return to their home communities 

when not working. There is no reason to suspect this will change in the 

future. 

In the event that some non-local individuals remain in the area to hunt 

white whales, the number of harvesting groups is unlikely to change. An 

increase in the number of harvesting groups would involve the moving of entire 

families to local communities within the Mackenzie Delta area or the whaling 

camps. Due to practical considerations (e.g., shortage of housing), this was 

also considered extremely unlikely. 

Link 2: An increase in the number of harvesting groups will increase the 
harvest and mortality of White Whales. 

This link was considered self-evident and valid. Data collected during 

the white whale monitoring programs conducted in the Mackenzie Estuary (Fraker 

and Fraker 1979; Fraker and Fraker 1981) indicate that there is a high degree 

of correlation between landed catch and the number of hunters in camps. 

Link 3: Inexperienced, non-local hunters will have less skill than local 
hunters, as well as incomplete or inappropriate equipment. 

The skills and knowledge required to harvest any resource are acquired 

through experience and communication with experienced hunters. The sub-group 

agreed that harvesting of white whales in particular, requires extensive 

training and experience. Consequently, hunters from communities without a 



249 

traditional whaling history will have less skill in the harvest of white 

whales. The group suggested that even hunters originally from the Mackenzie 

Delta region, who now live outside the area, will have lost some of the neces

sary skills due to the lack of recent experience. 

There is no evidence to suggest that non- local hunters use their own 

equipment (i.e., boat and motor, harpoon, floats, hooks) to hunt white whales. 

This is probably due to the fact that it is impractical to transfer equipment 

to the Mackenzie Estuary and then transport the equipment and whale products 

back to the home communities. In addition, much of the equipment used for 

hunting white whales is specific to the harvest of this species, and the 

acquisition of the appropriate equipment would not only require knowledge of 

the hunting techniques, but also a sizeable investment • 

• 
An inexperienced non-local hunter may occasionally share equipment with 

an established local harvester. However, an experienced hunter is unlikely to 

lend all his gear to a novice hunter, because this would seriously interfere 

with his own hunting success. 

The subgroup concluded that this link was valid. 

Link 4: Less skillful and effective bunters. in conjunction with incoaplete 

or inappropriate equipment. will increase the ratio of lost to landed 

whales. 

In the Mackenzie Estuary struck whales are most often lost because (1) an 

inappropriate rifle calibre is used; (2) the whale is not harpooned before 

being shot (Fraker 1980); or (3) the whale sinks and the hunter has inap

propriate equipment to retrieve the animal. On the basis of direct and indir

ect experience gained by several workshop participants, the subgroup suggested 

that the ratio of lost to landed whales is much lower when hunters are skilled 

and use the most appropriate equipment . 

In recent years, over 80% of the white whales struck in the Mackenzie 

Estuary were successfully landed (Strong and Weaver, in prep.). In 1983-1984, 

the percentage of animals struck-and-Iost was as low as 14% in some whaling 
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camps (Strong and Weaver, in prep.). This ratio may have been as high as 50% 

in the past (Fraker 1980). Workshop participants attributed the recent 

improvement in hunting efficiency to increased hunter awareness, communication 

and education. With the involvement of the Department of Fisheries and 

Oceans, local hunters have attempted to improve the efficiency of the white 

whale harvest. 

During the workshop, much of the discussion in relation to Link 4 focused 

on possible mitigative measures which could be undertaken to maintain the 

present harvest level (Le., number of landed whales) and, at the same time, 

reduce the ratio of lost to landed animals. The subgroup suggested the 

following: 

1. use of the most appropriate and effective equipment (properly main

tained boat and motor, harpoons, hooks, floats and sinkers, and the 

proper calibre rifle); 

2. securing of the whale by harpoon before it is shot, if and when 

practical; and 

3. securing of one whale before another is pursued. 

Implementing these measures requires the support and involvement of the 

hunting communities. 

The establishment of a quota on the numbers of white whale harvested 

could only be envisaged if the maximum sustainable yield is achieved or 

exceeded. Existing evidence suggests that this is unlikely. In the past, the 

average number of whales landed in the Mackenzie Estuary was l2l/year and 

t he maximum number of whal es harves t ed was 208 (S trong and Weaver in prep.). 

Population estimates for the Mackenzie stock of white whales have ranged from 

2000 (Slaney 1973) to 11,500 (David and Evans 1982). Results of the 1984 

offshore survey suggest that the population size is probably closer to 11,500 

whales, and may even be as high as 17,500 (Norton and Harwood 1985). Using 

sergeant IS (1981) figure of 5% for the maximum sustainable yield for toothed 

whales and assuming a population size of 12,000 white whales, the Mackenzie 
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population could sustain a harvest rate of approximately 600 animals/year. 

The present white whale harvest is substantially less than this. The group 

emphasized that the validity of this calculation is dependent on a reliable 

estimate of the population size and that the population size could change 

because of several factors unrelated to harvesting (e.g., industry activities 

or severe ice conditions; INAC and Environment Canada 1984, 1985). 

Link 5: An increase in the ratio of lost to landed whales will cause an 

increase in white whale nnrtality 

This link is considered valid and self-evident. 

CONCLUSION 

• 
The working group concluded that it was unlikely that competition by 

non-local hunters will cause an increase in the level of the harvest or 

mortality of white whales. Therefore, no research or monitoring to address 

this hypothesis was considered necessary. 
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HYPOTHESIS NO. 21 

INCREASED OR IMPROVED ACCESS ASSOCIATED WITH HYDROCARBON 

DEVELOPMENT WILL INCREASE THE HARVEST OF WATERFOWL, WHICH WILL 

LEAD TO A REDUCTION IN THE NUMBER AND ALTER THE DISTRIBUTION OF WATERFOWL 
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INTRODUCTION 

Waterfowl are an important source of food for the residents of communi t

ies within the MEMP study area. Geese and ducks are hunted in the spring when 

birds are moving north en route to their summering areas, and in the late 

summer and fall when birds are staging and gathering prior to southward 

migration. The species and number of waterfowl harvested depend on the loca

tion of communi ties . For example, residents of communi ties in the outer 

Mackenzie Delta region hunt primarily geese that congregate in the area, while 

residents of communities along the Mackenzie River hunt mostly ducks, 

especially in the fall, because geese usually fly directly to northern Alberta 

without stopping along the Mackenzie River . 

At present, hunters travel to hunting areas primarily by snowmobiles, 

canoes, or power boats. All-terrain vehicles are also used regularly in some 

areas, and are becoming more popular (D. Krutko, T. Barry, pers. comms.). 

Currently, there are few roads in the region, and consequently, they do not 

constitute an important means of access for hunters. 

The overall number of waterfowl harvested annually in the study area by 

domestic hunters is not known. However, it is believed to be only a small 

proportion of the total continental harvest and is not expected to have an 

impact on regional waterfowl production (T. Barry, pers. comm.). Available 
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FIGURE 21-1 

Increased or improved access associated with hydrocarbon 
development will increase the harvest of waterfowl , which will 

lead to a reduction in the number and alter the distribution of waterfowl 
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HARVEST 

ACCESS ----------1 

DEYELOPMENT 

Link 1: Hydrocarbon development will result in increased or improved access 
to areas supporting waterfowl populations. 

Link 2: Increased or improved access will increase the harvest of waterfowl. 

Link 3: Increased harvest will lead to reductions in local populations of 
waterfowl. 
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data suggest that the annual harvest of waterfowl is relatively constant j it 

has not changed appreciably in the past 20 years (T. Barry, pers. corom.). On

going surveys of waterfowl production and breeding areas, conducted by the 

U.S. Fish and Wildlife Survey and the Canadian Wildlife Service in the 

Mackenzie Delta, have not shown a significant decline in the number of water

fowl over the past 30 years (Alliston 1984). 

Concerns related to the potential effects of hydrocarbon development on 

waterfowl populations are that linear corridors (e .g., roads, seismic lines or 

aircraft landing sites) will improve or increase access to important waterfowl 

areas, which will result in an increase in harvest levels and a concomitant 

decrease in waterfowl populations. The hypothesis and the associated linkages 

are illustrated in Figure 21-1 and described in the following sections • 

• 
LINKAGES 

Link 1: Hydrocarbon development wlll result in increased or improved access 
to areas supporting waterfowl populations. 

The hydrocarbon development and production plan (Appendix A) indicates 

that several new right-of-ways will be constructed in the MEMP study area. 

Specifically, permanent access roads from wharves to production facilities and 

a right-of-way along a pipeline in the Mackenzie Valley are proposed. In 

addition, other major roads that may be established either by, or in response 

to development in the region include: an all-weather road from Inuvik to 

Tuktoyaktukj a link between the Dempster Highway and the Yukon North Slope; 

and a road from a shore facili ty on the Yukon coast to an inland rock quarry 

(Dome et a1. 1982). At the same time, seismic lines are presently being, and 

will continue to be constructed in areas of hydrocarbon exploration. Seismic 

lines may provide improved access to remote areas, at least in their first 

few years of existence when the vegetation has not yet regenerated. They may 

also provide limited and temporary waterfowl habitat as a result of ponding 

due to disturbance and subsequent melting of permafrost during clearing of 
seismic lines. 
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The presence of linear corridors such as roads and seismic lines is 

expected to increase access to previously remote areas. However, such areas 

do not necessary include important waterfowl habi tat. Important waterfowl 

areas are typically low-lying areas where both adequate water and suitable 

food supplies are available. These areas have been traditionally, and are 

most easi l y reached by boat or snowmobile. Permanent all-season roads will 

likely be built in higher and drier sites, which are not extensively used by 

waterfowl. A highway between Inuvik and Tuktoyaktuk would pass through some 

swan and duck nesting habi tat. These bi rds are widely di spersed nesters and, 

consequently, only a small portion of the population would be affected by this 

new access . However, this road would also pass through the Eskimo 

Lakes-Parsons Lake region, which is an area where large numbers of snow geese 

occur during spring and fall migration (A . Aviugana, pers. comm.). This road 

would thus provide greatly improved access to both snow geese and other 

waterfowl species in that area. Access to geese staging areas on the Yukon 

North Slope may be enhanced by an all-season road that would link this area to 

the Dempster Highway. 

Roads that connect one form of industry development to another (e.g., 

wharves to production systems) would be privately operated and used primarily 

by industry personnel and, therefore, would be subject to company policy 

regarding use (J. Ward, pers. comm.). Helipads and airstrips constructed 

during development will also increase access to waterfowl areas. However, as 

with industry-built roads, such sites would be privately owned and generally 

off-limits to non-industry personnel. Moreover, because of the high cost of 

aircraft charter, it is probably not a desired form of transportation of most 

hunters. 

The subgroup concluded that this link was valid. There will likely be an 

increase or improvement in access to remote areas as a result of hydrocarbon 

development , and this will increase exposure of waterfowl to hunters in those 
areas. 

Link 2: Improved or increased access 1id.l1 increase the harvest of wterfovl. 

As stated earlier, the domestic hunt occurs during both the spring and 

the late summer-fall when birds are heal t hy and fat and, therefore, are a 



257 

desirable food source. At this time, most waterfowl occur in low-lying areas 

that provide an abundant food supply. These areas are accessible primarily by 

boat or snowmobile. New roads built in conjunction with hydrocarbon 

development are unlikely to be sited in these areas and, consequently, are not 

expected to result in an increase in access to the areas or in waterfowl 

harvest levels. 

There was considerable discussion regarding the potential impact of two 

proposed roads. A road from Inuvik to Tuktoyaktuk would provide immediate 

access to an area of nesting waterfowl; however, nesting waterfowl are not a 

preferred food at this time of year due to their poor physical condi tion (T. 

Barry, pers. comm.) The group concluded that, even assuming a worst-case 

situation whereby nesting waterfowl are eliminated along the entire highway, 

only a relatively small Ilumber of nesting swans and ducks is likely to be 

harvested, due to the dispersed nature of these populations. 

Of greater concern is the potential effect of the proposed 

Inuvik-Tuktoyaktuk road on the harvest of snow geese. Large numbers of geese 

are present in the proposed road corridor in the spring, constantly lOOving 

between areas around the Eskimo Lakes and the Mackenzie Delta. Similarly, 

large numbers of snow geese pass through the Eskimo Lakes-Parsons Lake area in 

late summer en route to staging areas in and west of the Mackenzie Delta (A. 

Aviugana, pers. comm.). This region is relatively inaccessible to hunters; 

however, the presence of an all-weather road would probably result in an 

increased harvest of geese from the area. Such an increase wuld lOOst likely 

be in addition to the harvest in present hunting areas. 

A road on the Yukon North Slope may provide increased access to snow 

geese that stage in this area prior to fall migration. However, there is con-

I siderable variation in both the timing and distribution of geese on the North 

Slope at this time of year (Koski 1975, 1977a,b). Their distribution is in

fluenced by several factors including weather conditions, snow cover, and the 

quality and abundance of the food supply (Patterson 1974; Koski 1977a,b). 

Because of the high degree of mobility of geese and the often large temporal 

and spatial variation in their distribution, geese mayor may not be present 

near such a road at a particular time. It was also considered unlikely that 
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any domestic hunters would abandon traditional and dependable hunting areas 

near their homes for a more distant, unreliable hunting area. Moreover, 

hunting for waterfowl is often done in conjunction with other resource 

harvesting activities, such as muskrat trapping or char fishing. A hunting 

excursion to the North Slope would not provide the opportunity for such 

combined harvest activities. 

The effect of increased access of sport hunters to waterfowl was also 

considered by the subgroup. Sport hunting in the Mackenzie Delta and Valley 

region occurs only in the late summer and autumn when most waterfowl are 

staging prior to their fall migration. Sport hunting presently constitutes 

only a small proportion of the total harvest from the study area (D. Krutko, 

T. Barry, pers. comms.). There are few facilities in the region that support 

or cater to recreational hunting (e.g., lodges, fly-in camps) although it is 

possible that such facilities will be established as development in the area 

proceeds. However, whether increased access resulting from hydrocarbon devel

opment will accelerate or initiate sport hunting is unknown. 

The subgroup concluded that this link was theoretically valid. The most 

probable significant increase in harvest levels will be as a result of 

increased access by the proposed Inuvik-Tuktoyaktuk road. However, the 

present development plan (Appendix A) provides no indication that this road 

will be constructed by industry, and no commitment has been made by the 

government for such a project. Hence, on the basis of the present development 

plan, the subgroup concluded that significant increased harvest of waterfowl 

was unlikely to occur as a result of increased access. 

Link 3: Increased harvest tdll lead to reductions in local populations of 
waterfowl. 

Since an increase in waterfowl harvest levels was considered unlikely to 

occur as a result of hydrocarbon development, reductions in local waterfowl 

populations are not anticipated. However, it must be noted that future 

development plans change to include a road between Inuvik and Tuktoyaktuk, 

this hypothesis should be re-evaluated. 
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CONCLUSION 

The subgroup concluded that although the hypothesis was valid, it was 

unlikely to occur given the present development plan. Moreover, it was 

suggested that if an increase in harvest levels of waterfowl was to occur, it 

would be difficult to detect or quantify, since long-term data on the number 

and species of waterfowl harvested for domestic use do not exist. Domestic 

harvesting presently accounts for the majority of birds harvested. Methods of 

access and the use of traditional hunting areas suggest that improved access 

to waterfowl areas as a result of industry development would only marginally 

increase the opportunity for improved harvests; such an increase in harvest 

levels would not likely be significant to local populations of waterfowl. 

RESEARCH MID K>BITORIBG 

No moni toring or research programs were recommended. However, it is 

apparent that without quantitative baseline information concerning the numbers 

and species of birds presently harvested in the study area, any future changes 

cannot be documented. However, the majori ty of the subgroup agreed that a 

program to obtain such information is unjustified at the present time, since 

current harvest levels are not considered a major concern in relation to the 

number and distribution of waterfowl and since they are not expected to 

change significantly in response to hydrocarbon development. 
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HYPOTHESIS NO. 22 

INCREASED LEVELS OF WAGE DfPLOYMENT WILL mANGE 'l1IE TOTAL 

ANNUAL HARVESTS OF RESOURCES BY OOMKONITIKS IN 'l1IE HEGION 

PARTICIPANTS 

Albert Adams 

Jim Allard 

Alex Aviugana 

Doug Bruchet 

Debbie DeLancey 

Albert Elias 
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Jim Pierrot 

Peter Usher 

Bob Wolfe 

INTRODUCTION 

Plan!led and proposed oil and gas developments in the study area will 

result in increased wage employment in the region . It is likely that the 

construction phase of major projects, such as pipelines or processing 

facilities, will result in short-term or seasonal employment of thousands of 

workers over a few years, while the operation and maintenance of these 

facilities, along with continued exploration, field development, and 

associated multiplier effects will result in seasonal and steady employment 

for hundreds of people over many years. Assuming no change in the prevailing 

government and industry policies of training and employing local residents, 

their opportunities for wage employment will increase significantly. Specific 

opportunities will range from seasonal, blue-collar work requiring little 

formal education to permanent, white-collar work requiring more extended 

/ formal education. 

Although neither wage employment in general, nor oil and gas employment 

in particular, are new phenomena in the Canadian Beaufort Sea region, the 

following changes are expected as a consequence of the development plan under 
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FIGURE 22-1 

Increased levels of wage employment will change the total 
annual harvests of resources by communities in the region 
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LINKAGES 

Link 1: Wage employment reduces the time available for harvesting. 

