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PREFACE 

Thi s report has been prepared as a supporti ng document to the 
Environmental Impact Statement for Beaufort Sea Hydrocarbon Production. 
Its primary purpose is to provide a detailed review of the literature 
describi ng various acti vities, wastes and di sturbances which may be 
associated wi th future hydrocarbon expl orati on and producti on acti viti es 
in this region. The report also identifies the degree of potential 
concern associated with various aspects of thi s proposed development. 
Specific detai 1 s regardi ng quantiti es of wastes and 1 evel s of acti vity 
provided in this report are not necessarily consistent with figures shown 
in the EIS since the latter document reflects the most current estimates 
of the petroleum industry. 

Wayne S. Duval 
Project Director 
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THE BIOLOGICAL EFFECTS OF HYDROCARBON EXPLORATION 
AND PRODUCTION RELATED ACTIVITIES, DISTURBANCES AND 

WASTES ON MARINE FLORA AND FAUNA 
OF THE BEAUFORT SEA REGION 

1.0 INTRODUCTION 

This report summarizes existing information on the potential 
bi 01 ogical effects of acti viti es, di sturbances and wastes associated with 
petroleum hydrocarbon exploration and production. Since this is a supporting 
document to the Dome/Esso/Gulf Environmental Impact Statement for Beaufort Sea 
Hydrocarbon Production, primary emphasis has been placed on the biological 
resources of this region as well as the activities, wastes and disturbances 
which may be associated with this development. Major sections of the report 
di scuss the bi 01 ogica 1 effects of (1) common di sturbances, acti viti es and 
wastes, (2) wastes and disturbances associated with both exploration and 
producti on drilli ng, (3) producti on, storage and transportati on-rel ated 
sources of disturbance, and (4) environmental emergencies including gas 
blowouts, crude oil spills or blowouts, and refined fuel spills. A separate 
section describing the biological effects of chemically dispersed oil has been 
included within the discussion of environmental emergencies since this cleanup 
measure, if approved and undertaken, could result in significantly different 
biological effects than those which may be associated with crude or refined 
oil salone. 

Si gnificant i nteracti ons between development components and specific 
marine biological resources were identified through the use of a matrix 
(Figure 1-1). The level of available information describing the nature of 
these interactions is highly variable, and the biological effects of some 
wastes and sources of disturbances such as drilling fluids, aircraft and 
dredgi ng are reasonably well documented. On the other hand, the effects of 
some materials such as cement slurries, completion fluids and water/glycol 
blowout-preventer control fluid are less extensively discussed in the 
literature. In addition, there is considerable difference in the level of 
existing information for some biological communities, with the biological 
effects of many activities and wastes on micro-organisms and epontic 
communities being virtually unknown. 

As a supporting document to Volume 4 of the Beaufort Production EIS, 
this report also identifies the degree of potential concern (negligible to 
major) which may be associated with each of the interactions shown in Figure 
1-1. The following definitions were used during this assessment: 
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A Major Concern exists when a regional population or 
species may be affected to a sufficient degree to cause a 
decline in abundance and/or a change in distribution beyond 
which natural recruitment (reproduction and immigration 
from unaffected areas) would not likely return that 
regional population or species, or any population or 
species dependent upon it, to its former level within 
several generations. 

A Moderate Concern exists when a portion of a regional 
population may be affected to a sufficient degree to result 
in a change in abundance and/or distribution over more than 
one generation of that portion of the population or any 
population dependent upon it, but is unlikely to affect the 
integrity of any regional population as a whole. 

A Minor Concern exists when a specific group of individuals 
of a population at a localized area and/or over a short 
time period (one generation orl ess) may be affected, but 
other trophic 1 evel s are not 1 ikely to be affected ina 
manner whi ch is consi dered regi ana lly si gnificant, or the 
integrity of the population itself is not significantly 
affected. 

A Negligible Concern exists when the degree of the 
anticipated biological effects are expected to be less than 
mi nor. 

The regi on is defi ned as the Canadi an porti on of the Beaufort Sea 
south of the permanent polar ice pack, including western Amundsen Gulf (to 
123°45'W longitude) and all coastal marine and estuarine habitdts adjacent to 
these waterbodies. 

Whi 1 e the EIS focuses greatest attenti on on the most si gnificant 
biological concerns, mitigation of potential impacts as well as potential 
cumulative impacts of the proposed development scenario, this report discusses 
all interactions to the extent that is possible with the available 
literature. However, a more detailed treatment of the observed effects of oil 
spills is provided in another supporting document titled "A prospectus on the 
biological effects of oil spills in marine environments" (Duval et al. 1981). 



Figure 1- 1 Interaction matrix of petroleum hydrocarbon exploration and 
production related activities, wastes and disturbances and 
marine biological resources of the Beaufort Sea 
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2.1 

2.1.1 

4 

COMMON WASTES AND DISTURBANCES 

PRESENCE OF ARTIFICIAL STRUCTURES 

Introduction 

The physical presence of an artificial offshore structure may have at 
least four general effects on local environments: 1) loss of a small portion 
of the existing bottom habitat; 2) creation of a small area of hard 
substrate, a type of underwater habitat that is uncommon in the Beaufort Sea; 
3) alteration of local oceanographic conditions, and 4) potential effects of 
the superstructures of some facilities on birds and mammals. These effects 
would vary in magnitude according to the relative size, mobility and 
permanence of each structure, and would be most significant for relatively 
farge structures such as a production island or Arctic Production and Loading 
Atoll (APLA) which may exist for 20-30 years. The majority of artificial 
structures proposed for the Beaufort Sea will be caissons built of steel or 
reinforced concrete and placed on subsea berms of dredged sand. The following 
discussion focuses primarily on these large, relatively immobile structures 
including artificial islands, causeways and APLA's. Drillships and other 
mobile vessels are not discussed in this section since they do not result in 
habitat loss, and the organisms which colonize their surfaces are frequently 
removed. 

2.1.2 Types of Effects 

In general, the presence of artificial structures causes a localized 
increase in the diversity and abundance of marine biota on and around the 
structure, particularly where the adjacent sea bottom topography is 
consistently flat (Carlisle et al. 1964; Turner et al. 1969; Gallaway et a1. 
1979). To date, there have been no pub1ishedstudies on the biological 
effects of artificial structures in Arctic waters, although such an 
investigation was initiated by Dome Petroleum at the Tarsiut exploration 
island in 1981 (R. Hoos, Dome Petroleum Ltd. pers. comm.). Underwater 
structures usually attract fish because they create areas of reduced currents, 
refuge from predators, and enhanced food production (Tarbox and Spight 1979), 
and may also elicit a general thigmotropic reaction (attraction to objects) in 
some species (Breder and Nigrelli 1938). Subsea water intake screens may 
attract and subsequently result in the impi ngement of some species of mobil e 
benthic invertebrates, while steel, rock or concrete structures can provide 
habitat for the attachment of hard-substrate colonizers such as kelp, 
barnacles and tunicates (Chin et a1. 1979). The presence of offshore 
artifici a 1 structures in the Beaufort Sea cou1 d subsequently attract mobil e 
benthos and atypical fish species, and lead to the establishment of "island 
communiti es" whi ch are different from the communities in surroundi ng 
soft-bottom areas. These communi ti es cou1 d be simil a r to those associ ated 
with the boulder patches off Prudhoe Bay. 
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2.1.2.1 Habitat Loss 

The presence of permanent offshore structures wi 11 resul tin the 
complete loss of benthic communities beneath subsea berms, although the areas 
affected would represent a very small portion of the available offshore 
benthic habitat. Offshore artifica 1 i sl ands constructed to date have covered 
between 0.005 km2 (Adgo) and 0.2 km2 (Isserk) of benthic habitat, 
dependi ng on water depth and construction method. Future APLA I s constructed 
in water depths up to 60 m coul d eac h occupy as muc has 1. 8 km 2 of sea 
bottom (EIS Volume 2). Nevertheless, this will represent a very small 
percentage of the total IImari ne zone" habitat (depths of 30 to 200 m; Wacasey 
1975) in the southeast Beaufort Sea. Other effects of artificial island 
construction associated with dredging are discussed in Section 2.4. 

2.1.2.2 Artificial Substrate Effects 

The construction of several artificial structures in the Beaufort Sea 
may cause significant but localized changes in the composition of biological 
communities due to the rarity of natural hard substrates in this region. The 
most extensive area of natural hard substrate in the Canadian Beaufort is 
along the west coast of Banks Island. 

The potential form and sequence of artificial substrate colonization 
in the Beaufort Sea cannot be accurately predicted but may be estimated from 
available information on the biology and occurrence of benthos in this region, 
in conjunction with the results of studies of hard substrate colonization in 
temperate and tropical waters. However, the results of investigations 
i niti ated at Tarsi ut duri ng 1981 wi 11 provi de more site-specific i nformati on 
on recolonization processes. The pioneer stages of colonization usually begin 
with the accumUlation of bacteria and benthic diatoms on the barren surfaces 
of recently-immersed structures (OINeill and Wilcox 1971). This is followed 
by settlement of algal spores and invertebrate larvae, and their subsequent 
growth and proliferation. The later stages of colonization involve the 
immigration of motile fauna which become residents and the eventual attraction 
of visiting pelagic species. 

Several factors will likely influence the degree and rate of 
colonization of artificial substrates in the Beaufort Sea. The species and 
number of invertebrates which could colonize these substrates would depend on 
the number of species having planktonic larval stages (meroplankton), the 
abundance of meroplankton and the growth rates of colonizing species. 
Limiti ng factors whi ch coul d subsequently affect the growth and survi va 1 of 
species which colonize offshore structures in the Beaufort Sea may include ice 
formation and scouring of substrates, particularly within 3 to 4 m of the 
surface, and possible adverse effects associated with the release of heat, oil 
and other potentially toxic substances from or near the artificial structures. 
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Annual growth rates of arctic invertebrates are typically low (Dunbar 
1968), and as a resul t, establ i shment of communiti es on a rtifici al structures 
in the Beaufort Sea may be considerably slower than that documented for 
structures in temperate or tropic latitudes. Nevertheless, recent 
observations of a blowout preventer stack in the Beaufort Sea which was 
located at a water depth of 60 m for approximately 1 year indicated that 
colonizing fauna (hydroids, tube worms and tunicates) were already more 
diverse and abundant than in adjacent undisturbed soft substrate habitats (Can 
Dive Ltd. videotape). The slow growth rate of arctic flora and fauna may be 
increased if the structure itself or the surrounding water is artificially 
hedted (Section 4.2), or if any exotic organisms present in ballast water 
released from tankers are able to survive and colonize the structure (Section 
4.3). On the other hand, concurrent release of drilling muds and fonnation 
cuttings could reduce the growth of some less motile colonizing species 
(Section 3.1.8). However, there is limited infonnation regarding the nature 
of these primary and synergi stic effects in Arctic waters, or the physical 
conditions that may prevail around such artificial structures. As a result, 
the types and rates of colonization on artificial structures in the Beaufort 
Sea remain largely unknown. 

2.1. 2.3 Altered Oceanographic Regimes 

The presence of an artificial structure may cause local changes in 
existing currents, wave action against the structure, ice rubble fields, areas 
of thi nice and open water in the 1 ee of a structure, and a ltered sediment 
deposition patterns. These effects would only be expected to occur in a very 
small portion of the Beaufort Sea, and would tend to diversify the existing 
offshore oceanographic environment. Regionally significant alterations in 
oceanographic patterns due to artificial structures are consi dered unl i kely, 
although concern has been raised by local hunters and trappers that artificial 
islands built beyond the outer edge of the landfast ice may cause an extension 
of this zone and delay breakup. 

A review of ERTS/Landsat satellite photographs taken each spring 
since 1973 has indicated that the greatest nonnal variation in the extent of 
shorefast ice occurs off Mackenzie Bay, and since this date, the location of 
the landfast ice edge has fluctuated over a distance of 70 km (Joint 
Tuk-Industry Task Force 1982). In 1973, the ice edge was located at about the 
20 m water depth contour. Duri ng the other years, the shel tered nature of 
Mackenzie Bay has resulted in an extension of the ice edge northwards into the 
deeper parts of the Bay. The least annual variability in the extent of the 
landfast ice is found northwest of Herschel Island where the edge is typically 
located about 20 km from the shore. An excepti on to thi s trend was observed 
in 1975, when unusually cold and severe conditions in this part of the 
Beaufort Sea caused the ice edge to be almost twice this distance from shore. 
Monitoring programs conducted near two offshore artificial islands in the 
Beaufort Sea (Issungnak and Kaglulik) indicate that these structures did not 
influence the location of the landfast ice edge (Joint Tuk-Industry Task Force 
1982) • 
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Artificial islands within the landfast ice zone create rubble fields 
as a result of the relatively slow movement (usually less than 10 m over one 
winter) of the ice sheet against islands (EIS Volume 2). Islands constructed 
in the transi ti on zone where the ice is movi ng at a greater rate (3 to 13 
km/day) would likely cause the formation of ice rubble fields in a roughly 
tear-shaped pattern downstream of the island as ice is deflected by the 
structures, although this shape may differ as the rate and direction of ice 
movement in this zone change throughout the winter (EIS Volume 2). However, 
neither of these ice anomalies is likely to significantly delay the timing or 
extent of ice breakup in the Beaufort Sea, which are naturally .variable (Burns 
1974) and depend on the annual variability in winds, temperature and the 
discharge of the Mackenzie River. 

2.1. 3 Effects of Artificial Structures on Marine Mammals 

The biological effects of the physical presence of artificial 
structures on marine and marine-associated mammals would probably be largely 
indistinguishable from effects associated with composite industrial activities 
in both offshore and terrestrial areas. Although terrestrial mammals may be 
directly affected by artificial structures through habitat loss, the 
relatively limited size of these structures in relation to available habitat 
would make this loss insignificant, provided that structures were not located 
in critical habitats. 

Artificial structures in offshore areas which may affect marine 
mammals include shallow and deep water production islands, Arctic Production 
and Loadi ng Atoll s (APLA I s) and temporary expl orati on i sl ands. However, 
noi se generated at these structures will probably have greater effects on 
marine mammals than the actual physical presence of exploration and production 
facilities (Sections 2.6.5 and 2.7.2). To date, eighteen exploration islands 
have been constructed off the Mackenzie Delta without apparent adverse effects 
on marine mammal populations. Short-term disturbance of white whales occurred 
duri ng the construction phase of some i sl ands, but thi s di sturbance was 
believed to be related to the supporting logistics traffic. On tile other 
hand, white whales were frequently observed within 100 m of the Netserk South 
artificial island during a period when the island was operational in 1975. 
Kannerk artificial island is situated within the travel corridor of white 
whales along the Tuktoyaktuk Peninsula, and has had no detectable effect on 
the movement of whales in this area (Fraker 1977a). 

Similarly, large numbers of bowhead whales have been observed in the 
vicinity of artificial island (Issungnak 0-61) construction activities in the 
southeastern Beaufort Sea, and these individuals were apparently not disturbed 
by the presence of the artificial structure and associated noi se (Section 
2.6.5) (Fraker et ale 1981). One bowhead came within 16 m of the barge camp, 
and a total of b4 whales were observed within 10 km of Issungnak during 5 days 
of survey effort from August 5 to 22, 1980 (Fraker et al. 1981). 
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Ar~ificial structures within the 100 m isobath could result in a very 
localized reduction in the food supply of bearded seals due to loss of habitat 
for benthic infauna (Section 2.1.6). However, these indirect effects would 
undoubtedly be negligible in view of the extremely limited area affected. 
Since ringed seals feed primarily on pelagic invertebrates and arctic cod, 
artificial structures would not have similar indirect effects on this species. 

The greatest potential concern related to artifici a 1 structures is 
the attraction of polar bears and Arctic foxes to offshore sites during 
periods of ice cover and to onshore sites year-round. Thi s attraction has 
been documented duri ng exi sti ng operati ons in the Beaufort, and increased 
utilization of terrestrial, and landfast and transition zone ice areas for 
hydrocarbon production-rel atedacti vi ti es would almost certainly increase the 
frequency of encounters with these species. During operations at Tarsiut from 
November to April 1982, industrial personnel sighted numerous Arctic foxes and 
a total of 23 polar bears at distances ranging from 0.6 to 19 km of the island 
(Ward 1982). The potential attraction of these species is the subject of 
further discussion in relation to human presence (Section 2.2.2). 

2.1.4 Effects of Artificial Structures on Birds 

As with marine and marine-associated mammals, the biological effects 
of the physical presence of artificial structures on Arctic birds will also be 
largely indistinguishable from the effects of composite industrial activities 
(e.g. airborne noise, aircraft, human presence, etc.). However, some 
collisions of birds with offshore platforms and ships may be attributable to 
the actual physical presence of these structures. Unenclosed gas flares on 
production islands may also attract some birds during periods of low 
visibility (Section 4.1.3), resulting in collisions with permanent 
facilities. In the southeastern Beaufort Sea region, the birds most likely to 
collide with offshore structures include loons, eiders, oldsquaws, 
thick-billed murres and black guillemots since these species migrate offshore 
at low altitudes and are relatively unmaneuverable. 

Migrant birds could collide with man-made structures during periods 
of low light and foggy weather (cf. Weir 1976; Avery et al. 1978). The 
potential for collisions is likely to be greatest duringTog-,-rain or snow, 
si nce bi rds are often attracted to 1 i ghted structures under poor vi si bil ity 
conditions (Weir 1976; Avery et al. 1978). Avery et al. (1977) reported that 
on overcast nights, more nocturnal migrants were seen near a 366 m 
navigational tower in South Dakota than at a site 305 m away, while the 
opposite trend was observed on clear nights. This investigation suggested that 
migrant birds avoided the tower under good visibility conditions. 

Bourne et al. (1979) report that some marine birds linger around offshore 
structures Til the North Sea, and this increases the probability for contact 
with oil or other industrial discharges normally or accidentally associated 
with these facilities. In the Beaufort Sea region, birds most likely to 
linger near artificial structures may include gulls, jaegers and terns since 
these species typically forage offshore during the open water period and are 
attracted to sites of human activity elsewhere in the world. 
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2.1. 5 Effects of Artificial Structures on Fish 

Artificial structures in aquatic environments attract most age 
classes of a variety of pelagic and mid-water fish species. There is a 
relatively extensive literature describing colonization of subsurface 
artificial structures (reefs) constructed of materials ranging from rip-rap 
and automobile tires to modular cement structures. These installations have 
encouraged fish colonization in otherwise Ibarren l environments or have 
further increased the carryi ng capacity of already productive areas such as 
estuaries. Artificial structures may provide refuge from predators (Wickham 
and Russel 1974) or habitat which allows establishment of various cryptic 
fauna and epifauna, and thi sin turn may attract juveni 1 e fi she Hunter and 
Mitchell (1967) suggest that submerged artifi ci a 1 structures may increase the 
schooling behaviour of some species by acting as a visual stimulus. In a 
similar manner, Klima and Wickham (1971) report that artificial habitats 
function as a spatial reference which aides in the orientation of pelagic 
speci es. 

Information describing the effects of artificial structures on fish 
in Arctic marine environments is largely in the form of anecdotal 
observati ons. Tarbox and Thorne (1979) reported that resi dent rna ri ne speci es 
were attracted to a simple PVC structure placed beneath the ice, while Tarbox 
and Spight (1979) observed Arctic cod in association with artificial habitats 
in Prudhoe Bay. Olmsted (1977a) reported a significantly greater abundance of 
epifaunal invertebrates in the lee of an artificial island (Arnak L-30) in the 
Beaufort Sea, and since many species in this region feed almost exclusively on 
epifauna (isopods, mysids, cumaceans, amphipods) , some fish may be attracted 
to artificial structures which support higher standing stocks of epifauna than 
adjacent undisturbed areas. 

Investi gati ons conducted at subsurface structures intemperate and 
tropical 1 atitudes suggest that fi sh uti 1 i zation of envi ronments created by 
artificial structures is both more rapid (Wickham and Russell 1974) and 
intensive (Russell 1975) than adjacent natural habitats. Immigration to 
artificial structures tends to be immediate (Kl ima and Wickham 1971), but 
rapidly stabilizes as the carrying capacity of the substrate and adjacent 
waters is reached (Fast and Pagan 1974). For example, Wickham and Russell 
(1974) observed colonization of an artificial structure by pelagic fishes the 
day following its placement. Although both pelagic and demersal species 
utilize artificial habitats, the relative abundance of colonizing surface 
fishes invariably exceeds that of bottom fishes (Klima and Wickham 1971; 
Chihiro and Takayoshi 1978). 

Several studies have been directed at examination of the 
characteri stics of underwater artificial structures which lead to attraction 
of fish. For example, Wickham and Russell (1974) were unable to significantly 
increase the rate or number of fish attracted to an artificial structure 
either by increasing its size or painting it with a fluorescent colour. 
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However, Wickham et ale (1973) found that larger schools of bait fishes were 
attracted to mulTIple structures. Thi s i nvesti gati on d 1 so indicated that 
artificial structures attracted more fi sh than comparable control areas, 
irrespective of the depth of the structures, although the greatest attraction 
to underwater structures was observed at a water depth of 26 m. Wickham and 
Russell (1974) subsequently demonstrated that 1 arger numbers of fi sh were 
attracted to offshore than to inshore artificial habitats. They al so noted 
that drifting structures (i.e. boats, barges, floating platforms) were 
accompanied by fish even when towed. Russell (1975) suggests that wave action 
is the singlemost important factor affecting colonization. Severe wave action 
and resultant substrate scour limit biotic succession, and affect colonization 
through the transport of mobile fauna and invertebrates. 

Available data suggest that pelagic and mid-water fishes will be 
attracted to production platforms, vessel s and barges, and other subsurface 
structures in the Beaufort Sea. Although attraction of fish to structures (or 
underwater sound) may not be di rectly harmful, congregations of fi sh are more 
1 i kely to be exposed to other wastes and sources of di sturbance (e. g. heated 
water, drilling wastes) than naturally distributed stocks in Arctic regions. 

2.1. 6 Effects of Artificial Structures on Benthic Communities 

There is an extensive data base describing benthic recolonization in 
marine areas of the world other than the Arctic, and although different 
species are involved, the basic ecological requirements of marine flora and 
fauna are often common. In California, Carlisle et al. (1964) described 
colonization of submerged streetcars by barnacles; (mostly Balanus 
tintinnabulum) within a few days after their placement in an artificial reef, 
whil e tunicates appeared withi n 6 months. Other common encrusti ng 
invertebrates on offshore oil production facilities have included scallops, 
mussel s, hydroi ds, sea anemones, sponges and tube worms. Large macrophytic 
algae have also been shown to colonize solid surfaces. 

The effects of artificial structures on benthic flora and fauna have 
been a subject of limited investigation in the Beaufort Sea region, although 
the foll owi ng observati ons provi de some basi s for assessment of poss; bl e 
effects. Thomas et al. (1980) reported that barnacles and attached algae 
colonized oceanographic instruments moored in Tuktoyaktuk Harbour within 
several weeks of installation, while Slaney (1973) noted colonization of 
filamentous green algae on submerged cobble and driftwood in shallow waters 
off the Mackenzie Delta. The best documented example of a hard-bottom benthic 
community in the Beaufort Sea region is the boulder patches near Prudhoe Bay. 
Divers removed encrusting flora and fauna from 0.05 m2 plots on 14 boulders 
between August and r~ay to observe the recol oni zati on process (Dunton and 
Schonberg 1980). Hydroi ds were the only organi sms to tol erate the heavy 
siltation on the denuded surfaces and many plots were not recolonized at all 
during the period of study. However, as indicated earlier (Section 2.1.2.2), 
diverse and extensive recolonization of a blowout preventer stack has al so 
been documented in the Beaufort Sea region. 
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Generally, after the initial establishment of a bacterial film on a 
newly submerged surface, subsequent stages of hard-substrate colonization 
involve various members of the benthic community. In the Chukchi-Beaufort Sea 
region, the larval component of the plankton is apparently dominated by 
barnacle larvae (Johnson 1956; Horner 1978). Other relatively dominant groups 
include meroplanktonic stages of hydrozoans (Carey 1978), bivalves, 
gastropods, annel ids, echi noderms, and decapods, whi 1 e rel ati vely few 1 arvae 
of ascidians and bryozoans are present in the planktonic community (Johnson 
1958). Annual variability in the abundance and composition of meroplankton in 
the Chukchi Sea was described by Johnson (1956). The abundance of larvae in 
the eastern and southern Beaufort Sea was found to be low relative to that in 
the Chukchi .Sea and western coastal Beaufort Sea (Johnson 1956; Grainger 
1965). More recently, Horner (1978) has reported that larvae of barnacles, 
polychaetes and echinoderms were more abundant in the Chukchi Sea than in the 
Beaufort Sea. The presence of some meroplanktonic forms in the southeast 
Beaufort Sea indicates that submerged concrete and steel caissons woul d be 
colonized to a certain extent. Consequently, although there is a clear 
potential for and some documentation of colonization of hard artificial 
substrates in the offshore Beaufort, it is not possible to predict the rate of 
colonization or the initial community composition without more detailed 
information regarding the meroplankton in the region. 

Artificial structures may al so affect benthic organi sms by creati ng 
physical obstructions to the local wind, waves, ice and currents. Production 
and exploration islands will likely provide sheltered and exposed environments 
similar to those associated with natural barrier islands and spits in the 
region. Windward and leeward habitats exist primarily during the open water 
season, and the limited available data suggest that densities of mobile 
invertebrates such as amphipods and euphausi i ds coul d be much hi gher in the 
lee of artificial islands (Olmsted 1977b). These alterations in oceanographic 
regimes would increase the diversity of offshore habitats and as such, will 
probably represent positive but localized effects of artificial structures. 

The elimination of natural soft-bottom habitat by an artificial 
island would likely affect benthic organisms to varying degrees, depending on 
the depth zones where exp 1 orati on and producti on faci 1 i ti es a re constructed. 
Wacasey (1975) characteri zed benthic faunal associ ati ons off the Mackenzi e 
Delta according to water depth. Using his data for average benthic biomass in 
different depth zones., an artificial island constructed in 2 m of water could 
result in the di rect loss of approximately 2400 kg of benthic organi sms, 
whereas the same size island in 60 m of water would require a larger base and 
could eliminate 14,000 kg of benthic biomass (Section 2.4.8). However, the 
amount of benthic habitat affected would also depend on the design of 
artificial drilling platforms. At a given water depth, caisson-retained 
structures require a smaller base (and resultant habitat loss) than 
sacrificial beach designs since the former do not reach the surface where 
erosion takes place, and therefore can have steeper slopes. Benthic 
recolonization of sacrificial beach islands and underwater slopes resulting 
from dredging programs are also discussed in Section 2.4.8. 
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2.1. 7 Summary of Concerns Related to Artificiai Structures 

Artificial structures in coastal and offshore waters of the Beaufort 
Sea may result in both positi ve and negative impacts on mari ne resources. 
Shelter produced by production platforms and hard surfaces associated with 
various types of underwater facilities may increase the abundance and 
diversity of some communities, particularly benthic epifauna and pelagic fi sh 
speci es. On the other hand, constructi on of producti on i sl ands wi 11 resu1 tin 
loss of benthic infauna and associated habitat, and during operation, these 
facilities may attract some species of birds and mammals. The most 
significant concern regarding artificial structures in offshore waters is the 
possible attraction of polar bears and the element of human safety (Section 
2.1.3), although collisions of birds with offshore facilities and the loss of 
habitat for some benthic organisms also may be locally significant. As 
indicated in Table 2.1-1, most concerns associated with artificial structures 
are considered NEGLIGIBLE from a regional perspective. The degree of regional 
concern regarding attraction of polar bears, Arctic foxes and some species of 
migrant birds is greater, and considered MINOR according to the criteria 
previously described in Section 1. 
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TABLE 2.1-1 

SUMMARY OF POTENTIAL CONCERNS RELATED TO THE 
PRESENCE OF ARTIFICIAL STRUCTURES IN THE BEAUFORT SEA REGION 

Envi ronmenta 1 
Component or 
Resource 

Currents and 
Sediment Deposition 

Ice Envi ronment 

Terrestrial Mammals 

White Whale, 
Bowhead Whale, 
Ringed Seal 

Bearded Seal 

Pol ar Bear 

Arctic Fox 

Mi grant Bi rds 

Fish (primarily 
pelagic species) 

Benthic Infauna 

Benthic Epifauna 

Potential or 
Probabl e Effect 

Creation of exposed and 
sheltered environments 

Creation of local rubble fields 

Local habitat loss 

Di sturbance 

Localized loss of infaunal 
food resources; disturbance 

Attraction to shorebased or 
offshore structures 

Attraction to shorebased or 
offshore structures 

Attraction to and possible 
collision with offshore 
structures, particularly loons, 
eiders, oldsquaws, thick-billed 
murres and black guillemots 

Attraction to subsurface 
structures and habitats created 
by offshore platforms 

Mortal ity and temporary habitat 
loss at artificial island sites 

Colonization of hard surfaces, 
increasing diversity and 
abundance relative to adjacent 
soft-sediment habitats. 
Utilization of sheltered habitats 
in the lee of artificial islands. 

Degree of 
Potential Regional 

Concern 

See individual 
resources 

See individual 
resources 

NEGLIGIBLE 

NEGLIGIBLE 

NEGLIGIBLE 

MINOR 

MINOR 

MINOR 

NEGLIGIBLE 

NEGLIGIBLE 

NEGLIGIBLE 
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The numbers of personnel at offshore exploration sites and shorebases 
will substantially increase with continued exploration and the eventual 
production of oi 1 and gas reserves in the southern Beaufort Sea. Personnel 
may be located on a variety of offshore facilities including production 
platforms, Arctic Production and Loading Atoll s (APLA ' s), drill ships, support 
vessel s and barge camps, as well as at shorebased facil ities such as service 
centres, harbours and borrow sites. It has been estimated that the total work 
force (i ncl udi ng off-shift personnel) coul d range from 16,400 in 1990 to 
23,600 by the year 2000 (EIS Volume 2). In addition, an estimated 45,000 
non-project personnel coul d move into the regi on as pa rt of the supporti ng 
infrastructure at shorebased facilities and administrative centres. Access of 
both project and non-project personnel to previously inaccessible inland areas 
and sites along the southern Beaufort Sea coast could increase substantially. 

Additional or existing personnel located on offshore facilities are 
not likely to create environmental concerns that are distinguishable from 
other types of disturbance, including the physical presence of artificial 
islands and drillships, and the potential effects associated with the use of 
helicopters, fixed-wing aircraft and various support vessels (see Sections 2.1 
and 2.7). Personnel located offshore would have little or no contact with 
fi sh or wi 1 dl ife, and thei r off-shift acti viti es a re presently and wi 11 
continue to be regulated by the petroleum industry. 

2.2.2 Effects of Human Presence on Mammals 

The biological effects of human presence on arctic marine and 
marine-associated mammals will probably be indistinguishable from the effects 
of composite offshore acti viti es associated with hydrocarbon expl orati on and 
production, while the presence of industry personnel at shorebased facilities 
may have potential adverse effects on some terrestrial mammal populations. 
The only marine-associated mammals which occur in offshore areas and are 
1 i kely to detect humans are pol ar bears and Arctic foxes foragi ng on the 
landfast and transition zone ice during winter and spring (Stirling et a1. 
1981a). In general, polar bears are not afraid of humans (Schweinsburg and 
Stirling 1976, cited in Polar Gas 1977), and past encounters between bears and 
people have often resulted in serious injury or death of both (Perry 1966; 
Jonkel 1970, both cited in Polar Gas 1977). For this reason, a polar bear 
monitoring program is presently maintained to alert industry personnel of 
bears in the vicinity of both shorebases and offshore operations. Although 
mitigative measures include sedation and removal of live bears, some 
individuals may have to be destroyed for reasons of human safety. The latter 
are included in the community quotas administered by the N.W.T. government. 
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Mammals which may be affected by human presence in terrestrial areas 
include polar and grizzly bears, caribou, reindeer, Arctic and red foxes, 
timber wol ves, muskrats and other small furbearers. These species may be 
subject to potential adverse effects which result from increased hunting 
pressure, habitat loss, and harrassment. The significance of these potential 
sources of disturbance is not known, but would probably be negligible when 
recreational hunting by industry personnel at base camps is controlled, access 
to biologically sensitive areas is restricted, camp/settlement garbage is 
di sposed of in an acceptab1 e manner, and access of wi 1 dl i fe to food storage 
areas is prevented. However, as indicated earlier, increased numbers of 
non-industry personnel would also enter the region as development of oil and 
gas reserves proceeds. It will be more difficult to regulate the recreational 
hunting activities of this segment of the population, and overharvest of some 
mammal speci es coul d occur un1 ess government regu1 atory agenci es establ i sh 
appropriate guidelines and restrictions. 

The only marine mammal species which occurs in nearshore areas of the 
Beaufort Sea in substantial numbers is the white whale. Approximately. 7000 
whales concentrate in the Mackenzie River estuary each July, probably for 
calving and for calf rearing (Fraker and Fraker 1979). Populations of white 
whales from other regions (e.g. Churchill, St. Lawrence River) have been 
successfully observed from terrestrial vantage poi nts without appa rent 
disturbance (Sergeant and Brodie 1975), and there is little reason to expect 
that this form of human presence would have different effects on the Mackenzie 
Estuary population. However, the latter population is subject to intense 
human disturbance associated with the annual harvest by the Inuit during its 
resi dence in the Estuary. Short-term changes in the di stri buti on of the 
whales result during the hunt, and there is also evidence that the 
concentration areas in the Estuary are vacated earlier than usual after 
repeated chases (Fraker 1978; Fraker and Fraker 1979, 1981). The noi se and 
di sturbance associ ated with thi s hunt undoubtedly exceeds di sturbances of 
humans per se, and probably al so exceeds di sturbances associated with the 
present""IeVelof industrial logistics traffic in the Estuary. 

2.2.3 Effects of Human Presence on Birds 

The effects of human presence on bi rd popu1 ati ons of the southeastern 
Beaufort Sea region are a relatively important area of potential concern with 
respect to hydrocarbon exploration and production. Species-specific 
sensitivity, type and duration of disturbance, and stage of the life cycle are 
all factors which would determine the degree of potential concern. The 
effects of human presence in offshore areas would be largely indistinguishable 
from the effects of other activities and faci1 ities. However, shorebased 
industry personnel and non-industry people may have adverse effects on some 
bird populations in terrestrial and nearshore areas. 
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Nesti ng and i ncubati ng bi rds are pt'obably most vul nerabl e to human 
disturbance, although staging migrants may also be affected to a certain 
degree. Studies conducted in several areas have shown that human disturbance 
reduced nesting success and/or survival of young Canada geese (MacInnes and 
Misra 1972), Arctic and red-throated loons (Davis 1972; Booth 1978), common 
eiders (Cooch 1965), herring gulls (Hunt 1972), glaucous-winged gulls (Gillett 
et ale 1975), western gulls (Robert and Ralph 1975), American robins, 
red-WTnged blackbirds, eastern bluebirds and mourning doves (Bart 1977). 
However, the reasons for reduced reproductive success varied between these 
species. The following discussion summarizes the results of studies on the 
effects of human disturbance on bird species that are present in the Beaufort 
Sea region, and describes the possible manners through which such disturbances 
may affect nesti ng bi rds. The suscepti bi 1 ity of se1 ected groups of bi rds in 
the Mackenzie Delta region to camps and men on foot are summarized in Table 
2.2-1, and were determined following 3 years of unstructured observations in 
this region (Slaney 1974a). 

Gollop et ale (1974a) examined the effects of human activity on 
incubation and reproauctive success of three colonial species at Nunaluk 
Spit. The results of this study indicated that incubating black brant left 
their nests when observers approached within 30 m, and would not return while 
people remained in the area. Incubating common eiders flushed when approached 
by ground observers at distances ranging from 1 to 6 m, but returned within 35 
mi nutes if the observer had 1 eft. Simi 1 ar di sturbance responses by common 
eiders were observed in the Cape Dorset area by Cooch (l965), who also 
reported that frequent flushing of incubating common eiders resulted in above 
average egg mortality. All incubating glaucous gulls took flight when the 
ground observer moved to withi n 30 m of the nesti ng colony, but returned to 
their nests within 10 min when the observer moved to a distance of 45 m and 
remained still (Gollop et ale 1974a). Observers walking to a blind positioned 
20 m from the colony aT so di sturbed the i ncubati ng gull s for a period of 
10 min. In addition, Gollop et a1. (1974a) reported that Arctic terns were 
highly sensitive to the placement of a blind near the colony after 
commencement of nesting, but the authors did not examine the sensitivity of 
this species to observers. 

Gol10p et ale (1974b) later investigated the effects of human 
disturbances assoCTatea with a 6 to 20 man camp (9 tents, 2.5 hp generator) on 
breeding densities and breeding success of birds on the Yukon North Slope in 
1972, although only the Lapland 10ngspur was present in sufficient numbers to 
permit meani ngfu1 compari sons. There were no stati stica lly si gnificant 
differences in population density between control and human disturbance sites, 
but the reproductive success of disturbed birds may have been reduced since it 
was suggested that nesting densities were lower during the year after 
disturbance by human activity (Gunn et a1. 1974). 
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TABLE 2.2-1 

SUSCEPTIBILITY OF SELECTED AVIAN GROUPS TO HUMAN DISTURBANCES 
(adapted from Owens 1977) 

Estimated Distances (m) at which 
Su scepti bi 1 i ty Di sturbance Ceased to Affect 8irds* 

Avian Group to Di sturbance 
Men 

Camps on Foot 

Loons low to moderate 
- during migration 200 200 
- at nesting site 800 200 
- general 400 200 

Whi stl i ng Swans moderate to high 
- during migration 200 800 
- at nesting site 600 1200 
- general 200 800 

Geese high** 
- during migration 400 400 
- at nesting site 1600 200 
- general 800 400 

Ducks low to moderate 
- during migration 200 100 
- at nesting site 400 100 
- general 200 100 

Shorebi rds low 
- during migration <50 <50 
- at nesting site <50 <50 
- general <50 <50 

Passeri nes less than ten meters in all circumstances at all seasons 

* based on 3 years of unstructured observations in the Mackenzie Delta 
(Sl aney 1974a) 

** susceptibility to men on foot: black brant - low 
snow goose - high 
Canada goose - moderate 
White-fronted goose - moderate 
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There are several ways in which human presence Inay have potential 
adverse effects on the reproductive success of incubating or nesting birds. 
Northern geese and ducks experience a critical period of energy demand during 
incubation, and must rely on fat reserves to sustain themselves for several 
weeks during this period (Godfrey 1966). Additional energy demands required 
to respond to repeated disturbances (e.g. flush) could result in mortality of 
weakened bi rds or cause them to abandon the cl utch and nest; both effects 
would lead to egg mortality. In addition, the temporary absence of a female 
from the nest would increase the susceptibility of the eggs to predation. 
MacInnes and Mi sra (1972) reported that some predators such as jaegers and 
gulls learn to follow humans and will prey on eggs of nesting arctic birds 
fl ushed by human presence. Di sturbance of nesti ng gull s, however, may result 
in chick mortality due to conspecific strife. For example, Gillett et ale 
(1975) and Robert and Ralph (1975) reported an increase in chick mortarrtyiat 
gull colonies disturbed by humans. Mortality resulted when chicks moved from 
home territories into adjacent territories in response to the disturbance and 
were subsequently attacked by neighbouring adults. 

Windsor (1977) studied the effects of human presence on nesti ng 
peregrine falcons in the Campbell Hills. In some instances, observers were 
able to walk to the base of the nest cliff without causing overtly stressed 
behaviour, while in other cases, birds exhibited stressed behaviour when the 
observer approached to within 1500 m of the cliff. The peregrines were more 
susceptible to disturbance during the nesting stage than during the incubation 
period. Platt and Tull (1977) reported that gyrfalcons became habituated to a 
blind 300 m from nest sites during the egg-laying and incubation periods, 
while Nelson (1978) reported that two gyrfalcons near fledging died as a 
result of several days intensive geological sampling near the nest. The 
adults successfully fledged young from the nest during the following year when 
there was no disturbance. Fyfe (1969) reported that the activities of 
trappers in early May may have caused the desertion of four gyrfalcon nests 
along the Anderson River. 

Although the effects of human presence per se on staging and migrant 
waterfowl have not been documented, severar- authors have examined the 
sensitivity of geese to airborne noise disturbances associated with industrial 
activity (Section 2.7.3). Staging snow geese and white-fronted geese were 
particularly suscepti bl e to ai rborne noi se and woul d probably be adversely 
affected by human disturbance when concentrated on the staging grounds. 
Potential disturbance responses (e.g. flushing and/or relocation to less 
favourable areas) may place additional energy demands on geese during the 
period when they accumulate fat reserves for several weeks prior to their long 
migrations. However, the ecological significance of this and other effects of 
disturbance on these species remain poorly documented. 
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2.2.4 Effects of Human Presence on Fish 

Relatively large human populations associated with industrial 
projects in previ ous1y unsett1 ed areas can result in over-exp 1 oitati on of 
easily accessible local fish stocks. Some species could be vulnerable to 
human exploitation when and where they are concentrated in small watercourses 
during migration, spawning or overwintering. In addition, areas where 
recruitment from adjacent popul ati ons is restricted, or where growth and 
reproductive rates are low (e.g. arctic lakes; Dunbar 1973) may also be 
suscepti b1 e to overfi shi ng. However, in the coastal and offshore mari ne 
habitats in the Beaufort Sea region, fish populations are well dispersed and 
mobile, and virtually no recreational fishing occurs in this region. 
Consequently, no significant effects of human presence associated with future 
offshore development wou1 d be expected. Over-exp 1 oitati on of i n1 and fi shery 
resources by project and non-project personnel would also likely be limited to 
the extent possible by the industry and government regulatory agencies, 
respecti vely. 

2.2.5 Summary of Concerns Related to Human Presence 

As indicated in Table 2.2-2, the degree of regional concern related 
to the presence of industry and non-i ndustry personnel in the Beaufort Sea 
region varies from NEGLIGIBLE, in the case of terrestrial mammals and fish 
resources, to MINOR or MODERATE with some species of birds during critical 
life history stages. Snow geese would be particularly susceptible to human 
di sturbance duri ng nesti ng and stagi ng. Si nce the regi ona 1 popul ati on coul d 
be affected to a sufficient degree (in the worst case) to result in a change 
in abundance and/or distribution for more than one generation, the degree of 
regional concern with respect to this species could be considered MODERATE. 



Resource 

Terrestrial Mammals 

Seals, Whales 

Pol ar Bear and 
Arctic Fox 

Nesting and brood­
rearing birds 

Staging and nesting 
snow geese 

Coastal and 
offshore fish 
resources 

Fish resources in 
freshwater habitats 
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TABLE 2.2-2 

SUMMARY OF POTENTIAL CONCERNS RELATED TO 
HUMAN PRESENCE IN THE BEAUFORT SEA REGION 

Potential or 
Probable Effect 

Disturbance, habitat loss 
and increased hunting 
pressures, attraction of some 
species 

Probably indistinguishable 
from effects of composite 
industrial activities 

Attraction to areas of 
human (and industrial) 
activity 

Decreased reproductive success, 
nest abandonment, increased 
susceptibility to egg 
predation, conspecific strife 
(dependent on species), 
increased energy expenditures 
associated with flushing, 
increased hunting pressures 

Disturbance and increased 
energy demands 

Over-exploitation 

Over-exploitation 

Degree of Potential 
Regional Concern 

NEGLIGIBLE to MINOR, 
depending on industry 
and government controls 

NEGLIGIBLE 

NEGLIGIBLE to MINOR 

NEGLIGIBLE to MODERATE 
(dependent on 
species and nesting 
habits) 

MINOR to MODERATE, 
depending on frequency 
of disturbances and 
location 

NEGLIGIBLE 

NEGLIGIBLE to MINOR, 
depending on industry 
and government controls 



2.3 

2.3.1 

21 

ICEBREAKING 

Introduction 

The development of offshore petroleum hydrocarbon resources in the 
Beaufort Sea region will involve icebreaking activity throughout exploration, 
producti on and transportati on phases of the project. Icebreaki ng vessel s 
proposed for operation in this region are described in Table 2.3-1. 

TABLE 2.3-1 

ESTIMATED NUMBER OF ICEBREAKING VESSELS PROPOSED FOR OR IN CURRENT 
USE IN THE BEAUFORT SEA REGION 

(Source: EIS Volume 2) 

Vessel Existing 1982- 1991- Shaft Horsepower . 
1990 2000 

Supply vessel s 
(ice-strengthened) 9 19 29 
AML X-3* 1 9 9 12,000 
AML X-6 0 13 13 27,000 
AML X-10 0 1 3 60,000 
Class 6 
Superdredge 0 4 4 60,000 

Class 10 
Tanker 0 11 24 75-150,000 

* Arctic Marine Locomotive - Experimental Class 3 

The ice-strengthened supply vessel sand AML X-3 and AML X-6 vessel s woul d 
operate primarily in the transition zone, although some activity would also 
occur in restricted areas of landfast ice. They would operate year-round to 
break up ice around the offshore platforms, and to maintain access channels 
through the fast ice between the transiti on zone and McKi nl ey Bay and Ki ng 
Poi nt duri ng spri ng I break-out I and moorage in fall. The 1 a rger AlVlL X-10 1 s 
would also be used to break up ice around offshore platforms, and would assist 
the icebreaking tankers. At the present time, the largest icebreaking vessel 
operating in the Beaufort Sea is the MV CANMAR KIGORIAK (AML X-4). An 
estimated 54 icebreaking support vessels may be required in this region by the 
year 2000 (EIS Volume 2). 
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The Class 10 icebreaki ng tankers are proposed for the transport of 
crude oil to southern markets, and would probably operate along a route known 
as the Northwest Passage through the southeastern Beaufort to Prince of Wales 
Strait, and through Viscount Melville Sound, Lancaster Sound, Baffin Bay and 
Davis Strait. After 1990, a small proportion of the fleet may move westward 
via the Alaskan coast and south through the Bering Sea. Although details 
rega rdi ng the proposed timi ng and exact geographi c 1 ocati on of the tanker 
corridors have not yet been finalized, the fleet would probably operate 
year-round, but with more frequent tri ps duri ng open water and I thi n ice l 

periods. Oil would be transferred from offshore storage and loading terminals 
(APLN s) in the Beaufort to the Class 10 icebreaking tankers. Each tanker 
could have a capacity to transport 2.4 x 107 m3 (200,000 tons) of oil per 
trip and the tanker fleet is expected to accommodate 8000 m3 (50,000 bb1s) 
per day of oil production, based on transportation to Canada1s east coast. An 
average round trip will require approximately 28 to 30 days including 8 to 15 
hours for 1 oadi ng cargo in the Beaufort. The maximum number of icebreaki ng 
tankers which may be required in the Beaufort Sea by the year 2000 is expected 
to be 24, gi ven a peak production rate of 193,980 m3/day (1. 22 x 106 BOPD) 
(EIS Volume 2). 

There are several sources of potential disturbance associated with 
icebreakers operating in the Beaufort Sea region. Subsequent sections 
describe the potential effects of: (1) the physical breaking of ice and 
movement of vessels; (2) changes in the ice regime, stability and timing of 
freeze-up and breakup, and (3) the creation of a track and artificial leads in 
the shipl s wake. In addition, the effects of fish entrainment in propellors 
of marine vessels will be briefly described. Other effects of operating 
icebreakers on marine flora and fauna are associated with disturbances that 
are common to various other industrial activities and are discussed in 
Sections 2.2 (Human Presence), 2.5 (Sewage), 2.6 (Underwater Sound), 2.8 
(Airborne Emissions), 2.9 (Disposal of Solid Waste), 4.2 (Discharge of Heated 
Water) and 4.4 (Disposal of Ballast Water). 

There is concern that icebreaki ng acti vity in the Beaufort Sea may 
influence the ice regime and affect the stability of the landfast ice-edge. 
This region is characterized by marked year to year variability in the timing 
of ice formation and breakup (EIS Volume 3A, Section 1.1) due to wind, surface 
currents, regional circulation and influences of the r~ackenzie River. 
Consequently, 1 imited icebreaki ng acti vity in the landfast ice zone is not 
expected to cause changes in the ice regime beyond the range of the natural 
ice variability (EIS Volume 4, Chapter 2, Section 4.4). The integrity of the 
artificial lead created in the track of the ship is also greatly influenced by 
prevailing winds, currents and ice pressures, and its characteristics may vary 
according to the purpose of the icebreaking activity. For example, the single 
passage of a vessel woul d probably have different effects on the surroundi n9 
ice than repeated icebreaking activity around a stationary drillship or 
offshore facility. 
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Repeated break; ng and refreezi ng of ice in corridors through the 
landfast ice may augment ice growth, subsequently make the tracks more 
difficult to maneuver through, and delay local breakup (Martec 1981). For 
example, measurements in the track left by the MV CANMAR KIGORIAK in McKinley 
Bay indicated average ice thicknesses were 25 percent greater1 than in areas 
where no icebreaking had occurred (Danielewicz 1982). Although the effects of 
augmented ice growth on breakup patterns may be locally significant. potential 
changes in the regional ice regime are expected to be within the range of 
natural variabil ity. 

Ice in a Ship's path may be overturned (exposing the under-ice 
surface), broken and forced under the ice sheet on either side of the ship 
track, or surface behind the ship. In the case of vessels making a single 
passage through the ice cover, the spati a 1 extent of these di sturbances is 
normally confi ned to a track approximately equal to the beam of the vessel. 
However, substantially larger areas would be disturbed on a regular basis when 
icebreakers are utilized to maintain ice-free areas around offshore platforms. 

There is concern that the passage of an icebreaker through an ice 
field may create a temporary open-water track that could represent a barrier 
to Inuit hunters or Arctic foxes. However, under most conditions, the passage 
of a small icebreaking vessel through thick ice leaves a rubble-filled track 
that quickly refreezes. For example, the MV CANMAR KIGORIAK (beam 17 m, draft 
8.5 m) produced a clean channel in ice thicknesses up to approximately 75 cm, 
while relatively little ice was cleared out of the track at greater ice 
thicknesses (Maclaren Marex 1979a). In ice approaching 120 cm thick, 
approximately 10/10 ice remained in the channel, and travel across the track 
was possible within 200 m of the passing vessel. It is expected that larger 
icebreakers would maintain a clearer channel in ice thicknesses approaching 
120 cm, while tracks created in ice thicker than 120 cm would likely contain 
relatively large amounts of ice (Maclaren Marex 1979a). 

Trials with the MV CANMAR KIGORIAK in r4cKinley Bay during late 
November 1981 demonstrated that the slush between the ice blocks in the track 
created by the icebreaker and 4 supply vessel s had refrozen to a thickness of 
2 cm within 1 hour of their passage. Within 2 hours, this slush had refrozen 
to a thickness of 5 cm, and a skidoo and driver (total 300 kg) was taken 
across the track with no indication of ice fracture. A 570 kg loaded komatik 
was successfully transported across the track 2.5 hours after the icebreaking 
activity (Danielewicz 1981). 

2.3.2 Effects of Icebreaking on Mammals 

The effects of icebreaki ng on ma ri ne mammals of the Beaufort Sea 
would vary with species life history activities of affected individuals during 
exposure, and tile timing and location of the icebreaki ng activity. Potential 
effects could include direct mortality through collisions, behavioural 
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disturbances associated with the physical presence and movement of the vessel, 
habi tat loss, and di sturbance by underwater noi se generated by the vessel 
itself and by the physical breaking of ice. The first three potential areas 
of concern are di scussed in the foll owi ng secti ons, whi 1 e the effects of 
underwater noi se generated by icebreaki ng vessel s are di scussed in Secti on 
2.6.5. 

2.3.2.1 Direct Mortality 

Direct mortality of ringed and bearded seal pups may result from 
collisions with icebreakers and/or crushing by displaced ice. Adult seals and 
other marine mammals (e.g. whales, polar bears, Arctic foxes) in the Beaufort 
region would probably not suffer direct mortality from icebreaking activity 
because of their ability to detect and avoid the vessels. 

Breeding adult ringed seals occupy the landfast ice zone during the 
winter, while bearded seals and subadult and non-breeding ringed seals occur 
primarily in the transition zone or at the edge of the pack-ice (Stirling et 
ale 1977). The passage of icebreaking vessels through the landfast ice may 
mrectly affect ringed seals, although mortality of adults would be unlikely 
because seals should be able to avoid the vessels and occupy the zone of ice 
rubble An the wake of the ship. For example, recent· studies in the Beaufort 
Sea showed that ringed seals reoccupied and maintained breathing holes in the 
track of the experimental Class 4 icebreaker MV CANMAR KIGORIAK (Alliston 
1980). However, mortality of newborne ringed seal pups may occur during 
spring if icebreakers operate in landfast ice areas. Ringed seal pups are 
born in subnivean birth lairs on stable landfast ice in late March or early 
April (Smith and Stirling 1975). Primary pupping habitat for this species in 
the southeastern Beaufort Sea region includes the large bays in Amundsen Gulf 
and the west coast of Banks Island (Stirling et al. 1977, 1981b). Lactation 
lasts for 6-8 weeks, although females may abandon-the pups if the ice breaks 
up early (McLaren 1958). During the nursing period, the pups would be unable 
to avoid an approaching vessel and could therefore be crushed by vessels 
passing through any birth lairs. In addition, exposure of pups to cold water 
early during the nursing period would probably be fatal. The extent of pup 
mortality would depend on the frequency and location of icebreaking activity 
and the density of birth lairs in the area of icebreaking. 

Bearded seal pups are typically born on moving pack ice during late 
April or early May, and lactation lasts for 12 to 18 days before the pups are 
abandoned (Burns and Frost 1979). r~ortality of bearded seal pups may also 
occur if icebreaking vessels pass through bearded seal pupping habitat, 
although the number of individual s affected should be relatively low because 
this species is widely distributed, the pups are able to enter the water and 
feed themselves soon after birth, and most individuals should be able to avoid 
a vessel. 
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2.3.2.2 Behavioural/Disturbance Responses 

Duri ng the September 1979 maiden voyage of the MV CANMAR KIGORIAK 
from St. John, N.B. to Tuktoyaktuk, N.W.T., direct behavioral observations of 
marine mammals along the route through pack ice areas of Viscount r~elville 
Sound were recorded (Maclaren Marex 1979a). All 5 polar bears observed during 
that portion of the trip retreated in response to the presence of the 
icebreaker, while most ringed and bearded seals observed within 1.6 km (some 
as close as 500 m) of the bow responded by submergi ng and vacati ng the area. 
Similar avoidance reactions by whales and Arctic foxes have not been 
documented, although Ifright/flightl behavioural responses may also occur with 
these species. The bioenergetic implications of icebreaker-induced avoidance 
responses by marine mammals in the Beaufort Sea are unknown, but would 
presumably vary in significance depending on species, general health of 
individuals, time of year, and frequency of disturbance. 

2.3.2.3 Habitat loss 

Icebreaking activity in the landfast ice zone or at the landfast ice 
edge may alter the timing of local breakup, although regional effects will 
probably be inconsequential (EIS Volume 2). local habitats for breeding 
ringed seals and polar bears with cubs could be created if breakup is delayed, 
while habitat for whales, bearded seals, non-breeding ringed seals, and male 
and non-breedi ng pol ar bears may be reduced. Neverthel ess, these speci es are 
probably well adapted to the marked annual variability in ice conditions which 
occur naturally in the Beaufort Sea. In addition, a localized enhancement or 
reducti on of food sources for some speci es of mammals may occur in the 
icebreakerl s track, although the degree of concern associated with these 
changes is expected to be NEGLIGIBLE due to their limited spatial extent and 
short-term nature (Sections 2.3.4, 2.3.7 and 2.3.9). 

All i ston (1980) studi ed the effects of wi nter i cebreaki ng by the MV 
CAN MAR KIGORIAK in landfast ice areas off r~cKinley Bay on the distribution of 
ringed and bearded seals during winter and during spring haul-out. The vessel 
completed three icebreaking excursions through the experimental portion of the 
study area during the winter and spring of 1980. The total length of 
icebreaker tracks was approximately 250 km, and about 4 km 2 of 1 andfast ice 
(or 0.5 percent of ice in the experimental area) was directly affected by the 
icebreaking. Comparison of breathing hole densities in the experimental and 
control areas di d not indicate any si gnificant differences in use of these 
areas by ringed seals during winter, while comparison of densities of 
hauled-out seals during the first day of the survey suggested that there were 
higher ringed seal densities in the experimental area. During the second day 
of the survey, the densities of ringed seals in the experimental and control 
areas were similar, and the author concluded that use of the experimental area 
was as high (or higher) than the control area during haUl-out. In addition, 
both wintering and hauled-out ringed seals within the experimental area 
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exhibited an apparent preference for areas in which some icebreaking had 
occurred. This observation is consistent with the hypothesis that seals are 
attracted to late freezing cracks in the ice (Smith and Stirling 1975). 
Although the number of bearded seals recorded during these surveys was not 
sufficient to determine any statistically significant trends, movement of at 
least 30 seals into the breakout track was observed during one survey 
(Alliston 1980). 

There has been recent concern that white (and possibly bowhead) 
whales may follow artificial leads created by icebreaking vessel s and become 
entrapped when the 1 eads refreeze. Natural entrapment of whi te whales and 
narwhals has been reported in west Greenland (Vibe 1967; Kape1 1977) and in 
the Canadian Arctic (Oegerb0l and Freuchen 1935; Freeman 1968; Fi n1 ey and 
Johnston 1977), although there are no records of entrapment in the Beaufort 
Sea. The potential for entry and entrapment of white and bowhead whales in 
artificial leads in the Beaufort Sea during spring is probably remote since 
these mammals are well adapted to orientation and navigation in areas with 
extensi ve ice cover, and because tracks 1 eft by vessels movi ng through thi ck 
ice (e.g. >6 m) would be filled with heavy ice rubble and refreeze rapidly 
under most conditions. 

The degree of potential regional concern regarding the overall 
effects (direct mortality, disturbance and habitat loss) of icebreaking on 
marine and marine-associated mammals will likely vary from NEGLIGIBLE in the 
case of ringed and bearded seal adults and subadu1ts, white and bowhead whales 
(given the present data base), polar bears and Arctic foxes, to MINOR and 
MODERATE in the case of bearded seal pups and ringed seal pups, respectively. 

2.3.3 Effects of Icebreaking on Birds 

In general, the potential effects of normal shipping and icebreaking 
activity on marine-associated birds in the Beaufort Sea region will probably 
be limited because these species are highly mobile and can readily avoid 
vessel s. Energy expenditures i nvo1 ved in 1 oca 1 movements of most speci es 
would likely be inconsequential. One possible exception to this 
generalization may occur during the passage of marine traffic near nesting 
colonies where birds are highly concentrated during the breeding season. 
Continual disturbance may result in reduced reproductive success, nest 
destruction or abandonment of the colony (Petro-Canada Ltd. 1981), although 
the extent and regional significance of thi s di sturbance would vary with the 
location and timing of the vessel traffic. 

The creation of 'clean' artificial leads or pools by icebreaking 
vessels operating in thin-ice areas may provide additional staging habitat for 
spring migrants (e.g. oldsqua.\vS, eiders, loons, glaucous gulls). Hm",ever, any 
effects associated with creation of artificial leads or alteration of the 
timing of breakup would probably be insignificant in relation to the marked 
annual variability in ice conditions observed in the Beaufort Sea (EIS Volume 
3A, Section 1.1). 
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Birds have adapted to the presence of ship traffic throughout the 
world, and some species (e.g. gulls, fulmars) are frequently attracted to 
ships and follow in thei r wakes (Wahl and He; nemann 1979). Ouri ng the voyage 
of the MV CANMAR KIGORIAK through nearshore ice areas in Vi scount Mel vi 11 e 
Sound in September 1979, glaucous gulls and ivory gulls were frequently 
attracted to the vessel in the same manner as gull s anywhere react to the 
presence of ships (Maclaren Marex 1979a). Several species of birds would 
probably feed withi n the ice rubbl e in the track behi nd the ship because of 
increased availability of fish and amphipods (Sections 2.3.4 and 2.3.8). 

The degree of regional concern regarding potential effects of 
icebreaking and icebreaker traffic on birds in the Beaufort Sea region is 
expected to vary from NEGLIGIBLE for spring migrant species to MODERATE in the 
case of colonial nesting birds if vessels frequently operate near the colonies. 

2.3.4 The Effects of Icebreaking and Marine Vessel Traffic on Fish 

Although the effects of icebreaking on fish remain poorly documented, 
observed and potenti al effects i ncl ude di sturbarice and a voi dance responses 
associ ated wi th underwater noi se, di rect mortality through entrai nment by 
propellers, and stranding during displacement of ice. The effects of 
underwater noise on fish are discussed in Section 2.6.6, while available 
information regarding the latter two potential effects is briefly summarized 
in the present secti on. 

The entrainment of fish by propellers could occur with all forms of 
vessels including icebreakers, although the extremely limited evidence of 
mortality suggests that most fish avoid or are forced away from ship 
propellers. In the Arctic, the only documented case of fish mortality 
occurred when Arctic cod were apparently congregated under a moored vessel in 
Prudhoe Bay, and were killed when the ship began to move (Tarbox and Spight 
1979). Although similar incidents may also occur under certain circumstances 
in the Beaufort Sea, the regional significance of fish mortality due to 
entrainment by propellers would undoubtedly be NEGLIGIBLE. 

Andriashev (1970) reported that Arctic cod were stranded on ice 
overturned by icebreaking, and subsequently taken by kittiwakes. Since the 
association of Arctic cod with irregularities in the under-ice surface has 
been documented (Emery 1973), the increa-sed structural complexity resulting 
from icebreaking may attract or provide additional habitat for this species. 
However, in view of the relatively small area of fish habitat affected by 
icebreaking, the mobility of these species and the period when most 
icebreaking occurs, the degree of regional concern associated with the effects 
of this activity on fish communities of the Beaufort Sea is considered 
NEGLIGIBLE. 
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2.3.5 Effects of Icebreaking on Phytoplankton 

There are no available data describing the effects of icebreaking on 
planktonic communities. However, some possible effects of this activity on 
phytoplankton may include the stimulation of primary production due to an 
increase in light intensity and nutrient availability, or the physical 
disturbance of the epontic community (Section 2.3.8) which may be important 
for the initiation of the summer phytoplankton bloom. 

The physical effects of icebreaking activities may be similar to the 
formation of natural leads and polynyas in the spring, although icebreaker 
tracks would refreeze within minutes during most of the winter. In a recent 
review on polynyas, Stirling (1980) emphasized the lack of information on the 
biological importance of these features, but suggested that they were 1 ikely 
one of the more ecologically important areas in the Arctic. Considerable 
biological activity occurs around polynyas, as evidenced by the large 
populations of birds and mammals which frequent these areas (EIS Volume 3A; 
Sections 3.2 and 3.3). However, it is not known whether this utilization is a 
result of increased productivity at the lower trophic levels, or simply due to 
the availability of open water and new food supplies. There is some evidence 
that wind-induced upwelling occurs along ice edges (Buckley et ale 1979), and 
thi s may act as a mechani sm for nutri ent regenerati on. The combi nati on of 
increased nutrient availability and higher light intensities in these open 
water areas may stimul ate primary producti on and phytopl ankton growth si nce 
ice cover in the Arcti cis one of the major factors 1 imi ti ng the development 
of phytoplankton populations (Bursa 1963; Allen 1971). However, icebreaking 
would only lead to a potential increase in primary productivity during spring 
and early summer, when sufficient light is available at these high latitudes 
and temperatures are warm enough to prevent immediate refreezing of icebreaker 
tracks. 

Increased primary production would generally be considered a positive 
impact of icebreaking activity, although its spatial extent would be 
regionally insignificant in comparison to open-water productivity during the 
late spring and summer. As indicated in the following section, the only 
possible concern related to localized early increases in primary production 
woul d be the potenti a 1 for premature stimul ati on of zoopl ankton breedi ng 
during a period of only temporary increased food availability. Nevertheless, 
the degree of potential concern regarding effects of icebreaking on regional 
or local phytoplankton communities is considered NEGLIGIBLE. 

2.3.6 Effects of Icebreaking on Zooplankton 

The available information on the possible effects of icebreaking on 
zooplankton is limited to those species (primarily amphipods) that are 
associated with the epontic community (Section 2.3.8). In general, any 
effects of icebreaking would be indirect, and related to any increase in food 
availability resulting from stimulated phytoplankton productivity (Section 
2.3.5). 
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In the fall, the majority of the zooplankton species descend to 
depths well below the surface water layer and the euphotic zone. They remdin 
in deep water throughout the wi nter and begi n thei r ascent in the spY'i ng. 
Even those species which continue to move into surface waters during diel 
vertical migrations are only present near the surface in low numbers. Those 
species which tend to remain in the upper levels of the water column during 
the winter (e.g. the copepods Oithona and Pseudocalanus) are not concentrated 
in a narrow surface layer as they are known to be in the late spring and 
summer (Vinogradov 1970). Therefore, if localized increases in phytoplankton 
productivity did occur during early spring, the subsequent indirect effects on 
the zooplankton community would be NEGLIGIBLE. 

The timing of the ascent and reproduction of zooplankton in the 
spring is coincident with the occurrence of the phytoplankton bloom. 
Therefore, if a 1 oca 1 i zed premature bloom resulted from i cebreaki ng 
activities, it could lead to the earlier production of eggs and larvae by 
zooplankton. This would be detrimental to the zooplankton community if the 
phytoplankton bloom was only temporary and renewed ice cover resulted in a 
reduction of available food for the larvae. Since larval fish 
(ichthyoplankton) al so feed extensively on phytoplankton and zooplankton, 
these short-term increases in primary production could have similar local 
negative effects on some fish populations. However, it is anticipated that 
regional effects of icebreaking on zooplankton would be NEGLIGIBLE since only 
relatively small and temporary areas of open water would result from this 
acti vity. 

2.3.7 Effects of Icebreaking on Benthic Communities 

There is no information on the effects of icebreaking activity on 
benthic communities, presumably because icebreaking generally occurs in waters 
deeper than where benthi c flora and fauna woul d be affected. Icebreaki ng 
activities could influence benthic communities by increasing the amount of 
incident light available to benthic micro-algae during a period when the ice 
cover normally prevents development of these populations. However, these 
flora normally only occur at depths considerably shallower than those used by 
mari ne vessel s, particul a rly in the nearshore Beaufort Sea where rel ati vely 
high suspended sediment levels further restrict light transmissibility. Since 
areas of open water would also be relatively localized and would generally 
refreeze except near breakup, any positive effects of temporary increases in 
light levels at the seafloor would likely be NEGLIGIBLE in terms of the 
seasonal productivity of the micro-algal community. 

2.3.8 Effects of Icebreaking on Epontic Communities 

Physical disruption of the ice sheet by icebreaking vessels during 
the spring bloom of epontic flora would likely result in mortality of exposed 
epontic organisms on overturned ice blocks, and also of epontic organisms 
which become trapped above or below ice fragments pushed into 1 ateral rubbl e 
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fields. This latter effect of icebreaking on epontic organisms has been 
observed from the decks of icebreakers in both Arctic and Antarctic waters 
(Andri ashev 1970; Maclaren Marex 1979a). Di rect mortal i ty of some exposed 
epontic fauna may also be associated with predation by birds (Section 2.3.3). 
Other i nvesti gators have suggested that rough under-i ce surfaces created in 
the icebreaker's track may protect invertebrates grazing on epontic flora from 
under-ice currents (lewis and Milne 1977; Divoky 1978), and could also provide 
habitat for cod which feed on these invertebrates (Emery 1973). There is an 
increasing volume of evidence which suggests that ice-edge areas of polynyas 
and recurrent leads may be more important biologically than either ice-covered 
areas or areas of open water, particularly during the winter and spring 
(Dunbar 1981). Observations of birds, fish and marine mammals concentrating 
in these areas lend support to this hypothesis, although little is presently 
known regarding the role of the epontic commmunity in this food web. During 
the spring, icebreaking may lead to an increase in the primary and secondary 
production of these regions when and where vessel traffic is frequent enough 
to maintain open areas in the ice. 

The lack of data describing other potential lethal and sublethal 
effects of icebreaking on epontic organisms, and the fact that most available 
information regarding the epontic community is site-specific and limited to a 
brief period during the spring bloom (March to June), hamper assessment of the 
overall impacts which may be associated with this activity. For example, the 
light requirements of epontic algae are not well understood, and potential 
effects which may result from the more variable under-ice light intensities in 
areas di sturbed by i cebreaki ng are therefore difficul t to a ssess. Avail abl e 
data indicate that very low light intensities are capable of initiating 
photosynthesis in the Arctic (54-107 lux; Grainger 1977), and it has been 
suggested that high light intensities may bleach the photosynthetic pigments 
of epontic algae, reduce carbon fixation and ultimately lead to the 
deterioration of the community (Apolloni 1965; Grainger 1977). Grainger 
(1977) suggested that light and annual differences in the quantity and 
duration of snow cover, rather than available nutrients, were the most 
important factors causi ng the vari abil ity in the timi ng and quantity of the 
annual sea-ice al gal bloom. However, other researchers have expressed 
confl i cti ng opi ni ons regardi ng the factors that 1 imit spri ng epontic 
production. If the epontic flora are light limited, then the community which 
developed under areas containing thicker rafted ice rubble could have an 
overall lower bi omass and productivity than communiti es in adjacent 
undisturbed areas where 1 ight penetration through the ice may be greater. 
There is only ci rcumstanti a 1 avail abl e i nformati on regardi ng the effects of 
varying light intensities on epontic fauna. Observations of amphipods 
preferentially remaining in areas of higher light intensity (Grainger 1977) 
and near cracks in the ice (Green and Steele 1975) suggest that positive 
phototropi sm coul d resul tin hi gher concentrati ons of amphipods ina reas 
fractured by icebreaking. 
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The potential effects of icebreaking prior to the spring bloom of 
epontic flora are impossible to predict because of lack of information 
regarding the distribution and physiology of the overwintering epontic 
organi sms. However, since the areal extent of any effects of icebreaking on 
epontic organisms would be minimal in comparison to the available epontic 
habitat in the Beaufort Sea region, the degree of potential concern regarding 
this activity-resource interaction is considered NEGLIGIBLE. 

2.3.9 Summary of Concerns Related to Icebreaking 

As indicated by the summa ry data provi ded in Tabl e 2.3-2, the degree 
of potential regional concern associated with icebreaki ng is NEGLIGIBLE for 
most flora and fauna of the Beaufort Sea. This is primarily due to the small 
area of disturbance in relation to available habitat for most resources. The 
most significant area of concern with respect to icebreaking in the Beaufort 
region is the potential for mortality of ringed seal pups during the spring 
lactation period (March to May) if icebreaki ng occurs in landfast ice areas, 
particularly off the Yukon coast, in Amundsen Gulf and along the west coast of 
Banks Island. Depending on the frequency and location of icebreaking 
activity, and the density of birth lairs in these areas, the degree of 
regional concern could be considered MODERATE. There is a lesser degree of 
concern (MINOR) for mortal ity of bearded seal pups, which are typically born 
on moving pack ice, since this species is widely distributed and the pups are 
able to enter the water soon after birth and could therefore potentially avoid 
an icebreaker. There woul d al so be a MODERATE degree of regional concern if 
icebreaker routes were located too close to nesting habitats of colonial bird 
speci es si nce di sturbance duri ng the nesti ng period ,coul d 1 ead to reduced 
reproductive success or nest abandonment. 



Envi ronmenta 1 
Component or 
Resource 

Ice edge 

Artifi ci a 1 
leads and 
rafti ng 

Ri nged seal 
pups 

Bearded seal 
pups 

Ringed and 
bea rded sea 1 
adults and 
subadults 

Polar bears 

Arctic foxes 

White and 
Bowhead 
Whal es 

Colonial, 
nesting bird 
speci es 
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TABLE 2.3-2 

SU~IMARY OF POTENTIAL CONCERNS RELATED TO 
ICEBREAKING ACTIVITY IN THE BEAUFORT SEA REGION 

Potential or 
Probable Effects 

Decreased integrity when tracks inter­
sect to produce continuous broken ice 
region 

Tracks and ice rubble would quickly 
refreeze in most months; rafted ice 
and/or open leads may affect some 
mammals 

Direct mortality through collision 
or crushing by rafted ice (spring; 
landfast ice zone) 

Direct mortality as above (spring; 
pack ice zone); avoidance responses 
(see text) 

Avoidance responses with subsequent 
attraction to broken ice areas; 
habitat loss for breeding ringed seals; 
habitat creation for bearded seals 
and non-breeding ringed seals 

Avoidance responses; habitat loss 
(bears with cubs) and creation 
(males and non-breeding adults) 

Avoidance responses 

Avoidance responses; habitat 
creation; entrapment in artificial 
leads 

Disturbance leading to reduced 
reproductive success or nest 
abandonment 

Degree of 
Potential 

Regional Concern 

Withi n range of 
natural ice var­
iability when 
routes controlled 

See specific 
resources for 
biological 
concerns 

MODERATE 

MINOR 

NEGLIGIBLE 

NEGLIGIBLE 

NEGLIGIBLE 

NEGLIGIBLE, given 
present data base 

r~ODERATE, 
depending on 
routes, frequency, 
and timing 



Envi ronmenta 1 
Component or 
Resource 

Spri ng 
migrant bird 
species 

Pelagic Fish 

Phytop 1 ankton 

Zooplankton 
and ichthyo­
plankton 

Benthic 
micro-algae 

Epontic 
flora 

Epontic 
fauna 
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TABLE 2.3-2 (ContI d) 

Potential of 
Probable Effects 

Creation of staging habitat for 
oldsquaws, eiders, loons and gulls; 
increased availability of food; 
attraction of some species 
(e.g. gulls, fulmars) 

Entrainment by propellers; stranding 
on overturned ice and attraction to 
under-ice irregularities 

Localized and temporary increases 
in primary production and 
growth due to increased light 
and nutrient availability 
(ice-edge upwelling) 

Indirect local increases in food 
availability if primary production 
is increased 

Increased light availability in 
shallow areas may increase 
production after icebreaker­
induced increases in water 
turbidity disappear 

Mortality on overturned ice; 
potential decreased production 
in areas with thicker or rafted ice 
where light intensity is reduced 

Direct mortality on overturned ice 
and increased predation by bi rds; 
phototropic attraction to fractures 
where light intensity is higher 

Degree of 
Potential 

Regional Concern 

NEGLIGIBLE 

NEGLIGIBLE 

NEGLIGIBLE 

NEGLIGIBLE 

NEGLIGIBLE 

NEGLIGIBLE 

NEGLIGIBLE 
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2.4.1 

DREDGING 

I ntroducti on 
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Dredging and subsequent disposal or placement of spoil will be major 
activities associated with almost all phases of future oil and gas exploration 
and production in the Beaufort Sea region. This section describes the various 
types of dredging activities, while subsequent sections provide detailed 
discussions of the potential physical effects of these operations and 
biological effects of dredging on mammals, birds, fish and members of lower 
trophic levels. 

Dredgi ng is presently requi red or may be necessary in the future for 
the following purposes: 

1. To provide materials used in the construction of artificial islands 
and foundation pads or berms for offshore platforms, and ballast for 
caisson platforms. These materials are generally taken in areas 
where water depths range from 10 to 50 m. 

2. To excavate glory holes required for drilling from floating platforms 
(conventional drillships and conical drilling units) in less than 54 
m of water. 

3. To provide ice-scour protection required for production trees, 
manifold templates, subsea pipelines and other possible seafloor 
systems. 

4. To construct 
confi gurati on 
requi rements. 

and maintain harbours of appropriate depth and 
to accommodate present and future mar; ne f1 eet 

5. To maintain artificial islands damaged by ice or wave activity, and 
possibly to assist in the removal of abandoned islands. 

Although the amount of material dredged for each purpose would vary 
dependi ng upon site characteri stic s, changi ng development requi rements and 
environmental factors (such as storm frequency), volumes of material which may 
be requi red per facil ity are presented in Tab1 e 2.4-1. The types and si zes of 
dredging equipment employed in the Beaufort Sea region would also vary with 
the location, volume and type of material to be removed, but could include 
conventional cutter suction, clamshell, dragline, suction bucket and/or 
tra il i ng sucti on hopper dredges. Dredgi ng acti viti es a re presently restri cted 
to the open water season, although after delivery of the first Arctic class 
dredge in 1983-84, dredging could occur throughout most of the year. The 
durati on of dredgi ng acti viti es woul d va ry with the type of operati on and 
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TABLE 2.4-1 

ESTIMATED DREDGING REQUIREMENTS FOR VARIOUS PROPOSED FACILITIES 
IN THE BEAUFORT SEA 

Type of Facility 

Tanker Loading Facility 
Shallow water «20m) 

Production Platform 
Shallow water «20m) 
Deep water (>20-60m) 

Exploration Island 
Shallow water 
Deep water 

Caisson Island Ballast 

Pad and Berms 

New Harbour 

Pipeline 

Glory Hole 

Time Requi red 
for Construction 

(yrs) 

3 

1 - 2 
3 - 4 

1 
2 

Volume of Dredged 
Material per Facility 

(mi 11 i on m3) 

30 

5 
40 

1 
7 

0.70-0.80 

0.76-3.8 

2 - 6 

0.05/km 

0.04-0.05 

coul d range from short-term dredgi ng programs requi red for maintenance of 
islands and harbours to an estimated three year intensive dredging program for 
construction of an APLA. In situations where granular materials for 
artificial island construction are available in the immediate vicinity of the 
site, a standard suction dredge (e.g. BEAVER MACKENZIE) equipped with a 
f1 oati ng or submerged pipel i ne may be used. In other instances, approved 
borrow locations distant from construction sites may also be utilized; in this 
case, dredged materials would be barged or carried in hopper dredges to the 
construction location. The new trailing hoppper suction dredges will be 
capable of operating in water depths of 80 m and would generally remove a 1.0 
to 1.5 m deep surface layer of granular materials. 
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2.4.2 Physical and Chemical Effects of Dredging 

Dredgi ng operati ons and artificial i sl and constructi on began in the 
southern Beaufort Sea duri ng 1972, and si nce thi s date several studi es and 
monitoring programs have been conducted in conjunction with these activities. 
The results of most of these investigations were summarized in an annotated 
bibliography by ESL (1980). In addition to these actual measurements of the 
effects of dredging in the Beaufort Sea, there are numerous literature reviews 
describing the effects of dredging on temperate aquatic environments and 
resources (e. g. Morton 1977; Wri ght 1978). The prima ry effects of dredgi ng 
and spoil disposal activities are alterations in the physical and chemical 
properties of the water column and substrate. Potential or documented 
physical and chemical effects which have been described in the above sources 
include: 

1. increased suspended sediment levels and turbidity downstream of 
operating dredges; 

2. reductions in dissolved oxygen and increases in nutrient 
concentrations downstream of operating dredges; 

3. localized changes in vertical salinity/temperature structure of the 
water column; 

4. altered bottom contours and sediment composition; 

5. changes in water circulation patterns; 

6. thicker ice and delayed ice breakup in spri ng; 

7. erosi on and/or re-deposition of sediments in areas adjacent to 
dredging or deposition sites; 

8. resuspension of toxic substances such as trace metal s from 
contami nated sediments or from dri 11 i ng muds and formati on cutti ngs 
near exploration and production platforms; 

9. i ntroducti on of treated sewage, noi se and grease into the water 
column; 

10. icebreaking (when winter dredging occurs). 

The spatial extent, duration and magnitude of physical and chemical effects 
which have been documented following past dredging operations are discussed 
below, while the biological effects of dredging are the subject of subsequent 
subsecti ons. 
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2.4.2.1 Turbidity Plumes 

The most visible and immediate effect of dredging opel1 ations is the 
creation of a turbidity plume which extends downstream of the activity. 
Sediment plumes have been monitored during dredging and artificial island 
construction operations in the Beaufort Sea (Slaney 1974b; Envirocon 1977; 
McDonald and Cambers 1977a; Thomas 1979; Erickson and Pett 1981), as well as 
during numerous dredging projects in southern latitudes (see Morton 1977 and 
Wright 1978 for reviews). These studies indicate that the size and character 
of the plume are affected by the type and volume of material s being removed, 
the existing background water quality and current regime, local weather 
conditions and the type of dredge invol ved in the operation. For example, 
r~cDonald and Cambers (1977a) monitored the effects of the hydraulic suction 
dredge, BEAVER MACKENZIE, during an uncontained fill operation -in 
approximately 10 m of water outside of Kugmall it Bay. The results of the 
study indicated that the dredge-created p1 ume was measurabl e (transects of 
percent transmissibility) for a maximum distance of 4.8 km from the outfall 
when the Mackenzie River plume did not extend into the area of dredging 
activities. However, the turbidity plume was only detectable for 1.6 km from 
the outfall when deposition of dredged material was within the Mackenzie River 
plume. 

Dredging activities in McKinley Bay and Tuktoyaktuk Harbour caused 
substantially smaller (500-1200 m in length) turbidity plumes than those 
observed in Mackenzie Bay (1600-4800 m), possibly due to the more restricted 
water ci rcu1 ati on patterns and coarser sands in these shel tered habitats 
(Thomas 1979; Erickson and Pett 1981). Envirocon (1977) monitored the 
construction of an artificial island, and reported a turbidity, plume which was 
visible for up to 1 km downstream of the island when background turbidities 
were low. However, no dredge plume was detectable after an August storm which 
created high background turbidities. 

The width of the plume usually varies from a very narrow (a few 
metres) and well defined area near the source to greater than 1 km as it 
disperses with distance from the dredging activity. While the shape of 
turbidity plumes appears to be quite variable, the maximum surface area 
affected is probably approximately 5 km from the outfall and approximately 2 
km wide, or a total areal extent of 10 km2 for a stationary dredging 
operation in water wi til rel ati vely low background turbi di ty and moderate 
surface currents. 

In some situations, the turbidity plume may be wider in mid-depth to 
bottom waters than at the surface. For example, McDonald and Cambers (1977a) 
measured' percent transmissibility depth profiles 20 m outside a visible 
surface plume, and found that transmissibility declined from 85 percent 
(background) at the surface to 50 percent at a depth of 6 to 7 m. This study 
also indicated that transmissibility profiles within the turbidity plume were 
va ri abl e, with a unifonn zero percent transmi ssi bil i ty from surface to bottom 
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occurring in some instances, and a relatively unaffected mid-depth layer being 
found at other sites McDonald and Cambers (1977a). Envirocon (1977) also 
reported subsurface sinking and spreading of a turbidity plume at an 
artifici al i sl and constructi on site in approximately 12 m of water north of 
Pullen Island. The plume was i!ot visible at the surface 2 km from that 
island, but suspended sol ids concentrati ons measured at depths of 1 and 5 m 
indicated that it was still dispersing in subsurface waters. Gordon1s (1974, 
cited in Morton 1977) study of the disposal of dredged clay and silt in Long 
Island Sound indicated that these spoils fell as a density current rather than 
as individual particles, and that upon reaching the bottom, the density 
current spread laterally to produce a bottom turbidity cloud. 

Morton (1977) suggests that a second process called flocculation has 
an important influence on the settling velocities of suspended sediments. In 
seawater which has a high electrolytic content, clay particles are attracted 
to and cohere with inorganic salts and organic compounds, forming larger sized 
flocs whose settling velocities are many times faster than the individual clay 
particles (Meade 1972, cited in i~orton 1977). This phenomenon would be 
accentuated when sediments were dredged from a less saline area and released 
in a more saline region, since increasing salinity enhances the cohesion 
between particles, and increasing suspended concentrations enhances the 
probabi 1 ity of coll i si on, both of which promote fl occul at; on. Therefore, the 
vertical extent of the plume is detennined by a number of factors (local 
current regimes, depth of the water column, particle size distribution of the 
plume, vertical water density characteri stics, and local weather conditions 
which could cause mixing of tile water column), and while in some cases the 
whole water column may be affected, in other areas the plume may be present 
only in the bottom waters. In a similar manner, only mid-depth waters may be 
affected if water depth is sufficient, a strong pycnocline is present and the 
plume entrains enough ambient water to become neutrally buoyant (Wright 1978). 

Percent transmi ssi bi 1 i ty, turbi dity, and concentrati ons of su spended 
solids are parameters frequently used to determine the area affected by 
dredgi ng operations, although 1 evel s of suspended sediment are not di rectly 
comparabl e to turbi dity and must therefore be consi dered independently. The 
mdximum surface concentration of suspended solids within turbidity plumes 
monitored by 14cDonald and Cambers (1977a) was 187 mg/L, but a much higher 
level (333 mg/L) was recorded in a near-bottom sample collected from within 
the plume. During this dredging program, background concentrations of 
suspended solids ranged from 8.8 to 16.6 mg/L at the surface and from 44.5 to 
66 mg/L at the bottom (McDonald and Cambers 1977a). Envirocon (1977) reported 
a similar maximum concentration of suspended sediments (388.8 mg/L) in a 
dredge-created turbidity plume, but level s were reduced to 14.5-99.8 mg/L 
within 500 m of the artificial island construction site. In a more recent 
study, Thomas (1979) reported maximum suspended solid levels of 410-586 mg/L 
in surface samples at a dredge discharge site in i~cKinley -Bay, with 
concentrations decreasing rapidly with distance from the outflow point. 
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Suspended sediment levels measured at distances of 160, 320 and 400 m were 83, 
61, and 21 mg/L, respectively. Gordon (1974, cited in Morton 1977) conducted 
an examination at a spoil ground in Long Island Sound to investigate the 
disposal of unconsolidated spoil with a high silt-clay fraction which was 
being discharged as a jet with 70-75 percent water content. Using turbidity 
measurements to calculate the lateral spread of descending spoils, he 
estimated that 80 and 90 percent of the spoil reached the bottom (water depth 
20 m) within a 30 m and 120 m radius of the discharge point, respectively. 
The results of these studies indicate that although a turbidity plume may be 
visible for several kilometres from the dredging activity, concentrations of 
suspended solids generally decrease rapidly with distance. 

The duration of the physical and chemical effects associated with 
dredging-created turbidity plumes is perhaps the most important factor 
affecting subsequent impacts on aquatic organisms. Studies of dredging in the 
Beaufort Sea have clearly documented the spatial extent of the turbidity 
plumes, but few studies have described the attenuation of turbidity plumes 
with time. Neverthel ess, i nvesti gators that have exami ned dredgi ng in the 
Beaufort Sea agree that turbidity plumes are II short-termll , IItemporaryll 
(i4cDonald and Cambers 1977a) or IIshort-lived ll (Thomas 1979). Post-dredging 
sampling in Tuktoyaktuk Harbour indicated that excess suspended particulate 
material decreased to pre-dredging levels 10 hours after the termination of a 
dredging operation (Erickson and Pett 1981). Turbidity plumes have been 
monitored in southern latitudes following the cessation of dredging, and have 
been reported to last for 1 to 2 hours (Chesapeake Biological Laboratory 1970, 
cited in Morton 1977) and as little as 30 minutes (Wright 1978). Wright 
(1978), ina revi ew of several dredge monitori ng programs conducted for the 
U.S. Army Corp of Engineers, reports that the duration of the turbidity plume 
depends on particle size, currents, turbulent mixing and other related 
factors. The attenuation of turbi dity pl umes foll owi ng the termi nati on of 
dredging activity may be relatively rapid (in the order of hours) when coarse 
bottom materials are involved, but when fine-grained sediments (e.g. clays and 
silts) are suspended in quiescent waters, longer periods may be required 
before turbidities return to normal levels (Slaney 1975). Depth may also be a 
factor affecting persistence of a plume; where bottom waters have a higher 
density than surface waters, a plume may persist longer in intermediate or 
bottom waters due to slower particl e settl i ng rates (Wri ght 1978). These 
investigations all indicate that the duration of turbidity plumes beyond the 
completion of dredging appears to be insignificant in relation to the usual 
duration of the operation. 

2.4.2.2 Dissolved Oxygen and Nutrient Concentrations 

Other chemical water quality characteristics which have been 
temporarily affected by dredging activities include dissolved oxygen and 
nutrient concentrations. Changes in dissolved oxygen and nutrient levels are 
primarily the result of the suspension of bottom sediments with a high organic 
content. Nutri ents are rel eased when organi c compounds whi ch ori gi nate from 
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low-oxygen content sediments are introduced into oxygen-saturated waters. 
These nutrients, in conjunction with available oxygen, stimu":ate the growth of 
micro-organisms, which then consume oxygen. Unlike turbiciitj plumes, changes 
in nutrient and oxygen levels have not always been observed during dredging 
acti vi ti es. Thomas (1979) recorded sl i ght reducti ons in surface di ssol ved 
oxygen 1 evel s dud ng the operati on of a cutter sucti on dredge in McK i nl ey 
Bay. The lowest oxygen concentration measured was 7.4 mg/L 200 m from the 
outfall, while other concentrations ranged from 8.9 to 10.1 mg/L at stations 
located 20 m to 1700 m from the outfall (Thomas 1979). The background 
dissolved oxygen concentrations during this study were 10.9 to 11.6 mg/L. 
Thomas (1979) calculated that oxygen saturation was depressed from a minimum 
of 3 percent to a maximum of 30 percent below background. Sl i ghtly depressed 
oxygen concentrations were al so reported in the turbi dity pl ume created by a 
cutter sucti on dredge at Tuft Poi nt; di ssol ved oxygen 1 evel s decreased from 
7.34-8.07 mg/L at a control station to 6.05 - 6.31 mg/L within the plume 
(McDonald and Cambers 1977a). Other investigators monitoring dredging 
operations have found no differences in surface dissolved oxygen 
concentrations within and outside dredge-created turbidity plumes. For 
examp 1 e, McDonald and Cambers (1977a) monitored a sucti on dredgi ng operati on 
offshore of Kugmallit Bay and reported that surface concentrations of oxygen 
with; nand outsi de the pl ume were 10-13 mg/L and 9-14.5 mg/L, respecti vely. 
Envi rocon (1977) al so found no differences in di ssol ved oxygen profi 1 es at 
stations within and beyond the influence of artificial island construction 
activities in the Beaufort Sea, while data collected by Slaney (1974b) during 
open water gravel removal operations in Mackenzie Bay indicated that dissolved 
oxygen concentrati ons were not si gnificantly affected by these acti viti es. 
Erickson and PettI s (1981) study in Tuktoyaktuk Harbour al so indicated that 
di ssol ved oxygen 1 evel s were not affected by dredgi ng acti viti es. However, 
even when mi nor reducti ons in oxygen 1 evel s occur as a resul t of dredgi ng, 
such changes in water quality are unlikely to persist due to natural mixing 
caused by currents, wind and waves. 

Nutri ent concentrati ons have only been occasi onally monitored duri ng 
investigations of the effects of dredging operations in the Beaufort Sea, and 
as in the case of dissolved oxygen, they have not always been affected by 
dredging. McDonald and Cambers (1977a) measured phosphate, nitrate, silica 
and total carbon concentrations at control stations and within turbidity 
plumes created by two dredging operations located just outside Kugmallit Bay. 
During July, elevated levels of total organic carbon were recorded within the 
turbidity plume (8-33 mg/L compared to 5-17 mg/L at control stations), 
although concentrations of phosphate, nitrate and silica were not affected by 
the dredging. However, in September, there were no significant differences in 
any of the nutri ent concentrati ons measured withi nand outsi de the plume. 
Silica, ortho-phosphate and nitrate-nitrogen levels were also unaffected 
during an August 1974 gravel removal operation in Mackenzie Bay (Slaney 
1974b). On the other hand, Envirocon (1977) reported slight increases in the 
concentration of nitrate-nitrogen at stations near island construction 
activities (mean 0.37 ~g-at/L compared to 0.11 ~g-at/L). Investigators 
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monitoring dredging activities in southern latitudes have reported much 
greater changes in nutrient concentrations. For example, total phosphate 
concentrations 1000 times ambient level s and total n"itrogen concentrations 50 
times ambient levels were recorded in Chesapeake Bay following spoil disposal 
(Chesapeake Biological Lab. 1970, cited in Morton 1977). Changes in nutrient 
levels of this order of magnitude are likely associated with the suspension of 
bottom sediments contami nated with hi gh concentrati on s of organics. Thomas 
(1979) reported that total organic carbon content of sediments in McKinley Bay 
ranged from 1 to 4 percent, while Slaney (l974b) found 1.2 to 12.8 percent 
organic content in Mackenzi e Bay sediments. Si nce nearshore Beaufort Sea 
sediments appear to have relatively low level s of total organic carbon, and 
have not been contami nated by di sposal of nutri ent-rich wastes, increases in 
nutrient concentrations in these waters as a result of dredging are likely to 
be minimal. 

2.4.2.3 Resuspension of Toxic Chemicals 

Other potential changes in water quality associated with dredging 
operations may result from the resuspension of toxic substances from 
previously contaminated sediments. These effects have been particularly 
observed in industrialized harbours where long-term release of effluents in 
confined waters have resulted in increased metal levels in the water column 
(Keeley and Engler 1974, cited in Morton 1977). However, this is probably not 
a si gni ficant area of concern in the Beaufort Sea si nce sediments in thi s 
region do not contain the magnitude or diversity of contaminants found in 
sediments adjacent to large industrial and population centers in temperate 
latitudes (EIS Volume 3A, Section 1.5). In addition, monitoring programs 
compl eted to date in the Beaufort Sea have not demonstrated any changes in 
trace metal concentrations, pH or other indicators of sediment contamination 
duri ng dredgi ng operati ons (McDonald and Cambers 1977a, b; Thomas 1979). The 
only potential area of significant concern would be if dredging released any 
toxic materials from localized areas where drilling or oily wastes or 
untreated sewage had previously accumulated, although it is anticipated that 
most dredging operations would avoid areas where these wastes are released. 

2.4.2.4 Temperature and Salinity 

The vertical temperature and sal i nity stratificati on of the v/ater 
column has occasionally been affected by mixing at a dredge spoil disposal 
site. During July 1976, a strong halocline and thennocline \'iere measured 
outside the dredging-created plume at Arnak L-30 artificial island site 
(McDonald and Cambers 1977a). Monitoring within the plume indicated that 
hydraulic dredging caused localized mixing of wanner and less saline surface 
water with cooler saline water from greater depths, resulting in a homogeneous 
vertical profile within the plume. However, the authors reported that the 
normal stratificati on was only broken down for a short peri ad, and that 
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temperature and salinity profiles measured within the plume were within the 
normal seasonal range expected at the site. On the other hand, dredging in 
McKinley Bay during 1979 did not result in a disruption of the normal vertical 
profile of temperature and salinity (Thomas 1979). Dredging in nearshore 
areas may also allow colder and more saline bottom water to intrude into 
otherwise warm and less saline areas, rendering these habitats unsuitable in 
terms of the habitat requirements of resident or migratory fish and benthic 
invertebrate species (Sections 2.4.5 and 2.4.9). This effect has not been 
documented following dredging operations in the Beaufort Sea to date, although 
long-term changes in the temperature and salinity regime in important 
fisheries habitat would clearly be of greater potential concern than temporary 
and localized alterations in water column stratification due to mixing. 

2.4.2.5 Altered Bottom Contours 

Dredging results in deep troughs and holes at borrow locations, and 
shallower water at island or spoil disposal sites. Changes in nearshore 
bottom contours may subsequently alter ci rcul ati on patterns and wave 
refracti on processes, which coul d result in sediment erosi on or deposi ti on 
along adjacent shorelines, as well as changes in the salinity and temperature 
regimes. Erosion and sediment transport are major processes in the Beaufort 
and Chukchi seas, and much of the shoreline has been classified as unstable 
(EIS Volume 3A, Section 1.5). Ice-rich shorelines have been reported to 
retreat 1 to 2 m/yr, while in some very unstable areas, as much as 10 m/yr of 
shorel i ne has been eroded. In addi ti on, the Mackenzi e Ri ver contri butes 
approximately 15 mi 11 ion tonnes of sediment to the Beaufort Sea annually 
(Bornhold 1975). Consequently, future nearshore dredging activities would 
have to be assessed on a site-specific basis to determine their potential for 
altering adjacent shorelines in view of these concurrent erosional and 
depositional processes. 

Changes to the sea bottom in offshore areas are unl i kely to affect 
either circulation or wave patterns, although the active processes in this 
area remai n poorly documented. Ice scouri ng is common at depths from 25 m to 
50 m in the Beaufort Sea, and can naturally cause trenches up to 7 m deep, 
tens of metres wide and hundreds of m~tres long (EIS Volume 3A, Section 1.4). 
Studies of ice scouring have indicated that existing scours in the Beaufort 
Sea range from recent to very 01 d, suggesti ng that the energy 1 evel s at these 
depths are low (EIS Volume 3A, Section 1.4). Therefore, dredge-created 
trenches and disposal sites may remain as distinct bottom features for 
extended periods, although they would likely be difficult to distinguish from 
natural ice scours or areas of bottom slumping. Another natural feature of 
the seabed which has recently been i dentifi ed in the Beaufort Sea is the 
"pingo-like feature" (EIS Volume 3A, Sections 1.4.5 and 1.4.7). In the 
future, it may be difficult to distinguish these natural mounds from a dredge 
di sposal site. Thus, whi 1 e offshore dredgi ng may locally change sea bottom 
contours, natural processes are also altering the configuration of the bottom 
on a more extensive scale. 
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2.4.2.6 Altered Sediment Composition 

Dredgi ng i nvol yes removal of surface and/or subsurface (dependi ng on 
the type of dredge) sediment from one location. possibly exposing a different 
particle size substrate, and deposition in another area, potentially creating 
a different bottom type than previously exi sted at that site. For exampl e, 
recent investigations by the petroleum industry have confirmed the existence 
of gravel beds overlain with 1 to 5 m of clay in many parts of the Beaufort 
Sea; in this case, dredges would remove the clay overburden to access the 
gravel. This is an important concern related to dredging where suitable 
benthic habitat is lost and recreated in both borrow and disposal areas. The 
impl ications of these physical changes in substrate composition to benthic 
invertebrates and fish are discussed in detail in Sections 2.4.5 and 2.4.9. 
Bottom substrates in the Beaufort/Chukchi Sea generally range from soft to 
firm clays and silts to medium-grained sand (EIS Volume 3A, Section 1.4.4). 
Areas near dredge disposal sites are likely to have a higher relative 
proporti on of very fi ned-grai ned sediments due to the settl ement of suspended 
fi nes. Hm'lever, in nearshore areas, the acti ve processes of ice scouri ng, 
erosi on, sl umpi ng and sediment transport coul d cause dredged substrates to 
resemble adjacent areas relatively rapidly. 

2.4.2.7 Changes in Ice Thickness and Breakup Patterns 

It has been suggested that the construction of artificial islands and 
deepening of the water column at borrow areas may cause thicker winter ice 
cover and delay spring breakup. The effect of artificial islands on the ice 
regime was previously discussed in Section 2.1. This section briefly 
addresses the possibility of thicker ice forming in nearshore borrow areas as 
a result of dredging activities. In waters less than approximately 2.5 m 
deep, the landfast ice sheet freezes to the bottom. If dredgi ng creates 
deeper areas at borrow sites, the ice sheet may not ground in these areas. 
This could have positive rather than negative biological effects since benthic 
species which could not otherwise colonize the area may survive throughout the 
winter. It seems unlikely that thicker ice in these localized areas could 
significantly affect breakup, since thicker areas of ice would be transported 
offshore by winds and currents along with other ice fragments during breakup. 
In addition, many of these areas could be sites of year-round activity by the 
petroleum industry, and any areas of persistent or thicker ice would normally 
be broken up by icebreakers during the spring. 

2.4.3 Effects of Dredging on Marine Mammals 

Although dredgi ng acti viti es per se may potenti ally affect mari ne 
mammal s, most di sturbance effects wouid be- 1 argely i ndi sti ngui shabl e from 
effects of composite acti viti es associ ated \'1ith dredgi ng operati ons. The 
primary area of concern is that underwater noise caused by dredging activities 
may disturb whales. The effects of underwater noise on marine mammals are 
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discussed in detail in Section 2.6.5, while other components of the dredging 
operation that may affect f:1arine mammals are described in sections dealing 
with sewage, icebreaking, heated water and fuel spills. 

In general, bowhead and white whales have been observed to tolerate 
stationary dredgi ng activity, but occasionally react to supporti ng 1 ogi stics 
traffic (e.g. tugs, barges, crew boats). For example, white whales have 
avoided dredging operations at distances of up to 4 km, but approached to 
within 400 m of active dredges on other occasions (Fraker 1977a, b, 1978). 
Bowhead whales have al so been observed in the vici nity of artificial island 
construction activities where dredges were operating (Fraker et ale 1981). 
Between August 6 and 10, 1981, industry personnel reported-atleast 9 
sightings of from 1 to 6 bowheads approaching, passing or circling the dredge 
BEAVER IvlACKENZIE during operations at Issungnak (Fraker et ale 1981). These 
authors reported a total of 20 bowheads within 5 km of the-iSland on 4 days of 
survey effort in August 1981. 

Ward (1981) reported that dredging activities in McKinley Bay during 
July dnd August 1981 had no detectabl e effect on the use of the a rea by 
seals. For example, ringed seals were regularly observed in the vicinity of 
the dredge, with some individuals as close as 50 m. The largest group of 
ringed seals observed near the dredging operation was a group of 5 present for 
several hours on August 26, while industry personnel reported 12 seals near 
the dredge about 5 days earlier. Densities of ringed seals recorded by 
industry personnel in the dredged channel duri ng 1 ate August ranged from 1. 3 
to 21.4 seals/km2. Bearded seals are not abundant in i~cKinley Bay, although 
Ward (1981) observed a single bearded seal on several occasions near the barge 
camp and industry personnel recorded another in the dredged channel duri ng 
1 ate August. 

The removal or covering of benthic fauna in the dredged area or 
smothering of fauna in adjacent areas by settling of suspended solids may 
eliminate or cause a localized reduction of food sources for some species of 
marine mammals. For example, bearded seals feed on benthic fauna within the 
100 m isobath, and bowhead whales also obtain an unknown portion of their diet 
from benthic habitats (Vibe 1950; Stirling et al. 1977; Wursig et al. 1981). 
However, si nce the extent of the dredgi ng am vlty and concomitant destructi on 
of benthic habitat will be spatially limited, and recolonization by benthic 
fauna would occur over a period of several years (Section 2.4.8), the degree 
of concern regarding potential effects of dredging on these species is 
considered NEGLIGIBLE. 

Marine mammals that feed on pelagic fish and/or invertebrates may be 
affected by the highly localized increase in water turbidity and reduction in 
prey detectability within the dredge-created plume. Marine mammals that may 
be affected by temporary interference with foragi ng capabi 1 i ti es i ncl ude 
ringed seals, white whales and bowhead whales (Stirling et.!I.. 1977; Fraker et 
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al. 1978; Wursig et al. 1981). In addition, bearded seals may be temporarily 
aT'fected by turbfifity-p1umes since they are also known to forage on pelagic 
species in some areas (Vibe 1950; Kosygin 1971). Although the interference 
with foraging capabilities of marine mammals by a dredge plume has not been 
documented, the significance of this potential effect would probably vary 
according to species, stage of life cycle, spatial and temporal extent of the 
plume and degree of turbidity. In most cases, however, the effects would be 
highly localized. White whales may be the least susceptible of the 
aforementioned species to temporary interference with foraging abilities, 
because they have a well-developed capacity for echolocation (Ford 1977) and 
are known to frequent areas of naturally high turbidity within the Mackenzie 
Delta (Fraker 1977a, 1978; Fraker and Fraker 1979,1981). Consequently, the 
degree of concern regarding potential effects of dredge-created turbidity 
plumes on marine mammals in the Beaufort Sea region will likely be NEGLIGIBLE. 

2.4.4 Effects of Dredging on Birds 

Dredging activities in the southeastern Beaufort Sea may have several 
direct and indirect effects on birds in this region, including disturbance, 
localized loss of food sources through removal or smothering of benthic fauna 
in shallow waters (i.e. <40 m), temporary disruption of foraging capabilities 
within the dredge plume due to increased turbidity and reduced visibility of 
prey items, and attraction of some species to industrial sites by food items 
brought to the surface with the dredge spoil. Other potential effects of 
dredgi ng on bi rds may result from common di sturbances associated wi th the 
dredging operation such as airborne noise from aircraft and machinery (Section 
2.7.3), presence of artificial structures (Section 2.1.4), icebreaking 
necessary for dredging during early spring or late fall (Section 2.3.3), 
discharge of heated cooling water (Section 4.2.5) and fuel spills (Section 
5.2.5). In addition, there is potential for contamination in the vicinity of 
routine discharges such as sewage, drill muds, etc. if these materials are 
resuspended during dredging or discharged in areas frequented by birds. 

Disturbance of birds by dredging activities in the Beaufort Sea 
region is expected to be of MINOR regional concern. Ward (1981) concluded 
that dredgi ng acti viti es in McKi nl ey Bay duri ng 1980 di d not affect the 
abundance of bi rds usi ng the bay. The numbers of di vi ng ducks recorded were 
as great or greater than numbers recorded in years prior to dredging. In 
addition, geese migrating across McKinley Bay in late August did not react 
adversely to the operati ng dredge. Al though some gull sand shorebi rds were 
attracted to the island, presumably as a result of increased accessibility of 
invertebrates, the potential effects of dredging activities in r~cKinley Bay on 
local bird populations were considered minor (Ward 1981). 

Loss of benthic food sources will occur in the immediate area of 
dredgi ng and in adjacent areas where benthic fauna are smothered by settl i ng 
of suspended materials. Nevertheless, the loss of food items will be 
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relatively localized and recolonization by epibenthic invertebrates would 
occur over a period of several months after dredgi ng has ceased (Section 
2.4.8). The loss of benthic food sources may be a significant concern during 
certain periods of the year and in critical feeding areas. Birds known to 
forage in shallow, offshore benthic habitats during spring and/or fall 
migration, and therefore most likely to be affected by a reduction in the 
benthic community, include oldsquaws, eiders, loons, and alcids. Birds which 
forage in shallow nearshore benthic habitats include these species and several 
other species of diving ducks. Depending on the habitats affected by dredging 
programs, the degree of potential concern regarding loss of benthic food 
sources of birds would likely vary from NEGLIGIBLE to MINOR. 

Increased turbidity and reduced visibility of prey items within the 
dredge plume may also interfere with the foraging capability of some species. 
Bi rds that forage under the water surface are most 1 i kely to be affected in 
this manner, and primarily include loons, diving ducks and alcids. Although 
the potential significance of reduced prey visibility would be dependent on 
the 1 ocati on, durati on and timi ng of dredgi ng acti vi ti es, the short-term and 
localized nature of turbidity plumes suggests the degree of regional concern 
regarding this resource-activity interaction is probably NEGLIGIBLE. 

As described earlier, some species of birds may be attracted to 
dredgi ng operati ons to feed on invertebrates brought to the surface wi th the 
dredge spoil. For example, Thayer l s and glaucous gulls were observed feeding 
at the edge of the turbi dity pl ume created by a dredge operati ng in McKi nl ey 
Bay (Ward 1981). They may have been attracted to the McKinley Bay dredging 
operation because of the availability of invertebrates and/or the same reasons 
they a re attracted to si tes of i ndustri a 1 or human acti vity throughout the 
world. The only potential concerns related to the attraction of these or 
other bird species to dredging operations are the increased probability for 
collisions with artificial structures during periods of poor visibility 
(Section 2.1.4) and contamination in the event of a minor fuel spill (Section 
5.2.5). 
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2.4.5 [f~ts of Dredging on Fish 

1r!llx:: f.lH!)lteliJ!tiial effects of dredging activities on fish populations have 
been fiij]Sij;lWSse«il in severai overview documents and site-specific studies. These 
effects ]nc]~de direct physiological or pathological responses to high levels 
of s~sp:e~1 sediment~ loss of benthic food sources, decreased feeding 
efficiieliTc.1 l'i'esli.llUng from high turbidity, mortality resulting from entrainment 
in Sl!I~tiiQJIIl1l dred.ge equipment, and alterations in behaviour (including 
migra1t;ii!!)lliIl)~ a,s wen as the direct loss of fish habitats (particularly rearing 
or Sjp:(liWliIiirrl@ nabi.tats) in localized areas of material removal or deposition 
(PouHn Jl9JuS; Morton 1977; Hirsch et al. 1978; ESL 1980). Although various 
di sturbalilce's associated wi th vessel andmachi nery movements, noi se, and human 
presence may also contribute to adverse effects on fi sh populations, these are 
separate1'y discussed elsewhere in this report (Sections 2.1.5, 2.6.6, 2.2.4). 

2.4.5.1 Physi'010gica1 and Pathological Effects 

The direct effects of suspended sediments on fish have been primarily 
examined (largely in freshwater environments) in relation to logging or mining 
activities (Cordone and Kelly 1961; Phillips 1971; Ripley et a1. 1978; Miles 
et a1. 1979), with a few studies being directly applicable to dredging (Poulin 
1975; t40rton 1977; Hirsch et ale 1978; Pelletier and Wilson 1981). In 
general, adult fish appeartobe tolerant of relatively high levels of 
suspended solids. In the laboratory, lethal or serious sublethal effects of 
suspended sediments on marine or estuarine fish usually only occur at 
concentrations above several thousand ppm or after chronic exposure to 
suspended solid levels of several hundred ppm. The seriousness of these 
effects varies with the nature of the sediment. For example, angular 
partic1 es can cause si gnificant1y more damage to fi sh than smooth rounded 
particles, and contaminated sediments may a1 so contribute to other acute or 
sublethal effects on fish (Sherk et al. 1974; Hirsch et al. 1978). Exposure 
of fi sh to hi gh concentrati ons Of inert suspended sediments in 1 aboratory 
experiments usually results in the coating of fish gills by fine particles, or 
in larger particles lodging in the gill lamellae, blocking the passage of 
water through the gills and eventually affecting respiratory exchange. 
Asphyxiation occurs in severe cases of gill blockage, although various 
sublethal pathological conditions (e.g. hematological stress, abrasion of the 
body epithelium, reductions in metabolic reserves) may result in other 
instances. It is important to note, however, that most sublethal effects of 
suspended sediments on fish also appear to be reversible once fish are removed 
from water containing high sediment levels (Morton 1977). 

Despite the resu1 ts of these 1 aboratory i nvesti gations, there have 
been no documented situati ons where hi gh 1 eve1 s of suspended sol ids from 
dredging activities have contributed to significant fish mortality or 
observab1 e phy si 01 ogi ca 1 stress. At dredge sites monitored in the Beaufort 
Sea and elsewhere, concentrations of suspended solids in the immediate 
vici nity of the dredge normally reached only a few hundred ppm, and often 
these concentrati ons have been withi n the normal seasonal range of background 
levels (McDonald 1975). 
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Monitoring of fish near dredge sites has also revealed few serious 
effects of thi s acti vity. Many fi sh ha ve been found to remain, appa rently 
unaffected, near dredgi ng sites exami ned in the Beaufort Sea (Byers and 
Kashino 1980) and at numerous locations in southern latitudes (Morton 1977; 
Hirsch et ala 1978). Juvenile and young-of-the-year whitefish were also 
present neardredging activities in ~1ackenzie Bay. It has been suggested that 
the lack of any observed effects of dredging on fish is probably the result of 
their ability to avoid severely disturbed areas, as well as the tolerance of 
estuarine fish (including arctic species) to wide fluctuations in suspended 
sediment (Poulin 1975; Hirsch et ala 1978; Craig and Haldorson 1980). It has 
also been suggested that demersalflsh species are generally more tolerant of 
suspended particulates than pelagic species, while juveniles of all species 
are generally more sensitive to suspended sediments (Sherk et~. 1974). 

Overall, most authors agree that the di rect effects of suspended 
sediments on fish are usually not as important as other indirect effects such 
as the loss of important habitats or food sources in areas where dredging has 
occurred (Poulin 1975; Hirsch et ala 1978). Mortality or serious sublethal 
effects resulti ng from suspended sediments woul d only be anticipated when 
unusually large geographic areas were affected, when extreme long term or 
chronic levels of suspended solids resulted from dredging, or if contaminated 
sediments were resuspended in the water col umn. Consequently, the degree of 
concern related to potential effects of increased suspended sediment levels on 
regional fish populations is expected to be NEGLIGIBLE. 

2.4.5.2 Loss of Food Sources and Reduced Feeding Efficiency 

The indirect effects of food source depletion or impairment of fish 
feedi ng acti viti es resulti ng from dredgi ng Ila ve not been thoroughly 
i nvesti gated. Although the local abundance of invertebrate food sources for 
fish in the Beaufort Sea coastal environments (particularly epibenthic 
crustaceans) would likely be temporarily decreased in areas of borrow removal 
or spoil deposition (Section 2.4.8), the relatively small geographic areas 
affected, the likelihood of relatively rapid recolonization, and the observed 
abundance of prey in most coastal waters (EIS Volume 3A, Section 3.4) suggest 
that food losses resulting from dredging operations in tile Beaufort Sea would 
not cause regionally significant effects on fish populations. In some 
instances, a temporary increase in the availability of benthic invertebrates 
has attracted fi sh to di sposal areas after dredging was completed in temperate 
marine environments (Morton 1977). 

