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ABSTRACT
Dredging for commercial aggregate was carried out in the Prince Rupert area from the
1950's until the early 199OYs,when activity was shut down for environmental and
political reasons. There is no terrestrial source of aggregate in the immediate area. There
is, however, potential for significant future demand related to possible offshore oil and
gas exploration or long-term shortages in southern British Columbia and the U.S.A. In
order to assess the possibility of resuming offshore aggregate extraction, the present
study examines former extraction sites, the current regulatory regime, and potential
acceptable new extraction areas.

Sites selected for study include extraction areas that had the greatest quantity of material
removed, varying from 70,000 dry metric tomes (DMT) to about 4,000,000 DMT, based
on royalty records. No impact assessment or environmental data are available for any
site prior to the start of extraction, during extraction activity, and, in most cases, for
some years after extraction ceased. Recent research cruises by the Geological Survey of
Canada collected sub-bottom profiles and sidescan sonar data for the largest extraction
sites, but in general aggregate removal occurred in intertidal or shallow subtidal areas
that cannot be accessed by most vessels. Of these, several selected sites were examined
using helicopter overflights, foot traverses at the annual lowest tide, and by using towed
underwater video system (SIMS) deployed from a small vessel at high tide. Efforts were
made to examine similar, undisturbed sites for comparison. Some long-term damage was
observed, including the removal of a tombolo, and over-steepening of some beach areas.
With the exception of obvious, non-natural topographic features, the absence of temporal
control data makes any impact assessment and recovery estimate speculative.

Current environmental regulations require that any activity that may disrupt fish habitat
needs a permit from the federal Department of Fisheries and Oceans, and that the
activity be subject to an environmental review. This would apply to offshore aggregate
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extraction; no specific guidelines exist in Canada, however, for offshore mining. This
study reviews suggested guidelines, based on European experience, and discusses their
applicability to the Pacific Coast of northern British Columbia. Preliminary evaluation
procedures and refusal criteria for offshore sediment extraction proposals are presented.
The potential for future offshore extraction is discussed, with respect to compliance with
suggested guidelines for minimal environmental impact.
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1.0 INTRODUCTION

The city of Prince Rupert is located on the northern Pacific Coast of British Columbia
(Figure I), in a mountainous area extensively dissected by fjords. There is very little
terrestrial sand and gravel near Prince Rupert, with the closest major aggregate source
near Terrace, 120 km to the east (Clague and Hicock 1976). There are offshore
aggregate deposits in the Prince Rupert area, and until the early 1990's most sand and
gravel used for construction was dredged from provincially controlled lease areas
(Figure 1). Marine aggregate dredging was closed down in the early 1990's, due to
environmental and political concerns, as well as decreased demand. Construction
aggregate is currently trucked in from Terrace, or obtained by small, local blasting and
crushing operations. For any large-scale project, aggregate supplied by either of these
options would be costly, especially relative to barge transport of locally dredged
material (Jorna, 2002).
This thesis is part of the Coasts Under Stress (CUS) research program, a five-year
project that started in April 2000, funded by the Social Sciences and Humanities
Research Council of Canada (SSHRC) and the Natural Science and Engineering
Research Council of Canada (NSERC). CUS is an interdisciplinary program using a set
of complementary case studies on the East and West Coasts of Canada to achieve an
integrated analysis of the long- and short-term impacts of socio-environmental
restructuring on the health of people, their communities and the environment. The
program goal is to offer policy makers an informed awareness of the implications, both
positive and negative, of social and environmental restructuring, so that they will be
able to shape hture policy more effectively. In keeping with the nature and goals of
CUS, this thesis includes the following:
1) The identification of possible physical and biological impacts resulting from
past nearshore and coastal aggregate extraction at selected sites in the Prince
Rupert area.
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2) A review of existing applicable environmental legislation concerning marine
aggregate extraction, including that of Canada and several other nations.
Proposed guidelines for the environmental assessment of marine aggregate
extraction are presented.

A brief discussion of potential future offshore aggregate sources in the Queen Charlotte
Basin and Prince Rupert area is also included. The focus of the impact assessment is on
the physical impacts, including changes in topography or surficial sediments. The
possible impacts on the biology of the sites due to any physical changes will be
discussed, however minimal biological data were collected. Given that there are
minimal physical and biological data for these sites prior to, during, and for the initial
decade following extraction activities, data collection and analysis has been qualitative
rather than quantitative. Archaeological impacts and indirect economic impacts of
extraction are not considered here. This is the first formal post-extraction inventory of
the lease areas around Prince Rupert, and is intended to identify a wide range of
possible impacts, rather than provide any detailed look at a particular type of impact.

The review of environmental legislation identifies applicable existing Canadian federal
and B.C. provincial Acts, regulations, and guidelines. The effect these rules may have
on the approval of offshore aggregate extraction, primarily with respect to
environmental review requirements, is assessed. Existing and proposed regulations in
foreign countries with significant marine aggregate extraction industries are reviewed,
and possible guidelines for Canadian and British Columbian marine sediment extraction
are discussed. Areas for potential future offshore extraction are assessed based on
existing surficial geology data. Detailed locations and evaluations of material type and
quantities have not been carried out.

Some notes on the terminology used in this thesis are necessary. 'Nearshore' refers to
areas where the seabed depth is less than 20 m (Harper et al. 1998), while 'offshore'
includes nearshore areas and areas in deeper water. 'Intertidal' refers to the region of
beach extending between highest and lowest tide levels, and is often divided into low
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intertidal, the lowest third which is exposed to water more than air, mid-intertidal, the
middle third which is exposed to water and air for roughly equal durations, and upper or
high intertidal, the upper third of the intertidal zone which is exposed to air more than
water (Druehl, 2000). 'Subtidal' refers to the areas that are never exposed to air, and
'shallow subtidal' indicates water depth of less than 10 metres (Harper et al. 1998).
'Waterline' refers to the waterline at the time field observations were made, and is
therefore not a fixed elevation. The term 'gravel' is used only to refer to material larger
than sand size and smaller than cobble size, and does not include cobbles and boulders
as is common in geological literature. 'Government', when used as a general term,
includes First Nations as well as federal, provincial, and municipal, unless otherwise
stated.

2.0 STUDY AREA

In order to assess the consequences of aggregate dredging, it is necessary to have an
understanding of the past and present background processes operating in extraction
areas. This includes the swficial geology and oceanography of the region as well as
more detailed information on each individual study site.
2.1 Surficial Geology of Prince Rupert Area
The Queen Charlotte Basin (Figure 2) lies along the northwestern Pacific margin of
Canada, which is physiographically and sedimentologically complex due to the active
tectonic setting, extensive Pleistocene glaciations and exposure to wave energy and
currents (Barrie and Conway 2002a). The Basin includes Dixon Entrance at its north
end, Hecate Strait, which extends southwards fiom Dixon Entrance between the Queen
Charlotte Islands and the mainland, and Queen Charlotte Sound at the south end of the
basin. Sites examined in the present study are located roughly where the northeast end
of Hecate Strait meets the east end of Dixon Entrance. The coastlines of the study sites
are included in the Coastal or Hecate Lowland portion of the Smithers-Terrace-Prince
Rupert area mapped and described by Clague (1984). The Hecate Lowland includes the
mainland between Port Simpson and Prince Rupert, and adjacent offshore islands, and
is an area of low relief bordered by the Coast Mountains on the east and the ocean on
the west (Clague 1984, 1985). Bedrock is part of Coast-Cascades Belt, and the bedrock
unit for all study areas is Proterozoic-Triassic metasedimentary rocks, intermediate to
acidic metavolcanic rocks, gneiss, schist, amphibolite and migmite.
The regional geomorphology has been shaped by several glacial/interglacial cycles
through the Quaternary Period; during the most recent glaciation the Cordilleran Ice
Sheet extended across northern Hecate Strait and through Dixon Entrance (Figure 2)
(Barrie and Bornhold 1989; Barrie and Conway 2002a,b). The ice sheet reached its
maximum extent between 21,000 and 15,000 14C yr B.P., with deglaciation occurring
relatively rapidly (Barrie and Conway 1999). Ice-free conditions may have occurred by
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about 13,790 14C yr B.P. in northwestern Hecate Strait and western Dixon Entrance
(Barrie and Conway 1999). The Coastal Hecate Lowland was ice-free by about 12,700
yrs B.P. (Clague 1985). Isostatic crustal depression and rebound, and to a lesser extent
the raising of eustatic sea level and local tectonic crustal adjustments, have resulted in a
complex sea-level history in the area that varies from east to west (Clague 1984; Barrie
and Conway 2002a). Relative differences in sea level are due to differences in the landlevel surface (tilting) from east to west. Barrie and Conway (2002a) provide an example
of the paleogeographic surface at 12,500 14C yr B.P., that shows the land surface at that
time varied from about 150 m below present sea level near Prince Rupert, to 50 m
above present sea level on the western edge of the Queen Charlotte Islands.
Seabed surficial geology has been studied in Hecate Strait (Barrie and Bornhold 1989)
and Dixon Entrance (Barrie and Conway 1999), although published data are for areas
west of the study sites. In Hecate Strait, four surficial geological units have been
defined geophysically: 1) bedrock (Tertiary); 2) glacial till (diarnicton); 3) sand and
gravel; and 4) silt (Barrie and Bornhold 1989). The bedrock is commonly
unconformably overlain by till, which is in turn overlain by sand and gravel in
shallower water and silts in water depths below 200 metres, with total sediment
thickness up to about 60 metres (Barrie and Bornhold 1989). Diamicton also overlies
Tertiary bedrock in Dixon Entrance, and the diamicton is overlain by glaciomarine
muds. During deglaciation, Dixon Entrance was open to Pacific storms and in some
areas pre-existing glacial sediments were partially eroded and a thick sand unit
deposited to modem depths of over 450 m (Barrie and Conway 1999). Holocene
sedimentation for Hecate Strait and Dixon Entrance appears to be negligible.
There is little terrestrial surficial geological information available for the Prince Rupert
area. The most significant work has been regional mapping done by Clague (1984),
with additional reconnaissance aggregate mapping carried out by Hickin et al. (2001).
The results of Clague's (1984) surficial mapping indicate that, in general for the Hecate
Lowland, thin sediments mantle bedrock. Organic, glaciomarine, and drift
(undifferentiated intermixed glacial, glaciofluvial, fluvial, and colluvial sediments)
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veneers are dominant on low-lying gently inclined slopes. Bedrock is generally near the
surface, and thick sediments such as alluvial or colluvial fans and aprons, ground
moraines, or floodplains collectively cover less than 1 percent of the lowlands. The only
site examined in the present study that is within the mapped area covered by Clague
(1984) is Tugwell Island, which is given as organic veneer over ground moraine till.
Clague (1984) states that thick Quaternary sediments are present on Tugwell Island and
probably underlie the coastal lowland north of Metlakatla, though those sediments were
not examined in that report. Hickin et al. (2001) state that unprotected, seaward beaches
may host sand and gravel, reworked and washed by wave action, and that such deposits
are present on the west side of Porcher Island. The terrestrial surficial deposits and
physiography of the Smithers-Terrace-Prince Rupert area are mainly the result of the
Fraser Glaciation and its retreat. (Clague, 1984). It is likely that most of the sediments
deposited during the Olympia non-glacial interval and the early Fraser Glaciation were
eroded by the Fraser glaciers. Within the Hecate Lowland, glaciers did not contain large
amounts of debris and retreated rapidly such that there was not enough time for
significant glaciofluvial and glaciomarine sediments to accumulate (Clague 1984). This
accounts for the relatively thin Pleistocene sediments found in the Hecate Lowland.

2.2 Winds and Oceanography
Wind data are required to estimate wind-induced waves and currents, which can
transport sediment and influence the distribution of biota. There do not appear to be
wind data available for the lease areas, but data from 1962 to 1987 for the Prince Rupert
Airport on Digby Island, about 5 km west of Prince Rupert, have been summarized
(Atmospheric Environment Service, 1993). The most frequent wind direction for most
of the year is southeast, however during June and July west winds are more common
but southeast winds are still frequent. Mean wind speed is higher in winter (15 W h )
than in summer (about 1lkm/h), and extreme hourly wind speeds are highest in winter
(89 kmlh) and lowest in summer (55 W h ) , with highest wind speeds from the
southeast all year (Stucchi and Orr, 1993).
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There are no data on waves or tidal currents for any of the lease areas or for locations
near lease areas, except for McNichol Creek, due to its proximity to Prince Rupert
Harbour (de Lang Boom, pers. com.; Stucchi, pers. corn.). Environment Canada data
buoy 46183, located in central Hecate Strait, was considered too far from the study area
to provide useful information. Waves are estimated using wind and fetch data for each
site below, however currents are more complicated. Limited oceanographic studies have
been carried out within Prince Rupert Harbour and are summarized in Akenhead (1992)
and Stucchi and Orr (1993). Currents within the harbour are typically 5 cmls to 15 cmls
but occasionally reach 25 c d s (0.5 knots), are generally aligned with the harbour axis,
and are primarily tidal (Stucchi and Orr, 1993). These values cannot necessarily be used
within the McNichol Creek lease area, as currents can change significantly over
distances of 50 to 100 metres, especially where there are changes in the shoreline
geography (de Lang Boom, pers. com. 2004). Regional tides have large amplitudes,
with a maximum tidal range of 7.6 metres and an average range of 5.0 metres in Prince
Rupert Harbour (Fisheries and Oceans Canada, 2004). The large amplitudes combined
with constricted passages in and around Prince Rupert can create swift tidal currents of
up to three knots in channels (Stucchi and Orr, 1993). While some tidal modelling has
been carried out for northern British Columbia, the scale is generally too coarse to
provide reliable information at the lease areas (Foreman, pers. com. 2004). The
TideView tidal current software shows tidal currents as near zero in all study areas, but
this is likely due the scale of the underlying modelling software, as currents are present
in the Venn Passage east of Metlakatla (Stucchi and Orr, 1993), and this software shows
no currents in that area. While currents are probably low to negligible at coastal lease
areas such as the various Porcher Island lease areas or McNichol Creek, currents were
observed in the dredged channel through the former tombolo at Tugwell Island. Given
that this is a restricted passage, currents there could approach two to three knots.
Sea level is not static, and increases in sea level could result in natural impacts
resembling those of dredging, or exacerbate dredging impacts. In addition to
background seasonal variation in mean sea level, changes also occur as the result of
storm surge, and during El Nino events. At Prince Rupert, the maximum observed mean
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sea level (MSL) increase due to El Nino in 1998 was 0.38 metres (Crawford and de
Lang Boom, 1998). Storm surge in the Prince Rupert area is likely to have a maximum
in the order of 0.3 metres above MSL (de Lang Boom, pers. com. 2004). Seasonal
anomalies in sea level vary fiom about 0.10 metres above MSL to 0.10 metres below
MSL (Crawford and de Lang Boom, 1999). The highest water levels, and the potential
for greatest damage to the coast, would occur when all MSL increases coincide with
maximum tidal levels. Based on the Prince Rupert data, this could result in an increase
in MSL of almost 0.7 metres, and when added to a large tide of 7.6 metres would give a
water level of 8.3 metres. Note that the maximum recorded water level in Prince Rupert
to date is 8.0 metres (Fisheries and Oceans Canada, 2004).
Wave conditions for a given site can be estimated using wind speed and duration data,
fetch, which can be measured from hydrographic charts, and if necessary water depth
(Masselink and Hughes, 2003). When this procedure uses past wind data, it is referred
to as wave hindcasting, and common methods are described in the Shore Protection
Manual (Coastal Engineering Research Centre (CERC), 1984). As detailed wave
conditions are not required for the present study, and reliable local wind data are
unavailable, the basic method of predicting significant wave height using a nomogram
is sufficient for this study. Assumptions made for this method are that deep water wave
conditions apply and that wave conditions are fetch-limited rather than wind duration
limited. The use of deep water equations is considered conservative and will overpredict wave heights relative to shallow water equations (CERC, 1984). For the sites
examined in the present study, fetch is generally short and the assumption that waves
are fetch-limited is reasonable. For longer fetches this assumption should be
conservative and over-predict wave heights. For each site, wind speeds used for
calculations are fiom January (winter) and are therefore highest annual speeds; values
include the overall mean wind speed, the mean wind speed for the strongest, most
frequent southeast winds, and the extreme hourly wind speed. Where appropriate,
speeds from other directions were also checked. Hindcasting results are presented under
the individual site descriptions below (section 2.4).
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2.3 Marine Ecologv
Very little information is available regarding the coastal ecology of the Prince Rupert
region. Williams (1991) prepared a regional fish habitat bibliography, which includes
some maps showing previous habitat sampling locations. Based on these maps and
Williams' bibliography, no work has been done at or near any extraction lease area,
with the exception of McNichol Creek due to its proximity to Prince Rupert Harbour.
The marine ecology of Prince Rupert Harbour is reviewed briefly in Akenhead (1992).
Benthic fauna such as crabs, bivalves, shrimp, and prawns have been harvested in the
harbour, and there is a potential green sea urchin fishery, however in 1992 the harbour
area was closed to benthic harvesting due to high colliform and dioxin levels
(Akenhead, 1992). Minimal information regarding benthic vegetation is available,
although Akenhead (1992) notes that eelgrass transplants have been carried out in
eastern Venn Passage. Some intertidal vegetation work was conducted as part of the
Superport environmental assessment (Department of the Environment, 1973). Sites
examined in that report had variable intertidal algae cover, generally with a distinct
Fucus or Rockweed zone, however at that time the sites studied were often disturbed by
industrial use (Department of the Environment, 1973). McNichol Creek and Silver
Creek, both flowing out to former aggregate extraction areas, are identified by
Akenhead (1992) as supporting salmon. The Prince Rupert region has major spawning
grounds for herring, especially associated with eelgrass beds (Akenhead, 1992).
2.4 Lease Area Descriptions
The following descriptions are based on topographic maps, marine charts, and the
literature review. Basic information is summarized in Table 1. Data from fieldwork and
analysis from this thesis and previous studies are provided in the results section (Section

4).
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2.4.1 Metlakatla (K-47, 4 7 a ) and Tugwell Island ('-42)
Figure 3 shows the two lease areas present in this area. One smaller lot (K-42) is located
off the eastern shore of Tugwell Island, and a larger area (K-47) extends from
Observation Point on the Metlakatla Peninsula to Doolan Point on Tugwell Island.
Lease area K-47 is further subdivided into K-47 and K-47a, which had roughly 2.3
million and 1.9 million DMT of material extracted respectively. More material was
removed from each portion of K-47 than any other lease area, including K-42, which
had roughly 0.5 million DMT extracted. Prior to extraction, a tombolo connected
Observation Point to Doolan Point (Figure 4), until a channel was formed by extracting
a section of this tombolo near Doolan Point.
This marked navigation channel is oriented roughly north-south and, within the lease,
area is bounded to the west by the remains of the tombolo and a tidal flat extending
from Tugwell Island, and to the east, by the tombolo and an associated tidal flat. Chart
depth for the channel is up to 8 metres with the adjacent seabed exposed at low tide.
The seabed at the western boundary of the channel is a relatively steep slope parallel to
the east coast of Tugwell Island; lease area K-42 extends from this slope westward onto
the tidal flat. Thus each of the lease zones contains intertidal areas and relatively steeply
sloping subtidal sections. There is no published seabed surficial geological information
for this general area, however Canadian Hydrographic Service (CHS) chart 3957 shows
some bottom condition symbols. North of Tugwell Island is a tidal flat shown as sand,
the western portion of Metlakatla Bar is gravel and sandy gravel, and the dredged
channel seabed is shown as mud, with the remainder of the lease areas and adjacent
bottom shown as boulder. Clague (1984) states that thick Quaternary sediments are
present on Tugwell Island, and surficial geology comprises organic veneer over ground
moraine till.
Both lease areas are sheltered from westerly winds by Tugwell Island, but exposed to
the dominant southeasterly winds. Assuming winds are of sufficient duration, the
average winter southeast wind speed of 23.5 kmlh results in a significant wave height of
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about 0.7 metres. Under severe storm conditions, where wind speed reaches a maximum
winter hourly speed of 85 km/h, the significant wave height is about 3.5 m. Currents are
present within the dredged navigation channel, but waters become more quiescent in the
shallow portions of the lease zones. Channel currents are probably tidal, therefore
current direction will vary; maximum current speed is in the order of two to three knots
(1 - 1.5 mls), based on general observations for the Prince Rupert region (Stucchi and

Orr, 1993). Several creeks discharge into the ocean northeast and southeast of the lease
areas, however these do not appear to contribute significant quantities of sediment to the
study area.
2.4.2 Welcome Harbour (K-48)

Lease area K-48 is located on the east side of a small peninsula near the northwest
comer of Porcher Island (Figure 5). The western boundary follows the shoreline of the
peninsula, then extends north of this peninsula. Small, rocky islands lie to the
immediate north and east of the area, and the potential extraction zones are sheltered
from wind and waves, and currents appear minimal. There are no wind, wave, or current
data for this site. The beach is mainly east facing, with north facing sections at the north
and south ends of the lease area. Maximum fetch distance is roughly 1.2 km to the east,
and given average winter wind conditions significant wave height should be less than
0.1 metres. Under extreme storm conditions, assuming the maximum southeast wind
speed of 85 km/h from an easterly direction, significant wave height is about 0.7 metres.
Depth varies from intertidal to a chart depth of 9 metres in the northeast portion of the
lease area. No creeks or streams are present within or adjacent to the lease area. No
seabed or surficial geology information is available for this site. Roughly 240,000 DMT
of material were extracted from this lease zone. For comparison, a site not known to be
dredged, located about 700 metres south of the lease area, was examined. The
comparison site (Welcome South) includes east facing beaches and a north facing
beach, and is similarly sheltered and without creeks or other modem sediment sources.
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2.4.3 Secret Cove (K-49)
Roughly opposite Welcome Harbour on the same Porcher Island peninsula is lease area
K-49, or Secret Cove (Figure 5). This area is bounded by shoreline to the south and
east, and by shoals to the north, but is somewhat open along its northwest comer. There
are no wind, wave, or current data for this site. The beach is mainly west facing, with a
north-facing portion at the south end of the lease area. This lease area is sheltered from
the dominant southeast winds, and from other wind directions as well. Maximum fetch
is about 0.5 km to the northwest, and under average winter wind conditions the
significant wave height is less than 0.1 metres while under the maximum winter
northwest wind speed of 55 kmlh, significant wave height is less than 0.3 metres. Chart
depth within the lease area is up to 11.9 metres, however most of the lease area is
shallow, with depths of less than 4 m. No creeks, rivers, or other apparent modem
sediment sources are present in the area. No seabed or surficial geology information is
available for this site however Hickin et al. (2001) indicate that wave-washed sand and
gravel deposits are present along this shore of Porcher Island. Given that this site is
presently sheltered from wave activity, any wave-washed sediment deposits here are not
likely to be Holocene. Roughly 580,000 DMT of material were extracted from this lease
zone. For comparison, two sites were examined: a part of Oval Bay about 1 km south of
the lease area and a site on Henry Island about 1 km northwest of the lease area.

2.4.4 Useless Bay (K-61)
Lease area K-61 (Useless Bay) is located on the northwest coast of Porcher Island,
between Goble Point and Useless Point (Figure 6). No wind, wave, or current data are
available for this site; while tidal currents in Edye Passage are given as 2 knots (Chart
3956 Canadian Hydrographic Service, 1987), these currents are not likely to be present
within the bay. This bay is sheltered on all sides except from the west, where it is open
to the Edye passage. While the straight line fetch distance due west of the bay is 10's of
kilometres, along the few kilometres approaching Useless Bay the Edye Passage is
bounded by islands to the north and south. Thus the width of the area over which winds
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waves are generated is less than its length, and under these narrow fetch conditions
wave heights would be over-estimated by using the maximum, straight line fetch
distance (CERC 1984). Using a shorter, effective fetch distance of about 10 km, under
average winter westerly wind conditions the significant wave height should be less than
0.3 metres and under maximum westerly winds significant wave height may be 1.3
metres. Note that as the dominant wind direction is southeast in the winter, but west in
the summer, and this bay is sheltered from the southeast but open to the west, wave
exposure will be greater during summer months. The lease area is roughly triangular,
with its northeast side following the shoreline, and the west and south sides in open
water. No previous seabed or other surficial geology information is available for this
site. Chart depth is less than 0.3 metres for the entire potential extraction zone, with the
seabed sloping westward to depths of over 100 metres in the channel west of the bay.
Useless Creek and another smaller creek flow into the bay east of the lease zone, and
appear to contribute some modem sediment to the area.

