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Glossary of Oceanographic Terms

advection

anticyclonic

barotropic
baroclinic
benthic

buoyancy

constituent (tidal)

cyclonic

density
detided

diurna

entrainment

estuary

euphotic zone

Glossary of Oceanographic Terms

Transportation of awater property such as heat, salt or nutrients by currents.

Rotation opposite to the sense of the earth’ s rotation (clockwise in the northern
hemisphere).

The portion of an ocean current that is uniform with depth.
The portion of an ocean current that varies with depth.
Related to the ocean bottom.

The force exerted on an object immersed in afluid by the difference between
its density and the density of the fluid around it. Object or fluid parcelsless
dense than their surroundings experience an upward force (positive buoyancy);
those that are more dense experience a downward force (negative buoyancy).

One of the sinusoidal (& so called harmonic) components of fixed frequency
into which the tide can be decomposed. The amplitude and phase of the
components at any location are determined from observations. Once
determined, the constituents can be used to predict the tide for many yearsinto
the future.

Rotation in the same sense as the earth (counterclockwise in the northern
hemisphere).

The mass of asubstance divided by its volume.

A time series of ocean current or water level datathat has had the tidal portion
removed.

Recurring with a period of one day.

The incorporation of water into a less dense layer flowing over it by turbulence
at the boundary.

The region where ariver glows into the sea.

Upper water strata with enough sunlight penetration to support photosynthesis
by phytoplankton or other plant life. Also known as photic zone.

fetch The extent of the ocean surface over which awind of constant direction blows
to generate waves.

frequency Number of oscillations per unit time; 1 hertz denotes 1 cycle per second.

halocline A layer of water in which the salinity changes rapidly with depth.

internal tide A subsurface wave of tidal frequency in stratified water generated by the
interaction of the astronomical tide with bottom topography.
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Glossary of Oceanographic Terms

isopycna
katabatic

knot

mixed layer

nautical mile
non-tidal current
pycnacline

residual current

Rossby Radius

salinity

semidiurna

significant wave height

stratification

swell

thermocline

water mass

A surface of constant density.

Wind flowing down slope, on British Columbia coast, usually cold air from
mountain snow and ice fields.

A measure of speed equal to 1 nautical mile per hour.

A surface layer of water of near-uniform properties produced by surface wave
action or convection.

6082.6 feet (1 second of latitude).
Seeresidua current.
A layer of water in which the density changes rapidly with depth.

The portion of the current at alocation that is not directly driven by the tidal
forces.

Length scale at which rotational effects become as important as buoyancy or
gravity wave effects in the evolution of water flow around a disturbance.

The amount of salts dissolved in seawater, measured in practical salinity units,
very nearly equivalent to parts per thousand by weight.

Recurring with a period of half aday.
The average of the largest one-third of all waves present.

The layering, either continuously or in steps, of a column of water by density,
with lighter water above heavier.

Waves of nearly uniform wavelength, which have usually travelled a great
distance from their origin.

A layer of water in which the temperature changes rapidly with depth.

A body of water with a particular combination of temperature and salinity
range that allows it to be uniquely identified.
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1 Introduction

Thistechnical data report reviews the existing marine physical environment of Douglas Channel, from the
Port of Kitimat out to and including Caamafio Sound and Principe Channel, known asthe CCAA (Figure
1-1). Available oceanographic literature and databases were reviewed and a summary of the existing
knowledge of the marine physical environment of the CCAA was prepared. Information was assembled
on the circulation, waves, water levels, physical water properties, underwater sound environment and the
meteorology. An oceanographic measurement program was also carried out to collect new data on ocean
currents and water levels at four sites and waves at an outermost site. Physical water property data were
also collected during the deployment and recovery operations. The measurement locations provide
representative datain the inland portions of the CCAA for input to numerical modelling described in the
Wind Observations in Douglas Channel, Squally Channel and Caamario Sound Technical Data Report
(TDR) (Hayco 2010). Current and water level datawere also collected over many months at the marine
teminal. The new data have been added to the results of the existing data synthesis to provide a more
complete description of the marine physical environment.

The length of time required to collect the data under the measurement program, and the overall project
schedule, meant that the historical data assembly and synthesis was compl eted while the measurement
program was still under way. As aresult, the marine physical environment isfirst described using the
exigting historica data; the results of the measurement program are then presented separately and used to
augment the description of the marine physical environment.

Data were gathered for key subject areas through literature review and field surveys. The body of this
report contains a summary of the findings for each subject area and detailed results are presented in the
appendices:

e Meteorology Review from Historical Data (Appendix A):
e surfacewinds
e atmospheric pressure systems
e air temperature and precipitation
o climate variability and climate change

e  Ocean Currents (Appendix B):

e surface currents

e subsurface currents

e inreation to:
e water depths
e windforcing
e tidal forcing
e estuarine circulation (caused by freshwater runoff)

o Freshwater Discharges and Temperature-Salinity Distributions (Appendix C):
e estuarine water properties
e temperatures, salinities and densities
e river runoff
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e drainage basins
e precipitation

o Water Levels and Waves (Appendix D):

o tides

o waves

e storm surges and inverted barometer effect
e tsunamis

e seasonal and long-term sealevel changes

e Underwater Acoustics (Appendix E):
o fundamental concepts: frequency, intensity, measurement units and references
e underwater ambient noise
e underwater sound propagation characteristics and acoustic modeling

o Other Water Properties (Appendix F):
o dissolved oxygen
e nutrients (dissolved phosphate, silicate and nitrate)
e pH and turbidity

e GEM (refersto data collected specifically for the Project) measurement program, September 2005 to

January 2006 (Appendix G):
e subsurface currents
e waves

e water levels
e CTD profiles

o  GEM measurement program, January to April 2006 (Appendix H), April to December 2006
(Appendix 1), December 2006 to July 2007 (Appendix J):
e subsurface currents
o water levels
e CTD profiles

Page 1-2 2010



Melville
Island Lakelse Lake
Prince Rupert
Digby
Triple Is.
Islands Chatham
Sound
Stephens
Island
Prescott
Is.
Kennedy
Porcher Island
Island
3
< Kitamaat
Kitimat T Village
> Terminal EE
Gurd & X
Is &
y O
Y &
"% » Coste
Goscheno/,q/ e Island
* %
Island ’/7% Kitkatla %1,/
Do:sh"hplcer
- Is Loretta
O Is:
\
Browning \\\\a\‘\a
Entrance McCauley
Island
Kitkiata
Inlet
Hawkesbury
Island
Pitt o
Island g
s
3
%, m
o K]
Do =)
IS 3
%, 2
%, o
Banks Yy Hartley Bay
Island *
Gribbell
Island
Falrsranl Wright
) Sound
2
Fin
Hecate Is. s
Strait Nepean 5]
Sound %ﬂ
oo Gil ke
ore! Island
%
Q  Z
Trutch %, (s}
Island 3 2
< % %
%, % &
%
u;’c
Dewdney % Campania
Is: Selig Princess Royal
Island
Caamafio
Sound
Rennison g
Is. o)
3 g
o
L
“
=
&
T
@ )2
=
<
=
@ i =
== Pipeline Route % A bl g
P % Island I3
%, ' Roderick
<
Confined Channel Assessment Area % Laredo . i | Isand
() G Klemtu
—_ - £
Railway /)% Swindle
- Island Susan
Island
10 20 30
Price Dowager
Kilometres Island Island
JWA-1048334-622
Reference: Pipeline Route P
ES: NTDB provided by the Majesty the Queen in Right of Canada, Department of Natural Resources. All rights reserved
ENBRIDGE NORTHERN GATEWAY PROJECT |
Jacques Whitford AXYS Ltd. 1-1 20090728
PREPARED BY: PREPARED FOR: SCALE: AUTHOR: APPROVED BY:
Confined Channel Assessment Area 1:1,100000 | np CcM
PROJECTION: DATUM:
Ut™m 9 NAD 83

-1_ConfinedChannelAssessmentArea.mxd

y_TDR\MXDs\1048334-622 Fig 2-

Ri\2009Fiscal\1048334_NorthernGateway







Marine Physical Environment
Technical Data Report
Section 2: Methods

2 Methods

2.1 Field Surveys

In September 2005, current meters were deployed at four locationsin the CCAA (see Figure 2-2). Ocean
currents and water levels were measured at each of the sites; wave heights were also measured at the site
in Caamario Sound. The instruments were operated until January 2006. During September 2005 and
January 2006 oceanographic cruises, profiles of temperature and salinity were undertaken at 15 locations
inthe CCAA.

During the fall and winter of 2005 to 2006, coastal weather stations were operated at several coasta
locationsin the CCAA including Ashton Rock and Kersey Island in Douglas Channel, Dorothy Island in
Devastation Channel and Wall Island in Caamarfio Sound. The results of that program are presented in the
Weather and Oceanographic Conditionsin the CCAA TDR (ASL 2010).

Underwater acoustic measurements were carried out by JASCO Research Ltd. at four locationsin the
CCAA: Principe Channel, Caamario Sound, Wright Sound and the Emsley Creek estuary (see the Marine
Acoustics (2006) TDR, JASCO 2006).

2.2 Instrumentation

Acoustic Doppler Current Meters

The sites in the Douglas Channel and Principe Channel were too deep to alow asingle profiling
instrument to sample the entire water column; therefore, multiple instruments were used at these sites (see
Table 2-1). The single point current meters were used to measure near-bottom currents.

Nine acoustic Doppler current meters were deployed at the four locations (see Figure 2-2 and Table 2-1
for deployment details). Of the nine instruments, five were Acoustic Doppler Current Profilers (ADCPs).
Four of these ADCPs were 300-kHz instruments operated on taut line mooring systemsin the water
column, whereas at Site CM4, a 600-kHz instrument was operated from a bottom frame to alow the
measurement of directional waves and ocean current profiles. At Site CM 3 (in Principe Channel), the
300-kHz ADCP broke free of its mooring on November 25, 2006 and floated away. It was, however, later
recovered from a beach and found to contain valid data up to the time the mooring broke. The ADCPs
also measured water temperature and acoustic backscatter return values as well asinternal instrument
functional parameters. The 600-kHz ADCP, operated at Site CM4, aso measured hydrostatic pressure,
which can be used to compute water levels.

The four other Doppler current meters were atype that uses the Doppler measurement principle to
measure ocean currents at asingle level. These current meters also measured pressure (for water level
computations), temperature and internal instrument functional parameters.

The ADCPs useinclined sonar beams. When deployed in upward-looking configurations, interference
caused by sidelobe reflections from the water surface prevents the collection of useful datain aregion
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below the surface equal to approximately 6% of the instrument depth for the usual 20-degree beam
inclination.

During the deployment cruise to the CCAA in September 2005 and again in January 2006, as part of the
recovery cruise, conductivity and temperature at various depths (CTD) profile data were obtained at
15 locations within the CCAA. For the locations of the CTD stations, see Figure 2-1.

One current meter was redeployed in January 2006 for ongoing data collection near the marine terminal
location. Theinstrument was recovered and redeployed on April 22, 2006, again on December 13, 2006
and finally recovered July 10, 2007. CTD profiles were collected at the site during the initial deployment
and again during the redeployments.

For the detailed location maps for each mooring site and tabulated positions for the CTD stations, see
Appendices G through J.

2.3 Review of Existing Data Sources

Meteorological datafor past and current stations were abtained mainly from Environment Canada, in the
form of records from coastal weather stations and ocean buoys located in or close to the CCAA.
Published climatology summaries and reports from the International Panel on Climate Change (IPCC)
and other research organizations were a so referenced. For a summary of the data sources, see

Appendix A.
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NOTES:
Blue squares: Current meter sites September 2005 to January 2006.
Red squares: CTD sites September 2005 and January 2006.

Figure 2-1 Locations of Current Meter Measurement and Conductivity,
Temperature and Depth Profiling Sites
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Table 2-1 Location, Deployment Time and Water Depth for Current Measurement Sites
Deployment Time Water Depth
Site Area Date Lat, Long to Sea Floor Recovery Time Date Instrument Depth or Depth Range
(PDT) (WGS84) (m) (PDT)
1 Kitimat Arm, 14 Sept 2005 53 56.468 179 17 Jan 2006 10:40 1. ADCP 300 kHz: 9-97 m @ 2 m bins.
Offshore of Bish 10:02 128 42.461 Battery dead at recovery. Last good
Creek Terminal data 01 Jan 2006.
2. Single Level CM: 165 m + WL
2 Douglas Channel | 13 Sept 2005 53 30.574 380 15 Jan 2006 16:02 3. ADCP 300 kHz: 7-57 m @ 2 m bins,
16:00 129 12.150 (upward looking)
4. ADCP 300 kHz: 67-151 m @ 2 m
bins, (downward looking)
5. Single Level CM: 212 m + WL
6. Single Level CM: 312 m + WL
3 Principe Channel | 12 Sept 2005 53 33.772 135 06 Nov 2005 20:00 7. 300 kHz ADCP: 10-80 m @ 2 m bins
10:15 130 11.834 (upward looking); broke free of mooring
on 06 Nov 2005.

13 Jan 2006 15:15 8: Sin.gle Level CM:. 123 m + WL,
direction data on this instrument was
adjusted to align with channel.

4 West Approach 12 Sept 2005 53 50.235 34 12 Jan 2006 12:40 9. ADCP 600 kHz:
to Caamafio 17:30 129 32.555 10-33 m @ 1 m bins

Sound, Yates
Shoal (Aranzazu
Banks)

With directional wave measurements

Acoustic release on pop-up canister
was not recovered.

NOTES:

CM = current meter

PDT = Pacific Daylight Time

WL = Water Level Measurement
WGS84 = World Geodetic System 1984
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The bulk of physical oceanographic data pertaining to the CCAA is contained in asix-volume series of
reports published by the Institute of Ocean Sciences (I10S) in Sidney, British Columbia (Webster 1980)
and the proceedings of aworkshop on the Kitimat marine environment (Macdonald 1983). Subsurface
and surface current data sets were also obtained from the data archive service a 10S and from the
Canadian Hydrographic Service (CHS). Other oceanographic and related data (temperature and salinity
profiles, tidal data and river discharge) were obtained from databases maintained by Fisheries and Oceans
Canada (10S, Marine Environmental Data Service and CHS) and Environment Canada (M eteorological
Service Branch and Inland Waters Directorate). For details regarding these sources, see Appendices B, C,
D and F.

Information for the review of existing underwater acoustic data was drawn from general sources and the
limited published data for the region (see Appendix E).
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3 Results of Baseline Investigations

Theresults of the baseline investigations for each marine physical environment subject area are
summarized below. For the detailed reports, see Appendices A through H.

3.1 Meteorology

The climate and wesather conditions of the CCAA are adirect result of itslocation in an extensive network
of mountainous islands between the mgjor inland waters of the Pacific Ocean (Hecate Strait) and the
British Columbia mainland. At its seaward limit, the CCAA is dominated by the Pacific marine climate
characterized by moderate air temperatures and intense stormsin fall and winter. At its landward limit,
the temperatures exhibit a greater range, reflecting the increased influence of a continental climate. Here,
the marine storm winds are generally abated by the mountainous terrain. In winter, strong Arctic outflow
winds occur because of the presence of a cold and dry continenta Arctic high-pressure system that
episodically extendsinto the interior of British Columbia. The high atmospheric pressuresin the interior
can result in strong, low-temperature winds that flow into the inland fjords. Arctic outflows are associated
with strong winds from the northeast, moderate to heavy snowfalls and squalls, and the potential for large
waves, reduced visibility and icing of structures because of freezing spray.

3.1.1 Wind Speed and Direction

The wind speeds on the open coast of eastern Hecate Strait are considerably greater than those over the
inland waters. The yearly average wind speed at Nanakwa Shoal (4.5 n/s) is reduced by 38.0% from that
at Bonillalsland (7.3 m/s), while the reduction at Kitimat Eurocan (5.1 m/s) is about 30.0%. In terms of
maximum observed wind speeds over 20 years or longer, the reduction in wind speeds at inland locations
iseven larger. For the maximum observed wind speeds, the reduction from the eastern coast of Hecate
Strait to the inland waters of the CCAA is more than 50.0%. Consistent with the differencesin the
average and maximum wind speed statistics, the distribution of the wind speeds exhibits major changes
between the offshore (Bonillalsland) and inshore areas (Nanakwa Shoal and Kitimat Eurocan; see Figure
A-5in Appendix A). Only 4.8% and 6.3% of al winds at Kitimat Eurocan and Nanakwa Shoal,
respectively, exceed 10 m/s (18 knots), in sharp contrast to 23.1% of winds exceeding 10 m/s a Bonilla
Island.

Wind speeds exhibit a distinct seasonal pattern, with the highest wind speeds occurring in fall and winter,
and the lowest wind speeds in spring and summer. The seasonal cycle in wind speeds is most pronounced
in eastern Hecate Strait at Bonilla lsland and Ethelda Bay and isless apparent in the inland waters,
especially at Kitimat Eurocan where average wind speeds exhibit little change with the seasons, while the
maximum wind speeds are reduced by 10% to 20% from winter to summer.

In addition to higher wind speeds occurring in winter, wind directions also change with the season at
inland locations. From October to April, the prevailing wind direction at Nanakwa Shoal is from the north
whereas the dominant wind directions from May to September are from the south to southwest. At
Kitimat Eurocan, northerly winds prevail from November to March and southerly winds are most
common from April to October. The predominance of northerly windsin fall and winter is associated
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with the Arctic outflow conditions, especially for the strongest winds in these seasons. These Arctic
outflow winds reach maximum hourly values of up to 18.4 m/s (36 knots) at Nanakwa Shoal and
approximately 17 m/s (33 knots) at Kitimat Eurocan.

3.1.2 Air Temperature

The air temperatures in the CCAA reflect a transition from the Pacific Ocean air masses of the Hecate
Strait marine climate region through the inland waters that traverse the Coast Mountains zone. In winter,
the warm, moist marine conditions to the west are paralleled by very wet and mild conditionsin the
inland waters, accompanied by increased snowfall amounts at higher el evations and with distance to the
east. The increased precipitation results from the moist marine air encountering the hills and mountains
that border the inland waterways. In summer, the mild marine conditions to the west over Hecate Strait
are accompanied by mild scattered showers, again associated with the moist marine air encountering the
mountainous terrain.

The change in air temperatures from Hecate Strait (Bonilla Island and Ethelda Bay) to the inland locations
(Hartley Bay, Kitimat and Kildala) is evident in the statistics derived from long-term measurements of
temperature. From October to March, monthly average air temperatures are reduced by as much as 2.5°C
and 6°C at Hartley Bay and Kitimat, respectively, from those at Bonilla Island. In summer, the
temperature gradient reverses, with warmer temperatures at inland locations, by 2.2°C and 3.7°C at
Hartley Bay and Kitimat, respectively, from those at Bonillalsland.

3.1.3 Precipitation

Large amounts of precipitation occur in the CCAA because of the mild, moist marine climate.
Precipitation occurs mostly in the form of rainfall, with snowfall amounts being very low at the seaward
edge of the CCAA (i.e.,, 520 mm average total annual snowfall at Bonillalsland [2,077 mm average
annual rain]). However, at inland locations, where the air temperatures are consistently cooler in fall and
winter, the amount of snowfall increases considerably (i.e., 2,380 mm average total annual snowfall at
Hartley Bay [4,244 mm average annual rain], 3,380 mm at Kitimat 2 [2,398 mm average annual rain], and
4,600 mm at Kitimat Township [1,769 mm average annual rain]). Kitimat holds the Canadian record for
the most snowfdl in afive-day period (i.e., 2,462 mm from 14 to 18 January 1974 [Heidorn 2004]).
Nevertheless, even in Kitimat, the amount of precipitation due to rainfall exceeds that of snowfall in all
months, on average.

Total precipitation has a very marked seasonal cycle and peaksin October and November as more
frequent and intense Pacific storms approach the area. Gradually through the remainder of the fall and the
winter, average monthly precipitation decreases, reaching the lowest annual levelsin June through
August. Monthly precipitation in autumn is typically more than twice that which occurs in summer.

3.14 Climate Variability and Trends

The climate of the CCAA as described above is based on averages of data collected over long periods
(generally 30 years or more). However, significant variability exists within that data on a number of time
scales. The shortest scale generally discussed is seasonal variability, which refers to changesin the
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climate from season to season. This seasonal variahility is the highest in magnitude because the seasons
differ from one another so greatly (winter weather versus summer weather). Longer scales of variability
compare the same months or seasons between different years or decades, or compare annual averages
over decades or centuries.

The availability of weather dataislimited to between 25 and 45 years at the mag or meteorol ogical
measurement sites. A trend analysis comparing average annual air temperature and total precipitation to
averages for winter and summer, respectively, was carried out for measurement sites with 30 or more
years of available data.

The results show that most of the interannual variability in temperatures occurs over periods of oneto
seven years, possibly related to El Nifio or La Nifia, or similar effects. However, asmall increasein air
temperatures (approximately 1°C) was indicated at most locations over a period of 35 to 40 years, from
the 1960s to 2002. This changeisrelatively small by comparison to changes that occur over time scal es of
one to eight years, as can be seen in the Bonillalsland and Kitimat 2 weather observations. Thetrend is
more consistent in the full year average values than in either summer or winter seasons. Even in the full
year average values, the correlation statistic (R?) is only about 0.25, indicating that only 25% of the total
variance is actually dueto the linear increase in temperature. At the other air temperature measurement
sites (Ethelda Bay, Kitimat Township and Kildala), theincrease in air temperature is smaller and the
correlation gtatistic is even lower (0.18, 0.11 and 0.13, respectively).

For a detailed review of the meteorological data and the analysis results, see Appendix A.

3.2 Ocean Currents

The currentsin the CCAA have typica flow speeds of about 15 to 30 cmi/s at the surface. The highest
surface currents were measured in the outer seaward portions of the CCAA including Campania Sound,
Caamario Sound and Principe Channel, while Kitimat Arm has lower surface currents. Maximum surface
currents range from 50 to 60 cm/s in Kitimat Arm, to 90 to 100 cm/s in southern Douglas Channel, to
well over 100 cm/s in the seaward portions of the CCAA and in Principe Channel.

The subsurface currents below the main halocline at water depths exceeding 75 to 100 m typically
average between 3 and 20 cm/s with maximum speeds of 10 to 60 cm/s in the deep inland water basins of
Squally Channel, Wright Sound, Douglas Channel and Kitimat Arm. For these inland waterways,
subsurface current speeds generally decrease with increased distance from Hecate Strait. In the shallower
approach waters to the Kitimat system, subsurface current speeds are generally higher, with typical values
of 10 to 25 cm/s and maximum values of 40 to 100 cm/s. Principe Channel has the highest near-bottom
(100-m water depth) current speeds, with typical speeds of 25 cm/s and maximum speeds of 110 cn/s.

In the confined inland waterways and in some of the narrow passages (e.g., Otter Channel), current
directions are aigned with the axes of the channels themselves, and cross-channel current speeds are
much slower than such along-channel currents. In the more open waters of Caamafio Sound and
Browning Entrance, the currents encompass a much greater range of directions.
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Average net flows are generally seaward near the surface and landward at depth, consistent with the
highly estuarine nature of the Kitimat system. The typical net surface current speeds are 10 to 15 cm/sto
the south in Douglas Channel with adeeper net return flow to the north of 1 to 3 cm/s.

The currentsin the CCAA are highly variable because of a combination of wind, tidal and estuarine
forcing. Thewind forcing is highly episodic and particularly important in the fall and winter under the
combined influence of frequent Pacific storms and Arctic outflow winds. Pacific storms result in very
strong winds in the outer seaward portions of the CCAA, which, while reduced in speed, are still as
important as strong winds from the south in the inland waterways. The Arctic outflow winds from the
north are strongest in the northern portions of the inland waterways. The response of the surface layer to
wind forcing, in terms of the magnitude of the resulting current, can be highly variable because of the
variable degree of stratification of the water column, which depends on the freshwater runoff and
precipitation.

Thetida currents exhibit a considerable degree of variability with location and with measurement depth
because of the underlying effects of water column strata variability. The astronomical tideis highly
predictable and uniform with depth and changes little over the length of the system. However, the
astronomical tide is often smaller than theinternal tide in the upper portions of the water column. The
internal tide is much less predictable because it varies in amplitude and phase over periods as short as a
few days or less. It also exhibits a high degree of depth dependence, and the horizontal scale of the
internal tide is of the order of tens of kilometres rather than many hundreds of kilometres for the
astronomical tide. Internal waves generated by the flow of stratified fluid over topographic features are
also of relevanceto the CCAA; in addition to internal tides, phenomena such asinternal hydraulic jumps
and lee waves can also occur.

River plumes are formed by river outflows discharging into coastal seas or fjords. They occur wherever
buoyant river fresh water encounters more dense seawater. River plumes typically form narrow coastal
currents; under the influence of the Earth’ srotation, the fresher river waters in the Northern Hemisphere
tend to turn to the right on leaving the river mouth. Numerous rivers discharge into the CCAA, and it is
likely that they form plumes, but because the widths of the inlets are subject to the internal Rossby Radius
of deformation, it islikely that inertial effects are also important. Apart from a few photographs, no other
direct evidence verifies their existence in the CCAA. The numerical model results for the CCAA indicate
the presence of tidally pulsed river plumes.

For a detailed review of the ocean current data and the analysis results, see Appendix B.

3.3 Freshwater Discharges and Temperature-Salinity
Distributions
Themajor riversin the CCAA are the Kitimat and Kemano Rivers, which are gauged and discharge

directly into Kitimat Arm of Douglas Channel and Gardner Canal. Also important are the two major
rivers draining into northern British Columbia waters, the Skeena and the Nass.
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3.3.1 Freshwater Budget of the CCAA
Freshwater input to the ocean has two major components.
o land runoff from rivers, creeks and other drainage features

o direct total precipitation (rainfall and snowfall) that enters the ocean directly from the atmosphere or
through small, low-elevation idands

Rivers with large watersheds, such as the Skeena and Nass, have high overall discharge and their broad
peak isin the spring and early summer because of snowmelt. At the opposite extreme are the small
watershed rivers, often found on islands that have low annual flows and are dominated by rainfall.
Between these extremes are the small- to medium-sized rivers along the mainland coast, including the
Kitimat River. Many of these watershedsinclude snowfields and glaciers providing high summer flows.
However, these rivers are also highly affected by rainfall and their winter storm-related flow peaks can
rival their summer flow levels.

Considerable year-to-year variability is present in the river discharges asis shown by the Kitimat River
annual average discharge rate. In any given year, the actual discharge for thisriver can differ by up to
20% from the long-term annual average value. The river discharges were unusualy low in the mid-1980s
and reached arecord high value in 1991.

An analysisof NTS 1:50,000 topographic maps issued by Natural Resources Canada was carried out to
divide the full area of interest into major discharge basins. A total of 29 drainage basins were identified,
including the gauged Kitimat and Kemano River basins. The 29 drainage basins were grouped according
to distinct portions of the waterways receiving the land-based discharges. A total of seven mgjor
waterways zones were defined within the CCAA (see Figure C-6 in Appendix C):

1. Principe Channel

2. Southern waterways: Campania Sound, Caamafio Sound, Squally Channel, Otter Channel, Estevan
Sound and southern Principe Channel

Southern Douglas Channel, Wha e Channel, Verney Channel, Ursula Reach and Mackay Reach
Central Douglas Channel including Devastation Channel

Kitimat Arm, including northern Douglas Channel

Kildala Arm

7. Gardner Cana

S e

The freshwater discharge from river runoff was computed for each waterway zone. The freshwater
discharge directly from precipitation (on land areas without well-developed drainage channels and creeks)
is calculated from monthly precipitation measurements at the nearest or a combination of the nearest
weather stations. The relative importance of land-derived freshwater runoff to direct precipitation varies
considerably among the seven major waterways. In the seaward Zones 1 to 3, consisting of Principe
Channel, the outer southern waterways and southern Douglas Channel, the freshwater contribution from
direct precipitation is comparable to or even greater than the river discharge values. For the more inland
waterways, the river discharge contribution is much greater than direct precipitation because of the larger
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drainage basins and the smaller size of the receiving waterways. The combined total river runoff for
Kitimat Arm (Zone 5) and Kildala Arm (Zone 6) has an average monthly volume of 0.49 km?, about
24 times more than direct precipitation. Gardner Canal receives an average total river discharge of
1.71 km®, nearly 60 times more than the amount of direct precipitation. About 18% of the total river
discharge in Gardner Canal, or 3.1 km®, is due to water diverted from the Nechako River basin through
the Kemano powerhouse into the Gardner Canal.

Y ear-to-year variationsin total freshwater discharge are considerable, with differences of up to 50%, as
seen in the low levels of the mid-1980s compared with the high total discharges of the early 1990s. The
total monthly freshwater discharge within each zone can be represented as an equivalent water depth
computed astotal discharge divided by the surface area of the zone. In the outer southern zones, the
equivalent monthly depth of freshwater islessthan 1 m. In the more inland zones (Zones 4 to 7), the
equivalent monthly freshwater depth exhibits a pronounced increase to 1.2 min Zone 4 (central
Douglas Channdl), to 3.6 min Zone 5 (northern Douglas Channel and Kitimat Arm) and to very large
valuesof 9.6 mand 8.1 min Kildala Arm and Gardner Canal, respectively.

3.3.2 Temperature-Salinity Distributions

The temperature and salinity profilesin the CCAA consistently reveal distinct upper layers ranging from
afew metresto 10 to 15 m depth, characterized by much-reduced salinities compared to the underlying
deeper waters. From late spring through the fall months, the salinities are much lower than those at depth,
resulting in alarge density gradient between the upper layers and the remainder of the water columns.
These lower sdlinities result from the large amounts of freshwater land runoff and direct precipitation.
The upper layers a so have higher water temperatures in spring, summer and fall.

In addition to the pronounced seasona changesin the shallow upper layer salinity and temperature
properties, most of the temperature-salinity profiles reveal a mid-water feature from 5 to 10 m depth to
between 50 and 100 m (where agradual increase in salinity and density occurs, aswell as atemperature
minimum [Pickard 1961] often present from winter through spring). The temperature minimum results
from fall and winter cooling through heat loss to the surface, followed by local warming of the upper
layer due to seasona changes or individua weather events.

Long-term continuous measurements of surface temperature and salinity in the CCAA are limited to two
data sources: daily temperature and salinity measurements at the Bonilla lsland light station at the eastern
side of N. Hecate Strait (1960 to 2005) and surface temperature measurements made at the Nanakwa
Shoal weather buoy in northern Douglas Channel.

The Bonillaldand results show that average monthly surface salinities at this exposed oceanic location
have avery small or negligible seasonal cycle, with values ranging from 31.0 to 31.4 psu, compared to
river runoff-influenced cycles in the adjoining inland waters. The seasonal temperature variations appear
to correspond to seasonal air temperatures, with average surface sea temperatures ranging from 6.5°C in
February to 12.5°C in August.

Surface temperatures have been measured at the Nanakwa Shoal buoy since 1988. These data show that
the annual range in monthly average temperaturesis much greater than at Bonilla Island, with a minimum
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value of 5.2°C in January and a maximum value of 16.1°C in August. The range from highest to lowest
measured temperature is greater ill, at —-0.4°C to 22.3°C.

Salinity and temperature distributions at select locations in the CCAA were analyzed using historic data
for four different months (July 1977, September/October 1977, December 1977 and March 1978), and for
three different years (1951, 1972 and 1977) in the month of July. The distributions for July in three
different years showed a distinct but shallow upper layer extending the full length of Douglas Channel,
with salinities of less than 20 psu and temperatures exceeding 10°C. In contrast, the upper layer in the
seaward portions of the waterway, from Wright Sound through Caamarfio Sound, had increased salinities
of between 20 and 25 psu, while its temperatures showed less change than the salinity, remaining greater
than 10°C. The sdlinities in the deeper waters exhibited a modest gradient from those in the upper layer to
values of about 32.5 psu at depths of 60 to 100 m, depending on the year. At greater depths, the salinities
had a narrower range of values from 32.5 to about 33.0 psu. The water temperatures at depth (deeper than
200 m) in Douglas Channel were generally in the range of 6°C to 8°C, except when atemperature
minimum was present (observed in 1951 and 1972) with values less than 6 °C. Cold temperatures of less
than 6°C a so occurred in the deeper waters (greater than 200 to 250 m) of Campania Sound to Wright
Sound in July 1977.

The temperature-salinity distributions with depth in the CCAA (recorded from July 1977 to March 1978
at approximately three-month intervals) follow the expected cooling of the upper layer and areduction in
salinity, along with aretreat in the extent of well-defined, pronounced low salinity values. In the deeper
waters of Douglas Channel, temperatures had increased to over 8°C at depths of 40 m in September and
October 1977 and at depths of 70 to 160 min December. This deep-water temperature maximum may
have been caused by residual heat from the previous summer and fall or by advection of warmer water
into the area from seasonally warmed waters in Hecate Strait. The deep water remains at low
temperatures of lessthan 7°C.

The deeper waters show a consistent increase in salinities at depth from May to July to October,
increasing more than 0.5 psu below 200 m, and accompanied by lower temperatures and lower oxygen
concentrations. In summer, deep water in the inland waterways is displaced and renewed by the upwelling
and intrusion of colder, denser, more saline water from the British Columbia shelf.

Overall, the long-term variations in temperature and salinity properties are not large, making it difficult to
detect these with the sporadic observations that are available. It should be noted that this long-term trend
analysis, when applied to meteorological time series data sets available for durations of up to 40 years,
indicated that surface air temperatures exhibited a small increasing trend in the annual average values at
some measurement sites (see Appendix A).

The high levels of freshwater discharge into the CCAA represent a central defining characteristic of the
oceanography of the system. The highly stratified upper water layer generates its own estuarine
circulation in addition to significant current changes caused by tidal forcing and wind forcing (see
Appendix B).

For a detailed review of the data and analysis results for freshwater discharges and temperature-salinity
distributions, see Appendix C.
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34 Water Levels and Waves

Changesin sealevel along the British Columbia coast are primarily caused by tides; however, other
episodic and seasonal factors can aso affect the water levels. Ocean waves are the result of wind energy
in regional and local waters, aswell as occasional occurrences of very long-period swell waves in Hecate
Strait that can originate elsewhere in the Pacific Ocean. Storm surges are caused by wind stress acting on
the water surface causing a direct set-up of the sealeve and have the greatest effect in shallow water and
low-lying coastal areas. Surge levels are usually greater along the eastern side of Hecate Strait than on the
western side. The inverted barometric effect (higher atmospheric pressure depresses the sea surface; low
atmospheric pressure rai ses the sea surface) can change the water level by about 1 cm for every 100 Pa
changein air pressure. Thisis particularly noticeable during winter, with typical sealevel changes on the
order of 30 cm.

Tides along the British Columbia centra coast are classified as mixed, mainly semi-diurnal (two highs
and two lows for each 24.75 hour day, with successive highs or lows of unequal height). A spring-neap
cycle of about 14 days occurs as the gravitational forces of the sun and moon reinforce each other at full
and new moons. Tidal ranges during these spring tides are about twice those that occur during the weaker
neap tides. The spring tide range at Kitimat is 6.5 m, reducing to about 3 m during neap tides. Thetidein
the CCAA isdriven by the tide in Hecate Strait, but is modified by the network of channels and inlets.
Thetida range increases with northward distance along the coast of the region, by about 25% from
Beauchemin Channel in the southeast (3.9 m at mean tides, 5.9 m at large tides) to Welcome Harbour in
the northwest (4.9 m mean, 7.5 mlarge). Tidal range aso increases from the mouth to the head of the
inlet system, but by a much smaller amount (approximately 6% between Caamario Sound and Kitimat).
Thetide at Kitimat lags that in Caamafio Sound by approximately 10 minutes. The greatest range occurs
at Site CM3 in Principe Channel (7.8 m at large tides). Evidence suggests some seasonal dependencein
the diurnal portion of thetide, which could lead to some deviations from the predicted tide, but of
sufficiently small magnitude (Iess than 25 cm) asto be similar to other non-tidal water level changes.

The waters of Hecate Strait and Queen Charlotte Sound are open to large fetches, particularly from the
southwest, and can receive long-period swells (16 to 22 second period) athough average wave periods are
generally about 5 to 10 seconds for most months. During winter, significant wave heights (defined as the
average of the heights of the largest one-third of all waves present) in excess of 3.5 m occur 20% to 30%
of the time offshore, reducing to 10% along the coast. Cycles of large waves during winter have a 2- to
3-day periodicity, consistent with intervals between the passages of frontal systems. Storm-force winds
(sustained wind speeds up to 40 to 50 knots), accompanied by significant wave heights of 6 to 8 m, occur
several times each winter. Theincreasein winter wind speeds generally occurs quickly in early fall. In
Hecate Strait, the 100-year return period wave is estimated to have a significant wave height of nearly

14 m and a maximum wave height of nearly 25 m.

The coastal waterways, including inlets and fjords, are generally more sheltered with weaker winds and
reduced fetch. However, strong winds, particularly when combined with an opposing tide, can generate
steep, choppy wave conditions of up to 1 to 2 m height. Arctic outflow winds during fall and winter can
produce rough seas even in the inlets. The wavesin the enclosed inland waters that make up most of the
CCAA are much smaller than those of the exposed waters of Hecate Strait. At Nanakwa Shoal, less than
5% of all observations exceed 0.5 m in significant wave height, while in northern Hecate Strait, 80% of
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all such observations exceed 0.5 m. The maximum recorded significant wave height in Kitimat Arm was
2.0 m, measured at Nanakwa Shoal.

In addition to their much lower wave heights, the periods and wavelengths of the wavesin the inland
waters are also considerably reduced. At Nanakwa Shoal, most wave periods are 2.5t0 5 s, with afew at
7 s. The wave heights are strongly related to wind direction, which reflects the importance of the wind
fetch (distance that the wind blows over open water). Thisinfluenceis particularly apparent at Nanakwa
Shoal, where the largest waves are clearly due to the strong (winter) outflow winds from the
north-northeast, while a secondary peak in wave height is evident for winds from the south-southwest,
blowing up Douglas Channel towards Kitimat.

Tsunamis are ocean waves that can be destructive and endanger human lives where they strike populated
coastlines. Tsunamis are very long-period waves (15 to 90 minutes) that travel rapidly from the source.
Generally, they are the result of an earthquake and, less commonly, aresult of an underwater landdide or
a surface landdlide that enters the water. The British Columbia coast is susceptible to submarine
earthquakes, and submarine landslides and related tsunamis have been recorded along this coast.
Funnelling effects can increase wave height as a tsunami penetrates up the inlet. The extent of flooding
and damage to affected coasta areas depends on factors such as the bathymetry and distance from the
source. A submarine dide in Kitimat Inlet in April 1975 resulted in awave estimated at 8.2 m height.

For the detailed data review and analysis results for this topic, see Appendix D.

3.5 Underwater Acoustics

The relevant aspects of the underwater acoustic environment are the ambient noise background and the
propagation characteristics of the area, which determine how sound from a source will travel. Sound is

characterized by its frequency content and its pressure or intensity (equivalent to the human concepts of
pitch and loudness, respectively).

The ocean has an ambient noise background produced by natural processes (physical and biological) and
human activities. Little specific information exists regarding the ambient noise environment of the
CCAA; some previous measurements made in Queen Charlotte Sound showed ambient noise levelsto be
mainly dependent on wind speed at the ocean surface. At present, vessel traffic is the main anthropogenic
contributor to the ambient noise environment in the CCAA and is highest in summer. Underwater
ambient noise measurements made at four locations in the CCAA in the fall of 2005 (Marine Acoustics
[2006] TDR) produced results consistent with the previous observations, with minimum ambient levels
of 82 to 84 dB found in the frequency band between 10 Hz and 20 kHz in the absence of vessdl traffic.
Levelsin Caamafio Sound were about 10 dB higher, an effect attributed to the proximity of the open
waters of Hecate Strait where higher levels of wind and wave energy are prevalent.

The propagation speed of sound in the ocean is afunction of the temperature, salinity and pressure of the
water, aswell as the properties of the seafloor. Because of the complexity of sound propagation in the
ocean, numerical propagation modelling is required to predict the effects of an acoustic source.
Transmission |oss measurements were made at the same four locations at which noise data were collected
in the fall of 2005. The loss as a function of distance can be used to predict the sound intensity from a
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source, such as avessd, at various distances. Those data, and existing data on the characteristics of the
seafloor, are used as input for acoustic propagation modelling.

For the detailed data review and analysis results from which the above summary was derived, see
Appendix E.

3.6 Other Water Properties

This section deals with water properties other than temperature and salinity: dissolved oxygen, nutrients,
pH and turbidity. The properties of the central British Columbia coast waters are variable both spatialy
and temporally, influenced by oceanic as well as coastal processes. The offshore oceanic waters are
generally more saline than those of inland waterways. The properties of the coastal inlet waters are
influenced by the amount of runoff and exchange with the offshore waters. Shallow sills, if present,
restrict the exchange and flushing of the deeper inlet waters and can result in oxygen depletion. The water
properties of the area vary seasonally, with winter and summer extremes. The associated large-scale wind
shifts between winter and summer, and the resulting changesin overall current patterns, control the make-
up of the water masses.

Theinlet system comprising Kitimat Arm and Douglas Channel is a class of coastal fjords (Pickard

1961), those that have arelatively high runoff resulting in low (less than 3 psu) surface salinity at the head
and surface salinities between 5 and 20 psu at the mouth. Such inlets are characterized by an estuarine
circulation with fresher water flowing seaward at the surface and a deeper return flow of oceanic water.
Sills separating the deep inner basins of these inlets from the outside usually limit the replacement of the
bottom water to periodic episodes.

The amount of dissolved oxygen (DO) in the water is critical to the ocean’s ability to support life. Oxygen
is added to the water by surface mixing and photosynthesis; it is consumed (subtracted) by animals, fish,
bacteria and decomposition. The less dense surface waters are generally higher in DO than the more
dense deeper waters, and runoff tends to increase DO levels near shore. Without replenishment, waters
become oxygen-depleted and anoxic. This can occur in the bottom waters of coastal inlets where a
shallow sill often limits flushing of the deep water.