Link 2: Wage employment decreases or delays opportunities to learn harvesting 
skills. 

Link 3: Income from wage employment enables expansion and improvement of the 
supply of harvesting equipment. 

Link 4: The allocation of effort employed by both individual units of 
production and related sets of units will change. 

Link 5: Total effort on the part of individual and/or related sets of 
producing units will change. 

Link 6: Substitution and _ reallocation of effort factors will affect both the 
numbers of producing units in a community and their degree of 
specialization. 

Link 7: Specialization among producing units results in a reallocation of 
effort and a change in the total community harvesting effort. 

Link 8: The level of effort is positively related to the volume of harvest. 
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consideration: 

1. an increase in the number of wage employment opportunities open to 

native residents at any particular time; 

2 . an increase in the duration of these opportunities in general (I.e., 

t he maintenance of a steady employment rate as opposed to earlier 

boom-bust employment events); 

3. an increase in the duration and a shift in the conditions of 

individual employment opportunities (i.e. from seasonal intermittent, 

blue-collar employment to permanent blue- or white-collar employment, 

partly as a consequence of the transition from exploration and 

construction to operations and maintenance); and 

4. an increase in the time, training and commitment required of indiv

iduals in order to obtain employment, as a consequence of (3). 

It is assumed here that a significant proportion of native people will 

continue to enter the higher paid semi-skilled and skilled occupations in the 

oil and gas industry itself, rather than the lower paid service sector jobs. 

The effects of wage employment may be considered in two ways. When 

opportunities for wage employment are abundant and sustained over a long 

period of time, there may be a long-term transition from a social and economic 

system based primarily on harvesting, to one based on wage employment. In 

that case, wage employment may be seen as simply an aspect of a more 

comprehensive shi ft to an industrialized society. On the other hand, wage 

employment can be viewed as having more immediate and short-term effects on 

indi vidual and household decision-making. This discussion focuses on the 

latter situa tion and concentrates on the implications of incorporating wage 

employment into households and communities which continue to be committed to 

harvesting. 

Significant research on the effects of wage employment and rising cash 

income on harves ting has been report ed by Kleinfeld (1981) , Kruse et ale 
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Association (1979), Hobart, Walsh and Assoc. (1980), Hobart (1981, 1982), 
Wenzel (1983) (for Coppermine and North Baffin). Key findings are that, in 
the short-term at least, rising wage employment and income are associated with 
rising harvest levels, and that participation in wage employment is not 
inversely associated wi th participation in harvesting. These results are 
generally attributed to the fact that wage income is a critical source of cash 
for improving the stock of equipment available for harvesting. 

LINKAGES 

Link 1: Wage employment reduces the tillle available forbarvesting. 

The reduction of time available for harvesting does not necessarily mean 

-that people actually spend less time harvesting, because there is substantial 
'spare' time. In other words, the time required for harvesting is not So 
great that every day spent in wage employment represents an equivalent day 
lost to harvesting (Usher 1971, 1972, Sahlins 1972). 

Time-saving technological changes in the harvesting process (see below) 
and the recent growth and diversification of the communities themselves have 
reduced the overall harvest-related time demands on household producing 
groups. The availability of a wider array of imported products and 
commercial, financial, municipal and other services has substantially reduced 
the time required for general livelihood and harvesting support activities, 
such as trading trips, provision of heat, light and shelter, sewing and 
equipment manufacture and repair (D. DeLancey, pers. comm.). For example the 
shift to snowmobiles as the basis of transport has eliminated the time 
required to feed and care for dog teams, except in bush communities where they 
have been retained (A. Adams, J. Allard, pers. comms.). 

The time allocation problem is thus not one of 
number of days per year is available for harvesting, 
right time (in the sense of the most productive 

ensuring that a minimum 
but of ensuring that the 
time) is available for 

harvesting. In many cases these times are predictable (e.g., for whaling, 
goose hunting, fish runs, etc.). 
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For the above reasons, the subgroup concluded that this link was not 

valid. 

Link 2: Wage eaployment decreases or delays opportunities to learn harvesting 
skills. 

Skills are changing as technology develops so that, as certain 

tradi tional skills are lost, the new ones required for contemporary hunting 

methods are gained. The criterion for determining if the required skills are 

being learned is whether people are able to harvest what they need. As a 

rule, people do get an adequate harvest, although sometimes novices are less 

efficient and take more time, use more gas and ammunition, are harder on 

equipment and fail to retrieve a greater proportion of their kills than 

experienced harvesters. This is considered to be part of a normal learning 

process and it is expected that these novices will become more efficient over 

time. The transmission of skills to young people is a problem at times but 

one which can usually be solved at the community level using traditional 

methods (J. Pierrot, pers. comm.). The loss of other aspects of native 

culture, such as language, can be viewed as an indication that the 

transmission of skills in the community is not entirely successful. Certain 

disruptive effects of the wage employment of young males on the household unit 

(Asch 1977; Usher 1982), though real, may be only temporary and without 

lasting direct consequences for the majority of households. This does not, 

however, preclude long-term, cumulative effects on the social system as a 

whole, associated with the general impact of development. 

There may be some sex differences in the impact of development on 

traditional skills. Current rates of male recruitment in communities in the 

Mackenzie Valley and Beaufort region appear to be adequate to sustain 

harvesting. There .is some concern, however, that there is already a 

noticeable loss of female skills. The decline in the ability and inclination 

to tan moosehides is an example and is clearly illustrated by the rising price 

of home-tanned moosehide despite the continued abundance of raw moosehide. 

There has been no documentation of variation in employment trends by sex 

within the MEMP region, however the trends documented recently in Alaska 

(Kleinfeld 1981; Kleinfeld et ale 1983) should apply. 
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Where more experienced harvesters wi thin the household are otherwi se 

employed and cannot teach younger members how to harvest, qualified harvesters 

from other households will teach them. This situation is no different from 

earlier times when young men lost their primary instructor through death, 

separa~ion, or other changes in household composition. Those who wish to 

learn will generally do so, although possibly later in life (due to school 

requirements more than wage employment) than formerly. 

Link 3: Income from wage employment enables expansion and improvement of the 
supply of harvesting equipment. 

Cash income from harvesting activities is normally insufficient to cover 

the costs of harvesting. Income from other sources, such as wage employment, 
is therefore essential t~ permit even a minimum level of participation in 

harvesting. Beyond this minimum, the harvester (or household producing 

group) has the discretion of investing in better equipment (producer goods) 

vis a vis consumer goods. 

Investment in new forms of capital and operating equipment will occur if 
either of two advantages are gained: 

1. greater speed or hauling capability during travel or search time; or 

2. greater effectiveness in killing and retrieval (increased catch per 

unit of effort). 

In fact, most recent innovations (e.g., snowmobiles, larger boats and motors) 

have had the first effect rather than the second, and the bulk of current 

harvesting expenditures are now directed to maintaining and operating the 
stock of those innovations. 

Assuming the self-limiting nature of the harvest (see conclusions), 

people have used speed to reach the most productive harvesting areas, harvest 

what they need, and return quickly, rather than increasing production. The 

effect of these innovations has been to reduce the time required for 

harvesting and to enlarge the geographic extent of community harvesting areas, 
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mainly by enabling traditional harvesting territories to be exploited effect

ively from one community base instead of from numerous scattered and semi

permanent encampments (Freeman 1976). The preference for saving time over 

increasing production has been shown to be true even with commercial resources 

such as furs (Usher 1972). 

• Speed and capacity have advantages for purposes other than harvesting, 

however, such as intercommunity travel. Consequently investment in larger 

vehicles and engines cannot be entirely attributed as a cost of harvesting. 

For example, snowmobiles are of limited use for trapping and hunting in soft 

snow in the bush. Nonetheless people buy snowmobiles for travelling on estab

lished trails between communities, and may use them incidentally for harvest

ing (A. Adams, J. Allard, pers. comms . ). This suggests that the accurate 

measurement of harvesting effort is a complex problem requiring further 

refinement (INAC 1985). 

Link 4: The allocation of effort factors E!II.ployed by both individual m.its of 

production and related sets of units will change. 

Harvesting as an economic activity is organized primarily on a household 

basis. The basic unit of production thus consists of several persons 

(normally related) whose functions are determined largely according to sex, 

age, and experience. These functions include the harvesting, processing, 

marketing and distribution of animals and fish and other domestically used 

renewable resources, as well as providing cash or other services in aid of 

those functions. The household endures for many years, with membership 

fluctuating chiefly on the basis of birth, death, and marriage, as well as 

other social means of entry and exit. 

Any particular harvesting task may be performed by an individual or a 

group. The harvesting group composition may vary from one type of harvesting 

activity to another and even from one occasion to the next. Examples include 

trapping partnerships, whaling crews , hunting parties. These groups may 

consist entirely of members of a single producing unit, or they may consist of 

members of two or more such groups, who temporarily or habitually ally them

selves (generally on the basis of kinship) for t he specific tasks in question. 
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The amount of labour that the various members of a producing group (or 

household) can devote to harvesting and processing will vary depending on who 

assumes wage employment, under what condi tions, and for how long. Thi slink 

refers specifically to short-term changes in composition (i.e., from month to 

month or season to season) in response to alternative activity. 

Link 5: Total effort on the part of individual and/or related sets of pro

ducing units will change because of substitution and reallocation. 

While wage employment may alter one or more of the factors of effort, the 

most prevalent response to wage employment is the reallocation of harvesting 

time and equipment to ensure that the household puts in the desired level of 

effort. This is accomplished by: 
• 

1. The selection of types of employment that allow adequate time for 

harvesting, such as seasonal blue-collar work (Kruse et ale 1981, 

1982), rotational employment (Hobart 1981, 1982) or steady jobs 

within the home community. 

2. The substitution of capital for labour, by purchasing capital 

equipment and operating supplies that make harvesting more 

efficient. The gain is a reduction of the time required for a given 

amount of harvesting effort. 

3. The assumption of the former role of the wage earner by other family 

members, specifically in hunting for certain key food species such as 

caribou or moose. 

4. Entering into arrangements with members of other households (often 

kin-related) to harvest on specific occasions. An example would be 

where one individual provides gas and ammunition to another, on the 

assumption that the harvest will be shared. 

The conclusion of the subgroup was therefore that this link was not 

valid. 
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Link 6: Substitution and reallocation of effort will affect both the numbers 
of producing units in a community and their degree of 
specialization. 

Flexibility in allocating factors of production among and within produc

ing units suggests that, in any community, there is likely to be significant 

temporal variation (from season to season and year to year), in which the 

number of producing units actually engaged in harvesting may fluctuate. 

Alternative opportunities for generating income and increasing productivity of 

individual producing units mean that it is no longer necessary for all 

households in a community to participate fully in harvesting. 

One of the effects of increasing wage employment is to reduce the 

harvesting effort of some households in any community tomarginal rates. 

This occurs in those households where all potential harvesters participate in 

wage employment to such an extent, whether by choice or necessity, that they 

no longer have time to engage in harvesting on other than the most casual 

basis (e.g., an annual goose hunt). There are other more general effects of 

industrial development that reduce harvesting participation on the part of 

some households . These include: 

1. the formation of new households in which the male head has no desire 

or ability to harvest (this does not preclude the possibility that he 

might subsequently develop both); 

2. the increasing incidence of households headed by females with young 

children, who even if capable of harvesting cannot afford the time 
and equipment; and 

3. the impoverishment of some households through periodic down-turns in 

employment and income, with the result that they cannot sustain a 

cash-dependent mode of harvesting. [This is a consequence not of 

wage employment itself, but of the loss of wage employment once 

dependent on it. For some effects of impoverishment on harvesting, 

see Wolfe et a1. (1984).] Over-capitalization and the inability to 

repay debt may aggravate this situation (INAC 1985). 
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It is also possible, however, for increasing wage employment to increase 
the number of producing uni ts in any communi ty . This is especially so for 
those forms of harvesting requiring significant capital investment. The 
effects of wage employment, especially where wage rates are high, is to enable 
a producing group to capitalize itself earlier in its cycle of development, so 
that the total number of units capable of participation at anyone time is 
increased (R.J. Wolfe, pers. comm . ). 

The factors leading to a reduction in the number of harvesting households 
in the study region are thought to outweigh those leading to an increase. One 
indication of this would be an increasing variation in household production 
levels, not only by species (which is not a new phenomenon - D. DeLancey, 
pers. comm.), but also by total volume of food production. It ·is suspected 
that this is the case, alf hough there are insufficient harvest survey results 
in he region to confirm it. There is some evidence, however, that this trend 
is emerging in the N.W.T. generally (Usher et ale 1985). 

Link 7: Specialization among producing units results in a reallocation of 

effort and changes the total community harvesting effort. 

Fluidity in the formation and composition of producing units and 
flexiblity in the allocation of factors of production suggest that a reduction 
in the number of producing or harvesting groups does not necessarily imply a 
reduction in the total community harvesting effort. Although not supported by 
adequate data or formal testing in the study region, it appears that: 

1. Specialization to date has been largely a matter of personal or 
household choice and the outcome of processes generally viewed as 
acceptable at the community level; 

2. Total community levels of harvesting effort have not been 
significantly altered by these developments; and 

3. The traditional ethic of sharing and mutual aid ensures a reasonable 
distribution of country food to all households, so that there is not 
a signi ficant class of people in the communi ty whose welfare is 
decreased by the trend toward specialization. 
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If all of the above are true, then a reduction in participation rates due 

to specialization is not of itself a matter of concern. Harvesting is not 
jeopardized since neither the volume of community harvests nor the value of 

the harvesting activity to the community is affected. Link seven is therefore 
considered not valid. 

Link 8: The level of effort is positively related to the volume of harvest. 

This link was considered self-evident although some features of it 
require explanation. First, harvest refers to the numbers of animals 
retrieved.Consequently, the same amount of measurable physical effort (time x 

gear) expended with less skill may result in a lower harvest due to lower 

retrieval rates. This is especially significant in marine mammal hunting, but 
is also applicable in principle to most other species. Second, if effort can 
be reduced to a common measure for all types of harvesting, some types may be 
intrinsically more efficient than others. Thus by changing the mix of species 
harvested, increased harvest volumes could result without any corresponding 
change in effort. In principle, however, if all effort factors including 
skills could be objectively and consistently enumerated, Link 8 is valid as 
stated. 

CONCLUSIONS 

The hypothesis is not considered valid as long as the following 
conditions pertain: 

1. Wage employment is flexible, especially with respect to timing, 
location and duration; 

2. Income is sufficient t o enable appropriate levels of capitalization 

for harvesting. In principle, this income need not come exclusively 
from wage employment in industry, although recently that has been its 

primary source. In the case of wage employment, however, this means 
that wage rates must be high enough to enable capitalization without 
the necessity of prolonged absence from the home community or of 
excessive overtime; 
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3. The system of mutual aid and sharing within each community continues 

to ensure effective substitution of labour and capital within and 

among units of production; and 

4. Adequate levels and distributions of the appropriate skills are main

tained within the general pool of labour and are reasonably 

accessible to the number of producing units that need them. 

Several additional assumptions and factors which are essential to the 

validity of the hypothesis are discussed below. 

1. For those producing units that continue to harvest at more than 

casual levels, there is a primary orientation to harvesting. Cash 

income from wage lebour (among other things) is treated as a means to 

an end, the end being the maintenance of harvesting. The hypothesis 

is therefore invalid for communities in which harvesting continues to 

be a dominant social and economic activity. 

Since trapping is a cash-producing activity, in contrast to hunting 

and fishing, it is more likely to be discontinued than non cash

producing activities such as hunting and fishing when immediate wage 

employment opportunities are more advantageous. Nonetheless, certain 

limited forms of trapping may continue to be compatible with wage 

employment, such as running shorter day or weekend lines, or 

concentrating effort during the peak periods of late fall and early 

winter, instead of spreading it out over the entire season. Hunting 

and fishing for domestic needs, however, was generally considered 

insensitive to wage employment, at least in the short term. People 

will hunt for what they need regardless of the local employment 

situation, so long as the flexibility already described continues to 

function. 

2. There are two factors regarding the question of 'needs' and the 

extent to which the domestic harvest is self-limiting. First, there 

are long-standing rules and traditions that, in effect, limit 

effort. People do not harvest everything in sight simply because 
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they are technically capable of doing so. Second, hunters do not 

restrict the concept of needs to their immediate family or household, 

especially for meat, but include community requirements as a whole. 

If they are aware that other people in their camp, extended family or 

community need meat, they will continue to hunt, up to their ability 

to retrieve the harvest. The self-limiting factor is thus based on 

community rather than individual requirements, and hence presupposes 

the availability of reliable information on what those collective 

needs are. 

It is unclear whether people would harvest more meat and fish if they 

were more abundant or accessible. This likely depends in part on current 

levels of harvest. In some communities, people already harvest very high per 

capita levels and might not be able to use much more. In others, there may be 

a greater reliance on groceries due to shortages of country food. Annual per 

capita harvests in the N.W.T. have ranged from about 160 to 320 kg in recent 

years (and even higher in some Inuit communities relying primarily on marine 

mammals), substantially above the national average consumption rate of meat 

and fish. However, in some Alaskan communities, especially those whose 

harvesting areas are heavily used by non-residents, per capita harvests are 

much lower (Wolfe 1985). Harvest levels in most (but not all) communities in 

the study area are considered adequate (Dome Petroleum et al. 1982; INAC 

1985). 