Increased water turbi dity may cause reduced feedi ng effici ency of 
opportunistic-feeding species of fish. Vinyard and O'Brian (1976) and O'Brian 
(1977) examined the feeding of both visual and non-visual feeders in turbid 
Kansas reservoirs. They reported that with visual feeders, such as the most 
common Beaufort Sea species, increased turbidity decreased the reaction 
di stance of fi sh to all prey si zes. Therefore, increased turbi dity may 1 imit 
feeding efficiency in the immediate areas where dredging or spoil deposition 
occurs. However, in habitats where wi de fl uctuati ons in turbi di ty are normal, 
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these effects would presumably be less important. For exampie, in nearshore 
Beaufort Sea habitats such as Simpson Lagoon and along the Tuktoyaktuk 
Peni nsu1 a~ where most anadromous and many mari ne spec; es concentrate, 
turbidit'iE:s nonnally fluctuate between values of 1 and 146 NTU and 0 to 82 
percent transmittance, respecti vely (McDonald and Cambers 1977a; Crai g and 
Ha1dorson 1980). These naturally occurring turbidities often reach the levels 
which have been observed to result from dredging activities (Slaney 1975). 

The degree of regi onal concern regardi ng loss of food sources and 
reduced feeding efficiency as a result of dredging operations is expected to 
vary with the type and location of habitats affected. Both of these potential 
indirect effects of dredging are considered of NEGLIGIBLE concern in offshore 
waters, despite the fact that reduced feeding efficiency may be more 
pronounced in areas normally outside the influence of the Mackenzie plume. 
However, loss of food sources could represent a MINOR area of potential 
concern in some nearshore habitats that support relatively high densities of 
anadromous and marine fish species. 

2.4.5.3 Entrainment 

Entrainment of fish by a suction dredge can result in mortality by 
direct physical trauma or by burial in discharged spoil. Dutta and Sookachoff 
(1975) assessed the survival of salmon smo1ts introduced into a suction dredge 
pipeline behind the cutter head and found that approximately 95 percent of the 
introduced fi sh were buri ed in the di scharged sediment, and that most (70 
percent) of the fish retrieved from the runoff water died within 96 hours. 

The likelihood of fish being entrained by dredges has been less 
clearly demonstrated. Although fish may be attracted to subsurface structures 
and vessels (Section 2.1.5 and 2.3.4), some authors have assumed that fish 
capable of avoiding a water intake would do so (Tarbox and Spight 1979), while 
others have suggested that fish are attracted to a dredge inlet itself (Dutta 
and Sookachoff 1975). 

Attempts to monitor the incidence of fish entrainment during actual 
sucti on dredgi ng programs have had some success, but the small capacity of 
sampling equipment relative to the dredge output has resulted in such a small 
proportion of spoil bei ng monitored that extrapolation of results has been 
extremely difficult and potentially misleading. For example, an observation 
of only 12 salmon fry in dredge spoil at a site on the Fraser River (British 
Columbia) led to a calculated daily mortality estimate of over 26,000 fish 
(Dutta and Sookachoff 1975). Recent attempts to determine the number of fish 
entrained by dredging in Tuktoyaktuk Harbour and f'kKinley Bay were not able to 
relate the number of fi sh collected to the total number which may have been 
affected, or the si gnificance of the number of entrai ned fi sh to the local 
fish population (Pelletier and Wilson 1981). However, it was established that 
in McKinley Bay, cod (thought to be saffron cod) 7-10 cm in length and 
fourhorn sculpins 3-4 em in length were entrained by the 90 cm suction dredge, 
while in Tuktoyaktuk Harbour, least ciscos 5-24 em, Arctic eiscos 6-20 em, 
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inconnu 7-24 cm, fourhorn sculpins 5-10 cm, lake whitefish 11-16 cm, and one 
saffron cod 34 cm in length were entrained. 

Thi s demonstrates that in nearshore areas of the Beaufort region, a 
broad size range of several species, including those of importance to domestic 
fisheries, may be entrained by suction dredging equipment. The degree of 
concern related to entrainment of a few fish from widely dispersed populations 
is expected to be NEGLIGIBLE. However, this level of potential concern would 
be increased to ioJ10DERATE if dredging and subsequent entrainment occurred in 
some coastal areas where fish congregate for migration, spawning or feeding, 
since populations could be affected to a sufficient degree to result in a 
change in abundance and/or distribution which persists for more than one 
generati on. It shou1 d a1 so be noted, however, that most borrow sites wi 11 be 
located offshore and not in areas which are known to be critical fish habitat. 

2.4.5.4 Migratory or Behavioural Effects 

The potential that increased suspended solids levels and other 
di sturbances (e. g. noi se) associated with dredgi ng may alter mi gratory 
patterns of fish (particularly anadromous species in the Beaufort Sea) has not 
been directly examined in any field investigations. However, there is some 
i ndi rect evi dence whi ch suggests that dredgi ng does not seri ous1y interfere 
with normal behaviour patterns. For example, the capture of fish near active 
dredge sites in the Beaufort Sea and elsewhere suggest that fish may not avoid 
the entire area of disturbance (Poulin 1975; Morton 1977; Hirsch et a1. 1978; 
Byers and Kashino 1980). As indicated earlier, the levels of suspended solids 
and turbidities near dredge sites are a1 so often withi n the normal range of 
background concentrations (Poulin 1975; Hirsch et ale 1978; Thomas 1979). 
Consequently, it seems un1 i ke1y that dredgi ng woUTcl interfere wi th fi sh 
migrations unless equipment or spoil deposits in shallow waters prevent or 
delay fish passage. In addition, there is also no information which indicates 
that such obstructions have or could occur in the Beaufort Sea. 

2.4.5.5 Loss of Habitat 

The loss of fish habitat through borrow removal and deposition or 
siltation would occur to some degree during most dredging operations. The 
potential effects of these disturbances would be most significant with 
demersal species and others which spawn, have incubating eggs, or rear in 
nearshore benthic environments. However, the magnitude of these effects would 
depend upon the location of the dredge, the size of the disturbed area, and 
the time of year. For example, the nearshore lIedge ll habitats on the lee side 
of barrier islands and along the mainland shores of the Beaufort Sea are 
extensively utilized by adults and juveniles of anadromous and marine species 
during the summer. It has been suggested that dredging in these areas (e.g. 
removal of barrier spits) could alter habitat conditions sufficiently to 
reduce fish utilization (Poulin 1975). Similarly, during periods of ice 
cover, some species such as scu1pins, herring, flounders, or cod may spawn or 
have incubating eggs in coastal habitats which are sensitive to material 
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removal or excessive siltation. Although the likelihood of such 
dredgi ng-related effects on fi sh of the Beaufort Sea reg; on rem a ins unknown, 
the vulnerability of egg and larval stages of some fish populations would 
almost certainly necessitate the avoidance of potentially sensitive habitats 
during dredging programs. However, since most borrow sites for artificial 
island construction are located in offshore waters (EIS Volume 2) and 1 imited 
nearshore dredging will be required, the degree of potential concern regarding 
loss of fish habitat is considered MINOR. 

2.4.6 Effects of Dredging on Phytoplankton 

The effects of dredging on local phytoplankton communities could 
include: 1) a decrease in photosynthesis and/or change in species composition 
due to light-related effects within the turbidity plume; 2) an increase in 
photosynthesi s due to nutrient regeneration from the sediments; and, 3) a 
change in photosynthesis and/or species composition due to mixing of various 
layers of the water column. 

The presence of a dredge-created turbidity plume could limit the amount of 
light .available for photosynthesis in an area up to about 10 km2 (Section 
2.4.2.1). The effect of this light reduction on local primary production 
woul d depend on the amount of material in suspensi on, water ci rcul ati on, 
background turbidity, and the rate dt which the plume disappears after 
dredging. Grainger (1975) reported a considerable natural reduction in 
primary production within the plume of the Mackenzie River, and concluded that 
much of the primary production in the nearshore area is light-limited. Duval 
(1977) also found a reduction in photosynthetic production within a 
dredge-created turbidity plume compared to adjacent control areas. However, 
since such decreases in primary production would be very localized and would 
only persist until the dredging operation was complete, the degree of regional 
concern related to decredsed productivity is considered NEGLIGIBLE. 

Increased turbidity can also result in a slight shift in the spectral 
composition of incident light (Parsons and Takahashi 1973), and this may 
favour the growth of certain species. However, a turbidity plume would 
probably have to persist for several days to weeks to result in any locally 
significant change in community structure, particularly since phytoplankton 
woul d be conti nuously transported into and out of any areas with a different 
light regime. 

Nutri ents present in the sediments may be rel eased to the water 
column during dredging, and this may stimulate primary production by 
shade-tolerant species during the dredging and light-limited forms once the 
turbi dity pl ume is di spersed. Thi s phenomenon has been observed intemperate 
waters (e.g., Morton 1977; Copeland and Dickens 1974, cited in Hirsch et ale 
1978), although only in areas vihich had considerable silt and organic 
deposits. Neverthel ess, si nce primary producti on in at 1 east offshore areas 
of the Beaufort Sea outside the influence of the Mackenzie River plume may be 
nitrogen-limited (Grainger 1975), increased nutrient availability may favour 
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the growth of some phytopl ankton spec; es. For exampl e, Envi rocon (1977) 
t·eported an increase in ni trate Goncentrati ons withi n a dredge-created 
turbidity plume, while both Envirocon (1977) and Duval (1977) measured 
increases in the standing stock of phytoplankton inside a turbidity plume 
compared to control si tes. Al though these observed increases in phytopl ankton 
abundance may have been the result of nutrient enrichment, they may also 
reflect the presence of benthic micro-algae which could have been introduced 
to the water column during the dredging. Nutrient enrichment would be 
considered a positive effect of dredging, although it would be too brief and 
localized to be of any long-term or regional significance (Buchanan et al. 
1977). '--

At some dredging sites in southern latitudes, resuspension of bottom 
material has been shown to release contaminants such as trace metal s or 
hydrocarbons (Morton 1977), although Hi rsch et al. (1978) concl uded that 
sediment-bound metals are not pdrticularly toxic.-Furthermore, analysis of 
the trace metal and hydrocarbon content of sediments in the Beaufort Sea has 
indicated levels which are within the range of unpolluted areas elsewhere in 
the world (EIS Volume 3A; Section 1.6). Consequently, this is not considered 
a significant area of potential concern in relation to dredging activities 
within this region. 

As indicated in Section 2.4.2.3, dredging operations may also locally 
affect the vertical stratification of the water column. The potential effects 
of this mlxlng on phytoplankton may include a possible decrease in 
productivity if the population is transported into deeper light-limited 
waters. Alternatively, an increase in production may result if nutrients from 
deeper layers are transported to the surface, especially if the phytoplankton 
in the upper portion of the water column are nutrient-limited. However, it 
should be emphasized that wind-induced mixing would produce similar 
distributions, and any resultant changes in the structure or productivity of 
phytoplankton communities would be regionally insignificant due to their 
short-term and localized nature. 

Overall, the degree of concern regarding potential effects of 
dredgi ng on regional phytopl ankton popul ati ons is expected to be NEGLIGIBLE 
since both positive and negative effects would be localized and unlikely to 
alter regional productivity. 

2.4.7 Effects of Dredging on Zooplankton 

Dredging activity in the Beaufort Sea could affect the spatial 
distribution of some zooplankton specles through modification of local 
sa 1 i nity and temperatu re profil es and possi bly through a lterati on of 1 oca 1 
ci rcul ati on patterns (Reed 1975; Sul1 i van and Hancock 1973, cited in Morton 
1977). Depending on the nature of the suspended sediment, localized mortality 
or sublethal effects may also result from the abrasive contact of particulates 
with sensitive membranes (Davis 1960; Davis and Hidu 1969; Krenkel et al. 
1976; Conklin et .!1.. 1980), while respiratory impairment can occurfrom 
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coating of gills and other gas-exchange tissues (Robinson 1957). In addition, 
Sherk et ale (1974) demonstrated reduced ingestion of phytoplankton by 
copepods exposed to suspended sediments, and suggested that di 1 uti on of food 
with sediment particles was one of the potential effects of suspended solids 
on zooplankton. 

In addition to these potential direct effects, several indirect 
effects of dredging on Beaufort Sea zooplankton communities are possible. 
Potential changes in p hytop 1 ankton speci es compositi on or abundance in the 
vicinity of turbidity plumes (Section 2.4.6) may reduce or increase the 
availability and nutritional quality of food for zooplankton. The 
resuspension of detrital matter may also provide additional food sources in 
the form of bacteria-coated particles and partly-decayed organic matter, while 
ingestion of mineral particles may trigger secondary behavioural responses in 
zooplankton (Syvitski and Lewis 1980). In addition, low visibility in the 
turbidity plume may enhance the survival of prey species while decreasing the 
success of predators (Reed 1975; Vinyard and O'Brian 1976). 

'Syvitski and Lewis (1980) suggested that filter-feeding zooplankton 
probably play an important role in increasing the sedimentation rate of small 
particles of clay and other minerals in the water column by compacting them 
into faecal pellets which settle out much faster than the original suspended 
matter. Hhen present in re1ati ve1y hi gh densiti es, zoop1 ankton cou1 d 
potentially increase the rate of removal of suspended sediments from the water 
col umn. 

The direct and indirect effects of dredging on zooplankton 
populations under actual field conditions remain largely unknown. The results 
of some field studies have indicated either no measurable effects on 
zooplankton communities (Wright 1978), or effects on local zooplankton density 
and speci es composi ti on that coul d not be attri buted to dredgi ng (Chesapeake 
Biological Laboratory 1970, cited in Morton 1977). On the other hand, Duval 
(1977) found that surface zooplankton (primarily the copepod Limnocalanus 
macrurus) occurring within a dredge-created plume in Mackenzie Bay were not 
only more numerous and significantly larger in size, but a1 so had higher 
feeding rates than zooplankton from nearby control areas. However, the author 
emphasized that the observed differences in feeding and standing stock 
probably did not reflect a general increase in secondary production throughout 
the enti re water col umn si nce only surface measurements were undertaken. 
Nevertheless, in view of the potential areas which could be affected by 
dredging activities, the regional significance of both potential positive and 
negative effects of this activity on zooplankton populations is expected to be 
NEGLIGIBLE. 
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2.4.8 Effects of Dredging on Benthic Communities 

Potential effects of dredging dnd spoil disposal on benthic 
communities include: 1) physical disruption of the sea bottom, including 
removal or burial of benthos; 2) habitat alterations such as local changes in 
particle size distributions, bottom topograp~, water flow regimes, salinities 
and sedimentation patterns; 3) resuspension of sediments causing physiological 
stress; 4) altered dissol ved oxygen and nutrient concentrations; and in some 
envi ronments, 5) rel ease of sediment-bound toxicants and bi oaccumul ati on of 
some elements or compounds within local food webs (Hirsch et al. 1978). 

2.4.8.1 Physical Disruption of the Sea Bottom 

Physical disruption of the bottom during excavation and deposition of 
spoil materials is the most visible effect of dredging operations. Mortality 
of benthic invertebrates may occur at various stages of the operation, 
including entrainment and physical damage during excavation, and suffocation 
during transport or deposition of the dredged material. The potential effects 
of excavation operations on benthic communities would vary with the type of 
dredge used and the diversity and abundance of benthic populations in the area 
dredged, although sedentary or slow-moving infauna would usually be more 
seriously affected than the mobile epibenthic species. Immobile or attached 
organisms such as benthic algae, oysters, mussels, sponges and barnacles have 
been di rectly smothered by past dredgi ng operati ons (Lunz 1938, 1942; Wi 1 son 
1950; Brehmer 1965; Carriker 1967; Saila et ale 1972; Rose 1973, all cited in 
I~orton 1977). However, these forms are relatively rare in fine-grained 
sediment habitats such as those which characterize most of the Beaufort Sea. 

Very mobile benthic species may be able to vacate areas of high 
sediment depositi on or escape entrai nment. Other invertebrates have va ri ous 
capabil ities for migrati ng vertically through newly-deposited sediments such 
as dredge spoil, and to re-occupy similar positions· relative to the 
sediment-water interface (Hirsch et al. 1978). The ability of Beaufort Sea 
invertebrates to migrate throug~ dredge spoil has not been documented, 
although information is available for several non-drctic species. For 
example, mud crabs and amphipods which have morphological and physiological 
adaptations for crawling through sediments have been shown to migrate 
vertically through deposits up to 32 cm thick (Maurer et al. 1978, cited in 
Hirsch et a1. 1978). On the other hand, Chang and LeVTngs (1978) reported 
that coCKleS' (Clinocardium nuttalli) and Dungeness crabs (Cancer magister) 
were unabl e to escape \'/hen quickly covered by 20 cm of sand, but were abl e to 
avoid burial in 10 cm of deposits. Saila et al. (1972, cited in r~orton 1977) 
also found that the large polychaete NephtYsincisa and the small bivalve 
Mulinia lateralis surfaced through 21 cm of sediments, while a 1 em-long 
tube-dwelling polychaete Streblospio benedicti surfaced through 6 em of 
deposits. Shulenberger (1970) reported that the small (2-5 mm) clam species 
Gemma gemma was able to survive instantaneous burial under 23 em of sand or 
5.7 em of silt. However, Turk and Risk (1981) examined the ability of the 
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soft-shell ed clam Mya arenari a to mi grate through sediments, and concl uded 
that even moderate rates and depths of deposition (1 to 3.5 cm of sediment at 
rates of 2 to 10 cm/month) could severely affect clam populations. In 
general, the ability of benthic invertebrates to vertically migrate through 
deposits appears to decrease with a correspondi ng decrease in the sediment 
particle size. The observed difference in the rate of movement through 
various substrates are apparently related to the greater amount of 
interstitial water in sand than in silt or clay. Consequently, benthic 
invertebrates in the Beaufort Sea may be most suscepti bl e to buri a 1 when cl ay 
overburden is removed and discarded from offshore borrow sites. 

Smaller invertebrates are often more vulnerable to burial when 
sediments are anoxic, si nce they are 1 ess abl e to reach the surface pri or to 
suffocation. However, Nicol (1967) reported that at least some molluscs and 
polychaetes can temporari ly reduce thei r respi ratory requi rements under low 
oxygen conditions. Overall, these studies suggest that the degree of 
mortality resulting from burial will depend on the particle size composition 
of the dredge spoil as well as the escape abilities of individual species • 

. In the Beaufort Sea region, sand is the most common borrow material 
used for artificial island construction, but is usually located in deposits 
which are covered by a 3-5 m thick overburden of clay and silt which must be 
removed to expose the sand layer. Thi s overburden supports various 
populations of benthic invertebrates and in some cases microalgae, although 
only the upper 5 to 15 cm of substrate represents actual benthi c habitat. 
Most stationary dredging programs also attempt to remove the maximum volume of 
material from a relatively small area by excavating deeper layers which are 
naturally devoid of organisms, and this would tend to minimize the total 
amount of benthic habitat disturbed by dredging activities. 

Most of the potential borrow sites identified to date in the Canadian 
Beaufort Sea are located offshore in water depths between 15 and 40 m. This 
depth zone approximately coi nci des with the Transi ti on Zone (15-30 m) which 
Wacasey (1975) characterized as receiving intense scouring by ice keels and 
having fluctuating water temperatures and salinities. On the basis of data 
provided by this author, an average benthic biomass of 5 g/m2 (dry wt.) may 
be expected in thi s region, with the polychaetes Artacama proboscidea and 
Trochochaeta cari Cd and the cl am Portl andi a a rcti ca representi ng the dom; nant 
species. 

In the Beaufort Sea, the mobil e epi benthic fauna such as i sopods, 
mysids and amphipods may be able to avoid burial by sediments which settle out 
of turbidity plumes, although they would remain relatively susceptible to 
entrainment by dredging equipment. Infauna in this region are dominated by 
polychaetes and molluscs (EIS Volume 3A; Section 3.5) which generally have low 
mobility and will be less likely to avoid heavy sedimentation or escape 
entrainment. Benthic microalgal cells \'Ihich colonize the surface of the 
seafl oor in certain areas may also be ruptured or resuspended in the water 
column during dredging programs. 



56 

2.4.8.2 Benthic Habitat Alterations 

?ost-dredging alterations in water depths, particle si~e composition 
of exposed sediments, food availability and possibly temperature and salinity 
regimes may occur in both excavation and dredge spoil deposition areas. These 
habitat changes can resul tin differenti a 1 rates of recol oni za ti on, survi val 
and reproducti on by vari ous invertebrate popul ati ons, and therefore 1 ead to 
shifts in the interspecific relationships within the benthic community. 
Post-dredging studies completed in temperate marine waters indicate that 
numbers and species of organisms in dredged and spoil deposit areas can be 
markedly different from those in adjacent undi sturbed areas (Morton 1977). 
Excavated areas also can contain different dominant species than spoil 
depositi on areas, which is evi dence that different speci es have va riabl e 
abilities to adapt to specific environmental disturbances (Copeland and 
Dickens 1974; Kaplan et~. 1974). 

Carricker (1967) reviewed many investigations dealing with the 
specific nature of organism-sediment adaptations and interactions, as well as 
the sensitivities of fauna to other physical habitat parameters such as 
temperature, salinity and currents, which could be affected by dredging. In 
general, greater densities of estuarine macrobenthos can be supported in 
"muddy sand" habitats with sufficient organic matter than in either clean, 
coarse unstable sands and gravels or soft slurry muds. These investigations 
often emphasize the important role of the sediment as a source of food, as 
well as the rather close relationship between infaunal feeding habits, gross 
organic content and the mechanical nature of the sediments. 

Altered abilities of sediments to support specific invertebrate 
popul ati ons due to dredgi ng-i nduced changes in i nterstiti a 1 water content or 
particle size composition have been the subject of extensive investigation. 
Sykes and Hall (1970) reported fewer numbers and less species diversity among 
molluscs in the silt/clay sediments of dredged canals than in the sand and 
shell sediments in the undisturbed bottom of a Florida bay, although other 
factors such as depth, currents and food availability may have been partially 
responsible for this differential distribution. Turk et ale (1980) found that 
sediment introduced behind a causeway in an Nova Scotiaintertidal mudflat had 
not compacted significantly over a 10 year period, and that high water:mud 
ratios likely prevented populations of the clam Macoma balthica and the 
tube-dwelling amphipod Corophium volutator from recolonizing the area. On the 
other hand, Heteromastus filiformis, a deposit-feeding polychaete which has a 
high body surface/mass ratio, was unusually abundant compared to nearby 
unaltered mudflats. Other reviews on the effects of dredging have emphasized 
the non-cohesi ve nature of recently-dredged sil t and cl ay spoil, pa rti cul a rly 
where sucti on methods ha ve been used to fl ui di ze the sediments for transport 
(Morton 1977; Hirsch et al. 1978). 
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In the Beaufort Sea region, excavation of subsea glory holes, 
harbours and borrow pits would create localized basins or depress"jons in the 
seafloor. These new habitats mal al so be characteri zed by a different 
oceanographic regime including higher salinities, colder temperatures and., in 
some cases, reduced current velocities due to a depression effect. The 
potential for creation of these new habitats may be greatest with; n the 
i>1ackenzie River estuary due to the marked vertical temperature and salinity 
stratificati on which exi sts in thi s area throughout the year (EIS Vol ume 3A, 
Section 1.3). With time, the relatively high sediment load of the Mackenzie 
River and bottom-scouring currents during wind storms could eventually fill 
some of these newly-created basi n habitats with settl ed fi nes, dependi ng on 
their location. However, ice gouges in deeper waters having very low 
hydrodynamic energy levels have been estimated to be 100 years old and up to 
5.5 m deep (Reimnitz and Barnes 1974). Sedimentation rates have been 
estimated at between 0.3 and 1.0 m/lOOO yr off the Mackenzie Delta in 60 and 
350 m depths, respectively (Shearer 1972, cited in Barnes and Reimnitz 1974). 
Consequently, glory holes and borrow pits dredged in offshore areas are likely 
to remain as relatively permanent alterations to the seafloor topography. 

It shou1 d also be emphasi zed, however, that most proposed offshore 
dredgi ng and i sl and constructi on in the Beaufort Sea wi 11 be located wi thi n 
tile benthic Transition Zone (Wacasey 1975) which is a dynamic zone of frequent 
ice scouring (0.1 to 0.4 scours/km/yr) and fluctuating oceanographic 
conditions. Ice keels mechanically disturb the seafloor, producing "a mosaic 
of unscoured areas, recently scoured areas, and scoured areas in va ri ous 
stages of [benthic] recovery" (Wacasey 1975). For exampl e, di vers observed a 
wide diversity of benthic species in the Alaskan Beaufort Sea, but only a 
small number of ice gouges were popu1 ated with a community compara.bl e in 
maturity to that of the undisturbed bottom (Reimnitz and Barnes 1974). 
Therefore, it is 1 i kely that the benthic community of the proposed offshore 
production zone contains at least some species adapted to recolonizing 
recently di sturbed sediments, either by p1 anktoni c di spersa 1 of 1 arvae or 
direct relocation of adults. 

2.4.8.3 Suspended Sediments and Turbidity 

As indicated earlier in Section 2.4.2.1, turbidity plumes and 
re1 ati vely hi gh suspended sediment 1 evel s are a characteri stic of vi rtua lly 
all dredgi ng programs. However, benthic organi sms normally associated with 
mud or silt substrates are highly tolerant of most suspended sediment 
conditions created in the water column by dredging and construction activities 
(Hirsch et a1. 1978). The prevalence of mud and silt substrates in the 
Beaufort-Sea region and the existence of relatively high background 
turbidities in areas influenced by the Mackenzie River plume suggest that 
indigenous benthic forms would be reasonably well adapted to temporary 
suspended sediment i ncredses created by dredgi ng. Turbi dity 1 evel s created 
during dredging may also be \'.Jithin the range of natural background variability 
in the Beaufort Sea (Thomas 1979). However, other factors such as the 
location, season, frequency and duration of dredge-created turbidity plumes 
would also influence the effect of suspended sediments on benthic flora and 
fauna. 
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The most serious form of turbidity is the condition known as IIfluid 
mud ll or fluff, which can blanket the bottom and does not physically allow the 
upward movement of macrofauna to the clearer overlying water (Hirsch et al. 
1978). Another possi bl e short-term effect of increased si 1 tatfOri on 
filter-feeding infaunal species is a reduction in their feeding efficiency due 
to dilution of food cells by sediment particles or physical clogging of 
filtration appendages. Oysters and clams in temperate regions have been shown 
to reduce their average water pumping rates by up to 94 percent when exposed 
to high concentrations (3-4 giL) of suspended silt (Loosanoff and Tommers 
1948; Loosanoff 1961). Suspended clay also greatly affects the normal 
development of cl am (Venus mercenari a) eggs and 1 arvae, and in some cases, 
causes mortality by clogging of the digestive tract (Davis 1960). 

Sublethal effects of high suspended sediment concentrations on 
benthic flora and fauna of the Beaufort Sea have not been investigated, 
although high turbidity levels in shallow waters where light normally reaches 
the bottom could cause short-term reductions in the rate of primary production 
by benthic microalgae. 

2.4.8.4 14ater Quality Changes 

Undisturbed sediments are typically characterized by a vertical 
gradient from oxidized surface deposits down to increasingly reduced sediments 
in deeper layers. The latter create a chemical oxygen demand when they are 
exposed to the overlying water body and undergo oxidation. Sediment grain 
size and burrowing activity by benthic invertebrates have major roles in 
determining tile amount and circulation of interstitial water within the 
sediments, and hence the depth of the anaerobic 1 ayer. Hydrogen sulfi de also 
creates an oxygen demand and is toxic to marine invertebrates at certain 
concentrations (Theede et al. 1969). The Environmental Studies Board (1972) 
suggests that concentrations of sulfide equal to or exceeding 0.01 mg/L 
constitute a hazard in the marine environment between pH "6.5 to 8.5. In 
addition, a biological oxygen demand may be created if the sediment suspension 
contai ns hi gh concentrati ons of nutri ents which stimul ate acti ve bacteri al 
metabolism requiring oxygen (Section 2.4.10). Infaunal benthic invertebrates 
may be relatively well adapted to low oxygen concentrations due to their 
burrowing behaviour, whereas epibenthic forms are expected to be generally 
more sensiti ve to anaerobic conditi ons. The primary concerns rel ated to low 
oxygen levels associated with dredging are: 1) the decreased probability of 
survival of benthic organisms if smothered by anaerobic spoil, and 2) the 
creation of localized anoxic bottom waters. 

Nutrient concentrations are usually higher in fine, highly organic 
sediments than in overlyi ng waters, due 1 a rgely to mi c robi a 1 decompositi on of 
allochthonous plant debris. For example, ~Jindom (1973) reported significant 
rel eases of ammoni a duri ng dredgi ng operations withi n fi ve warm temperate 
estuaries. However, the potential stimulation of local primary production by 
ammoni a and other nutrients rel eased duri ng dredgi ng may be offset by the 
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shading effect associated with increased turbidity (Morton 1977). In 
addition, surface sediments of the Beaufort Sea shelf are highly oxidized and 
generally contain less organic matter than sediments at similar depths 
elsewhere in tropic and temperate zones (Carsola 1954; Naidu and Mowatt 
1974). It is possible that the year-round low temperatures near the seafloor 
limit microbial utilization and transfonnation of organic matter into 
nutrients. 

2.4.8.5 Release of Sediment-Bound Toxicants 

Although the release of toxic material s such as trace metal s duri ng 
dredging has been identified as a potential area of concern in some polluted 
regions in temperate and tropical latitudes (Keeley and Engler 1974; l~orton 
1977), thi sis not a si gnificant area of concern at present in the Beaufort 
Sea region. Sediments dredged in the Beaufort Sea woul d not contai n the 
magnitude or diversity of contaminants found in sediments adjacent to large 
i ndustri a 1 and popul ati on centers. For example, Thomas (1979) compared the 
concentrati ons of 10 different trace metal s measured in sediments coll ected 
from McKinley Bay, Tuktoyaktuk Channel, and the Mackenzie Delta with levels 
reported for uncontami nated coastal sediments el sewhere in the worl d, and 
found that trace metal levels in the Beaufort Sea were well within the range 
of values which are considered typical of unpolluted sediments. 

The only potential area of concern would be the release of any toxic 
materi a 1 s (part icul arly H2S) generated duri ng the degradation of untreated 
sewage which presently enters Tuktoyaktuk Harbour from the haml et of 
Tuktoyaktuk. Maintenance dredgi ng in thi s harbour coul d rel ease H2S and 
other unknown compounds until such time as a sewage treatment plant is 
installed for this community. 

2.4.8.6 Benthic Recolonization 

A environmental concern in many areas has been the period which may 
be required for recolonization of bottom habitats where dredging or spoil 
depositi on has occurred. The suitabi 1 ity of newly-deposited or excavated 
substrate for the attraction and support of benthic fauna is dependent on a 
1 arge number of i nterrel ated factors. Recol oni zati on of borrow sites and 
spoil deposits in the Beaufort Sea and other non-polluted waters is reasonably 
well-documented. I nformati on descri bi ng recol oni zati on in the Beaufort Sea is 
reviewed in the following subsection, while the major factors affecting this 
process are summarized below. 

The general factors affecti ng the re-establ i shment of benthi c 
communities on an azoic (uninhabited) bottom were discussed by McCave (1974) 
and include: 

1. Appropriate physical properties of sediments, particularly sediment 
grain size, packing or density, degree of flocculation, interstitial 
water content and permeability, and stability/resistance to erosion; 
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2. Acceptable chemical properties of sediments including levels of 
oxygen and decomposi tion gases, concentrati ons of organic materi a 1 
and nutrients, pH, redox potential, and acceptable levels of toxic 
compounds or elements; 

3. Certain biological conditions including dispersal capabilities for 
adults and larvae, relatively low predation pressures, and feeding 
opportunities; and 

4. Suitable hydrographic conditions in the overlying water column 
including currents, oxygen content, temperature, light and salinity. 

Oliver et ale (1977) conducted a four year field evaluation of 
spatial and temporal\iariations in recolonization of several dredging sites in 
f40nterey Bay. Thei r study showed that rna ri ne organi sms reco 1 oni zi ng dredged 
material were not the same species as the original residents, and these new 
colonizers were generally opportunistic species whose environmental 
requi rements were adaptabl e enough to permi t occupati on of the di sturbed 
areas. Re-establishment of the original community at the various locations 
followed no predictable sequence, although some original species were noted 
within several months of dredging and complete recovery was approached within 
one year. Vertical escape of existing organisms through the dredged spoil was 
not considered a factor in the recolonization process, and Oliver et ale 
(1977) suggested that the adjacent undi sturbed communiti es were the primary 
source of replacement organisms through either adult migration or larval 
dispersal and settlement. 

Other authors have reported generally similar findings in different 
temperate regions. However, recolonization patterns and rates are affected by 
a host of site-specific variables, particularly the size of the 
dredging-affected area in relation to the nature and area of the surrounding 
coastal habitat. For example, Leathem et al. (1973) reported that the 
naturally low density of benthos «100 individuals/m2) before dredging in 
Delaware Bay hampered detection of post-dredging changes in density. 
Successful recolonization in temperate regions has occurred in periods ranging 
from as little as 2 weeks in Coos Bay, Oregon (Slotta et al. 1973) to 18 
months in Chesapeake Bay (Pfitzenmeyer 1970; cited in Morton 1977), while Turk 
et al. (1980) reported that a benthic community in Nova Scotia had not 
returned to normal 10 years after induced siltation. 

The colonization of disturbed areas by sedentary infauna, sessile 
epifauna, and many benthic plants usually involves planktonic dispersal of 
juveniles, while re-establishment of mobile epifauna is usually rapid and may 
occur within months of dredging. Some larvae of benthic fauna exhibit various 
degrees of substrate discrimination, and do not settle or develop on 
unfavourable substrates. Due to these differences in recolonization modes and 
rates, the former two cl asses of benthi c fauna represent better indicators of 
successful recolonization of a disturbed substrate. 
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2.4.8.7 Beaufort Sea Dredging and Benthic Recolonization Studies 

Recolonization of borrow pits and spoil deposits in the Beaufort Sea 
IS reasonably well~documented, and to date, environmental studies have 
indicated relatively few potential concerns related to the interaction between 
benthic organisms and dredging in this region. Wacasey (1975) described the 
infauna1 benthos in four depth zones within the southern Beaufort Sea, three 
of which overlap the depth range where dredging and artificial island 
constructi on is expected duri ng future hydrocarbon producti on acti vi ti es. 
These are the Estuarine (0-15 m), Transitional (15-30 m) and Marine (30-200 m) 
zones, where there is a general trend of increasing numbers of species, 
abundance and biomass with increased depth. The early artificial islands off 
the Mackenzie Delta were constructed in shallow waters «5 m) where natural 
densities of infaunal benthic invertebrates were low, probably due to the low 
salinities off the river mouth and annual ice scour in this area (Slaney 1973, 
1974c; Bengeyfie1d 1976). In recent years, islands have been constructed in 
deeper waters, and this has required a concomitant increase in the basal area 
of the islands and hence more borrow material. These islands have also been 
situated ina ri cher benthic zone (Wacasey 1975; Envi rocon 1977; Beak 1981). 
Of the conventional artificial islands having at least a 1:15 slope and wide 
sacrificial beach, Issungnak 0-61 is located in deepest water at 19 m. 
However, the recently completed Tarsiut island, built on a 1:5 slope with 
concrete cai ssons extendi ng up through and above the water surface, is the 
deepest island (23 m) constructed in the Beaufort region to date. 

Beak Consultants Ltd. (1981) described the distribution of benthic 
invertebrates adjacent to the Issungnak artificial island, and concluded that 
post-dredging alterations in sediment particle size were primarily limited to 
the area encompassed by the 0.53 km2 i sl and base and the two borrow pits. 
Sand sediments, located at the outer edge of the i sl and base 300 m away from 
the shoreline, formed a transition zone with some mixture of sand and 
silt-clay components, while areas 900-1800 m from the site had natural 
silt-clay substrates. The effects of construction of Issungnak on benthic 
fauna di d not extend far beyond the underwater slopes of the i sl and base or 
the prinCipal borrow pits. The density and number of species found during 
post-constructi on studi es were inversely re1 ated to sediment parti cl e si ze. 
Recolonization of the construction zone began immediately, with 7 to 23 
species per m2 occurring in the spoil disposal zone compared to 29 to 47 
species per m2 in the background zone. Complete denudation of the substrate 
was not observed at any station. Species colonizing the construction zone 
i ncl uded some speci es from the background zone, as well as three polychaetes 
found only in the construction zone, which probably colonized the area through 
widespread dispersal of planktonic larvae (Beak Consultants Ltd. 1981). 
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The Isserk F-27 artificial island was built in the summer of 1977 in 
12.8 m of water~ and a baseline study was conducted during its construction by 
Envirocon Ltd. (l977). As in the case of Issungnak, sand was distributed 
adjacent to the i sl and base, and thi s was undoubtedly dredged or barged 
material used during construction since the natural sediments in the area were 
primarily silt and clay. Erosion of the island during a severe storm in late 
August may have also caused the di spersa 1 of sand to areas beyond the i sl and 
base. The species diversity and biomass of benthic invertebrates did not show 
any statistically significant trends related to island construction, although 
the abundance of benthos tended to increase with increasing distance away from 
the island. The authors concl uded, however, that there were no apparent 
adverse effects of constructi on on the bottom fauna surroundi ng the I sserk 
site. Several earlier studies near other artificial islands in the region had 
resulted in similar conclusions (Slaney 1973, 1974c; Bengeyfield 1976). 
Envirocon (1977) calculated that the Isserk island base occupied approximately 
0.2 km2 of benthic habitat, while the adjacent borrow area extended over an 
additional 0.3 km2• An estimated 6000 kg (wet weight) of bottom fauna were 
lost duri ng the constructi on of I sserk, based on a mean bi omass of 12 g/m2 
(wet wt) in this part of the Beaufort Sea. 

01 msted (1977a) reported that the i ndi rect sedimentati on resulti ng 
from the construction of Arnak L-30 in 7 m of water did not significantly 
alter either infaunal biomass or abundance at two stations 400 and 500 m from 
the site when compared with a control station, although the extent to which 
these two stations had been affected by the turbidity plume was not known. 
The base of Arnak L-30 covered about 0.11 km2 of substrate, and the adjacent 
borrow pits accounted for an additional loss of 0.087 km2 of benthic 
habitat. Olmsted (1977a) calculated that about 1500 kg (wet weight) of 
benthos were lost duri ng constructi on of Arnak L-30, usi ng average bi omass 
fi gures determi ned for adjacent areas. 

Overall, the results of studies conducted following artificial island 
construction in the Beaufort Sea indicate that: (l) direct and total loss of 
benthic fauna has been primarily limited to the basal area of exploration 
islands and adjacent borrow pits; (2) changes in the particle size composition 
of sediments have only been evident within 1 km of construction sites; (3) the 
diversity and abundance of benthic fauna mayor may not decrease in areas 
immedi ately adjacent to i sl and bases; and, (4) recol oni zati on of di sturbed 
areas begins relatively quickly. It should al so be emphasized that most 
expl orati on i sl ands constructed to date have been sacrifici al beach desi gl)s 
with very gradual slopes, whereas many of the future exploration and 
production platforms will employ concrete or steel caissons placed on subsea 
berms with much steeper slopes. As a result, the borrow requi rements and 
basal areas of islands, and therefore the direct loss of benthic fauna, will 
each be minimized. 
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2.4.8.8 Su~~ary of Potential Concerns 

Future Q!ffshore and coastal dredgi ng operati ons in the Beaufort Sea 
wi 11 be necessary for artificial i sl and and cause\'1ay constructi on, harbour 
maintenance, dredging of access channels, construction of glory holes and 
subsea pipeline ditching. The primary effects of these activities on benthic 
communities \'iiH be: (1) direct mortality caused by physical burial of 
organi sms under spoil deposits and i sl and bases, and (2) loss of fauna in 
borrow pits and other excavation sites. Less severe effects of dredging on 
benthic flora and. fauna may be associated with turbidity plumes and localized 
changes in water quality, although these sources of potential disturbance 
would be relatively short-tenn. 

The magnHude of the potential and probable effects of dredging on 
benthic communities would be generally proportional to the size of dredged and 
spoil deposition areas in relation to the total unaffected area which supports 
similar benthic populations. However, this proportional relationship would 
not apply in some localized inshore areas along the Beaufort Sea coastline, 
which are unusually productive for this region due to specific combinations of 
oceanographic .conditions. Some of these productive areas include the lee of 
Pelly Island spit and Hooper Island (Slaney 1973), Simpson Lagoon and similar 
barrier island environments (Griffiths and Dillinger 1980) and Mason Bay 
(\~acasey 1975). Si nce these areas may be consi dered sensiti ve habitats in 
terms of their annual contribution to the benthic biomass of the Beaufort Sea 
regi on, dredgi ng operati ons which affect these and other producti ve habitats 
would likely be of far greater regional concern, particularly when they also 
support important fi sh and bi rd popul ati ons. However, the only dredgi ng 
programs which are presently anticipated in inshore areas are the continued 
ma i ntenance dredgi ng in Tuktoyaktuk Harbour and McKinl ey Bay, the conti nued 
use of the Tuft Point borrow site, and dredging requirements associated with 
construction of a breakwater at King Point and the subsea pipeline system near 
North Head on Richards Island (EIS Volume 2). 

According to the criteria described in Section 1 of this document, 
the degree of regional concern regarding the effects of dredging on benthic 
commununities in the Beaufort Sea would range from NEGLIGIBLE, in many 
nearshore areas where benthic biomass is low, to r~INOR in offshore waters 
characterized by a more diverse and abundant infauna and epifauna, to MODERATE 
in the isolated high productivity areas previously described. The degree of 
potential concern is higher in the latter two areas, not only because of the 
higher benthic standing crop in these environments, but al so because other 
indirect effects of dredging may be of greater significance in waters which do 
not normally contain rel ati vely hi gh suspended sediments throughout much of 
the year. The potential concern rel ated to i ndi rect effects of dredgi ng may 
also be greater during the winter when background turbidities are relatively 
low, and benthic 1 arva 1 stages, whi ch may be more sensi ti ve than adults to 
suspended fines (Davis 1960; Loosanoff 1961), are present in the water column. 
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2.4.9 Effects of Dredging on Epontic Communities 

Since the technical feasibility of efficient dredging in ice covered 
waters is still in the conceptual stage, there are no data describing 
potential physical and chemical effects of this activity on the under-ice 
surface and water column, or the biological effects of dredging on epontic 
organisms. However, there is little reason to expect that physical and 
chemical changes withi n the water col umn observed duri ng open water dredgi ng 
operations would be substantially different during winter operations, although 
background turbidity/suspended sediment 1 evel sin the nearshore Beaufort Sea 
would be much lower due to the lower discharge of the Mackenzie River. The 
effects of winter dredging on epontic communities would likely be associated 
with potential changes in dissolved oxygen and nutrient concentrations, 
increased concentrations of suspended sediment, alterations of the temperature 
and salinity structure of the water column, and icebreaking. The potential 
effects of i cebreaki ng on eponti c communiti es were previ ously di scussed in 
Section 2.3.8, while the following sections address potential effects 
resulting from other physical and chemical disturbances. 

2.4.9.1 Increased Suspended Sediment 

Mangarella et ale (1979) studied under-ice water circulation and 
chemistry in the Beaufort Sea near Prudhoe Bay, and utilized these 
measurements of background water conditions to model the dispersion and 
settl i ng characteri stics of an under-water di scharge contai ni ng 182 ppm of 
suspended solids. Their calculations indicate that rough under-ice surfaces 
caused faster sedimentation than smooth under~ice surfaces. Under smooth ice, 
the sediment plume extended approximately 650 m and eventually affected about 
20 acres (8.1 hal. Under rough ice, the horizontal extent of the plume was 
reduced to approximately 450 m. but since the lateral spread of the plume was 
greater, the total area affected was about equivalent to that calculated under 
smooth ice (approximately 8.1 hal. These are the only available data 
describing the possible extent of increased turbidity and suspended solid 
1 evel s under an ice cover. Duri ng the open-water season, dredge-created 
turbi dity pl urnes have been occasionally masked by hi gh background suspended 
sediment levels and turbidity. However, under-ice water sampling in the 
Arctic indicates that suspended sediment concentrati ons and turbi dity a re very 
low, and therefore turbidity could have greater effects on marine biota during 
this period. For example, Mangarella et al. (1979) measured water 
transmissibility at stations up to a depth or-6.a-m near Prudhoe Bay and found 
that the average levels approached the in-air calibration standard for the 
instrument. Waters off the Mackenzie Delta, although relatively clear 
compared to high summer turbidities, are still influenced by Mackenzie River 
outflow during the winter and have slightly higher turbidity than areas not 
affected by ri ver di scha rge. Sl aney (1974c) measured suspended sol ids and 
turbidities at 16 stations off the Mackenzie Delta during March and April, 
1,974 and reported ranges of 1. 6 to 104 ppm and 0.7 ppm to 22.0 ppm, 
respecti vely. 
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Tillere TIS; IllO available literature describing the effects of increased 
under-ice tll.lllrilriidliill:iies and suspended sol ids on epontic communities. Reduced 
transmissibHiiit;JJ Qlf tltPe water column is unlikely to directly affect epontic 
flora, since W;a1r,t:kUl~ate material ~'lOuld progressively settle with increased 
di stance froiD' t.i1re' dlredgi ng site. However, if suspended sediments adhered to 
the under-tee' Sl!llriface and became trapped in growing ice in the immediate 
vicinity of $1lJ'C111 operations, light penetration could be reduced and this may 
decrease pri:mary productivity of epontic flora. It is unlikely that light 
coul d be blocked by ice-trapped sediment over extensi ve areas si nce mode11 i ng 
studies indkate that suspended sediment settles relatively rapidly before it 
could be encapsuTed by growing ice. Mangare11a et ale (1979) estimated that 
in 1 hr and over a 0.7 acre (0.28 hal area, concentrations of suspended solids 
were reduced from 16, ppm to 1 ppm. In addition, the degree of concern 
regarding potential effects of reduced light intensity on epontic flora are 
1 ikely to be NEGLIGIBLE because thi s community is al ready adapted to low 1 ight 
levels, as well as fluctuating light intensities associated with varying snow 
and ice thicknesses (EIS Volume 3A, Section 3.5.8). 

2.4.9.2 Alteration of the Temperature and Salinity Structure 

During late winter and early spring, the water column under the ice 
cover is relatively homogeneous v/ith respect to temperature and salinity, and 
offshore areas of the Beaufort Sea are generally characteri zed by the presence 
of oceanic water. However, nearshore areas with significant river inflow such 
as off the Colville River and the Mackenzie Delta may still have a layer of 
fresh water beneath the ice. Since the water column is not stratified in most 
areas during this period, mixing as a result of dredging would have little 
effect on the temperature and sal i nity structure. In fact, the homogeneous 
temperature and sal i nity structure \'Ioul d favour the more rapi d settl ement of 
suspended solids since there are no marked density gradients which would trap 
and horizontally transport mid-water or bottom plumes (Section 2.4.2.1). The 
more rapid sinking of suspended particulates would also decrease the period of 
exposure of epontic organisms to turbid water. 

As the ice melts in spring and early summer, water beneath the ice 
warms slightly and salinities decrease due to the inflow of fresh melt water. 
Turbulence created by dredging activities at this time of year could break 
down this stratification for short periods in areas adjacent to the 
operation. Saline water from near the bottom could be a source of nutrients 
which would be in short supply in ice melt water due to desaltation of the ice 
sheet (Meguro et al. 1967). The epontic organisms should rapidly adjust to 
the increased salimty associated with dredging because this community begins 
to develop earlier during spring when salinities are relatively homogenous and 
is likely adapted to changes in salinity. Temperatures under the ice could be 
decreased slightly due to mixing with colder bottom waters during dredging. 
The potenti a 1 effects of changes in temperature and sal i ni ty on regi ona 1 
populations of under-ice organisms are expected to be NEGLIGIBLE, but may 
actually be positive due to the concurrent upward transport of nutrients. On 
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the ether hand, icebreaking activities in the vicinity ef the dredging and 
spoil depositien sites would probably result in localized adverse effects on 
epontic flora and fauna. These potential effects were described earlier in 
Sectien 2.3.8. 

2.4.9.3 Changes in rJutri ent and Di sso.l ved Oxygen Concentrati ens 

Nutrient enrichment as a result of dredging activities in the 
Beaufort Sea has been limited to slight increases in tetal organic carbon and 
nitrate-nitrogen concentrations (Section 2.4.2.2). Phosphate and si 1 icates, 
which are also important nutrients for diatom growth, have not been reported 
to increase duri ng open water dredgi ng operations in thi s region. Meguro et 
al. (1967) suggest that the major mechanism for nutrient supply to the growing 
epontic flora is from nutrient salts which penetrate to. the bottom ice surface 
with the brine drainage as the ice begins to melt (EIS Volume 3A, Section 
3.5.3). Bacterial conversion of o.rganic compounds and upward transport of 
nutrients from the seawater under the ice are two other minor pathways of 
nutrient supply to this community. However, slow bacterial metabo.lism at 
temperatures less than DoC and the fact that nutrients in the sea water wo.uld 
not be accessible to the most densely populated diatom zone (within the ice 
crystal s) 1 imit the nutri ent input from the 1 atter two sources. Although 
there are no available data describing the effects of nutrient enrichment on 
the growth of epontic flora, any increase in the rate of growth waul d 1 i kely 
be very limited in space and time, and thus the overall significance in terms 
of regional epontic communities would be considered NEGLIGIBLE. 

Short-term reductions in di ssol ved oxygen concentrati ons have been 
reported several hundred metres from dredge outfall sin the Beaufort Sea 
during the open water season (Section 2.4.2.2). However, during winter when 
water temperatures under the ice are less than DoC, biological oxygen demand 
would likely be reduced due to lower levels of bacterial activity. 
~leasurements of under-i ce di ssol ved oxygen concentrati ons off Prudhoe Bay and 
in Mackenzi e Bay i ndi cate that oxygen 1 evel s may be below saturati on for the 
ambient salinity and temperature regime, but probably do not restrict 
biological activity (Slaney 1974c; Mangare11a et ale 1979). Although slight 
reductions in dissolved oxygen could re sUTt-f rom dredging activity, 
icebreaking in the vicinity of the dredging operation wo.uld likely be the more 
significant source of effects of thi s activity on epontic fauna. 
Consequently, the degree of concern regarding the potential effects of 
dredging-related oxygen reductions on regional epontic communities is 
considered NEGLIGIBLE. 

2.4.10 Effects of Dredging on Micro-organisms 

The effects of dredging on micro-organisms have not been investigated 
duri ng previ ous dredgi ng studi es in the Beaufort Sea. Si gnificant increases 
in the number and vari ety of bacteri a in the water col umn, and a subsequent 
decrease in dissolved oxygen due to biochemical oxygen demand and 
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photo-oxidation of reduced sediments have been reported at dredge sites in 
temperate latitudes (Morton 1977). These effects have usually been associated 
with the suspension of sediments with 11igh organic content and/or sewage and 
\'Iaste contaminated sediments~ particularly at dredge sites with poor water 
circulation. There is some indirect evidence of potentially increased numbers 
of bacteria in turbidity plumes at dredging sites in McKinley Bay and Tuft 
Point (Section 2.4.2.2), where minor reductions in dissolved oxygen 
concentrations were reported (McDonald and Cambers 1977a; Thomas 1979). 
However, di ssol ved oxygen concentrations have not been affected duri ng other 
dredgi ng and artificial i sl and constructi on operati ons in thi s region. In 
general, Beaufort Sea sediments do not have a high organic content and are 
relatively free of contaminated wastes (Section 2.4.2.2), and as a result, the 
degree of concern associated with increases in numbers or activity of marine 
bacteria due to dredging is likely to be NEGLIGIBLE. 

2.4.11 Summary of Concerns Related to Dredging 

The most significant biological concerns associated with dredging 
activity in the Beaufort Sea are related to losses of benthic infauna and 
epifauna in areas where these fauna contribute substantially to the biomass 
and productivity of isolated rich coastal areas such as Pelly Island spit, 
Hooper Island, Simpson Lagoon and Mason Bay. The degree of potential concern 
regarding the effects of dredging on benthic fauna will be highly dependent on 
the location and size of these operations, particularly where the 
aforementioned sensitive habitats could be affected, or where dredging occurs 
in more offshore waters where the biomass of benthos is relatively high. In a 
similar manner, the degree of regional concern may be considered MODERATE when 
the benthic community is important as a food source for local breeding bird 
populations and the juvenile stages of anadromous fish. 

As indicated in Table 2.4-2, the degree of potential concern 
regardi ng the effects of dredgi ng o·n the majority of resources in the Beaufort 
Sea region is considered NEGLIGIBLE. This is at least in part due to the 
1 oca 1 i zed and short-term nature of most physi ca 1 and chemical di sturbances 
associated with dredging operations, but also because of the extensive 
research which has exami ned effects of dredgi ng in the Beaufort Sea and 
el sewhere. In addition to the moderate concerns associated with potential 
effects on some benthic communities, there are also MINOR concerns related to 
the possible effects on some bird species if dredging operations were located 
near ·critical· feeding areas during staging and brood rearing, as well as 
dredgi.ng operations located in nursery areas for some marine and anadromous 
fish species. 



Envi ronmental 
Component or 
Resource 

Water Qual ity 

Water Column 
Structure 

Substrate 
Character 

Ice Regime 

Bowhead Whales 

White Whales 
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TABLE 2.4-2 

SUMf~ARY OF POTENTIAL CONCERNS RELATED TO 
DREDGING ACTIVITIES IN THE BEAUFORT SEA REGION 

Potential or 
Probable Effects 

Short-term turbidity plumes extending 
up to 5 km downstream of dredging 
activities; potential short-term 
decreases in dissolved oxygen 
concentrations and increases in 
nutrient levels 

Temporary mixing of water column 
layers of different density, reducing 
degree of temperature and salinity 
stratification; transport of cold, 
saline waters into habitats normally 
characterized by relatively warm 
temperatures and low salinities 

Localized alteration of bottom 
contours and sediment composition. 

Localized thickening of ice in 
nearshore areas. 

Avoidance or attraction responses 
depending on degree and type of 
activity (see Underwater Sound, 
Section 2.6.2); localized loss of 
benthic food sources, and temporary 
interference with foraging abilities 
in turbidity plumes 

Avoidance or attraction responses 
depending on degree and type of 
activity (see Underwater Sound, 
Section 2.6.2); possible temporary 
interference with foraging capab­
ilities within turbidity plumes 

Degree of 
Potential Regional 

Concern 

See specific 
resources for 
biological concerns 

See specific 
resources for 
biological concerns 

See spec ifi c 
resources for 
biological concerns 

See specific 
resources for 
biological concerns 

NEGLIGIBLE for 
dredgi ng per ~ 

NEGLIGIBLE for 
dredgi ng per ~ 



Environmental 
Component or 
Resource 

Ringed seal 

Bearded seal 

01dsquaws, eiders, 
loons, other 
diving ducks 
and a1cids 

Gull s, jaegers, 
shorebi rds 

f4a ri ne fi sh 

Anadromous 
fish 
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TABLE 2.4-2 (Page 2) 

Potential or 
Probable Effects 

Potential avoidance or attraction 
responses, and temporary inter­
ference with foraging capabilities 
within turbidity plumes 

As for ringed seal, and localized 
loss of benthic food sources 

Localized and relatively short-term 
loss of benthic food resources, 
temporary reductions in prey visi­
bility within turbidity plumes, 
di sturbance. 

Attraction to dredging activities 
due to increased availability of 
invertebrate food sources and/or 
human presence 

Temporary avoidance or sublethal 
effects (e.g. decreased feeding 
efficiency) resulting from exposure 
to suspended solids; localized loss 
of benthic food sources and habitat; 
potential entrainment of some less 
mobile or juvenile fonns 

Effects as with marine fish, but 
degree of concern is considerably 
greater where populations are 
concentrated 

Degree of 
Potential Regional 

Concern 

NEGLIGIBLE 

NEGLIGIBLE 

NEGLIGIBLE to 
MINOR; the degree 
of concern could 
be consi dered 
MINOR if dredging 
operati ons were 
located near 
'critical' feed­
ing areas during 
staging and brood 
reari ng. 

NEGLIGIBLE 

NEGLIGIBLE to 
MINOR 

NEGLIGIBLE to 
f~ODERATE 



Envi ronmenta 1 
Component or 
Resource 

Phytopl ankton 

Zooplankton 

Benthic 
I nfauna 
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TABLE 2.4-2 (Page 3) 

Potential or 
Probable Effects 

Loca 1 i zed and short-term increases 
or decreases in growth and production 
associated with altered nutrient and 
light regimes within turbidity plumes; 
potential changes in local community 
structure during chronic or long-term 
disturbances 

Potential mortality and sublethal 
effects resulting from exposure to 
relatively high suspended sediment 
levels. Increased or decreased 
feeding depending on concentration 
and nature of suspended solids 

Direct mortality due to excavation 
and spoil deposition in benthic 
habitats; habitat changes and 
creation of some new or unique 
habitats resulting in recolon­
ization by different species; sub­
lethal effects on feeding efficiency 
associated with turbidity plumes; 
localized effects associated with 
changes in water quality and 
sediment chemistry (see text) 

Degree of 
Potential Regional 

Concern 

NEGLIGIBLE 

NEGLIGIBLE 

Variable; the 
degree of concern 
ranges from MINOR 
in nearshore 
(estuarine) zone 
where biomass is 
low to MODERATE 
i n 1 oc a 1 . se n s i -
tive and hi ghly 
productive habi­
tats (see text). 
Degree of concern 
in offshore areas 
ranges from MINOR 
to MODERATE de­
pending on loc­
ation and size of 
dredging oper­
ation. 



Envi ronmenta 1 
Component or 
Resource 

Benthic 
Epifauna 

Epontic Flora 

Epontic Fauna 

Micro­
organi sms 
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TABLE 2.4-2 (Page 4) 

Potential or 
Probable Effects 

As above except for reduced degree 
of direct mortality due to greater 
mobility of some epifaunal species. 
Recolonization of disturbed 
habitat or new habitat more rapid 

Localized incorporation of sus­
pended sediments in lower ice 
surface decreasing light pene­
tration and potential production; 
possible short-term and localized 
increases in nutrient availability 
due to water column mixing. See 
also Icebreaking, Section 2.3.8 

Altered temperature and salinity 
structure requiring physiological 
adjustment. Localized short-term 
decreases in oxygen availability. 
See also Icebreaking, Section 2.3.8 

Possible increased numbers and 
and metabolism of bacteria in 
areas where relatively high organic 
content or nutrient-rich sediments 
dre excavated 

Degree of 
Potential Regional 

Concern 

Variable; degree 
of concern ranges 
from NEGLIGIBLE 
to MODERATE de­
pending on the 
location and size 
of dredgi ng oper­
ations. A MODER­
ATE concern 
exists in some 
highly productive 
coastal environ­
ments where epi­
fauna are import­
ant for the sup­
port of 1 oca 1 
breedi ng bi rd 
populations and 
rearing anadrom­
ous fish species. 

NEGLIGIBLE for 
dredgi ng per ~ 

NEGLIGIBLE for 
dredgi ng per ~ 

NEGLIGIBLE 



72 

2.5 TREATED SEWAGE 

2.5.1 Introduction 

Sewage can contain a variety of pollutants such as trace metals, 
oils, greases, toxic chemical s, and in the case of untreated sewage, large 
amounts of organic material and solids. A discussion of all possible 
components in sewage and their potential effects on marine flora and fauna is 
beyond the scope of this document since relatively limited quantities of 
treated sewage woul d be released from mari ne vessel s, production faci 1 i ti es 
and shorebases. Consequently, the following discussion is limited, in general 
terms, to potential effects of organic compounds and solids (= sludges) and 
nutri ent enrichment, and specifically wi th potenti al concerns associated with 
discharge of treated sewage. 

Treated sewage from proposed offshore exp 1 orati on producti on 
facilities \'Iould normally be disposed of at depth via a submarine outfall, 
although in some cases, the effluent could be discharged on top of ice with 
mixing taking place during breakup in the spring. Submarine outfalls would 
always be used at shorebases, and all sewage from marine vessels and both 
offshore and onshore facilities would undergo secondary treatment. All 
outfalls would also be located in areas allowing acceptable dispersion and 
dil uti on of the effl uent. Sl udge produced from these treatment pl ants wou1 d 
either be incinerated or deposited in landfills. 

Expected characteri stics for secondary treated eff1 uent from these 
facilities are 45-130 mg/L BOD, 60-130 mg/L suspended solids, 10-20 mg/L 
nitrogen and 3-6 mg/L phosphorus (Cain and Swain 1980), and dilutions in 
excess of 100:1 should further reduce nutrient concentrations to ambient 
levels found in the Beaufort Sea. 

Potential environmental concerns associated with sewage disposal in 
the Beaufort Sea include nutrient enrichment, oxygen depletion in receiving 
waters, and smothering of benthic organisms by solids, although all of these 
potential effects would be very localized in the case of effluent which has 
received secondary treatment. The degree of concern related to sewage 
disposal is a function of the volume and circulation of the receiving water in 
relation to the volume of sewage discharged. On a global basis, the open 
ocean and most small seas have not been seriously affected by sewage discharge 
(Topping 1976). The effects of sewage discharges, when documented, have 
generally been restricted to shoreline areas, bays and fjords near large 
citi es, as well as to the estuari es of ri vers that have recei ved sev/age 
discharges from major population centres. For example, it has been calculated 
that the total annual amount of biodegradable material discharged into the 
North Sea (about 545,740 tonnes) consumes only about 0.13 percent of the 
dissolved oxygen in the North Sea at anyone time (I.C.LS. 1974). However, 
on a smaller scale, local marine waters have been adversely affected by sewage 
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discharges from major centres of human population; these effects have included 
algal blooms (Ryther and Dunstan 1971), oxygen depletion and shellfish 
contamination (Berg 1975). 

One of the most pronounced effects of sewage di sposa1 in aquatic 
environments is the settling of solid materials. With time, solids accumulate 
and eventually cover the bottom, especially in regions of restricted water 
circulation. The degradation of these solids can lead to severe oxygen 
depletion, and in some instances, they may also contain high levels of trace 
metal s and other potentially harmful material s. In an extreme case, Pearce 
(1970a, b) reported that i ndi genous benthic and epi benthi c organi sms were 
virtually eliminated over an area of about 26 km2 off New York harbour where 
massive quantities of sewage sludge had been dumped over a period of about 45 
years. Adjacent to this area, clams were contaminated with enteric bacteria, 
and fi n rot di sease of fi sh was a1 so quite common. In the Beaufort Sea, the 
potenti al detrimental effects of such sol ids wou1 d be consi dered NEGLIGIBLE 
si nce the current p1 ans for waste management indicate that sl udge wi 11 not be 
di scharged to the ocean. 

Another potential adverse effect of sewage disposal in natural waters 
is the transmission of diseases. Disinfection with chlorine is successful 
agai nst most bacteri a but 1 ess so with vi ruses. Outbreaks of i nfecti ous 
hepatiti s and acute gastroenteriti s have been traced to sewage-contami nated 
she1lfi sh (Li u 1970). I n some cases, contami nati on of water by sewage has 
also necessitated local closures of commercial shellfish fisheries, 
recreational beaches and sports fisheries. 

The greatest potential area of concern with respect to sewage 
discharge in the Beaufort Sea would be the release of effluent into 
ice-covered nearshore waters. In sha 11 ow areas, litt1 e free water remains 
beneath the landfast ice sheet in mid to late winter, and circulation may also 
be greatly reduced in these areas. In addition, if tile sewage dischdrge is of 
lesser density than the receiving water, it could form a frozen layer between 
the undersurface of the sea-ice and the seawater, thereby exposi ng epontic 
flora and fauna to relatively concentrated sewage effluent when this layer 
melts in the late spring. This and other potential effects of sewage on 
marine resources of the Beaufort Sea are discussed in the following sections. 

2.5.2 Effects of Sewage on Mammals 

The degree of concern regarding potential effects of domestic sewage 
di scharged from offshore producti on faci 1 iti es and mari ne vessel s on mari ne 
mammals of the Beaufort Sea is expected to be NEGLIGIBLE. All wastes would 
recei ve secondary treatment, di 1 uti on of the effl uent in surroundi ng waters 
would be rapid, and sludges would be either incinerated or landfi1led. 
Similarly, the discharge of treated sewage in nearshore areas is also not 
considered a significant area of concern with respect to marine mammals. A 
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highlf loca1ized nutri,ent enrichment and oxygen depletion zone may be present 
near some oiJtfalls, but it is unlikely that marine mammals would approach 
these shallow areas for extended periods due to the level of dctivity 
associated with offshore and shorebased activities (Sections 2.6.2 and 2.6.3). 

The release of treated sewage in ice-covered nearshore wate)~s may 
result in more pronounced nutri ent enrichment and oxygen depl eti on when water 
ci rcul ati on is restri cted. Neverthel ess, the effects of sewage di scharge on 
marine mammals and their food sources under the ice would be highly localized 
and of NEGLIGIBLE regional concern. 

2.5.3 Effects of Sewage on Birds 

As with marine mammals, the release of domestic sewage from offshore 
and nearshore facilities and marine vessels would have no regionally or 
locally significant effects on marine birds because the effluent would receive 
secondary treatment and should be rapidly diluted. Outfall s may attract some 
species (e.g. gulls) and thereby increase their susceptibility to disturbances 
associated with other activities at shorebases (e.g. potential fuel spills, 
airborne noise), although the attraction of birds to outfall sites would be 
largely indistinguishable from the attraction of some species to this (and 
any) area of human activity (Section 2.2.3). Consequently, the degree of 
concern regarding effects of sewage on birds is considered NEGLIGIBLE. 

2.5.4 Effects of Sewage on Fish 

There are few documented effects of domestic sewage on fish. 
Normally, the dilution of sewage in receiving waters is sufficient to prevent 
bacterial infections or other kinds of contamination disorders associated with 
sewage outfall s. Only in extreme situations, such as in New York Harbour 
(Section 2.5.1) or in southern California, have infections such as fin rot 
disease been reported in local fish populations (Pearce 1970a,b; Sherwoo'd and 
McCain 1976), and these unusual cases are primarily due to contamination of 
the sediments with sewage. 

The addition of disinfectants (e.g. chlorine or bromine) during 
secondary treatment of sewage may have toxic or sublethal effects on fish 
dependi ng on the concentrati ons of these chemical s near di scharge sites. 
Several toxicity studies suggest that residual chlorine is more toxic than 
bromi ne, and concentrati ons 1 ess than 0.5 ppm have been shown to be acutely 
toxic to several temperate water fish species in 96-h bioassays (Ward and 
DeGraeve 1977; Roberts 1980). The current recommended level of residual 
chlorine for the protection of aquatic life in fresh water is 0.002 ppm (EPA 
1976). Ammonia (non-ionized) and surfactants also contribute to the toxicity 
of sewage effluents. 

The oxygen demand of domestic wastes can reduce di ssol ved oxygen 
concentrations to levels which are not acceptable for fish habitat in confined 
areas. Davis (1975) suggests a level A requirement of 7.75 to 9.75 mg/L of 
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dissol~ed Dxygen, depending on salinity and temperature, while the EPA 
criteria isa minimum dissolved oxygen concentration of 5 mg/L (EPA 1976). 

1ft the Beaufort Sea, the relatively small volumes of effluent 
involved and the anticipated dilution would likely ensure sufficient 
di spersi.on of waste s. Oi ssol ved oxygen concentrati ons are unl i kely to drop 
more thalll a few percent below ambient levels, and if disinfectants are used 
during secondary treatment, dilution should rapidly reduce residual chlorine 
to acceptable levels. Consequently, the degree of concern regarding the 
potential effects of treated sewage on regi ona 1 or 1 oca 1 fi sh popul ati ons is 
expected to be NEGLIGIBLE. 

2.5.5 Effects of Sewage on Phytopl ankton 

The discharge of sewage to the marine environment can have either an 
inhibitory or stimul atory effect on phytopl ankton popul ations, dependi ng on 
the amount and type of contami nants contai ned in the effl uent (North et a 1. 
1972). However, most contaminants in sewage which adversely arfect 
phytoplankton are of industrial origin, and only secondary treated domestic 
wastes would be discharged to the Beaufort Sea. 

The primary effects of domestic sewage on phytoplankton are 
associated with the addition of nutrients, particularly nitrogen and 
phosphorous. Both of these nutrients are required for phytoplankton growth, 
and growth will be restricted once either is present in limiting 
concentrati ons. I n freshwater envi ronments, phosphorous i s generally the 
limiting nutrient (Schindler 1974), while nitrogen usually limits 
phytoplankton growth in marine waters (Ryther and Dunstan 1971; Reed 1975; 
Topping 1976). Nutrient measurements in the Beaufort have confirmed that 
primary productivity can be nitrogen-limited during periods when the growth of 
phytoplankton is not already light-limited (Grainger 1975). In some cases 
where solids are not removed from sewage, a localized reduction of light and 
hence producti vity may resul t from increased water turbi dity, although thi s 
would not occur in the Beaufort Sea because sludges would either be 
incinerated or landfilled. 

The effects of sewage are related to the capacity of the receiving 
waters to accept, di 1 ute and di sperse the effl uent. Most i nvesti gati ons have 
indicated 1 ittl e or no overall impacts of mari ne sewage di sposal on 
phytopl ankton, with hi gher primary producti on only occurri ng in local i zed 
areas near the di scharge sites despite the fact that the vol umes of effl uent 
were often very large and included industrial wastes (Pike and Gameson 1970; 
Chen and Orlob 1972; Eppley et al. 1972; Reed 1975; McIntyre and Johnston 
1975; Kleppel and Manzanilla 19S0). On the other hand, Saunders and Kuenzler 
(1979) reported that the productivity and species diversity of a phytoplankton 
community were affected in an enclosed estuary receiving only domestic 
wastes. 
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The waste management plan for the Beaufort region indicates that 
secondary treated wastes will be discharged via submarine outfalls into areas 
which offer consi derabl e mi xi ng capabil ities, and enclosed bay sand i nl eCS 
will be avoided (EIS Volume 2). Volumes of sewage discharged ,,,ould also be 
small in relation to the size and assimilation capacity of receiving waters. 
The greatest potential for effects on phytoplankton is likely to occur during 
the period of initial (spring) development of the community under ice cover, 
when water circulation and dilution capacity are reduced. However, since the 
phytoplankton are light-limited at this time (Alexander 1974) nutrient 
enrichment should not have a significant influence on the community. 
Consequently, the potential effects of treated sewage disposal on the primary 
productivity and species composition of phytoplankton communities are likely 
to be very localized and of NEGLIGIBLE regional concern. 

2.5.6 Effects of Sewage on Zooplankton 

If nutrient-rich sewage is discharged into the euphotic zone of open 
mari ne areas, local enhancement in primary production may occur under some 
ci rcumstances (Bascom et ale 1980), and thi s can result in concomitant 
localized increases in zooplankton production and biomass when the degree of 
enrichment is sufficient (Welch 1980). The most pronounced effects of sewage 
on phytoplankton and zooplankton can occur in enclosed coastal regions, 
especially in the vicinity of major river estuaries (Topping 1976). In these 
areas, considerable stress may be exerted on the marine environment if 
nutrient 1 evel s are increased more than threefol d. Under such ci rcumstances, 
some phytopl ankton speci es may be inherently better adapted to take advantage 
of the extremely hi gh nutri ent 1 evel s, and therefore become the domi nant 
species in the community. When these species cannot be ingested by 
herbi vorous zoopl ankton or are detrimental to predaceous forms, the speci es 
diversity of the zooplankton community may be affected (Topping 1976), and 
this can be reflected elsewhere in the food web. However, it should be 
emphasized that a threefold increase in nutrient levels would rarely be 
dchi eved ina mari ne envi ronment wi th adequate water ci rcul ati on, except 
possibly in the immediate vicinity of outfalls. In addition, any changes in 
the species composition of the planktonic community would be relatively 
localized, and since phytoplankton and zooplankton are continuously 
transported into and out of well circulated areas, the period of exposure to 
sewage effluent would generally be insufficient to cause regionally 
sjgnificant alterations in community structure. 

As in the case of phytoplankton, the greatest potential effects of 
sewage on zooplankton in the Beaufort Sea would probably occur in nearshore 
areas \"hen ice cover is present and water ci rcul ati on reduced. Nutri ent 
levels could be locally increased and the sewage components which are less 
dense than seawater may also tend to accumulate beneath the ice. Those 
zoopl ankton sped es associ ated wi th the eponti c communi ty may, under such 
ci rcumstances, be exposed to rel ati vely concentrated effl uent (Secti on 
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2.S.8}. However, the majority .of the zooplankton usually inhabits deeper 
waters at thi s time, and would not be exposed to concentrated se\'/age 
effluent" 1n addition, since sewage would be discharged from submarine 
outfalls into well~mixed receiving waters located \'1ell d\'/ay from enclosed 
coastal inlets, potential effects on zooplankton in open waters would be 
localized and of NEGLIGIBLE regional concern. When ice cover is present, the 
effects may be more significant, but would still be considered NEGLIGIBLE and 
restricted to a localized area in the vicinity of the outfall. 

2.5.7 Effects of Sewage on r~icro-organi sms 

Although secondary treatment of sewage would greatly reduce the 
organic content of effluent released in the Beaufort Sea region, some 
biodegradable matter would still enter the water column. Organic matter in 
sewage is normally 40 to 50 percent protein, which contains amino acids that 
are metabolized by bacteria. The carbohydrates present in sewage are mainly 
readily-degradab1 e starches and sugars and more resi stant cell u1 ose, whi 1 e 
fats in sewage are degraded very slowly (Glayna 1971, cited in lain-ul-Abedin 
1978). Relatively large quantities of phosphate and nitrate also remain in 
secondarily-treated sewage (Nester et al. 1978), and together with the. added 
organic matter, can stimulate growt~f~acteria around outfal1s. This may in 
turn be beneficial to bactivorous invertebrates, although high rates of 
bacterial degradation can also deplete dissolved oxygen levels in the water 
col umn, particul ar1y in shall ow nearshore areas duri ng wi nter when ice cover 
greatly restri cts oxygen exchange wi th the atmosphere (Fonse 1 ius 1978). In 
the Beaufort Sea, however, the low winter temperatures would limit bacterial 
activity and likely prevent serious oxygen depletion in the water. Low oxygen 
levels could also develop during the open water season if nutrients released 
both with the sewage and as metabolites of bacterial degradation stimulated a 
localized phytoplankton bloom. These phytoplankton cells would eventually die 
and also be degraded, contributing to an increased biological oxygen demand 
(Fonselius 1978). Extensive microbial activity during the summer months can 
lead to the creation of anaerobic conditions below the thermocline in highly 
stratifi ed waters, although thi s situati on has not been documented in either 
nearshore or offshore waters of the Beaufort Sea. 

Sewage can contribute both intestinal pathogenic and beneficial 
autotrophic and heterotrophic micro-organi sms to mari ne and freshwater 
envi ronments (lai n-u1-Abedi n 1978). Raw sewage has been found to contai n 
average maximum concentrations of 3.4 x 1010 aerobic and 2.8 x 107 
anaerobic bacteria per 100 ml (Coetzee and Fourie 1965, cited in 
lain-ul-Abedin 1978). Pathogenic bacteria commonly include strains of 
Salmonella, Vibrio and r~ycobacterium (Rao 1978). Hm,/ever, as indicated 
earlier, disinfection \'Iith chlorine during secondary treatment would minimize 
concerns re1 ated to the i ntroducti on of pathogens to the Beaufo rt Sea. As a 
result, the overall degree of potential concern regarding sewage-related 
increases in bacterial activity in the Beaufort Sea is considered NEGLIGIBLE. 
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2.5.8 Effects of Sewage on Benthic Communities 

Sewage di sposal can affect ben-chi: communiti es by: 1) modifyi ng the 
physical and chemical characteristics of the substrate, 2) reducing dissolved 
oxygen 1 evel s near the substrate, and .3) smotheri ng some flora and fauna by 
the deposition of material. These effe~ts can individually or in combination 
alter benthic species di versity, bi omass, di stri buti on or communi ty structure 
(Botton 1979). Modifications to temperature, transparency, pH, dissolved 
oxygen content of the water column and salinity associated with sewage 
discharge have usually been negligible and their effects on benthic 
communities insignificant due to rapid dilution of effluent in surrounding 
waters. However, tile nature and magnitude of the effects of sewage di scharge 
on substrate characteristics and the degree of smothering of benthos by sewage 
solids has varied with the physical and chemical characteristics of the 
discharge as well as with various oceanographic characteristics of the 
receiving environment (substrate composition, current velocity, water depth). 

In the Beaufort Sea, increased nutrient levels and deposition of some 
solids on the substrate could result in localized effects on benthic flora. 
Grainger (1975) reported that phytoplankton primary productivity of the 
southern Beaufort Sea was usually limited by water transparency within the 
Mackenzie River plume and by nitrate concentrations outside the plume. This 
suggests that outside of the Mackenzie River plume, nutrient addition by 
sewage discharge could have a minor but localized positive effect on benthic 
marine flora, although the abundance of benthic flora in these waters is not 
known. 

Grigg and Kiwa1a (1970) examined the effects of sewage discharged at 
an outfall in southern California on marine life in that area. They reported 
a complete absence of benthic algae near the outfall, and suggested that this 
appeared to be due to deposits on the bottom which modified or covered an 
otherwise suitable substrate. The deposition of material originating from 
sewage di scharge may smother benthic microalgae and reduce substrate 
suitability for benthic macrophytes. However, in the Beaufort Sea, amounts of 
settl eabl e sol ids \'ioul d be consi derably reduced in the secondary treatment 
process, and the area affected by remaining material would be spatially 
1 imited. 

Sewage may also indirectly affect benthic fauna due to modification 
of the physical and chemical characteristics of the substrate. Armstrong et 
a1. (1980) reported that several trends in the distribution and abundance Of 
benthi c fauna have been observed in rna ri ne a rea s nea r sewage outfall s. Tile 
amount of organic matter in the sediment is often high near these discharges 
and benthic macroinvertebrate populations differ with distance from the 
outfall. Near the outfall, there is usually a zone containing very fevi 
species and numbers of benthic invertebrates, while a zone with large numbers 
of a few tolerant species often occurs at a greater distance from the 
outfall. With additional increases in distance from the outfall, the number 
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of species increases and the number of individuals decreases until a community 
structure more characteri stic of the area occurs. Anger (1975) and Otte and 
Levi ngs (l975) observed the same trend in benthic macro; nvertebrate 
populations exposed to ra\1 or primary treated sewage in coastal areas of the 
Baltic Sea and Strait of Georgia, respectively. 

The organic content of sediment appears to be the most important 
factor affecting the qualitative distribution of benthic macroinvertebrates 
(Watling et ale 1974) because organic detritus is utilized as d food source by 
many benffilc-species (Otte and Levings 1975). Reish (1973) reported that 
carnivorous species are eliminated before filter feeders as the organic 
content of sediments increases. The rem a i ni ng detri vores often domi nate in 
organically polluted conditions, but even these species may be eliminated in 
severely polluted environments. For example, Watling et ale (1974) found that 
approximately 73 percent of the benthic fauna at a sludge di sposal site were 
infaunal species and almost half of these were polychaetes. Armstrong et ale 
(1980) al so found that burrowi ng deposit feeders predomi nated in ennclled 
areas near a combined sewer outfall. It appears, therefore, that the 
deposition of material originating from sewage can have a minor negative 
effect on benthi c macroi nvertebrate communi ti es by reduci ng overa 11 speci es 
diversity and the abundance of carnivorous and herbivorous forms. At the same 
time, in areas with low current velocities and poor circulation, the waters 
overlying the sediments may have a reduced dissolved oxygen content due to the 
BOD of the organic matter (Otte and Levings 1975). This can also lead to 
differences in the species composition of benthic communities. 

Deposition of materials originating from sewage discharge can also 
affect the diversity and abundance of the epibenthic component of benthic 
communities. The deposition of fine organic matter may reduce substrate 
stability, and therefore the availability of attachment sites for sessile 
epibenthic invertebrates. The survival of the pelagic larvae of both infaunal 
and epifaunal macroinvertebrates also can be reduced if larvae are smothered 
by organic material originating from sewage discharge. For example, Grigg and 
Kiwala (1970) suggested that a reduction in the number of benthic species near 
a sewage outfall off the southern Cal iforni a coast was due to decreased 
settlement and survival of larvae caused by the presence of fine-grained 
sediments which covered the bottom. 

In the Beaufort Sea, the effects of sewage disposal on benthic 
communities are expected to be associated with modification of the physical 
and chemical characteristics of the substrate, transient reductions of 
dissolved oxygen levels near the substrate and smothering. However, these 
potential effects are also expected to be very localized because of the rapid 
dilution of sewage, as \'Iell as the limited amounts of solids which would 
remai n in the effl uent foll owi ng secondary treatment. Smotheri ng of benthi c 
flora and fauna would probably be restricted to very localized areas in the 
vicinity of the outfalls. Similarly, any effects related to decreased oxygen 
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availability iil·e likely to be spatially limited. Increased mortality of 
benthic larvae at the settling stage is possible, but only in the immediate 
vicinity of the outfal1s, while localized increases in tile a.bundance of 
detrivores may occur due to the increased availability of organics. 
Consequently, from a regional point of view, the degree of concern associated 
with all of these potential effects of treated sewage on benthic communities 
is considered NEGLIGIBLE. 

2.5.9 Effects of Sewage on Epontic Communities 

The epontic algal community may contribute as much as 25-30 percent 
of the total annual primary production in the Arctic (Alexander 1974, cited in 
Campbell 1981), but its main importance is probably associated with the timing 
of this production, which occurs 6-8 weeks prior to significant phytoplankton 
blooms. Assessment of the potential effects of sewage on .this community is 
hampered by the 1 ack of di rect research, although the effects of sewage on 
planktonic algae are well-documented and probably similar. Depending on 
location, epontic algae mayor may not be nutrient-limited (Alexander 1975; 
Grainger 1977) , and there is also some evidence of heterotrophy (utilization 
of organic compounds through non-photosynthetic pathways) by some species 
(Horner and Alexander 1972). Whether the presence of nutrients in sewage 
would stimulate further growth of the algae, or the community is light-limited 
(Bunt 1964; Campbell 1981) is not known. 

Sewage discharged beneath the ice cover in winter could rise to the 
ice-water interface and almost immediately freeze, because its specific 
gravity would generally be less than that of seawater. During the spring 
melt, this layer of ice would begin to melt, reducing the normally high 
salinity levels, and in some cases, entering brine channels in the sea-ice. 
However, this may not be detrimental since growth of a number of species of 
ice algae has been shown to increase when salinities naturally decrease 
(Horner 1977). This freshwater layer may also affect the epontic fauna, 
although these organisms are likewise exposed to a wide range of salinities 
during the spring melt. Nutrient-related increases in the productivity of the 
epontic flora coul d increase food avai 1 abi 1 ity for herbi vorous invertebrates 
grazing at the under-ice surface. However, any positive effects of sewage on 
epontic flora and fauna would be very localized and insignificant in terms of 
regional primary and secondary production. Consequently, the degree of 
concern regarding potential effects of sewage discharge on epontic communities 
in the Beaufort Sea is expected to be NEGLIGIBLE. 

2.5.10 Summary of Concerns Rel ated to Se\I/age 

Proposed waste management plans for the Beaufort Sea indicate that 
domest; c sewage from a 11 sources (s!lorebases, expl orati on and producti on 
platforms, and marine vessel s) will be treated in secondary treatment plants, 
with effluents from shorebases likely receiving chlorine disinfection prior to 
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disposal in marine waters via a submarine outfall. Solids (sludge) from the 
treatment plants would be either incinerated or disposed of in an approved 
landfill. The location of the outfall will be particularly important since 
the adverse effects of sewage effl uent are pri mdrily rel ated to the degree of 
dilution and dispersion in the receiving waters. As a general waste 
management strategy, only receiving waters which will allow sufficient 
dilution would be considered and enclosed bays, lagoons or estuaries would be 
avoided (EIS Volume 2). 

Unlike previous sections dealing with other common wastes and 
di sturbances which wi 11 be associated with future hydrocarbon exploration and 
producti on in the Beaufort Sea, the degree of regi ona 1 concern regardi ng 
sewage disposal is NEGLIGIBLE for all resources. For this reason, a summary 
table identifying significant potential effects and degree of regional concern 
for each biological resource has not been provided in this section. In all 
cases where the above guidelines are followed, potential effects of sewage 
effluent would be limited to the immediate vicinity of the discharge sites. 
The most significant effects would result from localized nutrient enrichment, 
and could include minor changes in the species composition and abundance of 
phytoplankton and benthic microalgae, as well as indirect effects on members 
of higher trophic levels (herbivorous zooplankton and some benthic fauna) 
which feed on these algal communities. 
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2.6 

2.6.1 

UNDERWATER SOUND 

Introduction 

Most i ndustri al acti viti es associ aterJ Ivith pBcrol eum hydrocarbon 
exploration and production in marine environments produce ~dterborne sounds of 
various frequencies and intensities. There is considerable concern regarding 
the possible effects of underwater industrial sound on some marine fauna since 
underwater noise will be associated with virtually all phases of development. 
Sources of underwater noise which have been identified as those most likely to 
result in effects on mari ne fauna i ncl ude icebreaki n9 tankers and support 
vessels (e.g. icebreakers, ships, barges and tugs), aircraft, vehicles on ice, 
dredges, dri 11 i ng acti vities, and oi 1 and gas producti on and processi ng 
activities (EIS Volume 4, Chapter 2, Section 3.6). Potential areas of concern 
i ncl ude di rect di sturbance, temporary maski ng of mari ne mammal communi cati on 
or navigational signals, and at intense noise levels, physiological damage. 

Although virtually every activity involving the operation of 
machi nery in or nea r the mari ne envi ronment may generate underwater sound, 
disturbance effects on marine fauna are only possible if the species can 
detect the noi see It is assumed that no di sturbance or maski ng effects wi 11 
occur at di stances where the noi se has attenuated to background 1 evel s. The 
range of sound detection depends on: (1) the source level (Illoudness ll

), 

frequency, oandwi dth and di recti ona1 characteri stics of the noi se source; (2) 
transmi ssi on losses between the source and the potenti al recei ver 
(propagation), and (3) the level and characteristics of ambient noise at the 
recei ver. In additi on, sound detecti on and the potenti a 1 for communi cati on 
signal masking depend on the hearing sensitivity, directional characteristics 
and the lowest acceptable signal-to-noise ratio of the receiver (i.e. 
II c rit i cal ra t i 0 II ) • 

The range within which industrial underwater noise could affect 
mari ne mammal s or fi sh depends on the interaction of all of these factors. 
The following sections discuss source levels of industrial underwater noise 
(Section 2.6.2), propagation characteristics (Section 2.6.3) and ambient noise 
levels (Section 2.6.4) in the Beaufort Sea, and the hearing and vocal 
abilities (Section 2.6.5) of marine mammals and fish in the region. Section 
2.6.6 estimates the potential zone of influence of underwater noise and 
assesses the potential degree of concern with respect to effects of underwater 
noise on marine mammals and fish in the Beaufort Sea region. 

2.6.2 Characteristics of Industrial Underwater Noise 

Mobile 
support vessels 
aircraft, while 
drill ships, and 
Ilydroca rbons. 

sources of industrial underwater noise primarily include 
(ranging from small boats to icebreaking tankers) and 
stationary sources of underwater noise include dredges, 
facilities for production and processing of petroleum 
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2.6.2.1 Composite Artificial Island Construction Activities 

Ul'!den~ter industrial sounds were measured by Ford (1977) at the Tuft 
Point borrow pit and the Arnak L-30 artificial island construction site in the 
eastern Beaufort Sea, and di scussed in re1 ati on to thei r probab1 e ranges of 
aud-ibility by white whales. At Tuft Point, a suction dredge (ARCTIC 
NORTHERN), €Hle or two small crew boats and several tugs were typically 
operating during the period of study. Normal activities resulted in estimated 
peak source level s between 152 and 157 dB re 1 IlPa/Hz1/2 in the 500-1000 Hz 
range [unless otherwise indicated, all sound levels in this section are 
expressed in dB (decibels) re 1 IlPa (microPascal}/Hz1/2 (also termed 
• spectrum level'), and source levels are referred to a standard distance of 1 
mJ. Occasional transient sounds had estimated source levels as high as 175 dB 
and containe.d substantial energy at frequencies as high as 15 kHz. Sound 
transmission l'osses were also high in the Tuft Point area, likely as a result 
of the very shallow depth (about 5 m), and most industrial sound in the 
250-2000 Hz range had reached ambient noise levels (50-60 dB }by a distance of 
3.6 km. 

Composite underwater sound generated by the suction dredge BEAVER 
Iv1ACKENZIE, a small tending tug, a clamshell shovel and at least one small crew 
boat operating at the Arnak L-30 artificial island construction site had an 
estimated peak source level of 164 dB at 1390 Hz (Ford 1977). Transmission 
losses at Arnak (depth 11 m) were lower than at Tuft Point, and significant 
energy (82 dB at 480 Hz) was still present at the maximum range tested (4 
km). It was expected that sound energy from this site would reach ambient at 
a distance of 5-6 km. 

Sound pressure 1 eve1 s and frequency characteri stics of noi se 
generated by each of 3 tugs and a crew boat were a1 so measured near the Tuft 
Poi nt borrow site by Ford (l977). Results from these recordi ngs indicated 
that a tug pushing a full barge generated estimated peak source levels of 164 
dB at 200-1150 Hz, whi 1 e a small crew boat (ARCTIC EXPEDITOR) and a tug 
pushi ng an empty ba rge produced peak source 1 eve1 s of approximately 154 and 
151 dB, respectively. 

Fraker et a1. (1981) characterized sound produced by a 16 m crew boat 
(IMPERIAL ADGO) anda supply vesse 1 (CANlv1AR SUPPLIER VII I) in the southea stern 
Beaufort Sea duri ng August 1980. Most of the sound energy transmitted into 
the water from the former vessel was at frequencies <2 kHz, although 
appreci abl e energy was recorded up to 4 kHz. The peak tone recorded from the 
IMPERIAL AD GO was at 90 Hz (107.5 dB), measured as it moved at full speed past 
the recording device at 200 m. Sound levels were 20-30 dB above background 
levels (quiet ambient) at frequencies from 1 to 4 kHz. The CANlv1AR SUPPLIER 
VIII, also recorded from a distance of about 200 m, produced its loudest tone 
at 56 Hz (116 dB). Thi s vessel produced sounds 30-40 dB above qui et ambient 
levels throughout the spectrum up to at least 8 kHz. 



84 

Fraker et al. (1981) reported that composite sounds from island 
constructi on actTVitTes at I ssungnak 0-61 (dredge, tug s, ba rge camps) were 
above ambient noise levels at a distance 4.6 km north of the artificial island 
site. Sound levels measured 1.2 km from the site were 20-50 dB above quiet 
ambient levels at frequencies up to 8 kHz during a period when a suction 
dredge (BEAVER MACKENZIE) was operating. At another island construction site 
(Alerk), the same dredge plus attending equipment produced sound levels of 
90-100 dB at frequencies of 1 kHz and below, while most of the remaining 
energy was at frequencies between 1 and 2 kHz. 

2.6.2.2 Icebreaking Tankers 

Sources of underwater noi se that woul d be produced by icebreaki ng 
tankers are sounds associated with the cracking of ice, ice rubbing against 
the vessel and the noise generated by the ship's machinery. Arctic Pilot 
Project (APP) (1981) suggests that the noises produced by LNG carriers as a 
result of the physical breaking of ice \'/ill be similar to noises produced 
during natural processes of ice fracturing and cracking. Arctic marine fauna 
in pack-ice and transition zone areas are presumably adapted to these natural 
sounds, while inhabitants of shorefast ice areas may not be as familiar with 
natural sounds associated with ice fracturing (APP 1981). Icebreaking tankers 
proposed for use in the Beaufort Sea have not been constructed to date, and 
consequently measurements of underwater sound from the phy si ca 1 breaki ng of 
ice by these vessels are not available. Brown (1982) states that noises 
produced during the physical breaking of ice by LNG carriers would be 
i nsi gnficant in compari son to noi se produced by propell er cavitati on (the 
depressurization of bubbles against the propeller). The free-field source 
levels produced by LNG carriers are given on Figure 2.6-1, and can be defined 
as the sound pressure 1 evel which woul d be measured in an i nfi nite body of 
water, at a distance of one metre from a point source. The actual source is 
neither a point nor is it located in an infinite fluid. Taking these facts 
into account, estimates of received noise levels for LNG carriers travelling 
through Baffin Bay at various ship speeds and frequencies are provided in 
Table 2.6-1 (APP 1981). Data from the world's largest icebreaker, ARKTIKA 
(75,000 SHP), during trials in the Antarctic indicated the presence of two 
spectral peaks. The first peak at 150-200 Hz was due to breaking of ice (and 
ship's machinery), while the second peak at 1-2 kHz was associated with 
rubbing of ice against the hull of the vessel (Bogorodskii and Gavrilo 1979). 

In contrast to noi se resul ti ng from the breaki ng or fracturi ng of 
ice, underwater sound generated by the ship itsel f is unnatura 1 and caul d 
affect marine mammals and fish. APP (1981) examines the potential underwater 
sound produced by Class 7 icebreaking LNG carriers (75,000 SHP) proposed for 
the Arctic Pilot Project. These estimates will be taken in the present 
di scussi on as representati ve of noi se 1 evel s produced by i cebreaki n9 tankers, 
since both the tankers and LNG carriers are of similar design and 
specifications (EIS Volume 2). 
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TABLE 2.6-1 

ESTIMATED RECEIVED SOUND PRESSURE LEVELS FROM CLASS 7 LNG CARRIERS 
TRAVELLING THROUGH BAFFIN BAY OVER WATERS 2000 m DEEP 

(Receiver Depth 20 m) (after APP 1981) 

Sound Pressure Level (dB/ /~Pa2/Hz) 
Operating Conditions FFSL* 

Range (km): 1 4 10 30 60 

25 Hz 

Full power, ice 177 104 102 94 84 78 
(22.2 km/h) 

Full power, open water 172 91 89 81 69 63 
(40.7 km/h) 

Hal f power, open water 165 84 82 74 62 56 
(31. 5 km/h) 

100 Hz 

Full power, ice 172 102 101 97 92 88 

Full power, open water 169 95 95 86 79 77 

Half power, open water 163 89 89 80 73 71 

1 kHz 

Full power, ice 152 92 87 84 77 71 

Full power, open water 149 ~5 77 74 67 61 

Half power, open water 143 79 71 68 61 55 

5 kHz 

Full power, ice 138 81 74 62 51 37 

Full power, open water 135 80 63 55 44 29 

Half power, open water 129 74 57 49 38 23 

*FFSL = Free Field Source Level, dB//(~Pa x m)2/Hz 
the sound pressure level which would be measured in an infinite body 
of water, at a di stance of 1 metre from a poi nt source of propeller 
ca vitati on. 
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Surface shi p-radiated noi se woul d be generated primari ly by propell er 
cavitation. At full power in thick ice, the carriers would produce a maximum 
free-field broadband spectrum level of 172 dB at 100 Hz. While travelling 
through open water, the noise level is expected to be reduced to about 169 and 
163 dB at full and 40 percent power, respectively (APP 1981). Sound levels 
are expected to decline at t~e rate of 6 dB per octave (Figure 2.6-1). 

In addition to these broadband sounds, hi gh intensity, narrowband 
tones are generated at specific frequenci es by propell ers. These bl ade-rate 
sounds are a function of the propeller revolution rate and number of blades. 
For the APP LNG carriers, the fundamental blade-rate frequency is expected to 
be S.33 Hz, with higher harmonics. Although it is not yet possible to 
determine the sound levels for each harmonic or the number of harmonics which 
may be generated by the proposed LNG carriers, the expected maximum level for 
a carrier operating at full power in heavy ice is 191 dB. However, because 
the noi se source woul d be poorly coupl ed to the water col umn due to the 
shallow depth of the propeller, the tonal would be reduced to 164 dB. 

2.6.2.3 Aircraft 

The underwater reception of turbo prop and hel icopter noi se Ilave been 
discussed by Urick (1972) and Medwin and Helbig (1972), respectively. In 
shall ow water with good transmi ssi on conditi ons, waterborne sound from a 
passing aircraft may persist detectably longer than airborne sound (Fraker et 
al. 1981). Sounds from aircraft flying near sonobuoys are often received at 
the sonobuoy hydrophones (Lj ungbl ad and Thompson 1979; Fraker et a 1. 1981). 
Fraker et a 1. (1981) reported that noi se from a B ri tten-Norman I sl ander 
a i rcraftwasrecei ved at a sonobuoy hydrophone located at a depth of 14. S m 
(sea floor) during a period of calm seas in the Canadian Beaufort. Tonal 
sounds at frequenci es correspondi ng to the revol uti on rate of the propell er 
blades and the cylinder firing rate were prominent in the received spectrum. 
When the aircraft was flown over the sonobuoy at an altitude of 610 m, sound 
levels received at the hydrophone were as loud as 97 dB at 70 Hz. This noise 
and sounds at other low frequencies «1 kHz) were above quiet ambient levels 
(Fraker and Richardson 1980). Greene (1982) recorded underwater noise 
produced by a Bell 212 helicopter at an altitude of lS0 m in the Beaufort Sea 
during August. Levels received ranged from 80-10S dB at frequencies below 2S0 
Hz, and SO to 70 dB between 1 and 8 kHz. 

2.6.2.4 Drilling Noise 

Waterborne drilling noise may emanate from drillships, platforms or 
artificial islands. The various activities associated with drilling may 
generate di fferent types of underwater sound and these noi ses may ori gi nate 
from above or below the water. Malme and Mlawski (1979) recorded noise from 
drilling rigs on a natural and artificial island in shallow (depths 2-12 m) 
areas of Prudhoe Bay during a period with ice cover. Most sound energy was at 
frequencies below 200 Hz, with tonal components predominating below 100 Hz. 
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The broadband noise level was hignest v/llen the rot~ry table was turning, while 
the diesel engines and other rotating machinery produced the tonal components 
of the noi se spectrum. Low frequency tones were still recorded at a di stance 
of 6.4 to 9.6 km from the drilling rigs under quiet ambient noise conditions, 
although this distance was decreased to 1.6 km under noisy ambient levels. It 
should be noted, however, that distances at which drilling noise in the 
Beaufort reaches ambi ent may be greater because sound propagati on wou1 d be 
better due to greater depths. 

Fraker et a 1. (1981) recorded noi se from the dri 11 shi p EXPLORER 1 in 
the Beaufort Seadurl ng August 1980. Spectrum noi se 1 eve1 s were measured at 
distances of 0.6 km, 1.9 km and >1.9 km from the dri11ship and a nearby supply 
ship. The strongest tone had a level of 97 dB at 147 Hz, and was recorded at 
a di stance of 1. 9 km. Broadband noi se 1 eve1 s were quite vari ab1 e, apparently 
as a result of changes in on-board activity. 

2.6.2.5 Dredging 

The only studies of noi se produced by operational dredges in the 
Beaufort Sea were those of Ford (1977) and Fraker et a1. (1981) who described 
composite noise associated with various combinations;ol'dredges, tugs and crew 
boats. The results of these investigations were previously discussed in 
Section 2.6.2.1. 

2.6.3 Propagation of Sound 

Sound is more efficiently transmi tted through seawater than through 
air, and its velocity is also greater in water than in air. There are 
numerous factors which influence the propagation characteristics of underwater 
sound. I n the mari ne envi ronment, sound is attenuated by spreadi ng, 
absorpti on and scatteri ng losses associ ated with reflecti on, with the 1 atter 
two phenomena depending on frequency. 

Two generalized types of spreading occur: spherical and 
cylindrical. The former type of spreading occurs when sound radiates from the 
source in all directions, and the signal strength decreases at a rate of 6 dB 
per doubled distance. On the other hand, cylindrical spreading occurs when 
sound waves are channeled and propagated in only two dimensions. In this 
case, the signal strength decreases at a lower rate of only 3 dB per doubled 
distance. The distance from the source at which the transition from spherical 
to cylindrical spreading occurs is a complex function of water 
characteri stics, source depth and bathymetry (Mil ne 1960, 1967; Mell en and 
Marsh 1965; Buck 1968). In the shallow Beaufort Sea, propagation loss due to 
spreadi ng is probably between the amounts expected from spherical (greatest 
propagation losses) and cylindrical (least propagation losses) spreading 
(Fraker et ale 1981). In deep arctic waters, spreading is often cylindrical 
since sound-may be channelled into the low salinity, near-surface zone, 
particularly when there is smooth, annual ice cover (Verrall 1981). 
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Losses of sound energy due to absorption are generally low in arctic 
waters, with losses bei ng on the order of 0.0062 f2 dB/km where f is the 
frequency in kHz (Milne 1967). As evident by this expression, absorption 
losses are insignificant at 10\'1 frequencies. Scattering losses are also 
insignificant at low frequencies, with the amount of scattering depending on 
roughness of the under-ice or water surface in rel ati on to the 1 ength of the 
sound waves. Scatteri ng may be important in the attenuati on of sound at 
frequencies >40 Hz (Verrall 1981). 

Propagation loss also varies with water depth, with losses being 
considerably greater in shallow water. For example, Leggat et al. (1981) 
found that propagation losses of up to 25 dB (at 63 Hz) above deep water loss 
levels occurred at receiving stations over the shelf in Melville Bay when the 
noise source was 185 km away. Bottom material and structure will strongly 
i nfl uence sound propagation. Transmi ssi on losses are particu1 ar1y pronounced 
in shallow areas with sand or mud sediments, which tend to absorb sound 
energy. An exception to this generalization may occur at very 10\'1 
frequencies, where the sound waves can travel in the sediment and re-enter the 
water column at considerable distances from the source (Fraker et ale 1981). ---

During a period when Parry Channel (Viscount Melville Sound, Barrm'l 
Strait and Lancaster Sound) was covered by shorefast annual ice, Verrall 
(1981) observed greater attenuation of sound in water with a depth of 150 m, 
than in depths of 200 to 300 m, particularly at very low frequencies 
(10-40 Hz) and at frequencies >300 Hz. At the shallower depth, propagation 
losses at ranges of >10 to 20 km were generally greater than would be expected 
from spherical spreading. Losses were lower in water >500 m deep under smooth 
annual ice, where propagation corresponded closely to cylindrical spreading. 

Sound propagation in the Beaufort Sea will vary markedly with 
season. Since lowest temperatures occur at the surface during periods of 
solid ice cover, a positive sound velocity profile (increasing speeds at 
greater depths) and a resultant upward refraction of sound rays will occur 
during winter. In summer, the sound velocity profile may show a sharp 
negative gradient (decreasing speeds at greater depths) (Fraker et a1. 1981) 
because solar heating and wave action leads to the formationof a warm 
isovelocity layer in the upper portion of the water column. 

Rogers (1981) di scusses the extreme difficulty in predicti ng 
propagation losses in shallow waters 'r'lith a negative velocity gradient. 
Losses can be dependent on at 1 east 24 factors (e. g. water depth, velocity 
profile, sediment characteristics, etc.). Figure 2.6-2 illustrates how 
extreme and variable attenuation can be \'Iith different substrates for water 
with a negative velocity gradient. Substrates in the Beaufort Sea are largely 
of the Iclayey-siltl category, and as a result, propagation losses would 
undoubtedly be great. 



Figure 2.6-2 Depth averaged propagation loss vs. range for water 
wit h a 0.2 s-I negc tive ve loc ity grad ient at 200 Hz 
and 800 Hz, 100 m water depth and three 
different sediment types. (after Rogers 1981) 
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Greene (1981) examined sound transmission charactel1 istics of shallow 
water (about 50 m) in the Chukchi Sea during both winter (100 percent ice 
cover) and summer (about 50 percent ice cover). During the winter, 1m~ 
frequencies {5 to 20 Hz} were propagated \'Ie11, and tones \'Iere 1 m'ler than thdt 
predicted by spherical spreadi ng. Propagation at frequencies of 75 to 500 Hz 
was better than that predicted by spherical spreading to ranges of about 5-10 
km, beyond which transmission loss increased. In summer, propagation losses 
at all frequencies between 15 and 400 Hz were less than spherical spreading 
over ranges of <15 km, whi 1 e at longer di stances, losses were greater than 
spherical spreading except at the lowest frequencies (-IS Hz). For example, 
transmi ssion losses at 250 Hz were approximately 110 dB at a range of 60 km, 
14 dB greater than that predicted by spherical spreadi ng and 62 dB more than 
cy1 i ndri ca 1 spreadi ng. Propagati on of most frequenci es was better in summer 
than wi nter. 

Estimates of propagation losses for an LNG carrier travelling over 
deep (2000 m) waters of Baffin Bay are given on Table 2.6-1, and will be used 
in the present assessment in the absence of empirical data on transmission 
losses in the Beaufort Sea. The expected noise levels at distances of 1, 4, 
10, 30 and 60 km at frequencies of 25 Hz, 100 Hz, 1 kHz and 5 kHz and a 
receiver depth of 20 m are also shown on Table 2.6-1. At low frequencies 
(e. g. <500 Hz), propagati on losses woul d be greater when the recei ver was 
nearer than 20 m of the surface due to the Lloyd Mirror Effect. For example, 
at a receiver depth of 20 m, noise at 1 km produced by a carrier operating at 
ha 1 f power in open water wou1 d be 89 dB at 100 Hz. At a recei ver depth of 
1 m, however, the noise level would be 84 dB. 

2.6.4 Ambient Noise 

Ambi ent noi se 1 eve1 s are important si nce they frequently 1 imit the 
hearing sensitivity of marine animals. As a result, an increase in ambient 
noise, from either natural or abnormal sources, could decrease the 
effecti veness of vocal i zati ons as communicati on or ori entati on si gna1 s. The 
level of natural ambient noise also serves to define the zone of possible 
influence of industrial noise, since unusual sound sources can not be detected 
below ambient noise levels. 

Major reviews of literature describing ambient noise in ice-free 
waters have been presented by Knudsen et a1. (1948) and Henz (1962). These 
authors identify three main sources of a:iTIbTent noise: water motion caused by 
winds, tides, surf, rain and hail; soniferous marine organisms; and noise 
produced by shi ps. Geographic 1 ocati on, season, depth, temperature and the 
presence of ice are all factors which contribute to tile marked variability in 
ambient noise levels (Wenz 1962; Milne and Ganton 1964; Piggot 1964; Myrberg 
1978; Greene and Buck 1979). 
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Duri ng the open water season, wi nd-dependent sea noi ses and 
biological noise are the predominant sources of ambient noise. In areas with 
little industrial activity, noise spectra are relatively flat from 20 to 500 
Hz, and decrease above this frequency at a rate of about 5 dB per octave (Ross 
1976). Increased wind speed and sea state result in increased noise levels 
throughout the spectral range. Shipping noise is also a major component of 
low-frequency ambient noise, with its peak energy being below 100 Hz (Wenz 
1962; Ross 1976). However, the shipping component of background noise levels 
in the Beaufort Sea is probably relatively small at the present time because 
of its distance from major ports and shipping routes (Fraker et~. 1981). 

Although ambient noise levels in shallow, open water are highly 
variable (Myrberg 1978), data from the Chukchi Sea indicated that sound levels 
were generally lower in shallow than in deeper water (Polar Research Lab 
unpublish. data, cited in Fraker et al. 1981). Noise levels at the pack-ice 
edge are generally high, but decrease""Wlth distance from the ice edge (Diachok 
1980). In general, the noise levels under shorefast ice are lower than those 
under pack-ice si nce the 1 atter is domi nated by noi se produced by floes 
grinding under the force of the wind. 

Fraker et al. (1981) measured ambient noise in August under calm sea 
conditions in about25 m of water off Tuktoyaktuk Peninsula. The received 
spectrum level at 100 Hz was approximately 52 dB, and decreased at a level of 
about 5 dB per octave at higher frequencies. The ambient noise levels 
reported by these authors are summarized in Table 2.6-2. 

TABLE 2.6-2 

QUIET (SUMMER) M4BIENT NOISE LEVELS RECORDED OFF THE 
TUKTOYAKTUK PENINSULA (after Fraker et al. 1981) 

Frequency (Hz) 

100 
1000 
2000 
4000 
8000 

dB/hPa 2/Hz 

52 
40 
36 
37 
24 

Comparable ambient noise measurements are not available for the 
Beaufort Sea in winter, although Holliday et ale (1980) made a number of. 
ambient noise recordings in shallow-water areas TB to 45 m) under 100 percent 
ice cover during t~ay at several locations near Point Barrow and Prudhoe Bay, 
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Alaska. Spectrum levels averaged approximately 50 dB at 100 Hz and generally 
decreased at higher frequencies at a rate of 3 dB pel4 octave. During brief 
quiet periods, the levels went as low as about 30 dB at 100 Hz. In a small, 
open water lead, ambient noise was as high as 68 dB at 100 Hz and 50 dB at 1 
kHz, while at the edge of the shorefast ice under calm conditions, levels were 
approximately 54 dB and 57 dB at 100 Hz and 1 kHz, respectively. 

2.6.5 Effects of Underwater Sound on Mammals 

2.6.5.1 Marine Mammal Vocalizations 

Many marine mammals rely on sound for transfer of social information 
and in echolocation (or sonar) for perception of spatial information regarding 
their environment. Odontocetes (toothed whales and dolphins) have developed 
an efficient underwater acoustical system, and probably also use environmental 
sounds for additional navigational cues. Although toothed whales produce 
sounds as low as 100 Hz, most of their vocalizations are at frequencies 
between 2 kHz and 75 kHz. Thi s range corresponds well wi th the range of 
frequencies to which their hearing is most sensitive. 

The extent to which odontocetes must echolocate is undoubtedly 
dependent on the degree of underwater vi si bi 1 ity. Inhabitants of oceani c 
areas where visibility is typically good probably rely to some extent on 
vision for orientation. On the other hand, the Ganges River dolphin 
(Platanista gangetica) is totally blind and relies entirely on acoustic social 
signalling and echolocation for survival (Nishiwaki and Mizue 1970). 

The only odontocete speci es whi ch occurs regul arly in the eastern 
Beaufort Sea is the white whale, Delphinapterus leucas. The population of 
white whales that migrate to the Beaufort Sea each spring has been estimated 
to number at 1 east 7000 (Fraker and Fraker 1979). Duri ng July, these \vhal es 
are concentrated in the highly turbid waters of the Mackenzie River estuary 
(EIS Vol ume 3A; Secti on 3.2) where underwater vi si on is undoubtedly 1 imited. 
In these waters, white whales probably rely extensively on underwater 
acoustics for orientation as well as communication (Ford 1977). 

White whales produce a variety of sounds for communication and two 
types of echolocation cl icks. Ford (1977) describes both pure tone and 
relatively wide bandwidth social signals from 400 Hz to 12 kHz. Echolocation 
clicks were categorized as those used for general orientation, and those used 
for di scri mi nati on. The former consi sted of cl i ck seri es with repetiti on 
rates of 30 to 80 clicks/sec, sweeping through frequencies from 2 kHz to 
75 kHz. These cl ick series were expected to be effective for orientation at 
ranges of 2 to 10 m. The Idiscrimination l clicks were more rapid (about 250 
per second), occurred withi n the range from 100 Hz to 75 kHz, and were 
probably effective at a target range of dbout 0.5 m. Peak energy of the 
latter sounds is in the range of 38 to 47 kHz (Ford 1977). 
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The underwater sounds of baleen whales (mysticetes) consist of a wide 
variety of low frequency (10 Hz to 2 kHz] calls, with higher frequency (3 to 
30 kHz) sounds being reported for a few species (Thompson et al. 1979; Herman 
and Tavolga 1980). Mysticete sounds are thought to serve primarily as social 
or communication signals. Although there is no evidence of a well-developed 
echolocation system in baleen whales, it has been suggested that the echos of 
loud calls may be employed in general orientation to the sea bottom topography 
or other large targets (Herman and Tavolga 1980). There is evidence that 
mysticetes possess highly sensitive hearing (Herman and Tavolga 1980), and it 
has been postulated that these marine mammals use environmental sounds such as 
surf noise and vocalization of other species as an aid to navigation (Norris 
1967) • 

The only species of mysticete that occurs regularly in the 
southeastern Beaufort is the bO\'Ihead whal e, Balaena mysticetus. The western 
Arctic population of bowheads winter in the Bering Sea, and range to the 
Chukchi and Beaufort seas during spring, summer and fall. This population has 
been recently estimated to number at least 2300 whales (Braham et~. 1979). 