Dissolved oxygen concentrationsin coastal inlets such as the Kitimat system depend in a complex manner
on the circulation in the inlet and on biological processes taking placein it. Generally, near-surface
oxygen concentrations are at or above saturation, and deep-water concentrations are below saturation.
Anoxic conditions are rare, but have been observed in the deeper water of Minette Bay, at the head of
Kitimat Arm becauseit has only a very shallow connection to Kitimat Arm. Oxygen concentration
maxima, with supersaturated values, have been observed beneath the hal ocline in Douglas Channel and
are attributed to production by phytoplankton. The deep water in the basinsis renewed regularly, and two
different processes appear to be involved. The first isthe usual deep-water renewal process, in which
cold, dense, low-oxygen water produced by upwelling on the shelf flows over the sill and replacesthe
bottom water in the basins in the spring and summer. In the second process, strong winter outflow winds
drive the inlet surface waters seaward to produce arapid counter-directiona influx of water from 30 to
150 m depth in Hecate Strait into Douglas Channdl.
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Phytoplankton, the small plants that form the base of the oceanic food chain, require nutrients for growth
and reproduction. Phytoplankton also require adequate light for photosynthesis and this occurs only in the
upper layer, the euphotic zone. On relatively shallow continental shelves such as those off the British
Columbia coast, nutrients levels are high, making these areas some of the most productive in the world.
The main nutrients include nitrogen (NO3), phosphorus (PO,), silica (SiO,) and ammonia (NH,), aswell
as carbon from carbon dioxide (CO,). Nutrients enter the Kitimat inlet system through river runoff and
through intrusions of oceanic water from Hecate Strait. Kitimat River water, observed in the surface layer
in the summer, is characterized by high silicate concentrations (30 to 40 mmol/m?®) and low phosphates
and nitrates. In the winter, less upper-layer nitrate depletion occurs, because of reduced phytoplankton
growth, and surface layer silicate is reduced in the upper reaches of the inlet because of lower river flows.

The pH value is a measure of the acidity of the water. Pure water at pH 7 is neutral, whereas lower
numbers are acidic and higher are basic (alkaline). Within theinlets and fjords, surface pH isusually high,
except in the presence of low pH (acidic) runoff.

Turbidity is ameasure of the cloudiness or opacity of water caused by suspended particles and dissolved
material. Turbidity levels within the fjords are generaly higher in summer because of suspended particles
in the fresh water input, sometimes called rock flour. For photosynthetic plankton, turbidity reduces the
depth of the euphotic zone and requires mixing of nutrients higher up above the halocline. Whether
natural (rock flour) or anthropogenic (e.g., logging debris), turbid waters result in reduced primary
productivity. Asisvisiblein aeria photographs of the Bish Creek region, there can be considerable
variance in surface turbidity.

Dissolved oxygen and turbidity levels are important parameters for assessment of water quality. These
parameters, along with nutrients, influence productivity levels on which the marine food chain depends.

For a detailed data review and the analysisresults, see Appendix F.
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4 Project Physical Oceanography Program

4.1 September 2005 to January 2006

Aswas found in the historical data reviewed in Appendix B of this TDR, water currents were fastest in
Douglas Channel and the approaches, and slowest within Kitimat Armitself. Mean current speeds were
20 to 30 cm/s at the near-surface, except for Kitimat Arm where mean surface speeds reached only 5 to
10 cm/s. Maximum near-surface current speeds were near 100 cim/s in the approaches and Douglas
Channel, reaching 110 cm/sin Principe Channel. The current speeds tend to decrease with depth, except
in Principe Channel, where there is less variation with depth and where the maximum observed speed (for
all sites) of 113 cm/s occurred.

In the inner passages of the Kitimat system, the currents tend to be aligned along the channel. The net
flow tends to be seaward movement of fresher water at the surface and inland movement of denser
seawater at depth.

Along with wind forcing, these freshwater inputs, which cause stratification of the water, can be as or
more important than tidal forcing in Kitimat Arm and Douglas Channel. Aswas found in the historical
datareview, the relative importance of tidal currents tends to increase with depth and with proximity to
the open ocean.

Water level measurements were aso made. The largest tidal ranges, up to 8 m for the largest tides, were
measured in Principe Channel. The smallest tidal ranges in the CCAA were measured at Caamarfio Sound,
where the maximum tidal ranges were 5.5 m. Kitimat Arm and Douglas Channel had similar tidal ranges,
considered intermediate with maximum ranges of 6 m. The ranking and size of thetidal rangesis
consistent with the historical results described in Appendix D.

Wave measurements were made at the west approach to Caamario Sound (Y ates Shoal on the Aranzazu
Banks). The largest wave event had a significant wave height of 6.3 m and occurred on January 5, 2006
(period of 18 sand direction from 153° south-southeast). Waves usually arrive from the south to
southwest, though an important component arrives from the southeast. Waves generated from the south
and southeast sectors have the maximum fetch over which to develop and may then undergo refraction to
arrive from the south to southwest. The largest waves (with a significant wave height greater than 4 m)
tended to have peak interval periods between 10 and 20 s. On September 16, peak periods of 25.6 swere
also measured. Most wave events had an important low-frequency contribution. Even on days when the
local seas are calm, there may still be swell activity that has propagated from a distant storm in the
northeast Pacific Ocean in the form of forerunners.

Cruisesin September 2005 and January 2006 yielded 15 CTD profile measurements from which spatial
and temporal patternsin the salinity and temperature could be obtained. The fresher and warmer surface
water measurements were confined to depths of 10 m or less at all locations along the CCAA. Aswas
found in the historical data presented in Appendix C, the upper layer was fresher farther inland, in
accordance with the increased influence of freshwater discharge in the region. Gradientsin temperature
and salinity were likewise reduced in the approaches to the Kitimat system.
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Between the two cruises, the surface temperatures cooled significantly, while at depth, small temperature
increases of about one degree occurred. Wind events through the fall allowed vertical mixing and the
surface salinities showed alarge increase, with asmall decrease in salinity at depth, consistent with the
historical data examined in Appendix C.

Salinities were found to increase aong Principe Channel toward Browning Entrance to the west, farther
from the fresh water inputs of the Kitimat system. The September measurements indicate particularly
fresh water at Site CM 3 in the Principe Channel compared to other sampling locations in the channe.
This may have been caused by an event that occurred earlier in the season, or possibly by inputs from
Petrel Channel to the north. Variations in the effects of vertical mixing and cooling observed in the
Kitimat waterway were aso observed in Principe Channel between the two cruises.

For the detailed data collection methods and analysis results, see Appendix G.

4.2 January to April, 2006

Additional measurementswere carried out in Kitimat Arm from January to April 2006, closer to shore
than the September 2005 to January 2006 measurements. The current speeds were similar in magnitude,
and the shallower deployment depth allowed measurements even closer to the surface. These
measurements detected somewhat faster currents than were measured in the fall, when the mean
(maximum) current speeds were 7.5 cm/s (50.8 cm/s) at the near-surface and 5.3 cm/s (39.9 cn/s) at mid-
depth. At the new, near-shore location, the mean (maximum) current speeds were 8.9 cm/s (49.9 cm/s) at
the near-surface and 6.6 cm/s (33.7 cn/s) at mid-depth. The fastest currents were at 5 m depth where the
mean (max) speeds were 10.4 cm/s (65.6 cm/s). These higher values were likely caused by measuring 4 m
closer to the surface than al previous measurements at this site.

The net flow over the measurement period was about 5 cm/s near-surface, decreasing to 1 cm/s at 29 m,
with the direction to the south at al depths. These net flow rates were considerably larger than the
near-surface flow rates of 1.6 cm/s measured in the fall.

Currents were found to be aligned more a ong the north-south axis than the NNE-SSW axis found in the
fall. Thisrotation is consistent with the change in the direction of the bathymetry between the two sites. In
the spring, the measurements a so indicated a bias toward down-channel flow, which was not observed in
the fall measurements.

Water levels were found to have a maximum tidal range of 6.2 m, with arange of 4.3 m from the 5%
exceedance level to the 95% exceedance level. These values are the same as those found in the fall.

Both freshwater inputs, which cause stratification of the water column, and wind forcing are likely more
important than the tidal forcing at Site CM 1. As might be expected, CTD profilesindicate an intermediate
spread in near-surface temperatures between the warm September 2005 val ues and the cold January 2006
values. However, at the mid-depth interval between 20 and 90 m, the water was cooler than in January,
but below interval it was warmer than in January.

Near-surface sainities were strongest in January, likely due to mixing of the water column, though at
depth this mixing has an opposite effect, with the least saline measurements of all. In April, when the
least mixing occurred, the 10 to 60 m salinity values were the highest of any set of measurements. The
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secondary peak in freshwater dischargein fall makes September the least saline at the near-surface.
Over-all, the density profiles are very similar between measurements.

For the detailed data collection methods and analysis results for this period, see Appendix H.

4.3 April to December, 2006

Ocean current measurements were carried out from April to December 2006 as a continuation of
measurements from January to April 2006 near the marine terminal. Earlier measurements from
September 2005 to January 2006 were made at nearby sitesin deeper waters, where maximum current
speeds of 61.6 cm/s were measured in November. Net seaward drift was measured at al depths during the
deployment. Mean current speeds varied from 9 cm/s at the near-surface to 2 cm/s at the near-bottom.

The CTD profileindicated the coldest water column measurements to date in the program. The near-
surface salinity and density profiles were the second highest after the January measurements.

The measured water levels range is about 6.3 m from maximum to minimum and 4.2 m from the 5%
exceedance level to the 95% exceedance level.

For the detailed data collection methods and analysis results for this period, see Appendix I.

4.4 December 2006 to July 2007

The 2006 program of ocean current measurements was extended to July 2007. Maximum current speeds
of 81.6 crm/s were measured in January 2007. Net seaward drift was measured at all depths during the
deployment. Mean current speeds varied from 14 crm/s at the near-surface to 4 cn/s at the near-bottom.

The CTD profileindicated a warming near-surface, but not as much as the September 2005
measurements. Near-surface salinities were the lowest measured in the program, at 1.3 to 2.0 psu.

The range between minimum and maximum water levels was 6.3 m, with arange of 4.2 m from the 5%
exceedance level to the 95% exceedance level over the entire period.

For the detailed data collection methods and analysis results for this period, see Appendix J.
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A.l Introduction

A.l.l Objectives

The purpose of this appendix isto describe baseline meteorological conditions within the CCAA to
support the environmental assessment for the Project.

Information was sourced and summarized from existing literature and field surveys for the following key
data categories:

e surfacewinds

e atmospheric pressure systems

e air temperature and precipitation

o climate variability and climate change

A.2 Methods

A21 Spatial Boundaries

For the purposes of this report, meteorological data from Environment Canada coastal weather stationsin
the CCAA werereviewed (for the boundaries of the CCAA, see Figure 1-1). In addition, field surveys
were conducted (Fall 2005 and Winter 2006) at the following coastal weather stations within the CCAA:

e Ashton Rock and Kersey Point in Douglas Channel
o Dorothy Island in Devastation Channel
e Wall Island in Caamario Sound

Theresultsfrom the field survey are documented in the Wind Observations in Douglas Channel, Squally
Channel and Caamario Sound TDR (Hayco 2010).

A.2.2 Review of Existing Data Sources

The existing data sources were obtained in large part from Environment Canada. The Meteorol ogical
Service of Canada (adivision of Environment Canada) collects and archives all meteorological
information for Canada and provides weather forecasts and reports. Within or near the project area
Environment Canada has operated coastal weather stations at several locations (see Table A-1 and
Figure A-1). Two of these sites are in the vicinity of the City of Kitimat, two sites are on the eastern side
of Hecate Strait (Bonilla Island and Ethelda Bay), one (Hartley Bay) isin the southern Douglas Channel
and two (Kildala and Kemano) are in nearby ocean channels.

In addition to the coastal Environment Canada weather stations, wind measurements were also obtained

for the Nanakwa Shoal buoy in southern Kitimat Arm (also operated by Environment Canada) and at the
Eurocan pulp mill in Kitimat. Summary statistics available for two historical weather stationsin Kitimat

were a so obtained.
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Figure A-1 Weather Stations used in Historical Data Review

Table A-1 Historical Weather Station Data Sets

Weather Station Years of Data Latitude Longitude Data Collected

Bonilla Island 1960 - 2002 53°30'N 130° 38'W | Wind, temperature and
precipitation

Ethelda Bay 1957 - 1991 53°3'N 129° 41'W | Wind, temperature and
precipitation

Hartley Bay 1973 - 1996 53° 25'N 129° 15'W | Temperature and precipitation

Nanakwa Shoal 1988 - 2005 53° 49'N 128°50'W | Wind

Kitimat Eurocan 1996 - 2005 54°0'N 128°41'W | Wind

Kitimat 2 1966 - 2002 54° 1'N 128° 42'W | Wind, temperature and
precipitation

Kitimat Townsite 1954 - 2002 54° 3'N 128° 38'W | Temperature and precipitation

Kildala 1966 - 2000 53° 50' N 128° 29'W | Temperature and precipitation

Kemano 1951 - 2002 53°33'N 127° 56'W | Temperature and precipitation
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The type of measured meteorological parameters varies among the weather stations. All of the coasta
Environment Canada weather stations include measurements of air temperature, humidity, pressure and
precipitation. Wind data are available from Bonilla Island, Kitimat Eurocan and the Nanakwa Shoa buoy.

The following information was also used in this report:

o ThelPCC has produced a number of reports relating to the evidence for, potentia effects of and
possible reaction to climate change (IPCC 2006, Internet site). Reports on more local effects and
adaptations include work by the Canadian Climate Impacts and Adaptation Research Network
(C-CIARN 2006, Internet site) as well aswork by individual agencies (British Columbia Ministry of
Land, Water and Air Protection 2002).

o A detailed summary of British Columbia climatology can be found in The Climate of Canada and
Alaska (Hare and Hay 1974) and the B.C. Weather Book (Heidorn 2004). Brief summaries are found
in a number of broad topic reports (Chevron Canada Resources Ltd. 1982; Petro-Canada 1983;
Hood and Zimmerman 1986; Scudder and Gessler 1989; Ricker and McDonald 1992; Ricker and
McDonad 1995; Jacques Whitford Environment Limited 2001; Hall et al. 2004).

A.2.3 Field Surveys
Meteorological datawas collected from the project area, as documented in ASL (2010).

A.3 Results of Baseline Investigations

A.3.1 Synopsis

The climate and weather conditions of the CCAA are adirect result of itslocation in an extensive network
of mountainous islands between the mgjor inland waters of the Pacific Ocean (Hecate Strait) and the
British Columbia mainland. At the seaward limit of the CCAA, it is dominated by the Pacific marine
climate characterized by moderate air temperatures and intense stormsin fall and winter.

At the landward limit of the CCAA, the temperatures exhibit a greater range, reflecting the greater
influence of a continental climate. Here, the marine storm winds are generally abated by the mountainous
terrain. In winter, strong Arctic outflow winds occur because of the presence of acold and dry
Continental Arctic high-pressure system that episodically extends into the interior of British Columbia.
The high surface pressuresin the interior can result in strong, low-temperature winds that flow into the
inland fjords. Arctic outflows are associated with strong winds from the northeast, moderate to heavy
snowfalls and squalls, and the potential for large waves (due to the strong winds over large fetches),
reduced visibility and icing of structures due to freezing spray.

The presence of the Coast Mountains, including the idands along the CCAA, resultsin very high rainfall
as moist Pacific air encounters the rugged coastal terrain. The rainfall is greatest in the more exposed
seaward part of the CCAA and is gradually reduced, with a greater proportion of snowfall, as one
proceeds inland.
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A.3.2 Winds and Pressure Systems

Pacific North Coast Region

The climate and weather conditions of British Columbia's coastal regions are largely governed by two
Pacific Ocean air masses, as well as by the frequent west-to-east passage of cyclonic weather systems
(most frequent from October through May) and the presence of large mountain belts parallel to the coast.
It is one of the windiest areas of Canada. The strongest hourly winds measured in British Columbia were
recorded at Cape St. Jamesin 1963 at the southern tip of Haida Gwaii (i.e., 49.2 m/s or 177 km/h on
October 31, 1963).

The two Pacific Ocean air masses in the region are the Aleutian Low and the North Pacific High
(Thomson 1989) (see Figure A-2). They not only influence the winds, air temperature, air moisture and
storm tracks in the region as awhole, but also drive surface currents within the CCAA. These pressure
systems vary seasonally (as described below) and vary in intensity from year to year (Hamilton 1984),
often making them the root cause of interannual wind fluctuations, forcing corresponding variationsin the
North Pacific wind-driven surface currents and associated climatic and oceanographic parameters.

During winter, a quasi-permanent low-pressure system, the Aleutian Low, dominates North Pacific
weather patterns. The average counter-clockwise flow about the Aleutian Low and the presence of the
Coast Mountains results in prevailing southeasterly winds along the British Columbia coast. The
Aleutian Low reflects the frequent passage of extra-tropical stormsinto the Gulf of Alaska.

Rapidly developing extra-tropical cyclones are more likely to affect the British Columbia coast than in
other areasin Canada, with the exception of the Canadian Atlantic coast. These coastal low weather
systems are characterized by arapid and sustained decrease in central air pressure and intensified wind
speeds and are often accompanied by increased precipitation. These storms can travel quickly. Winds up
to 70 knots (with gusts to 100 knots) are generated to the east and southeast of the low. Over atypical
winter, about 17 such storms develop and affect the British Columbia coastal area (Stewart et a. 1995).
Galeforce winds at Cape St. James are usually a precursor to the arrival of similar winds aong the north
and central mainland coast about 24 hours later. The chart below (see Figure A-3) shows a pressure
pattern typical of acoastal low.

In summer, the mean monthly weather patterns change with the North Pacific High moving northward
and displacing the Aleutian Low (see Figure A-2, bottom left). This pressure pattern tends to deflect most
stormsto the north. The clockwise airflow around this high results in weaker, primarily northwesterly
winds along the central coast.

The strong winds of the offshore Pacific, Queen Charlotte Sound and Hecate Strait decrease markedly
within the inland waters of the CCAA throughout the year (see Figure A-4).

Page A-6 2010



Marine Physical Environment
Technical Data Report
Appendix A: Meteorology Review from Historical Data

North Pacific
High

SOURCE: Thomson 1989
Figure A-2 Seasonal Mean Surface Atmospheric Pressure Maps, 1947 to 1982
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SOURCE: Environment Canada 1992
Figure A-3 Winter Pressure Pattern Typical of a Coastal Low
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During winter, when cold arctic air extends southward over the continent into northern British Columbia,
arctic outflow winds can occur with cold dense air funnelling down the coastal inlets (Kendrew and Kerr
1955; see Figure A-5). The winds can be very strong, often up to 60 knots and occasionally to 100 knots.
Sustained northeasterly outflow winds have been observed to remain above 60 knots for over 24 hours.
The combination of strong winds and frigid temperatures can result in heavy freezing spray within and at
the entrances to mainland inlets (Stewart et al. 1995). The alignment of the inlet with the cold arctic
outflow wind directions has an effect on the severity of the cold outflow winds.

Figure A-5 Effect of a Continental Arctic High Pressure Ridge over the British
Columbia Interior
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Confined Channel Assessment Area

For characterizing the windsin the CCAA, historical wind data sets from the following three primary
locations were used:

e Bonillalsland in eastern Hecate Strait
¢ Nanakwa Shoal, located at the north end of Douglas Channel about 23 km from Kitimat Harbour
e Kitimat Eurocan, Situated at tidewater in Kitimat Harbour

The Bonillaldand data, available since 1960, are representative of the winds of eastern Hecate Strait that
would be encountered by ships approaching Caamafio Sound or passing through Browning Entrance into
Principe Channel. As supplemental information, statistical summaries of the occasiona wind observations
at the Ethelda Bay lighthouse (eastern Hecate Strait) and the extended measurements of winds at the
Kitimat 2 site are also used.

For a summary of monthly wind statistics for the primary wind measurement sitesin more recent years
(1994 to 2005), see Table A-2. For the statistics for monthly maximum winds available from historical
measurement sites with 20 years or more of data available, see Table A-3.

The monthly wind statistics reveal pronounced spatial and seasonal patterns. The wind speeds on the open
coast of eastern Hecate Strait are considerably greater than those in the inland waters. The yearly average
wind speed a Nanakwa Shoal (4.5 m/s) isreduced by 38% from that of Bonillalsland (7.3 m/s), whereas
the reduction at Kitimat Eurocan (5.1 m/s) is about 30% (see Figure A-6). In terms of maximum observed
wind speeds over 20 years or longer, the reduction in wind speeds at inland locations is even greater, at
over 50% from the eastern coast of Hecate Strait to the inland waters of the CCAA. The highest values
measured on the Hecate Strait coast are 39.7 m/s (77 knots) at Bonillalsland and 33.3 nv/s (65 knots) at
Ethelda Bay (see Figure A-7), compared with maximum measured inland values of 18.4 m/s (36 knots) at
Nanakwa Shoal, 17.6 m/s (34 knots) at Kitimat Eurocan and only 11.1 m/s (22 knots) at Kitimat 2.
Consistent with the differencesin the average and maximum wind speed statistics, the distribution of the
wind speeds exhibits major changes between the offshore (Bonilla Island) and inshore areas (Nanakwa
Shoal and Kitimat Eurocan), as shown in Figure A-6. Only 4.8% and 6.3% of all winds at Kitimat
Eurocan and Nanakwa Shoal, respectively, exceed 10 n/s (18 knots), in sharp contrast to 23.1% of winds
exceeding 10 m/s at Bonilla Island.
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Table A-2 Wind Statistics for Historical Measurements at Bonilla Island, Nanakwa Shoal and Kitimat
Eurocan
Bonilla Island (1994-2005)
1994/01/01 00:00:00 to 2005/12/11 23:00:00

January  February  March April May June July August  September  October November December Year
Speed (m/s) 7.8 7.7 7.8 73 71 6.6 6.0 59 6.5 8.0 8.0 84 7.3
Most Frequent Direction SE SE SE SE SE N N SE SE SE SE SE SE
Maximum Hourly Speed (m/s)) 289 31.9 26.7 27.2 26.4 211 21.1 21.7 231 333 27.2 30.3 333
Date (yyyy/dd) 2003/03  1999/11 2003/17 2003/06 1999/05 1996/29 1998/15 2001/20  1999/28  2001/26  1999/23 1996/04 2001/26
Direction of Max. Hourly Speed S SE SSE SSE SE SE SE SE SE SSE SE SE SSE
Maximum Gust Speed (m/s) n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
Date (yyyy/dd) n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n‘a n/a n/a
Direction of Maximum Gust n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
Days with Winds >= 52 km/hr (14.4 m/s) 129 108 121 69 48 34 10 23 53 122 137 147 1001
Days with Winds >= 63 km/hr (17.5 m/s) 74 61 69 38 17 8 1 9 26 71 71 94 539
Kitimat Eurocan (1996-2005)

1996/10/07 10:00:00 to 2005/01/01 00:00: 00

January February  March April May June July August  September October November December Year
Speed (M/s) 5.2 4.4 53 45 5.2 5.6 5.9 53 49 49 4.7 5.0 51
Most Frequent Direction N N N S S S S S S S N N S
Maximum Hourly Speed (m/s) 17.6 16.7 16.1 14.8 16.7 155 16.0 14.3 14.7 16.3 17.3 16.7 17.6
Date (yyyy/dd) 2001/10 2001/28 2004/05 2002/21 1998/27 1997/25 1997/05 2000/30 2004/11 2001/26 2001/15 2004/19 2001/10
Direction of Max. Hourly Speed SE W SSwW W SSwW SSwW SSW SSE E N N E SE
Maximum Gust Speed (m/s) n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
Date (yyyy/dd) n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n‘a n/a n/a
Direction of Maximum Gust n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
Days with Winds >= 52 km/hr (14.4 m/s) 5 3 2 1 1 3 0 2 25
Days with Winds >= 63 km/hr (17.5 m/s) 1 0 0 0 0 0 0 0 0 1
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Table A-2

Eurocan (cont’'d)

Nanakwa Shoal (1988-2005)

Wind Statistics for Historical Measurements at Bonilla Island, Nanakwa Shoal and Kitimat

1988/11/22 22:37:00 to 2005/09/11 21:37:00

January February  March April May June July August  September  October November  December Y ear
Speed (M/s) 6.3 4.8 45 3.6 39 4.3 4.4 4.0 3.7 4.1 49 55 45
Most Frequent Direction NNE NNE NNE SW SW SW SSW SSW SSW NNE NNE NNE SSW
Maximum Hourly Speed (m/s) 18.4 17.3 16.2 16.1 15.2 13.9 12.0 11.7 12.9 154 16.0 18.1 184
Date (yyyy/dd) 2000/16  1990/31 2001/24 2000/13 1993/14 2005/18 2003/31  1999/28 2001/29  1996/29  1996/23 1996/26 | 2000/16
Direction of Maximum Hourly Speed NE NNE NE NE SSW SSW Sw WSW S NNE NNE NE NE
Maximum Gust Speed (mV/s) 23.2 20.5 20.2 19.9 179 16.7 175 155 16.6 18.7 20.9 215 23.2
Date (yyyy/dd) 2000/16  1990/31 1996/03 2000/13 1993/14 2005/18 1999/14  1999/28 2004/11 1996/29 1996/16 1996/26 2000/16
Direction of Maximum Gust NE NNE SW NE SSW SW NE WSW SSW NNE N NE NE
Days with Winds >= 52 km/hr (14.4 m/s) 57 11 3 2 2 0 0 0 0 2 10 27 114
Days with Winds >= 63 km/hr (17.5 m/s) 2 0 0 0 0 0 0 0 0 0 0 2 4
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Table A-3 Monthly Maximum Wind Speed Statistics for Measurement Sites with 20 Years or More of
Historical Data

Bonilla Island (1986-2000)

1971 to 2000, except maximum values which apply from 1960 to 2000

January February  March April May June July August  September  October  November  December Y ear
Speed (m/s) 6.6 6.2
Most Frequent Direction SE SE
Maximum Hourly Speed (m/s) 28.6 39.7 331 28.6 233 22.8 18.3 214 24.2 29.2 35.0 322 39.7
Maximum Hourly Speed (km/h)) 103 143 119 103 84 82 66 77 87 105 126 116 143
Date (yyyy/dd) 1973/17  1974/20 1977/10 1970/07 1978/01 1968/01 1969/10 1971/18 1968/24  1968/16 1968/28 1968/06 | 2001/26
Direction of Maximum Hourly Speed SE S SE S SE SE SE SE SE SE SE S SSE

Ethelda Bay (1971-1991)

1971 to 1991, except maximum values which apply from 1957 to 1991

January February  March April May June July August  September  October  November  December Y ear

Speed (m/s) 4.1 33 29 27 24

Most Frequent Direction NE SE SE SE NW

Maximum Hourly Speed (m/s) 258 333 181 19.2 18.1 181 133 18.1 20.0 231 20.6 231 333
Date (yyyy/dd) 1980/08  1980/14 1979/06 1970/05 1981/01 1981/29 1982/05+ 1981/21 1981/30  1980/07+  1979/21+  1981/09+ | 1980/14
Direction of Maximum Hourly Speed NE NE SE S SE SE SE SE SW SW SE NE NE
Days with Winds >= 52 km/hr (14.4 m/s) 1 1 0 0 0 0 0

Days with Winds >= 63 km/hr (17.5 m/s) 0 0 0 0 0 0 0
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Table A-3

Nanakwa Shoal (1988-2005)

Monthly Maximum Wind Speed Statistics for Measurement Sites with 20 Years or More of
Historical Data (cont’d)

1988/11/22 to 2005/09/11
January ~ February ~ March April May June July August  September  October  November  December Y ear
Speed (m/s) 6.3 48 45 3.6 39 43 44 4.0 3.7 41 49 55 45
Most Freguent Direction NNE NNE NNE SW SW SW SSw SSw SSw NNE NNE NNE SSw
Maximum Hourly Speed (m/s) 184 17.3 16.1 16.1 152 139 12.0 117 129 154 16.0 18.1 184
Date (yyyy/dd) 2000/16 1990/31 2001/24  2000/13 1993/14 2005/18 2003/31 1999/28 200129  1996/29 1996/23 1996/26 | 2000/16
Direction of Maximum Hourly Speed NE NNE NE NE SSwW SSwW SW WSW S NNE NNE NE NE
Maximum Gust Speed (m/s) 23.2 20.5 20.2 19.9 17.9 16.7 17.5 15.5 16.6 18.7 20.9 215 23.2
Date (yyyy/dd) 2000/16  1990/31 1996/03  2000/13 1993/14 2005/18 1999/14 1999/28 2004/11  1996/29 1996/16 1996/26 | 2000/16
Direction of Maximum Gust NE NNE SW NE SSw SW NE Wsw SSw NNE N NE NE
Days with Winds >= 52 km/hr (14.4 m/s) 57 11 3 2 2 0 0 0 0 2 10 27 114
Days with Winds >= 63 km/hr (17.5 m/s) 2 0 0 0 0 0 0 0 0 0 0 2 4
Kitimat 2 (1966-2000)
1971 to 2000, except maximum values which apply from 1966 to 2000
January  February March April May June July August September  October  November  December Y ear
Maximum Hourly Speed (m/s) 111 94 111 8.9 9.7 8.9 8.6 8.1 9.7 10.3 9.7 10.8 111
Maximum Hourly Speed (km/h)) 40 34 40 32 35 32 31 29 35 37 35 39 40.0
Date (yyyy/dd) 1973/23 1972/15+ 1971/07 1966/09 1973/31 1975/20 1966/25+ 1967/06+ 1970/05 1968/25 1970/27 1968/23 | 1973/23
Direction of Maximum Hourly Speed SE S SE SE SE SE SE SE S NW N SE
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Wind Speed Histogram
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Figure A-6 Observed Distributions of Wind Speeds at Bonilla Island,
Nanakwa Shoal and Kitimat Eurocan

Wind speeds exhibit a distinct seasona pattern, with the highest occurring in fall and winter and the
lowest in spring and summer (see Figure A-7). The seasonal cycle in wind speedsis most pronounced in
eastern Hecate Strait at Bonilla Island and Ethelda Bay and is |ess apparent in the inland waters,
especially at Kitimat Eurocan where average wind speeds show little change with the seasons. The
maximum wind speeds are reduced by 10% to 20% from winter to summer.

In addition to wind speeds being higher in winter, the wind directions (see Table A-2 and Table A-3)
change seasonally at inland locations. From October to April, the dominant wind direction at Nanakwa
Shoal isfrom the north, whereas from May to September it is from the south to southwest. At Kitimat
Eurocan, northerly winds are dominant from November to March whereas southerly winds are most
common from April to October. The predominance of northerly windsin fall and winter is associated
with the Arctic outflow conditions, as discussed above, especidly for the highest windsin these seasons.
These Arctic outflow winds reach maximum hourly values of up to 18.4 m/s (36 knots) at Nanakwa Shoal
and approximately 17 m/s (33 knots) at Kitimat Eurocan.
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Average Monthly Wind Speed
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For plots of wind directions for January, April, July and October, see Figure A-8 through Figure A-10.
The length of a pie segment indicates the percentage of time when winds occur from the direction
indicated (e.g., the length of the segment at O degrees shows the frequency with which the wind blow
from the north, whereas the segment length at 270 degrees shows the frequency of winds from the west).
The colour coding indicates the relative distribution of wind speeds from each direction. The figures aso
show the monthly mean and maximum wind speeds (as derived from hourly average wind speed data).

At Bonillalsland (see Figure A-8), the dominant winds are from the southeast to south in all seasons,
although northerly and northwesterly winds are more common in spring and especially in summer.

The seasonal distribution of wind directionsis very different in the inland waters. At Kitimat Eurocan
(see Figure A-9), the winds are more uniformly distributed by direction in April and October, but they
show adistinct tendency to be more northerly in January. Note that even though northerly winds
predominate in the fall and winter, the less frequent southwesterly winds reach higher speeds (from less
than 14 m/s versus up to 17.6 m/s). In July, southerly to southwesterly winds dominate with speeds of up
to 14 to 16 nv/s. The frequent southerly summer winds at Kitimat reflect the daily convectional winds
blowing from Kitimat Arm into the Kitimat Valley because of the higher land-to-water temperature ratio
in the summer.

At Nanakwa Shoal (see Figure A-10), the wind direction differences are even more pronounced than
those at Kitimat, with northerly winds dominating in January, associated with Arctic outflow winds of up
to 18.4 m/s (36 knots). In July, the wind direction is mostly dominated by southwesterly to southerly
winds because of the same landward convection effects described in the preceding paragraph.

A.3.3 Air Temperatures and Precipitation

The air temperatures in the CCAA reflect a transition from the Pacific Ocean air masses of the marine
climate region of Hecate Strait to the inland waters that cross the Coast Mountain zone. In winter, the
warm, moist marine conditions to the west are accompanied by very wet and mild conditions in the inland
waters, in conjunction with increased snowfall at higher elevations and with distance to the east. The
increased precipitation results from the moist marine air encountering the hills and mountains that border
the inland waterways. In summer, the mild marine conditions to the west over Hecate Strait are
accompanied by mild scattered showers, again associated with moist marine air encountering

mountai nous terrain.

Thetransition in air temperatures from Hecate Strait (Bonillalsland and Ethelda Bay) to theinland
locations (Hartley Bay, Kitimat and Kildala) is evident in the statistics derived from long-term
measurements of temperature (see Table A-4 and Figure A-11). From October to March, the monthly
average air temperatures are reduced by as much (January) as 2.5°C and 6°C at Hartley Bay and Kitimat,
respectively, from those at Bonilla Island. In summer, the temperature gradient reverses, with warmer
temperatures at inland locations, by 2.2°C and 3.7°C at Hartley Bay and Kitimat, respectively, from those
at Bonillaldand.
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Figure A-8 Bonilla Island Wind Statistics
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Table A-4 Air Temperature Statistics from Weather Stations with Extended Observations
Bonilla Island - All Years (1965 to 2002)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
Daily Average (°C) 3.8 4.6 5.3 7.0 9.0 11.3 13.0 135 12.4 9.7 6.5 4.6 8.4
Daily Maximum (°C) 5.6 6.6 7.4 9.1 11.1 13.3 15.0 15.4 14.2 11.4 8.3 6.4 10.4
Daily Minimum (°C) 1.9 2.7 3.3 4.8 7.0 9.2 11.0 11.6 105 7.9 4.7 2.7 6.5
Extreme Maximum (°C) 155 15.6 155 20.5 22.0 235 23.3 22.0 26.5 18.0 18.9 14.5 26.5
Extreme Minimum (°C) -13.3 -14.5 -8.9 2.8 2.0 5.5 7.8 7.2 4.4 5.0 -185 -15.0 -18.5
Ethelda Bay- All Years (1957 to 1991)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
Daily Average (°C) 25 3.8 45 6.4 8.8 11.3 13.2 13.7 12.0 8.8 5.1 3.1 7.6
Daily Maximum (°C) 4.8 6.4 7.7 10.1 12.8 15.2 17.1 175 15.8 11.7 7.4 5.4 10.9
Daily Minimum (°C) 0.2 1.2 1.2 2.6 4.7 7.3 9.3 9.8 8.1 5.8 2.6 0.8 4.4
Extreme Maximum (°C) 16.1 15.0 16.7 23.6 28.3 29.4 26.4 28.4 275 20.6 17.8 16.1 29.4
Extreme Minimum (°C) -16.7 -14.5 8.9 7.8 2.2 11 2.6 15 11 7.6 -18.4 -14.4 -18.4
Hartley Bay - All Years (1973 to 1996)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
Daily Average (°C) 1.1 2.3 4.1 6.7 10.1 12.9 15.2 155 13.0 8.6 4.2 1.8 7.9
Daily Maximum (°C) 3.7 5.2 7.6 11.0 14.7 17.4 19.7 20.3 17.2 11.8 6.7 4.2 115
Daily Minimum (°C) -1.6 -0.6 0.5 2.3 5.5 8.3 10.7 10.7 8.8 5.4 1.6 -0.6 4.2
Extreme Maximum (°C) 13.0 15.0 19.5 245 29.0 31.0 325 33.3 32.2 20.0 14.4 13.0 33.3
Extreme Minimum (°C) -14.5 -16.0 -11.7 -3.0 -0.6 2.0 25 35 1.0 -8.0 -22.0 -16.7 -22.0
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Table A-4 Air Temperature Statistics from Weather Stations with Extended Observations (cont’d)
Kildala - All Years (1966 to 2000)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
Daily Average (°C) 2.9 -0.2 2.9 6.2 10.0 13.4 15.6 15.7 12.1 7.2 1.9 -1.2 6.7
Daily Maximum (°C) -0.8 2.4 6.3 10.5 14.6 17.9 20.2 20.2 15.9 9.7 3.7 0.4 10.1
Daily Minimum (°C) -4.9 2.8 -0.6 1.8 5.3 8.8 10.9 11.1 8.3 4.6 0.1 2.8 3.3
Extreme Maximum (°C) 10.0 9.5 17.0 24.4 30.0 317 345 33.0 29.4 18.0 14.4 12.0 345
Extreme Minimum (°C) -23.9 -18.3 -15.0 4.4 25 25 2.8 2.0 -0.6 -12.0 -235 -20.6 -23.9
Kitimat 2 - All Years (1966 to 2002)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
Daily Average (°C) 2.4 0.4 3.3 6.7 10.5 14.4 16.7 16.7 13.0 7.8 25 -0.9 7.4
Daily Maximum (°C) 0.0 3.1 6.7 11.2 15.6 19.2 215 21.4 17.0 10.6 4.7 1.3 11.1
Daily Minimum (°C) -4.8 24 0.1 2.2 5.4 9.5 11.8 12.0 8.9 4.9 0.2 3.1 3.7
Extreme Maximum (°C) 10.5 12.0 195 25.6 355 335 36.0 36.7 33.3 22.0 15.5 12.5 36.7
Extreme Minimum (°C) -23.3 -18.9 -14.4 7.8 2.2 0.5 2.8 2.8 0.0 -125 -23.0 -26.0 -26.0
Kitimat Township - All Years (1954 to 2002)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
Daily Average (°C) 34 -0.3 2.6 6.2 10.3 13.8 16.2 16.1 12.5 7.0 1.6 -1.6 6.9
Daily Maximum (°C) -0.8 2.6 6.3 10.9 15.6 18.8 21.1 20.9 16.8 9.9 3.9 0.5 10.7
Daily Minimum (°C) 5.8 3.2 -1.2 15 4.9 8.8 11.3 11.3 8.1 41 0.7 -3.8 3.0
Extreme Maximum (°C) 12.2 11.1 18.0 25.6 32.8 35.6 36.1 36.0 33.3 22.0 13.3 10.0 36.1
Extreme Minimum (°C) -25.0 -23.9 -19.4 -10.0 6.7 -0.6 3.9 2.0 2.0 -13.0 -24.0 -25.0 -25.0
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Figure A-11 Monthly Average Air Temperatures at Bonilla Island, Hartley Bay
and Kitimat 2 Weather Stations

Large amounts of precipitation occur in the project area because of the mild, moist marine climate.
Precipitation occurs primarily as rainfall, with very low snowfall at the seaward end of the CCAA: an
average of 52 cm of total annual snowfall a Bonillalsland (see Table A-5). However, at inland locations,
where air temperatures are consistently cooler in fall and winter, snowfall amounts increase considerably,
with an average of 238 cm of total annual snowfall at Hartley Bay, 338 cm at Kitimat 2 and 460 cm at
Kitimat Township. In fact, Kitimat holds the Canadian record for the most snowfal in afive-day period:
246.2 cm from 14 to 18 January 1974 (Heidorn 2004). Nevertheless, even in Kitimat, rainfall

preci pitation exceeds that of snowfall in al months, on average.

Total precipitation also differs considerably with location, although in a somewhat different pattern from
snow-rain ratios. The highest precipitation level of 4,492 mm per year, as measured at Hartley Bay in
Douglas Channel, is more than twice the amount at BonillaIsland (2,129 mm) and considerably higher
than total precipitation at both Kitimat sites (2,734 and 2,243 mm) and Kildala (2,150 mm). At Hartley
Bay (4,492 mm) and at Ethelda Bay (3,275 mm), the higher precipitation values are due to the proximity
of these measurement sites to mountainous terrain. Transiting weather systems rel ease large quantities of
precipitation, primarily in the form of rain, on approaching these sites. Farther inland at Kitimat and
Kildala, the amount of rainfall is somewhat reduced with distance from the open coast of Hecate Strait.
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Table A-5

Bonilla Island - 1965 to 2002
Monthly Total Precipitation
Average(mm)

Maximum (mm)

Minimum (mm)

Average Monthly Rainfall (mm)
Average Monthly Snowfall (cm)

Ethelda Bay- 1957 to 1991
Monthly Total Precipitation
Average(mm)

Maximum (mm)

Minimum (mm)

Average Monthly Rainfall (mm)
Average Monthly Snowfall (cm)

Hartley Bay - 1973 to 1996
Monthly Total Precipitation
Average(mm)

Maximum (mm)

Minimum (mm)

Average Monthly Rainfall (mm)
Average Monthly Snowfall (cm)

Jan
211.8
380.4

56.5

196.7
15.1

Jan
362.2
578.6

31.0

325.2
37.3

Jan
449.0
766.6

61.5

378.4
70.6

Feb
192.9
368.0

19.2

181.5
11.4

Feb
299.3
510.4

34.1

276.9
22.6

Feb
386.6
721.6

31.1

318.5
61.7

Mar
180.2
357.7

35.9

174.7
5.4

Mar
284.7
614.2

32.8

268.4
15.9

Mar
320.7
521.2
104.8

297.2
23.1

Apr
158.6
318.6

44.4

157.7
0.9

Apr
257.6
532.6

74.0

252.8
4.6

Apr
316.4
777.8
108.2

311.0
5.1

May
123.9
257.5

30.8

123.9
0.0

May
193.7
366.4

67.6

193.7
0.0

May
229.9
532.6

59.0

229.7
0.1

Jun
98.5
175.7
15.9

98.5
0.0

Jun
138.7
261.8

25.3

138.7
0.0

Jun
197.6
389.5

13.0

197.6
0.0

Jul
84.1
192.8
21.3

84.1
0.0

Jul
122.9
289.7

24.3

122.9
0.0

Jul
175.2
485.6

18.0

175.2
0.0

Aug
115.3
319.5

10.3

115.3
0.0

Aug
161.6
506.8

4.3

161.6
0.0

Aug
189.6
446.0

15.3

189.6
0.0

Monthly Precipitation Statistics for Long-Term Weather Stations

Sep
1715
356.1

52.4

171.5
0.0

Sep
255.2
487.2

54.2

255.2
0.0

Sep
392.3
956.4
139.6

392.3
0.0

Oct
273.0
458.1
127.6

272.7
0.3

Oct
417.9
599.4
258.4

417.3
0.6

Oct
679.4
1020.6
441.9

678.9
0.5

Nov
263.1
490.5
107.2

258.7
4.4

Nov
415.5
916.6
159.9

405.6
9.8

Nov
629.5
960.9
139.8

603.0
25.2

Dec
255.9
580.9
101.8

241.4
145

Dec
365.4
630.2
152.8

338.1
26.0

Dec
525.9
1241.8
177.0

472.3
51.9

Year
177.4
232.2
139.2

172.9
4.3

Year
272.9
442.3
210.9

263.0
9.8

Year
374.3
493.4
227.1

353.6
19.9

Total
2,129

2,077
52

Total
3,275

3,156
117

Total
4,492

4,244
238
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Table A-5 Monthly Precipitation Statistics for Long-Term Weather Stations (cont’d)

Kildala - 1966 to 2000

Monthly Total Precipitation Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year Total
Average(mm) 262.3 194.1 148.3 132.9 88.4 81.8 81.2 104.3 187.5 316.3 279.5 273.0 179.2 2,150
Maximum (mm) 524.1 297.0 2311 254.9 202.7 164.3 130.0 196.9 603.0 434.7 479.5 580.3 225.7

Minimum (mm) 73.9 6.3 51.0 31.8 38.4 18.0 16.1 36.7 65.4 134.1 124.2 92.9 121.7

Average Monthly Rainfall (mm) 156.4 133.5 123.1 130.4 88.4 81.8 81.2 104.3 187.5 315.1 248.2 200.7 154.3 1,851
Average Monthly Snowfall (cm) 106.0 60.6 25.2 25 0.0 0.0 0.0 0.0 0.0 15 31.3 72.3 24.9 299
Kitimat 2 - 1966 to 2002

Monthly Total Precipitation Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year Total
Average(mm) 337.4 260.6 218.1 172.3 110.6 82.1 70.5 106.9 222.0 405.3 389.5 359.2 227.9 2,734
Maximum (mm) 780.8 616.9 406.2 402.4 206.4 195.8 1111 224.3 350.9 625.3 673.9 964.8 321.0

Minimum (mm) 83.3 5.2 60.7 29.6 43.3 16.4 10.8 19.6 53.8 80.3 165.1 85.9 146.9

Average Monthly Rainfall (mm) 232.3 194.5 189.2 167.9 110.2 82.1 70.5 106.9 222.0 403.7 344.0 274.5 200.4 2,398
Average Monthly Snowfall (cm) 106.2 66.1 28.9 4.3 0.4 0.0 0.0 0.0 0.0 1.6 45.6 85.0 28.1 338
Kitimat Township - 1954 to 2002

Monthly Total Precipitation Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year Total
Average(mm) 291.2 2185 164.7 124.2 82.5 72.8 62.2 98.0 186.6 338.8 303.7 299.9 186.9 2,243
Maximum (mm) 540.9 399.0 416.3 265.5 195.1 310.0 104.2 205.7 572.5 438.5 505.1 614.7 236.0

Minimum (mm) 101.0 25 69.3 49.3 29.2 4.3 13.0 30.4 45.7 77.1 101.2 143.4 123.4

Average Monthly Rainfall (mm) 145.9 134.0 119.0 115.9 82.1 72.8 62.2 98.0 186.6 330.0 2425 180.3 147.4 1,769
Average Monthly Snowfall (cm) 144.8 84.6 42.0 8.4 0.4 0.0 0.0 0.0 0.0 4.2 60.0 115.3 38.3 460
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Total precipitation exhibits a very marked seasonal cycle (see Table A-5 and Figure A-12). Precipitation
is highest in the months of October and November, as frequent and intense Pacific storms approach the
area. Gradually through the remainder of the fall and the winter, the average monthly precipitation
decreases, reaching the lowest annual levelsin June through August. On average, the monthly
precipitation in autumn is over twice that experienced in the summer.