2.4.5 McNichol Creek (K- 71)

McNichol Creek (lease area K-71) is about one kilometre north of Prince Rupert, at the
southwest comer of Melville Arm (Figure 7). No wind or wave data are available for
this site; while some tidal current data are available for Prince Rupert Harbour, these
data probably do not reflect the conditions within Melville Arm (B. de Lang Boom,

IOS, pers comm. 2004). The roughly triangular lease area, K-71 is bounded by the
shoreline along the northwest side; the east side is contained within Melville Arm, with
the south open to Prince Rupert Harbour. Therefore, while sheltered from most winds,
this area is exposed to the dominant southeast winds, with a relatively short fetch of
about 2 km. For the mean winter southeast wind speed of 23.5 kmlh, significant wave
height is approximately 0.15 m and under maximum wind conditions significant wave
height may reach 0.8 m. No previous seabed or other surficial geology information is
available for this site. Chart depth within the lease area, as well as to the north and east,
is less than 0.3 metres and one small, rocky island lies within the boundaries. Bottom
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topography is even and flat, with the sea bottom sloping steeply southwards to a depth
of about 27 metres, south of the lease area. McNichol Creek flows into Melville Arm
northeast of the lease area, and should contribute some sediment to this area.
2.4.6 Secondary Sites

Three smaller lease areas with lower or no recorded extraction volumes were examined
in 2002: Silver Creek (K-45) in Tuck Inlet about 10 km north of Prince Rupert; K-28
near Fan Point on the central west side of Porcher Island; and, K-68 along the shoreline
of Porcher Inlet near the south end of Porcher Island (Figure 1). No oceanographic or
surficial geology data are available for any of these sites. The Silver Creek lease area is
contained within Laurier Cove, on the eastern side of Tuck Inlet, roughly opposite Tuck
Point. At the narrow eastern end of the cove is the outflow of Silver Creek, with the
west end of the cove opening into the inlet and the northern and southern sides bounded
by steep, forested terrain. This cove is sheltered, with maximum fetch of about 600 m to
the southwest. Most of the lease area is intertidal, except at the mouth of the cove where
chart depths reach a maximum of about 20 metres. Lease area K-28 is on land (Figure
l), but includes about 1 kilometre of shoreline. This shoreline is roughly southwest
facing, and is exposed to the west and south, so should be subject to strong wave action.
Lease area K-68 (Figure 1) is also on land but includes about 1.5 km of the western
shoreline near the south end of Porcher Inlet on Porcher Island. Porcher Inlet is
relatively narrow (100 to 300 metres) and extends roughly northwards from the
southern end of the island almost to the northern end of the island. K-68 is sheltered
from all wind directions, although tidal currents are likely significant due to the length
and narrow width of the adjacent inlet.
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3.0 METHODS

Work carried out for this study includes reviews of previous work, historical air
photograph analysis, helicopter traverses, foot traverses, and towed underwater video
imagery (SIMS). For some lease areas, attempts were made to examine non-dredged
sites for comparison. Not all methods were used at all sites (Table 2).
3.1 Summary of Previous Work
Previous fieldwork related to the present study has been carried out by others at some of
the lease areas and reviews of gravel extraction documents and activities have been
completed (Jorna 2002). In April 1990, a site visit by Geological Survey of Canada
(GSC) personnel was made to the Metlakatla and Tugwell Island areas (Barrie, 1990).
The site visit included a helicopter overflight and a foot traverse. In June 2001, site
visits were made to Metlakatla, Welcome Harbour, and Secret Cove during a cruise of
the CCGS Vector (Cruise PGCOI-01). Sidescan sonar (Simrad, EG&G 100 kHz) and
grab samples were obtained for each of these sites and high-resolution seismic (Seistec)
data were obtained for portions of the Metlakatla area. Limited seafloor video imagery
was gathered at the Metlakatla and Welcome Harbour sites, using a Hydrobiotics
Remotely Operated Vehicle. Grab samples were analyzed for grain size at the Pacific
Geoscience Centre. In addition to fieldwork, Jorna (2002) examined dredging company
records regarding extracted tonnage, years of use, lot locations, tenure history and
royalty information for all lease areas in the present study. Additional details of
previous work are provided below in the results section for the appropriate lease area.

3.2 Historical Air Photograph Analysis
A search for aerial photographs taken of the lease areas was carried out by a consultant
(Ian Norie, Sidney B.C.), and based on these results B.C. Provincial air photos were
ordered for analysis. Details of photos examined for each site are given in the
appropriate results sections. Flight years ranged from 1947 to 1996 for all sites, with
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most sites having had photos taken before major dredging operations. Photos were
taken during late spring or summer. In general, stereo coverage is available, however as
photo scales varied from about 1:31,680 to 1:15,000, and as there is minimal relief
along the coastlines of the lease areas, viewing in stereo added little information.
Shoreline shape and the relative position of the tree line were checked between years, in
order to assess shoreline erosion. The tree line is a reasonable proxy for the shoreline,
probably easier to detect than a wetldry boundary commonly used for shoreline position
(Moore, 2000).
3.3 Helicopter Traverses
Helicopter overflights of areas not visited during the June 2001 Vector cruise were
made in August 2002. On August 27, 2002 the flight covered Porcher Island sites,
including K-28 at Fan Point on the west side of the island, K-68 along Porcher Inlet at
the south end of the island, and K-61 (Useless Bay). On August 28, 2002 a flight was
made over lease area K-45 (Silver Creek), opposite Tuck Point north of Prince Rupert.

Further aerial observation of selected lease areas was carried out on June 14,2003. Low
tide for Prince Rupert for that day occurred at 08: 15 Pacific daylight savings time, with
the tide level at 0.1 m the annual lowest tide. The flight covered lease areas at McNichol
Creek, Metlakatla and Tugwell Island, and the Porcher Island sites of Welcome
Harbour, Secret Cove, and Useless Bay. Sites were overflown in the order given above,
between approximately 08:OO and 09:30. Observations of areas adjacent to each lease
area were also made. Photos were taken at altitudes of roughly 100 to 300 metres.
Weather during the flight included light rain and winds of 25 to 30 knots, which limited
the ability to select traverse direction at some sites. Both digital and film still
photographs were taken within each lease area observed.
Helicopter photographs were analyzed for shoreline vegetation patterns, as a rough
assessment of biodiversity recovery. This analysis is based on the recovery monitoring
system proposed by Ellis (2003), in which bands of different biodiversity that occur

17

progressively up a shoreline, are observed as distinct zones. As these zones are well
established for rocky shores, identification of organisms to species level is not required,
since the presence of a zone generally indicates typical biological communities. The
extension of this method of shoreline assessment to aerial photography is based on Ellis
(1966) where it was shown that major biotic zones could be distinguished from the air.
3.4 Foot Traverses
Foot traverses were carried out in August 2002 and June 2003. Sites walked in 2002
included K-68 (at Porcher Inlet) and K-61 (Useless Bay) on August 27, and K-45
(Silver Creek) on August 28. No landing was possible at K-28 due to the steep beach
and dense forest. Traverses in 2003 were completed on June 15, 16, 18, and 19 during
low tide intervals. Lease areas covered included Secret Cove, Welcome Harbour,
Tugwell Island and McNichol Creek; traverses extended outside these lease areas where
possible (Figures 3 to 7). For each traverse, the area between the waterline and the tree
line at the beachhead was observed. Field stations, where observations and photographs
were taken, were located using a hand-held GPS, but were not marked on the ground.
At some locations, small test pits (less than 0.5 m depth) were excavated using a folding
shovel, and a limited number of sediment samples were taken. In general, however,
only surficial sediments, vegetation, and topographic features were observed. Slope
gradients were measured using a hand-held clinometer and distances measured by either
tape measure or pacing.
3.5 SIMS Traverses
Seabed Imaging and Mapping System (SIMS), is a towed underwater video camera
(Figure 8). The camera is part of a unit that includes a spotlight and two lasers which
project onto the seabed 20 cm apart for scale, as well as a depth sensor. Video is
continuously recorded on board the towing vessel, as well as the GPS position of the
vessel and the time, the latter two at two-second intervals. While the GPS records the
position of the towing vessel, the SIMS unit is behind the vessel, and is, in turn, looking
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forwards. Therefore the location of the seabed recorded on video is only approximately
coincident with the GPS position. The on-board operator controls the towing cable
while monitoring the video in real-time. For this project, a 6-metre boat was chartered
from New Pacifica of Prince Rupert and temporarily modified to allow deployment of
the SIMS unit. Recording was carried out while the boat was powered by a small
outboard engine instead of the main engine, in order to operate at lower, consistent
speeds of about 1 knot (50 cmls).
SIMS traverses were carried out as near as possible at high tide, on June 18, 19, and 20,
2003. Running at high tide allowed some overlap between SIMS video recordings and
still photos taken during foot and helicopter traverses. SIMS traverses were run within
and adjacent to lease areas at Metlakatlal Tugwell Island, McNichol Creek, Secret
Cove, Welcome Harbour, and Useless Bay (Figures 3 -- 7). Short traverses were also
made in several non-lease areas, for comparison purposes. Individual traverse routes are
shown in the appropriate results sections below and are based on on-board GPS
readings made at 2-second repetitive intervals. In general, while traverse routes were
planned in advance, actual routes deviated from the planned route, due to difficulties in
maintaining course at the low speeds required (one knot or less), and due to the
presence of kelp or rocks.
Limitations of SIMS include its close proximity to the seabed, and its passive steering.
As the camera is generally only about 1 m above the seabed, it is difficult to detect
larger scale bedforms and topographic features. The unit includes a depth sensor with
depth recorded at 2-second intervals; thus it is possible to infer topographic changes
based on depth readings. This is complicated by the limitations of the SIMS unit
steering equipment. The depth of the towed unit is changed by changing the length of
the tow cable. This takes time, and in the event of relatively rapid changes in depth,
such as would occur for a dredged crater, the camera unit tends to hit bottom or be too
high to see the seabed. Also, actual depth of the observed seabed is approximate,
because the depth of the SIMS unit itself is what is recorded, and the height of the unit
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above the seabed is not measured. Therefore the depth of the observed seabed will be
about 0.5 m to 2 m below the depth recorded by the SIMS unit.

Completed videotapes are viewed and for each "frame" (2-second interval) a record is
made of the surficial sediment type, any bedforms, vegetation type and coverage, and
epifaunal type and distribution. Each record is based on pre-selected categories, and
codes are entered into a spreadsheet or database. Classification of the various seabed
features into categories is based on the system described in Harper et al. (1998), with
minor modifications (Appendix I). Note that fish were occasionally observed but not
recorded for this study. As each record includes a GPS location, information Erom the
video can be plotted onto a map base for analysis. This was done using a Geographic
Information System (ArcGIS), at Coastal and Ocean Resources, Inc. in Sidney, British
Columbia.

4.0

RESULTS

4.1 Metlakatla (K-47 and K-47a) and Tugwell Island (K-42)
4.1.1 Extraction History

The review of extraction records carried out by Jorna (2002) indicates that lease area K42 (Tugwell Island; Figures 1 and 3) was actively mined between 1971 and 1976, with
peak years of 1971, 1975 and 1976, and a total of about 520,500 dry metric tomes
(DMT) extracted. Lease areas K-47 and K-47a covered the tombolo and surrounding
area between Doolan Point on Tugwell Island and Observation Point (Figures 1 and 3).
The two lease areas are adjacent, with K-47 covering the western 75 percent of the
potential extraction site and K-47a covering the east near Observation Point. Records
are not always clear as to which of the two areas extracted material originated from,
however estimated total material extracted was about 2,330,700 DMT from K-47
between 1972 and 1990, and 1,927,800 fi-om K-47a between 1975 and 1983. The peak
year for each lease area is given by Jorna as 1982. No information regarding the
location of dredging within each of the three lease areas is available from the records.
4.1.2 Air Photo Analysis

Air photos showing some or all of these lease areas were taken in the following years:
1947, 1963, 1977, 1992, with colour photos in 1996. Photo scales are 1:31,680 for 1947
and 1963, 1:20,000 for 1977, and approximately 1:18,000 for 1992 and 1996. The scale
indicated by the government for the 1992 and 1996 photos is 1:15,000, however
comparisons of features between these photos show they are not quite the same scale,
and comparison with photos of other years and the hydrographic chart shows the scale
is not 1:15,000 for either year. Scales were estimated for these two years, but
measurement conversions to metres for these photos are not considered reliable for
comparison purposes. This is because of the absence of identifiable measurement
points, such as roads or hilltops, on the photographs and maps or charts.

While analysis was mainly qualitative, a rudimentary quantitative check for shoreline
erosion was carried out for Tugwell Island, using the point measurement technique
described i n . Moore (2000). Persistent landmarks were identified and distances
measured using an adjustable divider, which was then checked on a scale to convert to a
distance in metres. Measurements were made on single photos using a 2X magnifier.
For each year, measurements were made on at least two photographs where possible, to
allow a rough compensation for distortion. The treeline or vegetation line along the
shoreline was used for measurements, in order to avoid ambiguities due to differences
in tide levels. Landmarks used were natural features, and some judgement was required
to choose each landmark on any given photo. Thus the quantitative analysis should be
considered a rough indicator of change only, as differences between years may be due
to measurement errors, which are likely in the order of at least five to ten metres on the
ground.
Several measurements were made on the photos, but not all measurements could be
made on all photos. In 1947 and 1963, the tombolo is visible and intact across the
channel. In 1977 a roughly 330 m gap is visible in the tombolo, although part of the
tombolo still extends from Doolan Point. By 1992 the gap in the tombolo is in the order
of 600 to 700 metres and very little of the bar extends from Doolan Point. The 1996
photos are similar to 1992, however there appears to be some landward regression of
vegetation from Doolan Point. In the 1996 photos, boulders are visible along the
intertidal portion of the coastline of Tugwell Island, except at Doolan point and along
the shore for about 200 m south of this point. Overall, between 1947 and 1996, the
shape of Tugwell Island remains constant, and no changes in the shoreline are
observable at the scale of these photographs. While erosion of portions of the beach
cannot be ruled out, such changes do not appear to have altered the tree line at the head
of the beach and are likely in the order of a few metres at most. Other than the removal
of the tombolo, no evidence of dredging activities is visible in air photos.
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4.1.3 Previous Field Work
The GSC site visit in 1990 found that the removal of sand and gravel fiom the tombolo
between Doolan Point and Observation Point had resulted in the destruction of this
feature (Figure 4). This created a permanent channel between Tugwell Island and the
mainland, which caused changes in longshore drift direction and continuing alteration
of the bar. Sediment appears to be moving northward from Doolan Point, due to the
dominant southeasterly storms. Erosion along the shoreline of Tugwell Island was also
observed, but was not directly attributed to the dredging activity in the channel (Barrie
1990).
Based on the 2001 sidescan and sub-bottom profiling data, the surficial geology of
Metlakatla Bay was divided into three main units: glacial till, stratified sand, and
stratified gravel, with stratified sand being the dominant unit (Figure 9). Seismic data
showed a series of broken and confused reflectors up to about 15 m thick, which are
inferred to indicate dredged areas. These disturbed areas were observed both north and
south of the former tombolo and present bar location (Figure 9), and a dredge pit was
observed on the north side of the channel. The dredge pit and other local surficial
dredging disturbances are visible on sidescan sonographs as areas of obvious and
variable changes in topography (Figure 10). These dredged areas cover scales in the
tens of metres for local disturbances to probably hundreds of metres for the pit. Note
that the CCGS Vector cruise data do not cover all of the channel, or shallower portions
of lease areas, due to the draft of the vessel used. Video imagery from 2001 was
collected at two stations in Metlakatla Bay (Figure 9), where currents permitted. Video
analysis showed a fine sand to gravelly substrate containing minor whole and
fragmented shells, with a variety of organisms including: bladed kelp, filamentous red
algae, shrimp, worm, clam burrows, crabs, and sea stars. Grain size analysis of seven
grab samples taken along the bar west of Observation Point showed moderate to wellsorted mixtures of sand and gravel, with less than 5 percent mud. One sample was taken
from Metlakatla Bay, south of the navigation channel and outside of the lease areas, and
was found to be a sandy silt.

4.1.4 Helicopter Traverse
The June 2003 helicopter traverse followed the bar from Observation Point westward to
Doolan Point on Tugwell Island, then continued over the southeastern shoreline of
Tugwell Island. Figure 11 shows the bar, which curves but extends roughly westward
from Observation Point. The bar is composed of gravel-sized material, and appears to
have a roughly triangular cross-section, with sides sloping away from a well-defined
crest. The area adjacent to the south of the bar is irregular and contains exposed shoals
and tidal flats, with visible boulders and vegetation. No flats, shoals, or rocks are visible
above the waterline north and west of the bar.
The eastern shore of Tugwell Island (Figure 11) does not show any obvious signs of
dredging impacts, such as pits or furrows or anomalous shoreline erosion, except at
Doolan Point where the tombolo previously joined the island and is now absent. The
exposed tidal flat south of Doolan Point shows some broad, gentle, depressions marked
by tidal pools of standing water. In general, the exposed sediment appeared to become
coarser south of Doolan Point, with visible boulders and cobbles. The coastal zone
North of Doolan Point is a large sandy tidal flat (Figure 11).
Vegetation is clearly visible in the intertidal zone of the study area, with the vegetation
type varying across the shoreline. Along the bar extending from Observation Point and
the eastern shore of Tugwell Island, Fucus dominates the mid- to upper intertidal zone,
with Ulva mixed with foliose red algae in the mid- to lower intertidal, and bladed kelp
locally visible at the lowest intertidal level. These vegetation zones are relatively
continuous along the bar and eastern Tugwell Island, and along the gravelly beach north
of Doolan Point, but are absent in the immediate area of Doolan Point, where the
tombolo previously joined Tugwell Island. The sandy tidal flat to the north of Tugwell
has little or no vegetation cover, except for local zones of eelgrass and foliose green
algae that appeared to be associated with cobbles and boulders.
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4.1.5 Foot Traverse

Two foot traverses were carried out on June 16, 2003: one along the west end of the
Metlakatla Bar, and another longer traverse along the eastern shore of Tugwell Island
(Figure 3).

Sediment along Metlakatla Bar is comprised of a surficial layer of

subrounded gravel and cobbles up to about 8 cm diameter, underlain by a shelly grey
coarse sandy gravel. Barnacles are present on the surficial cobbles and coarse gravel
along the top and high intertidal portion of the bar, while along the mid- to lower
intertidal levels the surface has vegetation cover progressing from Fucus in the upper
zone to dense stands of green Ulva and a red alga species, possibly of the genus
Odonthalia (Figure 12). Sideslopes of the bar are roughly 10 percent, however to the
south the slope decreases sharply and the bar grades into a tidal flat (Figure 12). Overall
the bar topography appears even and no pits, furrows, or other signs of erosion are
visible above the waterline.
The traverse along Tugwell Island started at Chapman Point at the north tip of the
island, and followed the tidal flat along the northeast shoreline to Doolan Point. Most of
this area is outside of the lease area, and the shoreline and tidal flat appear undisturbed
by dredging. The upper beach is covered by cobbles and boulders up to 2 metres in
diameter, with local gravelly areas, and slopes at roughly 5 percent down to the tidal flat
(Figure 13). The proportion of boulders and cobbles relative to gravel on the beach
decreases eastwards towards Doolan Point. Intertidal vegetation cover is moderate to
dense, and shows a standard zonation pattern with Fucus in the upper intertidal grading
into Ulva with red algae such as Odonthalia in the mid to lower zone, stopping at the
tidal flat where the sediment changes. The northern tidal flat has slopes near zero
percent, but contains local broad, shallow depressions with standing water. Sediment on
the tidal flat is generally fine grey shelly sand with trace gravel, with vegetation cover
varying from near zero to local, dense patches of Zostera grass, or various green and red
algae where gravel is present in greater proportions. Near the waterline of the tidal flat,
the slope increases to 2 to 3 percent, and the proportion of gravel increases to about 10
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to 20 percent. No changes were observed between the lease area and the tidal flat to the
west.
East of Doolan Point is the former western end of the tombolo, which slopes roughly 15
to 20 percent from its crest to the waterline (Figure 14). The sediment at the surface is
gravelly sand containing cobbles; along the slope facing the channel some sorting is
visible. Underlying the coarser surface layer is poorly sorted grey gravelly sand.
Intertidal vegetation cover is absent in this area, however Fucus cover is moderate to
dense in adjacent, more gently sloping beach areas. Barnacles cover some gravel and
cobble clasts at all elevations along the beach surface. With the exception of the steep
slope, no signs of mechanical disturbance, erosion, or recent slope failure were
observed in this area. South of Doolan Point the beach slope continues to be relatively
steep (10 to 14 percent), even outside of the lease area, surface sediments become
coarser and dominated by cobbles, and vegetation cover increases significantly (Figure
15). In general, the intertidal vegetation comprises moderate to dense Fucus in the
upper to mid intertidal, grading into Ulva with red algae such as Odonthalia in the midto lower intertidal zones. A 2 to 3 m high scarp is visible at the head of the beach,
however the scarp is largely obscured by terrestrial vegetation and does not appear to be
actively eroding. Farther south the intertidal zone becomes gently hummocky with
boulders and cobbles covered by vegetation dominating the surface (Figure 15). As
observed from the helicopter, local areas lacking boulders are present, some of these
being depressions with standing water at low tide. A relatively flat, dry, gravelly area
with dense vegetation cover was also observed, with the surficial gravel underlain by
dark grey gravelly sand containing shell fragments. These gravel-dominated areas
appear to be present only within the K-42 lease area boundary, while south of this lease
area the intertidal area continues to be dominated by vegetation-covered cobbles and
boulders.
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4.1.6 SIMS

The quality of SIMS data collected in this area is generally low, due to poor visibility
caused by suspended particles and darkness at greater depths causing the light to reflect
off suspended particles. In addition, strong winds, currents, and wave action provided
sources of constant, variable motion which complicated interpretation, and made
topographic interpretation difficult, due to the changes in depth readings caused by the
additional motion. Plots of SIMS interpretations for this and other areas are provided in
Appendix 11, with selected still captures in Appendix 111. Along the eastern shore of
Tugwell Island, abrupt increases and decreases in depth were observed over a distance
of a few tens of metres. Seabed types observed along the SIMS traverse included clastic
sediments with some sections of dense vegetation that obscured seabed sediments. No
bedrock was observed, although some portions of the traverse had such poor visibility
that the seabed type was not discernable, and some of these sections may have been
bedrock or boulder pavements. Intertidal and subtidal clastic sediments along the
eastern side of Tugwell-Island included gravelly sand to a sand and gravel mix near the
south end of the traverse, becoming a gravelly mud and sand mix south and north of
Doolan Point. Deeper subtidal sediments were mainly poorly sorted muddy sandy
gravel; north of the dredged channel, however, the deepest sediments are gravelly sand.
Gravel cover appears to be highest along the edges of the dredged channel. Limited
amounts of shell fragments were present along most of the traverse, at trace to about 10
percent surface cover. Seabed sediment properties were estimated visually, and roughly
calibrated by comparisons with intertidal foot traverse observations and sample analysis
from Geological Survey of Canada cruise PGCO 1-01 (Joma, 2002).
Vegetation cover is moderate to dense in intertidal and shallow subtidal areas, and
sparse to low in deeper subtidal areas along the traverse. In deeper water some of the
vegetation cover may be drift or detritus, however low visibility makes it difficult to
clearly distinguish leafy kelp detritus from living kelp. Primary vegetation cover along
the traverse is associated with depth. Dense sections of leafy brown kelps (category
BKS), probably laminarian species, Costaria, or Cymathere are present at deep
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intertidal to shallow subtidal depths along the entire traverse, and may have associated
red algae of various types. Where vegetation cover is sparse to low, at greater depths,
the dominant algae are filamentous reds (category FIR), generally with some associated
foliose red algae. Little marine life was observed, mainly individual starfish with some
crabs, sea cucumbers, and several sea pens. Some hummocky areas are present, at
various depths and locations along the traverse, indicating digging by crabs and or sea
stars.
4.1.7 Summary
Significant extraction was carried out within the lease areas around Tugwell Island and
Metlakatla, however peak extraction occurred in the early 1980's and activity ceased by
1990. Thus there has been considerable time for recovery of biological communities
and for physical changes to occur along the shoreline and on the seabed. Air
photographs show the removal of about 700 metres of the tombolo that extended from
Observation Point to Doolan Point on Tugwell Island, but otherwise no changes in the
coastline of Tugwell Island or the Metlakatla Bar were found. Previous sub-bottom and
sidescan work by others shows deeper subtidal sediments are comprised of stratified
sand with areas of glacial till or stratified gravel. A series of broken and confused
reflectors represented by topographic irregularities have been inferred to indicate
dredged areas at these depths, as well as one dredge pit. The June 2003 helicopter and
foot traverses did not show any intertidal signs of dredging other than the removal of
part of the tombolo. Most of the intertidal zone within and adjacent to the lease areas is
covered with vegetation, including Fucus and Ulva, with the exception of the northern
sandy tidal flat and the steeper area around Doolan Point, where the tombolo was
removed. The SIMS traverse found intertidal and shallow subtidal vegetation cover is
moderate to dense, with shallow subtidal algae dominated by bladed kelp species. At
greater depths, within the dredged channel area, vegetation cover is sparse to low and
comprised of various red algae and some kelp. The SIMS traverse along the eastern
shore of Tugwell Island, south of Doolan Point, encountered topographic features which
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required the unit to increase then decrease depth by up to about six metres over a
distance of a few tens of metres. No other unusual topographic features were observed.
4.2 Welcome Harbour

4.2.1 Extraction History
The review of extraction records carried out by Jorna (2002) indicates that the site was
actively mined between 1956 and 1996, with a total of about 243,000 dry metric tomes
(DMT) extracted. The majority of this material was removed between 1956 and 1977,
with Rivtow records showing about 40,000 DMT extracted after 1977 at irregular
intervals, often with several years showing no activity within the lease area. No
information is available about the location of extraction within the lease area.