RESEARCH AND HlNlTORING 

The key indicators were identified as wage employment, effort, harvests, 

and mutual aid. The specific requirements for each are outlined below. 

Wage eaployaent 

Data are needed on labour force participation rates by age, sex, 

occupation, industry, hours per week, duration of employment, flexibility of 

work time, location of employment, and wage rates (as an indication of 

purchasing power and hence effort) (BRIA 1979; Kruse et al. 1981; Kleinfeld et 

al. 1983). An appropriate data base would require the use and possibly 
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modification of existing record keeping systems, as well as the compilation of 
periodic survey data. Compilation and interpretation of literature and 
existing data sources are required to establish a baseline. Development of 
standard parameters is recommended. 

Effort 

Effort should be monitored on a case study basis. Periodic gear censuses 
and cost surveys (Usher 1971, 1972, 1982; Muller-Wille 1978) should be combin
ed with occasional, more detailed analyses of labour inputs and skills levels. 
Some refinement and standardization of basic methods developed by Usher (1971, 
1973), Muller-Wille (1978), Resolute Bay HTA and Arctic Pilot Project (1983), 
and Bone and Green (1985) is required • 

• 
Harvests 

Harvests should be monitored by species and by community. Annual commun
ity totals are sufficient for testing this hypothesis. Harvest surveys simi
lar to the type under way in the eastern and central Arctic would provide an 
adequate data base. For historical depth and to establish a baseline of 
natural variability, harvest data should be reconstructed from existing data 
bases in a form amenable to linking wi th future survey data, covering at a 
minimum the ten-year period prior to the start up of regional comprehensive 
surveys (Usher et ale 1985). 

Mutual ald, cooperation and sharing 

Monitoring should focus on the viability and strength of family, 
household, kinship and alliance systems within communities though which mutual 
aid, sharing of equipment, distribution of produce and transmission of 
knowledge, skills and values are effected. This requires periodic case 
studies based on anthropological research methods (participant observation, 
informal extended interviews). Some baseline research is essential since no 
current literature exists for the region. Wolfe et ale (1984) provide a sound 
example of research design and execution. 
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• INTRODUCTION 

Several oil industry activities result in increased on-land access that 

can be used by people travelling to hunting, fishing, and trapping areas. 

Seismic operations in forested areas increase access to an area during or, 

more usually, after the construction year. Such access is useful only for 

snow-machine or dog-team travel during winter months. Winter roads provide 

access for pickup trucks during a similar period of the year. All-weather 

roads provide access year long, and are usable only by trucks and cars. 

Ditches along roads are unsuitable for travel by snow machine (A. Aviugana, 

pers. comm.). Effects of development on the use of boats and ai rcraft for 

travel was mentioned but not considered by the group. The possibility of 

industrial activities disrupting or decreasing access to areas used for 

renewable resource harvesting was not discussed since it forms part of 

Hypothesis 23. 

The influence of increased access on harvest of big game animals in 

southern regions is well documented. New road access into an area generally 

results in increased harvest effort, increased numbers of animals killed, and 

possibly reduced game populations (Phelps et a1. 1983). The situation in the 

north is not the same because of the high proportion of harvests taken by 

native hunters and the relatively small recreational harvest. 
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FIGURE 23-1 

Changes in access will affect the harvest of 
birds, fish and mammals 
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Changes in access will decrease the time spent in harvesting 
activities by an individual harvester. 

Decreases in travel time will affect the level of effort or catch 
per unit of effort. 

Changes in the level of effort will change harvests. 

Increased access to an area results in increased use of the area. 

An increase in the number of people using an area for hunting and 
trapping will result in competition among them for limited 
resources. 

• 
Competition for resources will affect harvests. 

Increased access changes the locations at which harvesting effort is 
applied. 

Changes in the location of effort may result in changes in the 
species harvested. 

Changes in species selection will influence harvests. 

Link 10: Harvest changes as a result of increased access may affect the 
di stri button and abundance of animals locally or regionally. 
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It was suggested that the prevailing interest of the group members in 

large game, specifically caribou, resulted in an undue emphasis being placed 

on that species. Other species such as fish, migratory birds and furbearers 
were considered to be less affected than the large game animals by the antici
pated change in conditions. However, lack of time prevented several species 

or groups of species from being fully considered. 

Link 1: 

LINKAGES 

Changes in access will decrease the tiae spent in harvesting activ
ities by an individual harvester. 

Discussion of travel time and access centred around big game hunting and 
trapping. Responses of hunters and trappers to improvements in access are 
dependent upon that access being near areas in which hunted or trapped species 
are found. Hunting effort will be directed at areas where the chances of 

success are considered highest, and the most effective means will be used for 

reaching the area. Roads will be used for travel if they result in a decrease 
in time or distance travelled or an increase in ease of travel. For instance, 
if it is faster or easier to reach a desired location on a seismic line, it 
will be used in preference to alternative trails that are more direct. Use of 
roads can result in less time spent travelling per trip, but community members 
of the subgroup did not considered time savings of up to half a day to be 
important enough to influence major hunting and trapping decisions. 

Travel on winter and permanent roads for non-harvesting purposes, such as 

community visits, will be used for opportunistic hunting and effectively 
increase the amount of time spent in harvesting activities. 

Link 2: Decreases in travel ti1l.e will affect the level of effort or catch 
per unit of effort. 

For hunts of fixed duration, if less time is spent travelling, then more 
time will be available for hunting. If length of time is not a factor in the 
hunt, then decreases in travel time may have no effect on level of effort. If 

the harvest is based on a target number of animals related to need of the 
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individual or the community, decreased travel time may not affect the level of 

effort. 

Having more time to spend at the designated location is more important 

for part-time hunters than it is for full-time harvesters. Improved access 

may enable part-time hunters and trappers to travel to harvesting areas 
further from their home communities than they otherwise would. 

Travel time does not appear to have a major effect on the level of effort 
for hunting, trapping, or other harvesting activities. It could become 
important if success rates were improved to the extent that the harvesters' 
requirements could be fulfilled by fewer trips of longer distance. 

Link 3: Changes in the level of effort will change harvests. 

The level of effort obviously affects harvests; however, it was thought 
that the influence of decreased travel time resulting from improved access 
(Link 1) would be limited and not significant for the following reasons: 

1. the amount of travel time saved (and thus change in the level of 
effort) because of improved access would be relatively small in most 
cases; and 

2. many hunts end when the target harvest level is reached. 

Hunters who have jobs and must hunt in their time off may find their ability 
to harvest improved wi th increased access. 
overall community harvest or not is unknown. 

Whether that will change the 

Trapping, waterfowl hunting, and fishing were not specifically discussed 
in relation to travel time, level of effort and harvest. Links 1, 2 and 3 
were not thought to be significant for those harvests. 

Link 4: Increased access to an area results in increased use of the area. 

Improved ease of travel to distant areas will result in an increase in 
the number of people using the area for renewable resource harvesting 
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activities. This may be due to either an internal shift in areas used by a 

community within its normal harvesting region or an addition of people from 

outside the community (see Hypothesis 25). 

In some parts of the Northwest Territories it is possible to reach 

wintering herds of caribou by driving along winter roads such as the Colville 

Lake Road and the Gordon Lake Road (R. Graf, J. Allard, pers. comms.) or along 

permanent roads such as the Dempster Highway. In such cases, caribou may be 

taken by native hunters from distant communities including those who would not 

normally use the area or hunt that particular herd. 

People will travel long distances for the chance to hunt barren-ground 

caribou. However, travel cost and distance will be factors in each individu

al's decision whether to hunt a given area (A. Aviugana, pers. comm.). Costs 

will also be weighed against the need for caribou and the availability of 

alternative food sources closer to home. 

Improvements in access within a community's normal harvesting area will 

allow people to travel to more distant resources. This may result in people 

moving to new hunting areas as they become more accessible or using the new 

areas in addition to their normal ones. 

Shifts in harvesting locations mayor may not be permanent. In the long 

term, local distributions of hunted species may change as animals learn to 

avoid well-travelled roads, particularly permanent roads. Opportunistic hunt

ing along roads will prevent the distributions of hunted species from return

ing to pre-access conditions. 

Link 5: An increase in the number of people using an area for bunting and 

trapping will result in competition among them for limited 
resources. 

Wildlife populations are a limited resource. If too many people try to 

use that resource in anyone area, competition will occur either within the 

community or between the community and other users. If the kill exceeds the 

substaitial harvest, the population will decline. Until then, the effects of 
such competition will be felt mainly by the harvester. 
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One type of competition involves the 'trespass' upon a full-time 

trapper's area by other people who are also trapping or shooting fur species. 

Traplines are protected by custom rather than by law. The knowledge that a 

newly accessible area is a productive trapline can lead to trespass and result 

in a trapper's management plans for the area being subverted. For example, it 

is a common management practice among trappers to use an area for one or two 

years then rest it to allow the animal populations to recover. In locations 

that are too readily accessible, someone else may move in during the 'rest' 

years (A. Adam, pers. comm.). 

Caribou hunting is a special situation in which regional changes can 

occur from year to year without inducing competition within or between commun

ities. The movements of caribou as they near a hunting area are monitored by 

local people. The hunt f"cuses on the most accessible animals and the loca

tion of the hunt will change from year to year in response to movement of the 

caribou on the winter range. Large shifts in hunting locations will have 

small effects on caribou populations, providing that the total number of 

animals taken remains manageable. Recognition of the special nature of the 

caribou populations seems to be implicit in arrangements within and among com-

muni ties for caribou harvests. If caribou fail to reach a community that 

normally harvests the herd, arrangements are usually made, without conflict, 

for the community to receive part of the harvest from other communities. It 

is now known whether road access to wintering caribou results in an increase 

in the number of caribou harvested. However, it seems probable that increased 

road access to winter ranges will result in a larger harvest, because pickup 

trucks are cheaper to run than aircraft and faster than snow machines. 

Species other than caribou are distributed in a less concentrated manner, 

and are usually accessible to the native harvester over a longer period of 

time. However, although not specifically access related, competition between 

native harvesters and sports fishermen is considered to be a cause of problems 

with the native fishery in Fort Franklin (J. Allard, pers. comm.). 

Communi ty representatives did not consider ei ther the potential overlap 

of native communities harvesting areas or conflicts with immigrants over wild

life resources to be insurmountable problems. It is believed that they will 
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be dealt with in constitutional agreements for splitting the territories or in 

land claims settlements. Other solutions were proposed in Hypothesis 24. 

Informal arrangements now exist in some communities for dealing with small 

numbers of immigrants. It is possible that conflict with immigrants could 

become a problem in the future when larger numbers of people are involved. 

Link 6: Coapetition for resources will affect harvests. 

If there is an increase in the number of people harvesting a resource 

from a specific area, one of the following situations will occur: 

1. there may be no change in the total harvest removed from the area 

because each person takes a smaller share; 

2. there may be an increase in the total harvest without conflict among 

harvesters because the population is now under-harvested; and 

3. the harvest may increase with resulting conflict among resource 

users because the resource is in short supply. 

There are few situations in which competition will result in a decreased har

vest. 

Link 7: Increased access changes the locations at Which harvesting effort is 
applied. 

New roads will be used by hunters and trappers for travel, but will not 

alter the full-time harvester's use of preferred areas in the long term, as 

long as those areas are not invaded by other people using new roads. 

Harvesters will go where the animals are; if roads make animals easier to 

hunt, they will be used. Noise caused by traffic on roads and new seismic 

lines will displace game; therefore, harvesters usually hunt away from the 
major travel routes. 

Part-time harvesters may use roads to travel to more di stant areas, and 

may shift their effort to areas more readily reached by road. Heavy snow can 
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force animals to travel along plowed roads or snowmobile tracks, and therefore 

increase the potential harvest. Although both hunting and angling occur in 

locations away from travel routes (Dimintrov and Weinstein 1984), they are 

concentrated in roadside locations. Increased recreational harvesting has 

occurred along roads outside of the MEMP area including the Gordon Lake Road 

(R. Graf, pers. comm.) the Colville Lake Road (J. Allard, pers. comm.), the 

fishing access at Mosquito Creek, and at various other roadside muskrat and 

duck hunting locations (H. Myers, R. Graf, pers. comms.). People from as far 

away as Fort Smith travel to the Gordon Lake road to harvest caribou. 

Seismic lines make travel easier (except in deep snow years) and will be 

used for travel even if the distance traversed is considerably longer than the 

direct route. Seismic lines one year old or more are used for tracking of 

game animals; older lines. will be used for trapping when they traverse 

appropriate habitat. 

Limited studies have been conducted on the extent to which new access 

shifts the land use of an individual or a community (Dimitrov and Weinstein 

1984). The extent to which locations of harvests are shifted is not known. 

Link 8: Changes in the location of effort may result in changes in the 

species harvested. 

This link suggests that, if access affects the relative ease of harvest

ing a particular kind of animal, or if a shift in harvesting areas affects the 

species available (for example a move from moose habitat to caribou habitat), 

a shift in species taken may occur. When caribou were near the town of Fort 

Good Hope, a heavy harvest of caribou was taken and moose were hunted only 

lightly. In a year when moose were plentiful and easily harvested, relatively 

, large numbers of them were taken (J. Pierrot, J. Allard, pers. comms.). 

Although moose and bison are the normal staple sources of meat for residents 

of the Fort Smith area, fewer moose may be taken if a large harvest of caribou 

can be obtained on the Gordon Lake Road. In each of these cases, even if the 

same amount of meat came into town in each year, the species mix would be 

quite different. It should be noted this pattern will not be true for harvest 

of furbearers. 
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There are no data available to suggest whether improved access to known 

herds of animals resul ts in an increase in amounts of meat consumed in the 

community, or if compensation of the type suggested above will occur. There 

are also no data to suggest whether an increase in supply of one species 

results in a decreased take of an alternative species, although it seems 

possible. Since community representatives suggested that community desires 

normally exceed supply, it is expec ted that the degree of compensation would 

be limited. 

Link 9: Changes in species selection will influence harvests. 

When a shift in the species taken occurs, harvests will be affected. The 

harvests of one species will be larger than normal, while the harvest of the 

other will be smaller. Factors such as personal preference for certain kinds 

of meat and the quantity of meat obtained per animal for each species will 

make the situation more complex. 

It might be expected that an average community harvest could be calcu

lated for each species over a long period of time. However, if access con

tinues to increase in the study area, and the permanent road network is ex

panded, this average may be difficult to determine. 

Link 10: Harvest changes as a result of increased access !My affect the dis
tribution and abundance of anlaals locally or regionally. 

The above discussions indicate that increased access could result in 

local changes in the distribution and abundance of harvested species. Whether 

the total community harvest or wildlife populations will also change is 

unknown. Local reductions in populations, particularly of fur-bearing and big 

game animals, could occur from an increased harvesting pressure due to 

improved access. Fish populations could also be reduced in areas where summer 
access is improved. 

Many factors other than changes in access complicate the situation; the 

need to feed an expanding local population is one example. An important 

factor in a changing social situation will be the harvest on a community 
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basis. Changes in community harvests may be in the form of changes in the 

distribution of the harvest or a change in the total take. Even if the total 

number of hunters decreases, the communi ty harvest may be maintained. If 

overall increases in harvests occur, populations of species could be affect

ed. If access to a given area improves and it focuses the location of 

harvesting effort, then it is expected that there will be more pressure on 

available wildlife in that area (at least in the short term). This can affect 

local wildlife distributions or populations: moose, fish and furbearers have 

disappeared from around towns and certain other accessible areas. Areas along 

roadways, particularly permanent roads, will become barren of game in the same 

way. 

The effects of harvesting on the distribution and abundance of animals 

can be local and not influence the entire animal population, or they can be 

regional and thus affect animal populations. Significantly larger community 

harvests are more likely to affect animal populations than are harvests which 

remain at the same level but move to new locations. 

CONCLUSIONS 

The group concluded that changes in access may affect the harvest of mam

mals and fish, but probably not migratory birds. The effects would generally 

occur as a result of the increased ease with which harvesting could take 

place, usually because of a saving of time or a capability to travel farther, 

but possi bly also because of a savi ng of money or a change in the location of 

effort. 

The harvesting of large game will be affected by all-weather roads, 

winter roads and seismic lines. Furbearer harvests 

perhaps less affected by roads than by seismic lines. 

will be similar, but 

Fish harvest will be 

affected by increased access on all-weather roads, particularly if the roads 

cross the creeks used by harvested fish for migration. Increased pressure on 

fisheries is primarily related to increases in angling rather than netting. 

The harvest of migratory birds could only be influenced by access from all

weather roads. The likely effect on birds was considered to be insufficient 

to warrant research or mon! toring unless a road was being built close to a 

colonial nesting site or a major staging area. 
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RESEARCH AND K>NITORING 

Many factors other than changes in access (such as fur prices, normal 
changes in wildlife distribution and events discussed in other hypotheses) 

will influence harvests in conflicting or additive ways. Such factors must be 
isolated from the influence of access if the actual effects of anyone of them 
on the harvest is to be determined. 

To determine the effects of increased access on harvests, it is necessary 

to know the size of the community harvest and individual harvests, any trends 
in changing composition of the harvest and the locations at which animals are 
taken. Data must be collected for periods preceding and following the change 
in access. It must also be assumed that harvest changes in an area to which 
access was increased are a result of the improved access. 