Monthly Precipitation
700
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Figure A-12 Monthly Average Total Precipitation at Weather Stations in or
near the CCAA

A34 Climate Variability and Climate Change

Scales and Measures of Climate Variability

The climate of the project area, as described above, is based on averages of data collected over long
periods (generally 30 years or more). However, significant variability exists within that data on a number
of time scales. The shortest scale generally discussed is seasonal variability (see Sections A.3.2 and
A.3.3). Thisvariability has the highest range because the seasons differ so greatly (winter westher versus
summer weather).
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Longer scalesinclude annual variability, which refersto the differences in monthly or seasonal data
between different years. These differences are largely aresult of variation in the position and strength of
the Aleutian Low and North Pacific High pressure systems. These variations can have a significant effect
on oceanographic conditions and on biologica functionsin the coastal ecosystem.

In addition to this normal or local annual variability, climatic changes in other parts of the world, often
termed interannual variability, can disrupt local weather patterns on scales of afew monthsto afew years.
El Nifio isthe most well known of these effects; its pattern of change is called the El Nifio Southern
Oscillation (ENSO). A change in trade winds off the coasts of Ecuador and Peru causes areduction in
upwelling of cold waters with resulting added heat and moisture brought into these normally arid
countries. The added heat in that region aso strengthens and alters the path of the jet stream, which can
affect weather world-wide. For British Columbia, this generally resultsin a milder and drier-than-normal
winter with the usual winter storms diverted northwards to Alaska and the Y ukon (Environment Canada
2006, Internet site). (The complementary phenomenon, which results in colder-than-normal surface water
in the tropical Pacific is often called La Nifia.) Oceanographers use the ENSO index to monitor and
predict changes in ocean conditions in the North Pacific.

Decadd variability refersto changes that take place over tens of years. The Pacific Decadal Oscillation
(PDO) isan example of this kind of climate variability that affects Canada’ s Pacific coast. Information
regarding the PDO is actually developed from analysis of sea surface temperature anomaliesin the
Pacific Ocean north of 20°N. However, these surface conditions are closely linked to changesin the
Aleutian Low and the North Pacific High, so it is still ameasure of climate variability. The Aleutian Low
Pressure Index is related to the PDO, but is a more direct measure of the sea surface air pressurein the
northeast Pacific and, thus, a measure of the intensity of the Aleutian Low (Beamish et al. 1997).

Climate Variability and Trend Analysis

The availability of weather dataislimited to between 25 and 45 years at the mgor meteorol ogical
measurement sites (see Table A-1). Trend analyses of average air temperature and precipitation (for the
full year and separately for winter and summer) were carried out for measurement sites with at least

30 years of available data.
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SOURCE: IPCC 2006, Internet site

Figure A-13 Temperature Changes for Global Air from 1861 to 2000 and for the
Northern Hemisphere from 1000 to 2000
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The results show that most of the interannual variability in temperatures occurs over periods of oneto
eight years, possibly related to El Nifio/La Nifia or similar effects. However, asmall increasein air
temperatures (approximately 1°C) from the 1960s to 2002 was indicated at most locations. This overall
changeisrelatively small compared with the fluctuations over one- to eight-year periods, as can be seen
in the case of the Bonillalsland and Kitimat 2 weather observations (see Figure A-14 and Figure A-15).
Thetrend is more consistent in the full-year averages than in either summer or winter seasonal averages.
Even in the full-year average values, the correlation statistic (R%) is only about 0.25, indicating that only
25% of the total variance is actually due to alinear increase in temperature. At the other measurement
sites (Ethelda Bay, Kitimat Township and Kildala), the increasesin air temperature are smaller and the
correlation statistic values even lower, at 0.18, 0.11 and 0.13, respectively.

—— Average ) )
= Winter Bonilla Air Temperature
Summer
— Linear (Summer)
16 4 — Linear (Average)
15 1 — Linear (Winter)
14 R*=0.2204
13
2 10
E 9 < A b ¥’ 3 /‘\'A /\K 2 |
o S et \/ N+ R =0.2575
2 81 :
s 7
2 6
g s
|_ 4 |
3 . R?=0.1657
2
1
0 T T T T
1960 1970 1980 1990 2000 2010
Year

Figure A-14 Long-Term Trends for Annual, Winter and Summer Average Air
Temperatures at Bonilla Island
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Figure A-15 Long-Term Trends for Annual, Winter and Summer Average Air
Temperatures at Kitimat 2 Weather Station

It should be noted that the trend toward a modest increase in air temperatures is not necessarily due, in all
or even in part, to global warming as discussed above. Part of this trend may be due to the effect of the
Pacific Decadal Oscillation or other natural, long-term variationsin climate parameters.

Theresults of asimilar trend analysis carried out on total precipitation at these weather stations indicates
only very small changes in precipitation relative to higher levels of variability over periods of oneto a
few years. The correlation statistic was generally less than 0.05.
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B.1 Introduction

B.1.1 Objectives

The purpose of this appendix is to describe baseline conditions with respect to the ocean currentsin the
confined channel assessment area (CCAA).

Exigting literature was reviewed and field surveys were carried out to gather data for surface currents and
subsurface currentsin relation to the following:

e water depth

¢ windforcing

e tidal forcing

e estuarine circulation (caused by freshwater runoff)

B.2 Methods

B.2.1 Field Surveys

In September 2005, current meters were deployed at four locations in the CCAA (see Figure B-1).These
instruments were operated until January 2006 (see Appendix G). One of the current meters was
redeployed in in January 2006 for ongoing data collection in Kitimat Arm. The meter, which was near the
marine terminal, was located closer to shore than in 2005 (see Appendices H to J). It was operated
through to July 2007.

B.2.2 Review of Existing Data Sources

Historical ocean current data sets were identified from a search of published and on-line data inventories
(Birch et a. 1985; Fisheries and Oceans Canada 2006, Internet site).

Much of the knowledge of the physical oceanography of the CCAA is contained in the six volume series
produced by the IOS in Sidney, British Columbia (as addressed in Webster 1980 and Buckingham 1980)
and in proceedings of aworkshop on the Kitimat marine environment (Macdonald 1983). These reports
present the results of an intensive one-year physical oceanographic study conducted from July 1977 to
June 1978, focused on the circulation in the channels that form the seaward approaches to the port of
Kitimat. The study included data analyses and description of atidal circulation model. Currentsin the
passages are driven by estuarine and tidal forcing and, in the near-surface, by local winds. 10S conducted
afollow-up study on chemical and physical oceanography and suspended sedimentsin Kitimat Arm
during 1978 and 1979 (Macdonald et al. 1983).

Summary results for data collected in physical, chemical and geological oceanographic studies from 1977
to 1980 are presented in the Macdonald (1983) workshop proceedings.

For the locations of the project meter data sets as well as those identified from the database and literature
search, see Figure B-2. Ten stations with more than one month of data per station in the 10S archive were
selected for data analysis (see Figure B-3). For the location coordinates, start and stop times for those
records, see Table B-1.
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NOTES: Blue squares: Current meter sites September 2005 to January 2006.
Red squares: CTD sites September 2005 and January 2006.

Figure B-1 Project Current Meters and Measurement Sites for Conductivity
and Temperature at Various Depths, September 2005 to January
2006
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Figure B-3 Historical Current Meters for Data Set Analysis
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Table B-1 Historical Current Meter Data Sets, Measurement Depths, Start
and End Times
Site Subarea Latitude Longitude Depth Start End
(deg mm. mm) (deg mm. mm) (m)
CM1 Kitimat Arm 53 56.07 N 128 41.25W 40 July 1977 Sept 1997
104 July 1977 Oct 1977
168 July 1977 Oct 1977
CM2 Douglas Channel 53 30.78 N 129 12.02 W 40 July 1977 May 1978
172 July 1977 May 1978
304 July 1977 May 1978
coms | 53 30.01N | 129 1201w | 5 | Juy1977 | Dec1977
17 July 1977 Feb 1978
Cwm4 Campania Sound 52 59.88 N 129 14.09 W 40 July 1977 Sept 1977
153 July 1977 Sept 1977
266 July 1977 Sept 1977
CM8 Otter Channel 53 12.00 N 129 31.08 W 40 Dec 1977 Feb 1978
136 Dec 1977 Feb 1978
228 Dec 1977 Feb 1978
0ocC1 Otter Channel 53 11.90N 129 30.10W 140 May 1977 June 1977
199 July 1977 Aug 1977
CMm9 Squally Channel 53 8.75N 129 22.05W 444 Dec 1977 Feb 1978
CcOo3 Caamafio Sound 52 54.00 N 129 19.00 W 140 June 1977 July 1977
197 Aug 1997 Oct 1977
CO2 Approaches 52 55.00 N 129 37.00 W 13 Aug 1977 Sept 1977
HO2 Browning Entrance 53 41.30N 130 31.50 W 20 May 1977 July 1977
NOTE:

deg mm. mm = minutes of longitude or latitude to two decimal places

The results of the analysis of these current meter data sets (21 in total when the different depths are
considered) are presented in following sections.

Older historical measurements of surface currents were also reviewed. The only extensive surface current
data were measured in the summers of 1953 and 1954 by the Canadian Hydrographic Services (CHS) of
Fisheries and Oceans Canada (DFO) (Huggett and Wigen 1983) using a combination of drift pole
tracking and current metering. The drift poles, which were 3.6 m long and of a spar buoy design to
minimize wind drag, were tracked by surveyors from asmall launch using a series of timed sextant fixes
to at least three shore-based markers on the nearby coastline. Ship-based mechanical current metering
measurements were taken at depths of 1.8, 3.6, 5.5 and 9.1 m. A total of 388 hours of current metering
and 1,680 hours of drift pole tracking were taken (see Figure B-4 for the |ocations). The data were
computer scanned and then converted to geographical coordinates. Surface currents were computed from
the sequence of drift pole positions and times and various statistical results from these data are presented
in this appendix.
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Kitimat Drift Pole Locations

54°N

53°N

SOURCE: Huggett and Wigen 1983

Figure B-4

Drift Pole Measurement Locations and Tracks in Kitimat Arm,

Douglas Channel, Wright Sound and Campania Sound, Summer

1953 and 1954
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B.3 Synopsis of Currents and Circulation in the CCAA and PDA

B.3.1 Synopsis of North Pacific Coast Regional Currents and Circulation

The currents of the North Pacific Coast area are dominantly wind driven and are strongly controlled by
coastal morphology and continental shelf bathymetry. The shelf waters are also affected by runoff-driven
estuarine circulation in the summer, which takes fresh surface waters offshore while counter-currents of
deeper ocean water move shoreward over the shelf floor, especially along the deep troughs in Queen
Charlotte Sound and Hecate Strait. Winter currents are predominantly northward and tend to flush waters
quickly through the area; however, some eddies are thought to retain surface waters. Currents are weaker
and more variablein the summer. The coastal inlets are mainly fjords that are often restricted from
interactions with open waters by tall underwater sills and long, narrow entrances. Water properties within
these inlets are therefore quite distinct from the more open shelf waters. However, estuarine circulation
allows regular seasonal renewal of bottom waters in most cases.

All of these conditions are further complicated by variability at a variety of scales. Annual variability in
the form of ENSO (El Nifio Southern Oscillation) events, known as El Nifio conditions (see Appendix A)
can significantly change the normal oceanographic conditions of a given season. Changes on alarger
scale include decadal oscillations and regime shifts (see Appendix A) that are thought to significantly
affect biological productivity in the region. Global warming is also seen to be affecting ocean conditions,
most obviously increasing sea surface temperatures over at least the last 50 years (WMO-I1PCC 2001).

Tidal Currents

The large tides of the British Columbia coast generate strong tidal currents (see Figure B-5). These
currents dominate the surface flows and result in strong tidal mixing, particularly over the banksin Queen
Charlotte Sound and shallow portions of Hecate Strait, around the southern and northeastern tips of the
Queen Charlotte Islands' (Cape St. James and Rose Spit) and the western end of Dixon Entrance (north of
the Queen Charlotte Islands).

Wind-Driven Currents

Winds can drive surface currents at speeds up to afew percent of the wind speed. Because of the
large-scale atmospheric pressure systems offshore and their resulting regiona wind forcing, a strong
seasonality occurs in wind-driven current patterns. The winter southeasterly winds result in a general
northerly flow of water through the Queen Charlotte Sound and southern Hecate Strait areas

(Crawford 2001; Cretney et al. 2002, Internet site). The net transport has been estimated at 300,000 m*/s
(Crawford et al. 1988). Conversely, during the weaker, generally northerly winds of summer, the currents
are more variable and little net transport through Hecate Strait occurs (Crawford et al. 1988).

' In December 2009, the Queen Charlotte Islands were renamed Haida Gwaii. The previous name is
retained for consistency with reviewed literature.
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Figure B-5 Modelling of Flood Tide Currents in Hecate Strait and Dixon

Entrance

Inertial currents are generated primarily by the passage of storms. These currents frequently dominate the
surface circulation within Queen Charlotte Sound and Hecate Strait and can be coherent across the width
of the sound (Thomson 1981). The associated current speeds are substantial at up to 0.5 m/s near the
entrance to Queen Charlotte Sound, reducing to about 0.3 m/s in the eastern portion. They are
concentrated in the near-surface layer, but remnants extend down as far as 250 m. The current vectors
rotate in a clockwise direction with one rotation approximately every 15.5 hours, which isthe inertia

period at 51°N latitude. Inertial currents can disrupt the normal tidal flow, making tidal predictions less
precise.

Successive storms, with peak winds separated by approximately four inertial periods, were observed to
keep theinertia currentsin motion for nearly 12 daysin June 1977 (Thomson 1981). Asthe most
common gap between successive winter storms is about 2.5 days (i.e., also about four inertial periods),
this suggests that storms can result in extended periods of inertial current activity during winter (Thomson
1981).
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Internal Waves

The water column often exhibits cyclical oscillations in current and other water properties because of
internal waves. Internal waves are like waves at the surface, but instead occur when a stratified fluid
interface is perturbed in some way. They are well described in classic texts such as Gill (1981) and Pond
and Pickard (1983). These internal waves can have amplitudes of tens of meters while the surface
amplitude expression is negligible. One of the most notable and well-studied examples of internal wave
generation isthat produced by stratified tidal flow over topography. Fluid particles are displaced
vertically asthey flow over the topography and, because of buoyant restoring forces, internal waves are
generated. Numerous studies have been carried out regarding topographically generated internal waves
(Baines 1995).

Of relevance to the CCAA areinternal waves generated by the flow of a stratified fluid over a
topographic feature, such asinternal hydraulic jumps and lee waves, aswell asinterna tides.

Internal Lee Waves and Hydraulic Jumps

A particularly well-known source of internal wave generation isthe flow of a gtratified fluid over the sill
of afjord. A train of internal |ee waves can form on the downstream side of the topography when the flow
is sub-critical. However, asinternally critical conditions are approached, wave energy accumulates at the
topography and alarge amplitude lee wave can develop. Thiswave may break to form an interna jump,
which marks the transition from supercritical flow just downstream of the obstacle to subcritical flow
(Baines 1984; Kranenburg and Pietrzak 1989). Time-dependent effects can lead to the generation of
upstream propagating solitary waves (Maxworthy 1979). Hence, the flow over the topography and the lee
wave can influence the flow upstream.

Knight Inlet is perhaps one of the most well-known sites for the generation of such internal waves.
Starting with the pioneering work of Freeland and Farmer (1980), Farmer and Smith (1980a, 1980b),
Farmer and Fredand (1983) the presence of internal hydraulic jumps, internal lee waves and upstream
traveling solitons and bores are now known to have a notable effect on the oceanography of fjord systems.
Knight Inlet has become a natural 1aboratory for the study of internal waves (Farmer and Armi 2001;
Cummins et a. 2003, 2006).

Internal Tides

Internal tides and waves may also be generated from the interaction of the tide with bathymetric features
such as the shelf break or aprominent sill. In the presence of a oping bed, cross-shore (barotropic) tidal
flow can force the vertical displacement of astratified fluid and generate internal (baroclinic) tides. These
baroclinic tides are actually long-period internal gravity waves with approximately the same period as the
tide (Thomson 1981). In contrast to the barotropic tide, internal tides have a small surface amplitude
signature; however, they have alarge effect on the position of the isopycnals and the vertical structure of
the vel ocity and can lead to enhanced surface currents. Thisis highlighted in the simple example of
barotropic flow versus baroclinic flow (Gill 1981; Figure 6-3). Internal tides have alarge-scale effect on a
coastal system and can result in much stronger surface currents than those associated with the barotropic
tide alone. They also introduce much shorter correlation scales and can cause surface current variations
over shorter horizontal distances than one would expect from the barotropic tide alone. Although the
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barotropic tidal forcing is constant throughout the year, the internal tides are not. They will vary with the
seasonal modulation of the strength of stratification. The strength of the stratification varies, for example,
because of seasonal changesin river discharge, surface warming in summer and enhanced mixing in
winter.

Internal tides have been studied in northern British Columbia by Cummins and Oey (1997). Internd tides
were most evident in Queen Charlotte Sound near the shelf break, but reduced in magnitude toward the
shallow waters of northern Hecate Strait (Crawford et al. 1998). Internal waves at Hakai Pass may be
related to a cross-channel flow (Province of British Columbia 1998). These waves can aso cause
horizontal currents of one or more knots, especially in Dixon Entrance (Crawford 2005, pers. comm.).
Knight Inlet is also home to many studies on internal tide generation (Farmer and Smith 1980a, 1980b;
Freeland 1984; Webb and Pond 1986; Stacey and Pond 1992; Marsden and Greenwood 1994; Stacey, et
a. 1995; Yeremy and Stacey 1998; Farmer and Armi 1999a, 1999b; Klymak and Gregg 2003, 2004).

Between July 1977 and June 1978, an extensive study was carried out in the CCAA (see Section B.2.2).
Using current meter records obtained at five depths at the CM2 and CM 3 locations (see Figure B-3),
Webster (1983) investigated the baroclinicity of the semi-diurnal tidal currentsin Douglas Channel. He
suggested that internal tides were generated by the sill in Douglas Channel, but recognized that his
internal Kelvin wave analysis could be further improved. Within Kitimat Arm, the stratification shows a
strong seasonal dependence; the resulting effects on the internal tide within the CCAA are explored
through an analysis of the year-long CM 2 data records (see Section B.3.4).

Runoff and Estuarine Flow

The west coast of North America receives large volumes of freshwater runoff from several mgjor rivers
including the Columbia and the Fraser Rivers. These buoyant waters (Iess dense than seawater) move
northward along the Pacific coast from the United States, apparently reaching Queen Charlotte Sound and
Hecate Strait (Thomson 1989). These waters are thought to continue into the Gulf of Alaska (and beyond)
through the Alaska Coastal Current (Royer 1981). This buoyancy-driven current system serves as a
migratory corridor and habitat for salmon and other marine organisms and may advect climate signals
(particularly fresh water) over vast distances (Weingartner et al. 2005). Although thisflow is persistent
and widespread, the associated currents are weak compared with the tidal and wind-driven current
components.

In the coastal inlets, or fjords, of northern British Columbia, the estuarine flow is very important in terms
of circulation patterns and exchanges of water between the coasta inlets and adjoining water bodies.
Within the inlets, the freshwater runoff creates an estuarine circulation with a seaward outflow at surface
and a compensating landward flow at depth. The estuarine circulation hel ps flush the deeper waters,
although sills at the entrance often limit this effect. Poor flushing can result in reduced levels of dissolved
oxygen, low biological productivity and low species diversity. However, such fjords can also be home to
important and often unique species of benthic and planktonic communities (B.C. Ministry of Sustainable
Resource Management 2002). See Figure B-6 for some of the processes that occur in British Columbia' s
coastal inlets and fjords.
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SOURCE: Hooge and Hooge 2002 based on Syvitski et al. 1987.
Figure B-6 Processes Typical of Fjords with a Restrictive Sill at the Entrance

Estuarine flow is generally not uniform. It is strongest during periods of high runoff, but can also be
modulated by meteorological forcing and oceanographic conditions offshore.

Within the CCAA, the distribution of temperatures and salinities within the water column is strongly
related to freshwater discharges from the myriad of major rivers, smaller rivers and creeks, and from
direct precipitation. For the analysis of the resulting water properties and the estimated freshwater
discharges, as derived from analysis of historical data, see Appendix C.

River Plumes

River plumes are formed by river outflows discharging into coastal seas or fjords. They occur wherever a
buoyant river inflow encounters more dense seawater. River plumes typically form narrow coasta
currents; under the influence of the Earth’ srotation, in the Northern hemisphere fresher river waters tend
to turn to the right on leaving the river mouth. Both the Vancouver I1sland Coastal Current (Hickey et a.
1991; Foreman and Thomson 1996) and the Columbia River Plume (Garcia Berdeal et al. 2002;

Hickey et al. 2005) follow this pattern. Typically, abulge of fresh water formsin front of the river outlet.
Consequently, a sharp density front separating the more buoyant river water from the saltier seawater
exigts. This also makes them identifiable from satellite images.
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Winds have long been recognized as an important factor influencing the dynamics of river plumes

(Fong and Geyer 2001). Upwelling favourable winds tend to advect a surface-trapped plume offshore,
causing the plume to widen and to thin in the vertical, whereas, downwelling favourable winds tend to
advect a plume onshore causing the plume to narrow and to thicken in the vertical. Winds can also reverse
the dominant outflow behaviour of a plume (Garcia Berdeal et al. 2002). Effects of tidal straining (Visser
et a. 1994; Simpson and Souza 1995) on the vertical structure of the Rhine Plume have been examined

by de Boer et a. (2005). Their study showed how tidal pulsing advected the plume onshore and offshore
during thetidal cycle.

A number of studies have been conducted on semi-enclosed bodies of water (Kourafaou 1999, 2001).
However, there are fewer studies on river plumesin inlets, such as occur in the CCAA. Buckley (1977)
studied the circulation of upper Howe Sound, including wind effects in modifying the near-surface
estuarine circulation. Aerial photos of Bish Creek, taken in 1947 and 1963 (see Figures F-4 and F-5in
Appendix F) suggest river plumes are present within the CCAA. The characteristic narrow coastal current
isvisible in both photographs. The plume appears to be associated with the transport of suspended
particulate matter.

Numerous rivers discharge into the CCAA. It islikely that they form river plumes; however, as the width
of theriver inletsis of the order of the Internal Rossby Radius of Deformation, it islikely that inertial
effects are also important. Apart from the few photographs, little other evidence suggests their existence
in the CCAA. Nonetheless, based on their widespread occurrence as described above, it islikely that they
do aso formin the CCAA. The numerical model results of the CCAA indicate the presence of tidally
pulsed river plumes.

Mean or Residual Currents

Mean or residual currents are net currents averaged over a sufficiently long period so that tidal and other
short-term variability are removed.

Time-series records of current data collected by DFO between 1977 and 1995 have been processed to
produce vector plots of average currents near-surface and near-bottom for winter (January to March) and
summer (July to September) (Crawford 2001; Cretney et a. 2002, Internet site).

The average summer current vectors (see right frame of Figure B-7) show variable currents within Queen
Charlotte Sound, because of the weaker, more variable winds during summer. Little net transport occurs
through Hecate Strait. However, strong outflow currents near Cape St. James and Cape Scott are likely
driven by the summer winds from the northwest. The genera southerly wind-driven surface flow is
apparently constricted and accel erated by the capes.

Some features, such as the clockwise flow around North Bank and the cross-sound flow of the Aristazabal
Island Plume (Thomson et al. 1989; Crawford et a. 1995), are not reflected in the mean currents because
there are no current metersin these regions. Limited indications from drifter tracks and satellite photos
provide evidence of a counter-clockwise gyre in eastern Dixon Entrance known as the Rose Spit Eddy.
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NOTE: Based on 1977-1995 data collected by I0S
SOURCE: Cretney et al. 2002, Internet site

Figure B-7 Average Near-Surface Currents in Winter and Summer

During winter, the winds shift to southerly and intensify. Asaresult, ageneral northward drift occurs
throughout most of the area, with mean current speeds of 0.2 to 0.6 m/s (see | ft frame of Figure B-7).
However, the high-speed southward outflow persists near Cape St. James, contributing to the formation of
the Haida Eddies (Crawford et a. 2002). This outflow is thought to result from the inability of the narrow
and shallow northern end of Hecate Strait to accommodate the volume of water flowing into Hecate Strait
from the south.

B.3.2 Analysis of Subsurface Current Meter Data Sets

Topography and Bathymetry of the CCAA

The CCAA (see Figure 2-1) consists of the Kitimat fjord system (Macdonald et al. 1983), Caamafio
Sound and Principe Channel. The Kitimat system has four entrances. Grenville Channel to the west and
Princess Royal Channel to the east, as well as two entrances on the south, Campania Sound and Otter
Channel. The CCAA follows the wider western passage through the Kitimat fjord system from Squally
Channel through Wright Sound, Douglas Channel and Kitimat Arm. Water exchanged between Kitimat
Arm and Campania Sound can also move through the eastern passage of the fjord system through
Devastation Channel, Verney Passage (or Ursula Channel and McKay Reach), Wright Sound and Whale
Channel. Many inlets and fjords are adjacent to the Kitimat fjord system, including Gardner Canal—by
far the largest—and Kildala Arm.
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The entrance to the main marine corridor for vessels transiting through Caamariio Sound from the south is
through Campania Sound. For vessels transiting through Principe Channel from the west, the entrance to
the main marine corridor is through Otter Channel (see Figure B-8). For the water depths along the
CCAA, also see Figure B-8.

Statistical Summaries

This section presents the current statistics by depth for the major passes within the CCAA. The
measurements have been classified as near-surface at depths of 5 to 20 m, halocline at depths between
20 and 75 m, mid-depth between 75 and 200 m and deep when exceeding 200 m. Except for CM 2 data,
which spans nearly ayear, most of the results were derived from measurements taken over three to four
months. The overall speeds and vector average magnitudes are described. Summary statistical results are
presented below.

As shown, maximum speeds of 1 m/s occur at the near-surface (see Table B-2), although depending on
the site, the near-surface speeds can range between 0.5 and 1.0 m/s. Within Kitimat Arm (CM1), the
currents are reduced. Mean speedsin the CCAA are between 20 and 30 cn/s at depths of less than 20 m.
Over dl, the speeds are reduced with depth, though CM4, located in Campania Sound, must be positioned
within a constriction at 266 m depth to register mean speeds of 22 cn/s.

The vector average (net flow considered over the measurement period) can be as high as 20 cm/s at the
near-surface in the western approaches to Caamafio Sound (CO2) and Otter Channel (CM8), although
speeds within the CCAA are typically under 10 cm/s. The overall trend is for seaward movement of
fresher water at the surface and inland movement of denser seawater at depth (estuarine circulation).

M easurements in Douglas Channel (CM2 and CM 3) show this reversal in net flow direction with depth
particularly well. At Douglas Channel sites, the vector average flow direction is south toward the ocean
(180°) at the near-surface and halocline depths, but away from the ocean (15 to 20° north-northeast
direction) at mid-depth and deep water levels.

Additional current meter measurements were collected for the Project from September 2005 to January
2006 (see Appendix G). Initial Acoustic Doppler Current Profiler (ADCP) measurementsin 175 m water
depth in the PDA (near the historical CM1 location in Kitimat Arm) are consistent with Kitimat Arm
surface drift pole study results that show much stronger currents than were measured at 40 m depth by the
CM1 current meter. During that period, 75% of the current speed measurements at 40 m depth exceeded

7 cm/s, and the maximum speed recorded was 24 cm/s (whereas the maximum speed measured in the July
to September 1977 period was 8.6 cm/s). One contributing factor for this difference could be the stronger
winds present in the fall compared to those in the summer. ADCP provided measurements to within 9 m
of the surface. At 9-m depth, the maximum surface current speed measured was 51 crm/s, which is
reasonably consistent with the maximum surface current speed of 78 crm/s, observed in 1953 and 1954
drift pole studies, given the strong vertical shear in the current expected in the highly stratified upper layer
of Kitimat Arm.
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NOTE:Also shown are water depths along two marine corridors: from Browning Entrance in Hecate Strait
to Otter Channel (A-A") and from Caamafio Sound to Kitimat Arm (B-B’).

Figure B-8 Topography and Bathymetry of the Kitimat Fjord System,
Caamafno Sound and Principe Channel
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Table B-2 Current Speed Statistics and Vector Average Currents by Site for
Near-Surface, Halocline, Mid-Depth and Deep Measurements
Speed Vector Average
(cm/s)

Site | Depth Min. ‘ Mean ‘ Max. Mag. ‘ Dir. SD
Near-surface (depth <20 m)
CM3 5 21 28.4 91.3 13.6 187.5 28.1
CM3 17 15 23.2 70.4 8.3 182.9 24.1
COo2 13 2.6 28.6 100.2 20.1 289.3 26.5
HO2 20 0.0 14.1 54.5 4.4 2145 15.0
Halocline (depth: 20-75 m)
CMm1 40 15 2.4 8.6 0.8 85.5 2.6
CM2 40 0.3 11.3 59.0 1.9 179.5 13.8
CM8 40 15 23.0 96.6 20.0 277.4 20.8
Cwm4 40 15 20.7 63.5 8.2 166.6 22.8
Mid Depth (75 m <depth <200 m)
CM1 104 15 2.4 8.6 0.8 183.7 2.6
CM1 168 15 2.3 6.5 1.0 75.9 2.4
CM2 172 0.2 6.8 46.3 1.1 20.7 8.1
CM8 136 15 13.8 58.4 1.9 310.3 16.4
Cwm4 153 15 15.2 63.1 0.8 182.6 18.0
oC1 140 0.0 9.6 29.8 4.4 114.6 9.9
oC1 199 0.0 9.7 36.2 3.1 135.8 10.8
CcOo3 140 2.8 19.7 60.1 12.7 257.9 17.8
Co3 197 0.0 15.5 51.7 10.5 257.2 15.0
Deep (depth >200 m)
Cm2 304 15 6.7 28.5 1.7 17.8 8.0
CM8 228 15 8.8 54.3 2.4 255.1 10.2
CM4 266 15 22.3 90.9 16.1 27.1 22.4
CM9 444 15 14.8 55.4 0.9 52.3 175
NOTES:

Speed statistics represent current speeds (i.e., the length of the current vector regardless of its temporally
varying spatial direction). The vector average magnitude represents the “spatially corrected” current
speed in the average flow direction (e.g., the extreme example of CM4 at Campania Sound, where the
mean current speed, at 75- to 200-m depth, is 15.2 cm/s compared with a 0.8 cm/s velocity average
vector magnitude in the southward 186.6° direction).

SD = standard deviation
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Distribution of Current Speeds and Directions

Directional distributions of currents during 1977 and 1978 are presented as spoke plots. Each spoke
represents the percentage of currents heading in the indicated direction, and each spoke is segmented
according to the speed distribution within that directional segment. (Note the 180° difference from awind
rose figure, which shows the direction from which the wind is blowing.)

Excluding the surface currents measured from the drift pole study, the currentsat CM 1 in Kitimat Arm
are small in magnitude and have very little directional dependence (see Figure B-9) compared with other
locations.

The near-surface measurements at CM 3 in Douglas Channel show strong currents of up to 60 to 80 cm/s
aligned along-channel, with a net flow to the south (see Figure B-10). The deeper measurements nearby at
Douglas Channel (CM2) (see Figure B-11) are reduced in magnitude and show less tendency to
southward flows. At CM2, the current speedsin the fall and winter periods are faster than in the spring
and summer seasons.
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180.0°

Figure B-9 Joint Speed and Direction Distributions in Kitimat Arm (CM1) for
40-m and 104-m Depths
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Figure B-10 Joint Speed and Direction Distributions in Douglas Channel
(CM3), for 5-m and 17-m Depths
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Figure B-11 Joint Speed and Direction Distributions in Douglas Channel (CM2)
for 40-m Depth
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At CM4 in Campania Sound, strong (40 to 60 cm/s) southward flows are found at near-surface levels,
with nearly equal distributions of northerly and southerly directed flows at mid-depth and surprisingly
strong (up to 60 to 80 cm/s) northward flows are found at a depth of 266 m (see Figure B-12 and
Figure B-13, Plot A).

a b
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|
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->" [ 30.0- 40.0 csec
I 0.0 - 30.0 csec
I 0.0 - 20.0 crvsec

I 20.0 - 110.0 cnvsec
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125 1300- 40.0 crvsec
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Figure B-12 Plot of Joint Speed and Direction Distributions between July and
September at CM4 in Campania Sound (a) 40m Depth (b) 153 m
Depth

In Squally Channel, reduced current speeds occur at depth with nearly equal distribution of flow to the
north and south (see Figure B-13, Plot B).

In Otter Channel, the December to March currents were westward channelled at the near-surface level,
with speeds reaching 60 to 80 cm/s (see Figure B-14, Plot A). The mid-depth level (136 m) continued to
show flow along the channel, but with approximately equal distributions of eastward and westward flows
as shown in Figure B-14 (Plot B). (Note: The maximum percentage scale for Figure B-14, Plot A is 50%
rather than the usual 40%.) However, from May to July at nearly the same depth (140 m), the flows
trended more in eastward directions than westward (see Figure B-15, Plot A). Over al, the mid-depth
currents had lower speedsin spring and summer than in winter (see Figure B-15, Plot B).
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Figure B-13 Joint Speed and Direction Distribution in Campania Sound (CM4)
at 266-m Depth in Summer; and in Squally Channel (CM9) at
444-m Depth in Winter
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Figure B-14 Joint Speed and Direction Distribution in Otter Channel (CM8) at
40-m Depth and at 136-m Depth in Winter
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Figure B-15 Joint Speed and Direction Distribution in Otter Channel (OC1) at
140-m Depth, May to July at OC1 in Otter Channel and at 199-m
Depth, July to August

Flow rates of 40 to 60 crm/s were measured in the central part of Caamaiio Sound at mid-depth during
spring and summer, trending to the southwest (see Figure B-16). The near-surface currents further west in
the Caamafio Sound approaches (at CO2) trended in amore westerly direction (see Figure B-17, Plot A).
The summer near-surface currentsin Browning Entrance (HO2) were broadly directed toward the west
and current speeds were low, usually less than 30 crm/s (see Figure B-17, Plot B).
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Figure B-16 Joint Speed and Direction Distribution in Caamafo Sound (CO3)
(a) at 140-m Depth, May to July and at 195-m Depth, July to
August at CO3 in Caamafo Sound
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Figure B-17 Joint Speed and Direction Distribution for Western Approach to
Caamano Sound (CO2) at 13-m Depth, August to September, and
for Browning Entrance (HO2) at 20-m Depth, July to September

Variability of Currents by Frequency Band and Tidal Analysis

Because of the diurna astronomical tides, near-surface currents aligned with the axis of amajor
component current tend to cycle through a high speed in one direction, then to zero speed and then to high
speed in the opposite direction. The fluctuating speed pattern for a particular measurement site (see
Attachment G1-1 of Appendix G and Attachment H1-1 of Appendix H) isaharmonic time serieswith a
total statistical variance in speed data that can be described mathematically using variance components
such as astronomical tide, wind forcing (from prevailing seasona wind directions) and water density
variations by depth and season.

Thedistribution of statistical variance in the major current component was analyzed mathematically using
near-surface measurements at three sites. Current speed datawere digitally filtered to compute time series
for low frequencies (less than one cycle per day), high frequencies (greater than two cycles per day) and
band passed (one to two cycles per day; primarily tidal). The band-passed currents were analyzed using
Foreman’s (1977) tidal analysis and prediction programs and then subtracting the predicted tidal currents
from the original band passed currents. The analysis was carried out on individual current meter data sets
of two to three month’s duration. For the energy (variance) breakdown for Kitimat Arm, Douglas Channel
and Campania Sound, see Figure B-18. Note the very low levels of variance in Kitimat Arm (CM1) in
comparison with the other stations. The Kitimat Arm data also show substantial detided variance.

The low frequency band that contributed on time scal es exceeding a day were probably caused by wind
forcing, though density-driven effects might also be included in this band. At the Douglas Channdl sites
(CM2 and CM3), in the fall and spring, the winds show considerable low frequency variance, greater than
the variance of the astronomical tidal currents. The CM 3 measurements show that the influence of low
frequency currentsincreases closer to the surface, particularly in the fall, and the rel ative importance of
the astronomical tides decreases. However, astronomical tides dominate the summer currentsin Campania
Sound (CM4).
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For the variance distribution for the outer parts of the CCAA (Caamafio Sound, Otter Channel and
Browning Entrance), see Figure B-19. Except for the Otter Channel measurements, which were madein
the winter, the astronomical tide is the dominant contributor. For Otter Channel, the tidal currents and low
frequency currents are the significant contributors.
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Figure B-18 Speed of Current Variance Distribution between High Frequency,
Astronomical Tides, Detided and Low Frequency Bins for Kitimat

Arm (CM1), Douglas Channel (CM2, CM3) and Campania Sound
(CMm4)
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Figure B-19 Speed of Current Variance Distribution between High Frequency,
Astronomical Tides, Detided and Low Frequency Bins for Otter

Channel (CM8), Western Approach to Caamafio Sound (CO2) and
Browning Entrance (HO2)

B.3.3 Analysis of Surface Current Historical Data

Current meters cannot reliably measure currents to within several metres of the surface; however, data
from the CHS drift pole study in the summers of 1953 and 1954 (Huggett and Wigen 1983) can be used
to better estimate the currents at the surface. In cases where large density gradients exist, it is possible for
large differences in current speeds to occur over small vertical distances. The statistics given here, and the
tracksillustrated in Figure B-4, are based on drifter locations for which timing information is still readily
available. Additional drifter data beyond what is presented here were also collected.

For the speed statistics for the drift pole studies by latitude and region, see Table B-3. The mean current
calculations tend to be accurate to within 5 cm/s, though mean speeds of up to 35 cm/sarefound in
Campania Sound. The strongest currents occur in Campania Sound, Kitimat Arm and Wright Sound (at
81, 78 and 74 cm/s, respectively). Interestingly, even though Kitimat Arm has a mean current speed of
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only 17 cm/s in this study, it has a maximum speed of 78 cm/s. Moving from Kitimat Arm toward the
approaches, the trend is for mean current speeds to increase.

For the vector averages of the currents measured within each area, as well as the standard deviations, also
see Table B-3. A high standard deviation, with respect to the magnitude, partially reflects the
measurement of the currents at different phases of the tide.

Table B-3 Surface Current Speeds and Vector Average Speeds by Location
Speed Vector Average
(cml/s)
Site Latitude Min ‘ Mean ‘ Max Mag. | SD
Surface Driftpole
Kitimat Arm 53.93 4 17 78 11 18
Douglas Channel 53.83 4 18 30 16 11
Douglas Channel 53.77 3 20 43 15 17
Douglas Channel 53.70 2 22 44 4 25
Douglas Channel 53.59 3 19 47 13 17
Douglas Channel 53.44 4 26 64 26 12
Wright Sound 53.36 2 24 74 19 23
Campania Sound 52.96 8 34 81 7 39
Caamafio Sound 52.87 4 28 63 17 18
NOTE:

SD = standard deviation

B.3.4 Response of Currents to Tidal and Wind Forcing

Astronomical and Internal Tidal Currents

Tida currents driven by astronomical forces are uniform with depth in the absence of frictional or other
physical mechanisms. Density gradients within the water column can cause internal tidal currentsto
develop, which are characterized by marked variationsin the tidal current amplitudes and phases with
depth as well as marked changes in amplitude and phase at a single measurement level. The effect of
internal modes of tidal currents can be seen as changesin the fitted tidal constituents as well as significant
residua variance or energy in the semi-diurnal to diurnal band-passed currents. Changesintidal current
variances are shown in Figures B-18 and B-19 indicate that internal tides occur at CM 1 (Kitimat Arm),
CM2 and CM3 (Douglas Channel), and, to alesser degree, at CM8 (Otter Channel) and C02 (western
approach to Caamariio Sound). Very little detided variance occurs at HO2 (Browning Entrance).