4.2.2 Historical Air Photo Analysis
Air photos showing this lease area were taken in 1954, 1977, 1995 (Figure 16), and in
1996 (colour). Photo scales are 1:31,680 for 1954, 1:20,000 for 1977, and
approximately 1:15,000 for 1995 and 1996. As this lease area is relatively small, with
boundaries of only several hundred metres on any side, the air photos do not provide
great detail along the shoreline. The primary feature examined was the pit along the
southern beach of Welcome Harbour (Figure 17). In 1954 the shoreline is unbroken and
the pit is not present, nor are there any analogous features along other portions of the
beach. In 1977 the water level is high and shadows from the tree line obscure the shore,
however a break in the shoreline along the south beach is visible and extends below the
waterline. The disruption to the shoreline is clear in 1995 and 1996, above and below
the waterline, with the overall shape resembling an oval in the order of 80 to 100 m
long. Of note is a similar arc-shaped section of north-facing beach along the southern
shore of the cove immediately south of the lease area. This feature is not apparent in the
1954 or 1977 photos, but may be present and obscured by tree shadow and higher
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water. In the case of the southern feature, the recession of the shoreline is not as abrupt
as that in the lease area.
4.2.3 Previous Field Work
A surficial geology map of the Welcome Harbour and Secret Cove areas has been
created based on the June 2001 sidescan sonar data (Figure 16). Four surficial units
were identified: bedrock under sediment veneer, mud, stratified sand, and stratified
gravel. The sidescan sonar data show a dredge pit at the north end of the lease area, with
sections of irregular topography inferred to be disturbed by dredging present north of
that pit, and along the southern portion of the lease area. An unnaturally steep section of
beach observed along the southern shoreline was also inferred to be dredged. Grain size
sieve analyses were carried out on two grab samples taken near the southern shoreline,
which showed relatively clean, well-graded (i.e., poorly sorted) sand and gravel
sediments (Jorna, 2002). ROV video showed various species of algae, kelp,
invertebrates including shrimp, crabs, clam, worm burrows, a plumose anemone, and
one sculpin fish (Jorna, 2002).

4.2.4 Helicopter Traverse
Observations from the helicopter over Welcome Harbour show the shoreline along most
of the lease area is a relatively uniform, moderately sloped gravelly beach, with local
bedrock outcrops and two rocky islands near the southeastern quadrant (Figure 17). The
anomalously steep, oval incision into the shoreline is visible at the south end of the
lease area, as indicated in the June 2001 site visit. No other potential extraction-related
topographic features were observed during the overflight. Dredged areas identified by
sidescan sonar were submerged during this traverse, and are likely subtidal. Intertidal
vegetation, primarily lower intertidal green algae, covered most of the shoreline along
the extraction area, except for the northern-most beach and much of the south pit.
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4.2.5 Foot Traverse
This traverse covered the shoreline along the eastern bay and did not extend to the
north-facing beach at the north end of the lease area (Figure 5), which was examined
later during SIMS work. The north end of the bay is bordered by bedrock (Figure 18),
south of which is a small inlet that contains a dry stream or groundwater seep flowing
from the forest at the beachhead to the water. The slope of the beach in this area is
roughly 5 percent, and the surficial sediment in this section is subangular to angular
gravel up to 2 cm in diameter, underlain by grey shelly silty sand with some gravel.
Local cobbles are present at the surface, and along with some gravel clasts, are
frequently covered with barnacles. Within the exposed intertidal zone, there is dense
cover comprised of Ulva and foliose red algae, with some leafy brown kelp in the lower
intertidal zone.

A bedrock outcrop near the beach head is present about 50 metres south of the north end
of the beach; south of this outcrop the beach slope gradually and smoothly increases to
about 10 percent (Figure 18). Along this portion of the shoreline, the surficial sediment
layer becomes rounder and coarser, with larger gravel clasts and more cobbles, up to 8
cm in diameter, and the underlying sandy layer contains less fine material and is
browner in colour. Vegetation cover is dense in the exposed intertidal zone, with similar
species as to the north, except that sparse Fucus is present along the upper intertidal
zone. The beach topography is regular except for one local depression, roughly 3 m in
diameter and 0.5 m deep, which may be an extraction-related remnant. This depression
contains a veneer of silt at the ground surface.

At the south end of the beach is the large, partial oval-shaped disruption of the
shoreline, where the beach slope increases relatively sharply to about 30 percent (Figure
18), and maintains this angle at least one metre below the waterline. Surficial sediments
continue to be subrounded gravel and cobbles over sandy sediments, however near the
south end of the shoreline some sandy areas are exposed. Vegetation is nearly absent
over the intertidal zone, in contrast with the remainder of this site, however some
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vegetation was observed below the waterline, likely in subtidal water or the lowest
intertidal. This vegetation appeared to be foliose green algae with some foliose red and
leafy brown kelp. Bivalve shell fragments, commonly observed at the surface of the
intertidal zone along the bay, have a much lower abundance in this steep area. At least
one local 1.5 m by 1.5 m indentation into the slope was observed, possibly the remnant
of a dredge bucket mark.

On June 19,2003 the north-facing beach at the north end of the peninsula was observed
from the SIMS boat, roughly three hours before the published high tide time for Prince
Rupert so the mid- to lower intertidal zones were submerged. The shoreline along the
north end of this peninsula appears to be mainly bedrock outcrop encroached upon by
trees, with a section of gravel beach. The beach slope is approximately 10 percent and
no topographical irregularities such as dredge furrows or pits were observed. No
vegetation was visible on the beach, however the tide was relatively high.

For comparison, a short foot traverse along part of the shoreline of the bay south of
Welcome Harbour was carried out on June 19, 2003. As discussed under the air photo
analysis above, the shoreline appeared similar to that of the lease area, with bedrock
outcrops and gravel beaches. The foot traverse showed the beaches sloping roughly 10
to 15 percent, with sediments that are similar to those in the lease area, i.e. a coarse
gravel surficial layer over gravelly sand (Figure 19). Note that this area shows
numerous signs of human use, including at least one house and several beached,
abandoned boats, however no visible disturbance to the shoreline such as the crater in
Welcome Harbour was observed. The tide was relatively high during the foot traverse,
so intertidal vegetation could not be evaluated, however the upper intertidal zone
included low to moderate Fucus cover, which is sparser in the extraction area.

4.2.6 SIMS
The seabed along the traverse within the Welcome Harbour lease area is dominated by
clastic sediments, with a zone of dense vegetation along the shallow subtidal portion
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adjacent to the beach, and isolated rock or boulder patches in deeper water to the north
(Appendices 11, 111). Clastic sediments show relatively clear distribution patterns, with
sandy gravel along the southern, intertidal beach, then mud and fine sand dominating
subtidal surficial sediments. The same sediment distribution pattern was observed for
the comparison traverse to the south. Small-scale bottom topography also follows this
pattern, with a planar intertidal seabed where coarser sediments dominate, and
hummocky topography in deeper water where finer sediments dominate. The
hummocks are irregular, in the order of ten centimetres width or length, a few
centimetres in relief, and likely created by burrowing and digging of biota.
Seabed vegetation is associated with depth, and the same patterns were observed within
the lease area and at the comparison site. Along the mid-intertidal gravelly beach, cover
is low to sparse and dominated by Fucus or Ulva, changing to dense beds of bladed
kelps at shallow subtidal depths along the beach. Near the southern end of the
comparison site traverse, on sandy sediment, some filamentous green algae are present.
Macrocystis plants were encountered along the shallow subtidal portion of the lease
area traverse, and were generally visible at the surface and avoided to minimize tangles.
In deeper water away from the shoreline, vegetation cover is sparse to low, dominated
by filamentous red algae and bladed kelp, some of which may be detritus. Suspended
particles were present in the subtidal water column, and bladed kelp was often coated
with settled particles. Observed fauna included isolated sea stars, sea cucumbers, and
crabs at each site, with some infaunal holes present near the southern end of the
comparison site traverse.
4.2.7 Summary

Most extraction was carried out between 1956 and 1977, and all work ceased by 1996.
The previous sidescan sonar data collected by the GSC shows a subtidal dredge pit near
the north end of the lease area, and topographic irregularities inferred to indicate
dredging are present around the northern and southern portions of the lease area. The pit
near the south end of the beach along the lease area is visible in 1977 and later air
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photographs, and is the only observable change in the shoreline after extraction activity
began. Helicopter, foot, and SIMS traverses showed no other topographic anomalies,
and indicate that with the exception of the beach pit, intertidal and shallow subtidal
vegetation is present along most of the shoreline. Where previous sidescan sonar data
overlap SIMS imagery, the inferred dredging disturbance in sidescan data is not visible
in SIMS data. This is likely due to the difference in relative scales of the two types of
observation methods. The dredged pit and disturbed areas are on a scale of tens to
hundreds of metres in length and width, but probably only a few metres in relief, and
the SIMS field of view cannot detect the topographic irregularities visible on sidescan
data.

4.3 Secret Cove (K-49)

4.3.1 Extraction History
The review of extraction records carried out by Jorna (2002) indicates that the site was
actively mined between 1957 and 1984, with a total of about 579,000 dry metric tomes
(DMT) extracted. The peak extraction years were 1975 and 1976, when more than
100,000 DMT were removed. During the final lease years (198 1-1983) between zero
and 20,000 DMT were extracted per year. No information regarding the location of
extraction activities within the lease area is contained in available records.

4.3.2 Historical Air Photo Analysis
As for Welcome Harbour, air photos showing this lease area were taken in 1954, 1977,
1995, and in 1996 (colour). Photo scales are 1:31,680 for 1954, 1:20,000 for 1977, and
approximately 1:15,000 for 1995 and 1996. As this lease area is relatively small, with
boundaries of only several hundred metres on any side, the air photos do not provide
great detail along the shoreline. Qualitatively, the tree line along the northern portion of
the lease area shoreline does appear less regular in all photographs after 1954, however
movement of the tree line inland by 10 m would be less than 1 rnrn of measured
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distance on the photographs. Efforts to measure the tree line at this and other parts of
the shoreline relative to other features did not yield conclusive results, as variation in
distance due to measurement error was greater than changes between years. In general,
with the exception of the northern tree line, the shoreline in the lease area does not show
observable changes between air photo years.
4.3.3 Previous Field Work

Swficial geology units based on the June 2001 data are as described for Welcome
Harbour above and an area inferred to have been dredged is present in the northern
portion of the lease area (Figure 16). Sidescan sonar detected a large subtidal dredge pit
in the north-central part of the lease area (Figure lo), and bank failure with
corresponding tree loss was observed along the back of the bay; this erosion is
attributed to dredging. No underwater video was taken. Sediment grain size analyses of
six samples indicated sediments are predominantly gravel with some sand and little or
no fines.

4.3.4 Helicopter Traverse
Aerial observation shows the Secret Cove lease area is an arc-shaped bay with beaches
facing westward and northward, bounded by bedrock shoreline to the north and, at
Welcome Point, to the south (Figure 20). An isolated bedrock outcrop extends into the
water near the south end of the cove east of Welcome Point and several bedrock islets
are exposed offshore near the north end of the cove. The beach slope is moderate to
steep with a very steep scarp at the beach head, which appears to have multiple small
local active failures. Moderate to dense intertidal vegetation is visible, and includes
local zones of Fucus in the upper intertidal, with Ulva mixed with red algae along
portions of the mid to lower intertidal, and brown leafy kelp present at the lowest
intertidal elevations. For comparison, the flight continued south of Welcome Point to
Oval Bay, where the beach is gravelly and moderately sloped, and generally similar to
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the beach inside the lease area, but without the exposed scarp at the head of the beach.
Intertidal vegetation was sparse or absent from this section of beach.

4.3.5Foot Traverse

At the south end of the Cove, east of Welcome Point, the beach is north-facing and is
bounded at the foreshore by rock outcrops to the east and west. No scarp is present at
the tree line, and from the tree line the beach slopes northwards at about 8 to 10 percent,
then decreases to 5 percent at the intertidal zone (Figure 21). The upper, more steeply
sloped portion of the beach is covered by subrounded to rounded gravel containing
cobbles and boulders up to 0.3 metres, with little sand and no silt to a depth of about

0.25 metres, underlain by sandy gravel. Some groundwater seepage was observed in
this area. Vegetation and barnacle cover in this area is sparse to none. On the lower,
flatter portion of the beach, surficial and near-surface sediments are a mix of greybrown sand, silt and gravel containing shells, with dense vegetation cover including
Zostera, Ulva, and red algae species.

The sediments and beach profile along the northern, west-facing portion of the shoreline
differ visibly from the southern area. At the head of the beach is the scarp discussed
previously, which has a slope varying from 50 to 70 percent with locally steeper
sections, and a height varying from about 4 to 7 metres (Figure 21). Exposed sediments
in the scarp are sand and gravel, with subrounded to rounded clasts, and horizontal
bedding is visible. Local terrestrial sediments are probably glaciofluvial in origin. The
scarp is not visible at the very north end of the cove. At the base of the scarp the beach
slopes at an angle of about 10 to 12 percent, with swficial sediments comprised of
gravel and cobbles, the proportion of cobbles increasing near the waterline, and sparse
or no vegetation cover with some local patches of Fucus. A distinct slope break is
present near the lower intertidal zone, where the slope increases to about 20 to 30
percent and vegetation cover is present (Figure 21). Vegetation in this zone includes an
upper section of Ulva mixed with red algae, and lower leafy kelp. Note that this

steeper, vegetated intertidal zone extends along the shoreline to the base of the bedrock
outcrop at the north end of the cove.
Other areas were observed at sea level from the SIMS boat, for comparison. The beach
south of Welcome Point was verified to be moderately steep and gravelly, and has no
head scarp. The presence of a steeper sloped intertidal section could not be checked due
to a higher water level. Sheltered areas along Henry Island, northwest of Secret Cove
were checked but the exposed shoreline is rocky with minimal local gravel, cobble, and
boulder sections.

4.3.6 SIMS
The seabed observed during the SIMS traverse within the lease area was covered by
clastic sediments, with some sections too densely vegetated to observe the seabed
sediments (Appendices 11, 111). Several steep, angular bedrock outcrops were
encountered. Clastic sediments are relatively coarse, with gravel and cobble along the
intertidal beach, and sand and gravel to sandy gravel at all subtidal depths observed.
Gravel and cobble clasts are generally subround. Finer sandy sediments were observed
at low intertidal depths at the southern end of the lease area, between two rock outcrops.
Relatively little mud appears to be present, and organic debris cover is minimal, while
shell fragment cover is near zero along the intertidal beach but increases over subtidal
sediments. Subtidal shell cover was difficult to estimate because of the light colour of
the bottom sediments, but appears to vary from 10 percent to 30 percent. At subtidal
depths the water frequently contained suspended particles, although visibility was
generally good, and some vegetation was coated by settled particles. Sediment
morphology is planar, except for a hummocky area within finer sandy sediments at the
south end of the lease area.
The Secret Cove lease area has significant vegetation cover and faunal assemblages,
delineated by water depth. Along the higher intertidal zone, beach vegetation cover is
absent or low, and where present is dominated by Fucus. At lower intertidal depths
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along the eastern beach, the seabed has a low to moderate cover of foliose green algae,
probably mainly Ulva, and associated foliose and filamentous red algae, possibly
Odonthalia. At the southern beach, lower intertidal and shallow subtidal sediments are
moderately to densely covered by Zostera grass; a few laminarian-type bladed kelp
leaves were observed within the grass. These kelp leaves may have been detritus.
Shallow subtidal sediments are generally covered by moderate to dense brown kelp,
including Alaria spp., Laminaria saccharina, Costaria costata, Cymathere triplicata.
Macrocystis and Nereocystis kelp are also present. Near the northern part of the lease
area, shallow subtidal vegetation cover is dominated by dense filamentous red algae and
associated foliose red algae and brown kelp. At greater subtidal depths, vegetation cover
is lower, varying from zero to moderate, and algae present are smaller. Algal cover at
these depths generally includes a variety of unidentifiable filamentous and foliose red
algae, with sparse leafy brown kelp plants observed which may be detritus. At all
depths, coralline red algae are present on bedrock outcrops, and shallower rock sections
had local patches of brown kelp, probably Costaria costata.

Substantial numbers of benthic fauna were observed within the lease area, at subtidal
depths. Deep subtidal shelly, sandy sediments in the northwest, with sparse or no
vegetation cover, included patchy to uniformly distributed burrowing anemones
(Pachycerianthus). In general, subtidal areas with sparse to low vegetation cover
showed sea cucumbers and sea stars with patchy to uniform distributions, few to patchy
sea urchins (mainly Strongylocentrotus purpuratus), and several moonsnail (Euspira)
egg collars were observed. Rock seabed areas were covered by patchy to locally
continuous sea urchins, with patchy to uniform sea cucumbers and sea stars, and zones
with patchy to uniform white anemones (Metridium giganteum).
The SIMS traverse of the Oval Bay site to the south of the lease area (Figure 5) showed
clastic sediments only over the sea bottom, and sparse to low vegetation cover. Surficial
sediments mainly varied fiom gravelly sand to sandy gravel, with no boulders and only
trace to 5 percent cobbles observed. Bottom morphology was planar farther from the
shoreline, with local hummocks along the northern part of the traverse and ripples along
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the southern part of the traverse. The ripples indicate a higher energy environment and
are a few centimetres high and wide, roughly parallel, and mainly in clean sand with
gravel observed in troughs between ripples. Subtidal vegetation cover is sparse to low,
generally less than 10 percent, and includes variable foliose and filamentous red algae,
smaller brown bladed kelp plants, probably Alaria and narrow Costaria, and a few
Nereocystis plants. Local patches about one to two metres square of grass, possibly
Zosteria were observed, and at intertidal depths some foliose green algae is present.
Benthic fauna were not observed, however infaunal holes are present and hummocky
areas are likely due to digging by benthos.
Sediments along the Henry Island traverse (Figure 5) are generally gravelly sand, with
local areas of dense vegetation obscuring the seabed, and one area of mud and sand near
the northeast sector of this site. Seabed morphology varies from hummocky to planar,
often without obvious transitions, but generally more hummocks are visible farther from
the shoreline, where vegetation cover is low. Where vegetation cover is moderate to
dense, it is dominated by lea@ brown kelp probably L. saccharina or groenlandica,
wider Costaria costata, and possibly other species. Macrocystis is also present. Zones
of moderate to dense foliose green (Ulva) and various red algae are also present but less
common. In subtidal areas with low algal cover, patchy burrowing anemones were
observed, but for most of the traverse fauna were absent.

4.3.7 Summary
Extraction ceased twenty years prior to fieldwork, so elapsed time has been significant.
Despite the recovery time, bank failure is still visible along the backshore of the
northern part of the lease area. While disturbance to the tree line is visible in air
photographs, the amount of bank recession is not measurable, but is likely in the order
of ten metres. Helicopter, foot, and SIMS traverses did not detect obvious dredgerelated features within the intertidal or subtidal portions of the lease area, although
sections of the low intertidal beach are relatively steep, which may be due to dredging.
These sections are densely vegetated, as is much of this lease area. As with other sites
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where sidescan sonar has been used, topographic irregularities visible in sonographs
that are probably areas disturbed by dredging are not detectable using SIMS. Again, this
appears to be due to the larger scale of the disturbed area relative to the small field of
view of the SIMS equipment. The Oval Bay comparison site to the south shows no bank
failure, and minimal intertidal and subtidal vegetation, but is much more exposed to
wave action. The more sheltered Henry Island comparison site has moderate to dense
subtidal vegetation cover, however the intertidal beach area has more bedrock and does
not resemble Secret Cove.
4.4 Useless Bay

4.4.1 Extraction History
The review of extraction records carried out by Jorna (2002) indicates that the site was
actively mined between 1972 and 1985, with a total of about 70,000 dry metric tomes
(DMT) extracted. Peak Years were 1973 and 1977. No information is available
regarding the location of extraction activities within the lease area.

4.4.2 Historical Air Photo Analysis
Air photos showing this lease area were taken in 1954, 1977, 1992, and 1996 (coIour).
Photo scales are 1:3 1,680 for 1954, about 1:16,000 for 1977, and approximately
1:15,000 for 1992 and 1996. The 1992 and 1996 photos appear to have been taken
during lower water levels and show the deltaic nature of the study area. There do not
appear to be any changes to the tree line between 1954 and 1996. No craters or furrows
are visible in any of the photos. Two depressions containing water are visible adjacent
to the shoreline, with exposed sediment surrounding these areas, however these features
are discernable in the 1954 photo as darker patches. Thus they are likely due to the
deposition of sediment surrounding them, rather than resulting from dredging activity.
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4.4.3 Previous Field Work
No previous work within or adjacent to the Useless Bay lease area has been carried out.

4.4.4 Helicopter Traverse
At low tide Useless Bay appears as a tidal flat with multiple meandering streams,
varying sediment cover and local tidal pools (Figure 22). The shoreline along the lease
area faces roughly south-southwest, with bedrock outcrops along the northern portion of
the shore alternating with gravelly beaches, then no outcrops in the south. Dense forest
extends to the head of the beach, and no scarp is visible. The topography does not show
features such as craters, dredge furrows, or shoreline erosion. Intertidal vegetation
appeared along the clastic shoreline and tidal flat appears to be sparse or absent,
changing to moderate cover on rocky shorelines north and south of the bay entrance. No
changes in vegetation or local topography between the lease area and adjacent areas
within the bay were observed.

4.4.5 Foot Traverse
The northern shoreline where rock outcrops are present is comprised of a coarser upper
beach sloping about 2 to 3 percent and a relatively flat lower beach with finer sediments
(Figure 22). Surficial sediment on the upper beach is subrounded to subangular gravel
with some sand and trace cobbles, while on the lower beach the surficial sediment is
fine sand with trace gravel. Away from the shoreline the bay is relatively uniform and
flat, and surficial sediments are a mix of fine sand and gravel. Some intertidal
vegetation was observed along the flats, with local patches of moderate cover of
filamentous and foliose green and red algae.

41

4.4.6 SIMS
Intertidal surficial sediments along the traverse are predominantly gravel containing
cobbles and boulders, with zones of gravelly sand, and some sandy gravel (Appendices
11, 111). Subtidal surficial sediments are frequently covered by dense vegetation, but
where visible are mainly gravelly sand. No bedrock or muddy areas were observed.
Seabed morphology is predominantly planar, with a few locally hummocky and rippled
lower intertidal areas. Ripples are in gravelly sand, are a few centimetres high, and are
likely formed by wave action, although ripples near the outflow of Useless Creek may
be current-related. While intertidal water was generally clear, in the vicinity of the creek
the water became cloudier and greenish coloured. In deeper subtidal water, suspended
particles were present, although there was little or no observed particle accumulation on
kelp blades.
Intertidal vegetation cover is generally sparse to low, dominated by either Fucus or
foliose green algae, often with associated foliose and filamentous red algae, and a
distinct area of possible filamentous green algae and diatom cover near the creek
outflow. At shallower subtidal depths, dense expanses of Zostera grass cover the
seabed, often with a foliose ;ed epiphyte (possibly Smithora naidum). There are a few
small open patches within the seagrass beds, which show light coloured sandy
sediments. As depth increases, vegetation cover becomes moderate to dense stands of
bladed brown kelp, with the deepest portion of the traverse dominated by filamentous
red algae. Few fauna were observed. Local, isolated patches of infaunal holes are
present in sandy intertidal sediments, and a few Cancer crabs were seen. In deep
subtidal sections, where vegetation cover is moderate, patchy sea pens, sea cucumbers
and sea stars were visible.
4.4.7 Summary
Extraction quantities here were low relative to the previous sites, and 25 years has
elapsed since the end of dredging. There is no evidence of physical impacts in air
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photographs, helicopter, foot, and SIMS traverses. Much of the lower intertidal and
shallow subtidal seabed is obscured by dense vegetation, including kelp and eelgrass
(Zostera). As Zostera is found in finer sediments, a possible impact is that the removal
of coarser sediments by dredging altered grain size and changed vegetation from kelp to
eelgrass. There is no way to determine if this is the case, as there is no pre-dredging
information.
4.5 McNichol Creek
4.5.1 Extraction History

The review of extraction records carried out by Jorna (2002) indicates that the site was
actively mined between 1971 and 1996, with a total of about 354,000 dry metric tomes
(DMT) extracted. The peak year was 1973 (about 80,000 DMT removed) and during
the final years of operation approximately 2,000 to 3,000 DMT were removed per year.
No information is available regarding the location of extraction activities within the
lease area. Rivtow Marine Ltd. records often refer to the material extracted as
"McNichol Creek Sand", so it is possible that the majority of aggregate extracted here
was sand rather than gravel.
4.5.2Historical Air Photo Analysis

Air photos showing this lease area were taken in 1947, 1963, 1977, and in 1996
(colour). Photo scales are 1:31,680 for 1947 and 1963, 1:20,000 for 1977, and
approximately 1:15,000 for 1996. As this lease area is relatively small, with boundaries
of only several hundred metres on any side, the air photos do not provide great detail
along the shoreline and no measurements were made. Overall, no dredge-related
features such as craters or furrows are visible in any of the photographs, and the shape
of the shoreline is consistent between years. Greater detail is visible in the larger scale
photos from 1977 and 1996, and in these photos the tide level appears to be lower, so
shallow tidal flats are visible inside and outside of the lease area. These photos also
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show that the water flowing out of McNichol Creek is relatively clear rather than cloudy
and sediment-laden, although both photo sets were taken during the summer.

4.5.3 Previous Field Work
No previous work within or adjacent to the McNichol Creek lease area has been carried
out.

4.5.4 Helicopter Traverse
The lease area includes a sandy tidal flat and a moderately sloped gravelly upper beach
facing southeast, local bedrock outcrops, and a treed islet near the southern end (Figure
23). Melville Arm continues north of the lease area, where McNichol Creek enters from
the northeast and one or more unnamed creeks enter from the northwest (Figure 23).
The tidal flat has some gentle topographic variation, but does not show signs of
dredging activity such as pits or furrows. Intertidal vegetation is visible along most of
the beach, comprising moderate to dense Fucus cover along the mid to upper zones with
local areas of Ulva along the lower intertidal zone. On the tidal flat, vegetation cover is
generally sparse to none, however local patches of green algae or grass are visible.