Bowhead whales produce sounds primarily at frequencies between 50 and 
600 Hz, with greatest intensities between 100 and 300 Hz (Ljungblad et ale 
1980a; C. Clark, pers. comm., cited in APP 1981; Wursig et ale 1981)-. The 
phonations produced by bowheads can be classified as to na'-anapul sive call s. 
The sound energy of tonal calls is concentrated in the 100 to 300 Hz frequency 
band, while pulsive calls are distributed throughout the 50 to 600 Hz band 
(Johnson and Cldrk in prep., cited in APP 1981). Ljungblad and Thompson (in 
prep., cited in APP 1981) also recorded a few simple moans which contained 
some energy at frequencies as low as 25 Hz, and occasionally energy up to 2 
kHz, either as harmonics or as broad-band noise. Sound intensity levels for 
bowhead phonations have not been documented. 

There is also no direct evidence of a well developed echolocatory 
system in pinnipeds, although they are probably passive listeners of 
envi ronmental sounds. Most species produce underwater sounds which are 1 ikely 
used for social communication. In general, pinniped vocalization is 
predominately at frequencies below 10 kHz, although transient pulses produced 
by some species have higher frequency components (M(6'hl et ale 1975). The most 
important regi on of sound detecti on is between 500 Hz and30-45 kHz (Myrberg 
1978). . 

The two species of pinnipeds (both phocid or hair seals) which are 
common residents of the southeastern Beaufort Sea are the ringed seal (Phoca 
hispida) and bearded seal (Erignathus barbatus) (EIS Volume 3A; Section 3.2). 
In 1978, a year of high seal abundance, the ringed seal population in western 
Amundsen Gulf to 123°45 I W, the Canadian Beaufort and the west coast of Banks 
Island (to 160 km offshore) was estimated at 61,260. The estimated size of 
the bearded seal population during the same year was 3109 (Stirling et ~. 
1981b). 
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Stirling (1973) describes four types of sounds produced by ringed 
seals during all times of the day and night and in all seasons. These sounds 
probao'ly facilitate communication and social organization and include high­
and 1 ow~pitched barks, yel ps and chi rps in the 500 Hz to 6 kHz r'ange. The 
bearded seal produces a descending song that typically starts at 2 to 3 kHz 
and ends with a moan at 200 to 300 Hz, although most of the song occurs at 
frequencies above 1 kHz (Ray et~. 1969). 

2.6.5.2 Hearing Sensitivity of i4arine Mammals 

As discussed previously (Section 2.6.1), the zone of influence of 
i ndustri a 1 underwater noi se depends on numerous factors whi ch i ncl ude hea ri ng 
sensitivity of the receiver, characteristics of the noise such as the source 
level, frequency, bandwidth and directional characteristics of the sound 
source, propagation and the ambient noise level at the receiver. The hearing 
sensitivity or hearing thresholds of several species of marine mammals have 
been determined, and represent the lowest intensity at a particular frequency 
that the test subject can hear a pure tone under quiet experimental conditions. 

The auditory thresholds of two captive white whales were determined 
by White et al. (1978) who reported that the upper hearing sensitivity limit 
was 122 kFlZ, -w'hi 1 e the lower 1 imit was at 1 east dS low as 1 kHz. [Background 
noise in the tank prevented measurements at lower frequencies.] Peak hearing 
sensi ti vity was between 20 and 85 kHz, and withi n thi s band, sound 1 evel s as 
low as 40 to 50 dB could be detected (Figure 2.6-3). Maximum hearing 
sensitivity was measured at 30 kHz where sounds as low as 36 dB were detected, 
while thresholds at low frequencies such as 1 kHz were within the range from 
95 to 100 dB (White et ale 1978). Although hearing sensitivity at frequencies 
<1 kHz has not beentested for the white whale, lower frequency thresholds 
have been determi ned for the bottl enose porpoi se by Johnson (1967). He 
reported a sensiti vity of 98 dB (re 1 IlPa) at 1 kHz, and thi s dimi ni shed 
steadily to 132 dB at 75 Hz, which was the lowest frequency tested. Since the 
audiogram of the white whale is similar to tl1e bottlenose porpoise at higher 
frequencies (White et ale 1978), these figures may be representative of white 
whale sensitivity tOlowfrequency sound. 

Terhune and Ronald (1975a) tested ringed seal hearing sensitivities 
at frequencies from 1 kHz to 90 kHz (Figure 2.6-4). Tile lowest hearing 
threshol d was 68 dB at 16 kHz, but rel ati vely uniform sensiti vity (68 to 81 
dB) was found bebJeen 1 and 45 kHz. Above 45 kHz, the heari ng threshol d 
increased at a rate of 60 dB/octave. In a subsequent study, Terhune and 
Ronald (1976) reported that the upper frequency hearing limit for ringed seals 
was 60 kHz. Above 60 kHz, the animals tested coul d detect sounds, but were 
unable to distinguish different frequencies. Tile hearing abilities of phocid 
seals below 1 kHz l1ave not been examined. 
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Figure 2.6-4 Underwater hearing threshold of two ringed seals (adapted from Terhune and Ronald 1975b) 
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The hearing sensitivity of the bowhead whale has not been determined, 
although it has generally bee~ assumed that maximum sensitivity occurs in the 
frequency range of their vocalizations (e.g. 50 Hz to 600 Hz; Ljungblad et al. 
1980; Wursig et al. 1981). Similarly, the hearing sensitivity of bearaed 
seals has notoeen determined, but audiograms of five species of pinnipeds 
discussed by Myrberg (1978) suggest a marked similarity between each of the 
species tested, particularly the phocid species. Therefore, the hearing 
sensi ti vity of bearded seals is probably not unl ike that previ ously descri bed 
for ringed seals. 

The ability of a marine mammal to detect a signal against a noise 
background is not determined by hearing sensitivity alone since there must be 
an adequate signal-to-noise ratio or IIcritical ratio ll

• In order for a marine 
mammal to hear and discriminate a signal, it must be louder than background 
noise at that frequency. In general, the critical ratio increases with 
increasing frequency. For example, the critical ratio for ringed seals is 
between 30 and 35 dB in the 4 to 32 kHz range (Terhune and Ronald 1975a). 
Consequently, if the ambient noise level is 90 dB at 4 kHz, the threshold of 
detection of a pure tone at this frequency will be 120-125 dB. Terhune and 
Ronald (1975a) also discuss critical ratios determined for a bottlenose 
porpoise (Johnson 1968), a harp seal (Terhune and Ronald 1972), and humans 
(Hawkins and Stevens 1950)(Figure 2.6-5). They suggested that critical ratios 
of all marine mammals are probably of the same order of magnitude. When the 
audiogram of a particular species is available, it should then be possible to 
estimate its pure-tone threshol ds in the presence of a specific background 
noise at similar frequencies. 

Payne and Webb (1971) speculated that the large brains of baleen 
whales may have sophisticated signal processing capabilities, allowing them to 
detect pure tone call s of conspecifics at critical ratios of 0 dB (or dt 
similar intensities as background noise). Although this ability has not been 
demonstrated experimentally in marine mammals, Payne and Webb (1971) provide a 
revi ew of studi es demonstrati ng detecti on of signals by humans at 
signal-to-noise ratios of 0 dB. 

As a result of the ability of the mammalian auditory system to 
process sounds at different frequenci es independently, vessel-i nduced 
underwater noi se at low frequenci es wi 11 theoretically not affect heari ng at 
higher frequencies. This concept is related to the critical ratio and is 
known as the IIcritical band ll

• For example, the reception of a pure tone may 
be affected by noi se at frequenci es adjacent to the frequency of the tone 
(Johnson 1968; Terhune and Ronald 1972; Popper 1980). Noi se outsi de thi s 
IIcritical band ll has little effect on tone discrimination. Scharf (1970, cited 
in Popper 1980) found 24 non-overlapping critical bands within the frequency 
range from 50 Hz to 16 kHz in humans, while Johnson (1968) found evidence of 
up to 40 in the bottlenosed porpoise. Terhune and Ronald (1972) estimated 
that the critical band of the harp seal was within 10 and 30 percent of the 
test frequencies. However, it should be emphasized that the concept of 
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critica"1 bands in marine mammal hearing has not been experimentally 
confinned. Critical bands described to date have been derived from critical 
ratio data obtained during experiments using wide-band (or II white ll ) noise 
sources. The maski ng effect of low-frequency noi se on hi gh-frequency sound 
recept"i on (0(, hi gh-frequencj noi se on low-frequency recepti on) has not been 
directly invest"igated with marine mammals. 

2.6.5.3 Potential Biological Effects 

In view of the importance of underwater sound for communication and 
navigation in marine mammals and the efficiency of sound transmission in 
water, there is a r~ODERATE degree of concern regardi ng the potenti a1 effects 
of industrial noise on the marine mammal populations of the Beaufort Sea. The 
potential effects of detectable industrial underwater noise on marine mammals 
may include: 

(1) the presence of unfamiliar sounds which may disturb/alarm mammals and 
cause a startle response (Fraker 1977 a,b; Ford 1977); 

(2) noise which may interfere with or mask reception of marine mammal 
communicati on or echo1 ocati on si gna1 s, or interfere with 
environmental sounds used by marine mammals for navigation (Penner 
and Kadane 1980; APP 1981; Terhune 1981); and, 

(3) intense noise that could damage the hearing of marine mammals or 
cause other physical or physiological harm (Norris 1981). 

Although the startle reflex or IIfright/f1ightll response has not been 
studied per se, this phenomenon has been documented in pinnipeds and cetaceans 
by several Observers and reported in numerous anecdotal accounts. The most 
vulnerable pinnipeds to noise disturbance may be nursing females and 
pups/calves, moulting individuals and animals already stressed by parasitism 
or disease (Geraci and Smith 1976). Repeated disturbance by industrial 
underwater noise may cause abandonment of preferred habitats and relocation to 
potentially less favourable areas (Terhune et.?J.. 1979). 

Some cetaceans, particularly gregarious odontocetes, respond to 
sudden di sturbances by soundi ng, aggregati ng or di spersi ng, and subsequently 
reorganizing their group structure (Leatherwood 1977, cited in Geraci and St. 
Aubin 1980). Although IIfright/flight ll responses in cetaceans have been 
reported following encounters with fishing vessels (Norris et ale 1978) and 
tagging operations (Ray et a1. 1978), there are only a few exaffiP1es (Section 
2.6.5.4) of this response rn \'Ihite and bowhead whales following exposure to 
mobile sources of underwater sound from offshore petrol eum development 
activities in the Beaufort Sea (Ford 1977; Fraker 1977a,b; Fraker et~. 1981). 
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A second area of potential concern is that underwater noise 
associated w'ith offshore industrial activities may interfere \'Iith or mask 
important sounds, particularly communication signal s of wha1 es and seal sand 
the high frequency echolocatory sounds produced by toothed \l/hales (Penner and 
Kadane 1979). In addition, masking of natural environmental sounds used by 
cetaceans and pi nnipeds for navi gati on and ori entati on may occur in some 
instances. The long term si gnifi cance of these potenti a 1 effects can only be 
assessed under field conditions, but may include population decline through 
stress-medi ated di sease, decreased producti vity, and di sp1 acement from 
favourable habitats (Geraci and St. Aubin 1980). 

The thi rd area of concern is that very intense noi se, such as source 
1 eve1 s whi ch cou1 d be produced by proposed i cebreaki ng oi 1 tankers or LNG 
carriers, may temporarily or permanently affect the hearing abilities of 
marine mammals or cause other physical or physiologial harm. Terrestrial, and 
most likely marine, mammals have a IImiddle ear reflex ll which de-sensitizes the 
animals' hearing in the presence of loud noise through the action of middle 
ear muscles (Norris 1981). Norris (1981) suggests that while this reflex is 
effective in protecting the animals' hearing from possible damage caused by 
loud, impulsive sounds, unnaturally long exposure to intense noise may surpass 
the protective capacity of this reflex. 

Geraci and St. Aubin (1980), in a summary of the effects of noise on 
laboratory animals, state that high frequency sounds can cause noticeable 
physical damage to the middle and inner ear, but low frequency noise is 
generally less destructive and its effects are more difficult to detect. 
Among the possi bl e non-auditory phy si 01 ogical effects of noi se on mari ne 
mammals, Geraci and St. Aubin (1980) mention potential stress-mediated effects 
which may result in lowered resistance to disease, increased vulnerability to 
environmental disturbances, and endocrine imbalances which may in turn affect 
reproduction. In addition, M!3ller (1981) described a number of physiological 
effects of very low frequency «20 Hz) sound (or infrasound) on humans, such 
as changes in blood pressure, heart rate, EEG and producti on of certai n 
hormones, and suggests that similar effects are possible among marine mammals. 

Numerous factors may influence the type or magnitude of the potential 
effects of underwater industrial noise on mdrine mammals. Different species 
use acoustic signalling for different purposes, while a variety of 
vocalizations at various source levels and frequencies may occur within the 
same species (Section 2.6.5.1). In addition, the stage in the life history of 
affected individuals may increase the vulnerdbility of some species to noise 
di sturbances duri ng certai n peri ods such as breedi ng, feedi ng, moulti ng and 
mi grati on. The durati on, frequency and sou rce 1 evel of the sound source are 
also important in assessment of the degree of concern regarding the potential 
biological effects of waterborne noise. For example, loud noise at 
frequencies <500 Hz may affect the ability of bowheads to communicate, but not 
white whales. The temporal, spatial and cumulative aspects of tile industrial 
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noi se are also important cons; derati ons, as are the di stri buti on and abundance 
of marine mammals ~'Iithin the ensonified zone. Finally, mobile and stationary 
noise sources may elicit different responses from the same species (see Fraker 
ct a1. 1981). 

An additional factor which must be considered during assessment of 
the degree of concern associ ated with underwater sound is the rate of recovery 
following a short-term disturbance, or the acclimation period in response to a 
chronic source of noise. Some marine mammals become habituated to low-level 
background noises such as those which may be associated with ship traffic and 
offshore petroleum activities (Geraci and St. Aubin 1980; Davis 1982; Evans 
1982). For example, humpback and gray whales, harbour and elephant seals, 
bott1 enose dol phi ns, wa1 ruses and sea 1 ions apparently coexi st with human 
activities (Geraci and St. Aubin 1980). However, Nishiwaki and Sasao (1977) 
suggest that the increased ship traffic near Tokyo Bay has displaced migrant 
minke and Baird's beaked whales, while Norris and Reeves (1977) documented a 
short-term displacement of gray whales from a lagoon in Baja California as a 
result of a temporary increase in industrial activity. 

2.6.5.4 Documented Responses of Marine Mammals to Industrial Underwater Noise 

The generalized frequency ranges of marine mammal vocalizations, 
hearing sensitivities and underwater industrial noise are summarized in Figure 
2.6-6. The majority of sound energy emanating from industrial activities 
occurs at frequencies <2 kHz, although Ford (1977) documented occasional 
energy up to 15 kHz and Fraker et a1. (1981) reported appreciable energy above 
ambient levels up to 8 kHz.-ihese data clearly indicate that the 
vocalizations (and therefore probably hearing sensitivity) of the bowhead 
whale closely correspond to the frequencies of industrial noise. There is 
also some overlap between the hearing sensitivities of ringed seals, white 
whales and probably bearded seal s with low frequency industrial sounds. It 
should be emphasized, however, that the hearing sensitivities of these species 
at frequencies below 1 kHz are still largely unknown. The zone of influence 
depends on the hearing sensitivity of the species at that frequency, the 
critical ratio assumed for that species, and ambient noise levels. 

There has been 1 imited di rect study of the effects of underwater 
i ndustri a 1 noi se di sturbances on mari ne mammals. In addition, the long-term 
or cumulative impacts of underwater industrial noise on these species have not 
been documented si nce effects of thi s type can only be assessed over several 
years through intensive field investigations. As indicated by the data 
provided in Table 2.6-3, noise from industrial activity in the Beaufort Sea 
has resu1 ted in undetectab1 e or only short-term di sturbance of whi te and 
bowhead whales. Comparable information on the potential disturbance of ringed 
and beat'ueu seals as a result of under\'Jater industrial noise in the Beaufort 
Sea is not available, although Ward (1981) reported seals in McKinley Bay were 
undisturbed by dredging activities therein during July and August 1981. 



TABLE 2.6-3 

OBSERVED RESPONSES OF BOWHEAD AND WHITE WHALES TO UNDERWATER INDUSTRIAL NOISE IN THE BEAUFORT SEA 

Underwater Sound Source Levels/ 
Source Frequenci es 

White Whales 

Movi ng barge tm'/ 
(a number of 
barges towed as a 
uni t) 

Concentrated 
barge traffic 
(eg. 25/day for 
2 \'/eek peri od) 

Waterborne sounds from 
logistics traffic at 
Tuft Point (Ford 1977): 
tugs pushing full 
barges: peak levels 
164 dB re 11lPa 
(at 1 m); most energy 
between 250-3000 Hz. 
Ford calculated white 
whale range of audibil­
ity of the barge to be 
3.3 km at 3 m depths 
under quiet ambient 
conditions (50-60 dB) 

Location/Date 

I Niakunak l Bay 
July 11, 1976 

Along Tuktoyaktuk 
Peninsula near 
Tuft Point 
July 20, 1976 

Response 

The few white whales within 0.8 
km of the tow and whales within 
2.4 km radius of the tow moved 
away. Beyond 2.4 km, they were 
apparently undisturbed. The 
disrupted distribution was 
still evident after 3 h, but 
not after 30 h (Fraker 1977a). 
Short-term disturbance 

Approx. 100-150 white whales 
remained in Beluga Bay (4 km 
east of Tuft Point) for a 
2 week period 5 days after 
the heavy barge traffic began, but 
left when the barge movements 
temporarily ceased. No significant 
interference or concentration of 
whales occurred in Beluga Bay in 
1978 and 1979 when barge traffic 
was only about 6/day (Fraker 
1977a,b). 
Short-term disturbance 

...... 
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TABLE 2.6-3 (cont1d) 

Underwater Sound 
Source 

Stationary dredge 

Source Level s/ 
Frequenci es 

Composite noise from 
dredge, tugs and barges 
at Tuft Point: peak 
source levels 155 dB 
re 1 ~Pa (at 1 m); most 
energy between 250 Hz 
and 2 kHz; occasion­
ally to 5 kHz (Ford 
1977). 

Drilling at Adgo n/a 
J-37; helicopter 
traffic 

Artificial island n/a 
Netserk B-44 

Presence of n/a 
artificial island 
Kannerk G-42 
along whale 
t ra ve 1 Y'oute 

Location/Date 

Tuft Point 
July 1976 

SW of Garry 
Island 
Summer 1979 

NW of Garry 
Island 
Summer 1975 

Off McKinley 
Bay on 
Tuktoyaktuk 
Peninsula 

Response 

White whales moved within 400 m 
of dredge, apparently undist­
urbed. However, in one case 
when a barge tow began to move 
toward the whales, they moved 
from the track (Fraker 1977a). 
Negligible disturbance 

White whales observed within 
400 m of drilling activity and 
were apparently undisturbed. In 
addition, helicopter traffic 
had no observable effects on 
whales (Fraker and Fraker 1979). 
Negligible disturbance 

White whales frequently 
observed within 100 m of 
artifical island (Fraker 1977b). 
Negligible disturbance 

No detectable effect on whale 
movements (Fraker 1977b). 
Negligible disturbance 

...... 
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TABLE 2.6-3 (cont1d) 

Underwater Sound Source Levels/ 
Source Frequencies 

Single piston n/a 
aircraft 

BmIJhead Whale 

Constructi on of 
Issungnak 0-61 

Well above ambient to 
4.6 km north; at 1-2 km 
sounds received were 
20-50 dB//(1~Pa2)/Hz 
above ambient up to 
8 kHz (dredge was 
operating). At another 
island construction 
site, dredge and support 
vessels producing 90-
100 dB//(1~Pa2)/Hz at 
1 kHz and frequencies 
below at a range of 
550 m (Fraker et al. 
1981) --

Location/Date Response 

Mackenzie Estuary Repeated flights at 305 m 
ASL produced avoidance; 
altitudes of 457 m ASL 
used during observation 
periods with no apparent 
disturbance (LGL Ltd., 
unpubl. data, cited in 
Fraker et al. 1981). 
Short-terrn-aisturbance 

32 km north of 
Pullen Island in 
Mackenzie Delta 
(Surveys August 
5,9,11,12,22,1980) 

During 6 aerial surveys, a 
total of 20 bowheads were 
seen within 5 km of the 
island (as close as 800 m) 
dnd a total of 64 were seen 
within 20 km. Industry 
personnel reported 18 sightings 
of one or more whales (some 
within 0.5 km) from dredges, 
vessel s or barge camps. One' 
whale was reported 16 m from 
the barge camp. Whales appear 
to tolerate the presence of the 
island, boats, dredges, etc. 
and the associated noises 
(Fraker et al. 1981). 
Negl i gi ble crr sturbance 

~ 
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TABLE 2.6-3 (cont'd) 

Underwater Sound Source Levels/ 
Source Frequenci es 

IMPERIAL ADGO Most energy below 
(16 m crew boat) 2 kHz, occasionally to 

4000 Hz. Strongest 
tone at 90 Hz [107.5 
dB//(1~Pa2)/Hz] at 
full speed at 200 m. 
From 1 to 4 kHz, sound 
pressure levels about 
20-30 dB above quiet 
ambient. 

Location/Date 

off Tuktoyaktuk 
Peninsula 
August 23,24,26, 
27, 1980 

CANMAR SUPPLIER 
Supp ly SIli P -
Class 2 ice­
breaker (56-62 m 
cl ass) 

Recorded at 200 m: 18 km E of Pullen 
strongest tone at 56 Hz Island 
[116 dB//(1~Pa2)/Hz] August 19, 1980 
Sounds produced 30-40 dB 
above quiet ambient 
throughout spectrum up 
to at least 8 kHz 

Response 

Bowheads orientated themselves 
away from ADGO when it was 
moving and at a distance within 
900 m less intense response 
when AD GO was idling or more 
than 900 m away; negligible 
response when stationary with 
engines off (Fraker et al. 
1981). ------
Short-term disturbance 

Four bowheads responded to the 
boat by spending less time at 
the surface and scattering when 
boat was 3.7 km away; greater 
effects when boat approached 
and passed \'Ihales. Recovery was 
observed in post-disturbance 
period (Fraker et ale 1981). 
Short-term disturbance 

Fifteen bowheads did not react 
until vessel was within 800 m; 
initial response to loutrun l it 
and to scatter as it came 
closer. Three hours after the 
disturbance, the bowheads were 
still present in the area 
(Fraker et ale 1981). 
Short-termdTsturbance 
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Underwater Sound 
Source 

BRI TTEN-NORf~AN 
ISLANDER aircraft 
(2 piston 
engines) 

TWIN OTTER air­
craft (2 turbo 
prop engine) 

n/a = not available 

TABLE 2.6-3 (cont'd) 

Source Level s/ 
Frequenci es 

Aircraft at an altitude 
of 610 m, sound levels 
at hydrophone as loud 
as 97 dB//1~Pa2/Hz 
at 70 Hz: 10-20 dB 
above ambient at 
frequencies <1 kHz 

n/a 

Locati on/Date 

Conducted opp­
ortuni stically 
duri ng aeri a 1 
surveys (Wursi g 
et al. 1981) 

Altitude 305 m 
(Beaufo rt Sea) 

Altitude 90 m 
(eastern Arctic) 

Altitude 150 m 
(ea stern Arcti c) 

Response 

Whales dove when circled by 
aircraft <305 m ASL, but 
no response was observed in 
bowheads circled at an altitude 
of 457 m ASL or greater. 
(Fraker et al. 1981). 
Short-term dTsturbance 

Nearly all bowheads circled by 
a Twin Otter at 305 m or less 
dove (Fraker unpub1., cited in 
Fraker et a1. 1981). --
Always dove (Koski, pers. comm., 
cited in Fraker et a 1. 1981l 

Usually did not dive in first 
pass (Koski, pers. comm., 
cited in Fraker et a1. 1981). 

Altitude 91-152 m Always dove (Ljungb1ad et al. 
(north of Alaska) 1980) --

Short-term disturbance 
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Figure 2.6- 6 Freq uency ranges of most waterborne sounds produced 
by marine mammals and industrial activities, and 
hearing sensitivities of white whales and ringed seals. 
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(a) White Whales 

Although lack of quantitative data and systematic surveys limits 
interpretation of the anecdotal information provided in Table 2.6-3. one study 
indicated that white whales in waters <2"m deep in the Mackenzie Estuary 
reacted to 2 barges and a tug at distances within 2.4 km (Fraker 1977a). This 
distance is considerably less than the 3.3 km audible range for white whales 
and barge traffic estimated by Ford (1977). Fraker and Fraker (1981) 
suggested that the \'ihales may therefore have tolerated a certain level of 
disturbance produced by marine logistics traffic. Artificial islands per se 
have had no apparent effects on white whales, since they have approachecrana 
migrated past stationary sound sources in the Beaufort Sea (islands, drilling 
rigs, dredges) on several occasions (Fraker 1977b). In addition, fixed wing 
survey aircraft flying at altitudes of 457 m and higher have caused no 
apparent disturbance of white whales in the southeastern Beaufort Sea. 

(b) Bowhead Whales 

As indicated in Figure 2.6-6, there is considerable overlap between 
the frequencies of bowhead vocalizations and the noise produced from all 
phases of industrial activity. Since low frequency sounds are propagated well 
and it is assumed that bowhead heari ng sensiti vity is withi n the range of 
their vocalizations, this species is probably the most sensitive marine mammal 
to underwater industrial noise. Industrial noise will result in an increase 
in ambient noise levels, although certain transitory natural events are 
louder. Depending on assumptions made regarding the signal-to-noise ratio 
requi red by bowheads, the increased noi se 1 evel s associ ated with i ndustri al 
activity in the Beaufort Sea could reduce conspecific communication distance 
through masking. The extent and biological significance of potential masking 
effects are unknown. 

The existing information on the responses of bowhead whales to 
various noise sources (Table 2.6-3) suggests that this species is not 
di sturbed by stati onary acti viti es such as artifi ci al i sl and constructi on and 
dredging, but may react to mobile logistics traffic under certain conditions. 
However, marked responses have only been observed when the sound source 
approaches within about 1 km of the whale(s). The lack of systematic studies 
prevents accurate assessment of the results summarized in Table 2.6-3, 
although the available data suggest that this species is probably less easily 
startled or frightened by marine logistics traffic than white whales. 
Aircraft flying at altitudes of 100 to 150 m ASL probably also produce a 
disturbance or avoidance response in bowheads (diving), although flights at 
altitudes higher than 150 m lead to variable responses which probably depend 
on numerous factors such as ambient noise, propagation of the underwater sound 
and the specific activities of the whales at the time of disturbance. 
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(c) Seals 

Low frequency underwater i ndustri al noi se may reduce communi cati on 
distances between seals, elicit a startle response, or result in exclusion of 
individuals from their territories. Although these effects have not been 
observed in the Beaufort Sea, Terhune et al. (1979) reported reduced harp seal 
vocalization in the Gulf of St. Lawrence-rn response to vessel activity. The 
motor noise from an operational vessel masked the seal calls within a 2 km 
radi us, but the authors were not certai n if the decreased vocal i zati ons may 
have reflected changes in behaviour or movement of seals from the area. 
Stirling (1973) reported increased amounts of ringed seal vocalizations during 
periods of ice cover, and suggested this may reflect a necessity for 
maintenance of social order at breathing holes and leads in comparison to open 
water periods .when individuals are widely dispersed. Consequently, the 
potential effects of masking seal vocalizations may be more pronounced during 
periods of ice-cover, particularly if industrial noise is propagated under the 
landfast ice \'ihere ambient levels are typically lm'ier and have fewer 
components than at the ice edge or within the transition zone. 

Underwater i ndustri a 1 noi se may also cause short-term di sturbance or 
masking of communication sounds in bearded seals. However, because transition 
zone and pack-ice habitats occupied by bearded seals are naturally noisy, low 
frequency sounds would have to be proportionately louder than noise in 
landfast areas to affect seals. The biological significance of startle 
responses and masking of vocalizations by both ringed and bearded seals are 
unknown. . 

2.6.6 Effects of Underwater Sound on Fish 

Hearing in fish involves an inner ear mechanism coupled to the 
pressure-sensitive lateral line system. In many species, including cod and 
herring, the gas bladder also contributes to sound reception via the inner ear 
(Tavolga 1971). Although the significance of hearing in fishes is not well 
understood, intraspecific communication in temperate areas has been documented 
in several of the relatively few species investigated (Myrberg 1978). In 
genera 1, heari ng inmost fi shes is thought to be associ ated with sensi ng and 
locating approaching obstructions, prey or predators, and maintenance of 
orientation in the water column (Tavolga 1971). 

The sensitivity of fish hearing depends on a complex relationship 
between the frequencies and intensities of sounds. Most fish are sensitive to 
a range of frequencies, usually up to 2 kHz, and a few species (including 
herring) can distinguish sounds over 5 kHz (r~yrberg 1978). TIle ability of 
fi sh to di sti ngui sh sounds also depends on the i ntensi ty of the sound and the 
ambi ent noi se 1 evel. For exampl e, under naturally occurri ng conditi ons in 
temperate envi ronments, the noi se of background sea states appears to often 
mask fish hearing abilities (t~yrberg 1978). An increase in background noise 
resul ti ng from i ndustri al underwater sound coul d therefore reduce' the 
percept.i on of other sounds by fi she 
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The effects of industrial or vessel associated noises on fish have 
rarely been studi ed, although it has been postul ated that these sounds coul d 
affect fish movements, distribution and behaviour. Available information on 
ambi ent no; se and the i ndustri a 1 sounds produced in Arctic envi roments was 
summari zed earl i er in Secti on 2.6.1. Sounds generated as a result of 
drilling, dredging, icebreaking and other activities in the range of 
frequenci es heard by fi sh may be up to 80 dB above background 1 evel s near the 
noi se source. These sounds may not be fully attenuated to 1 evel s below fi sh 
hearing tllresholds for several kilometres from the source in shallow 
environments and even further in deeper water. 

The ecological significance of industrial sound perception by fish is 
not clear since variable responses and Ilabituation to underwater sound have 
been observed in a number of instances. Tile presence of fish within the 
immediate vicinity of active harbours and fishing grounds Ilas also been 
clearly documented, while fish have been reported near active dredges in the 
Beaufort Sea (Byers and Kashino 1980). On the other hand, some authors have 
suggested that fish avoid noise associated with dredging operations and large 
vessels (Neproshin 1978; Konagaya 1980). In a review of literature describing 
tile reacti on of fi sh to sound, Chapman and Hawki ns (1969) concl uded that. 
intermittent high amplitude sounds at low frequencies generate avoidance 
responses. For example, they indicated that whiting (;~erluccius sp.) reacted 
quickly by diving after the firing of an airgun, but habituated to its 
conti nuous fi ri ng in 1 ess than 1 hour. Olsen (1975) reported that herri ng 
will locate and avoid similar noise sources, but also habituate to noise 
relatively rapidly if the signal s occur less than several minutes apart. 
Popper and Cl arke (1976) reported that gol dfi sh exposed to intense sound 
(149 dB) for 4 hours experienced a 2~ hour hearing loss, while Chapman (1975) 
suggested that fish may be generally tolerant of high intensity sounds (130 to 
140 dB) within their hearing range. 

Less obvi ous effects of sound were postul ated by Banner and Hyatt 
(1973) who investigated the viability and growth of eggs and larvae of two 
species of estuarine fishes (genus Cyprinodon, Fundulus) in aquaria under two 
levels of underwater noise. Tiley reported that tile higher noise level 
resulted in significantly reduced viability of eggs and larvae of one species, 
and reduced growth of fry of both speci es. However, tllese results cannot be 
extrapol ated to ocean conditi ons si nce the noi se 1 evel s, even in the qui et 
tank, were well above ambient noise in the ocean under heavy traffic 
conditi ons. 

Overall, the available information describing the effects of noises 
generated by industrial activities on fish is ambiguous, and this hampers 
assessment of the potential concern associated with the effects of underwater 
sound on species present in the Beaufort Sea. It is likely that fish will 
hear noi se from dri 11 i ng, vessel s and other sources over di stances of several 
kilometres, and while some fish may avoid the immediate areas of chronic or 
intermittent high amplitude sounds, very few individuals are likely to be 
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affected in a regional context. In addition, it appears probable that many 
speci es wi 11 become habituated to stati onary and rel ati vely conti nuous noi se 
sources. 

2.6.7 Summary of Concerns Related to Underwater Sound 

Most mari ne i ndustri al acti viti es create unnatural underwater noi see 
The frequencies and levels of noise vary with the type of activity, while the 
area affected by underwater noise depends on the sound propagation 
characteristics of the region. The degree of concern regarding the potential 
effects of industrial underwater noise on marine resources of the Beaufort Sea 
vades with species, and in most cases, also reflects the general lack of 
information regarding the biological significance of noise-related 
di sturbances. Neverthel ess, the degree of concern associ ated wi th adverse 
effects of underwater sound on fi sh is expected to be NEGLIGIBLE to i"1INOR 
(Table 2.6-4). In the case of marine mammals, the degree of potential concern 
is greater since these species have sensitive underwater hearing and make use 
of waterborne acoustic signals for social communication and, in the white 
whale, navigation and orientation (Table 2.6-3). Underwater industrial noise 
may have three types of potential effects on marine mammals: (1) unfamiliar 
sounds may cause alarm or startle reactions; (2) noise may mask or interfere 
with communication and/or echolocation, and (3) prolonged exposure to intense 
noise may damage the hearing of marine mammals or result in other 
physical/physiological effects. These three effects are likely inter-related 
and may result in similar disruption and avoidance responses. 

Observed interactions between marine mammals and industrial noise 
sources in the Beaufort Sea indicate that marked behavioural responses 
generally involve mobile sound sources, with stationary sources appearing to 
have little or no effect on either seals or whales. In addition, reactions to 
mobile sources have been localized and short-term, and have varied vdth the 
proximity of source and level of noise. Noise sources which have been 
observed to cause avoidance responses by marine mammals in the Beaufort Sea 
include crew and supply vessels, tugs and aircraft at low altitudes «300 m). 

Although industrial activity in the Beaufort Sea has resulted in only 
MINOR and localized noise-related disruption of marine mammals, an increase in 
the amount and durati on of acti vity duri ng future development may resul tin 
greater impacts over the long-term. Mari ne mammals are abl e to tal erate or 
11abituate to noise of certain levels and cI1aracteristics, but it is possible 
that there is some tolerance limit which, once surpassed, results in avoidance 
of hi gh-noi se areas. For example, if underwater noi se becomes wi despread in 
critical areas (e.g. concentration, feeding or migration areas), significant 
disruption and displacement of portions of regional seal and whale populations 
may occur. 



Species 

White 
whales* 

Bowhead 
whales* 

Ringed 
and 
Bearded 
Seals** 

Fish** 
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TABLE 2.6-4 

SUMMARY OF POTENTIAL REGIONAL CONCERNS OF UNDERWATER SOUND 
IN THE BEAUFORT SEA PRODUCTION ZONE ON f~ARINE r~AMMALS AND FISH 

Tanker Activities Marine Logistics 
Traffic 

Regulated Aircraft 
Acti vity and 

Stationary Sources 

Early Production Early Production Early Production 
Production after 1990 Production after 1990 Production after 1990 

MINOR MODERATE MINOR t~ODERATE NEGLIGIBLE MINOR 

r'UNOR l~ODERATE MINOR t~ODERATE NEGLIGIBLE MINOR 

MINOR l~ODERATE MINOR MODERATE NEGLIGIBLE NEGLIGIBLE 

NEGLIGIBLE- NEGLIGIBLE- NEGLIGIBLE- NEGLIGIBLE- NEGLIGIBLE NEGLIGIBLE 
MINOR MINOR MINOR MINOR 

* All seasons but winter. 
** All seasons. 

The potential for disturbance of marine mammals by underwater noise 
will depend on the type and level of noi se, as well as the number and 
distribution of sources. In addition, each species likely has a different 
susceptibility to industrial underwater noise. White whales are highly social 
and undoubtedly rely extensively on underwater acoustics for communication and 
navigation, particularly in turbid areas such as the Mackenzie Estuary, and 
noise masking could reduce the effectiveness of their acoustic signals. This 
species is most vulnerable to disturbance in their concentration areas and 
along migration routes during the spring and summer months. Bowhead whales 
are 1 ess g'regarious, but do concentrate on offshore feedi ng grounds in the 
eastern Beaufort Sea duri ng summer months. The low-frequency communi cati on 
signals of bo\'iheads, which are susceptible to masking by underwater noise, may 
be used to locate concentrations of conspecifics in prime feeding habitats. 
Avoi dance reacti ons to vessel s have also been observed in thi s speci es, and 
concentrated traffic in feeding areas may result in disruption of normal 
acti viti es. 
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Unlike whales, ringed and bearded seals are present in the Beaufort 
Sea throughout the year and could be exposed to industrial noise over longer 
periods. These species also produce vocalizations which may be masked by 
industrial noise. However, due to the widespread distribution of seals 
throughout the region, smaller proportions of the populations would be 
susceptible to disturbance at any given time. 

The degree of concern regarding adverse effects of the present level 
of industrial underwater noise on marine mammals in the Beaufort Sea region is 
probably NEGLIGIBLE to MINOR. However, industrial underwater noise associated 
with the long-term proposal for hydrocarbon development in this region is 
considered an area of MODERATE concern since the long-term and cumulative 
effects of noise-related disturbance of marine mammals remain unknown. 
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2.7 

2.7.1 

AIRBORNE NOISE 

Introduction 
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Aircraft and other sources of airborne noise associated with offshore 
hydrocarbon exp 1 orati on and producti on may cause local i zed di sturbances of 
marine mammal and bird populations in the southeastern Beaufort Sea. The 
types of aircraft used by the petroleum industry include turbojets (Boeing 
737, Cessna Citation and Lear jets), turboprops (Twin Otter, Hercules and 
Grummen aircraft and most helicopters including Bell 206 and 212 and Sil<arsky 
S-76 and S-61), and piston-engined aircraft (Cessna 150 and Douglas DC-3). 
Airstrips would be established at edch sl10rebase, and most runways would be 
capable of handling Boeing 737 and 767 1 s. Composite noise sources produced at 
an airstrip facility are described in Volume 2 of the EIS. 

Other sources of mobile airborne noise include on-ice vehicular 
traffic, and seasonal and icebreaking marine vessels, while major stationary 
sources of airborne noise include artificial island construction activities, 
dredges and dri 11 i ng ri gs. Tile potenti a 1 effects of atmospheric emi ssi ons 
from these noise sources are separately discussed in Section 2.8. 

2.7.2 Effects of Airborne Noise on Mammals 

r~ammal s that occur in terrestri al areas or on the ice surface may be 
affected by noi se produced by aircraft and other i ndustri a 1 acti vi ti es. In 
the Beaufort Sea region, marine mammals or marine-associated mammals which are 
potentially susceptible to these disturbances include ringed seals, bearded 
seals, polar bears and Arctic foxes. The poter)tial effects of underwater 
sound generated from the above and other sources on mari ne mammals were 
previously discussed in Section 2.6. 

Ringed and bearded seals may be susceptible to disturbance from 
airborne noise wilen they are hauled-out on the sea-ice during the annual 
moulti ng peri ode Haul ed-out ri nged seals occur on the 1 andfast ice in 1 a rge 
bays of Amundsen Gulf and off the west coast of Banks Island (Stirling et ale 
1981a), while bearded seals typically haUl-out on the transition zone lceor 
on nearshore pack-ice during late June. Both species have been observed to 
dive when approached by low-flying (e.g. 100 m ASL) survey aircraft (LGL Ltd., 
unpubl. data). Thi s di vi ng response occurred more frequently' duri ng 
helicopter flights (G. Alliston, pers. comm.). During five years of aerial 
surveys flown in Cessna 337 1 s flying at an altitude of 152 m (91 m in fog) and 
an airspeed of 220 km/hr, Stirling et ale (1981a) found that a proportion of 
the hauled-out seals in mid-transectalways dove in response to the aircraft. 
The percentage of seals responding has not been quantified, but appears to be 
dependent on airspeed, altitude and type of aircraft (1. Stirling, pers. 
comm. ). 



116 

The potenti a 1 effects of repeated immersi on of moul ti ng seals in 
response to aircraft disturbance during the haul-out period are unknown, but 
may include thermoregulatory stress. The annual moult is known to be a period 
of natural stress in seal populations. The decrease in the amount uf bl ubber 
during spring can reduce the weight of seal s by 23 to 40 percent, and much of 
thei r behavi or duri ng thi s peri od is associ ated with thermoregul atory 
adjustments (r~cLaren 1958; Smith 1973; Finley 1979). Consequently, the 
potential degree of concern with respect to effects of aircraft noise on 
moulting seals is considered MINOR. 

The potential effects of other mobile sources of airborne noise on 
seals are not known, but a diving response may also be induced if the noise is 
sudden and the source is at close range. Stationary sources of airborne noise 
may temporarily alter the distribution or abundance of these species within 
the immediate area of disturbance, although the degree of concern regarding 
potential effects of these noise sources on regional populations of ringed and 
bearded seals is probably NEGLIGIBLE. 

Polar bears and Arctic foxes are most susceptible to noise 
di sturbances from 1 ow-flyi ng ai rcraft duri ng wi nter and spri ng when they 
forage on transition zone and landfast ice. During the open water period, 
most polar bears move north with the retreating pack-ice, while Arctic foxes 
move ashore to den. Polar bears (and probably Arctic foxes) usually run from 
low-flying aircraft, although bears will occasionally react aggressively (G. 
Alliston, pers. comm.). Other mobile sources of airborne noise may produce 
similar responses in foxes and bears, while stationary noise sources (e.g. 
drill rigs) may actually alert and attract these species to sites of human 
activity. The biological significance of these responses is unknown, but the 
degree of concern for the regional population is considered MINOR -because the 
number of individuals affected would be small. 

2.7.3 Effects of Airborne Noise on Birds 

Di sturbance of bi rds by ai rborne noi se produced by hel icopters and 
STOL aircraft required in support of the Beaufort Sea development is a MAJOR 
area of concern due to the extensive projected use of these aircraft and the 
documented suscepti bi 1 i ty of some speci es to ai rborne di sturbances. Noi se 
produced by large passenger jets and executive jets is only expected to be a 
MINOR and"localized concern because they would fly at high altitudes except 
near the airstrips. 

The reaction of birds to aircraft depends on species, previous 
exposures, stage of their annual cycle, type of aircraft and the vertical and 
horizontal distance of the aircraft from the birds. Species most likely to be 
affected by aircraft activity are those that nest colonially or in restricted 
areas, or occur in large concentrations during staging or moulting periods 
either offshore or along the mainland coast. These groups include several 
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species of waterfowl, glaucous gull s, Arctic terns and thick-billed murres. 
Since the murres only nest at one colony in the region (Cape Parry), they are 
only 1 i kely to be affected by ai rcraft di sturbance if Wi se Bay is developed as 
a contingency fuel storage site (EIS Volume 2). Aircraft disturbance may 
cause: (1) habitat loss through exclusion of birds from frequently disturbed 
areas; (2,) increased energy expenditures, and (3) behavioural reactions that 
may increase mortality rates of young. 

Gollop et ale (1974a) described disturbances of the nesting 
activities of common eiders and glaucous gulls at Nunaluk Spit in the Yukon as 
a result of overflights by fixed-wing aircraft and a helicopter. None of the 
34 i ncubati ng ei ders under observati on duri ng thi s study were di stutbed by 
either the helicopter or fixed-wing aircraft overflights at altitudes as low 
as 40 m. However, an increasing proportion of the gulls incubating the 39 
observed nests flushed during progressively lower helicopter overflights at 
altitudes below 600 m. All incubating gulls were flushed by the helicopter at 
and below altitudes of 150 m, but overflights by the fixed-wing aircraft had 
virtually no effect on the incubating birds. During the pre-nesting and 
nesting seasons, Arctic terns and snow geese left their nesting areas adjacent 
to the Beaufort Sea when fixed-wing aircraft or helicopters flew at altitudes 
1 ess than 300 m AGL and at hori zontal di stances 1 ess than 2.4 km from these 
birds (Barry and Spencer 1971; Gollop et ale 1974a). Repeated flights of a 
Bell 206 helicopter over tundra nesting areas resulted in a delay in nest 
initiation and reduced reproductive success of Lapland longspurs (Gollop et 
al. 1974b). There was also evidence of reduced nesting density in this 10caT 
population during the year following the disturbance (Gunn et al. 1974). The 
potenti a 1 short- and long-term effects of fl ushi ng i ncubati ng ornesti ng bi rds 
a re unknown, but may i ncl ude reduced reproducti ve success through increased 
nest predati on or destructi on of young, increased energy requi rements, and 
delays or prevention of hatching. Populations of birds nesting in colonies 
are particularly susceptible to this form of disturbance because large numbers 
of birds may be repeatedly affected. 

Dunnet (1977) studied the effects of aircraft disturbance on a colony 
of various cliff-nesting seabirds in Scotland. Species at this colony 
included fulmars, shags, herring gulls, kittiwakes, guillemots, razorbills and 
puffins, and aircraft flying at altitudes as low as 100 m above the cliff-top 
did not affect the attendance of incubating and brooding birds. Non-nesting 
bi rds resti ng on nearby cl iffs fl ushed in response to the ai rcraft, but al so 
di d so when no observabl e stimul us was present. Ward (1979) reported that 
thick-billed murres from the Cape Parry colony did not flush when a helicopter 
(Bell 206) landed 0.8 km away, although some birds left the colony when a DC-3 
passed about 500 m seaward of the colony at an altitude of 300-500 m ASL. W. 
Renaud (LGL Ltd., pers. comm.) found that thick-billed murres at the Cape Hay 
(Bylot Island) colony did not flush when a de Havilland Twin Otter flew by the 
cliff-top nests at a horizontal distance of about 2 km. 
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Brood rearing geese are usually more sensitive to aircraft 
di sturbances than brood rea rl ng duc ks. For example, several small 1 akes in 
the Parsons Lake area were overflown several times daily at altitudes ranging 
from 30 to 150 m to detel1l1ine the effects of helicopter (Bell 3B1 and/or Bell 
204) disturbance on various species (RRCS 1972). The helicopter flights had 
no detectable effects on the number of Arctic loons, whistling swans, 
pintail s, American wigeon, scaup, oldsquaws and white-winged scoters 
frequenti ng 1 akes in the a rea. However, the number of non-breedi ng 
white-fronted geese in the experimental area decreased markedly withi n two 
days after the di sturbance began, although too few observations were made in 
the control area to permit statistical evaluation of this trend. 
Nevertheless, white-fronted geese that remained in the experimental area 
included adults with young. Overflights by fixed-wing aircraft at an altitude 
of 90 m (1.5 h apart) only caused a short-term (2 min) interruption of normal 
acti viti es of about 100 American wi geon present on a 1 ake in the Mackenzi e 
Delta (RRCS 1972). Similarly, brood rearing ducks did not abandon a lake 
subjected to hourly landings of a fixed wing aircraft (Cessna 185) over five 
hours each day for a period of several days (Salter and Davis 1974). 

The reaction of moulting ducks without broods to aircraft is 
variable. For example, moulting ducks left the lake which was subjected to 
disturbance by the Cessna 185 landings described above (Salter and Davis 
1974). Hourly helicopter flights along the southwest shore of Herschel Island 
at altitudes rangi ng from 30 to 230 m di d not cause an overa 11 reducti on in 
the number of moulting sea ducks (primarily oldsquaws and surf scoters) using 
the area in 1972 (Gollop et al. 1974c). However, even the highest overflight 
caused most of the ducks on snore to move into the water. Ducks began to di ve 
in response to the overflights when flight altitudes decreased to 150 m, while 
aircraft at altitudes of 30 m caused entire flocks to dive. Gollop et al. 
(1974c) reported that surf scoters were generally more sensitive-than 
oldsquaws to disturbance from helicopters. Ward and Sharp (1974) also 
reported temporary di sturbance of moul ti ng 01 dsquaw and scoters at Herschel 
Island by helicopters at altitudes of 100 m ASL and 45 m from shore. However, 
it was believed that the ducks did not leave the area since their numbers 
increased as the study progressed, irrespective of the helicopter flights 
(Ward and Sharp 1974). 

Several studies have shown that migrating and staging snow geese are 
particularly sensitive to aircraft disturbances. Campbell and Shepard (1973) 
reported that spring migrants flushed when aircraft passed at altitudes of 300 
m AGL and horizontal distances of 3.2 km. Schweinsburg (1974) also found that 
all resting snow geese in his study area along the North Slope were repeatedly 
disturbed by a Cessna 185 at altitudes ranging from 90 to 3050 m. Aircraft 
overflights at altitudes of 90 to 120 m and distances of 1.6 to 8 km flushed 
all flocks. while aircraft at 210 m flushed all flocks at distances from 3.2 
to 14.4 km. Overflights at 305 m and horizontal distances of 3.2 to 5 km 
flushed all flocks, while flights at altitudes from 1800 to 3050 m caused 
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flocks to flush either as the aircraft approached or when it was directly 
overhead (Schweinsburg 1974). Davis and Wiseley (1974) studied the effects of 
fixed-wing aircraft and helicopter disturbance on the behavior of fall staging 
snow geese on the Yukon North Slope. Geese flushed at greater distances from 
11elicopters than from fixed-wing airct~aft, but their' normal behavior was 
disrupted for longer periods following overflights by fixed-wing aircraft. 
Koski and Gollop (1974), Alliston et a1. (1976) and McLaren et a1. (1977) have 
also reported that fall staging or mgrating snow geese fTi:i'shfar ahead of 
survey aircraft. 

Other species of waterfowl may react to ai rcraft di sturbance duri ng 
migration. For example, king and common eiders flush far ahead of survey 
aircraft (Davis et a1. 1974; Alliston et a1. 1976), while Campbell and 
Sllephard (1973) round that migrant Whiilling swans, Canada geese, 
white-fronted geese and several species of ducks were relatively tolerant of 
survey ai rcraft duri ng the spri ng. The responses of some speci es 
(e.g. oldsquaws, eiders, gulls, loons) to airborne noise when they are staging 
in the open leads and polynias of the southeastern Beaufort Sea during spring 
remain unknown. The susceptibility of different species of birds to aircraft 
di sturbances duri ng specific times in thei r 1 ife hi stori es were summari zed by 
Slaney (1974a) following 3 years of unstructured observations in the r~ackenzie 
Delta and are indicated in Table 2.7-1. 

The response of bi rds in the Beaufort Sea regi on to airborne noi se 
associated with industrial activities other than aircraft remains largely 
unknown. Gallop and Davis (1974) studied the effects of a gas compressor 
station simulator on fall staging snow geese along the North Slope of the 
Yukon and eastern Alaska. Flocks of geese feedi ng withi n 5 km of the 
simulator flushed and relocated, although some of these birds returned to 
feeding areas within 2.5 km of the simulator. Nevertheless, this noise source 
resulted in a net loss of staging habitat within a 2.5 km radius of the 
simulator. However, Gollop et al. (1974d) did not observe changes in breeding 
densities or reproductive -Success of Lapland longspurs exposed to the 
simulated high noise levels of a gas compressor station. The effects of other 
stationary sound sources on bi rds in the Beaufort Sea region have not been 
documented. 
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TABLE 2.7-1 

SUSCEPTIBILITY OF SELECTED BIRDS TO AIRCRAFT DISTURBANCES 
(adapted from Slaney 1977a) 

Loons 

14histling Swans 

Geese 

Ducks 

Small Shorebirds 

Susceptibility 
to Di sturbance 

low to moderate 
- during migration 
- at nesting site 
- general 

moderate to high 
- during migration 
- at nesting site 
- general 

hi gh** 
- during migration 
- at nesting site 
- general 

,I' low to moderate 
- during migration 
- at nesting site 
- general 

low 
- during migration 
- at nesting site 
- general 

Estimated Distance 
Range (m) 

200 
200 
200 

<100 
<100 
<100 

3200 
1600 
800 

200 
200 
200 

100 
100 
100 

Passerines - less than ten metres in all circumstances at all seasons 

* based on 3 years of unstructured observations (Slaney 1974a). 

** snow geese - high 
brant - moderate 
Canada geese - moderate 
white-fronted geese - high 
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2.7.4 Summary of Concerns Related to Airborne Noise 

As indicated in Table 2.7-2, the degree of potential regional concern 
associated with the effects of airborne noise on marine mammals in the 
Beaufort Sea regi on is NEGLIGIBLE or r~INOR, but ranges from NEGLIGIBLE to 
fMJOR for various species of bi rds. Snow geese are considered the most 
vulnerable species to disturbance by mobile airborne noise sources because of 
their documented susceptibility to noise, and the fact that they nest 
colonially and occur in large concentrations on staging grounds. In general, 
geese and swans are more vulnerable to airborne noise than ducks, loons, 
gulls, alcids, and shorebirds. The impacts of aircraft and other noise 
sources on all species of birds would depend on a number of factors including 
the life cycle stage of affected individuals and the altitude, frequency and 
route of flights, and type of aircraft. Adherence to altitude guidelines 
(>305 m AGL) will minimize the effects of aircraft on most species, although 
snow geese and possi bly other speci es of geese wi 11 probably react to aircraft 
at hi gher el evati ons under most ci rcumstances. Stati onary sources of airborne 
noise in terrestrial areas may result in habitat loss for some species of 
birds, depending on the location and type of noise produced by these 
facilities or activities. The species most likely to be affected by 
stati ona ry noi se sources a re snow geese and whi te-fronted geese in nesti ng or 
staging areas, although unlike mobile sound sources, effects on regional 
populations are only of MINOR concern due to the 1 imited amount of habitat 
that would be affected. 

The degree of concern related to the effects of airborne noise from 
mobile sources on marine mammals is NEGLIGIBLE to MINOR. Hauled-out seals may 
dive, and polar bears and Arctic foxes on the sea..;ice may retreat from 
approachi ng aircraft. As in the case of bi rds, the response of these speci es 
and its possible significance would depend on the frequency, altitude, routes, 
and type of aircraft. Stationary sources of airborne noise may alert and 
attract polar bears or Arctic foxes to sites of human activity, although the 
degree of regional concern regarding attraction of these species is expected 
to be NEGLIGIBLE. 
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TABLE 2.7-2 

SUMMARY OF POTENTIAL CONCERNS RELATED TO 
AIRBORNE NOISE IN THE BEAUFORT SEA REGION 

Envi ronmental 
Componment 
or Resource 

Ringed and Bearded 
Seals 

Pol ar Bears and 
Arcti c Foxes 

Snow Geese 

Other Geese, Whistling 
Swans, Ducks 

Potential or 
Probable Effects 

Disturbance resulting in 
diving response of 
hauled-out seals during 
annual moult; possible 
thermoregul atory stress 

Attraction to stationary 
noi se sources; retreat 
from mobile noise sources 

Disturbance at nesting 
colonies or on fall 
staging areas resulting 
in reduced breeding 
success or less than 
optimum weight gain 
on staging grounds 

Disturbance at nesting 
areas, or during 
moulting, brood-rearing 
and/or staging resulting 
in reduced breeding or 
fledgling success, 
increased energy 
expenditures associated 
with repeated flushing, 
habit loss, less than 
optimum weight gain 

Degree of Potential 
Regional Concern 

NEGLIGIBLE for stationary 
noise sources; MINOR for 
mobile noise sources 

NEGLIGIBLE and MINOR for 
stationary and mobile 
noise sources, respect­
i vely 

MINOR, stationary sources 

MODERATE to major for 
mobile sources depending 
on flight frequency, 
routes, altitudes, type 
of ai rcraft 

MINOR to MODERATE for 
mobile sources depending 
on flight frequency, 
routes, altitudes, type 
of ai rcraft 

NEGLIGIBLE for stationary 
noise sources (possibly 
MINOR for white-fronted 
geese) 

I' 



Environmental 
Componment 
or Resource 

Colonial nesting 
species (thick-billed 
murres, black 
guillemots, glaucous 
gulls, Arctic terns, 
snow geese, common 
eiders) 

Other marine-associated 
birds (loons, shore­
birds, cranes and 
other gull s) 

123 

TABLE 2.7-2 (cont'd) 

Potential or 
Probable Effects 

Disturbance at nesting 
colonies resulting in 
nest abandonment, 
reduced breeding success 

Disturbances resulting 
in reduced breeding, 
increased energy 
expenditures associated 
with repeated flushing 

Degree of Potential 
Regional Concern 

MINOR to MAJOR depending 
on species, source and 
location of noise, 
frequency of noise, 
altitude and routing of 
ai rcraft 

NEGLIGIBLE to MINOR, 
depending on factors 
1 i sted above 
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ENGINE EXHAUSTS/An~OSPHERIC EMISSIONS 

Introduction 

Activities associated with oil and gas production in the Beaufort Sea 
regi on woul d i nvol ve the operati on of 1 arge numbers of exhaust-produci ng 
machines such as electrical generators, engines which power drill rigs, 
heating plants, incinerators, construction equipment, vessels and aircraft. 
These exhausts could contain varying quantities of gases, particulates, water 
vapou rand pa rti ally combusted hydrocarbons. In additi on, the conti nuous 
operation of large engines on production platforms may contribute to the 
formation of "heat islands". Atmospheric emissions would also occur during 
gas flaring, while noise would also be associated with many of these 
emissions. The potential effects of gas flares and airborne noise on marine 
resources of the Beaufort Sea are di scussed separately in Sections 4.1 and 
2.7, respectively. 

Development plans include the design of incinerators that will 
produce minimal particulates and assure that federal guidelines for ambient 
air quality are not exceeded (Table 2.8-1). Most emissions would be rapidly 
di spersed to the surroundi ng atmosphere. Ice crystal s are fonned when warm 
exhausts are vented into cold air and the presence of these crystals can lead 

TABLE 2.8-1 

SUMtMRY OF FEDERAL At~BIENT AIR QUALITY STANDARDS (llg/m3 ) 
(Source: ECO-LOG 1981) 

Poll utant Time Maximum r~aximum 
Base Desi rabl e Acceptable 

Total Suspended Particulate 24 hr 120 
1 yr 60 70 

Sulphur Dioxide 1 hr 450 900 
24 hr 150 300 
1 yr 30 60 

Carbon Monoxide 1 l1r 15,000 35,000 
8 l1r 6,000 15,000 

Nitrogen Dioxide 1 l1r 400 
24 hr 200 
1 yr 60 100 

Maximum 
Tol erabl e 

400 

800 

20,000 

1,000 
300 
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to the formation of ice fog when air temperatures are less than -30°C and when 
temperature inversions or periods of calm reduce mixing and dispersion. The 
height of the exhaust stack, emission temperature and velocity also affect the 
formation of ice fogs. However, since offshore and shoreline areas of tlie 
Beaufort Sea tend to be relatively windy and prolonged periods of calm and 
temperatures less than -30°C are not as common in these areas as at inland 
locations (EIS Volume 3A, Section 2.1), significant ice fogs are unlikely to 
be a frequent occurrence and should not affect biological resources of the 
region. 

2.8.2 Effects of Atmospheric Emissions on Birds and Mammals 

The, degree of concern regardi ng the effects of engi ne exhaust and 
atmospheric emissions on marine mammals and birds in the Beaufort Sea region 
is expected to be NEGLIGIBLE since the emissions would be rapidly dissipated 
to the surroundi ng atmosphere, and woul d usually be present in rel ati vely low 
concentrations. ~s indicated earlier, atmospheric emissions are also expected 
to conform to federal regulations under normal operating conditions. The only 
potential concern related to atmospheric emissions is the possible attraction 
of birds and mammals to localized "heat islands ll created by the continuous 
operation of machinery during cold periods. The attraction of mammals and 
birds to IIheat islands" surrounding production and shorebased facilities would 
be largely indistinguishable from the attraction of these groups to composite 
activities at these sites (e.g. artificial illumination, human presence), 
particularly during periods with both low temperatures and light levels. 
Nevertheless, warm temperatures per se may attract certai n species of bi rds 
and mammals to shorebased and offshore-structures, although other factors such 
as airborne noise (Section 2.7.3) and gas flares (Section 4.1.3) may offset 
the tendency for IIheat islands" to attract some fauna. Species which may be 
attracted to sites of industrial activity could include pelagic birds such as 
gulls, terns and jaegers and small mammals such as Arctic and red foxes. 

2.8.3 Summary of Concerns Related to Engine Exhaust/Atmospheric Emissions 

Since emissions from all operating equipment at offshore exploration 
and production facilities or shorebases are expected to conform to appropriate 
regulatory guidelines, the only residual concerns related to engine exhausts 
are short-term and local i zed reducti ons in vi si bil ity associ ated with ice fog 
formation, and the possible attraction of some mammals and birds to localized 
"heat islands ll

• The latter effects are expected to be indistinguishable from 
other factors which may cause attraction of birds and mammal s, and as 
indicated in Table 2.8-2, the degree of regional concern regarding all 
potential effects of atmospheric emissions is considered NEGLIGIBLE. 



126 

TABLE 2.8-2 

SUMMARY OF POTENTIAL CONCERNS RELATED TO ENGINE EXHAUSTS 
AND OTHER ATMOSPHERIC EMISSIONS IN THE BEAUFORT SEA REGION 

Envi ronmenta1 
Component 

or Resource 

Vi'si bi 1 ity 

Air quality 

Bi rds and 
Mammals 

Degree of 
Potential or Probable Effects Potential 

Concern 

Localized formation of ice fog (reduced See Section 2.8.1 
visibility) at temperatures less than 
-30°C during calms or temperature inversions 

Atmospheric emissions, primarily engine See Section 2.8.1 
exhausts; subsequent effects on mammals 
and bi rds 

Attract; on to II heat ; sl ands" dur; ng NEGLIGIBLE 
cold periods 
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2.9.1 

SOLID WASTES 

I ntroducti on 
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Combusti bl e and non-combusti bl e sol ids from offshore p 1 atfonns or 
drillships in the Beaufort Sea would usually be transported to shorebased 
landfill sites or incineration facilities, although the latter will also be 
i nsta 11 ed on pennanent offshore producti on platforms. The ash from the 
incineration of combustible solids and the non-combustible waste would be 
stored and eventually transported to shore for disposal. One offshore 
pl atfonn in the Beaufort Sea is expected to produce an estimated 900 kg of 
solid waste per day (Bercha and Associates Ltd. 1979), and of this total, 
approximately 85 percent woul d be combusti bl e and 15 percent non-combusti bl e. 
Although solid wastes would not be disposed of in the marine environment 
during normal operations at exploration and production facilities, some 
materials could occasionally enter the water and accumulate on the seafloor. 

These materials would be primarily steel and could include used drill 
bits, pipe, mild steel pieces, drilling tubulars and wire rope. With the 
exception of drill bits which contain small percentages of chromium (0.3 to 
1.6 percent) and vanadium (0.5 to 2.0 percent), most metal present on offshore 
facilities would be regular carbon steels which are highly susceptible to 
oxidation and corrosion in seawater. The following sections briefly summarize 
the documented and potential effects of steel and other solid wastes on marine 
resources. 

2.9.2 Effects of Solid Wastes on Mammals 

The acci denta 1 i ntroducti on of steel from offshore producti on 
facilities or drillships into the surrounding waters may result in highly 
localized mortality of benthic organisms (Section 2.9.5) and a concomitant 
loss or reduction in the feeding habitat for bearded seals and bowhead whales 
when disposal occurs within the 100 m isobath. However, the spatial extent of 
the affected areas would be so small in relation to the available benthic 
habitat withi n the regi on that the degree of potential concern rel ated to 
possible effects on marine mammals is considered NEGLIGIBLE. 

Other non-combusti bl e sol i d wastes produced by offshore and 
shorebased activities and facilities would be disposed of at approved landfill 
sites. Some terrestrial and marine-associated mammals may be indirectly 
affected by thi s di sposal if they are attracted to and scavenge at the 
landfills. Species in the Beaufort Sea region that may be attracted to. these 
sites include polar bear, grizzly bear, Arctic fox, red fox, tundra wolf and 
other furbearers. The degree of regional concern associated with the 
attraction of most species to landfills is expected to be NEGLIGIBLE because 
the numbers affected woul d be regi ona lly i nsi gnifi cant. However, the degree 
of concern related to potential attraction of polar and grizzly bears is 
considered MINOR since the human safety hazard may necessitate removal of 
nuisance animals. 
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2.9.3 Effects of Solid Wastes o~ Birds 

As with marine mammal s, the accidental loss of steel from offshore 
exploration and production facilities or drillships may result in a very 
localized loss of benthic feeding habitat for some species of birds in 
relatively shallow waters (e.g. <40 m). Birds in the Beaufort Sea region 
which feed in benthic habitats primarily include diving ducks, loons and 
al ci ds. However, the degree of concern associ ated wi th potenti ali ndi rect 
effects of steel loss on bi rds woul d be consi dered NEGLIGIBLE because the 
affected areas would be insignificant in relation to available feeding habitat 
and benthic food sources. 

Small numbers of birds (primarily shorebirds, gulls and ravens) in 
the Beaufort Sea region may be attracted to landfill sites. The degree of 
concern related to this attraction in terms of the regional populations of 
these species is considered NEGLIGIBLE because relatively few individuals 
would be involved and such effects would be largely indistinguishable from 
attraction of some birds to shorebased physical structures and sites of human 
activity (Sections 2.1.4 and 2.2.3). 

2.9.4 Effects of Solid Wastes on Fish 

The effects of steel objects from hydrocarbon exploration and 
production facilities on fish would be primarily related to the physical 
presence of these obj ects. A 1 though the metals woul d corrode readi ly, the 
resultant ferric oxides are relatively non-soluble and non-toxic (Hann and 
Jensen 1974), and would not be expected to result in any adverse effects on 
local fish populations. 

The potential effects of the presence of steel on the seafloor would 
be similar to the general effects of artificial structures on fish populations 
(Section 2.1.5). Some species of marine fish may be attracted to micro­
habitats created by drilling tubulars and other steel objects, particularly 
when these solid surfaces are colonized by benthic fauna. Nevertheless, since 
steel would not be routinely disposed of in marine environments and any 
effects on fish would be extremely localized, the degree of potential concern 
regarding effects of solid wastes on regional fish populations would be 
NEGLIGIBLE. 

2.9.5 Effects of Solid Wastes on Benthic Communities 

The potential effects of steel lost from exploration and production 
platforms and drill ships on benthic organisms would include localized 
mortality and the creation of new habitats, since iron oxides are relatively 
non-toxic (Section 2.9.4). Highly localized crushing, suffocation or physical 
damage of benthic flora and fauna would occur immediately under steel 
accidentally entering mari~e environments, although such losses would be 
NEGLIGIBLE from a regional prospective. 
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Steel would also provide a substrate for eventual colonization by 
other benthic fauna. Hard substrates suitable for attachment of macrophytic 
algae and epi faunal invertebrates a re uncommon in the Beaufort Sea, and the 
few areas with hard substrates support an atypical and more diverse benthic 
community than is usually found in this region. It is possible that similar 
benthic communities could develop on steel accidentally lost near drilling 
sites and production platforms in the Beaufort Sea since artificial reefs and 
breakwaters constructed intemperate waters from derel i ct shi ps or wrecked 
automobile bodies have been rapidly colonized by benthic organisms. Hm'lever, 
as in the case of fish, creation of new habitats for benthic flora and fauna 
would be extremely localized and NEGLIGIBLE in terms of regional benthic 
communi ti es. 

2.9.6 Summary of Concerns Related to Solid Wastes 

Most solid wastes pr()duced by offshore and shorebased facilities in 
the Beaufort Sea region will be combustible and would be incinerated. 
Remaining ash and any non-combustible solids will be disposed of at approved 
landfills. However, in some circumstances, steel objects, such as drill bits 
and tubulars, may be accidentally lost from offshore exploration and 
producti on pl atforms, and woul d settl e to the seafloor surroundi ng these 
facilities. As indicated in Table 2.9-1, the degree of regional concern 
related to the effects of solid wastes on most coastal and offshore biological 
resources is expected to be NEGLIGIBLE. However, the potential attraction of 
polar bears and grizzly bears to landfills is considered a MINOR area of 
potential regional concern since nuisance animals may have to be removed and 
occasionally destroyed in the interests of human safety. 
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TABLE 2.9-1 

SUMMARY OF POTENTIAL CONCERNS RELATED TO 
SOLID WASTE DISPOSAL IN THE BEAUFORT SEA REGION 

Envi ronmenta 1 
Component or 

Resource 

Bearded Seal 

Arctic fox, red 
fox, tundra wolf, 
other furbearers 

Polar bear, 
gri zzly bea r 

Di vi ng ducks, 
loons and alcids 

Gulls, shorebirds 
and ravens 

Fish 

Benthic 
Communities 

Potential or Probable Degree of Potential 
Effects Regi ona 1 Concern 

Localized reduction of feeding NEGLIGIBLE 
habitat and benthic food sources 

Attraction to landfills NEGLIGIBLE 

Attraction to landfills, and MINOR 
occasional destruction of 
nuisance animals 

Localized reduction of feeding NEGLIGIBLE 
habitat and benthic food sources 

Attraction to landfills NEGLIGIBLE 

Attraction to microhabitats NEGLIGIBLE 
created by steel objects near 
exploration and production 
platforms 

Localized mortality of flora and NEGLIGIBLE 
fauna beneath steel accidently 
entering marine environments; 
creation of new hard substrate 
habitats and subsequent colon-
ization by epibenthic organisms 
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DISTURBANCES AND WASTES ASSOCIATED WITH NORMAL DRILLING OPERATIONS 

DRILLING FLUIDS, FORMATION CUTTINGS AND PRODUCED WATER 

Introduction 

During both exploratory and production drilling for oil and natural 
gas, a drilling fluid (commonly referred to as 'drilling mud') is circulated 
to remove rock fragments loosened by the drill bit. The drilling fluid is 
transported from a surface reservoir by mud pumps and forced down the centre 
of the steel drill pipe as the drill ing progresses. It enters the bore hole 
through nozzles in the bit, collects formation cuttings, and returns to the 
surface between the drill pipe and the walls of the bore hole and/or the 
casi ng. When thi s materi a 1 reaches the surface, it is di verted through a 
shale shaker screen that removes the larger formation cuttings which may reach 
diameters of 4 mm. These cuttings are sprayed with water as they move down 
and off the sl anted, vi brati ng shale shaker into the surroundi ng water. The 
larger drill cuttings typically settle close to the point of discharge and 
form cuttings piles 10 to 100 cm high and 50 m in diameter (Zingula 1975). 
These accumulations may be resuspended and di spersed over time, particularly 
in high wave energy environments (Meek and Ray 1980). Drilled solids too fine 
to be separated from the drilling fluid by screening are generally removed by 
gravity segregation and centrifugation, and then discharged with solids 
removed by the shale shaker. When oil-based drilling muds are required for a 
specific drilling program (e.g. when formation temperatures are very high or 
when damage to the formation must be minimized), additional equipment 
(cuttings washer) is used to remove hydrocarbons from the cuttings prior to 
di scharge. In addition, free hydrocarbons are gravity separated and then 
returned to the mud system. 

After separation and disposal of the cuttings, the drilling mud is 
returned to the reservoi rs (' mud tanks') for reci rcul ati on down the bore 
hole. Relatively small volumes of the drilling mud are continuously lost 
through disposal with the cuttings, while larger amounts are discharged when 
water or additional solids are added to adjust mud properties as the drilling 
program progresses. When a completely different mud system is needed, such as 
after installation of casings, or when the properties of the mud must be 
modifi ed for deeper formati ons, the 01 d dri 11 i ng fl ui dis rel eased to the 
surrounding water. The drilling mud (except oil-base systems) is also 
typically discarded at the conclusion of a drilling program. Cement slurry 
may be di scharged to the water col umn at certain poi nts duri ng the dri 11 i ng 
program, particularly during cementing of conductor and surface casing strings 
at floating exploration platforms (drillships). The biological effects of 
cement slurries are separately discussed in Section 3.4. 
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In some instances, the turbidity plume resulting from a drilling 
operation has been visible for more than 3 km, although direct measurements 
and theoretical calculations indicate that the fine muds discharged during 
offshore dri 11 i ng rapi dly mix with seawater and can be di 1 uted by lOOO-fol d 
between 0.1 and 1.0 km down-current of the disposal site (Dames and Moore Inc. 
1978; Monaghan et al. 1980). Dispersion model calculations indicate that bulk 
mud discharged atliigh rates (250 bbl/hr) at the completion of a well can 
still be diluted as much as 100-fold 300 m down-current of the discharge site 
in less than 1 hr (Monaghan et al. 1980). The wash-down seawater combined 
with reversing wave surge withTri the discharge pipe is likely responsible for 
much of this high initial dilution. These dilution rates, however, have been 
calculated for offshore environments other than the Beaufort Sea, where ice 
cover would reduce oceanographic circulation for at least six months each 
year. lvliller et al. (1980) suggest that above-ice disposal of drilling fluids 
often results Tn greater dilution and wider dispersal than below-ice discharge 
due to spring overflooding from rivers. 

The volume of drilling fluids used during the drilling of exploratory 
and production wells varies with the depth of the gas or oil-bearing formation 
and the need to change the formulation of the mud system as the drilling 
progresses through strata of different geological origin, pressure and 
permeabil ity. Monaghan et al. (1976) reported that approximately 525 m3 of 
drilling fluid were reqmredto drill a 6100 m well in the Gulf of Mexico 
which started with a bore hole size of 91 cm and ended with a hole diameter of 
16.5 cm, while from 1500 to 2900 m3 of mud were discharged during the 
drilling of three wells in the Beaufort Sea ranging in depth from 2700m to 
3jOO m (Friesen 1980). Under normal operational conditions, approximately 44 
m of water-based drilling mud are discharged per day for each rig operating 
in the Canadia'n Beaufort (Hopkins and Taylor 1979), although this volume may 
increase to 200 m3/day under abnormal circumstances such as when a mud 
system has become contaminated. On the average, approximately 1500 m3 of 
dri 11 i ng mud and 200 to 400 m3 of formati on cutti ngs wi 11 be di scharged 
during the drilling of a typical 4000 m well in the Beaufort Sea. 

The drill mud formulation is often of greater significance than the 
total volume of wastes in terms of potential biological effects since it 
contains certain inorganic and organic constituents which are slightly to 
moderately toxic to marine flora and fauna. Drilling muds are basically 
suspensions of clays in water, but include barium sulphate (barite) to control 
density, and a variety of additives to control flow and filtration properties 
of the fluid and minimize corrosion of the steel drill pipe and casing. A 
number of fibrous and bulky solid materials are also added to the mud system 
to prevent loss of ci rcul ati on abil ity. The most important functi ons of 
drilling fluids were summarized by Monaghan et al. (1976) who state that 'They 
must remove the cutti ngs from under the bi t andtransport them to the surface, 
promote continuous drilling by cooling and lubricating the bit and drill 
string, maximize the penetration rate, have sufficient density to control 
subsurface pressure and prevent i nfl ow of formati on fl ui ds, coat the exposed 
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walls of the hole with filter cake to minimize fluid loss into the permeable 
formations, and suspend the cuttings and the mud solids if circulation is 
stopped but release them at the surface. The mud must also have the 
properties that ensure maximum information from the well. That is, it must 
transport cuttings large enough for geologic evaluation and must have 
properti es that permit accurate 1 oggi ng of the formati on and pore 
characteristics.' Consequently, the formulation of drilling mud systems must 
not only have some common constituents to produce general properties, but also 
specific compounds to meet the indi~idual requirements of a given well and 
rock formati on. 

Drilling in the Beaufort Sea poses special requirements due to the 
presence of a permafrost 1 ayer rangi ng from a few meters to over 600 min 
thickness, as well as the prevalence of gas hydrates and abnormal formation 
pressures (Friesen 1980). KCl muds are generally used when drilling through 
permafrost because thei r hi gh chl ori de content acts as a freezi ng poi nt 
depressant, all owi ng use of a col d mud to prevent permafrost damage. The 
basic components of KCl mud systems are bentonite, KCl and XC polymer to 
provide viscosity and caustic soda to control the pH (Friesen 1980). In the 
Beaufort Sea, a fresh water gel mud system is typically used for drilling 
beneath the permafrost layer due to its suitabil ity in abnormally pressured 
well s. Tabl e 3.1-1 shows the average concentrati on of components in waste 
drilling fluids from three artificial island wells drilled by Esso in the 
Beaufort Sea. These wastes were diluted 25:1 and the pH adjusted with caustic 
soda, lime or soda ash to between 6 and 8.5 prior to disposal in the marine 
environment. 

Formati on or produced water, completi on fl ui ds and tri ti ated water 
may also be released to the water column during certain phases of drilling in 
the Beaufort Sea. The salinity of formation water in this region is similar 
to that of water in the drilling muds. Since it is necessary to differentiate 
between formation water and mud filtrate in drill stem tests, low 
concentrations (0.003 llCi/ml) of tritiated water are used as radioactive 
tracer from the surface casing to the total depth of the well (Friesen 1980). 
However, the maximum permissible throw-away level for tritiated water (0.003 
llCi/ml; 6600 DPM) is not exceeded, and drill muds containing this radioisotope 
can be disposed of in a normal manner. The use of tritiated water as a drill 
mud tracer has also been endorsed, subject to prescribed guidelines, by the 
Atomic Energy Control Board of Canada and the Radiation Protection Division of 
the Department of National Health and Welfare (Millar and Buckles 1974). The 
only potential area of concern related to the use of drill muds containing 
tritiated water is the human health hazard associated with inhalation of water 
vapour over the mud tanks, al though only trai ned personnel handl e the tracer 
on drilling platforms. 
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TABLE 3.1-1 

AVERAGE CONCENTRATION OF COMPONENTS IN DRILLING WASTE FLUIDS FROM 
IMMERK B-48, ADGO F-28 AND PULLEN E-17 ARTIFICIAL ISLANDS IN 

THE SOUTHEAST BEAUFORT SEA 
(Source: Friesen 1980) 

Component 

Drill ed Sol ids 
Barium Sulphate (Barite) 
Bentonite 

Sub-Total 

Potassium Chloride (Potash) 
Sodium Hydroxide (Caustic Soda) 
Sodium Bicarbonate 

Sub-Total 

"DFE-506" 
"XC Polymer" 
"Dakol ite" 

Sub-Total 

Water (By Difference) 
TOTAL 

Concentrati on 
(Per~ent by Weight) 

22.8 
5.8 
3.5 

32.T 

0.9 
0.1 
0.1 

l.T 

0.1 
0.2 
0.04 
0.3 

66.5 
100.0 

Descri pti on 

Sand and Mudstone 
BaS04 
r~ontmorill onite Cl ay 
Suspended Inorganic Solids 

KCl 
NaOH 
NaHC03 
Dissolved Inorganic Chemicals 

Ferric Lignosulponate 
Xanthan Gum 
Li gnite 
Dissolved Organic Chemicals 

Water Base of Drilling Fluid 

The majority of the formati on or produced water coul d be rei nj ected 
into the produci ng formati on as part of recovery enhancement programs, with 
the remainder being discharged into the marine environment after oil 
concentrations are reduced to <50 mg/L, as required by the Canadian Oil and 
Gas Productivity Regulations. Water in excess of that required for 
reinjection may result in discharges approximating 100,000 barrels (19,100 
m3) per day per production platform (EIS Volume 2). Other than the oil 
content of formation water, two remaining concerns associated with the 
di scharge of produced water are its temperature (10 to 55°C) and trace metal 
content. The potential concerns associated with various sources of trace 
metals present in drilling wastes are addressed separately at the end of this 
section (Section 3.1.10), while heated water is discussed in Section 4.2. It 
should also be emphasized that the trace metals, increased temperature and oil 
content of drilling wastes (as well as other wastes rele.ased at exploration 
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and producti on facil iti es) coul d act synergi stica lly or antagoni stica lly in 
some resources, although there is virtually no information on the cumulative 
impacts of multiple waste sources in oil production regions throughout the 
worl d. 

Oil-bearing sand formations in the Beaufort Sea are unconsolidated 
and may produce sand duri ng producti on, as well as duri ng extended testi ng. 
This sand decreases the flow of hydrocarbons and also increases the 
probability of blowouts. One successful method of stopping the flow of 
formation sand is the use of gravel packing in conjunction with a high density 
completion fluid which contains ZnBr2, CaBr2 and traces of oxygen 
scavenger and corrosion inhibitor. This fluid is recirculated in the same 
manner as drilling fluid, except that it is not discharged to the marine· 
environment. During the well completion operation, acidic solutions (HCl and 
HF) are also used to eliminate any wellbore damage created by the drilling 
fluid. These acid solutions may also contain trace amounts of surfactant, 
clay stabilizer, acid inhibitor, de-emulsifier, fluid loss additive and iron 
control agents, and are foll owed by treatment with a NH4Cl sol uti on. Once 
placed into the well, most of the acids and some completion fluids migrate 
into the subterranean geological structures and are lost. When a well is 
re-entered for testing or production purposes, a proportion of the acid and 
completion fluid which migrated into the formation is drawn back out and 
II produced" along wi th formati on water and hydrocarbons. Approximately 500 
barrels of fluid containing ZnBr2, CaBr2, acid and other minor 
constituents may be produced at this time,and are released to the marine 
environment following separation of hydrocarbons. The acids are rapidly 
buffered, neutralized and diluted in the surrounding water, while the 
dissolved zinc tends to chelate with organic matter and anions normally 
present in seawater and precipitates out of solution. 

The principal environmental concerns associated with the disposal of 
dri 11 i ng fl ui ds, compl eti on fl ui ds, formati on waters and formati on cutti ngs 
are potential toxicity of certain chemical additives, increased turbidity in 
the water column, smothering of benthic infauna, and the possible localized 
accumulation of trace metals in sediments and marine biota. These concerns 
have been the subject of considerable research by both government and 
industry, as well as a recent major symposium on the environmental fate and 
effects of drilling fluids and cuttings (Lake Buena Vista, Florida, January 
21 - 24, 1980). As indicated in Table 3.1-2, the major components of drilling 
fluids approved for use in the Canadian North are virtually non-toxic with 
96-h LC50 values rangi ng from 1000 to greater than 100,000 ppm. Some mi nor 
additives such as metal chlorides, lignosulphonates, biocides, rust inhibitors 
and defoamers are more toxic. Nevertheless, laboratory bioassays of whole 
muds used in Arctic drilling programs indicate relatively low toxicity values 
(96-h LCso values from 0.4 to 13 percent) with marine invertebrates and fish 
(McLeay 1975). In addition, the normally rapid dilution in receiving waters 
further reduces potential toxic effects except in shallow waters «5 m) or 
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when ice cover limits effective water depth and/or restricts adequate 
dispersal of wastes. The following sections discuss available information 
describing the biological effects of drilling fluids, formation cuttings and 
produced water on marine mammals, birds, fish and members of lower trophic 
levels, as well as the level of potential environmental concern regarding 
these effects during offshore drilling operations in the Beaufort Sea. A 
separate secti on (3.1.10) di scusses the trace metal s whi ch may be associ ated. 
with Beaufort Sea drilling operations, bioavailability and their documented 
effects on marine organisms. 
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TABLE 3.1-2 

DESCRIPTION, RATE OF USE AND TOXICITY 
(RAINBOW TROUT) OF DRILLING MUD COMPONENTS 

APPROVED FOR USE IN THE CANADIAN NORTH 
(Source: Adapted from Industry/Government Worki ng Group IIAII 1976) 

Description Estimated Use Acute 
Chemi ca 1 Rang'e Toxicity 

Product Composition (1 bs/bbl) 96-h LC50 (ppm) 

WEIGHTING AGENTS 
Barite Barium Sulphate 30-700 >100,000 

Calcium Carbonate 0-320 >56,000 

Gal ena Lead Sulphide 240-1180 

VISCOSIFIERS 
Wyoming Bentonite Montmori 11 onite Clay 5-40 >50,000 

Attapulgite Salt Gel 5-30 23,500 

Kelzan CX Polymer Xanthan Gum 0.5-1.5 1900 

FLR-100 Organic Polymer 0.5-1.5 2300 

Visbestos Asbestos 5-10 2750 

EXTENDERS FOR BENTONITE 
Benex Copolymer of Polyvinyl 0.05-0.25 1300 

Acetate and Malic 
Anhydride 

Rapidril Organic Polymer 0.025-0.125 550 

Kwik-Vis Polymer 0.05-0.25 1600 

Dri11aid 421 Synthetic Organic 0.025-0.125 280-550 
Polymer 

THINNERS 
Peltex Ferro-chrome 1-10 3000 

Lignosulphonate 

Q-Broxi n Ferro-chrome 
Lignosulphonate 1-10 1750 



Product 

Spersen 

Uni -Ca 1 

DFE - 506 

Carbonox 
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TABLE 3.1-2 (Continued) 

Description 
Chemical 

Composition 

Chrome 

Estimated Use 
Range 

(1 bs/bbl) 

Lignosulphonate 1-10 

Chrome Modified 1-10 
Sodium Lignosulphonate 

Ferrous Lignosulphonate 1-10 

Lignite 1-8 

Calcium Lignosulphate 1-10 

Mil-Flo Hemlock Bark Extract 
600 

Desco Organic Extract 

ALKALINITY - pH CONTROL 
Caustic Soda Sodium Hydroxide 

Caustic Potash Potassium Hydroxide 

Lime Calcium Hydroxide 

LOST CIRCULATION MATERIALS 
Sawdust 

Quik Seal 

~~ica 

Walnut Shells 

Cane Fi bre 

Cell ophane 

PRESERVATI YES 
Paraformaldehyde 

Wood Fibre + 
Ce 11 ophane 

1-5 

0.25-2 

0.25-2 

0.1-1 

25-100 

25-50 

25-100 

25-100 

Vari abl e 

Vari abl e 

0.25-0.5 

Dowicide B Sodium Trichlorophenate 0.1-0.2 

Acute 
Toxicity 

96-h LC50 (ppm) 

3750 

860 

3500 

6500 

>2000 

1-5 

1200 

105 

105 

50 

Random 

na 

Stirred 2800 
Settled 5500 

na 

na 

60 

<1.0 
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TABLE 3.1-2 (Continued) 

Description Estimated Use Acute 
Chemical Range Toxicity 

Product Composition (lbs/bbl) 96-h LC50 (ppm) 

SALTS 
Sodium Chloride 10-125 10,000 

Muriate of Potash 10-20 2100 

Calcium Chloride For Cementing Only 10 ,000 

CORROSION INHIBITORS 
Sodium Sulphite Variable na 

Sodium Chromate Vari abl e na 

DEFOAMERS 
Aluminum Stearate 0.1-0.25 1100 

Capryl Alcohol 0.1-0.25 83 

CALCIUM REMOVERS 
Bicarbonate of Soda Sodium Bicarbonate 0.5-1.5 7500 

S.A.P.P. Sodium Acid 0.1-0.5 1700 
Pyrophosphate 

Soda Ash Sodium Carbonate 0.5-1. 5 75 

FLUID LOSS REDUCERS 
C.M. C. Sodium Carboxymethyl 0.25-1.5 
3000 

Cellulose 

Cypan Sodium Polyacrylate 0.25-1.5 1250 

Dri spac Polyanionic Cellulose 0.25-1.5 2750 

Dextri de Organic Polymer 1-2 <1 
(Bactericide Treated) 

SHALE INHIBITOR 
D.A.P. Diammonium Phosphate 5-20 
14,500-58,000 

Protectomagic Blown Asphalt 4.6 50,000-75,000 
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TABLE 3.1-2 (Conti nued) 

Description Estimated Use Acute 
Chemical Range Toxicity 

Product Composition (lbs/bbl) 96-h LC50 (ppm) 

SPECIAL PRODUCTS 
Plaster of Paris Gypsum 0.1-0.5 >56,000 

Potassium Chrome Alum Chromal it 0.1-0.25 >730 

Pipe Lax Surfactant Variable na 

B-Free Surfactant Vari abl e na 

Skot-Free Surfactant Vari abl e na 

BaraFloc Clay Flocculant 0.25-0.5 800 

Cyanamid RC-326 Encapsulator 0.5-1. 0 na 

Separan AP-273 Encapsulator 0.5-1.0 na 

Percol 155 Encapsul ator 0.5-1.0 na 

Swift l s Rig Wash Detergent Variable 22 

Dominion Rig Wash Detergent Vari abl e 14 

Amway Rig Wash Detergent Variable 0.8 

V-Wi s Rig Wash Detergent Vari abl e 58 

Graco Detergent Variable 100-200 

Ivory Snow Detergent Variable 154 
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3.1. 2 Effects of Drilling Wastes on Marine Mammals 

Formati on cutti ngs and dri 11 i ng fl ui ds have not been shown to be 
hazarous to marine mammals. However, several of the individual components of 
drilling fluids are known to be acutely toxic (Table 3.1-2) and may affect 
marine mammals in the vicinity of waste disposal sites. The susceptibility of 
marine mammals in the Beaufort Sea to the toxic effects of some dri.lling fluid 
additives would likely vary with species and area of drilling waste disposal. 
Ringed and bearded seals could be most susceptible to drilling waste exposure 
since these species have been shown to be attracted to drilling operations in 
the region (Section 2.1.3). Any toxic effects of these compounds would be 
extremely localized around drilling platfonns since waste drilling fluids 
would be rapidly diluted to non-toxic concentrations, particularly in offshore 
areas with unrestricted water circulation. In a similar manner, any indirect 
effects of drilling waste disposal associated with reductions in the abundance 
of the benthic food organisms of some marine mammals would also be highly 
localized. As a result, the overall degree of concern regarding adverse 
effects of drilling fluid and fonnation cutting disposal on regional marine 
mammal populations of the Beaufort Sea is expected to be NEGLIGIBLE. 

3.1.3 Effects of Drilling Wastes on Birds 

The primary areas of concern related to drilling waste disposal and 
birds are the localized loss of benthic food sources of some species and the 
potential uptake of trace metals through ingestion of contaminated food items 
(Section 3.1.10). t40st potential effects of drilling wastes on birds would be 
restricted to relatively shallow areas «30 m) which provide .important feeding 
habitat for diving ducks, alcids and loons (LGL and ESL 1981). To date, 
however, drilling fluids and formation cuttings have not been shown to be 
hazardous to bi rds, and the overall degree of concern regardi ng adverse 
effects of these wastes on birds in the Beaufort Sea region is expected to be 
NEGLIGIBLE. 

3.1.4 Effects of Drilling Wastes on Fish 

Numerous laboratory and field studies have examined the toxicity of 
drilling wastes to fish species from Arctic waters and elsewhere. Drilling 
fluids, formation water and cuttings, and completion fluids may have similar 
potential effects on fish, including direct acute toxicity of certain elements 
or compounds, sublethal physiological and behavioural effects, and 
bioaccumulation of certain constituents (e.g. trace metals). The effects of 
whole drilling fluids and suspended solids, as well as other potential 
concerns associated with the disposal of drilling wastes and fish populations 
in the Beaufort Sea, are discussed in the following subsections. Trace metal 
toxicity and bioaccumulation is separately addressed later in Section 3.1.10. 
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3.1.4.1 Effects of Whole Drilling Fluids 

The toxicity of drilling fluids varies with fish species. mud 
composition; well location and well depth (Tables 3.1-3 and 3.1-4). In 
addition, the sensitivity of a particular species varies with age and stage of 
development (Houghton et al. 1980), while acute lethal concentrations (LC50) 
determined also vary witho,oassay methods (e.g. static versus flow through). 
Both the physical and chemical composition of drilling mud systems can 
contribute to their toxicity. Physical effects result from suffocation or 
abrasion of gill epithelia by suspended solids (e.g. bentonite and barite 
additives) and additives used to increase the viscosity of drilling fluids 
(e.g. organic polymers). Chemical effects may result from the direct toxicity 
of certain constituents such as trace metals (e.g. cadmium, chromium) or 
osmotic stress (e.g. KCl additive; Beckett et~. 1975). 

In general, drilling muds used in the Canadian Arctic are most toxic 
at the shallowest (1500 m) and deepest (3000 m) well depths (Wei r et a l. 
1974a; Moore et al. 1975; Industry/ Government Working Group nAil 1976):" At 
the shallowerdepths, a large amount of KCl is added to the mud system to 
faci 1 itate dri 11 i ng through the permafrost 1 ayer. Wei r et a l. (1974a) report 
that 96-h LC50 values of KC1-based drilling muds withralrjbow trout ranged 
from 1.73 to 2.20 percent. In deeper portions of the well, the mud system 
requires an increased weighting. This is achieved by the addition of large 
amounts of bentonite and barite, which increases the concentration of 
suspended solids in the drilling fluid formulation. Acute toxic 
concentrati ons of these wei ghted mud systems with rai nbow trout may range from 
0.32 to 2.00 percent (Weir et~. 1974a). 

Most of the available literature on the toxicity of drilling fluids 
to fish is for freshwater rather than marine species, primarily as a result of 
the popularity of rainbow trout as a bioassay test organism. However, McLeay 
(1975) found that 96-h LC50 values (1.5 to 19 percent v/v) for seven 
dri 11 i ng fl ui ds with seawater accl imated coho salmon (Oncorhynchus ki sutch) 
did not vary appreciably from LC50 values determined with freshwater 
accl imated coho (0.4 to 13 percent v/v). McLeay (1975) al so found that LC50 
ranges for rai nbow trout were very simi 1 ar to ranges observed with coho 
sa 1 mono More recently, Tornberg et~. (1980) found that 96-h LC50 values 
(v/v) for drilling fluids and fish species from the Beaufort Sea ranged from 5 
to greater than 35 percent (broad whitefish 6 to 37 percent; fourhorn sculpin 
4 to 35+ percent; Arctic cod 20 to 25 percent; saffron cod 17 to 30 percent), 
and attributed the differences in toxicity levels for each species to 
variations in drilling fluid composition. Dames and Moore Inc. (1978) 
reported that the 48-hr LC50 value for dri 11 i ng fl ui ds and staghorn scul pi ns 
(Leptocottus armatus) collected from Lower Cook Inlet, Alaska ranged from 10 
to 20 percent tv/v). They also investigated in situ sublethal effects of 
drilling fluids on pink salmon fry (Oncorhynchusgor"'iJU"SCha). Cages containing 
the juvenile fish were placed in an area of maximum influence of the plume 
from a dri 11 i ng ri g, but no del eteri ous effects were observed after 4 days 
exposure Dames and Moore Inc. (1978). 
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TABLE 3.1-3 

SUMMARY OF REPRESENTATIVE INVESTIGATIONS DESCRIBING THE ACUTE lETHAL 
TOXICITY OF WHOLE DRIllING FLUIDS TO FISH 

Dri 11 i ng Fish Medium1 96-h lC50 Reference 
Fluid Speci es (ppm) 

Rig 51 lake chub FW 120,000 Falk and lawrence 1973 
ra i nbow trout FW 8,300 logan et ale 1973 
9-spine stickleback FW 103,000 Fa 1 k ana lawrence 1973 
rainbow trout FW 112,000 Falk and lawrence 1973 
ra i nbow trout FW 53,000 logan et ale 1973 
lake chub FW 35,500 Falk ana lawrence 1973 
ra i nbow trout FW 42,000 logan et~. 1973 

Immerk B-48 lake whitefish FW 25,000 lawrence and Scherer 1974 
( Imperi a 1 Oi 1) rai nbow trout FW 75,000 lawrence and Scherer 1974 

Shell Kipnik lake witefish FW 25,000 lawrence and Scherer 1974 
0-20 rainbow trout FW 42,000 lawrence and Scherer 1974 

ra i nbow trout FW 120,000 Moore et ale 1975 
rainbow trout FW 42,000 Mcleay1975 
ra i nbow trout SW 24,000 Mcleay 1975 
coho salmon SW 29,000 Mcleay 1975 
chum salmon SW 24,000 Mcleay 1975 
pink salmon SW 41,000 McLeay 1975 

Gulf Imperial rainbow trout FW 390,000 Weir et ale 1974b --
Union Aklavik ra i nbow trout FW 837,000 Weir et ale 1974b --
Shell Kugpi k rainbow trout FW 86,000 Weir et ale 1974b --
IOl Wagnark rainbow trout FW 770,000 Weir et ale 1974b --
IOl Taglu rainbow trout FW 86,000 Weir et ale 1974b --
IOl langley ra i nbow trout F\~ 380,000 Weir et ale 1974b --
Gulf Mobil Ikhil rainbow trout FW 350,000 Weiretal. 1974b --
Panarctic Drake ra i nbow trout FW 620,000 Weir et ale 1974b --
1 FW = freshwater 

SW = seawater 
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TABLE 3.1-3 .(cont1d) 

Driiiing Fish Medium1 96-h LC50 Reference 
Fluid Species (ppm) 

IOL Pullen 450m ra i nbow trout FW 10,000 Moore et a 1. 1975 
1220m rainbow trout FW 550,000 Moore et aT. 1975 
1525rn rainbow trout FW 390,000 Moore et aT. 1975 
1830m rainbow trout FW 700,000 Moore et aT. 1975 
2130m rainbow trout FW 500,000 Moore et aT. 1975 
2440m rainbow trout FW 550,000 Moore et aT. 1975 
2740m rainbow trout FW 360,000 Moore et aT. 1975 
3050m rainbow trout FW 160,000 Moore et aT. 1975 
3350m ra i nbow trout FW 90,000 Moore et aT. 1975 
3660m rainbow trout FW 150,000 Moore et aT. 1975 
3960m rainbow trout FW 90,000 Moore et are 1975 --

Aquitaine-Polar rainbow trout FW 250,000 Moore et al. 1975 
Bear 0-20 rainbow trout FW 130,000 McLeaY19i5 

coho salmon FW 130,000 McLeay 1975 
coho salmon SW 130,000 McLeay 1975 

Sun-Pelly B-35 rainbow trout FW 58,500 Moore et al. 1975 
ra i nbow trout FW 34,000 McLeaY19i5 
coho salmon FW 20,000 McLeay 1975 
coho salmon SW 23,000 McLeay 1975 

Shell Niglintgak rainbow trout FW 42,500 Moore et al. 1975 
M-19 ra i nbow trout FW 16,000 McLeay1975 

coho salmon FW 4,000 McLeay 1975 
coho salmon SW 15,000 McLeay 1975 

Chevron Upluk rainbow trout FW 95,000 Moore et al. 1975 
M-38 --

Pan Arctic Chad rainbow trout FW 550,000 Moore et al. 1975 
Creek B-64 --

Pan Arctic Pym rainbow trout FW 2,900 Moore et al. 1975 
Point C-44 --

Dome Imperial rainbow trout FW 42,000 McLeay 1975 
Imnak J-29 coho salmon FW 23,000 McLeay 1975 

coho salmon SW 30,000 McLeay 1975 

1 FW = Freshwater 
SW = Seawater 
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TABLE 3.1-4 

ACUTE TOXICITY OF DRILLING FLUIDS TO FOURHORN SCULPIN (Myoxocephalus 
quadricornis) AND BROAD WHITEFISH (Coregonus nasus) FROM THE BEAUFORT SEA 

(Adapted From Tornberg et al. 1980) 

Drilling Well Depth Fish 96-h LC50 
Fluid1 (m) Species (ppm) 

Lignosulphonate d ri 11 i ng fl u i d 2256 fourhorn sculpin 402,500 
XC-Polymer 2778 broad whitefish -423,500 
CMC/Gel 2780 broad whitefish >246,800 
CMC/Gel/Resinex 2786 broad whitefish 59,900 
CMC/Gel 2786 fourhorn sculpin 148,080 
CMC/Gel /Resi nex 2786 fourhorn sculpin 59,000-71,880 
XC - Polymer 3064 fourhorn sculpin 260,150 
XC - Polymer 3082 fourhorn sculpin > 72,600 
XC - Polymer 3319 fourhorn sculpin 77,440 
XC - Polymer 3319 broad whitefish 242,000 
XC - Polymer 3323 broad whitefish 121,000 
CMC/Gel/Resinex 3466 fourhorn sculpin 71,880 
XC - Polymer 3646 fourhorn sculpin 58, 700-117,400 

1 Drilling fluids were obtained from well sites in the vicinity of Prudhoe 
Bay, Alaska. 

Although these studies clearly indicate that whole drilling fluids 
can be toxic to a variety of fish species, the concentrations and exposure 
conditions necessary to produce these toxic effects would rarely be achieved 
in natural situations. Waste drilling fluids are nonnally diluted by a factor 
of at least 20:1 before disposal in marine waters, and further dilution would 
rapidly occur due to natural mixing. For example, the most toxic whole mud 
examined to date (96-h LC50 with rainbow trout = 2900 ppm; Table 3.1-3), 
once diluted prior to disposal, would likely be virtually non-toxic within a 
very few metres of the drilling site, even assuming that fish would remain in 
the immediate area of waste disposal for the period necessary for toxic 
effects to occur. 

3.1.4.2 Effects of Suspended Solids 

Suspended solids are released to the marine environment with both 
drilling fluids and formation cuttings. The concentration of suspended solids 
in these wastes varies with drilling fluid composition (i.e. concentration of 
barite and bentonite in the mud system), and is generally greatest at the 
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deepest porti ons of the well. Bari te is re1 ati ve1y i nso1 ub1 e, inert and 
non-toxic to marine fish species, although the potential deleterious effects 
of suspended solids from these wastes on fish species include physical 
irritation of gili tissue, suffocation, and decreased resistance to disease. 
Other effects may· i ncl ude changes in behavioural responses, exposure to more 
toxic contaminants in the barite and increased oxygen demand (Mortensen et ale 
1976, cited in Houghton et~. 1980). --

Beckett et al. (1975) examined the toxicity of barite to rainbow 
trout, and reported that the acute toxic level was 100,000 ppm (10 percent). 
The only significant adverse effect noted was clogging of the gills. Weir et 
al. (1974b) observed clogging of gill chambers and hemorrhaging from giTT 
chambers and the eyes of rainbow trout during bioassay experiments with 
drilling sump wastes. Houghton et a1. (1980) also reported an accumulation of 
mucus on the gills of pink sa1monatre1ative1y low concentrations of drilling 
f1 ui ds (1 to 3 percent), and stated that gi 11 i rritati on and damage 
contri buted to the death of the fi sh, probably due to effects of suspended 
solids and/or other drilling fluid components. 

Both Dames and Moore Inc. (1978) and McLeay (1975) found that 
stirring of drilling fluids (thereby maintaining elevated suspended solids 
levels) increased the apparent toxicity of the solutions. In unstirred tests, 
Dames and Moore Inc. (1978) found that the 96-h LC50 value for pink salmon 
(Oncorhynchus gorbuscha) fry was 0.3-2.9 percent (v /v), whil e Monaghan et a 1. 
(1977) reported 96-h LC50 values of 1.5-19 percent (v/v) for coho salmon 
(Oncorhynchus ki sutch). Tornberg et a 1. (1980) i nvesti gated the contri buti on 
of suspended solids to the acute toxicity of XC-polymer drilling fluids, and 
found that 96-h LCSO values for broad whitefish were higher when the 
supernatant fraction (i. e. exc1 udi ng most of the settl eab1 e sol ids) was used. 
The acute toxic concentration of whole drilling fluid was 10.0 percent (v/v), 
while that of the supernatant fraction was 10.0-17.0 percent (v/v). Lawrence 
and Scherer (1974) examined the preference responses of whitefish and rainbow 
trout to cl ean water and water contai ni ng 1000 ppm of dri 11 i ng fl ui ds from 
Immerk B-48. The whi tefi sh preferred the water contai ni ng dri 11 i ng fl ui ds, 
with degree of preference increasing with concentrations up to 1000 ppm. On 
the other hand, rai nbow trout exhi bited a neutral response to the 
mud-containing waters. However, in another experiment, McLeay (1975) found 
that rainbow trout, coho, chum and pink salmon avoided suspended solids 
associated with drilling fluids, and remained in the uppermost layers of test 
solutions where the concentration of suspended solids was lower. 

Logan et al. (1973) sta:te that suspended solids may contribute to 
some of the airect lethal toxicity of drilling fluids at higher 
concentrations, while soluble toxic constituents are probably more responsible 
for mortality at concentrati ons near the 96-hr LC50 value. Although 
suspended solids from drilling fluids are generally thought to be inert in 
solution, Beckett et a1. (1975) found that addition of these components 
resulted in changes-rn the pH and conductivity of test solutions. 
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3.1.4.3 Tritiated Water Disposal 

The effects of radiation on organisms are progressive and long term 
(Bron 1981), with uptake of radionuclides by fish taking place through water, 
through food or by surface adsorption (Pi 11 ai 1978). The harmful effects of 
beta particles emitted from tritiated water are caused by the ionization 
produced in 1 i vi ng cell s. Ioni zati on causes a 1 terati on or damage to some of 
the cell constituents and, in some cases, may destroy the entire cell (Pillai 
1978). However, tritiated water is only used in approved low concentrations 
in drilling fluids, and would be diluted even further with other drilling 
wa stes before re 1 ea se to the rna ri ne envi ronment. Consequently, re 1 ea se of 
tritiated water is not considered a significant area of concern with respect 
to fish populations of the Beaufort Sea. 

3.1.4.4 Habitat Alterations 

The abundance and distribution of fish in the vicinity of drilling 
operations may be affected if food availability or habitat type are altered by 
the presence of drilling fluids or other drilling wastes. Wohlschlag (1977, 
cited in Gettleson 1980) indicated that demersal fish numbers and biomass were 
lower in post-drilling trawls, although the low number of samples collected 
allowed only tentative conclusions. The abundance of fish was found to 
increase adjacent to drilling sites off the Californian coast (Allen and Moore 
1976) and in the shelf break region off Atlantic City, New Jersey (Menzie et 
ale 1980). Menzie et ale (1980) attributed the increased fish aggregation to 
tffe protection afforcfea-Dy microhabitats created by accumulations of formation 
cuttings in the vicinity of the rig. 

3.1.4.5 Summary of the Potential Effects on Fish 

From the results of the few stUdies that have been conducted in the 
vicinity of drilling rigs, it appears that there have been no direct toxic 
effects of drilling fluids and formation cuttings on fish. Due to the rapid 
dilution and dispersion of drilling fluids and other drilling wastes following 
di scharge to the mari ne envi ronment, the period of contact between fi sh and 
the wastes is probably on the order of minutes (Gettleson 1980), unless the 
fish are actively swimming into the most concentrated portion of the turbidity 
plume (Houghton et ale 1980) or are attracted to the spoil deposits and the 
associated benthiCcommunity. Due to this rapid .dilution of drilling fluids, 
coupled with their usual low toxicity, most effects on fish would be highly 
localized, and Houghton et ale (1980) suggested that these discharges would 
result in no detectable- environmental impact on pelagic fish species. 
However, there are two potential residual concerns related to drilling waste 
disposal in the Beaufort Sea. Drilling wastes released during winter 
operati ons into poorly fl ushed, ice-covered nearshore waters may accumul ate 
near the site of release, particularly near relatively shallow artificial 
islands where ice ridges may restrict the normal water circulation. 
Overwintering demersal fish species would be most likely to encounter drilling 
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wastes under such ci rcumstances, although the di sposa 1 of wastes on the ice 
surface would eliminate this potential area of concern. The second potential 
area of residual concern related to drilling wastes and fish would be 
accidental spills of some of the more toxic drilling mud additives indicated 
in Table 3.1-2. Localized mortality of fish would be likely if many of these 
additives entered marine waters in an undiluted form. However, since all 
hazardous chemicals are handled and stored in accordance with strict 
regulatory requirements, the probability of such spills would be low. 
Overall, the degree of concern regarding adverse effects of drilling fluids 
and formati on cutti ngs on regi ona 1 fi sh popul ati ons is expected to be MINOR 
since any effects would be localized and generally restricted to deeper 
offshore waters outside the critical habitat of all anadromous and most marine 
fish species. 

3.1.5 Effects of Drilling Wastes on Phytoplankton 

Within the plume created by disposal of drilling wastes, decreased 
light transmittance and increased concentrations of suspended solids are the 
most likely factors which would affect phytoplankton. Other physical 
parameters including dissolved oxygen, temperature and salinity levels are not 
significantly altered by drilling waste discharges (Ayers et ale 1980a, b). 
However, some 1 aboratory experiments ha ve shown that undil uted and unbuffered 
drilling fluids can have a very high COD and high pH levels (Weir et ale 
1974a). - -

Very few studi es have exami ned the toxicity of dri 11 i ng fl ui ds to 
phytopl ankton or other pl ants. However, EG and G Envi ronmenta 1 Consultants 
(1976, cited in Gettleson 1980) determined the EC50 (median effective 
concentrati on or concentrati on of materi a 1 requi red to produce a 50 percent 
reduction in cell numbers compared to controls) of three drilling fluid 
formul ati ons with the diatom Skel etonema costatum. EC50 values ranged from 
652 ppm to 18,000 ppm, depending on the drilling fluid formulation. Hardin 
(1976) found no defi niti ve trends in phytoplankton photosynthesi s immedi ately 
foll owi ng exposure to dri 11 i ng sump wastes. In the case of one fl ui d, the 
photosynthetic rate actually appeared to increase as a function of increasing 
sump fl ui d concentration. Longer exposure times also 1 ed to i nconcl usi ve 
results. After nine days exposure, phytoplankton photosynthesis was higher in 
one drilling sump waste and lower in two other fluids than in the control. 

The release of drilling fluids and formation cuttings results in 
increased levels of suspended solids in the water column, primarily due to the 
large proportions of barite and bentonite clays used in mud systems. This 
suspension of fine clay particles results in increased turbidity levels and 
localized decreases in light intensities throughout the water column. The 
effects of i ncrea sed turbi di ty on phytoplankton were previ ously di scussed in 
relation to dredging. In brief, a very localized reduction in photosynthesis 
and growth rates of some species may be expected (Section 2.4.6), although 
populations would quickly recover once the discharge was terminated or they 
were naturally transported out of the associated turbidity plume. 
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Since most drilling wastes settle to the seafloor relatively close to 
the discharge site (Section 3.1.1) and the most abundant phytoplankton 
populations occur in the upper portion of the water column (LGL and ESL 1981), 
toxic effects of any drilling mud additives would be restricted to the 
immediate vicinity of exploration or production platforms. In addition, 
phytoplankton would be continuously transported into and out of waters 
contaminated by drilling wastes or associated turbidity plumes as a result of 
natural oceanographic ci rcul ati on processes. These factors suggest that the 
degree of concern associated with potential effects of drilling wastes on 
regional phytoplankton populations of the Beaufort Sea would be MINOR. 

3.1.6 Effects of Drilling Wastes on Zooplankton 

Since most of the drilling fluids and formation cuttings discharged 
from offshore ri gs rapi dly settl e to the ocean floor (Ayers et a 1. 1980a, b), 
the effects of drilling fluids on marine zooplankton have notlDeeniextensively 
examined. Field studies have generally failed to detect any acute effects of 
whole mud discharges (Ray and Shin 1975; Zingula 1975). Nevertheless, several 
components of dri 11 i ng muds inc 1 udi ng defoamers, pH controllers, and other 
additives may be acutely toxic to zooplankton when present in sufficiently 
high concentrations. Neff et al. (l980) and Carr et al. (1980) examined the 
acute lethal and sublethal erfects of various chrome ITgnosu1phonate drilling 
muds on the opossum shrimp Mysidopsi s almyra, and stated that much of the 
toxicity of drilling fluids is associated with the seawater-soluble 
components. Any toxi c effects of these sol ubl e constituents, however, woul d 
be extremely localized since a 1000-fo1d dilution of wastes would be expected 
within 0.1 to 1.0 km of the disposal site under favourable dispersal 
conditions (Dames and Moore Inc. 1978; Monaghan et~. 1980). 