To further examine internal tides, atabulation of the tidal analysis of historical current meter data was
prepared of the largest tidal congtituent (M2) for values of magnitude, phase, sense of rotation. A
parameter denoted as R (see Table B-4), isthe ratio of the magnitude of the minor (cross-channel) to
major (along-channel) current components for the M2 tidal current. At many sites, the amplitude and
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phases of the M2 tidal constituent exhibit |arge changes with depth. Large amplitude or phase changes are
noticeable at CM1 in Kitimat Arm, at CM2 and CM 3 in Douglas Channel, especially in the summer and
fall, and at CM4 in Campania Sound. The differences are comparatively small in Otter Channel (CM8)
and in the outer portions of Caamario Sound (C02).

In much of the CCAA, the minor component of the tidal current isvery small, asindicated by very low
absolute values (lessthan 0.1) of R, consistent with flows primarily along the channel and very small
cross-channel flows. Values of R greater than 0.1 are limited to CM8 in Otter Channel (clockwise
rotation) and to CO2 in the approaches to Caamario Sound (counter-clockwise). At onelevel only at CM1
(104 m) in Kitimat Arm, an R value of 0.27 was redlized, although at avery small tidal amplitude of only
1.5cm/s.

M easurements were made at CM 2 for nearly a year, allowing the seasonal variability of the M2 tidal
current constituent to be examined. Large variations occur in the M2 current amplitude with depth,
especially from 40 to 172 m in the summer and fall. These large amplitude variations coincide with the
summer period when freshwater content and upper layer stratification reaches its seasonal peak, aswell as
in the fall when stratification levels are high because of the annual peak in precipitation within the CCAA
(see Appendix C). During winter and during spring prior to the river freshet in June, the amplitudes of the
M2 tidal constituent are nearly uniform with measurement depth, although even in these seasons, the
phase of the M2 tidal constituent at 40 m depth differs by 40 to 45 degrees from the mid-depth
measurement level.

Internal tidal currents in the Kitimat system were analysed and modeled by Webster (1980) and Webster
(1983). Based on the July to December 1977 measurements at Douglas Channel (CM2 and CM 3),
Webster computed the non-predictable part of the tidal frequency currents. He found that the amount of
non-tidally predictable variance could change on time scales as short as one week, perhaps even less.
Webster modeled the internal tides in Douglas Channel using first and second mode K elvin waves.
Thomson and Huggett (1980) show that asimilar type of very long period wave mode is possible but
unlikely in Johnstone Strait because of rapid dissipation. Webster uses the same logic to consider only
Kelvin waves in Douglas Channdl. Temperature and salinity information from the CM2 and CM 3 current
meters and a nearby thermistor chain were used to compute the Eigenfunctions of the first two modes.
Using aleast squares approach, the theoretical Kelvin waves and the predicted tidal currents were fitted
(in both amplitude and phase) to the observed currents subject to assumptions of zero mean flow, as well
as aflat bottom, zero friction and linear waves. Webster (1983) suggested that the sill about 10 km to the
north of CM2 is a potential trigger of internal waves, although they could be generated elsewhere.

Theinternal tide for the mgjor M2 tidal constituent is expected to behave as afirst-mode Kelvin wave
with a horizontal phase speed of 0.8 mv/s, which will result in @ 555° phase change as it traverses Douglas
Channel (about 55 km long), while the second mode will undergo a 885° phase change. A simple
astronomical tidal wave (60 m/s phase speed) will only have a 7° phase change over the same distance.
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Table B-4 Summary of M2 Tidal Constituent by Site, Time and Depth
Rotation
Site Time Depth MR Major R Direction Phase
(m) (min/maj)
CMm1 Jul — Sep 40 0.35 0.04 ccw 18.2
104 1.49 0.27 ccw 168.8
168 1.68 0.01 cw 167.6
Cm2 Jan — Mar 40 8.44 0.05 cw 222.7
172 8.33 0.02 cw 183.8
304 10.77 0.01 ccw 148.8
Apr —Jun 40 8.55 0.01 cwW 221.3
172 7.81 0.01 cw 174.9
304 8.15 0.02 ccw 162.1
Jul — Sept 40 12.81 0.09 cw 210.0
172 8.07 0.02 ccw 186.0
304 8.14 0.05 cw 187.8
Oct — Dec 40 14.06 0.01 ccw 195.5
172 6.40 0.02 ccw 185.0
304 6.80 0.06 cw 168.9
CM3 Jul — Sep 5 21.81 0.02 ccw 184.4
17 19.46 0.08 cw 198.3
Oct — Dec 5 15.83 0.01 cw 176.1
17 18.71 0.04 cw 195.5
CM4 Jul — Sep 40 16.61 0.00 ccw 197.6
153 19.59 0.14 ccw 191.9
266 22.88 0.09 cw 196.0
CM8 Dec — Mar 40 16.64 0.23 cw 49.6
136 13.68 0.13 cw 46.3
CO2 May — Jul 140 8.99 0.04 ccw 332.2
Jul — Aug 199 11.81 0.01 cw 352.7
CO2 May — Jul 140 16.04 0.00 ccw 306.2
Jul — Aug 197 13.03 0.27 ccw 318.4
NOTE:

R = the ratio of the magnitude of the minor (cross-channel) to major (along-channel) current components
for the M2 tidal current
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Wind Forcing of Currents

Thewindsinthe CCAA (see Appendix A) can reach very high valuesin the Hecate Strait approaches,
especially during the fall and winter. Pacific Ocean storms move frequently through the CCAA and
generate very strong episodic winds that often reach storm force and occasionally hurricane force wind
speeds. In the inland waters, the Pacific storm winds are somewhat moderated by the high-relief terrain of
the Coast Mountains. However, in late fall and winter, Arctic outflow winds blowing cold continental air
from the north can generate gale force wind episodes, each lasting several days.

Large wind speed events generate surface ocean currents with current speeds of typically 2% to 3% of the
wind speed and current directions parallel to the wind in confined waterways. However, the response of
the ocean surface layer to wind forcing in the Kitimat system can be more complex, mainly because of the
highly stratified and variable estuarine nature of the upper part of the water column, but also because of
permutations arising from the complex geometry of adjoining ocean channels.

The genera estuarine circulation of surface currents toward the ocean, usually to the south, can be
reversed by winds blowing in the opposite direction. At CM2 and CM 3, such reversas of the southward
flow in Douglas Channel have occurred occasionally in summer, but in fall and winter, the direction of
the surface currents are dominated by the wind forcing (Webster 1980), because of the increased wind
speeds of these seasons. The response of the surface currents and upper layer water propertiesin Douglas
Channel to wind forcing has been studied by Buckingham (1980) for wind forcing periods of 1 to

11 days. A two-layer frictional model of astratified inlet (Farmer 1972) agreed reasonably well with
observations in explaining the deepening of the surface layer thickness in response to wind forcing and
freshwater discharge. However, currents measured at CM3 at a5 m depth were not explicable as linear
coherent responses to wind forcing. The more complicated nature of these current observations may be
due to the highly variable stratification, which varied on the same time scales as the wind forcing itself
(Buckingham 1980).

B.3.5 Summary of Key Findings

The currentsin the CCAA can be characterized by typical flow speeds of about 15 to 30 crm/s at the
surface. The highest surface currents have been measured in the outer seaward parts of the CCAA
including Campania Sound, Caamaiio Sound and Principe Channel, while Kitimat Arm of northern
Douglas Channel appearsto have slower surface currents. Maximum near-surface currents range from 50
to 60 cm/sin Kitimat Arm, to 90 to 100 crm/s in southern Douglas Channel, to well over 100 crm/sin the
seaward portions of the CCAA and in Principe Channel. Analysis of drift pole datain Kitimat Arm,
however, suggests that if the currents right at the surface are considered, to the exclusion of those several
metres down (near-surface), surface currents are even stronger (up to 78 cm/s) than the af orementioned
near-surface current speeds at the respective locations.

The subsurface currents below the main halocline at water depths exceeding 75 to 100 m are typically 3 to
20 cm/s with maximum speeds of 10 to 60 cm/s in the deep inland water basins of Squally Channel,
Wright Sound, Douglas Channel and Kitimat Arm. For these inland waterways, the subsurface current
speeds generally decrease with increased distance inland from Hecate Strait. In the shallower approaches
to the Kitimat system, subsurface current speeds are generaly higher, at typical vaues of 10 to 25 cnm/s
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and maximum values of 40 to 100 cn/s. Principe Channel has the strongest near-bottom (100-m water
depth) currents, with typical speeds of 25 cm/s and maximum speeds of 110 cm/s.

In the confined inland waterways and in some of the narrow passages (e.g., Otter Channel), the current
directions are aligned with the axis of the channels themselves and the speeds of cross-channel currents
are much slower than those of the a ong-channel currents. In the more open waters of Caamafio Sound
and Browning Entrance, the currents encompass a much greater range of directions.

The average net flows are generally seaward-directed near the surface and landward-directed at depth,
consistent with the highly estuarine nature of the Kitimat system. The typica net surface current speeds
are 10 to 15 cm/s to the south in Douglas Channel, with a deeper net return flow to the north of 1 to
3cn/s.

The currentsin the CCAA are highly variable because of a combination of wind, tidal and estuarine
forcing. The wind forcing is highly episodic and particularly important in the fall and winter under the
combined influence of frequent Pacific storms and Arctic outflow winds. Pacific stormsresult in very
strong winds in the outer seaward portions of the CCAA, which while reduced in speed, are still
important as strong winds from the south in the inland waterways. The Arctic outflow winds from the
north are strongest in the northern portions of the inland waterways. The response of the surface layer to
wind forcing, in terms of the magnitude of the resulting current, can be highly variable because of the
varying stratification of the water column, which depends on freshwater runoff and preci pitation.

Thetida currents exhibit a considerable degree of variability with location and with measurement depth,
again because of the underlying effects of the highly variable stratification of the water column. The
astronomical tideis highly predictable and uniform with depth and changes little over the length of the
system. However, the astronomical tide is often smaller than the internal tide in the upper portions of the
water column. Theinternal tide is much less predictable asit variesin amplitude and phase over periods
as short asafew days or less. It also exhibits a high degree of depth dependence, and the horizontal scale
of theinternal tide is of the order of tens of kilometres as opposed to many hundreds of kilometresfor the
astronomical tide. Also of relevanceto the CCAA are internal waves generated by the flow of a stratified
fluid over atopographic feature, such asinternal hydraulic jumps and lee waves, aswell asinternal tides.
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C.1 Introduction

This appendix describes the baseline conditions for freshwater discharges and temperature-salinity
distribution within the CCAA.

The basic physical oceanographic water property parameters are temperature and salinity. Salinity is
related directly to freshwater input, which occursin large quantities that vary considerably with time and

location within the CCAA. For thisregion, salinity is the dominant contributor to density, so the salinity
profiles (variation with depth) are almost identical to the density profiles.

The following data were gathered through a review of existing literature and field surveys:

e estuarine water properties

o temperatures, salinities and densities
e river runoff

e drainage basins

e precipitation

C.2 Methods

C.21 Spatial Boundaries

For thisreport, historical measurements of temperature and salinity profile data within the CCAA

(see Figure 1-1), including extended data sets from Environment Canada river and weather stations, were
reviewed. In addition, during September 2005 and January 2006, profile measurements of temperature
and salinity values were collected at 15 locations within the CCAA (see Figure C-1).

C.2.2 Review of Existing Data Sources

A detailed review of oceanographic information within the CCAA included:
e datainventories

e regiona environmental assessment and review documents

e oceanographic and related databases (Institute of Ocean Sciences, Marine Environmental Data
Service, Meteorological Services, Inland Waters Directorate)

For the historical measurement locations, see Figure C-2. The available data spanned the years 1951 to
2004 and consisted of CTD profiles, available starting in the 1970s. Prior to that, bottle data were
obtained in which thermometers were mounted and water was collected for salinity analysis.

A total of 421 CTD or bottle profile data sets were selected for usein this study.

River runoff measurements are available from the Inland Waters Directorate of Environment Canada. For
asummary of the measurements used in this study, see Table C-1.
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NOTES: Blue squares: Current meter sites September 2005 to January 2006.
Red squares: CTD sites September 2005 and January 2006.

Figure C-1 Conductivity, Temperature and Depth Profiling Sites for the
Project, September 2005 and January 2006
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Figure C-2

Project and Historical Measurement Sites for Conductivity,
Temperature and Depth and Bottle Profiles in the CCAA
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Table C-1 River Gauging Station Data
River
EC (measurement Drainage | First Year Last Year Average
Station site) Latitude | Longitude Area Observation | Observation | Distance
(km?) (m®/s)

08FEO002 | Kemano 53° 33’ 127° 56' (diverted) 1955 2003 96.1
Powerhouse 40" N 10" W

08FE003 | Kemano River | 53° 34 127° 56' 583 1972 2003 45.4
(above 10" N 40" W
powerhouse
Tailrace)

08FF001 | Kitimat River 54° 3' 128° 40' 1,990 1964 2003 132.8
(below Hirsch 34" N 29" W
Creek)

08DBO001 | Nass River 55° 15' 129° 5' 18,500 1929 2003 828.0
(above Shumal | 50" N 10"W
Creek)

08EF001 | Skeena River 54° 37 128° 25' 42,200 1928 2003 914.7
at Usk 50" N 55" W

08EF003 | Zymoetz River | 54° 32' 128° 27 3,080 1952 1963 138.4
(near Terrace) | 10" N 15" W

08EF005 | Zymoetz River | 54° 29’ 128° 19 2,980 1964 2003 105.3
above O.K. 0" N 50" W
Creek

C.3 Results of Baseline Investigations

C3.1 Synopsis and Overview

The British Columbia coastal zone is a maze of waterways, inlets and fjords that is exposed to the genera
offshore climatic patterns, but a so has specific characteristics because of the land’ s topography and the
proximity of the Coast Mountains. The steep mountains can cause increased precipitation at the heads of
the inlets. Cold winds can flow down from the ice fields at night, while daytime summer heating can
generate giff diurnal breezes. In winter, gapsin the mountains can allow cold polar outbursts of
continenta air to reach coastal areas (Tyner 1951). The west coast of North Americareceiveslarge
volumes of freshwater runoff from several major riversincluding the Columbia and the Fraser. The fresh,
buoyant water (less dense than seawater) moves northward a ong the Washington and British Columbia
coast, reaching Queen Charlotte Sound and Hecate Strait (Thomson 1989). The buoyancy-driven current
system serves as amigratory corridor and habitat for salmon and other marine organisms and may carry
changes in ocean properties (particularly freshwater) over vast distances (Weingartner et al. 2005).
Although thisflow is persistent and widespread, the associated currents are weak compared with the tidal
and wind-driven current component.

British Columbia s glacial-carved fjords tend to be deep (up to 764 min Finlayson Channdl) with steep
sides, flat bottoms and sills or shallow ledges where they meet the ocean. Freshwater input is acritical
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factor controlling fjord circulation and water properties as the input of freshwater drives the estuarine
circulation (Pickard and Stanton 1979). Along the mainland, most fjords attain their maximum freshwater
input in the late spring through summer because of snowmelt. Much of the CCAA consists of such fjords.

Mainland fjords are often classified according to the amount of freshwater runoff they receive from
snowmelt (Pickard 1961; B.C. Ministry of Sustainable Resource Management 1998, Internet site). The
classifications are as follows:

o High runoff: These fjords penetrate far enough inland to tap into glacial watersheds that provide
runoff throughout the summer, not just during spring melt. They characteristically have diluted,
silt-laden surface layers 3 to 10 m thick that persist through the summer. Estuarine flows are on the
order of 10 crm/s. In the CCAA, Douglas Channel is in this category.

o Intermediate runoff: These fjords have less glacia runoff, but sufficient snowpack to produce
substantial spring runoff. The surface layer is only about 2 m thick. Examples include Seymour,
Belize and Neroutsos Inlets.

e Low runoff: Runoff occurs during spring melt and produces only a partial dilution of the surface layer
and weak estuarine flow. The pycnaocline (interface between water of differing densities) begins close
to the surface. Rupert and Holberg Inlets on VVancouver Island are examples.

The British Columbia coast receives direct discharge from several moderate- to small-sized rivers (see
Table C-1for apartial listing) as well as from innumerable small creeks. It also receives direct runoff
outside defined watercourses. Most of the runoff into Queen Charlotte Sound enters at Fitz Hugh Sound,
fed by outflow from Rivers Inlet, North and South Bentinck Arms, and Fisher and Dean Channels. Runoff
to northern Hecate Strait and Dixon Entrance is dominated by the large Skeena and Nass rivers and from
medium-sized rivers such as the Kitimat and Kemano Rivers. For more information on river discharges,
see Section C.3.2.

Within the inlets, the freshwater runoff creates an estuarine circulation with a seaward outflow at surface
and a compensating landward flow at depth. The estuarine circulation hel ps flush the deeper waters,
although sills at the entrance often limit this effect. Poor flushing can result in reduced levels of dissolved
oxygen, low biological productivity and low species diversity. However, fjords with sills can aso be
home to important and often unique species of benthic and planktonic communities (B.C. Ministry of
Sustai nable Resource Management 2002).

Appendix B (see Figure B-6) illustrates some of the processes that occur in British Columbia’ s coastal
inlets and fjords. Estuarine flow is generally not uniform. It is strongest during periods of high runoff, but
can a so be modulated by meteorological forcing and oceanographic conditions offshore. For further
information regarding the characteristics of estuarine currents, see Appendix B.

Deepwater renewal occurs because of the estuarine circulation, as deepwaters move up-inlet to replace
that lost to entrainment in the seaward-headed surface layer. However, deepwater flushing can be
episodic, particularly if asill or multiple sills at the entrance restrict water movement. Dense water
capable of penetrating the deeper portions of the inlet may appear only seasonally, such as during strong
coastal upwelling events. Even then, the density of the water penetrating over the sill is often reduced by
tidal mixing with surface waters.
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Winter intrusions of shelf watersinto the Kitimat fjord system at intermediate depths probably occur
during periods of katabatic (cold outflow) winds when the surface watersin the inlet system are driven
seaward (MacDonald et al. 1983).

C.3.2 Freshwater Inputs

River Discharges

Themajor riversin the CCAA are the Kitimat and Kemano Rivers. These rivers are gauged and discharge
directly into Kitimat Arm in Douglas Channel and Gardner Canal. Also important are the two major
rivers draining into northern British Columbia waters, the Skeena and the Nass. The Skeena and Nass
Rivers discharge into coastal waterways north of the CCAA and are important in determining the water
properties of northern Hecate Strait and eastern Dixon Entrance.

For the seasonality of the river discharge, see Figure C-3. Larger watershed rivers, such as the Skeena and
Nass, have high overall discharge and their broad peak isin the spring and early summer because of
snowmelt. At the opposite extreme are the small watershed rivers, often found in islands that have low
annual flows and are dominated by rainfall. Thisresults in low summer flows and numerous sudden peaks
through the fall and winter because of rainstorms. Between these extremes are the small to medium-sized
rivers along the mainland coast, including the Kitimat River. Many of these watersheds include
snowfields and glaciers providing high summer flows. However, these rivers are also affected by rainfall
and their winter storm-related flow peaks can rival their summer flow level.

The Kemano River hastwo distinctly different river discharge characteristics. In the mid-1950s, as part of
the devel opment of the aluminum smelter at Kitimat, alarge power generating facility was built on the
Kemano River where water diverted from the Nechako watershed (in the interior region) was transported
by tunnel to the Kemano powerhouse for discharge into the Gardner Canal. This discharge is highly

regul ated through control structures on the Nechako watershed and exhibits little variation throughout the
year.

Kemano River basin water is similar in seasonal discharge patterns to the Kitimat River, although the
stored discharge of late spring and early summer is somewhat more dominant.

Considerable year-to-year variability is present in the river flow discharges as shown by the Kitimat River
annual average discharge rate from 1967 to 2002 (see Figure C-4). In any given year, the actual discharge
can differ by up to 20% from the long-term annual average value. Theriver discharges were unusually
low in the mid-1980s and reached arecord high valuein 1991.
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Monthly Average Discharges of Major Rivers
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NOTE: The Nass and Skeena River discharge values (dashed lines) are plotted against the right-hand
scale, whereas the other rivers are plotted against the left-hand scale.

Figure C-3 Monthly Discharge of the Major Rivers Draining into the Kitimat
Fjord System
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Figure C-4 Yearly Discharge Rate, Kitimat River below Hirsch Creek, 1967 to
2002
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CCAA Discharge Basins

Gauged river data are available from only three sites draining into the CCAA, the Kitimat River and the
two gauges on the Kemano River. However, the total land areathat discharges fresh water into the CCAA
covers amuch greater total areathan the three gauged rivers. An analysis of NTS 1:50,000 topographic
maps issued by Natural Resources Canada was carried out to divide the full area of interest into major
discharge basins (see Figure C-5). Twenty-nine discharge basins were identified, including the two
gauged river basins. For this analysis, the drainage into selected areas adjoining the CCAA was examined,
including Gardner Canal, Kildala Arm, Devastation Channel, Verney Passage and Whale Channel. Areas
that drain into Grenville Channel and Princess Royal Channel were not included. Not all the fresh water
that enters the selected adjoining areas passes through the CCAA, as the actual trgjectory of the fresh
water will depend on the currents as driven by variable winds and tides (see Appendices B and G).

NOTE: The major drainage basins of the extended study area as derived from analysis of 1:50,000 scale
National Topographic maps, colour boundaries defined below.

SOURCE: National Topographic Map #103H

Figure C-5 Major Drainage Basins around the CCAA
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Each identified basin feature can have either a single mgjor discharge point (ariver or smilar discharge
watercourse, e.g., Jesse Falls) into the marine waterways or can have several smaller discharge points,
consisting of anetwork of small rivers and creeks. Within some of these drainage areas, the single outlet
concentrated subareas were identified and mapped. Eight concentrated drai nage subareas were identified.
Other such drainage subareas also exist in the CCAA. At their outlets, the freshwater discharge into the
adjoining ocean waterways will be more concentrated than at other shoreline locations, resulting in small,
localized areas where the oceanic surface waters have lower salinities as well as altered temperatures.

The 29 drainage basins were grouped according to distinct portions of the waterways receiving the land-
based discharges. The following seven mgjor basins were identified within the CCAA and its environs
(indicated on Figure C-5 by the distinct colours of adjoining drainage basins):

e Principe Channel (red)

e  Southern waterways: Campania Sound, Caamafio Sound, Squally Channel, Otter Channel, Estevan
Sound and southern Principe Channel (brown)

e Southern Douglas Channel, Whale Channel, VVerney Channel, Ursula Reach and Mackay Reach
(cyan)

e Central Douglas Channel including Devastation Channel (green)

o Kitimat Arm, including northern Douglas Channel (orange)

o KildalaArm (blue)

o Gardner Cand (yellow)

Table C-2 summarizes the area of each of the seven waterways, along with the adjoining land area, which
discharges into the waterway. Note that the water areas exclude mgjor idands that have comparatively
high elevations of 300 m or more. The drainage from major idands is assumed to follow the monthly
pattern of river discharges. However, for smaller idands with elevations of less than 300 m, the area of
these islandsisincluded in the water area. Precipitation falling on these small islands will result in almost
immediate direct discharge into the waterway because the land el evations are comparatively low and
storage of precipitation in the form of snow will involve only small volumes of water over short periods
(see Table C-3).

Freshwater Budget

The amount of fresh water flowing into the CCAA is calculated on a monthly basis for each of the seven
waterways identified in Table C-2, after methods of LeBlond et al. (1983). Freshwater input to the ocean
consists of two mgjor parts:

o thefreshwater input due to land runoff from rivers, creeks and other drainage features

o direct total precipitation (rainfall and snowfall) that enters the ocean directly from the atmosphere or
from small, low elevation islands
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Table C-2 Total Areas of the Seven Major Waterways and Adjoining
Watersheds
Water Area Major Islands Land Drainage Area
Zone # Name (kmz) (kmz) (kmz)
1 Principe Channel 374.8 258.5 725.0
Southern Waterways 1,415.7 253.3 953.5
3 S. Douglas, Whale and 705.9 536.4 853.0
Verney Channels
4 Central Douglas 324.4 309.1 1,351.3
Channel, Devastation
Channel
5 Kitimat Arm 142.0 11.3 2,775.0
6 Kildala Arm 22.1 1,064.5
7 Gardner Canal 2151 6,508.2
Total 3,200.0 1,368.6 14,230.5
Table C-3 Precipitation Sources and Land Discharge Areas
Precipitation Data Sources for Water Land Discharge Areas
Area
Bonilla Island (1/2), Hartley Bay (1/2) W.Pitt I; NE.Banks I.; Angier I.; S.McCauley I.
Ethelda Bay (1/2), Hartley Bay (1/2) E.Campania.Sd.; Campania l.; SE.Banks |.;
SW.Pitt I.; S.Gil I.
Hartley Bay E.Whale Chan.; Gribbell I.; SE.Pitt I.; E.Ursula Chan;
SE.Grenville Chan; N.Gil I.; S.Hawksbury I.; Farrant I.;
Promise I.
Hartley Bay (1/2), Kitimat (1/4), Kitimat W.Douglas Chan; E.Devastation Chan; N.Hawksbury I.
Town (1/4) NE.Verney Passage; Maitland I.; Loretta I.
Kitimat (1/2), Kitimat Twon (1/2) Kitimat Arm Basin; Eagle Bay Basin; Coste |I.
Kildala Kildala Arm Basin
Kemano Gardner Canal Basin

The freshwater discharge from river runoff is calculated for each waterway by dividing the total adjoining
land drainage area by the drainage area (see Table C-2) of the closest gauged river and then applying this
ratio to the monthly values of the gauged river discharge. The freshwater discharge directly from
precipitation is cal culated from monthly precipitation measurements at the nearest or a combination of the
nearest weather stations (see Table C-4) by applying the monthly average rate of precipitation to the total
surface area of the waterway (see Table C-2).
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Table C-4 Weather Stations with Long-term Measurements in or near the
CCAA
Weather Station Years of Data Latitude Longitude Data Collected

Bonilla Island 1960 - 2002 53°30'N 130° 38' W Wind, temperature and
precipitation

Ethelda Bay 1957 - 1991 53°3'N 129° 41'W Temperature and
precipitation

Hartley Bay 1973 - 1996 53° 25'N 129° 15'W Temperature and
precipitation

Kitimat 2 1966 - 2002 54° 1'N 128° 42' W Temperature and
precipitation

Kitimat Town site 1954 - 2002 54° 3'N 128° 38' W Temperature and
precipitation

Kildala 1966 - 2000 53° 50' N 128° 29' W Temperature and
precipitation

Kemano 1951 - 2002 53° 33'N 127° 56' W Temperature and
precipitation

Therelative importance of land-derived freshwater runoff to direct precipitation varies considerably
among the seven waterways within the CCAA. In the seaward Zones 1 to 3 (see Table C-2), consisting of
Principe Channel, the outer southern waterways and southern Douglas Channel, the freshwater
contribution from direct precipitation is comparable to or even greater than the river discharge values (see
Figure C-6). For the more inland waterways, the river discharge contribution is much greater than direct
preci pitation because of the larger drainage basins and the smaller size of the receiving waterways. The
combined total river runoff for Kitimat Arm (Zone 5) and Kildala Arm (Zone 6) has an average monthly
volume of 0.49 km®, about 24 times more than direct precipitation. Gardner Canal has an average total
river discharge of 1.71 km® per month, nearly 60 times more than the amount of direct precipitation.
About 20% of the total river discharge in Gardner Canal, or 3.1 km® per month, is diverted water from the
Nechako River basin through the Kemano powerhouse into the Gardner Canal.

For the total freshwater discharge by month for Zones 1, 2 and 3 (southern waterways), Zones 4, 5 and 6
(Central and Northern Douglas Channel including Kitimat Arm and Kildala Arm) and Zone 7 (Gardner
Canal), see Figure C-7. The seasona pattern in all zone combinationsis generally similar but somewhat
different in the details. In the southern zones, freshwater discharges peak in the fall because of the heavy
preci pitation associated with the intense autumn Pacific storms. In central Douglas Channel and further
north, the river freshet month of June has the largest discharges with a secondary peak in October due to
fall storms. In Zone 7 (Gardner Canal), discharges in June and July are dominant with a steady decrease
in discharge occurring through the fall. For all zones, the minimum freshwater discharges occur in winter
and early spring (January to April).
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Figure C-7 Monthly Discharge Volumes for the Southern Zones, Douglas

Channel with Kitimat and Kildala Arms, and Gardner Canal
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The year-to-year variationsin total freshwater discharge (see Figure C-8) are considerable with
differences of up to 50%, as seen in the contrast of the low levels of the mid-1980s to the high total
discharges of the early 1990s. Notice the high coherence in variations among zones.
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Figure C-8 Total Freshwater Discharge in Groups of Waterway Zones, 1967
to 2001

Thetotal monthly freshwater discharge within each zone can be represented as an equivalent water depth
calculated astotal discharge divided by surface area of the zone (as shown for each zone and
cumulatively for Zones 1 through 7, see Figure C-9). In the outer southern zones, the equivalent monthly
depth of fresh water islessthan 1 m. In the more inland zones (Zones 4, 5, 6 and 7), the equivalent
monthly freshwater depth shows a pronounced increase to 1.2 min Zone 4 (central Douglas Channel), to
3.6 min Zone 5 (northern Douglas Channel and Kitimat Arm) and to very large values of 9.6 m and

8.1 min KildaaArm and Gardner Canal, respectively.

The deposited fresh water resultsin an estuarine circulation that carries the fresh water seaward in the
surface layer. All fresh water in Kildala Arm (Zone 6) will pass through Zone 5 and then through Zone 4,
Zone 3 and Zone 2. The larger freshwater dischargesinto Gardner Canal will enter Zone 4, but some of
this water may travel north through Devastation Channel into Zone 5 before crossing Zones 4, 3 and 2.
Consequently, the total freshwater discharge into downstream zones is better represented by the

cumul ative amount of discharge from more inland zones
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Monthly Freshwater Depth
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Figure C-9 Equivalent Monthly Freshwater Depth

The equivalent freshwater depth increasesto just over 5min Zone 5 (northern Douglas Channel and
Kitimat Arm) and to nearly 9 min Zone 4 (central Douglas and Devastation Channels). Further south, in
Zones 3 and 2, the channelsincrease in area because of the greater widths and because there are more
channelsin total. As aresult, the equivalent depth decreases to values of 4.7 and 2.8 m, respectively.

The estimated equivalent freshwater depths are approximate in nature because the advection and dilution
rates vary on smaller scales than those of the waterway areas used in these calculations. In addition, wind
and tidal currents influence advection rates and the distribution of diluted fresh water in the ocean.

c3.21 Temperature and Salinity

Temperature and Salinity Profile Data Sets

The basic physical oceanographic water property parameters are temperature and salinity. Salinity is
directly related to freshwater input, which, as discussed above, occursin large quantities that vary
considerably with time and location within the CCAA. For thisregion, salinity is the dominant
contributor to density, so the salinity profiles (variation with depth) are almost identical to the density
profiles. Salinity is measured in practical sainity units (psu), which is functionally equivalent to salt
concentration in parts per thousand (ppt).
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Temperature-salinity profile data sets (for 421 data sets, for the locations shown in Figure C-2) were
selected for analysis and allocated to 15 discrete subareas (shown as boxes A to O, see Figure C-10). Each
box typically measures about 15 kmin linear dimension. In boxes of this size, spatial changes over
smaller distances are not represented. Important horizontal gradients in water properties occur, especially
at the mouths of rivers and creeks or because of internal wave features that propagate along the strong
density gradient below the upper freshwater layer. The northern section of Kitimat Arm has a
considerable small-scale variation in temperature and salinity over distances of hundreds of metresto
kilometres (see Figure C-11).

From the mean profiles derived for each box by individual months, the seasonal variability and
year-to-year variability of the water properties were calculated and analysed. Different seasonal and
interannual patterns are analysed for each box according to data availability.

The temperature and salinity profilesin the CCAA consistently revea adistinct upper layer up to 10 to
15 min depth, characterized by much reduced salinities from the underlying deeper waters. From late
spring through fall, the salinities are much reduced from those at depth, resulting in alarge density
gradient between the upper layer and the remainder of the water column. The lower salinities result from
the large amounts of freshwater discharge from land runoff and direct precipitation. The upper layer also
has higher water temperatures in spring, summer and fall. Based on four summer cruises to the Kitimat
system from 1951 to 1960, Pickard (1961) gives the depth of the upper layer at the head of Douglas
Channel (Kitimat Arm) as 3 to 7 m, with typical salinities of 3 psu just below the surface and 9 to 21 psu
near the bottom of the upper layer. The July 1977 profiles (see Figure C-12) seem to be in reasonable
agreement with this characterization.

The high degree of density stratification tends to isolate the upper layer from the remainder of the water
column. The less dense, reduced salinity waters have more buoyancy, resulting in adistinct seaward flow
of the upper layer. Mixing a ong the bottom of the low salinity upper layer with the more saline water
beneath results in a compensating flow directed up the inlets opposite to the surface layer flow. Thisflow
pattern, called estuarine circulation, isillustrated in Appendix B (see Figure B-6).

In addition to the pronounced seasona changesin the shallow upper layer salinity and temperature
properties, most of the temperature-salinity profiles reveal a mid-water feature (from 5 to 10 mto 50 to
100 m) where agradual increase in sdinity and density, as well as atemperature minimum, occurs from
winter through spring (Pickard 1961). The temperature minimum results from fall and winter cooling
through heat loss to the surface followed by local warming of the upper layer due to seasona changes or
even from individual weather events. This layer, when present, will be referred to as a cold halocline
(cold temperatures accompanied by increasing salinities) or intermediate layer.
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Figure C-10 Boxes for Grouping the Conductivity and Temperature at Various
Depths and Bottle Profile Measurement Sites
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SOURCE: Bell and Kallman 1976 using data collected in 1967 by Waldichuk et al. 1968. Contours are
salinity in psu.

Figure C-11 Salinity Distribution at 2-m Depth in Northern Kitimat Arm from
Bish Creek to Kitimat River Mouth, 1967
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Box A Monthly Temperature Profiles Box A Monthly Salinity Profiles
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Figure C-12 Average Temperature and Salinity Profiles in Box A, 1977 and
1978

Surface Temperature and Salinity Distributions

Long-term continuous measurements of surface temperature and salinity are limited to just two data
sourcesin the CCAA: daily temperature and salinity measurements at the Bonillalsland light station at
the eastern side of north Hecate Strait (from 1960 to 2005) and surface temperature measurements made
at the Nanakwa Shoal weather buoy in northern Douglas Channel (from 1988 to 2005).

The Bonillaldand data (see Figure C-13) show that average monthly surface salinities exhibit a very
small or negligible seasonal cycle with the average monthly sainities in a narrow range of values from
31.0to 31.4 psu. This suggests that the seasonal effects of river runoff at this exposed oceanic location are
quite small compared to those in the adjoining inland waters. The seasonal temperature variations appear

to follow the seasonal air temperatures with average sea temperatures of 6.5°C in February and 12.5°C in
August.
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Sea Surface Temperature - Bonilla Island - 1960-2005
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Figure C-13 Monthly Sea Surface Temperature and Salinity at Bonilla Island,
1960 to 2005
2010 Page C-21



Marine Physical Environment
Technical Data Report
Appendix C: Freshwater Discharges and Temperature-Salinity Distributions

Surface temperatures have been measured at the Nanakwa Shoal buoy since 1988. The annual range in
monthly average temperatures is much greater than at Bonilla Island (see Figure C-14). The minimum
monthly average temperature of 5.2°C occurs in January, while the maximum monthly value of 16.1°C
occursin August. The range from the lowest to the highest measured temperature is much greater at —
0.4°Cto 22.3°C. The larger range of seatemperaturesis similar to the increased range in air temperatures
experienced between inland and open-coast weather stations (see Appendix A).

Nanakwa Shoal Surface Sea Temperatures (1988 - 2005)
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Figure C-14 Monthly Sea Surface Temperature at the Nanakwa Shoal Buoy,
1988 to 2005

There are no continuous measurements of salinity at any inland water location. However, based on the
irregularly sampled temperature-salinity profile database (from 1951 to 2004), the surface salinity and
temperature statistics for the surface layer can be calculated (see Table C-5). For the selected month, the
salinitiesin Box A, furthest inland in Kitimat Arm, are considerably lower compared to those in Box C
(Douglas Channel) and Box E (Wright Sound). Given the limited sample size of only 5to 35
measurements per month in Box A and fewer measurements in the other boxes, the minimum and

maximum values will underestimate the long-term extreme val ues of near-surface temperatures and
salinities.
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Table C-5 Surface Temperature and Salinity Values in Kitimat Arm, Douglas Channel and Wright Sound
Average Temperature Minimum Temperature Maximum Temperature
Avg. Mar | May | Jul | Oct | Dec Avg. Mar | May | Jul | Oct | Dec Avg. Mar | May | Jul | Oct | Dec
Depth Depth Depth
Box A 0.0 48 | 101 | 143 | 82| 22 0.0 41| 78109 | 72| 22 0.0 6.4 115|173 |11.2| 2.2
1.5 42 101 | 143 | 9.0| 5.2 1.5 35| 78118 | 71| 23 15 59 (120|158 | 113 | 7.6
Box C 0.0 10.1 | 140 | 10.0 | 6.6 0.0 9.7 114 | 99| 6.5 0.0 10.7 | 17.2 | 10.1 | 6.8
1.5 50| 92| 132| 99| 6.8 1.5 49 | 8.7 (112 | 98| 6.5 15 50| 96 |169|100| 7.1
Box E 0.0 53| 9.3 129 0.0 52| 81116 0.0 53 (104 | 144
1.5 53| 81| 119| 94| 65 1.5 52| 81|10.7| 94| 6.1 15 54| 81 |127| 94| 6.8
Average Salinity Minimum Salinity Maximum Salinity
Avg. Avg. Avg.
Depth | Mar | May | Jul | Oct | Dec Depth Mar | May | Jul | Oct | Dec Depth Mar | May | Jul | Oct | Dec
Box A 0.0 13.0 | 14.8 3.3 | 11.0 | 15.7 0.0 44| 15| 03| 3.7 141 0.0 256 | 270 | 7.6 |20.8|17.2
1.5 16.6 | 15.8 52| 149 | 255 1.5 59| 15| 03| 44| 147 15 258 | 276|127 |21.0 | 316
Box C 0.0 21.7 | 16.7 | 26.2 | 24.8 0.0 19.5 | 12.6 | 25.4 | 19.0 0.0 24.8 | 19.7 | 26.9 | 30.6
1.5 28.7 | 248 | 179 | 26.3 | 30.7 1.5 28.2 | 24.3 | 15.4 | 25.7 | 30.6 15 29.4 | 25.5 | 19.6 | 27.0 | 30.9
Box E 0.0 29.9 | 26.0 | 18.7 0.0 29.7 | 25.8 | 11.8 0.0 30.2 | 26.3 | 24.3
1.5 29.9 | 27.7 | 21.6 | 28.7 | 30.3 1.5 29.8 | 27.7 | 17.3 | 28.7 | 29.9 15 30.2 | 27.7 | 25.2 | 28.7 | 30.6
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Y early changes in surface temperatures and salinities were also examined for the Bonilla Island light
station (see Figure C-15). Changes occur over afew years within arange of 8.2°C to 10.4°C for
temperature and 30.6 to 31.6 psu for salinity.

Bonilla Island Yearly Temperature and Salinity
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Figure C-15 Annual Sea Surface Temperature and Salinity Values at Bonilla
Island, 1960 to 2005

Salinity and Temperature Changes with Distance from Camaafio Sound to Kitimat Arm

The salinity and temperature distributions from Camaario Sound to Kitimat Arm were calculated for four
different months (July 1977, September/October 1977, December 1977 and March 1978) and for July in
three different years (1951, 1972 and 1977). These distributions are plotted in Attachment C1.

Thedistributions for July in three different years show that the intense, but shallow, upper layer extends
over the full length of Douglas Channel, with salinities of less than 20 psu and temperatures exceeding
10°C. However, the upper layer in the seaward portions of the CCAA, from Wright Sound through
Caamario Sound, has higher salinities of 20 to 25 psu, although the upper layer temperatures exhibit less
change, remaining greater than 10°C.

The salinities in the deeper waters exhibit a modest gradient from beneath the upper layer to values of
about 32.5 psu at water depths of 60 to 100 m, depending on the year. At greater depths, the salinities
have a narrow range of values from 32.5 to about 33.0 psu. The water temperatures at depth in Douglas
Channel are generaly in the range of 6°C to 8°C, except when atemperature minimum can occur
(observed in 1951 and 1972) with values less than 6°C. Cold temperatures (less than 6°C) also occurred
in the deeper waters (greater than 200 to 250 m) of Campania Sound to Wright Sound in July 1977.
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The temperature-salinity distributions with depth from July 1977 to March 1978, at approximately
three-month intervals, show the expected cooling of the upper layer and areduction in salinity along with
aretreat in the extent of the well-defined, low sdinity values. By September and October, upper layer
salinities less than 25 psu were confined to boxes A and B, and in December and March, the salinities of
the upper layer were close to 30 psu even in Box A (Kitimat Arm).

In the deeper waters, the temperatures had increased in September/October to over 8°C at depths of 40 m
and the increase extended to 70 to 160 m in December in the central boxes. This deep temperature
maximum may be due to a combination of a remnant of accumulated heat from the previous summer and
fall and advection of warmer water into the area from seasonally warmed waters in Hecate Strait. The
deepwater temperature remains at less than 7°C.

The deepwater salinities exhibit atendency to increase from 32.5 to 33 psu from July to
September/October and then decrease through December and into March. By March, the deepwater
salinities at water depths exceeding 200 m are between 32 and 32.5 psu with some slightly higher
salinities near the bottom in central to northern Douglas Channel beyond the sill between Boxes C and D
(see Attachment C1).

Seasonal Changes in Salinity and Temperature Distributions

The seasona changesin the temperature and salinity distributions were examined in more detail for boxes
A, D and E (see Figures C-16 to C-18). Box A hasthe most profile data sets available from three different
years for March and October, four years for May and six years for July. The distributions show the
development and abatement of the upper layer with the lowest salinities and highest temperatures
occurring in July.

The deeper waters show a consistent increase in salinities at depth from May through July to October. The
salinity increase amounts to over 0.5 psu in water depths exceeding 200 m. The increase in salinity of the
water at depth is accompanied by lower temperatures and lower oxygen concentrations (see Appendix F).
The replacement or renewa of the water at depth is driven by upwelling of colder, more saline water in
the summer in British Columbia shelf waters, which then flows into the inland waterways at depth and
displaces the less dense water. MacDonald et a. (1983) suggest a second mechanism in which the strong
winter outflow winds drive the surface waters towards the ocean, which in turn generates an increased
flow of more saline water from depth of 30 to 150 m into Douglas Channel. The evidence for this second
process occurring on average is not apparent in the temperature-salinity distribution plots calculated from
multi-year measurements. However, such a mechanism may be present in particular years. A pronounced
increase in sainity and reduction in temperatures was observed in December 1977.
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CTD Near Surface Summary BoxA Average Temperature

CTD Near Surface Summary BoxA Average Salinity
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Figure C-16 Temperature and Salinity Depth Distribution for Box A in Kitimat

Arm
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Figure C-18 Temperature and Salinity Depth Distribution for Box E in Wright

Sound

Year to Year Variability in Salinity and Temperature Distributions

The variability from year to year was examined by compiling all temperature-salinity profile data sets
separately for the months of May and July/August in boxes A, C and E. For Box O in Browning Entrance,
data were compiled for the months of May/June and October. The criterion for choosing which
month/year data to compile was that at |east three profiles must be available for each box considered. For
an example of the compilation and analysis, see Table C-6.