4.5.5 Foot Traverse
To the south and outside of the lease area, away from the tidal flat, the shoreline is steep
(30 to 40 percent slope) and covered by angular cobbles and boulders. These cobbles
and boulders have the appearance of rip-rap placed as shore protection, although they
could also be natural, resulting from the erosion and failure of local bedrock. This steep,
coarse shoreline ends near the entrance to Melville Arm, where the upper beach slopes
at about 10 to 15 percent until an abrupt transition at the tidal flat (Figure 24), which has
a negligible overall slope but some gentle variations in topography. In general no
headscarp is visible along the beach. Surficial sediment on the upper beach varies from
gravel, cobbles and boulders to sandy gravel containing cobbles, underlain by a grey
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gravelly sand containing shell fragments and cobbles. Intertidal vegetation cover is
present along the beach above the tidal flat and in general in two zones are visible: a
mid- to upper Fucus zone and a lower Ulva and red algae zone. The tidal flat sediments
include a surface veneer of fine grey shelly sand over coarser gravelly grey shelly sand
containing cobbles. Local patches of vegetation are present and appear to be associated
with gravel and cobbles.

4.5.6 SIMS

Surficial sediments along the traverse within the lease area and at the comparison site
west of Douglas Point, are predominantly a variable slightly gravely muddy sand
(Appendices 11, 111). Deeper sediments are muddier and appear to have a veneer of
settled particles over gravel clasts, or no gravel. Beach sediments are subangular to
angular gravel and cobble with boulders. Organic and shell cover are generally five
percent or less along both traverse routes. Seabed morphology along most of each
traverse route is hummocky at intertidal and shallow subtidal depths, and planar at the
deepest section of the traverse and along the gravel beach areas. A few sections where
ripples are present were observed near the northern end of the lease area. On a larger
scale, two incidences of rapid change in depth resembling a pit or gully cross-section
occurred near the southern end of the lease area. Visibility during these incidents was
near zero, at least in part due to the towfish striking bottom. In general, visibility within
the lease area was reduced by suspended matter in the water, and at shallower depths
the water was locally greenish in colour. Water at the adjacent Douglas Point site
(Figure 7) was generally clear.
Intertidal vegetation cover is sparse to low for most of the lease area traverse, except
for moderate to dense Fucus and some foliose green algae cover along gravelly beach
sections, and a few moderate to dense sections of Zostera grass on the tidal flat. Where
vegetation cover is minimal over the tidal flat in the lease area, algae include various
foliose green and kelp plants, and unidentifiable filamentous plants. Within the lease
area, there is generally no subtidal vegetation cover at any depth. At the adjacent
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Douglas Point site, shallow subtidal vegetation is sparse to low, and includes various
bladed kelp plants and some foliose green algae. One section of this traverse
encountered dense kelp. Where vegetation is sparse to low, a brown diatom crust was
frequently observed coating the sediments.
Few intertidal fauna were directly observed within the lease area, however the sandy
tidal flat contained patchy to uniformly distributed infaunal holes and the hummocky
morphology likely indicates digging by benthic fauna such as Cancer crabs. Infaunal
holes are also present, but less abundant, at shallow subtidal depths, and were not
observed where the traverse crossed the deeper slope south of the lease area. Patchy to
uniform infaunal holes were also observed along most of the Douglas Point traverse,
along with several Cancer crabs. Local zones of patchy to uniform sea pens were also
encountered at shallow subtidal depths and also at deep subtidal depths, below the steep
slope to the south.
4.5.7 Summary

Low-level extraction was carried out here as late as 1996, but the majority of material
was removed about twenty years earlier, and air photographs show no visible changes
that could be related to aggregate dredging. Helicopter and foot traverse observations
also show no indication of dredging. The SIMS traverse found gully or pit-like changes
in depth south of the lease area, but these could not be characterized in any detail.
Intertidal vegetation is present along the coarse clastic beaches, and this site has very
little subtidal vegetation, which may be due to sedimentation from creek outflows, and
slope instability at the south end.

4.6 Secondary Sites
4.6.1 Extraction History
The review of extraction records carried out by Jorna (2002) indicates that Silver Creek
(K-45) (Figure 1) was actively mined between 1970 and 1977, with a total of about
26,000 dry metric tomes (DMT) extracted. The peak year was 1974. No information is
available regarding the location of extraction activities within the lease area. Lease area
K-68 along Porcher Inlet (Figure 1) was officially in use from 1973 to 1974, but no
extraction records were found, and the tonnage removed, if any, is unknown. Lease area
K-28 (Figure 1) also has no extraction records, but was recorded as in use between 1969
and 1972.
4.6.2 Historical Air Photo Analysis
Air photos showing the Silver Creek lease area were taken in 1947, 1963, 1977, and
1992. Photo scales are 1:31,680 for 1947 and 1963 about 1:20,000 for 1977, and
approximately 1:l5,OOO for 1992. The shoreline is generally obscured by trees in 1947,
1963, and 1977, but the southern area was partially logged sometime prior to 1992 so
there is greater visibility in that year's photos. No observed changes in the shoreline, or
craters or furrows in bay sediments are visible. This cove appears to be an active area of
sediment deposition. Lease area K-48 is shown in photos taken in 1977 and 1995, but
no photos prior to the start of recorded lease area use were found. No changes are
observable between 1977 and 1995. No photographs showing lease area K-68 were
found.
4.6.3 Previous Field Work
No previous work has been carried out at either Silver Creek (K-45) or Porcher Inlet
lease area K-68, or lease area K-28.
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4.6.4 Helicopter and Foot Traverses
Overflights were made of all three sites during August 2002. The shoreline of lease area
K-28 (Figure 25) is a moderately steeply sloped, planar, gravelly beach with no
vegetation, and no sign of erosion or dredging. Lease area K-68 has a very irregular
shoreline, also moderately steep and gravelly (Figure 25), and Fucus cover is present
along most of the intertidal zone. The foot traverse of this shoreline confirmed the slope
varied irregularly along the shoreline, and material varied from gravel to cobble size
with local, oversteepened sections of dominantly cobble-sized clasts. The irregular
shoreline could be an artefact of dredging. Lease area K-45 (Silver Creek) is relatively
flat with fine to medium sandy sediments and local areas with gravel and cobbles,
which generally have attached Fucus (Figure 26). A main creek channel and several
minor channels extend into Tuck Inlet. The upper intertidal beach has a slope of five to
ten percent and is composed of angular cobbles and boulders with local bedrock
exposures.

4.6.5 SIMS
No SIMS work was done at or near K-45, K-28 or K-68.
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5.0 DISCUSSION

This section examines the types of impacts that may result from marine aggregate
extraction, based on other studies. The potential impacts within the present study areas
will be discussed in relation to other relevant studies. Both short- and long-term impacts
are discussed, despite the difficulty in evaluating short-term impacts given the length of
time elapsed between cessation of extraction and the collection of data.

The impacts of offshore extraction of sand and gravel have been studied widely in
Europe, with additional work done in the United States, New Zealand, and Atlantic
Canada. For the purposes of this discussion, impacts will be divided into two broad
categories: physical and biological. Physical impacts are modifications or alterations of
the coastal and seabed topography and sediment characteristics, while biological
impacts refer to changes in the quantity or diversity of marine organisms. With the
exception of the direct removal of organisms by the extraction equipment, most of the
biological impacts are due to physical impacts, so physical impacts will be discussed
first. Note that both types of impacts may have consequences on other human marine
activities, such as cable laying and fishing.

5.1 Physical Impacts

5.1.I Review of Previous Studies
While impacts vary depending on equipment type, extraction methods, and sediment
type, some general principles apply to most extraction sites. The most serious physical
impacts of offshore aggregate extraction relate to substratum removal, alteration of
bottom topography, the formation of temporary plumes, and re-deposition of material
(de Groot, 1996). These various impacts may have direct, short-term consequences on
the local physical environment, and may also have longer-term indirect consequences
depending on local conditions. Impacts can also be interactive.
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Substratum removal is the most obvious impact, and refers to the extraction of sediment
by the dredging equipment. The removal of sediment may directly alter the grain size
characteristics at the seabed surface. This may be due to the selective removal of a
particular size fraction (e.g. gravel rather than sand), or the exposure of a different layer
beneath the mined deposit (Kenny and Rees, 1994, 1996). Dredging can also destabilize the seabed, such that local tide and wave conditions can transport sediment that
would have previously remained stationary (Kenny and Rees, 1996). The removal of
offshore sediment can lead to further erosion on the coast, by reducing the amount of
sediment available for shoreward transport. During storms or seasons with higher
waves, beach drawdown may occur as the waves remove material from the upper
foreshore and transport this sediment seawards. In calmer weather, the sediment may be
returned to the foreshore by the lower waves or currents (Uren, 1988; Hesp and Hilton,
1996). If dredging removes sediment that would otherwise have been transported
shoreward, beach erosion may result. Studies of nearshore sand mining in New Zealand
(Hilton, 1994; Hesp and Hilton, 1996) have found that large quantities of sediment are
transported offshore over a very short period of time, during major (e.g., 1 in 10 year)
storms. Recovery of beaches from these storm events can take 8 to 16 years. This
episodic nature of beach erosion and development can cause difficulties in evaluating
the impacts of offshore sediment removal, as a beach recovering from a major storm
may still aggrade atler sediment extraction. However, over the long term the beach may
not fully recover, and will, in turn, have increased erosion problems during the next
major storm event (Hesp and Hilton, 1996).
Aggregate extraction can directly alter the seabed topography by lowering the crest of
offshore banks or bars, and by creating pits or furrows. Offshore banks or bars can
protect coastlines by dissipating wave energy and permanently lowering these features
will affect the stability of the protected coastline (Uren, 1988; Anctil and Ouellet,
1990). Dredged furrows and pits can have a variety of impacts on the physical
environment, including alteration of the wave climate (Anctil and Ouellet, 1990; Maa et

al., 2001), trapping sediment which would otherwise have been transported shoreward
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(Uren, 1988), and locally changing sediment grain size within a pit or furrow (Desprez,
2000).
If a dredge pit is much deeper than the ambient water depth, and pit size is comparable
to wavelength, then wave diffraction and reflection can be strong (Maa et al., 2001). In
general, a shoreline represents some degree of balance between all possible wave
conditions, so if dredging changes wave conditions, some change in the corresponding
shoreline should be expected (Maa et al., 2001). While it appears to be difficult to study
changes in wave climate in the field, modelling studies have shown offshore sand
extraction could result in increased wave height, in an area between the dredge sites and
the shoreline (Hobbs, 2002; Maa et al., 2004). Uren (1988) notes that changes in wave
height and angle of approach to the shoreline will be site specific, and could result in
either accretion or erosion at the shoreline. Where topographic changes due to dredging
resemble natural seafloor variation, wave transformation and corresponding shoreline
impacts should be negligible (Bymes et al., 2004a, 2004b).
Desprez (2000) lists four ways in which new sediment may accumulate within a dredge
pit or furrow: 1) bedload transport; 2) natural deposition of suspended fines; 3)
deposition of dredge-related outwash fines; and, 4) slumping of pit walls. Infilling of
dredge depressions by slumping and by natural bedload transport is considered positive,
as this will gradually reduce the depth anomaly of the pit or furrow, and the grain size
should resemble that of the surrounding sediment. Thus accumulation of sediment may
indicate recovery of the mined area.

Long-term changes in grain size within a

depression occur where the depression causes local decreases in current strength,
resulting in deposition of finer sediments than the surrounding seabed (Desprez, 2000;
Hobbs, 1993; Gajewski and Uscinowicz, 1993). Overall, accumulation of sediment in a
dredge crater depends on the local wave and current conditions, and sediment supply. In
dynamic environments with sediment inputs, craters and furrows will be filled, and may
resemble the surrounding undisturbed seabed within a few months or a few of years
(Newell et al., 1998; van Dalfsen et al., 2000). Depressions at sites without regular
currents can persist for much longer, with craters observed after 15 years on some tidal
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flats (Newel1 et al., 1998), and appear more likely to have finer grained sediment
relative to adjacent non-dredged areas (van Dalfsen et al., 2000).

Dredging activities can cause the formation of a plume of suspended fine sediment, due
to outwash from onboard processing, or disturbance of the seabed. Newel1 et al. (1998)
reviewed studies of plume dispersal, and found that while plumes were originally
thought to disperse widely, settlement of the suspended material is actually relatively
rapid. The decreased dispersal distance estimates are due to studies which have shown
that plumes show some grain cohesion and act as density currents, thus settlement
through the water column is more rapid than estimates calculated based on individual
grains. A field study by Hitchcock and Bell (2004) found no evidence of suspended
sediments from dredging operations falling to the seabed, beyond about 300 metres
downtide of the dredge area. In general, dredge outwash plume widths and dispersal
distances have been found to be less than a few hundred metres

5.1.2 Physical Impacts in the Present Study
The equipment used for sediment extraction at all study sites was a clamshell bucket
dropped from an anchored barge, and it is reasonable to assume that the barge would
have been moved as little as was practical. Therefore, based on the previous discussion,
the expected physical impacts of extraction would be related to:
removal of seabed and shoreline material;
alteration of topography;
changes in surficial sediment grain size.
While the removal of seabed and shoreline material certainly occurred, the
consequences of this removal, such as shoreline or beach erosion, or alteration of
surficial grain size, are not ubiquitous over any lease area (Table 3). Beach erosion or
recession generally results from the removal of offshore sediments that would have
been transported shoreward, the removal of offshore bars or berms which shelter the
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beach from strong wave action, or cutting off drift sediment sources. As all extraction
sites were relatively sheltered from wave action, such impacts would not be expected,
and the available evidence does not show long-term beach erosion at any site. Alteration
of seabed surficial grain size cannot be evaluated, as grain size prior to extraction is not
known. Large changes in grain size, such as the removal of gravel to expose mud, are
not likely even in the short term, as the seabed sediments are probably relict
glaciofluvial deposits thicker than extraction depths. Settlement of fines suspended
during extraction may have occurred. Topographic changes such as crater or furrow
formation, or increased slope angles, may have been significant over the short term
following extraction, however as discussed above, such pits or furrows are generally
infilled by surrounding sediments within a few years. Sufficient time has elapsed since
the cessation of extraction for infilling to have occurred, and the disturbed reflectors
observed in Metlakatla area sub-bottom profiles may be craters or furrows which have
been filled by current and wave action.
The most visible physical impact known to result from dredging is the partial removal
of the tombolo, which formerly extended between Observation Point and Doolan Point
on Tugwell Island (Figure 4). Very little research has been done on tombolos and their
formation (Flinn, 1997), and no work had been done on this tombolo prior to dredging.
In general, tombolos form due to the convergence of longshore currents and sediment
transport in a shadow zone behind a nearshore island, due to wave refraction and
diffraction (Masselink and Hughes, 2003). The Tugwell Island tombolo likely formed in
the order of 10,000 years ago, during a period when sea level was lower and there was
ample sediment available in the nearshore area of the island to build the tombolo
(Barrie, 1990). Under existing conditions, the dredged section should not be able to reform, as there is no modem, nearshore sediment supply to be deposited in the gap.
While a tombolo may form from the shoreward transport and deposition of offshore
material, such as the sand tombolo studied by Flinn (1997), these situations appear to
occur where the area between the island and the mainland is sheltered from waves. As
the dominant wind direction is from the southeast, and the area between Tugwell Island
and the mainland is exposed to the southeast, the wave conditions necessary for the
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deposition of any offshore sediment do not appear to exist. In addition, the dredged
channel is relatively constricted, so tidal currents are likely to be significant and may
prevent deposition within the gap. Thus the gap in the tombolo is expected to be
permanent.

An additional impact of the gap is the change in water circulation patterns caused by the
new channel. With respect to geology, the most significant change is that sediment may
now be transported through this channel, and transport direction is probably northward
(Barrie, 1990). Given the low modern sediment supply, the impacts of the new sediment
transport pattern may be negligible or very gradual, but could include increased erosion
of beaches south of the channel, and increased deposition of finer material north of the
channel. It is possible that some of the finer sand on the tidal flat north of Doolan Point
may be related to northward transport of sediment through this channel.
Along the eastern shore of Tugwell Island and south end of the McNichol Creek lease
area, relatively abrupt depth increases and decreases were observed, which may be
furrows or pits related to dredging. Due to the limitations of the SIMS system these
features are not well characterized. For both sites, these features are present along steep,
natural slopes and it is possible that these depth changes are due to changes in the
traverse direction moving the towed unit down then up the natural slopes. There may
also be natural gullies present, due to local slope failures. These explanations are not
mutually exclusive.
The pit at the southern end of the shoreline of the Welcome Harbour lease area (Figures
17, 18) is another apparent, long-term impact of extraction activity. There is no

reasonable natural cause for the shoreline's abrupt inland recession and the increase in
slope at this location. A similar beach to the south has more gradual curves in the
shoreline and gentler slope angles. It is possible that the slopes of this feature may have
been steeper when originally excavated or dredged, and have subsequently failed locally
and stabilized. There is no immediate inland evidence such as tension cracks or
jackstrawed trees, of slope movement associated with this feature.

The actively eroding slope face near the north end of the Secret Cove lease area (Figure
21) is the result of extraction by barge access (Jorna, 2002). There is at least one
terrestrial shrub at the slope base, so the eroding face appears to be above the highest
zone of tidal influence. Given the protected nature of the cove, the base of the slope
may also be above storm wave levels, and therefore additional erosion or failure of this
slope will be due to terrestrial rather than marine processes. Since the slope appears to
be well-drained, no new sediment is being deposited near the top, and no seepage or
stream is undercutting the toe, large scale slope failure does not appear likely except
under earthquake loading. Additional erosion would be due to rainwater and should be
surficial. The impact of such erosion on the marine environment may include deposition
of sediment, although the material composing the slope appears relatively clean and
deposition of fines should be minimal. There was no evidence of recent, larger scale
slope movement observed during the site visit. Note that the change in the position of
the tree line which likely resulted from extraction from this slope was not reliably
detectable in the air photograph analysis carried out in this study, so the possibility that
there was undetected erosion at other sites cannot be ruled out.
The extensive dredge pit off the beach of Secret Cove (Figure 10) may result in
continued beach erosion, in order to reach equilibrium by partial or complete filling of
the pit. On a less sheltered coast, a dredge pit created during winter wave conditions
could remove sediments ordinarily transported onshore during summer. Subsequent
winters would further erode the beach to fill the pit. In the case of Secret Cove, the
beach is sheltered and seasonal sediment movement is not likely, however it is possible
that a severe storm might cause more beach erosion than would originally have
occurred, due to filling of the dredge pit by beach sediments.
Overall, with the exception of the features discussed above, broad scale physical
changes due to extraction activities were not observed during fieldwork for this project
(Table 3). Previous marine geophysical work carried out in the Metlakatla area, Secret
Cove, and Welcome Harbour found the seabed had been disturbed and possible subtidal
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dredge pits were detected. The previous work was confined to deeper subtidal water,
and there was very little overlap between that work and the current field program, so it
is possible that dredging was not carried out at shallower depths. Therefore no impacts
were detected because no dredging was done in the areas examined. This seems
unlikely, given the obvious intertidal features at Welcome Harbour and Metlakatla, and
the fact that large sections of each lease area are intertidal, so it should be assumed that
some intertidal dredging occurred at each site.

There is some overlap between the previous geophysical work and the current SIMS
data, and the inability of SIMS to detect dredging disturbance is likely due to the
narrow, surficial view provided by SIMS. As indicated in the discussion above,
previous studies have shown that within several years of cessation of extraction, pits
and furrows generally infill with sediments from the pit wall, or from sediment
transport. Since extraction ceased at most sites over a decade ago, most pits or furrows
should have been filled, and as modem sediment supplies are minimal, infilling will be
from adjacent sediments. It should therefore be difficult to determine from a close
distance viewing the surface only, whether the seabed is an infilled pit or an undisturbed
section of seabed, particularly where plant cover is significant. Sub-bottom profiling,
however, would show disturbed stratigraphy and detect dredged areas, as in the
Metlakatla area. Sidescan data show topographic irregularities over areas in the order of
tens to hundreds of metres, much larger than observable by SIMS. These topographic
irregularities are a persistent artefact of aggregate dredging, and are likely larger scale
remnants of areas that included smaller craters and irregularities that have been
smoothed by currents and gravity.

The present study provides some insight as to the best methods for assessing impacts
due to dredging. As previously noted, SIMS does not appear to be able to detect largescale features such as dredge pits and possibly also dredge furrows. SIMS is also not
able to accommodate the relatively rapid changes in seabed bathymetry associated with
pits, because of the lag time in operating the towing cable. Sidescan sonar is probably
more valuable for examining the physical impacts of dredging on the seabed, although it

56

does not provide any biological information. Neither SIMS nor sidescan sonar provide
any information about sediment grain size below the seabed surface. Sub-bottom
profiling (e.g. seistec) allows detection of disturbance below the seabed surface, but
does not provide detailed grain size information and may not have sufficient resolution
to detect small amounts of mud settled from a dredge plume. Grab samples are
disturbed but would allow a depth-integrated sediment grain size distribution to be
carried out, and would also provide samples of benthic infauna. Grab samples would
not reliably detect settled fines on the seabed surface, because of the disturbed nature of
the sample. Gravity- or vibro- corers remove relatively undisturbed sediment samples,
and might be used to detect settled fines or changes in grain size over depth.

None of the techniques used to examine the seabed would detect shoreline erosion over
time. Helicopter overflights may detect obvious features such as an intertidal dredge pit,
but are unlikely to detect low levels of shoreline erosion, and would not allow reliable
measurements of any erosion observed. The examination of air photographs carried out
in this study indicates that, at photograph scales of 1:15,000 or smaller, erosion of a few
metres of shoreline would not reliably be detectable. Larger scale photographs could
probably be used to assess shoreline erosion, however caution should be used in
attributing erosion found to dredging. While seabed dredge pits and furrows do not
resemble natural features, and can be attributed to dredging with some certainty,
shoreline erosion caused by natural storm events or seasonal changes in wave activity
may not differ from erosion due to dredging. It is important to compile information on
possible natural causes of erosion for an area to be examined for dredging impacts, and
to have photographs of a similar scale of an appropriate control (non-dredged) section
of shoreline. The ability to distinguish between natural and extraction-related erosion
would be equally important for more detailed shoreline surveys using transits and levels
or total stations. Overall, for any study of marine aggregate extraction impacts, the types
of impacts to be assessed must be considered when deciding on the methods used to
detect those impacts.

5.2 Biological Impacts
5.2.1 Review of Previous Studies
Much of the marine benthic community lives in the top 30 cm of sediment, so when
dredging occurs a significant portion of this community will be destroyed (van Dalfsen
et al., 2000). In addition to the direct killing of organisms by dredging equipment, the
previously described physical impacts of aggregate extraction can affect biological
communities. These impacted communities can include a wide variety of benthic
invertebrates, seaweed, plankton, and fish. There have been several published reviews
of marine aggregate extraction or marine mining impacts which cover the biological
impacts from dredging, in particular Newel1 et al. (1998). A number of field studies
have looked at marine sand and gravel extraction impacts on benthic invertebrates.
Some of these studies, such as Kenny and Rees (1994, 1996), Desprez (2000), Drucker
(1995) and van Dalfsen et al. (2000) have had access to species data prior to the start of
extraction operations and are able to directly assess changes due to dredging. Other
studies, such as Newel1 et al. (2004) and Boyd et al. (2003) have looked at how dredged
areas have recovered following the cessation of dredging, without a temporal control
but using similar non-dredged areas for comparison. In addition to benthic
invertebrates, the impacts of dredging on seagrasses (e.g., Onuf, 1994) and fish (e.g., de
Groot, 1996) have been examined. Intense low frequency noises can impact soundsensitive marine mammals (Wursig and Green, 2002), and dredging operations can
cause such noise pollution (Greene, 1987). Most research, however, has focussed on
benthic invertebrates. More specifically, most field studies and review articles have
evaluated the recovery of benthic invertebrate communities following aggregate
extraction.
As discussed in the previous section, the most serious physical impacts of offshore
aggregate extraction relate to substratum removal, alteration of bottom topography, the
formation of temporary plumes, and re-deposition of material. It is reasonable to assume
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that a given marine community subjected to extraction activity will experience all of
these impacts to some degree, therefore this discussion will look at how these impacts
affect biota at or near the extraction area.