The physical effects of suspended formation cuttings and particles of 
barium sulphate and bentonite clays from drilling fluids may result in limited 
mortality of zooplankton and a range of sublethal effects. For example, high 
concentrati ons of fi ne parti c1 es can clog respi ratory appendages (Robi nson 
1957), resulting in reduced filtering efficiency and possible suffocation. 
Conklin et al. (1980) observed ultrastructural damage in the midgut epithelium 
of the grass shrimp Palaemonetes pugio following relatively long-term (30 
days) exposure to, and ingestion ot:t>arite particles. Other filter-feeding 
crustaceans may experi ence simi 1 ar effects foll owi ng i ngesti on of suspended 
particles. Additional potential sublethal effects include altered behavioural 
responses due to altered 1 ight regimes (including predator-prey 
interactions). These effects would be similar in type to those previously 
discussed in relation to dredging (Section 2.4.7), but more localized due to 
the smaller size of turbidity plumes resulting from drilling waste discharge. 
The rapid dispersal and dilution of drilling fluids and fine formation 
cuttings once they enter the marine environment would also minimize the 
impacts of dri 11 i ng-rel ated suspended sediment on zooplankton. As a 
consequence of this dilution and dispersal of drilling wastes, and the 
localized nature of drilling activities, the degree of potential concern 
related to possible effects of these wastes on regional zooplankton 
communities in the Beaufort Sea is considered MINOR. 
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3.1.7 Effects of Drilling Wastes on Micro-organisms 

Organic bactericides such as aldehydes, quaternary amines! diamine 
salts and thlorinated phenols are added to drilling fluids to prevent 
microbial degradation of organic· additives and to suppress the formation of 
hydrogen sulphi de by anaerobic sul phate-reduci ng bacteri a (Gettl eson 1980). 
In 1979, the use of chl ori nated phenol s was prohi bited in oi 1 and gas 
operations on the outer continental shelf of the United States due to the 
phenol's high environmental persistence. Bacteria in the drilling mud are 
a 1 so controlled by rna i nta i ni ng a hi gh pH through the additi on of sodi urn 
hydroxide or lime. Nevertheless, bacteria may still proliferate in drilling 
muds in the absence of bacterial control agents. For example, Page et ale 
(1980) reported that one mud intended for use ina study became heavTIy 
contaminated with bacteria prior to the experiment and had to be discarded. 

The use of bactericides in drilling operations was reviewed by 
Robichaux (1975). As indicated in Table 3.1-2, organic bactericides are not 
included in the list of drilling fluid additives approved for use in the 
Canadian Arctic. The inorganic bactericides used in the Beaufort Sea would 
likely prevent bacterial proliferation in waste disposal areas until the 
concentrations of these compounds decreased due to natural dilution, although 
increased concentrations of naturally occurring marine bacteria are eventually 
likely in areas adjacent to drillships, exploration and production islands 
because of the other organi c constituents of dri 11 i ng fl ui ds. However, the 
degree of regional concern regarding this phenomenon would be NEGLIGIBLE due 
to the localized nature of bacterial proliferation and the likellhood that the 
abundance of pathogenic species would not be increased if domestic sewage is 
adequately treated and not released in the same area as drilling wastes. The 
potential effects of trace metals contained in drilling fluids and formation 
water on marine bacteria are separately discussed in Section 3.1.10. 

3.l.8 Effects of Drilling Wastes on Benthic Communities 

Benthic flora and fauna can be affected by dri 11 i ng wastes as a 
resul t of: 1) increased turbi dity and suspended sediment concentrations; 
2) direct smothering of sessile organisms; 3) changes in the physical nature 
of the substrate; 4) toxic effects of chemical additives, and 5) toxic effects 
and bioaccumulation of various trace metals. The latter area of potential 
effects is separately discussed for all marine organisms in Section 3.1.10. 

3.l.8.1 Effects oJ Suspended Solids and Smothering 

The rel ease of dri 11 i ng fl ui ds and formati on cutti ngs from 
exploration and production platforms would result in phYSical-chemical changes 
to the water column similar to those associated with dredging operations 
(Section 2.4.2), including increased water turbidity and suspended solid 
concentrations, reduced light intensities, and in some cases, decreased 
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dissolved oxygen levels. These perturbations could result in reduced primary 
producti on of benthic microal gae and decreased feedi ng effici ency of some 
species of benthic invertebrates, although these effects would be more 
localized than those associated with dredging. 

Direct burial of sessile benthic flora and fauna by formation 
cuttings and drilling fluids is the most obvious impact of drilling waste 
disposal. Menzie et ale (1980) documented burial of sessile epifaunal 
organisms by patcheSofdrilled cuttings within a 75 m radius of a well site 
in the shelf break region off New Jersey. Benthic micro-algae and sessile 
fauna are most vulnerable to smothering by drilling wastes, while relatively 
mobile epifauna may escape to outlying areas. The degree of impact of 
drilling waste disposal on benthic communities is partially dependent on the 
composition of the natural substrate. Hard substrate benthic communities tend 
to be comprised of organisms which are less tolerant to fine sediments, and 
these habitats are generally situated where surge and current energies prevent 
or disperse any sediment accumulations (Meek and Ray 1980). For example, 
certain scleractinian corals are very sensitive to increased sedimentation and 
smothering. Thompson and Bright (1980) found that a 1000:1 dilution of one 
drilling mud formulation introduced into test chambers caused significant 
mortality of three species of coral within 65 hr, while four other species 
were unaffected. 

Several in situ observations of the apparent effects of sediments 
from discharged drnl~wastes on marine benthos have been summarized by Ray 
and Shinn (1975), Zingula (1975) and Benech et ale (1980). Ray and Shinn 
(1975) found encrusti ng organi sms such as barnacles actually 1 i vi ng withi n a 
downpipe where drilling wastes were released, while Zingula (1975) observed 
crabs and gastropods actively digging in cuttings and mud piles at a depth of 
24 m in the Gulf of Mexico, apparently undisturbed by the material still 
falling through the water column. Benech et ale (1980) described significant 
differences in the benthi c foul i ng communi ti es between mud-free and 
mud-exposed locations, and suggested that this was a result of 
species-specific sensitivities to sedimentation and reduced light levels. 

Some localized mortality of benthic organisms probably also occurs 
beneath cuttings piles in soft bottom habitats. Menzie et ale (1980) 
suggested that sessile epifauna (sea pens and sea anemones) as~el'-as mobile 
epifauna (annelids, molluscs, brittle stars and crustaceans) were either 
smothered by formation cuttings or were induced to emigrate outside a drilling 
waste disposal zone at a well site off New Jersey. In addition, Tagatz et ale 
(1980) found that whole mud additions prevented the planktonic larvaeof 
polychaete, coelenterate, and amphipod species from colonizing aquaria 
sediments. On the other hand, Lees and Houghton (1980) reported that benthic 
populati ons were not measurably affected by dri 11 i ng waste di scharge in Lower 
Cook Inlet, Alaska, probably as a result of the low rate of cuttings 
accumu,l ati on in thi s dynami c envi ronment. 
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The effects of suspended sediments from dri 11 i ng programs in the 
Beaufort Sea woul d probably be 1 ess pronounced than those observed in other 
regions since the area is comprised of soft substrate habitats and has 
naturally hi gh background turbi diti es. In additi on, many areas where dri 11 i ng 
wastes would accumulate will likely already be almost devoid of infauna as a 
result of dredging programs associated with artificial island construction and 
preparation of glory holes for drillship operations. For example, Envirocon 
(1977) reported that construction of Isserk F-27 had no significant adverse 
effects on benthos in the area surrounding tile artificial island. In 
contrast, data collected by Thomas (1978a) showed that the combination of 
glory hole dredging and release of drilling wastes during exploratory drilling 
at Tingmiark K-92 decreased the abundance of benthic invertebrates within 
distances less than approximately 4 km of the wellhead. 

3.1.8.2 Altered Sediment Habitats 

Changes in the particle size distribution of the bottom sediments may 
affect subsequent benthic recolonization after drilling ceases by inhibiting 
larval settlement and the burrowing or feeding abilities of some species 
(Carricker 1967; Menzie et ale 1980; Tagatz et ale 1980). Benthic 
recolonization was previousTy aTscussed in Section2.I-in relation to the 
presence of artificial structures. Didiuk and Wright (1975) reported that the 
blanketing effect of small particles from drilling wastes drastically impaired 
the 1 ife cycl e of Chi ronomus tentans, a freshwater burrowi ng chi ronomi d. 
Release of drill cuttings and fluids during future exploration and production 
drilling in the Beaufort Sea will result in localized changes in 
mi crotopography and sediment si ze compositi on until water movements 
redistribute and level areas of waste accumulation. However, the amount of 
habitat altered by drilling waste disposal would not be regionally significant. 

3.1.8.3 Effects of Whole Drilling Fluids 

The toxic effects of some chemical additi ves used in dri 11 i ng mud 
(Tabl e 3.1-2) and compl eti on fl ui d fonnations are of potenti ally greater 
concern with respect to benthic communities than sediment-related effects, 
although again any adverse impacts of these compounds would be relatively 
localized. The most significant impacts could occur in shallow, poorly 
circulated waters where toxic constituents may build up and adversely affect 
sessi 1 e or sl ow-movi ng benthic organi sms. However, many of the hi ghly toxic 
components listed in Table 3.1-2 are only used in small quantities and the 
majority of the future exploration and production drilling will take place in 
offshore waters where circulation is not restricted. 

dri 11 i ng 
Thi sis 
drilling 

In addition to the individual toxicities of each compound used in 
fl ui ds, some combi nati ons of additi ves coul d act synergi sti cally. 
at least part of the rationale for testing the toxicity of whole 

muds as well as their individual components. f"lcLeay (1975) 
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determined the acute lethal concentrations of five whole drilling muds used in 
the Beaufort Sea with a polychaete (Nereis vexillosa), clam (Mya arenaria), 
crab (Hemigrapsus nudus) and amphipod (Orchestia traskiana); the ranges in 
96-h LC50 values were 23,000 to 220,000, 10,000 to 460,000, 53,000 to 
560,000, and 14,000 to 560,000 ppm, respectively. Hardin (1974) also reported 
variable toxicity of whole drilling fluids from the Mackenzie Delta to 
freshwater invertebrates. Of four sump fluids tested by the latter author, 
one was acutely toxic to chironomids and three to amphipods. Various toxic 
effects of whole drilling muds on invertebrates were discussed during the 1980 
Lake Buena Vista symposium. While procedures vary considerably between 
investigators, the available data indicate that specific mud formulations vary 
widely in their toxicities under similar test conditions, and also that larval 
or molting benthic invertebrates are generally more susceptible than adults in 
intermolt (Conklin et ale 1980; Gerber et al. 1980; Neff et ale 1980). Dames 
and Moore Inc. (1918)al so found different acute toxic concentrations with 
shrimp, amphipods, isopods and mussels depending on mud type and duration of 
exposure. Tornberg et ale (1980) studied the acute toxicity of Prudhoe Bay 
whole drill muds andiround that mysids and amphipods were most sensitive (96-h 
LC50 range <6-38 percent mud in seawater by vol ume), whil e i sopods, 
gastropods and polychaetes were less affected (40 to 70 percent by volume). 
For a specific well, toxicity of the whole muds appeared to increase with 
drilling depth. Reported long-term effects of exposure to drilling muds 
i ncl ude reduced growth rates in mussel s and oysters. as well as reduced 
survival of mysids and polychaetes (Gerber et ale 1980; Rubenstein et ale 
1980). - - - -

Overall, the degree of concern regarding the toxic and physical 
effects of dri 11 i ng fl ui ds and formation cutti ngs on benthi c communities of 
the Beaufort Sea is expected to be MINOR because habitat loss and di rect 
mortality would both be relatively localized, and recolonization would likely 
begin throughout waste disposal areas shortly after abandonment. 

3.1. 9 Effects of Drilling Wastes on Epontic Communities 

Drilling wastes released in shallow waters beneath the ice or onto 
the ice surface may directly or indirectly affect epontic communities. 
Northern Technical Services (1981) documented the physi ca 1 aspects of dri 11 i ng 
effluent disposal both on the ice surface and in shallow water beneath the 
ice. The results of thei r study suggest several mechani sms through which 
epontic organisms could be affected by drilling wastes: (1) effluents 
deposited on the ice surface may flow through melt channels and cracks in the 
ice during spring melt; (2) effluents deposited on the ice surface would tend 
to reduce (or eliminate) light reaching the epontic community. and (3) 
effluents discharqed in shallow water beneath ice may, in some circumstances, 
affect the bottom-of the ice sheet adjacent to the outflow pipe. The Northern 
Technical Services (1981) study indicated that effects of these shallow 
di scharges were 1 imited to an area approximately 20 m from an outfall 2.5 m 
below the ice during a period of relatively high ambient currents. However. 

I J 
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there have been no field surveys or laboratory experiments which have examined 
the effects of dri 11 i ng fl ui ds or thei r constituents on epontic organi sms. 
Available information regarding the toxic and sublethal effects of drilling 
fl ui ds and formati Oii cutti ngs on arctic phytopl ankton and :lOOp 1 ankton were 
sUllDl1arized in Sections 3.1.5 and 3.1.6, while 'Section 3.1.10 discusses the 
effects of trace metals on planktonic organisms. The effects discussed in 
these sections would probably be similar in the case of epontic species. 
Dilution of under-ice discharges would likely reduce concentrations of toxic 
constituents to non-lethal levels within a relatively short distance of 
di scharge sites, and rapi d settl i ng of heavi er sol ids in the effl uent shoul d 
further reduce potential effects of drilling wastes on epontic flora and 
fauna. However, the chemical composition of drilling wastes released onto the 
ice surface could remain basically unchanged throughout the winter, and 
epontic organisms may be exposed to relatively undiluted drilling fluids which 
flow through melt channel sin the ice. The duration of exposure of epontic 
organi sms to these contami nants woul d probably be a maj or factor determi ni ng 
the nature of potential effects, although localized impacts of surface 
disposal of drilling wastes appear more probable than from under-ice 
discharges where effluents would be diluted. 

The reduction or elimination of light as a result of ice surface 
disposal of drilling wastes could affect the development of the epontic algae 
directly beneath the discharge sites during the spring. Although the minimum 
light intensities necessary to initiate photosynthesis are apparently in the 
range of 54-108 lux (Grainger 1977), there is no available information 
regardi ng the range and spectrum of 1 i ght i ntensi ti es requi red for maximum 
productivity of epontic algae. Natural variability in the abundance of 
epontic organisms is high, even over relatively small distances (Alexander et 
al. 1974; Horner et al. 1974), and may be related to differences in ice type; 
thickness or dept~or-snow cover which would affect light permeability, and/or 
variability in nutrient concentrations (Alexander et ale 1974; Horner 1972). 
Northern Technical Services (1981) reported that natura 1 processes in 
nearshore areas contri buted suffici ent quantiti es of sediment to the ice to 
gi ve it a "di rty" appearance, and may normally 1 imit 1 i ght penetrati on in some 
areas. Although there have been no direct measurements of light intensities 
beneath drilling waste disposal sites, the amount of epontic habitat affected 
by disposal of drilling wastes on the ice surface is unlikely to be regionally 
significant. Consequently, the overall degree of concern regarding both 
physical and toxic effects of dri 11 i ng waste di sposal on epontic flora and 
fauna is expected to be MINOR. 
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3.1.10 Effects of Trace Metals 

3.1.10.1 Introduction 

Waste di scharge associ ated with offshore exp 1 orati on and producti on 
drilling will result in the introduction of trace metals into the Beaufort 
Sea. Although. these metals are naturally present at low levels in both 
seawater and sediments of the region, a large number of studies have shown 
that elevated concentrations of some trace metals can have adverse effects on 
aquatic organi sms. Fonnati on cutti ngs, dri 11 i ng fl ui ds and produced water 
will be the major sources of trace metals. The specific fonnulation of 
drilling muds, in combination with the geological fonnations drilled, will 
largely detennine the type and total concentration of trace metals entering 
the Beaufort Sea. Total concentrati ons in seawater and sediment are not 
necessarily good indicators of the potential biological impacts of a metal, 
since availability of a metal for biological uptake (bioavailability) is 
dependant on factors such as chemical fonn and dissolved concentration. These 
are influenced, in turn, by a variety of parameters including dissolved 
oxygen, pH, temperature, the presence of organic and inorganic ligands and the 
nature and concentration of other metals present in the water column or 
sediments. 

Most fonnation cuttings removed by a shale shaker are relatively 
large and would settle rapidly through the water column. In areas of low 
current velocity, cuttings and their associated metals would accumulate on the 
seafloor close to the exploration or production platfonns. Although trace 
metal content varies with the geological fonnation being drilled, all metals 
are bound within the mineral lattice structure and are not readily available 
for biological uptake. However, they may become soluble under certain 
conditions, producing increased concentrations of biologically available 
metals in the bottom waters (Lee and Mariani 1977; Lu and Chen 1977, both 
cited in Taylor and Demayo 1980). Trace metal concentrations in the upper 
porti ons of the water col umn are unl i kely to be affected by fonnati on cutti ng 
di sposa 1. 

Drilling fluids are primarily water-based colloidal suspensions with 
additions of barite (barium sulphate) to increase density, bentonite to 
increase viscosity, ferro-chrome lignosulphonate to act as a thinner and a 
vari ety of mi nor consti tuents to control other mud properti es. Al though 
barite and bentonite clays are the major components of drilling muds, the 
exact fonnul ati on depends upon dri 11 i ng requi rements. Fl ui ds a re generally 
recycled while drilling conditions remain constant, but changes in the 
fonnati on and/or tenni nati on of dri 11 i ng acti viti es necessitate dri 11 i ng mud 
disposal. Upon discharge. 93 to 95 percent of the solids settle out almost 
immediately, leaving only 5 to 7 percent of the particulate matter in the 
liquid phase (Ayers et al. 1980b; Ray and Meek 1980). These suspended 
materials tend to foriilaplume that is diluted as it moves away from the 
discharge pipe (Ray and Shinn 1975). 
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Although trace metals may be present in most of the drilling fluid 
constituents, the majority are associated with barite and are not readily 
available for biological uptake. Metals may be incorporated into the barite 
structure or they may fOrm insoluble sulphide minerals. Large divalent ions 
such as lead (Pb) and mercury (Hg) are reported to isomorphously substitute 
for barium in the barite structure. Zinc (Zn) and iron (Fe) frequently occur 
in metallic bonding as the sulphides sphalerite (ZnS) and pyrite (FeS2) 
(Kramer et a1. 1980), as does nickel (N;) (Goldschmidt 1954, cited in Kramer 
et a1. 19S0T." In addition to occurring within the barite structure, lead can 
aTsobe present as the sulphide galena (PbS). Mercury and cadmium (Cd) are 
commonly associated with sphalerite, arsenic (As) with pyrite arsenopyrite and 
galena, copper as malachite and with sphalerite, and nickel with pyrite 
(Applied Earth Sc.ience Consultants 1980). Sulfide mineral solubility and 
condi ti ons affecti ng metal absorpti on and desorpti on on barite and bentoni te 
surfaces are thus important factors in determining the release to solution and 
bioavailabiliy of these metals (Kramer et a1. 1980). The solubility of 
ferro-chrome lignosulpnonate determines tile levels of biologically available 
chromium (Kramer et~. 1980). 

Table 3.1-5 summarizes dissolved trace metal concentrations measured 
in the interstitial waters of a drilling fluid (Thomas 1978a) and compares 
these levels with those reported for the Beaufort Sea and world coastal 
oceans, and recommended level s for environmental protection. Only the 
concentrati on of mercury in dri 11 i ng fl ui d i nterstiti a 1 water exceeds the 
range for unpolluted seawater, although it does not surpass the level 
consi dered hazardous by the Envi ronmental Studi es Board (1972). 
Concentrations of Cd, Fe and Ni exceed minimum risk levels, but do not surpass 
levels considered a hazard and lie within the observed ranges for either the 
Beaufort Sea or worl d coastal oceans. Consequently, even in undil uted form, 
the degree of concern regarding the effects of trace metals from drilling 
fluids in the upper water column appears to be minimal. 

In a study comparing total trace metal concentration in a drilling 
mud with background sediment levels in the Beaufort Sea, Crippen et ala (1980) 
reported that concentrations of Hg, Pb, Zn, Cd and As in thearming mud 
exceeded background levels by factors of 185, 35, 15, 9 and 2.4, 
respecti vely. A potenti a 1 for metal accumul ati on in sediments surroundi ng 
dri 11 i ng operati ons is suggested by these results, and supported by studi es 
completed at Tingmiark K-91 in the Beaufort Sea (Thomas 1978a). The latter 
author reported that total Hg, Pb, Zn, Cd and Cr, as well as Cu concentrations 
decreased with increasing distance from the well head. Arsenic levels were 
not examined during the Tingmiark K-91 study. In contrast, a study of Pb, Zn, 
Ni, Vn and barium (Ba) concentrations in sediments near a drilling rig off New 
Jersey indicated that only Ba levels were directly attributable to drilling 
mud deposition (Mariani et~. 1980; Menzie et~. 1980). 
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TABLE 3.1-5 

DISSOLVED TRACE METAL LEVELS IN DRILLING FLUID COMPARED 
WITH SEAWATER AND MARINE WATER QUALITY CRITERIA 

Trace 
Metal 

Drilling Fluid 
Interstitial 

Water1 

Beaufort 
Sea 

(1977) 1 

World 
Coasta 1 
Oceans1 

Minimal 
Risk2 

Hazardous2 

Cd (Ilg/L) 0.6 0.02 - 0.11 0.01 - 0.8 0.2 10 
Cr ( Ilg/L) 0.43 0.02 - 0.3 0.1 - 0.8 50 100 
Cu (Ilg/L) 0.80 0.3 - 3.5 0.2 - 3.0 10 50 
Fe ( Ilg/L) 67.2 1.0 - 213 1.0 - 10 50 300 

Hg ( ng/L) 71.0 4.4 - 17.5 10 - 20 100 
Ni ( Ilg/L) 3.0 0.5 - 10 2 100 
Pb (Ilg/L) 0.09 0.02-1.7 0.1 - 2.0 10 50 
Zn ( Ilg/L) 6.3 0 •. 2 - 3.4 1 - 10 20 100 

1 Thomas (1978a) 
2 Environmental Studies Board (1972) 

To estimate the potential impacts of Hg, Pb, Zn and Cu from drilling 
fluid disposal in the Beaufort Sea, MacDonald (1980) examined discharge levels 
in relation to the natural budget for each metal. As indicated by comparisons 
of total barite input per well with yearly inputs from the Mackenzie River and 
atmosphere, contributions of these metals through discharge of barite are 
expected to be relatively minor (Table 3.1-6). Therefore, it appears that 
input of Cu, Pb, Hg and Zn through drilling fluid release does not represent a 
regionally significant area of concern in the Beaufort Sea. 
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Copper 
Lead 
Mercury 
Zi nc 
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TABLE 3.1-6 

SUMMARY OF METAL INPUTS TO THE BEAUFORT SEA 
(from MacDonald 1980) 

Mackenzie River Atmospheric Disposal per Well from 
Source Source Barite Source 

(kg/yr, particulate (kg/yr) (kg) 
and dissolved) Daily Total 

3.5-5.5 X 106 1-23 X 104 1.5 6 X 102 
11.3 X 105 6 X 103 10 4 X 103 

13-24 X 103 1.1 X 103 .055 22 
1.6 X 107 2.6-28 X 104 18 7 X 103 

As in the case of formati on cutti ngs, the trace metal content in 
formati on (produced) water woul d va ry wi th the geological formati on dri 11 ed. 
However, in contrast to cuttings and drilling fluids, dissolved metal levels 
in formation waters can be high relative to those naturally present in 
seawater. This is a result of chemical conditions within the formation (e.g. 
a strong reducing environment) which can release metals bound within the 
mineral lattice structure to the groundwater in ionic form. A comparison of 
the dissolved trace metal content in formation water flows from Kaglulik A-75 
(Thomas 1978b) with baseline concentrations in seawater indicates that levels 
of Fe, Cu, Zn, Cr, Cd and Hg are elevated in formation water (Table 3.1-7). 

Trace 
Metal 

Cd (~g/L) 
Cr (~g/L) 
Cu (~g/L) 
Fe (~g/L) 
Hg (ng/L) 
Ni (~g/L) 
Pb (~g/L) 
Zn (~g/L) 

1 Thomas 

TABLE 3.1-7 

COMPARISON OF DISSOLVED TRACE METAL LEVELS IN KAGLULIK A-75 
FORMATION WATER WITH BASELINE SEAWATER CONCENTRATIONS 

AND MARINE WATER QUALITY STANDARDS 

Maximum Value 1977 
Hazardous2 of Formati on 1 Seawater1 Mi nim~l 

Water (n = 2) Baseline Risk· 

3.11 0.06 0.2 10 
0.99 0.06 50 100 

35 l.6 10 50 
270 103 50 300 
59 6.3 100 
86.2 2 100 
0.13 0.16 10 50 

57 l.7 20 100 

(1978b) 
2 Environmental Studies Board (1972) 
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However, none of these concentrations exceed critical levels which are 
consi dered a hazard to the mari ne envi ronment accordi ng to the Envi ronmenta 1 
Studi es Boa rd (1972). Although below suggested hazardous concentrations, Fe 
and Ni values in formation water from this exploratory well were approaching 
critical levels. Dissolved metal concentrations were also measured before and 
after a formati on water flow at Ti ngmi ark K-91 (Thomas 1978a), and indicated 
that formati on water contri buted to el evated Zn, Cr, Pb, Cd and Hg 1 evel sin 
near bottom waters (Table 3.1-8). With the exception of Hg, concentrations of 
trace metals were well below critical levels. An increase in total 
concentrations of Cu, Zn, Ni, Cr and Cd in the sediments was al so reported 
after this formation water flow (Table 3.1-9), but with the exception of Cr 
and Cd, post-flow levels were within the the reported range for non-polluted 
world coastal oceans. 

TABLE 3.1-8 

COMPARISON OF MAXIIvlUM DISSOLVED TRACE METAL CONCENTRATIONS IN SEAWATER 
AFTER FORMATION WATER FLOW AT TINGMIARK K-91 IN 1978 WITH 

A 1977 SITE SURVEY AND MARINE WATER QUALITY STANDARDS 

Site Tingmiark K-91 
Trace Survey Maximum Seawater 

Metal 19771 Levels in 19781 

Cd (Ilg/kg) 0.02-0.11 0.01-0.16 

Cr (Ilg/kg) 0.02-0.30 <0.01-1. 48 

Cu (Ilg/kg) 0.3-3.5 0.11-0.81 

Fe (Ilg/kg) 1-213 2.4-192 

Hg (ng/kg) 4.4-17.5 1-82 

Ni (Ilg/kg) 0.26-3.20 

Pb (Ilg/kg) 0.02-1. 7 <0.2-12.05 

Zn (Ilg/kg) 0.2-3.4 <0.3-5.3 

1 Thomas (1978a) 
2 Environmental Studies Board (1972) 

Mi nimal 

Risk 2 

0.2 

50 

10 

50 

2 

10 

20 

Hazardous2 

10 

100 

50 

300 

100 

100 

50 

100 
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TABLE 3.1-9 

A COMPARISON OF TOTAL TRACE f4ETAL CONCENTRATIONS HJ THJGMIARK K-91 
GLORY HOLE SEDIMENTS BEFORE (1977) AND AFTER (1978) FORMATION 

WATER FLOWS WITH THOSE FOR WORLD COASTAL OCEAN SEDIMENTS 
Source: Thomas (1978a) 

Trace 
I~etal 

Tingmiark Glory 
Hol e Area 1977 

Tingmiark Glory 
Hole Area 1978 

Worl d Coastal 
Ocean 

Cd (ppm) 1.2-3.9 4.8-6.0 0.2-3.0 

Cr ( ppm) 6.4-31. 8 111-241 2-200 

Cu (ppm) 3.1-25.0 31.3-38.3 5-40 

Fe ( percent) 1.22-4.22 2.51-3.05 1-8 

Hg (ppb) <10-196 76-120 

Ni (ppm) 8.2-18.7 30-110 2-120 

Pb (ppm) 8.0-26.4 4-12 10-100 

Zn (ppm) 15.4-31. 8 130-174 5-200 

f~ercury therefore appears to be the trace metal of principle concern 
in relation to formation water release in the Beaufort Sea, although other 
metals may also be of concern when wells are drilled in deeper formations than 
Kaglulik and Tingmiark. In addition, under conditions favouring mobilization 
of metal s from the sediments, bottom water Cr and Cd concentrations could 
increase to levels which may represent an area of potential biological 
concern. Contributions of different trace metals from multiple sources may 
al so act synergi stically to increase the degree of concern associated with 
release of formation water to the Beaufort Sea, particularly since this 
produced water will also contain emulsified oil. Subsequent sections briefly 
discuss the potential fate, and acute and sublethal effects of metals reported 
in elevated concentrations in formation waters or drilling fluids in the 
Canadian Arctic. 
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3.1.10.2 Cadmium 

Pure cadmium is not abundant in nature and ranks 43rd in the list of 
elements present in seawater (Reeder et al. 1979a). In the Beaufort Sea, the 
concentration of dissolved cadmium ranges from 0.02 to 0.11 ~g/L (Table 
3.1-8), which is lower than that of other trace metals measured by Thomas 
(1978a). Dissolved cadmium is present in both drilling fluid interstitial 
water and formation water. Level s in interstitial waters have been reported 
to exceed background concentrations in the Beaufort Sea by a factor of 5 to 30 
(Table 3.1-5), while cadmium in formation water may be up to 50 times 
background levels in seawater (Table 3.1-7). These data suggest that drilling 
waste disposal may lead to elevated levels of dissolved cadmium in waters 
surrounding exploration platforms, and particularly at production islands 
where produced water coul d be conti nuously di scharged to the mari ne 
environment. Cadmium is also commonly associated with the sphalerite (ZnS) 
component of drilling mud barite, although this form is relatively insoluble 
and therefore unlikely to increase dissolved Cd levels. However, elevated 
concentrati ons of cadmi um in sediments woul d be expected as a resul t of 
drilling mud disposal, while some cadmium may be complexed or adsorbed to 
organic matter present in the sediments or water column (Gardiner 1974). 

Free cadmium ions (Cd 2+) and soluble complexes are of greatest 
biological concern when present in the marine environment. Cd2+ tends to 
form ionic pairs with chloride ions to produce cadmium chloride (CdCl+), and 
may also be removed from solution through the formation of low solubility 
complexes such as cadmium carbonate, sulphide and hydroxide (Reeder et al. 
1979a). Duri ng maximum summer acti vity, mari ne bacteri a and thei r metaboITc 
by-products may play a significant role in removing ionic cadmium and 
depositi ng it as CdS in the sediments (McLerran and Holmes 1974). However, 
Gardiner (1974) reports that cadmium may be mobilized from the sediments and 
re-distributed in the water column well after deposition through other 
processes. Although a number of p rocesses can 1 ead to removal of Cd from 
solution, it exhibits the greatest oceanic residence time of all trace metals 
found in drilling wastes (Table 3.1-10). 

The toxicity of Cd may arise through numerous modes of action (Reeder 
et al. 1979a). For example, cadmium has been shown to inhibit several enzyme 
systems involved in intermediary metabolism due to its affinity for sulphur 
and carboxylate sites (Carty et ale 1976, cited in Reeder et al. 1979a). This 
element has also been shownto-reduce the iron contentofliver and blood 
plasma (Fox and Fry 1970, cited in Reeder et al. 1979a). Cadmium has been 
reported to bind to the tissue proteins of Plants and animals (Casterline and 
Yip 1975, cited in Reeder et al. 1979a), although only one such protein type, 
metallothioneins, have beenidentified to date (Friberg et al. 1975, cited in 
Reeder et al. 1979a). Kohler and Riisgard (1982) founa that as the body 
burden of cadmium increased in the mussel (Mytilus edulis), the amount of 
metallothioneins also increased. They propose that cadmium binding may 
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TABLE 3.1-10 

OCEANIC RESIDENCE TIMES AND PROBABLE DISSOLVED FORMS IN 
SEAWATER FOR TRACE METALS PRESENT IN DRILLING WASTES 

(Source: Riley and Chester 1971) 

Element 

Chromium (Cr) 
Lead (Pb) 
Nickel (Ni) 
Mercury (Hg) 
Copper (Cu) 
Zi nc (Zn) 
Cadmi um (Cd) 

Oceanic 
Residence Time 

( Years) 

350 
2 X 103 

1.8 X 104 
4.2 X 104 

5 X 104 
1.8 X 105 

5 X 105 

Probable t~ain 
Dissolved 

Forms 

Hydroxy complexes 
Pb2+, PbOH+, PbO+ 
Ni 2+ 
HgCl~-
Cu 2+ CuOH+ 
Zn2+' 
CdCl+ Cd 2+ , 

1 Categories defined by Martin (1970) as follows: 
I long residence time (>106 years)~ low reactivity 

Category1 

III 
II 
II 
II 
II 
II 
II 

II intermediate residence times (10~ - lOb years) 
III short residence times «103 years), elements typically enter 

as solids and settle rapidly 

denature metallothioneins and new proteins are produced to compensate for the 
loss. Considerable quantities of unbound cadmium were also present in the 
mussels. In the most contaminated mussels, only 22 percent of the cadmium was 
bound to metallothioneins (Kohler and Riisgard 1982). The initial uptake of 
cadmium by animals is through the gastrointestinal tract (Reeder et ale 
1979a), and as a result, accumulated cadmium is most likely to originateln 
food supp 1 i es. 

Several factors have been reported to influence the toxicity of 
cadmi um. La Roche (1972, cited in En"i ronmenta 1 Studies Boa rd 1972) noted a 
substantial increase in cadmium toxicity when copper or zinc were present at 
concentrations of 1 mg/L or more, while other studies have indicated an 
antagonistic relationship between zinc and cadmium (Reeder et ale 1979a). 
Salinity has also been shown to affect cadmium toxicity. For-example, Von 
Westernhagen et al. (1975, cited in Leland et ale 1976) found reduced effects 
of cadmium on~he-embryonic development of herrTng (Clupea harengus) at higher 
sa 1 i nit i e s • 
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The acute 1 etha 1 effects and bi oaccumul ati on of cadmi urn ha ve been 
extensively examined during the last decade. Some studies examining the acute 
and sublethal toxicity of cadmium are summarized in Table 3.1-11. Information 
on the toxicity of cadmium to phytoplankton, zooplankton and adult fishes is 
only available for freshwater species. The lm'lest concentration found to 
produce acute toxic effects was 0.04 mg/L in an amphipod (Lake and Thorpe 
1974). Investigations on the sublethal toxicity of cadmium indicate 
significant effects at 0.05 mg/L in the snail Australorbis glabratus and at 1 
mg/L in the eggs of both Atlantic and Pacific herring (Table 3.1-11). A 
comparison of these concentrations with those measured in drilling mud 
interstitial water (0.6 Ilg/L) and formation waters (3.1 Ilg/L) indicates that 
waste cadmium concentrations are likely to be significantly lower than those 
known to be toxic, even pri or to dil uti on of dri 11 i ng muds and formati on 
water. 

TABLE 3.1-11 

SUMMARY OF ACUTE AND SUBLETHAL CONCENTRATIONS OF CADMIUM FOR MARINE LIFE 

Species Common 
Name 

BENTHIC" INVERTEBRATES 

Austroc hi ltoni a amphipod 
subtenius 

Crassostrea oyster 
vi rgi nica 

Au stra 1 orbi s snail 
glabratus 

Concen­
trati on 
(mg/L) 

0.04 

0.12 

0.1 

0.1-
0.2 

0.05-
0.1 

Effect( s) Reference 

Acute: 96-h LC50 Lake and Thorpe 
1974 

Acute: 4-8 wk LC50 Shuster and 
Pringle 1969, 
cited in ESB 
1972 

Acute: 15-wk LC50 Pringle et ale 
1968 --

Sublethal: little Shuster and 
shell growth, lost Pringle 1969, 
pigmentation of cited in ESB 
mantle edge, color- 1972 
ation of digestive 
diverticulae after 
20-wk exposure 

Sublethal: stress Harry and 
react; ons A 1 d ri c h 1958 



Species 

FISH 

Oncorhync hus 
gorbuscha 
(alevin) 

Oncorhynchus 
ne rka ( a 1 e vi n) 

Belone bel one 
( eggs) 

Belone bel one 
( eggs) 

Clupea harengus 
harengus and 
C. h. pallasi 
Teggs) 

Cl upea harengus 
harengus and 
C. h. pa 11 asi 
Teggs) 
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TABLE 3.1-11 (cont'd) 

Common 
Name 

Concen­
tration 
(mg/L) 

pink salmon 3.65 

sockeye salmon 4.5 

needlefish 1.0 

needlefish <5 

Atlantic and 1.0 
Pacific 
herri ng 

Atlantic and 5-
Pacific 10 
herri ng 

Atlantic 
herri ng 

2-
3 

Effect(s) 

Acute: 168-h LC50 

Acute: 168-h LC50 

Sublethal: hatched 
larvae with frayed 
fin folds and 
caudal fins 

Sublethal: reduced 
pectoral fin 
activity in embryo 

Sublethal: reduced 
eye di ameter in 
yolk-sac larval 
stages 

Sublethal: otic 
capsules absent 
in newly hatched 
1 a rvae 

Sublethal: loss of 
swimming ability 

Reference 

Servizi and 
Martens 1978 

Servizi and 
Martens 1978 

Von Westernhagen 
et ala 1975, 
Cited' in Leland 
et ale 1976 

Von Westernhagen 
et ale 1975, 
Cited in Leland 
et a 1. 1976-

Von Westernhagen 
et a1. 1975, 
cited in Leland 
et ale 1976 

Von Westernhagen 
et ale 1975, 
CTted in Leland 
et ale 1976 

Von Westernhagen 
et ale 1975, 
cited in Leland 
et ale 1976 

Several authors have examined the effects of cadmium on phytoplankton 
photosynthesi s or growth. Although the cadmi urn concentrati on requi red to 
oQtain a certain effect varies greatly with different species (Burnison et ale 
1975), cadmium generally has deleterious effects on phytoplankton 
productivity. Extremely low concentrations (1 to 20 Ilg/L) of cadmium have 
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been shown to inhibit phytoplankton photosynthesis (Patin et ale 1974, cited 
in Leland et ale 1976; Kayser and Spirling 1980; Rabsch arid ET5rachter 1980) 
and growth-rConway 1978). In one study, cadmium was found to have a greater 
effect on photosynthesis than either zinc or chromium (Nakani and Korsak 1976, 
cited in Leland et ale 1976). Growth of the alga Scenedesmus quadricauda was 
significantly ir1lilblted at concentrations as low as 6 ppb (Klass et ale 
1974). In a review of metal research, Reish et ale (1978) reportthat 
residual concentrations of cadmium in phytoplanKton-and macrophytic algae 
range from 0.08 to 2.41 ppm. 

Acute and chronic toxicities of various metals, including cadmium, to 
freshwater zooplankton \'Iere measured by Baudoui nand Scoppa (1974) and 
Bi esi nger and Chri stensen (1972). In water from Lake f40nate, the 48-h LC50 

. values for Cyclops abyssorum, Eudiaptomus padanus and Daphnia hyalina were 
3800, 550 and 55 ppb, respecti vely ( Baudoui nand Scoppa 1974). Bi esi nger and 
Christensen (1972) reported that the chronic (3-wk) LC50 for Daphnia magna 
was only 5 ppb, and that reproduction was prevented at cadmium concentrations 
as low as 0.17 ppb. Bohn and McElroy (1976) also report that cadmium is 
rapi dly accumul ated by arctic mari ne zoop1 ankton. Neverthel ess, ina study of 
cadmium- and nickel-contaminated sediments in a cove near Cold Spring, New 
York, Kneip (1978) reported maximum suspended and di ssol ved cadmi urn 
concentrati ons up to 80 ~g/L, but was unabl e to demonstrate any effect on 
zoopl ankton speci es compositi on. It was suggested that ti da 1 acti on resulted 
in the exposure of zooplankton to high cadmium concentrations for only an hour 
or two at a time. Arctic amphipods exposed to 5, 10 and 20 percent 
concentrations of various drilling fluids initially accumulated cadmium, but 
the levels declined after 15 days for unknown reasons (Tornberg et al. 1980). 
Mussels (Mytilus edulis) have been found to take up cadmium at a-lTiiear rate 
throughout 36 and 124 day experiments, accumul ati ng as much as 300 to 500 ppm 
cadmium (Kohler and Riisgard 1982). Body parts were found to accumulate the 
metal at different rates, in the order: body> mantle> muscles. 

Bioaccumulation and sublethal and toxic effects of cadmium on benthic 
invertebrates have also been documented. Reish et ale (1978) reported that 
cadmi urn concentrati ons inti ssues range from 0 to T. 4ppm in po1ychaetes, from 
o to 108 ppm in pelecypods, and from 0.03 to 46 ppm in gastropods. Stenner 
and Nickless (1975) indicated that cadmium concentrations in benthic molluscs 
may vary from less than 0.5 ppm to 7.9 ppm, while Zook et ale (1976) reported 
levels of 0.00 to 3.19 ppm in a wide variety of benthTc Trivertebrates. The 
acute lethal toxicity of cadmium to five invertebrate species was investigated 
by Lake and Thorpe (1974). As indicated earlier, lethal concentrations 
(LC50 - 96h) varied from 0.04 ppm for the amphipod Austrochiltonia subtenius 
to over 2000 ppm for various insect larvae. Several sublethal effects of 
cadmium on benthic fauna have also been reported. The gill lamellae of the 
shrimp Paratya tasmaniensis showed considerable evidence of damage by cadmium, 
including accumulation of granules in mitochondria, mitochondrial degradation, 
and some di 1 ati on of i ntercell ul ar spaces and rough endopl asmic reticul urn 
(Lake and Thorpe 1974). Cadmium concentrations of 0.05 to 0.1 ppm have also 
been shown to produce sublethal stress responses in the gastropod Australorbis 
glabratus (Harry and Aldrich 1958). 
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Cadmium levels in fish tissue have been reported to range from as low 
as 0.01 ppm to as high as 200 ppm (Reish et ale 1978). Bohn and McElroy 
(1976) found cadmium levels ranging from 0.2bto1.6 ppm dry weight in fish 
from the Canadian Arctic. Naidu (1974! cited in Leland et al. 1976) found 
that residual cadmium and zinc concentrations in tissues Tncreased with the 
size of Pacific hake (Merluccius productus), while concentrations of mercury 
increased with age of the fish. This suggests that cadmium and zinc 
concentrations may be physiologically regulated in at least this species. The 
acute toxic effects of cadmium on fish were reviewed by Reish et ale (1978). 
They reported that LC50 (96-h) values for threespine- sTIcklebacks 
(Gasterosteus aculeatus) ranged from 6.5 to 25 ppm, while the value for 
rainbow trout (Salmo gairdneri) was only 6.6 ppb of cadmium nitrate. Birge et 
ale (1977, cited by Reish et ale 1978) found substantial mortality ana 
teratogenesis in goldfish (Garrassius auratus) and rainbow trout (Salmo 
gairdneri) eggs when they were cultured over natural sediments containingrrom 
0.1 to 1 mg Cd/kg. 

Several authors have investigated the sublethal effects of cadmium on 
fish. Rosenthal and Alderice (1976) provided a review of sublethal effects of 
a number of toxicants on immature stages of fi sh speci es. They suggested that 
short-term exposure of herri ng eggs to cadmi um can cause changes in the 
properties of external egg membranes, resulting in subsequent changes in egg 
diameter, volume, buoyancy and bursting pressure. These effects could cause a 
significant reduction in the survival of fish during later stages of 
development. Rosenthal and Alderice (1976) suggested that as a result of 
exposure to cadmium, decreased activity of enzymes involved in biosynthetic 
processes results in smaller, inactive larvae at hatching. 

The potential effects and accumulation of cadmium in marine mammals 
and birds have not been well documented. Hunt (1979) provided data on 
concentrations of several trace metals in four female white whales harvested 
in the Mackenzie Delta. Cadmium concentrations in liver, muscle and muktuk 
were 1.47-2.74,0.03-0.11 and 0.01-0.04 ppm, respectively. Buhler et ale 
(1975) found cadmium levels up to 12.0 ppm in kidneys of California seallons, 
while Heppleston and French (1973) and Anas (1974, cited in Buhler et ale 
1975) reported cadmium concentrations of 22 ppm and 15.6 ppm in gray seaTS and 
fur seals, respectively. Birds also occasionally contain high levels of 
cadmium, although its effects on birds are poorly documented (Bourne 1978). 
Tissues of the ashy petrel (Oceanodroama homochroa) from California coastal 
waters had cadmium levels twice as high as in Wilson ' s petrel (Oceanites 
oceanicus) from Antarctica (Anderlini et ale 1972, cited in Environmental 
Studi es Board 1972). - -

Overall, the available data on the toxicity of cadmium suggest that 
concentrations which are likely to occur in areas of drilling waste disposal 
and formation water discharge in the Beaufort Sea would be considerably lower 
than levels which are known to be acutely toxic. Localized sublethal effects 
and accumulation of cadmium in the tissues of some marine flora and fauna may 
occur near exploration and production platforms, although these effects would 
be restricted to a relatively small proportion of the regional populations. 
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3.1.10.3 Chromium 

Chromium is rarely found in uncontaminated natural waters (Beak 
1978). Background concentrations in the Beaufort Sea have been reported to 
range between 0.02 and 0.3 Ilg/L (Table 3.1-5), placing it among the least 
abundant naturally occurring metals which may be introduced through discharge 
of dri 11 i ng wastes. The primary sources of dri 11 i ng waste chromi urn are 
formation water and chrome 1ignosu1phate, a thinning agent used in drilling 
fluids. In the Beaufort Sea, chromium concentrations from these sources have 
been reported to exceed background seawater levels by factors of 1.5 to 22 and 
16.5, respectively. Consequently, disposal of drilling fluids and formation 
water could increase dissolved chromium concentrations in the vicinity of 
exploration or production facilities. 

Drilling mud chromium is primarily in the hexavalent form Cr6+, 
which is most toxic to marine life (Environmental Studies Board 1972). 
Although Cr6+ is not strongly absorbed by soil or particulate matter, it 
does react strongly with oxidizable substances (e.g. organic molecules) to 
form Cr3+. This cation has a marked tendency to form stable complexes with 
negatively charged inorganic or organic species (Taylor et a1. 1979a), and can 
also react with water to form colloidal hydrous oxides lQffs/1ore Drilling 
Fluid Disposal I/GSC 1982). Although certain conditions such as the presence 
of only low concentrati ons of oxi di zab1 e substances can favour the persi stence 
of Cro+ in the marine environment, the oceanic residence time is relatively 
short (Table 3.1-10). 

Elevated chromium levels have been reported in sediments adjacent to 
drill sites in the Beaufort Sea and e1se\'Ihere (Bryant and Hrudey 1976; Hrudey 
and t~cMullen 1976; Thomas 1978a; Newbury 1979). However, chromium does not 
appear to be readily released from sediments, even in the presence of 
che1ating agents (Barica et~. 1973, cited in Taylor et~. 1979a). 

The toxicity of Cr6+ is related to its affinity to react with 
enzymes containing a sulphydryl group, thus inactivating certain proteins 
(Schroeder and Lee 1975, cited in Taylor et ala 1979a). The results of 
several acute and sublethal toxicity studies W'lthchromium and various marine 
organisms are summarized in Table 3.1-12. Acute toxicity levels reported in 
the literature range from 1O-l2 Ilg/L in the oyster to 31.8 mg/L in coho 
salmon. Ava i1 ab1 e data on sub1 etha 1 toxiciti es of chromium indicate that 
significant effects occurred at 0.1 mg/L in the polychaete Capitella capitata, 
a species characteristic of organically enriched sites, and at 5.0 mg/L 1n the 
giant kelp. By comparison, dissolved chromium levels in the interstitial 
water of drilling fluids and formation water examined to date in the Beaufort 
Sea are 0.43 and 0.99 Ilg/L, respectively, and therefore considerably lower 
than concentrations shown to produce acute toxic or sublethal effects. 
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TABLE 3.1-12 

SUMMARY OF ACUTE AND SUBLETHAL CONCENTRATIONS OF CHROMIUM FOR MARINE LIFE 

Species 

BENTHIC ALGAE 

Macrocysti s 
pyrifera 

Common 
Name 

giant kelp 

BENTHIC INVERTEBRATES 

Capitell a 
capitata 

Neanthes 
a renaceodentata 

Ne rei s vi rens 

Ophiothrix 
spiculata 

polychaete 
wonn 

polychaete 
wonn 

polychaete 
wonn 

brittle 
star 

sea urchi n 

Leander squilla prawn 

oyster 

Fonn and 
Concen­
tration 
(mg/L) 

Cr6+ 
S.O 

0.1 

Cr6+ 
0.3 

1 

1.7 

2.9-
29 

S 

1.0-
1.2 x 
10-2 

Effect( s) Reference 

Sublethal: SO percent Clendenning and 
reduction in photo- North 1960 
synthesi s 

Sublethal: decrease 
in reproducti ve 
output 

Sublethal: decrease 
in reproducti ve 
output 

Threshold toxicity 

Acute: 7-day LCSO 

Acute: 48-h LCSO 

Threshold toxicity 

Acute: mortality 

Reish 1977 

Oshi da 1977 

Raymont and 
Shields 1964, 
cited in ESB 
1972 

Oshida and 
Wri ght 1977 

Oshida and 
Wri ght 1977 

Raymont and 
Shields 1964, 
cited in ESB 
1972 

Haydu, unpub. 
data, cited in 
ESB 1972 
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TABLE 3.1.12 (conti d) 

Fonn and 
Common Concen-

Species Name tration Effect( s) Reference 
(mg/L) 

FISH 

Citharichthys speckl ed Cr6+ Acute: 96-h LC50 Sherwood 1975 
stigmaeus sanddab 31 

flatfish 

Cr6+ Acute: 21-day LC50 Sherwood 1975 
5.4 

Oncorhynchus coho sa 1 mon Cr6+ Acute: 100 percent Holland et ale 
ki sutch 31.8 mortal i ty 1960 --

In contrast to cadmium, fewer studies have examined the acute toxic 
and sublethal effects of chromium, and as in the case of the fonner metal, 
many of these investigations have involved freshwater flora and fauna. Hervey 
(1949) found that the growth of some di atoms was i nhi bited at a chromium 
concentrati on of 320 ppb, but not at 32 ppb. In more recent studi es, 
Wi urn-Anderson (1974) observed a 50 percent decrease in the photosynthesi s of 
the diatom Nitzschia palea at 650 ppb of hexavalent chromium, while 
Clendenning and North (1960) reported that photosynthetic rates of the kelp 
t~acrocysti s pyrifera were decreased withi n 5 days by chromi urn concentrati ons 
of 1.0 ppm. It has been suggested that phytoplankton are more sensitive than 
fish to chromium (Strick et ale 1975, cited in Taylor et ale 1979a), although 
low chromi urn concentrati onsnave been found to stimul ate growth of some 
aquatic plants (NRCUS 1974). Reish et al. (1978) report residual chromium 
levels from 0.0 to 13.0 ppm in phytoplankton and marine macrophytic algae. 

The effects of chromium on zooplankton are not as well documented, 
al though Bi esi nger and Chri stensen (1972) found that 0.33 ppm resul ted in 
reproductive impairment of Daphnia, and the 48-h LC50 was 2.0 ppm. These 
results are consistent with those of Anderson (1950) who reported that the 
toxic threshold of chromium with Daphnia magna was less than 1.2 ppm. 

Young and f4cDennott (1975) reported that concentrati ons of chromi urn 
in marine molluscs from California ranged from 0.7 to 11 ppm, while Zook et 
al. (1976) found concentrations of 0.00 to 0.69 ppm in a variety of benthic 
Tnvertebrates. Chromium levels in marine gastropods are reported to vary from 
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0.00 to 17 ppm, while levels in decapods range from 0.0 to 8 ppm (Reish et al. 
1978). McCulloch et al. (1980) concluded that chromium in drilling mUifsls 
more available thaillead or zinc to marine bivalve molluscs, although during 
short exposures. the trace metals monitored all have limited bioavailabilitv. 
Page et 'al. (1980) monitored chromium uptake by the mussel Mytiluseduli~ 
from:T1)-an aqueous solution of a medium density lignosulphonate mud; (2) a 
sol uti on of ferrochrome 1 i gnosul phonate, and (3) a sol uti on of Cr3+ • All 
solutions were of approximately equal concentration in total chromium, but 
mussels gained the most chromium from the Cr3+ solution, and the least from 
the used dri 11 i ng mud. Thi s study emphasi zes the importance of consi deri ng 
the form of chromium available in discharged drilling muds, since this has a 
major effect on toxicity and uptake by aquatic organisms. Low concentrations 
of chromium have been shown to be acutely toxic to a variety of marine benthic 
invertebrates. Concentrations as low as 0.03 ppm caused a reduction in the 
number of progeny of the polychaete worm Neanthes arenaceodentata (Oshida 
1977). A similar type of reproductive impairment was observed by Reish (1977) 
when Capitella capitata was exposed to 0.1 ppm of chromium. Oshida and Wright 
(1977) found that the LC50 (48-h) for chromium and sea urchins varied from 
2.9 to 29 ppm, depending on test conditions. The same authors reported that 
the 7-day LC50 for chromium and the brittle star Ophiothrix spiculata was 
1. 7 ppm. 

Rei sh et a 1. (1978) revi ewed a number of invest i gat ions whi c h show 
that chromium concentrations in fishes range from 0.01 to 4.9 ppm. McKee and 
Wolf (1963) suggested that fish are more tolerant of chromium than are members 
of lower trophic levels, but that concentrations greater than 1 ppm are still 
acutely toxic to fish. In addition to the studies summarized in Table 3.1-12, 
Murdock (1953) al so reported that chromium concentrations from 1. 2 to 2.0 ppm 
were lethal to sticklebacks. 

Residual chromium levels and toxic effects of this metal on birds and 
mammals are not well documented, although studies with rats have shown that 
chromium is required for the maintenance of normal glucose tolerance in 
mammals and is also essential for cholesterol metabolism (Schroeder 1968; 
Vokal et ale 1975, both cited in Taylor et ale 1979a). Trivalent chromium is 
not particularly toxic if ingested by mammals, while hexavalent chromium 
accumulation without any toxic effects has been observed at a concentration of 
5 mg/L (Taylor et ale 1979). The latter authors also suggest that there is no 
evidence of bioconcentration of chromium in aquatic food webs. 

The results of the aforementioned studies, in conjunction with 
observati ons of chromi urn 1 evel sin dri 11 muds and formati on water from the 
Beaufort Sea, suggest that this metal will not have more than localized 
effects on marine flora and fauna of the region. Acute lethal effects are 
consi dered unl i kely because of the rapi d di 1 uti on of these wastes in the 
receiving environment, and the most probable effects would be accumulation of 
chromium in tissues of sessile invertebrates near exploration and production 
faci 1 iti es. 
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3.1.10.4 Copper 

Copper is widely distributed in nature, and is present in the 
Beaufort Sea in concentrations ranging from 0.3 to 3.5 Ilg/L (Thomas 1978a). 
Small amounts of copper are not lethal to aquatic organisms, and in fact are 
essential to the respiratory pigments of some animals (Wilber 1969, cited in 
Environmental Studies Board 1972). The primary drilling waste source of 
dissolved copper input to the Beaufort Sea would likely be formation water, 
since concentrations measured to date have exceeded background levels in 
seawater by a factor of 22 (Table 3.1-7). On the other hand, copper levels in 
drilling fluid interstitial waters examined by Thomas (1978a) were only 3 
times higher than concentrations in seawater (Table 3.1-5). Copper may also 
be associated with drilling fluid barite where it occurs as sphalerite or 
malachite. Since the malachite form of Cu has been shown to be subject to 
release into the marine environment (Earth Sciences Consultants 1980, cited in 
MacDonald 1980) , it may also contribute to dissolved Cu levels. Sphalerite, 
in contrast, is relatively insoluble and would only be expected to increase 
copper levels in sediments surrounding drilling operations. 

The form of copper shown to be acutely toxic to mari ne 1 ife at high 
concentrations is the Cu 2+ ion. This ion and CuOH+ are the primary 
dissolved species in seawater (Table 3.1-1O). Free copper may enter into 
reactions which will either remove it from solution or produce less toxic 
forms. When bound to organic molecules copper may be 100 to 1000 times less 
toxic than free Cu 2+ (MacDonald 1980). As a result of these and other 
reactions, effects from the release of dissolved copper to the water column 
may be both temporary and localized. 

Several studies which have exami ned the acute toxicity and subl ethal 
effects of copper are summari zed in Tabl e 3.1-13. The lowest acute toxic 
level reported in the literature is a 7-day LC50 of 0.035 mg/L observed in 
the clam Mya arenaria (Eisler 1977). Although this is significantly higher 
than copper-concentrations in interstitial water of drilling fluids (0.0008 
mg/L), it equals that in formation water examined to date in the Beaufort Sea 
(0.035 mg/L). Concentrations of copper in formation water exceed levels where 
sublethal effects have been documented in the diatom Nitzschia palea 
(0.01 mg/L) and the copepods Calanus plumchrus and Metridia pacifica 
(0.005 mg/L). However, since copper acts synergistically when present with 
zinc, cadmium and zinc, and mercury (Environmental Studies Board 1972) the 
effective acute and sublethal toxic thresholds may be lowered in the presence 
of these metals. 



195 

TABLE 3.1-13 

SUMMARY OF ACUTE AND SUBLETHAL CONCENTRATION OF COPPER FOR MARINE LIFE 

Concen-
Speci es Conmon tration Effect( s) Reference 

Name (mg/L) 

PHYTOPLANKTON 

Thalassiosira diatom 0.2 Acute: 1 etha 1 Braek and Jensen 
pseuaonana concentrati on 1976 

Nitzschia diatom 0.01 Sublethal: complete Bryan 1976 
palea inhibition of growth 

ZOOPLANKTON 

Calanus copepod 0.005 Sublethal: reduction Reeve et al. 
plumchrus 0.01 in feeding rate 1976 --
and Metridia 0.05 
pacifica 

BENTHIC ALGAE 

Macrocysti s giant kelp 0.06 Sublethal: 30 percent Clendenning and 
pyrifera decrease in photo- North 1960 

synthesis after 2 
days 

BENTHIC INVERTEBRATES 

Mya arenaria clam 0.035 Acute: 7-day LC50 Ei sl er 1977 

Mytilus edulis mussel 0.5 Acute: 48-h LT50 Davenport 1977 

Japanese 1.9 Acute: 96-h LC50 Fuj iya 1960, 
oyster cited in ESB 

1972 
FISH 

CluEea herri ng 1.0 Acute: high B1 axter 1977 
harengus (egg) morta 1 i ty 

C1uEea herri ng . 0.09- Sublethal: impaired B1 axter 1977 
ha rengus ( fry) 0.3 acti vi ty 
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Copper is extremely toxic to planktonic organisms, and has been shown 
to be concentrated from surroundi ng waters by factors rangi ng from 1000 to 
more than 5000 (Krumholz and Foster 1957). Clendenning and North (1960) 
reported a decrease in the photosynthetic production of the macrophyte 
Macrocysti s at a copper concentrati on of 100 ppb in seawater, whil e Overnell 
(1976), Bentley-Mowat and Reed (1977), and Braek and Jensen (1976) all 
measured sublethal· effects of copper exposure on marine phytoplankton. Each 
group of researchers noted marked reducti ons in photosynthesi s and growth 
rates at copper concentrations less than 100 ppb, and Braek and Jensen (1976) 
found that 200 ppb was lethal to Thalassiosira pseudonana. Copper 
concentrations between 5 and 50 ppb intially caused a reduction in the 
standi ng crop of natural phytopl ankton communiti es in controll ed ecosystem 
experiments (CEPEX), but abundance returned to level s comparable with the 
control after 20 days. However, significant changes in species diversity of 
the phytoplankton community were recorded during this period. (Thomas et a1. 
1977, cited in Reish et a1. 1978). The susceptibility of zooplanktonto 
copper vari es greatly amongspeci es. In a comprehensi ve study of the acute 
lethal effects of copper on 10 species of marine zooplankton, Reeve et al. 
(1978, cited in Reish et a1. 1978) found that 24-h LC50 values varieafrom 
14 ppb to 2.78 ppm,--depending on species. However, the mean lethal 
concentration for the ten species was less than 0.4 ppm. Biesinger and 
Chri stensen (1972) demonstrated that a copper concentrati on of 22 ppb woul d 
decrease the reproductive capacity of Daphnia, while 44 ppb was lethal to this 
freshwater zoopl ankter. Reduced growth of pl anktoni c echi noderm 1 arvae was 
also observed at 10 ppb of copper (Bryan 1976). 

Bioaccumulation of copper by benthic marine organisms has been 
reported by several authors. Stenner and Nickl ess (1975) reported copper 
concentrations as high as 505 ppm in pelecypods from Spain and Portugal, while 
Ruddell and Rains (1975) found levels ranging from 10 to 2100 ppm in oysters 
from California. Reish et a1. (1978) reported that copper concentrations in 
the tissues of a wide seTection of benthic invertebrates ranged from 0.0 to 
554 ppm. MacDonald (1980) suggests that filter feeders would be most 
suscepti bl e to copper accumul ati on. The polychaete Nerei s di versicolor has 
shown high rates of copper uptake from copper-rich sediments and may develop a 
tolerance to this metal (Bryan and Hummerstone 1971, cited in Environmental 
Studies Board 1972). However, copper toxicity or bioaccumu1ation could occur 
in predators of this species (Environmental Studies Board 1972). It is likely 
that benthic organisms will accumulate some copper from drilling wastes 
released to the Beaufort Sea. MacDonald (1980) suggests that this will 
primari ly result in sub1 etha 1 effects (e. g. communi ty structure changes or 
histopathological effects), and be confined to relatively small areas. The 
acute toxic effects of copper on benthic invertebrates, like those of 
chrQrni urn. occur at very low concentrati ons. Ei sl er (1977) found that the 
7-day LC50 of copper with the pelecypod Mya arenaria was 0.035 ppm of 
copper, and Davenport (1977) reported that-uie 48-h LT50 for the common 
mussel r~ytilus edulis was 0.5 ppm. 
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Copper is a requi red el ement for the growth of fi sh speci es (Gi esy 
and Wiener 1977), although it can be acutely toxic at higher concentrations 
when present as the di va 1 ent (Cu 2+) i on. With the excepti on of sampl es 
analyzed from Norway; residual concentrations of copper in fish {O.02 to 
367 ppm} are consi derably lower than those reported for benthic invertebrates 
(Reish et ale 1978). The toxicity of copper to aquatic and marine organisms 
not only varies with the species, but also with the physical and chemical 
characteristics of the water including temperature, salinity, turbidity and 
carbon dioxide concentration (Trama 1954). For example, Ellis and Ladner 
(1935) found that the degree of toxicity of copper to fish increased with the 
simultaneous presence of magnesi urn and phosphates. Bl axter (1977) reported 
that eggs of the Pacific herring (Clupea harengus) showed high mortality when 
exposed to 1 ppm copper, whil e impai red act; vity was noted in fry at copper 
concentrations as low as 0.09 to 0.3 ppm. Numerous sublethal effects of 
copper on fish have been documented. These effects have included inhibition 
of spawning by fathead minnows (Pimephales promelas; Mount 1968), depressed 
olfactory response in rainbow trout (Salmo gairdneri; Hara et al. 1976), loss 
of osmoregulatory activity in coho salmon (Oncorhynchus kTsUfch; Lorz and 
MacPherson 1977), altered plasma vol ume of stri ped bass (Roccus saxati 1 is; 
Courtoi s 1974, cited in Lel and et a 1. 1976), i ncrea ses in copper resi dues in 
liver and gill tissue of the brown bullhead (Ictalurus nebulosus; Brungs et 
a 1. 1973), and changes in cough frequency, locomotor acti vity and feeding 
behaviour of ·yearling brown trout (Salvelinus fontinalis; Drummond et ale 
1973). Fish may avoid areas with elevated copper levels in their natural 
habitat; in laboratory experiments, Atlantic salmon (Salmo salar) avoided 
copper concentrations as low as 2.4 ppb (Sprague 1971, cited in Environmental 
Studies Board 1972). 

Unlike cadmium and chromium, there is a more extensive literature 
describing the toxic effects and bioaccumulation of copper in birds. Copper 
and zinc are essential elements in nutrition of these vertebrates, and 
genera lly are present in rel ati vely hi gh concentrati ons in body ti ssues, 
particularly the liver (Anderlini et ale 1972; Sturges et ale 1974; Vermeer 
and Peaka 11 1979). Some differences Tn resi dual copper concentrati ons can 
occur among species although it appears that a metallothionein binding 
mechanism may be present in seabirds to allow elimination of excessive 
quantities of certain trace metals, including copper (Brown et ale 1977; 
Vermeer and Peakall 1979). Nevertheless, high concentrations of copper can be 
toxic to waterfowl. Henderson and Wi nterfiel d (1974) reported acute copper 
toxicosis in Canada geese following ingestion of copper sulphate at 600 mg/kg 
of feed. Necrosis and sloughing of the proventriculus and gizzard, as well as 
a greenish discolouration of the lungs, were noted by these authors. 
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The effects of copper and bioaccumulation of this metal in marine 
mammals are not well documented. Residual copper concentrations in the liver, 
muscle and muktuk of four white whales harvested in the Beaufort Sea were 
4.86-9.88, 0.80-1.04 and 0.34-0.62 ppm, respectively (Hunt 1979). These 
concentrations are considerably lower than those reported for marine benthic 
invertebrates and fish in the available literature. 

On the basi s of the exi sti ng data regardi ng copper toxicity and 
bioaccumulation in marine flora and fauna, release of formation water from 
production islands is expected to be one of the most significant areas of 
potenti a 1 concern associ ated with future hydroca rbon exp 1 orati on and 
production activities in the Beaufort Sea. Although dissolved copper present 
in formati on water woul d be rapi dly dil uted to subl etha 1 concentrati ons at 
progressive distances from production .islands, the long-term nature and 
multiple source inputs of this metal may contribute to significant 
bioaccumulation and sublethal physiological effects in benthic invertebrates 
and plankton. However, the overall degree of concern associated with copper 
contami nati on and these communiti es cannot be accurately assessed with the 
limited data available on dissolved copper levels within formation water in 
the Beaufort region. 
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3.1.10.5 Lead 

Lead is widely distributed in the earth's crust, but is not required 
in even small quantities for the growth and development of ten'-'estr.-,ial Or~ 
aquatic organisms (Laws 1981). In the Beaufort Sea, dissolved concentrations 
of Pb in seawater have been reported to range from 0.02 Ilg/L to 1. 7 Ilg/L 
(Table 3.1-5),while the probable dissolved species are Pb2+, PbOH+ and 
PbCl+ (Table 3.1-6). ~lthough both formation waters (Table 3.1-7) and the 
interstitial waters of drilling fluids (Table 3.1-5) contain dissolved lead, 
concentrations fall either within or below the observed range of values for 
the Beaufort Sea. This suggests that the impact of drilling waste disposal on 
water column Pb levels will be minimal. Lead is also associated with drilling 
mud barite as the sulphide galena. An increase in sediment Pb levels near 
offshore drilling platforms might be expected since this mineral is relatively 
insoluble. 

Lead can exist naturally in several valence states: Pb(O}- metal, 
Pb+, Pb 2+ and Pb4+ With the possible exception of Pb+, all of these 
forms are of environmental importance (Demayo et ale 1980). However, 
organo-lead compounds, particularly those containin9thetetralkyl group, are 
considered to be the most toxic forms of this metal (Chan and Wong 1978; Chan 
et al. 1979, both cited in Demayo et al. 1980). Ionic Pb such as that present 
"'fil formation waters and interstitiaT waters of drill muds may be removed from 
solution by a number of processes. In the presence of a clay suspension (e.g. 
the bentonite in drilling muds), most of the lead ions are precipitated and 
adsorbed in forms such as PbOH+ (Farrah and Pickering 1977, cited in Demayo 
et ale 1980). When anions are available (e.g. sulphate a'nd phosphate), lead 
mayalso precipitate as low solubility salts (Demayo et ale 1980). The Pb 
which remains in solution is usually complexed with organic---ligands to produce 
soluble but non-toxic colloidal and particulate compounds. 

Lead sulphide (PbS) may also be introduced to the Beaufort Sea with 
barite, but it is non-toxic and virtually insoluble. Nevertheless, elevated 
levels of Pb will likely occur in sediments surrounding drilling rigs due to 
the contribution of PbS from barite. Benthic organisms could accumulate Pb in 
these habitats, but MacDonald (1980) considers migration of detectable levels 
of this element up the food chain unlikely. Although Pb contained in the 
sediments is non-toxic, certain reactions may lead to the formation of toxic 
compounds. The ability of clay materials to remove Pb from solution has been 
previ ously di scussed. Thi s process can be reversed by a decrease in pH or a 
change in the ionic composition of the interstitial waters within sediments. 
Other di- and trivalent ions compete and exchange with lead to allow the 
latter to come into solution (Griffin and Shimp 1976; Scrudato and Estes 1975, 
cited in Demayo et ale 1980). Certain inorganic and organic Pb compounds in 
the sediments mayaTso be converted to the highly toxic tetramethyl lead by 
methylating bacteria (Wong et~. 1975). 
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The toxicity of lead appears to be attributable to an affinity for 
sulphydryl groups on proteins, and this results in tissue damage and 
interference with enzyme functioning (Waldron and Stofen 1974, cited in Laws 
1981). Lead concentrations that produce either acute or sublethal effects in 
various marine organisms are summarized in Table 3.1-14. In the case of 
zooplankton and fish, data regarding acute effects of lead are only available 
for freshwater species. ' 

TABLE 3.1-14 

SUMMARY OF ACUTE AND SUBLETHAL CONCENTRATIONS OF LEAD FOR MARINE LIFE 

Species 

PHYTOPLANKTON 

Skeletonema 

BENTHIC ALGAE 

Macrocysti s 
py rife ra 

Common 
Name 

diatom 

Concentrat ion 
(mg/L) 

1.0 x 10-2 

giant kelp 4.1 

BENTHIC INVERTEBRATES 

Crassostrea 
vi rgi ni ca 

Mya a rena ri a 

Cra sso strea 
virgTnica 

Uca pugi 1 ator 

oyster O.s 

oyster 0.3 

clam 

oyster 

crab 

8.8 

0.1-0.2 

0.1 

Effect{ s) Reference 

Sublethal: Decrease Rivkin 1979 
in growth rate and 
altered cellular 
structure 

No adverse effects 
on photosynthesis 

Acute: 12 week 
LCSO 

Acute: 18 week 
LCSO 

Acute: 7 day LCSO 

Sublethal: Change 
in gonadal and 
mantle tissue 
after 12 weeks 

Sublethal: No 
appa rent effect 
on regeneration 

North and 
Clendenning 
19S8; in ESB 
1972 

Pringle, unpub. 
data, in ESB 
1972 

Pringle, unpub. 
data, in ESB 
1972 

Ei sl er 1977 

Pri ngl e, unpub. 
data in ESB 
1972 

Weis 1976 
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The effects of lead on planktonic communities have been the subject 
of only a 1 imited number of studi es. Bi esi nger and Chri stensen (1972) provi de 
data that demonstrate lead toxicity to zooplankton (Daphnia) at 0.3 ppm and 
significant loss of reproductive capacity at only 30 ppb. On the other hand, 
Zavodnik (1977) found that 1.0 ppm of lead had no significant effect on the 
respiratory metabolism of four species of marine macrophytic algae during 3 to 
6 day exposures. Stewart (1977) reported that 10 ppm of lead in the water was 
suffi ci ent to prevent growth and to cause loss of colour of the red alga 
Platythamnion pectinatum, while decreased growth rates and altered cellular 
structure were observed in the diatom Skeletonema at a lead concentration of 
only 0.01 ppm. Reish et a1. (1978), in a review of studies regarding uptake 
of trace metals and other poll utants, i ndi cate that rna ri ne macrophytes and 
phytoplankton contain residual lead concentrations in the range of 0.5 to 170 
ppm, while the zooplankton examined contain residual concentrations from 11.6 
to 81 ppm. 

Concentrations of lead in pelecypods were reported to range from 0.7 
to 10 ppm by Reish et a1. (1976). Zook et a1. (1976) found that residual lead 
concentrations varied from 0.00 to 1.57ppmin a wide variety of invertebrate 
species. Eisler (1977) reported that in the case .of Mya arenaria, the 7-day 
LC50 for lead was 8.8 ppm, while Weis (1976) found tliat a lead concentration 
of 0.1 ppm had no apparent effect on regeneration in the decapod Uca 
pugilator. Sublethal and acute toxic effects of lead on the oyster 
Crassostrea vi rgi nica occur at concentrations from 0.1 to 0.5 ppm (Tabl e 
3.1-14). 

In freshwater fi sh, the 96-h LC50 of 1 ead has been reported to 
range between 5.58 and 482 mg/~, dependi ng on the speci es tested and water 
hardness (Demayo et ala 1980). Residual concentrations of lead in the tissues 
of fish range fromO.01 to 21.2 ppm (Reish et ala 1978). Sublethal 
concentrations of lead to fish are also highly variable and dependent on 
species, life history stage and water hardness. The lowest toxic 
concentrati on of 1 ead reported in the 1 iterature is 4.0 x 10-3 mg/L for 
rainbow trout fry (Salmo gairdneri) (Davies et a1. 1976, cited in Demayo et 
a1. 1980). Severa,..---s:tUdies have indicated-thal suffocation through giTT 
coating is one of the primary causes of lead toxicity to fish. 

The effects of lead on birds, particularly waterfowl, have received 
extensive research in relation to ingestion of lead shot in hunting areas 
(e.g. Bates et ala 1968; Irwin and Karstad 1972). Symptoms of lead poisoning 
i ncl ude weakness, wei ght loss, and eventually death with suffici ent 
poisoning. Lead accumulates in several tissues, especially bone during laying 
periods. The significance of lead passed on in eggs is not fully understood 
(Finley et a1. 1976). Lead appeared in lower concentrations in the scaup and 
scoters examined by Vermeer and Peakall (1979) than it did in the ducks' food, 
and it has been suggested that a binding agent (metallothionein) allows 
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excretion of excess amounts of some trace metals. Intake of lead and other 
trace metals may also be related to the intake of grit required to grind food 
in the gi zza rd. Vegetati on-eati ng ducks requi re more gri t than ducks whose 
diet consists largely of fish or invertebrates, and are thus likely to absorb 
more metals associated with the grit (Vermeer and Peakall 1979). 

The effects of lead on marine mammals are poorly documented. Braham 
(1973) reported that lead concentrations in brain tissue of California sea 
lions were 3.2 ppm, with concentrations greater than 2 ppm in brain tissue 
expected to be toxic. On the other hand, Hunt (1979) measured less than 0.1 
ppm of lead in the liver and muscle tissue of four female white whales 
harvested in the Mackenzie Delta, but up to 5.98 ppm of lead in muktuk from 
these animals. 

As indicated earlier, the primary source of lead input to the 
Beaufort Sea during future exploration and production drilling would be the 
release of formation water from production islands. The maximum concentration 
of lead in formation water examined by Thomas (1978b) was 0.13 ~g/L, which is 
well below levels that are likely to cause significant sublethal or toxic 
effects. In addi ti on, these concentrati ons woul d be further reduced through 
natural mixing and dilution in the receiving environment. The most probable 
effects of lead contained in formation water or other drilling wastes would be 
accurnul ati on in members of lower trophic 1 evel s, si nce concentrati on factors 
of 1000 to 9000 and 16,000 to 20,000 have been reported in invertebrates and 
algae, respectively (Demayo et al. 1980). However, such accumulation would 
also be relatively localized ""because of the rapid dilution of lead-containing 
wastes following discharge, and there is no evidence to suggest that this 
metal would bioconcentrate 1n higher trophic levels (Demayo et~. 1980). 
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3.1.10.6 Mercury 

Mercury is present throughout freshwater and marine ecosystems, and 
can OCCUr~ in the marine environment in metallic (elemental) form or as 
inorganic and organic compounds. In seawater, the probable dissolved species 
is the inorganic salt HgC14- (Table 3.1-6), which is present in the 
Beaufort Sea in concentrations ranging from 4.4 to 17.5 ng/L (Table 3.1-5). 
I n aquatic ecosystems, most (90 to 99 percent) mercury is located in the 
sediments (Jernelov and Lann 1973, cited in Reeder et ale 1979b), where it may 
occur as: (I) particles of mercuric sulphide; T2rctroplets of metallic 
mercury, or (3) chemi sorbed or adsorbed on either organic or inorganic 
materials in the form of mercuric ion and methylmercuric ion (Krenkel 1974, 
cited in Reeder et ale 1979b). 

Di sso.l ved mercury is present in both formation waters and dri 11 i ng 
fluids, and these sources could lead to localized increases in mercury levels 
in seawater adjacent to exploration and production platforms. Concentrations 
found in Beaufort Sea formation waters examined by Thomas (1978b) were 9 times 
hi gher than background seawater 1 evel s (Tabl e 3.1-7), whi 1 e mercury 
concentrations from drilling fluid interstitial waters exceeded these 
background levels by factors of 4 to 16 (Table 3.1-5). Crippen et ale (1980) 
found that concentrations of mercury in waste drilling fluid were 185 times 
higher than in surficial sediments of the Beaufort Sea. The greatest mercury 
contributions would likely be associated with drilling mud suspensions, where 
mercury is associated with barite and occurs predominantly as the relatively 
insoluble mercuric sulphide (MacDonald 1980). r~ercuric sulphide occurs 
naturally in the form of cinnabar deposits. Sediments near these deposits may' 
have mercury level s over 100 times that of background, without observable 
effects on local surroundings (Gavis and Ferguson 1972, cited in MacDonald 
1980) • 

As in the case of other metals, mercury toxicity depends on its 
chemical form, which may be broadly classified as being either inorganic or 
organic. Inorganic forms include metallic mercury (HgO) and various "salts" 
of mercury in which the element is in the Hg+ or Hg2+ oxidation state. 
Elemental mercury generally goes into the vapour phase and is lost from water 
(Wood 1974). The maj or organi c compounds a re phenyl mercury (e. g. phenyl 
mercury acetate), methoxy mercury (e. g. methoxy-ethyl mercury acetate) and 
alkyl mercury (e.g. methylmercuric acetate). Mercury has been found to be 
most toxic in the organic form, and the methylmercury group is the most 
dangerous of these compounds (Laws 1981). 

Although mercury in drilling wastes is inorganic, methanogenic 
bacteria in the sediments are capable of converting virtually all forms of 
mercury into methylmercury (Laws 1981). Thi sis apparently achi eved by 
conversion to ionic Hg2+ (if not already present in this state) and then to 
methyl or dimethylmercury. r~ethylation can proceed under both aerobic and 
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anaerobic conditions (Bisogni and Lawrence 1975, cited in National Research 
Council 1978), although the rate of conversion declines if oxygen 
concentrations are greatly reduced (Wood 1972, cited in Laws 1981). The rate 
of met~lmercury synthesis is also controlled by the concentration of 
available Hg2+, the composition of the microbial population, pH, 
temperature, redox potential and synergistic or antagonistic effects of other 
metabolic processes (Wood 1974, cited in Wood 1974). The methylation rate has 
been shown to be extremely rapi d under optimum conditi ons (DeSimone et a 1. 
1973, cited in National Research Council 1978). However, Sommers annloyd 
(1974, cited in Leland et al. 1976) found that increasing the temperature 
enhanced the microbia l-transformati on of mercury, and presumably low 
temperatures in the Beaufort Sea would slow down the reaction rate. In 
addition, published evidence indicates that mercury in drilling mud is not 
prone to methylation (MacDonald 1980). Methylation is possible but occurs 
very slowly si nce most mercury is in the sul phi de state, and the rate 
controlling step (oxidation of sulphide to sulphate) is slow (Jernelov 1975, 
cited in MacDonald 1980). If discharged drilling muds are buried by 
accumulating sediment and maintained in an anoxic condition, mercury should be 
very effectively immobilized in the Beaufort Sea (MacDonald 1980). 

The formati on of i nsol ubl e sul phi des is consi dered, in fact, to be 
one of the detoxification processes in natural waters (Reeder et al. 1979b). 
Mercuric ions in water form mercuric sulphide (HgS) by: 1) exchanging with 
other cations in sulphidic minerals; and 2) reacting with bioproduced hydrogen 
sul phi de. Mercuri c sul phi de is the 1 east sol ubl e of a 11 sul phi des. 
Si~ilarlY, the methylmercury ion (CH3H9+) reacts with the sulphide ion 
(S -) to form CH3H92S, the second most insoluble sulphide (Clarkson 
1972, cited in Reeder et ale 1979b). Mercury compounds can al so evaporate 
from the water surface,ilna-this is another important detoxification mechanism 
(Johnson and Braman 1974, cited in Reeder et al. 1979b). A third 
detoxification process i nvol ves a bacterial conversion of methylmercury to 
methane and the volatile mercury metal. Since the rate of demethylation is 
much slower than methylation, this detoxification process will not prevent the 
steady-state concentration of methylmercury from building up in an ecosystem 
(National Research Council 1978). 

There has been much interest in the effects of mercury on the 
envi ronment duri ng the past few decades. Sherbi n (1979) recently summari zed 
available data on mercury levels in resources from Canadian environments. It 
has been suggested that mercury uptake into cells is linked to a process 
requi ri ng MgZ+, si nce uptake of mercury by the freshwater di atom Synedra 
appeared to be enhanced in the presence of magnesium ions (Fugita et ale 1976, 
cited in Reeder et al. 1979b). Some phosphatase enzymes involved-rn-cellular 
transport processes- a re known to requi re K+, Na+ and Mg2+ or r~g2+ 
alone for their activity (White et ale 1973, cited in Reeder et ale 1979b). 
The exact nature of mercury toxicny:iJarticularly that of meth,YT- mercury, is 
not fully understood. The underlying reaction is believed to be the 
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attraction between Hg and sulphydryl groups (-SH) on proteins (Goldwater 1971, 
cited in Laws 1981). Since proteins are essential constituents of cell 
membranes, mercury binding could readily disrupt numerous cell functions. The 
National Research Council (1978) reported that the acute toxicity of inorganic 
mercuric salts to marine invertebrates ranged from 0.05 to 1800 Ilg/L. For 
species listed in Table 3.1-15, acute toxicities vary from 50 Ilg/L in the 
crustacean Acttia clausi to 1.0 x 104 Ilg/L· in the mollusc Clinocardium 
nuttalli. With the exception of the 0.05 Ilg/L level, these values are 
considerably higher than concentrations which are likely to be introduced to 
the Beaufort Sea in drilling muds (0.071 Ilg/L) and formation water (0.059 
11 g /L) • 

TABLE 3.1-15 

SUMMARY OF ACUTE AND SUBLETHAL CONCENTRATIONS OF MERCURY FOR MARINE LIFE 

Form and 
Common Concen-

Species Name tration Effect( s) Reference 
(Ilg/L) 

PHYTOPLANKTON 

Vari ety of 60 Acute: 1 etha 1 Ukeles 1962, 
species organi c: concentrati on cited in ESB 

ethyl 1972 
mercury 
phosphate 

0.1-0.6 Sublethal: Ukeles 1962, 
organi c: inhibition of cited in ESB 
alkyl photosynthesis 1972 
mercury 

Asterionella diatom 370 Sublethal: cell Tompkins and 
division totally Blinn 1976 
inhibited 

Frasilaria diatom 37 Sublethal: reduced Tompkins and 
rate of cell Blinn 1976 
division 

BENTHIC ALGAE 

Macrocysti s giant kelp 50 Sublethal: 50 Clendenning 
pyrifera i norgani c: percent reducti on and North 1960 

mercuri c in photosynthesis 
chloride 
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TABLE 3.1-15 (cont'd) 

Form and 
Common Concen-

Species Name tration Effect( s) Reference 
(Ilg/L) 

BENTHIC INVERTEBRATES 

Acttia clausi crustacean 50 Acute: 2.5-h LC50 Corner and 
i norgani c: Sparrow 1956, 
mercury cited in ESB 

1972 

Cl i nocardium mollusc 1. a x 104 Acute: 48-h LC50 Portmann 1968, 
nuttalli i norgani c: cited in ESB 

mercuri c 1972 
chl ori de 

Hemi grapsus crab 1.0 x 103 Acute: 48-h LC50 Portmann 1968, 
i i norgani c: cited in ESB oregonensls 

mercuric 1972 
chloride 

Penaeus aztecus shrimp 6 x 103 Acute: 48-h LC50 Portmann 1968, 
i norgani c: cited in ESB 
mercuri c 1972 
chl ori de 

Penaeus shrimp 100 Acute: 48-h LC50 Portmann 1968, 
duorarum i norgani c: cited in ESB 

mercuric 1972 
chloride 

As indicated earlier, organometallic mercury is much more toxic than 
metallic mercury, and enters the food chain primarily through uptake by 
aquatic plants, fish and members of lower trophic levels (Jernelov 1969, cited 
in Environmental Studies Board 1972). Available information suggests that 
diffusi on control s the bi oaccumul ati on of methylmercury in the ti ssues of 
higher organisms (Rakow and Lakowicz 1977, cited in National Research Council 
1978), but attractive forces may accelerate the diffusion process. For 
example, Krauskopf (1956, cited in National Research Council 1978) showed that 
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methylmercury had a greater affi nity for 1 ivi ng planktonic cell s than for 
suspended clay particles. Once methylmercury enters cells, it is bound in 
such a way that even very low concentrations in water will rapidly build up in 
an EcosystEm (National Research Council 1978). Young and Mearns (1978) 
reported that mercury concentration increased by up to a factor of 20 along 
the food chain, and suggested that the apparent biomagnification may be 
associated with the relatively long biological half-life of organic mercury. 
However, accumul ati on and bi omagnificati on of resi dual mercury through the 
aquatic food chain app~ar to be more common in freshwater than marine 
ecosystems. If mercury bi omagnificati on does occur, fi sh-eati ng bi rds and 
mammals at the top of the food chain are most likely to be seriously affected 
(Environmental Studies Board 1972). 

Phytopl ankton are adversely affected by even very low concentrati ons 
of inorganic or organic mercury. Gaechter (1976, cited in Leland et ale 1976) 
found that inhibition of photosynthesis decreased in the followlrig order of 
trace metals: Hg > Cu > Cd > Zn > Pb. Growth of the diatom Phaeodactylum 
tri cornutum was i ilhi bi ted by i norgani c mercury at concentrations in the ppb 
range (Bryan 1976), while as little as 1 ppb of mercury resulted in a 
reduction in growth rates of marine dinoflagellates (Kayser 1976). In 
addition, mercury levels as low as 0.1 ppb were found to reduce algal numbers 
and species diversity in periphyton communities examined by Sigmon et ale 
(1977). The same concentration (0.1 ppb) of some alkylmercurial fungTCides 
decreased the photosythesis of the marine diatom Nitzschia delicatissima 
(Panel on t4ercury 1978), whil e 0.1 to 0.6 ppb of al kyl mercury has been shown 
to inhibit photosynthesis and growth of marine phytoplankton (Ukeles 1962, 
cited in Envi ronmenta 1 Studi es Boa rd 1972). Mercuric chl ori de and 
methylmercuric chloride were found to inhibit the lipid biosynthesis in some 
photoplankton species, and it has been concluded that algae may be highly 
susceptible to alkylmercurials because of the high lipid content of their cell 
membranes (Panel on Mercury 1978). 

The 1 imited available data suggest that the toxicity of mercury to 
marine zooplankton is also relatively high, with larval stages appearing to be 
more susceptible to this metal than adult invertebrates (Connor 1972; Bernhard 
and Zattera 1975; Vernbert et a 1. 1973, cited in Bryan 1976). For exampl e, 
the 24-h LC50 values for la"rvae and adults of the rna ri ne copepod Aca rti a 
tonsa were 3 ppb and 34 ppb, respectively (Reeve et~. 1976). 

Acute mercury toxicity varies widely among marine invertebrates, and 
lethal concentrations range from 0.05 to 1800 ppm for inorganic mercuric 
salts, with larval stages being generally most sensitive to mercury exposure 
(National Research Council 1978). Two-hour LC50 values in the range from 
13,000 to 18,000 ppb have been documented with mercury and the planktonic 
larvae of marine benthic fauna (Bernhard and Zattera 1975), and sublethal 
effects have been observed at concentrations as low as 5 ppb (Bougis 1962, 
1965; Soyer 1963, both cited in Bryan 1976). Luoma (1977) found that 
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po1ychaetes and shrimp can rapidly accumulate dissolved mercury from seawater, 
and that this is followed by a rapid biochemical transformation to a comp1exed 
form within the body and then a slow depuration from the organism. Overall, 
the retention of mercury by an organi sm depends on its chemical form and 
pathway of accumu1 ation. Bi oaccumu1 ati on of mercury in benthic i nfauna has 
been suggested at two stations near drilling fluid discharge sites in the 
Beaufort Sea (Crippen et al. 1980). Mariani et al. (1980) also found that 
brittle stars (AmphiOj)Jus macilentus), molluscs (Lucinoma fi10sa) and 
polychaete worms in the vicinity of a drill rig off New Jersey accumulated 
significant amounts of mercury, although drilling activities resulted in 
negligible mercury discharges (Ayers et al. 1980a), and sediment mercury 
levels were below the detection limit or-o.~ ~g/g (Mariani et a1. 1980). The 
degree of mercury accumulation by benthic invertebrates may aTso depend on 
their trophic level, and whether they feed on the bottom or from the water 
column (Holm and Cox 1974, cited in Reeder et al. 1979b). For example, in a 
freshwater ecosystem, bottom feeders accumu1 atedten times as much mercury as 
p1anktivores (Hamilton 1972, cited in Reeder et~. 1979b). 

Several authors (Kusher 1974; Colwell and Nelson 1974; Walker and 
Colwell 1974, all cited in Leland et al. 1976) have reported the presence of 
Hg-resistant bacteria in natural waters, sediment and as part of planktonic 
communities. For example, natural populations of marine bacteriop1ankton 
showed enhanced mercury to1 erance foll owi ng exposure to 1 mg/L of mercury 
(Farooq et ale 1977). Heterotrophic activity in this population initially 
decrease~to~ percent of control levels, while bacterial biomass decreased to 
8-40 percent of the control. However, both parameters were reported to return 
to I normal I within 5 days. Walker and Colwell (1973) indicated that some 
mercury-resistant bacterial populations were also able to degrade oil. Since 
formation water will also contain some petroleum hydrocarbons, the presence of 
these strains in the Beaufort Sea, although not presently documented, could 
reduce the potential synergistic effects of trace metals and oil near 
production facilities. 

The most common form of mercury found in fish is methylmercury. The 
pathways of mercury accumulation by fish have not yet been fully documented, 
although it is known to at least enter via the alimentary canal (i.e. from 
food), the gills, and through the skin (Reeder et al. 1979b). In freshwater 
fi sh, si gnificant bi oconcentrati on of mercury-can occur as a resul t of 
exposure to very low, nontoxic mercury levels in the water (Reeder et ale 
1979b). Similar bioaccumulation by fish in marine waters has not been 
reported, although marine species exposed to methylmercury associated with 
industrial effluents in Minamata Bay and Niigata in Japan accumulated up to 40 
~g/g of mercury. 

In a study of the acute toxicity of several trace metals to rainbow 
trout, Hale (1977) reported that mercury was second only to cadmium in 
toxicity. Mercury toxicity to freshwater fish appears to be greater at higher 
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temperatures (Rehwoldt et ale 1972; Macleod and Pessah 1973, both cited in 
Reeder et al. 1979b), lOwlevels of dissolved oxygen (Lloyd 1961, cited in 
Reeder et aT. 1979b) and low pH (larsson 1971, cited in Reeder et a 1. 1979b). 
However-,-the simultaneous presence of copper has been shown to 6€!antagonistic 
to the toxicity of mercury to fish (Roales and Parlmutter 1974, cited in 
Reeder et ale 1979b). Documented sublethal effects of mercury on fish include 
reduced-activity of the liver enzyme o-aminolevulinate (Bryan 1976), 
decreased olfactory response (Hara et ale 1976), decreased swimming fatigue 
velocity (Alexander 1974, cited in lerand et al. 1976) inhibition of sodium 
uptake (Meyer 1952, cited in Renfro et ale -r974T, depression of ion transport 
in osmoregul atory systems (Renfro -et- a 1. 1974) and impai red swimmi ng 
performance (Bryan 1976). - -

As for other trace metals, limited information has been published on 
the effects of mercury on marine mammals. Hunt (1979) found that like cadmium 
and copper, mercury was accumulated in the livers of four female white whales 
harvested from the Mackenzie Delta, but was present in considerably lower 
concentrations in muscle tissue and muktuk. 

Birds are able to tolerate methylmercury levels in their diet 
approaching 0.5 mg/kg (Reeder et ale 1979b). Surface-feeding birds which feed 
primarily on vegetation and macrOTnvertebrates have been found to have 1 iver 
mercury levels which are considerably less « 10 mg/kg total Hg) than ,those 
measured in the liver of fish-eating birds (100 mg/kg total Hg) (Fimreite 
1974, cited in Reeder et ale 1979b). In Sweden, two species of fish-eating 
bi rds (the osprey, Panmonna 1 i aetus, and the great-crested grebe, Poci deps 
cristatus) have shown a gradual increase in feather mercury content which 
parallels the increase in industrial use of mercury in the region (Johnels and 
Westermark 1969, cited in Envi ronmental Studi es Board 1972). The percentage 
egg hatch has been shown to be lower at merc'ury level s above 0.5 mg/kg Hg, 
although mercury does not appear to affect eggshell thickness (Fimreite 1970, 
cited in Reeder et ale 1979b). This has led to the suggestion that mercury 
bioaccumulation may reduce the reproductive capacity of birds at the top of 
food chains (Fimreite et ale 1970, cited in Environmental Studies Board 1972), 
including the white-filled sea eagle (Haliaetus albicilla) in regions of 
Finland where the species feeds on marine birds and fish (Henriksson et al. 
1966, cited in Environmental Studies Board 1972). - -

In summary, localized areas of mercury contamination in sediments may 
result from discharge of drilling wastes and fonnation water in the Beaufort 
Sea. The degree to which inorganic and organic mercuric compounds could be 
accumul ated by local flora and fauna is not presently known, nor are the 
potential synergistic reactions which may result from the presence of other 
trace metals and petroleum hydrocarbons. However, on the basis of the 
available information, there is no reason to expect that more than localized 
sublethal effects would result from the low concentrations of mercury which 
are likely to enter the Beaufort Sea during future exploration and production 
activities. 
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3.1.10.7 Nickel 

Nickel is relatively abundant in the earth's crust and is now 
considered an essential trace element in the metabolic processes of some 
organisms (Taylor et ale 1979b). In seawater; it ranks 24th in abundance 
(Taylor et ale 1979bT Wlth concentrations ranging from 0.5 to 1 ~g/L in world 
coastal oceans (Tabl e 3.1-5). Background nickel concentrati on val ues are not 
available for the Beaufort Sea. Nickel in drilling wastes is not as serious a 
potential concern as some other trace metals (i.e. cadmium and mercury) 
discussed previously, but it may nevertheless be present in relatively high 
concentrations in formation water (Table 3.1-7) and to a lesser extent within 
the interstitial water of drilling fluids (Table 3.1-5). A comparison of the 
concentrations from each of these sources with the background 1 evel sin the 
Beaufort Sea is not possible, although if concentrations. of nickel in world 
coastal oceans are representative as baseline values, Ni levels in 
interstitial waters fall within the normal range, while those in formation 
waters exceed background 1 evel s by a factor of 8.6 to 172. Formati on water 
discharge could therefore lead to elevated dissolved nickel levels although 
concentrations measured by Thomas (1978b) are still considerably less than the 
100 ppb of nickel which has been suggested as a lower limit for posing a 
hazard to marine organisms (Environmental Studies Board 1972). Nickel may 
also be introduced to the Beaufort Sea in association with the pyrite 
component of discharged barite. Since this mineral is relatively insoluble, 
accumulation of nickel in the sediments near drilling waste disposal sites 
could be expected. 

Nickel occurs in a series of valence states from -1 to +4, although 
the ionic Ni 2+ state is the probable dissolved and toxic species in seawater 
(Table 3.1-10). Nickel can also form stable, solid, organometallic compounds, 
while Ni 2+ halides form a very large number of complexes with ligands which 
often have nitrogen or phosphorus donor atoms (Nicholls 1973, cited in Taylor 
et ale 1979b). The presence of suspended solids removes a large percentage of 
ClTsSOlved free nickel from solution (Taylor et ale 1979b). Thus, the presence 
of drilling mud bentonite and fine formation-cuttings in waters surrounding a 
dri 11 i ng ri g coul d reduce locally el evated Ni ion concentrati ons. There 
appears to be no available information on the mobility of sediment-bound 
nickel. 

Nickel has been shown to be less soluble, and hence less toxic, at a 
higher pH (Hutchinson and Stokes 1975, cited in Taylor et ale 1979b). In 
freshwater environments, water hardness al so affects nickeltoxicity. For 
example, the 96-h LCSO values for fathead minnows increased from 4.S8 and 
5.18 ppm in soft water (20 mg/L as CaC03) to 25.0 and 28.0 ppm in hard water 
(210 mg/L as CaC03);; and 42.4 ppm in very hard water (360 mg/L as CaC03) 
(Pickeri ng and Henderson 1966; Pi ckeri ng 1974, both cited in Reeder et a 1. 
1979b). Under alkaline conditions, a nickel cyanide complex had no apparent 
toxic effects on fish at concentrations below 100 mg/L (Doudoroff 1956, cited 
in Environmental Studies Board 1972). 
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The vast majority of the studies completed on nickel toxicity and 
phytoplankton have focused on freshwater species. Stokes et ale (1973, cited 
in Taylor et ale 1979b) found that the freshwater algaeChlorella and 
Scenedesmus can-develop a tolerance to nickel. The growth of laboratory 
cultures of phytoplankton was inhibited by a nickel concentration of 0.5 ppm, 
while members of the same species collected from nickel-contaminated lakes 
could still grow in water containing 3.0 ppm of nickel. A synergistic effect 
between nickel and copper has been sho\,!n in toxicity studies with freshwater 
algae (Hutchinson 1973, cited in Taylor et~. 1979b). 

The literature describing the sublethal and acute toxic effects of 
nickel on planktonic organisms and benthic invertebrates is extremely limited, 
particularly for marine ecosystems (Table 3.1-16). Acute toxicity (48-h 
LC50) of nickel to three freshwater zooplankton species ranged from 1.9 to 
150 mg/L (Baudouin and Scoppa 1974). Nickel ions appeared to affect the cell 
wall of the marine bacterium Arthrobacter marinus (Cobet et ale 1970). Cell 
di vi si on was interfered with but growth conti nued, and thi s resulted in very 
enlarged cells (Cobet 1968, cited in Jones 1973). 

The effects of nickel on marine fish are poorly documented, although 
Podubsky and Stedronsky (1951) provide evidence that nickel is less toxic to 
fish than copper, iron or zinc. Brown and Dalton (1970, cited in Taylor et 
ale 1979b) reported that the 48-h LC50 value of nickel with rainbow trout 
was 32.0 mg/L, while the lethal concentration with sticklebacks has been 
estimated at 0.8 ppm (Jones 1939). Tillery and Thomas (1980) found that 
concentrations of nickel in sheep shead (Archosargus probatocephalus) muscle 
tissue were significantly higher in fish captured in the vicinity of a Gulf of 
Mexico petroleum production platform than in other areas of the Gulf. 
However, the authors suggested that the high levels of trace elements 
introduced into the area by the Mississippi River limited interpretation of 
any trends in residual nickel levels in this species. 

The uptake and toxicity of nickel in birds and marine mammals is very 
poorly documented, although evi dence from freshwater studi es i ndi cates an 
absence of nickel biomagnification through the food web (Hutchinson et ale 
1975, cited in Taylor et al. 1979b). Anderlini et al. (1972) attrThuted 
concentrati ons of nickel-i nl i ver and bones of ashy petrel s (Oceanodroma 
homochroa) from California to industrial wastes. 

Despite the rather limited amount of information which appears to be 
available regarding the effects of nickel on marine flora and fauna, 
concentrations of this element in formation water examined to date in the 
Beaufort region are below the lower limit considered a hazard to marine 
resources. In addition, there is no evidence of bioconcentration of nickel in 
either freshwater or marine ecosystems, and the concentrations of Ni 2+ 
present in dri 11 i ng wastes di scha rged from expl orati on and producti on 
facilities would decrease rapidly in the surrounding waters du.e to natural 
mixing. 
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TABLE 3.1-16 

SUMMARY OF ACUTE AND SUBLETHAL CONCENTRATIONS OF NICKEL FOR MARINE LIFE 

Common Concen-
Species Name tration Effect( s) Reference 

(mg/L) 

BENTHIC INVERTEBRATES 

Crassostrea oyster 1.2 Acute: 12-day Reeve et ale 
I I I 

IC50 1976 --Vl rgl n1 ca 
(larvae) 

Mercenari a clam 5.7 Acute: 8-10 day Reeve et ale 
I IC50 1976 --mercenan a 

(1 a rvae) 

Mya arenari a clam >50 Acute: 7-day LC50 Ei sl er 1977 
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3.1.10.8 Zinc 

Zinc is an essential element at trace levels, and the concentration 
in the Beaufort Sea is estimated to range between 0.2 and 3. 4 ~g/L (Tabl e 
3.1-5). Dissolved zinc is present in both drilling mud interstitial water 
(Table 3.1-5) and formation waters (Table 3.1-7). Studies completed in the 
Beaufort Sea by Thomas (1978a,b) indicated that zinc levels in interstitial 
waters of drill muds exceed concentrations of this element in seawater by a 
factor of 2 to 3, while Zn in formation \'Iaters may be up to 33 times higher 
than background val ues. These data suggest that di ssol ved Zn concentrati ons 
may be locally increased as a result of drilling activities, particularly near 
production platforms. Zinc may also be discharged as sphalerite (ZnS) in 
association with drilling mud barite. Although zinc is relatively insoluble 
in this form and minimal effects on dissolved concentrations would be 
expected, increased Zn 1 evel sin the sediments woul d 1 i kely occur in waste 
disposal areas (MacDonald 1980). 

The toxic form of zinc is the Zn2+ ion (Zirino and Yamamoto 1972, 
cited in Taylor and Demayo 1980), and this is also the most probable dissolved 
species in seawater (Table 3.1-10). In addition to persisting as Zn2+, zinc 
may form a range of inorganic compounds and organic complexes, and become 
adsorbed onto or occluded in inorganic (Zn2+ - clay) or organic colloids 
(Zn2+ - humic acids) (Taylor and Demayo 1980). The proportion of zinc in 
each of these forms varies with factors such as pH, the total amount of zinc 
in the water, and the presence of organic and i norgani c compounds and other 
metal ions (Florence and Batley 1977, cited in Taylor and Demayo 1980). In 
seawater, for example, model calculations have shown that the expected 
proportion of uncomplexed Zn2+ would be 51 percent at pH 7 and only 17 
percent at pH 8.1 (Zirino and Yamamoto 1972, cited in Taylor and Demayo 
1980). The present pre-disposal pH range for drilling fluids is 6 to 8.5 
(Friesen 1980). This model suggests that a closer restriction of the pH range 
of discharged drill muds to a pH closer to 8 could minimize localized 
increases in free zinc level s. Documented formation water pH values, as 
exemplified by Kaglulik A-75 values of 8.3 (Thomas 1978b), could 
simultaneously favour maintenance of low Zn2+ levels. 

Several processes result in Zn mobilization from the sediments. 
Dissolved oxygen concentrations at the sediment-water interface have a 
significant effect on zinc mobilization. Under reducing conditions, zinc will 
remain in the metallic sulphide form and free zinc ions will precipitate as 
ZnS. On the other hand, oxidizing conditions will lead to increased Zn2+ 
conGentrations in the bottom waters. The mechanism is believed to involve the 
conversi on of meta 11 ic sul phi de to the more sol ubl e carbonate, hydroxi de, 
oxyhydroxide, oxide or silicate forms (Lu and Chen 1977, cited in Taylor and 
Demayo 1980). Metal transfer between sediments and bottom \'Iaters is al so 
dependent on the nature and concentrati on of other metals, the organi c and 
inorganic ligands present, pH and particle size composition of the bottom 
sediments (Lu and Mariani 1977; Lu and Chen 1977, both cited in Taylor and 
Demayo 1980). 
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The mechanism of zinc toxicity appears to be related to an 
interference with gaseous exchange (Taylor and Demayo 1980). Studies which 
have examined the acute toxic concentrations of zinc for several marine 
organisms are summarized in Table 3.1-17, although like most trace metals, the 
vast majority of the studies conducted to date have been directed at 
freshwater speci es. 

Zinc has been shown to be toxic to phytoplankton, although it is 
generally considered less toxic to planktonic communities than cadmium, 
copper, lead or mercury (Gaechter 1976, cited in Leland et ale 1976). Normal 
growth has been reported at 200 ppb (flagellate) and 800PPb'" (diatom), while 
zinc concentrations from 50 to 200 ppb inhibited or reduced growth of other 
diatom species (Bernhard and Zattera 1975; Kayser 1977, cited in Rabsch and 
Elbrachter 1980). The unicellular alga Chlorella has been shown to develop a 
resi stance to zi nc after several generations. Resi stant cultures showed a 
marked resistance to zinc uptake, as well as a lower number of cell wall sites 
available for adsorption of zinc ions (de Filippis and Pallaghy 1976, cited in 
Taylor and Demayo 1980). Similarly, the filamentous alga Hormidium rivulare 
from a river with high zinc content was found to be much more tolerant of zinc 
than the same species collected from a river with a low zinc concentration 
(Say et~. 1977, cited in Taylor and Demayo 1980). 

Zi nc is rel ati vely toxic to zoopl ankton and benthic invertebrates 
(Table 3.1-17), and may also result in a range of sublethal effects. Reduced 
growth and structural abnormalities in the planktonic larvae of benthic 
organisms have been documented at zinc concentrations greater than 0.04 ppm 
(Bougis 1962, 1965; Soyer 1963; Timourian 1968; Bereton et ale 1973, all cited 
in Bryan 1976). Acute toxicity of zi nc to invertebrates has occurred at 
concentrations as low as 0.195 mg/L in the clam Mercenaria mercenaria but at 
200 mg/L in another clam, Clinocardium nuttalli (Table 3.1-17). Reish et al. 
(1976, 1978) indicate that residual levels of zinc in benthic inverteDrates 
range from 0.006 to 5000 ppm, which indicates a considerable degree of 
bioaccumulation, particularly in pelecypods. McDonald (1980) suggests that 
fi lter feeders woul d be most 1 i kely to accumul ate zi nc from contami nated 
sediments in the vicinity of drill rigs in the Beaufort Sea. 

Bacteria have been shown to be a pathway through which zinc can 
accumulate in higher trophic levels. For example, bacteria cultured in media 
with sediments contaminated by 2 mg/L Zn for 7 days at 28°C were fed to worms 
(Tubifex sp. and Limnodrilus sp.), which in turn accumulated 868 mg Zn/kg (dry 
wei ght). On the other hand, worms fed bacteria cul tured in the absence of 
contaminating metals had only 262 mg/kg zinc within their tissues (Patrick and 
Loutit 1976). 
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TABLE 3.1-17 

SUMMARY OF ACUTE AND SUBLETHAL CONCENTRATIONS OF ZINC FOR MARINE LIFE 

Common Concen-
Species Name tration Effect( s) Reference 

(mg/L) 

ZOOPLANKTON 

Artemia salina Bri ne 0.1 Acute: 150-h LC50 Bernha rd and 
(1 arvae) shrimp Zattera 1975 

(adults) Bri ne 1.0 Acute: 12-day LC50 Bernhard and 
shrimp Zattera 1975 

(adults) Bri ne 0.1 Sublethal: Suppres- Bernhard and 
shrimp si on of growth Zattera 1975 

BENTHIC INVERTEBRATES 

Clinocardium Clam 200 Acute: 48-h LC50 Portman 1968, 
nuttall, cited in ESB 

1972 

Hemi grapsus Crab 12 Acute: 48-h LC50 Portman 1968, 
oregonensis cited in ESB 

1972 

t4ercenaria Clam 0.195 Acute: 8-10 day Ca 1 abrese et a 1 • 
mercenaria LC50 1977, citedin 
(larvae) Rei sh e.!!!., 

1978 

Mya are na ri a Clam 1.55 Acute: 7-day LC50 Ei sl er 1977 

Penaeus aztecus Shrimp 100 Acute: 48-h LC50 Portman 1968 
cited in ESB 
1972 

Penaeus Shrimp 10 Acute: 48-h LC50 Portman 1968 
auorarum cited in ESB 

1972 
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The effects of zinc on fish have been primarily examined in 
freshwater environments. Rainbow trout (Salmo gairdneri) avoided waters 
conta i ni ng a zi nc concentrati on of only 5. 6 ppb duri ng 50, percent of the 
trials conducted by Sprague (1968, cited in Taylor and Demayo 1980). In a 
simil a r manner, Atl anti c salmon (Sa 1 mo sal a r) have been shown to a voi d zi nc 
and copper mixtures at low concentrations-T$Prague 1965; Sprague and Saunders 
1963, both cited in Environmental Studies Board 1972). It is unknown if this 
behaviour would also occur in marine environments, although background zinc 
1 evel sin the Beaufort Sea approach the avoi dance threshol ds observed with 
rainbow trout, and it is likely that marine species are adapted to higher zinc 
concentrations than freshwater species examined to date. 

Zinc is toxic to fish at relatively low concentrations. Its toxic 
action seems to involve interruption of gaseous exchange both at the tissue 
level, through inhibition of the enzyme carbonic anhydrase, and at the gills, 
through damage of gill epithelia (Taylor and Demayo 1980). Several studies 
have suggested that zinc concentrations may be physiologically regulated in 
some fish species (Eisler and Gardner 1973; Naidu 1974, cited in leland et a1. 
1976). Zinc toxicity to freshwater fishes appears to increase with increased 
pH (Mount 1966; Holcombe and Andrew 1978, both cited in Taylor and Demayo 
1980), and to decrease with increased hardness (Mount 1966; Sin1ey et al. 
1974, both cited in Taylor and Demayo 1980). A rise in water temperature and 
low dissolved oxygen levels both have been shown to increase zinc toxicity to 
the bluegill lepomis macrochirus (Pickering 1968; Burton et al. 1972, both 
cited in Taylor and Demayo 1980). Atlantic salmon (Salmo-saTar) have also 
been shown to be more tol erant of zi nc at lower temperatures (Hodson and 
Sprague 1975, cited in Taylor and Demayo 1980). 

Sublethal effects of zinc on fish include reduced reproductive 
capacity. Female whitefish and northern pike from a mine tailings pond were 
either barren or had smaller and fewer eggs than fish from less contaminated 
areas (Falk et al. 1973, cited in Taylor and Demayo 1980). Zinc may also 
affect behavlour of fi she For example, the stone loach (Noemachei1 us 
barbatu1us) lost its instinct to hide during daylight when exposed to 
subl etha 1 zi nc concentrati ons (Sol be and Flook 1975, cited in lel and et !l. 
1976). 

Freshwater fish can accumulate zinc from their environment, as shown 
with fish inhabiting a Northwest Territory lake affected by mine wastes. Zinc 
was accumulated in the liver at concentrations four to eight times as high as 
in muscle (Falk et al. 1973, cited in Taylor and Demayo 1980). The role of 
feeding habits in-zlnC accumulation by fish was demonstrated by Delisle et ale 
(1975, cited in Taylor and Demayo 1980) with bottom and mid-water feeding 
aqua ri urn fi shes. Foll owi ng exposure to zi nc-contami nated sediments for 5 
months, the mi d-water feeder (Brachydani 0 reri 0) accumul ated between 2.4 and 
10 times 1 ess zi nc than the bottom feeders (Carassi us auratus and Corydores 
aeneus). 
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As is the case of other trace metals, little information is available 
on the effects of zinc on marine mammals. Residual zinc concentrations were 
approximately equal in the liver, muscle tissue and fat of four white whales 
harvested in the Mackenzie Delta (Hunt 1979). This is in contrast to meiCUiY, 
cadmium and copper which were found to be preferentially accumulated in the 
1 i ver. 

Zinc has been shown to be toxic to birds at high concentrations, with 
high dietary levels resulting in anemia and paralysis in domestic mallards 
(Gasaway and Buss 1972). Experiments with domestic mallards at 3000 to 12,000 
ppm zinc (air-dried weight) resulted in loss of body weight, severe stress 
(demonstrated by increased adrenal and ki dney si ze and decreased pancreas), 
and mortality (Gasaway and Buss 1972). 

As in the case of other trace metals contained in drilling wastes, 
some buildup of zinc levels in sediments surrounding exploration and 
producti on p1 atforms is expected, but di ssol ved concentrati ons in the water 
column will be rapidly reduced to non-hazardous levels within a few metres of 
offshore facilities. As a result, the impacts of this metal on marine 
resources of the Beaufort Sea will likely be restricted to localized sublethal 
effects in the immediate vicinity of drilling waste disposal, including 
accumulation of zinc in the tissues of sessile benthic fauna and possibly some 
speci es of fi she 
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3.1.10.9 Summary of Concerns Related to Trace Metals 

As discussed earlier, most trace metals present in drilling wastes 
are not biologically available, and uptake of metals by marine organisms would 
only be 1 i ke1y if re1 ati ve1y 1 arge quantiti es of formati on waters contai ni ng 
dissolved metals are released to offshore waters of the Beaufort Sea. It is 
not possible to accurately predict the concentrations of trace metals which 
cou1 d be present in waters surroundi ng production faci 1 iti es as a resu1 t of 
fonnation water release, particularly since fonnation water chemistry will 
likely differ with well location and depth. In addition, the amount of trace 
metals remaining in solution or removed from the water column through 
precipitation and/or adsorption will depend on temperature, dissolved oxygen, 
pH, salinity, the presence of various organic and inorganic compounds, and the 
presence and size of suspended clay particles. Measurement of total trace 
metal concentrations in sediments does not give an accurate estimate of the 
metals which may be available to organisms, particularly with those metals 
which are not easily released once they are bound to the sediments. 