An examination of the results indicates that some coherence exists for years with high or low temperature
anomalies among Boxes A, C and E, which gives these particular year-month combinations more validity.
Thelevel of coherenceis small in the upper layer, which likely reflects the small-scale local nature of
physical processesin this very dynamic zone. In intermediate and deeper waters, measurements in May
indicate that 1966 was unusually cold in the intermediate zone, and the year 1996 was unusually warm.
The year 1996 also had unusually low salinity values in the intermediate and deepwater zone.
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Table C-6 Temperature and Salinity Measurements in Box A, Kitimat Arm
Jul- Jul- Jul- Jul- Jul- Jul/Aug Aug- Aug- Aug-
Avg. Dep 1951 1972 1977 1981 1992 1993 1995 1996 1999 AVG SD
Average Temperature
16.11 12.88 13.77 14.43 17.50 16.03 15.26 15.14 1.57
1.50 13.73 14.11 14.40 14.39 16.78 15.88 15.34 15.80 15.05 1.06
3.50 15.20 12.01 14.02 14.15 14.14 15.87 15.45 15.16 14.74 14.53 1.14
5.50 12.72 7.28 12.66 13.04 13.72 15.82 15.25 13.57 14.31 13.15 2.46
8.00 8.52 10.11 10.38 13.12 13.79 15.12 12.90 12.04 12.00 2.18
11.00 6.27 6.22 8.81 9.19 8.93 10.77 14.74 11.98 10.27 9.69 2.68
14.00 6.05 5.47 8.13 8.74 8.10 11.65 14.06 8.38 9.12 8.86 2.64
18.00 5.69 5.17 7.94 8.40 7.36 7.82 9.10 6.89 8.04 7.38 1.27
23.50 6.04 7.61 8.22 7.04 6.25 6.46 6.71 7.93 7.03 | 081
30.00 6.39 5.08 7.65 8.09 6.98 6.71 6.69 6.67 8.06 6.39 | 0.94
37.50 6.60 7.70 8.18 6.99 6.19 7.13 6.69 8.15 7.20 | 0.74
47.50 6.68 5.59 7.71 8.31 7.41 7.41 7.70 8.13 7.37 0.87
60.00 6.25 7.60 7.50 7.64 7.96 7.39 0.66
75.00 6.40 7.31 7.69 7.34 7.19 0.55
90.00 6.18 7.12 7.18 6.83 0.56
107.50 6.18 7.14 7.68 7.11 7.03 0.62
126.25 7.11 7.07 7.09 | 0.03
148.75 6.20 6.13 7.09 7.58 7.04 6.81 | 0.63
192.50 6.21 7.08 7.51 7.04 6.96 | 0.54
240.00 7.02 7.02
275.00
306.25
350.00
400.00
500.00
Average Salinity
3.32 2.07 2.57 5.97 14.74 9.18 4.75 6.09 4.52
1.50 4.35 4.07 6.16 1.94 13.95 9.95 4.91 11.59 7.12 421
3.50 7.58 10.87 7.61 9.34 1.99 14.99 20.56 7.58 12.84 10.37 5.31
5.50 16.27 22.68 16.84 15.82 2.33 17.57 26.13 12.48 21.39 16.83 6.82
8.00 28.41 26.58 | 25.05 10.87 18.31 28.25 13.69 25.99 22.15 6.89
11.00 30.02 | 27.15 | 28.99 | 28.08 | 26.94 | 24.90 29.16 | 16.90 | 27.96 | 26.68 | 3.96
14.00 30.84 | 30.05 | 29.76 | 29.01 | 27.82 | 21.30 29.97 | 26,55 | 29.27 | 28.29 | 292
18.00 31.30 | 30.60 | 30.34 | 29.67 | 29.39 | 28.66 30.63 | 29.08 | 30.40 | 30.01 | 0.86
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Table C-6 Temperature and Salinity Measurements in Box A, Kitimat Arm
(cont’d)

Jul- Jul- Jul- Jul- Jul- Jul/Aug Aug- Aug- Aug-
Avg.Dep | 1951 | 1972 | 1977 | 1981 | 1992 1993 1995 | 1996 | 1999 | AVG | SD
Average Salinity (cont’d)
23.50 31.40 30.78 | 30.19 | 30.44 | 29.53 31.07 | 30.07 | 31.09 | 3057 | 0.63
30.00 31.75 | 31.08 | 31.12 | 30.59 | 30.82 | 30.58 31.35 | 30.43 | 31.46 | 31.02 | 045
37.50 31.90 31.37 | 30.93 | 30.88 | 30.03 31.65 | 30.57 | 31.71 | 31.13 | 0.64
47.50 32.25 | 31.75 | 3159 | 31.19 31.70 31.89 | 32.05 | 3192 | 31.79 | 0.32
60.00 32.69 31.91 32.18 | 32.33 | 32.35 | 3229 | 0.28
75.00 32.46 | 32.27 32.48 32.75 | 3249 | 0.20
90.00 32.95 32.51 32.84 | 3277 | 0.23
107.50 32.76 | 32.61 32.62 32.89 | 32.72| 013
126.25 32.66 3292 | 3279 | 0.18
148.75 33.10 | 32.84 | 32.69 32.75 3294 | 3286 | 0.16
192.50 33.07 | 32.90 | 32.73 32.83 3297 | 3290 | 0.13
240.00 33.01 | 33.01
275.00
306.25
350.00
400.00
500.00
NOTES:

At least three measurements are available within a given month and year.

The highlighted cell values exceed (light yellow) or fall below (light blue) the average by one standard deviation or
more.

AVG = average
SD = standard deviation

In July/August observations, 1951 was unusually cold as was 1972 in the intermediate and deep zones.
For these same zones, the salinities were unusually low in 1977 and 1999 had unusually high salinities at
least in the deep zone.

Overall, the long-term variations in temperature and salinity properties are not large, making it difficult to
detect these with the sporadic observations that are available. Thislong-term trend analysis, when applied
to meteorological time series data sets that are available for up to 40 years, indicated that surface air
temperatures exhibited a small increasing trend in the annual average values at some measurement sites
(see Appendix A).
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The salinity and temperature distributions from Camaafio Sound to Kitimat Arm were for four different
months (July 1977, September /October 1977, December, 1977 and March 1978) and for three different
years (1951, 1972 and 1977) in the month of July (see Figures C1-1 to C1-6).
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D.1 Introduction

D.1.1 Objectives

The purpose of this document is to describe baseline conditions with respect to water levels and waves
within the CCAA to support the environmental assessment for the Project. Information has been sourced
and summarized from existing literature and field surveys for the following key data categories:

o tides

o waves

e storm surges and inverted barometer effect (air pressure drop leading to sealevel rise)
e tsunamis

e seasonal and long-term sealevel changes

D.2 Methods

D.2.1 Confined Channel Assessment Area Boundaries

CCAA for Existing Data Review

The CCAA consists of Douglas Channel and its approaches, Principe Channel and Caamafio Sound,
which emerge into the open waters of Hecate Strait (see Figure 1-1).

CCAA for Field Surveys

Data were collected at four mooring sites within the CCAA. Water levels were measured at al four sites,
i.e., Kitimat Arm, Douglas Channel, Principe Channel and Aranzazu Bank. Directional wave data were
collected at the Aranzazu Bank site.

D.2.2 Review of Existing Data Sources

Data sources reviewed for this section consist of published literature, databases and publications of the
CHS and Environment Canada. Specific sources are listed as referencesin the text.

D.2.3 Field Surveys

Field survey work, extending from the seaward end of the CCAA to landward to the proposed marine
terminal, was carried out from September 2005 to January 2006. As part of that program, water levels
were measured at four mooring sites (Sites 1, 2, 3 and 4, see Figure D-1).
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D.3 Results of Baseline Investigations

Changesin sealevel, related to the mean sea level, aong the British Columbia coast are primarily due to
the tides; however, other episodic and seasonal factors can affect water levels. Ocean waves are the result
of wind generation in regional and local waters, aswell as of the occasional occurrences of very long
period swell waves in Hecate Strait that can originate from other parts of the Pacific Ocean.

D.3.1 Tides

The gravitational pull of the sun and moon on the ocean waters causes the periodic rise and fall in water
level known asthetide. This astronomical tide accounts for most of the variationsin sealevel aong the
central British Columbia coast. The mean tidal range (low to high water level difference) for the central
coast region isabout 3.6 m, with large ranges up to 6 m (CHS 2005).

Thetides along the British Columbia central coast are classified as mixed, mainly semi-diurnal (two highs
and two lows per 24.75 hour period, but successive highs or lows are of unequal differential height).
Figure D-2 shows the typical tidal curve for Kitimat. A spring-neap cycle of about 14 days occurs as the
gravitational forces of the sun and moon reinforce each other at full and new moons. Tidal ranges during
these spring tides are about twice those that occur during the weaker neap tides. The spring tide range at
Kitimat is 6.5 m, reducing to about 3 m during neap tides.
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SOURCE: Modified from CHS 2005
Figure D-2 Monthly Tidal Cycle in Kitimat Arm

After entering Queen Charlotte Sound, the tide travels northward up Hecate Strait, meeting (in northern
Hecate Strait) the tide that entered through Dixon Entrance (see Figure D-3). The tidal range increases
both because of a decrease in depth and because of positive reinforcement with the tidal wave from Dixon
Entrance. Thus, the tidal ranges are largest in the area where the two components meet. As the tide moves
up Hecate Strait, the mean tide range increases from about 3 m at the entrance to Queen Charlotte Sound
to about 5 m midway up Hecate Strait. Part of the tide reflects back from northern Hecate Strait, resulting
in what may be a standing wave (Thomson 1989; Foreman et al. 1993).
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Figure D-3 Path (A) and Relative Timing (B) of Tidal Progression, Northern
British Columbia Coast

Thetidein the CCAA isdriven by the tide in Hecate Strait, but is modified by the network of channels
and inlets. Tidal information in the areais available from stations where data have been collected by the
CHS, as well asfrom tide gauges deployed as part of the Kitimat Physical Oceanographic Study (KPOS)
carried out in 1977 to 1978 by the Institute of Ocean Sciences (Narayanan 1980).

For the tidal ranges at each of the CHS sites and Principe Channel Site 3 for mean and large tides (CHS
2005), see Figures D-4 and D-5, respectively. Thetidal range increases with northward distance along the
coast of the region, by about 25% from Station 9082 (Beauchemin Channel) in the southeast to Station
9305 (Welcome Harbour) in the northwest. Tidal range also increases from the mouth to the head of the
inlet system, but by a much smaller amount (approximately 6% between Caamafio Sound and Kitimat).
The greatest range occurs at Site 3 in Principe Channel.
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Figure D-4 Tidal Range for Mean Tides
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Figure D-5 Tidal Range for Large Tides
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Thetideisavery long wave of complex form; for the purposes of prediction, it may be resolved into a
number of simple sinusoidal components related to the astronomical forcing. The two largest components
of thetidal range in the region are the M2 (principal lunar semi-diurnal) and K1 (soli-lunar declinational
diurnal) constituents. For the amplitudes of these constituents at each site, see Figures D-6 and D-7. (The
range of a constituent is equal to twice its amplitude; e.g., at Kitimat, the M2 constituent is responsible for
3.3 mof the 6.5 m range at large tides.) The amplitude of the M2 constituent increases with northward
distance along the coast and with landward distance towards the head of the inlet system to a greater
degree than does the tidal range, whereas the amplitude of the K1 constituent varies only dightly. The
largest values for these constituents are found at Site 3 in Principe Channel, consistent with its having the
greatest range at large tides. Thetidal range is determined by the combination of constituents (many other
smaller congtituents also contribute, but the M2 and K1 are the largest); the relative constancy of the K1
accounts for its smaller variance compared to that of the M2 constituent.

For the time of the peak amplitude of the M2 and K1 at each site, relative to its occurrence at Station 9082
(Beauchemin Channédl), see Figures D-8 and D-9. The times for the M2 constituent increase with
northward distance along the coast, but show only afew minutes increase between the mouth and head of
the inlet system. Thetimesfor the K1 constituent also increase with northward distance along the coast,
but show a great deal more variation with location in the inlet. Narayanan (1980) states that the harmonic
analysis of the tidal data collected in the Douglas Channel system during the KPOS showed a significant
amount of seasonal dependence in the phase (equivalent to the relative arrival times discussed above) of
the K1 constituent, whereas the phase of the M2 constituent was stable. Those seasonal variations are
likely caused by changesin the water column stratification and so may be expected to vary from year to
year aswell. The K1 arrival times at the KPOS sitesin Figure D-9 are derived from yearly averages of the
phase. The ingtability in the K1 phase will cause some deviations from the predicted tide, in addition to
non-tidal effects, but they may be expected to be less than 25 cm (half the K1 amplitude).

The K1 arrival time at Site 3 (Principe Channel) differs significantly from all the others. The water level
record at this site was collected between September 2005 and January 2006, and the K1 phase computed
from the tidal analysisisin fact consistent with the K1 phases computed for the KPOS sites for the same
season. It may therefore be expected that the K1 phase at Site 3 would exhibit similar seasonal variability
and that its yearly average would be more consistent with that of other sites.
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Figure D-6 Amplitude of the M2 Tidal Constituent
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Figure D-7 Amplitude of the K1 Tidal Constituent
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D.3.2 Waves

Regional Wave Conditions

The waters of Hecate Strait and Queen Charlotte Sound are open to large fetches, particularly from the
southwest, and can receive long-period swells (16- to 22-second period) athough average wave periods
are generally about 5 to 10 seconds for most months (Thomson 1989). During winter, seas with
significant wave height® in excess of 3.5 m occur 20% to 30% of the time offshore, reducing to 10%
along the coast (Thomson 1989). Episodes of large waves during winter have a two-to-three-day
periodicity, consistent with theinterval between the passages of frontal systems. Storm-force winds
(gusting to 90 to 100 knots), accompanied by significant wave heights of 6 to 8 m, occur several times
each winter (Environment Canada 1992). The increase in winter winds generally occurs quickly in early
fall.

An extensive study of waves resulting from severe storms between 1957 and 1989 (Canadian Climate
Centre 1992) indicated that significant wave heights of 5.5 m or more are almost always associated with
strong winds from the southwest to southeast (see Table D-1). Statistical extrapolation methods were used
to estimate the largest significant and maximum wave height expected over a 100-year period. From the
extrapolated results of the wave distributions, the 100-year return period wave is estimated to have a
significant wave height of nearly 14 m and a maximum wave height of nearly 25 m in Hecate Strait.

The coastal waterways, including inlets and fjords, are generally more sheltered with weaker winds and
reduced fetch. However, strong winds, particularly when combined with an opposing tide, can generate
steep, choppy wave conditions of 1 to 2 m height. For example, on the outer edge of the Broughton
Group, summer afternoon winds can rise to gale-force westerlies and during ebb tide, seas can become
large. Arctic outflow winds during fall and winter can produce rough seas even in the inlets. For example,
waves of up to three metres have been reported in Knight and Rivers Inlets (Province of British Columbia
2001); similar effects are expected in the Douglas Channel system.

Major variations in the winter storm climate occurred from 1949 to 1998 along the British Columbia
coast, with an increase in the number of intense storms and a shift of the storm tracks to the south
(Graham et al. 2002). These changes are estimated to have resulted in an increase, over those 50 years, of
the yearly 95th percentile wave value by as much 2 m off California, but only 0.3 m off the British
Columbia central coast (Graham and Diaz 2002).

! Significant Wave Height (Hs) represents the average of the largest one-third of all waves present. Based on normal
wave statistics, the maximum wave height is usually about 1.8 times larger than the significant wave height value.
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Table D-1

Estimated Significant Wave Height Statistics in Hecate Strait from

1957 to 1989

SIGNIFICANT WAVE HEIGHT STATISTICS
WEST COAST AREA 3 — HECATE STRAIT

PERCENTAGE FREQUENCY OF OCCURANCE BY DIRECTION MONTHLY DATA STATISTICS
Annual Waverider/ODGP
ODGP
iraction — i Upper Lower Most
Direction — Coming From Num s 5%  95% Freq Num
N NE E SE S SW W NW Total Obs Mean Dev Med Max Min Lim  Lim Dir  Obs
0.0m 27 239 January 26 17 21 131 03 00 00 5 1115
=00-<05m 04 01 05 1.0 08 32 48 14 12.4 1009 February 1.9 14 186 95 00 48 00 3 1295
0.5-<1.0m 02 01 05 0% 10 66 58 38 19.7 1730 March 19 12 18 87 01 43 07 5 1451
1.0->15m 03 01 02 0% 23 58 28 28 14.9 1310 April 1.7 12 13 80 02 42 06 SW 1204
1.5->2.0m 02 00 02 08 25 51 1.0 08 16.7 934 May 1.4 08 12 61 02 31 05 SW 1149
20->25m 01 00 01 086 30 44 05 03 9.1 800 June 12 07 10 51 02 28 05 SW 5943
25->30m 00 00 01 05 20 40 03 01 7.0 612 July 10 06 08 43 02 23 03 W 1362
3.0->35m - 00 01 05 27 22 01 01 5.8 506 August 10 07 08 €6 02 23 03 W 1004
35->40m - 00 - 04 25 19 01 - 5.0 438 September 1.3 11 10 982 02 32 04 SW 99
4.0->45m - 0000 03 18 11 - - 3.3 287 October 19 12 16 &7 02 41 06 SW 1196
45->50m - 0000 02 12 09 00 - 24 212 November 28 17 23 127 05 02 09 SW 1156
50->556m - - 01 02 11 03 - - 1.9 166 December 22 16 19 143 02 52 06 5 1345
55->60m - = = 02 08 04 - - 14 124
6.0-=65m - - - 01 08 04 - - 1.3 118 Annual 1.8 14 14 143 00 44 05 SW 14199
65->7.0m - - - 01 05 01 - - 0.7 65
T0-+m - - - 111 02 - - 1.5 134
Total 12 03 18 69 252 369 156 91

SOURCE: Canadian Climate Centre 1992

Waves in the CCAA

Environment Canada buoy sites were used for the wave datain this review (see Table D-2). Directional
wave measurements were also made as part of the project field studies from September 2005 to January
2006 at the Aranzazu Bank mooring (Site 4), using an Acoustic Doppler Current Profiler equipped with
wave measurement firmware.

Table D-2 Wave Buoy Data Sources
Number
Sea of Good | Total
MEDS ID Name Start Date | End Date | Type | Lat. Long. | Depth | Records | Days | Days
(deg) | (deg) (m)
C468181 Nanakwa | 11/22/88 6/21/2005 AE 53.82 | 128.84 21 104,349 | 4,894 | 6,055
Shoal
MEDS118 Kitimat 10/8/1977 3/22/1978 WR 53.98 | 128.65 37 1,188 152 165
MEDS213 Bonilla 11/27/1984 | 04/01/1990 | WR 53.32 | 130.72 | 159 36,623 | 1,325 | 1,951
Island
C46183 Hecate 5/15/91 6/21/2005 AE 53.57 | 131.14 62 113,881 | 4,451 | 5,151
Strait
North
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The available wave measurements collected at the Hecate Strait North buoy since the completion of the
Canadian Climate Centre (1992) study have been anayzed, as have the available wave data sets for
Nanakwa Shoal in northern Douglas Channel and Kitimat.

The wavesin the CCAA are much lower in amplitude than those of the exposed waters of Hecate Strait as
can be seen from the measured distributions of significant wave heights (see Figure D-10). At Nanakwa,
less than 5% of all observations exceed 0.5 m in significant wave height, whereas at Hecate Strait North,
80% of al observations are greater than 0.5 m in significant wave height. The maximum measured
significant wave height value at the Hecate Strait North site is 9.54 m, as compared to 2.02 m at Nanakwa
Shoal and only 0.63 m from the 1977 to 1978 wave measurements in Kitimat Arm.

Aswell as much lower wave heights, the periods and wavel engths of the waves in the inland waters are
considerably reduced, as shown by the scatter plots of significant wave height (Hg) versus peak period
(T,, peak of the wave energy spectrum, i.e., the period of the most energetic component of the wave
spectrum) (see Figures D-11 and D-12). At Nanakwa, most wave periodsare 2.5t0 5 s, with afew at 7 s,
whereas at Hecate Strait North, nearly all peak periods are greater than 4 s and the largest waves have
peak periods of 9to 14 s.

96.2% Distribution of Hs values
35% -
30% -
= N.Hecate
25% m Nanakwa
20% —

15% -

10% -

Percent of Chservations

5% -

0% - J , , [ N o= = = , , , , , , ,
0- 05- 1- 1.5- 2- 25- 3- 3.5- 4- 45- 5  55. 6- 65- 7- 7.5- 8- 85- 9- 9.5-
0.5 1 15 2 2.5 3 3.5 4 45 5 55 6 6.5 7 7.5 8 8.5 9 95 10

Figure D-10 Distribution of Measured Significant Wave Heights at Nanakwa
Shoal and N. Hecate Strait Wave Buoys
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Figure D-11 Scatter Plot of Significant Wave Height vs. Peak Period for
Nanakwa Shoal Buoy Data (Hs >0.5 m)

Wave heights are strongly related to wind direction, reflecting the importance of the wind fetch (distance
that the wind blows over the water). Scatter plots of Hs and wind speed versus wind direction illustrate
the importance of the wind direction in determining the ultimate height of waves (see Figures D-13 and
D-14). Thisinfluenceis particularly apparent at Nanakwa, where the largest waves are clearly due to the
strong (winter) outflow winds from the north-northeast, whereas a secondary peak in wave height is
evident for winds from the south-southwest blowing up Douglas Channel towards Kitimat. The polarity
of the wave heightsin response to wind direction is not as severe in the open waters of northern Hecate
Strait, with the major broad peak in wave heights associated with winds from the southeast to south,
which are the highest.
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Figure D-12 Scatter Plot of Significant Wave Height vs. Peak Period for N.
Hecate Strait Data (Hs >1.4 m)
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Figure D-14 Plot of Significant Wave Heights (Hs) and Winds vs. Wind
Direction at N. Hecate Strait for Hs >1.4 m

D.3.3 Storm Surges and Inverted Barometer Effect

Storm surges are caused by wind stress acting on the water surface causing a direct set-up of the sealevel.
Storm surges have the greatest effect in shallow water and low-lying coastal areas such as the Mackenzie
Deltaof the Arctic Ocean. Thisis generally not the case along the British Columbia coast. Surge levels
are usually greater along the eastern side of Hecate Strait than the western side. The inverted barometer
effect (higher atmospheric pressure depresses the sea surface; |ow atmospheric pressure raises the sea
surface) can change the water level about 1 cm for every 100 Pa changein air pressure. Thisis
particularly noticeable during winter with sealevel changes on the order of 30 cm common (Crawford
1980).

D.3.4 Tsunamis

Tsunamis are giant ocean waves that can be extremely destructive and endanger human lives where they
strike populated coastlines. Tsunamis are very long period waves (15 to 90 minutes) that travel rapidly
from the source. Generally, they are the result of an earthquake, less commonly aresult of an underwater
landdide or surface landdlide that enters the water. This leaves the British Columbia coast susceptible to
three types of tsunamis: far field (originating at great distances) as monitored by the Pacific warning
system (Titov et al. 2005a); landslides; and a possibly devastating submarine mega-thrust earthquake
associated with the Cascadia subduction zone (Nedimovic et a 2003).
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The British Columbia coast is susceptible to submarine earthquakes, and submarine landslides and related
tsunamis have been recorded along this coast (Rabinovich et al. 2003). Funnelling in the inlets can result
in increasing wave height as a tsunami penetrates up the inlet. The extent of flooding and damage to the
affected coastal areas depends on factors such as the bathymetry and distance from the source. The March
1964 earthquake that caused major damage to Port Alberni (Wigen and White 1964; Thomson 1981)
penetrated the central British Columbia coast and resulted in high water levels at Bella Bellaand damage
at Ocean Falls (Spaeth and Berkman 1967). Based on historical and sediment records, alarge subduction
earthquake is believed to have caused a giant tsunami about 300 years ago that devastated the southern
British Columbia coast (Hyndman et al. 2002, Internet site). Recurrence intervals for mega-thrust
earthquakes are unknown, but are estimated to be about 300 to 500 years (Hyndman et a. 2002, Internet
site). Given the time since the last subduction earthquake, the possibility of another in the lifetime of the
Project should be considered. The Sumatra-Andaman earthquake (Vigny et a. 2005) has further raised the
awareness of the threat of a mega-thrust earthquake (Titov et al. 2005b).

On a smaller geographic scale, localized slumping and aval anches due to steep terrain and high rainfall
can cause tsunami-type waves in the coastal areas as aresult of their displacing alarge volume of water.
A submarine didein Kitimat inlet in April 1975 resulted in awave estimated at 8.2 m height (Murty and
Brown 1979). A November 1994 underwater landslide in Skagway Harbor (southeastern Alaska)
generated atsunami that was estimated to be 5to 6 m high in the harbour, increasing to 9 to 11 m asiit hit
the far shore (Kulikov et al. 1996). Known submarine landslides and related tsunamis for the coasts of
Alaska, British Columbia and Washington were recently summarized in Rabinovich et a. (2003); some
specific examples are discussed in Bornhold et al. (2007) and Rabinovich et a. (2008).

D.3.5 Seasonal Effects on Sea Level

During winter, the northerly movement of water due to the prevailing southerly winds, combined with the
rightward deflection due to the Coriolis Force, results in an average 10 to 20 cmrise in the coastal sea
level aong the central British Columbia coast. The opposite happens in summer with a corresponding, but
smaller, drop in the coastal sealevel (Thomson and Crawford 1997). The El Nifio-Southern Oscillation
cycle can cause further fluctuationsin water levels on a scale of several years. During an intense El Nifio,
the northerly surge of warm water reaches Queen Charlotte Sound, causing water levels to increase by
almost 40 cm (see Figure D-15).
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Figure D-15 Monthly Sea Levels at Bella Bella, 20-Year Average and El Nifios
of 1982-83 and 1997-98
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E.1l Introduction

E.1l.1 Objectives

The purpose of this document is to describe baseline conditions with respect to underwater acoustics
within the CCAA to support the environmental assessment for the Project. Thisinformation will be used
to identify construction and operational measures required to minimize or avoid adverse environmental
effects and to support the assessment of project effects on marine acoustics.

Information has been sourced and summarized from existing literature and field surveys for the following
key data categories:

o fundamental concepts, including frequency and intensity level, and their respective measurement
units and references

e underwater ambient noise

e underwater sound propagation characteristics and acoustic modelling

E.2 Methods

E21 Confined Channel Assessment Area Boundaries

CCAA for Existing Data Review

The assessment area for the existing data review was the CCAA, which consists of Kitimat Arm and
Douglas Channel and its approaches, Principe Channel and Caamafio Sound, (see Figure 1-1).

CCAA for Field Surveys

Field surveys were carried out at four locationsin the CCAA — Principe Channel, Caamafio Sound,
Wright Sound and Emsley Creek Estuary (see Figure E-1 and Marine Acoustics [2006] Technical Data
Report [TDR] [JASCO 2006]).

E.2.2 Review of Existing Data Sources

Thereview of existing data sources has been confined to general sources describing underwater acoustics,
as no acoustic data sets are available specifically for the CCAA. Some limited measurements of ambient
noise were made in Queen Charlotte Sound in the summer of 1982 (Lemon et a. 1984). The seafloor
properties of Douglas Channel (required to model acoustic propagation in the area) have been described
in Bornhold (1983).
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Figure E-1 Acoustic Measurement Locations

E.2.3

Field surveys for ambient noise and transmission loss were carried out between September 28 and
October 1, 2005 (JASCO 2006); the locations and measurement methods as reported are given below.

Field Surveys

M easurements were made at four survey sites (see Figure E-1). At each of these locations, an autonomous
on-bottom-hydrophone (OBH) system was deployed to record sound levels over a 13-hour period. For the
OBH deployment locations and water depths for the respective measurement sites, see Table E-1.

Table E-1 Acoustic Measurement Locations
Station Site Name Date Latitude Longitude Depth
(m)

Gl Principe Channel 28 Sept 2005 53° 26.375' N 129° 56.328' W 142

G2 Caamafio Sound 29 Sept 2005 52°54.617' N 129° 39.317' W 214

G3 Wright Sound 30 Sept 2005 53°19.592' N 129° 17.401' W 90

G4 Douglas Channel 01 Oct 2005 53° 53.989' N 128° 46.799' W 5
(Emsley Creek Estuary)

SOURCE: JASCO 2006
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E.3 Results of Baseline Investigations

E.3.1 Fundamental Concepts

Sound is a pressure wave that propagates through any compressi ble medium; the most common examples
are air, water and solid materials, such asthe Earth’s crust. Sound waves are longitudinal; the variations
in pressure and density they produce occur along the direction of propagation. Electromagnetic radiation,
in contrast, is atransverse wave and can therefore be polarized, unlike sound. Sound waves require a
material medium to exist and can be characterized by their frequency, amplitude and speed of propagation
through the medium. The frequency can be thought of as the rate at which the pressure fluctuates at a
point in the medium, whereas the amplitude describes the magnitude of the pressure variations. The
energy carried by the wave is determined by the mean square of its amplitude, called the intensity.

A purely sinusoida wave contains only one frequency and is sometimes referred to as a pure tone. Actual
sound waves are never purely sinusoidal, but may be thought of as composed of many pure sinusoidal
waves over arange of frequencies, each with its own amplitude. The distribution of the intensity of those
composite waves with frequency is described by the power spectrum of the sound. If that energy is
concentrated near a single frequency, it is referred to as a narrow-band sound field. If it is spread over a
large range, then it is referred to as broad-band. The speed at which sound travels depends strongly on the
medium; in general, the denser the medium, the greater the speed of sound. Thus, sound travels at about
350 m/sinair, 1,500 m/s in seawater and 4,300 m/siniron.

In terms of human hearing, the frequency of a sound wave describes its pitch, and its amplitude or
intensity describesits loudness. Human beings can detect sounds within only a certain range of
frequencies and intensities: from 20 to 20,000 Hz in frequency and between 1 and 140 decibelsin
intensity. The decibel (abbreviated as dB) is alogarithmic measure of sound intensity or energy relative to
areference value; as different references are used in different areas of acoustical research and
engineering, confusion can easily arise.

Sound magnitude can be measured either as the pressure of the acoustic wave, or as the energy carried by
the wave, usualy referred to as the intensity. The energy carried by the wave depends on the pressure and
on the medium in which the wave istraveling; it depends on its specific acoustic resistance, which isthe
product of the density of the medium and the speed of sound in it. Both the reference level and the
measure used for sound magnitude must be clearly defined in any statement about sound levels. For
example, the reference level for sound pressurein air is 20 micropascals (uPa), whereas the standard
reference for underwater sound is 1 pPa (Chapman and Ellis 1998). Therefore, a sound pressure of

140 dB in air, which is the threshold of pain for human hearing (Kinder et d. 1982), would be 166 dB in
water because of the difference in the reference pressures used for water and air. The sound intensity is
proportional to the square of the pressure, divided by the specific acoustic impedance (the product of the
medium density and the sound speed in it). The specific acoustic impedance of water is approximately
3,600 times greater than that of air; an underwater acoustic wave carrying the same energy as that at

140 dB in air would have an intensity of 202 dB. It is also important to understand whether a sound level
isasource or received level. Source levels are normally given as the sound intensity at areference
distance of one metre from the source. At greater distances, the received sound level will be less,
depending on the sound transmission characteristics of the medium. Spherical spreading from the source
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causes an intensity decrease of 6 dB for every doubling of the distance; thus, the received level from a
202 dB underwater source would be 196 dB at 2 m, 184 dB at 8 m and 162 dB at 100 m.

E.3.2 Underwater Sound Environment

The ocean has an ambient noise background that is produced by natural processes (physical and
biological) and human activities (see Figure E-2). Physical causes include wind and surface waves,
rainfall and seismic activity, whereas biological causes include the sounds produced by marine mammals,
fish and crustaceans. Shipping, shoreline industrial activity and seismic exploration are some of the main
human sources of ocean ambient noise.

Little specific information is available concerning the ambient noise environment in Kitimat Arm. Lemon
et a. (1984) recorded ambient noise at three frequencies (4.3, 8 and 14.5 kHz) at two locations in outer
Queen Charlotte Sound for three weeks in the late summer of 1982. The noise spectrum levels ranged
from alow of 38 dB (re 1uPa’/Hz) in the 14.5 kHz band to ahigh of 63 dB (re 1uPa/Hz) in the 4.3 kHz
band and were mainly dependent on the wind speed at the ocean surface.

At present, vessd traffic is the main anthropogenic contributor to the ambient noise environment and is
highest in summer.

Ambient noise measurements collected in the fall of 2005 at the four sites listed above are given in the
Marine Acoustics (2006) TDR. Their measurements were made in the 10 Hz to 20 kHz band for 13 hours
at each location (part of the period was aso used for transmission |oss measurements). The minimum
ambient noise levelsin the channels were between 82 and 84 dB (equivalent to an average noise spectrum
level of 39 to 41 dB [re 1uPa’/Hz]), with the exception of Caamafio Sound, where the level was about

10 dB higher. The higher level was attributed to its exposure to the open waters of Hecate Strait and their
greater wind and wave noise. Transient higher noise levels were observed when vessels or marine
mammals were present.

E.3.3 Sound Propagation

The propagation speed of sound in the ocean is afunction of the temperature, salinity and pressure of the
water, as well asthe properties of the seafloor. The ocean is almost always stratified and, as aresult, the
speed of sound varies with depth. Sound leaving a source does not travel in astraight line, but is refracted
by the variationsin the sound speed with depth. The sound waves are bent towards regions of lower
sound velocity; a velocity minimum may therefore trap sound and alow it to propagate to great distances
with relatively little loss. The sound speed profile may also produce shadow zones, into which very little
sound penetrates even though the source may be quite close. The reflective properties of the seafl oor
determine how sound encountering it is reflected, scattered or transmitted into sediments, and that aso
will influence how sound from a source travels through the sea.
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During the marine acoustics study (see Marine Acoustics [2006] TDR) transmission |oss measurements
were taken at each of the four survey locations (see Figure E-1). The measurements were made by towing
acalibrated acoustic projector away from each of the receivers and recording the position of the projector
as afunction of time. The recorded sound levels were then used to compute the decrease in sound level
with distance for a series of frequency bands. The loss as afunction of distance can be used to predict the
expected sound intensity from a source, such as a vessel, at various distances.

Because of the complexity of sound propagation in the ocean, numerical propagation modelling is
required to predict the effects of an acoustic source. A number of propagation models can be used, but
they al depend critically on the quality of the environmental information available. For a summary of the
temperature and salinity data available to characterize the sound speed environment, see Appendix C.
Detailed characterization of the acoustic properties of the ocean floor islacking for nearly all of the
northern British Columbia coast; however, data are available for the Douglas Channel system from a
series of studies performed by the Geological Survey of Canada and Fisheries and Oceans Canada. These
data have been reviewed in the Marine Acoustics (2006) TDR, whereit is concluded that “ The sediment
descriptions given are suitable for ascribing the geoacoustic parameters for the present sediment types that
are required by the acoustic model.”

The transmission | oss data and geoacoustic parameters are used as inputs for follow-on modelling studies
(see the Marine Acoustics [2006] TDR).
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F.1 Introduction

F.1.1 Objectives

The purpose of this document is to describe baseline conditions with respect to other marine water
characteristics (i.e., dissolved oxygen, nutrients, pH and turbidity) within the CCAA to support the
environmenta assessment for the Project. Information has been sourced and summarized from existing
literature and field surveys for the following key data categories:

o dissolved oxygen
e nutrients (dissolved phosphate, silicate and nitrate)
e pH and turbidity

F.2 Methods

F.2.1 Confined Channel Assessment Area Boundaries

CCAA for Existing Data Review

The CCAA consists of Douglas Channel and its approaches, Principe Channel and Caamario Sound and
the immediately adjacent waters of Hecate Strait (see Figure 1-1).

CCAA for Field Surveys

No field surveys were undertaken for these data categories.

F.2.2 Review of Existing Data Sources

Data sourcesfor this review consisted of published literature and data reports. Specific sources are listed
as referencesin the text.

F.2.3 Field Surveys

No field surveys were undertaken for these data categories.

F.3 Results of Baseline Investigations

The properties of the central British Columbia coast waters are variable both spatially and temporally,
influenced by oceanic aswell as coastal processes. The offshore oceanic waters are generally more saline
than those near shore. The coastal waters are subject to runoff, bathymetric influences and wind-induced
upwelling or downwelling. Strong tidal currents and shallow depths can cause intense mixing, often
increasing the salinity and nutrients in the surface waters but decreasing the temperature and dissolved
oxygen.

The properties of the coastd inlet waters are influenced by the amount of runoff and exchange with the
offshore waters. Shallow sills, if present, restrict the exchange and flushing of the deeper inlet waters and
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can result in oxygen depletion. The water properties of the area vary seasonally, with winter and summer
extremes. The associated large-scale wind shifts between winter and summer (see Appendix A), and the
resulting changesin overall current patterns, control the makeup of the water masses.

Theinlet system comprising Kitimat Arm and Douglas Channel islisted by Pickard (1961) as a member
of the A.1 class of coasta fjords, those that have arelatively high runoff, resulting in low (less than 3 psu)
surface salinity at the head and surface salinities at the mouth between 5 and 20 psu. Suchinlets are
characterized by an estuarine circulation, with fresher water flowing seaward at the surface and a deeper
return flow of oceanic water. Sills separating the deep inner basins of these inlets from the outside usually
limit the replacement of the bottom water to periodic episodes. The portion of the system lying within the
CCAA isdivided bathymetrically into two main basins, Maitland Basin and Gil Basin (see Figure F-1;
Macdonald et al. 1983a). For the general characteritics of the circulation of the Kitimat fjord system, as
they are relevant to the CCAA, see Appendix B.

Dissolved oxygen measurements were taken in Kitimat arm and Douglas Channel by the University of
British Columbia Institute of Oceanography in 1951, 1962, 1963 and 1966 (Institute of Oceanography
1953, 1963, 1964, 1967). The Pacific Oceanographic Group collected water property datain the systemin
1964 and 1967 (Waldichuk et a. 1968), but the most comprehensive data set isthat collected in a series
of cruises conducted from 1977 to 1979 by the Institute of Ocean Sciences (Macdonald et a. 1983Db).
During these cruises, concentrations of dissolved oxygen, nitrate, silicate and phosphate were measured
along with temperature and salinity.

F.3.1 Dissolved Oxygen

The amount of dissolved oxygen (DO) in the water is critical to the ability of the ocean to support life.
Oxygen is added to the water by surface mixing and photosynthesis; it is consumed by animals, fish,
bacteria and decomposition. The less dense surface waters are generally higher in DO than the denser
deeper waters, and runoff tends to increase DO levels near shore. Without replenishment, waters become
oxygen-depleted and eventually anoxic. This can occur in the bottom waters of coastal inlets where a
shallow sill often limits flushing of the deep water. During summer, deep water upwells from offshore,
bringing denser, more saline, but low-oxygen, water onto the shelf. The near-surface waters remain
relatively well oxygenated (greater than 6 ml/l); however, the deeper water DO levelsfall below 4 mi/l.
During winter, the more oxygenated surface waters pile up aong the coast, downwelling occurs and DO
levelsin the deeper water increase by about 1 to 2 mi/l.

Dissolved oxygen concentrationsin coastal inlets such as the Kitimat system depend in a complex manner
on the circulation in the inlet and on biological processes taking placein it. Generally, near-surface
oxygen concentrations are at or above saturation and are below saturation in the deeper water (Pickard
1961). Anoxic conditions are rare, but have been observed in the deeper water of Minette Bay, at the head
of Kitimat Arm, asit has only avery shallow connection to the Arm (Pickard 1961); therefore, the deeper
water is exchanged only infrequently. Oxygen concentration maxima, with supersaturated values, have
been observed beneath the halocline in Douglas Channel and are attributed to production by
phytoplankton (Pickard 1961; Macdonald et al. 19834). The deep water in the basinsis renewed regularly
(Macdonald et al. 1983a). Two different processes appear to be involved. Thefirst isthe usual deepwater
renewa process, in which cold, dense, low-oxygen water produced by upwelling on the shelf flows over
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the sill and replaces the bottom water in the basins in the spring and summer. In the second, strong winter
outflow winds drive the inlet surface waters seaward to produce arapid influx of water from 30- to 150-m
depth in Hecate Strait into Douglas Channel (Macdonald et a. 1983a).
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Figure F-1 Oxygen Concentration Observed in June 1978

The summer renewals proceed inwards from one basin to the next, progressively uplifting old basin water
and replacing it. Figure F-1 shows alongitudinal section of dissolved oxygen in the Kitimat system
observed in June 1978 (Macdonald et al. 1983b), near the completion of a deepwater renewal. The deep
water in Gil Basin has been completely replaced, while the flushing of Maitland Basin is still in process,
as may be seen by the low oxygen concentrations between 100 and 200-m depth at the head of the inlet,
representative of the old bottom water uplifted from the basin.
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High oxygen concentrations are apparent near 10-m depth in Kitimat Arm; for example, the vertical
profile from Station 011 (see Figure F-2) shows that those concentrations are supersaturated and
correspond to a minimum in silicate concentration, illustrative of the oxygen production and nutrient
depletion produced by phytoplankton growth in Douglas Channel as noted by Pickard (1961) and

discussed above.
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Figure F-2 Vertical Profile of Water Properties at Station 011, June 1978
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Phytoplankton are the small plants that form the base of the oceanic food chain and they require nutrients
for growth and reproduction. The phytoplankton also require adequate light for photosynthesis and this
occurs only in the upper layer, the euphotic zone. Although in much of the upper layer of the world's
oceans the nutrient levels are too low for plankton to grow, on relatively shallow continental shelves, such
as those of the British Columbia coast, nutrient levels are high, making these areas among the most
productive in the world.

Nutrients are supplied to coastal waters in various ways, including:
e land runoff from nutrient-rich rivers
o upwelling of deep nutrient-rich water

e estuarine circulation that draws deep water shoreward to replace waters entrained into the surface,
seaward-flowing layer

e remineraization of organic materialsin shallow sediments

Often nutrients exist in the deeper waters beneath the euphotic zone, but they are unavailable to plankton
unless they can be brought into the surface layer. Thisis accomplished by mixing processes, both tidal
and wind mixing, as well as by upwelling and estuarine circulation. Tidal mixing is most effective over
shallow areas such as the banks, in restricted passageways and around points of land. Winter storms mix
the shelf waters, bringing nutrients up from depth; however, low levels of sunlight prevent plankton from
taking advantage of this abundance. Plankton productivity is greatest during the spring and summer, with
the increased sunlight and the stratification of the water column. The stratification results from runoff
(both rain and river runoff) and solar heating.