An ongoing harvest study is required to provide the baseline information 
for the testing of the hypothesis. The location and quantity of each hunter's 

harvest would be recorded on a regular basis. Detailed information on changes 

in access in the community's harvesting area over the years of the study would 
be compiled, as would wildlife distribution data. Data on furbearers may only 
be required for a small area since the opportunity to trap is usually 
restricted by custom. However, improved access in some areas can result in 
conflicts within the community's hunters and trappers (A. Adam, pers. comm.). 

In view of the detail of information required, the access study would probably 
have to be an addition to a regular harvest study that was being carried out 
only in certain communities. 

Similar data may be required for testing other harvest-related hypotheses 

and a certain amount of common data collection may be possible. In addition, 
rather than collecting information from all the hunters and trappers in the 
region, data would likely have to be collected on an area or community basis 
by subsampling specific groups of people and monitoring the effects of chang
ing access on their harvest of specific wildlife species. 
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Heather Myers 
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Peter Usher 

INTRODUCTION 

Industrial activities associated with the exploration phase of hydro

carbon development occur primarily during the winter months (e.g., seismic 

operations on land and oil well drilling). Construction activities, such as 

pipeline building, are also done in winter. Resupply and operations activ

ities and any site-specific tasks, such as gravel mining and facility con

struction, will occur all year long. The following material examines the 

potential of these activities to conflict with harvesting. 

LINKAGES 

Link 1: Industrial activities will res ult in conflicts between industry and 

harvesters. 

It is difficult for two different endeavours such as renewable resource 

harvesting and non-renewable resource extraction to be carried out on the same 

land surface at the same time. Potential conflicts between the renewable 

resource harvester and the developer occur in three ways: 
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FIGURE 24-1 

Industrial activities in harvesting areas will reduce the harvests 
of mammals, birds and fish because of conflicts between industry 

and harvesters over land use 
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Link 1: Industrial activities will result in conflicts between industry and 
harvesters. 

Link 2: Conflicts between industry and harvesters will result in the aliena
tion of land from resource harvesting on a temporary or permanent 
basis. 

Link 3: Changes in location and level of effort of some harvesters will 
reduce both individual and community harvests. 

Link 4: Harvesters will move into someone else's harvesting area and come 
into conflict and compete with harvesters who are already using the 
area. 

Links 5 and 6: All levels of conflict resulting from the exclusion of 
harvesting from specified areas will be compensated. 
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1. Destruction of property. Although efforts are made to prevent it, 

development companies or their employees do , on occasion, destroy 

property: traps are buried during clearing operations, fur bearers 

may be released from traps and cabins and equipment may be damaged 

(M . Mendo, pers. comm.). In addition, equipment such as snow 

machines may be damaged by collisions with old cable and other debris 

left in an area (e.g., wire on the ground on the CN transmission 

line; M. Mendo, J. Al l ard, pers. comms.). 

2. Damage to the habitat. Conflict will occur when renewable resource 

harvesters observe damage to lakes used for fishing or muskrat 

harvesting, or observe the chronic spills that result from fuel sleds 

being left on lakes . 

3. Restrictions on the use of a land area by harvesters f or a short or a 

long term. 

Link 2: Conflicts between industry and harvesters will result in the aliena

tion of land from resource harvesting on a temporary or permanent 

basise 

Formal alienation of land for industrial development, or loss of access 

will result in temporary or permanent cessation of resource harvesting activi

ties in an area. The reason for alienation will be ei ther the physical 

presence of an installation such as a drilling rig or construction site or 

human safety considerations . 

The result of alienation will be the relocation of harvesting activ

ities. Hunting is somewhat flexible in its location and will be displaced 

to another area. Trapping, which is a less flexible activity and involves a 

developmental cost when moving into an area, may be completely displaced 

either temporarily or permanent ly. If relocation is not necessary, it may be 

possible for the development companies to reduce the trappers' travel problems 

by providing trails or breaks at appropriate points across pipelines, roads 

and new seismic lines. 
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The land around each community in the study area is formally or 
informally recognized as part of that community's harvesting area. Informal 
arrangements dictate the allocation of trapping areas among the local members 
of the Hunters and Trappers Association. Few areas are unused, except as part 
of a rotational scheme developed by the trapper. Any presently vacant 
trapping areas will be distant from the community or known to be of poor 
quali ty. The relocation of one trapper may also di splace another to some 
extent. Although techniques are available within the community to accommodate 
this type of change, it may mean that both parties suffer a loss. 

The relocation of a trapper will likely result in an increase in effort 
as measured by increased travel time and cost to get to the new area. It will 
definitely involve a change in the location of the effort. Costs will also be 

• incurred to develop the new area; new travelling trails and cabins will be 
required and it will take time for the trapper to learn the area. 

Link 3: Changes in location and level of effort of some harvesters viII 

reduce both individual and community harvests. 

This linkage seems to be more valid for some species and areas than for 
others. The effect will be greatest for the trapper who may be forced to 
relocate. If fishing and hunting activities are displaced by local dis
turbances, the individual will still fish or hunt somewhere and will probably 
harvest the same population. Depending on the degree and type of displace
ment, the effect may be felt most strongly by the part-time harvester. 

It is theoretically possible for the harvest to decrease, to stay the 
same, or to increase. However, increases are considered unlikely . 

Link 4: Harvesters viII move into someone else's harvesting area and come 

into conflict and co.pete vi th harvesters who are already using the 

area. 

The need for either temporary or permanent relocation of harvesters will 
increase as development in the study area increases. Although current 
technology allows the harvester greater access to remote locations than ever 
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before, community representatives indicated that there is little or no land 

that is not now being used by someone for harvesting. 

Trappers in the Inuvik and Fort Good Hope regions are already 

experiencing conflicts and competition among harvesters. Government incentive 

programs are perhaps contributing to the problem by encouraging more people to 
trap on a full-time basis. At the same time , residents involved in the wage 
economy are becoming recreational or part-time t r appers. 

When expansion into new harvesting areas is not possible, other solutions 

are required. Within a particular community, accommodations may be reached 
that involve the sharing of areas (A. Adam, pers. comm.). However, such an 
arrangement may lead to reduced harvests for one or both parties. 

Links 5 and 6: Renewable resource users will be compensated for the effects 

of conflicts over land use. 

Past experience with trapper compensations suggest that industry will be 
required to compensate harvesters (both individuals and organizations) when 

conflicts occur between development and existing renewable resource har
vesting. 

Recent compensation claims have been filed by individuals for damage to 
property (such as traps) and loss of income related to that damage. Examples 

of recent claims related to the building of the IPL pipeline and seismic work 
are: 

1. A Fort Norman trapper received compensation when a seismic crew dam
aged some of his traps, resul ting in low catch; and 

2. A Fort Simpson family filed a compensation claim when they were pre
vented from reaching their trapping area during pipeline testing. 

In each case, cash settlements of less than five thousand dollars were negoti

ated (S. Matthews, pers. comm.). Companies have never admitted legal liabil
ity in these cases to avoid setting a precedent. 
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Other concerns regarding compensation and development include the fact 

that company access may be used by non-company people. Resulting damage, 

usually vandalism, will not be compensated by the company. 

The re-institution of individual registered traplines may improve the 

ability of harvesters to prove a right to the land and the resources on it by 

increasing the authority of the individual in arguing his case. Settlements 

to date are small in size and cover a narrow range of damages. Although 

recent progress in the area of compensation is recognized by industry and 

community representatives, the compensation question still requires 

development and change. 

Where conflicts arise because of the relocation of a harvester, industry 

should be required to compensate all affected parties. The consequences of 

increasing the number of trappers in one area were discussed in Link 4. 

CONCLUSIONS 

Industrial development and land use conflicts may result in reduced har

vests, particularly for trappers. Given the outlined probable scenario, this 

type of conflict has minor to moderate implications for the harvest. The 

impacts would be felt primarily on an individual and local level. It was con

cluded that impacts are possible and that study is required to determine 

whether they occur and how serious they might be. 

RESEARCH AND K>NITORING 

If reduced harvests occur as a result of conflicts between harvesters and 

industrial development, compensation will be required or at least requested. 

It will be useful (and perhaps necessary) to have both harvest and land use 

information to support compensation claims. That information could be 

gathered by community-based organizations. 

Three parts of the present and anticipated future process for dealing 

with land use conflicts were identified: 
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1. negotiation - before the development to identify potential conflicts 

and to avoid them if possible. 

2. mitigation - before, during and after the development, to resolve or 
ameliorate conflicts that cannot be or have not been avoided. 

3. compensation - for damage to harvests and harvesting opportunities 

resulting from the development. 

Data which may be used during this process should be collected. Although con
fidential information on individual harvests may be required for compensation 
claims, community-scale data may be sufficient for planning purposes and for 
the identification of conflicts. However, individual level impacts may not be 
identified by using community level data. 

There are three kinds of information required: 

1. The location of proposed and probable industrial developments and a 
knowledge of the existing land use by native harvesters will be 
needed for the design of effective mitigative measures; 

2. A technique for determini~ the actual effects of the conflict on 
harvests will be needed as · a background for compensation claims and 
will have to be collected by community people; and 

3. The effectiveness of existing negotiation, mitigation and compensa
tion mechanisms should be assessed on a continuing basis. To some 
extent the number of compensation claims may be useful indicators of 
the effectiveness of negotiation and mitigation, providing compensa
tion proceedings are seen to be useful and fair. 

The central concern is the harvest: Are individual and community har
vests affected by the activities of industry either directly or by its effects 
on the resource base? It will be important to know if or how the harvesters 
level of effort is affected (e.g., do trappers and hunters have to go much 
further or spend more time to get an adequate harvest?). If problems appear 
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with certain species, geographic areas, habitat types or harvesting activities 
it should be possible to identify the problem and the potential sources; 
industry and the communi ties can then work together to mi tigate the problem. 
Research is required to find effective ways to measure effort on an individual 
or community basis. 

To negotiate and plan effectively to minimize conflicts, it will be 
necessary to know both where harvesting activities occur and where industry 
activi ties are planned. These data are presently collected verbally and 
informally on an as-needed basis and the information is not collated. 
Regional organizations, such as the DIZ societies which are already funded and 
are concerned with this type of problem, might be appropriate parties to 
compile and maintain such data. The DIZ groups either have or can gather 

• 
information on the land use of native harvesters; they also meet regularly 
with industry to discuss plans for the current season. Maps could be prepared 
and posted for widespread use and the information would need to be reviewed 
annually. 

Communi ty members are currently employed by industry to monitor certain 
industrial activities such as seismic exploration. A few refinements to this 
program are suggested: 

L The monitors should be hired by and be responsible to the community, 
rather than the company, to enable them to report impartially; 

2. Monitors should be trained. They should understand the activities of 
the industry and any restrictions of their permit. They should know 
what mitigation techniques are to be applied and the details of the 
compensation system. The monitor should be familiar with the 
harvesting techniques and the land use of the community in the area; 

3. The monitor should report regularly (e.g., monthly) to the community, 
the companies (principals and subcontractors) and the appropriate 
government agencies, and should keep records of land use, conflict 
and compensation. 
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HYPOTHESIS NO. 25 

INCREASES IN HUNTING BY Y>N-LOCALS WILL RESTRICT 

HARVESTS BY LOCAL NATIVES 
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Fred ~Farland 

INTRODUCTION 

Rick Josephson 
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Maurice Mendo 
Heather Myers 
Jim Pierrot 
Jeff Stein 
Peter Usher 

Of the total renewable resource harvest in the study area, natives cur
rently harvest 100% of the marine mammals, nearly 100% of the furbearers, 90% 
of the big game and similarly high proportions of fish and waterfowL Native 
harvesters have priority access to these resources, by virtue of their aborig
inal rights (the specific contents of which are currently being negotiated and 
tested in the context of native claims settlements). the N.W.T. Wildlife 
Act, particularly the General Hunting Licence provisions (which can be changed 
by legislation), and their numerical significance in the regional population 
(which could change through influx of non-locals). 

Each community in the region has its own traditional harvesting area, 
recognized at least informally by the other communi ties, and in some cases 
also recognized under the Wildlife Regulations as Registered Group Trapping 
Areas. While there is some variation in the intensity and frequency of native 
use of these areas. there are virtually no unused areas within the study area 
(Freeman 1976; Dene Mapping Project). Nor, with the exception of some fishes 
of some inland lakes, are there any unharvested fish or animal populations 
within the region. The non-native recreational harvest occurs within this 
context since it does not occur in otherwise unused areas or affect otherwise 
unharvested populations. 
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FIGURE 25-1 

Increases in hunting by non-locals will 
restrict harvests by local natives 
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LINKAGES 

Link 1: Development will result in influx of non-locals. 

Link 2: Influx of non-locals will result in increased demand for fish and 
wildlife. 

Link 3: Increased demand will result in increased effort and competition 
among harvesters. 

Link 4: Increased competition will result in decreased local resource 
abundance. 

Link 5: Increased harvesting effort by non-locals and/or decreased local 
resource availability will result in reduced local native harvests 
and/or reduced catch per unit effort. 

Link 6: Increased competition and/or decreased resource availability will 
lead to restrictions on local native harvests. 

Link 7: Regulation of harvest will restrict native harvests. 



304 

This hypothesis examines the effects of the influx of non-locals on 

demand and competition for fur, fish and game resources. It is recognized 
that demand for these resources may increase for other reasons (e.g., local 
population growth), but they are not considered in this hypothesis. 

LINKAGES 

Link 1: Development viII result in influx of non-locals. 

According to the development plan, two types of influx of people are 

expected: 

1. large-scale and short-term (i.e., thousands of people for months) 
during the construction phase of large projects; and 

2. smaller-scale and long-term, during the operation and maintenance of 

oil and gas fields and transport facilities (i.e., hundreds of people 
for years). 

In both cases, the incoming population may consist not only of non-natives but 
also of native people from other parts of the N.W.T., or from other com
munities within the region. Although the native component will be small, it 
may have a significant impact on resource harvesting. 

Link 2: Influx of non-locals vill result in increased demand for fish and 

wildlife. 

Effects of non-native immigrants. 

A large-scale short-term influx of non-natives is not expected to 
increase demand significantly for many reasons: 

1. these workers cannot meet residence requirements for licensing; 

2. in many cases they have little time available for recreation; 
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3. they are not in the right places to engage in recreational harvesting 
or poaching; and 

4. firearm restrictions are normally imposed at work sites. 

A smaller-scale, long-term influx of non-natives is expected to result in more 
significant increases in demand because: 

1. operations staff and other newcomers attracted by increased economic 
opportunity will be able to obtain hunting licences and will have the 
time to use them; and 

2. they will consti ~ute a political pressure group that could agitate 
for increased quotas and other rights for non-native hunters. 

Effects of native t.migrants. 

Nati ve migrants, whether short-term or long-term, may create different 
demands on resources. Where the number of native immigrants is small and they 
are incorporated into the community by traditional social methods, their 
effect on demand is insignificant and qualitatively no different from normal 
population growth. Where the number of native immigrants is substantial and/ 
or not easily incorporated into the local communi ty, the resulting increment 
in demand may be significant. 

Link 3: Increased demand will result in increased effort and com.petition 
among harvesters. 

Increased demand from both non-native and native immigrants is expected 
to affect mostly big game (caribou, moose, and sheep), waterfowl and game fish 
species. Wolf and wolverine are classified as both big game and furbearers, 
and are thus open to Resident Hunting Licence (RHL) holders as well as to 
native harvesters. 

Furbearers are restricted to native harvesters and access is controlled by 
the local Hunters and Trappers Associations (HTAs). Non-local General Hunting 
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Licence (GHL) holders cannot trap without permission. Consequently this link 

does not apply to furbearers. The link may also be inapplicable to species 

such as polar bear and muskoxen, the harvest of which is controlled by tags 

issued by the local HTA. 

The influx of non-natives is expected to have a greater effect on demand 

for resources than that of natives. Greater numbers of non-natives are 

expected and the informal controls by local native harvesters may be less 

effective on non-natives than on natives. In all cases, the effects of 

immigration are anticipated to be community-specific. 

Link 4: Increased competition will result in decreased local resource 

abundance. 

Substantial declines in local resource harvest levels have been recorded 

in Alaska where legi slation and accessi bili ty have enabled significant non

local hunting pressure (Fall 1985; Wolfe 1985). The significant declines in 

per capita native harvest are attributed to three factors: road access from 

major centres, high local proportions of non-native residents and a lack of 

preferential harvesting rights for native people. These factors are not 

expected to be as significant in the N.W.T., due to the Western Arctic Claims 

Agreement already in place, and the proposed terms of the Dene/Metis Wildlife 

Agreement. The latter, however, is not yet in force, and may not completely 

control increased harvesting pressure from immigrants. In any event, this 

link would only be valid if previous harvest levels were at or near 

substainable yields. 

Link 5: Increased harvesting effort by non-locals and/or decreased local 

resource availability will result in reduced local harvests and/or 

reduced catch per unit effort. 

The presence of non-local hunters has been shown to have a discouraging 

effect on effort and harvests by Indians in northeastern British Columbia 

(Brody 1981). Where effort is not discouraged by competition or decreased 

availabili ty, increased local effort may be required to obtain the same level 

of harvest. This would result in higher costs due to reduced catch per unit 

effort, with possible implications to the harvested populations. 
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Link 6: Increased competition and/or decreased resource availability will 

lead to restrictions on local native harvests. 