The levels of dissolved trace metals documented in the interstitial 
water of drilling fluids and in fonnation water (Thomas 1978a,b) are generally 
well below the concentrations at which sublethal and lethal effects have been 
documented for aquatic organi sms. In additi on, fi el d studi es in offshore 
areas have shown that dilutions are in the order of 100:1 in ,the immediate 
zone of discharge of waste drilling fluids, and under nonnal conditions, trace 
metals are diluted to background concentrations within 200 m of the discharge 
site. McDonald (1980) suggests that serious water column effects would only 
occur if drilling wastes were discharged in a basin with restricted 
circulation. ' 

The use of primarily freshwater organisms in trace metal toxicity and 
sublethal experiments hampers assessment of the possible effects of fonnation 
water and drilling waste discharge on Beaufort Sea organisms, although 
accordi ng to Envi ronmenta 1 Studi es Board (1972), freshwater bioassay data do 
provide some measure of potential acute toxicity in the marine environment. 
In addition, the toxic effects of trace metal s on various organisms can be 
affected by factors such as pH, light, water temperature and hardness, food or 
nutri ent avail abi 1 ity and di ssol ved oxygen concentrati on. Condition of the 
organi sm and the simul taneous presence of other toxicants (which may produce 
synergi stic and antagoni stic effects) may al so affect the toxicity of trace 
metals. A complex chemical media such as seawater may be expected to result 
in more synergi sm or a ntagoni sm than a medi a ha vi ng few chemical compounds 
(Environmental StUdies Board 1972). In view of the relatively high trace 
metal levels required to produce adverse biological effects and the dilution 
which has been shown to occur at a drilling waste disposal site. the discharqe 
of fonnation water and drilling fluids in the Beaufort Sea is not expected to 
result in more than localized effects on marine organisms. However, the 
bioaccumu1ation of several trace metals may occur in areas of 10ng-tenn 
fonnati on water rel ease, particu1 arly in benthic invertebrates, whi ch are a 
food source for higher trophic levels. 
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Newbury (1979) suggested that trace metals present in drilling fluids 
and formation cuttings may have adverse effects on some species of marine 
mammals. However, the trace metals which are most likely to result in 
localized effects on marine mammals are those present in dissolved form in 
formation or IIproduced ll water, and then only if individuals feed or remain in 
areas relatively close to production platforms where this water is not being 
reinjected for recovery enhancement. The very limited number of studies which 
have examined the effects of trace metals on marine mammals indicate that at 
least some species can accumulate trace metals. For example, Heppleston and 
French (1973) found higher residual metal levels with increased age of gray 
sea 1 s, suggesti ng that thi s speci es concentrates metals from the surroundi ng 
environment or food resources. However, the physiological effects and 
long-term ecological si gnificance of accumul at; on of trace metals by mari ne 
mammals remain poorly documented. 

In the absence of evidence to the contrary, it should be assumed that 
marine mammals in the Beaufort Sea could indirectly (via ingestion of 
contaminated prey) or directly accumulate some trace metals present in 
drilling wastes, particularly in areas where produced water containing 
dissolved metals is discharged to the marine environment. However, the 
susceptibility of marine mammals in the Beaufort Sea to trace metal uptake 
would likely vary with species and area of drilling waste disposal. The 
degree of concern related to the accumulation of metal s by bowhead and white 
wha 1 es is expected to be NEGLIGIBLE si nce these speci es a re not yea r-round 
residents, and would only be temporarily exposed to elevated metal levels 
during their movement through the production region. On the other hand, seals 
and polar bears spend a larger proportion of the year in or near the area 
where exploration and production drilling would primarily occur, and may 
actually be attracted to these sites under some circumstances (Section 
2.1.2). In addition to the greater risk of direct exposure of these species 
to drilling wastes, seals have also been shown to accumulate trace metals, and 
the feeding habits of both seals and polar bears are likely to favour indirect 
transfer of trace metals from contaminated food organisms in the vicinity of 
drilling platforms (from benthic invertebrates and fish to bearded and ringed 
seals, respectively, and from seals to polar bears). Arctic foxes feeding on 
ringed seal carrion could also accumulate trace metals. Nevertheless, the 
overall degree of concern regarding potential effects of trace metals in 
drilling wastes on bearded and ringed seals, polar bears and Arctic foxes is 
only considered MINOR because of the small proportion of the regional 
populations that would be affected. 

To date, trace metals in drilling wastes have not been shown to be 
hazardous to birds, although this phenomenon is considered possible in 
habitats where dissolved metals in formation water are available for uptake by 
dominant prey species of bird populations found in the Beaufort Sea. Some of 
the trace metals present in significant amounts in drilling fluids and 
formation water have been shown to adversely affect and/or be accumulated by 
bi rds. 
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Several species of birds have been shown to accumulate trace metals 
as a result of their diet, although primarily in areas near sewage outfalls 
(Vermeer and Peakall 1979). Different feeding habits have been shown to cause 
differences in trace metal concentrations within two species of seaducks 
feedi ng in the same area. Vermeer and Peaka 11 (1979) attri buted differences 
in concentrations of some metals between surf scoters (Melanitta 
perspicillata) and greater scaup (Aythya marila) to the higher dependence of 
the scoters on mussels (Mytilus edulis), which were shown to concentrate those 
metals. Uptake of trace metals may also be related to intake of grit required 
to gri nd food in the gi zzard. Ducks whi ch .feed on vegetati on requi re more 
grit than ducks whose diet consists'largely of fish or invertebrates, and are 
thus 1 i kely to absorb more trace metal s from the grit (Vermeer and Peakall 
1979) • 

Birds most likely to be affected by trace metals from drilling wastes 
rel eased to the Beaufort Sea are those whi ch feed on benthi c invertebrates, 
particularly if disposal occurs in shallow areas with limited water 
circulation that also happen to be used as feeding habitats by birds. 
However, since any adverse effects would be localized and involve a small 
number of individuals from regional populations, the overall degree of concern 
related to birds and trace metals is expected to be MINOR. 

Ti 11 ery and Thomas (1980) reported hi gher concentrations of Cr, Fe 
and Ni in two fi sh speci es in the Gulf of f4exico, but were unabl e to 
substantiate that the chemicals originated from a drilling operation. Neither 
Wohlschlag (1977) nor McDermott-Ehrlich et ale (1978, both cited in Gettleson 
1980) found elevated levels of trace metalsin fish collected near drilling 
sites in the Gulf of Mexico and off the Californian coast, respectively. Due 
to the rapid dilution and dispersion of drilling fluids and other drilling 
wastes following discharge to the marine environment, the period of contact 
between fish and any wastes is probably in the order of minutes (Gettleson 
1980), unless the fish are actively swimming into the most concentrated 
portion of the turbidity plume (Houghton et al. 1980) or are attracted to the 
spoil deposits and associated benthic commumty. Consequently, most effects 
of trace metals on fish would be highly localized, and Houghton et a1. (1980) 
suggested that metals in drilling wastes would result in no- detectable 
environmental impact on pelagic fish species. 

On the other hand, there may be some adverse effects if demersal 
fishes feed on benthic invertebrates contaminated with trace metal s. 
Overwintering demersal fish species would be most likely to encounter elevated 
trace metal levels and/or contaminated food sources in poorly flushed, 
ice-covered nearshore waters, particularly near relatively shallow artificial 
islands where ice ridges may restrict the normal water circulation. If 
residual trace metal -levels in invertebrate fauna are relatively high, 
additional concentration in fish tissue could result in sublethal or lethal 
effects, or represent a source of contami nati on of member.s of hi gher trophic 
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levels, including several species of birds and marine mammals. Therefore, 
although the degree of concern regarding immediate effects of drilling waste 
trace metals on fish populations of the Beaufort Sea will likely be MINOR, the 
long-term effects aSSOCla~ea with repeated feeding on contaminated 
invertebrates could be of MODERATE concern. 

Due to rapid dilution of drilling wastes and rapid settling out of 
heavier components, any acute lethal or sublethal effects on phytoplankton and 
zooplankton would only occur in the immediate vicinity of drilling waste 
discharge sites and would almost certainly be inSignificant in a regional 
context. Documented sublethal effects of trace metals include reduced 
photosynthesis and growth of phytoplankton, and changes in morphology, growth, 
reproduction, metabolism and behaviour of zooplankton. Plankton may also 
accumulate some trace metals, and this could contribute to a buildup of trace 
metals in higher trophic levels. Significant uptake of trace metals would 
only occur, however, if local currents and/or active swimming maintained 
plankton in the drilling waste plume for considerable periods of time (i.e. 
for at least several hours), and this is considered very unlikely. As a 
result of the extremely localized and short-term nature of the contact between 
Beaufort Sea planktonic communities and drilling wastes released from 
exploration and production platforms, the degree of potential concern related 
to trace metal uptake and toxicity is expected to be NEGLIGIBLE. 

Benthic invertebrates are the group of organisms most likely to be 
chronically exposed to and accumul ate trace metal s from the sediments, and 
would also be the dominant pathway for the uptake of trace metals by higher 
trophic level s. Some classes of invertebrates such as bivalves have a high 
capacity for accumulation of certain trace metals (Kohler and Riisgard 1982), 
and may represent sites of metal entry into food webs. Newbury (1979) 
suggests that epibenthic invertebrates overwintering in shallow areas with 
restricted under-ice water circulation would be most 1 ikely to accumulate 
trace metal s released into an Arctic envi ronment. These nearshore benthic 
invertebrates are also an important food sou rce for many of the seabi rds and 
fi sh that inhabit the Beaufort Sea duri ng the open water season (LGL and ESL 
1981). McDonald (1980) predicted some very localized uptake of copper, lead 
and zinc by benthic fauna exposed to drilling fluids, although bioaccumulation 
or toxicity of trace metals from drilling wastes has not been documented in 
benthic infauna collected near well sites in the Beaufort Sea or elsewhere 
(Crippen et ale 1980; Neff 1980). As in the case of other marine resources of 
the Beaufort-Sea, the most serious area of concern with respect to the effects 
of trace metals in drilling wastes would be the chronic and long-term exposure 
of benthic fauna to formation water released at production platforms. 

Benthic invertebrates can accumulate trace metal s through direct 
adsorption or by ingestion with food, including suspended material, sediments 
and other organisms (Gettleson 1980). Bacteria are also consumed in large 
quantities by invertebrate deposit and filter feeders, and may be a mechanism 
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through which trace metals enter food chains. Studies have shown that 
bacteria concentrate metals from their environment and that these high metal 
concentrations are then transferred to bacterivores. For example, Loutit et 
al. (1973, cited in Patrick and Loutit1976) found that bacteria below 
e-rfl uent entry poi nts ina ri ver had hi gher metal 1 evel s than those above, 
while mixed cultures of these bacteria were able to concentrate Cr, Cu, Mn, 
Fe, Pb and Zn. Patrick (1976, cited in Patrick and Loutit 1977) reported that 
the bacteri um Sphaerotil us concentrated heavy metal s by a factor of up to 2 
percent of its cellular dry weight. The subsequent transfer of these metals 
to members of higher trophic levels I'las demonstrated in a study where bacteria 
grown in media with and without addition of metals were fed to tubificid worms 
(Patrick and Loutit 1976). Those worms ingesting bacteria grown in media 
containing 1 ~g/mL of each metal had higher levels of Cu, Mn and Fe, and over 
twice the amount of Cr, Pb and Zn in thei r ti ssues than those worms fed 
bacteria grown in metal-free media. Lee et al. (1975, cited in Leland et al. 
1976) found that epiphytic bacteria can transfer all six of these metaTsto 
the grazing periwinkle Melarapha. Mercury may also enter the food chain via 
bacteria. Colwell et al. (1975) reported that a Hg203 label on a 
pseudomonad bacteria species was both taken up and concentrated by a ciliate 
(Keronopsis sp.). 

Benthic infauna could be exposed to trace metal concentrations which 
become chronically lethal as drilling wastes reach and accumulate within the 
sediments. Since drilling from production platforms is expected to continue 
for several years and may be followed by relatively long-term discharge of 
formation water, trace metal levels in sediments and in benthic animals could 
build up to toxic levels and, result in delayed mortality. The size of the 
area where noticeable bioaccumulation of trace metals may occur is not known, 
although from a regional perspective, it is likely to be relatively small. 
Metal-contami nated benthic fauna coul d subsequently affect members of hi gher 
trophic levels that feed intensively near the drilling sites. Due to the slow 
growth and longevity of some benthic invertebrates in the Arctic, trace metal 
accumulation is expected to be d relatively localized but long-term form of 
impact, and as a resul t, the degree of potenti a 1 concern woul d be consi dered 
t40DERATE. 

The overall degree of concern regarding effects of trace metals from 
drilling wastes on epontic organisms is expected to be MINOR because (1) most 
wastes containing trace metals would rapidly sink away from the lower ice 
surface, and (2) formation water, which would be the primary source of metal 
exposure to thi s community, wi 11 be di 1 uted at progressi ve di stances beyond 
producti on pl atforms. Local i zed effects coul d i ncl ude accumulati on of trace 
metals by some flora and fauna and indirect contamination of some birds, 
mammals and fish prior to spring breakup, although these impacts should not be 
regionaiiy significant. 
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There is very limited available information on the interactions 
between bacteria and most of the trace metals which may be present in drilling 
wastes. Powerful inhibitors of enzyme action such as mercury and lead 
(Stanier et ale 1963) could adversely affect bacteria in localized areas where 
formati oncutti ngs and expended dri 11 i ng muds accumul ate. If microorgani sms 
are exposed to drilling wastes for a sufficient period, conditions favouring 
the growth of certain strains may also result in local changes in species 
composition (Jones 1973). Gonye and Jones (1973) suggest that low amounts of 
organic matter in the open ocean, in comparison with coastal and estuarine 
waters, results in less chelation of metal ions, and as a result, open ocean 
bacteria may have mechanisms to counteract metal toxicity. Consequently, 
addition of trace metals to offshore areas in the Beaufort Sea may have less 
of an effect on bacteria than in nearshore environments under the influence of 
the Mackenzie River. 

Marine bacteria have a marked ability to tolerate trace metal ions 
(Gonye and Jones 1973), and are very important in the dynamic biological 
cycles of many toxic metal s. However, the products of bacterial 
detoxification may be more or less toxic than the original ions to members of 
higher trophic levels, and there may be potential concern when the addition of 
toxic agents to a system upsets the equilibrium of such cycles and affects the 
concentration of toxic intermediates (Wood 1974). As indicated earlier, 
bacteria can also accumulate trace metals, and ingestion of these 
microorgani sms by invertebrates can represent a pathway for introduction of 
trace metals into food chains. Nevertheless, the overall degree of concern 
associated with the effects of trace metals on bacteria in the Beaufort Sea is 
considered MINOR due to the relatively small areas which would be affected by 
drilling wa~and undiluted formation water. 
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3.1.11 Summary of Concerns Related to Drilling Wastes 

Overall, . the most significant area of concern related to the 
discharge of drilling wastes in the Beaufort Sea is the potential trace metal 
content of formation water, as well as possible synergistic effects associated 
with the simul taneous presence of trace metals and petrol eum hydrocarbons in 
the fonnation water. However, it should also be emphasized that all solid, 
liquid and dissolved wastes released from exploration and production platfonns 
would be rapidly diluted in the receiving environment, and therefore, most 
adverse impacts would be extremely localized. In addition, areas where 
drilling wastes are released would already be disturbed to a greater or lesser 
extent by borrow placement during island construction or dredging of glory 
holes for placement of B.O.P. stacks for drillship operations. The degree of 
regional concern associated with the effects of drilling wastes on specific 
resources of the Beaufort Sea is summarized in Table 3.1-18. 

The presence of dissolved trace metals (and emulsified oil) in 
fonnation water and relatively large volumes of produced water which may be 
discharged from offshore facilities in the Beaufort Sea are considered a 
MODERATE area of potential regional concern with respect to some benthic 
invertebrates, fish and birds (Table 3.1-18)-. Both benthic epifauna and 
demersal fish species feeding in areas near production platfonns may 
accumulate trace metals, although concentrations of metals measured in 
fonnati on water to date in the regi on have been generally 1 ess than those 
considered hazardous. The primary reason for thi s degree of concern with 
trace metal sis the potential long-tenn and chronic nature of the exposure 
which woul d increase the probabil ity of significant bioaccumu1ation of most 
metals and biomagnification of others (Section 3.1.10). In addition, 
fonnation water is also expected to represent a chronic low-level source of 
petroleum hydrocarbon input to the Beaufort Sea, and as a result, a range of 
synergistic effects with trace metals are considered possible. 
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TABLE 3.1-18 

SUMMARY OF POTENTIAL CONCERNS RELATED TO RELEASE OF DRILLING WASTES 
(DRILL MUDS, FORMATION CUTTINGS AND PRODUCED WATER) 

Envi ronmenta 1 
Component or 

Resource 

Substrate and 
Sediment 

Water Quality 

Bowhead and 
White Whale 

Bearded and 
ri nged sea 1 ; 
polar bear and 
Arctic fox 

IN THE BEAUFORT SEA REGION 

Potential or Probable Effects 

Accumulation of formation cuttings in 
piles approximately 10-100 cm high and 
50 m in diameter; accumulation of fines 
from drilling fluids and formation 
cuttings I downstream I of disposal sites 
and local increases in the 
concentrations of some trace metals 

Localized increases in water turbidity 
and the concentrations of dissolved 
trace metals and various organic and 
inorganic constituents of drilling 
muds. Extremely localized and harmless 
increase in radio-active tracer levels 
surrounding drill sites 

Very localized reduction in food avail­
ability or detectability. Potential 
uptake of some trace metals if whales 
congregate in areas chronically exposed 
to discharged formation water 

As above except potential direct and 
indirect effects of drilling wastes are 
more likely because of probable 
attraction of these species to 
exploration and production facilities, 
and their year-round residence in the 
region. 

Degree of 
Potential 

Regional Concern 

See specific 
resources 

See specific 
resources 

NEGLIGIBLE 

MINOR 



Envi ronmenta 1 
Component or 

Resource 

Birds 

Fish 

Phytop 1 ankton 

Zooplankton 
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TABLE 3.1-18 (Conti d) 

Potential or Probable Effects 

Localized reduction in prey availability 
of benthic feeders; potential uptake of 
trace metals through the ingestion of 
contaminated prey, particularly near 
production facilities located in shallow 
waters. Simultaneous presence of 
emulsified oil in formation water would 
increase degree of concern when spring 
migrants (oldsquaws, eiders, glaucous 
gulls, loons and a1cids) are 
concentrated in leads and other open 
water areas 

Localized direct and indirect effects 
including possible acute toxicity of 
certain elements or compounds, reduced 
prey availability or detectabi1ity, 
sublethal physiological and behavioural 
responses and bioaccumu1ation of certain 
elements or compounds. Toxic effects of 
drilling muds would be unlikely due to 
rapid dilution of wastes, although 
bioaccumu1ation of some trace metals is 
possible in instances where 
contaminated invertebrates near 
produced water disposal sites are 
ingested 

Degree of 
Potential 

Regional Concern 

NEGLIGIBLE to 
lv10DERATE 
depending on 
species, time of 
year and presence 
of oil in form­
ation water 

MINOR to 
MODERATE 
depending on 
amount of 
ingest i on of 
invertebrates 
contami nated 
with trace metals 

Localized reduction in photosynthesis and MINOR 
growth due to turbidity; significant 
toxic effects and uptake of trace 
metals unlikely because of natural 
transport of organisms into and out of 
waste disposal areas 

Localized toxic effects and uptake of MINOR 
trace metals; reduced feeding 
efficiency and respiratory effects 
within turbidity plumes 
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Environmental 
Component or 

Resource 

Micro-organi sms 

Benthi c 
Communities 

Epontic 
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TABLE 3.1-18 {Conti d) 

Potential or Probable Effects 

Localized bacterial proliferation near 
drilling mud waste disposal sites due 
to organic constituents in mud 
formulations. Probable uptake of trace 
metals present in both the water column 
and sediment 

Direct burial of sessile benthic flora 
and fauna by formation cuttings and 
solids in drilling fluids; localized 
changes in physical character of benthic 
habitat; other effects of increased 
suspended solids concentrations. Uptake 
of dissolved trace metals may occur in 
areas of long-term formation water 
rel ease 

Localized toxic effects if wastes 
discharged below ice cover; possible 
Ishadingl and reduced spring 
photosynthesis if wastes discharged on 
ice surface, as well as exposure of 
organisms to toxic wastes which migrate 
through melt channels 

Degree of 
Potential 

Regional Concern 

MINOR 

MINOR to 
MODERATE 
depending on 
degree of trace 
metal uptake 

MINOR 
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WATER/GLYCOL B.O.P. CONTROL FLUID 

I ntroducti on 

Blowout preventer (B.O.P.) stacks installed on the sea floor 
(dri11ships) or on the surface (artificial islands) are actuated hydraulically 
using a fluid which may consist of various proportions of ethylene glycol, 
water and occasi ona lly certai n hydroca rbon addi ti ves. However, for futu re 
Beaufort operati ons, a fl ui d consi sti ng of 50 percent ethyl ene glycol and 50 
percent water is proposed. Regulatory requirements necessitate tes~ing of the 
B.O.P. stack on an average of once every 2 weeks, and this results in the 
release of approximately 1 m3 of hydraulic fluid. Although this fluid can 
be recovered and stored on fixed drilling platforms (artificial islands), 
there is no means of recovering the control fluid from subsea well heads below 
moored drillships and conical drilling units, and this material is released to 
the water column. In the Beaufort Sea, B.O.P. stacks are placed approximately 
8-10 m below the seafloor in a dredged II g10ry hole" to prevent damage from ice 
keels where water depths are less than 54 m. In such locations, the 
relatively high specific gravity control fluid would tend to sink upon release 
and remain within the glory hole. Depending on local circulation patterns, 
all or a portion of the water/glycol solution could accumulate within the 
glory hol e. 

3.2.2 Effects of B.O.P. Control Fluid on Mammals 

Although the toxicity of B.O.P. control fluid to marine mammals has 
not been documented, the release of this fluid from seafloor mounted stacks 
during required testing procedures is expected to have a NEGLIGIBLE effect on 
marine mammals because most species would not occur within a glory hole (Vol. 
3A; Section 2.5.3). The bearded seal is probably the only species which may 
occur in a glory hole and be potentially affected by B.O.P. fluid or through a 
highly localized reduction in food availability. However, few (if any) seals 
are expected to forage within glory holes because (1) the composite 
disturbances associated with drilling activity would probably cause most seals 
to avoid the affected areas, and (2) benthic infauna and epifauna (food 
sources of bearded seal s) are removed during construction of the glory hole, 
and recolonization may not occur while drilling is still in progress (Thomas 
1978a). Loss of benthic infauna within the glory hole may last for a period 
exceedi ng 1 to 2 years after dri 11 i ng is compl ete, but the degree of concern 
associated with this loss in terms of food availability for bearded seals is 
considered NEGLIGIBLE because of the limited area affected in a regional 
context. 

3.2.3 Effects of B.O.P. Control Fluid on Fish 

There is only limited available information on the toxicity of 
ethylene glycol to fish, and no studies have been conducted with arctic 
species. In laboratory bioassay studies, Jank et ~. (1974) reported 
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relatively low toxicities of ethylene glycol with rainbow trout (96-h LC50 = 
19,000 ppm), while Hann and Jensen (1974) indicated that this compound was 
moderately toxic to various aquatic organisms, with 96-h TLm (equivalent to 
96-h LC_110) values ranging from 100 to 1000 ppm. Consequently, the release 
of 1 mS of B.O.P. control fluid (50 percent ethylene glycol) approximately 
once every two weeks woul d not 1 i kely have a seri ous effect on fi sl1 
populations except in the immediate vicinity of the B.O.P. stack within the 
dredged glory hole. 

Di ssol ved oxygen concentrati ons coul d also be depressed in areas 
immediately adjacent to the B.O.P. stack due to metabolism of ethylene glycol 
by certain strains of bacteria (Section 3.2.6), and this could indirectly 
affect fish or reduce the rate of recolonization by benthic food sources 
during the period when B.O.P. fluid is routinely released. Although it is 
unlikely that fish (primarily demersal species) would remain in areas with low 
oxygen concentrations or relatively high ethylene glycol levels for sufficient 
periods for these conditions to become acutely toxic, some sublethal effects 
such as temporary narcosis or avoidance could occur in the immediate vicinity 
of the stack. The occurrence of these potential effects assumes that fi sh 
would be attracted to and remain in glory holes, and this is considered 
unlikely since these habitats would be virtually devoid of benthic fauna 
following dredging. 

When control fluid is no longer released from B.O.P. stacks, 
recolonization of glory holes by benthic fauna and the physical attraction of 
some fi sh speci es to underwater structures coul d have posi ti ve but 1 oca 1 i zed 
effects on fish. For example, videotape records of a B.O.P. stack at Orvilruk 
in the Beaufort Sea (Can Dive Ltd.) indicated the presence of a colonizing 
epi benthic community that was consi derably more di verse than that observed in 
adjacent soft substrate areas, while the isopod Saduria spp. was unusually 
abundant in previ ously di sturbed areas. Fi sh coul d be attracted to these 
habitats and benefit from increased food availability, although from a 
regional perspective, this effect would not be significant. The small size of 
the areas affected and the subsequent dilution of the control fluid at 
increasing distances from the stack suggest that any potential effects on fish 
will be very localized, relatively short term and of NEGLIGIBLE concern in 
relation to regional fish populations. 

3.2.4 Effects of B.O.P. Control Fluid on Phytoplankton 

There is no available information on the toxic or sublethal effects 
of B.O.P. fluid or ethylene glycol on phytoplankton, although concentrations 
between 100 ppm and 1000 ppm may be toxic to some marine organisms (Hann and 
Jensen 1974). However, since the density of ethylene glycol (1.109) is 
greater than seawater, even at a 1:1 mixture, BOP fluid would probably sink 
gradually to the seafloor after discharge, likely within the glory hole itself 
and at depths consi derably deeper than where phytopl ankton a re abundant. 
B.O.P. control fluid would also be rapidly diluted in surrounding waters, 
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further decreasing the zone within which phytoplankton could be affected. 
Consequently, the overall degree of concern regarding the potential effects of 
B.O.P. control fluid on phytoplankton in the Beaufort Sea is considered 
NEGLIGIBLE. 

3.2.5 Effects of B.O.P. Control Fluid on Zooplankton 

Very little infonnation describing the toxicity of ethylene glycol to 
marine zooplankton is currently available. Price et ale (1974) found that the 
24-h median tolerance limit of brine shrimp (Artemsalina) to this compound 
exceeded 20,000 ppm, whi 1 e Portman and Wi 1 son (1971) indicated that the 48-h 
and 96-h LC50 values of ethylene glycol with the brown shrimp (Crangon 
crangon) were 100 ppm. These data suggest that ethylene glycol may be 
relatively toxic to at least 'some crustaceans. However, due to the specific 
gravity of the glycol-based fluid, and the fact that it would be discharged 
below the mean sea floor level within a glory hole, there will be only limited 
opportunities for zooplankton to encounter toxic concentrations of B.O.P. 
fluid. Consequently, little if any zooplankton mortality is anticipated as a 
result of the discharge of B.O.P. fluid, and the degree of anticipated 
regional concern is expected to be NEGLIGIBLE. 

3.2.6 Effects of B.O.P. Control Fluid on Micro-Organisms 

Potential toxic effects of ethylene glycol on micro-organisms are not 
described in the pollution-related literature. On the other hand, a 
considerable body of information exists on the microbial breakdown of glycols 
and the ability of certain strains of bacteria, primarily those of the genus 
Psuedomonas, to use ethylene glycol as their sole carbon source (see Miller 
1979, for a recent review). The widespread occurrence of bacteria capable of 
degrading ethylene glycol is undoubtedly related to the simple nature of the 
molecule and its relationship to components of various metabolic pathways. 
For example, tracer studies conducted by Child and Willets (1978) indicate 
that only a single step is required to convert ethylene glycol to glycolate, 
which is itself readily convertible to glyoxolate, a primary constituent of 
the Kreb ' s citric acid cycle. 

The rate of degradation of glycol is temperature dependent, and 
ranges from approximately 2 mg/L/day at 20°C to about 0.2 mg/L/day at 4°C in 
freshwater (Evans and David 1974). Rates of decomposition may be 
significantly higher in bottom sediments containing high concentrations of 
bacteria. Evans and David (1974) also reported that in vitro metabolism of 
ethylene glycol in water obtained from a major watercourse and a tributary 
which were thought to be enriched with nutrients was initially slow, but 
increased after an incubation peri od of seven days. Al though synergi stic 
effects of ethyl ene glycol di sposa 1 and rel ati vely hi gh background nutri ent 
1 evel s on bacteri a remain poorly documented, metabol i sm of ethyl ene glycol by 
bacteria in the Beaufort Sea could be highest in nearshore environments 
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characterized by higher nutrient levels. Price et al. (1974) reported that 
the rate of bi odegradati on of ethyl ene glycol was about 20 to 25 percent 
slower in seawater than in fresh water, and that the actual chemical oxygen 
demand requi red to convert ethyl ene glycol to C02 and water was 1. 29 mg 

'02/m9 ethylene glycol. Assuming that B.O.P. control fluid is 50 percent 
ethylene glycol and that these strains of bacteria are present in the Beaufort 
Sea, the COD of 1 m3 of discharged fluid would require the dissolved oxygen 
(at 10 mg/L) in 7.15 x 104 m3 of seawater/day. However, at a conservative 
current velocity of 5 cm/s, thi s figure represents only 0.8 percent of the 
water expected to pass through a glory hole in a given day. Consequently, 
only localized oxygen depletion would be expected due to the discharge of 
B.O.P. control fluid. 

3.2.7 Effects of B.O.P. Control Fluid on Benthic Communities 

Since B.O.P. stacks would be mounted in a previously dredged glory 
hole, control fluid would tend to concentrate in an area which is expected to 
be devoid of benthic infauna and contain only limited epifauna until 
si gnificant col oni zati on from adj acent a reas occurs. If the 1 atter community 
extends into areas where the B.O.P. control fluid has accumulated, some 
mortality and/or sublethal effects could result from either the acute toxicity 
or oxygen demand of ethylene glycol. However, due to dilution of this fluid 
in surroundi ng waters, potenti al effects on benthic communiti es are expected 
to occur in a very localized area, and the regional degree of concern would 
likely be NEGLIGIBLE. 

3.2.8 Summary of Concerns Related to B.O.P. Control Fluid 

A number of factors are expected to reduce the potential biological 
concerns associated with B.O.P. control fluid release from seafloor-mounted 
blowout preventer stacks: 

1. The primary constituent, ethylene glycol, has been shown to be only 
moderately toxic to aquatic life. 

2. Its release in limited quantities (1 m3 twice per month) within a 
previ ously dredged glory hol e shoul d el imi nate the potenti a 1 for 
seri ous effects on benthic communiti es which mi ght otherwi se be an 
area of biological concern. 

3. The presence of numerous bacteria in seawater capable of using 
ethylene glycol as their sole carbon source would facilitate its 
rapid degradation. 

4. The fact that only a si ngl e step is requi red to convert ethyl ene 
glycol to glycol ate (a tricarboxyl ic aci d pathway precursor), 
together with the fact that exposure in micro-organisms results in 
increases in enzymes involved in its catabolism, demonstrate its 
basic compatibility with existing metabolic pathways. 
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However, release of B.O.P. control fluid may still result in several 
localized effects. Differential growth of bacteria capable of metabolizing 
ethylene glycol may result in changes in microfloral species composition in 
the vicinity of blowout preventer stacks. Within the glory hole itself, 
oxidation of ethylene glycol to C02 may result in reduced oxygen levels. 
Most bacteri al degradati on studi es have been conducted at ethyl ene glycol 
concentrations ranging from 3 to 200 mg/L, and it is probable that 
concentrations in the glory hole following discharge may initially exceed this 
range. In seawater, the rates of microbial degradation will probably be 
somewhat slower than in freshwater, and low temperatures wi 11 also tend to 
reduce the degradation. As a result, the introduction of glycol twice per 
month may exceed its rate of biodegradation in the glory hole. 

Of the potential effects of B.O.P. control fluids on marine flora and 
fauna, i ndi rect effects associ ated with reduced oxygen concentrati ons woul d 
likely be the most serious area of concern. The rate at which oxygen is 
removed from seawater will depend on the conditions available for bacterial 
growth, and on the temperature. Although some depletion of oxygen can be 
anticipated at the bottom of the glory hol e, prevail i ng ocean currents and 
diffusion should prevent noticeable reduction of oxygen concentrations in the 
area surrounding the drilling platforms. In a recent review of environmental 
contaminants, Miller (1979) al so stated that liThe glycol s are subject to 
moderately rapi d breakdown by both accl imated and unaccl imated soi 1 , water, 
and sewage micro-organi sms, thus precl udi ng persi stence in the envi ronment. 
There is no evidence to suggest that the glycols would bioaccumulate ll

• 

Consequently, the degree of concern regarding the release of small amounts of 
B.O.P. control fluid is expected to be NEGLIGIBLE. Marine flora and fauna 
would probably be affected within a very limlted area in and around the glory 
hole itself, primarily due to oxygen depletion rather than the toxicity of 
ethylene glycol. Changes in benthic community structure and use of this 
community by members of higher trophic levels would also likely return to 
normal after the ethylene glycol was no longer being released. 
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I ntroducti on 
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Seismic programs are extensively used during the exploration phase of 
hydrocarbon development, and have been employed in the Beaufort Sea region for 
the past decade. Although I highl or detonating-type explosives may be used 
for managing ice, the use of high explosives for seismic surveys is not 
normally permitted. The principal seismic devices currently used in the 
Beaufort Sea by the petroleum industry are compressed air expansion (lair 
guns l ) and sleeve exploders. Air at about 200 PSI is released from air gun 
chambers in arrays of from 10 to 20 air guns varying in size from 164 cm3 to 
1640 cm3 and generati ng a pul se wi th a frequency from 15 to 80 kHz. The 
pulse is tuned by varying the spacing, depth, pressure and size of guns in the 
array (Brooks 1980). Shock waves produced by ai r guns differ from those of 
explosives in that peak pressures are low and both the rise time of the shock 
pul se and the time-constant of the pressure decay are comparatively long 
(Geraci and St. Aubin 1980). A Isleeve exploderl has a rubber cylinder that 
receives a charge of propane and oxygen which is ignited by an electrical 
spark. Although no source level measurements are available for air gun pulses 
in the Beaufort Sea, Fraker et ale (1981) recorded one seismic signal from a 
I sleeve exploderl in August 19B0-.- Frequencies recorded 13 km from the survey 
vessel ranged from 160 to 500 Hz, although higher frequencies were probably 
present in the received signal (the tape-recorded signal was lowpass filtered 
at 500 Hzk- The recei ved spectrum 1 evel at 300 Hz was between 135 and 146 
dB//(1 ~Pa )/Hz at a distance of 13 km. 

The proposed development plan for the Beaufort Sea indicates that 
explosives are unlikely to be used in ice management programs, and a variety 
of mechanical icebreaking techniques are presently being evaluated by the 
petroleum industry (R. Hoos, Dome Petroleum Ltd., pers. comm.). Nevertheless, 
the potential effects of underwater shock waves from high explosives are 
discussed in this document since their use has not been entirely discarded at 
this time. Shock waves produced by high explosives are compressional waves 
having almost instantaneous rise time to a very high peak pressure, followed 
by a rapi d decay to ambi ent (or more usually below ambi ent) hydrostatic 
pressure (Hill 1978). They differ from low intensity sound waves in that peak 
pressures are so high that significant changes in water density occur with the 
passage of the wave. Large gradients of pressure, temperature and density 
exist from the I frontl to the I rearl of the wave, and much of the energy of 
the wave is dissipated as heat (Hill 1978). 

The primary concern is that shock wave reflections at an interface 
between tissue and an air-filled cavity (e.g. lungs, hollow viscera, and ears 
of a marine mammal or swim bladder of a fish) can cause tissue destruction at 
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the interface, leading to damage or death of organisms (Geraci and St. Aubin 
1980). On the other hand, shock waves generated by air guns are hannless to 
fish (Falk and Lawrence 1973) and would not appear to be immediately injurious 
to marine mammals (Geraci and St. Aubin 1980). 

3.3.2 Effects of Underwater Shock Waves on Mammals 

Physical damage to marine mammals is only of 
'high' explosives are used. Although the areal 
utilization would be relatively limited, the potential 
significant when large charges are used. 

potential concern when 
extent of explosive 

effects may be 1 oca lly 

Yelverton et al. (1973; cited in Hill 1978) developed a fonnula 
(using fish and smarT terrestrial mammals) to calculate the lethal range and 
minimum safe distance from an underwater explosion using target (animal) 
depth, detonati on depth and cha rge wei ght. Hi 11 (1978) subsequently 
calculated that the minimum safe distance for a ringed seal at depths of 25 m 
or less with a 5 kg charge detonated at a depth of 5 m was approximately 
360 m. However, the calculated safe range may be an underestimate if the seal 
is in shallow water wi th a rocky bottom or if the cha rge is detonated under 
thick ice. Hi 11 (1978) also concl uded that even at a di stance of 60 m, mari ne 
mammal s would probably be safe from gross physical damage, with the exception 
of potential eardrum rupture. This author's calculations predict no eardrum 
rupture in marine mammals when a 5 kg charge is detonated at a distance of 120 
m. In addition, he concluded that marine mammals would be less vulnerable to 
damage from underwater shock waves than terrestrial mammals of comparable size 
since the fonner have pressure adaptations and increased protection from thick 
body walls. Marine mammals would be further protected by virtue of their 
large size. Wright and Alton (1971) report that beavers and sea otters were 
more resi stant to instantaneous overpressure than terrestri a 1 mammals (dogs), 
whi 1 e pregnant sea otters were consi derably more suscepti bl e to underwater 
shock waves than non-pregnant individuals. As a result, a 5 kg charge may 
cause mortality of pups and pregnant female seals at distances of 60 m (Wright 
and Alton 1971; Hill 1978). Wright and Alton (1971) also report that the 
weight of an aquatic mammal is a factor affecting its survival after exposure 
to underwater shock. For example, the LD50 for a 4.5 kg nutria and a 36 kg 
sea otter are expected to be 70 and 197 N/cm2, respectively. Consequently, 
the earlier data of Wright and Alton (1971) would suggest that the safe 
distances calculated by Hill (1978) for ringed seals are probably also 
adequate for the protection of larger marine mammals. 

Shock waves from conventional seismic blasts (not proposed for us~ in 
the Beaufort Sea) have resulted in marine mammal displacement or mortality. 
Fitch and Young (1948) reported that California sea lions were killed by 
underwater explosions used in seismic exploration, while gray whales in the 
area were apparently unhanned. Although dead harbour seal s and sea otters 
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were found near the Amchitka Island nuclear detonation site in the North 
Pacific, pressures associated with thi s event were unquestionably higher than 
those generated during conventional seismic blasting operations (Rausch 1973, 
cited in Geraci and St. Aubin 1980). 

The effects of on-ice seismic exploratory activity on ringed seal 
densities off the north coast of Alaska were studied by Burns et a1. (1981) 
from 1975 to 1977 and in 1981. Densities of ringed seals on the-ra~ice were 
lower in areas where seismic operations had occurred than in adjacent control 
areas. The authors indicated that the use of seismic devices in the 1andfast 
ice zone could result in displacement of newborn pups and females to 
potentially less favourable habitats, but because of the localized nature of 
the source of di sturbance, effects on the regional populations would probably 
be inconsequential. 

In addition to the physical effects of shock waves at close range, 
low frequency sound pu1 ses cou1 d be propagated for consi derab1 e di stances. 
Depending on ambient conditions and source pressure level s, these pu1 ses may 
be detected by whales and seals within about a 100 km radius (Northrop 1980), 
and cou1 d reduce conspecific communicati on di stances. The effects of 
underwater sound on marine mammals were previously discussed in detail in 
Section 2.6. 

Ai r guns and sl eeve exploders which wou1 d be used for any future 
seismic programs in the Beaufort Sea are not expected to cause physical damage 
to mari ne mammals, but· may resu1 tin short-term di sturbance of some 
individuals. Fraker et ale (1981) observed a group of at least 7 bowhead 
whales in 12-13 m otwater approximately 13 km from a seismic exploration 
vessel using • sleeve exploders· in the southeastern Beaufort Sea. These 
authors reported no apparent tendency for the whales to make any net movement 
toward or away from the vessel. The ecological significance of any short-term 
disturbance of marine mammals is not known, but would presumably vary with the 
species and life cycle stage. For example, bowhead whales may be most 
vul nerab1 e to underwater shock waves duri ng spri ng mi grati on, whi 1 e whi te 
whales could be vulnerable during this migration-and their period of residence 
in the Mackenzie Estuary. In a similar manner, the aforementioned studies of 
Wright and Alton (1971) and Hill (1978) suggest that ringed and bearded seals 
wou1 d be most seri ous1y affected by underwater shock waves duri ng the puppi ng 
peri ode Neverthe1 ess, si nce most sei smi c work in the Beaufort Sea has been 
completed and any future programs would be extremely localized, potential 
regional concerns related to disturbance or mortality of marine mammal 
populations are considered NEGLIGIBLE. 
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3.3.3 Effects of Underwater Shock Waves on Birds 

Underwater shock waves resulting from the use of air guns and sleeve 
exploders will not have regionally significant direct or indirect effects on 
diving birds since the charges are not abrupt and have limited energy. On the 
other hand, underwater shock waves produced by the use of explosi ves in ice 
management programs could result in localized mortality of some species of 
diving birds (Fitch and Young 1948), although the regional concern associated 
with these losses would be NEGLIGIBLE. 

3.3.4 Effects of Underwater Shock Waves on Fish 

The effects of non-explosive seismic devices (air guns) on fish were 
examined by Weaver and Weinhold (1972) and Falk and Lawrence (1973). The 
former authors found that firing of 129 to 258 cc air guns at various depths 
and di stances had no harmful effects on caged yearl i ng salmon (genus 
Oncorhynchus), while Falk and Lawrence (1973) indicated that the lethal range 
of a 7 cc air gun was only 0.6-1.5 m with caged coregonids (whitefish). As a 
result, the use of air guns and sleeve exploders during the limited future 
seismic programs is therefore of NEGLIGIBLE concern with respect to regional 
fi sh popul ati ons, si nce the numbers of affected fi sh woul d be small and 
significant adverse impacts unlikely. 

The use of explosi ves around· artificial structures and for ice 
management is of greater concern, although as indicated earl i er, various 
mechanical methods of ice management are currently under investigation. Shock 
and explosions in the aquatic environment result in a high initial release and 
outwardaccel erati on which fi sh percei ve as a pressure increase (Fal k and 
Lawrence 1973). A substanti a 1 porti on of the total force rel eased to an 
aquatic medium by an explosion is retained and temporarily stored as kinetic 
energy. This is later radiated as a shock wave travelling with finite 
velocity (Falk and Lawrence 1973). 

There have been numerous observations of fi sh injury and mortal ity 
foll owi ng underwater expl osi ons. Damage may be severe and i ncl ude muscl e 
tissue lesions or rupture of the abdominal cavity, as well as damage to the 
kidney, liver, heart, spleen, gonads and swimbladder (Falk and Lawrence 
1973). Fish possessing open swimbladders are not as sensitive to pressure 
fluctuations as those species with closed systems since the former group can 
compensate for changes in hydrostatic pressure. In general, pelagic and 
mid-water species possess swimbladders, whereas demersal species do not. 

Rasmussen (1967) found that the effects ·of pressure on j uveni 1 e 
fishes was species and age-specific:; and al so related to the presence and 
functi ona 1 morphology of swimbl adders. Newly hatched herri ng and salmon fry 
were not affected by pressure si nce they 1 ack a swimbl adder on emergence. 
However, 3 to 6 months after emergence, these species died within 24 h at 
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pressures exceeding 2.7 psi. Post et ale (1974) examined the subgravel 
survival of rainbow trout eggs (genuS-Sarmo) exposed to physical shocks at 
various stages of development, and faTTed to demonstrate a significant 
difference between non-shocked control and experimental groups. 

In a study of more short-term pressure increases, Alpi n (1947) found 
no apparent relationship between water depth and charge size in the biomass of 
fish killed by underwater detonation of 60 percent Petrogel. On the other 
hand, Fitch and Young (1948) reported that body shape was a factor affecti ng 
the resistance of fish to shock pressure. Fishes with thickwalled 
swimbl adders and cyl i ndri ca 1 bodi es were more resi stant to underwater shock 
than species which were laterally compressed and had thinwalled swimbladders. 

Several studies have also demonstrated spatial differences in the 
effects of underwater shock waves on fish, both in terms of distance from the 
shock source and depth in the water col umn. Coker and Hall i s (1950) reported 
that 114 to 546 kg explosives were lethal to fish within a radius of 100 to 
200 m. In addition, Hubbs and Rechnitzer (1952) found that the effects of 
underwater exp 1 osi ons were i ntensifi ed at the water surface where positi ve 
pressure waves are reflected, since fish are equally susceptible to negative 
pressure pul sese These authors al so noted marked vari ati on in the 1 ethal 
range of underwater shock waves depending on the shape and nature of the ocean 
floor. Kearns and Bayd (1965) and Paterson and Turner (1968) recorded 
extensive mortality of both pelagic and demersal fishes following exposure to 
underwater shock. The former authors and 1 ater Rasmussen (1967) concl uded 
that the 1 ethal effects of shock waves were di rectly proportional to the 
quantity of explosive used and increased with the depth of detonation. In 
shallow waters, the lateral lethal range was greater than in deeper waters. 
Rasmussen (1967) also reported that burying charges in the sea floor reduced 
the lethal range of resultant shock waves, while charges located above a solid 
stratum increased the lethal range by upward reflection of pressure waves. 

The overall degree of concern regardi ng the effects of hi gh 
explosive-type underwater shock waves on fish is considered MINOR because only 
localized mortality of fish would be expected in the evenrthat explosives 
were used during future development in the Beaufort Sea. 

3.3.5 Summary of Concerns Related to Underwater Shock Waves 

Two potential sources of underwater shock waves duri ng conti nued 
development of petrol eum resources in the Beaufort Sea are sei smic programs 
which utilize air guns and sleeve exploders, and ice management programs which 
util i ze conventi onal hi gh expl osi ves. The types of underwater shock produced 
by these programs woul d be consi derably different in terms of the ri se time 
and peak pressure of shock pulses. The available information on the air guns 
and sleeve exploders used in seismic programs suggests that underwater shock 
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waves produced by these devices is of NEGLIGIBLE concern for all marine 
resources of the Beaufort Sea, particularly since only limited seismic work 
wi 11 be requi red duri ng the future. Underwater shock waves generated by 
seismic devices may result in localized disturbance of marine mammals and 
fi sh, a lthoug h mo rta 1 ity of i ndi vi dua 1 s from ei ther group is consi dered 
extremely unl i kely. 

Shock waves produced by high explosives (if used) are of potentially 
greater concern since they have been shown to cause considerable tissue damage 
and mortality in marine mammals and fish.· Various investigations conducted 
with seals and fish suggest that the lethal range of shock waves produced by 
detonation of high explosives would vary with the amount of explosives used, 
the loc~tion, water depth and depth of detonation, and the species (including 
life history stage) present in the area. Mortality of marine mammals and fish 
would likely be greatest if explosives were detonated in shallow waters, 
although studies completed to date suggest that mortality of most species and 
life history-stages is unlikely beyond a distance of 200 m. Consequently, the 
potential effects of high explosives on marine mammal, fish and diving bird 
populations in the Beaufort Sea would be relatively localized. In the event 
that explosives are used during ice management programs, the degree of 
regional concern with respect to potential impacts on marine mammals and fish 
would be considered MINOR, while the degree of concern with diving birds is 
expected to be NEGLIGIBLE. 
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CEMENT SLURRY AND CEMENT POWDER 

Introduction 

Cement is used during 'drilling operations to grout the upper casings 
to the riser at platfonn and floating drill rigs. In the case of floating 
rigs, approximately 25 m3 of cement are lost from each well during nonnal 
grouting operations, while no cement enters the water column when this 
grouting is completed on artificial islands. In addition, past industry 
experi ence suggests that up to 150 m3 of water-damaged cement or 
cement-contami nated barite may be di scharged into the water col umn or dumped 
on the ice 3 or 4 times a year. Several factors are likely to influence the 
degree to which the di scharged cement coul d affect the surroundi ng waters: 
(1) whether the cement is in the fonn of a mixed sl urry and therefore 
discharged at the seabottom, or a powder which enters the water column at the 
surface; (2) the depth of water column, which will partly detennine the degree 
of breakup and subsequent dispersal of particulate cement; and (3) the 
prevailing oceanographic conditions, which will affect the rate at which both 
dissolved and particulate components are dispersed. 

Physical and chemical effects of cement which may have subsequent 
localized impacts on marine flora and fauna may include: (1) release of toxic 
compounds to the water column prior to hardening of the cement; (2) increases 
in the pH of sediments and water near discharge sites; (3) localized increases 
in water turbidity; and (4), loss of benthic habitat in areas where cement 
slurries harden (BOP stacks within dredged glory holes) or cement powder 
settles following release to the water column. 

3.4.2 Components and Characteristics of Cement 

Portlarid cements are comprised of four main components: tricalcium 
sil icate, dicalcium sil icate, tricalcium aluminate, and a tricalcium 
a 1 umi noferri teo The compositi on of cement ranges from 61 to 65 percent 1 ime 
(CaD), 20 to 25 percent silica and 3 to 6 percent alumina. In addition, small 
quantities of magnesia, alkalies, and sulphur trioxides are typically 
present. Cements used for drilling applications are usually modified to 
withstand high temperatures and pressures, and consist of portland or 
pozzolanic cements containing various organic retardants to delay the onset of 
hardening. Pozzolanic cements are mixtures of portland cement and 
silica-containing materials. Submicroscopic crystals fonn in the cement 
during hydration, and this results in a hardening of the mixture over a period 
from 40 min to 10-12 h, depending on the fonnulation. Hydration of cement is 
an exothennic reaction and releases a small quantity of lime. 
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3.4.3 Effects of Cement on Fish 

The di scharge of powdered cement or cement sl urry coul d affect fi sh 
populations in the Beaufort Sea through short-term and localized increases in 
water pH and turbidity, exposure to toxic compounds, and localized but 
rel ati vely long-term changes in substrate character. Increases in water 
turbi dity woul d on.ly resul t when powdered cement was rel eased to the water 
col umn, and subsequent effects on fi sh woul d be simi 1 ar to those associated 
with dredging operations (Section 2.4.5), but even more localized and 
temporary. In a similar manner, any increases in water pH caused by the 
dissolution of alkaline compounds in either cement slurry or powdered cement 
would have only localized effects on fish until the material was diluted and 
buffered in the receiving environment. However, cement can have serious 
effects on fish populations in areas where rapid dilution does not occur. For 
example, the U.S. Dept. of Interior (1968) reported complete mortality of 
downstream fish populations following a concrete spill in a freshwater 
environment, while calcium oxide and calcium hydroxide which are primary 
constituents of cement have been shown to be moderately toxic to a range of 
aquatic fauna, with 96-h LC50 values of 100 to 1000 ppm and 10 to 1000 ppm, 
respectively (Hann and Jensen 1974). Consequently, accidental spills of 
cement powder in sheltered coastal waters of the Beaufort Sea (e.g. at 
shorebases) would be of greater potential concern with respect to local fish 
populations than di scharge of either cement sl urry or powdered cement in 
offshore waters. Neverthe1 ess, si nce any effects of cement on fi sh 
populations would be localized, the degree of potential regional concern 
regarding offshore and coastal fish resources would likely be NEGLIGIBLE and 
MINOR, respectively. 

3.4.4 Effects of Cement on Phytoplankton 

The release of cement slurry during the grouting of upper casings to 
the riser at floating exploration platforms would not be expected to 
significantly affect phytoplankton populations since this discharge would 
occur at water depths considerably greater than where these flora are 
abundant. On the other hand, release of powdered cement or cement­
contaminated barite at the surface may affect phytoplankton populations 
through localized increases in water turbidity and pH, and the presence of 
toxic compounds in cement formulations. The impacts of increased turbidity on 
phytoplankton would mainly be the result of a reduction in available light and 
similar to the effects of dredge-created turbidity plumes. However, un1 ike 
the latter type of disturbance, reductions in light intensity associated with 
cement di sposal wou1 d be extremely short-term and therefore of NEGLIGIBLE 
concern with respect to the productivity of regional or local phytoplankton 
popul ati ons. 
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There are no available data on the toxicity of calcium oxide (lime) 
or calcium hydroxide to phytoplankton, although the ranges of toxic 
concentrati ons reported for aquatic organi sms (Section 3.4.3) are probably 
representative. As in the case of fish, toxic effects of certain constituents 
in cement would be localized but potentially of greatest concern in some 
sheltered coastal environments where these compounds are not as rapidly 
diluted in surrounding waters. Discharge of powdered cement is also expected 
to cause a sl ight increase in the pH of water near the site of rel ease, 
although the effects of this change in water quality on phytoplankton are also 
expected to be localized due to the high buffering capacity of seawater. 
Overall, the degree of concern regarding potential adverse impacts of cement 
on regional phytoplankton populations of the Beaufort Sea is considered 
NEGLIGIBLE. 

3.4.5 Effects of Cement on Zooplankton 

The toxicity of cement slurries, suspended cement particles or 
dissolved cement components to zooplankton has not been documented, although 
some temporary adverse effects may be expected as a result of the increased pH 
in the immediate vicinity of the cement discharge. As in the case of 
phytoplankton, most effects of cement on zooplankton would occur when powdered 
wastes are released at the surface rather than when slurries are discharged 
within relatively deep glory holes. Dispersion of cement particles in surface 
waters may create a zone of increased turbidity, and result in effects on the 
zooplankton similar to those described for dredging (Section 2.4.7). However, 
the release of cement powder or cement-contaminated barite would be an 
intermittent phenomenon of relatively short duration, and would not be 
expected to have regi ona 11y si gnifi cant effects on zooplankton popul ati ons. 
Consequently, the degree of potential regional concern regarding this 
resource-disturbance interaction is considered NEGLIGIBLE. 

3.4.6 Effects of Cement on Benthic Communities 

As indicated earlier, the routine disposal or accidental release of 
cement slurry or powder may increase local turbidity and suspended solid 
levels, alter the particle size of seabottom sediments and/or harden on the 
substrate, and increase water and/or sediment pH. The magnitude and duration 
of these physical and chemical effects have not been examined, nor have the 
effects of cement per se on benthi c flora and fauna been i nvesti gated. 
However, the general type-Qf physical and chemical perturbations which may be 
associated with cement disposal in the marine environment have been examined 
and this provides a sufficient basis for assessment of the potential degree of 
concern regarding impacts of slurries and cement powder on benthic populations. 
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With the exception of minor substrate loss resulting from hardening 
of cement slurry within glory holes and/or flocculation of powdered cement, 
virtually all physical and chemical effects of cement are likely to be 
extremely localized and short-term since these materials would be rapidly 
dil uted in the surroundi ng seawater. For exampl e, the bufferi ng capacity of 
sea water would rapidly minimize any chemical effects related to the 
alkalinity of cement. In a similar manner, any increases in water turbidity 
and suspended sol i d concentrati ons wi 11 be generally i nsi gnificant in waters 
such as the Beaufort Sea which may be naturally turbid. 

3.4.6.1 Benthic Flora 

The release of.cement slurry is unlikely to affect benthic flora in 
the Beaufort Sea si nce sl urri es are only used for grouti ng the upper casi ngs 
to the marine riser at floating drill rigs (conventional drillships and 
conical drilling units). These operations would only take place at water 
depths considerably greater {> 25 m} than where benthic microalgae are likely 
to be abundant, particularly in view of the fact that this discharge would 
occur in a recently dredged glory hole. However, the disposal of powdered 
cement or cement-contaminated barite could affect benthic microa1gae in some 
shallower coastal waters through (I) direct smothering, (2) modification of 
substrate character, and (3) reduced light intensities associated with 
temporary turbidity plumes. 

The release of cement would initially smother existing flora within 
the areas where cement particles settle, although re-estab1ishment of these 
populations would be expected to occur either directly on the cement surface 
or on Mackenzi e Ri ver borne sediments which woul d 1 i kely bury cement in many 
nearshore habitats. The deposition and subsequent sol idification of cement 
powder coul d produce a ha rd substrate in areas where fi ne sediments normally 
occur, and these habitats may be colonized by epiphytic flora. However, the 
amount of habitat modified due to cement deposition is not expected to be 
significant in relation to the total available habitat for benthic flora in 
the Beaufort Sea. 

The effect of cement powder on water transparency would depend on the 
natural turbidity levels in areas where cement was released. Grainger (1975) 
suggested that light limits phytoplankton production within the Mackenzie 
River plume. Consequently, it is likely that cement powder would have no 
significant effect on the primary productivity of benthic flora within the 
Mackenzie River plume. The influence of cement powder on primary productivity 
of benthic flora outside the plume would depend on the degree of light 
reduction and the size of the affected area, although the duration and spatial 
extent of any 1 i ght-rel ated effects waul d be consi derably 1 ess than those 
which may be associated with dredging operations (Section 2.4.8.3). In view 
of the small amount of habitat that is likely to be modified by cement 
deposition, the localized nature of any direct mortality of flora through 
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smothering, and the expected localized and temporary effects on the light 
envi ronment, the overall degree of concern regardi ng potenti a 1 impacts of 
cement release on benthic flora is considered NEGLIGIBLE. 

3.4.6.2 Benthic Infauna 

Cement slurry released from floating drill rigs during grouting 
operations will not affect benthic infauna since this material would all 
settle in areas which will be devoid of fauna (i.e. recently dredged glory 
holes). However, cement powder released to the marine environment in both 
coasta 1 and offshore areas wi 11 1 i kely affect benthic i nfauna 1 communiti es by 
smotheri ng exi sti ng i nfauna and through alteration of the physical 
characteristics of the substrate. Filling of interstices within the substrate 
by cement powder would cause suffocation of most infauna in areas where cement 
deposition is extensive, although these areas would be eventually recolonized 
once the cement was suffi ci ently buri ed by sediments transported into the 
region by the Mackenzie River. Changes in sediment pH or toxic effects of 
some cement constituents coul d a 1 so result in 1 oca 1 i zed mortality of some 
infaunal invertebrates. Nevertheless, since the areas affected would be small 
in a regional context, the degree of potential concern regarding adverse 
effects of cement release on benthic infauna is also expected to be 
NEGLIGIBLE. 

3.4.6.3 Benthic Epifauna 

Unlike the situation with benthic infauna, both cement slurry and 
powder could have localized impacts on epifaunal invertebrate species in the 
Beaufort Sea, since some epibenthic species have been found to rapidly 
recolonize disturbed areas such as glory holes where slurries will be 
released. During the period between dredging of glory holes and grouting 
operations, some sessile epifauna such as the sand-dwelling anemone Cerianthus 
and a larger number of motile epifauna including amphipods, isopods 
(particularly Saduria entomon) and mysids may be expected to colonize dredged 
habitats. The release of cement slurry during the grouting operations will 
probably smother sessile fauna in an area extending 2 to 5 m from B.O.P. 
stacks, while the more mobile amphipod and isopod species may be able to avoid 
the advancing slurry. Epifauna in areas adjacent to the cement may also be 
affected by increased pH associated with the CaO and CaOH, although these 
effects would be both localized and short term (until slurries harden). 
Neverthel ess, si nce the same habitats affected by cement woul d be exposed to 
B.O.P. control fluid released each day during exploratory drilling, complete 
recol oni zati on by both i nfauna and epifauna woul d not 1 i kely occur unti 1 the 
sites are abandoned. 
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Epifauna in areas other than glory hol es may also be affected by the 
occasional release of cement powder and cement-contaminated barite. Potential 
effects woul d be simi 1 a r to those di scussed for cement sl urri es, wi th most 
mortality being associated with the direct suffocation of sessile forms. 
However, these habitats would be expected to recover more rapidly si.nce the 
powdered cement would usually be present as d discontinuous layer. In 
addition, the solidification of cement may provide a hard substrate in areas 
otherwise characterized by silt or sand substrates, and this could eventually 
result in the establishment of a more diverse epibenthic community. 
Neverthel ess, the degree of potenti a 1 concern regardi ng positi ve or negati ve 
impacts of cement disposal on regional epibenthic invertebrate communities is 
expected to be NEGLIGIBLE to MINOR, wi th a MINOR degree of concern occurri ng 
in some nearshore habitats where epifauna are important in the di et of 
anadromous fish, marine mammals and birds. 

3.4.7. Summary of Concerns Related to Cement Slurry and Powder 

The degree of potential regional concern regarding impacts of cement 
slurries and powder on most marine resources of the Beaufort Sea is expected 
to be NEGLIGIBLE due to the small amount of habitat likely to be affected and 
the short-term nature of most potential effects (habitat loss, pH increases 
and turbidity plumes). However, a tHNOR degree of concern would be expected 
if powdered cement were accidentally or purposely discharged to the marine 
environment in some nearshore habitats supporting abundant epibenthic 
invertebrate and fi sh popul ati ons, pa rticu1 arly in waters wi th poor 
circulation where lethal effects associated with pH changes could be more 
pronounced. 
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4. DISTURBANCES AND WASTES ASSOCIATED WITH PRODUCTION PROCESSES 

AND THE STORAGE AND TRANSPORTATION OF PETROLEUM HYDROCARBONS 

4.1 

4.1.1 

GAS FLARES 

Introduction 

During the initial years of oil production in the Beaufort Sea, all 
produced gas from each field will be flared. The quantity of flared gas would 
increase as more wells within a field are brought into production. Subsea 
pipelines would be utilized to move produced hydrocarbons to a single 
production platform within a field, where a processing facility would separate 
and then flare the gas. Given the expected schedule of production platform 
construction and production drilling (EIS Volume 2), a maximum of 2 or 3 
flares would likely be in operation at anyone time. Gas may be reinjected to 
enhance recovery from the reservoir after each field has been in production 
for two or more years. A flare tip design which promotes complete, continuous 
combustion, minimizes radiant heat reaching the ground and reduces noise 
levels would be employed to reduce gas flare emissions (EIS Volume 2). 
Operators in the Beaufort region are also currently examining a specialized 
flare which includes a 10 m high stainless steel sheath (R. Hoos, Dome 
Petroleum Ltd., pers. comm.). In the event that this type of flare is used on 
production facilities in the Beaufort, the flame would not be visible and most 
of the potential effects of this activity on mammals and birds described below 
would not occur. In addition, heat generated by flares at tanker loading 
facilities may also be used in ice management programs (R. Hoos, Dome 
Petroleum Ltd., pers. comm.). 

Sulphur dioxide is the primary pollutant which may be of potential 
concern when sour gas (containing H2S) is flared, although Beaufort Sea gas 
tested to date (EIS Volume 2) has contained no hydrogen sulphide (sweet). In 
addition, complete combustion will be promoted by the proposed flare design, 
and only small quantities of particulates, smoke or hydrocarbons should be 
emitted. At the same time, if gas temperatures do not exceed 1200°F (650°C), 
large quantities of nitrogen oxides will not be formed (U.S. Environmental 
Protection Agency 1977). Gas flares would also be a source of heat, noise and 
light, although the proposed flare tip would minimize both heat and noise 
emi ssi ons. Neverthel ess, ambi ent temperatures wi 11 be increased ina sphere 
surrounding the flare, particularly during periods when winds are calm. The 
size of the area affected by increased heat from gas flares at different rates 
of gas production or under other wind conditions is not documented, although 
the proposed location of flares on production platforms would prevent any 
significant melting of ice, heat damage at the platform surface or hazards to 
personnel (EIS Volume 2). As indicated earlier, a portion of the heat 
produced by flares could also be used for ice management programs at tanker 
loading facilities during the winter. 
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During cold periods, the formation of ice fog will be unavoidable due 
to the high proportion of warm water vapour in the emissions. Although ice 
fog is unlikely to have any direct effects on the marine environment, it may 
be a local visual obstruction to some birds and mammals. 

4.1. 2 Effects of Gas Flares on Marine and Marine-Associated Mammals 

The flaring of produced gas from offshore production platforms and/or 
exploratory vessels is expected to have NEGLIGIBLE effects on regional 
populations of marine mammals in the Beaufort Sea. The only concern related 
to gas flares is the attraction of some species to the bright light (or heat) 
of the flare during periods of darkness or low visibility, thereby increasing 
the potential for disturbance by other activities at the site (e.g. airborne 
noise, human presence). Winter residents of the offshore region which may be 
attracted to offshore flares include polar bears, Arctic foxes, ringed seals 
and bearded seals. The potential for attraction of the latter two species is 
considered relatively remote because of other sources of disturbance at 
production platforms. The attraction of polar bears and Arctic foxes to 
unenclosed gas flares per se would be largely indistinguishable from the 
attraction of these speCle'S to any site of human or industrial activity. The 
numbers of bears and foxes which may be attracted to the 2 or 3 offshore gas 
fl ares which may be operati ng at any gi ven time is unknown, although it woul d 
likely be an insignificant proportion of the regional populations. Therefore, 
the degree of regional concern regarding the effects of gas flares on these 
species is expected to be NEGLIGIBLE. 

4.1. 2 Effects of Gas Flares on Birds 

The unenclosed flaring of gas from offshore production platforms and 
exploratory vessels in the Beaufort Sea may result in the attraction of 
certain bird species, although most birds would probably avoid the heat sphere 
associated with the flare if they approached these facilities. In general, 
birds do not approach gas flares during periods of daylight or clear weather, 
but may be attracted on foggy or rainy nights (Bourne 1979; Hope-Jones 1980). 
Gas flares are least likely to attract birds during spring migration since 
most migrants travel over the Beaufort Sea during periods of virtually 
continuous daylight. Attraction to flares is more probable during late summer 
and autumn, although the routes and numbers of birds which migrate offshore 
duri ng fall over the Beaufort Sea are not well documented. For example, 
female oldsquaws and young-of-the-year migrate from the region until late 
September, and female and young common and king eiders have been recorded 
until late October (Gabrielson and Lincoln 1959). Light will be emitted from 
many other sources on the drilling platform, and the attraction to flares per 
se may be indistinguishable from the attraction to the composite sources()f 
Tlght in production fields. 
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Birds that migrate at low altitudes during periods of darkness 
through offshore areas are most likely to be affected by gas flares. Loons 
and flocks of oldsquaw and eiders are known to migrate at relatively low 
altitudes through the offshore Beaufort Sea duri ng spri ng and/or fall 
migration (LGL and ESL 1981). These species are also relatively unmaneuverable 
during flight, and some individuals may be unable to avoid gas flares. Other 
birds in the Beaufort region that could also be affected by gas flares as a 
result of their migration routes and altitudes include thick-billed and common 
murres and black guillemots since these species also fly at low altitudes and 
are relatively unmaneuverable. However, the alcid species are not as abundant 
in offshore areas as the aforementioned species and do not typically flock; 
consequently, the potential that large numbers of individuals would be 
affected by flares is lower. In addition, some mortality of certain seabirds 
that soar in updrafts (e.g. gulls, fulmars, jaegers and terns) is possible if 
birds attempt to soar in the warm rising air above gas flares. However, these 
species are not known to concentrate during offshore foraging and migration~ 
are relatively agile, and are therefore not likely to collide with flares. 

It is difficult to accurately predict the effects that gas flares may 
have on birds in the Beaufort Sea region, although bird mortality (starlings 
and thrushes) has been documented in flares at North Sea production facilities 
(Bourne 1979; Bourne et al. 1979). On the other hand, Hope-Jones (1980) did 
not observe any birdmortality in a platform flare within the same region 
during a 5-week observation period. Migrating birds attracted to light at 
flares are known to circle and occasionally land on drilling platforms (Bourne 
1979; Hope-Jones 1980). Any subsequent mortality usually results from 
predation by other bird species or exhaustion, and to a lesser extent through 
starvati on (Bourne 1979). Bourne (1979) and Hope-Jones (1980) suggest that 
birds attracted to platforms are already disoriented and/or exhausted and are 
unl i kely to survi ve regardl ess of the presence of offshore structures. Both 
of these authors also concluded that the number of migratory birds killed by 
gas flares in the North Sea is insignificant in relation to the total number 
of birds moving through the area. Consequently, the overall degree of 
potential concern regarding the effects of gas flares on birds in the Beaufort 
Sea region is expected to be MINOR, particularly since a maximum of only 2 or 
3 (unenclosed) flares would be operational at anyone time and the number of 
birds attracted to these sites would likely be small. The degree of concern 
regarding the effects of enclosed gas flares on birds in the Beaufort Sea is 
NEGLIGIBLE. 
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4.1. 4 Summary of Concerns Related to Gas Flares 

Enclosed gas flares would probably have NEGLIGIBLE effects on all 
resources in the regi on. The most si gnifi cant potent; a 1 concern with respect 
to the effects of unenclosed gas flares in the Beaufort Sea is mortality of 
mi grant bi rds foll owi ng thei r attracti on to the heat/l i ght sources. Loons, 
oldsquaws and eiders are the primary species that could be affected since: (1) 
they may migrate during periods of darkness; (2) their routes are offshore 
through the production zone; (3) they fly at relatively low altitudes; (4) 
they are relatively unmaneuverable during flight, and (5) they may occur in 
large numbers. Thick-billed and common murres and black guillemots may al so 
be affected by gas flares, but to a lesser extent because these species are 
not abundant in the production zone and do not occur in large numbers. 
However, the overall degree of potential concern regarding mortality of birds 
in gas flares is expected to be MINOR, based on observations at offshore rigs 
elsewhere in the world and the fact that a maximum of only 2 or 3 unenclosed 
fl ares woul d occur in the producti on zone at anyone time. The degree of 
potential concern regarding the effects of flares on marine and 
marine-associated mammals is considered NEGLIGIBLE, and would be generally 
limited to the attraction of polar bears and occasionally Arctic foxes. 
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RELEASE OF HEATED WATER 

I ntroducti on 
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Heated water will be released to the Beaufort Sea during several 
development activities proposed by the petroleum industry. The major sources 
of these discharges are formation ("produced") water, drill rig machinery, 
ship engine manifolds, and possibly gas liquefaction processes. Discharges 
will vary in quantity, temperature and timing. In protected areas, such as 
the interior harbour of a tanker loading terminal, heated water may be 
intentionally discharged to delay the formation and reduce the thickness of 
ice as part of ice management programs. 

Excess formati on water, at temperatures rangi ng from 10° to 55°C, 
which is not required for recovery enhancement in production fields may be 
released at rates up to 100,000 barrels/day (approximately 16,000 m3/day) 
per platform, and at potentially higher rates under abnormal conditions. The 
di sc ha rged formati on water may contain concentrati ons of di spersed crude oi 1 
up to 50 ppm, as permitted by the Canadian Oil and Gas Productivity 
Regulations. Analyses of formation water flows in the Beaufort Sea have 
indicated that concentrations of most dissolved metals are within the range of 
levels normally observed in both the Beaufort Sea and coastal waters 
el sewhere in the worl d (Thomas 1978). However, concentrati ons of chromi urn, 
lead, mercury and iron were higher than background levels. The potential 
biological effects of the trace metals and oil are separately discussed in 
Sections 3.1.10 and 5.2, respectively. 

Produced water is a potential so'urce of heated \'1ater for below-ice 
discharge in ice management programs. Calculations indicate that the daily 
discharge of 105 bbl of formation water at a temperature of 20°C above 
ambient will add approximately 3 X 10" cal of heat energy per day to the local 
marine environment. The depth of discharge will largely determine the spatial 
extent of the thermal plume since colder receiving water will dissipate heat 
more quickly. Beaufort Sea bottom waters at depths of 20 m or greater are 
generally isothermal (-1.5°C) throughout the year (Giovando and Herlinveaux 
1981). The discharge of formation water into these relatively deep waters 
will probably only slightly alter the local stratification pattern. However, 
discharge of produced water into the surface layer above the summer pycnocline 
would tend to increase the spatial extent of the thermal plume since the 
cooling capacity would be much less during this season. This formation water 
is also expected to be saline and probably anoxic (OCSEAP 1979). 

Shallow discharges just' below the ice surface at an approximate depth 
of 2 m are expected during ice management programs from October to May (EIS 
Volume 2). Localized areas of ice fog may develop when air temperatures are 
less than -30°C, particularly in the fall and when ice formation is delayed by 
heated water di scharges. When thermal di scharges are used for ice management, 
the effl uent temperature is expected to be in the range of 4° to 8° C above 
ambient (EIS Volume 2). 
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A second source of heated water which may be rel eased to the mari ne 
envi ronment is cool i ng water from generators and other pl atform machi nery. 
Approximately 104 m3 of heated seawater at temperatures from 10° to 55°C 
may be dischai~ged per day from each dr'illing platform as a result of various 
cooling functions (EIS Volume 2). The third source of heated water discharge 
is from ship engine manifolds; this water is discharged to the marine 
envi ronment at an approximate temperature of 15°C (EIS Vol ume 2). However, 
heated water discharges from marine vessels are not expected to be of 
sufficient volume to measurably affect the local temperature of the Beaufort 
Sea. Heated water discharged from ships in harbours is likely to remain close 
to the surface, especially under ice cover, while the turbulence of a moving 
ship will rapidly disperse warm discharges into surrounding colder waters. 

4.2.2 General Effects of Temperature Changes on Aquatic Ecosystems 

The proliferation of coal and nuclear-powered electric generating 
pl ants, with thei r attendant need for 1 arge vol urnes of cool i ng water, has 
resulted in an extensive data base dealing with thermal effects in temperate 
environments. The following discussion is based, in large part, on a recent 
1 iterature revi ew by Talmage and Coutant (1978), who exami ned the effects of 
thermal discharges on both freshwater and marine communities. It must be 
stressed, however, that there is currently very 1 ittl e a vai 1 abl e i nformati on 
regarding the effects of temperature on arctic organisms. 

Temperature is a major factor affecting the physiology and behaviour 
of aquatic organi sms, and not only regul ates the development, growth and 
metabolic rates of a wide variety of organisms, but also plays a major role in 
determining the biochemical structure of cellular membranes and critical 
regul atory enzymes in both photosyntheti c and respi ratory pathways. The 
effects of temperature on key membrane and enzyme-l inked pathways are thought 
to be major factors limiting the geographical distribution of many species. 
For these reasons, alterations in temperature regimes are considered an 
important area of potential concern with respect to offshore oil production in 
the Beaufort Sea. 

Most organi sms can accl imate to temperatures hi gher or lower than 
normal when these changes occur gradually, although in most cases, acclimation 
only occurs within the normal seasonal temperature range found in the natural 
habitat of an organism. In general, it appears that the rate of temperature 
change is more important to survival than the overall magnitude of temperature 
change. Rapid temperature increases do not allow sufficient time for 
physiological adjustment and often result in mortality. 
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Reproduction tends to occur within narrower temperature ranges than 
other activities. For example, Brett (1970) reported that spawning of marine 
fish occurs in about one-quarter to one-third of the range of temperatures 
over which fish can survive. In addition, reproduction is often triggered by 
attainment of specific environmental temperatures, while survival of eggs and 
young is greatly influenced by temperature since these early life history 
stages have narrower tolerance ranges than adults. A natural periodicity in 
temperature (diel or seasonal) is also required for successful reproduction of 
some marine species such as the oyster Crassostrea virginica (Butler 1965). 

In general, rates of metabolism and activity of poikilotherms 
increase with temperature to a point near the upper limit of temperature 
tolerance, and above this limit, they rapidly decrease (Kinne 1970a). 
Depending on the physiological state of a poikilotherm, oxygen consumption, 
feeding rate and other metabolic processes normally increase with increases in 
water temperature. Growth rates of aquatic organi sms are al so affected by 
temperature. Growth of many temperate organi sms stops or is much slower in 
the winter, while many crustaceans do not moult in winter (Kinne 1970b). 

Temperature has pronounced effects on the distribution and behaviour 
of organi sms, 1 imiti ng the broad geographi ca 1 di stri buti on of most organi sms 
through its effect on spawning, reproduction, larval stages, growth and 
acti vi ty. I n northern aquati c ecosystems, exi sti ng therma 1 plumes commonly 
attract fish during the winter and these individuals become acclimated to the 
warmer water. Mortal ity can occur if the heated water di scharge is 
interrupted or discontinued (Talmage and Coutant 1978), exemplifying the 
importance of a period of .accl imation as well as the effects of unnaturally 
high temperatures on the microdistribution of organisms. 

4.2.3 Temperature Tolerances of Arctic Organisms 

Ecosystems whi ch naturally fl uctuate withi n wi de temperature ranges 
are believed to be less sensitive to thermal pollution since flora and fauna 
in these envi ronments are adapted to survi val over a range of temperatures 
(eurytherma 1). Organi sms in the temperate zone a re generally thought to be 
the least sensitive to temperature changes, while tropical organisms and those 
living at great depths where temperature is virtually constant are most 
sensitive to changes in temperature (stenothermal). 

Arcti c mari ne en vi ronments are characteri zed by different seasonal 
temperature regimes. The water temperature in the Beaufort Sea at depths 
between 20 and 120m is nearly constant at approximately -1.5°C throughout the 
year (EIS Vol. 3A; Section 1.3). Temperatures in offshore surface waters 
range from -1. sOe in wi nter to gOe duri ng the summer. However; certai n 
coastal areas such as shallow lagoons can become hypersaline in winter and may 
have an annual temperature range from _3° to 12°C. The southern Beaufort Sea 
is influenced year round by freshwater input from the Mackenzie River. Winter 
surface temperatures range from -1. 5° to 1. 5°C, whil e summer maxima can reach 
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1rC off the Delta. As a result, arctic waters contain some organisms that 
have adapted to a wi de thermal regime and others which inhabit envi ronments 
with very constant temperatures. Duri ng the summer when estuari es such as 
iviackenzie Bay become stratified, eurytliermal and stenotl1erfnal organisms may be 
vertically separated by a distance of only 10m. 

The discharge of large volumes of heated water may have significant, 
but rel ati vely local i zed, impacts on the flora and fauna surroundi ng offshore 
platforms in the Beaufort Sea. The magnitude and duration of these impacts 
wi 11 depend on a number of factors i ncl udi ng: (1) the vol umes, depths and 
temporal pattern of heated water discharge; (2) the temperature differential 
between ambient and discharge waters; (3) the prevailing oceanographic 
conditions, particularily currents, vertical stratification, and ice during 
the period of discharge; and, (4) the specific temperature tolerances of 
indigenous flora and fauna. The following sections summarize available 
infonnation regarding the effects of temperature on various marine resources, 
as well as the potential degree of regional concern which may be associated 
with discharge of heated water in the Beaufort Sea. 

4.2.4 Effects of Heated Water on Mammals 

Heated water discharge into areas of open water in the Beaufort Sea 
is expected to have insignificant effects on regional marine mammal 
populations since the heat plumes would be highly localized and mammals would 
be able to avoid intolerable temperatures in most if not all cases. The only 
potential area of concern is the attraction of seal s to the 1 imited areas of 
open water caused by thennal discharges under ice. Although the probability 
of thi s attracti on is remote because Of other sou rces of di sturbance at 
offshore structures, i ndi vi dua 1 s that do move into these open waters may be 
more susceptible to adverse effects of fuel spill s, airborne or waterborne 
noise and other disturbances. Polar bears may also be attracted to offshore 
structures, although the attraction to open water created by heated water 
di scharge woul d probably be i ndi sti ngui shabl e from the overall attracti on to 
composite acti viti es at these sites. Consequently, the degree of potenti a 1 
concern regarding the direct effects of thennal discharges on marine or 
marine-associated mammals is considered NEGLIGIBLE. 

4.2.5 Effects of Heated Water on Birds 

The only potenti a 1 concern rel ated to the effects of heated water 
discharge on birds would occur during spring when oldsquaws, eiders, loons and 
glaucous gull s migrate offshore and stage at the edge of the landfast ice 
(Barry et al. 1981). Some individuals may be attracted to the open water 
areas created by the under-ice discharges and would therefore be more 
susceptible to effects of fuel spills, artificial structures, airborne noise, 
flares and logistics traffic at these sites. However, since open water areas 
resulting from discharge of heated water would be extremely small in a 
regional context and the majority of these species would likely avoid sites of 
industrial activity, the overall degree of potential concern related to heated 
water discharge is expected to be NEGLIGIBLE. 
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4.2.6 Effects of Heated Water on Fish 

The role of temperature in the physiology and behaviour of fish and 
the effects of thermal di scharges on a number of species are very well 
documented. The thermal regime of aquatic envi ronments is a major factor 
controlling the distribution of most species (Brett 1952; Hart 1952). In 
addition, temperature governs physiological responses to changes within 
aquatic environments, regulates metabolism and behavioural processes and 
modifies dietary preferences. Aquatic environments are characterized by 
di urna 1, seasona 1 and annua 1 temperature extremes, and the upper and lower 
temperature tolerance 1 imits vary from species to species and within species 
(Hickman and Dewey 1973). These thermal tolerance limits are affected by a 
range of biotic and abiotic factors (Fry 1964). Since temperature markedly 
affects the composition and behaviour of the aquatic community, modification 
of thermal regimes may have both detrimental and beneficial effects on 
different species. 

The effects of temperature changes in freshwater envi ronments have 
received a great deal of attention, largely in response to concerns regarding 
the thermal effluents associated with various power installations. On the 
other hand, the effects of thermal discharges on marine environments and 
resources are not documented as well, and there are virtually no data for 
arctic environments. Some species of fish appear to be attracted to thermal 
effluents, while others avoid areas having warmer temperatures (Neill and 
t4agnuson 1974; Gray et ale 1977). For example, Olmsted and McPhail (1978) 
reported the concentratTOn of various freshwater species in a thermally 
enhanced area of the Peace River during winter, while Gray et ale (1977) 
reported that juvenile salmon actively avoided a thermal plume wnTcn-was 9° to 
11 °c above ambient temperature. The latter authors al so postulated that 
normal behaviour may prevent some species from being exposed to potentially 
1 etha 1 temperatures, and noted that sal i nity, photoperi od and feedi ng 
responses can alter this behaviour. Neill and Magnuson (1974) also found 
evi dence of thermorecepti on and thermoregul ati on in freshwater fi shes, and 
suggested that a species tends to maximize its exposure to a specific 
temperature range. Diel and seasonal variabil ity in species' responses to 
temperature were also documented by Neill and Magnuson (1974), who also found 
that thermoregulation was modified (but not overriden) by behavioural 
reactions to food abundance, strong currents and predators. 

Syl vester (1972) and Coutant (1972, 1973) demonstrated increased 
vulnerability of thermally stressed fishes to predation. In similar studies, 
Beiti nger (1974) and Ha rtwell and Hoss (1979) each showed a decrease in fi sh 
acti vity (thought to account for inc rea sed predati on) fo 11 owi ng exposure to 
eithei'~ heat ot~ col d shock. On the other hand, Deacuti s (1978) reported both 
increased and decreased susceptibility of different species of larval fish to 
predation following thermal shock. 
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Numerous researchers have demonstrated that increased temperature 
markedly accelerates hatching time in fishes, but may ultimately reduce 
survival (e.g. Hubbs and Bryan 1974; Brooke 1975; Berlin et ala 1977). For 
example, Berlin et al. (1977) observed advanced embryonic deve!<)pment, reduced 
i ncubati on time andovera 11 dimi ni shed reproducti ve success in 1 ake whitefi sh 
(Coregonus) at higher water temperatures. Brooke (1975) al so showed that 
whitefi sh eggs subjected to thermal enhancement hatched earl i er, but produced 
smaller and more abnormally formed fry than normal, while Hubbs and Bryan 
(1974) demonstrated critical upper temperature threshol ds in shad (Dorosoma) 
eggs, and observed severe malformations and behavioural abberations whenthl s 
threshold was exceeded. In addition, Pokrovskii (1961) found 'that increased 
temperature caused male whitefish to prematurely vacate spawning areas. 

The frequency and 1 ethal ity of di seases among fi shes is al so 
correlated with temperature. Fryer and Pilcher (1974) and Whelen et ale 
(1981) both reported that the progress of disease in salmonids was accelerated 
during periods of temperature increase and retarded by decreasing temperatures. 

The effects of temperature on fish may be modified by other abiotic 
factors, while temperature may act synergistically to alter the lethality of 
contaminants such as trace metals (Section 3.1.10). For example, Barker et 
al. (1981) observed a synergi sti c i nteracti on of sal i ni ty with temperature,­
such that increased salinities increased the thermal stress to larval herring 
(Clupea), flounder (Liopsetta) and rainbow smelt (Osmerus). Stober and Hanson 
(1974) reported that the toxicity of chlorine to salmon (Oncorhynchus) 
increased markedly with temperature, and Burton et ale (1972) observed a 
similar relationship between temperature and zinc toxicity. 

Synergi stic effects of thermal di scharges may occur at production 
platforms in the Beaufort Sea, particularly if and when formation water is 
released to the marine environment, since this produced water 
(1000 m3/day/platform) may not only have a temperature of up to 55°C, but 
may also contain elevated levels of dissolved trace metals and up to 50 mg/L 
of dispersed oil. However, in many cases, fish may avoid thermal plumes prior 
to exposure to undiluted trace metals or oil near these production 
facilities. Potential effects of heated water discharge on fish in offshore 
areas would largely be restricted to temporary alterations in behaviour and 
sublethal physiological/metabolic changes since long-term exposure would be 
unl i kely and spawni ng habi ta ts wi 11 not be affected. Consequently, the degree 
of regi ona 1 concern regardi ng potenti al adverse effects of heated water from 
production platforms on fish is expected to be NEGLIGIBLE. 

The effe"cts of heated cooling water from moving ships on fish will 
also be NEGLIGIBLE because of the limited volume of these discharges and their 
rapid dilution in surrounding waters. Discharge of cooling water from moored 
vessel s coul d also tempora ri ly increase water temperatures in the immediate 
vicinity of the release sites, although the degree of concern regarding 
adverse effects on regional fish populations would again be NEGLIGIBLE due to 
the localized area affected and the short-term nature of the discharges. 
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4.2.7 Effects of Heated Water on Phytoplankton 

Although the effects of temperature on arctic mari ne phytoplankton 
have not been directly examined, there is a large body of literature 
desc ri bi ng thermal effects intemperate regi ons. Talmage and Coutant (1978, 
1979, 1980) reviewed the recent literature discussing the effects of 
temperature on phytoplankton and other aquatic organisms. 

In general, an increase in temperature up to some critical threshold 
increases enzyme activity, and this is reflected in higher photosynthetic 
acti vi ty, growth rates and respi rati on. Although each speci es of 
phytopl ankton has some optimum temperature for growth (Gol dman and Ryther 
1976; Goldman 1977a, b; Eng-Wilrot et ale 1977, cited in Talmage and Coutant 
1978), many phytoplankton are founa 1n sub-optimal environments and this 
results in differential growth rates within the community. Due to these 
differi ng growth rates, speci es successi on in mari ne envi ronments can also be 
i nfl uenced by temperature, although 1 i ght intensity and spectral compositi on, 
nutri ent a va i 1 abil ity and other factors can modify the effects of temperature 
(Jones 1977). 

Thermal discharges usually result in a slight to moderate increase in 
rates of primary production by phytoplankton (Mothes et ale 1976; Kemp 1977, 
both cited in Talmage and Coutant 1978), and occasionally alter the species 
composition within the community (Goldman 1977a,b; Jones 1977; Goldman and 
Ryther 1976, cited in Talmage and Coutant 1978; Bourgarde 1977, cited in 
Talmage and Coutant 1980; Campbell 1978, cited in Talmage and Coutant 1980). 
However, several studies have indicated that the overall impact of thermal 
discharges on phytoplankton was minimal, and no detrimental effects on 
regional communities have been documented (Campbell 1978, cited in Talmage and 
Coutant 1980; Goldman and Quinby 1979). 

Heated cool i ng water and formation water di scha rged from producti on 
facilities in the Beaufort Sea may approach 55°C and would rise through the 
water column to form a plume of warm water at the surface. Mortality of 
phytoplankton in the immediate vicinity of the discharge would likely occur, 
particularly in the presence of dissolved trace metals and dispersed oil, 
since Cairns et ale (1978, cited in Talmage and Coutant 1979) found that 
higher temperatures increased the sensitivity of some phytoplankton species to 
toxicants. Some enhancement of primary production would probably occur in 
adjacent areas as the thermal plume spreads and temperatures decrease. 
Localized alteration of the species composition of the phytoplankton community 
is possible, but only if the plume is persistent and affects the same water 
mass for a prolonged period, since several generations would be necessary to 
result ina change in the community structure. However, it is more 1 i kely 
that the plume would affect plankton only briefly as normal watei mOVement 
transports the populations through the affected zone. 

The discharge of heated cooling water and formation water would have 
a very localized detrimental effect on phytoplankton in offshore waters of the 
Beaufort Sea, but the overall degree of concern regarding impacts on regional 
or 1 oca 1 popul ati ons is consi dered NEGLIGIBLE. Large and persi stent thermal 
plumes may, in fact, have a slight positive impact by locally increasing the 
rate of primary producti on. 
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4.2.8 Effects of Heated Water on Zooplankton 

The initial interaction between arctic marine zooplankton and the 
discharge of heated water is likely to be one of involuntary entrainment 
within a zone or plume of warm water; resulting in subsequent mortality or 
subl etha 1 effects whi ch result from exposure to temperatures beyond the range 
to which indigenous fauna would be acclimated. Since the passage of 
p 1 anktoni c organi sms through an a rea is governed by the movement of the water 
masses, accl imati on resul ti ng from long-term resi dence wi thi n a thermal plume 
is expected to be extremely unlikely. Due to their relatively small size, 
zoop 1 ankton wi 11 probably undergo rapi d fl uctuati ons in body temperature in 
the transition zones between ambient and plume temperatures, and this is 
likely to preclude the possibility of adaptive physiological responses. As a 
result, considerable mortality due to thermal shock may be expected within the 
immediate vicinity of the thermal discharge. 

Thorhaug (1974) determi ned the upper 1 etha 1 temperature threshol ds 
for various larval stages of a tropical penaeid shrimp Penaeus duorarum and a 
stone crab t~enippe mercenaria (Table 4.2-1). These data illustrate the 
variable response of different crustacean species to temperature. Older life 
history stages of the shrimp generally had a higher temperature tolerance, 
while the crab larvae exhibited somewhat decreasing temperature tolerance as 
they developed. The rel ati onship between devel opmenta 1 stage and temperatu re 
tolerance has not been examined in arctic crustacea, although similar 
species-specific differences may be expected in Beaufort Sea zooplankton 
popul ati ons. 

TABLE 4.2-1 

UPPER TEMPERATURE LIMITS OF LARVAL STAGES FOR TWO TROPICAL CRUSTACEAN SPECIES 
(from Thorhaug 1974) 

Species/Life History Stage Exposure Time (hrs) 

Penaeid Shrimp (Penaeus duorarum) 

nauplii 
1st p rotozoea 
3rd p rotozoea 

3rd mysis 
1st postlarvae 

1 ate juveni 1 e 

Stone Crab (Menippe mercenaria) 

eggs 
1st zoea 
2nd zoea 
5th zoea 
megalopa 

zoea/mega. 
mega. /j uv. 

22 
18 
17 
72 
1 

40 

40 
24 
91 
44 
16 
24 
24 

Upper Lethal Limit (OC) 

30.5 - 31.5 
36.0 - 37.6 
36.8 - 37.8 
36.8 - 37.8 
37.9 - 40.7 
36.3 - 38.5 

36.3 - 38.5 
34.4 - 36.0 
33.1 - 34.2 
34.7 - 35.5 
36.0 - 37.0 
30.5 - 31.4 
28.9 - 30.5 
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Beyond the immediate site of release of heated water, diffusion and 
turbulence will decrease the temperature of the thermal plume as well as 
mortality of zooplankton. However, a range of sublethal effects may still be 
anticipated in this area, including altered respiration, feeding rate (Kremer 
1976; Bogdon 1977) and possibly behaviour and reproduction. In addition to 
these direct effects, entrainment in a warm water plume may modify the rate of 
zooplankton movement (Nicol 1967) and temporarily alter their ability to avoid 
predation (Talmage and Coutant 1978). If the effects of temperature on 
locomotion are sufficient to produce a complete loss of swimming ability, this 
loss tends to be largely irreversible (Reeve and Casper 1972) and would 
probably quickly result in the death of the affected individuals. 

The many zoopl ankton speci es which undergo di urnal vertical mi grati on 
may al so be affected by a thermal di scharge si nce thi s vertical movement can 
be inhibited either by a large temperature gradient over a small vertical 
distance or by a temperature above the preferred temperature of individuals in 
a particular zooplankton population (Gehrs 1974). Insufficient food may be 
available for maintenance of normal rates of secondary production if the 
thermal discharge restricts the movement of zooplankton into the euphotic 
zone. It has also been suggested that obligate herbivorous zooplankton would 
have difficulty surviving in waters affected by thermal discharges (Gehrs 
1974), although both 1 etha 1 and subl etha 1 effects of heated water rel ease 
would be relatively localized. 

The presence of dispersed oil within warm formation water discharges 
may increase both the thermal effects and the toxic action of the oil. In 
addition, the likely presence of open water in the vicinity of thermal 
discharges during winter may result in the concentration of vertically 
migrating zooplankton near the outfall, and this would tend to increase the 
numbers of zooplankton affected. Although the release of heated cooling water 
and formation water may result in significant detrimental effects on the 
zooplankton passing through the zone of influence of the discharge, the 
overall degree of regional concern regarding adverse impacts of these 
discharges on zooplankton is expected to be NEGLIGIBLE because of the 
localized nature of dny potential lethal and sublethal effects. 
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4.2.9 Effects of Heated Water on Micro-organisms 

Most bacteria survive and grow within a temperature range of 
approximately 30°C, with optimal growth temperaturES be; n9 those at which 
bacteria have the shortest generation time. Growth rates of aquatic bacteria 
generally increase as water temperatures increase until an upper thermal limit 
is reached, which varies according to the individual tolerance of each species 
or strai n. Psychrophi 1 i c bacteri a grow best in cool er temperatures between 
_5°C and 20°C; this category encompasses most of the marine species (Morita 
1974). For example, a marine bacterium isolated from North Pacific water of 
3.2°C had optimal growth at 15 to 16°C (Morita and Haight 1964). When the 
temperature was raised to 29°C for 1 hr some reversible damage was detected, 
and viability of this culture was completely destroyed after 6 hr at 29°C. 
Since psycrophilic bacteria in the Beaufort Sea do not live at their optimum 
temperature for most of the year, a slight rise in water temperature in the 
vicinity of offshore structures may promote bacterial growth. 

Degradation of petroleum hydrocarbons by oleoclastic bacteria is a 
temperature-dependent process of much interest to mari ne sci enti sts ,and the 
offshore oil industry. Bunch and Harland (1976) found that mixed 
heterotrophic cultures from the Beaufort Sea had optimum rates of oil 
degradation at 20°C or lower, indicating the combined presence of both 
psychrophilic and oleoclastic characteristics. Oleoclastic degradation 
occurred at ,temperatures as low as 0° to _1°C although not at optimal rates. 
The overall degree of regi ona 1 concern rega rdi ng the stimul atory effects of 
heated water discharge on bacterial growth is considered NEGLIGIBLE due to the 
localized and generally transitory nature of the thermal discharges. 

4.2.10 Effects of Heated Water on Benthic Communities 

Since thermal discharges are expected to initially remain in the 
upper layer of the water column, with the exception of certain epibenthic 
invertebrates which may swim up into the water column, benthic communities 
will generally be well below the depth range affected by thermal plumes. 
Although the effects of temperature on marine organisms is very well 
documented, information on arctic benthos is 1 imited to several theoretical 
treatises and laboratory investigations (e.g. Dunbar 1968). 

The known temperature tolerances of Beaufort Sea benthos are 
restricted to data for a few mobile crustacean species. Robilliard and 
Busdosh (1979) descri bed the thermal preferences of three speci es of i sopods 
(genus Saduria). The most common species, S. entomon, is eurythermal dnd 
tol erates experimental temperatures rangi ng from about _2° to 25°C (George 
1977; Percy et ale 1978, cited in Robilliard and Busdosh 1979). The other two 
species, S. S"ib1rica and S. sabini, are generally collected from deeper water 
(>7m) and are not often found in areas with low salinity and high' 
temperatures. Busdosh and Atlas (1975) described the temperature and salinity 
tolerances of two amphipods from the Beaufort Sea, Gammarus zaddachi and 
Boeckosimus (Onisimus) affinis. Both species tolerated a wide range of 
temperatures and salinities, including abrupt changes in these parameters, 
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such as those experienced in crossing the thennocline. Gammarus zaddachi 
survived sudden temperature changes from 5° to 25°C, while Boeckosimus affinis 
could only tolerate sudden changes from 5° to 15°C. However, both species 
were tolerant of higher temperatures when the change was gradual and increased 
by 3.0°C every 12 hours (Table 4.2-2). 

TABLE 4.2-2 

TOLERANCE OF AMPHIPODS TO GRADUAL TEMPERATURE CHANGES AT VARIOUS SALINITIES 
(from Busdosh and Atlas 1975) 

Sa 1 i ni ty ° / ° ° 

5 
10 
20 
30 
40 
50 

Upper Survival Temperature (DC) 

Boeckosimus affinis Gammarus zaddachi 

28 
28 
28 
28 
23 
15 

33 
33 
33 
30 
12 
12 

Bayne et al. (1977) emphasized that measurement of thermal tolerance 
may be almost 6TOlogically irrelevant when assessing the potential effects of 
thennal discharges on a sessile invertebrate population. Their study of two 
mussel populations indicated that individuals adjacent to a warm water 
discharge from a power station had a higher thennal tolerance but lower 
IIcondition factor ll compared to individuals of similar size and reproductive 
state within the control population. These authors suggest that growth, which 
reflects ingestion rate, assimilation efficiency and metabolic rate, is a more 
adequate measure of the extent of thennal stress experienced by a population 
than simple thennal tolerance limits. 

Griffiths and Di 11 i nger (1980) reported that the mysi ds Mysi s 
litoralis and M. relicta and the amphipod Onisimus glacialis all thrived near 
Simpson Lagoon-where the annual temperature range was -ZU to 13.5°C, and the 
mysids appeared to be equally active -in summer and winter. These and other 
authors have suggested that eurythennal arctic fauna can survive over a wide 
temperature range, but certain processes such as breeding and growth may occur 
within a relatively narrow band of temperatures. 

The wide thennal tolerances exhibited by the species examined to date 
indicate that localized temperature increases of 5° to 10°C will not adversely 
affect these mobile epi benthi c invertebrates. Thi s and the fact that most 
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benthic organi sms woul d not be exposed to heated water suggests that the 
degree of regional concern regarding the adverse impacts of thermal discharges 
on these populations would be NEGLIGIBLE. 

4.2.11 Effects of Heated Water on Epontic Communities 

The di scharge of heated water into the near-surface waters of the 
Beaufort Sea duri ng and foll owi ng the normal peri od of ice cover development 
may locally reduce the areal extent and duration of the ice cover and its 
associated epontic community in some offshore areas. Relatively small areas 
may remain ice-free throughout the year, \'/hile additional adjacent areas would 
likely freeze later and thaw earlier than normal. However, the effects of 
heated water on the ice cover woul d be 1 oca 1 i zed and the a rea affected 
considered insignificant in comparison with the amount of available epontic 
habitat in the Beaufort Sea. 

Outside the region where the thermal discharge would prevent 
development of the epontic community and be lethal to phytoplankton in the 
upper layer of the water column, some enhancement of primary production may 
occur when light availability in the upper layer of the water column is no 
longer a limiting factor in the spring. However, conflicting opinions have 
been expressed as to whether nutrients may (Grainger 1977) or may not 
(Alexander 1974) be limiting to phytoplankton growth at this time of year. 
Increased algal biomass in areas adjacent to thermal plumes may attract larger 
numbers of epontic fauna. As indicated in Section 4.2.10, some amphipods 
appear to be tolerant of increases in temperature and would therefore be able 
to take advantage of localized areas of increased food availability near 
offshore production facilities. Nevertheless, the degree of concern regarding 
the impacts of thermal di scharges on the eponti c communi ty is consi dered 
NEGLIGIBLE since any positive or negative effects would be localized and not 
regionally significant given the extent of this community in the Beaufort Sea. 

4.2.12 Summary of Concerns Related to Heated Water Discharge 

The rel ease of heated cool i ng and formati on water in the offshore 
Beaufort Sea is expected to result in localized mortality of planktonic and 
epontic organisms in areas immediately adjacent to outfalls, and increased 
productivity of these flora and fauna (including bacterioplankton) in outer 
portions of thermal plumes. If discharges are continuous, most fish would 
1 ikely avoid any areas where temperatures exceed tolerance 1 imits and most 
potenti a 1 effects of heated water on these speci es woul d be subl etha 1 in 
nature. On the other hand, intermittent di scharges of heated water coul d 
result in localized fish mortality when some individuals are unable to avoid a 
thermal plume. Areas of open water created around production facilities could 
also attract marine mammals (primarily seals) throughout the winter as well as 
offshore migrant birds during the spring and late fall. Although heated water 
per se is not likely to have adverse impacts on birds and marine mammals, 
attraction of these species to offshore production facilities may increase the 
opportunity for i ndi rect and di rect effects of other sources of di sturbance 
and wastes, particularly dispersed oil and dissolved trace metals present in 
formation water. Nevertheless, the degree of regional concern regarding 
adverse impacts of heated water discharge on all marine resources of the 
Beaufort Sea is expected to be NEGLIGIBLE because of the rapid dissipation of 
thermal pl urnes. 
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BALLAST WATER/EXOTIC ORGANISMS 

Introduction 

In order to maintain stability when not carrying cargo, approximately 
200,000 m3 of ballast water will be pumped aboard tankers bound for loading 
facilities in the Beaufort Sea. About 50 percent of the ballast requirements 
woul d be taken from the southern ports si nce tankers wi 11 mai ntai n mi nimum 
draft until additional draft is required for icebreaking in Davis Strait, 
Baffin Bay and the Northwest Passage. The remainder of the ballast water will 
therefore be pumped aboard at a location which will vary with seasonal ice 
conditions (usually Davis Strait or Baffin Bay). The water will be pumped 
into the tanker through a pipe (approximately 1.2 m in diameter) equipped with 
a strainer comprised of one coarse screen (5 cm slots) and one fine screen 
(0.5 em slots) to prevent the potential entrainment of larger marine 
invertebrates and fish. A backflushing system will be used to clean off the 
screen as required. The chemical quality of the ballast water will be 
monitored to ensure that only cl ean approved water is loaded. Si nce the 
ballast compartments in the proposed tankers will be located outside of the 
oil compartments and adjacent to the hull, the temperature of this water will 
be approximately equal to the ambient seawater temperature as the tankers 
travel from southern termi nal s to the Beaufort Sea. At the Beaufort Sea 
offshore tanker loading terminals, this ballast water will be discharged to 
the marine environment at a rate of between 13,000 and 25,000 m3/hr 
simultaneously with the on-loading of crude oil. Since the ballast will be 
carri ed in segregated tanks, it wi 11 not be contami nated with hydrocarbons 
under nOrnla 1 ci rcumstances. If acci denta 1 1 eakage occurs between the ball ast 
and crude oil storage compartments, the ballast water would be passed through 
an oil-water separator to reduce oil concentration to 50 ppm or less prior to 
discharge, as required by the Canadian Oil and Gas Productivity Regulations 
(EIS Vol. 2). 

It is anticipated that there would be no regionally significant 
biological concerns related to the normal discharge of ballast water. 
Although the ballast water will probably have a specific gravity different 
from that of Beaufort Sea water, it has been estimated that the ballast water 
would be quickly diluted by a factor of 150x in a 1 km2 area around the 
tanker loading platforms (EIS Vol. 2). There is a potential for the 
introduction to the Beaufort Sea of exotic marine species not filtered out by 
the on-loading pump system. However, for exotic species from temperate or 
subarctic waters to successfully colonize waters of the Beaufort Sea, they 
would not only have to survive in ballast tanks until this water is discharged 
at the loading facilities, but also survive and reproduce once they are in the 
Beaufot~t Sea. Although a few species may be able to initially survive the 
adverse environmental conditions, the majority would not be able to 
successfully reproduce. 



279 

Elton (1958) described accidental carriage in water ballast tanks or 
on the hulls of ships as a IIpowerful and steady agency dispersing marine 
plants and animals about the wor1d ll

• Rosenthal (1980) reviewed many of the 
accidental transplantations of marine organisms associated with marine traffic 
and concluded that there is little likelihood of reducing the continuous and 
world-wide transfer of organisms on ship hulls and in ballast tanks. Certain 
fish, benthic and planktonic invertebrates, phytoplankton, benthic algae and 
presumably micro-organi sms have been di spersed beyond thei r normal geographic 
range by marine vessels, although only a few species have been able to 
establish breeding populations outside their native range. Introduction of an 
exotic species does not automatically result in successful colonization, since 
many intentional transplants have been failures. 

Due to the· fact that the degree of col oni zi ng success of a gi ven 
species is highly unpredictable, the potential for transfer of flora and fauna 
from temperate and subarctic waters to the Beaufort would depend on their 
trophic level, niche, competing species, physiological tolerance and 
reproductive requirements. Phytoplankton, bacterioplankton and zooplankton 
woul d 1 i kely be the only types of organi sms transported in ba 11 ast water due 
to the 0.5 cm screens on the ballast intake pipes. Autotrophic phytoplankton 
species are unlikely to survive the 2 to 3 week period in darkness during 
transport to the Beaufort, although species capable of heterotrophic uptake as 
well as bacteria and zooplankton could remain viable providing they are 
capable of acclimating to progressively lower temperatures over this period. 
Once these flora and fauna are released to the Beaufort Sea, continued 
survival would depend on their ability to adapt relatively quickly to a 
potenti ally different phy si ca 1 /chemi ca 1 envi ronment. Immedi ate mortal ity of 
some of the more fragile zooplankton species would be expected as a result of 
the turbulence associated with ballast release (discharge velocity = 320 to 
615 cm/s given 1.2 m pipe). If the transported organisms survive the initial 
exposure to Beaufort Sea waters, a secondary level of requirements must be 
met, including suitable substrate, forage and light conditions. Tolerable 
conditions may only exist during certain seasons and survival of the 
introduced flora and fauna may not be possible over the entire year. 

The final requirement for successful colonization is the ability of 
the exotic organisms to reproduce and leave viable offspring, and this often 
requires a special set of environmental conditions. Many marine species have 
non-breedi ng popul ati ons on the fri nges of thei r natural geographic range 
where suboptimal conditions permit survival but not reproduction. The marine 
environment of the Beaufort Sea is characterized by more marked variability in 
physical parameters such as ice cover and light regime than temperate waters, 
and this is particularly reflected in the seasonality and relatively low 
standing crops of primary producers compared to temperate latitudes. The 
latter biological characteristic of this region would tend to hamper 
successful colonization by herbivorous species, and generally limit potential 
invading species to detritivores and predators. 
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Potential biological concerns related to exotic organisms include the 
possible introduction of new pathogens or parasites for which there may be 
little genetic resistance in native populations, and the introduction of pests 
whi ch prol iferate at the expense of i ndi genous flora and fauna, either by 
direct competition or by increased predation. 

4.3.2 Effects of Ballast Water on Fish 

Adult fish and juvenile stages larger than 0.5 cm would not be 
present in ballast water because of the screens on ballast water intakes. On 
the other hand, eggs and planktonic larvae of some species could pass through 
the screens and survive within the ballast tanks until they are released in 
the Beaufort Sea, while disease organisms and parasites of fish may also be 
present in ballast water. 

Forty-three species of anadromous or marine fish have been identified 
from the Beaufort Sea (LGL and ESL 1981), with approximately half of these 
species also occurring on the Atlantic coast of Canada (Leim and Scott 1966). 
This suggests that certain niches in the marine environment of the two regions 
are similar enough that some species could survive transplantation in the 
Beaufort Sea, pa rticu1 arly si nce the Atlantic coastal a rea supports 
approximately 250 species not recorded from the Beaufort Sea. However, as 
suggested earlier, only marine species with planktonic eggs and larvae could 
be introduced to the Beaufort Sea during tanker operations. The most 
significant area of potential concern in this regard would be the successful 
introduction of a species found to be a pest in the Atlantic region such as 
the sea lamprey (Petromyzon mari nus) , although the probabil ity of survival and 
reproduction of thlS or other temperate latitude species is unknown. 

Another potential area of concern related to release of ballast water 
in the Beaufort Sea is the spread of communicab1 e parasites and di seases of 
fish. Several viral and bacterial diseases have sometimes had severe effects 
when transferred from their indigenous host to a more susceptible fish species 
(Chri stensen 1973). In a simi 1 ar manner, parasites usually restricted (and 
relatively innocuous) to one fish species can have much more serious effects 
if transferred to a new host in a new environment (Schulman 1954). The 
introduction of fish-borne human pathogens to a new environment has also been 
demonstrated (Rosenthal 1980). It should also be emphasized that fish 
pathogens can also be transported by ferti 1i zed egg s (Fi sheri es and 
Environment Canada 1977), which is the most likely path of introduction of 
Atlantic species to the Beaufort Sea because of their greater chance of 
survival during entrainment, transport and subsequent release in the Arctic. 
In addition, since ballast water could be repetitively obtained and released 
in the same localities (southern port and offshore Beaufort tanker loading 
faci1 ities) year-round for many years, the probabil ity of successful 
establishment of Atlantic coast organisms in the Beaufort Sea is increased. 
At the present time, the degree of potential concern regarding the 
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introduction of exotic fish and fish pathogens or parasites to the Beaufort 
Sea is consi dered MINOR to MODERATE si nce the probabil ity of thi s phenomenon 
and its ecological implications remain poorly documented. 

4.3.3 Effects of Ballast Water on Phytoplankton 

As indicated earlier in Section 4.3.1, survival of most autotrophic 
phytoplankton species is considered unlikely during or after transport to the 
Beaufort Sea in ballast water. Although the light reactions and electron 
transport processes of photosynthesi s woul d probably recover foll owi ng a 
period of 2 to 3 weeks in darkness, the enzyme-mediated dark reactions of the 
photosynthetic process are 1 ikely to deteriorate with time and reduce the 
ability of organisms to survive once they are released in the Beaufort Sea. 
r~ortality of most organisms is considered equally probable during the winter 
and summer, despite the fact that lower temperatures in winter would normally 
increase the potential for survival of phytoplankton populations when 
naturally or experimentally transferred to light-limited environments. 
However, exposure to some light regime is typically required for re-activation 
of the 1 i ght reacti on pathways of photosynthesi s, and duri ng wi nter, 
phytoplankton released to the Beaufort Sea are unlikely to receive this 
stimulus. In the summer months, the warmer water temperatures in areas where 
ballast is loaded would result in relatively high energy expenditures by 
p hytop 1 ankton and these energy requi rements woul d 1 i kely persi st unti 1 water 
temperatures in the ballast tanks decreased with movement of the tankers into 
col der Arcti c waters. Si nce photosynthetic producti on woul d be unabl e to 
supply this energy, the survival of phytoplankton in ballast water for 2 to 3 
weeks woul d be unl i kely unl ess some speci es are capabl e of heterotrophic 
uptake and metabolism of organic compounds present in seawater. 

It should al so be emphasized that even if some phytoplankton from 
southern latitudes survived transport in ballast water, they may not be able 
to reproduce under the more extreme environmental conditions which are 
characteristic of the Beaufort Sea. At the same time, the exchange of waters 
from the Atlantic and Pacific oceans and the Beaufort Sea is well documented 
(Pickard 1963; Codispoti and Owens 1975), and this allows normal immigration 
of organi sms from temperate oceans. As a resul t of thi s naturally occurri ng 
phenomenon and the likelihood that most phytoplankton transported in ballast 
water woul d not survi ve, the degree of concern rega rdi ng adverse effects of 
ballast water discharge on regional populations of phytoplankton in the 
Beaufort Sea is considered NEGLIGIBLE. 