Substratum alteration and removal can remove detritus such as fecal pellets, which in
turn reduces food available to ecosystem, both the benthic and the water column
(Desprez, 2000; Coastline Surveys, 1997). Conversely, resuspension of bottom material
can release nutrients and also toxicants (Garnett and Ellis, 1995), so the trophic
structure of impacted communities can be altered (Johnston, 1981). Newel1 et al. (2004)
found enhanced species diversity, population density, biomass, and mean body size of
benthic macrofauna in deposits surrounding an aggregate extraction site. Newel1 et al.
(2004) speculate that this enhancement was due to organic enrichment derived from the
dredge site. Sediment stability is important in controlling community structure (Newel1

et al., 1998), and alteration of the seabed by removal of coarser fractions may change a
stable gravel bank into mobile sand (de Groot, 1996). Topographic changes such as the
creation of over-steepened crater walls can also de-stabilize the seabed. This
destabilization can prevent certain types of organisms from re-establishing, or result in
increased mortality of newly settled organisms post-dredging (Kenny and Rees, 1996).
Changes in sediment size can change the species that can settle in previously dredged
areas and new species may or may not be food sources for higher food chain organisms
such as fish (Desprez, 2000).
Dredging where finer material is present, as surface cover or a component of the
aggregate removed, can cause the formation of temporary plumes of suspended fines.
Such plumes can clog the gills of suspension feeding organisms, although, in general,
coastal bivalves have been found to be adaptable to increased turbidity (Newell et al.,
1998). Light reduction can affect photosynthesizing plants, even after plumes re-settle.
Onuf (1994) found that wind-waves could re-suspend settled maintenance dredge
spoils, which caused relatively long-term (at least 15 months after dredging) turbidity
increases and seagrass loss. Onuf (1994) notes that seagrasses must tolerate reduced
light levels of several days duration due to natural disturbances, so observed seagrass

59

loss was not due to immediate plume effects. Note that Onuf's study is on maintenance
dredging in finer sediments, not aggregate dredging. The timing of plume formation is
significant. Bach et al. (1997) developed an ecological model to assess dredging
impacts for construction work in the Danish Sea area, and state that in a temperate
climate, it is important to determine whether seagrass shaded during growth season will
store sufficient carbohydrates to ensure re-growth after dormancy. Overall, the relative
impacts of dredging plumes on seagrass may not be as important as larger scale habitat
changes. Glemarec et al. (1997) found that in a long-term (60-year) study of Zostera
seagrass beds in Southern Brittany, anthropogenic disturbances, including maerl
dredging, were of limited importance relative to the decline and recovery of seagrass
beds due to climate fluctuation.
Problems can also be caused by the re-deposition of suspended material, and the most
important may be the smothering of fish eggs on spawning grounds (Desprez, 2000).
Benthic macrofauna are often well-adapted to burrow back to the surface following
burial, and can survive re-deposition (Ellis, 2002; Newel1 et al., 1998). Lyngby and
Mortensen (1995) found that dredging-induced heavy sedimentation combined with
shading from suspended material can significantly reduce the growth of Laminaria
macroalgae. Again, all material involved in that study was fine-grained and from
maintenance dredging, as opposed to the coarser grained material more likely to be
associated with aggregate extraction. Maintenance dredging at a given site should also
be more frequent than aggregate extraction, so suspension and settling impacts
associated with maintenance dredging may be greater.
Noise pollution can adversely affect marine mammals relying on sound for
communications (Wursig et al., 2000; National Research Council, 1994), and low
frequency (< 100 Hz) noise may have impacts at great distances from the sound source
(Wursig and Green, 2002). Most underwater noises from stationary industrial activities
such as oil drilling, pile driving, and dredging are at lower frequencies (Wursig et al.,
2000). There is little information concerning dredging and noise, however Greene
(1987) measured 20- to 1000-Hz frequency noise levels from oil industry activity,
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including dredging, in the Beaufort Sea. Greene (1987) found that two cutter-suction
dredges produced noise levels of 133 dB and 140 dB at distances of 0.19 kilometres and
0.2 kilometres respectively. Background noise levels in areas with no industrial activity
showed median noise levels of 99 dB, with a 90'~-~ercentile
level of 117 dB, at depths
similar to those of the dredging operations (Green, 1987). Therefore it is reasonable to
assume that dredging will produce some noise pollution, above background noise
levels. Noise levels are a function of the equipment used and its state of repair, where
damaged equipment may generate greater noise (Greene, 1987). Local conditions will
influence the impacts of noise pollution. Wursig and Greene (2002) note that in
relatively shallow water (in the order of 10 metres), noise levels from tanker activity in
a busy harbour attenuated to below background at distances of 500 to 1000 metres, but
that noise attenuation is more rapid in shallow water than deep water. Higher levels of
background noise also influenced Wursig and Greene's 2002 results, and they state that
in less noisy environment noise pollution may be prominent at substantially longer
distances.

The damage to communities from dredging is not necessarily permanent. In addition to
examining the impacts of dredging on seabed biota, many studies have assessed the
recovery of benthic communities following cessation of dredging. In earlier sections,
physical recovery refers to the return of seabed sediment size and topography to its predredged state, and biological recovery is similarly defined. In most studies, when
population density (number of individuals), diversity (number of different species), and
biomass have returned to pre-dredged levels, the site is considered recovered. More
recently, Ellis (2003a) has proposed a working definition of biodiversity recovery from
disturbance as "the start of sustainable ecological succession". Once primary
opportunistic colonizing organisms are sustaining themselves, either by their own
breeding or by repeated settlement from pelagic larvae, a sustainable ecological
succession has been started. This measure of recovery has not yet been applied to
aggregate extraction sites, but could be valuable for areas where no pre-dredging data,
or good spatial control sites, are available.
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Newel1 et al. (1998) review studies assessing post-dredging impact, and show an
expected 30%-70% decrease in diversity, and a 40%-95% reduction in density and in
biomass. Most dredged sites studied recover, however the time required depends on
factors such as sediment type and natural or background disturbance levels (Newel1 et
al., 1998). Recovery of diversity and density is due to the settlement of small
individuals as larvae and juveniles, followed by biomass recovery from the growth of
these organisms in undisturbed deposits. Recovery time varies from a few months to
more than 10 years, although the assessment of recovery from dredging may be
complicated as communities are often subject to major changes naturally (Newel1 et al.,
1998; Newel1 and Seiderer, 1997).
Recovery time relates to habitat stability in that communities that inhabit disturbed
habitats comprise species which are opportunistic and have high rates of recolonization,
whereas communities inhabiting more stable deposits comprise larger, slower growing
species (Newel1 et al., 1998; Newel1 and Seiderer, 1997). While initial recolonization of
stable deposits may be by opportunistic species this does not constitute recovery to a
pre-dredged state and these species may be replaced through succession. Thus, recovery
depends on the type of species present, as well as numbers, diversity, and biomass.
Stability is partly related to sediment size, with coarser sediments (e.g., gravelly) more
stable and slower to recover than finer sediments (sands, muds) (Ellis and Robertson
1999; Newel1 et al., 1998; Garnett and Ellis, 1995). Newel1 et al. (1998) stress that
sediment grain properties alone do not control stability or community structure, as
physical properties of sediments are linked with other factors such as wave disturbance,
currents, and biological interactions. They believe that the general process of sediment
compaction and stabilization is the most important factor in controlling the time course
of recovery of communities characteristic of stable sediments. Even if sediment
composition changes, if the new sediments are sufficiently stable, biological recovery to
a pre-dredged state is possible. Ellis (2002) notes that benthic infauna may inhabit pore
spaces within sediment, that porosity may be more important than grain size, and that
pore space is influenced by compaction as well as grain size. Porosity is rarely
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documented, and in-situ values cannot be determined accurately from standard grab
samples.
There have been several studies of the recovery of benthic communities following
offshore sand dredging, primarily along the Florida coast (Blake et al., 1996; Drucker,
1995; Courtenay et. a, ,. 1980; Turbeville and Marsh, 1982; Naqvi and Pullen, 1982;
Saloman et .al., 1982). More recently, studies have been carried out to assess potential
biological impacts of future sand mining along the east coast of the U.S.A. (Diaz et al.,
2004; Bymes et al., 2004a). Saloman et al. (1982) looked at short-term recovery of
benthos following dredging and found that following an initial, immediate decline in the
bottom community, recovery was complete after about one year. Blake et al. (1996)
could not detect differences in a benthic community between pre- and two years postdredging, although there was significant variation between dredged study sites.
Turbeville and Marsh (1982) examined a benthic community five years after dredging
and found no observable adverse effects on diversity, abundance, or biomass. Overall,
these studies show that impacts on benthic communities due to dredging are relatively
short-lived in the environments examined. The background environment is significant,
however, as the dredged sites for all studies were in areas where the seabed was subject
to disturbance by wave action and an influx of modem sediments. In addition, Saloman

et al. (1982) note that the native infauna are abundant, adapted to disturbance, and able
to reproduce 10 or 11 months of the year. In contrast, a study of European sites by van
Dalfsen et al. (2000) found that communities of long-lived bivalve species may require
10 or more years to recover and that a recovered community may differ from the
original.
Fewer studies have been carried out on the recovery of benthic communities from
dredging impacts of coarse sand and gravelly seabeds, possibly because of the increased
difficulties in sampling coarser sediments (Newel1 et al., 1998), and also because there
are fewer exploited marine gravel resources (Desprez, 2000). Available studies have
been carried out on invertebrate communities in the English Channel, and include work
by Kenny and Rees (1993, 1994, 1996), Desprez (2000), and Boyd et al. (2003). Kenny
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and Rees examined post-dredging recovery after seven months (1994) and two years
(1996), and found that while species abundance and diversity began to recover rapidly
and were near pre-dredging levels after two years, biomass recovery was slower. This is
likely due to higher mortality of longer-lived species, which they attribute to the
physical destabilization of the seabed due to dredging. Desprez (2000) also found that
while species diversity recovered within 16 months of dredging completion, biomass
was still lower than at reference stations after 28 months. This biomass reduction is
attributed to changes in benthic community structure, which are in turn caused by
changes in sediment type from coarse material to finer sands deposited in dredge tracks,
following dredging activity. Unlike the studies by Kenny and Rees (1994, 1996) and
Desprez (2000), Boyd et al. (2003) did not have access to pre-dredging benthic data and
relied on comparison with non-dredged sites in the vicinity of the dredged areas. Boyd
et al. (2003) found that species diversity and population density had not yet recovered
four years after cessation of dredging, and that community composition was statistically
associated with past dredging intensity. The site that experienced the greatest dredging
intensity had the greatest reduction in species diversity and population density. All of
the above studies conclude that recovery time is site-specific.
The studies related to dredging impacts and post-dredging recovery of the benthic
community discussed above examined only benthic invertebrates, with no discussion of
vegetation, likely because vegetation is absent from most aggregate dredging sites. Ellis
(2003b) describes a method used to assess biodiversity recovery of a rocky shoreline
adjacent to coastal mine waste rock dumping, based on intertidal vegetation zonation
patterns. A few studies regarding maintenance dredging impacts have been published,
including Lyngby and Mortensen (1996) on kelp, and Onuf (1994), Bach et al. (1997),
and Thorhaug (1985) on seagrasses. With the exception of Thorhaug (1985) these
studies examine the impacts of suspended fines, and do not assess recovery. Thorhaug
(1985) studied the effectiveness of anthropogenic seagrass restoration in a Florida
estuary damaged by dredging, filling, and run-off, so recovery results cannot be reliably
extrapolated to natural recovery from aggregate dredging. Of more value may be studies

of the recovery of vegetation from natural disturbances, as dredging may be considered
as one kind of disturbance.

Sousa (1979) investigated small-scale ecological succession in an intertidal algaldominated boulder field, by clearing existing vegetation fiom boulders and concrete
blocks, mimicking natural overturning by wave action. While Sousa (1979) found that
disturbed surfaces were colonized by early successional green algae (Ulva) within one
month, he observed that this species could inhibit the recruitment of later successional
red algae species as long as the green algae remained healthy and undamaged. This
shows that while vegetation may recover quickly after a local disturbance, the new
vegetation may differ from the original community for some time. At a larger scale,
Ebeling et al. (1985) observed the impacts of two severe storm disturbances on a
California kelp forest over a five year period, and also found there could be significant
changes in community structure following disturbance. The first storm removed the
larger, canopy-forming giant kelp (Macrocystis) but not understory kelps. The
destruction of the giant kelp eliminated the primary source of food for adjacent rockdwelling sea urchin populations. The urchins then migrated to the remaining food
source of understory kelp and consumed most living plants and their presence prevented
the re-establishment of the previous kelp forest community. The second storm removed
the exposed urchins and allowed re-establishment of the kelp forest in rocky areas,
however in mixed sand and cobble substrates kelp had not recovered by the end of the
study; about two years after the second major storm. Therefore the recovery of a
community from major disturbance can depend on the state of that community prior to
disturbance, and the new structure may be very different from the pre-disturbance
community. Aggregate dredging could potentially act as the equivalent of a storm in the
above situation, and remove either a food source or its grazer or predator, resulting in a
change to the community structure.
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5.2.2 Biological Impacts in the Present Study
Based on the above discussion, biological communities have had sufficient time to
recover at each lease area in this study. Direct impacts on biota cannot be assessed, as
there are no pre-dredging data for any study site. Boyd et al. (2003) note that after a site
has been dredged for many years, the benthos and sediments may have been altered.
Therefore it may be difficult to judge whether a biological community observed at a
dredge site is representative of the pre-dredged status of that study site. Spatial control
sites are also problematic as the extraction sites each have unique physical factors, such
as high degrees of protection from wind and waves, creek outflow, or a partial tombolo.
Comparison sites have sufficiently different physical attributes, such that differences in
the biology could have been due to those attributes rather than dredging. In any event no
obvious, consistent general differences between non-dredged and dredged site biology
were observed.

It is reasonable to assume that there were short-term impacts on biota within the
dredged area, such as the mechanical destruction of benthos by dredging equipment, but
these cannot be evaluated. As there are no pre-dredging data for any site, long-term
recovery of the biological communities cannot be conclusively assessed, however some
inferences can be made. Much of the intertidal zone at each site has visible vegetation
cover, and shallow subtidal vegetation including Zostera and bladed kelp stands typical
of the Pacific coast (Levington, 2001; Druehl, 2000) are present at all lease areas,
except at McNichol Creek. Vegetation cover may be lower at the McNichol Creek study
area because of non-dredge related factors, such as disturbance due to sedimentation
from the creek outflow and associated lower light levels. At the adjacent comparison
site for McNichol Creek, there were local areas of dense vegetation, however no creek
is present at this site, and that may account for the difference. The absence of algal
cover on the McNichol Creek tidal flat does not indicate an absence of biota, as infaunal
holes are ubiquitous and surficial digging by crabs is also common. For all sites, the
intertidal and subtidal algal and grass communities appear to be sustaining themselves
and so have recovered according to the Ellis (2003a) definition. The possibility of
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changes in community structure due to dredging disturbance cannot be eliminated, but
without baseline data such changes cannot be evaluated.

Based on the observed physical impacts, there is some permanent loss of habitat within
the Metlakatla and Welcome Harbour extraction areas. In the case of the Metlakatla
area, the lost habitat is the removed section of tombolo, which would have provided
potential substrate for commercial bivalve species such as clams. As discussed above,
the removal of the tombolo is permanent, so the associated habitat cannot recover.
Changes in sediment transport patterns resulting from the creation of the new channel,
may have also altered benthic habitat. Areas that may have previously experienced
minimal sedimentation could now have greater input, possibly of finer material. Field
observations indicate that where the tombolo used to join Tugwell Island at Doolan
Point, beach slopes are unusually steep and no intertidal vegetation was observed
(Figure 14, top photo), although intertidal vegetation is present in adjacent areas where
the beach slope is more moderate (Figure 14, centre photo). Similarly, the steep slopes
of the dredge pit at the south end of the Welcome Harbour lease area showed no signs
of intertidal vegetation or fauna, as opposed to the adjacent beach. Therefore
oversteepening of beach slopes by dredging appears to prevent re-establishment of
intertidal vegetation, and possibly fauna, and constitutes long-term habitat damage or
loss. In the case of the Welcome Harbour pit, shoreline volume has been reduced so
there may a corresponding permanent reduction in habitat for burrowing organisms
such as clams.

Foot traverse and helicopter observations show that along the eastern shore of Tugwell
Island, the relatively flat intertidal portion of the coastline appears to have increasingly
greater vegetation coverage, as one progresses farther south from Doolan Point. This
coincides with increased frequency of cobbles and boulders. Therefore it is most likely
that the increasing vegetation coverage is the result of increasing substrate stability,
rather than any direct impact of dredging. It is possible that cobbles and boulders were
removed closer to Doolan Point, as part of dredging activity, decreasing substrate
stability and therefore vegetation. It is also possible that dredging was carried out in
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areas where coarser material was already absent, as cobbles and boulders are not
desirable and increase handling difficulties during dredging.

Previous sidescan sonar and seismic data show dredging disturbance to the subtidal
seabed within the Metlakatla, Welcome Harbour, and Secret Cove lease areas. This
disturbance takes the form of relatively large-scale topographic irregularities along the
seabottom, which cannot be detected by the narrow field of view of SIMS equipment.
While in general, the SIMS data show lower vegetation in these disturbed areas, these
areas are also in deeper, subtidal water and similar vegetation coverage decreases would
be expected in non-dredged sites at similar depths. Therefore long-term impacts on
vegetation due to dredging-induced seabed topographic irregularities are not detectable
in the data gathered for this thesis. Note that the time elapsed since cessation of
dredging has been significant, consequently disturbed seabed areas may have
subsequently stabilized, though topography is still irregular relative to non-dredged
areas. Therefore there may have been shorter term impacts while the seabed was
unstable, but there is no existing evidence for this.
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6.0 REGULATIONS
The results of previous records searches have shown that little or no review was carried
out prior to extraction in the lease areas examined in this thesis (Jorna, 2002). There is
general language within the standard lease and license agreements signed with the
Province (e.g., Article 4.01d in 1986 License Agreement for area K-47) stating the
extractor shall not "commit or suffer any wilful or voluntary waste, spoil, or destruction
on the Land". There is a post-script in a 1979 letter from the B.C. Ministry of Lands,
Parks and Housing to Rivtow Marine Ltd. regarding general conditions of the lease for
K-47, that indicates an environmental study already underway in the area concerning
the possible impacts the leases will have on seabirds and that the results of that study
will determine whether or not future gravel tenures will be allowed over this site. No
other pre-dredging references were found. For Secret Cove, the lease was not renewed
in 1984 because of upland erosion concerns expressed by the B.C. Ministry of Lands. In
1996, D.F.O. Prince Rupert requested all information regarding the McNichol Creek
lease area from Rivtow and Kaien Gravel. D.F.O. appeared to have shut down
extraction operations but no records were available after the initial letter and some
handwritten notes. Overall, there is not enough information to evaluate the nature of any
review carried out prior to extraction approval, or the effectiveness of existing
regulations and guidelines.

The following sections review existing Canadian federal and B.C. provincial Acts,
regulations, and guidelines applicable to marine aggregate extraction. The effect these
rules may have on the approval of offshore aggregate extraction, primarily with respect
to environmental review requirements, is assessed. Existing and proposed regulations in
foreign countries with significant marine aggregate extraction industries are reviewed,
and possible guidelines for marine sediment extraction are discussed.
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6.1 Canadian Acts and Regulations

Canada has no specific environmental acts, regulations or guidelines for marine
aggregate extraction or marine mining in general. Federal government studies and
reviews have been carried out periodically to help create policies for marine mining,
however this process has not been completed to date (Joseph, 1988; G. Fader, pers.
com. 2003). On the West Coast, there is some uncertainty with respect to marine
jurisdiction between the federal and B.C. Provincial governments. Supreme Court of
Canada cases have determined that the federal government has exclusive authority over
seabed areas west of Vancouver Island and the Queen Charlotte Islands, while British
Columbia has authority over the seabed between Vancouver Island and the mainland
(Strong et al., 2002). There is still legal uncertainty regarding jurisdiction over the
seabed between the mainland and the Queen Charlotte Islands (Hecate Strait), and the
seabed of Queen Charlotte Sound. Regardless of jurisdiction, it is reasonable to assume
that both federal and provincial governments would expect to be involved in permitting
marine aggregate extraction. On existing or claimed First Nations territory, additional
regulations or guidelines may be imposed by aboriginal government, above and beyond
those of the provincial or federal governments. Potentially relevant federal and
provincial acts, regulations and guidelines are reviewed here.

6.1.I Federal
Federal acts that may be relevant to coastal or offshore aggregate mining include: The
Fisheries Act, the Canada Marine Act, the Oceans Act, the Canadian Environmental
Protection Act and the Canadian Environmental Assessment Act (CEAA). Each of these
acts contains sections that have general implications regarding protection of the marine
environment, and the regulation of various activities that can impact the environment. In
nearly all cases the pertinent sections are general and subject to considerable
interpretation. The Fisheries Act appears to be the most significant of the Federal Acts
with respect to marine aggregate mining, and in theory prohibits any such activity in
section 35(1):

"No person shall carry on any work or undertaking that results in the harmful
alteration, disruption or destruction of fish habitat."
Where fish habitat is defined in section 34 as:
"spawning grounds and nursery, rearing, food supply and migration areas on
which fish depend directly or indirectly in order to carry out their life
processes".
The word "fish" in this context includes all life stages of aquatic organisms varying
from shellfish to marine mammals (Section 2 of the Fisheries Act). It is reasonable to
assume that the removal of aggregate from the seabed will contravene section 35(1),
therefore marine aggregate mining theoretically violates the Fisheries Act. This does not
mean mining cannot be carried out, as the Fisheries Act allows for the Minister of
Fisheries and Oceans, or DFO personnel, to authorize such work.
The Fisheries Act is the enabling statute for a number of orders and regulations. The
British Columbia Gravel Removal Order appears to be directly relevant to aggregate
extraction. Section 2 of this Order states:
"No person shall remove gravel from, or displace gravel within, the normal high
water wetted perimeter of any portion of a stream, river or other body of water
that is a spawning ground frequented by fish otherwise than under the authority
of and in accordance with a permit in writing issued by the Regional Director or
a fishery officer."
As indicated above this Order will allow for aggregate extraction if a permit is issued,
and it is worth noting that the Order appears to be intended to apply mainly to river
systems, 107 of which are specifically listed in its Schedule 3. Additional regulations
enabled by the Fisheries Act include the Fishery (General) Regulations, the Pacific
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Fishery Regulations, and the Marine Mammal Regulations. These three sets of
regulations deal primarily with how fish, shellfish, plants, and mammals are harvested
rather than habitat concerns, and should have no influence on marine mining. The
exception is section 58(1) in Part IX of the Fishery (General) Regulations, which states:
"Any person who proposes to carry on any work or undertaking that is likely to
result in the harmful alteration, disruption or destruction of fish habitat and who
wishes to have the means or conditions of that work or undertaking authorized
by the Minister under subsection 35(2) of the Act shall apply to the Minister in
the form set out in Schedule VI."
This section would allow for marine aggregate mining, following a successful
application for authorization.
In practice, DFO Habitat Management Program staff would be involved in any proposal
relating to marine aggregate extraction, and would examine the proposal to assess
whether a harmful alteration, disruption, or destruction of habitat (HADD), as defined
in Section 35 of the Fisheries Act, is likely (Shepherd, pers. com. 2004). Guidelines for
such a review are based on the Policy for the Management of Fish Habitat (DFO, 1986)
and the Habitat Conservation and Protection Guidelines (DFO, 1998). Both documents
provide general principles and procedures for decision making regarding projects which
will impact fish habitat; where HADD is likely DFO should request the proponent
relocate or redesign the project to avoid HADD. Authorization for a project resulting in
HADD may be granted where mitigation is possible, however a screening under the
Canadian Environmental Assessment Act is required before such authorization can be
granted (Shepherd, pers. com. 2004).
The Canadian Environmental Assessment Act (CEAA) requires an environmental
assessment for any project where a federal authority is involved in a variety of ways,
including the issuance of a permit or licence (paragraph 5(1)). '4s indicated above, the
Fisheries Act should require that marine aggregate extraction be approved by the
Federal Department of Fisheries and Oceans, as extraction would disrupt fish habitat.
Therefore an environmental assessment should be required for marine aggregate
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mining. This is explicitly stated in the CEAA Inclusion List Regulations, Part VII
(Fisheries), paragraph 43 :
"The harmful alteration, disruption or destruction of fish habitat by means of
physical activities carried out in a water body, including dredge or fill
operations, that require the authorization of the Minister of Fisheries and Oceans
under subsection 35(2) of the Fisheries Act or authorization under regulations
made by the Governor in Council under that Act."
In addition, the CEAA Comprehensive Study List Regulations state that a stone quarry
or gravel or sand pit with a production capacity of 1,000,000 tomes per year or more
requires a comprehensive study.
The Oceans Act provides legal definitions of Canada's Maritime Zones, for example,
the continental shelf, and sets some limits on the application of provincial laws in ocean
areas (Part I). Paragraphs 9(2)(b) and 2 1(2)(b) indicate that provincial laws do not apply
to mineral resources in waters covered under the Oceans Act. The Act also outlines a
general Oceans Management Strategy (Part 11), based on the principles of sustainable
development and the precautionary approach (section 30). Other than these general
principles, this Act does not address marine aggregate extraction. The Canada Marine
Act deals primarily with marine transportation issues, and does not apply to marine
mining except in the broad sense that one objective is "to provide for a high level of
safety and environmental protection" (paragraph 4(d)). The Canadian Environmental
Protection Act (CEPA) deals with pollution prevention and the release of toxic
substances, and consequently, should not be applicable to marine aggregate extraction.
In areas where toxic substances are present within sediments within or adjacent to
dredge areas, CEPA could be applicable, however it is unlikely a contaminated site
would be selected to provide construction aggregate.
Overall, Federal Regulations under the Fisheries Act and the CEAA should require that
any proposed marine aggregate mining operation undergo some form of environmental
assessment and permitting process. These regulations do not, however, provide any
specific guidelines for the approval or rejection of aggregate mining. At present this
likely means that approval will be left to local staff, who may or may not be familiar
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with issues related to dredging and aggregate mining. Since the current regulatory
regime gives commercially important fish species priority over other uses of the sea,
areas where aggregate mining would impact such fish species should be subject to
adequate environmental review. Areas where commercially important fish species are
absent, and where impacts are more likely to be physical, may not be subject to as
significant a review process. In addition, as any environmental review will probably be
overseen by fish habitat biologists, geology-related issues, such as topographic changes
or interference with longshore sediment transport, may not be examined in sufficient
detail. Also, a review based on the Fisheries Act and related guidelines may not address
issues related to competing, non-fishery users of the seafloor, such as future cables and
pipelines.