The main nutrients include nitrogen (nitrate NOs), phosphorus (phosphate PO,), silica (silicate SIO,) and
ammonia (NH,), as well as carbon from carbon dioxide (CO,). Plankton also require small amounts of
trace elements such asiron (Fe) and zinc (Zn). Nitrogen is used by plankton to synthesize protein and
phosphorusis required to convert sunlight and for cellular growth. Reduced amounts of nitrogen and
phosphorus in marine waters often limit marine plant growth. Nitrate supply is believed to limit plankton
production in British Columbia coastal waters. Plankton such as diatoms require silica as part of their
structure. Concentrations of dissolved silicaare generally high on continental shelves with significant
runoff. The reaction pathways of the main nutrientsin the ocean are often complex and have been, and
continue to be, the subject of extensive research (Parsons 1965; Parsons et al.1984; Fisheries and Oceans
Canada 2003, Internet site; University of British Columbia 2006, Internet site).

The shelf waters of the British Columbia central coast have been termed coastal waters based on the
nutrient supply and utilization (Whitney et al. 1998). These waters are characterized by relatively high
levels of silica, apparently from the solution of terrestrial-derived silicate material. Nutrient levelsin the
coastal waters of the central shelf region decline to an annual low during summer because of nutrient
uptake by the plankton. The near-surface layer is particularly depleted, resulting in a nutrient maximum at
about 50-m depth. Surface nutrient enhancement, with resulting increases in plankton levels, occursin
areas of summer upwelling (Freeland and Denman 1982), strong tidal mixing and river runoff.
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Nutrients enter the Kitimat inlet system through river runoff and through intrusions of oceanic water from
Hecate Strait. Macdonald et al. (1983b) measured the dissolved nutrients, phosphate, nitrate and silicate,
in a series of four cruisesin Douglas Channel and Kitimat Inlet between February 1977 and February
1979. Kitimat River water, observed in the surface layer in the summer (see Figure F-2) is characterized
by high silicate concentrations (30 to 40 mmol/m®), and low phosphates and nitrates. These characteristics
were well defined in the surface layer in Kitimat and Kildala Arms during the summer. Below the
pycnocline a silicate minimum is accompanied by oxygen super-saturation, as aresult of phytoplankton
growth. The surface layer takes on more oceanic characteristics by the entrance to Douglas Channel at
Wright Sound, where the near-surface silicate enrichment was no longer evident (see Figure F-3).
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Figure F-3 Vertical Profile of Water Properties at Station 6 (Douglas Channel
entrance), June 1978
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The highest nutrient concentrations (phosphate 2.4, silicate 54, nitrate 29.7 mmol/m®) were found in
June 1978 at depth inside the Gil Basin sill, as aresult of the deepwater renewal process underway at the
time.

During the fall and winter cruises, less upper-layer nitrate depletion was found because of reduced
phytoplankton growth; in the winter, reduced surface-layer silicate in the upper reaches of theinlet
occurred because of the lower river flow. Evidence also suggested the intrusion of low-silicate mid-depth
Hecate Strait water (50 to 150 m) in response to outflow winds driving surface waters out of the inlet.

F.3.2 pH and Turbidity

The pH value is a measure of the acidity of the water. Pure water at pH 7 is neutral, whereas lower
numbers are acidic and higher are basic. Seawater is dightly basic, with apH of 7.8 to 8.3. The pH value
varies with DO and with CO,. CO, acts as a buffer: adding acid to the water produces CO,; adding CO, to
the water increases acidity (Sverdrup et al. 1942). When the upper euphotic zoneislow in CO, because
of plant use, pH values are high.

Within the inlets and fjords, surface pH is usually high, except in the presence of low pH (acidic) runoff.
Freshwater discharge, particularly in areas affected by acid rain, can reduce pH values. Many of the
streams sampled on the British Columbia central coast during 1982 to 1983 were acidic (Sullivan et a.
1985), having low pH values (e.g., 6 to 6.5 near RiversInlet). Vauesfor pH would tend to be low in deep
waters, particularly if the water islow in DO because of poor flushing or the buildup of organic debris.
For example, in a stagnant deep-water Norwegian fjord, where H,S was present, pH levels were aslow as
7.0 (Strom 1936). No direct measurements are available of pH levelsin the Kitimat system.

Turbidity is ameasure of the cloudiness or opacity of water caused by suspended particles and dissolved
material. Turbidity levels within the fjords are generaly higher in summer because of suspended particles
in the freshwater input, sometimes called rock flour. Most of the particulates are resistant to dissolving
and do little to alter the water chemistry. For high-runoff fjords, a secchi-disk, used to quantify water
clarity, may be visible only within the first 10 to 30 cm (Pickard 1961). Plankton and brownish humic
acid runoff also decrease water clarity. For aeria photographs of the Bish Creek region of Kitimat Inlet in
1947 and 1963, see Figures F-4 and F-5. The two images illustrate the considerable variability that occurs
in the surface opacity.

For photosynthetic plankton, turbidity reduces the depth of the euphotic zone and requires mixing of
nutrients above the halocline. Whether natural (rock flour), or anthropogenic (e.g., logging debris), turbid
waters result in reduced primary productivity. Turbidity levels tend to decrease toward the mouths of
inlets. Often turbidity levelsincreasein the last 50 to 100 m of the water column above the inlet bottom.
High near-bottom turbidity is thought to be due to turbidity currents and landslides or avalanches.
Turbidity plumes have been observed in Moses and Rivers Inlets. Avalanches and landslides, asin

Dean Channel, often scar the steep sides of the inlets. Highly turbid waters can be detrimental to filter
feeders (e.g., shellfish) causing them to silt up, and turbidity currents from underwater mudslides would
be harmful to any benthic creaturesin their path.
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The highest nutrient concentrations (phosphate 2.4, silicate 54, nitrate 29.7 mmol/m®) were found in
June 1978 at depth inside the Gil Basin sill, as aresult of the deepwater renewal process underway at the
time.

During the fall and winter cruises, less upper-layer nitrate depletion was found because of reduced
phytoplankton growth; in the winter, reduced surface-layer silicate in the upper reaches of theinlet
occurred because of the lower river flow. Evidence also suggested the intrusion of low-silicate mid-depth
Hecate Strait water (50 to 150 m) in response to outflow winds driving surface waters out of the inlet.

F.3.2 pH and Turbidity

The pH value is a measure of the acidity of the water. Pure water at pH 7 is neutral, whereas lower
numbers are acidic and higher are basic. Seawater is dightly basic, with apH of 7.8 to 8.3. The pH value
varies with DO and with CO,. CO, acts as a buffer: adding acid to the water produces CO,; adding CO, to
the water increases acidity (Sverdrup et al. 1942). When the upper euphotic zoneislow in CO, because
of plant use, pH values are high.

Within the inlets and fjords, surface pH is usually high, except in the presence of low pH (acidic) runoff.
Freshwater discharge, particularly in areas affected by acid rain, can reduce pH values. Many of the
streams sampled on the British Columbia central coast during 1982 to 1983 were acidic (Sullivan et a.
1985), having low pH values (e.g., 6 to 6.5 near RiversInlet). Vauesfor pH would tend to be low in deep
waters, particularly if the water islow in DO because of poor flushing or the buildup of organic debris.
For example, in a stagnant deep-water Norwegian fjord, where H,S was present, pH levels were aslow as
7.0 (Strom 1936). No direct measurements are available of pH levelsin the Kitimat system.

Turbidity is ameasure of the cloudiness or opacity of water caused by suspended particles and dissolved
material. Turbidity levels within the fjords are generaly higher in summer because of suspended particles
in the freshwater input, sometimes called rock flour. Most of the particulates are resistant to dissolving
and do little to alter the water chemistry. For high-runoff fjords, a secchi-disk, used to quantify water
clarity, may be visible only within the first 10 to 30 cm (Pickard 1961). Plankton and brownish humic
acid runoff also decrease water clarity. For aeria photographs of the Bish Creek region of Kitimat Inlet in
1947 and 1963, see Figures F-4 and F-5. The two images illustrate the considerable variability that occurs
in the surface opacity.

For photosynthetic plankton, turbidity reduces the depth of the euphotic zone and requires mixing of
nutrients above the halocline. Whether natural (rock flour), or anthropogenic (e.g., logging debris), turbid
waters result in reduced primary productivity. Turbidity levels tend to decrease toward the mouths of
inlets. Often turbidity levelsincreasein the last 50 to 100 m of the water column above the inlet bottom.
High near-bottom turbidity is thought to be due to turbidity currents and landslides or avalanches.
Turbidity plumes have been observed in Moses and Rivers Inlets. Avalanches and landslides, asin

Dean Channel, often scar the steep sides of the inlets. Highly turbid waters can be detrimental to filter
feeders (e.g., shellfish) causing them to silt up, and turbidity currents from underwater mudslides would
be harmful to any benthic creaturesin their path.

2010 Page F-9



Marine Physical Environment
Technical Data Report
Appendix F: Other Water Properties

ASL Environmental

q o
L

)

i

‘

[t Oy

Figure F-4 Aerial Photograph of the Bish Creek Area, 1947
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Figure F-5 Aerial Photograph of the Bish Creek Area, 1963
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G.1 Introduction

G.11 Objectives

The purpose of this document is to describe physical oceanographic measurements made to support the
environmental assessment for the Project. Oceanographic measurements were undertaken for the Project
spanning a four-month period from September 2005 to January 2006. This appendix presents the results
of the measurement program, including:

e subsurface currents

e waves

o water levels

o CTD profiles (conductivity, temperature and depth)

New data are compared with historical knowledge in Appendices B through D.

G.2 Methods

G.2.1 Confined Channel Assessment Area for Field Surveys

In September 2005, a series of nine current meters was deployed at four locationsin the CCAA. These
instruments continuously collected measurement data until January 2006, when eight of the nine
instruments were recovered. The ninth instrument was recovered later and contained data to November 6,
2005. In January 2006, one of the current meters was redeployed in the immediate vicinity of the
proposed marine terminal . During the September 2005 and January 2006 oceanographic cruisesin the
area, profiles of temperature and salinity values (CTD measurements) were made at 15 locations within
the CCAA.

G.2.2 Data Gathering Methods and Instruments

Acoustic Doppler Current Meters

Nine acoustic Doppler current meters were deployed at the four locationsin the CCAA (see Table G-1
and Attachment G1).
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Table G-1 Locations, Deployment Times and Water Depths for Each Current
Measurement Site
Water Recovery
Deployment Depth to Time Instrument Depth or
Site Area Time Date Lat, Long Sea Floor Date Depth Range
(PDT) (WGS84) (m) (PDT)

1 Kitimat 14 Sept 2005 | 53 56.468 179 17 Jan 1. ADCP 300 kHz:
Arm, 10:02 128 42.461 2006 9-97m @ 2m bins.
Offshore 10:40 Battery dead at recovery.
of Bish Last good data 01 Jan
Creek 2006.

Terminal 2. Single Level CM:
165m + WL

2 Douglas 13 Sept 2005 | 53 30.574 380 15 Jan 3. ADCP 300 kHz:
Channel 16:00 129 12.150 2006 7-57m @ 2m bins

16:02 (upward looking)
4. ADCP 300 kHz: 67-
151m @ 2m bins
(downward looking)
5. Single Level CM:
212m + WL
6. Single Level CM:
312m + WL

3 Principe 12 Sept 2005 | 53 33.772 135 06 Nov 7. 300 kHz ADCP:
Channel 10:15 130 11.834 2005 10-80m @ 2m bins

20:00 (upward looking); broke
free of mooring on 06
Nov 2005.
8. Single Level CM:
W 123m + V\/_L,_direction
2006 data on this instrument
was adjusted to align
15115 with channel.

4 West 12 Sept 2005 | 53 50.235 34 12 Jan 9. ADCP 600 kHz:
Approach | 17:30 129 32.555 2006 10-33m @ 1m bins
to 5 12:40 With directional wave
Caamario measurements.
Sound, .
Yates Acoustic release on pop-
Shoal up canister was not
(Aranzazu recovered.
Banks)

NOTES:

CM = current meter

PDT = Pacific Daylight Time

WL = Water Level Measurement
WGS84 = World Geodetic System 1984
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Of the nine instruments, five were ADCPs. Four of these ADCPs were 300-kHz instruments operated on
taut line mooring systems in the water column. At Site 4, in the west approach to Caamafio Sound, a
600-kHz instrument ADCP was operated from a bottom frame to allow the measurement of directional
waves as well as ocean current profiles. At Site 3 (in Principe Channel), the 300-kHz ADCP contained
valid datato November 6, 2005, at which time it broke free of its mooring. The Site 3 ADCP was
recovered later washed up on a beach. The ADCPs also measure water temperature and acoustic
backscatter return values as well asinternal instrument functional parameters. The 600-kHz ADCP
operated at Site 4 also measured pressure which was used to compute water levels.

The four other Doppler current meters were current meters that use the Doppler measurement principle to
measure ocean currents at asingle level. These current meters also measured pressure (for water-level
computations) as well as temperature and internal parameters. The Site 3 Aquadopp meter exhibited some
problems with the current direction measurements and post-processing corrections were applied to the
data set.

For the detailed |ocation maps for each ocean current measurement site, see Figures G-1 through G-4.
Nearby sites where current measurements were made in the past are also shown to facilitate comparisons
with the historical data previoudly discussed in Appendices B through D.
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NOTE: Also shown is the location of a current meter mooring “Kit” operated in this area in the summer
and fall of 1977.

Figure G-1 Location of the GEM Marine Current Meter Mooring CM1 at Site 1
in Kitimat Arm
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NOTE:  Also shown is the location of a current meter mooring “C2” operated in this area in 1977-1978.

Figure G-2 Location of the GEM Marine Current Meter Mooring CM2 at Site 2
in Douglas Channel
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Figure G-3 Location of the GEM Marine Current Meter Mooring CM3 at Site 3
in Principe Channel
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Figure G-4 Location of the GEM Marine Current Mooring CM4 at Site 4 in
Caamafio Sound

CTD Profile Measurements in September 2005 and January 2006

During the deployment cruise in September 2005 and again in January 2006, as part of the recovery
cruise, CTD profile data were obtained at 15 locations within the study area. For the location coordinates,
times and dates of the CTD data collected in September 2005, see Table G-2 and, for the data collected in
January 2006, see Table G-3.

All CTD datawere collected with an Applied Microsystems STD12+ CTD instrument (sn 736).
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Table G-2 CTD Stations Occupied in September 2005
Water Depth/
Deepest CTD CTD File Map
Area Comments Time Date Lat, Long Measurement Name 1D
(PDT) (WGS84) (m)
Principe Near CM Site 3 12 Sept 05 53 33.781 188/160 Site3.xls C3
Chan 10:30 130 12.05
Caamafio Near Dobrocky #08 12 Sept 05 52 53.144 271/250 Caamaiio.xls | Caam
Sound 18:45 129 24.373
Douglas Near CM Site 2; near 13 Sept 05 53 30.108 370/360 Site2.xls Cc2
Chan Dobrocky #28 13:25 129 12.586
Douglas Between CM Sites 1&2; | 13 Sept 05 5342.73 394/375 Ctd100.xIs C100
Chan off Maitland Is, near 17:45 129 5.27
Dobrocky #26; wire
angle ~25°

Douglas same as Dobrocky #25, | 13 Sept 05 53 49.25 335/320 Ctd101.xIs D25
Chan off Nanakwa Shoal 18:15 128 49.359
Douglas Near Kitimat 14 Sept 05 53 56.25 210/200 Dobkit.xls Kit
Chan 08:30 128 41.71
Douglas Dobrocky #27 15 Sept 05 53 38.18 360/340 Dob27.xls D27
Chan 08:30 129 11.69
Wright Dobrocky #01 15 Sept 05 53 23.85 415/400 Dob01.xls D01
Sound 11:00 129 11.90
Squally Dobrocky #06 15 Sept 05 53 13.2 510/450 Dob06.xls D06
Chan 14:30 129 25.2
Nepean Dobrocky #07 16 Sept 05 5311.2 180/170 Dob07.xls D07
Sound 10:00 129 39.0
Principe Southern End of 16 Sept 05 5321.8 188/180 Princ_A.xls P_A
Chan A Principe Channel 11:30 129 49.6
Principe Middle of Principe 16 Sept 05 53 31.0 204/185 Princ_B.xls P_B
Chan B Channel 13:00 130 4.6
Principe Northern End of 16 Sept 05 53 39.2 140/130 Princ_C.xls P _C
Chan C Principe Channel 15:30 130 26.8
Squally Dobrocky #10 15 Sept’'05 5306.3 650/450 Dob10.xls D10
Chan 16:00 129 21.6
Campania | Dobrocky #09 15 Sept 05 5301.8 390/370 Dob09.xls D09
Sound 17:00 129 16.4
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Table G-3 CTD Stations Occupied in January 2006
Water Depth/
Deepest CTD
Area Comments Time Date Lat, Long Measurement CTD File Name | Map ID
(PST) (WGS84) (m)

Principe Near CM Site 3 13 Jan 06 53 33.781 150/140 Site3.xls C3
Chan 14:40 130 12.05
Caamafio Near Dobrocky #08 12 Jan 06 52 53.144 255/255 CamanoSD.xls Caam
Sound 15:35 129 24.373
Douglas Near CM Site 2; near | 15 Jan 06 53 30.108 390/360 Site2.xIs & Cc2
Chan Dobrocky #28, Did 2 | 11:05 129 12.586 Site2B.xls

casts at this site
Douglas Between CM Sites 15 Jan 06 5342.73 390/375 C100.xls C100
Chan 1&2; off Maitland Is, 14:10 129 5.27

near Dobrocky #26
Douglas same as Dobrocky 17 Jan 06 53 49.25 340/320 D25.xls D25
Chan #25, off Nanakwa 14:00 128 49.359

Shoal
Douglas Near Kitimat 17 Jan 06 53 56.25 210/200 Sitel.xls Kit
Chan 12:42 128 41.71
Douglas Dobrocky #27 15 Jan 06 53 38.18 370/350 D27.xls D27
Chan 13:16 129 11.69
Wright Dobrocky #01 15 Jan 06 53 23.85 440/410 D01.xls D01
Sound 09:55 129 11.90
Squally Dobrocky #06 14 Jan 06 53 13.2 550/443 D06.xls D06
Chan 18:35 129 25.2
Nepean Dobrocky #07 14 Jan 06 5311.2 200/190 D07.xls D07
Sound 17:25 129 39.0
Principe Southern End of 14 Jan 06 5321.8 190/180 Princ_A.xls P_A
Chan A Principe Channel 11:30 129 49.6
Principe Middle of Principe 14 Jan 06 53 31.0 204/190 Princ_B.xls P_B
Chan B Channel 14:20 130 4.6
Principe Northern End of 13 Jan 06 53 39.2 140/140 Princ_C.xls P_C
Chan C Principe Channel 16:40 130 26.8
Squally Dobrocky #10 13 Jan 06 53 06.3 650/450 D10.xls D10
Chan 08:45 129 21.6
Campania | Dobrocky #09 12 Jan 06 5301.8 360/360 D09.xIs D09
Sound 17:30 129 16.4
NOTES:
CM = current meter
PDT = Pacific Daylight Time
WL = Water Level Measurement
WGS84 = World Geodetic System 1984
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G.3 Results of GEM Marine Data Collection, September 2005 to
January 2006

G.3.1 Subsurface Current Meter Data Sets

Statistical Summaries

In this section, the current statistics are given by depth for four instrumented sitesin the CCAA. For the
current meter measurements, see Attachment G2. The measurements have been classified as near-surface
(depths of 5 to 20 m), halocline depths (between 20 and 75 m), mid- to near-bottom (Kitimat Arm and
Principe Channel, depths between 75 and 200 m), and deep water (Douglas Channel where water depths
exceed 200 m). The overall speeds and vector average magnitudes are described. Summary statistical
results are presented below.

Maximum speeds at the near-surface levels in Caamario Sound, Douglas Channel and Principe Channel
were 92, 106 and 111 cmy/s, respectively (see Table G-4). The maximum current speedsin Kitimat Arm
are notably lower at 51 cm/s. Near-surface mean speeds in the study area are only 8 cm/sin Kitimat Arm,
but considerably larger (between 16 and 39 crm/s) in Caamaiio Sound, Douglas Channel and Principe
Channel. The current speedsin Kitimat Arm, Douglas Channel and Caamafio Sound exhibit a marked
reduction with depth, with the mean current speeds in the halocline layer reduced by afactor of two from
near-surface levels (see Table G-4 and Figure G-5). Current speeds are generally reduced further at water
depths below 75 m. However, in Principe Channel the mean currents are more uniform with depth. Also
the maximum current speed measured at all sites and depths was 113 crm/s in Principe Channel at 80-m
depth.

In the near-surface layer the vector average magnitude (net flow speed considered over the measurement
period) was typically about 4 to 9 cm/s, reading 12 cm/s at both the shallowest measurement level (7 m)
in Douglas Channel and 10 m in Principe Channel. However, in the Kitimat Arm, the net near-surface
flow was much smaller at 0.5 to 1.6 crm/s. The overall pattern in net current direction is one of seaward
movement at the surface and inland movement at depth as indicated by the Douglas Channel vector-
averaged speeds. Thisis consistent with an estuarine circulation where lower salinity waters move
seaward at surface, with a compensatory landward movement of more saline oceanic water at depth.
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Table G-4 Current Speed Statistics and Vector Average Currents by Site for
Near-surface (<20 m), Halocline (20-75 m), Mid-depth (75-200 m)
and Deep (>200 m) Measurement Locations

Speed Vector Average
(cml/s)
Site Depth Min. Mean Max. Mag. Dir. SD
(cml/s) (cml/s)
Near-surface (depth <20 m)
Site 1 9 0.0 7.5 50.8 1.6 194.8 9.7
Kitimat 15 0.0 53 39.9 05 206.0 6.9
Site 2 7 0.1 24.5 106.3 12.0 173.4 27.8
Douglas 15 0.0 16.2 69.8 3.6 165.8 19.2
Site 3 10 0.1 38.7 110.7 11.8 301.5 43.3
Principe
Site 4 6 0.3 26.0 91.5 5.8 334.9 28.7
Caamarfio 10 0.2 25.9 84.1 8.7 335.9 27.8
19 0.1 21.8 69.9 5.8 337.1 23.9
Halocline (depth: 20-75 m)
Site 1 Kitimat 41 0.0 3.4 24.3 0.4 190.5 4.2
Site 2 41 0.1 12.6 57.3 8.0 4.7 12.9
Douglas 67 0.1 10.2 42.7 6.8 339.6 10.0
Site 3 20 0.3 36.4 98.0 0.2 41.5 42.1
Principe 40 0.3 36.1 96.6 165 118.0 38.6
Site 4 33 0.1 13.1 43.6 4.0 321.8 14.5
Caamafio
Mid-depth (75 m <depth <200 m)
Site 1 81 0.0 2.9 13.1 0.2 210.4 3.4
Kitimat 165 0.0 3.4 14.4 0.9 175.8 3.9
Site 2 91 0.1 9.0 32.6 3.7 326.1 9.9
Douglas 121 0.0 8.1 33.2 15 313.2 9.5
151 0.0 8.4 31.8 1.0 301.2 9.9
Site 3 80 0.3 31.9 113.3 8.8 111.6 37.8
Principe 125 0.1 253 109.4 2.0 86.3 313
Deep (depth >200 m)
Site 2 250 0.0 8.9 24.8 1.2 166.5 9.8
Douglas 350 0.0 6.4 18.0 1.0 3535 7.2
NOTE:
SD = standard deviation
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Figure G-5 Current Speed vs. Depth for Kitimat Arm (a), Douglas Channel (b),
Principe Channel (c) and Caamafo Sound (d)
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Distribution of Current Speeds and Directions

Directional distributions of currents are presented as spoke plots. Each spoke represents the percentage of
currents heading toward the indicated direction, and each spoke is segmented according to the speed
distribution within that directional segment. Also shown are the maximum and mean currents for each
directional segment.

The currentsin Kitimat Arm are small in magnitude, but they exhibit a pronounced bimodal directional
distribution consistent with the tendency for the tidal flows to be along the axis of the channel (see
Figure G-6).

Douglas Channel shows strong currents of 60 to 80 cn/s aligned along-channel, at near-surface levels and
20 to 40 cim/s at larger depths, but with a net flow to the south (see Figure G-7). The bias of the net
southerly currents at the near-surface level isvery prominent, asisthe northerly bias of the currentsin the
halocline layer at 41-m depth. The deeper measurements are considerably reduced in magnitude and show
abias toward northerly flows.

Thedirectional distribution of currentsin the banks at the approaches to Caamario Sound is less bimodal
in character, although few flows are directed toward the southeasterly quadrant (see Figure G-8). The
most common current direction is northeasterly or directed toward the Sound and entrance to the inland
waterway. However, the vector average or net flow direction is toward the northwest.

The currents measured in Principe Channel align northwest-southeast along the axis of the channel (see
Figure G-9). The preferential flow to the northwest at 10-m depth, switching to southeast at 40 and 80-m
depths, is consistent with an estuarine circulation with fresher surface waters flowing out to the northwest
and more saline water returning near bottom. The single-point current meter at 125-m depth shows a more
evenly split northwest-southeast flow that appears to be somewhat inconsistent with the deeper ADCP
direction distributions, even considering only the shorter section of the 125-m record up to November 6
when the ADCP broke free of its mooring.

Variability of Currents by Frequency Band and Tidal Analysis

Thedistribution of variance in the major current component is presented in the following results. The
currents were digitally filtered to compute time series for low frequencies (less than 1 cycle per day), high
frequencies (greater than 2 cycles per day) and band passed (1 to 2 cycles per day; mainly tidal). The
band-passed currents were then analyzed by using Foreman's (1978) tidal analysis and prediction
programs and subtracting the predicted tida currents from the original band-passed currents to separate
the tidal and non-tidal contributions. The low-frequency band that had contributions on time scales
exceeding aday were likely due primarily to wind forcing, though density-driven effects might be
included in this band. Energy in the high-frequency band is likely related to internal waves and seiches.
For the energy (variance) breakdown for Kitimat Arm, Douglas Channel, Principe Channel, see

Figure G-10 and Aranzazu Banks at the entrance to Caamarfio Sound.
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Figure G-10 Speed of Current Variance Distribution among High-Frequency,
Astronomical Tides, Detided, and Low-Frequency Bins for Site 1
(Kitimat Arm), Site 2 (Douglas Channel), Site 3 (Principe Channel)
and Site 4 (Caamafio Sound)

Note the very low levels of variance in Kitimat Arm (Site 1) compared with the other stations. The
Kitimat Arm data also show arelatively large amount of detided variance.

In Douglas Channel, the winds result in large amounts of low-frequency variance, which islarger than the
variance of the astronomical tidal currents at near-surface levels. The large current speedsin Principe
Channel required plotting on a scale twice as large as at the other sites. The currents at al levelsin
Principe Channel are dominated by the tides. The Caamario Sound measurements show that the currents
on the shallow banks are also dominated by the astronomical tides.
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G.3.2 Response of Currents to Tidal Forcing

Astronomical and Internal Tidal Currents

Tida currents driven by astronomical forces are uniform with depth in the absence of frictional or other
physical mechanisms. In the presence of density gradients within the water column, internal tidal currents
can develop. Internal tidal currents are characterized by large depth-dependent variationsin the tidal
current amplitudes and phases as well as marked changes in amplitude and phase at a single measurement
level. The effect of internal modes of tidal currents can be seen as changesin thefitted tidal constituents
aswell as significant residual variance or energy in the semi-diurnal to diurnal band-passed currents.
From the variance distribution plots of Figure G-10, the detided current variances and changesin tidal
current variances indicate that internal tides occur in Kitimat Arm and Douglas Channel, especially in the
upper layer, and to alesser degree in Caamario Sound and Principe Channel.

For the tidal stream constituents for 125-m depth in Principe Channel, see Table G-5. As at the other sites
in the study area, the M2 is the dominant constituent. To further examine internal tides, a tabulation of the
tidal analysis of the measured current meter data was prepared for the largest tidal constituent (M2) for
values of magnitude, phase, sense of rotation and a parameter that will be denoted as R (see Table G-6).
The parameter R isthe ratio of the magnitude of the minor (cross-channel) to major (along-channel)
current components for the M2 tidal current. At many sites, the amplitude and phases of the M2 tidal
constituent exhibit largely changes with depth. Large amplitude and phase changes are noticeable in
Kitimat Arm and Douglas Channel, especially in the upper 50 m of the water column.

The minor component of the tidal currentsin Kitimat Arm, Douglas Channel and Principe Channel is
very small, asindicated by very low values (less than 0.1) of R, consistent with flows primarily along the
channel axis and very small cross-channel flows. Much larger values of R of 0.1 t0 0.24 are evident in
Caamariio Sound where local bathymetry provides much lessin the way of constraints to current flow
directions.

G.3.3 Water Levels and Tidal Heights Results

For the statistics of tidal heights, with respect to mean sealevel, for Sites 1 through 4, see Table G-7.
Thesetidal height statistics do not include corrections for variationsin atmospheric pressure over the
deployment. Thetida ranges at Site 1 in Kitimat Arm are about 6.0 m from maximum to minimum and
only 4.4 m from the 5% exceedance level to the 95% exceedance level. At Site 2 in Douglas channel, the
tidal rangeissimilar at 4.3 m at the 95% exceedance level (6.2 m max-min). At Site 3in Principe
Channel, the tidal range is 5.8 m at the 95% exceedance level (8.4 m max-min). At Site 4in the
approaches, the tidal range is 3.8 m at the 95% exceedance level (5.5 m max-min).
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Table G-5 Tidal Stream Constituents for 125-m Depth in Principe —
September 12, 2005 — January 13, 2006

NAME SPEED MAJOR MINOR

2 MM 0.001512 0.066 0

3 MSF 0.002822 0.059 -0.002

4 ALP1 0.034397 0.355 0.003

5201 0.035706 0.216 -0.022

6 Q1 0.037219 0.157 0.047

701 0.038731 2.263 -0.21

8 NO1 0.040269 0.511 -0.072

9 P1 0.041553 1.103 0.142
10 K1 0.041781 4.428 -0.435
1171 0.043293 0.873 0.112
12 001 0.044831 0.429 0.257
13 UPS1 0.046343 0.171 0.019
14 EPS2 0.076177 1.001 -0.063
15 MU2 0.077689 4.493 -0.108
16 N2 0.078999 7.395 0.587
17 M2 0.080511 32.975 -0.695
18 L2 0.082024 2.17 -0.383
19 S2 0.083333 14.811 -0.317
20 K2 0.083561 3.001 -0.218
21 ETA2 0.085074 0.95 0.115
22 MO3 0.119242 0.381 0.253
23 M3 0.120767 0.753 -0.141
24 MK3 0.122292 1.19 0.101
25 SK3 0.125114 0.829 -0.041
26 MN4 0.159511 1.005 -0.26
27 M4 0.161023 1.499 -0.322
28 SN4 0.162333 0.238 -0.008
29 MS4 0.163845 1.559 -0.417
30 S4 0.166667 0.345 0.143
31 2MK5 0.202804 0.29 -0.017
32 2SK5 0.208447 0.111 0.054
33 2MN6 0.240022 0.178 -0.02
34 M6 0.241534 0.137 -0.08
35 2MS6 0.244356 0.191 -0.023
36 2SM6 0.247178 0.072 -0.016
37 3MK7 0.283315 0.021 -0.003
38 M8 0.322046 0.013 0.001
39 M10 0.402557 0.01 -0.002
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Table G-6 Summary of the M2 Tidal Stream Constituent by Site, Time and
Depth
Site Time Depth M2 Major | M2 Minor | R (min/maj) | Rotation Dir Phase
(m)
Site 1 Sept-Jan 9 5.0 -0.11 -0.02 cw 214.9
15 24 -0.04 -0.02 cw 257.3
41 0.6 0.03 0.05 ccw 218.0
81 1.6 0.06 0.04 ccw 129.8
158 2.0 -0.09 -0.05 cw 133.9
Site 2 Sept-Jan 7 13.1 0.72 0.06 ccw 183.3
Sept-Jan 15 15.6 -0.66 -0.04 cw 185.9
Sept-Jan 41 12.3 -0.61 -0.05 cw 197.9
Sept-Jan 67 9.9 -0.09 -0.01 cw 193.0
Sept-Jan 91 9.6 -0.29 -0.03 cw 190.5
Sept-Jan 121 8.6 0.15 0.02 ccw 181.0
Sept-Jan 151 9.3 -0.27 -0.03 cw 174.8
Sept-Nov 250 9.8 -0.61 -0.06 cw 175.6
Sept-Jan 350 8.0 -0.31 -0.04 cw 170.2
Site 3 Sept-Nov 10 47.6 -2.25 -0.05 cw 158.8
Sept-Nov 20 49.2 -0.86 -0.02 cw 342.2
Sept-Nov 40 445 -1.67 -0.04 cw 349.3
Sept-Nov 80 41.0 0.26 0.01 ccw 354.3
Sept-Jan 125 33.0 -0.69 -0.02 ccw 359.3
Site 4 Sept-Jan 6 23.2 -5.58 -0.24 cw 172.7
10 22.7 -4.18 -0.18 cw 328.8
19 225 -3.56 -0.16 cw 165.3
33 15.0 -1.72 -0.11 cw 148.1
Table G-7 Summary of the Water Levels by Site and Depth
Total
(m) Min 1% 5% 25% | 50% | Mean | 75% | 95% | 99% Std Max | Valid | Number
Sitel | -3.10 | -2.79 | -2.27 | -1.02 | 0.03 | 0.00 1.07 | 208 | 253 | 1.33 | 2.85 | 18003 | 18003
AQD
Site2 | -3.05 | -2.74 | -2.23 | -1.03 | 0.04 | 0.00 1.06 | 207 | 251 | 1.32 | 3.15 | 17838 | 18223
ADCP
Site3 | -4.48 | -3.82 | -3.05 | -1.37 | 0.07 0.00 1.42 274 | 3.38 1.78 | 3.94 | 17741 | 17741
AQD
Site4 | -2.93 | -255 | -2.03 | -0.88 | 0.07 | 0.00 | 0.93 | 1.80 | 2.22 | 1.18 | 2.53 | 17541 | 17541
ADCP
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G.34 Wave Results from Site 4 in Caamario Sound

For the directiona and non-directiona wave parameters computed from the wave spectra measured at
Site 4 in Caamafio Sound, see Figure G-11. The wave heights are highly episodic in nature, reflecting the
passage of storms at intervals of afew to several days. Several wave episodes had significant wave
heights exceeding 4 m (corresponding to maximum wave heights of 7.6 m), while the largest wave event
on January 5, 2006 had a peak significant wave height of 6.3 m (peak period T,= 18 s and peak direction
D, = 153°) corresponding to a maximum wave height of 11.7 m. The most common wave directions were
from the south to southwest. Waves generated from the south and southeast sectors have the maximum
fetch over which to develop and may then undergo refraction to arrive from the south to southwest.

For the minimum, mean, median and maximum significant wave height (Hs), peak period (T;) and peak
direction (D), see Table G-8. The significant wave height versus peak period shows how the largest
waves (Hs greater than 4 m) had typical peak periods between 10 and 20 s (see Figure G-12). In the
middle pandl, Figure G-12 illustrates the significant wave height versus peak direction. It shows that the
most common wave direction is from 200° to 250°, with a smaller but important number of events
originating from 135° to 200°, including the two largest wave heights measured. The latter group of waves
arrive from the south to southeast, apparently travelling along the coastline. The scatter plot of peak
period versus peak direction (bottom panel) indicates that waves arriving from the southeast represent a
full range of wave periods and are not limited to higher-frequency, shorter-wavelength waves that are less
likely to be refracted by the local bathymetry.
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Table G-8 Significant Wave Height, Peak Period and Peak Direction
Statistics at Site 4
Hs Tp Dp
(m) (s) (deg true)
Min 0.3 3.0 5.0
Mean 1.7 10.0 212.3
Median 1.5 9.8 216.0
Max 6.3 25.6 356.0

For the non-directional and directional spectra from three wave events, see Figure G-13. The non-
directional spectraindicate the energy distribution with frequency as measured by the pressure sensor

(red curve), the velocity sensor (green curve) and the surface tracking (blue curve). Generally, the three
sensors have good agreement, although occasionally the vel ocity-derived significant wave heights will
give marginally smaller results. Because of the optimization of the instrument for use with this sensor, the
vel ocity-derived results have been used as the primary sensor source for wave parameters.

Asin most of the large wave events, the low-frequency contribution was important. Taking the largest
event from January 5, 2006 as an example, the Bonillalsland winds (see Figure G-15) exceeded 10 m/s
around 01:00. The peak period was already about 11 seconds, even though thisisthe period that might be
expected for afully developed sea (the winds had been under 10 m/s for over 18 hours leading up to this
event). These long periods indicate that part of the contribution at the long frequencies was due to the
arrival of these large waves from greater distances than Hecate Strait. The winds peaked at 20 m/s around
06:00, but remained above 13 m/s until about 22:00. Within about 24 hours, the winds were back under
10 m/s. The maximum significant wave height of 6.3 m and 18.2-second peak period at 16:00 PDT
(15:00 PST) are similar to that which might be expected for afully developed sea. The point of this
example, however, isto show that even on days where the local seas are calm, swell activity — known as
forerunner waves — may occur because of the propagation of waves from a distant storm in the northeast
Pacific Ocean.
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Figure G-12

Caamafno Sound (a) Significant Wave Height (Hs) versus Peak
Period (T,) (b) Hs versus Peak Direction (Dp) (c) T, versus D,
(180° = Waves from the South)
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Figure G-13 Non-directional Spectrum and Directional Spectrum (Upper) from
04:00 PDT November 25, 2005 (Middle) 10:00 PDT December 21,
2005 (Lower) 16:00 PDT January 5, 2006, in Caamafo Sound

The upper panel in Figure G-14 shows a case where the dominant waves are the swell; however, the
overal significant wave height is only about half a meter. The sawtooth nature of the peak period for this
September 16 period (see Figure G-11) also indicates the possibility of forerunnersin the study area as
the first wavesin aforerunner event to arrive in an areawill be the longest wavelengths and will have the
lowest frequencies.
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The November 25, 2006 directional spectrum in Figure G-13 shows a strong directionality in the waves,
with most of the waves arriving from the southwest. The December 21 directional spectrum indicates less
directionality with some waves arriving from the southwest and southeast. In this second example, the
higher-frequency waves arriving from the southwest also become apparent. In the January 5, 2006 event
(seelower panel of Figure G-13), waves are observed coming from two narrow regionsin the southwest
and southeast. Winds Jan 4-5 were initialy from the southeast and then strengthened from the south

(see Figure G-15 Bonillalsland winds Jan 4-6).

On September 16, the wave spectrum (see Figure G-14, upper panel) is used to derive a significant wave
height of just 0.5 m made up of swell waves with periods aslong as 25 saswell as small local seawaves.
The swell waves originate from the south and the local waves are from the west to northwest. In the lower
panel of Figure G-14, areasonably well-defined wave event with Hsof 2.8 m (T,=7.5 s) is shown. The
long-frequency, swell-wave contributions are absent, but the directional spectra till show waves arriving
primarily from the southwest and south-southeast as five or six discrete wave directional spectral peaks.
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Figure G-14 Non-directional Spectrum and Directional Spectrum from (Upper)
08:30 PDT September 16, 2005 and (Lower) 14:30 PDT November
8, 2005, Caamaiio Sound

Page G-28 2010



Technical Data Report NS .
Appendix G: GEM Oceanography Program, September 2005 to January 2006 = Sclences

Marine Physical Environment EnVironmental

WindDir (deg)

25

20

15 —

10 —~

WindSpeed (m/s)

o
[

Julian Days

Experiment: Site : Envronment Canada Station - BONILLA ISLAND (AUT) BRITISH COLUMBIA
Instrument: Date: 2006/01/04 00:00:00.00 to 2006/01/06 00:00:00.00 LST Filename: 20051201 to_2006|

Figure G-15 The Bonilla Island Winds January 4-6, 2006

G.34.1 Temperature-Salinity Distributions Derived from CTD Observations in
September and January

From atota of 15 CTD profile measurements carried out during both the September 2005 and

January 2006 scientific cruises, the temperature and salinity distributions in the CCAA are described. For
an example of atemperature and salinity profilein Kitimat Arm near the marine terminal, see

Figure G-16. In September, a very strong gradient at 7- to 8-m water depth separates the warm, low-
salinity surface water from more saline, colder water at greater depths. Smaller but pronounced vertical
gradientsin salinity occur to water depths of nearly 80 m, whereas the temperature gradients occur to
depths of about 20 m, below which the water temperatures are nearly uniform, with depth at about 7°C.
By January, the upper surface layer extends to about the same 7 to 8-m depth and is more saline and
markedly colder. The gradient beneath the surface layer is much reduced in intensity. At greater depths,
the water temperatures are up to 1°C warmer than they were in September and the salinity values are
considerably reduced by about 0.75 to 1.5 psu.
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For the distribution of temperature and salinity along the CCAA waterway from Caamaiio Sound to
Kitimat Arm, see Figure G-17. See Figure G-for the September 2005 CTD observations and the January
2006 CTD observations aong Principe Channel. Observations at standard measurement depths are
tabulated in Attachment G3.
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Figure G-16 Temperature (°C) and Salinity Profiles (psu) in Kitimat Arm
Measured on September 14, 2005 and January 17, 2006 (Depth
in m)
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Figure G-17

Temperature and Salinity Distribution through the Main CCAA

Waterway from Caamafno Sound to Kitimat Arm from CTD
Observations in September 2005 and January 2006
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The temperature and salinity distributions along the CCAA (see Figure G-17) reveal that the warm, less
saline upper layer is confined to depths less than 10 m at all locations. The upper-layer salinities are lower
at the northern end of the waterway, towards Kitimat Arm, reflecting the larger freshwater dischargesin
the more inland sections of the waterway, as discussed in Appendix C. Upper-layer temperatures exhibit
less consistent spatial variability and arein the range of 11°C to 13°C in September, decreasing sharply to
6.4°C to 7°C in January. The temperature and salinity profile values at the Caamafio Sound site exhibit
smaller vertical gradients with generally higher temperatures and higher salinitiesto 100-m depth in
September 2005 and to 40-m depth in January 2006.

Figure G-16 shows the temperature and salinity profiles measured in Kitimat Arm on September 14, 2005
and on January 17, 2006, both under calm to light winds on aflood tide. Like those profiles, the
observations at all measurement sites along the main waterway (see Figure G-17) show that the
temperatures increase at depth from September to January and the salinities are reduced and exhibit a
consistent vertical gradient. This seasona pattern of reduced salinities in the deeper waters has been
observed in the historical data (see Appendix C) in comparing late summer to winter measurements. The
changes are likely dueto the effects of vertical mixing of the water column in the fall and winter
associated with the stronger winds and somewhat reduced freshwater discharges. These activities allow
the warmer, less saline upper-layer characteristics to be mixed downwards into the main water column,
combined possibly with up-inlet flow at depth (reflected in the vector mean current direction of 278° at
165 min Kitimat Arm (see Table G-4), which advects more saline water into the inland waterways.