The problem associated with competition will be greatly reduced if 

effective controls are developed in advance. Negotiation and implementation 

of native claims settlements and their provisions for preferential harvesting 

rights and minimum quotas are a part of this process. If harvesting 

restrictions on non-natives are in place in advance of their arrival, there 

will be less resistance than if they are implemented afterwards when hunting 

privileges will be perceived as having been lost. If competition is not 

controlled from the outset, restrictions on native harvests are more likely to 

result. 

• 
Link 7: Regulation of harvest will restrict native harvests. 

Nati ve harvests will not be reduced if the above-noted controls are in 

place in advance of significant immigration. However, there may still be 

problems with allocation of possible increased harvesting entitlements, either 

for domestic or commercial purposes; it is in this area of growth that native 

harvests may be restricted. The larger the number of non-native licence 

holders and commercial interests, the less likely it will be that native 

harvesters can increase their quota. 

CONCLUSIONS 

The hypothesis is considered valid in the absence of compensating legis

lation or regulatory action in place prior to significant new immigration. 

Such action is, however, envisaged in claims settlements already in place or 

currently under negotiation. Depending on the outcome, some additional 

controls may still be necessary. 

RESEARCH AND K>NITORING 

Monitoring should be restricted, in the first instance, to documentation 

of the current baseline. Records of the number of non-local harvesters, their 

level and location of effort and their harvests should be maintained. Wher-



308 

ever these numbers ri se significantly, further monitoring of the species and 

harvesting areas of concern should be undertaken including the collection of 

data from native harvesters. Where there is a concern that harvests may be 

approaching or exceeding sustainable levels, research may be required on the 

population status of the various wildlife species. The species considered to 

be the likely focuses of competition are caribou, moose, sheep, bear, wolf, 

wolverine, waterfowl and game fish . 
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1.0 INTRODUCTION 

This brief summary of past hydrocarbon development in the lower Mackenzie 

River Valley region. together with a scenario of possible future 

development, has been prepared as background information for participants in 

the Mackenzie Environmental Monitoring Program (MEMP). Information dealing 

with past hydrocarbon development has been drawn primarily from statistics 

published by the Northern Oil and Gas Operations Division of Indian Affairs 

and Northern Development (1984) and ~y the Canada Oil and Gas Lands 

Administration (Annual Reports of 1982. 1983 and 1984). Description of 

present levels of activity and of activity anticipated in the near future is 

based upon information and commentary supplied by industry representives. 

Scenario components are based in part upon past events. in part upon the 

opinions and present plans of industry and in part upon arbitrary 

assumptions inserted by the author. 

The primary purpose of the document is to assist participants in MEMP: 

1 • by outlining the scope and nature of past and present hydrocarbon 
development within the MEMP study region; 

2. by presenting in an organized manner the likely direction and 
nature of future hydrocarbon development; and 

3. by presenting hydrocarbon development variables in a way that 
allows consideration of possible environmental impacts in one or 
~ore future uscenarios". 

Summaries describing hydrocarbon facilities and activities are included as a 

source of technical information concerning development. These are based on 

a large body of documentation prepared by firms proposing development in the 

region over the last fifteen years and upon "rules of thumb" kindly supplied 

to the author by knowledgeable industry personnel. MEMP participants will 

no doubt wish to consult directly these information sources as well as 

others dictated by their technical specialities and workshop 

responsibilities. To assist in this process a partial listing of available 

technical information regarding proposed development in the region is 

included as Part 7.0. 
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2.0 HYDROCARBON DEVELOPMENT 

The term "development" is used in this document in its broadest sense, 

referring to the entire scope of activity involved in the realization of 

hydrocarbon resource potential. This usage differs from that common in the 

oil and gas industries where "development" is an activity occurring after 

resource discovery and delineation but before movement of resources to 

market . 

When carried to completion, the development of hydrocarbon resources within 

any region consists of several sequential steps beginning with a decision to 

undertake, encourage or allow exploration and ending with delivery of 

hydrocarbons to market. Those steps include: 

1. decision to allow/encourage exploration, 

2. exploration (seismic surveys, exploratory drilling), 

3. discovery and measurement of reserves, 

4. plan/construct transport system(s), 

5. produce and process reserves, and 

6. transport and market reserves. 

Each step in the above sequence is dependent upon the previous one. In 

addition, attaining any particular step may encourage or accelerate activity 

in previously attained steps within adjacent areas. For example, a 

discovery may spur additional exploratory surveys or the construction of a 

pipeline which in turn may cause increased exploration activity, as any 

newly discovered reserves would have immediate access to the marketplace 

(Figure 1). The above outline of the sequence of development and the figure 

referred to assume regulatory approvals are implicit upon reaching stage 

one. 

Hydrocarbon development within the MEMP study area has been underway for a 

number of years and is presently occurring in three geographic areas: 

1. the Norman Wells area, where the completion of an oil pipeline to 
Alberta has made necessary additional production drilling in the 
Norman Wells field and has spurred interest in exploration 
activities; 
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FIGURE 1 
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2. the Colville Lake area, where recently initiated seismic and 
exploratory drilling is proceeding; and 

3. the Mackenzie Delta area, where exploration over the last 25 years 
has resulted in the discovery of both oil and gas reserves and 
where exploration is continuing. 

Future development within the MEMP study area is dependent primarily upon 

the presence or absence of systems to transport discovered hydroc-arbons. 

Several pipeline systems are presently proposed or being considered. 

Decisions to proceed or not proceed with these pipeline systems will be 

critical events shaping the nature and pace of development within the area 

over the next 20 years. 

Existing hydrocarbon development in the several regions of the study area 

illustrates regional differences with respect to the overall development 

process. The Norman Wells region attained the final stage of development 

many years ago and is now experiencing additional final stage expansion 

while in the Colville Lake area development has reached only the second 

stage. The Mackenzie Delta region is stalled between stages three and four. 

Large portions of the study area with hydrocarbon potential have not yet 

been released for exploratory activity. 

The progression through development stages experienced by the several 

regions within the study area and the spin-off effects of development within 

one region upon others is an important consideratio~ in any effort to 

anticipate or predict the course, nature and timing of develop~ent as it 

relates to environmental monitoring. In recognizing the step-wise nature of 

development and the spin-off effects it is, however, equally important to 

differentiate between events or developments which actually exist and those 

that are planned, proposed or simply considered. To assist in this 

differentiation the following definitions will apply: 

planned - put forward officially by one or more organizations 

and supported by detailed documentation, 

proposed - put forward officially by one or more organizations 

and supported by preliminary documentation, 
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considered - put forward unofficially by a number of individuals 

or one or more organizations without documentation. 

With respect to scenarios of future development two additional definitions 

apply: 

expected - that which might reasonably arise from some set of 

circumstances or body of facts in a rational world, 

) 

assumed - arbitrarily put forward for the purpose of scenario 

development. 

These words, when highlighted by double striking in the text, will carry 

the meanings set out above. 
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3.0 PAST AND PRESENT HYDROCARBON DEVELOPMENT 

Hydrocarbon development within the study area addressed by the Mackenzie 

Environmental Monitoring Program began in 1914 with the staking of claims at 

a site approximately 50 miles downstream of Fort Norman at a location 

eventually named Norman Wells (Map 1). Drilling began in 1919 and oil was 

discovered in 1920. A topping plant was constructed in 1921 by Imperial Oil 

Limited and since then production from the Norman Wells field has supplied 

regional fuel requirements. Until interest in the Mackenzie River Delta 

region developed in the late 1950 ' s, most hydrocarbon activity in the MEMP 

study area was centered on Norman Wells. In 1961, the first exploratory 

well was drilled in the Mackenzie Delta and since then interest has been 

increasingly focused on the Delta region and nearby offshore areas of the 

Beaufort Sea. Interest in hydrocarbon exploration has recently been 

extended to a region lying east of the Mackenzie River and north of Great 

Bear Lake in what is called the Colville Lake area. In addition, the 

construction of a 324 mID oil pipeline from Norman Wells to Zama Lake , 

Alberta has spurred exploratory activity in the Norman Wells region and 

production drilling in the Norman Wells field. 

To date, approximately 900 wells have been drilled in the study area. Most 

of these have been associated with the Norman Wells field but more than 150 

wells have been completed in onshore areas of the Mackenzie Delta and more 

than 50 at offshore locations adjacent to the Delta. In addition to oil 

reserves discovered at Norman Wells, reserves of oil and gas have been 

discovered at both onshore and offshore locations in the Mackenzie Delta 

region (Map 2). Exploration in the Colville Lake region and areas adjacent 

to Norman Wells have not resulted in the announcement of additional 

discoveries. Exploration activity is continuing in the Delta, Colville Lake 

and Norman Wells regions (Map 1). 

Past activity in the Norman Wells field was supported from the community 

that grew up adjacent to the field. Ongoing exploration in the region is 

also supported from Norman Wells as is exploration in the Colville Lake 

region. In the Delta region, exploratory activity has been supported from 

the communities of Inuvik and Tuktoyaktuk and from a number of bases located 

in northern portions of the Delta. 
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To date, hydrocarbon reserves in the MEMP study area have been produced only 

from the Norman Wells field. Production from that field is presently being 

increased to allow movement of crude oil to Zama Lake via the recently 

completed IPL oil pipeline (Map 3). Previously, a 690 km pipeline designed 

to carry refined products from Norman Wells to Whitehorse, Yukon Territory 

was completed in 1943 but was subsequently abandoned. A number of plans 

have been put forward to move reserves discovered in the Mackenzie Delta 

region to market: 

1. Canadian Arctic Gas Study Limited proposed and planned the 
transport of gas reserves from the Delta region together with 
Alaskan gas via a pipeline from northern Alaska to southern 
markets routed across the Alaskan and Yukon North Slope and south 
along the Mackenzie River Valley. This plan was abandoned in 
1977 when a moratorium on pipeline activity in the Mackenzie 
Valley was recommended by the Berger Commission and an alternative 
route through southern Yukon was viewed as more acceptable. 

2. Foothills Pip~ Lines Ltd. initially proposed a Maple Leaf Pipeline 
that would carry Canadian gas reserves from the Delta region south 
along the Mackenzie River Valley. Subsequently Foothills put 
forward a plan which involved moving Alaskan gas through 
southern Yukon along with Canadian gas transported to the mainline 
system in Yukon, via a lateral line following the Dempster 
Highway. 

3. Foothills Pipe Lines (Yukon) Ltd. gained approval for an Alaska 
Highway Gas Pipeline to transport Alaskan gas through southern 
Yukon Territory. A condition of approval for the Alaska Highway 
Gas Pipeline was the preparation of an application for a Dempster 
Lateral Pipeline to transport Canadian gas reserves in the 
Mackenzie Delta region to the mainline in Yukon, along a route 
that paralleled the Dempster Highway. That latter application was 
submitted to the National Energy Board but has not as yet been 
formally reviewed. Work on the Alaska Highway Gas Pipeline 
Project was put in abeyance in 1983 due to a surplus of natural 
gas in the United States and "soft" energy prices worldwide. 
Project spokesmen do not expect construction of the approved 
portion of the system to begin until the early 1990's. If still 
appropriate, approval would be sought for completion of the 
Dempster Lateral portion of the system after mainline 
installation. 

4. Polar Gas has recently submitted an application to construct a gas 
pipeline to move gas reserves from the Mackenzie Delta south to 
Edson, Alberta via the Mackenzie River Valley (Map 3). That 
plan calls for construction to start in 1987 and gas flow in 
1991. A delay in this schedule now seems likely and a one year 
delay (construction start in 1988, fast flow in 1992) is 
assumed in this report. Completion of The Polar Gas system 
within the time frame projected would eliminate the need for a 
Dempster Lateral line as proposed by Foothills Pipe Lines Ltd. 
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5. Esso Resources Canada Limited is considering the possible 
construction of 8 "small" oil pipeline (@ 300 mm diameter) from 
the Mackenzie Delta to Norman Wells. Such a pipeline would carry 
onshore Delta oil reserves to market via an interconnection with 
the 1PL Norman Wells Pipeline. Throughput would be limited to 
excess capacity available in the 1PL Norman Wells Pipeline. 
Construction in the early 1990's is thought possible . 

6. The feasibility of a mid-sized (400 mm to 600 mm) oil pipeline 
which would move onshore and/or offshore reserves from the 
Mackenzie Delta region to Zama Lake, Alberta is presently being 
considered (Map 3). 

7. Marine transport of oil and gas reserves using arctic tankers has 
been proposed and documented by Dome Petroleum and others. 
Examination of these proposals has been part of the development of 
a Beaufort Environmental Monitoring Program (BEMP). While the 
offshore focus of such marine transport proposals removes them 
from consideration within the present MEMP exercise, consideration 
of onshore developments to support offshore activity is 
appropriate • 

• 

Future hydrocarbon development throughout the study area will be shaped by 

the kind and timing of transport system(s) put in place. The extent to -

which putting transport systems in place can transform and drive other 

development activity is presently being illustrated in the Norman Wells 

area. Completion of the 1PL Oil Pipeline has sparked interest in 

exploration in the immediate vicinity of Norman Wells and in regions lying 

to the north and south. Construction of other pipelines in the MEMP study 

area can be expected to have similar effects. Alternately, if pipeline 

proposals are not acted upon and/or other incentives for exploration cease 

to exist, exploration in the area can be expected to slow and eventually 

stop. 
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4.0 FUTURE HYDROCARBON DEVELOPMENT 

The transport systems selected to move hydrocarbon reserves and the timing 

of installation of those systems will play a major role in shaping the 

nature and intensity of hydrocarbon development within the MEMP study area. 

Future development can be viewed -as falling within two categories: 

1. activities directly associated with transport systems, such as 
production drilling, processing and gathering systems; and 

2. acti vi ties which can be expected to "spin-off" from the 
development of transportation systems and directly associated 
activities, such as additional exploration in areas adjacent to 
the transportation system. 

Figure 2 shows the sequence of transportation system development now 

completed, planned or being considered. The following sections 

briefly outline the major potential transport developments as well as other 

forms of hydrocarbon development that may result in each case. 

4.1 The 1PL 324 mm Oil Pipeline 

Construction of a 324 mm diameter oil pipeline from Norman Wells to Zama 

Lake, Alberta was completed in early 1985. That pipeline will transport 

4,000-5,000 m3 of oil per day. At least in initial stages of operation 

oil will be drawn entirely from the Norman Wells field. Development 

drilling in the Norman Wells field to support pipeline start-up has been 

underway for several years. Approximately 160 wells for production and 

injection will be drilled from mainland as well as natural and artificial 

island sites in the Mackenzie River. Reservoir production is being managed 

and enhanced through controlled water flooding. Collector lines to 

transport oil from drill sites to a pre-processing facility at Norman Wells 

have been put in place. Oil will be injected into the pipeline at Norman 

Wells from the pre-processing plant. Refining will take place south of the 

60th parallel. 

To date oil discoveries in the region have been limited to the Norman Wells 

field. As a result, use of the pipeline to transport other reserves from 

the region cannot be directly anticipated. However, the installation of a 
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transport system has and will continue to spur additional exploration 

drilling and connection to additional reserves can be expected to occur if 

discoveries are made. Use of the Norman Wells Pipeline to transport 

Mackenzie Delta oil by way of a connecting pipeline is being considered 

(see 4.4). 

4.2 The Polar Gas 914 rom Gas Pipeline 

Polar Gas has proposed the construction of a 914 mm high pressure gas 

transmission line to carry Mackenzie Delta gas reserves to Edson, Alberta. 

The planned system in its initial configuration will carry approximately 

22 million m3/day. Plans set out in The Polar Gas application call for 

start of construction in 1987 and first gas flow in 1991. A delay of at 

least one year in the plan seems likely and is assumed to be the case in 

this report. The approximate locations of the mainline and northern 

laterals within the study area are shown on Map 3. 

The Polar Gas system is designed to initially transport onshore gas reserves 

at Taglu, Niglintgak and Parson Lake (Map 4). Gas from other onshore and 

possibly offshore reserves will in all likelihood be transported by the 

Polar Gas line as reserves in the initially connected field are exhausted or 

as the pipeline system is upgraded in terms of throughput by the addition of 

compression power, compression facilities or by looping. Plans for 

upgrading the system have not been expressed by Polar Gas but the addition 

of compression power might reasonably be expected to begin within five 

to ten years of initial operation. 

Development drilling and construction of processing facilities can be 

expected to support initial pipeline gas flows in 1992 . A summary of 

activities/facilities that might be expected in association with 

construction of the planned Polar Gas pipeline is presented in Table 1. 