4.3.4 Effects of Ballast Water on Zooplankton 

Considerable natural opportunities exist for the colonization of 
Beaufort Sea waters by marine zooplankton from both the Pacific and Atlantic 
oceans. This assumption is based partly on the presence of identifiable water 
masses or currents known to ori gi nate in these oceans wi thi n the Beaufort 
(Pickard 1963; Codispoti and Owens 1975), and partly on the presence of both 
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Atlantic and Pacific zooplankton in samples collected in the Beaufort Sea 
(Grainger 1965, 1975). For example, of the 34 copepod species found in the 
Beaufort, three are known to enter from the Pacific Ocean while five are 
characteristic of the deep Atlantic water layer (Grainger 1975). 

Pacific zooplankton species currently found in the Beaufort Sea are 
those forms which can tolerate the environmental conditions encountered while 
dri fti ng from the· north Paci fi c ocean through the Beri ng and Chukchi seas. 
Horner (1978) reported that planktonic larvae of barnacles, polychaetes and 
echi noderms (some of whi ch presumably or; gi nated from the north Pacific Ocean 
and Bering Sea) were more abundant in the Chukchi Sea than further east in the 
Beaufort. However, although these speci es and the other zoopl ankters of 
Pacific or Atlantic origin appear to be able to survive for relatively lengthy 
periods in Arctic waters, it is unlikely that these exotic species would be 
able to reproduce under the more extreme environmental conditions. 

Historically, ship traffic in the Canadian Arctic has been primarily 
1 imited to sma 11 or medi um-si zed vessel s operati ng duri ng rel ati vely ice-free 
periods. The year-round presence of a fleet of icebreaking tankers operating 
between the eastern seaports and the oil-producing region north of the 
Mackenzie Delta may significantly increase the rate of introduction of new 
marine zooplankton species to the Beaufort Sea. While the vast majority of 
these species would fail to become established, the chronic reintroduction at 
all seasons of the year would provide the maximum opportunity for colonization 
by new species. The potential ecological significance of the introduction of 
exotic zooplankton speci es to the Beaufort Sea remains unknown. The most 
significant concern would be a long-term change in the species composition of 
the herbivorous component of the planktonic community (secondary producers) 
since this could affect members of higher (predaceous) trophic levels by 
decreasing the abundance and/or nutrional suitabil ity of prey species. 
Although the probability of widespread and successful invasion of exotic 
zooplankton species to the Beaufort Sea associated with ballast water 
discharge appears remote, the degree of potential concern regarding adverse 
effects on regi onal zoopl ankton popul ati ons and members of hi gher trophic 
levels dependent on these species must remain at least MINOR in the absence of 
evidence to the contrary. 

4.3.5 Effects of Ballast Water on Micro-organisms 

Bacteria often adapt relatively quickly to new environmental 
conditions due to their large numbers and short generation time. As a result, 
some exotic bacteria introduced into the Beaufort Sea through the discharge of 
tanker ballast could survive and become established in the region. The 
potential effects of introduction of new bacterial strains on the marine 
ecosystem cannot be predicted at the present time, although relatively serious 
outbreaks of disease in fish and marine mammals are considered possible if 
pathogenic organisms to \'Ihich indigenous fauna have no previous exposure are 
introduced and remain ·viable within the region. However, the proposed 
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monitoring of water quality at southern tanker terminals (Section 4.3.1) will 
reduce this area of concern to NEGLIGIBLE or MINOR if analyses also include 
pathogenic bacterial counts in local marine waters and areas of domestic 
sewage discharge are avoided. 

4.3.6 Effects of Ballast Water on Benthic Communities 

The concern over the introduction of exotic organisms is the 
potential establishment and multiplication of any species which would compete 
with and displace indigenous species or eliminate native fauna through 
selective predation, and thus disrupt food chains or other community 
interactions within a region. Although this question is perhaps largely 
theoretical at the .present time, there has been historical evidence of 
successful i nvasi ons of exotic organi sms associated with mari ne transport. 
Benthic invertebrates which have been dispersed through marine shipping 
include species of crabs, amphipods, shrimps, barnacles, mussels, hydroids, 
bryozoans and nudi branchs.- For exampl e, El mi ni us modestus is a barnacl e which 
spread from New Zealand and Australian rocky intertidal beaches to England and 
then to France, Holland and Belgium (Elton 1958). This species has also been 
detected in South Africa. Other barnacles with ranges expanded via ship 
traffic are Balanus eburneus from North America to the Mediterranean and 
Britain, and B. improvisus from the Northern Hemisphere to Australia (Elton 
1958). -

In a similar manner, the Chinese mitten crab Eriocheir sinensis from 
estuaries in north China has established itself in several European rivers and 
Lake Erie, and two large specimens were found in seawater ballast tanks of a 
German steamer, confirming the mode of dispersion of this species (Rosenthal 
1980). The planktonic larvae of a Red Sea prawn Processa aequimana also 
increased in abundance within the southern North Sea for several years after 
1946 (Elton 1958), while Ricketts et al. (1968) reported the presence of a 
Korean bracki sh water shrimp Pal aemon-macrodactyl us in San Franci sco Bay, 
which probably originated from ballast water. 

Benthic algae, including the genera Asparagopsis, Fucus, Codium and 
Sargassum, have also been transported to other regions by marine vessels. For 
example, Asparagopsis armata was transported by ship from Australia or New 
Zealand to Mediterranean and European waters (Elton 1958). Consequently, 
there is considerable evidence of introduction of exotic species in temperate 
and tropical environments as a result of transport of flora and fauna in the 
ballast water or on the hulls of marine vessels. 

The withdrawal of ballast water from the upper porti on of the water 
column and use of screens on ballast intakes will minimize the risk of 
i ntroducti on of adul t benthic vertebrates to the Beaufort Sea duri ng proposed 
tanker operations. Nevertheless, planktonic larval stages of benthic 
invertebrates coul d be present in seawater used for ballast purposes duri ng 
some months of the year, and could survive transport to the Beaufort Sea 
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within ballast compartments. Subsequent survival in this region would depend 
not only on thei r abi 1 ity to adapt to the more extreme physical envi ronment, 
but also on the availability of a suitable substrate in an area where 
si It-cl ay sediments predomi nate. Burrowi ng po lychaetes, bi va 1 ves, amphi pods 
and isopods would be most likely to locate suitable habitats since these 
groups already predominate throughout most of the region, while exotic species 
requiring hard substrates (e.g. barnacles, hydroids, bryozoans, tube-dwelling 
polychaetes) would be less likely to survive. The degree of concern regarding 
introduction of exotic benthic organisms to the Beaufort Sea would vary with 
the type of organi sms introduced and thei r potenti a 1 for di sp 1 acement of 
certain indigenous forms which are important prey species of fish, birds and 
marine mammals in the region. Unless the abundance and distribution of 
amphipods and isopods in locally important habitats were significantly 
altered, the degree of concern regarding the effects of exotic benthic fauna 
on indigenous fauna would likely be NEGLIGIBLE. If local populations of these 
species were affected by exotic organi sms, the degree of concern could be 
increased to MINOR or MODERATE. 

4.3.7 Effects of Ballast Water on Epontic Communities 

The year-round operation of tankers between the Beaufort Sea and east 
coast ports will increase the possibility of introduction of new species to 
the epontic community of the former region. However, only one comparative 
study of southern and arctic epontic communities has been conducted to date. 
Dunbar and Acreman (1980) found that the epontic flora in the Gulf of St. 
lawrence was domi nated by centri c di atoms, whil e pennate forms were most 
common in arctic envi ronments. These authors suggest that differences in the 
composition of the epontic algae between the Arctic and Gulf of St. lawrence 
coul d be rel ated to the thi nner and shorter peri od of ice cover in the 
southern region, which would tend to result in higher under-ice light 
i ntensi ti es. These conditi ons favour the growth of centric diatoms rather 
than the shade-adapted pennate forms . which dominate arctic epontic 
communiti es. The fact that Dunbar and Acreman (1980) documented simi 1 ar 
nutrient concentrations in ice cores from areas ranging from 75°N to 45°N 
latitude is further evidence that light and ice cover are the limiting factors 
for thi s community. Consequently, it appears unl i kely that popul ati ons of 
eponti cal gae from southern area s coul d successfully become establ i shed and 
compete with arctic species which are adapted to a different set of 
environmental conditions (i.e. less light and a longer period of ice cover), 
and the overall degree of concern regarding introduction of exotic flora to 
the Beaufort Sea is considered NEGLIGIBLE. 

There are no available data which compare the species composition of 
the faunal component of epontic communities in the Beaufort Sea to waters near 
southern ports, although the epontic fauna in Davis Strait where a portion of 
the ballast may be loaded (Section 4.3.1) have been examined (Maclaren Marex 
Inc. 1979). Gammarid amphipods are the most commonly occurring 
macroinvertebrates on the undersurface of the ice in both the Beaufort Sea and 
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Davis Strait (Maclaren Marex Inc. 1979; lGl and ESl 1981). The probability of 
successful establ i shment of exotic fauna from the Davi s Strait/Baffi n Bay 
regi on wi thi n the Beaufort Sea may be greater than for fauna from near 
southenl ports due to the shorter transport peri od and the fact that the 
subarctic foms are more likely to be able to adapt to conditi'ons in the 
Beaufort. Nevertheless, the degree of concern regarding potential 
introductions of exotic epontic fauna is expected to be NEGLIGIBLE to MINOR 
si nce the overall composition and stabil i ty of the amphi pod-domi nated 
community is unlikely to be adversely affected in a regional context even if 
breeding populations of a few species were established. 

4.3.8 Summary of Concerns Related to Ballast Water Discharge 

All concerns related to release of ballast water from icebreaking 
tankers in the Beaufort Sea are associated with the introduction of exotic 
organisms. In the event that breeding populations of exotic species were 
established, these populations could compete with and displace indigenous 
species or eliminate native fauna through selective predation. The use of 
screens on ballast intake lines and monitoring of water quality in areas where 
ballast water is loaded is expected to minimize this risk, although successful 
invasions of exotic species as a result of marine vessel operations have been 
documented in at least temperate and tropical environments. In general, the 
more rigorous physical envi ronment of the Beaufort Sea is 1 i kely to further 
mi nimi ze the potential for establ i shment of temperate and subarctic species. 
The degree of potential concern regardi ng introductions of phytopl ankton, 
zoopl ankton, epontic organi sms and non-pathogenic micro-organi sms in ballast 
water is expected to be NEGLIGIBLE to MINOR. On the other hand, the degree of 
potential concern regardl ng 1 ntroductlon of some fi sh pathogens, parasites, 
larval fish and epibenthic invertebrates is considered MINOR to MODERATE 
because the probability and ecological implications of successful colon;zatlon 
by these groups remain poorly documented. 



286 

LITERATURE CITED 

Alexander, V. 1974. Primary productivity regimes of the nearshore Beaufort 
Sea, with reference to the potential role of ice biota. pp. 609-632. In: 
J.C. Reed and J.E. Sater (eds.), The Coast and Shelf of the Beaufort Sea. 
Arctic Institute of North America, Arlington, Virginia. 

Barker, S.L., D.W. Townsend and J.S. Hacunda. 1981. Mortalities of Atlantic 
herring, smooth flounder and rainbow smelt larvae exposed to acute thermal 
shock. Fi she Bull. 79: 198-200. 

Barry, T.W., S.J. Barry and B. Jacobsen. 1981. Sea-bird surveys in the 
Beaufort Sea, Amundsen Gulf, Prince of Wales Strait and r~elville Sound -
1980 season. C.W.S., Edmonton, Alberta. 59 pp. 

Bayne, B.L., J. Widdows and C. Worrall. 1977. Some temperature relation­
ships in the physiology of two ecologically distinct bivalve populations. 
pp. 379-400. In: F.J. Vernberg et ale (eds.), Physiological Response of 
Marine Biota to-Pollutants. AcademTC Press, New York 

Beitinger, T.L. 1974. Thermoregulatory behaviour and diel activity patterns 
of bluegill, Lepomis macrochirus, following thermal shock. Fish. Bull. 
72: 1087-1093. 

Berlin, W.H., L.T. Brooke and L.J. Stone. 1977. Verification of a model for 
predicti ng the effect of inconstant temperature on embryonic development 
of lake whitefish (Coregonus clupeaformis). U.S. Dept. Interior, Fish and 
Wildl. Servo Tech. Paper 92. 8 pp. 

Bogdon, K.G. 1977. The relative abundances of filter-feeding behaviour of 
zooplankton: clues to coexistence in the pelagic environment. Ph.D. 
Thesis, State Univ. of New York, Albany. Dissertation Abs. 37: 4850-B. 

Bourne, W.R.P. 1979. Birds and gas flares. Mar. Poll. Bull. 10(5): 124-125. 

Bourne, W.R.P., A.G. Knox, T.D.H. Merrie and A.H. Morley. 1979. The birds of 
the Forties oil field 1975-1978. North-East Scotland Bird Rep. 1978: 
47-52. 

Brett, J.R. 1952. Temperature tolerance in young Pacific salmon, genus 
Oncorhynchus. J. Fish. Res. Board Can. 9: 265-323. 

Brett, J.R. 1970. Temperature-fishes, functional responses. pp. 515-651. 
In: O. Kinne (ed.). Marine Ecology I (1). W;ley=Interscience, New York. 



287 

lITERATURE CITED (cont'd) 

Brooke, l.T. 1975. Effect of different constant incubation temperatures on 
egg survival and embryonic development in lake whitefish (Coregonus 
clupeaformis). Trans. Am. Fish Soc. 104: 555-559. 

Bunch, J.N. and R.C. Harland. 1976. Biodegradation of crude petroleum by 
the indigenous microbial flora of the Beaufort Sea. Beaufort Sea Tech. 
Rep. No. 10, DOE, Victoria, B.C. 52 pp. 

Burton, D.T., E.l. Morgan and J. Cairns Jr. 1972. Mortality curves of 
bl uegi 11 s (lepomi s macrochi rus) simultaneously exposed to temperature and 
zinc stress. Trans. Am. Fish. Soc. 101: 435-441. 

Busdosh, M. and R.M. Atlas. 1975. Response of two arctic amphipods, 
Gammarus zaddachi and Boeckosimus (Onisimus) affinis, to variations in 
temperature and salinity. J. Fish. R~s. Board Can. 32: 2564-2568. 

Butler, P.A. 1965. Reaction of some estuarine molluscs to environmental 
factors. In: C.M. Jarzwell (ed.), Biological Problems in Water 
Poll uti on. T'hi rd Semi nar. PHS Publ. No. 999-HP-25. 

Christensen, N.O. 1973. Hhirling disease (Myxosomiasis) in salmonids. 
pp. 218-223. In: W.A. Dill (ed.), Symposium in the t~ajor Communicable 
Fish Diseases in-Europe and their Control. EIFAC Tech. Paper 17, Supple 2. 

Codispoti, l.A. and T.G. Owens. 1975. Nutrient transport through lancaster 
Sound in relation to the arctic ocean l s reactive sil icate budget and the 
outflow of Bering Sea waters. limnol. Oceanogr. 20: 115-119. . 

Coutant, C.C. 1972. Effect of thermal shock on vulnerability to predation 
in juvenile salmonids. I. Single shock temperatures. U.S. AEC Res. Dev. 
Rept. BNWl-1521. 17 pp. 

Coutant, C.C. 1973. Effect of thermal shock on vulnerability of juvenile 
salmonids to predation. J. Fish. Res. Board Can. 30: 965-973. 

Deacutis, C.F. 1978. Effect of thermal shock on predator avoidance by 
larvae of two fish species. Trans. Am. Fish. Soc. 107: 632-635. 

Dunbar, M.J. 1968. 
Ha 11 Inc., N • J • 

Ecological Development in Polar Regions. 
119 pp. 

Prentice-

Dunbar, M.J. and J.C. Acreman. 1980. Standing crops and species composition 
of diatoms in sea ice from Robeson Channel to the Gulf of St. lawrence. 
Ophelia 19(1): 61-72. 

Elton, C.S. 1958. The ecology of invasions by animals and plants. John 
Wiley and Sons, Inc., New York. 181 pp. 

Fisheries and Environment Canada. 1977. Fish health protection regulations: 
Manual of compliance. Fish. Mar. Servo Spl. Publ. No. 31. 36 pp. 



288 

lITERATURE CITED (conti d) 

Fry, F.E.J. 1964. Animals in aquatic environments; fishes. pp. 715-728. 
In: D.B. Dill (ed.), Handbook of Physiology, Sect. 4: Adaptation to the 
Environment. Am. Physicl. Soc., Washington. 

Fryer, J.L. and K.S. Pilcher. 1974. Effects of temperature on diseases of 
salmonid fishes. Envir. Prot. Agency Rept. No. EPA-660/3-73-020~ Oregon. 

Gabrielson, I.N. and F.C. lincoln. 1959. 
Co. and the Wildlife Management Inst. 

The Birds of Alaska. The Stackpole 
922 pp. 

Gehrs, C.W. 1974. Vertical movement of zooplankton in response to heated 
water. pp. 285-290. In: J.W. Gibbons and R.R. Sharitz (eds.), Thermal 
Ecology. USAEC TechnicaT Information Centre, Tennessee. 

George, R.Y. 1977. Dissimilar and similar trends in Antarctic and Arctic 
marine benthos. Proceedings of the Polar Oceans Conference. Arctic 
Institute of North America. 

Giovando, l.F. and R.H. Herlinveaux. 1981. A discussion of factors 
influencing dispersion of pollutants in the Beaufort Sea. Inst. Ocean 
Sciences, Pac. Mar. Sci. Rep. 81-4. 198 pp. 

Goldman, J.C. 1977a. Temperature effects on phytoplankton growth in 
continuous culture. limnol. and Oceanog. 22: p. 932. 

Goldman, J.C. 1977b. Biomass production in mass cultures of marine 
phytoplankton at varying temperatures. Jour. Exp. Mar. Biol. Ecol. 
(Neth.) 27: p. 161. 

Goldman, J.C. and H.l. Quinby. 1979. Phytoplankton recovery after power 
plant entrainment. J. Water Poll. Contra Fed. 51(7): 1816-1823. 

Goldman, J.C. and J.H. Ryther. 1976. Temperature-influenced competition 
in mass cultures of marine phytoplankton. Biotechnol. Bioeng. 18: p. 1125. 

Grainger, E.H. 1965. Zooplankton from the Arctic Ocean and adjacent Canadian 
waters. J. Fish. Res. Bd. Can. 22: 543-564. 

Grainger, E.H. 1975. Biological productivity of the southern Beaufort Sea: 
the physical-chemical environment and the plankton. Beaufort Sea Project 
Tech. Rep. No. 12A, Dept. of Environment, Victoria, B.C. 82 pp. 

Grainger, E.H. 1977. The annual n~trient cycle in sea-ice. pp. 285-299. 
In: M.J. Dunbar (ed.), Polar Oceans, Proceedings of the Polar Oceans 
Conference, Montreal, 1974. Arctic Institute of North America, Calgary, 
Alta. 

Gray, R.H., R.G. Genoway and S.A. Barraclough. 1977. Behaviour of juvenile 
chinook salmon (Oncorhynchus tshawytscha) in relation to simulated thermal 
effluent. Trans. Am. Fish. Soc. 107: 366-370. 



289 

LITERATURE CITED (cont'd) 

Griffiths, W.B. and R.E. Dillinger. 1980. Beaufort Sea barrier island-lagoon 
ecological process studies; Final report, Simpson Lagoon. Part 5. 
Invertebrates. 190 pp. In: Environ. Assess. Alaskan Cont. Shelf, Ann. Rep. 
Prine Invest. BLM/NOAA,IDtSEAP, Boulder, Colo. 

Hart, J.S. 1952. Geographic variations of some physiological and 
morphological characters in certain freshwater fish. Univ. Toronto Biol. 
60, Publ. Onto Res. Lab. 72. 79 pp. 

Hartwell, S.I. and D.E. Hoss. 1979. Thermal shock resistance of spot 
(Lei ostomus xanthurus) after accl imati on to constant or cycl i ng 
temperature. Trans. Am. Fish. Soc. 108: 397-400. 

Hickman, G.D. and M.R. Dewey. 1973. Notes on the upper lethal temperature 
of the duskystripe shi ner, Notropi s pil sbryi, and the bl uegi 11 Lepomi s 
macrochirus. Trans. Am. Fish. Soc. 102: 838-840. 

Hope-Jones, P. 1980. The effect on birds of a North Sea gas flare. 
British Birds 73(12): 547-555. 

Horner, R.A. 1978. Beaufort Sea plankton studies. Vol. 5, pp. 85-142. In: 
Environ. Assess. Alaskan Cont. Shelf, Ann. Rep. Prine Invest., March, 
1978. NOAA, Boulder, Colo. 

Hubbs, C. and C. Bryan. 1974. Maximum incubation temperature of the 
threadfin shad, Dorosoma petenense. Trans. Am. Fish. Soc. 103: 369-371. 

Jones, R. I. 1977. Factors contro 11 i ng phytoplankton producti on and 
succession in a highly eutrophic lake (Kinnego Bay, Lough Neagh). III. 
Interspecific competition in relation to irradiance and temperature. 
Jour. Ecol. (G.B.) 65: p. 579. 

Kinne, O. 1970a. Temperature-introduction. pp. 321-345. In: O. Kinne 
(ed.), Marine Ecology (1) (1). Wiley-Interscience. New York. 

Kinne, O. 1970b. Temperature-invertebrates. pp. 407-515. In: o. Kinne 
(ed.), Marine Ecology (1) (1). Wiley-Interscience, New York. 

Kremer, P.M. 1976. The ecology of the ctenophore Mnemiopsis leidyi in 
Narragansett Bay. Ph.D. Thesis, Univ. Rhode Island, kingston. 

Leim, A.H. and W.B. Scott. 1966. Fishes of the Atlantic Coast of Canada. 
Fish. Res. Board Can. Bull. No. 155. 485 pp. 

LGL and ESL. 1981. Biological overview of the Beaufort Sea and NE Chukchi 
Sea. Prepared for Dome Petroleum Ltd., Calgary, Alberta. 

MacLaren Marex Inc. 1979. Wildlife observations made in September 1979 
on the icebreaker CAN!~AR KIGORIAK between Sai nt John, N.B. and 
Tuktoyaktuk, N.W.T. Prep. for Dome Petroleum Ltd. 



290 

LITERATURE CITED (conti d) 

Morita, R.Y. 1974. Temperature effects on marine microorganisms. pp. 75-79. 
In: R.R. Colwell and R.Y. Morita (eds.), Effect of the Ocean Environment 
on Microbial Activities. University Park Press, Baltimore. 

Morita, R.Y. and Haight. 1964. Temperature effects on growth of an 
obligatory psychrophilic bacteria. Limnol. Oceanogr. 9: 103-106. 

Neill, W.H. and J.J. Magnuson. 1974. Distributional ecology and behavioural 
thennoregulation of fishes in relation to heated effluent from a power 
plant at Lake Monona, Wisconsin. Trans. Am. Fish. Soc. 103: 663-710. 

Nicol, J.A.C. 1967. The Biology of Marine Animals. 2nd ed. Sir Isaac Pitman 
and Sons Ltd., London. 699 pp. 

OCSEAP. 1979. Environmental stipulations relating to OCS development of 
the Beaufort Sea. Proceedi ngs of a synthesi s meeti ng of OCSEAP 
investigators. Arctic Project Special Bull. No. 25, Outer Cont. Shelf. 
Environ. Assess. Program, Fairbanks, Alaska. 36 pp. 

Olmsted, W.R. and J.D. McPhail. 1978. Fisheries. In: Summary of infonn-
ati on and potenti a 1 downstream ·effects of hydroelectric development in the 
Liard River. Vol. 1, Part 2B. Aquatics-Fisheries. Prepared for B.C. 
Hydro, Vancouver, by F.F. Slaney and Co. Ltd. 27 pp. 

Pickard, G.L. 1963. Descriptive Physical Oceanography. Pergamon Press, 
Oxford. 200 pp. 

Pokrovskii, V.V. 1961. Basic environmental factors detennining the 
abundance of whitefish. Tr. Soveshch. Ikhtiol. Kom. Acad. Nauk SSSR 13: 
228-234. (Russian) 

Reeve, M.R. and E. Casper. 1972. Acute effects of heated effluents on the 
copepod Acartia tonsa from a subtropical bay and some problems of 
assessment. pp. 250-252. In: M. Ruivo (ed.), Marine Pollution and Sea 
Life. Fishing News (Books)-Ctd., London. 

Ricketts, E.F., J. Calvin and J.W. Hedgpeth. 1968. Between Pacific Tides, 
4th ed. Stanford Univ. Press, Stanford, Calif. 614 pp. 

Robilliard, G. and M. Busdosh. 1979. Biology of the isopod (Saduria 
entomon) at Prudhoe Bay, Alaska. In: Environmental Studies of the 
Beaufort Sea - Winter 1979. Unpubl.rep. by Woodward-Clyde Consultants 
Ltd. for ARCO Prudhoe Bay Unit. 122 pp. 

Rosenthal, H. 1980. Implications of transplantations to aquaculture and 
ecosystems. Mar. Fish. Rev. 42(5): 1-14. . 

Schulman, S.S. 1954. Concerning the specificity of fish parasites. Zool. 
Zh. 33(1): 14-25. 



291 

LITERATURE CITED (cont1d) 

Stober, Q.J. and C.H. Hanson. 1974. Toxicity of chlorine and heat to pink 
(Oncorhynchus gorbuscha) and chinook salmon (a. tshawytscha). Trans. Am. 
Fish. Soc. 103(3): 569-576. -

Sylvester, J.R. 1972. Possible effects of thermal effluents on fish - a 
review. Environ. Pollute 3: 205-215. 

Talmage, S.S. and C.C. Coutant. 1978. Thermal effects. pp. 1514-1553. 
In: J. Water Pollution Control Federation. Literature Review. 

Talmage, S.S. and C.C. Coutant. 1979. Thermal effects. J. Water Poll. 
Contra Fed. 51( 6): 1517-1554. 

Talmage, S.S. and C.C. Coutant. 1980. Thermal effects. J. Water Poll. 
Contra Fed. 52(6): 1575-1616. 

Thomas, D.J. 1978. Kaglulik A-75: A chemical study during shallow water 
f1 ow, July 1978. Prep. by Seakem Oceanography Ltd. for Canadian Mari ne 
Drilling, Calgary, Alberta. 31 pp. 

Thorhaug, A. 1974. Biologically allowable thermal pollution limits. Part II. 
U.S. Environmental Protection Agency, Ecol. Res. Sere EPA-660/3-74-003. 40 
pp. 

U.S. Environmental Protection Agency. 
emission factors, third edition. 

1977. Compilation of air pollutant 
509 pp. 

i~helen, M.A., W.R. Olmsted and R.J. Stewart. 1981. Studies of juvenile 
chinook salmon (Oncorhynchus tshawytscha) and other salmonids in the 
Quesnel Ri ver drai nage duri ng 1980. Prepared for the Dept. of Fi she and 
Oceans by E.V.S. Consultants Ltd. 105 pp. + appendix. 



292 

5.0 ABNORMAL OPERATIONS AND ENVIRONMENTAL EMERGENCY SITUATIONS 
ASSOCIATED WITH HYDROCARBON EXPLORATION AND PRODUCTION 

5.1 NATURAL GAS BLOWOUTS AND PIPELINE RUPTURES 

5.1.1 Introducti on 

Subsea pipeline ruptures or well blowouts would result in percolation 
of natural gas through the water column before it is vented to the atmosphere 
or trapped under ice. The overall solubility of natural gas in seawater would 
depend on the relative solubilities of its component gases, which vary 
somewhat between hydrocarbon production areas. Natural gas is normally 
composed of a number of light alkanes (methane, ethane, propane, butane, 
pentane and hexane) as well as nitrogen, carbon dioxide and sulfur, although 
methane usually comprises over 80 percent of the mixture. In shallow waters 
where pressures are re1 ati ve1y low, methane sol ubil ity in seawater generally 
varies from 50 to 200 ml/L, which is approximately equal to 100 to 400 ppm. 
However, at a depth of 100 m, concentrations of methane up to 3000 ppm could 
exist in the immediate vicinity of a gas leak (Johnston 1976). 

Small quantities of methane are naturally present in seawater, with 
higher concentrations typically occurring in anoxic bottom waters. Lamontagne 
et ale (1973) found average methane concentrations of 6.4 x 10-5 ml/L in the 
Norwegian Greenland Sea and 8.6 x 10-5 ml/L in Greenland pack ice, while 
Wong et ale (1976) documented dissolved methane concentrations at various 
stat i ons Tn the southern Beaufort Sea (Tabl e 5.1-1). Methane concentrati ons 
were generally higher in near-bottom waters, probably as a result of 
biodegradation processes within the sediments. 

TABLE 5.1-1 

METHANE CONCENTRATIONS MEASURED AT VARIOUS DEPTHS IN THE 
SOUTH BEAUFORT SEA 

(Source: Wong et~. 1976) 

Depth (m) Concentration (ml/L) 

0-5 4.3 - 55.3 x 10-5 
10-35 6.9 - 115.5 x 10-5 
48-70 7.8 - 41. 2 x 10-5 
>100 1.6 - 24.3 v 10-5 

" 
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5.1. 2 Physical-Chemical Aspects of Natural Gas Blowouts 

The solubilities in seawater of most alkanes present in natural gas 
ate higher than that of oxygen. For example, the solubiiity of methane at 
lOoC and a pressure of 1 atmosphere is 22.6 mglL, while the solubilities of 
ethane and propane, which typically compri se the next largest proportions of 
natural gas, are greater than 100 mglL. By comparison, solubilities of oxygen 
in seawater at this temperature vary from 9 to 11 mglL, depending on 
salinity. Concern has been expressed that percolation of natural gas through 
water wi 11 i ndi rectly affect bi ota through a reducti on in di ssol ved oxygen 
levels (Foothills Pipe Lines (Yukon) Ltd. 1977; Welch et al. 1978), either by 
strippi ng oxygen from the water col umn, or by i ncreasi ngbacteri a 1 respi rati on 
during metabolism of natural gas components. A dissolved gas such as oxygen 
may be entirely removed ("stripped") from solution by bubbling natural gas (or 
other gases) through the water. This is due to the fact that the oxygen will 
leave solution and diffuse into an oxygen-free medium (e.g. a bubble) until 
the concentrations in the two media are equal. Bubbles of natural gas passing 
through the water column would produce a relatively large surface area for the 
diffusion of dissolved oxygen out of solution. For example, Foothills Pipe 
Lines (Yukon) Ltd. (1977) reported that dissolved oxygen levels dropped from 
11.8 mglL to 1.4 mglL within 60 min as natural gas was bubbled through small 
test containers at a rate of about 28 L/min. However, when aeration was 
simultaneously provi ded with the natural gas input, di ssol ved oxygen level s 
ranged from 7.2 and 7.4 mglL at 10°C. 

Thi s type of experimental si tuati on cannot be di rectly extrapol ated 
to an undersea gas blowout for a number of reasons. The 1 arge flow of water 
entrained with the bubble plume as it rises to the surface would continually 
bring dissolved oxygen to the system. In addition, the rate of oxygen removal 
from plume water would be in part dependent on the time that the gas bubbles 
and water are in contact. During the open water season in the Beaufort Sea, 
most of the gas will be released to the atmosphere within a short distance of 
the plume center. If a mean vertical plume velocity of approximately 0.7 mls 
is assumed [Topham (1975) found values of about 1.0 mls for 15 m deep plumes 
and 0.7 mls for 60 m deep plumes], then plume water rising from a blowout site 
at a depth of 60 m woul d be in contact with gas bubbl es for about 1 to 4 
minutes. In a semiclosed system at lOoC, oxygen level s decreased by 30 
percent in the fi rst 10 mi nutes when 15 L of freshwater were bubbl ed with 
natural gas at a rate of 28 Llmin [Foothills Pipelines (Yukon) Ltd. 1977J. 
Using these figures as above average stripping rates, a decrease in the oxygen 
content of plume water of from 3 to 6 percent can be estimated for a 60 m 
depth blowout. 

The behaviour of natural gas released beneath an ice cover has been 
investigated by Topham (1975, 1978) and summarized by Milne (1980). A recent 
study by Buist et a1. (1981) for Dome Petroleum Ltd. examined a simulated oil 
and gas release""'5eneath the ice in McKinley Bay, where air was substituted for 
natural gas for safety reasons. The plume dynamics observed by these authors 
can be summarized as follows: 
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1. Violent turbulence associated with the discharge of oil and air set 
up an i nfl owi ng current that suspended and entrained sediments from 
the seafloor; 

2. The rising gas plume began spreading outwards approximately 6 m above 
the discharge pipe, and some of the sediment on the periphery of this 
plume began falling out, while the oil droplets continued to rise 
slowly as a result of their buoyancy; 

3. The rising gas, oil, sediment and water ascended in a cylindrical 
plume to within 7 m of the underside of the ice before beginning to 
spread outward, creating turbulent eddies which changed to laminar 
flow about 15-20 m away; 

4. The gas quickly rose to the ice/water interface and flowed "uphill" 
to collect ln natural pockets, while the remaining entrained 
sediments fell out of the plume. 

Gas trapped in small pockets under fast-ice during freezing 
conditi ons coul d become encapsu1 ated by the formati on of new ice. Ouri ng 
stable or melting ice conditions, the oxygen content of trapped gas would 
quickly approach-equilibrium with the seawater below it, while the total 
vol ume of the gas pocket wou1 d steadi 1y dimi ni sh as it di ssol ved in the 
surrounding water. Based on the general theory discussed by Welch (1952), 
surface water movi ng under freshly trapped pockets of gas wou1 d lose oxygen 
(and absorb gas) at a rate proporti ona 1 to the surface area in contact, the 
temperature and pressure of the system, and the proportion of oxygen a1 ready 
mixed with the gas. With the possible exception of gas pockets which 
accumulate under rough multi-year ice, no major changes in dissolved oxygen 
would be expected as a result of a natural gas blowout. 

The accumulation of gas beneath ice can flex and eventually crack the 
ice sheet, and the gas would then be vented to the atmosphere. The diameter 
of the gas area required to fracture an ice sheet would depend on the amount 
of gas, the si ze of the under-ice i rregu1 ariti es, and the rates of gas 
delivery and horizontal spreading. Milne (1980) suggested that 1andfast ice 
having an average thickness of 1 m would have a vertical variability in the 
under-ice surface of perhaps 20 cm. These irregularities could retain a 
trapped gas 1 ayer about 10 cm deep which, if spread to a di ameter of 70 m, 
would have sufficient buoyant force to rupture the 1 m thick ice by upward 
bending. As a general rule, Milne (1980) suggested that an ice sheet 2 m 
thick will crack when gas has occupied an area approximately 100 m x 100 m 
beneath it, although rough multi-year ice would tend to spread impinging gas 
through cracks and channels, thei'~eby pi'~eventing the fOt1l1ation of a single 
bubble large enough to crack the ice. Buist et al. (1981) reported that 950 
m3 of air lifted 65 cm thick landfast ice intoa dome 50 m across and 1 m 
high before cracking and subsequent venting occurred. 
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Gas hydrates are formed under conditions of cold temperatures in 
conjunction with increased pressures such as are found in very deep waters, 
and are approximately 10 percent gas and 90 percent water by weight. For 
example, methane gas iii the water colunm at DoC exists in hydrate form below a 
depth of 250 m, while other natural gases form hydrates at this temperature in 
waters deeper than 100 m (Mil ne and Smi 1 ey 1978). Gas hydrates woul d not 
likely be encountered during a natural gas blowout in the Beaufort Sea region 
si nce all proposed dri 11 i ng programs and subsea pi pel i nes are in water depths 
of less than 100 m. 

5.1. 3 General Biological Considerations 

There is only limited literature describing the toxicity of natural 
gas to aquatic flora and fauna. Han.n and Jensen (1974) reviewed the average 
toxicity of natural gas constituents to a range of aquatic flora and fauna, 
and reported that TLm (96-h) values for methane, butane, and propane were 
all >1000 ppm. Foothills Pipe Lines (Yukon) Ltd. (1977) reported no fish 
mortality from natural gas when holding waters were simultaneously aerated. 

The potential impacts of natural gas leaks or blowouts in the 
Beaufort Sea wi 11 be hi ghly dependent on the rate and durati on of gas escape 
and the time of year. Duri ng the open water season, gas 1 eaks woul d not 
likely affect most marine organisms since this gas would quickly escape to the 
atmosphere, although the explosion hazard may represent a potential area of 
concern for birds and mammals in the region. 

On the other hand, a natural gas 1 eak or blowout duri ng the wi nter 
could cause greater impacts on certain marine organisms, particularly in areas 
\'/here gas is trapped but not encapsulated beneath the ice cover. Epontic 
habitat would be temporarily lost in areas where gas is encapsulated in the 
growing ice cover. In addition, localized mortality of epontic flora and some 
fauna could result from anoxic conditions at the ice-water interface. It is 
possi bl e that some of the methane trapped beneath ice may be metabol i zed by 
certain strains of bacteria (Methanomonas spp.), but in the case of a major 
gas blowout, the proportion of the trapped gas metabolized would be small. 

Possible indirect effects \yhich may be associated with gas leaks and 
blowouts are discussed elsewhere in this document and include increased 
sedimentation (Section 2.4), underwater shock (Section 3.3), underwater sound 
(Section 2.6) and gas flares (Section 4.1). 

5.1.4 Effects of Natural Gas on Marine Mammals 

Marine mammals in the Beaufort Sea region may be affected by a 
natural gas blowout as a result of the initial shock wave and subsequent 
underwater noise associated with the release and upward movement of gas. In 
addition, seals may be affected if they surface and breathe from pockets under 
the ice where gas may accumulate, or if gas permeates subnivean birth lairs of 
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the ringed seal in the landfast ice zone. However, in a recent assessment of 
the potential effects of offshore oil and gas development on marine mammals of 
the northern Beri ng, Chukchi and Beaufort seas, Cowl es et a 1. (1981) state 
that effects of natural gas are lI un1 ike1y to occur to anextent significant 
enough to affect the overa 11 status of non-endangered mammal popu1ati ons ll • 
Consequently, the degree of concern regarding effects of natural gas on 
regional populations of whales and seals in the Beaufort Sea is considered 
NEGLIGIBLE. 

Underwater shock waves and sound associated with a natural gas 
blowout may be audible to marine mammals within several kilometres, depending 
on ambient noise levels and the location of the well. The potential effects 
of underwater sound on mari ne mammals of the southeastern Beaufort Sea were 
discussed in detail in Section 2.6.5. Individuals in the vicinity of a 
blowout may elicit a IIfright/f1ightll reaction in response to the initial shock 
wave, while the continual noise associated with natural gas percolating 
through the water column may cause avoidance of a localized area by marine 
mammals. Spatial or temporal displacement of seals or whales is of greatest 
concern during migratory and breeding periods. 

There is also a potential for small numbers of seals to be directly 
affected by inhaling natural gas from a blowout. Milne (1974) observed seals 
which were apparently inhaling air bubbles that had accumulated under ice, and 
some individuals may similarly inhale natural gas that collects in unfractured 
areas prior to break-up. Although the effects of inhalation of natural gas by 
seals have not been documented, some compounds of natural gas may be acutely 
toxic (Cowles et ale 1981) or cause temporary narcosis. Nevertheless, as 
indicated earlier, t'he overall degree of concern regarding potential effects 
of natural gas on whales and seals is considered NEGLIGIBLE. 

5.1. 5 Effects of Natural Gas on Fish 

The effects of natural gas and gas well blowouts on fish are not well 
documented, but may include localized sublethal effects resulting from toxic 
effects of dissolved alkanes and minor reductions in dissolved oxygen 
availability, as well as indirect effects of uplifted bottom sediments. Since 
natural gas from the Beaufort region has an extremely low sulfur content, 
toxic effects associated with the presence of hydro-sulfates (Welch 1952; 
Brooks et ale 1978) would not be expected. The effects of natural gas of 
similarcomposition to that tested from the Beaufort region were examined by 
Foothills Pipe Lines (Yukon) Ltd. (1977). This gas had no acute toxic effects 
on rainbow trout in freshwater during 96-h bioassays when the test media were 
simultaneously aerated. A 1 though thi s i nvesti gati on indicated complete 
mortality of rainbow trout in non-aerated samples when dissolved oxygen levels 
decreased from 11.8 mg/L to 1.4 mg/L within 60 min, significant II s tripping ll of 
dissolved oxygen would not be expected in the natural environment (Section 
5.1.2). 

/' 
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Redistribution of sediments and increased water turbidity would 
likely result from entrainment of loose bottom materials in the rising gas 
plume. In a simulated blowout discussed by Buist et ale (1981), most of these 
mater; a 1 s were transported to the surface where the sediment separated and 
began to sink to the bottom. Currents radiating outward from the centre of 
the gas plume at the ice-water interface turned downwards 15 to 20 m beyond 
the simulated blowout site (Buist et ale 1981). Distribution of fine 
sediments beyond thi s zone woul d dependOn pre va i 1 i ng ocean currents, although 
the spatial extent of the resultant turbidity plume would probably be no 
larger and likely less than plumes associated with stationary suction dredging 
operations. The effects of this sediment on fish would also be similar to 
those discussed in relation to dredging (Section 2.4.5). 

There is no available information on the magnitude of the shock waves 
which may be associated with blowouts in the Beaufort Sea, although 
calculations completed for a hypothetical rupture of a 1219 mm gas pipeline in 
a Yukon lake (operating at approximately 8000 kp) suggest probable mortality 
of fish within a 70 m radius of the rupture site (McDonald and Bengeyfield 
1982), based on both spherical and cylindrical spreading and lethal pressure 
levels of 100 kp (Teleki and Chamberlain 1978). The effects of shock waves on 
fish were previously discussed in Section 3.3.4, where it was emphasized that 
the lethal effects are reduced if the shock originates from the sea floor 
(e.g. well blowout, pipeline rupture) rather than in the water column 
(Rasmussen ·1967). Consequently, only limited mortality of fish would be 
expected due to underwater shock waves created by a well blowout or subsea 
pipeline rupture in the Beaufort Sea. 

Overall, the degree of concern regarding the potential effects of gas 
well blowouts and subsea pipeline ruptures on regional fish populations of 
the Beaufort Sea are expected to be NEGLIGIBLE because: (1) natural gas in 
this region is unlikely to cause lethal effects; (2) Istripping l of dissolved 
oxygen would be limited and would not affect fish; (3) effects of uplifted 
sediments would be localized, and (4) direct mortality of fish due to the 
initial underwater shock wave is also expected to be very localized. 

5.1. 6 Effects of Natural Gas on Phytoplankton 

In the case of a subsea gas pipeline rupture or well blowout in the 
Beaufort Sea, the buoyancy of the upri si ng gas pl ume from water depths <100 m 
would limit the surface area and duration of contact with phytoplankton in the 
water column. Information on the toxicity of natural gas to phytoplankton is 
not available, although toxic concentrations would l.ikely lie within the range 
(10 to 1000 ppm) reported for other aquatic organisms (Hann and Jensen 1974; 
Johnston 1976). The effects of the rising gas plume on phytoplankton could 
include mortality and a variety of sublethal physiological changes, but these 
effects would be primarily limited to those organisms entrained in the rising 
column of bubbles since water-soluble alkanes from natural gas would be 
rapi dly di ssipated in surroundi ng waters by diffusi on and currents. Up 1 if ted 
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sediments entrained by the rlslng gas plume could also result in light-related 
responses simi 1 ar to those previ ously di scussed in re 1 ati on to dredge-created 
turbidity plumes (Section 2.4.6), although this may be offset by increased 
nutrient availability associated with the upwelling of bottom waters. 
However, all potential effects of natural gas on phytoplankton would be 
extremely localized and therefore of NEGLIGIBLE regional concern. 

5.1. 7 Effects of Natural Gas on Zooplankton 

The possible effects of natural gas blowouts or subsea pipeline 
1 eaks/ruptures on Beaufort Sea zooplankton may result from the toxicity of 
dissolved gas, entrainment of individuals \'/ithin a plume of different salinity 
and temperature characteristics, and increased water turbidity associated with 
uplifting of sediments. 

As indicated earlier, the limited available literature suggests that 
natural gas (or its principle constituents) is relatively non-toxic to aquatic 
life, and therefore any lethal or sublethal effects of gas on zooplankton are 
expected to be restricted to those individuals which may be entrained in the 
rising gas plume. However, the buildup of dissolved natural gas levels in the 
water to the concentrations required for toxic effects may be prevented by the 
entrainment of large volumes of water at the base of a rising gas-bubble plume 
(Topham 1975; Buist et al. 1981). With the possible exception of gas pockets 
which accumulate under rough multi-year ice, major changes in dissolved oxygen 
that would affect zooplankton are also considered unlikely. 

The induced upwelling of bottom water through entrainment in a rlslng 
gas-bubble plume would likely cause fluctuations in near-surface salinity and 
temperature profiles, particularly during open water periods in areas 
i nfl uenced by the Mackenzi e Ri ver di scha rge. Once the gas bubbl es no longer 
provide lift for this dense, saline water, it would sink and draw with it a 
quantity of surface water (Topham 1975). Zooplankton most likely to be 
affected by thi s phenomenon are freshwater foms transported into the estuary 
by the Mackenzie River (Grainger 1975). These salt-intolerant species (e.g. 
Daphnia and Diaptomus) may suffer premature mortality, although this would not 
be considered a significant concern since these individuals will no longer be 
pa rt of thei r respecti ve freshwater breedi ng popul ati ons. The rna ri ne 
zooplankton in offshore areas would be affected to a lesser degree since they 
are adapted to wider changes in temperature and salinity. 

Bui st et a 1. (1981) reported that bottom sediments were drawn into 
the base of a bUbble plume and carried with it to the surface. However, due 
to the short duration of this simulated blowout (approx. 30 min), it is 
uncertain whether this entrainment was only an initial phenomenon or one that 
could be expected to continue for the duration of a natural gas blowout. If 
the latter was true, then a general increase in surface water turbidity near 
the rising gas plume may result, causing potential effects similar to those 
discussed in relation to dredging operations in this region (Section 2.4.7). 
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In addition, dependi ng upon the size and duration of the blowout, the mlXl ng 
of bottom and surface waters may stimulate higher rates of local primary 
productivity in those areas where nutrients are the limiting factor, thereby 
providing additional food for herbivorous zooplankton. However, the magnit~de 
of these effects is likely to be much lm'ler than similar effects associated 
with dredging. 

In summary, apart from the potential for slightly reduced dissolved 
oxygen 1 evel sin surface water located under gas pockets in rough mul ti -year 
ice and the premature mortality of some freshwater zooplankton near the rising 
gas-bubble plume, it is anticipated that the degree of concern related to 
potential adverse effects of a natural gas blowout or pipeline rupture on 
Beaufort Sea zooplankton would be NEGLIGIBLE. 

5.1.8 Effects of Natural Gas on Micro-organisms 
-

Methane trapped beneath the ice may undergo some degradation by 
certain strains of bacteria, although most natural gas would escape to the 
atmosphere due to fracturing of landfast ice or natural cracks in the 
transition zone (Section 5.1.2). Pseudomonad bacteria that actively convert 
methane into carbon dioxide in the presence of oxygen were described by Hutton 
and Zobell (1949). Although these micro-organisms are nonnally found in 
mari ne sediments, growi ng ice crystals often transpo rt sediment from the 
substrate to the underside of the sea ice and probably relocate bacteria 
during the process. In the event of a natural gas leak or blowout, the amount 
of methane oxidized by bacteria would likely be relatively small. These 
micro-organi sms have been found in en vi ronments where the temperature was as 
low as 3°C, but oxidation rates in the laboratory at this temperature were 
extremely slow. Certai n pseudomonad bacteri a may also oxi di ze ammoni a to 
nitrite (Hutton and Zobell 1953), and as a result, an increase in metabol i sm 
by methane-oxi di zi ng bacteri a coul d simultaneously increase ni trite 1 evel sin 
the water col umn. The photosynthetic bacteri urn Rhodopseudomonas gel ati nosa 
has been reported to utilize methane rather than C02 in the photosynthetic 
pathway (Wertlieb and Vishniac 1967). Nevertheless, methane-metabolizing 
bacteria are expected to have NEGLIGIBLE effects on the overall quantity of 
natural gas that may be released during a blowout or major subsea pipeline 
rupture relative to losses which \'JQuld occur through venting and natural 
dispersion processes. 

5.1. 9 Effects of Natural Gas on Benthic Communities 

The effects of natural gas on· benthi c flora and fauna have not been 
documented. Most benthic infauna and microalgae in the area of a well blowout 
or pipeline rupture would not be affected by natural gas because of its 
buoyancy. On the other hand, epibenthic invertebrates such as mysids and 
amphipods could be entrained in the rising plume of gas bubbles and experience 
the various lethal and sublethal effects described earlier for zooplankton 
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(Section 5.1.7). However, since any impacts would be very localized, the 
degree of concern in relation to the effects of natural gas on regional 
benthic populations is expected to be NEGLIGIBLE. 

5.1.10 Effects of Natural Gas on Epontic Communities 

There is no available literature describing lethal concentrations or 
sublethal effects of natural gas or its components onepontic flora and 
fauna. A natural gas blowout or pipeline rupture during the spring epontic 
algal bloom would likely result in lethal effects due to anoxia or the direct 
effects of toxic constituents of the gas on both flora and fauna trapped in 
the ice above gas pockets. The spatial extent of these effects would depend 
upon the volume of gas which escaped, although fracturing of the ice cover due 
to the buoyancy of natural gas (Section 5.1. 2) woul d tend to mi nimi ze the 
volume of gas which accumulates and persists under fast ice. In a regional 
context, decreased abundance and productivity of epontic flora and fauna would 
likely be inSignificant, and as a result, the degree of potential concern 
regarding adverse effects of gas blowouts and pipeline ruptures on this 
community is considered NEGLIGIBLE. 

5.1.11 Summary of Concerns Related to Natural Gas Release 

The degree of concern rega rdi ng potenti al adverse effects of subsea 
natural gas release (well blowouts and pipeline ruptures) on all marine 
resources of the Beaufort Sea is expected to be NEGLIGIBLE. Thi sis primarily 
due to the relatively low toxicity of Isweet l natural gas, the small area that 
woul d be affected by water-sol ubl e constituents, and the fact that most gas 
woul d escape to the atmosphere duri ng both summer and wi nter. The most 
significant effects of natural gas on fish and perhaps marine mammals would 
probably be associated with the underwater shock waves created by a subsea 
pipeline rupture or well blowout, since this shock could result in localized 
mortality. In addition, some epontic flora and fauna, epibenthic 
invertebrates and planktonic organisms could be lost due to entrainment in the 
uprising gas plume or accumulation of gas in pockets below multiyear ice. 
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CRUDE OIL SPILLS AND BLOWOUTS AND REFINED FUEL SPILLS 

Introduction 

Crude oil could enter the marine environment of the Beaufort Sea due 
to several types of environmental emergencies including subsea pipeline 
ruptures, valve failure at tanker loading facilities, tanker accidents, 
storage tank failures or subsurface well blowouts, as well as in low 
concentrations «50 mg/L) during normal activities such as discharge of 
produced waters. Si nce the fate and beha vi our of oi 1 in mari ne envi ronments 
have a major influence on its subsequent biological effects, the following 
section briefly summarizes available information regarding the potential 
behaviour and fate of oil in arctic waters following spills in the open water 
season, surface spi 11 sin and on ice, subsea oil blowouts duri ng open water, 
and subsea oil release under ice as well as the behaviour of oil on shorelines 
and in bottom sediments. 

Refined petroleum products will be utilized continuously for the life 
of the project to fuel and lubricate all types of machinery, vessels and 
ai rc raft. Under normal operati ng condi ti ons, it is possi b1 e that small 
quantities of refined fuels may enter the water column during fueling 
operations, in treated drill rig wash water «50 mg/L), or in treated drainage 
from vessel decks. Acci denta 1 spi 11 s of 1 a rger vol urnes of refi ned petrol eum 
products could occur due to abnormal occurrences such as storage tank 
failures, vessel collisions or groundings, or line or valve failures during 
oil handling operations. 

5.2.2 Fate and Behaviour of Oil in Marine Environments 

The physical-chemical characteristics of a crude oil or refined 
petroleum product will affect both their behaviour in the water and toxicity 
to marine organisms. The properties of Kopanoar crude oil from the Beaufort 
Sea were determined by r~ackay (1980) and are summarized in Table 5.2-1. This 
crude tends to be quite light, relatively low in viscosity and would likely 
pour or flow under most arctic conditi ons. Consequently, if Kopanoar crude 
were spilled, it \'Iou1d easily migrate through channels in the ice, remain 
fluid on water and ice, and retain a non-viscous character on water for some 
time. Mackay (1980) also indicated that Kopanoar crude tends to form stable 
water-in-oi1 emulsions (mousse) when sufficiently agitated. 
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TABLE 5.2-1 

PROPERTIES OF KOPANOAR CRUDE OIL 
Source: Mackay (1980) 

Pour Point Flash Point 
Specific 

Gravity 
( g/m3 ) (DC) (DC) 

-37 
-28 
-19 

75 
86 

118 

.900 

.901 

.902 

57 
75 

104 

33 
41 
54 

175 
24 
30 

There is consi derab1 e evi dence that the aromatic hydrocarbon 
deri vati ves, i nc1 udi ng mono- and dicyc1 i c aromatic sand naphtheno-a romatic s, 
are the most acutely toxic constituents of petroleum (Anderson et a1. 1974a). 
These toxic compounds are usually contained in higher concentrations in 
refined petroleum products than in crude oils. Many of these aromatic 
compounds are also soluble to greater or lesser extents in water, which 
increases the potential concern regarding adverse effects of refined fuels on 
some marine flora and fauna. However, it should be emphasized that many of 
the toxic constituents of refined fuels are volatile and therefore also 
di sSipate rapi d1y due to evaporati on. Typical physical properti es of vari ous 
refined petroleum products are summarized and compared to crude oils in Table 
5.2-2. 

5.2.2.1 Surface Oil Spills 

There is an extensive amount of literature describing the behaviour 
and fate of oil in open water, and much of this information was summarized in 
a recent overview by Fingas et a1. (1979). Oil spilled on water immediately 
spreads in response to gravITy-, currents and wi nd, although surface water 
currents are the most prominent force acting on the oil and the sl ick may be 
transported at 50 to 100 percent of the current velocity. The effect of wind 
on the net movement of a surface oi 1 sl ick depends on wi nd velocity and 
direction relative to the surface water currents. When both these forces act 
in the same direction, the rate of slick movement may exceed either wind or 
current components. Very strong wi nds may even move the sl ick "up-currenC, 
while winds in excess of 16 km/h often cause the slick to break up into 
streaks or windrows (Fingas et~. 1979). 

) 
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TABLE 5.2-2 

COMPARISON OF TYPICAL PHYSICAL CHARACTERISTICS 
OF SELECTED REFINED PETROLEUM PRODUCTS AND CRUDE OILS 

(adapted from Fingas et~. 1979) 

Specifi c API Pour Flash Initial 
Gravity Gravity Vi scosity Point Point Boiling 
(15 DC) (15 DC) (38 Dc) DC DC Point 

DC 

Crude Oils 0.8 to 0.95 5 to 40 20 to 1000 -35 to 10 Vari abl e 30 to 500 

Kopanoar crude 0.900 175* -37 75 
oil 

Gasolines 0.65 to 0.75 60 4 to 10 na -40 30 to 200 

Kerosene 0.8 50 1.5 na 55 160 to 290 

Jet Fuel 0.8 48 1.5 -40 55 160 to 290 

No. 2 Fuel Oi 1 
(Furnace, diesel 0.85 30 15 -20 55 180 to 360 
stove) 

No. 4 Fuel Oil 
(Plant Heating) 0.9 25 50 -10 60 180 to 360 

No. 5 Fuel Oil 
(Bunker B) 0.95 12 100 -5 65 180 to 360 

No. 6 Fuel Oil 
(Bunker C) 0.98 10 300 to 3000 +2 80 180 to 500 
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The following processes alter the physical composition of the oil 
during the period when it is spreading or being transported by winds and 
currents: formation of water-in-oil emulsions which increases the viscosity 
of the oil and volume of the slick; dispersion which reduces the volume of oil 
on the water surface and introduces oil to the water column; evaporation and 
dissolution which bOth result in the loss of the lighter fractions; and 
oxidation, and chemical and bacterial degradation which cause slow alteration 
of the oil composition. A relatively large proportion of the oil may be 
dispersed in the form of an oil-in-water emulsion, depending on the wind speed 
and sea state. High winds also increase the evaporative loss of volatile 
fractions by causi ng the formation of sprays and aerosol s at the crests of 
waves. However, large droplets of oil dispersed into the water column by high 
winds may eventually coalesce and rise to reform part of the slick. On the 
other hand, some smaller oil droplets can adhere to planktonic organisms, silt 
and detritus present in the water column, and then be transported away from 
the sl i ck by currents or si nk to the bottom. Evaporati on accounts for the 
largest proportion of the volumetric loss of crude oil after a spill, with 
evaporation rates of 25 percent of the total volume of crude spilled within 
one day being common under certain conditions (Fingas et ale 1979). Gasoline 
or aviation fuel spilled on water evaporates evenraster, and may lose 
approximately 50 percent of its original volume within 7 to 8 min at 20°C. On 
the other hand, diesel fuel evaporates slower than most crude oils, a~d would 
typically lose 13 percent of its volume within 40 hours at 23°C (Fingas et ale 
1979). The role of evaporation in the weathering of oil decreases withtTriie 
following the rapid initial loss of volatile hydrocarbons. The loss of oil 
from the slick due to dissolution is relatively small compared to losses 
associ ated wi th other weatheri ng processes si nce the majority of hydrocarbons 
present in petroleum are either non-soluble or have a low solubility in ( 
seawater. Highly weathered oil may form tar ball s, which can have a density 
as great as or greater than water, and therefore may be suspended throughout 
the water column or settle to the bottom. Photo-oxidation and chemical 
degradation are relatively slow processes which continue throughout the period 
of weathering. The role of microbial degradation in the weathering of oil is 
described in detail in Section 5.2.13. Weathering generally tends to reduce 
the toxicity of the oil to fish and planktonic organisms, although the 
dispersal of oil during this process can result in contamination of other 
marine habitats. 

5.2.2.2 Oil on Shorelines and in Bottom Sediments 

When oil is released into the marine environment, a portion of it 
will usually be stranded on shorelines by waves and currents, while other 
portions may sink in offshore areas and become incorporated in the bottom 
sediments. Oil deposited on shorelines is frequently in the form of a 
water-i n-oil ernul sion or IImousse ll • Oil stranded on hi gh energy shorel i nes 
with rocky substrates is usually rapidly removed by wave action. However, 
most high energy beaches in the Beaufort Sea are composed of gravel or sand, 
and these porous substrates tend to trap and retain oil. In addition, mousse 
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has a tendency to pick up sand and debris on these types of beaches, and once 
the water evaporates, thi s mousse forms a tarry substance whi ch resi sts 
further weatheri ng. Oi 1 stranded on porous substrates can be buri ed, exposed 
and reburied several times by waves, currents or shoreline erosional 
processes. Oil and adsorbed beach materials may also be transported along the 
shore or back into the water column. Preliminary analysis of· samples of 
Kopanoar crude indicate that this oil would remain relatively fluid under cold 
arctic conditions for some time (Mackay 1980). Thi s characteri stic, the 
primarily porous substrates of the Beaufort Sea coastl i ne, and the acti ve 
erosion and deposition processes common throughout the region suggest that the 
potenti a 1 for re-contami nati on of the mari ne envi ronment by oi 1 stranded in 
shoreline substrates would be relatively high. 

Oil can reach subsea sediments as a result of several processes 
including: 1) sinking of weathered oil in the form of tar balls which have a 
higher specific gravity than water; 2) adsorption of oil droplets (oil 
dispersed in the form of an oil-in-\'Iater emulsion) onto suspended sediment 
particles which eventually settle to the bottom; 3) direct sinking of highly 
weathered surface oil masses with a specific gravity greater than that of 
seawater (particul arly at col d temperatures), and 4) sedimentati on of oil 
ingested by zooplankton and deposited in faecal pellets. The tendency of 
suspended sediments to adsorb oil and subsequently sink may be most pronounced 
in portions of the Beaufort Sea influenced by the Mackenzie River plume since 
high suspended sediment levels are generally characteristic of these areas 
during the open water season. Although the concentrations of suspended 
sediments in the water column would have a marked effect on oil sedimentation 
rates, a number of other factors may have a si gnificant i nfl uence on thi s 
phenomenon. In a review of existing literature describing the mechanisms of 
oil sedimentation, Duval et ale (1978) reported that the major factors 
affecting oil sedimentationlWere-the mineral composition and particle size of 
suspended materials, temperature and salinity, the quantity, type and rate of 
input of oil, sea state and the presence of ice. The authors emphasize that 
the number of vari abl es i nvol ved in thi s mechani sm and our present 1 imited 
understandi ng of thei r i nteracti ons hampers determi nati on of the re 1 ati ve 
volume of oil which may sink in the Beaufort Sea as a result of sedimentation. 

The fate of sedimented oil has been a subject of investigation 
following several past oil spills. Monitoring studies following spills in 
temperate latitudes indicate that the chemical changes which occur in 
sedimented oil include dissolution of lower boiling point aromatics and 
microbial metabolism of alkanes (e.g. Burns and Teal 1979). The higher 
molecular weight aromatics tend to persist for longer periods and their 
relative concentrations increase with time. Chemical and microbial breakdown 
of sedimented oil both occur relatively slowly, and many years are required 
for the disappearance of some oil fractions in temperate climates. The low 
temperatures in the Beaufort Sea would further retard microbial degradation 
and could result in the persistence of sedimented crude oil in a relatively 
unaltered state for a decade or longer, although sediments carried by the 
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Mackenzie River would rapidly bury sedimented oil in many parts of the 
region. The movement of sedimented oil is not well understood, but lateral 
spreading as well as migration deeper into sediments has been reported in the 
oil spill case history literature (Sanders 1977). The persistence of oil as 
well as the potential for recontamination of previously unaffected habitats is 
an area of concern with respect to benthic species and their predators in the 
Beaufort Sea. 

5.2.2.3 Open Water Subsea Blowout 

Whi 1 e some i nformati on regardi ng the behavi our of oil duri ng an 
actual subsea blowout is available from monitoring programs conducted at the 
Ixtoc 1 blowout in the Gulf of Mexico, most of the existing data base is the 
result of vari ous blowout simulations. Thi s section di scusses the p robabl e 
behaviour of oil in combination with natural gas, since geological 
investigations in the Beaufort Sea suggest that the rate of oil flow during a 
blowout would be approximately 400 m3/day, with a gas to oil ratio of 
approximately 1500:1. 

The rel ease of oil and gas under pressure from the seafloor results 
in several phenomena that differ significantly from a spill at the surface. 
In the case of a blowout, the oil is dispersed throughout the water column as 
small droplets which can range in diameter from only a few microns to several 
millimeters (Topham 1975). Topham (1975) calculated the natural rise 
velocities of oil droplets as well as mean densities, and concluded that it 
was unlikely that any coalescence \'Iould take place within the rising oil and 
gas plume. However, his model predicts that most oil droplets would coalesce 
to form an outward moving slick once they reach the surface, although droplets 
<50 11 in si ze (estimated to be -1 percent) may be swept down in the eddy 
currents which develop at the surface and then may be carried several 
kilometers away from the blowout during their rise to the surface. The 
conical to cylindrical shaped plume of oil and gas bubbles rising to the 
surface may entrain bottom sediments, as observed at Ixtoc 1 and during the 
blowout simulation of Buist et ale (1981). Blowout simulations with oil and 
gas in 60 m of water indicatethat a concentric ring of waves will form beyond 
the central plume (Topham 1975). Surface currents will likely move outwards 
within the ring and inwards beyond the ring to create a natural containment 
area for some of the oil. Topham (1975) suggests that the radius of this ring 
would be approximately 15 m for a 15 m deep well blowout and 40 m for a 60 m 
deep blowout. In some cases, a well blowout may be accompanied by a fire. 
For example, the Ixtoc 1 blowout resulted in a 50 m diameter fireball directly 
above the well with small fires occurring outside the major area of 
combusti on. 

Dissolution of the water-soluble hydrocarbons would begin as soon as 
oil from a blowout enters the water column, and once the remainder of the oii 
reached the surface, it would undergo the weathering processes previously 
described (Section 5.2.2.1). The rate of dissolution of the soluble fractions 



307 

decreases exponentially with time, and inversely with the square of the 
droplet diameter (Leinonen and Mackay 1977, cited in Milne and Smiley 1978). 
This means that water soluble fractions are lost more rapidly from smaller 
droplets, although given the rise times and droplet sizes estimated by Topham 
(1975), the percent dissolution of hydrocarbons before oil from a blowout 
reaches the surface would still be relatively small. 

5.2.2.4 Subsea Blowout Under Ice 

The beha vi our of oi 1 beneath an ice cover ha s been the subj ect of 
considerable research, both in the laboratory and under first and multi-year 
ice in the fi el d. Laboratory experiments have been conducted to exami ne the 
horizontal transport and trapping of spilled oil beneath ice. For example, 
Uzuner et ale (1978) estimated the. speed of movement of current-dri ven oi 1 
beneatha smooth laboratory ice sheet, while Moir and Lau (1975) studied the 
containment of oil by ice ridges using vinyl covered plastic to simulate the 
ice. More recently, Cox and Schultz (1980) described the results of a 
laboratory study designed to determine the effect of slick thickness as well 
as large and small roughness features in the under-ice surface on the movement 
of oil beneath ice. Fi el d i nvesti gati ons of the behavi our of oi 1 beneath ice 
are described in NORCOR (1975), Comfort and Purves (1980) and Buist et ale 
(1981). The behaviour of oil under multi-year ice in Hecla and Gripperbays 
off Melville Island was examined during two spring melt periods by Comfort and 
Purves (1980), while Buist et ale (1981) investigated oil and gas behaviour 
during a simulated 30 min subsea~lowout under first-year ice off McKinley Bay 
in the Beaufort Sea. In addition, Lewis (1976) and Milne (1980) provide 
reviews of available information regarding oil/ice interactions. 

Until oil reaches the ~"ater-ice interface, the behavioural 
characteristics of the plume from a subsea blowout during winter would 
probably be similar to those described earlier for an open water blowout 
(Section 5.2.2.3). Underwater monitoring (video and echo sounder) completed 
during a simulated blowout in the Beaufort Sea indicates that the plume of 
rising gas bubbles with oil droplets and entrained sediment has a conical to 
cylindrical shape (Buist et ale 1981). The plume created turbulent eddies 
near the ice/water interrace:- and this turbulence changed to an outward 
laminar flow within approximately 20 m from the plume center. However, a 
distinct wave ring (as documented during open water simulated blowouts) was 
not observed. The oil droplets rose at velocities proportional to their 
diameter, and smaller droplets with low rising velocities and a longer 
residence time in the water column were carried by ambient currents and 
contacted the under-ice surface up to 350 m from the plume centerline (Buist 
et ale 1981). These investigators also report that once these oil droplets 
contacted the ice, they were not advected by either gas flow or water currents 
(1-3 cm/s) and were quickly encapsulated by the growing ice sheet. The 
majority of the -6 m3 (-38 bbl) oil released during this simulated blowout 
remained within a 50 m radius directly above the discharge point. Field 
experiments on the dispersion of oil under growing first year sea ice (NORCOR 
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1975) indicate that oil under smooth-bottomed ice will form an equilibrium 
layer approximately 0.5 to 1.0 cm thick. However, the under-ice surface is 
typically ridged because of differential freezing associated with the 
i nsul ati ng effects of snow drifts, and oi 1 or gas wi 11 preferenti ally fi 11 
depressions in the under-ice surface. Cox and Schultz (1980) suggest that the 
actual volume of oil that can be contained by ice roughness is largely 
determined by the density of the oil and the ambient currents. These authors 
also investigated the advection of oil under ice by currents and concluded 
that a critical water velocity is required for oil movement. In the case of a 
perfectly fl at under-ice surface, thi s veloeity is determi ned by the 
properties of the oil and generally ranges between 5 and 10 cm/s. The 
threshold increases to 15 to 25 cm/s for ice with small scale roughness (up to 
20 cm ridges) which is typical of newly formed sea ice. Measurements of 
under-ice currents in nearshore areas of the Beaufort Sea suggest that current 
velocities are generally less than the threshold levels required to move oil 
under ice characterized by small scale roughness. 

Prior to ice melt and breakup in spring, some oil and gas from a 
subsea blowout could reach the ice surface, if sufficient gas is trapped in 
pockets under the ice sheet to cause it to rupture. Topham (1975) indicated 
that a bubbl e thickness of 40-55 mm over a 60 to 100 m radi us woul d be 
required to fracture 0.5 m thick ice, while 2 m thick ice could fracture when 
the gas bubble was 150 mm thick and 200 m in diameter (Malcolm and Cammaert 
1981). However, some researchers suggest that oil and gas would usually 
spread out under the ice cover rather than fracture it, although some oil 
could reach the surface of the ice if the blowout occurred in fall before a 
thick ice sheet formed. 

Oil trapped beneath the ice as it freezes would become encapsulated 
in either pockets or as droplets and would migrate to the ice surface during 
spring melt. Several studies have documented the passage of oil through ice 
sheets ranging from first-year landfast ice to multi-year floes (e.g. Comfort 
and Purves 1980; Buist et ale 1981). Two mechanisms are involved in the 
transport of oil to the lee-surface during spring melt. The first is the 
simple melting of the ice to expose oil that has been sandwiched within the 
sheet. The second mechani sm is oi 1 mi grati on through bri ne channel s and has 
been observed in ice sheets of all ages. Brine pockets are formed throughout 
the ice sheet due to salt exclusion when seawater freezes. In spring, these 
brine pockets melt before the remainder of the ice due to the freezing point 
depression effect of the salt, and then become interconnected to form channels 
through the ice and provide a pathway for oil to reach the ice surface. The 
oil moves to the surface of the melt water pools on the ice as a result of its 
buoyancy in water. Oil can travel through first-year ice 150 cm thick over a 
period of several months by this mechanism. For example, Buist et ale (1981) 
reported that 80 percent of the volume of oil released in theirexperimental 
blowout surfaced in the spri ng vi a the combi nati on of these two processes. 
Comfort and Purves (1980) found that oil from an experimental spill began to 
surface through multi-year ice (2.5-2.9 m thick) in approximately three 
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months, while continued monitoring suggested that 10 percent of the oil 
remained in the ice sheet 15 months after its release. Oil which reaches the 
ice surface by either of these mechanisms will be relatively unweathered, but 
evaporation of volatile hydrocarbons and cold temperatures would quickly 
increase its vi scosity. Some of thi s oil coul d subsequently re-enter the 
water column during breakup. 

Oil on the ice surface tends to spread readily, and is only retarded 
by irregularities in the ice surface and the viscosity, specific gravity, pour 
poi nt and surface tensi on of the oi 1. The upper ice surface is generally 
quite porous and the top few centimeters may absorb up to 25 percent of its 
volume in oil (Fingas et a1. 1979). A greater absorption of solar energy 
occurs when oil is present on the ice surface, and this may increase the rate 
of ice melt. In some instances, oil spilled on the upper surface of the ice 
may eventually find its way into the water column through downward seepage in 
pores and crevices throughout the ice. 

5.2.2.5 Oil Spills on the Surface in Ice-Infested Waters 

This section summarizes available information on the behaviour of oil 
in freezing surface waters and open leads. Stringer and Weller (1980) 
recently reviewed data describing micro-scale behaviour (individual crystal 
matrices) and large scale transport processes which were collected during 
research conducted in Alaska and the Canadian Beaufort Sea. 

Martin et ale (1978, cited in Stringer and Weller 1980) examined the 
behaviour of oiringrowing ice stirred by waves in a laboratory test tank. 
An early phase of ice growth is termed IIgrease ll ice when the ice behaves 
partially as a liquid and partially as a solid. Oil introduced into ice at 
thi s phase is transported onto the ice surface to a "dead zone" which marks 
the transition between solid and liquid behaviour. Field observations confirm 
these 1 aboratory resul ts and suggest that some oi 1 woul d be ernul si fi ed by the 
breaking waves and would circulate within the grease ice as well as at the ice 
front U~artin 1980, cited in Stringer and Weller 1980). Circular pancakes of 
ice form duri ng a 1 ater stage in ice development. Experiments conducted with 
this form of ice indicate that the oscillating motion of ice pancakes pumps 
some oi 1 onto the upper surface, whi 1 e the remai nder becomes encapsul ated as 
droplets under the pancakes (Martin et ale 1978, cited in Stringer and Weller 
1980). - -

Oil entering open leads in the ice cover may be dispersed by 
processes such as lead pumping or pressure ridge formation. Lead pumping was 
described by Campbell and Martin (1973, cited in Stringer and Weller 1980) and 
could occur. on a small scale in the Beaufort Sea when leads containing oil 
begi n to close. Thi s woul d compress the surface sl ick and ul timately resul t 
in lateral flow along ,.the ice edge until the oil reaches an equilibrium 
thickness or is blocked by the ice. Studies summarized by Stringer and Weller 
(1980) indicate that if a lead containing oil closed completely to form a 
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pressure ridge, some of the oil would be spilled on the surrounding ice and as 
the ridge formed, the oiled ice would be broken up and incorporated in the 
ri dge. Oi 1 can also be moved by wi nds and currents in open 1 ead systems and 
depending on the draft and freeboard of the ice sheet, some oil may be swept 
under or onto the ice surface. 

Oil on surface waters containing ice floes may be dispersed in 
droplet form «1 mm in diameter) throughout the brash ice and on the edge of 
floes. It may al so be transported beneath or to the surface of ice floes as a 
result of the processes previously described for leads and migration through 
ice. In addition, Stringer and Weller (1980) suggest that oil may be 
distributed throughout the water column in small droplets by downwelling 
forces that are present in grease ice plumes which form downwind of freezing 
icefronts. In both these situations, the weathering processes described 
earlier will continually change the characteristics of the oil on the water 
surface. 

5.2.3 Environmental Concerns Associated with Crude Oil and Refined 
Fuel Spills 

The accidental release of crude oil or refined petroleum products 
into the marine environment is one of the greatest potential areas of concern 
associated with hydrocarbon exploration and production in the Beaufort Sea. 
As the previous sections indicate, oil released in a major spill could affect 
vi rtua lly all habitats in the rna ri ne envi ronment of thi s regi on. Although 
there is an extremely large data base describing the effects of oil on aquatic 
flora arid fauna, it remains virtually impossible to accurately predict the 
biological effects of oil spills because. of the complicated nature of the 
interactions between oi 1, water and sediments, as well as the uni queness of 
the circumstances surrounding any spill event. A review of the effects of 
past oil spills was completed by Duval et a1. (1981) and is another supporting 
document to this EIS. The case historiesOf' 100 oil spills were reviewed in 
this parallel supporting document, and have been extensively utilized in the 
following sections describing the potential effects of oil on marine resources 
of the Beaufort Sea. The results of thi s 1 iterature revi ew c1 early indicate 
that for some biological communities, the circumstances surrounding each spill 
greatly affect the type and magnitude of impacts. Even with a single 
resource, the effects of oil spi 11 s and the durati on of damage ha ve been 
dependent on the type and vol ume of oi 11 ost, time of year, success of oil 
containment, methods of cleanup and restoration, and the types of habitats 
contaminated. However, it should be emphasized that assessment of the 
potential impacts of oil spills on arctic organisms is hampered by the limited 
case history data for this region, and the relatively low number of laboratory 
toxico1 ogica 1 i nvesti gati ons that have been conducted with arctic species. 
The available data base also suffers from the fact that certain ecological 
communities have been studied more than others. For example, the impacts of 
oil spills on visible populations or communities such as birds, saltmarshes 
and intertidal invertebrates are well documented, while the effects of oil on 
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other less visible communities (e.g. plankton, subtidal invertebrates) have 
not been examined after the majority of spills. Tables 5.2-3 to 5.2-5 from 
Duva 1 et a 1. (1981) identify those crude oi 1, refi ned fuel and bunker spi 11 s 
which have-resulted in documented or anticipated impacts on marine resources, 
as well as spills where certain communities were examined and no effects 
reported. Neverthel ess, based on a va i 1 abl e 1 aboratory results and the case 
histories of spills which have occurred in sUb-arctic and temperate 
environments, a range of effects can be predicted for most arctic species. In 
general terms, these effects could include: 

1. Death through impairment of respiration, feeding or movement by 
physical coating with oil; 

2. Death due to contact with toxic petroleum fractions; 
3. Death from thermoregulatory impairment; 
4. Sublethal interference with physiological or biochemical processes; 
5. Accumulation of hydrocarbons in tissues, thereby rendering animals 

unpalatable to their predators or reducing their commercial value; 
6. Loss of habitat due to oil contamination; and 
7. Increased susceptibility to predation as a result of altered 

behavioural patterns. 

The assessment of potential indirect and cumulative impacts of oil 
spills is more difficult because of the lack of detailed information regarding 
trophic i nterrel ati onships withi n some arctic communiti es. However, where 
information is available, indirect impacts on other trophic levels are 
identified to the extent possible. 
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5.2.4 Effects of Oil on Marine and Marine-Associated Mammals 

Exposure of mammals to crude oil and refined petroleum products may 
result in various physical, physiological and behavioural effects, although 
the severity of these effects would vary with the degree of oil contamination 
and species. The documented and anticipated impacts of past refined fuel, 
bunker fuel and crude oil spills on marine and marine-associated mammals were 
summarized by Duval et ale (1981), while the major incidents and laboratory 
studies demonstratingthe biological effects of oil on marine mammals were 
reviewed by Smiley (1980). The results of numerous studies reviewed by the 
aforementioned authors suggest that the direct effects of oil may include: (1) 
mortality; (2) plugging of external body orifices and eye irritation; (3) 
impairment of mobility; (4) a decrease in the insulative capacity of fur; (5) 
elevated metabolic rate in compensation for thermoregulatory stress, and (6) 
inhalation of volatile fractions or ingestion of oil during grooming, suckling 
or feedi ng, resulti ng in physi 01 ogica 1 stress or systemic di sorders. In 
addition, indirect effects of oil on mammals may include spatial and/or 
temporal displacement from critical or important breeding, feeding or rearing 
habitats, reduced reproducti ve success, increased suscepti bil i ty to predators 
or a local reduction in food availability. 

In general, refined fuel s such as diesel are more acutely toxic to 
marine flora and fauna than crude oil or bunker fuels because they contain 
more water soluble, low boiling point and volatile hydrocarbons (Anderson et 
ale 1974a). On the other hand, refined fuels are less viscous than crude oTT 
or bunker fuels, and therefore have less tendency to cause significant 
physical fouling of marine or marine-associated mammals. However, volatile 
components of refined fuels may cause severe eye irritation to marine mammals 
under certain exposure conditions. In general, bunker fuels have resulted in 
more pronounced effects on mammal s than exposure to unweathered crude (Duval 
et a 1. 1981). . 

The six major species of marine mammals that could be affected by a 
crude oil spill or blowout or a refined fuel spill in the Beaufort Sea region 
are the ringed seal, bearded seal, bowhead whale, white whale, polar bear and 
Arctic fox. However, the potential effects of these environmental emergencies 
would be highly dependent on the species and genera,l health, age and sex of 
i ndi vi dua 1 s, as well as on the ci rcumstances surroundi ng the spi 11 such as 
amount and type of oil spilled, time of year, success of the clean-up 
operation, and the duration and spatial extent of contamination. 

It is not known if marine mammals are capable of detection and 
avoidlnce of surface sl icks or sub-surface oil. Although the reports from 
investigators of past incidents (e.g. the ARROW and ESSO BERNICIA spills, and 
the Santa Barbara blowout) are not conclusive, several authors have suggested 
that seals and sea otters do not avoid oil in some circumstances (Brownell and 
LeBoeuf 1971; Muller-Willie 1974; Davis and Anderson 1976). It is possible 
that some species of marine mammals may even be attracted to a spill site to 
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feed on fish and other organisms disabled or killed by the oil (Geraci and St. 
Aubin 1980). However, Barabash-Nikiforov et a1. (1947) reported that Japanese 
poachers used petroleum products to repersea otters from shore rocks, and 
there is also evidence that gray seals actively avoided the bunker C lost from 
the tanker ARROW in Nova Scotia (Butler et a1. 1974). Seals and sea otters 
are probably the marine mammals most vUTnerab1e to oil spills since they 
depend on substrates during pupping, moulting and mating, and therefore may 
repeatedly contact contami nated shores (Davi s and Anderson 1976). On the 
other hand, oil-contaminated cetaceans have not been reported following oil 
spills. Although this may indicate that whales can detect and avoid crude oil 
slicks or oil dispersed in the water column, cetacean skin is smooth and does 
not accumulate oil, and it is therefore difficult to determine if a whale has 
been exposed to oil (Geraci and Smith 1977). In addition, oiled whales may go 
unnoticed since they do not come ashore like pinnipeds and sea otters. 

5.2.4.1 Mortality 

During the last decade, the media and some scientific review articles 
have reported occasional marine mammal mortality following oil spills, but 
there is sel dom data to unequi vocably 1 ink deaths with the presence of oi 1 
because autopsies were not completed and baseline (pre-spill) data on the 
abundance and distribution of affected species have not been available. 
Nevertheless, the case history literature describes seal and sea lion 
mortality following some crude oil spills, although unlike bunker fuel spills, 
the reports of mortality are relatively limited. Of 44 crude oil spills 
reviewed by Duval et ale (1981), mortality of seals was confirmed following. 
only 2 incidents (Table 5.2-3). Seal pups were killed as a result of the 
CHRISTOS BITAS spill off Wales (Bourne 1979a), while one dead seal was 
reported after the ANTONIO GRAMSCI incident in Latria (Anon 1979a,b). The 
latter event was the only spill north of 55°N discussed by Duval et a1. (1981) 
that resulted in detectable effects on marine mammals. ----

r~orta1ity of northern elephant seals, California sea lions, and 
northern fur seals was reported following the Santa Barbara blowout in 1969, 
although critical reviewers were unable to directly attribute this mortality 
to the presence of oil (Simpson and Gilmartin 1970; Brownell and Le Boeuf 
1971; Le Boeuf 1971). Monitoring programs initiated following this event 
indicated that: (1) there was no significant increase in mortality of oiled 
seals during the year after the blowout; (2) sea lions gave birth to normal 
pups after being oiled, and (3) whales migrated through the area with no 
apparent adverse effects (Holmes 1969; Straughan 1970). 

Mortality of seals following bunker spills was reported in the Gulf 
of St. Lawrence (Warner 1969), in Chedabucto Bay, Nova Scotia following the 
ARROW spill (Anon 1970) and along the south coast of Nova Scotia after the 
KURDISTAN ·spill (Marston. pers. comm., cited in Geraci and St. Aubin 1980), 
while the ESSO BERNICIA bunker spill resulted in the loss of 20 to 30 sea 
otters (Bourne 1979b). However, direct evidence linking the deaths with the 
presence of oil was again lacking in most cases. 
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As indicated earlier, refined fuels would have less tendency to cause 
physical fouling of marine mammals, and this is largely substantiated by the 
case history literature. Of the 26 refined fuel spills examined by Duval et 
ale (1981), contamination (but not mortality) of marine mammals was reportea 
TO'llowing only one incident (Table 5.2-4). Wood (1979) observed 20 oiled 
seal s after the coll i sion of the ELENI V and ROSALINE which resulted in the 
loss of >24,000 barrels of heavy fuel oil. 

Mortality of marine mammals following exposure to oil in laboratory 
studies was described by Smith and Geraci (1975) and Engelhardt (1981). Smith 
and Geraci (1975) exposed 3 ringed seals to a 1 cm thick layer of Norman Wells 
crude oil in a laboratory holding pen, and all individuals died within 71 
minutes. However, since the test animals showed signs of stress associated 
with captivity, it was believed that this may have intensified the effects of 
oil exposure (Geraci and Smith 1976). This and other investigations also 
suggest that seal mortality may be greater if individuals contact oil during 
periods of natural stress such as poor feeding conditions, heavy ice 
conditions, moulting, or when individuals are extensively parasitized (Kenyon 
1975; Geraci and Smith 1976; Williams 1978). 

In another laboratory study, Engelhardt (1981) lost 2 of 3 polar 
bears exposed for 15-50 min to a 1 cm slick of Midale crude. The bears died 
4-5 weeks after the exposure as a result of severe physiological and 
behavioural disorders (see Section 5.2.4.4). 

5.2.4.2 Physical and Noxious Effects 

Physical and noxious effects of oil on seals and sea otters have been 
descri bed foll owi ng 1 aboratory investigations and in the oil spi 11 case 
hi story 1 iterature. These effects i ncl ude impai rment of mobil ity, eye and 
nostril irritation, and plugging of respiratory openings. However, the 
occurrence and extent of these effects vary between species and with the 
circumstances surrounding the oil exposure. 

Warner (1969) reported that harp seal s heavi ly coated with bunker C 
in the Gulf of St. Lawrence had difficulty swimming and probably died of 
exhausti on, whil e Anon (1969) reported that el ephant, seal pups encrusted wi th 
crude oi 1 and debri s after the Santa Barbara blowout had difficulty openi ng 
their eyes. In addition, about 24 seals may have died of suffocation when 
their nose and mouth openings were plugged with bunker C after the grounding 
of the ARROW in Chedabucto Bay, N.S. (Anon 1970). On the other hand, Geraci 
and Smith (1976) indicated that ringed seals exposed to a 1 cm slick of fresh 
Norman Well s crude ina fi el d hol di ng pen in the Arctic for 2~, h showed no 
evidence of mechanical damage during exposure, and that their coats showed 
virtually no visible evidence of oil immersion after 3 or 4 days in a 
clean-water holding pen. This may be attributed to the fact that Norman Wells 
crude is relatively light, highly volatile and has a low viscosity, and is 
therefore unlikely to cause extensive physical fouling in an unweathered state 
as is bunker C. 
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However, the 6 seals that were exposed to the crude oil during the 
above investigation of Geraci and Smith (1976) showed severe eye irritation. 
Seven or 8 minutes after the addition of the crude oil to the experimental 
pen, one seal began to lacrimate and blink excessively, while eye irritation 
became apparent in the other seals shortly thereafter. Within 4 h, all seals 
were lacrimating and squinting, and at the end of the 24 h oil exposure, all 
seals had severe conjunctivitis and swollen nictating membranes. In addition, 
there was evidence of corneal erosions or ulcers in four of the seals. 
However, within 3 h after being placed in a clean seawater pen, most squinting 
and lacrimation had subsided, and the eyes showed no signs of irritation by 20 
hours. Geraci and Smith (1976) suggest that at least some of the eye damage 
appeared to have been caused by volatile components of the Norman Wells crude, 
and continued exposure to oil may have resulted in more severe and possibly 
permanent eye disorders. 

Whales exposed to crude oil or refined fuels may be as sensitive to 
eye irritation and plugging of body openings as seals (Geraci and Smith 1977), 
although this has not been documented. Geraci and St. Aubin (1980) suggest 
that clogging of the cetacean blowhole is unlikely since it has evolved to 
prevent inhalation of water and would not discriminate oil. On the other 
hand, the irritating properties of oil on ocular and periocular tissues has 
been well documented in seals (Geraci and Smith 1976), and the same effects 
may occur in other species of marine mammals. The outer layers of cetacean 
epidermis are not keratinized, and consist of live and metabolically active 
cell s. The potenti a 1 effects of the toxic fracti ons of oi 1 on the uni que 
physiological and metabolical characteristics of the cetacean skin are 
unknown, but are currently under study at the University of Guelph. 

Floating oil slicks may also foul the baleen feeding mechanism or 
damage the structural integrity of baleen plates of surface feeding whales. 
The right whales such as the bowhead whale are particularly susceptible to 
this form of contamination since they skim the surface waters for planktonic 
organisms with their baleen plates partially exposed (Watkins and Schevill 
1976). Weathered crude oil and heavy refined products (e.g. bunker C) would 
be most likely to damage baleen plates (Geraci and St. Aubin 1980). In 
laboratory experiments, crude oil has been shown to reduce the filtration 
efficiency of baleen by up to 10 percent (Braithwaita 1980). 

5.2.4.3 Effects on Thermoregulation and Basal Metabolism 

Mari ne mammal s that rely primari lyon hai r or fur for thermal 
insulation are considered most susceptible to thermoregulatory stress as a 
result of oil contact (Geraci and St. Aubin 1980), and include sea otters, fur 
seals and polar bears. Sea otters and fur seals (Otariids) have a waterproof 
fur coat that holds a layer of air against the skin for insuiation. Oil 
contamination can result in matting, clumping and derangement of the fur and a 
subsequent loss of waterp roofi ng and buoyancy, and may eventually 1 ead to 
chilling, hypothermia, exhaustion and death (Kenyon 1975; Kooyman et!I.. 1977; 
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Williams 1978). The period that an oiled marine mammal can maintain its core 
temperature depends on several factors such as the extent of contamination, 
degree of exposure to cold water and air, life history stage and the general 
condition of the affected individual. 

Experimental oiling of sea otter pup and subadult fur seal pelts 
doubled the thermal conductance of the coat (Kooyman et ale 1977). Similarly, 
McEwan et a 1. (1974) demonstrated that the thermdT conductance of oi 1 ed 
muskrat peltswas increased by 122 percent by a heavy coating of oil. Kooyman 
et al. (1977) also concluded that oil-fouled sea otters and fur seals would be 
unaDTe to endure prolonged immersion in cold water if oil was not soon removed 
from the pelts through grooming. 

The decrease in insulative capacity of the fur caused by oil-fouling 
leads to a subsequent increase in basal metabolism in marine mammals that rely 
on fur for insulation. For example, light oiling of 30 to 40 percent of the 
coat of fur seals caused a 50 percent increase in basal heat production 
(Kooyman et ale 1977), while oiled muskrats had metabolic rates 20 percent 
above norm~ j:days after contact with oil (McEwan et!l. 1974). 

On the other hand, polar bears, earless (phocid) seals and sea lions 
rely on both guard hairs and/or wooly underfur and subcutaneous blubber for 
insulation (Scholander et ale 1950; Irving and Hart 1957; Bryden 1964; Frisch 
et al. 1974). The sensTIiVTty ·of these species to oil is highly dependent on 
tfiesignificance of the fur to total unregulated insulation. In general, the 
insulative contribution of the fur is relatively small for the strictly 
aquatic mammal s but thi s may vary dependi ng on species, age, general health 
and season (Irving and Hart 1957; Frisch et ale 1974; Geraci and Smith 1976; 
Kooyman et ale 1976, 1977). For example-;-oning of pelts of ringed seals, 
bearded -SealS and California sea lions did not change their thermal 
conductance (0ritsland 1975; Kooyman et ale 1977). In addition, studies 
conducted by Geraci and Smith (1976) i ndT"cated that the body temperatures of 
ringed seals immersed in Norman \~el1s crude for 24 hand 3 to 4 wk old harp 
seal pups coated with crude for 7 days remained stable and within the normal 
range. In vitro examination of the pelts at the end of the experiments also 
indicated ~therma1 conductance had not changed as a result of oil 
contami nation. 
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Although light oiling of adult seals and sea lions probably does not 
significantly alter the underwater thermal conductance of the pelt, some 
species may be very susceptible to oil contamination during certain periods of 
their life history such as the moult. For example, some newborn phocids (e.g. 
harp and ringed seals) rely on white lanugo (ll whitecoats ll ) for protection 
against wind chills until a sufficient blubber layer develops and homeothermy 
stabilizes during the first weeks of life (0ritsland and Ronald 1973). Oiling 
of pups at this age could result in loss of insulative capacity, chilling and 
hypothennia (Smiley 1980). Geraci and Smith (1976) found that core 
temperatures in 2 to 4 week old whitecoat harp seals with a 2.5 to 5.0 cm 
layer of blubber were not affected by a brushed-on coating of crude oil. 
However, the effect of oil on thermoregulation in pups between birth and 
deposition of blubber, when they may be more vulnerable, has not been 
documented. 

Fur also acts as a wi nd barri er for adul ts, and may be particul arly 
important duri ng the annual spri ng moul t and obl i gatory haul out of ri nged 
seals (0ritsland 1975; Geraci and Smith 1976). However, 0ritsland (1975) 
demonstrated that Norman Wells crude did not disrupt the insulative capacity 
of ringed seal pelts at varying wind speeds. Since any coating of dark 
material increases the radiation transmittance of light-coloured fur 
(0ritsland 1975), changes in solar heating of the skin of hauled-out seals may 
occur,although the biological and ecological significance of such changes 
have not been documented. 

The effects· of oil on thermoregulation in polar bears would differ 
from effects on the more strictly aquatic groups since bears rely more heavily 
on fur for insulation than seals and sea lions (Frisch et a1. 1974). 
Schweinsburg et a1. (1977) suggested that oiling of the fur would cause 
thermoregulatory stress in polar bears, although this has not been confirmed. 
However, Engelhardt (1981) exposed 3 polar bears to a simulated oil slick of 1 
cm of Mida1e crude for 15 to 50 min and found that the fur became deeply 
coated with oil. Vigorous grooming activities of the bears resulted in the 
spreading of oil over larger areas and deeper into the fur. In addition, 
ingestion of oil occurred for at least 4 weeks after exposure (Section 
5.2.4.4), despite the fact that the bears had been cleaned and the pelts 
attained a light colour 17 days after the oil exposu~e. Persistence of oil in 
the fur resulted in a prolonged exposure to petroleum hydrocarbons and the 
potential for concomitant thermoregulatory stress. 

Cetaceans and walruses are probably the least susceptible marine 
mammal s to thermoregulatory stress as a result of oil contamination because 
they rely on thick ski n and/or subcutaneous fat or bl ubber for i nsul ati on 
rather than fur or hair. However, it is not known if oil contact affects 
other thennoregulatory mechanisms in theSe mammals such as per'iphei~al blood 
circu)ation and tissue cooling. 
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5.2.4.4 Effects of Inhalation and Ingestion 

Marine mammals exposed to an oil spill may inhale volatile petroleum 
hydrocarbons or may incidentally ingest surface oil during feeding (e.g. 
baleen whales), grooming (e.g. sea otters), suckling, or indirectly through 
consumption of contami nated prey. Other potenti a 1 pathways for uptake of 
petroleum hydrocarbons include the skin and respiratory surfaces. 

The effects of ingested petrol eum hydrocarbons on phoci d seal s were 
examined by Geraci and Smith (1976). During a 24 h exposure to Norman Wells 
crude oil, ringed seals absorbed petroleum hydrocarbons in blubber, brain, 
muscle, kidney and liver tissues. However, the highest hydrocarbon levels 
were detected in the bile and urine, suggesting that the kidney and liver are 
principle sites of detoxification and excretion (Engelhardt et ale 1977). 
There was also histological evidence of kidney damage in at leastone seal. 
Harp seal pups fed up to 75 ml of crude oil (far in excess of that calculated 
to have been swallowed by the above ringed seals) showed no clinical, 
biochemical or morphological evidence of tissue damage (Geraci and Smith 
1976), while adult ringed seals fed 5 mL of Norman Wells crude per day for 5 
days were also not irreversibly harmed. The amounts of oil administered in 
the aforementioned study are cons.i dered representati ve of the upper 1 imit of 
what a seal would likely ingest from live, oil-tainted prey (Smiley 1980). 
Although the results of this study cannot be extrapolated to other marine 
mammals or larger quantities of ingested oil, the authors suggest that 
relatively large doses of oil ingested over a short period probably do not 
cause any acute organ or tissue damage in ringed and harp seals (Geraci and 
St. Aubin 1980). However, longer exposures to oil would probably result in 
increased hydrocarbon 1 evel sin ti ssues, particul arly in bl ubber (Kooyman et 
ale 1976). -

Geraci and Smith (1976) also calculated that ringed seals exposed to 
Norman Well s crude for 24 h absorbed some volatil e hydrocarbons through the 
respiratory tract. Nevertheless, lung damage was not apparent even though the 
experimental holding pen resulted in a more concentrated exposure to volatile 
fractions than would normally be encountered during an actual marine oil 
spill. The effects of prolonged inhalation of volatile petroleum hydrocarbons 
have not been documented, although these fractions, are rapidly lost due to 
evaporation, minimizing the potential risk of long-term inhalation by marine 
mamma 1 s. 

The potential uptake and accumulation of petroleum hydrocarbons by 
whales and other marine mammals that feed in benthic habitats (e.g. bearded 
seals) have not been documented. 

Polar bears are susceptible to adverse effects associated with 
ingestion of petroleum hydrocarbons either through grooming of oiled fur or 
consumpti on of oil-contami nated prey. Pol ar bears prey prima ri lyon ri nged 
seals throughout their range (Stirling and McEwan 1975) and ringed seals have 
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been shown to accumulate petroleum hydrocarbons (Engelhardt et ala 1977; 
Engelhardt 1978). Schweinsburg et ale (1977) suggested that bea~ would prey 
on the oiled carcasses of sealS-orother animals, and may be subject to a 
toxic load associ ated with the accumul ati on of petrol eum hydrocarbons. In 
addition, polar bears could contact a floating slick since they travel across 
the sea-ice and traverse open water leads in pursuit of food (0ritsland 1969). 

Engelhardt (1981) exposed 3 polar bears to a 1 cm slick of Midale 
crude for 15 to 50 min to demonstrate the clinical effects of petroleum 
hydrocarbon exposure on thi s species. The bears became heavily contami nated 
with oil, and vigorous grooming resulted in extensive uptake of hydrocarbons 
from the gut for a peri od of at 1 east 4 weeks. Petrol eum resi dues were 
accumulated in bone marrow, brain and kidney, and were initially at high 
levels in the blood plasma. The urine and bile were the major excretion 
routes, and resi dues conti nued to occur in the uri ne for 5 weeks after the 
exposure. The major clinical toxic effects which led to the death of 2 of the 
3 bears included erythropoietic dysfunction and renal abnormalities. 

5.2.4.5 Indirect Effects of Oil 

Indirect effects of oil exposure on marine mammals may include 
spatial or temporal displacement from critical or important habitats, reduced 
reproducti ve success, increased suscepti bi 1 ity to predators, 1 oca 1 reducti on 
in food supplies or changes in normal behavioural responses. In general, 
these potenti a 1 effects are poorly documented si nce they can only be studi ed 
under experimental field or actual spill situations. For example, Davis and 
Anderson (1976) reported reduced growth rates in gray seal pups contami nated 
by a floating oil slick off southwest Wales, but were not able to detect 
changes in nursing behaviour. At the same time, cows were able to locate 
their pups regardless of oiling. Monitoring programs initiated after the 1969 
Santa Barbara blowout also indicated that sea lions gave birth to normal pups 
after being contaminated with oil (Holmes 1969; Straughan 1970). 

Smith and Geraci (1976) exposed 6 ringed seals to a 1 cm layer of 
Norman Wells crude oil in a field holding pen for 24 h. During the oil 
exposure, all of the seals showed varying degrees of arching of the back when 
at the surface, a behaviour that was not observed in,the control group nor in 
the experimental group prior to the introduction of the oil. However, there 
was no behavioural or phYsical evidence of oil contamination 4 days after the 
exposure. Although some behavioural responses of pinnipeds to oil exposure 
have been noted during laboratory investigations, potential changes in 
feeding, diving ability, cow-pup interactions, herd organization and haul-out 
behaviour in natural populations exposed to oil remain unknown. 
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5.2.4.6 Summary of Concerns 

Laboratory i nvesti gati ons and the oi 1 spi 11 case hi story 1 iterature 
both suggest that the degree of potential concern regarding adverse effects of 
crude oil spills and blowouts or refined fuel spills on marine mammals of the 
Beaufort Sea regi on waul d va ry wi th spec i es and types of habitats 
contaminated. Since mortality of whales has not been reported following past 
spills and most sublethal effects would likely be relatively short-tenn, the 
degree of concern associated with effects of oil spills on the regional 
popul ati ons of bowhead and white whales is expected to be NEGLIGIBLE to 
MINOR. On the other hand, the potential adverse impacts of oil on seal s has 
been documented in both laboratory investigations (Smiley 1980) and during 
studies conducted following actual spills (Duval et ale 1981), and as a 
resul t, the degree of concern rega rdi ng adverse effects of oil spi 11 s on 
regional populations of ringed and bearded seals is considered MODERATE. In a 
similar manner, mortality of polar bears following ingestion of oil during 
grooming has been recently observed (Engelhardt 1981), and the potential for 
this and other direct and indirect effects of oil spills on this species 
suggests that the degree of concern would vary from MINOR to MODERATE, 
depending on the habitats and number of individuals contaminated. Although 
the effects of oil on the Arctic fox have not been documented, the degree of 
concern regarding potential effects of spills or blowouts on this species is 
expected to be MINOR because individuals would likely only be exposed to oil 
through ingestion-or-contaminated prey. 
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5.2.5 Effects of Oil on Birds 

It is generally agreed that birds are the most frequently and 
seri ous1y affected resource foll owi ng oil spi 11 sin mari ne envi ronments, and 
suffer from a wide range of direct physical and physiological effects 
following oil exposure. Indirect effects of oil spills which may also have 
seri ous imp1 icati ons to mar; ne bi rd popul at; ons i ncl ude reduced reproducti ve 
success, increased susceptibility to predation and local reductions in food 
availability. The species of birds likely to be most seriously affected by an 
oil spill or blowout in the marine environment are the highly aquatic species 
that dive and forage at sea. In the Canadian Arctic, birds in this category 
include alcids (murres, guillemots, dovekies, puffins), diving ducks 
(oldsquaws, eiders), loons, fu1mars, cormorants, gulls, shearwaters, 
ki ttiwakes and phalaropes. I n addition, bi rds which congregate in nearshore 
marine areas and river deltas during part of their annual cycle such as geese, 
swans, shorebirds and diving and dabbling ducks may also be exposed to oil in 
nearshore environments. 

The documented and antici pated impacts of past refi ned fuel, bunker 
and crude oil spills on marine bird populations were summarized by Duval et 
al. (1981), while laboratory investigations demonstrating the effects of oIT 
Oil birds were reviewed by Brown (1980). In general, laboratory and field 
studi essuggest that oi 1 type is not a maj or factor in determi ni ng the degree 
of impact on bird populations (Duval et ale 1981), even though the chemical 
composition of crude oil and refinedpetro1eum products are substantially 
different. The degree of impact of past crude oil and refined fuel spills on 
marine birds has varied to a large extent with the circumstances surrounding 
each event, as well as the distribution and abundance of birds within the 
contaminated area. The cumulative effects of chronic releases of petroleum 
hydrocarbons on birds in the marine environment remain largely unknown. 

In general, the volume of oil lost has also not been a major factor 
determining the degree of impact of oil spills on marine bird populations. 
For example, insignificant bird mortality followed some large crude oil 
spi 11 s, such as the 3 mi 11 i on barrel s of oi 1 rel eased duri ng the Ixtoc I 
blowout (Ross et ale 1979), while greater mortality has resulted from smaller 
incidents suchasthe 7 barrel fuel oil spill in firth of Forth, Scotland 
which killed 740 birds and contaminated another 1400 (Campbell et al. 1978), 
and the 5900 barrel bunker spill from the BARGE STC-101 in Vlrginia which 
resulted in the loss of up to 50,000 birds (Roland et ale 1979). The most 
serious past spills in terms of mortality and/or long-term impacts on bird 
populations are indicated in Table 5.2-6. Reported bird losses following 
these i nci dents may be gross underestimates of the actual mortal ity because 
of: (1) the logistics associated with counting carcasses because some sink 
(Hope=Jones et al. 1970), are lost to pi~edatot~s, Ot~ at'e carried offshore by 
preva i 1 i ng wi ndsand currents; (2) the difficulty estimati ng the extent of the 
contaminated area, the distribution of birds therein, and the probable extent 
of mortality, and (3) problems associated with delayed mortality of birds as a 
result of the incident (see Duval et al. 1981). 



325 

TABLE 5.2-6 

PAST OIL SPILLS CAUSING EXTENSIVE MORTALITY AND/OR 
LONG-TERM IMPACTS ON BIRD POPULATIONS 

(Data summarized from Holmes and Cronshaw 1977; Duval et~. 1981) 

I nci dent 

San Francisco Bay 
USA 
March 1937 

Howacht Bay 
Baltic Sea 
January 1953 

GERD MAERSK 
Germany 
January 1953 

Seagate, Washington 
USA 
September 1956 

Gotland 
Sweden 
1962 

TORREY CANYON 
England 
March 1967 

ESSO ESSEN 
South Africa 
Apri 1 1968 

Santa Barbara 
USA 
January 1969 

N. Zeeland 
Denmark 
February 1969 

Spi 11 age 

crude oil 
72,000 bbl s 

oi 1 resi dues 
4000 bbls 

crude oil 
64,000 bbls 

bunker C 

no record 

crude oi 1 
860,000 bbls 

crude oil 
30,000 bbls 

crude oil 
80,000 bbls 

no record 

r~orta 1 i ty 

10,000 

10,000 

275,000 

6000 

30,000 

30,000 

1250 

3600 

10,000 

Species 

murre 
grebe 
scoter 

eider 
merganser 
scoter 

scoter 

scoter 
gui 11 emot 

long-tail duck 

gUillemot* 
razorbill* 

penguin* 
gannet 

western grebe 
loon, scoter 
cormorant 
pelican 
merganser 

eider 
common scoter 



Inci dent 

Tersche11; ng 
Holland 
Februa ry 1969 

HAMILTON TRADER 
England 
April 1969 

PAVLA 
Finland 
May 1969 

NE Britai n 
Janua ry 1970 

East Jutland 
Denmark 
February 1970 

DELIAN APOLLON 
USA 
February 1970 

ARROW 
Canada 
February 1970 

Kodiak Island 
USA 
February 1970 

Bi esbasc h 
Holland 
December 1970 

South Kattegat 
December 1970 

~~n ~~~nri~rn Q~v 
...,"" .... ""' .. """ ..... vv IJUoJ 

USA 
January 1971 
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TABLE 5.2-6 (cont'd) 

Spi 11 age 

crude 0; 1 

fuel oil 
4000-5600 bb1s 

crude oil 
1200 bb1s 

fuel oil 
8000 bb1s 

no record 

bunker C 
2400-2800 bb1s 

bunker C 
68,000 bbl s 

tanker ballast 

heavy fuel oil 
77,000 bb1s 

na record 

bunker C 
20,000 bb1s 

Mortal ity 

30,000-35,000 

4400-10,000 

3000-3500 

50,000 

12,000 

9000 

12,000-50,000 

10,000 

>2000 

15,000 

7nnn 
'vvv 

Species 

eider 
common scoter 

gui11emot* 

eider 
long-tail duck 

sea duck 
auk 

eider 
common seater 
ve 1 vet scoter 

no record 

sea duck, auk 
a lei d, ei der 

a1eid, sea duck 
gull 
kittiwakes 

swan, geese 
mallard 
coot 

eider 
scoter 

1.'_"''''"' ______ "'_ 
nc.::> lot: I II :l1t:Ut: 

seaters 
cornman murre 
loon 



Incident 

Anacortes 
USA 
April 1971 

Jutland 
March 1972 

Danish Waddenzee 
Denmark 
December 1972 

AFRAN ZODIAC 
Ireland 
January 1975 

Cromarty Fi rth 
Scotland 
February 1974 

METULA 
Chile 
August 1974 

CORINTHOS 
USA 
January 1975 

BARGE STC-101 
USA 
February 1976 

AMOCO CADIZ 
France 
March 1977 
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TABLE 5.2-6 (cont'd) 

Spi 11 age 

No. 2 fuel 
4600 bbls 

no record 

no record 

bunker C 
2700 bbl s 

fuel oil 
7 bbl s 

crude oil 
361,000 bbls 

crude oi 1 
309,500 bbls 

bunker C 
5900 bbls 

crude oil 
1,940,000 bbls 

Mortal ity 

1000-10,000 

30,000 

30,000 

no report 

>30 

3000-4000 

2500 

10,000-50,000 

>1100 

Species 

bl ack brant 
duck, loon 
cormorant 
grebe 
merganser 

eider 
scoter 

eider 
common scoter 

seagull, auk 
gannet 
cormorant 
swan 

mute swan* 
goldeneye 
tufted duck 
scaup 

penguin 
cormorant, tern 
albatross 
petrel, duck 
shorebi rds 

ruddy duck 
scaup 

horned grebe* 
oldsquaw* 

puffin 
razorbill 
gui 11 emot 



Inci dent 

Fi rth of Forth 
Scotland 
February 1978 

CHR I STOS BIT AS 
Wales 
October 1978 

ESSO BERNICIA 
Scotland 
December 1978 

KURDISTAN 
Canada 
March 1979 
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TABLE 5.2-6 (cont'd) 

Spi 11 age 

fuel oi 1. 
7 bbl s 

crude oil 
20,000 bb1s 

bunker C 
8800 bbls 

bunker C 
63,200 bbls 

Mortal ity 

740 

2400 

800-3000 

7000 

Species 

great crested 
grebe*, scaup 
pochard, eider 
guillemot 

gui 11 emot 
razorbi 11 
auk, gannet 

black guillemot 
long ta i1 duck 
great northern 
diver* 

dovekie, murre 
ei der, gull 
crow 

*Long-term impacts were anticipated or concern was expressed regarding the 
integrity of regional populations. 

The field data from actual spills are also difficult to interpret 
because the circumstances surrounding events are rarely similar. In addition, 
crude oils and refined petroleum products differ both in terms of their 
chemical composition and the severity of their initial biological effects on 
birds. For example, Kuwait, Louisana and Cook Inlet crudes all produced more 
severe effects on osmoregulatory function of ducklings in the laboratory than 
Alaskan North Slope or Utah crudes (Holmes and Cronshaw 1977). These authors 
suggest that under simil a r ci rcumstances, refi ned pe'trol eum products may be 
somewhat more hazardous to birds than crude oil, while Grau et ale (1977) also 
noticed this trend during studies of egg production by quail exposed to 
bunker C, No. 2 fuel oil and crude oi 1. Holmes and Cronshaw (1977) reported 
that ducks tolerated a higher concentration of crude oil in their diet than 
No. 2 fuel oil before feeding was suppressed. Duval et ale (1981) suggest 
that since the lighter refined fuels contain a relativeTy mgh proportion of 
toxic aromatic hydrocarbons, they may cause greater mortal ity through 
ingestion. On the other hand, crude oils or weathered fuel oils may have more 
pronounced effects on thermoregul ati on and· buoyancy than 1 i ghter or 
unweathered refined fuels (Duval et ale 1981). Comparison of field and 
laboratory data is further compl icated by the fact that most 1 aboratory 
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experiments are completed with unweathered oil, whereas birds may not contact 
oil until it has substantially weathered following an actual spill. 
Neverthel ess, bi rds that contact petrol eum hydrocarbons usually suffer one or 
more of the following physical, thennal, systemic, pathological or indirect 
effects. 

5.2.5.1 Physical and Thermal Effects 

The feathers of a bird contaminated with oil initially become matted 
and the feather barbules deranged (Hartung 1967). Subsequently, the feathers 
lose their waterproofing capacity because individual feathers are wettable 
(Newcastle, University of 1972), as well as their insulative and buoyancy 
capacity after air entrapped within the plumage is reduced or eliminated 
(Holmes and Cronshaw 1977). Water is absorbed by the feathers, and the cold 
air and water which directly contact the skin cause a marked increase in the 
rate of heat loss. In addition, the reduced buoyancy associated with 
waterl oggi ng can impai r or prevent foragi ng fl i ghts, hi nder swimmi ng and 
diving (Holmes and Cronshaw 1977) or cause some birds to drown (Clark 1968). 

Oiled birds have greater energy requirements than uncontaminated 
individuals because a higher metabolic rate is necessary to maintain the 
nonnal body temperature (Hartung 1967; McEwan and Koelink 1973; Lambert and 
Peakall 1981). For example, McEwan and Koelink (1973) demonstrated that 
heavily contaminated mallard and scaup increased their basal heat production 
by at least 30 percent. Hartung (1967) suggested that a heavily oiled mallard 
may be under the same temperature stress at +15°C as an unoi 1 ed bi rd is at 
_26°C. Ducks contaminated with oil may be able to withstand cold air 
temperatures temporari ly, but must have and 1 i berate substantial fat reserves 
to survive for longer periods (Hartung 1967). Lambert and Peakall (1981) 
reported that mallard ducks exposed to crude oil, or crude oil dispersed with 
Corexit 9527, for 1 hr had basal metabolic rates 10.6 percent and 22.3 percent 
higher than pre-exposure rates, respectively. The increased metabolic 
activity of both groups persisted for at least 2 weeks after the oil exposure, 
and may have been the result of direct effects on the plumage and/or 
metabolism of ingested oil. 