The temperature and salinity distributions aong Principe Channel (see Figure G-18) exhibit more
similarity to the observations at Caamario Sound than sitesin the inland sections of the study area,
reflecting the influence of the waters of northern Hecate Strait in these outer portions of the CCAA. The
seasonal trend in the deeper waters from high, relatively uniform salinitiesin September to lower salinity
that increases with depth in January is also evident in this channel asit isin the main waterway. Upper
layer salinities tend to be higher in Principe Channel because of its greater distance from large river
discharges. The along-channel salinities increase from east to west in January, perhaps indicative of the
greater freshwater influence within the main Kitimat system versus the more open waters of Hecate Strait.
In September, the salinities at depth were notably reduced by 0.5 to 1.5 psu at the Principe Channel
current-meter |ocation when compared with the waters to the east and west. This may be aremnant of
lower-salinity water from earlier in the season or from waters originating in Petrel Channel to the north.

G.34.2 Summary of Key Findings

Aswasfound in the historical data (see Appendix B), the currents are largest at the approachesand in
Douglas Channel and smallest within Kitimat Arm. Mean current speeds are 20 to 39 cnm/s at the near-
surface, except for Kitimat Arm, where mean surface speeds reach only 5 to 10 crm/s. Maximum near-
surface current speeds were near 100 cm/s in the approaches and Douglas Channel, reaching 110 cm/sin
Principe Channel. The current speeds tend to decrease with depth except in Principe Channel, where there
isless variation with depth and the maximum observed speed (for all sites) of 113 cm/s occurred.

In the inner passages of the Kitimat system, the currents tend to be aligned along the channel. The net
flow tends to be seaward movement of fresher water at the surface and inland movement of denser
seawater at depth.
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This influence from freshwater inputs, which causes stratification of the water column, as well aswind
forcing, can bejust asimportant or even more important than tidal forcing, asfound in Kitimat Arm and
Douglas Channel. Aswas found in the historical data (see Appendix C), the importance of the tidal
currents tends to increase with depth and with proximity to the open ocean.

Thelargest tidal ranges, up to 8 m for the largest tides, were measured in Principe Channel. The smallest
tidal rangesin the study area were measured in Caamafio Sound, where the maximum tidal ranges were
5.5 m. Kitimat Arm and Douglas Channel had similar tidal ranges, which were intermediate, with
maximum ranges of 6 m. The ranking and size of the tidal ranges are consistent with the historical results
described in Appendix D.

Waves were measured at Y ates Shoa on the Aranzazu Banks (Caamariio Sound Site 4). The largest wave
event had a significant wave height of 6.3 m and occurred on January 5, 2006 (T,=18 s and D,=153°).
Waves usualy arrive from the south to southwest, though an important contribution arrives from the
southeast. Waves generated from the south and southeast sectors have the maximum fetch over which to
develop and may then undergo refraction to arrive from the south to southwest. The largest waves
(significant wave height greater than 4 m) tended to have peak periods between 10 and 20 s. On
September 16, 2005, peak periods of 25.6 s were measured. Most wave events had a very low-frequency
contribution. Even on days where the local seas are calm, swell activity may have propagated from a
distant storm in the northeast Pacific Ocean in the form of forerunners.

Cruises in September 2005 and January 2006 yielded 15 CTD profile measurements from which spatial
and temporal patternsin the salinity and temperature could be obtained. The fresher and warmer surface
waters were found to be confined to depths of 10 m or less at all locations along the CCAA. Aswas found
in the historical data presented in Appendix C, the upper layer was somewhat fresher farther inland,
because of the influence of freshwater discharge in the region. Gradients in temperature and salinity are
reduced in the approaches to the Kitimat system.

Between the summer and winter cruises, the surface temperatures cooled significantly, whereas at depth
the temperature increased about a degree. Wind events through the fall allowed vertical mixing, and the
surface salinities show alarge increase concurrent with a small decrease in salinity at depth, consistent
with the historical dataexamined in Appendix C.

Salinities were found to increase a ong Principe Channel towards Browning Entrance to the west, farther
from the freshwater inputs of the Kitimat system. The September measurements indicate particularly fresh
water at the Principe Channel measurement site compared to other locations in the channel. Thisfresh
water may be due to an event that occurred earlier in the season, or it may be due to inputs from Petrel
Channel to the north. The effects of vertical mixing and cooling observed in the Kitimat waterway were
also observed in Principe Channel between the two cruises.
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Specifications for the 600 kHz ADCP

600 kHzZ INSTRUMENT

Principles of Operation:

Acoustic pulses are transmitted along four beams. Echoes are returned by scatterersin the water column.
The frequency shift of each echo is directly proportional to the component of flow along the beam axis.
Thisisthe Doppler effect. Horizontal and vertical flow components are then computed from the axial
velocities. Echo returns are time-gated to allow flow resolution into vertical bins (in this case 1.0 m).
Flow homogeneity over the four-beam footprint is assumed. Due to side |obe returns, data are usualy not
available within 6% (20° beam angle€) of the vertical distance to strong reflectors, such as the ocean
surface or sea bottom. The ADCP was upgraded to include a pressure sensor and includes the WAVES
upgrade.

Internal Sensors Accuracy Resolution
Heading +1° +0.2°
Tilt (max. 20[7) +2° +0.01°
Temperature +0.4° +0.01°
Power Specification: Internal: 48V DC battery pack (expandable w/ external battery pack).
External: 20-60 VDC
Dimensions: 22.8cmby 36.1 cm
Weight: 13 kginair; 4.5 kg in water (with battery pack)
Beam Angle: 20°
Maximum Range: Water velacity profileto 47 m (nominal a 2 m bin size)
Accuracy: Water velocity accuracy is 1 cm/sec, based on the sampling parameters

chosen (2-m bins, 10 pings per ensemble).

Memory: Expanded to 896 MB
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NORTEK

“Aquadopp” 3D Current Meter

Sensors Water Velocity 3D vector-averaging doppler (2.0 MHz)
Range: 10 m/s
Accuracy: + 0.5% or £0.25 cm/s
Resolution:  cm/s
Threshold: cm/s; Noise: cm/s
Internal ping rate: 25 Hz
Bin size: 150 cm; range: 35-185 cm, or more

Pressure Strain gauge
Range: 600 psi (400 m of water)
Accuracy: equiv. to+ 1 m water
Resolution: equiv. to + 4 cm water

Temperature Thermistor
Range: -510 40 °C;
Accuracy: + 0.1 °C; Resolution: + °C

Direction Flux-gate Compass
Range: 0 to 360 degrees
Accuracy: + 2 degrees; Resolution: + degrees
Allowable Tilt: 20 degrees

Electronics Controls: RS232/R$422 interface; control viaPC
Data Sorage 2MB
Power alkaline battery pack (18 AA cdlls); 13.5VDC
Pr Case Material plastic w/ titanium hardware
Sze 7.5 cm (3") diameter case by 50 cm (19.7”) length
Weight 3.5kg (air); neutral (water)
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Applied
Microsystems
STD12+ CTD
Sensor Response | Accuracy Resolution
Temperature°C Thermistor 85ms +0.005°C [ 0.001 °C
Conductivity S/m Four electrode | 5t0 25 ms | #0.001 S‘m | 0.0003Sm
glass cell
Pressuredbar (1000 m) | Strain gauge 10ms +1.5dbar | 0.05 dbar

Sampling rate:
Memory:
Batteries:
Weight:

Dimensions:

Manufacturer:

up to 11 scans per second; or by time/pressure increment

128 MB RAM

Nine Alkaline D-cdlls

9.0kginair; 3.5kg in water

675mm by 102mm

Applied Microsystems L td.

2071 Malaview Ave.W. Sidney, BC, Canada V8L 5X6

Contact: Tel:+1-250-656-0771 Fax:+1-250-655-3655

sales@AppliedMicrosystems.com
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G3.1 Caamaifo Sound to Kitimat Arm
Table G3-1 September 2005 — Temperature
Avg.
Depth | Caam do9 d10 doé6 doi1 s2 d27 c100 c101 sl
0.00 13.5 12.97 12.31
150 | 11.64 |12.49 |12.85 |11.08 |10.74 |12.32 |11.42 |12.19 |12.76 |13.51
350 |11.32 |11.42 |11.25 |11.08 |[10.74 |11.71 |11.43 |1211 |12.64 |14.20
550 | 11.46 | 10.99 | 10.65 | 10.28 9.93 9.88 |10.89 |11.12 |12.05 |13.67
8.00 | 11.36 | 10.28 9.71 | 10.55 9.43 9.24 9.45 |10.19 |1152 |11.08
11.00 | 11.70 9.42 9.59 |10.10 9.20 9.03 9.57 9.57 9.79 9.11
14.00 | 11.82 9.04 9.41 9.90 8.55 8.63 8.70 9.18 9.08 8.02
18.00 | 11.57 8.84 9.09 9.27 7.98 8.43 8.24 8.59 8.78 7.32
23.50 | 9.89 8.59 8.68 8.94 7.86 8.04 7.99 8.21 8.41 6.77
30.00 | 9.01 8.57 8.40 8.69 7.81 7.82 7.84 7.73 7.53 6.95
3750 | 9.26 8.23 8.10 8.37 7.73 7.80 7.73 7.72 7.46 7.06
4750 | 9.01 7.92 7.87 7.82 7.59 7.63 7.73 7.70 7.50 7.23
60.00 | 8.64 7.83 7.63 7.51 7.57 7.56 7.57 7.57 7.50 7.30
75.00 | 8.33 7.78 7.53 7.33 7.26 7.41 7.31 7.35 7.32 7.32
90.00 | 7.91 7.48 7.41 7.24 7.16 7.24 7.21 7.26 7.26 7.22
107.50 | 7.32 7.27 7.28 7.06 7.11 7.18 7.14 7.17 7.15 7.13
126.25 | 6.91 7.18 7.02 7.02 7.04 7.05 7.09 7.10 7.10 7.06
148.75 | 6.76 7.19 6.99 7.01 6.95 6.96 7.03 7.02 7.02 7.02
192.50 | 6.77 7.00 6.95 6.84 6.82 6.84 6.95 6.95 6.95 6.95
240.00 | 6.69 6.81 6.91 6.82 6.74 6.74 6.88 6.91 6.92
275.00 6.79 6.87 6.81 6.72 6.73 6.84 6.88
306.25 6.78 6.80 6.70 6.70 6.71 6.83 6.86
350.00 6.68 6.79 6.66 6.67 6.67
400.00 6.79 6.65
500.00
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Table G3-2 January 2006 — Temperature
Avg.
Depth | Caam do9 d10 doé6 doi1 s2 d27 c100 d25 sl
0.00
1.50 6.77
3.50 | 7.98 6.98 6.78 6.53 6.36 6.31 6.33 6.68 6.15 6.22
550 | 7.98 7.00 6.79 6.59 6.39 6.37 6.36 6.85 6.15 6.32
8.00 | 7.99 7.01 6.81 6.60 6.42 6.38 6.46 6.96 6.15 7.09
11.00 | 7.99 7.03 6.85 6.73 6.58 6.54 6.85 7.01 6.92 7.74
14.00 | 7.99 7.09 6.90 6.75 6.96 6.97 6.98 7.27 7.39 7.88
18.00 | 7.99 7.57 6.95 7.10 7.63 7.59 7.56 7.59 7.98 7.91
23.50 | 7.99 7.74 6.96 7.35 7.78 7.88 7.72 7.68 8.13 8.06
30.00 | 7.99 7.84 7.67 7.65 8.00 7.97 8.02 7.86 8.30 8.20
37.50 | 7.99 7.94 7.76 7.58 8.00 8.05 8.12 8.03 8.33 8.34
4750 | 8.04 8.06 7.93 7.75 8.10 8.10 8.16 8.15 8.33 8.51
60.00 | 8.12 8.15 8.08 7.95 8.24 8.17 8.23 8.19 8.61 8.61
75.00 | 8.25 8.21 8.18 8.09 8.21 8.21 8.19 8.27 8.62 8.59
90.00 | 8.32 8.24 8.27 8.25 8.25 8.23 8.24 8.36 8.58 8.48
107.50 | 8.45 8.28 8.26 8.22 8.27 8.33 8.34 8.46 8.54 8.10
126.25 | 8.44 8.16 8.24 8.23 8.29 8.38 8.46 8.48 8.49 7.81
148.75 | 8.29 7.97 8.04 8.30 8.39 8.46 8.44 8.25 8.34 7.63
19250 | 7.82 7.64 7.84 7.96 7.79 7.77 8.01 7.72 7.60 7.51
240.00 | 7.58 7.47 7.46 7.68 7.44 7.43 7.62 7.33 7.37
275.00 7.18 7.29 7.49 7.31 7.26 7.33 7.15 7.20
306.25 7.07 7.25 7.36 7.14 7.11 7.22 7.10
350.00 7.02 7.10 7.15 7.01 7.01 7.09 7.05
400.00 7.07 7.06 6.97
500.00
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Table G3-3 September 2005 — Salinity
Avg.
Depth | Caam do9 d10 doé6 doi1 s2 d27 c100 c101 sl
0.00 25.08 | 24.02 19.72
1.50 | 27.31 26.01 24.60 24.56 25.05 20.39 22.54 21.28 18.44 11.15
3.50 | 29.85 27.28 26.52 27.21 25.62 22.56 22.83 21.51 19.08 15.74
5,50 | 30.23 | 27.98 | 28.66 | 28.23 | 2759 | 2751 | 24.65 | 2393 | 22.03 | 16.46
8.00 | 30.82 29.51 29.17 29.15 28.56 28.80 28.51 26.53 24.13 26.89
11.00 | 30.89 30.68 29.39 30.00 29.13 29.13 29.26 28.33 28.46 29.23
14.00 | 31.04 | 31.06 | 30.45 | 30.72 | 30.25 | 29.76 | 29.97 | 29.23 | 29.49 | 29.92
18.00 | 31.45 31.35 30.74 31.38 30.98 30.34 30.76 30.27 30.01 30.42
2350 | 31.85 | 31.49 | 31.09 | 3160 | 31.30 | 30.81 | 31.06 | 30.72 | 30.71 | 30.80
30.00 | 31.99 | 31.78 | 3145 | 3177 | 3165 | 31.21 | 31.33 | 3141 | 3118 | 31.21
37.50 | 32.99 31.85 31.83 31.91 31.94 31.54 31.62 31.62 31.54 31.47
4750 | 32.39 | 3229 | 3211 | 3226 | 32.12 | 3292 | 31.93 | 3196 | 31.79 | 31.73
60.00 | 32.53 | 32.46 | 3249 | 3268 | 3251 | 32.16 | 32.28 | 32.19 | 3215 | 32.15
75.00 | 32.62 32.86 32.78 32.95 32.89 32.55 32.78 32.66 32.71 32.78
90.00 | 32.80 | 3299 | 32.83 | 33.01 | 33.01 | 32.74 | 3292 | 3280 | 3290 | 32.88
107.50 | 33.09 | 33.12 | 33.04 | 33.06 | 33.06 | 32.82 | 33.00 | 3291 | 3298 | 32.94
126.25 | 33.26 33.14 33.23 33.10 33.10 32.92 33.06 32.97 33.03 32.99
148.75 | 33.31 | 33.16 | 3325 | 33.16 | 33.16 | 3298 | 33.09 | 33.02 | 33.07 | 33.02
192,50 | 33.31 | 33.27 | 3326 | 3324 | 33.24 | 33.04 | 33.15 | 33.05 | 33.10 | 33.05
240.00 | 33.33 33.38 33.30 33.29 33.27 33.09 33.19 33.08 33.12
275.00 33.38 | 33.33 | 3331 | 3329 | 33.11 | 33.22 | 33.09
306.25 33.38 | 33.37 | 33.31 | 3330 | 33.12 | 33.22 | 33.10
350.00 33.47 33.39 33.32 33.31 33.14
400.00 33.40 | 33.34
500.00
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Table G3-4 January 2006 — Salinity
Avg.
Depth | Caam do9 d10 doé6 doi1 s2 d27 c100 d25 sl
0.00
1.50 28.63
3.50 | 30.25 28.66 28.66 28.35 27.85 27.87 27.83 28.36 27.33 27.47
5.50 | 30.27 | 28.69 | 28.69 | 28.40 | 27.89 | 2795 | 27.90 | 28.58 | 27.33 | 27.73
8.00 | 30.29 28.72 28.74 28.44 27.93 27.97 28.22 28.69 27.33 28.63
11.00 | 30.34 28.75 28.81 28.80 28.14 28.20 28.56 28.82 28.58 29.63
14.00 | 30.36 | 28.85 | 28.88 | 28.91 | 29.00 | 29.07 | 28.85 | 29.17 | 29.66 | 29.88
18.00 | 30.39 29.56 29.00 29.33 29.96 29.82 29.77 29.54 30.18 29.96
2350 | 30.40 | 29.90 | 29.08 | 29.76 | 30.23 | 30.35 | 30.04 | 29.75 | 30.42 | 30.18
30.00 | 30.43 | 30.16 | 30.06 | 30.27 | 30.46 | 30.61 | 30.67 | 30.10 | 30.63 | 30.37
37.50 | 30.47 30.44 30.27 30.35 30.68 30.87 30.90 30.56 30.80 30.60
4750 | 30.52 | 30.63 | 30.62 | 30.63 | 30.88 | 31.03 | 31.01 | 30.94 | 30.86 | 30.78
60.00 | 30.60 | 30.89 | 30.86 | 30.94 | 31.13 | 31.27 | 31.24 | 31.22 | 31.16 | 31.08
75.00 | 30.75 31.05 31.07 31.17 31.25 31.39 31.29 31.51 31.39 31.32
90.00 | 30.84 | 31.19 | 31.32 | 31.53 | 31.32 | 3150 | 31.49 | 31.62 | 31.60 | 31.47
107.50 | 31.08 | 31.36 | 3154 | 3159 | 3154 | 31.74 | 3162 | 31.86 | 31.82 | 31.63
126.25 | 31.23 31.72 31.60 31.79 31.73 31.93 31.93 32.04 31.98 31.74
148.75 | 31.42 | 31.96 | 32.00 | 32.09 | 32.02 | 32.23 | 32.13 | 32.28 | 32.12 | 31.94
19250 | 31.93 | 32.34 | 3241 | 3249 | 3254 | 3255 | 3245 | 3252 | 3241 | 3234
240.00 | 32.13 3251 32.62 32.76 32.78 32.79 32.66 32.81 32.71
275.00 32.67 | 32.73 | 32.88 | 32.89 | 3290 | 32.83 | 32.97 | 32.92
306.25 32.73 | 32.78 | 32.95 | 33.00 | 33.00 | 32.92 | 33.03
350.00 32.77 32.88 33.06 33.08 33.08 33.04 33.08
400.00 3290 | 33.11 | 33.12
500.00
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G3.2  Principe Channel Waterway — Browning Entrance to Nepean

Sound
Table G3-5 September 2005 — Temperature

Avg. Depth princ_C site3ctd_2 princ_B princ_A dob07

0.00
1.50 12.39 11.17 11.94 11.65
3.50 12.33 11.13 12.17 11.60
5.50 11.74 11.00 11.84 11.58
8.00 11.23 12.01 10.88 11.04 11.54
11.00 11.05 11.75 10.77 10.79 11.25
14.00 10.86 11.40 10.44 10.72 10.73
18.00 10.64 10.54 10.11 10.58 10.39
23.50 10.50 9.97 9.53 10.21 10.14
30.00 10.37 9.29 9.51 9.44 9.89
37.50 10.33 8.76 9.46 9.15 9.50
47.50 9.84 8.52 8.65 8.89 9.19
60.00 8.64 8.31 8.18 7.87 8.61
75.00 7.90 7.92 8.04 7.74 8.11
90.00 7.70 7.56 7.56 7.49 7.48
107.50 7.46 7.42 7.43 7.27 7.14
126.25 7.35 7.38 7.32 7.17 7.06
148.75 7.29 7.27 7.11 7.03

192.50
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Table G3-6 January 2006 — Temperature
Avg. Depth princ_C site3ctd_2 princ_B princ_A dob07
0.00
1.50 7.76
3.50 7.75 7.16 6.85 6.86 7.10
5.50 7.76 7.16 6.86 6.86 7.52
8.00 7.76 7.17 6.95 6.92 7.54
11.00 7.82 7.19 6.99 9.97 7.54
14.00 7.86 7.22 7.02 7.00 7.56
18.00 7.86 7.59 7.08 7.05 7.58
23.50 7.86 7.87 7.33 7.06 7.57
30.00 7.88 8.01 7.36 7.12 7.59
37.50 7.89 8.10 7.58 7.15 7.60
47.50 7.92 8.13 7.75 7.22 7.66
60.00 7.94 8.14 7.90 7.63 7.73
75.00 7.96 8.15 7.98 8.03 7.87
90.00 7.98 8.16 8.03 8.09 8.14
107.50 8.02 8.21 8.16 8.12 8.14
126.25 8.22 8.23 8.16 8.13 8.15
148.75 8.16 8.14 8.05
192.50
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Table G3-7 September 2005 — Salinity
Avg. Depth princ_C site3ctd_2 princ_B princ_A dob07
0.00
1.50 30.78 30.61 29.41 26.62
3.50 30.82 30.63 29.05 27.05
5.50 30.96 30.66 29.63 28.41
8.00 31.13 28.35 30.74 30.77 28.94
11.00 31.28 29.57 30.83 31.00 29.76
14.00 31.30 29.68 31.06 31.06 30.63
18.00 31.28 30.04 31.30 31.19 31.07
23.50 31.64 30.41 31.69 31.47 31.38
30.00 31.74 30.93 31.70 31.88 31.60
37.50 31.80 31.28 31.73 32.02 31.77
47.50 31.99 31.42 32.23 32.16 31.94
60.00 32.33 31.59 32.48 32.68 32.20
75.00 32.66 31.82 32.55 32.73 32.48
90.00 32.76 32.03 32.80 32.86 32.74
107.50 32.88 32.10 32.86 32.96 32.98
126.25 32.94 32.18 32.92 33.01 33.05
148.75 32.26 32.95 33.06 33.07
192.50
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Table G3-8 January 2006 — Salinity

Avg. Depth princ_C site3ctd_2 princ_B princ_A dob07

0.00

1.50 30.50

3.50 30.66 29.63 29.29 29.14 29.63
5.50 30.72 29.64 29.31 29.16 30.27
8.00 30.75 29.65 29.42 29.27 30.32
11.00 30.91 29.72 29.49 29.34 30.34
14.00 30.99 29.78 29.53 29.43 30.36
18.00 31.01 30.27 29.64 29.50 30.40
23.50 31.03 30.75 29.88 29.55 30.43
30.00 31.05 31.01 29.93 29.66 30.47
37.50 31.08 31.21 30.26 29.72 30.49
47.50 31.11 31.29 20.61 29.80 30.55
60.00 31.14 31.34 20.89 30.37 30.76
75.00 31.18 31.36 31.05 31.13 30.96
90.00 31.20 31.38 31.16 31.31 31.34
107.50 31.24 31.45 31.53 31.48 31.48
126.25 31.42 31.47 31.57 31.68 31.72
148.75 31.66 31.78 32.31

192.50
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H.1 Introduction

H.1.1 Objectives

The purpose of this document is to describe baseline conditions with respect to oceanographic
measurements taken from January to April 2006 within the CCAA to support the environmental
assessment for the Project. Oceanographic measurements were taken for the Project from January to April
2006. These measurements are a continuation of a program that ran from September 2005 to January
2006 (see Appendix G). The measurements are specific to one of the four CCAA measurement locations
from the 2005 program: the Kitimat Arm location—at a site closer to shore than during 2005—near the
proposed marine terminal . Following the recovery of the data that is analyzed here, the instrument was
redeployed for further measurements. Thisreport presents the results of the Winter 2006 measurement
program, including:

e subsurface currents
e \water levels
e CTD profiles

Comparisons are made with historical knowledge, as compiled in Appendices B through D of this
volume.

H.2 Methods

H.2.1 Study Area for Field Surveys

In January 2006, one of the current meters was redeployed near site CM|I of 2005, in the immediate
vicinity of the marine terminal location for ongoing data collection. This report presents the analysis
results for near-surface, mid-depth and near-bottom currents at this site, as well as temperature and
salinity profile measurements from this site at the recovery on April 22, 2006.

H.2.2 Methodology and Instruments

H.2.2.1 Acoustic Doppler Current Meters

For the location of the Doppler current meters, see Figure H-1. The locations areillustrated in the detailed
view of Figure H-1, where “Jan” indicates the January to April site, “ Sept” indicates the September to
January site and “Kit” indicates the historical summer/fall measurement site from 1977 to facilitate
comparisons with the older data. For the location of the September 2005 to April 2006 measurement sites
relative to the location of the marine terminal, see Figure H-2. The ADCP was a 600-kHz Sentinel
Workhorse model manufactured by RD Instruments. It was deployed on ataut line mooring, and
measurements of currents were selected from the near-surface, mid-depth and near-bottom for further
analysis. The RD Instruments ADCPs a so measure pressure, water temperature and acoustic backscatter
return as well asinterna parameters.
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The two mooring locations at Site 1 are shown by the red squares labelled “Jan” and “Sept.”
Also shown is location of a current meter mooring “Kit” operated in this area in the summer and
fall of 1977.

Figure H-1 Location of the GEM Marine Current Mooring at Site CM1 during
September 2005 and January 2006 in Kitimat Arm
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Figure H-2 Location of the September 2005 and January 2006 Kitimat Arm
Measurement Sites with Respect to Marine Terminal
H.2.2.2 CTD Profile Measurements in April 2006

As part of the recovery cruise, CTD profile data were obtained near the current meter location
(see Table H-1).

Table H-1 List of CTD Stations Occupied in April 2006
Deepest CTD CTD File
Area Comments Time Date | Lat,Long | Measurement Name

(PDT) (WGS84) (m)
Terminal First of two casts in 22 Apr 06 53 56.418 33 009658Apr22
Area the area. 12:18 128 42.823 .dat
Terminal Second of two casts | 22 Apr 06 53 56.315 148 009658Apr22
Area in the area 12:58 128 41.799 .dat
NOTES:

PDT = Pacific Daylight Time
WGS84 = World Geodetic System 1984
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H.3 Results of GEM Marine Data Collection, January to April 2006

The CCAA (see Figure 1-1) consists of the Kitimat fjord system (Macdonald 1983), Caamario Sound and
Principe Channel. The Kitimat system has four entrances. Grenville Channel to the west and Princess
Royal Channd to the east, as well as two entrances on the south, Campania Sound and Otter Channel.
Themain CCAA follows the wider western passage through the Kitimat fjord system from Squally
Channel through Wright Sound, Douglas Channel and Kitimat Arm. Water exchanged between Kitimat
Arm and Campania Sound can also move through the eastern passage of the fjord system via Devastation
Channel, Verney Passage (or Ursula Channel and McKay Reach), Wright Sound and Whale Channel.
Many inlets and fjords adjoin the Kitimat fjord system, including Gardner Canal, which is by far the
largest, and Kildala Arm.

The entrance to the Camaariio Sound-to-Kitimat Arm portion of the CCAA isthrough Campania Sound
for vessels transiting through Caamario Sound from the south and through Otter Channel for vessels
transiting through Principe Channel from the west (see Figure 1-1).

Statistical Summaries

The current statistics are given by depth for the marine terminal. The measurements have been classified
as near-surface (5 m), mid-depth (9, 15 and 17 m) and near-bottom (29 m), (depths relative to mean sea
level). Maximum speeds were 66 cn/s at the near-surface, reducing to 21 cnm/s at the near-bottom (see
Table H-2). Comparing these results to those from the measurements at the same depths as reported in
Appendix G for the site situated farther from shore between September and January indicates similar
statistics. The mean (maximum) current speeds are 8.9 cm/s (49.9 cn/s) and 6.6 cn/s (33.7 cn/s) at

9- and 15-m depths, respectively. In the fall, from September 2005 to January 2006, the mean (maximum)
currents were found to be 7.5 cm/s (50.8 cm/s) and 5.3 cm/s (39.9 cn/s). The maximum current speeds
are reduced in the January-to-April period, but the mean values are larger. These results do not indicate a
seasonal variation in speeds, but the new measurement available at 5-m depth indicates shear in the water
column, and the continuation of the progression toward higher speeds as the surface is approached

(see Figure H-3). This shear also alows for the possibility of even faster surface currents than estimated
for the September 2005 to January 2006 period and a better agreement with the driftpole study presented
in Appendix B.

The vector-average magnitude (net flow speed over the measurement period) istypically about 5 cm/sin
the near-surface layer, dropping to 1.0 cn/s at the near-bottom. These speeds are substantially larger than
the maximum rate of 1.6 cm/s at the near-surface during the Fall 2005. The Winter 2006 flow direction
was southward (179° to 184°) at all depths, as also occurred in the fall.
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Table H-2  Current Speed Statistics and Vector-Average Currents for the
Near-Surface, Mid-Depth and Near-Bottom at Kitimat Arm Site during
Winter of 2006

Speed Vector-Average
(cml/s)
Site Depth Min. Mean Max. Mag. Dir. Std. Dev.
1 5 0 104 65.7 5.3 183.9 12.3
9 0 8.9 49.9 3.8 184.3 10.8
15 0 6.6 33.7 2.6 183.7 7.8
17 0 5.9 32.0 2.2 183.6 7.0
29 0 3.3 21.0 1.0 178.6 3.9
0 Site 1 Speeds (Jan - Apr)
2
g T o X x _* —+—50%
8 T */l A X X / mean
10 | . 75%
E12 - .
=14 1T » X 95%
016 | z. l X/ x / x 99%
a18 7
20 / / —*— max
22 /;’ + min
24 /s“ /
26 /s ; /
%g R Y | | | |
0 10 20 30 40 50 60 70
Speed (cm/s)

Figure H-3 Current Speed versus Depth for Kitimat Arm Site during Winter of
2006

Distribution of Current Speeds and Directions

Directional distributions of currents are presented as spoke plots in Figure H-4. Each spoke represents the
percentage of currents heading toward the indicated direction, and each spoke is segmented according to
the speed distribution within that directional segment.
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The current direction distribution reflects the a ong-channel (north-south) flow, with a bias toward down-
channel flow. The Fall 2005 measurements (farther from shore in greater water depths) did not show as
strong a bias for down-channel flows, and the currents were aligned more NNE-SSW. This alignment is
consistent with the rotation in bathymetry shown in Figure H-2 when the currents are moving from the

inshore to the offshore measurement site.
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Figure H-4 Current Speed Direction Joint Frequency Plot at Kitimat Arm Site —
Winter of 2006

Variability of Currents by Frequency Band and Tidal Analysis

The distribution of variance in the major current component is examined in this section. The currents
were digitally filtered to compute time series for low frequencies (less than 1 cycle per day), high
frequencies (greater than 2 cycles per day) and band passed (1 to 2 cycles per day; mainly tidal). The
band-passed currents were analyzed by using Foreman’s (1978) tidal analysis and prediction programs
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and then subtracting the predicted tidal currents from the original band-passed currents to compute the
non-tidal mid-band variance. For the energy (variance) distribution for the marine termina as measured
between January and April 2006, see Figure H-5. In the major current component, the detided frequencies
dominate at all depths. At the near-surface and mid-depth, the low-frequency contributions, possibly
related to the wind, are the second-most dominant frequency band; however, the relative importance
drops significantly between the near-surface and mid-depth. Note that the detided variance is considerably
larger than the tidally predicted variance. Compared to the distribution obtained from September 2005 to
January 2006, the proportion of variance in the tidal frequency band that is tidally predictable drops from
January to April. Whether thisis due primarily to a change in location or seasonal variation is unclear.
The variance distributions in Douglas Channel and Principe Channel (see Appendix B) were found to
vary with season. The magnitude of the detided currentsindicates that internal tidal activity (which is not
simply related to or predicted by the surface tide) is very important at this location.

Site 1 - Major Component - Jan-April

160.00

140.00

120.00 +—

100.00 || B High

O Tidal
80.00 -
O Detide
O Low

(cm/s)*2

60.00 +—

40.00 +—  — fr—

20.00 +—

0.00 % :

5m 17m 29 m Fall 9m Fall 15m Fall41m
Depth (m)

Figure H-5 Variance Distribution between High-Frequency, Astronomical Tides,
Detided and Low-Frequency Bins in Kitimat Arm between January

and April 2006 and September 2005 and January 2006 (Designated by
“Fall”)

H.3.1 Response of Currents to Tidal Forcing

Tida currents driven by astronomical forces are uniform with depth in the absence of friction or other
physical mechanisms. In the presence of density gradients within the water column, internal tidal currents
can develop. Internal tidal currents are characterized by large depth-dependent variationsin the tidal
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current amplitudes and phases as well as marked changes in amplitude and phase at a single measurement
level. The effect of internal modes of tidal currents can be seen as changesin thefitted tidal constituents
aswell as significant residual variance or energy in the semi-diurna to diurnal band-passed currents. As
may be seen in the variance distribution plot of Figure H-5 and the discussion above, the detided current
variances and changesin tidal current variances indicate that internal tides are important at the marine
terminal.

To further examine internal tides, atabulation of the tidal analysis of the measured current meter data was
prepared for the largest tidal constituent (M2) for values of magnitude, phase, sense of rotation and a
parameter that will be denoted as R (see Table H-3). The parameter R isthe ratio of the magnitude of the
minor (cross-channel) to major (along-channel) current components for the M2 tidal current. The
amplitude and phase of the M2 tidal constituent exhibits large changes with depth, which may result from
excitation of internal tidal modes in the flow field and variations in the currents associated with the river
plume.

Table H-3 Summary of the M2 Tidal Current Constituent by Depth in Kitimat
Arm between January and April 2006
Site Time Depth M2 Major M2 Minor R Rotation Phase

(m) (min/maj) Dir

Site 1 Jan. — April 5 4.03 0.09 0.02 ccw 271.6
17 1.06 0.02 0.02 cow 162.4
29 1.27 -0.04 -0.03 cw 106.5

H.3.2 Water Levels

For the water-level statistics with respect to mean sealevel, see Table H-4. These water-level statistics do
not include corrections for variations in atmospheric pressure over the deployment, which tend to be tens
of centimetres, up to 30 cm (10% of the measured amplitude) on rare occasions. The tidal ranges at Site 1
in Kitimat Arm are about 6.2 m from maximum to minimum and 4.3 m from the 5% exceedance level to
the 95% exceedance level.

Table H-4 Summary of the Water-Level (m) Statistics in Kitimat Arm between
January and April 2006
Min 1% 5% 25% | 50% | Mean | 75% | 99% | Std | Max | Valid Total
Jan17 —Apr22, |-3.32 |-276 |-2.14 |-1.04 [ 0.05 | 0.00 | 1.05 | 2.02 | 1.31 | 2.90 | 13,658 | 13,658

2006

H.3.3 Temperature-Salinity Distributions Derived from CTD Observations in

April

Two temperature/salinity profile measurements were made near the marine terminal during the April
2006 recovery and redeployment of the terminal current meter (see Figure H-6). Thefirst profile was
made in approximately 26 m of water, and the second profile was made farther from shore in about 150 m
of water. The temperature profiles show continuing warming at depth (more than 90 m), warming
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followed by cooling at mid-depth (20 to 90 m) and substantial warming at the near-surface from
September 2005 through April 2006. At the near-surface level (lessthan 8 m), the April salinities areless
than the January salinities, likely due to earlier synoptic precipitation events. The April salinities are
greater than the September salinities, due to a secondary September peak in the annual freshwater
discharge. Without the fall 2005 storms acting to mix the fresher surface water, the April salinities are
from 10 to 60 m greater than in any of the other measurements. The April densities are greater than the
January values at al depths.

Temperature (C) Temperature (C)
5 7 9 11 13 15 5 7 9 11 13 15
18 \\ L L L O 5 L L L L
IESSE R >
40 ~
- & N . N \ i
= % . ——April, 2006 shallow -1 \ — April, 2006 shallow
g 8 Y — April, 2006 deep g 121 — April, 2006 deep
$ == S
%%8 ', / ’, —— January, 2006 16 £ / V —— January, 2006
130 i
140 L 11 —— September, 2005 20 L —— September, 2005
Salinity (psu) Salinity (psu)
1000  15.00  20.00 2500  30.00  35.00 1000 1500  20.00 2500  30.00  35.00
—— e ana 04—
10 —— .
2 1NN T~ \
30 LAV 41
= &9 W\ -~ | \N
E B '\ E 8
£ 10- \ A s | S\
o 80 12 f
g 90 | g
1% ! i
120 - 16 1
130 : i
140 20
Density (kg/m®) Density (kg/m®)
1005.00 1010.00 1015.00 1020.00 1025.00 1030.00 1005.00 1010.00 1015.00 1020.00 1025.00 1030.00
O L 1 L 0 I I L L
10 e —
20 RN T \
30 4
— 40 s _ \\\
£ \ E 8
£ 70 W = \\
o 90 ©
[a] 100 ‘\\ [a] \\
110
120 \ 16
130 \
140 20

Figure H-6 Temperature, Salinity and Density Profiles at Site 1 in Kitimat Arm on
April 22, 2006 over 140-m (Deep) and 20-m (Shallow) Depth Scale
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H.3.4 Summary of Key Findings

M easurements were carried out from January to April 2006 at a site closer to shore than the preceding
measurements during September 2005 to January 2006. The current speeds were similar in magnitude,
while the shallower deployment depth all owed measurements even closer to the surface. The increased
proximity to the surface allowed somewhat larger currents to be measured than in the fall. In the fall, the
mean (maximum) current speeds were 7.5 cm/s (50.8 cm/s) and 5.3 cm/s (39.9 cm/s) at the near-surface
and mid-depth. At the near-shore location, the mean (maximum) were 8.9 cnv/s (49.9 cm/s) and 6.6 cm/s
(33.7 cm/s) at the near-surface and mid-depth. The largest currents were at 5 m depth where the mean
(maximum) speeds were 10.4 cm/s (65.6 crm/s). This measurement was largest likely because it was4 m
closer to the surface than any other previous measurements at this site.

The net flow over the measurement period was about 5 cm/s at the near-surface, decreasing to 1 cm/s at
29 m, with adirection to the south at al depths. These net flow rates are considerably larger than the near-
surface flow rates of 1.6 cm/s measured in the fall.

The currents were found to be aligned more along the north-south axis than along the NNE-SSW axis
found in thefall. Thisrotation is consistent with the change in the direction of the bathymetry between the
two sites. In Winter 2006, the measurements al so indicated a bias toward down-channél flow, which was
not observed in the Fall 2005 measurements.

The water levels were found to have a maximum tidal range of 6.2 m, with arange of 4.3 m on the 5% to
95% exceedance level. These values are similar to the values found in the fall where the maximum was
6.2 m (4.3 m, 5% to 95%).

Both freshwater inputs, which cause stratification of the water column, and wind forcing are likely more
important than the tidal forcing at in Kitimat Arm. CTD profilesindicate that the near-surface
temperatures were intermediate between the warm September values and the cold January values. At mid-
depth, between 20 and 90 m, the water is cooler than in January, but below this depth interval the water is
warmer than in January.

The near-surface salinities are largest in January 2006, likely due to mixing of the water column, but at
depth this mixing has resulted in the least saline measurements. In April 2006, when there has been the
least mixing, the 10- to 60-m salinities are the largest measured values. The secondary peak in freshwater
discharge during early fall 2005 makes September salinities at the near-surface the lowest measured
values. Overall, the density profiles are very similar between measurements.
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.1 Introduction

1.1.1 Objectives

The purpose of this document is to describe baseline conditions with respect to oceanographic
measurements taken from April to December 2006 within the CCAA to support the environmental
assessment for the Project. Information has been generated and synthesized from an oceanographic study
carried out for the Project from April to December 2006. These measurements are a continuation of a
program that ran from September 2005 to April 2006. Following the recovery of the data analyzed here,
the instrument was redeployed for further measurements. This report presents the results of the
measurement program, including:

e subsurface currents
e water levels
e CTD profiles

[.2 Methods

1.2.1 Study Area for Field Surveys

In September 2005, an array of nine current meters was deployed at four locationsin the CCAA (see
Figure I-1). These instruments were operated until January 2006, at which time eight of the nine
instruments were recovered. Temperature and salinity measurements were also made at 15 locations
during the deployment and recovery of these instruments. An analysis of these measurementsis presented
in Appendix G.

One of the current meters was redeployed in near the proposed marine terminal, from January to April
2006 for ongoing data collection (see Appendix H). As part of aone-year study, this mooring was
refurbished and redeployed in April 2006. In December 2006, the data was downloaded, and the
instrument was once again refurbished. This report presents the analysis results for near-surface, mid-
depth and near-bottom currents at this site, aswell as temperature and salinity profile measurements made
during the recovery on December 13, 2006 using the MV Zodiac Light based in Kitimat.
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Figure I-1 Locations of Current Meter Measurement Sites from September
2005 to January 2006 (Blue Squares) and CTD (Conductivity,
Temperature, Depth) Profiling Sites (Red Squares) of September
2005 and January 2006

1.2.2 Methodology and Instruments

.2.2.1 Acoustic Doppler Current Meters

One ADCP was deployed (see Table I-1 for the location and time). The location is inshore of the CM1
location shown in overview Figure I-1. The location isaso illustrated in the detailed view of Figure I-2,
where “Jan” indicates the January to April 2006 site, “ Sept” indicates the September 2005 to January
2006 site and “Kit” indicates the historical summer/fall measurement site from 1977. Figure 1-3 shows the
location of the January to April 2006 measurement sites relative to the marine terminal. The ADCP was a
600-kHz Sentine Workhorse model manufactured by RD Instruments (see Attachment |1 for
specifications). It was deployed on a taut line mooring, and measurements of currents were selected from
the near-surface, mid-depth and near-bottom for further analysis. The RDI ADCPs also measure pressure,
water temperature and acoustic backscatter return aswell asinternal parameters. The mooring appeared to
be dragged into about 1-m deeper water at the end of May 24.
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Table I-1 Location, Deployment Time and Water Depth for the Terminal
Current Meter
Deployment Water Recovery
Site Area Time Date Lat, Long Depth Time Date Comments
(PDT) (WGS84) (m) (PDT)
1 Offshore of | 22 Apr 2006 53 56.400 41 13 Dec 2006 RDI ADCP 600kHz: 1 m
Bish Creek | 11:07 128 42.834 13:40 bins
Terminal
NOTES:
PDT = Pacific Daylight Time
WGS84 = World Geodetic System 1984

NOTE [//

levigation at Kitimat are privataly
s,

& la navigation & Kitimat sont antra-
ir des particuliers.
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Figure I-2 The Location of the GEM Marine Current Mooring at Site 1
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Figure I-3 Location of the September 2005-January 2006 and January—

December 2006 Measurements with Respect to the Proposed
Marine Terminal
1.2.2.2 CTD Profile Measurements in April 2006

As part of the recovery cruise, CTD profile data were obtained near the current meter location (see
Tablel-2).