4.3 A Potential Mid-sized Oil Pipeline 

Some northern operators have begun to study (consider) the feasibility 

of a mid-sized oil pipeline (400-600 rom) to carry both onshore and offshore 

oil reserves from the Mackenzie Delta south along the Mackenzie River Valley 
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TABLE 1 

ACTIVITIES/FACILITIES/EVENTS ASSOCIATED 
WITH CONSTRUCTION OF THE POLAR GAS PIPELINE 

DIRECTLY ASSOCIATED ACTIVITIES/FACILITIES/EVENTS 

construction of production drilling pads at Taglu, Niglintgak and 
Parsons 

construction of a central processing facility at Taglu, Niglintgak and 
Parsons 

construction of flowlines between production pads and central 
processing locations 

drilling of production wells at locations above 

operation of central gas processing facilities 

increased activity at Inuvik, Tuktoyaktuk, along the Dempster Highway 
and along Mackenzie River barge routes and winter roads to support 
above 

ongoing "work-over" drilling activity at production sites 

ongoing production drilling at initially chosen production sites to 
replace wells exhausted 

placement of flowlines to carry hydrocarbon liquids from gas processing 
facili ties to an oil pipeline system for transport, if the latter 
exists; flowlines to allow the transport of gas produced at oil 
production sites to gas plants, if the latter exist 

additional production drilling by operators not involved in initial 
production (above) at new locations with probable construction of 
separate processing facilities causing in turn additional associated 
activity similar to that outlined above 

INDIRECTLY ASSOCIATED OR "SPIN OFF" ACTIVITIES/FACILITIES/EVENTS 

increased interest in exploration activity and therefore increased 
seismic survey and exploratory drilling 

the discovery of new reserves as a result of increased exploration 
activity (above) 

positive feedback from new discoveries causing an intensification of 
development incentive 
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to Zama Lake, Alberta. Scheduling is at present extremely tentative but 

construction might reasonably be expected to follow construction of a 

gas transmission line and therefore begin in 1993 and be complete in 1996 or 

1997. Failure to expedite construction of a gas pipeline in the early 

1990's could allow an earlier effort to be made with respect to an oil line. 

Offshore reserves would likely be brought to shore at North Point on 

Richards Island. The onshore portion of the line would traverse Richards 

Island to a Mackenzie River crossing near Swimming Point and proceed south 

in a corridor that closely parallels that proposed for the Polar Gas 

Pipeline. The likely pipeline route within the study area is shown on 

Map 3. Lateral or gathering lines from offshore and onshore reserves might 

join the mainline system just outlined at appropriate points in both onshore 

and offshore locations (Map 4). 

An oil pipeline of 400 to 600 mID diameter could carry between 15 000 and 

47 000 m3/day which would likely require connection to more than one 

producing field. Both offshore and onshore reserves could be candidates. 

Offshore fields that might be developed first are those in the vicinity of 

North Head (Amauligak, Tarsuit, or Esso's recent discovery at Nipterk). 

Onshore reserves could include Adgo, Atkinson, Tuktoyaktuk, Niglintgak, 

Ivik, Kugpik, Kumak and/or Mayogiak. Given the capacity of the proposed 

pipeline and its anticipated completion in the mid 1990 ' s, it is unlikely 

that the line's capacity would be enhanced through looping or twinning 

before the year 2005 which is the end of the MEMP scenario period although 

increased pumping capacity might be installed to maximize throughput within 

five years of initiating operation. 

As with the other pipeline systems described, supporting facilities such as 

production drilling and processing platforms would be put in place to 

coincide with the pipeline's anticipated completion . In part these 

facilities will be offshore and therefore outside the terms of reference for 

MEMP. However, at least one and perhaps two onshore fields may be involved 

in the initial drilling programs to supply reserves to the mid-sized line. 

In addition, reserves transported from offshore locations will intensify 

activi ty in the region and be reflected onshore at support bases and along 

barge routes and winter roads on the Mackenzie River. Offshore reserves 

transported to North Head on Richards Island will create a req~irement for 
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TABLE 2 

ACTIVITIES/FACILITIES/EVENTS ASSOCIATED 
WITH CONSTRUCTION OF A MID-SIZED OIL PIPELINE 

DIRECTLY ASSOCIATED ACTIVITIES/FACILITIES/EVENTS 

selection of an offshore oilfield for production 

construction of islands/platforms at an offshore site to support 
production drilling, processing and storage facilities 

construction of a pipeline to bring offshore production ashore 

increased activity at shore support bases related to above items 

selection of one or possibly two onshore oilfields for production 

construction of drilling/production pads to support production 
drilling, processing and storage facilities at onshore production 
sites; drilling of production wells 

construction of overland pipelines to carry produced oil (both onshore 
and offshore) to a common point for injection into a mid-sized oil 
pipeline i production from wells and oil processing 

ongoing "work-over" activity at onshore and offshore production sites 

ongoing production drilling at initial production sites to replace 
production from exhausted wells 

placement of flowlines from gas processing facilities, if these exist, 
to points on the oil pipeline for the transport of hydrocarbon fluids 
produced at gas plants; flowlines to carry produced gas from oil 
production sites to gas production facilities, if the latter exist 

decisions by government and operators with reserves in fields other 
than those selected above to proceed with production drilling in order 
to bring reserves to market , causing additional directly associated 
activities/facilities/events as already outlined 

INDIRECTLY ASSOCIATED OR "SPIN OFF" ACTIVITIES/FACILITIES/EVENTS 

increased interest in exploration activity and therefore increased 
seismic survey and exploratory drilling throughout the MEMP area 

the discovery of new reserves as a result of increased exploration 
activity (above) 

positive feedback from new discoveries causing an intensification of 
exploratory effort and incentive to plan and construct additional 
facilities to transport products to market 
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metering and storage facilities at or near the point of land-fall. 

Summaries describing pipeline construction, development drilling and oil 

processing systems are included in section 5.0. 

A summary of activities/facilities that might be expected in association 

witb a mid-sized oil line is presented in Table 2. 

4.4 A Potential Small Diameter Oil Pipeline 

Esso Canada Resources Limited is presently considering a "small" oil 

pipeline (@ 300 rom) to carry Mackenzie Delta oil reserves south to market 

via an interconnection with the Norman Wells Pipeline. Construction of such 

a system is considered possible by the early 1990's. The pipeline route 

would follow essentially that put forward by Polar Gas for a gas pipeline 
• 

south ',-'om the Delta region to the vicinity of Norman Wells (Map 4). 

GatheLing laterals would be installed on the Tuktoyaktuk Pennisula and 

possibly Richards Island. Reserves at the above two locations would be the 

primary candidates for development. Possible production site~ are Ivik, 

Kumak, Kugpik, Niglintgak, Atkinson, Tuk, Mayogiak: and Kamik (Map 2). 

The maximum carrying capacity of the 300 rom diameter oil pipeline system 

would be @ 8 000 m3jday but throughput would be determined by the 

availability of excess capacity in the Norman Wells Pipeline. Excess 

capacity is presently available, if additional pumping power were installed, 

and is expected to increase by 1991 due to decreased production from the 

Norman Wells field. Such limited capacity could likely be supplied from one 

or two onshore fields using production pads of 20-40 wells at each field. 

Despite the relatively limited carrying capacity of a small oil pipeline, 

installation of such a system could be expected to spur interest in 

exploration and development in the Mackenzie Delta area and throughout the 

MEMP study area. 

Production drilling and processing facilities at the fields chosen to supply 

the small oil pipeline would be scheduled for completion to match that of 

the pipeline. 



TABLE 3 

ACTIVITIES/FACILITIES/EVENTS ASSOCIATED 
WITH CONSTRUCTION OF A "SMALL" OIL PIPELINE 

DIRECTLY ASSOCIATED ACTIVITIES/FACILITIES/EVENTS 

construction of production drilling/processing pads at one or possibly 
two onshore oilfield locations on the Tuktoyaktuk Peninsula or Richards 
Island 

production drilling at each site(s) chosen above 

construction of processing facilities at the site(s) chosen above and 
placement of pipeline laterals from production sites to an injection 
point on the mainline system 

operation of production/processing facilities 

increased activity at Inuvik, possibly Tuktoyaktuk, along the Dempster 
Highway and along river barge routes and winter roads to support above 

ongoing "work-over" drilling activity at production sites 

placement of flowlines from gas processing facilities, if these exist, 
to injection points on the oil pipeline to allow the transport of 
hydrocarbon fluids produced during gas processing; flowlines to carry 
gas produced at oil production facilities to gas processing facilities, 
if the latter exist 

ongoing production drilling at initially chosen site(s) to replace 
production from exhausted wells 

additional production drilling and processing by operators not involved 
in the initial production (above) at new locations causing additional 
associated activity similar to that outlined above 

INDIRECTLY ASSOCIATED OR "SPIN OFF" ACTIVITIES/FACILITIES/EVENTS 

increased interest in exploration activity in the Mackenzie Delta 
region and throughout the MEMP study area 

discovery of new reserves as a result of increased exploration activity 
(above) 

positive feedback from new discoveries increasing incentives for 
development 
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that other smaller support bases previously active at Tunnunuk Point, 

Swimming Point, Point Farewell and Pullen Island would be re-activated to 

support onshore as well as offshore development in the immediate vicinity of 

the Delta. Of the two new support bases, only the facility on the western 

side of the Delta falls within the terms of reference for }~P. The 

existing and proposed development at McKinley Bay is located on artificial 

substrate lying immediately offshore. 

On the western edge of the Mackenzie River Delta development of port 

facilities has been proposed at both King Point and Stokes Point. Of the 

two, King Point has received the most active recent consideration with 

proposals for port development being pursued by both Peter Kiewit and Sons 

Ltd. and a partnership between Montreal Engineering Company Limited and 

Interlog Consultants Limited. The former proposal involves the construction 

of a port, camp faciliti ~s and a road inland to a quarry site. The primary 

purpose of the undertaking would be the quarrying and sale of rock to 

American and Canadian Beaufort Sea operators. Secondary income would/could 

be derived from expediting/storing material and providing a base for 

offshore drilling operations. The Montreal Engineering Company Limited/ 

Interlog Consultants Limited proposal is for the creation of a "private 

port" which would presumably derive income through offerring a wide variety 

of port facilities to Beaufort Sea operators. Both groups have made formal 

applications for surface leases but to date these applications have not been 

dealt with. 

Previously, the possible requirement for deep water port facilities on the 

western edge of the Mackenzie Delta was addressed in the Beaufort 

Sea-Mackenzie Delta Environmental Impact Statement. In that document both 

Stokes Point and King Point were considered as candidate sites for port 

development and the possibility of an all weather road being constructed 

from the Dempster Highway to the chosen site was suggested. Spokesmen for 

companies supporting the Beaufort Sea-Mackenzie Delta Environmental Impact 

Statement presently suggest a road link to a western port is not necessary. 

All proposals put forward previously by Beaufort Sea operators as well as 

more recent proposals involve the establishment of deep water docking 

facilities, substantial material storage, aircraft landing facilities and 

relatively large camps for operating and itinerant personnel. 
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A summary of ac ti viti es and fa ci lities that might be expected to be 

associated with development of a small oil pipeline system is presented in 

Table 3. 

4.5 The Dempste r Lateral Pipeline 

As part of the plan put forward for the Alaska Highway Gas Pipeline system, 

Foothills Pipe Lines (Yukon) Ltd . proposed a Dempster Lateral Gas Pipeline 

to carry Canadian gas reserves from the Mackenzie Delta to the mainline 

system in Yukon . Plans for the mainline Alaska Highway Gas Pipeline system 

are presently in abeyance but may possibly be re-activated in the early to 

mid 1990 ' s. If the mainline system were to be completed in the mid to late 

1990's a Dempster lateral might be constructed in the l a te 1990's and early 

years of the next century . Such development would be appropriate only if 

the Polar Gas Pipeline or similar system were not in place at that time. 

Development activities associated with a Dempster Lateral Gas Pipeline would 

be similar in most respects to those set out for the Polar Gas Pipeline 

(Table 1) with the exception that indirectly associated or spin-off activity 

would tend to occur in the Mackenzie Delta area and in Yukon Territory 

rather than along the Mackenzie River Valley . 

4.6 Offshore Development 

While development and activity in offshore locations is outside the terms of 

reference for MEMP , consideration of shore based facilities and a ctivities 

which will result from or suppor t offshore development is not. Facilities 

which presently support offsh or e exploration are located primarily in 

Tuktoyaktuk with important but se condary support fa cilities in Inuvik. 

Because both communities are important centers of transport and transhipment 

for the entire region , they can be expec t ed to continue as centers of 

activity during ongoing development . 

Other support bases have been proposed f or of fshore development . These 

include a major support base and f acility on the western side of the 

Mackenzie Delta at either King or Stokes Point and a site along the 

Tuktoyaktuk Peninsula at McKinley Bay. It might reasonably be expected 
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5.0 DEVELOPMENT ACTIVITIES AND FACILITIES 

Previous sections have outlined the state of hydrocarbon development in 

several regions within the MEMP study area together with major transport 

system proposals which will control future development. Accepting the 

nature and timing of the several transport proposals put forward a picture 

of the kind and direction of future development can be perceived. That 

picture is one of accelerating development over the next 20 years. While 

that is likely an accurate impression of the future development, 

uncertainties exist with respect to the timing and therefore the intensity 

of development. Hydrocarbon market conditions directly influence the 

viability of pipeline systems. Conditions which caused transport systems 

considered technically feasible to be uneconomic would slow and possibly 

eliminate hydrocarbon development in the study area. The discovery of 

hydrocarbon reserves in b~th the Colville Lake region and in areas adjacent 

to Norman Wells is also uncertain. Failure to locate reserves would of 

course directly affect future hydrocarbon activity and development in those 

areas. 

As uncertainties cannot be avoided and because potential development would 

vary widely in response to factors of uncertainty, it may be desirable to 

examine a range of scenarios. Selection of the most appropriate single 

scenario or group of scenarios will be an important step in the MEMP effort. 

To assist in the evaluation of potential scenarios, a series of activity 

summaries is included (following). These are designed to describe the 

nature and general intensity of each activity and/or facility in terms that 

can be related to environmental disturbance or concern. Additional 

information will be available to meet specific demands during the workshop 

and/or additional summaries can be prepared. Checklists of facilities and 

activities associated with hydrocarbon development follow. 

FACILITIES 

Camps Permanent Access Roads 

Temporary Roads Temporary Airstrips 

Permanent Roads Permanent Airstrips 

Temporary Access Roads Temporary Wharves 
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Permanent Wharves 

Staging Sites 

Borrow Pits 

Support Bases 

Exploration Drill Sites 

Production Drill Sites (platforms) 

Oil Processing Facilities 

Gas Processing Facilities 

Gathering Lines 

Gathering System Terminal(s) 

Fuel Storage Facilities 

Right-of-way 

Oil Pipelines 

Gas Pipelines 

Pump Stations 

Compressor Stations 

Topping Plant(s) 

Water Supply 

ACTIVITIES 

Ground Transportation 

Air Transportation 

Water Transportation 

Clearing 

Grading/Ditching 

Blasting 

Water Withdrawal 

Domestic Waste Disposal 

Industrial Waste Disposal 

Exploration Drilling 

Delineation Drilling 

Pipeline Construction 

Pipeline Operation 

Gas Processing 

Oil Processing 
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Fuel Storage 

Reclamation 

Tree Harvesting for Wood Chips 

Gravel/Borrow Removal 

Gravel/Borrow Placement 

Water Injection 

Gas Injection 



SUMMARY DESCRIPTION 

SEISMIC EXPLORATION 

Seismic surveys vary widely in character depending upon the specific 
information sought. Some involve three to four men traversing survey lines 
in summer carrying sophisticated light-weight sensors. The more usual 
approach involves large crews, the use of heavy equipment and explosives. 
The latter surveys are usually undertaken in winter over frozen ground. 

SURFACE DISTURBANCE: 

PERSONNEL: 

ACCOMODATION: 

MOBILE EQUIPMENT: 

ACCESS: • 

FREIGHT TO SITE: 

AIRCRAFT: 

FUEL: 

AIR EMISSIONS: 

FLUID WASTES: 

SOLID WASTES: 

NOISE: 

GRAVEL REQUIREMENTS: 

DURATION OF ACTIVITY: 

ranges from slash line to minor surface 
disturbance involving 0.5 - 0.8 ha/km 

depending upon the nature of surveys being 
completed, crew size can vary from 4-60 

in most cases a mobile camp that moves with 
the work on a daily basis 

1 -6 light units 1 
0-10 medium units 
0-6 heavy units 

usually via temporary winter roads and 
along cleared survey track; in some cases 
by helicopter 

consumables by helicopter and/or supply 
vehicle 

infrequent helicopter support 

to support type and numbers of mobile 
equipment, transported in mobile tanks; 
resupply along survey line or along other 
appropriate access routes; recent surveys 
have required 700 to 900 l/km surveyed 

fuel combustion 

domestic - nil to 8 m3/day to ground 
industrial wastes - nil 

domestic - incinerated 
industrial - nil 

vehicular operation 

nil 

for complete survey - days to several 
months 
at anyone location - fraction to several 
days 

light units under 3 tonnes; medium units 3-10 tonnesj heavy units 10+ 
tonnes; super heavy units 50+ tonnes. 



Region Total 
To Date 

SUMMARY DESCRIPTION 

SEISMIC EXPLORATION 
(cont'd) 

REGIONAL ACTIVITY/TIME PROFILE* 
km (000) seismic survey 

1985-89 1990-94 1995-99 2000-04 Cumulative 
Total 

Norman Wells **16 16 10 10 52** 

Colville Lake **28 70 100 80 278** 

Mackenzie Delta **51 130 120 80 381** 

* 

** 

The level of future exploration activity in the MEMP study area is 
dependent upon a number of variables. In the short-term the availability 
of additional land for exploration, the nature of fiscal arrangements 
affecting exploration expenditures and land claims are factors which may 
affect decisions by firms active in exploration. Other factors having 
longer-term significance include world energy prices, the result of ongoing 
exploration efforts and the presence/absence/likelihood of transport 
systems to move potential discoveries to market. As a result of these 
several factors most firms active in seismic exploration within the MEMP 
study area can not predict future levels of effort beyond the budgetary 
period in which they are presently operating. 