Little infonnation is available to detennine the probability that an 
oiled seabird will survive, or to predict the amount of oil required on the 
feathers to break down the \"aterproofi ng and i nsul ati on capaci ti es. Under 
experimental conditions where food is provided and the temperature is 
moderate, oiled birds often survive for prolonged periods and may gradually 
recover from the oil exposure. For example, Hartung (1967) found that the 
metabolic rate of oiled ducks returned to nonnal a few days after 
contamination. The plumage of contaminated birds may require a few months to 
be thoroughly cleaned through preening (Lambert and Peakall 1981), although 
Bi rkhead et a 1. (1973) found that oi 1 ed common murres, razorbi 11 s and great 
b1ack-backed!jUlls in a Welsh breeding colony cleaned themselves in about two 
weeks. The cleaning process may be accelerated if the contaminated bird 
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undergoes a moul t. However, under severe envi ronmental conditions such as 
those which may occur in the Arctic, the probability of survival will likely 
be reduced because thermoregulatory breakdown would probably occur sooner than 
the oil could be adequately preened from the feathers (Brown 1980). 

5.2.5.2 Systemic and Pathological Effects 

Oiled birds may ingest appreciable amounts of petroleum hydrocarbons 
during preening or consumption of oil-contaminated water or food, and this may 
subsequently result in numerous systemic and pathological effects. The 
combination of direct and indirect effects of oil ingestion which follow the 
previously discussed physical and thermal effects (Section 5.2.5.1) are 
usually fatal (Brown 1980), although the susceptibility of different species 
and age classes of birds to oil probably varies. 

Bourne (1968) observed that gull sand murres began to preen thei r 
oiled plumage immediately after contamination, while Hartung and Hunt (1966) 
reported that ducks preened about 50 percent of the oi 1 from thei r feathers 
within 8 days of exposure and ingested most of it. Hartung (1965) similarly 
reported that a mallard ingested 2 g of oil through preening during the first 
three days following exposure to a total of 6 g of oil. Holmes and Cronshaw 
(1977) indicated that ducks consumed normal amounts of food when it was 
contaminated with 3 ml crude oil/100 g, while ducklings ingested normal 
quantiti es of food contai ni ng up to 20 percent crude oil. The 1 atter study 
suggests that at least juveniles of these species may be more susceptible to 
systemic and pathological effects associated with oil ingestion. 

It is generally assumed that the ingestion of petroleum hydrocarbons 
results in the gross abnormalities observed during autopsies of birds killed 
in past spills, but this is not well documented and difficult to consistently 
substantiate through oral-dosing experiments in the laboratory (Brown 1980). 
The systemic and pathological effects of oil ingestion on birds that have been 
reported following one or more investigations include lipid pneumonia, 
osmoregulatory impairment, gastrointestinal irritation, diarrhea, anemia, 
hyperplasia of the adrenal cortex, and renal, pancreatic and liver disorders 
(Hartung and Hunt 1966; Holmes and Cronshaw 1977; Miller et~. 1978a,b). 

Miller et al. (l978b) found, during autopsies conducted 9 days after 
oil exposure, that juvenile herring gulls given a single 0.2 m1 dose of crude 
oi 1 showed si gnificant hypertrophy of the nasal gl and, 1 i ver and in some cases 
adrena1s, as well as changes in intestinal tissue morphology. On the other 
hand, Holmes and Cronshaw (1977) found no gross abnormalities in adult 
mallards that received a daily dose of 5 m1 crude oil for 3 months, although 
some adrenal hypertrophy was evident. Other experiments have shown that 
mallard ducks survived when given a daily dose of crude oil, but died off 
rapidly when subjected to an abrupt drop ·in air temperature or change in 
salinity of drinking water (Brown 1980). Ducks, chickens and herring gulls 
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given daily doses of crude oil or No.2 fuel oil (up to 20 ml/kg/day) for 8 to 
15 days survived and in some cases grew (Holmes and Cronshaw 1977; Gorman and 
Simms 1978). However, these dosages may only be tolerable under benign 
environmental conditions since the toxicity of oil increases when ducks are at 
temperatures rangi ng from -lOoC to 50 C (Hartung and Hunt 1966; Holmes and 
Cronshaw 1977). Hartung and Hunt (1966) report that the amount of oil that a 
duck ingests daily while preening oil from its plumage is likely comparable to 
the lethal daily intakes under stressful conditions. 

Other studies have shown that small doses (e.g. 0.5 ml) of crude oil 
cause osmotic imbalance and dehydration in Leach's storm petrel (Butler et al. 
1979), mallard (Crocker et al. 1974, 1975), juvenile herring gulls andb'lack 
guillemots (Miller et al-. 1978 a,b). The transfer of water and sodium ions 
across the i ntesti naT mucosa and excreti on of sodi um through the nasal gl and 
are all inhi bited by ingested petroleum hydrocarbons. Weathered and 
chemically dispersed crude oil appear to have a more pronounced effect on 
osmoregulation by birds than unweathered oil (Brown 1980). In addition, 
Miller et al. (1978 a,b) report that nutrient transfer in juvenile herring 
gulls aiiCf black guillemots is inhibited by ingested oil, although Gorman and 
Simms (1978) and Holmes and Cronshaw (1977) were unable to demonstrate this 
phenomenon in juvenile herring gulls and mallard ducks, respectively. 

5.2.5.3 Indirect Effects of Oil 
-

Oil spills may also result in indirect effects on birds which can be 
as serious as the aforementioned direct physical and systemic effects. 
Indirect effects of spills on reproductive success of oil-exposed birds are 
well documented and i ncl ude reduced egg producti on, hatchi ng success and 
growth rates of juveniles. In general, the amount of oil required to reduce 
the reproducti ve success of bi rds under 1 aboratory condi ti ons is in the same 
order of magnitude as the amount contaminated birds may ingest while preening 
(Hartung 1965). Other indirect effects of marine oilspills on bird 
populations can only be assessed in a field situation, but may include 
increased suscepti bi 1 ity to predators, decreased abundance of food sources, 
decreased foraging efficiency, and spatial or temporal displacement from 
important or critical habitats. 

Holmes et al. (1978) reported that mallards fed food that was 
contaminated with~ percent crude oil showed reduced or no egg laying, reduced 
fertilization and thinning of eggshells. Grau et a1. (1977) found that 
although oral doses of Kuwait and South Louisiana crudeoils had less severe 
effects on quail egg production than bunker C or No. 2 fuel oil, 800 mg of 
crude temporarily reduced egg production and hatching success. A similar dose 
of Prudhoe Bay and Cook Inlet crudes did not reduce hatchability. Eggs 
produced by female quail, chickens and Canada geese given doses of Kuwait 
crude, Louisiana crude and No.2 fuel oil had yolk abnormalities (Grau et al. 
1977; Holmes and Cronshaw 1977), and although the bi 01 ogica 1 significance of 
this response remains unknown, it was most pronounced in the eggs of females 
treated with No.2 fuel oil. 
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Mineral oil (0.005 m1) covering 5 percent of the surface area of 
mallard eggs caused a significant decline in hatchability (Albers 1977), while 
eggs incubated by a contaminated great black-backed gull in the field failed 
to hatch (Bi rkhead et a 1. 1973). Patten and Patten (1976, 1977) found that 
North Slope crude apj)Tied to gull eggs caused much greater embryonic mortal ity 
than the application of a similar amount of mineral oil coating a larger 
portion of the egg. The results of this study suggest that egg mortality was 
probably related to both toxicity of the oil and an interruption of normal 
gaseous exchange. Quantities of oil comparable to the amounts used during 
these i nvesti gati ons coul d be transferred from contami nated feathers of an 
incubating parent to the eggs (Brown 1980). Other authors indicate that 
embryos are particularly sensitive to oil early in their development (Szaro 
and Albers 1977; A1 bers and Szaro 1978; McGill and Richmond 1979), while 
Patten and Patten (1976, 1977) suggested that re-nesting is unlikely to occur 
foll owi ng fai 1 ure of a c1 utch to hatch si nce non-viab1 e eggs may not be 
recogni zed as such by the parents, and wi 11 be incubated beyond the normal 
hatchi ng date. 

Some studies also show that crude oil affects the growth of juvenile 
bi rds. For examp1 e, growth rates of young b1 ack gui 11 emots were reduced 
following a single 0.2 m1 dose of crude oil, leaving the birds 20 percent 
underweight at the normal fledging date (Miller et a1. 1978 a,b). Growth 
rates of juvenile herring gulls may also ~e reducectbyexposure to crude oil 
(Mi 11 er et a 1. 1978 a, b), although Gorman and Simms (1978) suggest that the 
cessation-or-growth reported with these gulls was a natural function of age. 

5.2.5.4 Summary of Concerns 

The degree of concern regarding potential adverse effects of crude 
oil spills and blowouts or refined fuel spills on bird populations of the 
Beaufort Sea region would be highly dependent on: (1) the time of the spill; 
(2) the extensiveness of the area affected; (3) the type of habitats 
contami nated and the persi stence of oi 1 in these areas, and (4) the speci es 
and life history stages exposed to oil. The oil spill case history literature 
and resu1 ts of numerous 1 aboratory studi es cl early indicate that the most 
serious and long-term impacts of spills would result if oil reached nearshore 
and backshore habitats which are important or cri~ical staging and nesting 
areas. The degree of concern would also be greatest with species that are 
highly aquatic and have a low reproductive potential (e.g. alcids) or 
congregate in large numbers during specific activities such as feeding, 
staging and nesting (e.g. waterfowl). Consequently, depending on the species 
and habitats affected, the degree of concern regarding impacts of oil spills 
and blowouts on bird populations of the Beaufort Sea region is expected to 
range from MINOR to MAJOR. 
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5.2.6 Effects of Oil on Fish 

The toxic and sublethal effects of petroleum hydrocarbons on marine 
fish have been the subject of relatively intensive laboratory investigations 
despite the fact that fish mortality has only been rarely observed following 
actual oil spills (Duval et ale 1981; Penrose 1981). The existence of few 
records of significant fiSh kllls following oil spills is likely at least 
partially related to the rapid decrease in the concentrations of soluble 
petroleum hydrocarbons as oil weathers (Penrose 1981), the mucilaginous 
coating of fish and avoidance responses documented with some species. 
Nevertheless, it is generally accepted that larval fish (icthyoplankton) are 
more sensitive to oil than adults (Section 5.2.7), and mortality of these 
forms may have gone undetected in a number of past oil spills. Numerous 
sublethal effects have been observed in the laboratory, and may similarly go 
undetected following some oil spills. The following sections briefly 
summarize the results of laboratory investigations into the acute toxic and 
sublethal effects of petroleum hydrocarbons on fish, impacts actually observed 
following northern spills, and the degree of potential concern regarding crude 
oil spills or blowouts and refined fuel spills in the Beaufort Sea. 

Laboratory i nvesti gati ons desi gned to determi ne the oi 1 
concentrations that result in acute or sublethal effects in fish have shown 
that th'ere is a large degree of varjability in toxic thresholds. This is 
primarily due to the variable sensitivity of different species and life 
hi story stages of each species, the variable composition of different crude 
oils and refined fuels, and particularly the methods used for completion of 
bioassays with oil and fish. While some investigators have demonstrated acute 
1 etha 1 concentrati ons (LC50 96-h) of total hydrocarbons or a romati c 
fractions in the range of 1 to 3 ppm (Rice et ala 1979), other authors have 
reported no toxic effects at oil concentrati onsapproachi ng several thousand 
ppm. The 1 atter very hi gh fi gures generally resul t from the unsati sfactory 
practi se of expressi ng resul ts of bi oassays in terms of the amount of oi 1 
added to the test media rather than the measured dissolved oil concentration 
in water, particularly since the concentration of the dissolved oil fraction 
varies greatly with the method of preparation. However, the more recent 
toxici ty studi es have i ncl uded measurement of hydrecarbon concentrati ons in 
the test media, and therefore are more consistent with respect to toxic 
concentrations. Detailed review of the large number of oil bioassays 
completed with fish is beyond the intended scope of this document, 
particularly since comprehensive treatments of this subject have been provided 
in a number of previous reviews (e.g. Malins 1977, Penrose 1981). Most 
studies have shown that dissolved oil concentrations less than 10-15 ppm are 
acutely toxic to marine fish (Table 5.2-7), with refined fuels such as diesel 
being more toxic than weathered crudes and most unweathered crudes (Craddock 
1977) • 



Fish 

Pink salmon 

(0.2-0.5 g) 

( fry) 

(a 1 evi n) 

(emergent 
fry) 

(migrant 
fry) 
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TABLE 5.2-7 

ACUTE TOXICITY OF VARIOUS CRUDE OILS AND REFINED FUELS 
TO FISH GENERA FOUND IN TH~ BEAUFORT SEA 

(Adapted from Craddock 1977; Rice et~. 1979) 

Acute Lethal 
Oi 1 Type/Form (LC50) Comment 

Concentrati on 
(ppm) 

Prudhoe Bay crude 0.09 (UV) 96-h TLm, static, 
WSF 1.4 (IR) seawater 

Prudhoe Bay crude 0.08 (UV) 96-h TLm, static, 
OWD 4.5 (IR) seawater 

Prudhoe Bay crude 13-95 percent mortality 
(simulated ballast in 48 to 96 h at 
water) <1.0-4.5 ppm 

Prudhoe Bay crude 213 (V/V) 96-h TLm, young fry at 
7.5°C; static, seawater 

110 (V/V) 96-h TLm. older fry at 
11.5°C; static, seawater 

Prudhoe Bay crude 0.6-3.2 (IR) 96-h TLm, static, 
OWD freshwater 

Prudhoe Bay crude 0.4-1.3 (IR) 96-h TLm, static, 
OWD freshwater 

Prudhoe Bay crude 0.04-0.08 (IR) 96-h TLm, static, 
OWD seawater 

Cook Inlet crude 0.1 (UV) 96=h TLm, static, 
(treated and 1.5-2.9 (IR) seawater 
untreated) \~SF 

Cook Inlet crude 0.05 (UV) 96-h TLm, static, 
(treated) OWD 3.4 (IR) seawater 

No. 2 di esel 550 (V IV) 48-h LC50, static, 
WSF-OWD seawater 

184 (V/V) 96-h LC50, static, 
seawater 
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TABLE 5.2-7 (cont'd) 

Fish 

Chum salmon 
(0.4-1. 8 g) 

Oi 1 Type/Fonn 

No. 2 fuel 
WSF 

Prudhoe Bay crude 
(simulated ballast 
water) 

No. 2 fuel 
OWD 

No. 2 di esel 
WSF/OWD 

. Chi nook Prudhoe Bay crude 
salmon WSF 
(fingerling) 

Chinook 
salmon 

No. 2 di esel 
WSF /OWD 

Dolly Varden Prudhoe Bay crude 
WSF 

Cook Inlet crude 
(treated and 
untreated) WSF 

Acute Lethal 
(LC50) 

Concentrati on 
(ppm) 

0.9 (IR) 

0.8 (IR) 

1040 (IR) 

538 (V/V) 

312 (V/V) 

Comment 

24-h TLm, static, 
seawater 
96-h TLm, static, 
seawater 

100 percent mortality in 
16 to 70 h at 1.0-7.9 ppm 

96-h TLm, flowthrough, 
seawater 

48-h LC50, static, 
seawater 
96-h LC50, static, 
seawater 

24-h, bioassay, flowthrough, 
seawater. Mortality wa s 
o percent at 0.3 ppm (GC); 
0.6 ppm (IR) 
70 percent at 0.8 ppm (GC); 
1.0 ppm (IR) 
100 percent at 1.6 ppm (GC); 
1.9 ppm (IR) 

1190 (V/V) 487h LC50, static, 
freshwater 

349 (V/V) 96-h LC50, static, 
freshwater 

0.07 (UV) 
1.1 (IR) 

96-h TLm, static, 
seawater 

0.08-0.1 (UV) 96-h TLm, static, 
1.5-1.9 (IR) seawater 
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TABLE 5.2-7 (cont'd) 

Acute Lethal 
Fish Oi 1 Type/Fonn ( LC50) Comment 

Concentrati on 
(ppm) 

Prudhoe Bay crude 0.1 (UV) 96-h TLm, static, 
OWD 16.4 (IR) seawater 

Cook Inlet crude 0.2 (UV) 96-h TLm, static, 
(treated) OWD 7.3 (IR) seawater 

No. 2 fuel 0.4 (UV) 96-h TLm, static, 
WSF 2.3 (IR) seawater 

Pacific No. 2 fuel 20 (IR) 96-h TLm, flowthrough, 
herring OWD seawater 

(larvae) Cook Inlet crude 0.75 (UV) 96-h TLm, static, 
WSF 3.0 (IR) seawater 

Herring Various crude oil s 90-100 percent mortality 
( eggs) WAF after 140 days in 100-

10,000 ppm, static, seawater 

Capel i n S. Louisiana crude 150 (IR) 72 h TLm, flowthrough, 
OWD seawater 

Saffron cod Cook Inlet crude 3.3 (IR) 24-h TLm, static, 
WSF seawater 

2.9 (IR) 96-h TLm, static, 
seawater 

No. 2 fuel 2.5 (IR) 24-h TLm, static, 
WSF seawater 

2.3 (IR) 96-h TLm, static, 
seawater 

Staghorn Kuwa it crude 5600 96-h TLm, flowthrough, 
sculpin OWD seawater 

Great Cook Inl et crude 4.0 (GC; 96-h TLm, flowthrough, 
sculpin WSF aromatic s) seawater 
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TABLE S.2-7 (cont'd) 

Acute Lethal 
Fish Oi 1 Type/Fonn (LCSO) 

Concentrati on 
(ppm) 

No. 2 fuel 1. 3 (GC; 
WSF aromati cs) 

Sand 1 ance No. 2 fuel 43 (IR) 
OWD 

Starry S. Louisiana crude 1400 (IR) 
flounder OWD 

Cook Inlet crude >S.3 (GC; 
WSF aromatics) 

No. 2 fuel. >1.0 (GC; 
WSF aromatic s) 

Abbreviations: 
- water soluble fraction WSF 

WAF 
OWD -
IR 
UV 
GC 
V/V 

water accommodated fraction 
oil/water dispersion 
infrared spectroscopy 
ultraviolet spectroscopy 
gas chromatography 
volume oil added per volume water 

Comment 

96-h TLm, flowthrough, 
seawater 

96-h TLm, f10wthrough, 
seawater 

72 h TLm, f10wthrough, 
seawater 

96-h TLm, flowthrough, 
seawater 

96-h TLm, flowthrough, 
seawater 

LCSO - lethal concentration at which SO percent of test organisms die 
within the experimental period. , 

TLm - median tolerance limit; roughly equivalent to LCSO 
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In a recent review of the case histories of 100 world-wide oil 
spills, Duval et ale (1981) indicated that fish mortality has only been 
occasionally documented following oil spills (Table 5.2-3), and has then been 
largely restricted to individuals present in extensively contaminated 
shoreline areas, shallow coastal embayments or maricu1ture pens. Fish kills 
resu1 ti ng from crude oi 1 spi 11 s were only documented in 8 of the case 
hi stori es revi ewed by these authors, and suggested foll owi ng 2 other events. 
The crude spills with unconflicting reports of fish mortality were the 
URQUIOLA (Gundlach and Hayes 1977), VENPET-VENOIL (Mo1dan et a1. 1979), Tarut 
Bay (Spooner 1970), OCEAN EAGLE (Cerame-Vivas 1969), Esso-rssrN (Stander and 
Venter 1968), WORLD GLORY (Stander and Venter 1968), ARGEA PRIMA 
(Diaz-Piferrer 1962), and Florida Keys (Chan 1977). In each case, the 
affected speci es were shallow water and bottom-dwell i ng forms. Fi sheri es 
surveys have been conducted after several other crude oil spills or blowouts 
(UNIVERSE LEADER, Santa Barbara, Platform Charlie, Ekofisk Bravo, Ixtoc I) and 
damage of pelagic species has been limited to occasional tainting of adults 
and mortality of eggs. In most cases, the impacts of crude oil spills on fish 
have primarily been the loss of supportive food resources or nearshore 
habitat. Sublethal effects of oil on fish have been reported (Ixtoc I; 
URQUIOLA; Florida Keys), but probably go undetected in the large majority of 
oi 1 spi 11 sand blowouts. Duri ng the Ixtoc I blowout in the Gulf of Mexico, 
disturbance of the bottom attracted large numbers of fish to the site, while 
large schools of fish were also occasionally observed at the edge of the 
surface slick (Ross et ale 1979). ---

Although 5 of the 44 crude oil spills examined by Duval et a1. (1981) 
occurred at latitudes north of 55°, effects on fi sh were only documented 
following the Ekofisk Bravo blowout in the North Sea. The results of one 
study showed that alkanes resemb1 i ng those from Ekofi sk oil were present in 
low concentrations in the gut and stomach of mackerel, haddock and plaice 
immediately after the blowout, while another investigation indicated that fish 
(plaice, haddock, gurnard and long rough dab) collected 10 days after the 
event had concentrati ons of pri stanes in thei r ti ssues withi n the range 
previously reported for fish from areas of open sea around the U.K. (Law 1978; 
Mackie et a1. 1978). Three months after the Ekofisk Bravo blowout, samples 
collected from one station contained several dead ,fish eggs that had oily 
encrustaceans on the outer membrane, while other abnormal eggs were also 
observed. However, taste panels did not detect tainting of any of the fish 
sampled 3 months after the event (Duval et~. 1981). 

Fish kills were reported in 6 and thought to be possible in an 
additional 4 of the 26 refined fuel spills examined by Duval et a1. (1981). 
There were no verifi ed fi sh ki 11 s at 1 atitudes north of 55""": and di rect 
mortality has also only resulted either when refined fuels have been spilled 
in relatively sheltered marshes, intertidal zones and lagoons or, as indicated 
earlier, when fish were present in maricu1ture pens and therefore unable to 
avoid the oil. Avoidance responses of fish may also be restricted where the 



339 

extent of shorel i ne contami nati on is great, or when suitabl e uncontami nated 
habitat is not readily available. These situations may have occurred at 
spills near isolated coral atolls such as the R.C. STONER grounding near Wake 
Island in the Pacific Ocean (Gilmore et al. 1970) or at another accident near 
Kiltan Island in the Indian Ocean (CSL1I1975), where large refined fuel spills 
(140,000 and 25,000 barrel s, respectively) not only contaminated the entire 
outer shoreline (CSLP 1975), but penetrated extensively within the lagoon and 
caused relatively high fish mortality. 

Local fish communities were investigated after 9 of the 29 bunker 
fuel spill case histories discussed by Duval et ale (1981) with mortality 
being reported in five instances (Table 5.2-5). ~elatively few dead fish were 
observed following the ARROW spill, and it was not clearly established whether 
this mortality was due to the oil or to the physical and chemical methods 
employed during the shoreline cleanup program (Anon 1970). Since there was no 
evidence that the commercial fishery yield in Chedabucto Bay was decreased, 
the ARROW incident apparently had a highly localized impact on fish 
communities. In a similar manner, only minimal (if any) long-term impacts on 
cod and pollock populations were expected after the 189,000 barrel ARGO 
MERCHANT spill in the Atlantic Ocean during December, 1976. Although there 
was considerable mortality of the pelagic eggs of these species in areas 
sampled by the investigative team (Longwell 1977), the extensive distribution 
of these fish and their extremely high fecundity minimized any significant 
degree of long-term impact. The most dramatic case of fish mortality 
associated with a bunker spill was the Mizushima refinery incident which 
killed more than 30,000 fish held in maricu1ture pens in the Inland Sea of 
Japan (Nicol 1976). A similar type of damage was reported following the loss 
of 7000 barrels of bunker fuel from the ADRIAN MAERSK near Hong Kong; in this 
case, more than 20,000 kg of penned adult fish and 400,000 fry were killed in 
an area of intensive fish farming (Anon 1978). However, since the penned fish 
could not avoid oil-contaminated waters and were maintained close to the water 
surface in areas affected by both spills, mortality of this magnitude must be 
considered unusual. 

As indicated earlier, some of the sublethal effects of petroleum 
hydrocarbons observed during laboratory investigatiqns may also occur during 
actual oil spills but are not detected. However, the predictive value of much 
of thi s data base is limited to a certai n extent by the small number of 
studi es which have been conducted with northern fi sh species. Consi derabl e 
research has been directed at various species of Pacific salmon (genus 
Oncorhynchus), and although these speci es are only rarely encountered in the 
Beaufort Sea (LGL and ESL 1981), the sublethal physiological and behavioural 
responses of anadromous fish species in the latter region may be similar to 
those observed with other salmonids. The sublethal effects of petroleum 
hydrocarbons on adult and larval Pacific herring (genus Clupea) are also well 
documented, and provide an adequate data base for assessment of the potential 
impacts of oi 1 spi 11 s on the abundant herri ng popul ati ons of the eastern 
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Beaufort Sea. The most important sublethal effects of hydrocarbons which may 
be of ecological significance to arctic marine fish populations are the uptake 
of aromatic hydrocarbons in tissues, particularly the brain and liver (Collier 
et al. 1978; DeMichele and Taylor 1978; Roubal et ale 1978; Duval and Fink 
~8or: destruction of blood cells and damage to the spleen and kidney (Waluga 
1966), induction of developmental abnormalities (Smith and Cameron 1979; Stoss 
and Haines 1979; Cameron and Smith 1980), development of eye cataracts and 
reduced hatchi ng success (NMFS 1979), cell ul ar di srupti on and aberrati on 
(Cameron and Smith 1980) and reduced feeding activity (Wang and Nicol 1977; 
Korn et al. 1979). These potential effects of oil exposure may individually 
or coTTectively reduce the survival of some fish populations, although many 
sublethal physiological and behavioural abnormalities found after exposure of 
fish to petroleum hydrocarbons are completely reversible. Fish also appear to 
have a greater ability than invertebrates to metabolize and depurate aromatic 
hydrocarbons (e.g. Duval and Fink 1980; Penrose 1981). 

A factor which could influence the degree of impact of oil spills on 
arctic marine fish populations is the existence and sensitivity of potential 
avoidance responses. Although some species avoid extremely low concentrations 
of oil, other fish apparently will not automatically avoid deleterious levels 
of petroleum, even if they are able to detect them (Penrose 1981). For 
example, pink and coho salmon fry show avoidance responses at oil 
concentrations as low as 1.0 to 1.6 ppm in seawater (Rice 1973; Duval and Fink 
1980), while both pink salmon fry and rainbow trout in freshwater do not avoid 
sublethal oil concentrations (Sprague and Dury 1969; Rice 1973). Avoidance 
thresholds also vary with species (Syazuki 1964; Patten 1977). Similar 
variability in avoidance capacities and thresholds of fish may be expected in 
arctic marine environments, including the Beaufort Sea. One of the greatest 
potential concerns with respect to Beaufort Sea fish resources would be 
disruption of the spawning migration of anadromous species, including the 
ciscos and whitefish. Studies completed by the National Marine Fisheries 
Service (1978) indicated that upstream migration of adult salmon was inhibited 
when oil concentrati.ons in nursery streams were 0.7 ppm or greater. Exposure 
of fish to sublethal oil concentrations prior to their migration caused a 
delay in their return to natal streams, but did not alter their ability to 
return. 

Both oil spill case history and laboratory literature are of 
predictive value for assessment of the potential impacts of oil spills on fish 
species found in the Beaufort Sea. The general tendency for oil to be less 
toxic in seawater than in freshwater (Anderson and Anderson 1976) suggests 
that the greatest potential for acute toxic and sublethal effects may occur in 
coastal areas influenced by discharge of the Mackenzie River and other smaller 
freshwater drai nages. These coastal areas are important reari ng and feedi ng 
habitats of several anadromous fish species (LGL and ESL 1981), and at the 
same time have a high oil retention capacity due to the fine-grain composition 
of most substrates. Consequently, di rect and i ndi rect impacts of oi 1 spi 11 s 
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and blowouts on fish would likely be greatest in these areas, at least during 
the open water season when anadromous fish species frequent coastal areas of 
the Beaufort. The most common anadromous species which could be affected by 
oil spills in this region are Arctic cisco (Coregonus autumnalis), least cisco 
(C. sardinella) and Arctic char (Salvelinus alpinus), although boreal smelt, 
humpback whitefish, broad whitefish and inconnu are also relatively abundant 
in some coastal areas. Oil reaching coastal areas of the Beaufort Sea east of 
the Mackenzie Delta and along the Tuktoyaktuk Peninsula to Liverpool Bay could 
result in considerable damage to Pacific herring populations which spawn in 
this region. Larval herring would be more susceptible to impacts of oil than 
the adults. Other mari ne speci es such as fourhorn scul pi ns and flounders 
could also be affected in coastal habitats, while Arctic cod may be vulnerable 
to oil spills in the late summer. However, in most cases, damage to coastal 
fish populations would likely be limited to sublethal effects, including 
tainting, and short-term behavioural and physiological abnormalities. 

The most significant areas of concern with respect to coastal fish 
populations of the Beaufort Sea are: (1) relatively long-term exposure to low 
levels of petroleum hydrocarbons as stranded oil is slowly released from the 
coastal sediments into shallow water, potentially leading to delayed migration 
of anadromous species or chronic physiological and behavioural effects which 
may reduce productivity and/or reproductive success; and (2) uptake of 
hydrocarbons and accumulation of these compounds in other consumers, including 
birds and marine mammal s. Rates -of recovery of affected fish populations 
would depend primarily on the persistence of oil in shallow coastal areas 
(anadromous species) or offshore sediments (marine species), as well as the 
opportunity for recruitment from adjacent uncontaminated areas. According to 
the criteria discussed in the introduction to this report, the degree of 
concern regarding adverse impacts of oil spills and blowouts on regional fish 
populations of the Beaufort Sea would likely vary from MINOR to MODERATE 
because of the potential for chronic exposure of several generations of some 
local populations to oil released from sediments. 
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5.2.7 Effects of Oil on Fish Eggs and Icthyop1ankton 

Both 1 aboratory and 0; 1 spi 11 case hi story 1 i terature indicate that 
petroleum hydrocarbons can result in direct mortality and abnormal development 
of fish eggs and larvae. Mortality of eggs or larval stages of herring, 
pilchard, cod, pollock, sand1ance and redfish was documented after several oil 
spills including the ARGO MERCHANT, TSESIS and TORREY CANYON accidents and the 
recent Ixtoc I blowout in the Gulf of Mexico (Duval et~. 1981). 

Laboratory studi es conducted to date i ndi cate that ichthyop 1 ankton 
are generally more sensitive to petroleum hydrocarbons than adult fish 
(Craddock 1977; Penrose 1981). Wells (1980) reported that fish eggs are 
usually less sensitive to oil than larvae, with the most vulnerable period 
being during and immediately after hatching when oil exposure can result in a 
high proportion of larvae that die soon after hatching or that have 
morphological deformiti es. Struhsaker (1977) also found that survi val of 
Pacific herri ng eggs was reduced after spawni ng fema1 es were exposed to an 
aromatic hydrocarbon for several weeks. Although it has been suggested that 
herring are particularly susceptible to oil spills because they generally 
deposit their spawn in shallow subtidal areas which are most likely to be 
contaminated with oil (Wells 1980), investigations conducted after the 
UNIVERSE LEADER spill (CSLP 1975) failed to show any damage to eggs and larvae 
present in the area affected by oil. This may be partially attributable to 
the relatively low concentrations of dispersed oil which have been found in 
the water column after spills (Cormack and Nichols 1977; Law 1978), as well as 
the decreased acute toxicity of dispersed oil to fish larvae with increased 
age of the oil dispersion (Wells 1980). Nevertheless, other effects of 
petroleum hydrocarbons on fish eggs and larvae which have been observed in the 
laboratory and may occur in some instances following oil spills are slower 
embryonic growth, changes in heart activity, decreased hatching success, 
abnormal swimming behaviour, narcosis, tissue damage, reduced feeding, altered 
respiration rates and various external and internal body deformities (Smith 
and Cameron 1979; Stoss and Haines 1979; Wells 1980). 

An oil spill in arctic waters could result in considerable mortality 
of the eggs and planktonic larvae of marine fish sp,ecies such as polar cod, 
Arctic cod, various flounders and soles as well as larvae of certain 
anadromous species such as boreal smelt, which are common off the Mackenzie 
Delta in summer. As indicated earlier, damage to the eggs and larvae of 
Pacific herring could also occur in the eastern Beaufort Sea. In all cases, 
the impact of oil spills on fish eggs and planktonic larvae would be highly 
dependent on the degree of exposure to oil, and the location and time of a 
spill. In addition to direct mortality of eggs and larvae, sublethal effects 
of water-soluble components of the oil or dispersed oil could result in 
physiolQgical, behavioural or morphological abnormalities which decrease the 
survival of newly hatched larvae. In a local context, these lethal and 
sub1 etha 1 effects of oil spi 11 s cou1 d be rel ati ve1y seri ous, affecti ng an 
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entire year class of a local population of some marine species, and therefore 
the overall degree of concern is considered MINOR to MODERATE. However, the 
high fecundity of most marine fish species, together with the opportunity for 
recruitment and advective transport of eggs and larvae from unaffected areas 
would minimize the regional impact of oil spills in arctic environments. 

5.2.8 Effects of Oil on Phytoplankton 

Extensive reviews of the effects of petroleum hydrocarbons on 
phytopl ankton have been provi ded by Corner (1978), Vandenneul en and Ahern 
(1976), Johnson (1977) and Snow (1981). Biological observations of changes in 
structure and abundance of phytoplankton communities were also completed 
following the Mizushima, Santa Barbara, TSESIS, TORREY CANYON, ARGO MERCHANT 
and SANSENINA spills (see Duval et ale 1981). These literature sources 
indicate that there have been consi dera'bl e differences in the responses of 
phytoplankton to petroleum hydrocarbons, ranging from stimulated growth to 
marked reductions in primary productivity and associated changes in the 
species composition of phytoplankton communities (Table 5.2-8). 

Al though detail ed revi ew of the 1 aboratory-based 1 iterature 
descri bi ng the effects of oil on phytopl ankton is beyond the scope of the 

. present document, a number of observed trends have important implications in 
the assessment of the potential degree of cOJlcern regarding oil spills in 
northern environments. Petroleum hydrocarbons generally extend the lag phase 
of population growth, as well as depress the exponential growth phase (Snow 
1981). The water-soluble components (particularly aromatics) of crude oils. 
and refined petroleum products tend to be responsible for most but not all 
toxic effects. As a result, refined petroleum products such as diesel fuel 
tend to cause greater depressions of phytoplankton growth and production than 
crude oils (e.g. Anderson et ale 1974b). However, studies conducted by 
Hellebust et ale (1975) andKauss and Hutchinson (1975) indicate that the 
inhibitoryieffects of oil on phytoplankton growth diminish with weathering or 
volatization of some petroleum hydrocarbon constituents. 
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TABLE 5.2-8 

SUMMARY OF REPRESENTATIVE STUDIES REGARDING THE EFFECTS OF 
PETROLEUM HYDROCARBONS ON PHYTOPLANKTON 

Hyd roca rbon 
Species1 Concentrati on Oi 1 Type Effects Reference 

(ppm) 

0.005 unspecified NP stimulated photo- Parsons et a1. 
oil (Nitzschi a) synthesi s 1976 --

0.005-0.5 n-a1kanes NP depressed photo- Parsons et a1. 
(Ske1etonema) synthesi s 1976 --

0.019-0.787 crude and Duna1ie11a no significant Prouse'et a1. 
No. 2 fuel and effect on cell 1976 --

Fragi1aria division in 24 days 

0.04 No. 2 fuel NP decrease in diatoms Lee et a1. 
but inc. in flag- 1971'a- -
ellate pop. 

0.04-0.4 No. 2 fuel Thalassiosira reduced photo- Pulich et ale 
synthesi s 1974 --

<0.05 crude and NP stimulated photo- Gordon and 
unspecifi ed synthesi s Prouse 1972 
fuel 

0.05 aromatics NP stimulated photo- Parsons et al. 
(Ske1etonema) synthesi s 1976 --

0.05-0.3 crude and NP inhibited'photo- Gordon and 
unspecifi ed synthesi s Prouse 1972 
fuel 

0.05 alkanes NP inhibited photo- Parsons et a 1. 
synthesi s 1976 --

0.05-.5 aromatics NP with stimulated photo- Parsons et al; 
and alkanes (Skeletonema) synthesi s 1976 --

0.1 n-a 1 kanes NP stimulated photo- Parsons et ale 
(Skeletonema) synthesi s 1976 --
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TABLE 5.2-8 (cont'd) 

Hydrocarbon 
Species1 Goncentrati on Oil Type Effects Reference 

(ppm) 

0.1-10 unspecifi ed Gymnodinium delayed or prevented Mironov 1970 
-. oi 1 cell division in 

5 days 

0.1-100 volatile Duna1iella stimulated growth Dunstan et a1. 
aromati cs rate 1975 --

<0.1 aromatic s, NP with stimulated photo- Parsons et a1. 
alkanes, (Nitzschia) synthesi s 1976 --
a1kenes 

>0.1 a romati cs, (Nitzschia) inhibited photo- Parsons et a1. 
alkanes, synthesi s 1976 --
a1kenes 

0.15 No. 2 fuel NP reduced photo- Gordon and 
synthesi s by Prouse 1973 
50 percent 

0.4 bunker G Isochrysi s 50 percent Anderson et 
reduction in cell a1. 1974b-
numbers in 72 h 

0.5 No. 2 fuel Isochrysi s 50 percent Anderson et 
reduction in cell a1. 1974b-
numbers in 72 h 

0.6 bunker G G1enodinium 50 percent Anderson et 
reduction in cell al. 1974b-
numbers in 72 h 

0.6 No. 2 fuel Melosira 50 percent Anderson et 
reduction in cell ale 1974b-
numbers in 72 h 

0.6 No. 2 fuel G1enodinium 50 percent Anderson et 
reduction in cell a1. 1974b-
numbers in 72 h 

0.7 bunker G Gyc1 otell a 50 percent Anderson et 
reducti on in cell ale 1974b-
numbers in 72 h 
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TABLE 5.2-8 (cont1d) 

Hydrocarbon 
Species1 Concentrati on Oil Type Effects Reference 

(ppm) 

<1 refined phytop 1 ankton toxic effects Anderson et 
oil al. 1974b-

1 unspeci fi ed Melosira inhibited cell Mi ronov and 
oil division Lanskaya 1966 

1 un spec ifi ed Ditylum stimulated cell Mi ronov and 
oil division Lanskaya 1966 

3.2 Louisiana Glenodinium 50 percent Anderson et 
crude reduction in cell al. 1974b-

numbers in 72 h 

3.4 unspecified NP decreased primary Hsiao 1976 
crude production 

4.0 Kuwait Melosira 50 percent Anderson et 
crude reduction in cell al. 1974b-

numbers in 72 h 

4.4 Louisiana Isochrysi s 50 percent Anderson et 
crude reduction in cell ale 1974b-

numbers in 72 h 

5.5 Louisiana Melosira 50 percent Anderson et 
crude reduction in cell ale 1974b-

numbers in 72 h 

6.4 Kuwait Glenodinium 50 percent Anderson et 
crude reduction in cell ale 1974b-

numbers in 72 h 

6.6 Kuwait Isochrysi s 50 percent Anderson et 
crude reduction in cell ale 1974b-

numbers in 72 h 

in unspecified Diatoms growth inhibited Hsiao 1978 
crude after 10 days 



Hydrocarbon 
Concentrati on 

(ppm) 

10 

10 

100 

100-1000 

100-1000 

200 

400 

1000 

1600-8000 

1818 

10,000 

347 

TABLE 5.2-8 (cont1d) 

Oil Type Species1 Effects 

unspecified Chlamydomonas stimulated growth 
crude 

unspecified Chaetoceros 
oil 

unspecified diatoms and 
crude flagellates 

unspecified Coscinodiscus 
oi 1 

delayed or 
prevented cell 
division in 5 days 

marked inhibition 
of growth 

del ayed or 
p"revented cell 
division in 5 days 

Reference 

Hsiao 1978 

r~i ronov 1970 

Hsiao 1976 

Mi ronov 1970 

unspecified Melosira 
oil 

delayed or Mironov 1970 

Louisiana 
crude 

Kuwait 
crude 

prevented cell 
division in 5 days 

Thalassiosira no growth 
and Chlorella 

Thalassiosira no growth 
and Chl orell a 

unspecified Ditylum 
oil 

100 percent 
reduction in cell 
numbers in 24 hr 

Kuwait and 
Louisiana 
crude 

Thalassiosira no growth' 
and Chlorella 

Pulich et ale 
1974 --

Pulich et ale 
1974 --

Mi ronov and 
Lanskaya 1966 

Pulich et ale 
1974 --

unspecifi ed NP 
crude 

10 fold decrease Dickman 1971 

unspecified Melosira 
oil 

in prima ry producti on 

no measurabl e 
effect in 10 days 

Mi ronov and 
Lanskaya 1966 

1 Dominant genera indicated in parentheses (where appropriate) for natural 
phytoplankton (NP) communities 
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The effects of petroleum hydrocarbons on phytoplankton also vary with 
species and concentrations of the water-soluble components. Low 
concentrations (less than 50 ppb) may stimulate or have no effect on growth 
rates (Gordon and Prouse 1972; Shiels et al. 1973; Boney 1974; Pulich et ale 
1974; Prouse et ala 1976; Nunes and Benville 1979), while hlgher 
concentrati ons [50-300 ppb) cause i nhi biti on of growth or a reducti on in 
standing crop (Mironov and Lanskaya 1966; Dickman 1971; Gordon and Prouse 
1972; Shiels et ala 1973; Anderson et a1. 1974b; Hel1ebust et ala 1975; Kauss 
and Hutchinson IDS; Hsiao 1976; Parsons et a1. 1976; Hsiao 1978). The 
primary productivity of natural phytopla"nK'ton communities was sl ightly 
enhanced following an experimental in situ oil spill (64 m3) in Ba1aena Bay 
near the tip of Cape Parry (NORCOR19/7T:" A slight increase in the total 
abundance and di versity of the phytopl ankton communiti es present in 
oil-contaminated samples was also noted during this investigation. Studies 
completed with Beaufort Sea phytoplankton suggest that flagellates are more 
resi stant to petrol eum hydrocarbons from crude oil than either centric or 
pennate diatoms (Hsiao 1978). In addition, the effects of petroleum 
hydrocarbons on phytop1 ankton may va ry with season due to differences in the 
physiological condition of algal populations (Snow 1981). For example, Gordon 
and Prouse (1972) found that the effects of crude oil s on phytoplankton were 
more marked in spring than in fall, while Shiels et al. (1973) reported that 
the toxicity of oil to phytoplankton increased wit~ncreasing temperature and 
was also most toxic at high light intensities. Other reported effects of oil 
on some phytoplankton species include the accumulation of hydrocarbons 
(Thompson and Eg1inton 1976; Karydis 1980) and destruction of chlorophyll 
(Soto et a1. 1975). 

The different responses of phytoplankton to past oil spills (Duval et 
a1. 1981) is not surprising in view of the variable effects observed during 
laboratory and controlled-ecosystem studies. The impacts of oil spills in 
arctic marine environments such as the Beaufort Sea are likely to be just as 
variable. They will be influenced by many factors including the species 
present at the time of the spill, the type of oil and its rate of weathering, 
and concentrations' of mono- and dicyc1ic aromatics. present in the water 
column. The initial response of the Beaufort Sea phytoplankton community 
would probably be a decrease in the growth and pros!uctivity of diatoms, and 
1 i kely a subsequent stimul ati on of mi crof1 agell ate and fl agell ate growth as 
petrol eum hydrocarbon concentrati ons in the water col umn gradually decrease. 
The resul ts of several 1 aboratory, controll ed ecosystem and simu1 ated spi 11 
studies (e.g. Dickman 1971; Lee et al. 1977a; Hsiao 1978) lend support to this 
hypothesis. Nevertheless, any Changes in the community structure, 
producti vity or abundance of phytoplankton woul d be re1 ati ve1y short-term due 
to the weathering and dissipation of petroleum hydrocarbons, as well as the 
opportunity for replacement with phytoplankton from adjacent unaffected areas 
through ocean currents. The chronic release of oil trapped in coastal 
substrates could, however, result in 'persistent but localized effects on 
nearshore phytoplankton communities during subsequent growing seasons. 
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The location, time and type of oil spill would also affect subsequent 
impacts on phytoplankton communities. Spills of petroleum products having a 
high aromatic content such as gasoline, JP-4, JP-5 and diesel fuels would 
likely have more adverse immediate effects on phytoplankton due to their 
greater initial toxicity. However, these refined fuels would also generally 
weather more quickly than crude oils, reducing the duration of potential 
impacts. Impacts would also likely be greatest early in the growing season 
si nce any del ays in phytopl ankton blooms and maximum primary producti vity 
could subsequently affect members of higher trophic level s. In the Beaufort 
Sea, seasonal differences in the sensitivity of phytoplankton to oil spills 
coul d be increased due to the predomi nance of centric and pennate diatoms 
during the early part of the growing season (LGL and ESL 1981). The results 
of laboratory studi es suggest that diatoms may be considerably more sensiti ve 
to petrol eum hydrocarbons than fl agell ates. Simil arly, Beaufort Sea 
phytoplankton communities in different areas may exhibit different 
susceptibilities due to the greater proportion of diatoms and flagellates in 
nearshore and offshore waters, respectively (Hsiao 1976; LGL and ESL 1981). 
Oil spills in offshore areas of the Beaufort would have a greater tendency to 
stimul ate growth of microfl agell ates and fl agellates, whil e reducti ons in 
diatom growth and production would be more likely in shallow coastal areas. 

The overall degree of concern regarding adverse impacts of oil spills 
on regional phytoplankton communities would also vary with location of the 
affected areas and time of year. -Oil spill s or blowouts that affect offshore 
waters at any time of year are expected to be of MINOR concern with respect to 
regional phytoplankton populations because: (1) more oil-tolerant species are 
found in offshore habitats; (2) chronic oil exposure is unlikely (except near 
production facilities), and (3) advective transport of organisms from 
uncontaminated areas would be a dominant process due to prevailing current 
velocities. On the other hand, an oil spill or blowout which affected some 
sheltered nearshore habitats could be an area of MODERATE concern with respect 
to phytoplankton populations because of: (1) the presence of diatom species 
which are more sensitive to oil exposure; (2) the opportunity for chronic oil 
exposure in shallow habitats with fine-grained substrates, and (3) the more 
limited water circulation. Diesel fuel spills early in the growing season in 
these shallow habitats may have more pronounced effects because of the greater 
toxicity of refined fuels to phytoplankton, and the potential for adverse 
impacts which persi st throughout the growi ng season and affect members of 
higher trophic levels. 
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5.2.9 Effects of Oil on Zooplankton 

The effects of petroleum hydrocarbons on zooplankton have been 
recently reviewed by Kuhnhold (1977), Corner (1978) and Wells (1980). The 
impacts of oil spills on zooplankton were also examined following the Santa 
Barbara and Ekofisk Bravo blowouts and the TORREY CANYON, Anacortes, USNS 
POTOMAC, SANSENINA, TSESIS, ARGO MERCHANT, AMOCO CADIZ and ARROW spills (Duval 
et a1. 1981). As with phytoplankton, laboratory and field studies have 
Tridicated that oil may have a range of effects on zooplankton communities. 
Since crustaceans comprise the dominant proportion of zooplankton communities 
in the Beaufort Sea, this section focuses on the impacts of oil spills on 
these pel agi c invertebrates, i nc1 udi ng the 1 arvae of benthic amphipods and 
mysids. The larval stages of annelids, molluscs and echinoderms, although 
also planktonic at times during their life cycle, are discussed in Section 
5.2.10. The effects of petroleum hydrocarbons on fish eggs and planktonic 
larval stages were previously discussed in Section 5.2.7. 

Laboratory studi es of petrol eum hydrocarbons and zoopl ankton (Tabl e 
5.2-9) explain much of the variability observed in the case history 
literature. For example, there are marked differences in the sensitivity of 
copepods to both the water-soluble fraction of oil and dispersed oil. Wells 
(1980) reported that water-soluble fractions cause para1ysi s of copepods at 
concentrations as low as 0.2 to 0.5 mg/L, while dispersed oil at 
concentrations from 0.05 to 100 mg/L was lethal to adult and copepodite 
stages. Dispersed light fuel oils are more toxic to copepods than dispersed 
crude oils (Wells 1980). Studies initiated after the grounding of the ARROW 
in Nova Scotia (Conover 1971) and the TSESIS spill in Sweden (Linden et al. 
1979) show that some copepod species ingest particles of oil, with tne on 
formi ng pa rt of the faeces. These authors also suggest that grazi ng by 
herbivorous zooplankton may be a natural method of removal of emulsified oil 
from the water column, although Spooner and Corkett (1974) found a substantial 
reduction in the production of faecal pellets by Ca1anus and other species 
after exposure to 10 ppm of oil for 24 h. In addition, copepods accumulate 
specific aromatic hydrocarbons such as naphthalenes from the water and from 
food organisms. Naphthalenes reach an equilibrium within the tissues 
(40-175 I1g/g) within 8 days, but are depurated once the animals are in 
uncontaminated water (Wells 1980). Sublethal effects of petroleum 
hydrocarbons on copepods include reduced egg and nauplii production, brood 
size and longevity (Ott et~. 1978). 
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TABLE 5.2-9 

SUMMARY OF ACUTE LETHAL CONCENTRATIONS OF CRUDE OILS AND REFINED 
PETROLEUM PRODUCTS ON ZOOPLANKTON IN CANADIAN MARINE WATERS 

(Source: 

Zooplankton Life 
Taxonomic Cycle 

Group Stage 

CTENOPHORES 

MOLLUSCS embryos 
1 arvae 
embryos 
1 arvae 
embryos 
larvae 

COPEPODS larvae and adults 
adults 

AMPHIPODS larvae 
larvae 
larvae 
adults 
adults 

SHRIMP larvae and adults 
adults 

LOBSTER larvae 
larvae 

CRAB larvae 
larvae 

ABBREVIATIONS: 

WE - water extract 
WSF - water soluble fraction 
OWD - oi1-in-water dispersion 

ns - not specified 

adapted from Wells 1980) 

Oil Type/Exposure Acute Lethal 
Duration Concentrati on 

( h) (LC50 ppm) 

No. 2 fue1/24 0.59 (WE) 

Crude/48 0.23-12.0 (WSF) 
Crude/48 0.25-25.0 (WSF) 
No.2 fue1/48 0.43 (WSF) 
No.2 fue1/48 1.3 (WSF) 
Bunker C/48 1. 0 (WSF) 
Bunker C/48 3.2 (WSF) 

Crude/ns 0.05-100 (OWD) 
No.2 fue1/96 1-3 (OWD) 

Crude/48 0.8 (OWD) 
No.1 fuel/48 0.3 (OWD) 
No.4 fuel/48 6.2 (OWD) 
No.1 fuel/48 173 (OWD) 
No.4 fuel/48 1000 (m~D) 

Crude/96 0.5-7.9 (WSF) 
No.2 fuel/96 0.8 (OWD) 

Crude/96 1-5 (OWD) 
Crude/720 0.14 (OWD) 

Crude/96 <5 (OWD) 
No.2 fue1/96 4-10 (OWD) 
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Other crustaceans which form major proportions of the zooplankton 
community during some months are the larval stages of amphipods, mysids and 
decapods. Larval amphipods are more sensitive to dispersed crude and refined 
oils than adults; both stages are more sensitive to refined than crude oils, 
although dispersed crude oil has also been shown to reduce the larval growth 
and brood size of amphipods (Wells 1980). Laboratory research indicates that 
juvenile mysids and decapods in the plankton are even more sensitive to 
dispersed oil than amphipods, and may show a range of sublethal effects in 
response to low hydrocarbon concentrati ons, i nc1 udi ng narcosi s, para1ysi s, 
uptake of naphthalenes, reduced rates of development, reduced feeding rates, 
and delayed moulting (Wells 1980). 

With the exception of the TORREY CANYON spill where large quantities 
of toxic first-generation dispersants were used, only localized and short-term 
impacts on zooplankton have been reported following oil spills (Duval et ale 
1981) • However, many of the sub1 etha 1 effects observed in the 1 aboratory 
probably were undetected, and gi ven the re1 ati ve sensiti vity of many species, 
particularly the larval stages of amphipods, decapods and mysids, some degree 
of mortality of zooplankton is probable after most oil spills. 

The impacts of oil spills on arctic zooplankton communities would be 
highly dependent on the time, size, location and duration of the event, as 
well as the amount and composition of oil which becomes dispersed or dissolved 
within the water column. In general, a subsea blowout would have far greater 
effects on zooplankton than a single spill because it would be a continuous 
and prolonged source of unweathered crude, and the oil would have a greater 
opportunity to di sperse into the water col umn before reachi ng the surface. 
Impacts would also be greater at those locations and during those months when 
the planktonic stages of mysids, decapods and amphipods were present in the 
water column. An oil spill or blowout early in the open water season could 
result in localized impacts which persist for much of the remainder of the 
year due to residual sublethal effects such as decreased feeding rates, 
reduced rates of. development and delayed moulting. The tendency for 
zooplankton to accumulate naphthalenes in their tissues could also result in 
indirect impacts on members of higher trophic levels which prey on zooplankton 
until these compounds were naturally depurated. Nevertheless, it is 
anticipated that the impacts of oil spills on arctic zooplankton would be 
relatively short-term due to the gradual recruitment of individuals from 
uncontaminated areas. In the Beaufort Sea, impacts of oil spills on 
zooplankton would tend to be greatest in areas which support relatively high 
standi ng stocks duri ng the summer months, such as Mason Bay and the coastal 
waters along the Tuktoyaktuk Peninsu1l. The overall degree of concern 
regarding impacts of oil spills and blowouts and refined fuel spills on 
zooplankton in this region is considered MINOR to MODERATE, with the latter 
concern occurri ng in the aforementioned. areas which support rel ati vely hi gh 
zooplankton standing stocks. 
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5.2.10 Effects of Oil on Benthic Flora and Fauna 

The effects of petroleum hydrocarbons on benthic organisms have been 
the subject of intensive laboratory research and field investigations 
following oil spills. Detailed reviews of the literature describing the 
effects of crude oil on benthic organisms are provided in Craddock (1977) and 
Johnson (1977), while the documented or anticipated impacts of past spills on 
this community are also discussed in another supporting document to the 
Beaufort Production EIS (Duval et a1. 1981). The following sections describe 
the potential effects of oil sj)T1rs on benthic macrophytes and infauna1 and 
epifaunal invertebrates found in the Beaufort Sea, as well as the overall 
degree of regional concern regarding these potential effects. Although the 
acute toxic effects of short-term exposure (96-h or less) of benthic organisms 
to crude oil are well documented, sublethal physiological and behavioural 
responses and the effects of chronic exposure to oi 1-contami nated sediments 
are not as well understood. The 1 atter area of potenti a 1 impact caul d be a 
primary concern in the Beaufort Sea due to the predominance of fine-grain 
sediments which would tend to retain oil, as well as the slow rate of 
microbial degradation of oil in low temperature, nutrient-limited environments 
(Atlas and Bartha 1972; Bunch and Harland 1976). 

In a recent review article, Percy (1980) noted that the impacts of 
past oil spills on benthic and intertidal organisms have ranged from little or 
no observable biological damage to extensive habitat damage and massive 
mortalities. The oil spill case history review completed by Duval et a1. 
(1981) indicated similar variability in the impacts of oil on benthicr10ra 
and fauna. This variability is partially due to the natures of the habitats 
which have been affected by oil. Since the sublethal and acute toxic effects 
of oil would vary with species and habitat type, existing information on the 
effects of oil is summarized by major taxonomic group in subsequent sections. 
It should also be emphasized that an exhaustive review of this literature is 
beyond the intended scope of this report because several comprehensive 
treatments of this subject are available elsewhere (e.g. Ma1ins 1977). 

5.2.10.1 Benthic Macrophytes 

The effects of oil on benthic plant communities have been documented 
followi.ng several spills, although there are limited data available for arctic 
and subarctic environments. Generally, intertidal plants have received the 
most attention but this community is virtually non-existent in the Beaufort 
Sea. However they are discussed here in relation to general effects of oil on 
macrophytic algae. 

Intertidal plant communities in southern Canadian coastal waters are 
dominated by brown algae of the genus Fucus (Snow 1981). The impacts of 
various types of oil spills on these species have been relatively well 
documented in the Northern Hemisphere. The type and extent of damage to Fucus 
and other intertidal algae appears to have varied to a large extent with the 
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season when the spill occurred and the type of shore1 ine restoration methods 
used during the cleanup response. For example, only short-term damage to 
Pe1vetia and Fucus in upper intertidal areas was reported near Dounreay, 
Scotland after contamination with fuel oil, with oiled areas showing new 
growth after only six months (Bowman 1978). On the other hand, the IRINI 
spill in Sweden and the ELENI V spill in England resulted in no visible 
effects on Fucus (Notini 1978; Blackman and Law 1980). The lack of damage in 
the former event was attributed to the season of the spill and low tidal 
amplitude in the Baltic region. 

The most serious and long-term damage to intertidal plant communities 
has resulted from large bunker or crude oil spills, particularly when 
dispersants have been used during the cleanup program. For example, extensive 
mortality of Fucus in all intertidal zones was reported after the grounding of 
the tanker ARROW in Chedabucto Bay, Nova Scotia, and persi stent effects were 
still apparent after 2 years (Anon. 1970). In the case of the TORREY CANYON 
and Cory ton spills in England, major damage to Fucus and other intertidal 
algae was attributable to the use of chemical dispersants, while Fucus in the 
upper intertidal zone was heavily contaminated with oil from the AMoco CADIZ 
and subsequently cropped by the cleanup crews (George 1970; Smith 1970; Chedd 
1979). . 

Impacts of oil spills on subtidal algae have not been as frequently 
documented. The only instances of visible damage to kelp communities resulted 
from the TAMPICO MARU, GENERAL M.C. MEIGS, UNIVERSE LEADER and ARGEA PRIMA 
spills and the Santa Barbara blowout (Diaz-Piferrer 1962; North et ale 1965; 
Foster et ale 1971; Clark et a1. 1973; Cullinane et ale 1975).-Impacts of 
theseSj)lffi included detachment of benthic a1gaerrom the substrate, 
bleaching and direct mortality associated with the toxic or encrusting effects 
of oil. Increased growth of macroa1gae has also occurred following some 
spills due to a decrease in numbers of herbivorous gastropods or sea urchins 
(Johnson 1977; Duval et al. 1981). Laboratory studies with subtidal algae 
have shown that re1ative1y~hin films of crude oil can reduce gas exchange and 
adversely affect photosynthesis of some species (Snow 1981). 

Benthic macrophytes are not as prevalent in most of the Canadian 
Arctic as in temperate waters due to the limited tidal amplitude, intensive 
ice scour and soft substrates found in most areas. The standing crop of 
macrophytes decreases from east to west, with the north coast of Alaska being 
almost barren of algae (Mohr et ale 1957; Lee 1973). For example, in the 
Beaufort Sea, benthic macrophytesare usually restricted to the few areas 
where there is a rocky substrate such as E1 son Lagoon, Stefanson Sound and 
Liverpool Bay. Consequently, the potential impacts of oil spills on marine 
macrophytes would be very localized in the western Arctic. The dominant algae 
in this region are Laminaria spp. which are highly susceptible to damage from 
0; 1 spi 11 s, as evi dent after the groundi ng of the GENERAL M. C. MEIGS off the 
coast of Washington and the UNIVERSE LEADER in Ireland (Duval et ale 1981). 
Localized damage to the isolated Laminaria beds in the BeaufortS"ea could 
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i ncl ude bl eachi ng of photosynthetic pi gments, detachment from the substrate 
and direct mortality. The results of several laboratory studies with marine 
algae also suggest that other effects of oil may include reduced RNA and DNA 
synthesis (Davavin et ale 1975), induction of cancerous growths (Boney 1974) 
and decreased germllnatJon and growth of zygotes (Steele 1977). Algae 
spermatozoa may be very sensitive to petroleum since fertilization of Fucus 
Spa did not occur even at a crude oil concentration as low as 2 ppb (Steele 
1977). Sublethal effects such as these could deleteriously affect the 
rel ati vely i sol ated popul ati ons of benthi c macrophytes of the Beaufort Sea, 
although the overall degree of concern regarding both sublethal and lethal 
effects of oil spills and blowouts on these algae is considered MINOR because 
of their limited distribution and low abundance in the region. --

The effects of oi 1 on the mats of fi 1 amentous algae and di atoms, 
which are far more prevalent than benthic macroa1gae in the Beaufort Sea, are 
not well documented. In a laboratory study using benthic freshwater algae, 
crude oil extracts had less of an effect on community composition than No. 2 
fuel oil extracts, with the latter resulting in depressed algal biomass, 
blue-green algal dominance and decreased diatom occurrence (Bott and 
Rogenmuser 1978). The effects of crude oil on benthic microalgae would 
probably be simi 1 ar to effects observed with phytop1 ankton (Secti on 5.2. 8), 
although the duration of exposure would generally be longer and some mortality 
could occur as a result of direct smothering. Although the distribution of 
benthic microa1gae in the Beaufort Sea is poorly documented, they are likely 
restricted to relatively shallow areas or some isolated embayments where light 
can reach the bottom, because the turbid Mackenzie River plume would limit 
light availability in most coastal benthic habitats. However, since these 
a1 gae are expected to be an important 1 ink in the mari ne food web of thi s 
region (EIS Volume 3A, Section 3.1), the degree of concern regarding impacts 
of oil spills or blowouts on benthic microalgae is considered MINOR to 
MODERATE. 

5.2.10.2 Annelids 

The effects of petroleum hydrocarbons on marine annelids have been 
relatively well documented as a result of numerous ,laboratory investigations 
(Craddock 1977; Johnson 1977) and several oil spill case histories (Duval et 
ale 1981). Annelids are a major component of the benthic infauna in shallo~ 
sedimentary marine environments. This is particularly the case in arctic 
envi ronments because of the predomi nance of soft sediment substrates (Owens 
1977). For exampl e, Wacasey (1975) documented 101 speci es of polychaetes in 
coastal and offshore areas of the Beaufort Sea. Thi s was nearly half of the 
combined total of 236 species for all other invertebrate groups. 

A number of annelid species are known to be resistant to pollution in 
general (e.g. Capitella capitata), and to fuel oil in particular (e.g. 
Cirriformia tentaculata and Cirratulus cirratus) (George 1971; Lee 1976; Carr 
and Reish 1977). For example, after the grounding of the FLORIDA in West 
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Falmouth, Massachusetts, the abundance of Capitella capitata increased almost 
exponentially to more than 200,000 organisms/m l in some areas; the highest 
abundance of this species was observed in sediments where No.2 fuel oil 
concentrati ons were highest (Sanders 1978). Such increases in standi ng stock 
may follow a decrease in competition from other less-resistant infauna1 
species, while some polychaete species actually have a higher reproductive 
rate when exposed to low concentrati ons of toxic substances (Emerson 1974, 
cited in Soule 1980)~ For example, 1.9 ppm of South Louisiana crude oil was 
found to stimulate reproduction of Ophryotrocha SPa (Carr and Reish 1977). On 
the other hand, some polychaete and oligochaete species have been shown to be 
very sensitive to petroleum hydrocarbons in laboratory investigations or 
following actual oil spills. Sensitive species include Arenico1a marina, 
juvenile Neanthes arenaceodentata, Nereis diversico10r and Pe1esco1ex benedeni 
(Wharfe 1975; Prouse and Gordon 1976; Rossi and Anderson 1978). Atlas et al. 
(1978) reported that three species of Beaufort Sea po1ychaetes seemed to 
prefer recolonization in oil-contaminated sediments over clean, control 
sediments, whi 1 e Acanthostephi ei a behrengi ensi s only col oni zed uncontami nated 
sediment trayse The results of most studies conducted to date a1 so suggest 
that po1ychaetes are more susceptible to fuel oils that crude oils (Craddock 
1977). Nevertheless, localized increases or decreases in the numbers of most 
infauna1 annelid species in the Beaufort Sea would have relatively 1imit'ed 
indirect impacts on members of higher trophic levels, with the possible 
exception of some fish species (e.g. fourhorn sculpin) and the isopod Saduria 
entomon which feed extensively on benthic po1ychaetes (LGL and ESL 1981). 

Benthic i nfauna such as po1ychaetes promote exposure of sediment­
bound hydrocarbons to bacteri a 1 degradati on by overturni ng sediments duri ng 
burrowing and feeding activities (Lee 1976; Gordon et a1. 1978; Gardner et a1. 
1979). In addition to promoting bacterial breakdown or sedimented oi1-,-some 
po1ychaetes are capabl e of degradi ng certai n petrol eum hydrocarbons 
themselves. For example, Capitella capitata and two Nereis species have been 
shown to accumulate and metabolize benz(a)anthracene from sediment, and 
degradative enzyme activity in these po1ychaetes can be induced by exposure to 
oil-contaminated sediments (Lee et a1. 1976, cited in Lee 1976). Rossi (1977) 
reported that Neanthes Spa alSo-accumulates, metabo1 i zes and depurates 
naphthalene. In addition, the latter author found that petroleum bound to 
sediment particles or particulate organic matter was less available to the 
po1ychaetes than hydrocarbons dissolved in interstitial water. 

Sublethal effects of hydrocarbon exposure on marine po1ychaetes and 
oligochaetes have also been observed in the laboratory. As in the case of 
acute toxic effects of hydrocarbons, the oil concentration at which sublethal 
effects have been documented varies greatly between species. For example, the 
polychaete Nerei s di versicolor developed convul sions foll owed by probosci s 
eversion, immobility and flaccidity at crude oil concentrations of 7 to 20 
ppm, while the oligochaete Nais elinguis was quickly killed at hydrocarbon 
concentrations greater than ""1j)pm (Kasymov and Aliev 1973). On the other 
hand, reproduction of Ctenodrillus serratus and Ophryotrocha SPa was not 
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significantly impaired until the concentration of South Louisiana crude oil 
reached 9.9 ppm (Carr and Reish 1977). The most frequently observed 
behavioural and physiological effects of oil have been immobilization, 
narcosis, disorientation, convulsions, eversion of the proboscis, reduced 
feeding, growth and reproduction, and the uptake and depuration of 
naphthalenes (Chia 1973; Kasymov and Aliev 1973; Akesson 1975; Prouse and 
Gordon 1976; Carr and Reish 1977; Rossi and Anderson 1978;' Lyles 1979). 
Annelid genera which have shown one or more of these sublethal effects include 
Nerei s, Serpul a, Nai s, Arenicol a, Ci rriformi a, Ci rratu1 us, Ophryotrocha, 
Ctenodrilis and Neanthtes. 

Oil spills in the Beaufort Sea would likely have greater impacts on 
benthic po1ychaetes than effects documented in temperate latitudes due to 
their greater representation in the benthic infauna, predominance of 
fine-grained substrates which would tend to retain sedimented oil, and the 
generally slower growth rates of arctic benthic fauna. The potential for 
serious and long term impacts on marine annelids of the Beaufort Sea is 
particularly high due to the shallow nature of most areas; these shallow 
depths would increase the likelihood of considerable quantities of oil 
reaching the substrate. Furthermore, it is believed that the high sediment 
load of the Mackenzi e Ri ver woul d increase the amount of oil reachi ng some 
nearshore substrates (Duval et ale 1978) due to the tendency for ernul sified 
oil to become adsorbed to aiid sedimented with inorganic particulate matter. 
The slow rates of microbial degradation of oil in arctic environments may 
ultimately retard the rate of recovery of marine polychaetes following oil 
spills, and this persistence, in conjunction with slow growth rates, may 
result in long-term impacts. However, it is noteworthy that two of the three 
polychaete species which have been shown to be resistant to hydrocarbon 
pollution (Capitella capitata and Cirratulus cirratus) are also found in the 
Beaufort Sea (Wacasey 1975), and these annelids could increase in abundance as 
a result of oil spills (e.g. FLORIDA; Sanders 1978). Nevertheless, except for 
some fish species such as the fourhorn sculpin and the isopod Saduria entomon 
which feed extensively on benthic polychaetes (LGL and ESL 1981), relatively 
minor indirect impacts on members of higher trophic levels would result from 
reductions or increases in the abundance of infaunal annelids, and therefore 
the degree of concern regardi ng adverse effects of spi 11 sand blowouts on 
these fauna is considered MINOR to MODERATE. ' 

5.2.10.3 Crustaceans 

Crustaceans are the most common epifauna in the Beaufort Sea, and 
generally tend to be one of the most sensitive groups of benthic invertebrates 
to oil (Percy 1980). Mortality of marine and estuarine crustaceans has 
occurred following all sizes of refined fuel, bunker and crude oil spills, 
although the most serious and long-term damage has resulted from spills of 
refined petroleum products, in particular No •. 2 diesel fuel (Duval et ale 
1981). Mortality has been greatest when oil has been stranded In the 
intertidal zone or in shallow subtidal areas with fine sediments, where the 
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most frequently affected benthic crustaceans have been crabs, shrimp, lobsters 
and amphipods. Intertidal organisms such as crabs, barnacles, isopods, 
amphipods and sandy beach meiofauna have suffered the greatest losses 
following oil spills, and in some cases, up to 100 percent mortality of 
crustaceans has occurred (e.g. TSESIS). However, there are few intertidal 
crustaceans in the Beaufort Sea duri ng the open water season and none in 
wi nter. 

Differences in the sensiti vity of benthic crustaceans to petrol eum 
hydrocarbons have been confi rmed by both laboratory i nvesti gati ons (Craddock 
1977; Percy 1980) and field observations available in the oil spill case 
history literature. For example, Sanborn and Ma1ins (1977) report that 
hydrocarbon concentrations as low as 8-12 ppb are lethal to shrimp and crab 
larvae, while adult shore crabs (Hemigrapsus spp.) have survived more than 1 
day after immersion in 100 percent fuel oi 1 for short peri ods (Cardwell 
1973). A number of authors have suggested that different permeabi1ities of 
arthropod exoskeletons between species and in a given species at different 
ontogenetic and moult stages may account for much of the variability in the 
sensiti vi ty of thi s group to petrol eum hydrocarbons (e. g. Craddock 1977). 
Several studies have shown that moulting crustaceans are more sensitive to 
hydrocarbons than those in the intermou1t periods. The larvae of Panda1us 
hypsinotus were most susceptible to the water-soluble fraction of Cook Inlet 
crude oil during moulting (Rice et a1. 1976) and juvenile Tanner crabs 
(Chi onecetes sp.) exposed to crude Oil autotomi zed thei r1 egs duri ng or soon 
after moulting (Karinen and Rite 1974). On the other hand, Percy (1978) found 
that Mesidotea entomon was not more sensitive to oil exposure during its moult. 

The results of numerous 1 aboratory i nvesti gati ons and oil spi 11 case 
histories from elsewhere suggest that the impacts of spills on arctic benthic 
crustaceans would a1 so vary with season, oil type and cir~umstances 
surroundi ng the events. Recent work by Schnei der (1980) showed that three of 
the common inshore epifaunal crustacean speci es (the amphipods Anonyx nugax 
and Boeckosimus affinis, and the mysid shrimp Mysis 1ittora1is) were very 
sensitive to dispersions of Prudhoe Bay crude oil, particularly at elevated 
salinities where the animals are already experiencing stress. He suggested 
that an oil spill in shallow Beaufort Sea waters during winter when 
populations are sometimes stressed by hypersaline conditions may have a 
significant impact on the growth of and energy flow through these epibenthic 
speci es. However, sedimentati on of oi 1 wou1 d be a prerequi si te for these 
effects, and experimental subsea blowouts indicate that most oil rises to the 
water/ice interface and is encapsuled in the growing ice sheet rather than 
sedimented. Mysis 1ittoralis also appears to be quite sensitive to medium 
crude oil dispersions of 100 III oil in 500 m1 seawater at 32 0/00 salinity. 
As salinity stress increases to 40 and 50 0/00, light oil dispersions of 25 
III oi 1/500 m1 seawater become 1 etha 1. 

The presence of hi gh suspended sediment concentrati ons in nearshore 
waters of the Beaufort Sea duri ng the spri ng and summer caul d increase the 
amount of oil reaching bottom habitats due to sedimentation, and increase the 
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degree of impact of an oi 1 spi 11 on benthic crustaceans in these areas. 
Several species are known to be indiscriminate particle feeders (Schneider and 
Koch 1979), and may accidentally ingest oil. Atlas et al. (1978) reported 
that after 60 days, fi ve speci es of Beaufort Sea amphlpoOs di d not col oni ze 
oi 1-contami nated sediments as frequently as control sediments, but that the 
isopod Saduria entomon was found with equal frequency in both sediment types. 
Percy and Mullin (1975) also reported that this species showed little 
preference for ei ther oi 1-contami nated or uncontami nated sediments, and was 
extremely resistant to crude oil dispersions. 

Mortal ity of amphipods and perhaps other crustaceans would probably 
be highest as a result of refined fuel spills. For example, Lee et ale 
(1977b) found that No. 2 fuel oil WqS approximately three times more tOXlc-ro 
amphipods (Gammarus mucronatus and Amphithoe valida) than crude oil, while 
temperature, degree of weathering and the presence of sand substrates were 
shown to affect the toxicity of No. 2 fuel oil to another amphipod, 
Neohaustorius schmitzi (Michael and Brown 1978). 

Impacts of oil spills on benthic crustaceans in arctic environments 
would likely be greatest during periods when larval fonns are most abundant 
since it is generally believed that juvenile crustaceans are more sensitive to 
petroleum hydrocarbons than adults (Craddock 1977). For example, Linden 
(1976) found that the amphipod Gammarus oceanicus has larvae which are several 
hundred times more sensitive to acute oil exposure than adults. Those species 
whose young develop in shallow portions of the Beaufort Sea could be more 
susceptible to oil spills and blowouts due to the probable persistence of oil 
in these habi tats. The isopod Mesi dotea entomon is inc 1 uded in thi s group 
since small juveniles are only found in abundance close to shore (Bray 1962, 
cited in Percy 1978). 

Numerous sublethal e'ffects of oil exposure on benthic amphipods, 
isopods and mysids may also occur in arctic environments. Common 
physiological and behavioural effects observed with these organisms have 
i ncl uded altered respi rati on, assimil ation and excreti on rates, uptake of 
aromatic hydrocarbons (e. g. naphthalenes), decreased acti vi ty and 1 ocomoti on, 
decreased frequency of moul ti ng, di srupti on of osmoregul ati on, reduced rates 
of development and brood size, narcosis, decreased burrowing activity, 
decreased chemorecepti on duri ng feedi ng and reproducti on, a voi dance responses, 
reduced feeding rates and reduced reproductive success (Anderson et ale 1974a, 
b, 1979; Milovidova 1974; Percy and Mullin 1975; Johnson 1977;-Percy 1977, 
1978; Ott et al. 1978; Duval and Fink 1980; Duval et al. 1980 and others). 
Although many of these sublethal effects have been shownTo disappear once oil 
concentrations in the water are reduced (Duval et ale 1980), relatively 
long-term sublethal effects may . occur when oil persists in sediments. Of 
greatest concern in this regard are those sublethal effects which may be 
considered ecologically significant (Percy 1980); these effects include 
decreased growth, delayed moulting, decreased carbon assimilation and any 
interference with reproductive processes or success. 
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Several studies have examined the behavioural response of common 
amphipods and isopods from the Beaufort Sea to oil. In general, amphipods 
appear to be capable of sensing and avoiding petroleum hydrocarbons, while 
isopods do not seem to have this ability. In a laboratory study, the 
amphipods Onisimus affinis and Gammarus oceanicus generally avoided oil masses 
and showed a preference for untainted over oiled food, while the isopod 
Mesidotea (Saduria) entomon did not avoid oil masses and readily consumed both 
food types (Percy and Mullin 1975; Percy 1976). In addition, o. affinis 
showed a preference for c1 ean rather than oil-contami nated sediments, whi 1 e 
the amphipod Corophium c1arencense and the isopods M. entomon and M. sibirica 
did not react to the presence of oil in sediments (percy 1977). Atlas et al. 
(1978) also reported that amphipods (but not isopods) avoided oi1-contamlnated 
sediments resulting from a simulated spill of Prudhoe Bay crude. Experiments 
with amphipods and isopods from temperate environments also suggest that 
amphipods may be more sensitive than isopods to oil. Oil exposure decreased 
the feeding rates of an amphipod (Gammarus sp.) and isopod (Idotea sp.) from 
the Black Sea, but the effect was most pronounced with amphipods (Mi10vidova 
1974). Duval and Fink (1980) also examined the sublethal effects of oil 
exposure on an .i nterti da1 amphipod (Ani sogammarus confervico1 us) and isopod 
(Exosphaeroma oregonensis), and found that water-soluble hydrocarbons not only 
caused a greater number of sublethal physiological and behavioural effects ·in 
the amphipod, but also caused them at lower concentrations. 

As indicated earlier, the most serious impacts of an oil spill in the 
Beaufort Sea wou1 d result when sha 11 ow nearshore habitats are contami nated 
with oil, particularly areas less than 5 m deep which are important summer 
feeding and rearing habitats for anadromous fish species (LGL and ESL 1981). 
The potential effects of oil spills or blowouts on crustaceans in the Beaufort 
Sea would tend to be greatest if oceanographic conditions promoted the 
dispersion of oil throughout the water column, since the concentrations of 
sol ub1 e oi 1 fracti ons and the opportunity for i ncorporati on of petrol eum 
hydrocarbons into sediments would both be higher. Some epibenthic crustaceans 
in intertidal areas during the summer could also be exposed to floating oil 
slicks and would be susceptible to mechanical fouling and smothering. An oil 
spill in this region could result in decreased abundance of the amphipods 
Boeckosimus affinis, Onisimus glacia1is and Pontoporeia affinis, and the 
mysids Mysis femorata and M. relicta, which are important food items in the 
diet of species of fish;- birds and marine mammals. Depending on the 
extensi veness of the habitats contami nated wi th oi 1, the degree of concern 
regarding adverse impacts of spills and blowouts on these species could range 
from MINOR to MODERATE. The case histories of past spills also indicate that 
recovery of affected communities could require a decade or more, with the rate 
of recovery being dependent on the dissipation of oil from contaminated 
substrates. Benthic crustaceans from adjacent uncontaminated areas would 
gradually recolonize affected areas, with the oil resistant groups such as 
isopods returning to their normal abundance and distribution before sensitive 
juvenile stages and adult amphipods and mysids. 
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5.2.10.4 Molluscs 

The effects of petroleum hydrocarbons on gastropods and bivalves have 
been well documented in both laboratory investigations and oil spill case 
histories. Since adult bivalves are generally either sessile or sedentary 
organisms compared to the free-living epibenthic gastropods, 1;hey have often 
been more severely affected by oil spills which contaminate soft sediment 
habitats (Duval et a1. 1981). For example, there was extensive mortality of 
the clam Mya arenaria following the grounding of the tanker ARROW in 
Chedabucto Bay, Nova Scotia, while the intertidal gastropod Littorina spp. was 
sti 11 re1 ati ve1y abundant .i n areas that were not heavi 1y contami nated. In a 
similar manner, major mortality of bivalves (Myti1us) was reported following 
the Deception Bay and IRINI refined fuel spills, while only sublethal effects, 
i nc1 udi ng uptake of petrol eum hydrocarbons by bi va 1 ves, were reported after 
the LT. DRUPA crude oil spill and TSESIS bunker fuel spill. All of these 
events except the ARROW incident occurred in waters north of 55°N latitude. 

The acute toxic and sublethal effects of petroleum hydrocarbons on 
bivalves and gastropod molluscs were summarized by Craddock (1977) and Johnson 
(1977). More recently, several authors have noted that mortal ity of 
gastropods and particu1 ar1y bi va lves may be del ayed after the period of oi 1 
exposure (Nunes and Benvil1e 1978; Straughan and Hadley 1978). Umezawa et a1. 
(1976) reported that mortality of larval mussels (Myti1us spp.) and oysters 
(Crassostrea gigas) may be closely related to their tendency to ingest oil 
droplets and subsequent inability to eliminate these droplets from the 
stomach. In addition, the presence of oil in suitable substrates may prevent 
settling of bivalve larvae, with the degree of reduction in larval settlement 
being directly proportional to the amount that the oil has weathered (Umezawa 
et~. 1976; Ho and Karim 1978). 

Many sublethal effects of oil have been noted in gastropods, although 
not with species found in Beaufort Sea waters. These effects have included 
inability to maintain pedal attachment due to an anesthetic effect of oil on 
the foot (Dicks 1973), as well as narcosis and decreased responsiveness to 
external stimuli (Griffith 1970; Ehrsam et a1. 1972). Griffith (1970) also 
reported that the narcotic effect of oi 1 on pedal attachment was reversi b1 e, 
with the rate of narcotization increasing with temperature, but recovery being 
largely unaffected by temperature. Additional sublethal effects of petroleum 
hydrocarbons on gastropods have i nc1 uded increased respi rati on and crawl i ng 
rates (Hargrave and Newcombe 1973; Linden 1977), reduced activity (Baker 
1973), and alteration of chemotactic responses which affect feeding, predation 
and reproductive success (Blake 1960; Jacobson and Boylan 1973; Brown et a1. 
1974; Eisler 1975). Similar sublethal effects may be expected in gastropoas 
inhabiting the Beaufort Sea and other arctic waters. 

The sublethal effects of· oil have been examined in at least four 
genera of bivalves known to occur in the Beaufort Sea (Macoma, Mya, Myti1us 
and Pecten spp.). In addition, a wider range of sublethal effect5have been 
observed in bivalves than in gastropods, and many of these behavioural and 
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physiological aberrations may be considered ecologically critical according to 
criteria described by Percy (1980). Many physiological functions of bivalves 
are dependent upon the pumpi ng of seawater through the mant1 e cavity, and 
virtually all species are able to modify their ventilation rate in the 
presence of pollutants such as oil (Johnson 1977). Consequently, oil spills 
or blowouts could affect a number of activities or processes in bivalves 
including the rate of feeding, oxygen uptake, reproduction and excretion of 
metabolic wastes. However, species-specific differences in many responses of 
bivalves to oil exposure have been documented. For example, Swedmark et a1. 
(1973) reported that shell closure in Myti1us edu1is was unaffecteQ lOy 
exposure to dispersions of Oman crude oil at concentrations of 1000 ppm, while 
Cardium edu1e closed their shell for the 96-h exposure period and Pectin 
opercularis maintained valve closure for only a portion of the treatment. 
Increases and decreases in pumpi ng rates of bi val ves have been observed 
following exposure to oil. A decrease in oxygen consumption of bivalves 
exposed to oil has been attributed both to impaired filtration resulting from 
shell closure and inhibition of gill ciliary action. For example, the 
respiratory rates of Brachidontes Spa and Donax Spa were depressed by over 50 
percent in some cases by light crude oil concentrations of 10,000 and 25,000 
ppm (Avo1 i zi and Nuwayhi d 1974, cited i nJohnson 1977). A crude 0; 1 
concentration as low as 1 ppm was sufficient to reduce the net carbon flux of 
Myti1us edu1is, while the respiration rate of this species increased in the 
presence of small amounts of crude oil (Gilfillan .1975, cited in Johnson 
1977). If the amount of carbon assimilated falls below levels required for 
normal maintenance, this may in turn affect subsequent spawning success, since 
M. edulis that survived! the West Falmouth oil spill did not spawn the 
Tollowlng year (Johnson 1977). Increased respiration rates were also reported 
in the clam Mya arenaria after a 3-week period exposure to crude oil (Fong 
1976). An anesthetic effect of petroleum hydrocarbons on ciliary activity of 
bivalves (Galtsoff 1964, cited in Percy and Mullin 1975) may also be 
responsible for the cessation of regular feeding activity observed in the 
arctic bivalve Yoldiella intermedia following exposure to the seawater soluble 
components of crude oil (Percy 1974, cited in Percy and Mull in 1975). A 
reduction in filtration rate and increased respiration could have resulted in 
the reduced growth and survival observed by Dow (1975) in M. arenaria within 
oiled intertidal sediments, as well as in the lowered abundance, shell growth 
rate and carbon assimilation reported in the same species in Chedabucto Bay, 
Nova Scotia six years after the grounding of the ARROW (Gilfillan and 
Vandermeulen 1978). 

Other effects of petroleum on bivalves have included gill tissue 
degeneration (Clark and Finley 1974), avoidance by closure of the valves which 
may result in the depletion of energy reserves (Dunning and Major 1974), 
increases in the rate of mucus secretion (Stainken 1976)! in situ decreases in 
growth and production (Dow 1975), inhibited burrowing of unburied bivalves and 
surfacing of buried organisms (Taylor et ale 1976; Linden 1977), inhibited 
byssal attachment by mussels (Cardwell!9TI; Swedmark et al. 1973; Linden 
1977), impai red fertil i zati on and embryol ogi ca 1 development TNMFS 1978), and 
various chemosensory and biochemical disorders (e.g. Moore e't!!.. 1978). In 
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addition, several effects of oil on bivalve gametes and larvae have been 
documented. The water soluble fractions of three crude oil types were toxic 
to spermatozoa and caused abnormalities in the larvae of Mulinia Spa and 
Crassostrea Spa (Renzoni 1975). Umezawa et ale (1976) also reported that the 
settling of bivalve larvae may be prevented by the presence of oil in 
substrates. Although many sublethal effects have also been shown to be 
completely. reversible, persistent exposure of bivalves to relatively low 
levels of petroleum hydrocarbons could result in long-term sublethal 
beha vi oural and physi 01 ogica 1 effects which decrease overall producti vity and 
reproductive success. 

Oil spills in the Beaufort Sea could result in both acute lethal and 
chronic sublethal effects on benthic. gastropods and bivalves. As in the case 
of most benthic invertebrates, the severity and duration of these impacts as 
well as recovery of affected habitats would vary with the amount of oil 
reachi ng the substrate and its subsequent rate of di ssipati on. The most 
susceptible molluscs in this region would probably be the bivalves, 
particularly in waters less than 15 m where Macoma balthica, Cyrtodaria 
kurriana and Yoldiella intermedia are relatively common in fine-grained. 
substrates (Wacasey 1975). Potential damage to molluscs would also likely be 
greatest in shallow embayments where the sediments may retain the oil longer. 
Recovery of gastropod populations would likely begin more quickly than 
bivalves due to their greater mobility and capacity for recruitment from 
adjacent uncontaminated areas. Depending on the degree of persistence of oil 
in the sediments, initial recolonization by more oil-resistant gastropod 
species could begin within 1 to 5 years, while complete recovery of biyalve 
populations could require a decade or more. Sublethal effects of petroleum 
hydrocarbons would also gradually disappear as the stranded oil weathered and 
was di ssipated to the surroundi ng waters. The i ndi rect effects of loss or 
contamination of molluscs on members of higher trophic levels in the Beaufort 
Sea would probably be less than if benthic crustaceans were similarly 
affected, since crustaceans tend to be dominant prey items for a much larger 
number of fish, birds and marine mammals. Nevertheless, indirect impacts on 
whi tefi sh, flounders, ei ders, 01 dsquaw, scaup, scoters, bearded seal and 
walrus could result from decreased abundance or contamination of molluscs in 
the Beaufort Sea. Consequently, the overall degree of potenti al concern 
regarding the effects of oil spills and blowouts on molluscs in the region 
coul d vary from MINOR to MODERATE, dependi ng on the extensi veness of the 
contaminated area and the long-term persistence of oil in fine-grained 
substrates. 

5.2.10.5 Echinoderms 

Unlike other groups of benthic invertebrates, the toxic and sublethal 
effects of petroleum hydrocarbons on echinoderms have only been the subject of 
a few laboratory investigations. However, mortality or damage to sea urchins 
or starfish was documented in 15 spills examined by Duval et ale (1981). None 
of these spills occurred in waters north of 55°N latitude-:- Sublethal effects 
of petroleum hydrocarbons on echinoderms observed in the laboratory or 
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field have included increased oxygen consumption (Yentsch et al. 1973), 
retraction of tube feet which can result in loss of adherence to-the-substrate 
(North et al. 1965), decreased responsiveness to chemicals released by prey 
and reduced' rates of predation (Crapp 1971; Zafiriou et al. 1972), 
interference with chemosensory defensi ve behavi our (Johnson 1979)-, -dec rea sed 
fertilization rates and developmental abnormalities (Lonning and Hagstrom 
1975). 

An oil spill or blowout in the Beaufort Sea would probably not have 
as serious an impact on echinoderms as on other major invertebrate groups in 
this region. Firstly, echinoderms are generally absent from waters less than 
15 m deep (Wacasey 1975) where much of the oil would be expected to be 
sedimented, and secondly, the relatively mobile and epibenthic nature of these 
fauna wou1 d faci 1 itate reco1 oni zati on from adjacent unaffected habitats. In 
addition, echinoderms are not dominant prey items for vertebrates in the 
Beaufort region, thereby minimizing potential indirect impacts on other 

. members of the food web. Consequently, the degree of concern regardi ng 
adverse impacts of oi 1 spi 11 s or blowouts on thi s group of benthi c 
invertebrates is consi dered rUNOR. 

5.2.11 Effects of Oil on Epontic Organisms 

Some effects of petroleum hydrocarbons on the flora and fauna 
associated with the under-ice surface in arctic waters have been recently 
documented following simulated oil spills in the field. Acreman et a1. (1980) 
observed abnormal deposits and possibly oil or tar particles inside diatoms as 
well as extensive Matom mortality in a limited number of core samples taken 
during a simulated under-ice oil blowout experiment near McKinley Bay, 
Northwest Territories. These effects could be of considerable significance in 
view of the apparent importance of this community to the seasonal productivity 
of areas such as the Beaufort Sea (LGL and ESL 1981), as well as many eastern 
Arctic waters (LGL 1981). Epontic organi sms woul d be particu1 ar1y vu1 nerab1 e 
in the event of a winter subsea b10\'iout. However, oil trapped in pockets 
under the ice surface would become rapidly encapsulated and only be in contact 
with the epontic community for a relatively short period. 

, 

It is probable that when initially trapped beneath the ice, the oil 
would result in virtually complete mortality of epontic flora and fauna. The 
spatial extent of this mortality would depend on the duration of the blowout, 
the degree of i rregu1 arity of the under-ice surface, under-ice currents and 
the rate of encapsulation of the oil into the ice sheet. Although the 
presence of pockets, ridges and other irregularities on the under-ice surface 
would tend to slow the horizontal soread of traooed oil. a blowout which 
continued for several weeks or months could eventually contaminate extensive 
areas and result in widespread mortality of epontic organisms. Unlike the 
situation with planktonic organisms, there would be little or no opportunity 
for recruitment of flora and fauna from adjacent uncontaminated areas. The 
impacts of an oil blowout on epontic communities would be most serious in late 
spri ng and early summer prior to breakup si nce maximum floral and faunal 
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abundance occurs at this time, and encapsulation of oil in the ice would be 
less likely. In addition, a blowout would have further indirect impacts on 
members of higher trophic levels which feed on species present in the epontic 
community. These indirect impacts could be relatively serious depending on 
the extensiveness of the area contaminated with oil and the total loss of 
epontic flora and fauna. In addition, any oil remaining trapped beneath the 
ice at breakup would represent a source of further contamination of pelagic 
habitats. Consequently, the overall degree of concern regarding the potential 
effects of oil blowouts on epontic flora and fauna is likely to be MODERATE, 
while the effects of non-continuous events are considered of MINOR concern. 

5.2.12 Effects of Oil on Terrestrial Plant Communities 

In the low-lying coastal areas of the Beaufort Sea, the potential for 
contami nati on of shore 1 i ne and backshore p1 ant communiti es may be somewhat 
greater than in southern 1 atitudes because of the occurrence of storm surges 
and high onshore winds (Owens 1977). For example, driftwood in McKinley Bay 
(Tuktoyaktuk Peninsula) has been observed 2.4 to 2.7 m above mean sea level 
and from 90 to 300 m inland (MacKay 1974). Industry videotape records of the 
entire Beaufort Sea coastline from Herschel Island to Cape Bathurst (Woodward 
Clyde Consultants 1980) indicate· many similar locations where oil could be 
deposited up to 500 m into low-lying backshore environments under certain 
conditions. However, the potential for contamination of terrestrial plant 
communities is generally limited to the brief open water season, which usually 
occurs between July and October. Owens (1977) suggested that oil deposited in 
areas above those affected by normal wave activity would be weathered and 
dispersed very slowly due. to the low energy levels in such environments. The 
slow rates of microbial degradation in the Arctic (Westlake 1981) would also 
contribute to the persistence of oil in backshore substrates. 

The oil spill case history literature reviewed by Duval et a1. (1981) 
is only of 1 imited use for assessment of the potential impacts of petrol eum 
hydrocarbons on arctic backshore vegetation. The TORREY CANYON, AMOCO CADIZ 
and ESSO ESSEN spills all resulted in damage or mortality of terrestrial 
plants, with recovery being evident after a few weeks in the latter spill 
(Stander and Venter 1968) but requi ri ng several years in the case of the 
TORREY CANYON grounding (Southward and Southward' 1978). The biological 
impacts of oil spills on arctic terrestrial vegetation would undoubtedly be 
greater than those observed following these temperate latitude spills because 
of the characteristic low-lying tundra, the predominance of mosses and 
1 ichens, and the presence of permafrost. As a result, the acci dental and 
simulated spills which have occurred in terrestrial environments of Alaska and 
the Yukon are a better predictive tool for assessment of potential impacts of 
oil on backshore vegetation along the Beaufort Sea coastline. 

Hunt et ale (1973) reviewed the biological effects of various 
terrestrial oil sjJTJls in Alaska and the Yukon, and reported extensive 
mortality of vegetation following several spills from ruptured pipelines. 
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These authors reported 1 itt1 e evi dence of recovery of terrestrial vegetation 
at sites of either JP-4 or diesel fuel spi 11 s after 5 to 15 years. The 
hi ghest recovery occurred on hummocks and in areas where abundant rai nfall 
leached the petroleum hydrocarbons from the soil. Similar contact mortality 
and slow recovery of terrestrial vegetation was also observed after a diesel 
spill in the Yukon (Swader 1975). The slow recovery following this event was 
again related to the persistence of petroleum hydrocarbons in the soil. In 
another study, Atlas et a1. (1976) reported that terrestrial habitats near 
Prudhoe Bay, Alaska wherenatura1 oil seepage occurred were virtually devoid 
of vascular plants. Experimental applications of crude oil have also caused 
widespread mortality and subsequent slow recovery of arctic terrestrial plant 
communities (e.g. Hutchinson and Freedman 1975), as well as emergent plants 
and rooted macrophytes along the margins of a subarctic lake (He11ebust et ale 
1975). A relatively large number of laboratory studies have indicateatnat 
petroleum hydrocarbons affect vascular plants in several' ways, including 
decreased root and shoot growth, delayed and reduced flowering, and disruption 
of respiratory and photosynthetic processes (Baker 1970, 1971; Blankenship and 
Larson 1978), while van Overbeek and Blondeau (1954) reported that the primary 
toxic effect of hydrocarbons on plants was due to disruption .of the 1 ipid 
bilayer of the cell membrane. 

Another potential concern with respect to arctic backshore plant 
communities is damage to permafrost integrity by the oil, or more often, 
cl eanup acti vities. Increased thaw and/or slope i nstabil ity can resul t from 
the decreased albedo associated with oil contamination. Soil types which are 
especially susceptible to permafrost degradation are ice-rich silty substrates 
which show very low cohesiveness when thawed (Hunt et al. 1973). However, 
these authors reported that permafrost was not affectea a1 those oi 1 ed si tes 
where the hydrocarbons did not penetrate the surface vegetation (moss) mat or 
the substrate was not disturbed by the use of heavy cleanup equipment. 

Oil spills or blowouts in the Beaufort Sea which subsequently 
contaminate backshore tundra environments would likely cause mortality of most 
if not all vegetation contacting the oil. The damage would likely be greater 
with fresh crude or refined fuels due to their .re1ative1y high toxicity 
(Craddock 1977), particu1 ar1y if jet fuel (JP-4 or ,JP-5), gasoli ne or No. 2 
diesel were directly spilled in shoreline environments. The results of 
studies conducted after simulated or accidental spills in terrestrial 
environments clearly indicate that damage would be relatively long-term, 
requi ri ng one or more decades for recovery of hea vi 1y contami nated sites. In 
addition, the area of impact of marine spills on backshore vegetation in this 
region could extend inland up to 500 m from the shoreline. Impacts on 
vegetation in this zone would probably be increased if the cleanup response 
invQlved the LIse of heavy equipment since this could increase the degree of 
pene'4rati on of oil into the substrate. Recovery wou1 d probably be most rapi d 
in areas where the oil was left to naturally weather and disperse, although 
this could increase the risk of additional and relatively long-term indirect 
impacts on bi rds and mammals uti 1 i zi ng these habi tats. However, si nce the 
amount of terrestrial vegetation affected by a blowout or oil spill in the 
marine environment would be relatively small, the overall degree of concern 
regarding this long-term damage to coastal plant communities is considered 
MINOR. 
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5.2.13 Effects of Oil on Micro-organisms and the Role of 
Oleoclastic Bacteria in Oil Degradation 

01eoc1astic bacteria utilize petroleum hydrocarbons as a substrate, 
and play an important role in the 10ng-tenn degradation of oil after initial 
losses due to evaporati on, di ssol uti on, photo1ysi sand metaboli sm by biota 
(Kallio 1976; Vandermeulen 1981). The rate of oil degradation by 01eoc1astic 
bacteria is dependent on a number of factors including the nature and 
concentration of oi 1, the avai 1 abi 1 ity of oxygen and nutri ents, temperature, 
and the type and abundance of available micro-organisms (Mackay 1981). In 
addition, the ability of some bacteria to metabolize hydrocarbons is readily 
lost when petroleum is not present in the environment (Westlake 1981). 

Lee (1980) reports that most bi odegradati on occurs once oi 1 is 
dispersed into fine droplets in the water column or deposited on the 
substrate. Dissolved hydrocarbons are apparently adsorbed to detrital 
particles, and these particles support bacteria which are attached by pads and 
fibrillar appendages (Lee 1977, cited in Lee 1980). The surfaces of such 
bacterial-coated particles are expected to be hydrophobic and provide areas 
for hydrocarbon adsorption (Lee 1980). 

Petroleum hydrocarbons present in crude oils and refined fuels vary 
in thei r suscepti bi 1 i ty to degradati on by 01 eoclastic bacteria. 
Straight-chain alkanes are rapidly attacked by bacteria, while branched 
alkanes, cycloalkanes and aromatic hydrocarbons are metabolized at slower 
rates and high boiling point compounds such as aspha1tenes resist degradation 
(Walker et ale 1973, cited in Lee 1980). Petroleum hydrocarbons containing 
nitrogen,- sUlfur or oxygen groups are al so more resi stant to microbial 
degradation. This variability in hydrocarbon degradation has also been 
documented following oil spills. For example, microbial breakdown of bunker C 
fuel spilled in March from the POTOMAC off western Greenland proceeded very 
slowly and there was no significant increase in numbers of 01eoc1astic 
bacteria in the ice-laden waters within a few weeks after the 100,000 gal 
spill (Grouse et ale 1979). Cretney et ale (1978) also investigated the 
10ng-tenn fate or TIro tons of heavy fuel 011 spilled in a British Columbia 
coastal bay in 1973. They found almost complete removal of n-alkanes by 
biological activity during the first year after the spill. Pristane and 
phytane were biodegraded more slowly, but were virtually absent after 4 
years. The non-n-a1 kanes of the C28 to C30 range were the most persi stent 
petroleum hydrocarbons. A pipeline rupture in March 1971 caused a small 
amount of JP-4 jet fuel and No. 2 fuel oil to enter the intertidal zone of a 
marine cove at Searsport, Maine (Mayo et ale 1978). After five years, 
i nvesti gators found that the average areacontai ned roughly 20 percent 1 ess 
hydrocarbon than immediately after the spill. An analysis of this data by 
Atlas (1981) suggested that microbial action was greatly suppressed in the 
fuel residues absorbed on the cold clay substrate, likely as a result of a 
lack of available oxygen. Pierce et ale (1975) investigated a spill of No.6 
fuel oil (bunker C) on an estuarine beach in Rhode Island, and found that 



368 

hydrocarbon concentrations in the mid-tide region declined as the abundance of 
oleoclastic bacteria increased. However, rates of degradation were less than 
1 Ilg of hydrocarbon per g (dry wt.) of sediment per day duri ng the wi nter 
months. Blumer and Sass (1972) examined the fate of a major No. 2 fuel oil 
(diesel) spill in Massachusetts and reported a slow disappearance rate of 
hydrocarbons, although bacterial degradation contributed to the removal of 
n-paraffins from contaminated areas. Teal et ale (1978) attributed the 
disappearance of simple naphthalenes from tile sediments of Buzzards Bay, 
Massachusetts following both major spills in this harbour to microbial 
degradation, while the more substituted aromatics appeared more resistant to 
biodegradation. 

Bunch and Harland (1976) reported that oleoclastic bacterial species 
were ubiquitous in the waters and nearshore sediments of the Beaufort Sea, but 
were not present in offshore sediments. The proporti on of oi l-degradi ng 
bacteria in non-polluted arctic habitats generally appears to be low (about 1 
percent) (Atlas et al. 1978; Eimhjellen et ale 1981), although the composition 
of the bacterial-Community is expected to-dl1fer between sites and at a given 
site with season (Westlake 1980). Several studies of bacteria in the Arctic 
have shown that both the absolute abundance and relative proportion of 
oleoclastic bacteria increase in areas with oil contamination. Eimhjellen et 
al. (1981) found that the number of oil-degrading bacteria increased from 
about 102 to 105 cell s per ml of sand and oi 1 mixture 15 days after beach 
sand was sprayed with crude oil. Numbers of oleoclastic bacteria reached 
107 cells/ml in another plot sprayed with 50 percent emulsified crude. 
Similarly, Atlas et ~. (1978) found that the number of oil-degrading 
micro-organi sms in open water increased from 1. 5 to 50 percent 30 days after 
simulated crude oil spills, while numbers over and under the ice increased to 
0.03 percent and 0.5 percent, respectively. 

Low nutrient level s, in particular phosphate or nitrate, may 1 imit 
the growth of oleoclastic bacteria following oil spills in the Beaufort Sea. 
Although nutrients used during oil degradation by bacteria in the water column 
would be replenished from surrounding waters, nutrients in sub-surface 
sediments may be depleted by bacterial activity. For example, Bunch and 
Harland (1976) reported that degradation of the altphatic fraction of 200 mg 
of Norman Wells crude oil at a depth of 1 m in the water column required up to 
2.3 Ilg-at/L of nitrate and 0.36 Ilg-at/L of phosphate. Westlake and Cook 
(unpubl. manuscript) found very little oleoclastic bacterial activity in 
composite beach and intertidal sediment samples from the Beaufort Sea until 
nitrates and phosphates were added. In additi on, degradati on of petrol eum 
hydrocarbons by oleoclastic bacteria in this region would be limited by low 
temperatures throughout much of the year: although hydrocarbon degradation has 
been documented at temperatures between 0° and 5°C (Bunch and Harland 1976). 

Atlas et al. (1978) suggest that little or no oleoclastic activity 
would be expectea under ice, while oil encapsulated within the ice cover would 
also not be significantly degraded because bacteria frozen into the ice matrix 
are unlikely to grow (Kaneko et ~. 1977). The major site of petroleum 
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bi odegradati on in thi s regi on woul d probably be the few centimeters of the 
bottom sediments where oxygen and nutrients are available, and benthic 
macrofauna and meiofauna continuously expose underlying sediments during 
burrowing activities. Natural processes such as ice scour and wave action 
would also expose oil present within the substrate of relatively shallow areas 
«50 m). On the other hand, oil which is buried by sediment transported into 
coastal environments of the Beaufort Sea by the Mackenzie River would likely 
persist in relatively unaltered form for decades once it is covered by 
sufficient sediment to be within an anoxic environment. Consequently, 
although oleoclastic bacteria do occur in the Beaufort Sea region, the types 
of habitats where oil degradation could take place and the actual rates of 
biodegradation would both be limited and therefore inadequate to remove most 
of the petroleum hydrocarbons which could enter the marine environment due to 
a major oil spill or blowout (Vandermeulen 1978; Atlas 1981). 

The effects of petroleum hydrocarbons on non-01eoclastic bacteria are 
not well documented, and existing data tend to show variable responses. Atlas 
et a 1. (1978) found that petrol eum hydrocarbons generally c,aused an inc rease 
Tn the numbers of both viable heterotrophic and oil-degrading bacteria, while 
Bunch and Harland (1976) suggest that a moderate input of petroleum to the 
marine environment may not affect the activity of non-oleoclastic 
micro-organi sms. Kator and Herwig (1977) reported that the abundance of 
chitinolytic and cellulytic bacteria in oiled and exposed plots within a 
\(i rgi ni a ti da 1 mrash were not si gnificantly different. On the other hand, 
Walker et ale (1974,1975) concluded that both crude oil and No.2 fuel were 
toxic taeCOlogically important lytic bacteria from a Chesapeake estuary, with 
the fuel oil being more toxic than the crude oil. 

Many species of marine bacteria are motile and locate their substrate 
by positive chemotaxis (Mitchell et ale 1972). Walsh and Mitchell (1973, 
ci ted in Johnson 1977) estimated-that the chemotaxis of mari ne bacteri a 
(primarily Pseudomonas spp.) was reduced 50 percent by only 10 ppm of Kuwait 
crude oil, and suggested that this inhibition was due to blockage of the 
chemoreceptors. Although thi s effect is sub1 ethal and reversi bl e, Johnson 
(1977) suggests that bacteria unable to detect a suitable substrate would have 
a limited capacity to degrade material. Neverthe1es,s, there is presently no 
evi dence to suggest that there is more than a NEGLIGIBLE degree of concern 
regarding adverse effects of oil spills or blowouts on non-oleoclastic 
bacteria in the Beaufort Sea. 

5.2.14 Summary of Concerns Related to Oil Spills and Blowouts 

The environmental impacts of oil spills and blowouts are undoubtedly 
the greatest area of potential concern associated with hydrocarbon exploration 
and production in the Beaufort Sea region. As in the case of most past spills 
in rna ri ne waters, the severity of these impacts woul d depend on the types of 
habitats affected by dissolved, dispersed and surface oil, as well as the 
species and life history stages of biological resources utilizing these 
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habitats during or following spill s. The degree of concern regarding the 
effects of oil spills on some resources would also depend on the amount of oil 
which becomes trapped in marine sediments, while the rate of recovery of these 
resources wou1 d depend on the persistence of petroleum hydrocarbons in the 
environment. Oil well blowouts would also generally pose a greater threat to 
marine resources of this region than single discontinuous releases of crude 
oil or refined fuels due to the potential for contamination of more extensive 
areas duri ng blowouts, particu1 ar1y duri ng the open water season when 0; 1 
movement would not be restricted by the presence of an ice cover and more 
resources (particularly birds, marine mammals and anadromous fish) would be 
present in the region. 

Table 5.2-10 summarizes the nature of the potential impacts and 
degree of regional concern associated with oil spills and various marine and 
coastal resources of the Beaufort Sea. I n general, the degree of concern 
would range from MINOR to MODERATE for most resources depending on the season 
of the spill and the extenslveness and location of areas affected by oil. In 
other cases, the degree of concern would also vary with the species exposed to 
surface slicks or oil present in the water column since some populations have 
been shown to be particularly vulnerable to oil exposure, while others are 
highly sensitive and exhibit a variety of lethal or sublethal effects once 
they contact petroleum hydrocarbons. For example, highly aquatic bi rds that 
dive and forage at sea, including a1cids, diving ducks, loons, fulmars, 
cormorants, gulls, shearwaters, kittiwakes and phalaropes, are vulnerable to 
oil exposure, while other marine species such as some crustaceans and benthic 
molluscs are sensitive to oil exposure since low concentrations of dissolved 
or dispersed oil have been shown to be acutely toxic. As indicated in Table 
5.2-10, the degree of concern regarding adverse impacts of oil spills on some 
species of birds could be MAJOR under circumstances where a regional 
population is affected sufficiently to cause a decrease in abundance and/or a 
change in distribution which persists for several generations. Species which 
could be most severely affected by oil spills or blowouts in the Beaufort Sea 
include the various a1cids (e.g. black guillemot, thick-billed murre), black 
brant and common eider (ESL 1982), although depending on the circumstances 
surrounding any spill and the proportion of the regional populations affected, 
the degree of concern regardi ng effects of spi 11 s or blowouts cou1 d al so be 
i40DERATE to MAJOR for the white-fronted goose, scaup and scoters, oldsquaw, 
king eider, glaucous gull, Arctic tern and several shorebirds. 

1-
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TABLE 5.2-10 

SUMMARY OF POTENTIAL CONCERNS REGARDING OIL SPILLS AND 
BLOWOUTS AND REFINED FUEL SPILLS IN THE BEAUFORT SEA REGION 

Envi ronmenta 1 Potential or Degree of 
Component or Probable Effects1 Potentia1 2 

Resource M S H C F Concern . 

Bowhead whale X X X NEGLIGIBLE to MINOR 
White whale X X X X NEGLIGIBLE to MINOR 
Ringed and bearded seal s X X ·X X X MODERATE 
Pol ar bear X X X X MINOR to MODERATE 
Arctic fox X X X MINOR 
Bi rds X X X X X MINOR to MAJOR 
Fish X X X X X MINOR to MODERATE 
Icthyop 1 ankton X X X X MINOR to r~ODERATE 
Phytop 1 ankton X X X MINOR to MODERATE 
Zooplankton X X X X MINOR to MODERATE 
Benthic macrophytes X X X X MINOR 
Benthic microalgae X X X X MINOR to MODERATE 
Annelids X X X X X MINOR to MODERATE 
Crustaceans X X X X X MINOR to MODERATE 
Moll uscs X X X X X MINOR to MODERATE 
Echi nodenns X X X X X I'4INOR 
Epontic communities X X X X X MINOR to MODERATE 
Terrestrial vegetation X X X X MINOR 
Micro-organi sms X X X NEGLIGIBLE 

1 M = mo rta 1 i ty 
S = sublethal effects 
H = habitat loss 
C = contamination/fouling 
F = loss of food 

2 Dependent on species, time of year, location and extent of the area 
affected by oil (see text). 
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The primary consideration favouring the use of chemical dispersants 
following oil spills is the removal or reduction of the threat posed by 
shoreward movement of floating oil towards environmentally sensitive coastal 
resources. Chemical di spersants increase the natural rate of oi 1 di spersi on 
by lowering the interfacial tension between oil and water and causing the 
formation of minute droplets of oil in the water column (Canevari 1978). The 
reduction in the amount of oil on the water surface as a result of dispersant 
application tends to decrease the potential vulnerability of waterfowl, 
mammals and intertidal communities to oil exposure, while increasing, at least 
initially, the potential risk of impacts on pelagic, planktonic, and benthic 
communities. For example, Brown et ale (1978) reported that the concentration 
of oil immediately below the surfaceOf a chemically dispersed oil slick in an 
experimental water column was 27 times higher than below a non-dispersed 
slick. It must also be recognized, however, that oil efficiently dispersed 
throughout the water column is subject to more rapid physico-chemical and 
biological degradation than oil concentrated in a floating surface layer 
(Nelson-Smith 1978). 

5.3.2 Oil Spill Dispersants 

The majority of the oil dispersants currently in use are mixtures of 
nonionic surface acti ng agents (surfactants) and either a hydrocarbon or some 
other solvent base. Historically, chemical dispersants have progressed from 
highly toxic petroleum-based mixtures which were initially designed as general 
purpose industrial solvent-emulsifiers to highly specialized "third 
generati on" self-mixi ng di spersant concentrates of low to medi um toxicity. 
This development has resulted in a shift from dispersants where the aromatic 
fraction of the solvent was the primary cause of toxicity, to dispersants 
where most of the toxicity is associated with the surfactant itself 
(Nelson-Smith 1978). 

The principle behind chemical dispersion of floating oil can be 
summarized as follows. A typical surfactant molecule in a dispersant consists 
of two functional groups, a hydrophilic or "wa ter seeking" group, and a 
hydrophobic or lipophilic group. When applied to an oil slick the lipophilic 
end of the molecule is attracted to, and becomes embedded in the oil, leaving 
the hydrophilic end exposed to the surrounding water. This effectively lowers 
the interfacial tension between the oil and the water, and promotes the 
formation of small dispersant-coated oil droplets (Canevari 1978). The 
balance of forces between the two functional groups affects the choice of 
solvent, the degree of solubility of the dispersant in oil or water, and the 
overall efficiency with which the dispersant causes the oil to break up into 
dropl ets·. 
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5.3.3 Dispersant Toxicity 

In any di spersant appl icati on program, a si gnificant proportion of 
the mixture is added directly to the water column, either because the oil 
slick itself is discontinuous or because the application method results in the 
spread of the chemical beyond the slick margin. Aerial dispersant 
applications are particularly prone to situations of the latter type. For 
example, Gill and Ross (1980) report that as much as 50 percent of the 
dispersant released from an aircraft may fall outside the intended dispersal 
zone, depending on the size of aircraft used, the height from which spraying 
takes place, the size range of dispersant droplets, and the prevailing 
meterol ogica 1 conditions. Di spersant app 1 icati on from boats where forward 
visibility of the slick is restricted and where the passage of the vessel 
temporarily disrupts the distribution of surface oil can also lead to a direct 
loss of dispersant to the water column. 

