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Figure I-4 The Topography and Bathymetry of the Kitimat Fjord System,

Caamarfo Sound and Principe Channel.

Page I-8 2010



Marine Physical Environment EnVirﬂnmenlal

Technical Data Report .
Appendix I: GEM Oceanography Program, April to December 2006 ﬂ.—*SCIQ“CES
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
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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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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.

J.4 References

J.4.1 Literature Cited

Macdonald, R.W. 1983. Proceedings of a Workshop on the Kitimat Marine Environment. Canadian
Technica Report of Hydrography and Ocean Sciences, 18, Department of Fisheries and Oceans.
Institute of Ocean Sciences, Sidney, BC.

Page J-14 2010



Marine Physical Environment .
Technical Data Report Enwronmental
Attachment J1: Specifications of Oceanographic Instruments Used in This o

Study pectical Jraphie NS no = Sciences

Attachment J1 Specifications of Oceanographic
Instruments Used in This Study

2010 Page J1-1






Marine Physical Environment

Technical Data Report EnVirﬂnmental

Attachment J1: Specifications of Oceanographic Instruments Used in This

Study s Sciences

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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