Future levels of seismic exploration indicated in the above table are 
assumed and are based on the scenario outlined in section 6.0. 

Statistical summaries for seismic surveys reviewed used units not easily 
combined. Prior to 1981 seismic survey effort was expressed as "seismic 
crew months" (Indian and Northern Affairs Canada, 1984) while recent 
summaries (Canada Oil and Gas Lands Administration, Annual Reports) express 
seismic survey effort as "km of seismic survey shot". To appreciate the 
magnitude of previous seismic activity and its distribution, HEMP 
participants can consider the following: 

between 1961 and 1981 a total of 1786 crew months of seismic work was 
completed in Yukon Territory and N.W.T. Effort varied from an annual 
low of 5 crew months in 1979 to a high of 235 crew months in 1972. 

recent statistics expressed as thousands of kms of seismic survey shot 
by year are: 

all Canada lands 
mainland territories 
Mackenzie Delta/Beaufort Sea 

1984 

63·8 
5·3 
7·9 
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1983 

106.7 
2.7 
7·6 

1982 

117.8 
3·5 
6·3 

1981 

84.8 
·3 

13·0 

Total 

383·1 
11.8 
34.8 



SUMMARY DESCRIPTION 

EXPLORATION DRILLING 

Exploration drilling can vary widely in character depending upon site 
conditions, equipment used and season of drilling. In the Delta region 
drilling equipment is usually supported on gravel pads or upon pile 
supported platforms. Access in Delta locations may be by helicopter or more 
usually over winter roads; barge transport is often utilized during open 
water periods. In other areas drilling may be completed in winter on frozen 
ground with little site preparation other than clearing and levelling. 

SURFACE DISTURBANCE: 

PERSONNEL: 

ACCOMODATION: 

MOBILE EQUIPMENT: 

ACCESS TO SITE: 

FREIGHT TO SITE: 

FREIGHT FROM SITE: 

AIRCRAFT: 

FUEl,: 

l<'Uill.. STORAGE: 

2-3 ha 

30-50 

temporary portable camp 

during site preparation 5-10 light units1 
10-20 heavy units 

during operation 3-6 light units 
2-3 heavy units 

winter roads (most cases) 
barge transport (some delta locations) 
helicopter transport (some remote 
locations) 

for rig, camp and consumables 
300 truck loads initial 
150 truck loads resupply; or 
1500 helicopter lifts initial 
600 helicopter lifts resupply 

for gravel pad if used 
1500 truck loads 

for rig and camp 
75 trucks; or 
30 helicopter lifts 

for gravel if salvaged 
1200 truck loads 

for helicopter rig - 5-10 flights/day 
during drilling for resupply 
for land supported drilling - 2 flights/day 
using light fixed or rotary wing craft 

10 000 l/day (includes all 
activities/requirements) 

40 000 1 when resupply possible 
600 000 1 to 1 500 000 1 when resupply not 
possible (freeze-up and break-up) 

light units under 3 tonnes; medium units 3-10 tonnes; heavy units 10+ 
tonnes;super heavy unit 50+ tonnes. 
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SUMMARY DESCRIPTION 

EXPLORATION DRILLING 
(cont'd) 

AIR EMISSIONS: fuel combustion 
brief flaring from well possible 

FLUID WASTES: domestic 4-7 m3/day to sump 
used mud and cuttings 1000-2000 m3/well to 
s~p 

SOLID WASTES: domestic - incinerated daily 

NOISE: 

industrial drill cuttings 200-400 m3/well to 
s~p 

65 to 75 dBA @ 20 m 
attenuates to background @ 500-1000 m 

GRAVEL REQUIREMENTS: o to 50,000 m3 depending upon site conditions and 
use of pile supports 

DURATION OF ACTIVITY: 60-120 days 

REGIONAL ACTIVITY/TIME PROFILE* 
# of exploration wells 

Region Total 
To Date 

1985-89 1990-94 1995-99 2000-04 C~ulative 

Total 

Norman Wells 400+ 50 70 30 25 575+ 

Colville Lake 7 35 70 70 60 242 

Mackenzie Delta 146 64 150 100 65 525 

* The level of future exploration activity in the MEMP study area is 
dependent upon a n~ber of variables. In the short-term the availability 
of additional land for exploration, the nature of fiscal arrangements 
affecting exploration expenditures and land claims are factors which may 
affect decisions by firms active in exploration. Other factors having 
longer-term significance include world energy prices, the result of ongoing 
exploration efforts and the presence/absence/likelihood of transport 
systems to move potential discoveries to market. As a result of this 
complex of factors most firms undertaking exploration in the area are 
unable to confidently predict levels of exploration effort beyond the 
immediate budgetary period in which they are operating. 

Future levels of exploratory drilling effort indicated in the above table 
are ass~ptions based on the scenario outlined in section 6.0. 
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SUMMARY DESCRIPTION 

PIPELINE CONSTRUCTION 

Pipeline construction can involve widely varying levels of effort depending 
upon the size and nature of pipe being installed. For gathering lines, 
small crews using limited equipment are involved in localized areas. For 
transmission lines, construction effort is divided into sections called 
"spreads". Each spread is completed by a spread crew responsible for all 
activity within the assigned area. Spread crews can vary in size from 400 
to 800 men. Length of spread is determined by the length of the 
construction season (usually three winter months) and the difficulty 
anticipated due to terrain. Spread lengths can vary from 100 to 200 km and 
for any project several spreads may be active along the pipeline route in 
anyone season. 

SURFACE DISTURBANCE: 

PERSONNEL: 

ACCOMODATION: 

MOBILE EQUIPMENT: 

ACCESS: 

FREIGHT TO SITE: 

AIRCRAFT: 

FUEL: 

right-of-way (ROW) 2.5-3.5 ha/km 
access roads, stockpile sites, compressor/ 
pump stations an average of @ 1 ha/km 

mainline construction 600-800/spread 
facility construction (compressor/pump 
stations) 50-200 

temporary, portable camps 

mainline construction spread 
light 1001 
medium 100 
heavy 100 
super heavy 10 
plus 150 specialized partially mobile 
pieces of equipment 

along a limited number of winter access 
roads to ROW 
most movement (access) along ROW 

pipe 
cast weights 
select backfill 
pump/compressor components 

light helicopter at each mainline camp for 
medi-vac and intermittent survey 

for equipment operation; moved from 
stockpile sites or storage sites at camps 
daily by fuel (service) trucks; recent 
small pipeline installation used @ 
15 000 l/km for mobile equipment only; 

light units under 3 tonnes; medium units 3-10 tonnes; heavy units 10+ 
tonnes; super heavy units 50+ tonnes. 
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FUEL: (cont' d) 

AIR EMISSIONS: 

FLUID WASTES: 

SOLID WASTES: 

GRAVEL/FILL REQUIREMENTS: 

DURATION OF ACTIVITY: 

SUMMARY DESCRIPTION 

PIPELINE CONSTRUCTION 
(cont'd) 

big inch estimates for north, such as Alaska 
Highway Gas Pipeline, involve> 300 000 l/km for 
mobile equipment 

for space heating @ 4 gals/man/day 

fuel combustion 

domestic 0.2-0.3 m3/man/day to lagoons or 
treatment plants at camps 
industrial - test fluids to ground or to 
lagoons/treatment facilities 

domestic - incinerated with remains to landfill 
industrial - primarily spoil to ground; other to 
landfill 

1000-3000 m3/km - includes requirements for 
all ROWand facilities (access roads, camp pads 
etc. ) 

spread duration 60-120 days 
project duration 1-3 years 

REGIONAL ACTIVITY/TIME PROFILE* 
km of mainline pipeline constructed 

Region Total 
To Date 

1985-89 1990-94 1995-99 2000-04 Cumulative 
Total 

Norman Wells 290** 100 200 100 o 690 

Colville Lake o 150 300 150 o 600 

Mackenzie Delta o 75 150 75 o 300 

* 

** 

Assumes construction dates presently predicted by pipeline proponents apply 
and relies on a geographic partitioning of the MEMP study area as follows: 

Mackenzie Delta region 
Colville Lake region 
Norman Wells region 

tidewater to Inuvik 
Inuvik to Ft . Good Hope 

150 km 
300 km 

Ft . Good Hope to Ft. Norman 200 km 

Includes recently completed IPL oil pipeline of which approximately 90 km 
lies within the study area and the Canol Pipeline of which 200 km is 
assumed to lie within the defined MEMP study area. 



SUMMARY DESCRIPTION 

PIPELINE OPERATION 

Gas and oil pipelines are designed to operate with a minimum of maintenance 
effort. Product movement is achieved through the operation of 
pumps/compressors at intervals along the pipeline. The pipe is maintained 
so as to be physically secure through regular right-of-way (ROW) maintenance 
and chemical conditions both within and around the pipe are monitored and, 
if necessary, controlled. Personnel and equipment required for maintenance 
are a small fraction of that required for construction. The nature of 
contractual arrangements for the delivery of product by a pipeline operator 
are such that a premium is placed on preventive maintenance leading to 
uninterrupted flow of product. Unplanned interruptions in flow are viewed 
as emergencies and dealt with as such. 

SURFACE DISTURBANCE: 

• 

PERSONNEL: 

ACCOMODATION: 

MOBILE EQUIPMENT: 

STATIONARY EQUIPMENT: 

areas disturbed during construction are 
stabilized and a cover of low growing 
vegetation is planted or encouraged to grow, 
primarily for erosion control; areas near 
compressors/pumps/fuel storage are cleared of 
vegetation to prevent fires; access to and 
along the ROW is maintained at least in the 
form of a single vehicle width track 

varies with area and type of pipeline; 
Polar Gas anticipate @ 60 persons working 
from each of two district centers (Inuvik 
and Norman Wells) along @ 650 km of 
pipeline in the MEMP area 

operations personnel generally live in 
communities in which their operations 
offices are located; provision for 
temporary accomodation at pump/compressor 
facilities and at other remote locations 
frequently visited by operations staff are 
characteristically part of northern 
operations 

for each operations district responsible 
for 200-300 kID of pipeline 

light 10-20 
medium 5-10 
heavy 10-20 

for gas pipelines of 800-1 000 mID diameter, 
working near capacity, compressor stations 
of 10-15 000 kW power at about 100 kID spacing 
would be required; chilling adds @ 50% 

for oil pipelines of around 500 mID diameter, 
working near capacity, pump stations of 
around 4 000 kW would be required every 60 to 
80 km 
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ACCESS: 

AIRCRAFT: 

FUEL: 

AIR EllISSIONS: 

FLUID WASTE: 

SOLID WASTE: 

GRAVEL/FILL REQUIREMENTS: 

DURATION OF ACTIVITY: 

Region 

Norman Wells 

Colville Lake 

Mackenzie Delta 

Total 
To Date 

90** 

o 

o 

SUI'iMARY DESCRIPTION 

PIPELINE OPERATION 
(cont'd) 

access to all pipeline facilities (ROW) must be 
available at all times to allow emergency 
repair 

for normal operations much of the "available" 
access will not be used or will be used within 
predetermined time periods to avoid disturbance 

each operations district will have or regularly 
use 1-2 light aircraft (fixed or rotary wing) 

to operate vehicle equipment - diesel 

to operate stationary equipment - natural gas 

fuel combustion 

domestic to community systems or lagoons 

industrial lubricants etc recycled or 
incinerated 

inconsequential amounts 

for access and ROW maintenance > 
10 m3/km/year 

10-50 years + 

REGIONAL ACTIVITY/TIME PROFILE* 
km of pipeline operated 

1985-89 1990-94 

90 290 

o 300 

o 150 

1995-99 

490 

600 

150 

2000-04 

490 

600 

300 

Cumulative 
Total 

* Assumes construction dates presently predicted by pipeline proponents apply 
and relies on georgraphic positioning of the MEMP study area as follows: 

** 

Mackenzie Delta region 
Colville Lake region 
Norman Wells region 

tidewater to Inuvik = 
Inuvik to Ft. Good Hope 

Ft. Good Hope to Ft. Norman 

150 km 
300 km 

200 km 

Assumes 90 km of IPL Pipeline lies within MEMP study area. 
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SUr~ARY DESCRIPTION 

PRODUCTION DRILLING 

Production drilling is similar to exploratory drilling in most respects but 
may involve multiple rigs active at a single site over longer periods of 
time. The activity consists of drilling a number of wells for use in 
producing reserves in quantity and/or for re-injection of unwanted produced 
materials (produced water, surplus gas or oil). At a production site 
drilling activity continues at a reduced rate after production begins as a 
result of well-workovers and the requirement for additional wells to 
maintain production. 

Plans for the Delta region call for production clusters consisting of 
multiple wells drilled directionally from a single support pad or platform. 
More than one platform may be involved in the development of a single field. 
Production drilling in other regions within the MEMP area may vary from that 
planned on the Delta and more closely resemble conventional approaches with 
widely spaced single wells. 

In a production cluster situation processing equipment will be placed on the 
production drilling pads/~latforms and the two activities (production 
drilling and production processing) will occur simultaneously, in close 
proximity, for the productive life of the field. 

SURFACE DISTURBANCE: 

PERSONNEL: 

ACCOMMODATION: 

MOBILE EQUIPMENT: 

ACCESS TO SITE: 

FREIGHT TO SITE: 

4 to 5 ha at site 
10 to 45 ha at gravel source 
20-40 ha for access roads in a 
multi-cluster situation 

50 to 150 depending upon stage of activity 

portable camp(s) 

during site preparation 20 light 1 
200+ heavy 

during drilling 3-5 light 
2-5 medium 
10-20 heavy 

temporary winter roads 
over permanent access roads from wharves 
via STOL aircraft or helicopters 

for rigs (3), camp and initially required 
consumables 

800 truck loads initial 
150 truck loads resupply if drilling 5-10 
wells 

for gravel pad 
10 000+ truck loads 

light units under 3 tonnes; medium units 3-10 tonnes; heavy units 10+ 
tonnes. 
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FREIGHT FROM SITE: 

AIRCRAFT: 

FUEL: 

FUEL STORAGE: 

AIR EIlISSIONS: 

FLUID WASTES: 

SOLID WASTES: 

GRAVEL REQUIREMENTS: 

DURATION OF ACTIVITY: 

SUMMARY DESCRIPTIOn 

PRODUCTION DRILLING 
(cont'd) 

for rigs (3) and camp 300 truck loads 
for gravel if salvaged 10 000 + truck 
loads 

light aircraft (fixed-wing or rotary) 4-6 
flights/day 
medium fixed-wing 1/day 
heavy fixed-wing 1/week 

30 000 l/day assuming 3 rigs 

during freeze-up/break-up @ 2 000 000 1 

fuel combustion 
brief flaring from well tests 

domestic 10- 30 m3/day to sump(s) 
used mud and cuttings 1000- 2000 m3/well 
to sump(s) 
wash water 10-30 m3/day to sump(s) 

domestic - incinerated 
industrial - 200-400 m3/well to sump 

200-300 thousand m3 

depending upon number of wells required and 
number of rigs used, initial drilling of 
production and disposal wells could be 
completed in @ 6 months . One rig would 
likely be kept at the site for well 
workovers -and future drilling requirements. 
The latter activities would continue for 
the duration of production (20 years). 

REGIONAL ACTIVITY/TIME PROFILE 

# of Production Clusters To Date 1985- 89 1990-94 1995-99 2000-05 

Mackenzie Delta 0 0 15 20 20 
Colville Lake 0 0 0 0 0 
Norman Wells 8+ 10 12 14 18 

Above figures are based on present activity at Norman Wells and the scenario 
outlined in section 6.0. It is assumed production drilling in the Colville 
Lake area will be completed at widely spaced single wells rather than 
clusters. Numbers of production wells assumed for Colville Lake in the 
four time periods are 0, 30, 55 and 50 (see section 6.0). 
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SUMMARY DESCRIPTION 

PRODUCTION PROCESSING 

Plans for processing produced hydrocarbons in the Delta area involve 
placement of processing equipment on support adjacent to or contiguous with 
that used for production drilling. In other parts of the study area 
processing facilities will not necessarily be in close proximity to 
production wells. 

Processing of gas involves the removal of hydrocarbon liquids and drying 
(removal of water) before injection into transmission pipelines. Oil 
processing involves the separation of hydrocarbon fluids from entrained gas 
and water. In both cases, produced water is usually disposed of to 
injection wells. Hydrocarbon fluids produced in the gas process are used 
for fuel on-site, piped to adjacent oil processing facilities or 
re-injected. Similarly, gas produced at oil processing facilities can be 
re-injected, used as fuel or marketed, if transportation systems are 
nearby. 

In Delta regions surface disturbance, personnel, accomodation, construction 
equipment and access to ~ites will be similar to and in most cases shared 
with those outlined for production drilling (see previous summary). 
Additional freight to and from the site will arise from the completion of 
processing facilities as well additional industrial emissions and wastes. 
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6.0 A POSSIBLE DEVELOPMENT SCENARIO 

A multitude of possible hydrocarbon scenarios for the MEMP area can be 

formulated. The scenario outlined on the following pages is based on past 

and existing development in the MEMP study area and upon the authors views 

of what is likely to occur in future. MEMP participants may disagree with 

all or part of the scenarios presented. Discussion of points of difference 

within the various workshop groups and at general participant meetings is 

essential if a scenario suitable for supporting workshop decisions 

concerning environmental monitoring is to be developed. 