6.1.2 British Columbia

Provincial Acts that may affect marine aggregate extraction include: the Mines Act, the
Environmental Management Act, the Environmental Assessment Act, the Fish
Protection Act, and the Fisheries Act. The B.C. Fisheries Act deals mainly with
licensing and harvesting issues, and does not address habitat or any other environmental
concerns associated with aggregate mining. The Fish Protection Act is intended to
protect streams, rivers, and adjacent fish habitat and does not deal with marine issues.
The B.C. Environmental Assessment Act is similar in principle to the CEAA, and it is
probable that any larger scale marine aggregate extraction project would have to satisfy
Provincial environmental assessment requirements as well as Federal requirements. The
Environmental Management Act states that the Provincial government may restrict,
modify, or prohibit an activity that potentially has a detrimental environmental impact.
All of these Acts allow the Province to make regulations that could affect marine
aggregate extraction, however no specific regulations were found at time of writing.
Overall, the Provincial environment-related acts and regulations do not deal with marine
aggregate extraction, except in the general sense that the province could intervene in
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some way to protect the environment, at any point during a preliminary environmental
assessment phase, or during the operational phase of a mining operation.
The B.C. Mines Act includes sand and gravel extraction under its defined mining
activity, and so marine aggregate extraction in B.C. coastal waters should be subject to
this act. Therefore, under section 10 of the Mines Act, the owner or operator of a
proposed mine must apply for a permit, or an exemption from a permit, from the
provincial government. Section 1O(1) states that such an application must include:

". .. a program for the conservation of cultural heritage resources and for the
protection and reclamation of the land, watercourses and cultural heritage
resources affected by the mine, including the information, particulars and maps
established by the regulations or the code."
This appears to indicate some type of environmental review is required by the Ministry
of Energy and Mines. This ministry has no specific policy on offshore sand and gravel
extraction, and if a Federal Government permit covered all issues of interest to the
ministry, they might choose not to issue a permit of their own (J. Errington, pers. com.
2004).
The other ministry that would be involved in an environmental assessment is the B.C.
Ministry of Water, Land, and Air Protection (MWLAP). Federal Fisheries department
policy is that in B.C., the Province manages all freshwater species, except anadromous
salmon (D.F.O. 1986). In the case of marine extraction activity, freshwater species are
unlikely to be impacted, so MWLAP involvement may be limited. As D.F.O. policy is
to work with provinces to ensure habitat protection (D.F.O. 1998), it is likely that
MWLAP would have the option of being involved with any EIA. Again, there is no
evidence that MWLAP has any specific policy or guidelines for work involving marine
sediment extraction.
6.2 Regulations in Other Countries
Sand and gravel are extracted from the seabed in many European countries, the United
States, Japan (deGroot, 1986; Wise and Duane, 1988), and Southeast Asia (James et al.,
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1999). Developments in regulations for member countries of the International Council
for the Exploration of the Sea (ICES) are summarized annually in the ICES Report of
the Working Group on the Effects of Extraction of Marine Sediments on the Marine
Ecosystem. The information provided below is based on recent versions of those reports
(ICES 1999, 2000, 2001, 2002, 2003), and on a summary and update of early ICES
reports published by de Groot (1986), except where otherwise noted. The ICES reports
provide the most up-to-date information, as most other information available is from the
late 1980's (e.g. Drinnan and Bliss, 1986), and significant changes have been made
since their publication. This section provides a rough outline of the regulatory
framework for a given country, as a detailed description of regulations and guidelines
for each country is not possible here. Countries selected here have predominantly
temperate climates and depositional environments similar to that of Canada.
Member states of the European Union are expected to comply with EC Directive
9711 11EC regarding environmental impact assessment. Annex I1 of that directive states
that extraction of minerals by marine dredging is an activity that may be subject to an
environmental impact assessment. It is up to the member state to determine whether an
assessment is necessary, which may be done on either a case-by-case basis, or by a
threshold or other criteria set by that state (Article 4(2) of 9711 11EC). Where the
member state decides an assessment is required, the Directive provides general
guidelines for such assessments. Overall, it appears the European Union allows each
country to decide whether an impact assessment is required or not, but each country is
expected to have some process in place for determining the necessity of an assessment.
The United Kingdom has had a coastal aggregate dredging industry for decades,
remains a leading producer, and had a Code of Practice for marine aggregate extraction
come into force in 1982 (de Groot, 1986). That code of practice appeared to deal mainly
with ensuring that the dredging and fishing industries caused minimal interference or
damage to each other (de Groot 1986), and as stated in section 1.1 of the code itseIf, it
was voluntary (Drinnan and Bliss, 1986). Dredging companies require a licence, for
offshore prospecting and also for extraction, granted by the government's Crown Estate
Corporation (CEC). The CEC acts as arbitrar between the dredging company and other
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government agencies and stakeholders such as the fishing industry, and has the final
authority for granting licences (Drinnan and Bliss, 1986). The CEC decision is referred
to as the "Government View" (GV), the procedure for which is administered by the
Department of Environment, Transport, and the Regions (DETR) or its Scottish
equivalent. In 1989 the GV procedure was amended to require an Environmental Impact
Assessment (ICES, 1999). More detailed, statutory procedures for Impact Assessment
and related aspects of the dredge licence process were to be introduced in 1999, but
were delayed for consultation. Draft guidelines were proposed by the DETR in 2001
and the preparation of draft regulations continued in 2003 (ICES, 2003).
In The Netherlands, seabed sediments extracted are mainly sand for shoreline
replenishment and for building, although shell extraction is also carried out, and
licences from the government are required (de Groot, 1986). The policy on extraction of
marine sediments is given in two documents: the Regional Extraction Plan for the North
Sea, and the National Policy Plan for Shell Extraction, both of which were updated
circa 2001 (ICES 2001). An Environmental Impact Assessment is required only for

"large scale" operations where the extraction area exceeds 500 hectares, or the
extraction volume exceeds 10 million cubic metres (ICES 2003). Neighbouring
Belgium has had seabed sand extraction since 1977, and has required some form of
protection for shipping, fishing and the environment since that time in the form of two
Royal Decrees (de Groot, 1986). In 1999, new regulations were created as amendments
to existing laws, which would require permit applicants to pay for and complete an
Environmental Impact Review (EIR), and applications would be subject to a
government Environmental Impact Assessment (EIA) (ICES, 2000). In addition, once a
permit is granted, the dredging operation would be subject to continuous environmental
and positional monitoring, including the use of a "black box" recording extraction
locations and ship movements. As of 2003 these amendments had not yet come into
force and the 1977 procedures were still extant (ICES, 2003).
France conducted detailed environmental studies of offshore aggregate extraction
starting in the mid- 1970's; those studies advocated the protection of biologically
significant areas and recommended that environmental impact studies should be carried
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out prior to dredging (de Groot, 1986). Dredging permits from the government are
required and the regulations regarding the issue of such permits are described as
"proposed" or "under review" in the ICES reports from 1999 to 2003 inclusive. The
proposed regulations are to address studies that examined the conflict between fishers
and other activities, and also to examine how international recommendations, such the
ICES guidelines, can be applied to France (ICES, 2002). France has three coastal areas
(Channel, Atlantic, and Mediterranean), with very different local conditions.
UntiI 1999, Denmark used quantitative regulations, such as a minimum distance from
shore, to determine allowable dredging locations (de Groot, 1986; ICES, 1999). In 1999
a new Act came into force, which restricted dredging to specified geographic areas; a
ten-year transition period, however, allowed for dredging in existing permit areas
(ICES, 1999). Dredging of more than five million cubic metres total for a single project,
or one million cubic metres a year in a single area would automatically require an
environmental assessment, and other projects where significant impacts are expected
may also require an EIA, in accordance with European Commission regulations (ICES,
2002). Public consultation and government review are required for any dredging in a
new area, and greater restrictions appear to apply for water depths of less than 6 metres
(ICES, 2003).
German offshore sand and gravel dredging was initially covered by its 1980 mining
law, supplemented by a code of practice which restricted dredging by location or
season. These precluded dredging of areas exceeding 5 km by 5 km and prohibited the
exposure of boulders greater than 0.3 m following dredging (de Groot, 1986).
Additional requirements for environmental impact assessments in ecologically sensitive
areas were adopted in 1999, based on the Helsinki Commission and ICES
recommendations (ICES, 1999,2003).
The U.S.A. is experiencing increasing demand for offshore sand and gravel, primarily
for beach replenishment (Michel, 2004). At present, the Minerals Management Service
(MMS) of the U.S. Department of the Interior is administering a sand and gravel project
that is identifying geologic and environmental information on offshore aggregate
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deposits. This project focuses on the Outer Continental Shelf (OCS) which is federally
controlled and where areas may be leased for sand and gravel extraction. Within three
miles of the coastline, offshore extraction is under State control, although the Federal
Coastal Zone Management Act provides general guidelines for environmental
management of State controlled coastal and offshore areas. Overall, there are no
specific codes or guidelines that appear to apply to offshore aggregate extraction,
however the MMS is planning for the management of offshore sand and gravel
resources (Michel, 2004).
6.3 Existing Guidelines for Marine Sediment Extraction
Canada and British Columbia have no specific regulations or guidelines regarding
marine aggregate extraction, and, on the Pacific Coast, have no institutional experience
in dealing with applications for such work. As discussed above, even in countries where
marine aggregate extraction is common, laws specific to marine sediment extraction
require years to be enacted. Within Canada, existing laws and regulations should require
an EIA prior to issuance of a dredging permit. Thus, the most practical focus may be to
ensure the EIA deals with all potential problems and on compliance. Therefore
guidelines for EIAs, monitoring, and compliance, rather than new laws are
recommended. General environmental guidelines for marine mineral extraction,
including aggregate dredging, are given in the International Marine Minerals Society
(IMMS) Code for Environmental Management of Marine Mining (IMMS, 2002)
(Appendix IV). This code is intended for the marine mining industry and contains
general principles for industry and more site-specific operating guidelines. Specific
guidelines for marine aggregate dredging are provided by the ICES Guidelines for the
Management of Marine Sediment Extraction (ICES, 2003) (Appendix V).
The ICES 2003 guidelines cover general principles for mineral resource management
and the administrative framework for an Environmental Impact Assessment (EIA),
topics to be addressed in a pre-extraction EIA, the authorization of extraction, and
monitoring of extraction activities. The more general resource management principles
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and the administrative framework are covered by existing Canadian acts, such as the
Oceans Act and the Fisheries Act. For this discussion, the most significant sections of
the ICES (2003) guidelines relate to the type of data required for an EIA and monitoring
requirements. These include the following headings:

description of the physical setting;
description of the biological setting;
description of the proposed extraction activity;
information required for physical impact assessment;
information required for biological impact assessment;
interference with other users of the sea;
evaluation of impacts;
mitigation measures.
The descriptions of the physical and biological settings provide detailed baseline data of
the extraction area as they exist prior to the start of extraction. Physical data include
both geological and oceanographic information, and biological data include benthic and
pelagic flora and fauna, including trophic relationships, and information on fishery
resources in the area. The next requirement is a description of the extraction activity
showing what will be done to that area, including extraction volumes, duration and
timing of the work, and the equipment to be used. Once the baseline conditions are
established, and the nature of the extraction activity is known, the physical and
biological impact assessments are possible. These assessments estimate changes to the
extraction area during and after dredging, and assess all of the potential impacts
discussed in the appropriate literature reviews given in previous sections of this thesis.
Knowledge of the nature of extraction work and its potential impacts is required to
assess how extraction may interfere with other users of the sea, such as fishing,
shipping, cables and pipelines, and numerous other activities. The next section of the
ICES (2003) guidelines is a brief discussion of the evaluation of impacts. While the
previous sections have allowed possible impacts to be determined, this section examines
the consequences of those impacts, individually but also cumulatively. The final EIA-
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related section discusses steps that might be taken to mitigate the effects of extraction
activities.
The remaining sections of the ICES (2003) guidelines deal with the authorization of
extraction, and the monitoring of extraction activities. Authorization, such as the issue
of a permit or licence, should clearly state the conditions under which extraction can be
carried out, and such conditions should be based on the EIA. Monitoring is of two
types: compliance with authorization conditions and environmental monitoring.
Compliance monitoring refers to ensuring such conditions as remaining within the lease
area, working during allowed seasons, and other types of working requirements are met.
Environmental monitoring refers to field monitoring of physical and biological
parameters within and outside of the extraction area. Note that the ICES (2003)
guidelines do not discuss reporting, documentation, or archiving in any detail.
Recommendations in these areas are given in the IMMS Code (2001) and of particular
importance may be the archiving recommendation that future availability of information
collected be ensured. This allows the EIA process to be more easily evaluated for
effectiveness over the long term, especially if extraction activity is infrequent.
The ICES (2003) guidelines assume each member nation has set criteria for determining
when an EIA would be required, so that an EIA will probably not be required for every
extraction. These guidelines are in a European context and discuss EIA requirements
with respect to regional agreements not applicable to Canada. In the case of British
Columbia, even if the ICES guidelines were adopted, the level of activity that would
trigger their use in an EIA would need to be determined or clarified. The ICES
guidelines are very comprehensive with respect to the type of information to be
collected but are intended for large-scale extraction activity that would trigger European
Union or EU member-nation requirements for an EIA. For relatively small extraction
operations, the level of detail recommended in those guidelines may be expensive to
collect and the project may not be feasible because of the costs. A less rigorous set of
guidelines, or a less rigorous interpretation of the existing guidelines may be sufficient
for operations covering small areas, having short durations, or removing small
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quantities of material. This would in turn require careful record keeping, to ensure that
several small operations, avoiding more onerous EIA requirements, are not substituted
for a larger operation by coincidence or design.
There are no quantitative recommendations for extraction activity within the ICES
(2003) guidelines. Quantitative extraction guidelines could include minimum allowable
distances from shore or minimum depth requirements for extraction activities, or fixed
seasonal requirements such as fisheries windows. For example, until about 1997,
Netherlands government policy restricted sand extraction from waters shallower than 20
metres, and allowed removal of sediment to a maximum depth of 2 metres below the
seabed (James et al., 1999). As discussed in the earlier sections regarding impacts,
however, the effects of dredging and the time required for recovery are very sitespecific, and general rules are probably not useful for a marine environment as variable
as that along British Columbia. Quantitative guidelines relating to EIA data collection
may be more useful. For example, Ellis (2001) recommends that EIA-related sampling
needs to be set at least one to two years before extraction begins, primarily to document
and evaluate other potential uses of the area, such as fisheries, and minimize impacts on
those uses.
One of the most complicated sections of the EIA is the evaluation of the impacts, as this
should require changes at the extraction site to be put in a larger, regional context.
Short-term habitat damage associated with aggregate dredging may be acceptable where
affected species are regionally healthy, but the regional health has to be known to allow
this determination. This lack of regional knowledge is probably more acute in an area
such as northern British Columbia, compared to western Europe, and for less
commercially important species. From a practical standpoint, this means that while any
EIA-related guidelines adopted may be thorough and complete from a data collection
standpoint, and may require all the appropriate questions to be asked, the data might not
be available and the questions unanswerable. Depending on the number of unknowns,
the guidelines may not provide clear evidence for a course of action, and the decision to
issue an extraction permit may be based on principles given in other documents, such as
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the Oceans Act or Fisheries Act. Thus, the limitations of a set of guidelines should be
recognized and anticipated.

6.4 Recommendations

As stated above, the ICES (2003) guidelines are comprehensive and intended for largescale extraction activity. In the case of an area such as Prince Rupert, where there is no
local terrestrial source of aggregate, small-scale extraction may be desirable for routine
construction and maintenance. It may be possible to create separate guidelines for small
and large-scale operations, however any criteria for determining which size category
proposed extraction activity falls into would be relatively artificial. A requirement for
extraction operations removing, for example, one million tonnes or greater to meet more
detailed guidelines implies an operation of 990,000 tonnes is significantly different. The
literature reviewed for this project has not provided any rationale for determining what
scale of operation might be allowed to adhere to less onerous guidelines. Rather than
providing specific guidelines for two or more scales of operations, the evaluation
criteria proposed here focus on addressing specific issues. This allows for flexibility in
determining the amount of information collected, and therefore to some extent the costs
required by both the extraction proponent and the government in assessing a proposal
for offshore aggregate extraction.

Recommendations are provided in two tables, the first (Table 4) gives steps in the
evaluation process, and the second (Table 5) lists possible criteria for rejecting a
proposal for aggregate extraction. The process given in Table 4 is roughly based on the
ICES (2003) guidelines and allows for less expensive steps to be carried out earlier in
an application. Informal discussions have been used as a starting point in the U.K.
(Drinnan and Bliss, 1986), and allow obvious problems to be identified before time and
money are spent on other steps. For example, a dredging company meeting with fishers
could determine where primary fishing areas are, before that company expends effort to
characterize the geology of those fishing areas. The steps are given in sequence, but it is
possible for a proponent to carry out more than one step simultaneously, which may be
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desirable in order to speed up the process. Note that while a proponent may have the
resources to carry out multiple steps simultaneously, the government may not be able to
evaluate the information provided as rapidly as the proponent can supply that
information. Again, the first step of informal discussions should include the government
agencies reviewing the application, in order to determine the resources available for that
review.
The criteria for refusal of an application for extraction (Table 5) are intended to prevent
the following: 1) harmful alteration, disruption, or destruction of fish habitat (HADD);
2) shoreline erosion; 3) interference with other users of the sea and coastline. Some

judgement is required in assessing the magnitude of violations of these criteria, and it is
recommended that evaluations be carried out by qualified and experienced individuals.
In the case of HADD criteria, evaluations will be carried out by the Department of
Fisheries and Oceans (DFO) as per the Fisheries Act, however there is no obvious
agency responsible for the other two categories of criteria. In general, local DFO staff
(including Coast Guard and Fishery Officers) may be familiar with other marine
activities in an area of proposed extraction, so would be able to evaluate criteria under
the third category. Evaluation of the criteria in the second category (shoreline erosion)
requires the ability to determine how changes in the seabed can impact the shoreline.
Individuals able to carry out such an evaluation may be marine geologists, coastal
geomorphologists, or coastal engineers, and teams with members from each discipline
are recommended. At present in Canada, government personnel with expertise in these
areas are employed by Natural Resources Canada at the Geological Survey of Canada
(GSC) in Sidney, B.C. and at the Bedford Institute of Oceanography in Dartmouth, N.S.
As an interim measure, it is recommended that DFO Habitat personnel work with
Natural Resources Canada staff to compile a list of individuals in all levels of
government, industry, and academia who are qualified to evaluate the physical impacts
of marine aggregate extraction. Since any proposal for aggregate extraction will require
approval from DFO under the present regulatory regime, it is reasonable for DFO to
take the lead in evaluating any applications. If local DFO staff members are provided
with the list of individuals able to evaluate physical impacts, they can bring in persons
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with the appropriate expertise to assist with the evaluation of the proposal. Note that
while social and economic impacts are beyond the scope of this discussion, they should
be considered during the approval process.
Step H in Table 4 is the design of a monitoring program, to be applied once dredging is
underway. A realistic monitoring program accounting for the limitations of working in
the marine environment is vital. The project proponent should be able to demonstrate
clearly that the monitoring methods proposed will be able to achieve the required
results. The goal of a monitoring program should be to prevent impacts, or detect them
at a very early stage, rather than showing problems after the fact. The inability to devise
a plan to monitor an extraction operation effectively should also be grounds for refusal
of an application. It is also in the extractor's interest to have a good monitoring program
in place, so that any future, natural shoreline erosion cannot be attributed to the
extraction activity.
The above recommendations are not detailed, and users will still find the IMMS Code
(2001) and the ICES (2003) guidelines of assistance. In addition, an underlying
assumption of this section is that government and industry have already decided that
offshore aggregate extraction is necessary and allowable in principle, and therefore
some impacts are acceptable. Goklany (2001, in Ellis, 2003c) states that few actions
have only positive or negative consequences, and that the harms of not taking an action
also need to be appraised. The consequences of violating any of the refusal criteria must
be weighed against the consequences of refusing offshore extraction, as it is possible
that resorting to terrestrial sources may cause greater problems. Finally, the criteria in
Table 5 are not exhaustive, and local conditions may require additional restrictions.
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7.0 FUTURE COASTAL AND OFFSHORE AGGREGATE MINING

Previous assessments of aggregate resources along the north coast of B.C. have
focussed on terrestrial sources with no examination of offshore potential (Clague and
Hicock 1976; Hickin et al. 2001). As those assessments found very little onshore
aggregate, if large quantities of material are required for local use, then coastal and
offshore sources may be the most practical option. Previously published seabed surficial
geology data show sand and gravel deposits are present within the Queen Charlotte
Basin (Barrie and Bornhold 1989; Barrie and Conway 1999), and unpublished
Geological Survey of Canada data provide more detail regarding the distribution and
character of these deposits (Figures 27 to 29). While no data are available for most
shallow, nearshore areas where vessel access is limited, the previous dredging activity
and work done for this thesis indicate the presence of significant deposits around
Tugwell Island and Porcher Island. This agrees with inferences by Clague (1984) and
Hickin et al. (2001).
Sand deposits are present throughout Queen Charlotte Sound and Hecate Strait, with an
extensive area along the eastern shore of Graham Island. Gravel becomes more
abundant in central Hecate Strait, east of Moresby Island, but is still present in other
areas throughout the basin. The seabed surficial geology information shown on Figures
27 to 29 is based on surficial samples and textural analyses only. Aggregate deposits
generally overlie till or bedrock and vary in thickness from two metres to greater than
ten metres. Details of offshore deposit thickness have not been mapped, although rough
estimates for a given area could be made using available core and seismic data.
Qualitative information such as shell percentages or clast hardness is generally not
available. Therefore these figures are intended only to show potential areas for more
detailed exploration for construction aggregate sources.
As discussed in the section regarding regulations, the viability of an offshore aggregate
source depends on a wide variety of factors other than geological, including
environmental impacts and disruptions to other users. Within the Queen Charlotte
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Basin, and particularly Hecate Strait, there is a significant fishing industry which
includes bottom trawling and groundfish hook and line fisheries. Shipping lanes, marine
protected areas, and possible future offshore oil and gas activity are also considerations.
Despite these other uses, offshore extraction is likely more viable than extraction along
the coast and in shallow, nearshore waters, as shoreline erosion is less likely to be a
problem with extraction farther from shore. Coastal extraction may be limited to smaller
operations providing aggregate for specific projects, such as building construction, near
the extraction site.

It should be noted that large-scale aggregate extraction activity occurs in European
waters which likely have greater activity in all of the above uses, and over smaller
geographic areas. Therefore it is reasonable to anticipate that conflicts between various
users of the sea would not prevent extraction fiom being carried out. Operational
considerations such as water depth and wave exposure are also comparable to U.K.
conditions, so should not prevent extraction. Additional complications that are generally
outside of European experience include conflicts in legal jurisdiction and potentially
prohibitive EIA-related expenses. Legal jurisdiction over seabed resources within
Hecate Strait, has not been settled between Federal, Provincial, and First Nations
governments. EIA-related expenses could be high due to the remote location of any
potential extraction site and a lack of existing background data.
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8.0 CONCLUSIONS
This study examined the impacts of past offshore aggregate dredging in the Prince
Rupert area, reviewed environmental regulations and guidelines relating to marine
sediment extraction, and briefly discussed the potential for future extraction. Long-term
physical impacts observed included the permanent removal of a tombolo, creation of a
steep-sided intertidal dredge pit, and some backshore beach erosion. Previous
geophysical studies showed subtidal dredge pits and subsurface sediment disturbances
are also present. The lack of any pre-dredging baseline data makes the assessment of
biological impacts difficult and unreliable; with the exception of habitat loss due to the
above physical impacts, however, no long-term biological impacts were detectable. In
general, most of the observed shoreline and seabed within extraction sites does not
appear to have been visibly damaged by the past extraction activities. It is important to
note that this study was reconnaissance-level and did not include data collection, such
as benthic grab samples of biota or detailed shoreline erosion surveys, which might
show additional impacts.

Environmental acts and regulations in Canada and British Columbia do not specifically
address marine aggregate extraction. The Fisheries Act and the Canadian
Environmental Assessment Act (CEAA), however, would require some form of review
of any proposal for such activity. Due to the nature of the responsible agency (i.e.
DFO), such a review would likely focus on impacts to commercially significant fish
species, and may not address other issues such as long-term coastal erosion or
interference with non-fishery users, in detail. Therefore it is recommended that
guidelines for evaluating marine sediment extraction be used in the review process and
preliminary guidelines are provided in this thesis. Other existing guidelines, such as
ICES (2003), should also be examined. The limitations of such guidelines should be
understood, in that they are intended for relatively large-scale projects, and provide
guidance with respect to the type of questions that should be asked rather than simple
rules for allowing or rejecting sediment extraction. These limitations are particularly
important given the potential for hture extraction in the Queen Charlotte Basin. This
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region is large, remote, and extremely variable, with relatively little background data
available, so many of the questions provided by guidelines may be unanswerable or too
expensive to answer for a given project. Climate change adds an additional
complication, as the effects of sea-level rise will impact the marine environment, and
make extraction impacts more difficult to evaluate. Therefore, while offshore aggregate
extraction should be environmentally and economically feasible, and may be the only
viable option for any large-scale development on the north coast of B.C., considerable
scientific and political policy work will be necessary before any new work could start.
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Table 2. Summary of lease area information collected
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Table 4. Process steps for assessing an application for aggregate extraction. These steps are based roughly
n the ICES (2003) guidelines (Appendix V).
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C
D
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Description
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evaluation of impacts of extraction activity on biological and physical environment
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leva~uationof D ~ O D O mitigation
S ~ ~
measures
ldetermination of environmental monitoring reauirements
design monitoring program for environmental protection and compliance with licence
conditions
lensure archiving of existing and hture data
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are approximate.