The CTD data were collected during this deployment using an Applied Microsystems STD12+ CTD. The
specification sheet for thisinstrument is given in Attachment 11.

Table I-2 List of CTD Stations Occupied in December 2006
Area Comments Time Date Lat, Long Wire Out CTD File Name
(PDT) (WGS84) (m)
Terminal Single cast. 13 Dec ‘06 53 56.468 33 Sitel_Dec2006.dat
Area 14:26 128 42.461
NOTES:

PDT = Pacific Daylight Time
WGS84 = World Geodetic System 1984
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1.3 Results of GEM Marine Data Collection, April to December
2006

1.3.1 Subsurface Current Meter Data Sets

1.3.1.1 Topography and Bathymetry of the CCAA

The CCAA (see Figure |-4) consists of the Kitimat fjord system (Macdonald et al. 1983), Caamafio Sound
and Principe Channd. The Kitimat system has four entrances: Grenville Channel to the west and Princess
Royal Channdl to the east, as well as two entrances on the south, Campania Sound and Otter Channel.
Water exchanged between Kitimat Arm and Campania Sound can aso move through the eastern passage
of the fjord system via Devastation Channel, Verney Passage (or Ursula Channel and McKay Reach),
Wright Sound and Whale Channel. There are many adjoining inlets and fjords to the Kitimat fjord system,
including Gardner Canal, which is by far the largest, and Kildala Arm. Water depths along the potential
project marine corridors are plotted in Figure |-4.

1.3.1.2 Statistical Summaries

The current statistics are given by depth for the marine terminal. The measurements have been classified
as near-surface (4 m), mid-depth (22 m) and near-bottom (39 m), where the depths are with respect to
mean water level.

Maximum speeds of 66 crm/s were at the near-surface, ramping down to 21 cnv/s at the near-bottom (see
Table I-3). Comparing these results to those from the measurements at the same depths as reported in
Appendix G for the site situated farther from shore between September and January resultsin similar
statistics. The mean (maximum) current speeds are 8.8 cnv/s (61.1 cm/s) and 2.8 cnm/s (24.8 cm/s) at 4 and
22-m depth, respectively from April to December 2006. The corresponding values from the January to
April 2006 measurement period were 10.4 cm/s (65.7 cm/s) and 5.9 cm/s (32.0 cm/s) at 5 and 19-m depth,
respectively. In the fall of 2005, from September 2005 to January 2006, the mean (maximum) currents
were found to be 7.5 cm/s (50.8 cm/s) and 5.3 cm/s (39.9 cn/s) at 9 and 15-m depth.
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Table I-3 Statistics for the Near-Surface, Mid-Depth and Near-Bottom Over

the Entire Deployment Period

Depth | Min | 1% | 5% |25% | 50% | Mean | 75% | 95% | 99% | Std | Max | Total

(m) (cm/s)

4 Uminor | -13.9 60| -3.7|-15 | -02 | -03 10| 31| 438 21| 17.7 | 33,856

Umajor | -61.1 | -36.1 | -24.0 | -9.7 | -29 | -4.2 29 110 |16.2 | 10.7 | 314

Speed 0.0 0.5 13| 35 6.6 88 |11.7 | 243 | 36.3 7.6 | 61.1

22 Uminor | -9.7 -36| -25(-10 | -01 | -0.2 08| 21| 31 14| 7.0 33,856

Umajor | -24.4 | -11.0| -7.1|-28 | -05 | -0.5 19| 57| 93 40 | 229

Speed 0.0 0.3 0.7] 1.6 2.8 3.4 45 | 83| 122 25| 248

39 Uminor | -6.7 -3.1| -21|-09 0.0 0.0 08| 20| 29 13| 6.1 33,856

Umajor | -15.4 58| -39|-17 | -04 | 04 10| 31| 5.0 2.2 | 16.8

Speed 0.0 0.2 05 1.2 1.9 2.2 29| 47| 6.6 14| 17.1

To better understand the variability over the more than eight months of the deployment, see Tables 1-4 to
I-6 for the monthly current speed statistics for the near-surface, mid-depth and near-bottom. Overall, there
is no trend in the maximum or mean near-surface current speeds, though it peaks around 61 cm/sin
August and November. The largest overall current speed was measured in November. Thereis an overall
down channel (seaward) drift at the near-surface, with speeds of 4.4 to 4.5 cm/s until September and then
decreasing to 2.3 cm/s in November.

At mid-depth, the mean (maximum) current speed decreases from 3 (14.6) cn/s to 2 (10.3) cm/s from
May to June. Starting in August, the mean (maximum) current speeds ramp up again until they reach
4.7 (23.9) cm/sin November. Except for August, there is a small seaward flow at mid-depth.

At near-bottom, the mean current speed is about 2 cm/s, and the maximum current speed is about 8 to
10 cm/s. November is distinct in that the mean (maximum) current speeds go as high as 2.6 (17.1) crmy/s.
There tends to be anet seaward drift in all months.

The vector average current (net flow considered over the measurement period) was typically about 5 cm/s
in the near-surface layer, progressing to 1.0 cnm/s at the near-bottom. These speeds were substantially
larger than the maximum rate of 1.6 cnv/s at the near-surface during the fall. The flow direction was
down-inlet (179 to 184 degrees) at al depths, as had also occurred in the fall.
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Table I-4 Monthly Statistics for the Near-Surface (4 m)
Month | | Min | 001 | 005 | 025 | 05 | Mean | 0.75 | 0.95 | 0.99 | Std | Max | #Pts
cm/s

May | Uminor | -12.4 | -74 | -49 | -20| -05| -0.7| 08| 28| 44| 24| 944464
Umajor | -49.6 | -34.9 | -235| -93| -33| -47| 16| 92| 145| 9.8 23.3 | 4,464
Speed 00| 05| 12| 31| 58 83| 112 | 239 | 350 | 7.4|49.6 | 4,464

June | Uminor| -80| -46 | -3.0| -12| -01| -01| 10| 29| 46| 1.8|11.4 4,320
Umajor | -45.5 | -32.6 | -25.0 | -10.0 | -2.4 | -39 | 3.3| 11.2| 17.7 | 10.7 | 31.4 | 4,320
Speed 00| 05| 12| 34| 65 89| 120 | 254 | 324 | 7.5 |45.7 | 4,320

July Uminor | -80| -50 | -35| -15| -02| -02| 1.0| 32| 52| 20| 112 | 4,464
Umajor | -50.1 | -35.0 | -26.0 | -11.8 | -2.7 | -4.4| 39| 12.3| 17.8 | 11.6 | 30.4 | 4,464
Speed 00| 05| 13| 39| 76 9.8 | 138 | 263 | 350 | 7.9 |50.1 4,464

Aug. | Uminor| -93| 56 | -36| -15| -02| -02| 12| 32| 48| 21| 7.9|4,464
Umajor | -60.8 | -41.9 | -27.1 | -11.1 | -3.9| -55| 22| 10.0| 14.1 | 11.4 | 20.8 | 4,464
Speed 01| 05| 14| 38| 71 9.6 | 125 | 27.1 | 41.8| 85 |60.8 | 4,464

Sept. Uminor | -13.1 | -4.8 -3.2 -1.3 | -0.1 -0.1 1.1 3.1 4.6 1.9 | 10.7 | 4,320
Umajor | -46.1 | -35.2 | -22.4 | -91| -3.0| -44| 19| 87| 128 | 95| 16.8 | 4,320
Speed 01| 06| 12| 31| 58 79102 | 224 | 351 | 7.0|46.1 4,320

Oct. Uminor | -82| -49 | -32| -14| 02| -02| 10| 28| 43| 18| 96 | 4464
Umajor | -40.3 | -26.3 | -18.7 | -82 | -24| -29| 29| 10.8| 149 | 8.8 19.3 | 4,464
Speed 01| 05| 12| 32| 61 75| 103 | 18.9 | 26.2 | 5.7 | 40.4 | 4,464

Nov. |Uminor |-115| -57 | -3.7 | -14| 01| -01| 12| 34| 62| 23]|17.7 4320
Umajor | -61.1 | -42.2 | -23.4 | -7.4| -0.8| -23| 48| 13.3| 19.6 | 11.5|27.0 | 4,320
Speed 00| 06| 14| 36| 6.4 89| 115| 239 | 422 | 81 |61.1]4,320

Table I-5 Monthly Statistics for the Mid-Depth (22 m)

Month | | min | 0.01 | 005 [0.25| 0.5 | Mean | 0.75 | 0.95 [ 0.99 | Std | Max | #Pts

cm/s

May |Uminor | -59| -36 | -25|-1.2 |-03 | -03 | 06 | 19| 29 |14 | 46 | 4,464
Umajor | -14.2 | -100 | -7.1(-33 |06 | -0.7 | 20 | 54| 80 |3.8 |11.7 | 4,464
Speed 00| 03| 07| 18| 30 | 34 |46 | 80| 104 |22 | 146 | 4,464

June | Uminor | -47| -31 | -22|-09 |-01 | -01 |07 | 20| 29 |12 | 43| 4320
Umajor | -10.3 | -6.5 | -46|-19 |04 | -04 | 1.2 | 36| 52 |25 | 84 | 4,320
Speed 00| 02| 05| 13|21 | 24 |32 | 52| 67 |15 |103 | 4,320
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Table I-5 Monthly Statistics for the Mid-Depth (22 m) (cont’d)
Month | | min | 0.01 | 0.05 [0.25] 0.5 | Mean |0.75 | 0.95 | 0.99 | std | Max | #Pts
cm/s

July Uminor | -49| -32 | -23[-10|-01 | -01 | 0.8 | 20| 3.0 |13 | 4.8 | 4464
Umajor | -10.0 | -6.8 | -50|-23 |-04 | -04 | 1.5 | 43| 6.0 |28 | 8.8 | 4,464
Speed 01| 03| 06| 15| 24 | 27 |36 | 58| 73 |16 |10.0 | 4,464

Aug. | Uminor| -51| -33 | -23|-1.0 [-01 | -01 | 0.7 | 20| 29 (13 | 47 | 4464
Umajor | -11.1 | -6.3 | -42|-16 | 02 | 03 | 21 | 51| 7.2 |29 |10.8 | 4,464
Speed 00| 03| 06| 1.4 | 23 | 27 |36 | 60| 79 (17 |11.1 |4,464

Sept. Uminor | -6.5| -3.4 -24 | -10 | -0.1 -0.1 0.7 2.1 3.0 | 1.3 4.7 | 4,320
Umajor | -17.2 | -100 | 6.9 |-27 |-0.4 | -03 | 22 | 61| 85 |3.9 | 11.3 | 4,320
Speed 00| 03| 06| 1.7 | 29 | 34 | 47 | 81| 105 |23 | 175 |4,320

Oct. Uminor | -6.0| -36 | -25|-1.1 |-01 | -02 | 0.8 | 22| 3.2 |14 | 6.2 | 4464
Umajor | -18.2 | -11.5 | -7.4 | -30 |-05 | -05 | 22 | 61| 8.9 |4.1 | 13.4 | 4,464
Speed 01| 03| 07| 18| 30 | 356 | 49 | 84| 118 |25 | 185 | 4,464

Nov. |Uminor| 97| 46 | -31|-12 |-01 | -02 | 09 | 24| 39 |17 | 7.0 4320
Umajor | -23.9 | -13.2 | 9.2 |-41 |-09 | -06 | 25 | 9.0| 15.7 | 5.6 | 22.9 | 4,320
Speed 00| 04| 09| 21| 38 | 47 | 63 |11.7| 168 |35 | 23.9 | 4,320

Table 1-6 Monthly Statistics for the Near-Bottom (39 m)

Month | | min | 0.01 | 005 [0.25] 05 [ Mean |0.75 | 0.95 | 0.99 | Std | Max | #Pts

cm/s

May | Uminor | -47 | -29 | -20|-0.8 | 0.0 00|08 |19 |27 | 12| 42 |4464
Umajor | -9.0 | -56 | -3.7|-1.6 | -0.2 02|13 |34 |51 | 22|80 |4464
Speed | 0.0 | 02 | 05| 12 | 1.9 21|28 |46 |62 | 13| 9.3 |4,464

June | Uminor | -51 | -29 | -2.0|-09 |-0.1 01|07 |18 |27 | 12| 40 |4320
Umajor | -7.9 | -45 | -33|-1.5 | -0.3 03|09 |26 |39 | 18|72 |4,320
Speed | 0.0 | 02 | 05| 11 | 1.7 19 |25 |39 |51 | 11|80 |4320

July Uminor | -42 | -3.0 | -21|-0.9 | 0.0 00|08 |21 |29 | 12| 47 |4464
Umajor | -7.6 | -48 | -3.4|-1.5 | -0.3 03|10 |28 |44 | 19| 88 |4,464
Speed | 0.0 | 02 | 05| 11 | 1.8 20|27 | 42 |53 | 12|90 |4464

Aug. | Uminor | -5.7 | -3.0 | -2.0|-0.8 | 0.0 00|08 |20 |29 | 12| 46 |4,464
Umajor | -6.9 | -48 | -3.4|-16 |-0.4 04|08 |28 |42 | 19|72 |4464
Speed | 0.0 | 02 | 05| 11 | 1.8 20|26 | 41 |53 | 11|72 |4464
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Table 1-6 Monthly Statistics for the Near-Bottom (39 m) (cont’d)

Month | | Min | 0.01 | 0.05]0.25] 05 |Mean |0.75] 0.95 | 0.99 | Std | Max | #Pts
cm/s

Sept. | Uminor | -5.0| -3.1 | -2.3 -09| 0.0 00| 09| 21 30| 13| 514320

Umajor | -9.0| -56 | -4.0 -1.9| -0.6 -06 | 08| 3.0 46 | 2.1 8.0 | 4,320

Speed 00| 02| 05 13| 20 22 | 29| 47 64| 13| 914320

Oct. Uminor | -46 | -3.3 | -2.3 -09 | -01 -01 | 08| 22 31| 1.3 | 4.6 | 4,464

Umajor | -10.5 | -59 | -3.8 -1.7| -0.3 -0.2 12| 35 54| 23 9.7 | 4,464

Speed 00| 02| 05 13| 20 23 | 30| 48 6.8 | 1.4 | 10.8 | 4,464

Nov. Uminor | -6.7 | -35 | -2.3 -1.0| 01 -01 | 08| 22 31| 14 6.1 | 4,320

Umajor | -10.6 | -7.7 | -5.0 -20| -05 -0.5 11| 3.8 71| 2.8 | 16.8 | 4,320

Speed 00| 03| 05 13| 21 26 | 33| 6.0 89| 18| 17.1 | 4,320

.3.2 Water Levels

Table 1-7 shows the water-level statistics with respect to mean sea level. To account for the dragging of
the mooring into deeper water at the end of May 24, this data was offset by 0.9 m before demeaning the
water levels. These water-level statistics do not include corrections for variations in atmospheric pressure
over the deployment, which are typically equivalent to several cm of water-level variation, up to 30 cm
(10% of the measured amplitude) on rare occasions. Thetidal rangesat Site 1 in Kitimat Arm are about
6.3 m from maximum to minimum and 4.2 m from the 5% exceedance level to the 95% exceedance level.

Table I-7 Summary of the Water-Level Statistics between April and
December 2006

| Min | 1% | 5% | 25% | 50% | Mean | 75% | 95% | 99% | Std | Max | Total

m

Water Level | -3.11 | -2.72 | 2,19 | -1.01 | 0.03 | 0.00 | 1.06 | 2.02 | 261 | 1.32 | 3.19 | 33,855

1.3.3 Temperature-Salinity Distributions Derived from CTD Observations in
December 2006

One temperature/salinity profile measurement was made in the vicinity of the marine termina during the
December 2006 recovery and redeployment of the terminal current meter (see Figure 1-5). The near-
surface salinities are the second-highest after the January 2006 measurements, as are the densities.
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Figure I-5 Temperature, Salinity and Density Profiles at Site 1 in Kitimat Arm
1.3.4 Summary of Key Findings

Ocean current measurements were carried out from April to December 2006 as a continuation of
measurements from January to April 2006 in the vicinity of the proposed marine terminal. Previously,
measurements from September 2005 to January 2006 were made at a nearby site in deeper waters. The
maximum current speeds of 61.6 cm/s were measured in November 2006. Net seaward drift was
measured at all depths during the deployment. Mean current speeds varied from 9 cnv/s at the near-surface

to 2 cm/s at the near-bottom.

The CTD profile indicated the coldest water-column measurements to date in the program. The near-
surface salinity and density profiles were the second-highest after the January measurements.

The measured water levels' rangeis about 6.3 m from maximum to minimum and 4.2 m from the 5%
exceedance level to the 95% exceedance level.
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600 kHz SENTINEL WORKHORSE

Principles of Operation:

Acoustic pulses are transmitted along four beams. Echoes are returned by scatterersin the water column.
The frequency shift of each echo is directly proportional to the component of flow aong the beam axis.
Thisisthe Doppler Effect. Horizontal and vertical flow components are then computed from the axial
velocities. Echo returns are time gated to allow flow resolution into vertical bins (in this case 1.0 m).
Flow homogeneity over the four-beam footprint is assumed. Due to side lobe returns, data are usually not
available within 6% (20° beam angle) of the vertical distance to strong reflectors, such as the ocean
surface or sea bottom. The ADCP was upgraded to include a pressure sensor and includes the WAVES
upgrade.

Internal Sensors Accuracy Resolution
Heading +1° +0.2°
Tilt (max. 2007) +2° +0.01°
Temperature +0.4° +0.01°

Power Specification: Internal: 48V DC battery pack (expandable w/ external battery pack)
External: 20-60 VDC

Dimensions: 22.8 cm by 36.1 cm

Weight: 13 kgin air; 4.5 kg in water (with battery pack)

Beam Angle:  20°

Maximum Range: Water velocity profile to 47 m (nominal at 2-m bin size)

Accuracy: Water velocity accuracy is 1 cm/sec, based on the sampling parameters chosen (2-m bins,
10 pings per ensemble).

Memory: Expanded to 896 MB

2010 Page 11-3



Marine Physical Environment
Technical Data Report

Attachment I1: Specifications of Oceanographic Instruments Used in This

Study

IS Environmental
Sciences
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Applied
Microsystems

STD12+ CTD

03/03/04

Sensor Response | Accuracy Resalution

Temperature "C Thernmustor 8oms =+ 0.005°C (.001 =C

Conductivity S/m Four electrode | 3to 25 ms | 20001 S/m | 0.0003S/m
olass cell

Pressure dbar (1000 m) | Strain pauge 10hns + 1.5 dbar 0.05 dbar

Sampling rate:

up to 11 scans per second; or by time/pressure mcrement

Memory: 128 MB RAM

Batteries: Nine Alkaline D-cells
Weight: 9.0 kg i air; 3 kg in water
Dimensions: 675mm by 102mm
Manufacturer: Applied Microsystems Ltd.

2071 Malaview Ave.W. Sidney, BC, Canada VBL 5X6
Contact: Tel:+1-250-656-0771 Fax:+1-250-655-3655

sales@AppliedMicrosystems.com

ASL Envircnumnental Sciences

1986 Mills Bd, Sidney BC Canada WVEL 5Y3 Phone 230-656-0177 Fax 2530-636-2162

Contact Bick Birch thurch/@asleny. com or denglish@aslenv.com

Equipment Leasing
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Appendix J GEM Oceanography Program, December
2006 to July 2007
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J.1 Introduction

J.1.1 Objectives

The purpose of this document is to describe baseline conditions with respect to oceanographic
measurements taken from December 2006 to July 2007 within the CCAA to support the environmental
assessment for the Project. Information has been generated and synthesized from an oceanographic study
carried out for the Project from December 2006 to July 2007. These measurements are a continuation of a
program that ran from September 2005 to December 2006. This appendix presents the results of the most
recent measurement program, including:

e subsurface currents
e \water levels
e CTD profiles

J.2 Methods

J.2.1 Study Area for Field Surveys

In September 2005, an array of nine current meters was deployed at four locationsin the CCAA (see
Figure J-1). These instruments were operated until January 2006, at which time eight of the nine
instruments were recovered. Temperature and salinity measurements were also made at 15 locations
during the deployment and recovery of these instruments. An analysis of these measurementsis presented
in Appendix G.

One of the current meters was redeployed in near the proposed marine terminal, from January to

April 2006 for ongoing data collection (see Appendix H). As part of an extended study, this mooring was
refurbished and redeployed in April 2006. In December 2006, the data were downloaded and analyzed,
and the instrument was once again refurbished (see Appendix I). Further measurements were made near
the proposed marine terminal from December 2006 to July 2007. This report presents the analysis results
for near-surface, mid-depth and near-bottom currents at this site, as well as temperature and salinity
profile measurements made during the recovery on July 10, 2007 using the MV Zaodiac Light based in
Kitimat.
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Figure J-1 Locations of Current Meter Measurement Sites from September
2005 to January 2006 (Blue Squares) and CTD (Red Squares)
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J.2.2 Methodology and Instruments

Acoustic Doppler Current Meters

One ADCP was deployed (see Table J-1 for the location and time). Due to boat drift during the
deployment, the location isinshore of the CM1 location shown in Figure J-1. Thelocation is aso
illustrated in the detailed view of Figure J-2, where “CM1A” indicates the January to April 2006 site,
“CM1B” indicates the September 2005 to January 2006 site and “Kit” indicates the historical summer/fall
measurement site from 1977.

For the location of the January to April 2006 measurement sites relative to the marine terminal, see
Figure J-3. The ADCP was a 600-kHz Sentinel Workhorse model manufactured by RD Instruments (see
Attachment J1 for specifications). It was deployed on ataut line mooring, and measurements of currents
were selected from the near-surface, mid-depth and near-bottom for further analysis. The RDI ADCPs
also measure pressure, water temperature and acoustic backscatter return as well asinternal parameters.

Table J-1 Location, Deployment Time and Water Depth for the Terminal
Current Meter
Deployment Nominal Water Recovery
Site Area Time Date Lat, Long Depth Time Date Comments
(PST) (WGS84) (m) (PDT)
1 Offshore of | 13 Dec. 2006 | 53 56.400 26 10 Jul, 2007 RDI ADCP 600kHz: 1 m
Bish Creek | 14:00 128 42.834 11:13 bins
Terminal
NOTES:

PDT = Pacific Daylight Time
WGS84 = World Geodetic System 1984

CTD Profile Measurements in July 2007

As part of the recovery cruise, CTD (Conductivity—Temperature-Depth) profile data was obtained near
the current meter location (see Table J-2). The CTD data collected during this deployment were collected
using an RBR CTD. For the specification sheet for thisinstrument, see Attachment J1.
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NOTE: The December 2006 to July 2007 deployment was inshore of CM1B. Also shown is the location
of a current meter mooring “Kit” operated in this area in the summer and fall of 1977. The
locations of the 3 CTD casts are shown using red squares.

Figure J-2 Location of the GEM Marine Current Mooring at Site 1 from
September to January (“CM1A”) and from January to
December 2006 (“CM1B”) in Kitimat Arm
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NOTE: The December 2006 to July 2007 measurements are located inshore of the
January - December 2006 measurements
Figure J-3 Location of the September 2005 — January 2006 and
January - December 2006 Measurements with Respect to the
Proposed Marine Terminal
Table J-2 List of CTD Stations Occupied in July 2007
Area Comments Time Date Lat, Long
(PDT) (WGS84)
Terminal Area Near-mooring 10 Jul, 2007 12:52 53°56.430" N

128° 42.713' W

Terminal Area

Midway shore to mid-channel

10 Jul, 2007 13:02

53° 56.338" N 128°
42.593' W

Terminal Area

Mid-channel

10 Jul, 2007 13:15

53° 55.950'N 128°
41.946'W

NOTES:

PDT = Pacific Daylight Time
WGS84 = World Geodetic System 1984
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J.3 Results of GEM Marine Data Collection, December 2006 to
July 2007

J.3.1 Subsurface Current Meter Data Sets

Topography and Bathymetry of the CCAA

The CCAA (see Figure 1-1) consists of the Kitimat fjord system (Macdonald et a. 1983), Caamaiio
Sound and Principe Channel. The Kitimat system has four entrances. Grenville Channel to the west and
Princess Royal Channel to the east, as well as two entrances on the south, Campania Sound and Otter
Channel. Theinner part of the CCAA follows the wider western passage through the Kitimat fjord system
from Squally Channel through Wright Sound, Douglas Channel and Kitimat Arm. Water exchanged
between Kitimat Arm and Campania Sound can also move through the eastern passage of the fjord system
via Devastation Channel, Verney Passage (or Ursula Channel and McKay Reach), Wright Sound and
Whale Channel. There are many adjoining inlets and fjords to the Kitimat fjord system, including Gardner
Canal, which is by far the largest, and Kildala Arm. Water depths are plotted in Figure J-4.

Statistical Summaries

The current statistics are given by depth for the marine terminal. The measurements have been classified
as near-surface (3 m), mid-depth (14 m) and near-bottom (24 m), where the depths are with respect to
mean water level. (The current statistics are given at each depth for the speed, the component parallel to
the shore, U y0r, and the component perpendicular to the shore, Uning.) The nominal location had been
started during the deployment in December, but comparing the deepest measurement of 24 min this
deployment with the 39-m depth in the previous deployment, it was apparent that the boat had drifted
inshore during deployment.

Table J-3 shows maximum (mean) speeds of 81.6 (14.2) cm/s at the near-surface, ramping down to
24.6 (3.7) cm/s at the near-bottom (24 m depth). The near-surface maximum (mean) is much larger than
in the previous deployment in this area, but the 22—24 m depth current speeds are similar.
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Figure J-4 Topography and Bathymetry of the Kitimat Fjord System,
Caamarfo Sound and Principe Channel
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Table J-3 Statistics for the Near-surface, Mid-depth and Near-bottom over

the Entire Deployment Period

Depth | Min | 1% | 5% | 25% |50% | Mean | 75% | 95% | 99% | Std | Max | Total
(m) (cm/s)
3 Unminor -16.9 -5.5 -3.5 -1.3 ] 0.0| 0.0 1.3 3.5 54 | 2.2 12.4 {30,079
Unmajor -81.4 | -48.7 |-35.1 -174 | -6.1 | -6.9 43 |18.9 | 26.9 |16.4 45.8
Speed 0.0 0.7 1.8 57117 {142 |20.0 (356 |48.8 [10.9 81.6
14 Unminor -10.4 -3.7 -2.4 -09 | 00| 01 1.0 2.6 39 | 1.6 10.3 |30,079
Umajor -36.0 | -215 |-14.7 59 |-14 | -19 2.7 9.2 (143 | 7.2 30.2
Speed 0.0 0.4 0.9 25| 46| 59 8.0 |156 | 219 | 47 36.4
24 Unminor -6.9 -2.8 -1.9 -0.7 | 01| 0.1 0.9 2.2 31 | 1.2 7.3 30,079
Unmajor -24.3 | -12.2 -8.4 -3.8|-11|-13 1.4 5.3 82 | 41 16.6
Speed 0.0 0.3 0.7 1.7 | 3.0 3.7 4.9 89 | 124 | 2.7 24.6
SOURCE: Statistics for December 13, 2006—July 10, 2007

Previously, the maximum (mean) current speeds were 61.1 (8.9) cm/s and 24.8 (2.8) cm/s at 4 and 22-m
depth, respectively, from April to December 2006. The corresponding values from the January to

April 2006 measurement period were 65.7 (10.4) cm/s and 32.0 (5.9) cm/s at 5 and 19-m depth,
respectively. In the fall of 2005, from September 2005 to January 2006, the maximum (mean) currents
were found to be 50.8 (7.5) cm/s and 39.9 (5.3) cm/s at 9 and 15-m depth. The 14-m depth currents during
this deployment had maximum (mean) current speeds of 36.4 (5.9) cm/s.

To better understand the variability over the seven months of the deployment, monthly current speed
statistics are presented in Table J-4 through Table J-6 for the near-surface, mid-depth and near-bottom.
Overdl, thereis no trend in the maximum or mean near-surface current speeds, though it peaks around
81 cm/sin January and then again in March. The largest overall current speed was measured in January.
Thereisan overall down-channel (seaward) drift at all depths, with speeds of 5to 8 cm/s at the
near-surface and 1 to 3 cm/s at the other depths. The mean current speeds tend to ramp down from
January through June at the mid- and near-bottom levels, but there is no clear trend at the near-surface.

Table J-4 Monthly Statistics for the Near-surface (3 m)
Depth | Month | | Min | 0.01 [ 0.05]0.25 | 05 | Mean | 0.75 | 0.95 | 0.99 | Std | Max |#Pts
(m) cm/s
3 Jan Uminor  |-10.8 | 5.7 | -3.8| -14| 00| 00 | 14| 39| 57| 23| 9.0|4464
Umgor | -81.4 |-53.4 | -40.8(-185 | -5.6 | -6.1 | 7.6 | 24.1 | 31.6 |19.2 | 39.6
Speed 00| 09| 20| 68| 141| 16.3 | 226 | 40.8 | 53.4 | 12.0 | 816
Feb Uminor  |-13.7| 5.6 | 38| -16| 01| -01 | 12| 35| 54| 22| 9.7]4,032
Ungr | -67.6 |-47.1 | -34.9(-16.0 | 6.3 | -7.4 | 2.1 | 155 | 235 |14.7 | 32.9
Speed 01| 07| 16| 50102 | 129 |17.6 | 35.0 | 47.0 | 105 | 67.7
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Table J-4 Monthly Statistics for the Near-surface (3 m) (cont’d)
Depth | Month | | Min [ 0.01 ] 0.05]0.25| 05 | Mean | 0.75 | 0.95 | 0.99 | Std | Max |#Pts
(m) cm/s
3 Mar Uninor -12.3| 62| -41| -1.7|-02 | -02 | 1.3 | 37| 58| 24 | 12.4 (4,464
(contd) Umar | -80.7|-51.1| -38.6]-21.7 | 95 | -81 | 7.0 | 22.4 | 30.8 |19.1 | 45.8
Speed 02| 09| 24| 887|159 |17.4 |23.9 |39.0 |50.7 |11.6 | 80.7
Apr Uninor -16.4| 55| -34| -12| 00| 00 | 1.3 | 34| 48| 21| 874,320
Unmajor -63.2|-44.8 | -30.8(-13.8 | -4.9 | -55 | 4.4 | 165 | 23.4 |142 | 31.7
Speed 01| 07| 17| 51|100 |121 |16.3 |30.9 |445 | 9.5 | 63.2
May Uninor -16.9| 54| -32| -11| 00| -01 | 1.1 | 3.0| 48| 20 | 10.5 (4,464
Unnajor -69.3|-46.9 | -33.9(-158 | -4.9 | -7.1 | 2.9 | 13.9 | 20.0 |14.4 | 25.1
Speed 00| 05| 1.4| 42| 9.0 |122 |17.5 |33.9 |46.9 |10.6 | 69.4
Jun Uninor 78| -39| -25/ 08| 03| 04 | 14 | 34| 48| 18| 9.6 4,320
Unnajor -54.6|-40.8 | -30.3|-189 | -7.4 | -7.1 | 4.8 | 16.6 | 22.9 |14.9 | 30.2
Speed 01| 07| 20| 6.4|124 |138 |20.0 |30.3 |408 | 9.2 | 54.7
Table J-5 Monthly Statistics for the Mid-depth (14 m)
Depth | Month | | Min | 0.01 | 0.05]0.25 | 0.5 | Mean | 0.75 | 0.95 | 0.99 | Std | Max |#Pts
(m) cm/s
14 Jan Uninor 79| 41| -26| -09| 01| 01 | 11| 27 | 40| 16| 7.7 |4464

Unmajor -31.2 |-22.7| -17.0| -8.6 | -29| -2.9 2.8 |10.7 | 15.5| 8.4| 24.7

Speed 0.1 0.5 11| 3.2 6.2 73 |103|174 | 229 | 52| 315

Feb Unminor -6.1| -42| -28| -1.1| -0.1] 0.0 10| 28 40| 1.7{ 8.7 |4,032

Unmajor -325 |-238| -17.0| -85 | -2.7| -24 39 (123 | 16.1 | 89| 23.2

Speed 0.1 0.5 13| 3.8 6.7/ 78 | 109|176 | 23.8 | 53| 32.7

Mar Unminor -104 | 39| -2.6| -0.9 0.2| 0.2 12| 29 44| 1.7| 10.3 |4,464

Umajor -36.0 |-21.5| -16.2| -7.5 | -2.8| -3.2 17| 79 | 129 | 7.3| 255

Speed 0.1 0.5 11| 29 51| 6.5 8.8 (164 | 21.6 | 49| 36.4

Apr Unminor 77| -36| -24| -0.8 0.1 0.2 12| 28 42| 16| 7.3 |4,320
Unmajor -274 |-17.3 | -11.9| -54 | -15| -15 24| 90 | 141 | 6.3| 191
Speed 0.1 0.4 09| 24 45| 54 73132 | 17.7 | 3.9| 274

May Unminor 53| 30| -2.1| -0.8 0.0/ 0.0 09| 22 30| 13| 6.2 |4,464

Unajor -23.2 |-122| -83| -34 | -06| -0.6 23| 7.2 | 108 | 4.7| 13.8

Speed 0.0 0.3 07| 1.8 32| 4.0 54| 96 | 13.0| 29| 23.2

Jun Unminor 42| -30| -2.1| -0.9 0.0/ 0.0 08| 21 3.1| 13| 4.7 (4,320

Unmajor -14.7 | -10.2 | -7.2| -25 03| 0.2 31| 7.1 9.4 | 43| 15.0

Speed 0.1 0.3 0.7 18 3.1 3.7 51| 86 | 11.1| 25| 150
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Table J-6 Monthly Statistics for the Near-bottom (24 m)
Depth | Month | | Min | 0.01 | 0.05 [ 0.25 | 0.5 | Mean | 0.75 | 0.95 | 0.99 | Std | Max | #Pts
(m) cm/s
24 Jan Uninor 40| -28]-19 | -08| 01| 01 09| 22 | 31| 12| 6.2 |4,464
Unmajor -17.1 |-121 | -9.0 | 42 | -1.2| -1.2 19| 61 | 83 | 45120
Speed 00| 04| 08| 20| 34| 40 55| 92 [122 | 27| 171
Feb Uninor 55| -30|-20 | -08| 0.1 01 10| 23 | 33 | 13| 4.8 |4,032
Unmajor -21.7 | -145 |-10.8 | -5.2 | -1.7| -1.9 1.7 | 63 | 94 | 51166
Speed 00| 04| 09 | 21| 39| 46 6.4 [11.1 |14.8 | 3.2 | 218
Mar Uninor 69| -29|-20 | -08| 00| 01 09| 23 | 31| 13| 53 |4,464
Unmajor -17.0 |-11.2 | -84 | -41 | -1.1] 1.1 1.7 | 61 | 91 | 44| 146
Speed 00| 03| 07| 18| 33| 39 53| 9.0 [11.9 | 2.6 | 17.0
Apr Uninor 48| 29| -20 | -07| 01| 01 09| 22 | 32| 13| 7.3|4,320
Unmajor 213 |-11.8 | -8.0 | -39 | -1.2| -1.3 13| 50 | 87 | 40153
Speed 00| 03] 07| 17| 29| 36 48 | 87 |124 | 26| 218
May Uninor 55| -28|-18 | -07 | 01| 01 09| 21 | 30| 12| 52 |4464
Unmajor -12.2 | -87|-59 | -28 | -09| -0.9 11| 43 | 68 | 31107
Speed 01| 02| 06 | 15| 24| 29 38| 66 | 92| 19123
Jun Uninor 39| 26|-18 | -07| 01| 01 09| 20 | 28| 12| 534,320
Unmajor -11.6 | -80| -6.0 | -2.8 | -0.8| -0.9 12| 38 | 54 | 30| 93
Speed 00| 02| 05| 14| 24| 28 37| 63 | 82| 1.8]|117

The vector average current (net flow considered over the measurement period), was typically about

7 cm/sin the near-surface layer, reducing to 1.0 crm/s at the near-bottom, with the flow being down-inlet
at al depths. These near-surface speeds were substantially larger than found in the preceding
measurements, which had a maximum vector average speed of about 5 cm/s.

J.3.2 Water Levels

Table J-7 shows the water-level statistics with respect to mean sealevel. These water-level statistics do
not include corrections for variations in atmospheric pressure over the deployment, which are typically
equivalent to several cm of water-level variation, up to 30 cm (10% of the measured amplitude) on rare
occasions. Thetidal rangesat Site 1 in Kitimat Arm are about 6.3 m from maximum to minimum and
4.2 m from the 5% exceedance level to the 95% exceedance level.

Table J-7 Summary of the Water-Level Statistics between December 2006
and July 2007

| Min | 1% | 5% | 25% | 50% | Mean | 75% | 95% | 99% | Std | Max | Total

m

Water Level | -3.11 | -2.72 | -2.19 | -1.01 | 0.03 | 0.00 | 1.06 | 2.02 | 261 |1.32 |3.19 | 33,855
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J.3.21 Temperature-Salinity Distributions Derived from CTD Observations in July

Three temperature/salinity profiles were obtained near the marine terminal during the July 2007 recovery
of the terminal current meter. The temperature and salinity profiles, along with the derived density profile,

areillustrated in Figure J-5 for a shallow- and deep-water cast. This figure also gives these profilesin the
context of previous measurements.

The near-surface salinities are the freshest measured in this program and are most likely related to the
spring freshet when river discharge rates increase due to melting snow in the mountains. The salinities
were from 1.3 to 2.0 psu at the near-surface, but if the measurements had been made about a month earlier
in the peak of the freshet, perhaps the salinities would have been even smaller. The temperatures showed
warming at the surface but not as much as the measurements that were taken in September 2005.
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Figure J-5 Temperature, Salinity and Density Profiles at Site 1 in Kitimat

Arm, as Measured on July 10, 2007 (Curves with Symbols)
Overlaid on Previous Measurements, Over a 140-m and 20-m
Depth Scale
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J.3.3 Summary of Key Findings

Ocean current measurements were carried out from December 2006 to July 2007 as a continuation of
measurements in 2006 near the proposed marine terminal. Previously, measurements from September
2005 to January 2006 were made at nearby sites in deeper waters. The maximum current speeds of
81.6 cm/s were measured in January 2007. Net seaward drift was measured at all depths during the
deployment. Mean current speeds varied from 14 cm/s at the near-surface to 4 cm/s at the near-bottom.

The CTD profile indicated a warming near-surface, but not as warm as the September 2005
measurements. The near-surface salinities were the freshest measured in the program at 1.3 to 2.0 psu.

The measured water levels range is about 6.3 m from maximum to minimum and 4.2 m from the 5%
exceedance level to the 95% exceedance level.
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Specifications for the RD Instruments 600 kHz Workhorse ADCP

600 kHz SENTINEL WORKHORSE
Principles of Operation:

Acoustic pulses are transmitted along four beams. Echoes are returned by scatterersin the water column.
The frequency shift of each echo is directly proportional to the component of flow aong the beam axis.
Thisisthe Doppler Effect. Horizontal and vertical flow components are then computed from the axial
velocities. Echo returns are time gated to allow flow resolution into vertical bins (in this case 1.0 m).
Flow homogeneity over the four-beam footprint is assumed. Due to side lobe returns, data are usually not
available within 6% (20° beam angle) of the vertical distance to strong reflectors, such as the ocean
surface or sea bottom. The ADCP was upgraded to include a pressure sensor and includes the WAVES
upgrade.

Internal Sensors Accuracy Resolution
Heading +1° +0.2°
Tilt (max. 2001) +2° +0.01°
Temperature +0.4° +0.01°

Power Specification:  Internal: 48V DC battery pack (expandable w/ external battery pack)
External: 20-60 VDC

Dimensions: 22.8 cm by 36.1 cm

Weight: 13 kgin air; 4.5 kg in water (with battery pack)

Beam Angle: 20°

Maximum Range: Water velocity profile to 47 m (nominal at 2 m bin size)

Accuracy: Water velocity accuracy is 1 cm/sec, based on the sampling parameters chosen (2 m bins,
10 pings per ensemble)

Memory: Expanded to 896 MB
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Specifications for the RBR XR-420 CTD

RBR

Submersible Conductivity, Te re and

XR-420 CTD Eﬂ

Conductivity, Temperature and Depth Logger

The XR-420 CTD Marine is a small, autonomous data Software
logger designed to menitor conductivity, temperature '
and depth. High accuracy Speed of Sound and Salinity The XR-420 use fully integrated RER Windows® software,
may be derived from the data. which is compatible with Wind ows® 95/98/NT/2000/XP.
Please see the "RER Logger Software" datasheet, or wisit
The normal marine conductivity range of 0to 70mS/cm | the RER website [ww.:br-ghbal.::nm} for more

is measured by an inductive cell. RER uses a three—coil information. 1
system with a closed loop feedback for superior
temperature compensation. The titanium housing
provides a depth rating for the cell of 6,600m which can
be axial to the logger. It also provides shielding and
stable cell geometry. The response time of the inductive
cell is better than 0.095 seconds, which, along with a
large hole diameter, allows for long-term operation
without an additional flow pump.

OTY 4, 3 CR123A cells

Communications: R5-232/485;logged, cable, or telematry
Download Speed: ~ 115,000 samples/minute
Clock Accuracy: + 32 seconds/year
Sime: A400mm x &dmm
Weight (plastic): 1259g (in air); 389g {in water)
Mermaory: BMbyte Flash (2,400,000 samples)
Sample Rate: THz" to 24 howrs (programmable)
Calibration: MIST traceable standards
3 - . k] -
8MB of nonvalatile flash memory provides sufficient see RBR XR-620CTD Profiler for faster sampling rate
memory for 2,400,000 readi which can be logged Temperature
y '4 0 ales ey i 9 Range: -5 "C 1035 "G extended range to 40 °C

on one set of high-powered 3V lithium batteries. The Keciaci £0.003°C

batteries are common camera batteries (CR123A), Resolution: 000005 °C

which are readily available. Power consumption can Time Constant: depends on probe construction

vary significantly depending on the sampling rate,and Caoribiic i

operating temperature. A fresh set of batteries will Range: Oto 70mSian

usually permit collection of a full complement of ﬂcculﬁqﬂ + 0.003 mS/fcm

H = H Resolution: 000071 mSfom

readings over periods exceeding one year. T Enieiaii Eretriei
Depth
Range: 10725760/ 50 250/7 40,1 D00, 2000/

For mare details, please visit ourwebsite:www.rbr-global.com 3000/4000/6500 m (dBar)
Accuracy: + 0.05% full scale
Resolution: <0.001% full scale
RBR Ltd. 27 Monk Street Ottawa, ON Canada K15 3Y7
ph:{613) 233-1621 fax: (613} 233-4100 info@rbr-global.com
wwnrbr-global.com 505
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