The following scenario is relatively optomistic. It sees two of the 

proposed transport systems, the Polar Gas Pipeline and the Mid-sized Oil 

Pipeline, going ahead on a schedule which approximates that presently 

desired by the proponents. It assumes additional hydrocarbon discoveries in 

the Mackenzie Delta region and in the Colville Lake region but not near 

Norman Wells. Levels of seismic exploration, exploration drilling, oil and 

gas production, oil and gas processing and increases in the capacity of 

transport systems that might reasonably be expected to arise are 

assumed and inserted in appropriate sequences. 
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ACTIVITIES, FACILITIES, EVENTS WITHIN THE HEMP STUDY AREA 

MACKENZIE HYDROCARBON DEVELOPMENT SCENARIO 

TOTAL YEAR 
ACTIVITY/FACILITY/EVENT TO DATE 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 

TRANSPORT SYSTEM(S) 

I CONSTRUCTION I OPERATION 

1. 324 DUD Norman Wells to Zama Lake "--1 , 
oil pipeline 

2. 914 DUD Mackenzie 
. 

Delta to Edeon 
natural gas pipeline I I 

3· 400 - ·600 DUD Mackenzie Delta to 
Zama Lake oil pipeline . I I 

------------------- ---- ---------- --------- ---------

· kilometres (00) of mainline pipe 
inetalled and operating 1 1 1 1 1 1 1 1 8 8 8 8 8 14 14 14 

· kilowatts (000) of power (pump/ 
compression/chilling) operating 1 1 1 1 1 1 1 1 23 23 23 23 23 46 46 46 

· # of pump/compressor stations 
operating 1 1 1 1 1 1 1 1 3 3 3 3 9 9 9 9 

· # of heater stations .operating 0 0 0 0 0 0 0 0 2 2 2 2 2 2 2 . 2 

------------------- ----~------------------- ---------
Transport systems included in the scenario are those now in place, planned or being considered. 

ADDITIONAL DISCOVERY OF HYDROCARBONS 

1- Norman Wells region 
oilfield 
gaB field 0 

2. Colville Lake region 
oilfield 0 

bJ J] gas field 0 

----~-------------------

00 01 02 03 04 

---------

14 14 14 14 14 

46 46 46 46 46 

9 9 9 9 9 

2 2 2 2 2 

----------

~ 

TOTAL 
TO 2005 

------

@ 14 

@ 46 

9 

2 

- ----

1 
o 

o 
3 

cont'd ------
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MACKENZIE HYDROCARBON DEVELOPMENT SCENARIO (cont 'd ) 

TOTAL YEAR 
.;.;.;;..;;...;;;....;..;;;;.;;.;;..J...;;~=~~:.=-=--_____ -t.....:T:.;::0~DA:.:..:T:..:E+...:8::,,:5~86 til 89 89 90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 

3· 

4 . 

Mackenzie Delta (onshore) 
oilfie l d . 
gas fi e ld 

Beaufort Sea (offshore) 
oi lfie ld 
gas field 

4 
3 

3 . 
3 

01 01 

Discovery of additional hydrocarbon reserves i s assumed for scenario pu rposes . 

SEI SMIC EXPLORATION 
(000) k:m of survey comp l eted 

1 . Norman Wslls region • 2 2 2 5 5 5 5 2 2 2 

2. Colville Lake region • 2 3 3 10 10 10 15 15 15 15 

3. Mackenzie Delta region 8 7 7 7 10 20 20 20 30 30 30 

----------------- - -- - --- ~---- - ---- - - - -- -- ----

t] 01 

- - - - - - - - - - - _ . - - - - - - - -

2 2 2 2 2 2 2 2 2 2 

20 20 20 20 20 20 15 15 15 15 

30 25 25 20 20 20 15 15 15 15 

---- - ---- - ----- - ---

TOTAL 
TO 2005 

8 
9 

11 
11 

52· 

278· 

381· 

------
A level of seismic exploration activity reflective of recent trends is inserted in the first .several years of the scenario. As the scenario 
develops levels of seismic exploration are assumed to reflect likely reaction to the announcement and installation of transportation 
systems and the announcement of additional hydrocarbon discoverie s assumed above • 

• Statistics for seismic survey are difficult to relate to the study regions identified for KEMP. Statistics kept before 1981 were 
general ly expressed as "seismic crew months ".. Since 1981 statistics published by COGLA are expressed as "kni of seismic shot". 
In both pre 1981 and recent data eummaries figures are given for regions not directly comparable to those of most use in KEMP. To 
give MEMP participants an appreciation of the magnitude of previous activity the following statistics are included here: 

between 1960 and 1981 a total of 1786 crew months of seismic work was completed on Yukon and NWT lands. 

s tatistics for recent years expressed as thousands !an seismic ehot 

1984 1983 1982 1981 TOTAL 

al l Canada Lands 63·8 106.7 117.8 84.8 373.1 
mainland territories 5·3 2. 7 3·5 ·3 11.8 
Mackenzie Delta-Beaufort Sea 7·9 7.6 6·3 13·0 34.8 
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MACKENZIE HYDROCARBON DEVELOPMENT SCENARIO (cont'd) 

TOTAL YEAR TOTAL 
ACTIVITY/FACILITY/EVENT TO DATE 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 TO 2005 

EXPLORATION DRILLING 
# of wells 

1. Norman Wells region 400+ 10 5 5 15 15 15 15 15 15 10 10 5 5 5 5 5 5 5 5 5 575+ 

2. Colville Lake region 7 5 5 5 10 10 10 20 20 10 10 10 20 20 10 10 10 20 10 10 10 242 

3· Mackenzie Delta region 146 7 7 10 20 20 30 30 30 30 30 20 20 20 20 20 15 15 15 10 10 525 

------------------- ---- ---------- --------- --------- --------- ------
A level of exploration drilling activity reflective of recent trends is inserted in the first several years of the scenario. As the scenario 
dsvelops additional drilling can be expected to result from the announcement and comple~ion of transport systems and is assumed to 
result from the announcement of additional discoveries as these are made. 

PRODUCTION DRILLING 
# of wells 

1- Norman Wells region 90 10 10 10 10 10 12 12 12 12 12 14 14 14 14 14 18 18 18 18 18 380 

2. Colville Laks region 0 5 10 15 15 10 10 10 10 10 10 10 10 10 135 

3· Mackenzie Delta region 0 30 60 30 40 30 30 30 30 30 30 30 30 30 30 30 490 

------------------- ----'----------- --------- ---------- --------- -----
Production drilling inserted in the scenario includes that now being completed at the Norman Wells field to supply ths recently completed IPL 
Oil Pipeline and that expected to maintain future pipeline throughput. Also inserted is an aeeumed level of drilli~g required to 
prepare for and eupport gas pipeline and oil pipeline operation shown under "transportation systems". Discovery of natural gas and production 
is assumed for the Colville Lake area. Assumed production drilling figures include allowance for drilling · of additional wells to 
maintain production lost through exhaustion of initially drilled wells. -

Approaches to production drilling vill be different in the several study regions. In the Mackenzie Delta area drilling will be 
concentrated on a small number of drilling pads from vhich individual wells vill be directionally drilled to tap different portions of the 
reservoirs. In the Colville Lake area it is likely that wells will be independently - located. In the Norman Wells area both approaches will 
be used. 

multiple well pads 

Norman Wells region 9 27 

Colville Lake region o 

Mackenzie Delta region o 7 7 3 3 3 3 3 3 3 3 3 3 3 3 3 54 



MACKENZIE HYDROCARBON DEVELOPMENT SCENARIO (coot'd) 

YEAR 
92 93 94 I 95 96 97 98 99 I 00 01 ACTIVITY/FACILITY/EVENT 

TOTAL 
I TO DATE I 85 86 87 88 89 I 90 91 02 03 04 I 

TOTAL 
TO 2005 

Producing wells require maintenance "workover .drilling" which in maoy respects resembles drilliog acti vi ty proper. As a result acti vi ty at 
production well-sites can be expected to be ongoing on an iotermitteot basis (once per year) at single independently located wells and 
continuously at directionally drilled clusters. 

Production at any well usually consists of a mixture of oil, gas (liquid and gaseous hydrocarbons) formation water and quantities of formation 
detritus or other entrained materials. To allow transport of gas to processiog facilities where it can be properly conditioned for injection 
into transport systems some level of on-site production processing is attempted. Such processing usually consists of separation of vater and 
detritus, separation of gaseous and liquid hydrocarbon, re-injection of produced but unwanted materials and injection of gas to a small 
diameter flowline for transport to centralized facilities. These activities require outside activity and equipment. 

GAS PROCESSING AT A CENTRALIZED 
FACILITY 

I CONSTRUCTION I OPERATION 

1- Norman Wells region 0 0 

2. Colville L!llte region 0 r 1 1 

3· Mackenzie Delta region 0 3 I :5 

------------------- ----'----------- --------- ---------- ---------- -- ---- ---
Produced natural gas requires a degree of treatment and conditioniog before injection into transmission lines . The number and location of gas 
plants shown here reflects those proposed/planned in the Mackenzie Delta area to support a transmission line (Polar Gas 914 mm) as well as 
a single plant BBsumed for the Colville Laks area. 

GATHERING LINE SYSTEMS FOR G~ 
PROCESSING 
# km installed that year 

Norman Wells region 

2. Colville Lake region 

Mackenzie Delta region 

o 

o 

o 
____ L..... ________ _ 

50 50 

50 50 50 

50 50 50 50 50 

50 50 50 50 50 

Figures shown reflect those expected to support the initial requirements of gas plants proposed/planned/assumed above as well as those 
required to connect additional production sites to processiog plants as initially drilled production wells are exhausted. 

o 

350 

400 
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MACKENZIE HYDROCARBON DEVELOPMENT SCENARIO (cont'd) 

TOTAL YEAR TOTAL 
ACTIVITY/FACILITY/EVENT TO DATE 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 TO 2005 

OIL PROCESSING AT PRODUCTION CLUSTERS 
# of facilities 

1- Norman Wells region 0 0 

2. Colville Lake region 0 0 

,. Mackenzie Delta region m 2 -------------------- ---- L- _________ --------- --------- --------- ------
Oil processing facilities shown are those required to support the mid-sized oil pipeli!e (production from one offshore field and two onshore 
fields). Only onshore facilities ars shown. Oil is assumed not to exist in the Colville Lake region. Oil in the Norman Wells area is 
presently processed at a centralized facility (see below). 

OIL PROCESSING AT CENTRALIZED 
FACILITIES 
# of facilities 

1. Norman Wells region 

2. Colville Lake region 0 o 

3· Msckenzie Delta region 0 o 
---------------------------------- --------------------
Oil from production sites in the Norman Wells field is presently gathered via a 40 kilometre long pipeline which carries it to central 
processing facilities in Norman Wells. Production techniques for oil in the Mackenzie Delta area are outlined in the previous section. Oil 
is assumed to be absent from ths Colville Lake area. 

GATHERING LINE SYSTEMS FOR OIL (PRE
MAINLINE INJECTION) 
# km installed that year 

1. Norman Wells region 

Colville Lake region 

Mackenzie Delta region 

40 

o 

o 

----------------------------------

40 

o 

100 50 150 

---------- ----------
Gathering lines assumed are those neceesary to connect two producing oil fields (onshore) to a common injection point on the mid-sized oil 
pipeline proposed. 



MACKENZIE HYDROCARBON DEVELOPMENT SCENARIO (cont'd) 

TOTAL YEAR TOTAL 
ACTIVITY/FACILITY/EVENT TO DATE 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 TO 2005 

SUPPORT BASES 

I CONSTRUCTION 71 I OPERATION 

1. Norman Welle region 0 0 

2. Colville Lake region 0 0 

3· Mackenzie Delta region 2 11 3 
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LAND SUBSIDENCE AS AS RESULT OF FLUID WITHDRAWAL 

Deformation of surface terrain associated with the production of oil and 

gas can be caused by compaction of reservoi r rocks when fluids are wi thdrawn. 

Subsidence due to withdrawal of fluids can occur when: a) reservoir fluid 

pressures are lowered, b) reservoir rocks are compactible (usually 

uncemented) and/or are unable effectively to resist deformation upon the 

transfer of load from the fluid phase to the grain-to-grain contacts, and c) 

overburden lacks internal self-support and can easily deform downward. 

Rieke III and Chilingarian (1974) reported that the 1969 International 

Symposium of Land Subsidence in Tokyo found that the main li thological and 

structural characteristics of subsidence areas included the following: 

1. Sediments are unconsolidated and lack appreciable cementation. 

2. Sediment section is thick. 

3. Porosity of sands is high: 20-40%. 

4. Sands are interbedded with clays, fine silts and/ or siltstones, and 

shales. 

5. Fluid production is voluminous. 

6. Age of sediments is Miocene or younger in the case of oil-producing 

areas. 

7. Producing formations are located at shallow depths: 300-1000 metres. 

8. Overburden is composed of structurally weak sediments. 

9. In oil-producing areas, the reservoir beds have flat or gentle dips 

at the structure crest. 

10. Tension-type faulting, often with a graben central block, present. 
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The susceptibility of a formation to subsidence is dependent on factors 

such as the degree of compaction due to previous depth of burial during 

geologic time, types of clays, shape and size of sand grains, the relative 

proportions of interbedded clays and sands. Subsidence can only occur if 

there is a load transfer upon fluid removal. The static load represents the 

effective weight of the overburden material and is referred to as the 

geostatic pressure. The maximum amount of load transfer possible at a 

particular depth is equal to the fluid or hydrostatic pressure at that point. 

The mechanism by which the load could change is as follows: the 

geostatic pressure gradient is equal to the sum of the intergranular 

(grain-to-grain load) and hydrostatic pressure gradients. As fluid is 

withdrawn from the reservoir, the hydrostatic pressure decreases and the 

buoyant effect of the fluid is lost. The intergranular load increases and the 

geostatic load decreases. - An increase in intergranular pressure can cause 

compaction with the amount depending on the nature of the reservoir rocks. 

Sands and silts can be compacted by grain rearrangement and crushing, while 

plastic flow can occur in argillaceous sediments. 

History 

There are several areas of land subsidence related to oil and gas 

production. Examples are Goose Creek, Texas; Lake Maracaibo, Venezuela; 

Niigata, Japan; the Po Delta, Italy; and Long Beach, California (Bissel and 

Chilingarian 1975). The most dramatic of these was the subsidence that 

occurred at Long Beach in the 1940's and 1950's, above the Wilmington oil 

field. Oil was being produced from seven zones between depths of 760 and 1800 

metres in Recent to Miocene age sediments. The productive zones were 23-70% 

sand with porosities ranging from 24-34%. Subsidence occurred during that 

time over an area of 57 square kilometers to a maximum depth of about 9 m at 

the centre of the "bowl" created. 

Mackenzie Delta Situation 

The problem of land subsidence due to fluid withdrawal in the Mackenzie 

Delta area appears to be variable. Land overlying oil reservoirs is not 
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expected to experience any subsidence as the operators will likely utilize 

pressure maintenance techniques such as water injection during production. 

Gas fields considered in the Delta area are as follows: Shell - Niglintgak; 

Esso - Taglu; Gulf - YaYa (North and South) and Parsons Lake. 

Shell identified the potential for subsidence problems in a 1979 report. 

The main gas-bearing reservoir in the Niglintgak field, the A sand, is thick, 

unconsolidated and near-surface, indicating the subsidence could be a 

significant problem. Shell concluded that a subsidence bowl could form as the 

field is depleted, wi th a 90% chance that the maximum subsidence after 25 

years of production will be 0.5 m. There is about a 10% chance that the 

subsidence would be as much as 2.6 m. As land elevations in the area are only 

about 0.5 - 2.0 metres above the river water level, severe subsidence could 

lead to flooding of some land areas, which in tum could cause thawing and 

collapse of the upper 2 - 3 metres of ice-rich ground. Maximum subsidence was 

predicted to possibly occur under the river about 0.3 kilometres south 

southeast of the B-19 well, potentially altering the river channel itself 

(Shell 1979). 

Esso, in looking at the subsidence potential for the Taglu field, 

concluded that it would not be a serious problem due to the depth of the 

reservoir and to the fact that it was of limited areal extent (A. Telford, 

pers. comm.). 

Gulf's Parsons Lake field contains gas in the Parsons sandstone which is 

Lower Cretaceous in age. The prospective gas-bearing sands lie at an 

approximate depth of 2600 - 2800 metres. The sands at YaYa North lie at a 

depth of about 1700 - 2070 metres in sediments of Lower Eocene to Upper 

Oligocene, while those at YaYa South are at 1920 - 2470 metres in Lower Eocene 

sediments (A. Bienia, pers. comm.). The age and depth of these sands would 

seem to preclude the possibility of land subsidence in these areas being a 

problem. 
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P.O. Box 457 
King City, Ontario LOG lKO 
Research Interests:: Wildlife 
biology. 

Peter Mclaren 
LGL Limited 
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P.O. Box 2703 
Whitehorse, Yukon YlA 2C6 
Research Interests: Avian ecology, 
raptor biology. 

Heather Myers 
Department of Renewable Resources 
Government of Northwest Territories 
Yellowknife, N.W.T. XlA 2L9 
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Marine Mammal Management 
501 University Crescent 
Winnipeg, Manitoba R3T 2N6 
Research Interests: Marine mammal 
biology, harvesting. 

Dave Sutherland 
Environmental Protection Service 
Environment Canada 
Yellowknife, N.W.T. XlA 2N3 
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