Figure 1. Study area and lease site locations and boundaries. Secondary lease site
boundaries are not shown. Note lease area K-47a is the portion of K-47 east of
the dashed line. B.C. map is based on Atlas of Canada (http://atlas.gc.ca).

Figure 2. The Queen Charlotte Basin with the extent and flow direction of ice during the
last glacial maximum (heavy line). From Banie and Conway (2002b).

Figure 3. Tugwell Island and Metlakatla lease area boundaries and traverse locations. Area
location shown in Figure 1. Inset shows locations of selected foot traverse stations. Air photo
taken in 1996.

Figure 4. Air photographs showing Tugwell Island before and after the dredging of part
of the tombolo. Top: 1963. Bottom: 1996.

Figure 5. Welcome Harbour, Secret Cove lease areas and non-dredged Henry Island,
Oval Bay and Welcome South study areas. Air photo insets show selected foot traverse
stations. Location of this area shown in Figure 1.
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Figure 7. McNichol Creek lease area and traverses. Location of area shown in Figure 1
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Figure 8. Seabed Imaging and Mapping System (SIMS). Top: bottom of towed video
unit, showing camera, light, and lasers for scale on video picture. Bottom: boat used for
SIMS work, with winch added at stem.
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Figure 9. Compilation of surficial geology and sample locations, based on Geological Survey of
Canada cruise PGCO 1-01 data for Tugwell Island and Metlakatla area (from Jorna, 2002).

I

Figure 12. West end of Metlakatla Bar area. Top: u n top o~ Lnt: oar roomug sou~uwc;s~
wwards
~ i ~ w eIsland.
l l Bottom Left: looking southeast from station 16-2. Bottom Right: Looking upslope from station 16-1. Field station locations shown in Figure 3. In all photos, upper, dull
green vegetation is Fucus, and lower vegetation is mix of Ulva (bright green colour) and foliose
red algae (darker brown colour).

Figure 14. Bar at Doolan Point. Top: Looking north at station 16-8. Centre: Looking southwest
towards Doolan Point from station 16-9 on top of the bar. Bottom: Sediment at station 16-9.
Station locations are shown in Figure 3.

Figure 15. Eastern shore of Tugwell Island. Top: Looking north from station 16-13. Centre:
Looking east from station 16-15. Bottom Left: Looking west from station 16-15. BcXtom Right:
Looking south, out of lease area, from station 16-16. Station locations are shown in Figure 3.

Figure 16. Surficial geology results and sediment grab sample locations for Welcome Harbour
and Secret Cove, from Geological Survey of Canada cruise PGCO1-01 sidescan sonar and
sediment sample grain size analysis data (Figure from Jorna, 2002). Air photograph taken in
1995. Area A shown in Secret Cove is location of sidescan sonograph shown in Figure 10

Figure 17. Welcome Harbour extraction area. Top: Looking roughly southwards at
beaches in lease area, from helicopter. Bottom: closer view of pit near the south end of
the lease area.
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Figure 18. Welcome Harbour. Top: Looking north from station 15-8. Centre: Looking south
from station 15-10. Bottom: Looking south at dredge pit or crater, from station 15-12 (note
absence of intertidal vegetation). Station locations shown on Figure 5.

Figure 19. Comparison site south of Welcome Harbour. Top: looking north from station
19-3. Bottom: Looking west from station 19-4. Station Iocations shown in Figure 5.

Figure 20. Secret Cove, helicopter photos. Top: looking roughly northeast from Welcome Point
at south end of lease area. Centre: View of south end of lease area (August 20025. Bottom: Oval
Beach, comparison area south of Welcome Point, from STMS boat.

Zentre: Head
near north end of lease area, station 15-7. Bottom left: looking north from station 15-5; lowest,
brown vegetation is kelp, above kelp is green Ulva.Bottom right: sediments near adjacent
photo, at station 15-4 (notebook about 20 cm high). Station locations shown in Figure 5.

rlgulr; LL. useless Bay lease area. Top: from helicopter, lookinn northeast from south of
useless Point (near bottom right of photo). Centre: iooking roughly north from station 4 (Fig. 6)
(August 2002). Bottom: looking south from station 5, Useless Point is at right of photo (August
2002).

Figure 23. McNichol Creek lease area, helicrvpter photos. Top: looking gouth from near the
north end ofthe lease wm. Bottom: Ioaking north, from mar the north end of the lese area;
McNickol Creek is at the right af the photo, with Melville Arm extending noairwest af the l&.

Figure 26. Silver Creek Lease area (K-45)(Figure I), August 2002. Top: Looking roughly north
from over the southwest edge of the lease area. Bottom: Looking northwest towards Tuck Point
from south central lease area.

Figure 27. Seabed surficial a d coverage in the Queen Charlotte Basin, based on unpublished
GSC data (1981 to 1995). Sand size is > 0.0625 mrn and < 2 mm.

Figure 28. Seabed surficial gravel coverage in the Quwn Charlotte Basin, based on unpublished
GSC data (1981 ta 1995). Gravel clast size is > 2 mm.

coverage in the Queen Charlotte Basin, based on unpublished
Figure 29. SMWsmfIciaI
GSC data (1981ts 19951,Mud grain &x is c 0.065 mm.

APPENDIX I
SIMS CLASSIFICATION SYSTEM

UVI DATA STRUCTURE and CLASSIFICATION (used with SIMS)
There are three separate tables or databases:

Navigation (NavData) - includes all navigation data for the survey, including both
geographic and UTM locational fixes and uncorrected depth data.
Geology (GeoData) - information of seabed substrate and on seabed
geomorphology.
Biology (BioData)- information on epiflora and epifauna classifications.
The UVI Seabed Database is summarized in Tables A-I, A-2 and A-8. The associated
data dictionary and field descriptions are outlined to provide users with a defined
procedure for professionally classifying video imagery. The data are from the data
logging system (date, time, latitude, longitude) or professional classifications.

A.l Navigation Database (NavData)
A summary of the data fields contained
in the navigation database is provided in
Table A-1 and detailed explanation of
each field follows

Table A-1 Summary of Navigation Data
Fields

INDEX: A unique identification
number identifying the record and
linking the navigation, geology and
biology data records
ID2:Temporary index number
DATE:The date is entered in a "monthday-year" format. The date information
is provided by the DGPS data string and
automatically entered into the database.
TIME(UTC): The UTC time (GMT) in a combined "hour:minute:second" format. The UTC time is
provided in the DGPS data string and automatically entered into the database
TAPENO: The videotape number associated with the fix point.
FISH-DEPTH: Depth of the video tow fish. Depth is NOT corrected for the tidal amplitude.
UTM-N: The UTM northing, computed fiom the DGPS geographic positional data using batch program
"Convert", developed by CHS and incorporating project and GEOD considerations. Required for use in
ArcView with UTM base maps (e.g., NDI/DXF charts).
UTM-E: The UTM easting, computed fiom the DGPS geographic positional data using batch program
"Convert", developed by CHS and incorporating projection and GEOD considerations. Required for use
in ArcView with UTM base maps (e.g., NDI/DXF).

A.2 Geology Database (GeoData)

The geology database (Table A2) provides a comprehensive
summary of seabed
characteristics including
substrate size, percentages of
coarser seabed materials and
seabed morphology.

Table A-2 Summary of Geology Data
Fields

INDEX: A unique identification
number identifying the record and
linking the navigation, geology and
biology data records.
seabed by class
DATE: The date is entered in a "month% of coarse shell on the seabed by class
SHELL
day-year" format. The date information
primary secondary and tertiary morphologic
MORPH
is provided by the GPS data string and
automatically entered into the database.
TIME(UTC): The UTC time (GMT) in
a combined "hour:minute:second"
format. The UTC time is provided in
the GPS data string and automatically
entered into the database.
SUBSTRATE: The general classification schema follows other provincial mapping guides in terms of
substrate classes. Four general classes of substrate provide a very general index of substrate composition:
rock (R) - bedrock outcrop; may be partially covered with a veneer of sediment
veneer over bedrock (vR) - intermittently visible bedrock covered with a thin veneer of clastic
sediments.
clastic (C) - seabed comprised of mineral grains of gravel, sand or mud sized material.
biogenic (B) - surface of seabed comprised of material of biogenic origin such as vegetation

SED-CLASS: Seabed sediment
characteristics are based on visual
estimates of clast sizes (Table A-3) on the
seabed and percentage occurrence. Each
clast category will be estimated in terms of
projected area surface cover. The
projected area surface cover is defined as
the total projected area in a horizontal
plane of each sediment category, estimated
to the nearest 10%. A description of
sediment classes based on a systematic
application of percentage of gravel and the
sand: mud ratio estimates. The
classification system is summarized in
Table A-4.

Table A-3 Sediment Categories Used in
the
UVI Classification
Size
I
Sediment
(intermediate
axis)
Category
>25.6cm
boulder
6.4 to 25.6cm
cobble
2mm to 6.4cm
gravel
0.062 to 2mm
sand
<0.62rnrn
mud
shell

I

organic
debris
wood debris

I

1

I
n/a
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BOULDER: An estimate of the percent boulders (>25.6cm) covering the surface of the seabed (Table A5).
COBBLE: An estimate of the percent cobbles (6.4cm to 25.6cm) covering the surface of the seabed
(Table A-5).
GRAVEL: An estimate of the percent gravel (2mm to 6.4cm) covering the surface of the seabed in one of
6 classes (Table A-5).
ORGANICS: An estimate of the percent of organics or wood debris covering the surface of the seabed
(Table A-5).
SHELL: An estimate of the percent coarse shell (>2rnm) covering the surface of the seabed (Table A-5).
MORPH: The MORPHOLOGY field provides a qualitative indication of features on the seabed. The
classification is provisional. Classes are summarized in Table A-6.
MAN-MADE: A code for man-made objects that are visible on the seabed (NOT USED HERE).
GEOMAPPER: The last name of the individual responsible for the interpretation of the GeoData fields.
COMMENT: A data field for recording information that may not be captured by the standard data fields.

Table A-4 Sediment Class Code
Gravel
MudISand
Conten >90% Mud
>90%Sand
Mixture
t
gravel: G
>SO%
sandy gravel:
muddy-sandy
30-80%
gravel: msG
sG
gravelly sand:
gravelly
5-30%
mudsand: gMS
gS
slightly gravelly slightly gravelly
T-5%
slightly
sand:
gravelly
mudlsand:
mud: (g)M
(g)S
(g)MS
sand: S
0%
mud: M
mudsand: MS
Table A-5 Gravel,
Shell
and Organic Cover
Classes
Class
yo
Code
Clast
or
Cover
1
none
2
T-5%
3
5-30%
4
30-50%
50-80%
5
>SO%
6

Table A-6 Morphology Classes
Class
Cod
Description
1 e 1

1

1

Anthro-

(

A

( features of man-made origin such as trawl marks,
anchor drag marks, cable drag marks.

defined as less than 30cm wave length

I

I

hummocky seabed with pits created by macro-fauna
such as starfish or crabs ("bio-cratered)

Other

seabed features that can not be classified in the

Planar

no obvious bedform features.
symmetrical, oscillation rippIes evident; ripples
arbitrarily defined as less than 30cm wave length

A.3 Biology Database (BioData)

The biology database provides an overview of the seabed biota and is subdivided into
both an Epzflora or vegetation section and a Fauna or animal section (Table A-8). The
data is derived entirely fiom interpretation of the imagery; no measurements are made as
part of the interpretation.
Table A-8 Summary of Biology Data
INDEX: A unique identification number
identifying the record and linking the
Fields
navigation, geology and biology data
1 -Field
1
Description
---records.
unique point identification number
INDEX
DATE: The date is entered in a "month-daymonth/day/year
DATE
UTC time of frame (hr:min:sec)
TIME(UTC)
year" format. The date information is
water depth measured from the sound and NOT
DEPTH
provided by the GPS data string and
automatically entered into the database.
TIME(UTC): The UTC time (GMT) in a
combined "hour:minute:second" format. The
UTC time is provided in the GPS data string
and automatically entered into the database.
DEPTH: The uncorrected depth field is the
depth measured by the sounder.
VEGMAP: Temporary code for vegetation
primary faunal type
FAUN1
map types.
distribution of the FAUNA1 type
DISTl
secondary faunal type
FAUN2
VEG 1: The VEG 1 field indicates the
distribution of the FAUNA2 type
DIST2
primary vegetation type. Marine plant
tertiary faunal type
FAUN3
assemblages which are categorised in
distribution of the FAUNA3 type
DIST3
coastal waters to 20m are summarised in
last name of the biology mapper
BIOMAPPER
Table A-9; all surveyed areas should be
field for non-standard data comments
COMMENT
assignable to one of these categories
C O V :~The coverage (Table A-10) of the VEGl type.
VEG2: The VEG2 field indicates the secondary vegetation type (Table A-9).
COV2: The coverage (Table A-10) of the VEG2 type.
VEG3: The VEG3 field indicates the tertiary vegetation type (Table A-9)
COV3: The coverage (Table A- 10) of the VEG3 type.
TOT-COV: The total coverage of vegetation on the seabed following Table A- 10. This is an independent
estimate and not necessarily the sum of the COV1, COV2 and COV3 fields.
Table A-10 Vegetation Coverage Codes
Class
Code
Abundance
0
no visible
None
I
I
I vegetation
I
1
less than 5%
Sparse
cover
2
Low
5 to 25% cover
Moderate 26 to 75% cover
3
4
>75% cover
Dense

1

Table A-9 Vegeta on Classific :ion
I

SUBGROUP
Foliose
Greens
Filamentous
Greens
Fucus
Sargassum

CODE
FOG

FIG
FUC
SAR

Soft Brown
Kelps

BKS

Dark Brown
Kelps

BKD

AGR

I Unknown
No Vegetation

Macrocystis
Nereocystis
Foliose Reds

MAC
NER
FOR

Filamentous
Reds

FIR

Coralline
Reds
Eelgrass
Surfgrass

COR
ZOS
PHY
UNK
NOV
X

DESCRIPTION
Primarily Ulva, but also include Enteromorpha
and Monostroma.
The various filamentous greedred assemblages
(SpongomorphdCladophora types).
Fucus and Pelvetiopsis species groups.
Sargassum is the dominant and primary algal
species.
Large laminarian bladed kelps, including L.
saccharina and groenlandica, Costaria costata,
Cymathere triplicata.
The LUCO chocolate brown group,. L. setchelli,
Pte~gophora,Lessoniopis. Alaria and Egregia
may also be present. Generally more exposed
than soft browns.
Agarum is the dominant species but other
laminarians may also occur. Generally found
deeper than the other Laminarian subgroup.
beds of canopy forming giant kelp.
beds of canopy forming bull kelp.
A diverse species mix of foliose red algae
(Gigartina,Iridea, Rhodymenia, Constantinia)
which may be found from the lower intertidal to
depths of 1Om primarily on rocky substrate.
A diverse species mix of filamentous red algae
(including Gastroclonium, Odonthalia, Prionitis)
which may be found from the lower intertidal to
depths of 1Om, often co-occuring with the foliose
red group described above. OR A mix of red
algae (primarily Neoagardhiella and Gracilaria)
which grow on shallow, sub-tidal cobble and
pebble in frne sand and silt bottoms.
rocky areas with growths of encrusting and
foliose forms of coralline algae.
eelgrass beds.
Areas of surfgrasses (Phyllospadix), which may
co-occur with subgroup BKS or BKD above.
vegetation present but cannot be identified.

Imagery is not clear, classification not possible.
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Table A-11. Faunal Classification with Emphasis on Sessile, Aggregating Species
or Species Groups

Bryozoan Complex

CODE
BRY

Tunicates

TUN
ANS

Anemones aggregates - strawberry type, generally in
high current areas on rock substrates.

ANM

Aggregations of Metridium and other "predator"
species.
Tealia sp.
Burrowing anemone (Pachycerianthes) on
unconsolidated substrates.

Anemone

TEA
ANP
Corals

CUP
SPN
SWP

Tube worms

TUB

Crabs

Subtidal Clams

Brittle Stars

DESCRIPTION
Bryozoans, Ascidians, sponges - generally on rock
substrate.
Aggregations of tunicates primarily Ciona and colonial
forms.

TUC

cup coral (Balanophyllia elegans)
sea pens (orange and white)
sea whips (Balticina septentrionalis)
Aggregations of parchment tube dwelling polychaete
worms such as Mesochaetopterus found in sand and
silty substrates.
Calcarious tube dwellers such as Serpula.

CAN

Cancer sp. (C. magister, C. gracilis, C. productus)

CRB

Unidentified Crab

GCL
HCL

Geoduck clams.
Horseclams.

PCL
BCL
OYS
MUS
OCL
BRT

Piddock Clams
I
Butter Clams
3ysters
Mussels
3ther clam species.
4ggregations on sand and silt bottoms, may co-occur
~ i t burrowing
h
worms.
411 spp.
ied, green, andlor purple sea urchins
Sea cucumber (Cucumaria ); California Sea cucumber

Sea Stars
Sea Urchins
Sea Cucumber

STAR
URC

In fauna "holes"

HOL

Unknown
No Fauna

UNK 1
NOF

cuc

-

vlounded worm, clam or crustacean holes but species
)r species group cannot be distinguished.
OR: Unrnounded (flat) worm or clam holes but species
)r species group cannot be distinguished.
nacro fauna visible but cannot be identified
lo fauna observed
-

FAUNA1 is the primary faunal type noted on the seabed (Table A-1 I). The faunal classification focuses
on sessile, aggregating species or species groups. They are not all epifauna - we have included tube
worms, bivalves, burrowing anemones which, although strictly speaking are infauna, are important,
visible elements of soft bottom communities. Species have been grouped by feeding habit as this can help
to relate faunal composition to the physical environment.This not a comprehensive faunal classification
system; one maps all fauna in all areas. Blank areas do not mean no animals, simply no animal groups
which fit easily in the groupings given below.
DIST1: An estimate of the distribution of individuals of the FAUNAl type based on Table A-12.
FAUNA2: FAUNA2 is the secondary faunal type (Table A-1 1).
DIST2: An estimate of the distribution of individuals of the FAUNA2 type based on Table A-12.
FAUNA3: FAUNA3 is the secondary faunal type (Table A-1 1).
DIST3: An estimate of the distribution of individuals of the FAUNA3 type based on Table A-12.
BIOMAPPER: The last name of the individual providing the professional interpretation and classification
of biological features visible in the imagery.
COMMENT: Field for recording non-standard information on the seabed biology

Table A-12 Faunal Distribution Classes
Distribution

2

patchy

3

uniform

4

continuous

5

dense

6

I

a rare (single) or a few
sporadic individuals
a single patch, several
individuals or a few
patches
continuous uniform
occurrence
continuous occurrence
with a few gaps
continuous dense
occurrence
code specific for school of
fish
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Appendix 111: Selected SIMS Images

Figure III-1. Selected SIMS images from Tugwell IslandfMetlakatla lease areas.

Figure 111-3. SIMS images from site south of Welcome Harbour.

c
Figure III-4. Selected SIMS images from Secret Cove lease area.

Figure III-5. SMS images from Oval Bay atudy area.

Figure 111-6. SIMS images from Henry Island study area.

Figure 111-8.SIMS images from McNichol Creek lease area.

Appendix IV: IMMS Code for Environmental Management
of Marine Mining
Adopted by the International Marine Minerals Society November 2,200 I
(updated 02/06/02)
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Introduction
The Code: Its Content and Format. The Code consists of a concise statement of
Environmental Principles for the marine mining industry, followed by a set of
Operating Guidelines for application as appropriate at specific mining sites.
These Guidelines can function for industry as benchmarks for development of
environmental management plans, and also for regulatory agencies and other
stakeholders at sites targeted for exploration and extraction.

Initiative for the Code. The International Marine Minerals Society approved
development of this Code at its Annual General Meeting in January 2000,
following a request from a member with involvement in the marine mining
industry.

Development of the Code. The draft Code has drawn on prior marine mining
environmental statements, such as those in the Madang Guidelines 1999 and
the Green Paper on Offshore Mining Policy developed by the government of
Papua New Guinea. 'The draft Code has also drawn substantially on the Code
for Environmental Management adopted by the Minerals Council of Australia.
This industry-related Code has a Statement of Principles followed by specifics
for each Principle adopted. The present Code follows the same general format,
with a concise statement of "Principles" followed by a substantial set of
"Operational Guidelines". These follow closely (and sometimes are identical to)
the wording in the Australian Minerals Code.
In addition to the prior industry and government statements, the Code has
drawn on the experience of industry personnel and marine environmental
scientists and engineers through a process of review, comments and editing
from February 2000. The background of experience available for consultation
extends over some 40 years through environmental assessments related to:
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The marine mining industries in South Africa and Namibia (diamonds), Alaska
(gold) and Southeast Asia (tin).
The dredging industry of Europe and North America for borrow sand,
construction aggregate and channel navigation.
The marine disposal of tailings from coastal mines in Canada, Alaska and the
Southeast AsiaISouth Pacific archipelagoes.
And, in addition, for benchmarking the Operating Guidelines, the Code draws
on the globally extensive deep water experience by UK, USA, USSR,
Japanese, German, French, Australian, Indian and Danish oceanographers and
marine biologists on biodiversity assessment of the deep hot vents, nodule and
crust fields, metalliferous muds and abyssal plains extending back over more
than 100 years to the Challenger Expedition of 1873-1876.
Who Will be Served by the Code? Mining companies with an interest in, or active

in, marine mining; and government authorities, NGOs, communities, and other
stakeholders at marine mining sites.
How Will the Code Function? The Code provides a framework and benchmarks

for implementation by marine mining companies at their operations. It also
provides a framework and benchmarks for stakeholders in governments, NGOs
and communities

in appraising actual and intended applications of

environmental practice at marine mining sites.
Companies and stakeholders adopting the Code or following its Principles and
Operating Guidelines are encouraged to publicize their actions.
Code Review. It is intended that the Code will be reviewed by IMMS after five

years, with a focus toward possible changes based on experience with its
implementation. There will be consultation with the marine mining industry and
with other stakeholders at marine mining operations.
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Reporting. Companies adopting the Code commit to a high transparency in their
environmental activities, with regular reporting of environmental planning,
assessment and actions. Reports are to demonstrate the Company's
commitment to, and implementation of, the Code, and will describe the
company's performance in relation to the Principles and Operating Guidelines.
Benchmarking the Code. The Operating Guidelines provide benchmarks by

which a mining company can set its environmental program for a marine
exploration or extraction site. Site stakeholders, including government agencies,
NGOs and communities can also use the Guidelines as benchmarks for
checking the mining company's environmental protection actions.

Principles
Marine mining companies adopting this

Environmental Code commit

themselves to the following principles:
To observe the policies, and respect the aspirations, of sovereign
governments and their regional sub-divisions, and of relevant international
agencies, as appropriate to underwater mineral developments.
To apply best practical procedures for environmental and resource protection,
with consideration for future developments within the area which might be
affected.
In initiating a project to consider environmental implications through all stages,
from exploration through development and operations to eventual closure.
To facilitate community partnerships on environmental matters.
To maintain an environmental quality review program.
To report publicly on environmental performance and implementation of the
Code.

Operating Guidelines

Sustainable Development. Manage activities in a manner consistent with
sustainable development of the operating area, such that economic,
environmental and social considerations are integrated into decision-making
and management.
1. Pursue clean production through technological innovation, operational
efficiencies,

waste

minimization,

environmental

monitoring

and

information feedback to management, and through scientificlengineering
research.
2. Return unused extracted materials to the seabed in a manner that will
facilitate future sustainable use of the area.
3. Recognize the maintenance of ecological and cultural heritage values of

the marine environment and adjacent lands as important considerations
in sustainable development.
4. Promote re-use and recycling of mineral products and by-products to
maximize their utility to current and future generations.
5. Support activities to improve knowledge of the short- and long-term

availability and use of mineral resources.
Environmentally Responsible Company Ethic. Develop an environmentally
responsible

company

ethic

by

showing

management

commitment,

implementing environmental management systems, and providing time and
resources to demonstrate requirements of the ethic to employees and
contractors.
1. Develop, implement and communicate an environmental policy consistent
with the Code.
2. Demonstrate management commitment through application of environmental

management practices consistent with the Code.
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3. Ensure that employees and contractors are informed about company

policies, goals, guidelines and practices for environmental, socio-economic and
heritage protection.
4. Implement effective basic environmental education and training programs for

all employees.
5. Require employees and site contractors to comply with company practices
and procedures.
6. Facilitate community education about company environmental principles and

their application at the area of operations.
Community Partnership. Consult interested communities on their concerns,
aspirations and values regarding development and operation of marine mining
projects, recognizing that there are links between environmental, socioeconomic and cultural values.
1. Identify directly and indirectly affected stakeholders and their concerns.
2. Foster openness and dialogue with employees and the regional community,

promote cross-cultural awareness, and specifically address concerns about
environmental and social impacts.
3. Provide to the community technical information about potential effects and

duration of operations, of waste products and their management, of
rehabilitation procedures, and of socio-economic consequences.
4. Establish community consultation relevant to each stage of operations.

Environmental Risk Management. Apply risk management techniques sitespecifically to identify environmental risks, their possible consequences, and
their probabilities of occurrence.
1. Utilize environmental baseline studies as the basis for risk management.