Although modern dispersants are sometimes considered virtually 
non-toxic to marine life compared to oil or oil/dispersant mixtures (Canevari 
1977,1978), there is considerable variability in the toxicity of dispersants 
to different classes and 1 ife cycle stages of marine organi sms (Swedmark et 
ale 1973; Wells and Harris 1980; Percy 1980; Wells 1980). Toxic mechanisms or 
nonionic surfactants probably relate to their interaction with biological 
membrane systems (Nelson-Smith 1978). For example, much of the published 
literature describing the effects of dispersants on marine zooplankton 
sllggests that respiration and neuromuscular systems are particularly sensitive 
to surfactants (Section 5.3.6), while the membrane regulated fertilization of 
benthic invertebrate and fish eggs is also inhibited by very low 
concentrations of some dispersants (Sections 5.3.4 and 5.3.7). 

Although the lethal effects of dispersants and dispersant/oil 
emulsions have been extensively studied (see review by Sprague et ale 1980), 
the long-term sublethal effects of short-term exposure of marine-organisms to 
"second" and "third generation" dispersants have yet to be examined. 
Consequently, the characteri zati on of these di spersants as essentially 
non-toxic must be considered somewhat premature. In addition to being 
chemically toxic, a surface coating of di spersant may alter the physical 
rel ationship between an organi sm and its envi ronment to the extent that 
survival may be adversely affected (Sections 5.3.5, 5.3.6). For example, 
there is circumstantial evidence suggesting that low concentrations of 
dispersant may be accumulated on the feathers of seabirds (Section 5.3.6). 

5.3.4 Toxicity of Dispersant/Oil Mixtures 

The influence of chemical dispersion on the aquatic toxicity of 
petroleum hydrocarbons has been a subject of constant review, due at least in 
part to the historical controversy surrounding the use of chemical dispersants 
following oil spills (Nelson-Smith 1978). Recent reviews on the topic include 
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those of Sprague et al. (1980) and MacKay and Wells (1981), while a 
bibliography of dispersant-related literature has been compiled by Doe et ale 
(1978), and a symposium on various aspects of dispersant use was sponsored-Sy 
the American Society for Testing and Materials (1978). 

Although there is a general concensus that dispersant use increases 
the amount of dispersed oil below a slick, and further that increased 
stability of the dispersion will probably result in the exposure of pelagic 
organi sms to hi gher than usual concentrati ons of di ssol ved and particu1 ate 
oil, there is considerable disagreement concerning the potential effect that 
the dispersant may have on the toxicity of the oil itself. Despite the 
relatively low toxicity of most modern dispersants (Swedmark et ale 1973; 
Cowell 1978; Doe and Well s 1978), laboratory investigations have generally 
indicated that dispersant/oil mixtures are more toxic to aquatic invertebrates 
than naturally (physically) dispersed oil (Percy 1980; Wells 1980). On the 
other hand, Penrose (1980) states that the increased toxicity of oil treated 
with dispersants to fish "appears to be solely due to the increased 
solubilization of oil by dispersants", and that "c hemically dispersed oil is 
no more specifically toxic than undispersed oil". Similar views have been 
expressed by representatives of dispersant manufacturers (Canevari 1977,1978), 
as well as independent 1 aboratori es (Battell e Pacific Northwest Laboratories 
1973). It has al so been suggested that di spersant-coated oil droplets may 
preferentially release toxic chemicals normally retained by physically 
dispersed droplets (see for example, Lonning and Hagstrom 1976), although this 
has not been demonstrated by existing analytical techniques. 

Apart from the apparent increase in the toxicity of chemically 
dispersed oil relative to physically dispersed oil associated with the 
increased "ava ilable concentration" and duration of exposure, there is little 
evi dence to suggest that the actual toxic mechani sm is any different between 
the two dispersion types. On the contrary, there is considerable evidence 
that various categories of petroleum-related toxicants including oil, 
di spersants, and oi 1 /di spersant mixtures may have at 1 east broadly simi 1 ar 
sites of toxic action (Percy 1980; Wells 1980). Hutchinson et ale (1979) have 
proposed a unifying concept of toxicity for low boiling--pOlnt petroleum 
hydrocarbons based in part on thei r partiti on coeffici ent between water and 
n-octanol (representi ng the partiti on between water and cell ul ar 1 ipi ds), and 
this 'approach has allowed relatively accurate prediction of the toxicity of 
previously untested hydrocarbons to phytoplankton. Stegeman and Teal (1973) 
reported that oysters with hi gh 1 ipi d content accumul ated more hydrocarbons 
when exposed to No.2 fuel than did oysters with a lower lipid content. The 
fact that cellular "leakage" has been reported both with phytoplankton exposed 
to low boiling point hydrocarbons (Hutchinson et ale 1979) and intertidal 
macrophytes exposed to dispersants (Percy 1980) 15 certainly suggestive of a 
common mode of action involving disruption of cellular membrane processes. 
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Attempts to relate the toxicity of petroleum toxicants to various 
taxonomic categories of marine organisms have often been unsatisfactory (Percy 
1980). Other approaches, including examination of habitat type (i.e. 
intertidal vs. subtidal) and developmental state (i.e. adult vs. larval 
forms), appear to be of greater immediate value in prediction of possible 
environmental effects of hydrocarbon exposure (Swedmark et ale 1973; Rice et 
ale 1977). Examination of the surficial extent and molecular composition of 
exposed membrane structures such as gi 11 s, chemoreceptors and osmoregul atory 
organs in various marine organisms, and their sensitivity to disruption by 
different surface acting agents and lipophilic hydrocarbons, may also provide 
useful information. 

5.3.5 Effects of Chemically Dispersed Oil on Marine Mammals 

With the exception of studies involving the use of detergents to 
remove oil from the fur of contami nated sea otters (Wi 11 i ams 1978, cited in 
Smiley 1980), the effects of exposure of marine mammals to oil spill 
di spersants or di spersant/oi 1 mi xtures ha ve not been exami ned. The natural 
skin oils coating the fur of polar bears and fur seals could absorb 
dispersants directly from the water column (see also Section 5.3.6). The 
resi dua 1 hydrophil ic nature of the di spersant mol ecul es may then increase the 
wettability of the fur and ultimately alter its thermal conductivity. 
However, unlike crude oils or heavy bunker fuels, dispersant by itself is 
unlikely to ca.use matting of the hairs and considerable insulative capacity 
may still be retained by dispersant-coated fur. The extent to which 
modifications of the thermal properties of skin and fur might affect the 
survival of exposed marine mammals would likely depend on several factors 
including air and water temperature and the relative contribution of skin, fur 
and subcutaneous fat to the insulation of the organism (Smiley 1980). 

The biochemical toxicity of dispersant/oil mixtures to marine mammals 
is not documented. External i rritati on of eyes and nostril s that has been 
reported with crude and refined oils (Section 5.2.4.2) would probably be less 
severe with chemically di spersed oil si nce the di spersant-coated oi 1 dropl ets 
have a much lower tendency to stick to foreign materials (Canevari 1977, 
1978). The potential effects of ingested oil/dispersant mixtures on marine 
mammals are also not known, although the probability for ingestion of large 
quantiti es of di spersed oi 1 shoul d be remote foll owi ng successful di spersant 
application. Consequently, in the absence of evidence to the contrary, the 
overall degree of concern regarding exposure of marine mammals to free 
dispersant or chemically dispersed oil is expected to be MINOR. 

5.3.6 Effects of Chemically Dispersed Oil on Birds 

Despite the potential for contact between swimming and diving birds 
and chemically di spersed oil, there is very 1 ittl e i nformati on regardi ng the 
effects of oil/dispersant mixtures or dispersants on birds. For example, none 
of the 402 di spersant-rel ated papers compil ed by Doe et~. (1978) di scuss 
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potential effects of chemically dispersed oil on birds. However, a recent 
paper by Lambert and Peaka11 (1981) examined thermoregulatory effects of 
Prudhoe Bay crude oil, crude oil/Corexit 9527 mixtures, and the Corexit alone 
on mallard ducks (Anas platyrhynchos). The dosage level in these experiments 
was 12 ml of oil Talr-weathered for 1 hour) di spersed in 60 1 itres of sea 
water. Both the crude oil and the crude oil/dispersant mixtures were quickly 
adsorbed onto the breast feathers of the swimming mallards, and both resulted 
in significant increases in basal metabolic rates. Metabolic rates increased 
by up to 16 percent for peri ods up to 14 days after the i niti all hour 
exposures. . Birds treated with Corexit-dispersed oil (30:1 oil dispersant 
ratio) quickly became waterlogged and remained wet long after the exposure. 
Similar matting of the feathers was evident after both crude oil and 
oil/dispersant exposure. The Corexit 9527 by itself, at a concentration of 10 
ppm, resul ted ina rapid loss of bouyancy in the ducks and el icited strong 
escape responses. Dispersant-treated birds were unable to shake off or preen 
water from their feathers and remained dripping wet after the exposure, 
although no significant increases in metabolism were detected. These 
experiments suggest that there may be a strong potential for the uptake and 
accumul ati on of free di spersant from seawater onto the feathers of seabi rds. 
Under some circumstances, the subsequent loss of bouyancy and increased 
wetness of feathers may be sufficient to prevent birds with marginal flight 
capabilities from lifting off the water surface, and could conceivably lead to 
mortality through prolonged exposure and exhaustion. 

There is no information on how long free dispersants may be expected 
to remain lIactive ll in seawater, although Corexit 9527 is reported to rapidly 
lose its effectiveness in freshwater (Hagstrom and Lonning 1977). As 
indicated in an earlier section, the use of chemical dispersants is generally 
expected to reduce the ri sk of exposure of bi rds to oi 1 fo 11 owi ng sp i 11 sand 
blowouts, at least when they are appl ied in offshore areas before surface 
slicks reach more sensitive coastal habitats. Since potential effects 
resulting from direct contact with free dispersant are also expected to be 
relatively localized and would only occur in offshore areas, the degree of 
concern associated with the use of chemical dispersants and effects on 
regional bird populations would likely be MINOR. 

5.3.7 Effects of Chemically Dispersed Oil on Fish, 

There is an extensive literature describing the acute toxicity of 
dispersants and oil/dispersant mixtures to fish. This is at least in part due 
to the fact that criteria for assessing the toxicity of dispersants typically 
specify freshwater (and more recently marine or estuarine) fish as the 
preferred test organism (Harris and Doe 1977; Doe and Wells 1978; Wells and 
Ha rri s 1980) • 

. In addition to the increase in the effecti ve toxicity of oi 1 expected 
following dispersant applications (Section 5.3.4), there is some evidence that 
dispersants themselves may be more toxic in seawater than in freshwater. For 
example, Wells and Harris (1980) examined the toxicity of No. 2B fuel oil, 
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fuel oi1/Corexit 9527 (10:1 ratio) and Corexit alone to rainbow trout 
(freshwater) and threespine stickleback (brackish-marine). The mean 96-h 
LC50 values for rainbow trout were 92.8, 57.1, and 192.2 mg/L, respectively, 
whil e correspondi ng 1 eve1 s for threespi ne sti ck1 eback in seawater of 
29-31 0/00 salinity were 25.7, 24.6, and 28 mg/L (initial concentrations). 
Although there is no reason to expect that the toxicities of the various 
mixtures to these two species would be the same, the 10:1 oil/dispersant 
mixture was roughly twice as toxic to sticklebacks, while the toxicity of the 
dispersant to sticklebacks was nearly seven times that measured with rainbow 
trout. 

Wells and Harris (1980), using a similar approach to Marking (1977), 
suggested that the toxicities of oil and dispersants may be considered in an 
additive sense (either positively or negatively), although this approach 
assumes that the toxicity of the dispersant is at least partially maintained 
after the di spersant is inc lose associ ati on wi th an oi 1 droplet. 
Conceptually, this is difficult to visualize since the toxicity of the 
di spersant is probably associ ated with the di srupti on of cell u1 ar membrane 
processes brought about by the attracti on to, and subsequent interference 
with, phospho1 ipid membrane structures by the 1 ipophi1 ic functional group of 
the dispersant molecule (Sections 5.3.3 and 5.3.4). Until it can be 
demonstrated that oil-associated dispersant molecules may be actively or 
passi ve1y exchanged into exposed bi 01 ogica 1 membrane surfaces, or that some 
factor in the dispersant formulation other than the surfactant is responsible 
for toxicity, it must be assumed that the lipophilic properties of the 
di spersant are comp1 ete1y sati sfi ed by the oi 1. As a resu1 t, very 1 itt1 e 
residual toxicity of the dispersant would be expected in an oil/dispersant 
mixture providing that all of the available dispersant is associated with oil 
droplets (see Section 5.3.10). 

In a recent revi ew of the effects of oil and di spersants on fi sh, 
Penrose (1980) states that because of the low toxicities of dispersants, and 
the stringent regulations on their use in Canada, "it is practical to consider 
dispersants only as mixtures with oil", and adds that the significance of 
sublethal effects of dispersants at low concentration (e.g. Lonning and 
Hagstrom 1976) is open to questi on. The fonner statement may not even be 
completely valid for fish since the previously des,cribed work of Wells and 
Harri s (1980) indicated that the 96-h LC50 for Corexit 9527-exposed 
stickleback was 28 mg/L, and this was equivalent to the toxicity of dispersed 
No.2 B fuel oil. Toxicity curves derived for rainbow trout and stickleback 
appear to indicate that while a threshold toxicity level is evident for both 
oil and oil/dispersant mixtures, the threshold level for Corexit 9527 is less 
easy to define n~ells and Harris 1980), indicating the potential for delayed 
mortality at relatively low concentrations «10 ppm). The long-term stability 
of dispersant/membrane associations is also Virtually unknown, so that a 
realistic assessment of the potential for accumulation of dispersants by fish 
cannot be made at the present time. 
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The potential effects of chemically dispersed oil or free dispersants 
on fi sh popul ati ons of the Beaufort Sea woul d vary wi th a number of factors 
including season, location and extensiveness of the area treated, prevailing 
current patterns and surface layer turbulence, and particularly the proximity 
of the treated area to shallow coastal habitats. Acute toxic and sublethal 
effects of the dispersed oil on fish would likely be greater than if the oil 
were naturally (physically) dispersed since the duration of exposure would be 
longer and deeper habitats would be affected. Consequently, depending on the 
location and extensiveness of the area treated with dispersants and the 
subsequent fate of free di spersant and di spersed oi 1, the degree of concern 
regarding adverse effects of dispersant application on regional fish 
populations of the Beaufort Sea is expected to range from MINOR to MODERATE. 

5.3.8 Susceptibility of Lower Trophic Levels to Chemically Dispersed Oil 

The use of chemical dispersants on floating oil slicks would probably 
have its greatest immediate effects on the planktonic organisms directly under 
the dispersal zone, since the concentrated populations in the upper few metres 
of the water column would not only be exposed to high levels of relatively 
unweathered particulate oil, but also to considerable amounts of dissolved 
hydrocarbons and possibly free chemical dispersant. In addition, the factors 
regulating the spatial distribution of oil dispersed from the surface will 
also, to a greater or lesser extent, control the distribution of plankton, and 
this could tend to prolong the period of initial contact. One of the factors 
influencing the degree of potential impacts of chemically dispersed oil on 
p1 anktonic communiti es wou1 d 1 i kely be stratification of the water col umn 
si nce a density di sconti nuity 1 ayer coul d affect both the rate and extent of 
vertical diffusion of dispersed oil. 

The size of planktonic organisms may also be a factor affecting their 
suscepti bil ity to petrol eum hydrocarbons. For example, copepods were 
i rreversi bly paralysed by more than 15 mi nutes exposure to only 0.2-1. 5 mg/L 
of dissolved hydrocarbons (Wells 1980), suggesting that a large surface area 
to volume ratio may lead to much faster toxic effects than experienced by 
1 arger organi sms. The durat.i on of exposure necessary to produce mortality in 
planktonic organisms may be in the order of several tens of minutes or perhaps 
several hours, so that the probab1 e persi stence of di ssol ved and particulate 
oil in the water column below chemically dispersed slicks (Cormack and Nichols 
1978) may be sufficient to result in the mortality of more sensitive species. 

-
5.3.9 Effects of Chemically Dispersed Oil on Phytoplankton 

The effects of chemical di spersants and oil /di spersant mixtures on 
phytoplankton have not been extensively examined. A large proportion of the 
published literature (recently reviewed by Snow 1980) also describes the 
effects of highly toxic "first generation" ernul sifiers such as those used 
following the TORREY CANYON spill (Nelson-Smith 1978), and these chemicals 
were clearly more toxic to marine flora and fauna than those presently 
approved for use. 
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Two recent studies have examined the effects of chemical dispersion 
on the toxicity of oil to phytoplankton. Trudel (1978) found that Lago Medio 
crude oil dispersed with Corexit 9527 was no more toxic to Newfoundland marine 
phytoplankton than physically dispersed oil when actual measured 
concentrations were compared. However, even concentrations of physically and 
chemically di spersed oil as low as 0.1 ppm resulted ina 10 percent decrease 
in carbon fixation. Through the use of regression analysi S9 Trudel (1978) 
estimated that the "zero effect" concentration of crude oil on this 
phytoplankton community was approximately 0.07-0.08 ppm. 

Scott et al. (1979) examined the short and long-term effects of 
physically and Cheiilfcally di spersed Norman Well s crude oil on artificial 
freshwater pond ecosystems. One day after treatment, the oil concentration in 
the water column of the chemically dispersed oil pond was 14 times higher than 
in the physically dispersed oil pond and remained higher for 40 days. 
Following the initial exposure to chemically dispersed oil, chlorophyll a 
1 eve1 s decreased, reacti ve si 1 i ca and di sso 1 ved organic carbon dramatically 
increased, and there was a pronounced shift in the taxonomic composition of 
the phytoplankton community towards Chrysophytes and Ch10rophytes relative to 
the control pond and the pond treated with physically dispersed oil. 
Phytoplankton growth in the pond treated with physically di spersed oil was 
actua lly stimu1 ated, whi 1 e reactive si 1 ica decreased re1 ati ve to the control 
during the first 28 days after the oil addition. 

The use of chemical dispersants would increase the probability of 
adverse effects of oil spills or blowouts on phytoplankton in the Beaufort Sea 
si nce they woul d increase the opportunity for contact between both di ssol ved 
and particu1 ate oil and organi sms in the euphotic zone. As a result, the 
degree of concern regarding the use of these compounds would not differ from 
the concern already associated with effects of oil spills or blowouts on 
phytoplankton, which varies from MINOR to MODERATE depending on the season and" 
location of the event (Section 5.~ 

5.3.10 Effects of Chemically Dispersed Oil On Zooplankton 

In contrast to phytoplankton, there is a relatively extensive body of 
1 iterature descri bi ng the effects of di spersants and chemically di spersed oi 1 
on zooplankton. This information has been recently reviewed and summarized by 
~~ells (1980). The toxicity of second and third generation oil dispersants to 
zooplankton varies markedly with species, age, developmental stage, and 
general health of affected individuals, as well as with factors associated 
with the dispersant such as chemical stability, the nature of the solvent 
carrier, and the temperature, oxygen content and salinity of the water O~ells 
1980) • 
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Although the acceptance criteria establ i shed by the Canadi an 
government for i ndi vi dual di spersants (Envi ronment Canada 1973) specifies a 
maximum toxicity level to freshwater fish of 1000 mg/L (96-h LC50), 
toxicities to marine zooplankton often exceed this level by several orders of 
magnitude. For example, the incipient lethal level (ILL) of Corexit 7664 with 
the ctenophore Pleurobrachia was 670 mg/L, while the corresponding level with 
larval shrimp (Grangon sp.)· was 1.6 mg/L (Wells 1980). Hagstrom and Lonning 
(1977) found that at a Corexit 9527 concentration of 0.003 ppm in seawater, 
the fertilization capacity of sea urchin spermatozoa was reduced by 25 percent 
following only a 2 minute exposure, and this was increased to 85 percent by a 
10 minute exposure. Earlier studies by Lonning and Hagstrom (1976) indicated 
that the embryogenesi s of cod and fl atfi sh eggs was al so sensi ti ve to 
di spersant treatment, a 1 though these effects were observed at concentrati ons 
(i.e. 10 to 100 ppm) unlikely to be encountered during actual treatment of oil 
sl icks. 

The results of studies describing the effects of chemically dispersed 
oil on zooplankton found in Canadian waters were summarized by Wells (1980). 
In addition to the general trend of increased probability of exposure of 
plankton to oil following dispersant use (Section 5.3.4), studies conducted to 
date also indicate that copepods are relatively resistant to dispersed oil, 
while shrimp appear particularly sensitive and the general response of 
embryonic and larval fish to chemically dispersed oil is similar to their 
response to physi ca lly di spersed oil O~ell s 1980). Respi ratory and nervous 
systems have been found to be most sensitive to chemically di spersed oil. 
Maki (1979, cited in Wells 1980) suggests that the "no observed-effect" 
concentration of chemically dispersed oil for larval polychaetes, larval 
decapods and newly hatched fish larvae may be much lower than 0.5 mg/L. 

As in the case of phytoplankton, the use of chemical dispersants 
woul d not decrease the overall degree of concern associated with adverse 
effects of oil spills and blowouts on zooplankton in the Beaufort Sea, and may 
actually increase the susceptibility of some species or life history stages. 
Consequently, the degree of concern associated with oi 1 spi 11 s or blowouts 
involving dispersant application would remain MINOR to MODERATE. 

5.3.11 Effects of Chemical Dispersion on the Oil Degrading 
Capability of Micro-organisms 

The primary concern related to the effects of di spersants on mari ne 
micro-organi sms is whether or not the potential for bi odegradati on of oi 1 
would be decreased by the presence of dispersant. The limited available 
i nformati on suggests that the use of chemical di spersant woul d enhance the 
rate of biodegradation by increasing the surface area of petroleum available 
for bacterial attack (e.g. Traxler and Bhattacharya 1978). 
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r~u1 ki ns-Phill ips and Stewart (1974) exami ned the effect of four 
di spersants on the growth and oil-degradi ng capabil ity of mari ne bacteria 
indigenous to Halifax harbour, and found that the effectiveness of the 
dispersant in promoting the formation of oil-in-water emulsions could be 
correlated with its effect on bacterial growth curves and hydrocarbon 
utilization. Indigenous bacterial populations were able to use all four of 
the dispersants as carbon sources, although each caused an initial inhibition 
of growth that was directly related to the strength of its surfactant 
properti es. Combi nati ons of Arabi an crude oi 1 and di spersant/oil mi xtures 
caused a reducti on in the importance of some genera withi n the bacteri a 1 
community and an increase in the proporti on of pseudomonads and/or 
achromobacters. Mulkins-Phillips and Stewart (1974) also reported that the 
addition of either dispersant, oil, or some combination of these generally 
produced bacterial population densities from 2 to 3 orders of magnitude higher 
than those in control populations after 8 to 16 days, while the presence of 
the dispersant resulted in densities of bacteria up to 1 order of magnitude 
higher than those with oil alone. In a similar study, Traxler and 
Bhattacharya (1978) reported that Corexit 9527 could be utilized as a carbon 
source by microbial popul ati ons from Narragansett Bay, R.1., and found that 
under simulated natural conditions, little if any biodegradation of petroleum 
hydrocarbons was initiated unless the oil was first either physically or 
chemically dispersed from the surface. 

The extent that nutrient recycling in the water column under a 
chemically dispersed oil slick may be affected by shifts in the composition of 
the marine bacterial community towards groups of oil-degrading or oil-tolerant 
strains is not known. It must be stressed that several days are required to 
cause bacterial population changes in the laboratory while high concentrations 
of hydrocarbons and/or dispersant following an oil spill may rapidly diminish 
within several hours of dispersant application due to horizontal and vertical 
diffusion (Cormack and Nichol s 1978). Nevertheless, the use of chemical 
dispersants would be expected to increase the rate of biodegradation of oil to 
some extent in the Beaufort Sea. 

5.3.12 The Effects of Chemically Dispersed Oil on Benthic Communities 

The effects of di spersants and chemically ,di spersed oi 1 on benthic 
organisms are well documented (see Percy 1980, for a recent review), although 
the ultimate fate of chemically dispersed oil in near-bottom waters and marine 
sediments remains virtually unknown. Oil dispersed from the surface by either 
physical or chemical processes can reach considerable depths in a relatively 
short peri ode For examp1 e, Cormack and Nichol s (1978) found that at wi nd 
speeds of 8-10 knots and a sea state of 2-3, the application of dispersant to 
an experimental floating slick resulted in a rapid vertical transport of oil 
away from the upper water col umn. Li nden et a 1. (1979) reported that withi n 
one week of the grounding of the tanker-TillIS in a relatively confined 
waterway in the Swedish Archipelago, physically dispersed oil was being 
sedimented to the bottom in water 30 to 40 m deep at rates as hi gh as 60 
mg/m2/day. 
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The availability of sedimented oil for biological uptake by benthic 
organ; sms is poorly understood. Physical factors whi ch coul d i nfl uence the 
potential for uptake of hydrocarbons by benthic infauna and epifauna include: 
{l} the sedimentation characteristics of the affected area, such as the rate 
of deposition of new sediment and the extent of bottom reworking; (2) the 
composition of the sediments, including the amount and type of organic 
material and the oil adhesion properties of the mineral and organic 
components; and (3) the physical state of the oil reaching the bottom, its 
particle size, chemical composition and relative "stickiness". 

Important biological factors which may affect either the potential 
for or rate of oil uptake include: (l) normal habitat occupied by the 
organism (i.e. infaunal or epifaunal); (2) feeding mechanism (i.e. filter 
feeding, deposit feeding, scavenging or some combination); (3) behavioural 
factors, such as detection and avoidance of oiled food or substrate, as well 
as the general mobility of the organism; and (4) the degree of protection 
imparted by the integument of the organism. 

In areas where reworking of benthic surface sediments is common, 
sedimented oil may be rapidly buried, and the duration of exposure of epifauna 
to oil correspondingly shortened. For example, many of the nearshore sediment 
cores showed oil 1 ayers covered by as much as 15 cm of new sediment withi n 
four months of the grounding of the AMOCO CADIZ off Brittany (DIOzouville et 
al. 1979). In other situations where the sediments are relatively 
undisturbed, particulate oil may only be concentrated in the upper 1 to 2 cm. 
Gearing et al. (l979) also report that some conditions favour the development 
of a petroleum-rich floccu1ant layer at the water-sediment interface. 

Depending on the type of oil-sediment interactions which occur, 
potential impacts of sedimented chemically dispersed oil could be restricted 
to one or more classes of benthic organisms. Oil buried under layers of 
uncontaminated sediment could result in chronic exposure of burrowing clams 
and deposit-feeding polychaete worms to petroleum hydrocarbons, while exerting 
a proporti onally small er di rect effect on epi benthic crustaceans. The 
opposite may be the case when oil is concentrated in a shallow surface layer. 

Chemica 1 di spersi on of surface oil sl icks may affect sediment-oi 1 
interactions and the subsequent degree of impact of' a spill on benthic flora 
and fauna, although these interactions remain poorly documented at the present 
time. As indicated earlier (Section 5.2.2), oil which is physically or 
naturally dispersed from the surface may enter the water column gradually over 
a period of days or weeks depending on prevailing oceanographic conditions, 
and oil which is sedimented can be expected to be deposited over a relatively 
wide area. The application of chemical dispersants tends to reduce the 
horizontal spreading of an oil slick and simultaneously accelerates its 
vertical movement through the water column, and this could result in exposure 
of benthic habitats to much higher concentrations of emulsified oil. In 
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addition, chemically dispersed oil may be less weathered than oil that is 
naturally dispersed when dispersants are applied soon after a spill or 
blowout, and this may also increase its toxicity to benthic organisms. 

5.3.12.1 Effects of Dispersants 

The toxicity of second and third generation dispersants to benthic 
organisms was recently reviewed by Percy (1980). Most of the recent 
dispersant formulations are essentially non-toxic to adult benthic organisms 
when examined in short-term bioassays (Cowell 1978; Nelson-Smith 1978). 
However, as i·ndicated earlier (Section 5.3.2), different life cycle stages may 
vary in their sensitivity to chemical dispersants. Reproductive processes and 
larval forms appear to be particularly susceptible to the effects of 
dispersants. For example, adverse effects of dispersants have been reported 
with respect to fertilization in sea urchins (Lonning and Hagstrom 1976), 
fertility and egg maturation in polychaetes (George 1971; Bellan et al. 1972, 
cited in Percy 1980), and fecundity in gastropods (Eisler 1973, clted-rn Percy 
1980). Other sublethal effects of chemical dispersants on benthic species 
i ncl ude narcosi s, decreased locomotory acti vity, loss of equi 1 i bri urn, and 
reductions in respiration and other intermediary metabolic processes (Percy 
1980). These effects, together with observations of visible tissue necrosis, 
support the hypothesis that the primary toxic action of dispersants is 
associated with effects on the structure and integrity of biological membrane 
systems. 

The potential effects of free dispersants on benthic organisms in the 
natural marine environment would be highly dependent on: (1) the minimum 
concentrati on requi red to produce a measurabl e effect; (2) water depth, and 
(3) the uptake and/or neutralization of free dispersant by chemical or 
biological processes within the water column. Since effects on fertilization 
have been documented at dispersant concentrations as low as several parts per 
billion (Lonning and Hagstrom 1976), the II no effect level II may be in the order 
of 1 ppb or less for some sensitive biological processes. Increasing water 
depths should decrease the amount of free dispersant which is likely to reach 
benthic habitats, particularly with dispersants that are completely soluble in 
seawater. Nevertheless, an initial dispersant concentration of 1 ppm in the 
upper metre of the water column (Cowell 1978) could still theoretically result 
in concentrati ons of 10 and 1 ppb in water depths of 10 and 100 m, 
respectively, assuming that horizontal diffusion accounts for a further 
dilution by a factor of 10. Although these concentrations could be toxic to 
more sensitive species, there have been no confirmed reports of Significant 
ecological impacts of offshore use of dispersant on benthic communities 
(Cowell 1978). It is possible that the biological uptake and chemical 
neutralization of dispersant within the water column may ultimately prevent 
toxic concentrations of dispersant from reaching deep benthic habitats. 
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5.3.12.2 Effects of Chemically Dispersed Oil 

The apparent increase in the toxicity of petroleum products and crude 
oil ·to benthic organisms following treatment with dispersants is probably 
attributable to the increased stability of the resultant oil-in-water 
emulsions and the greater opportunity for organisms to contact both dissolved 
and particulate oil (Swedmark et ale 1973; Percy 1980). Several authors (e.g. 
Rossi 1977; Roesijadi et a1--. f9i8) have shown that uptake of petroleum 
hydrocarbons by benthic--polychaetes occurred primarily from the di ssol ved 
fraction rather than from oil bound up in the substrate. 

The overall degree of concern rega rdi ng the effects of di spersants 
and chemically dispersed oil in the Beaufort Sea would vary with the location 
and water depth where dispersants were applied and the time of year of the 
spill or blowout. For example, benthic flora and fauna in shallow areas would 
be far more susceptible to contamination by emulsified oil, particularly 
duri ng early summer (June) when 1 arva 1 invertebrates are most abundant. The 
degree of potential concern would also be greatest when dispersant is applied 
to relatively unweathered oil since this could increase the exposure of 
benthic organisms to dissolved petroleum hydrocarbons. Oil/sediment 
interactions may also be modified by the presence of dispersants (Abbiss et 
.al. 1981) and this could subsequently increase the susceptibility of certaTri 
members of the benthic community. Further information regarding the effects 
of chemically dispersed oil on arctic benthic invertebrates will be available 
once the results of the Baffin Island Oil Spill (BIOS) program are published. 
At the present time, the degree of concern regarding impacts of chemically 
di spersed oi 1 on benthic popu1 ati ons is expected to range from MINOR to 
MODERATE, depending on the depth and extensiveness of the habitat affected. 

5.3.13 Summary of Concerns Related to Chemically Dispersed 
Oil and Dispersants 

The use of chemical dispersants following oil spills or blowouts in 
the Beaufort Sea woul d decrease the degree of potenti a 1 concern regardi ng 
adverse impacts of petroleum hydrocarbons on regional marine mammal and bird 
populations, largely as a result of removal of oil from the surface where 
contact with these species is most likely. On the other hand, dispersant 
application would generally increase the concentrations of dissolved and 
particulate oil in the water column as well as the duration of exposure of 
pelagic and benthic organisms to these forms of oil. Consequently, the degree 
of concern regarding potential adverse impacts of spills or blowouts on 
pelagic and benthic flora and fauna would remain the same or be increased by 
the app1 ication of di spersants, particul arly in shallow coastal areas where 
relatively large amounts of oil could each the seafloor and the abundance of 
important fish resources tends to be highest. The degree of concern regarding 
impacts of chemically di spersed 0; 1 and free di spersant on regi ona 1 
populations 'of birds and marine mammals is considered MINOR, while the level 
of concern associated with potential effects of chemically dispersed oil on 
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planktonic and benthic communities and regional fish populations is expected 
to be MINOR to MODERATE dependi ng on the 1 ocati on and extensi veness of the 
areas treated with dispersants. The use of dispersants in waters less than 20 
m is not recommended since adverse impacts on both pelagic and benthic 
resources would be most probable in such water depths. 

Resource or 
Envi ronmenta 1 

Component 

Water Quality 

TABLE 5.3-1 

SUMMARY OF POTENTIAL CONCERNS RELATED TO USE OF 
CHEMICAL DISPERSANTS IN THE BEAUFORT SEA REGION 

Degree of 
Potential or Potential 

Probable Effects Regional Concern 

Higher concentrations of both see individual resources 
particulate (emulsified) and 
dissolved oil to greater depths 
in the water column than 
normally found when dispersants 
are not used 

Benthic Sediments Greater contamination of see individual resources 
sediments with oil, particularly 
in relatively shallow areas 

Marine Mammals Disruption of thermoregulation, MINOR 
external irritation of eyes and 
nostrils, and ingestion of 
emulsified oil, although the 
latter two effects are expected 
to be less severe than those 
which may be associated with 
non-treated surface slicks 

Birds Application of dispersants MINOR 
is generally expected to reduce 
exposure of birds to surface 
oil. Diving ducks contacting 
emulsified oil may experience 
increased basal metabolic rates 
and quickly become waterlogged, 
while contact with free 
dispersant may result in loss 
of buoyancy 



Resource or 
Environmental 

Component 

Fish 

Phytop 1 a nkton 

Zooplankton 

Benthic Communities 
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TABLE 5.3-1 (cont'd) 

Degree of 
Potential or Potential 

Probable Effects Regional Concern 

More pronounced acute toxic and MINOR to MODERATE 
sublethal effects than 
naturally dispersed oil or 
surface slicks since the 
exposure duration would be 
longer and deeper habitats 
woul d be affected. The degree 
of concern woul d increase with 
the si ze of the area affected 
by di spersed oi 1 and proximity 
to the shoreline 

As above MINOR to MODERATE 

As above MINOR to MODERATE 

As above. Degree of potential MINOR to MODERATE 
concern would also be higher 
when larval forms are present 
(early summer) 
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6.0 SUMMARY OF SIGNIFICANT CONCERNS RELATED TO HYDROCARBON 
DEVELOPMENT IN THE BEAUFORT SEA 

Previous sections of this report have discussed the possible effects 
and degree of regional concern associated with wastes and disturbances 
resulting from a range of normal activities common to offshore hydrocarbon 
exploration and production operations, as well as the possible impacts of oil 
spills and natural gas well blowouts. These effects and concerns have been 
discussed on an activity-by-activity basis, without consideration of the 
possibility that several sources of disturbance or wastes could act together 
to produce synergi stic and cumul ati ve impacts. As a resu1 t, the foll owi ng 
sections summarize the anticipated degree of regional concern related to 
hydrocarbon development in the Beaufort Sea on a resource-by-resource basi s, 
and identify to the extent possi b1 e where potenti a 1 cumu1 ati ve impacts may 
occur. It should be emphasized from the outset that there is virtually no 
infonnation describing the cumulative impacts which may be associated with 
hydrocarbon development in offshore waters, although extremely intensive 
offshore operati ons such as those whi ch occur in the North Sea and Gulf of 
Mexico have not resulted in any documented impacts on regional populations of 
mari ne resources. 

Figures 6-1 to 6-4 summarize the degree .. of regional concern 
associated with the individual resource-activity interactions discussed 
previously in this report. It should be evident from these matrices that the 
most serious area of concern with respect to most biological resources would 
be oil spills (Figure 6-4), while the majority of concerns associated with 
nonna1 activities of the petroleum industry in the Beaufort region are 
expected to be NEGLIGIBLE or MINOR. 

6.1 

6.1.1 

MARINE AND MARINE-ASSOCIATED MAMI~ALS 

White Whale 

The population of white whales that ranges to the Beaufort Sea region 
has been estimated to number about 7000 individua1~. This stock winters in 
the Bering Sea, and undertakes annual migrations through the Chukchi Sea and 
offshore Beaufort Sea to the Mackenzie River estuary. The white whales 
concentrate in the estuary for about 2-3 weeks each year, begi nni ng in 1 ate 
June or early July. Their distribution after they leave the Mackenzie Estuary 
is not well known, although some probably move far offshore, while others 
remain in the estuary or move east to areas off the Tuktoyaktuk Peninsula or 
Amundsen Gulf. The fall migration occurs during September and October, and is 
believed to be largely offshore (LGL and ESL 1982). 

Other than industrial underwater noise or shock waves produced by 
high explosives, the potential effects of all normal activities, wastes and 
disturbances associated with hydrocarbon exploration and production are 
considered of NEGLIGIBLE concern with respect to the regional population of 
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white whales which summers in the Beaufort Sea. The question of underwater 
noise is difficult to resolve on the basis of existing information. There is 
little doubt that sounds produced by vessel traffic and various stationary 
noise sources could affect white whales, since some individuals have been 
shown to react to hydrocarbon expl oration-rel ated acti viti es in the Beaufort 
Sea in the past (Section 2.6.5.4). Although the biological significance of 
maski ng or di sturbance effects on whi te whales remai ns unknown, cumul ati ve 
sources of underwater noi se in the Beaufort regi on are not 1 i kely to cause a 
decl i ne in abundance and/or change in di stri buti on of the popul ati on that 
wou1 d persi st for several generati ons. Consequently, the degree of regi ona 1 
concern regarding the effects of underwater sound on white whales is not 
expected to be greater than MINOR or MODERATE. The degree of regional concern 
associated with the effects of high explosives such as those which may be 
requi red for ice management programs is consi dered MINOR, whi 1 e concerns 
related to conventional seismic air guns and sleeve exploders are NEGLIGIBLE. 

Unlike most marine resources, the degree of concern associated with 
the effects of oil spills on white whales is only expected to be MINOR (Figure 
6-4). Mortality of whales has not been documented in the oil spill case 
history literature (Duval et al. 1981), and potential indirect impacts of 
spills (e.g. reduced food avalla6'i1ity) are unlikely to affect this species in 
a manner which would be considered regionally significant (Section 5.2.4). 

Development of petro-leum hydrocarbon resources in the Beaufort Sea 
could result in cumulative or synergistic impacts on white whales. As 
indicated in the summary matrices, a number of facilities and activities may 
cause disturbance of white whales due to their contribution to underwater 
noise levels. The major sources of underwater noise in the region would be 
vessel movements (including icebreaking), tanker traffic, artificial island 
construction activities (including dredging operations) and seismic programs. 
All of these activities and the level of noise produced would increase as 
development proceeds in the offshore Beaufort. For example, it is estimated 
that 69 temporary exploration islands and from 16 to 26 long-term production 
islands may be constructed in the Beaufort Sea by the year 2000 (Everitt et 
a1. 1982), while the number of marine vessels operated by or on behalf of the 
petroleum industry is expected to increase from the present level of 22 to 136 
by the year 2000, with 75 of these being able to' operate year-round (EIS 
Volume 4; Table 3.6-1). Consequently, noise levels may progressively increase 
with time, and this could lead to cumulative impacts if interactions with 
white whales become more frequent and are of longer duration. 

6.1.2 Bowhead Whale 

The western Arctic population of bowhead whales winters in the Bering 
Sea, and undertakes an annual migration to summer feeding areas in the 
southeastern Beaufort Sea and Amundsen Gulf duri ng May and June. Thi s stock 
has been estimated to number at least 2300 whales (LGL and ESL 1982). The 
distribution of the whales throughout the summer varies during and among 
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years, and may i ncl ude waters of Amundsen Gulf, as well as nearshore or 
offshore areas of the southeastern Beaufort Sea. The return fall migration 
occurs during September and October, and is believed to be largely coastal. 

As with white whales, the potential effects of most activities and 
common wastes and disturbances associated with normal hydrocarbon exploration 
and production activities are of NEGLIGIBLE concern with respect to the 
regional population of bowhead whales {Figures 6-1 to 6-3}. The only 
exceptions to this overall assessment are the MODERATE concern regarding the 
potential effects of underwater industrial noise, and the MINOR concern which 
may be associ ated with the effects of underwater shock waves produced by use 
of high explosives for ice management programs at offshore structures. 

Bowhead vocalizations (and presumably their hearing sensitivity) 
closely correspond to the low frequency noise produced by most industrial 
machinery (Section 2.5.6). As a result, underwater noise in the Beaufort Sea 
production zone may affect bowheads through disturbance or masking, although 
as indicated earlier, the biological significance of these effects remain 
unknown. 

The potential impacts of crude or refined fuel spills on bowheads are 
an area of MINOR regional concern, and could range from direct sublethal 
effects such as uptake of hydrocarbons to indirect effects associated with 
reduced food availability (Section 5.2.4). The most significant impacts of 
spills or blowouts would likely be displacement of feeding animals, 
pathological effects from ingestion of petroleum hydrocarbons and fouling of 
baleen feeding mechanisms. However, mortality of bowheads as a result of oil 
exposure is not considered a significant area of potential concern (Figure 
6-4) • 

Development of hydrocarbon resources in the Beaufort Sea could result 
in cumulative or synergistic effects on bowhead whales. As indicated in the 
previ ous secti on, the number of sources produci ng underwater noi se woul d 
increase both spatia 11y and temporally as the development proceeds. 
Nevertheless, the degree of regional concern regarding the effects of multiple 
noi se sources on thi s speci es is not expected to be more than MODERATE. 
Cumulative effects of multiple waste discharges and disturbances other than 
underwater noi se are expected to be a NEGLIGIBLE area of concern with re.spect 
to bowheads due to the mobility of whales and because the wastes would be 
rapidly diluted in the receiving environment. 

6.1.3 Ringed Seals 

Ringed seals are widely distributed and relatively abundant residents 
of the Beaufort Sea and adj acent waters. The estimated si ze of the regi onal 
population in areas to 160 krn offshore of the mainland coast and the west 
coast of Banks Island, and western Amundsen Gulf ranged from 23,000 to 62,000 
between 1974 and 1979. Puppi ng occurs ina reas of 1 andfast ice, primari ly in 
the large bays of Amundsen Gulf, and to a lesser extent, offshore of the 
mainland coast (LGL and ESL 1982). As indicated in Figures 6-1 to 6-3, the 
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effects of icebreaking, underwater noise, airborne noise, discharge of 
formation water and underwater shock waves produced by high explosives are the 
most significant areas of potential concern with respect to normal operations 
of the petroleum industry. 

There is a MODERATE degree of concern associated with the effects of 
icebreaking on regional populations of ringed seals because some pups may be 
lost if vessels pass through 1andfast ice breeding areas during the period 
from about late March to early June. STOL aircraft and helicopter activity 
may cause repeated di vi ng of haul ed-out ri nged seals duri ng the 2-3 week 
moulting period each June, although this response is only considered a MINOR 
area of potential concern. Underwater noi se produced by most industria 1 
activities in the region may dis.turb or mask vocalizations of this species. 
The potential effects of mUltiple underwater noise sources in the Beaufort Sea 
production zone could be a MODERATE concern with respect to the seal 
population, although this is considered a worst case assessment because of the 
absence of information on the bi 01 ogica1 significance of maski ng and 
disturbance and the possibility that seals would become habituated to 
increased underwater noise level s. Underwater shock waves produced by high 
explosives are a MINOR regional concern since they could cause localiZed 
mortality or disturbance of ringed seals. 

The potential effects of formation water discharge on ringed seals 
are also an area of MINOR regional concern because individuals attracted to 
offshore facilities COUld be exposed to dissolved trace metals and 
hydrocarbons or contaminated prey for extended periods, and this may result in 
a variety of sublethal effects described in Section 3.1.10.9. . 

The potential effects of crude oil and refined fuel spills on ringed 
seals are a MINOR to MODERATE concern in the offshore Beaufort Sea development 
zone (Figure 6-4). Highly viscous (weathered) crude could impair mobility, 
cause mortality or sublethal stress, or result in localized reductions in food 
availability for this species. Unweathered crude and diesel fuel could cause 
similar effects, as well as eye irritation or damage and various physiological 
disorders discussed in Section 5.2.4 and Duval et ale (1981). The use of 
chemical dispersants would reduce the potentia1rorcontact of seals with 
surface oil slicks, but increase potential effects resulting from exposure to 
dissolved hydrocarbons and emulsified oil within the water column. 

If seals are attracted to offshore exploration or production 
facil iti es, combi nati ons of wastes and the physical presence of structures 
could result in synergistic effects on some individuals. For example, 
attraction to sites of industrial activity could increase the potential for 
masking and disturbance by underwater noise, and increase the probability of 
exposure to various combinations of wastes released from these sites. 
Nevertheless, only those seals actually attracted to the sites could be 
affected in this manner, and these individuals would probably represent a very 
small proportion of the regional population of ringed seals. 
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6.1.4 Bea rded Sea 1 s 

Bearded seals are widely distributed throughout the Beaufort region, 
but are not as abundant as ringed seals (LGL and ESL 1982). During 1974 to 
1979, the estimated size of the bearded seal population in the Canadian 
Beaufort Sea and western Amundsen Gulf ranged from a low of 1300 (1977) to a 
high of 3100.(1978}. Pupping occurs primarily on moving pack ice during late 
April or early May, and pups are precocious at birth. 

As in the case of ringed seals and in the absence of evidence to the 
contrary, the potential effects of underwater noise on regional populations of 
bearded seals are considered a MODERATE concern, although this species could 
a 1 so become habi tuated to increased underwater noi se 1 eve1 s. The effects of 
underwater shock waves, formation water discharge and airborne noise are all 
expected to be MINOR areas of concern (Figures 6-1 to 6-3). In addition, 
because this species is a benthic feeder, potential effects of dredging and 
solid waste disposal may be of MINOR but localized concern as a result of 
indirect effects associated with habitat loss and reduced food availability. 
Unlike ringed seals, icebreaking is only a MINOR concern with bearded seals 
because the number of pups lost if icebreakers moved through breeding areas 
would be small and probably insignificant in relation to the size of the 
regional population (Section 2.3.2). Potential effects of all other wastes 
and di sturbances associated with normal operati ons of the petrol eum industry 
are expected to be of NEGLIGIBLE regional concern with this species. 

Crude oil or refined fuel spill s are of MINOR to MODERATE concern 
with respect to the bearded seal population of the Beaufort region, and could 
result in effects similar to those previously described for ringed seals 
(Section 6.1.3). Reduced food availability for bearded seals may be a more 
significant area of concern than with ringed seals, particularly in the event 
of a well blowout which results in contamination of extensive areas of benthic 
habitat. Bearded seals feeding in such areas may be indirectly affected by 
reduced food availability, and directly affected through ingestion of sunken 
oil or contaminated prey (Section 5.2.4). In addition, exposure to surface 
oil slicks could result in mortality and a range of sublethal behavioural and 
physiological effects (Figure 6-4). 

Cumul ati ve effects of vari ous acti viti es, wastes and di sturbances 
associated with offshore hydrocarbon development could occur if bearded seals 
are attracted to industrial sites characterized by vessel and air traffic, 
multiple waste discharges, dredging and icebreaking. The potential for 
cumulati ve effects wou1 d be greatest in waters surroundi ng offshore 
structures, particularly since the number of exploration and production 
facilities would progressively increase throughout the development. 
Nevertheless, the total number of seals affected by industrial activities 
waul d probably be i nsi gnificant in terms of the si ze and di stri buti on of the 
regional population. 
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6.1.5 Polar Bear 

The polar bear population in the Canadian Beaufort Sea and Amundsen 
Gul f was estimated at 1700-1800 in the peri od from 1972 to. 1974 (LGL and ESL 
1982). During winter and spring, polar bears mainly occur in transition zone 
areas off the west coast of Banks Island and in Amundsen Gulf, and to a lesser 
extent in areas off the Mackenzie Del ta and Tuktoyaktuk Peni nsula. Pregnant 
females den from November to April in coastal areas, although primarily along 
the west coast of Banks Island and therefore outside of the proposed Beaufort 
development zone. During the open water period, most polar bears move north 
with the retreating pack-ice, and this would also minimize the degree of 
concern regardi ng impacts of future hydrocarbon exp 1 orati on and producti on 
activities or facilities. 

As indicated in Figures 6-1 to 6-3, the potential effects of some 
normal activities, wastes and di sturbances of the petroleum industry are 
expected to be a MINOR concern with respect to the regional population of 
polar bears. Human presence, solid waste disposal, stationary sources of 
ai rborne noi se, artifici al ill umi nati on, gas fl ares and the physical presence 
of offshore structures may i ndi vidua 11y or collecti vely al ert and attract 
bears to sites of industrial activity. Although most bears attracted to 
industrial facilities wau1d be sedated and transported away from these sites, 
some nuisance animals may have to be destrayed. This loss is not expected to 
be more than a MINOR area of regional concern. Activities, wastes and 
disturbances assaciated with development that would not alert or attract palar 
bears are considered of NEGLIGIBLE regional concern. Polar bears may be 
indirectly affected by formation water discharge at offshare production 
platforms and accumulate same trace metal s or hydrocarbons if they prey on 
seals whi~h have been attracted to sites of formation water discharge. 
However, this indirect effect is expected to. be an area of NEGLIGIBLE to MINOR 
regional concern. 

The potential effects of crude oil or refined fuel spills on polar 
bears are of MODERATE regional concern due to the documented susceptibility of 
this species to hydrocarbon induced mortality, thermoregulatory stress, and 
systemic disorders. The effects of oil spills on polar bears may be less 
severe if chemical di spersants are used to di ssfpate the sl ick, and are 
successful in reducing the potential for contact with surface oil masses 
(Figure 6-4). 

Changes in the distribution and abundance of ringed seals in the 
Beaufort Sea region due to natural phenomena have been suggested to be the 
cause of changes in the distribution and abundance of pa1ar bears. However, 
since normai industrial activities iii the region are not likely to cause 
extensive seal mortality or marked fluctuations in seal abundance, indirect 
impacts on bears through reduced prey availability are not expected. On the 
other hand, these indirect effects could occur if a large spill or blowout 
resulted in marked changes in ringed seal distribution and/or abundance, and 
would be considered an area of MODERATE concern with respect to the regional 
papulation of bears. 
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6.1.6 Arctic Fox 

Arctic foxes from coastal populations in the Beaufort Sea region 
forage on the landfast ice during winter and spring. Their primary prey items 
include seal carrion and ringed seal pups, and during the open water period, 
Arctic foxes go ashore to den (LGL and ESL 1982). 

Foxes may be affected by offshore hydrocarbon development acti viti es 
when they occur on the 1andfast ice. Like polar bears, various normal 
activities and disturbances may alert and attract foxes to sites of industrial 
activity. Attraction may occur as the result of the combination of human 
presence, presence of artificial structures, airborne noise, gas flares, 
artificial illumination and solid waste disposal. However, the degree of 
regional concern associated with the combi nati on of these attracti ve sources 
is expected to be MINOR. Mortal ity of foxes is unl i ke1y inmost instances, 
although animals thought to be rabid would probably be destroyed. Most normal 
activities, wastes and disturbances that would not result in attraction of 
foxes are of NEGLIGIBLE regional concern. A possible exception would be the 
potential for uptake of hydrocarbons and trace metals which may be present in 
prey (e.g. seal s), although this is only considered of MINOR regional concern. 

The potential effects of crude oil and refined fuel spills on foxes 
are of MINOR. regional concern (Figure 6-4). Effects of oil on this species 
would be indirect, and, are only possible if individuals ingested contaminated 
prey or if their fur became oiled during contact with prey. Foxes affected in 
this manner would probably suffer systemic disorders and thermoregulatory 
stress similar to polar bears, although the number of individuals affected 
would likely be insignificant in terms of the size of the regional 
population. Although speculative, changes in either the distribution or 
abundance of the ringed seal population as a result of a major oil spill or 
blowout may indirectly lead to decreased productivity of Arctic foxes. 
Neverthe1 ess, these effects are only consi dered of MINOR regional concern 
because fox popu1 ati ons fl uctuate dramatically under natural conditi ons, and 
indirect effects of spills or blowouts are not likely to cause abundance 
changes of this magnitude. 
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The three spec i es of loon whi c hare common summer resi dents of the 
Beaufort Sea region are the Arctic loon, red-throated loon and yellow-billed 
loon. The first two species commonly breed throughout the region, while 
yellow-billed loons are common migrants but rarely breed in the Beaufort 
region. Loons could be affected by offshore exploration and production 
activities primarily during spring and fall migration, which both occur over 
marine areas (LGL and ESL 1982). 

As indicated in Figures 6-1 through 6-3, icebreaking, treated sewage 
di scharge, sol i d waste di sposal, di scharge of cement sl urry and heated water, 
and underwater shock waves are all of NEGLIGIBLE regional concern with respect 
to loons. On the other hand, the presence of artificial structures, dredging 
acti viti es, airborne noi se and gas fl ares may be of MINOR regi ana 1 concern 
because of the potential for these activities to directly disturb loons or 
result in collisions with offshore facilities. 

The potenti a 1 effects of formati on water di scha rge on loons are 
considered an area of MODERATE regional concern because (1) of the documented 
susceptibility of this species to petroleum hydrocarpon,s, (2) their highly 
aquatic nature and migration routes over offshore waters where formation water 
would be discharged, and (3) the relatively large quantities of produced water 
containing emulsified oil that could be released during the development. 
Human presence is also a MODERATE concern due to the potential for 
encroachment onto coastal and lnland nesting areas by industry personnel, and 
the probable vulnerability of loons to these disturbances. 

Crude oil or refined fuel spills in the Beaufort Sea are an area of 
MAJOR concern with respect to the regional populations of loons. As indicated 
earlier, loons are particularly susceptible to oil because they are highly 
aquatic, and at the same time, have a low reproductive potential (LGL and ESL 
1982). The use of chemical dispersants in offshore waters is expected to 
reduce this degree of concern to MODERATE if large surface slicks are 
dispersed and either surface sl icks or ernul sified oil do not reach coastal 
areas. 

Multiple sources of disturbance and wastes at offshore facilities of 
the petroleum industry may result in cumulative impacts on loons. For 
example, loons attracted to heat or light sources at production platforms may 
then be affected by formation water or ai rborne noi see Neverthel ess, the 
cumulative effects of multiple wastes and disturbances associated with normal 
operations of the petroleum industry are still not expected to be more than a 
MINOR to MODERATE concern with respect to the regional populations of loons. 
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6.2.2 Ducks 

King and common eiders, and oldsquaws are the only species of ducks 
that migrate offshore and commonly occur in the proposed offshore production 
zone of the Beaufort Sea. Other ducks i nc1 udi ng scaup, scoters, mergansers, 
pintai1s and American wigeon migrate overland, while all species nest and 
moult in coastal and backshore environments throughout and to the east of the 
Beaufort region (LGL and ESL 1982). Consequently, most offshore activities 
would only potentially affect eiders and oldsquaws during spring and fall 
migration, but coastal activities could affect several species from about late 
June to September. 

Icebreaking, shock waves, and the discharge of treated sewage, solid 
wastes, cement slurry and heated water are all of NEGLIGIBLE regional concern 
with respect to duck populations in the Beaufort Sea region. The presence of 
offshore artificial structures and gas flares on production islands may have 
MINOR effects on eiders and oldsquaws in offshore areas through potential 
attraction and/or collisions. Dredging activities in both coastal and 
offshore areas may result in localized disturbance or reduced food 
availability for some species, but these effects are only of MINOR regional 
concern. 

Wastes or disturbances associated with normal operations of the 
petroleum industry which may be of more significant regional concern include 
human presence, noi se produced by ai rcraft, and the re1 ease of formation 
water. Like loons, ducks are susceptible to human encroachment onto nesting 
and brood-rearing areas, and the degree of regional concern is considered 
MODERATE. Some species of ducks may a1 so be subject to increased hunti ng 
pressure. Ai rborne noi se produced by ai rcraft is an area of MODERATE concern 
with respect to ducks, due to the potential for disturbance of staging 
migrants during spring (eiders and oldsquaws), nesting birds during summer, 

··1 and moulting and brood-rearing birds in the summer and early fall. 

The discharge of formation water is of MODERATE concern with respect 
to regional populations of oldsquaws and eiders. During spring and fall 
migration, these species occur in offshore waters where formation water would 
be released, and like loons, ducks are highly aquatic and therefore 
susceptible to mortality or various sublethal effects following direct contact 
with oil. Other effects of produced water on ducks may include localized 
reductions in food availability and uptake of trace metals, which are 
considered of NEGLIGIBLE and MINOR regional concern, respectively. 

Crude oil or refined fuel spills are a MAJOR regional concern with 
all species of ducks which frequent marine areas in the region during part of 
their annual cycle (Figure 6-4). Ducks are highly vulnerable to hydrocarbon 
induced mortality, as well as a range of sublethal and indirect effects 
associated with oil exposure. Chemically dispersed oil is of lesser concern 
(MODERATE) with respect to eiders and oldsquaws and of NEGLIGIBLE to MINOR 
concern for other speci es of ducks, assumi ng that the oil is di spersed 
offshore, does not remai n in the upper water col umn or coal esce to reform 
surface slicks, and does not reach the coast. 
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There is a potential for various combinations of wastes and 
disturbances associated with nonnal activities of the petroleum industry to 
have synergi sti c effects on ducks, particul arly eiders and 01 dsquaws which 
occur in 1 arge numbers duri ng mi grati on throughout the offshore development 
zone. An example of a potential synergistic effect was discussed in relation 
to the attraction of loons to offshore facilities (Section 6.2.1), and could 
also occur with ducks. Although speculative at present, cumulative effects of 
hydrocarbon development on offshore mi grants coul d occur as a resul t of 
formation water discharge, airborne noise and gas flares, while coastal 
species may be affected in a similar manner by the combination of other 
sources of di sturbance such as ai rborne no; se at a; rports, human encroachment 
onto nesting areas and dredging of harbours. 

6.2.3 Geese and Swans 

Whi stl i ng swans and four speci es of geese (brant, Canada geese, 
whi te-fronted geese, snow geese) are common summer resi dents in the Beaufort 
Sea region. With the exception of brant, these species migrate overland to 
reach their nesting areas, and nesting birds are not typically associated with 
the marine environment during the breeding period (LGL and ESL 1982). The 
migrations of brant are largely coastal, and they nest colonially or as 
dispersed pairs, often just above the high tide line. Moulting and 
brood-rearing brant are known to feed on vegetation in the littoral zone prior 
to fall migration (LGL and ESL 1982). -

Since geese and swans are largely terrestrial, there are few 
acti vities, wastes or di sturbances associated with normal petrol eum industry 
operations that could affect these species (Figures 6-1 to 6-3). Potential 
areas of regional concern primarily include airborne noise produced by 
aircraft and human presence. Depending on flight frequencies, routes, 
altitudes and types of aircraft, there is a MINOR to MODERATE concern 
regarding the effects of aircraft on white-fronted geese, brant, Canada geese 
and swans, and MODERATE to MAJOR concern with respect to the effects of 
airborne noise on snow geese. The degree of potential concern associated with 
stati ona ry sources of airborne noi se is expected to be MINOR for snow geese, 
and NEGLIGIBLE for the other species listed above. Aircraft may affect geese 
or swans through di sturbance at nesti ng 1 ocati on's or at stagi ng areas, 
potentially resulting in reduced productivity or fitness for migration, or 
habitat loss through exclusion. There is also a MODERATE degree of regional 
concern that human encroachment onto nesti ng or stag; ng areas may di sturb, 
affect the productivity, or cause habitat loss for geese and swans in the 
Beaufort region. In addition, cumulatJve effects on these species may occur 
as a result of the combined influence of aircraft activity and human presence • 

. The degree of concern regarding the effects of ~rude oil or refined 
fuel spills on some geese and swans is considered MAJOR, since the habitats of 
these species (and therefore nesting birds) could be contaminated for several 
generations. The species likely to be the most seriously affected by spills 
are brant because they frequently occur near the rna ri ne envi ronment, and snow 
geese because they nest at only two coastal colonies in the region. Assuming 
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that the application of chemical dispersants prevents oil from reaching 
coastal areas, there should be no interaction between geese or swans and 
chemically di spersed oil, and the overall degree of concern regardi ng the 
effects of spills or blowouts which occur and are dispersed in offshore waters 
should be substantially reduced. 

6.2.4 Shorebi rds 

At least 27 species of shorebirds are known to nest in coastal areas 
adjacent to the Beaufort Sea (LGL and ESL 1982). All species but red and 
northern phalaropes migrate overland, while the latter two species migrate 
over the offshore Beaufort and forage in mari ne areas duri ng summer. Duri ng 
July, August and September, adults and j uveni 1 es of many shorebi rd speci es 
stage along coastal barrier beaches throughout the region. 

With the exception of phalaropes, most normal activities, wastes and 
di sturbances associ ated with normal petroleum industry operati ons woul d not 
affect shorebirds (Figures 6-1 to 6-3) or are of NEGLIGIBLE regional concern. 
Aircraft acti vity is the only MINOR concern, whil e encroachment onto nesti ng 
areas by industry or non-i ndustry personnel woul d be of MODERATE concern. 
Cumulative effects that result from the combination of these sources of 
disturbance are considered possible in some areas, although the degree of 
concern associated with cumulative impacts of multiple disturbances is not 
expected to be more than MODERATE. 

The regi ona 1 concern regardi ng the potenti a 1 effects of offshore 
activities, disturbances and wastes such as presence of exploration or 
production rslands, gas flares, icebreaking, dredging, and the discharge of 
treated sewage and heated water on phalaropes is NEGLIGIBLE. However, the 
discharge of formation water is of MINOR concern with respect to the regional 
population of this species, due to the potential for mortality of individuals 
contacting any emulsified oil which coalesces and forms surface slicks. 

Spills of crude oil or refined fuel are also considered a MAJOR 
concern with shorebirds, particularly if surface oil slicks were to innundate 
coastal nesting or staging areas. Phalaropes may contact oil during these 
periods, as well as during spring migration when they are present in offshore 
areas. Chemically dispersed oil in the upper portion of the water column may 
also affect phalaropes in offshore areas, and is.considered an area of MINOR 
regional concern. 

6.2.5 Jaegers, Gulls and Terns 

Jaegers, gulls and terns are highly aerial birds that occur in the 
Beaufort Sea regi on duri ng spri ng, summer and fall. Jaegers nest in tundra 
habitats, although mi grants and non-nesti ng bi rds forage in mari ne areas. 
Glaucous gull s and Arctic terns nest at several colonies located along the 
Beaufort Sea coast, and occur offshore duri ng mi grati on as well as throughout 
the open water season (LGL and ESL 1982). 
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Gull s, terns and jaegers are less susceptible to activities of the 
petroleum industry because they are highly aerial and opportunistic feeders. 
As indicated in Figures 6-1 to 6-3, the effects of icebreaking, dredging and 
discharge of sewage and heated water are of NEGLIGIBLE concern with respect to 
the regional populations of these species. However, potential effects of the 
presence of artificial structures, airborne noise, solid waste disposal, human 
presence and gas f1 ari ng are consi de red probabl e. The combi ned effects of 
these acti viti es and di sturbances are of MINOR regional concern because they 
may all contribute to the potential attraction of birds to sites of human and 
industrial activity. Attraction to such sites may lead to synergistic effects 
such as exposure to contaminants present in formation water, which are 
themselves considered an area of MINOR regional concern. . 

Disturbance of nesting gulls and terns through human encroachment is 
of MODERATE concern because it could lead to reduced productivity and reduced 
fledgling success at a colony. Cumulative effects of petroleum industry 
operations on gulls and terns are also considered possible as the result of 
several activities that may cause their attraction to industrial sites in 
conjunction with potential di sturbance by aircraft or human activity near 
nesting colonies. 

There is a MODERATE degree of concern regarding the potential effects 
of crude oil or refined fuel spills on these species. Mortality or sublethal 
effects of oil contact coul d occur wi th both non-breedi ng bi rds foragi ng 
offshore and adults nesting along the coast. Nevertheless, these species are 
not consi dered as vu1 nerab1 e to oil as the more hi gh1y aquatic bi rds such as 
ducks or loons. The effects of chemically dispersed oil on jaegers, gulls and 
terns are of MINOR concern, if oil does not reach coastal nesting areas or 
reform surface slicks in either coastal or offshore areas. 

6.2.6 A1cids 

There are only two a1cid nesting colonies in the Canadian Beaufort 
Sea region. A small colony of black gui11emots nest at Herschel Island, while 
a colony of approximately 800 thick-billed murres nest at Cape Parry (LGL and 
ESL 1982). Although little is known regarding the timing or migration of 
bi rds from ei ther colony, it may occur over' the offshore Beaufort. 
Consequently, murres and guillemots from this region are only likely to be 
affected by hydrocarbon development acti viti es in the vi ci ni ty of the nesti ng 
colonies and during migrations. 

Like loons and ducks, the presence of artificial structures and gas 
flares may be a MINOR area of concern with alcids during migration. Some 
individuals of these species may be attracted to and/Qr collide with offshore 
structures because they fly at low altitudes and are relatively unmaneuverable 
in flight. 

Other offshore activities such as dredging and disburbance by 
airborne noise are of MINOR regional concern with respect to alcids, while 
icebreaki ng, sewage di scharge, heated water re1 ease and sol i d waste di sposa 1 
are considered of NEGLIGIBLE regional concern (Figures 6-1 to 6-3). On the 
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other hand, the discharge of formation water is a MODERATE area of concern due 
to the exceptional vulnerability of alcids to the oil which may be present in 
emulsified form in this waste and subsequently coalesces to form surface 
slicks near production platforms. This oil would be most likely to affect 
offshore migrants and could result in mortality of individuals contacting 
discontinuous surface slicks during these periods. Cumulative effects of 
offshore activities on alcids may also occur during migration as a result of 
multiple sources of di sturbance and various wastes di scharged to the region, 
although collectively, potential concerns are not expected to be greater than 
MODERATE since most effects would be localized and unlikely to involve more 
than a small proportion of the regional populations of alcids. Aircraft 
overflights and potential encroachment onto colonies by industry personnel are 
considered another area of MODERATE concern with murres and guillemots during 
the nesting period. 

Due to the vulnerability of alcids to oil, the effects of spills or 
blowouts is a MAJOR concern with respect to the regional populations of murres 
and guillemots during migration and nesting (Figure 6-4). Oil dispersed by 
chemical agents in offshore areas is of lesser concern (MODERATE) if 
ernul sifi ed oi 1 does not remai n in the upper portion of the water col umn, 
reform surface slicks or reach the two coastal nesting colonies in the region. 

6.2.7 Other Marine-Associated Birds 

Other marine or marine-associated birds found in the Beaufort region 
include fulmars, shearwaters, cormorants, grebes, ospreys and sandhill cranes 
(LGL and ESL 1982). These populations are discussed together because they are 
not abundant in the region. The first three groups would be affected 
primarily by offshore acti vi ti es and facil Hies, whn e the 1 atter species 
could be affected by coastal and shorebased activities. 

As described in previous sections, the physical presence of offshore 
artifici a 1 structures, artificial i 11 umi nati on and gas fl ares a,t production 
islands may lead to the attraction of some birds. Although there is a 
potential for mortality of a few individuals through collisions, the degree of 
regional concern regarding these losses is expected to be NEGLIGIBLE or MINOR, 
depending on species. Icebreaking, discharge of sewage and solid wastes are 
of NEGLIGIBLE concern for all species, while dredging may result in MINOR 
effects through disturbance or reduced food availability for highly aquatic 
species such as fulmars, shearwaters, cormorants and grebes. As in the case 
of virtually all of the marine-associated birds discussed in previous 
sections, the oil content of formation water is an area of MODERATE regional 
concern for these species. Noise-related disturbances from aircraft 
operati ons is expected to be a MINOR concern for both offshore and coastal 
species in thi s category, whil e encroachment onto nesti ng areas by industry 
and non-i ndustry personnel is consi dered a NEGLIGIBLE to MODERATE concern, 
depending on species. 
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The potential effects of crude oil or refined fuel spills are a MAJOR 
concern for all species of birds in this category (Figure 6-4). Mortality due 
to contact with chemically dispersed oil in the upper portion of the water 
column is a MODERATE concern with respect to those birds which occur in 
offshore areas during some part of their annual cycle. 

As indicated in earlier sections, some combinations of facilities, 
wastes and disturbances associated with normal operations of the petroleum 
industry may result in cumulative impacts on species of birds included in this 
group. However, the degree of concern is only considered NEGLIGIBLE to MINOR 
because few individuals in the relatively small regional populations of these 
species would be affected by the widely separated activities in offshore and 
coastal areas. 
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Arctic cod and Pacific herring are the most common pelagic marine 
fish found in the Beaufort Sea (LGL and ESL 1982), although there are only 
limited data describing the distribution, abundance and life history of all 
species of fish in offshore waters of the region. During summer, Arctic cod 
a re probably wi de1y di stri buted throughout offshore areas, and also have been 
observed feeding in large numbers in some nearshore waters (EIS Volume 3A; 
Section 3.4), where they feed primarily on mysids, amphipods and copepods. 
This species spawns during the winter (probably November to March), and 
available infonnation suggests that spawning areas may occur in both shallow 
coastal areas and offshore waters (Tarbox and Moulton 1980; Craig and 
Ha1dorson 1981). The majority of individuals probably remain in offshore 
areas throughout most of the winter. Arctic cod have apparently been 
attracted to physical structures such as ships and docks in the Beaufort Sea 
(Tarbox and Spight 1979). 

In the southeastern Beaufort Sea, Pacific herri ng are most abundant 
along the Tuktoyaktuk Peninsula and in Liverpool Bay (LGL and ESL 1982). They 
are also particu1 ar1y abundant withi n Tuktoyaktuk Harbour (Byers and Kashi no 
1980). Fenco anq Slaney (1978) suggest that Pacific herring may spawn in 
areas with macrophyte growth (e.g. Liverpool Bay, Eskimo Lakes) during June 
and July. 

The probable interactions between these and other pelagic marine fish 
species and petrol eum industry faci 1 ities or acti viti es were summari zed in 
Figures 6-1 to 6-3, whi'le the degree of concern associated with the effects of 
environmental emergencies on marine resources is indicated in Figure 6-4. The 
degree of concern regarding the impacts of most activities or wastes 
associated with hydrocarbon exploration/production on pelagic marine fish is 
expected to be NEGLIGIBLE. However, dredgi ng operati ons, underwater 
industrial noise, drilling fluid discharge and underwater shock waves (from 
ice management programs using explosives) are considered MINOR areas of 
potential concern with ,respect to regional popu1atiops of these species. The 
most significant (MODERATE) sources of concern are the trace metal content of 
formation water discharged to offshore areas (Section 3.1.10), the presence of 
exotic organisms in ballast water (Section 4.3.2),' and refined or crude oil 
spills (Section 5.2.6), particularly if chemical dispersants are used. 

The limited information which is available for the Beaufort Sea 
indicates that formation waters examined to date contain elevated 
concentrations of some di ssol ved trace metal s, although not at 1 eve1 s which 
are generally considered a hazard in the marine environment. However, the 
reason for the MODERATE degree of concern related to trace metals in formation 
water is that (I) some species of fish such as Arctic cod may be attracted to 
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and remain in the general vicinity of offshore production islands, (2) 
relatively large volumes of formation (produced) water may be released to the 
Beaufort Sea during peak production, and (3) several trace metals have been 
shown to be accumulated in the tissues of fish. Further investigations of the 
concentrations of trace metals in Beaufort Sea formation waters and probable 
rates of produced water discharge from offshore facilities may be required to 
assess the short- and long-term significance and overall concern related to 
the effects of trace metals on offshore fish populationse 

The potential role of ballast water discharge in the introduction of 
exotic species to some parts of the world was discussed in Section 4.3, and on 
the basis of available information, cannot be dismissed as a relatively 
significant area of possible concern in the Beaufort Sea. At peak production, 
up to 200,000 m3 of ballast water loaded in icebreaking tankers from 
temperate and subarctic regions could be discharged daily at only two 
locations in the Beaufort Sea. Although adult fish (>2 cm) would not be 
transported in ballast water due to screens on intake 1 i nes, some larval 
stages of marine fish could be entrained during ballasting and may survive the 
average 12 day voyage to the Beaufort. These organi sms coul d then pose a ri sk 
to the integrity of indigenous fish populations if they are able to survive 
and successfully reproduce. In additi on, the i ntroducti on of certai n di sease 
organisms or parasites could result in serious impacts on local fish 
populations. The potential degree of concern related to the transport of 
exotic organi sms to the Beaufort Sea in ball ast water coul d be reduced by 
(1) undertaki ng regular microbial analyses of water in areas where ballast 
water is loaded, (2) avoidance of areas (for ballast intake) where domestic or 
industrial wastes are released, (3) installation and regular maintenance of 
fine mesh screens on ballast intake lines, and (4) investigation of potential 
methods of reducing the survival of entrained organisms such as treatment with 
short-lived biocides or hypochlorite at ballasting locations. 

Although fish mortality has been only occasionally observed following 
oi 1 spi 11 s, the degree of concern regardi ng impacts of spi 11 s or blowouts on 
regional populations of pelagic marine fish is still considered MODERATE since 
a major event could cause a change in the abundance or distribution of some 
regional populations which persists more than one generation. A spill or 
blowout which contaminated coastal habitats along the Tuktoyaktuk Peninsula 
could affect the relatively abundant Pacific herring populations in these 
waters, particularly during June to August when the sensitive larval stages 
woul d 1 i kely be present in the water col umn. The effects of a spi 11 or 
blowout on Arctic cod woul d 1 i kely be 1 ess severe than effects on herri ng 
since both adult and juvenile cod should be more widely distributed throughout 
the region. In general, blowouts could cause more serious impacts on pelagic 
marine fish than single spills because they would continuously introduce toxic 
water-soluble hydrocarbons to the water column. whereas these compounds would 
be rapidly dispersed and weathered following a spill. At the same time, a 
blowout under winter ice cover within the landfast ice zone could have more 
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serious impacts on fish because the normally volatile (and toxic) constituents 
in crude oil would have less opportunity to dissipate through evaporation at 
the water surface. Diesel or gasoline spills would also be expected to have 
greater impacts on pelagic fish (compared to an equivalent volume of crude 
oil) since these refined petroleum products have a larger proportion of low 
molecular weight and aromatic hydrocarbons which are considered most acutely 
toxic to fish (Section 5.2.6). 

There is some potential for synergistic effects of combinations of 
wastes and the physical presence of offshore structures in the Beaufort Sea, 
particul arly with speci es of fi sh that may be attracted to these faci 1 i ti es 
(e.g. Arctic cod). As indicated in previous sections of this report, several 
types of wastes may be continuously or intermittently released to the marine 
environment surrounding offshore exploration or production islands and 
drillships. These wastes could include some combination of treated sewage, 
heated water, produced water, BOP control fluid, completion and maintenance 
fluids, formation cuttings, drilling fluids and oily wastes. Although any 
potential synergistic or antagonistic effects related to multiple waste 
sources are largely speculative, several cumulative but localized impacts are 
considered possi bl e. For exampl e, trace metal uptake from formati on water, 
and to a lesser extent drilling fluids, may be increased in areas where 
thermal effluents are discharged, while the effects of low concentrations «50 
ppm) of ernul sifi ed oil from both oi ly wastes and formation water may be 
increased in the presence of either higher background concentrations of 
dissolved trace metals or ambient water temperatures. Similarly, the chance 
of survi"val of organisms released during ballast water discharge at combined 
production and tanker loading facilities may be increased when heated water is 
di scharged for the purposes of ice management or when produced water rel ease 
creates localized areas with above average water temperatures. Nevertheless, 
synergistic effects of multiple wastes are not expected to result in 
regionally significant impacts on populations of pelagic marine fish because 
of the rapid dilution of all industrial wastes expected in offshore waters of 
the Beaufort Sea. In addition, there is no evidence to suggest th~t multiple 
wastes di scharged from producti on faci 1 iti es el sewhere in the worl d have 
caused observable effects on fish populations. 

6.3.2 Demersal Marine Species 

As indicated' in the previ ous section, there is only 1 imited 
i nformati on on the di stri buti on, abundance and 1 ife hi story of fi sh 
populations in offshore waters of the Beaufort Sea. This information was 
recently summarized by LGL and ESL (1982). The most common species of 
demersal marine fish in the region are fourhorn sculpin, snailfish, Arctic 
flounder, starry flounder and saffron cod. The fourhorn sculpin is usually 
associated with shallow brackish environments and is not believed to be 
abundant at depths greater than 15-20 m (Griffiths et ale 1975) where most 
offshore facilities of the petroleum industry would be located. _ The species 
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spawns on the bottom during mid-winter in nearshore habitats, and feeds 
primarily on amphipods, isopods and mysids (Bendock 1977). In a similar 
manner, snai1fish are normally associated with kelp or rocky substrates 
(Tarbox and Moulton 1980), and are therefore unlikely to be particularly 
abundant near offshore facilities in the Beaufort Sea. 

The most probable demersal marine fish species expected in offshore 
environments are the flounders, and the life history and distribution of these 
fish are poorly documented in this region (LGL and ESL 1982). According to 
Bendock (1977), Arctic flounders tend to be most common in the outer rna rgi ns 
of river deltas than in other coastal areas within the Beaufort Sea, and all 
flounders are believed to spawn and overwinter under ice in coastal areas. 

In general, the potential interactions and degree of concern 
associated with the effects of hydrocarbon development on demersal fish 
species in the Beaufort Sea are similar to those discussed with pelagic marine 
species (Section 6.3.1). Consequently, the most significant concerns would be 
the potential effects of formation water, i ntroducti on of exotic organi sms 
including pathogens and parasites (ballast water), and oil spills or 
blowouts. However, the lack of data descri bi ng fi sh popul ati ons in offshore 
regions where industry facilities would be located hampers, to a certain 
extent, assessment of the numbers of fi sh which may be affected by the 
facilities, sources of disturbance and wastes shown in Figures 6-1 to 6-3. 
Demersal species of fish could also be attracted to offshore structures and 
since they have a closer association with the substrate than pelagic species, 
may be more susceptible to the effects of drilling wastes other than formation 
water. These speci es coul d also be more seri ous1y affected by wastes such as 
formation cuttings that result in habitat loss, although potential effects of 
di scharges from offshore exp1 orati on and production faci 1 iti es wou1 d sti 11 be 
relatively localized. 

Demersal species may also be more susceptible than pelagic fish to 
the effects of oil spills and blowouts since the clay-silt substrates which 
predominate in the Beaufort Sea would tend to retain sedimented and/or sunken 
oil. Habitats which support demersal species and do not receive large 
quantities of sediment transported by the Mackenzie River would likely be most 
seri ous1y affected by spi 11 s or blowouts because oil wou1 d not be as rapi d1y 
buried. Thi sis the primary reason for the MODERATE degree of concern shown 
in Figure 6-4 in relation to habitat and. food source loss as well as 
hydrocarbon accumulation. As in the case of pelagic marine fish, blowouts 
would generally pose a greater risk to regional demersal fish populations than 
single spills. The effects of blowouts or spills on demersal species would 
also likely increase with a decrease in water depth since larger quantities of 
oil would tend to reach the sea floor. This latter trend has been clearly 
demonstrated in the oil spill case history literature (Duval et~. 1981). 
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6.3.3 Anadromous Species 

Duri ng the summer months, coastal habi tats of the Beaufort Sea are 
utilized as feeding gr'ounds and migr'ation corridot"'s by anadromous fish. The 
most abundant species found in this region are Arctic cisco, least cisco, 
broad and humpback whitefish, boreal smelt and Arctic char, although studies 
conducted to date in the Beaufort indicate that these species are generally 
restricted to a narrow nearshore corridor where water depths are less than 5 m 
(LGL and ESL 1982). As a result, most activities of the petroleum industry in 
offshore waters are unlikely to affect a significant proportion of the 
regional populations. The distances which anadromous fish travel along the 
coast and the timing of their occurrence in coastal habitats vary with species 
and life history stage. For example, most mature anadromous fish do not spawn 
each year, and in some species, the spawning segment of the population may 
either r'emain in freshwater habitats during the summer, or undertake short 
coastal migrations in the early summar, returning to spawning rivers early in 
the open water season (McCart 1980; Craig and Haldorson 1981). Consequently, 
immature fi sh and mature non-spawners tend to be more prevalent in coastal 
waters, and migrate greater distances and remain for longer periods away from 
their native rivers compared to the season1s spawning fish (LGL and ESL 1982). 

Anadromous fish almost exclusively utilize coastal habitats for 
feedi ng duri ng the open water season, rather than for spawni ng or 
overwintering. There is also a large degree of overlap in the diet of most 
anadromous species, with epibenthic crustaceans (particularly mysids and 
amphipods) being the dominant food source (LGL and ESL 1982). 

Due to the distribution of anadromous fish species in the Beaufort 
region, most interactions with petroleum industry activities and facilities 
woul d occur in nearshore coastal envi ronments rather than offshore waters 
where most exploration programs and production facilities would be located. 
Neverthel ess, there is a potenti a 1 for i nteracti ons between industry 
activities and anadromous fish populations in some areas such as near shallow 
production fields (e.g. Adgo) , coastal borrow sites (e.g. Tuft Point) and 
shorebases (e.g. King Point, Tuktoyaktuk and McKinley Bay). As indicated in 
Figures 6-1 to -6-3, the degree of concern regardi ng the effects of most 
exploration and production-related activities on anadromous fish populations 
of the Beaufort Sea is expected to be NEGLIGIBLE to MINOR. As in the case of 
demersal and pelagic marine species, the potential effects of trace metals in 
produced water, exotic organisms in ballast water, and oil spills or blowouts 
are considered MODERATE areas of concern. In addition, dredging activities in 
coastal areas are also an area of MODERATE concern with respect to anadromous 
fish during the open water season (Figure 6-1). 
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Since most production facilities would be located in offshore waters, 
anadromous fi sh are 1 ess 1 i kely to be di rect1y exposed to el evated 
concentrations of trace metals associated with discharge of drilling wastes 
and formation water. Dependi ngon water circulation patterns and dilution 
factors, some areas wi th e1 evated trace metal concentrati ons cou1 d occur 
within the 5 m isobath and thereby directly affect anadromous fish species. 
However, the most probable path of uptake of trace metal s by these species 
wou1 d be through the i nge'sti on of contami nated epi benthic crustaceans si nce 
Craig and Ha1dorson (1981) suggest that there is an annual immigration of prey 
species into coastal waters as a result of the exchange between nearshore and 
offshore waters. As a resu1 t, epi benthi c invertebrates feedi ng in offshore 
waters near production facilities throughout the winter could accumulate trace 
metals which are subsequently transferred to anadromous fish when prey 
organisms migrate into the coastal feeding habitats during summer. 

Most potential effects of ballast water discharge on anadromous fish 
would also be indirect since tanker loading facilities would be located in 
offshore areas well beyond the coastal habitats occupied by these species 
during the open water season. Unlike many pelagic and demersal marine species 
which have planktonic larvae, juvenile stages of anadromous fish in temperate 
latitudes would not qe entrained during ballast water intake. As a result, 
transfer of competing anadromous species to the Beaufort Sea in icebreaking 
tankers wou1 d be extremely un1 i ke1y. On the other hand, anadromous fi sh in 
this region rely on relatively few prey species (LGL and,·ESL 1982), and 
successful introduction of crustaceans could be an area of potential concern 
if they eventually di sp1 aced or reduced the abundance of i ndi genous fauna. 
However, thi s phenomenon wou1 d be extremely un1 i ke1y si nce wi despread changes 
in community structure in offshore habitats wou1 d be requi red for regionally 
significant indirect impacts on anadromous fish populations. The most 
significant area of potential concern with respect to ballast water discharge 
would be the introduction of pathogenic micro-organisms and parasites to the 
Beaufort Sea. Survi va 1 of these organi sms in the ball ast water of tankers 
could pose a risk to anadromous fish species in the region because of the 
documented suscepti bi 1 i ty of some anadromous fi sh to forei gn parasi tes and 
disease organisms. However, the avoidance of areas where industrial/domestic 
wastes are discharged for b~llast intake and regular monitoring of waters in 
the region of southern tanker terminals would minimi'ze this area of potential 
concern. In addition, the treatment of ballast water with biocides is a 
recommended area of future investigation to further minimize the risk of 
introduction of pathogens or parasites to the Beaufort Sea. 

Only limited dredging in nearshore waters inhabited by anadromous 
fish should be required for future hydrocarbon exploration and production in 
the Beaufort Sea since borrow material for offshore island construction would 
be generally taken from offshore granular deposits (EIS Volume 2). Nearshore 
dredging will be required for the maintenance of some harbours (e~g. 
Tuktoyaktuk), expansion of shorebases (e.g. McKinley Bay), construction of new 
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shorebases (e.g. King Point), completion of subsea pipeline systems in 
nearshore areas (North Head), and construction of artificial islands in 
shallow waters. As indicated in Figure 6-1, these operations could directly 
and indirectly affect anadt"'omous fish populations through entrainment, habitat 
loss, decreased abundance of prey species and various sublethal effects 
associated with turbidity plumes and changes in water quality, although most 
effects would be extremely localized and insignificant in tenns of regional 
populations of these species. Nevertheless, the degree of concern associated 
with the effects of dredging operations on anadromous fish would be considered 
MODERATE if these activities occurred in habitats which are within the narrow 
migration corridors or concentrated feeding areas of some species during the 
open water season. As a resu1 t, fi sheri es invest; gati ons a re recommended in 
any nearshore areas where dredging operations are proposed and the open water 
use of these habitats by fish remains poorly documented (e.g. King Point, 
Herschel Island). 

Oil spills and blowouts are another area of MODERATE concern with 
respect to regi ona 1 popu1 ati ons of anadromous fi sh in the Beaufo rt Sea. 
Despite the fact the mortality of fish has been relatively rare following past 
spills in subarctic, temperate and tropical waters (Duval et al. 1981), an 
acci dental spi 11 or blowout which contami nates nearshore nabITats of thi s 
region could result in a change in the abundance or distribution of fish 
populations which persists more than a single generation, particularly due to 
the fine-grained nature of the substrate which would tend to retain oil and 
cause persistent indirect and sublethal impacts on fish. It should also be 
emphasi zed" that a spi 11 or blowout duri ng the wi nter coul d a1 so affect 
anadromous fish, despite the absence of these species in the region at this 
time of year, due to the high oil retention potential of Beaufort Sea 
sediments. The most seri ous impacts of spi 11 s or blowouts coul d occur when 
these events result in contamination of nearshore and lagoon habitats, and as 
in the case of marine species, blowouts and refined fuel spills would likely 
result in more serious short- and long-term impacts on anadromous fish. 

6.4 

6.4.1 

LOWER TROPHIC LEVELS 

Phytop 1 ankton 

Available infonnation regarding the species composition, distribution 
and abundance of phytoplankton in the Beaufort Sea and N.E. Chukchi Sea was 
summari zed in LGL and ESL (1982). These organi sms are only abundant in the 
region during the open water season, and generally tend to decrease in 
abundance with increased distance from the shoreline. The species composition 
and abundance of phytoplankton communities in arctic waters are highly 
dependent on seasonal and local differences in the physical-chemical 
environment, and these differences, in conjuncti on wi th bi 01 ogica 1 factors 
such as grazi ng pressure, contri bute to dynamic seasonal patterns of 
succession. In the offshore waters where most industrial facilities would be 
located, f1 agell ates wou1 d be the predomi nate forms duri ng most of" the open 
water season, while diatoms should be most abundant in nearshore waters. 
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All nonnal activities, wastes and facilities associated with 
hydrocarbon development in the Beaufort Sea are expected to be either 
NEGLIGIBLE or MINOR areas of concern with respect to regional phytoplankton 
communities, with MINOR concerns being restricted to the potential effects of 
drilling wastes and ballast water (exotic organisms) on these organisms 
(Figures 6-1 to 6-3). However, oil spills and blowouts are expected to be a 
MODERATE area of potential concern, particularly in nearshore habitats where 
rates of primary production are highest (LGL and ESL 1982). 

The degree of concern regarding the effects of drilling wastes 
(incl udi ng fonnati on water) on phytopl ankton is only consi dered MINOR si nce 
(1) most expl orati on and producti on acti viti es woul d be located in offshore 
waters where phytopl ankton are not particul arly abundant, (2) exposure to 
dri 11 i ng wastes woul d be rel ati ve ly short-tenn because organi sms woul d be 
continuously transported into and out of areas affected by discharges, and (3) 
any adverse effects would be restricted to a single generation of 
phytop 1 ankton. 

Exotic organisms present in ballast water are also expected to be of 
less concern with phytoplankton than fish because survival of exotic 
phytoplankton species in ballast water, and subsequent survival and 
reproduction in the Beaufort Sea are all relatively unlikely as a result of 
the complete darkness during transport and the relatively harsh 
p hy si ca l-c hemi ca 1 envi ronment of the Beaufo rt Sea. 

The impacts of oil spills or blowouts on phytoplankton of the 
Beaufort regi on woul d 1 i kely be most severe if oi 1 reached the more producti ve 
coasta 1 envi ronments. I n these a reas, the degree of regi ona 1 concern is 
consi dered MODERATE because of the potenti a 1 for sedimented/sunken oil to 
affect several generations of phytoplankton and have subsequent impacts on 
members of higher trophic· 1 evel s. The use of chemical di spersants in these 
shallow environments would probably increase the severity of acute toxic and 
subl ethal effects of oil due to thei r tendency to increase concentrations of 
soluble hydrocarbons within the water column. . 

6.4.2 Zooplankton 

As in the case of phytoplankton, there are marked seasonal and 
spatial differences in the species composition and abundance of zooplankton in 
the Beaufort Sea (LGL and ESL 1982) •. The diversity of zooplankton communities 
tends to be highest in offshore waters where the majority of the petroleum 
industry activities would be centered, although the abundance of zooplankton 
is also lower in these areas than in some sheltered coastal embayments and in 
nearshore waters along the Tuktoyaktuk Peninsula. 
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The potential interactions between zooplankton communities and future 
hydrocarbon development activities or environmental emergencies are summarized 
in Figures 6-1 to 6-4. As with phytoplankton, all activities, wastes and 
facilities associated with nonnal operations are expected to be of either 
NEGLIGIBLE or MINOR concern wi th respect to regi ona 1 zoopl ankton popu1 ations 
and secondary producti on by these organi sms. The degree of concern regardi ng 
drilling waste (including produced water) and ballast water discharges are 
only considered MINOR, since any potential adverse effects would be highly 
localized and onry-lnvolve short-tenn exposure of a small proportion of 
regional populations to these wastes due to the natural transport of 
planktonic organisms into and out of waters near discharge sites. For the 
same reasons, si gnificant synergi stic impacts of mul tipl e waste di scharges at 
offshore exploration or production facilities would not be expected. 

The potential effects of oil spills or blowouts on regional 
zooplankton populations are considered a MODERATE area of concern (Figure 
6-4), and as with phytoplankton, the use of chemical dispersants would likely 
increase the severity of impacts. In a similar manner, contamination of 
nearshore habitats along the coast of the Tuktoyaktuk Peninsula or some 
productive embayments would likely have more serious effects on regional 
zooplankton populations because of (1) the greater abundance of zooplankton in 
these a.reas, (2) the probabl e importance of seconda ry producti on from these 
environments to the region as a whole, and (3) the potential for chronic 
re1 ease of hydrocarbons from stranded oil masses, thereby resulti ng in at­
least sublethal effects on several generations of zooplankton. 

6.4.3 Benthic Epifauna 

Epibenthic invertebrates are an important trophic link between 
primary producers and vertebrate predators in the Beaufort Sea, and mobil e 
crustaceans such as amphipods, mysi ds and i sopods fonn a substantial porti on 
of the diet of many fish species as well as some birds and marine mammals (LGL 

. and ESL 1982; EI.S Volume 3A, Section 3.1). Epifauna are often abundant along 
the Beaufort coast1ne during the open water season, and certain localized 
habitats such as f4ason Bay (Richarci~ Island) and a spit-protected bay on 
Hooper Island appear particularly productive (Slaney 1973; Wacasey 1975). 
Available data for the region suggest that there is an active emigration of 
mobile epifauna to deeper water for overwintering (LGL and ESL 1982). Sessile 
epifauna such as hydroids, barnacles and anemones are only relatively abundant 
on hard substrates, and are therefore limited in distribution to relatively 
few areas in the region (e.g. west coast of Banks Island). 

The potential for effects of nonna1 petroleum industry activities and 
environmental emergencies on benthic epifauna would likely be greatest during 
the wi nter si nce most expl orati on or producti on faci 1 iti es and acti viti es 
would occur in offshore waters where these species are thought to overwinter. 
In addition, certain activities such as dredging could affect some species of 
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crustaceans in nearshore habitats duri ng the open water season. The most 
significant (MODERATE) areas of concern associated with interactions between 
benthic epifauna and future hydrocarbon exploration and production programs in 
the Beaufort Sea are the potential effects of nearshore dredging operations, 
drilling waste disposal, ballast water discharge, and oil spills or blowouts 
(Figure 6-1 to 6-4). In addition, the routine release of cement slurry or 
occasional disposal of powdered cement may result in localized MINOR impacts 
on benthic epifauna. 

The majority of the proposed borrow locations and artificial island 
construction sites are located in offshore waters of the Beaufort Sea where 
the abundance of epibenthic invertebrates is expected to be relatively low. 
As a result, dredging operations in these areas are not expected to result in 
significant effects on regional populations of these organisms. On the other 
hand, some dredging programs may be required in nearshore environments (e.g. 
North Head, Tuft Point, King Point) during the open water season. Due to the 
greater abundance of epifauna in these areas and their documented importance 
as prey organi sms of anadromous fi sh species in rel ati vely confi ned feedi ng 
habitats and migration corridors, large scale dredging programs could be a 
MODERATE area of concern due to indirect impacts on members of higher trophic 
levels. 

As indicated earlier in Section 3.1.8.1, mobile epibenthic 
invertebrates will likely be able to avoid direct burial by formation cuttings 
and solids present in drilling fluids released during exploratory and 
production drilling in offshore waters of the Beaufort Sea. However, 
organisms present in the immediate vicinity of offshore platforms may be 
exposed to elevated dissolved trace metal levels during periods of continuous 
or intermittent formation water discharge. The largest numbers of individuals 
could be exposed to and accumulate trace metals during the winter months when 
some mobile speci es apparently emi grate to offshore habitats to overwi nter. 
Species such as Saduria entomon which are characteri stically attracted to 
di sturbed areas woul d be most suscepti b1 e to impacts from produced water and 
other drilling wastes, although most effects are expected to be of a sublethal 
nature and affect only a small proporti on of regi ona 1 popu1 ati ons. 
Nevertheless, the mi grati on of some speci es of epi benthic crustaceans to 
nearshore waters during the open water season could result in indirect effects 
on coastal anadromous fish populations which prey extensively on these 
invertebrates during the summer (Section 6.3.3). 

Survival of exotic organisms in ballast water collected from southern 
latitudes could affect the species composition of the epibenthic component of 
the benthic community, particularly if heated water discharge from combined 
production/tanker 1 oadi ng faci 1 iti es increases the chance of syrvi val and 
reproduction of foreign organisms. The most likely form of colonization at 
these offshore structures would be the establishment of sessile epifauna such 
as anemones, barnacl es and hydroi ds on artificial hard substrates i ncl udi ng 
concrete caissons. However, such changes in community structure, if possible, 
would be highly localized and extremely unlikely to affect the integrity of 
regional indigenous populations as a whole. 
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The results of numerous laboratory studies and the case histories of 
past oil spills (Section 5.2.10; Duval et ale 1981) suggest that epibenthic 
invertebrates (pa rti cu1 a r1y crustaceans Til i ntennoyl t) are rel at; ve 1y 
sensitive to petroleum hydrocarbons. As in the case of most marine resources 
in the Beaufort region, the impacts of spills or blowouts which affected 
shallow coastal waters with a high oil retention potential would likely be 
considerably greater than spills which were confined to deeper offshore 
areas. The degree of concern related to the effects of oil spills on benthic 
epifauna is considered MODERATE because (1) the potential for acute toxic and 
sub1 ethal effects which persi st for several generati ons, (2) the documented 
sensitivity of some epibenthic invertebrates to oil, (3) the high oil 
retention potential of most seafloor substrates throughout the region, and (4) 
the importance of these organisms to the marine food web of the Beaufort Sea. 

As in the case of pelagic and demersal fi sh species, some 
combi nati ons of wastes di scha rged from offshore petrol eum industry faci 1 iti es 
may result in cumulative impacts on local populations of epifauna. The most 
probable wastes which may lead to synergistic effects are trace metal sand 
emulsified oil in produced water, organic additives to drilling fluids and 
thenna 1 discharges which 1 oca llyi ncrease ambient temperatures and therefore 
probable rates of uptake/metabolism of contaminants. Nevertheless, 
synergistic effects of multiple waste sources should be restricted to small 
areas around exploration and production facilities due to the high dilution 
factor expected in offshore waters of the Beaufort Sea. 

6.4.4 Benthic Infauna 

Studies conducted in the Beaufort Sea to date have indicated that the 
diversity and species abundance of benthic infauna1 component of benthic 
communities increases with distance from the shoreline, primarily due to the 
annual ice scour which occurs in shallow nearshore environments (Reimnitz and 
Barnes 1974; Wacasey 1975; LGL and ESL 1982). In addition, the distribution 
of infauna1 benthic invertebrates throughout the continental shelf tends to be 
patchy due to frequent ice scour which causes reworki ng of the sediments. 
Po1ychaetes and bivalve molluscs are the predominate taxonomic groups 
represented in the infauna of the Beaufort region. Offshore exploration and 
production activities and facilities proposed by the' petroleum industry would 
be primarily located in the estuarine (0-15 m) and transition (15-30 m) depth 
zones di scussed by Wacasey (1975), wi th some structures extendi ng into the 
marine zone (30-200 m) which is characterized by the highest biomass and 
diversity of benthic infauna. 

Although the majority of the significant interactions between 
petroleum industry activities and benthic infauna in the Beaufort region would 
be similar to those previously discussed with benthic epifauna (Section 
6.3.3), the sessile nature of the infauna and their greater relative abundance 
in offshore areas would result in differences in the regional significance of 
potential adverse effects. For example, offshore dredging operations are 
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expected to result in more extensive mortality of infaunal organisms due to 
their limited mobility and greater abundance in these waters, while nearshore 
dredging is less likely to affect large numbers of benthic infauna. In 
addition, available infonnation for the region suggests that the localized 
loss of benthic infauna due to dredging would have less significance to 
members of hi gher trophic 1 evel s si nce fewer speci es prey on these organ; sms 
in comparison to benthic epifauna. The degree of concern related to the 
effects of dredging on benthic infauna would still be considered MODERATE 
because several generations would be required for complete recolonization of 
disturbed areas, despite the fact that mortality would not be significant in a 
regional context due to the widespread distribution of infauna in the region 
and small proportion of offshore habitat that would be affected by dredging 
programs. 

Benthic infauna would also be more susceptible than epifauna to 
direct burial by disposal of fonnation cuttings and solids in drilling fluids 
at offshore exploration and production platforms, and would be slower to 
recolonize areas adjacent to drilling waste disposal following completion of 
drilling programs. At the same time, their sessile nature would increase the 
likelihood of trace metal uptake from drilling fluids and produced water, 
although for the reasons mentioned earlier, this would be less likely 
(compared to epifaunal to affect members of higher trophic level s. As 
indicated in Figure 6-2, the degree of concern associated with various effects 
of drilling waste disposal on benthic infauna is expected to range from MINOR 
to MODERATE because of the 10ng-tenn nature of some sources of waste discharge 
and di sturbance. However, due to the small proport; on of offshore habitat 
that would be affected by drilling wastes, mortality and sublethal responses 
to contaminants (including trace metal uptake) is not expected to be 
regi ona lly si gnifi cant. 

There is a MODERATE degree of concern regarding the potential effects 
of oil spills and blowouts on benthic infauna in the Beaufort Sea. At the 
same time, the chronic exposure of infauna near production platforms to 
emulsified oil contained in fonnation water would likely result "in a range of 
sublethal effects including hydrocarbon uptake, and could cause mortality of 
some organisms in areas where petroleum hydrocarbons become incorporated into 
the sediments. The recovery of infauna following oil spills or chronic 
hydrocarbon contami nati on woul d probably be substantially slower than that of 
the epifauna, and would depend on the rate of weathering of sediment-bound oil 
and/or burial of contaminated areas of the seafloor with sediments transported 
into the region by the Mackenzie River. The results of investigations 
conducted after oil spills in temperate latitudes (Duval et ale 1981) also 
suggest that differences in the sensitivity of infauna -to petroleum 
hydi~ocarbons could result in relatively dramatic changes in community 
structure. Unlike the situation with epibenthic invertebrates and many 
species of fish, the most serious impacts of spill s and blowouts on benthic 
infauna would likely occur if these events affected the more productive 
offshore habitats. The use of chemical di spersants in offshore areas is al so 
expected to increase the degree of impact of oi 1 spi 11 s on these organi sms 
since larger amounts of oil would generally reach the substrate and become 
incorporated into the sediments. 
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Since benthic infauna are relatively immobile or sessile, they would 
be more susceptible to synergistic impacts of multiple waste discharges from 
offshore facilities of the petroleum industry. Depending on the type of 
offshore facilities (e.g. drill ship, exploration island, production island, 
tanker loading facility), infauna could be simultaneously exposed to drilling 
wastes, thermal discharges, treated sewage, BOP control fluid and ballast 
water containing exotic organisms from southern latitudes. However, as in the 
case of most marine flora and fauna of this region, the cumulative impacts of 
multipl e sources of di sturbance and waste are not expected to pose a ri sk to 
regional populations of benthic infauna or result in more than localized 
changes in abundance, distribution and community structure. 

6.4.5 Benthi c Flora 

Benthic microalgae are important primary producers in the marine food 
web of the Beaufort Sea, but due to the extremely turbid conditions which 
exist throughout much of the region during the summer, benthic algal growth is 
probably restricted to relatively shallow waters where light can reach the 
seafloor (LGL and ESL 1982). Prominent mats of benthic diatoms and 
filamentous green algae have been observed in some localized clearwater 
habitats such as in the lee of spits and offshore islands or in embayments 
away from the Mackenzie River plume. These habitats have generally also 
supported higher numbers of epibenthic invertebrates and fish (LGL and ESL 
1982), and the importance of microa1gae in the diet of shallow water 
amphipods, mysids and isopods is relatively well documented (Bray 1962; 
Schneider and Koch 1979). 

Offshore activities and facilities of the petroleum industry are not 
expected to affect large numbers of benthic microalgae because they would be 
located in waters much deeper than those likely to support significant 
microal gal growth. Thi sis the primary reason for the NEGLIGIBLE degree of 
concern indicated for most interactions shown in Figures 6-1 to 6.3. In some 
cases, dredging operations in nearshore waters could result in localized loss 
of microalgae, although algal populations are likely to fully recover during 
the following open water season. Drilling wastes discharged from exploration 
and production islands in shallow waters could result in mortality, habitat 
loss and various sublethal effects with microalgae, but the overall degree of 
concern associated with these effects is considered MINOR because of their 
probable localized and short-term nature. 

Oil spills or blowouts which contaminate shallow nearshore habitats 
of the Beaufort Sea could seriously affect populations of benthic microalgae, 
and due to the importance of these organisms in the diet of various 
crustaceans and the probabil ity that several generations of al gae woul d be 
affected, the degree of concern is consi dered MODERATE. The slow re1 ease of 
petroleum hydrocarbons from oil masses stranded in nearshore habitats could 
lead to chronic sublethal effects which persist for several years, although 
recovery woul d be expected shortly after contami nated sediments were buri ed by 
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fines transported into the region by the Mackenzie River. The application of 
chemical dispersants would be expected to increase the acute toxic and 
sublethal effects of oil on benthic microalgae. However, dispersants are 
unlikely to be used in shallow waters where these flora are relatively 
abundant. 

6.4.6 Epontic Fauna 

The distribution and abundance of epontic fauna under the winter ice 
cover in the Canadian Beaufort Sea have only been the subject of 'limited 
studi es to date, but based on studi es conducted in the Alaskan Beaufort, the 
community is likely to be dominated by gammarid amphipods. The direct 
observations of divers have shown that amphipods and other metazoans graze on 
the epontic flora under fast ice during the spring bloom (see LGL and ESL 
1982). The utilization of epontic fauna by members of higher trophic levels 
is poorly documented, although they are known to be part of the diet of some 
species of birds, ringed seals and Arctic cod in some areas. The relative 
abundance and distribution of epontic fauna in 1andfast and transition zone 
ice areas where offshore facilities would be located are unknown, and this 
hampers assessment of the ecological significance of some petroleum industry 
activities, wastes and disturbances on these fauna, as well as indirect 
effects on vertebrates which rely to a greater or lesser extent on epontic 
organisms for a portion of their diet. 

The degree of concern regardi ng the effects of most wastes and 
di sturbances associated wi th offshore petrol eum industry operations in the 
Beaufort Sea on epontic fauna is expected to be NEGLIGIBLE or MINOR (Figures 
6-1 to 6-3) • The most significant concern related to normal operations are 
the effects of some drilling wastes (Figure 6-2), although any impacts of 
drilling fluid and formation cutting disposal are expected to be very 
localized because of the rapid sinking of solids and dilution of dissolved 
compounds and elements. The trace metal and oil content of formati on water 
may cause local sublethal effects, and emulsified oil which coalesces and 
becomes trapped in depressions in the under-ice surface woul d 1 i kely cause 
mortal ity of epontic fauna in these areas. The di scharge of heated water 
during ice management programs at tanker loading facilities and/or production 
islands could act in a synergistic manner to increase the effects of trace 
metals and hydrocarbons, but such effects would be restricted to small areas 
surrounding waste discharge sites. 

Epontic fauna woul d be hi gh1y vu1 nerab1 e to oil spi 11 sand blowouts, 
particularly if relatively unweathered oil accumulated beneath the ice 
surface. Blowouts are expected to be the most serious area of concern with 
respect to offshore hydrocarbon development, and waul d 1i kely cause vi rtually 
complete mortality of epontic fauna in areas where oil reaches the under-ice 
surface. The potenti a 1 impacts of blowouts on these organi sms are di scussed 
in detail in two other supporting documents to this EIS (Duval et al. 1981; 
ESL 1982). The significance of widespread mortality of epontic flora~o fish, 
bird and seal populations in the Beaufort Sea can not be fully assessed at the 
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present time, although indirect impacts on some species through decreased food 
availability and hydrocarbon uptake would be anticipated. It has also been 
suggested that epontic amphipods become part of the benthic community during 
spring breakup, and as a result, losses of these organisms due to a blowout in 
the Beaufort Sea during winter could have subsequent impacts on the abundance 
of epibenthic fauna in the following open water season. 

6.4.7 Epontic Flora 

Microa1gae are present in low abundance throughout sea ice from the 
time that it forms, but the hi ghest concentrati ons occur duri ng spri ng and 
early summer in the soft, crystalline bottom few centimetres of ice (LGL and 
ESL 1982). As indicated in the previous section, these flora are consumed by 
fauna that graze at the under-ice surface, but al so may be sloughed off into 
the water col umn where they apparently cease photosynthesi s and become a 
potenti al food source for detriti vores. Pennate diatoms are the domi nant 
component of the epontic microalgal community. Spatial and seasonal 
differences in the abundance of epontic flora in the zone which would be 
affected by future hydrocarbon exploration and production activities or 
facilities have not been examined, although some data on the ecology and 
physiology of these organisms have been collected in the Alaskan Beaufort. 

The potential interactions between activities and facilities of the 
petroleum industry and epontic flora are summarized in Figures 6-1 to 6-3, and 
are generally similar to the potential effects of hydrocarbon exploration and 
production on the epontic fauna. Drilling waste disposal and the introduction 
of exotic organisms with ballast water are expected to be the only areas of 
more than NEGLIGIBLE regional concern (Ffgures 6-2 and 6-3), although oil 
spills and blowouts would also be a MODERATE area of concern with these 
organisms because of their close association with the under-ice surface. The 
potential effects of oil spill s on epontic flora of the Beaufort Sea were 
discussed earlier in Section 5.2.11, and are treated in further detail in ESL 
(1982) and Duval et~. (1981). 

6.4.8 Micro-organi sms 

Bacteria playa fundamental role in nutrie'nt recycling processes in 
the marine environment, and are al so an important heterotrophic component of 
epontic communities. Some species, called oleoclastic bacteria, can also 
degrade certain petroleum hydrocarbons and can assume a relatively major role 
in the weathering of oil (Fingas et ale 1979). In addition, some bacteria are 
important food sources for microzoo"'jJTankton and benthic detritivores, while 
still others are pathogens to various flora and fauna. Studies directed at 
isolation and characterization of bacterial populations from the Canadian and 
Alaskan Beaufort Sea are summari zed in LGL and ESL (1982). These 
investigations have shown that bacteria generally occur throughout the water 
col umn and withi n sediments of the regi on in concentrati ons simi 1 ar to those 
measured in temperate latitudes. The maximum concentration of bacteria in the 
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water column has been found to coincide with the post spring breakup 
phytoplankton bloom, and most species present in the summer are psychrotrophs 
(tolerate cold temperatures). On the other hand, bacterial populations 
isolated in the win~er have been typically psychrophi1es (grow better at cold 
temperatures) • 

Bacteria will likely playa role in the degradation of many of the 
wastes routinely discharged by the petroleum industry. Although rates of 
degradation are not well documented, bacteria are likely to break down many 
organic compounds contained in treated sewage, drilling fluids and BOP control 
fluid, as well as small quantities of organic matter up1 if ted from the 
sediments during dredging programs. On the other hand, microbial activity in 
the vicinity of drill rigs may also result in the mobilization of some of the 
trace metals contained in drilling fluids, although the degree of regional 
concern regarding this process is expected to be MINOR. Bacterial populations 
contained in ballast water discharged at tanker loading facilities may also be 
ab1 e to survi ve if 1 oca 1 ambi ent temperatures are simultaneously increased by 
heated water discharge. However, this is not expected to threaten the 
integrity of regional bacterial populations, and the overall degree of concern 
is therefore considered MINOR. The most significant potential concern related 
to interactions between petroleum industry activities and bacteria is the 
introduction of pathogenic species to the Beaufort Sea and subsequent impacts 
of these di sease causi ng organi sms on vertebrate populations. However, the 
mitigative measures discussed earlier in Section 6.3.1 would minimize this 
area of concern. 

The 1 iterature descri bi ng the presence of 01 eocl astic bacteri a which 
could playa role in the degradation of oil chronically (i.e. oily waste water 
and produced water) or accidentally (i.e. spills and blowouts) released to the 
Beaufort Sea is inconsistent in terms of the abundance and activity of these 
micro-organi sms. The studi es summari zed by LGL and ESL (1982) suggest that 
01eoc1astic bacteria may occur in some parts of the region, but are likely 
present in low numbers due to the absence of petrol eum contami nati on in thi s 
ecosystem. It is possible that increasing activity of the petroleum industry 
and concomi tant chronic i ntroducti on of hydrocarbons to offshore waters wi 11 
increase the relative abundance of oleoclastic bacteria. However, because of 
the low temperatures and predomi nance of fi ne-grai ned sediments which wou1 d 
retain oil, it is unlikely that microbial degradation would playas important 
a role in the weathering of oil released to the Beaufort Sea as it apparently 
does in temperate and tropical latitudes. 
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