2. Evaluate the risks of alternative project concepts, weighing the positive and
negative consequences, and provide opportunities for stakeholder participation.
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3. Implement management strategies to mitigate environmental impacts of the
preferred development option.
4. Adopt an active, but cautious, approach to reasonably foreseeable

environmental risks.
5. Develop and implement contingency plans to address incidents and
abnormal operating and environmental conditions.
Integrated Environmental Management. Recognize environmental management

as a company priority and integrate environmental management into all
operations from exploration, through design and construction to mining,
minerals processing, rehabilitation and decommissioning.
1. Establish a management system that allocates management and employee
responsibilities relevant to the organization's activities and applicable legal
requirements.
2. Address within an environmental management system.
Applicable legal and regulatory requirements
The Operating Guidelines of this Code and of any other applicable Code or
Guidelines
Company environmental policies, objectives and targets
Environmental management plans and procedures
Environmental monitoring procedures
Reliable and secure storage for environmental data gathered and specimens
collected
Setting and testing of contingency and emergency response plans
Regular auditing of the environmental management system and environmental
performance
Reporting procedures
3. Periodically review the environmental management system to ensure that it

remains effective and relevant to the company's evolving needs, and to
changing community values and expectations.
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Company Environmental Performance Targets. Set environmental performance
targets not necessarily limited to the requirements of directly applicable
legislation, regulations, licenses and permits. Specifically:
1. Identify legal and other requirements applicable to the environmental aspects

of the company's marine mining activities, products or services.

2. Set internal performance targets and periodically assess achievements in
order to reinforce policy commitments and to enable demonstration of
continual improvement.
3. Ensure that legal requirements and internal performance targets are
effectively communicated to the employees who are accountable for the
relevant activities.

Environmental Improvement and Upgrading. Implement management strategies
to meet current and anticipated standards and regularly review targets in the
context of changing needs and aspirations.

1. Regularly review and update company policies, programs and environmental
performance to correct any deficiencies.

2. Assess and rank environmental issues in order to concentrate efforts in
priority areas and where maximum gains are achievable.
3. Undertake, participate in, or support research on priority issues by
appropriate funding or on-site support
4.

Facilitate employee education in technical developments, scientific

understanding, consumer needs and community expectation.

5. Provide technical and professional level skill upgrade opportunities to
environmental employees, such as through attendance at appropriate
workshops and conferences.
6. Provide professional environmental employees with reporting opportunities at

relevant conferences and in refereed international publications.
7. Facilitate transfer of information to the community about technical
developments, scientific understanding, consumer needs and expectations.

Rehabilitation and Decommissioning. Ensure that decommissioned sites are
rehabilitated and left in a safe and stable condition, after taking into account
beneficial uses of the site and surrounding seabed.

1. Incorporate rehabilitation and decommissioning options in the conceptual
design of operations at the feasibility stage.

2. Develop clearly defined rehabilitation plans, monitor and review rehabilitation
performance and progressively refine such plans.

3. Determine and account for rehabilitation and decommissioning costs and
periodically review their adequacy during the life of the operation.

4. Establish a program of progressive rehabilitation commensurate with the
nature of the operation and the type and rate of disturbance.

5. Periodically review the rehabilitation and decommissioning strategies during
the period of operations so as to incorporate changing regulatory requirements,
public expectations, and environmental and cultural information.

6. Address issues and programs related to long-term responsibility for the
seabed in the final decommissioning plan.

Reporting and Documentation. Demonstrate commitment to the Code's
principles by reporting on the company's implementation of the Code and its
environmental performance. Make reports publicly available, particularly to
regulatory agencies, the community and within the Company.

1. Implement regular reporting of

environmental performance to all

stakeholders, including the board of directors, shareholders, employees,
authorities and the community.

2. Ensure that reporting requirements of all authorities are met in scope and in
good time.
3. Provide an annual environmental report written for community understanding.
4. Reports should describe the Company's processes for:

Communicating environmental policy

Communicating environmental performance
Community consultation and responding to concerns
Code implementation

5. Reports should also include but not be limited to:
Organization profile, environmental policies and objectives
Environmental management processes
Establishment of benchmarks against which continual improvement can be
measured
Documentation of relevant data to support the reported results
Opportunities and progress in improvements
Significant environmental events and their consequences
Environmental incidents and any regulatory action taken
Performance in relation to regulatory requirements and internal targets
Environmental, socio-economic and cultural issues to be addressed and
strategies to implement them
6. The first report after adoption of the code is to be released within two years.

7. The annual environmental reports are to be made available to the public
through the Company's corporate and regional offices. Copies of each report
are to be lodged in major libraries in jurisdictions within which the Company
operates. Companies will identify where reports will be deposited at the time of
adoption of the code.
Archiving. Ensure future availability of environmental information and
collections gathered (other than proprietary technical information) for
international scientific understanding, or for national heritage use.
1. Ensure that all environmental data are securely banked and accessioned into

appropriate national or international archives for subsequent review and further
reporting.
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2. Ensure that representative collections of geological and biological specimens

are accessioned into appropriate national museums for subsequent review and
further reporting, and for subsequent scientific research.
3. Ensure that any cultural, archeological or anthropological artifacts incidentally

collected, are reported and delivered to appropriate agencies.
Performance Reviews. Regularly evaluate Company performance of the

Environmental Code by qualified, externally-accredited environmental auditors
from within the adopting Company, or by externally-accredited environmental
auditors appointed by the Company. Performance reviews are to be conducted
and reported by the company at least every three years.
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Appendix V

ICES (2003) Guidelines for the Management of Marine Sediment
Extraction

2003 ICES WGEXT Report 72

Annex 10 ICES Guidelines for the management of marine sediment extraction

Notes: These guidelines do not relate to navigational dredging (i.e., maintenance or
capital dredging).

It is recognized that other materials are also extracted from the

seabed, such as stone shell and maerl, and similar considerations should apply to them.
Introduction

In many countries sand and gravel dredged from the seabed makes an important
contribution to the national demand for aggregates, directly replacing materials extracted
from land-based sources. This reduces the pressure to work land of agricultural
importance or environmental and hydrological value, and where materials can be landed
close to the point of use, there can be additional benefits of avoiding long distance overland transport. Marine dredged sand and gravel is also increasingly used in flood and
coastal defence, fill and land reclamation schemes. For beach replenishment, marine
materials are usually preferred from an amenity point of view, and are generally
considered to be the most appropriate economically, technically and environmentally.
However, these benefits need to be balanced against the potential negative impacts of
aggregate dredging. Aggregate dredging activity, if not carefully controlled, can cause
significant damage to the seabed and its associated biota, to commercial fisheries and to
the adjacent coastlines, as well as creating conflict with other users of the sea. In
addition, current knowledge of the resource indicates that while there are extensive
supplies of some types of marine sand, there appear to be more limited resources of
gravel suitable, for example, to meet current concrete specifications and for beach
nourishment.
Against the background of utilising a finite resource, with the associated environmental
impacts, it is recommended that regulators develop and work within a strategic
framework which provides a system for examining and reconciling the conflicting claims
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on land and at sea. Decisions on individual applications can then be made within the
context of the strategic framework.
General principles for the sustainable management of all mineral resources overall
include:

conserving minerals as far as possible, whilst ensuring that there are adequate
supplies to meet the demands of society;
encouraging their efficient use (and where appropriate re-use), minimising
wastage and avoiding the use of higher
quality materials where lower grade materials would suffice;
ensuring that methods of extraction minimise the adverse effects on the
environment, and preserve the overall quality of the environment once extraction
has ceased;
the encouragement of an ecosystem approach to the management of extraction
activities and identification of areas
suitable for extraction;
protecting sensitive areas and important habitats (such as marine conservation
areas) and industries (including fisheries) and the interests of other legitimate
uses of the sea;
preventing unnecessary sterilisation of mineral resources by other forms of
development.

The implementation of these principles requires a knowledge of the resource, and an
understanding of the potential impacts of its extraction and of the extent to which
rehabilitation of the seabed is likely to take place. The production of an Environmental
Statement, developed along the lines suggested below, should provide a basis for
determining the potential effects and identifying possible mitigating measures. There will
be cases where the environment is too sensitive to disturbance to justify the extraction of
aggregate, and unless the environmental and coastal issues can be satisfactorily
resolved, extraction should not normally be allowed.
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It should also be recognised that improvements in technology may enable exploitation of
marine sediments from areas of the seabed which are not currently commercially viable,
while development of technical specifications for concrete, etc., may in the future enable
lower quality materials to be used for a wider range of applications. In the shorter term,
continuation of programmes of resource mapping may also identify additional sources of
coarser aggregates.
Scope

It is recognised that sand and gravel extraction, if undertaken in an inappropriate way,
may cause significant harm to the marine and coastal environment. There are a number
of international and regional initiatives that should be taken into account when
developing national frameworks and guidelines. These include the Convention on
Biological Diversity (CBD), EU Directives (particularly those on birds, habitats,
Environmental Impact Assessment (EIA), and Strategic Environmental Assessment
(SEA)--once implemented) and other regional conventions/agreements, in particular the
OSPAR and Helsinki Conventions, and initiatives pursued under them. This subject, for
example, has recently been included in the Action Plan for Annex V to the 1992 OSPAR
Convention on the Protection and Conservation of the Ecosystems and Biological
Diversity of the Maritime Area as a human activity requiring assessment. It is also
recognised that certain ecologically sensitive areas may not be designated under
international, European, or

national rules but nonetheless require particular

consideration within the assessment procedures described in these Guidelines.
Administrative framework

It is recommended that countries have an appropriate framework for the management of
sand and gravel extraction and that they define and implement their own administrative
framework with due regard to these guidelines. There should be a designated regulatory
authority to:
issue authorisation having fully considered the potential environmental effects;
be responsible for compliance monitoring;
develop the framework for monitoring;

enforce conditions.
Environmental impact assessment
The extraction of sand and gravel from the seabed can have significant physical and
biological effects on the marine and coastal environment. The significance and extent of
the environmental effects will depend upon a range of factors including the location of
the extraction area, the nature of the surface and underlying sediment, coastal
processes, the design, method, rate, amount and intensity of extraction, and the
sensitivity of habitats and assorted biodiversity, fisheries and other uses in the locality.
These factors are considered in more detail below. Particular consideration should be
given to sites designated under international, European, national and local legislation, in
order to avoid unacceptable disturbance or deterioration of these areas for the habitats,
species, and other designated features.
To enable the organisation(s) responsible for authorising extraction to evaluate the
nature and scale of the effects and to decide whether a proposal can proceed, it is
necessary that an adequate assessment of the environmental effects be carried out. It is
important, for example, to determine whether the application is likely to have an effect on
the coastline, or have potential impact on fisheries and the marine environment.
The Baltic Marine Environment Protection Commission (Helsinki Commission) adopted
HELCOM Recommendation 1911 on 26 March 1998. This recommends to the
Governments of Contracting Parties that an EIA should be undertaken in all cases
before an extraction is authorised. For EU member states, the extraction of minerals
from the seabed falls within Annex II of the "Directive on the Assessment of the Effects
of Certain Public and Private Projects on the Environment" (851337lEEC) As an Annex II
activity, an EIA is required if the Member State takes the view that one is necessary. It is
at the discretion of the individual Member States to define the criteria andlor threshold
values that need to be met to require an EIA. The Directive was amended in March 1997
by Directive 971111EC. Member States are obliged to transpose the requirements of the
Directive into national legislation by March 1999.
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It is-recommended that the approach adopted within the EU be followed. Member States
should therefore set their own thresholds for deciding whether and when an EIA is
required, but it is recommended that an EIA always be undertaken where extraction is
proposed in areas designated under international, European, or national rules and in
other ecologically sensitive areas. For NATURA 2000 sites, Article 6 of the Habitats
Directive contains special requirements in this respect.
Where an EIA is considered appropriate, the level of detail required to identify the
potential impacts on the environment should be carefully considered and identified on a
site-specific basis. An EIA should normally be prepared for each extraction area, but in
cases where multiple operations in the same area are proposed, a single impact
assessment for the whole area may be more appropriate, which takes account of the
potential for any cumulative impacts. In such cases, consideration should be given to the
need for a strategic environmental assessment.
Consultation is central to the EIA process. The framework for the content of the EIA
should be established by early consultation with the regulatory authority, statutory
consultees, and other interested parties. Where there are potential transboundary
issues, it will be important to undertake consultation with the other countries likely to be
affected, and the relevant Competent Authorities are encouraged to establish
procedures for effective communication.
As a general guide, it is likely that the following topics considered below will need to be
addressed.
Description of the physical setting

The proposed extraction area should be identified by geographical location, and
described in terms of:
the bathymetry and topography of the general area;
the distance from the nearest coastlines;
the geological history of the deposit;
the source of the material;

type of material;
sediment particle size distribution;
extent and volume of the deposit;
the stability and/or natural mobility of the deposit;
thickness of the deposit and evenness over the proposed extraction area;
the nature of the underlying deposit, and any overburden;
local hydrography including tidal and residual water movements;
wind and wave characteristics;
average number of storm days per year;
estimate of bed-load sediment transport (quantity, grain size, direction);
topography of the seabed, including occurrence of bedforms;
existence of contaminated sediments and their chemical characteristics;
natural (background) suspended sediment load under both tidal currents and wave
action.

Description of the biological setting
The biological setting of the proposed extraction site and adjacent areas should be
described in terms of:
the flora and fauna within the area likely to be affected by aggregate dredging (e.g.,
pelagic and benthic community structure), taking into account temporal and spatial
variability;
information on the fishery and shellfishery resources including spawning areas, with
particular regard to benthic spawning fish, nursery areas, over-wintering grounds for
ovigerous crustaceans, and known routes of migration;
trophic relationships (e.g., between the benthos and demersal fish populations by
stomach content investigations);
presence of any areas of special scientific or biological interest in or adjacent to the
proposed extraction area, such as sites designated under local, national or international
regulations (e.g., Ramsar sites, the UNEP "Man and the Biosphere" Reserves, World
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Heritage sites, Marine Protected Areas (MPAs) Marine Nature Reserves, Special
Protection Areas (Birds Directive), or the Special Areas of Conservation (Habitats
Directive)).
Description of the proposed aggregate dredging activity

The assessment should include, where appropriate, information on:
the total volume to be extracted;
proposed maximum annual extraction rates and dredging intensity;
expected lifetime of the resource and proposed duration of aggregate dredging;
aggregate dredging equipment to be used;
spatial design and configuration of aggregate dredging (i.e., the maximum depth of
deposit removal, the shape and area of resulting depression);
substrate composition on cessation of aggregate dredging;
proposals to phase (zone) operations;
whether on-board screening (i.e., rejection of fine or coarse fractions) will be carried
out;
number of dredgers operating at a time;
routes to be taken by aggregate dredgers to and from the proposed extraction area;
time required for aggregate dredgers to complete loading;
number of days per year on which aggregate dredging will occur;
whether aggregate dredging will be restricted to particular times of the year or parts of
the tidal cycle;
direction of aggregate dredging (e.g., with or across tide).
It may be appropriate, when known also to include details of the following:
energy consumption and gaseous emissions;
ports for landing materials;
servicing ports;
on-shore processing and onward movement;
project-related employment.

Information required for physical impact assessment

To assess the physical impacts, the following should be considered:
implications of extraction for coastal and offshore processes, including possible effects
on beach draw down, changes to sediment supply and transport pathways, changes to
wave and tidal climate;
changes to the seabed topography and sediment type;
exposure of different substrates;
changes to the behaviour of bedforms within the extraction and adjacent areas;
potential risk of release of contaminants by aggregate dredging, and exposure of
potentially toxic natural substances;
transport and settlement of fine sediment disturbed by the aggregate dredging
equipment on the seabed, and from hopper overflow or on-board processing and its
impact on normal and maximum suspended load;
the effects on water quality mainly through increases in the amount of fine material in
suspension;
implications for local water circulation resulting from removal or creation of topographic
features on the seabed;
the time scale for potential physical "recovery" of the seabed.
Information required for biological impact assessment

To assess the biological impact, the following information should be considered:
changes to the benthic community structure, and to any ecologically sensitive species
or habitats that may be particularly vulnerable to extraction operations;
effects of aggregate dredging on pelagic biota;
effects on the fishery and shellfishery resources including spawning areas, with
particular regard to benthic spawning fish, nursery areas, over-wintering grounds for
ovigerous crustaceans, and known routes of migration;
effects on trophic relationships (e.g., between the benthos and demersal fish
populations);
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effects on sites designated under local, national or international regulations (see
above);
predicted rate and mode of recolonisation, taking into account initial community
structure, natural temporal changes, local hydrodynamics, and any predicted change of
sediment type;
effects on marine flora and fauna including seabirds and mammals;
effects on the ecology of boulder fieldslstone reefs.

Interference with other legitimate uses of the sea
The assessment should consider the following in relation to the proposed programme of
extraction:
commercial fisheries;
shipping and navigation lanes;
military exclusion zones;
offshore oil and gas activities;
engineering uses of the seabed (e.g., adjacent extraction activities, undersea cables
and pipelines including associated
safety and exclusion zones);
areas designated for the disposal of dredged or other materials;
location in relation to existing or proposed aggregate extraction areas;
location of wrecks and war-graves in the area and general vicinity;
wind farms;
areas of heritage, nature conservation, archaeological and geological importance;
recreational uses;
general planning policies for the area (international, national, and local);
any other legitimate use of the sea.

Evaluation of impacts
When evaluating the overall impact, it is necessary to identify and quantify the marine
and coastal environmental consequences of the proposal. The EIA should evaluate the
extent to which the proposed extraction operation is likely to affect other interests of
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acknowledged importance. Consideration should also be given to the assessment of the
potential for cumulative impacts on the marine environment. In this context, cumulative
impacts might occur as a result of aggregate dredging at a single site over time, from
multiple sites in close proximity, or in combination with effects from other human
activities (e.g., fishing and disposal of harbour dredgings).
It is recommended that a risk assessment be undertaken. This should include
consideration of worst-case scenarios, and indicate uncertainties and assumptions used
in their evaluation.
The environmental consequences should be summarised as an impact hypothesis. The
assessment of some of the potential impacts requires predictive techniques, and it will
be necessary to use appropriate mathematical models. Where such models are used,
there should be sufficient explanation of the nature of the model, including its data
requirements, its limitations and any assumptions made in the calculations, to enable
assessment of its suitability for the particular modelling exercise.
Mitigation measures

The impact hypothesis should include consideration of the steps that might be taken to
mitigate the effects of extraction activities. These may include:
the selection of aggregate dredging equipment and timing of aggregate dredging
operations to limit impact upon the biota (such as birds, benthic communities, any
particularly sensitive species and habitats, and fish resources);
modification of the depth and design of aggregate dredging operations to limit changes
to hydrodynamics and sediment transport and to minimise the effects on fishing;
spatial and temporal zoning of the area to be authorised for extraction or scheduling
extraction to protect sensitive fisheries or to respect access to traditional fisheries;
preventing on-board screening or minimising material passing through spillways when
outside the dredging area to reduce the spread of the sediment plume;
agreeing exclusion areas to provide refuges for important habitats or species, or other
sensitive areas.
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Evaluation of the potential impacts of the aggregate dredging proposal, taking into
account any mitigating measures, should enable a decision to be taken on whether or
not the application should proceed. In some cases it will be appropriate to monitor
certain effects as the aggregate dredging proceeds. The EIA should form the basis for
the monitoring plan.

Authorisation issue

When an aggregate extraction operation is approved, then an authorisation should be
issued in advance (which may take the form of a permit, licence or other form of
regulatory approval). In granting an authorisation, the immediate impact of aggregate
extraction occurring within the boundaries of the extraction site, such as alterations to
the local physical and biological environment, is accepted by the regulatory authority.
Notwithstanding these consequences, the conditions under which an authorisation for
aggregate extraction is issued should be such that environmental change beyond the
boundaries of the extraction site are as far below the limits of allowable environmental
change as practicable. The operation should be authorised subject to conditions which
further ensure that environmental disturbance and detriment are minimised.
The authorisation is an important tool for managing aggregate extraction and will contain
the terms and conditions under which aggregate extraction may take place, as well as
provide a framework for assessing and ensuring compliance.
Authorisation conditions should be drafted in plain and unambiguous language and will
be designed to ensure that:
a) the material is only extracted from within the selected extraction site;
b) any mitigation requirements are complied with; and
c) any monitoring requirements are fulfilled and the results reported to the regulatory
authority.
Monitoring compliance with conditions attached to the authorisation
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An essential requirement for the effective control of marine aggregate extraction is the
monitoring of dredging activities to ensure conformity with the authorisation
requirements. This has been achieved in several ways, e.g., an Electronic Monitoring
System or Black Box. The information provided will allow the regulatory authority to
monitor the activities of aggregate dredging vessels to ensure compliance with particular
conditions in the authorisation.
The information collected and stored will depend on the requirements of the individual
authorities and the regulatory regime under which the permission is granted, e.g., EIA,
Habitats, Birds Directives of the EU.
The minimum requirements for the monitoring system should include:
an automatic record of the date, time and position of all aggregate dredging activity;
position to be recorded to within a minimum of 100 metres in latitude and longitude or
other agreed coordinates using a satellite-based navigation system;
there should be an appropriate level of security;
the frequency of recording of position should be appropriate to the status of the vessel,
i.e., less frequent records when the vessel is in harbour or in transit to the aggregate
dredging area e.g., every 30 minutes, and more frequently when dredging, e.g., every 30
seconds;
The above are considered to be reasonable minimum requirements to enable the
regulatory authority to monitor the operation of the authorisation in accordance with any
conditions attached. Individual countries may require additional information for
compliance monitoring at their own discretion.
The records can also be used by the aggregate dredging company to improve utilisation
of the resources. The information is also an essential input into the design and
development of appropriate environmental monitoring programmes and research into the
physical and biological effects of aggregate dredging, including combined/cumulative
impacts (see section above)
Environmental monitoring

Sand and gravel extraction inevitably disturbs the marine environment. The extent of the
disturbance and its environmental significance will depend on a number of factors. In
many cases, it will not be possible to predict, in full, the environmental effects at the
outset, and a programme of monitoring may be needed to demonstrate the validity of the
EIA's predictions, the effectiveness of any conditions imposed on the authorisation, and
therefore the absence of unacceptable impacts on the marine environment.
The level of monitoring should depend on the relative importance and sensitivity of the
surrounding area. Monitoring requirements should be site-specific, and should be based,
wherever possible, on the findings of the EIA. To be cost-effective, monitoring
programmes should have clearly defined objectives derived from the impact hypothesis
developed during the EIA process. The results should be reviewed at regular intervals
against the stated objectives, and the monitoring exercise should then be continued,
revised, or even terminated.
It is also important that the baseline and subsequent monitoring surveys take account of
natural variability. This can be achieved by comparing the physical and biological status
of the areas of interest with suitable reference sites located away from the influence of
the aggregate dredging effects, and of other anthropogenic disturbance. Suitable
locations should be identified as part of the EIA's impact hypothesis.
A monitoring programme may include assessment of a number of effects. When
developing the programme, a number of questions should be addressed, including:
What are the environmental concerns that the monitoring programme seeks to
address?
What measurements are necessary to identify the significance of a particular effect?
What are the most appropriate locations at which to take samples or observations for
assessment?
How many measurements are required to produce a statistically sound programme?
What is the appropriate frequency and duration of monitoring?
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The regulatory authority is encouraged to take account of relevant research information
in the design and modification of monitoring programmes.
The spatial extent of sampling should take account of the area designated for extraction
and areas outside which may be affected. In some cases, it may be appropriate to
monitor more distant locations where there is some question about a predicted nil effect.
The frequency and duration of monitoring may depend upon the scale of the extraction
activities and the anticipated period of consequential environmental changes, which may
extend beyond the cessation of extraction activities.
Information gained from field monitoring (or related research studies) should be used to
amend or revoke the authorisation, or refine the basis on which the aggregate extraction
operation is assessed and managed. As information on the effects of marine aggregate
dredging becomes more available and a better understanding of impacts is gained, it
may be possible to revise the monitoring necessary. It is therefore in the interest of all
concerned that monitoring data are made widely available. Reports should detail the
measurements made, results obtained, their interpretation, and how these data relate to
the monitoring objectives.
Reporting Framework
It is recommended that the national statistics on aggregate dredging activity continue to
be collated annually by the ICES Working Group on the Effects of Extraction of Marine
Sediments on the Marine Ecosystem (WGEXT).

Definitions
In these Guideline, "marine sediment extraction" is intended to refer to the extraction of
marine sands and gravels (or "aggregates") from the seabed for use in the construction
industry (where they often directly replace materials extracted from land-based sources),
and for use in flood and coastal defence, beach replenishment, fill and land reclamation
projects. It is recognised that other materials are also extracted from the seabed, such
as stone, shell materials, and maerl, and similar considerations to those set out in the
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Guidelines should also apply to them. The Guidelines do not apply to navigational
dredging (e.g., maintenance or capital dredging operations).
In these Guidelines, the term "authorisation" is used in preference to "permit" or "license"
and is intended to replace both terms. The legal regime under which marine extraction
operations are authorized and regulated differs from country to country, and the terms
permit and license may have a specific connotation within national legal regimes, and
also under rules of international law. The term "authorisation" is thus used to mean any
use of permits, licenses, or other forms of regulatory approval.
The ecosystem approach will be elaborated by further work in both OSPAR and ICES.
The following definition has been used elsewhere "the comprehensive integrated
management of human activities based on best available scientific knowledge about the
ecosystem and its dynamics, in order to identify and take action on influences which are
critical to the health of marine ecosystems, thereby achieving sustainable use of
ecosystem goods and services and maintenance of ecosystem integrity."
Revision of Guidelines

WGEXT will continue to review any new information, conclusions, and understandings
from scientific research projects, any reports from countries on their experiences with the
implementation of the Guidelines and, where appropriate, will revise the Guidelines
accordingly.

