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Figure I-4 The Topography and Bathymetry of the Kitimat Fjord System,
Caamaño Sound and Principe Channel.
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Table I-3 Statistics for the Near-Surface, Mid-Depth and Near-Bottom Over
the Entire Deployment Period

Depth
(m)

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

(cm/s)

4 Uminor -13.9 -6.0 -3.7 -1.5 -0.2 -0.3 1.0 3.1 4.8 2.1 17.7 33,856

Umajor -61.1 -36.1 -24.0 -9.7 -2.9 -4.2 2.9 11.0 16.2 10.7 31.4

Speed 0.0 0.5 1.3 3.5 6.6 8.8 11.7 24.3 36.3 7.6 61.1

22 Uminor -9.7 -3.6 -2.5 -1.0 -0.1 -0.2 0.8 2.1 3.1 1.4 7.0 33,856

Umajor -24.4 -11.0 -7.1 -2.8 -0.5 -0.5 1.9 5.7 9.3 4.0 22.9

Speed 0.0 0.3 0.7 1.6 2.8 3.4 4.5 8.3 12.2 2.5 24.8

39 Uminor -6.7 -3.1 -2.1 -0.9 0.0 0.0 0.8 2.0 2.9 1.3 6.1 33,856

Umajor -15.4 -5.8 -3.9 -1.7 -0.4 -0.4 1.0 3.1 5.0 2.2 16.8

Speed 0.0 0.2 0.5 1.2 1.9 2.2 2.9 4.7 6.6 1.4 17.1

To better understand the variability over the more than eight months of the deployment, see Tables I-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/s in

August and November. The largest overall current speed was measured in November. There is 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) cm/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/s in 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) cm/s.

There tends to be a net 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 cm/s at the near-bottom. These speeds were substantially

larger than the maximum rate of 1.6 cm/s at the near-surface during the fall. The flow direction was

down-inlet (179 to 184 degrees) at all 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 0.01 0.05 0.25 0.5 Mean 0.75 0.95 0.99 Std Max #Pts

cm/s

May Uminor -12.4 -7.4 -4.9 -2.0 -0.5 -0.7 0.8 2.8 4.4 2.4 9.4 4,464

Umajor -49.6 -34.9 -23.5 -9.3 -3.3 -4.7 1.6 9.2 14.5 9.8 23.3 4,464

Speed 0.0 0.5 1.2 3.1 5.8 8.3 11.2 23.9 35.0 7.4 49.6 4,464

June Uminor -8.0 -4.6 -3.0 -1.2 -0.1 -0.1 1.0 2.9 4.6 1.8 11.4 4,320

Umajor -45.5 -32.6 -25.0 -10.0 -2.4 -3.9 3.3 11.2 17.7 10.7 31.4 4,320

Speed 0.0 0.5 1.2 3.4 6.5 8.9 12.0 25.4 32.4 7.5 45.7 4,320

July Uminor -8.0 -5.0 -3.5 -1.5 -0.2 -0.2 1.0 3.2 5.2 2.0 11.2 4,464

Umajor -50.1 -35.0 -26.0 -11.8 -2.7 -4.4 3.9 12.3 17.8 11.6 30.4 4,464

Speed 0.0 0.5 1.3 3.9 7.6 9.8 13.8 26.3 35.0 7.9 50.1 4,464

Aug. Uminor -9.3 -5.6 -3.6 -1.5 -0.2 -0.2 1.2 3.2 4.8 2.1 7.9 4,464

Umajor -60.8 -41.9 -27.1 -11.1 -3.9 -5.5 2.2 10.0 14.1 11.4 20.8 4,464

Speed 0.1 0.5 1.4 3.8 7.1 9.6 12.5 27.1 41.8 8.5 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 -9.1 -3.0 -4.4 1.9 8.7 12.8 9.5 16.8 4,320

Speed 0.1 0.6 1.2 3.1 5.8 7.9 10.2 22.4 35.1 7.0 46.1 4,320

Oct. Uminor -8.2 -4.9 -3.2 -1.4 -0.2 -0.2 1.0 2.8 4.3 1.8 9.6 4,464

Umajor -40.3 -26.3 -18.7 -8.2 -2.4 -2.9 2.9 10.8 14.9 8.8 19.3 4,464

Speed 0.1 0.5 1.2 3.2 6.1 7.5 10.3 18.9 26.2 5.7 40.4 4,464

Nov. Uminor -11.5 -5.7 -3.7 -1.4 -0.1 -0.1 1.2 3.4 6.2 2.3 17.7 4,320

Umajor -61.1 -42.2 -23.4 -7.4 -0.8 -2.3 4.8 13.3 19.6 11.5 27.0 4,320

Speed 0.0 0.6 1.4 3.6 6.4 8.9 11.5 23.9 42.2 8.1 61.1 4,320

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

Month Min 0.01 0.05 0.25 0.5 Mean 0.75 0.95 0.99 Std Max #Pts

cm/s

May Uminor -5.9 -3.6 -2.5 -1.2 -0.3 -0.3 0.6 1.9 2.9 1.4 4.6 4,464

Umajor -14.2 -10.0 -7.1 -3.3 -0.6 -0.7 2.0 5.4 8.0 3.8 11.7 4,464

Speed 0.0 0.3 0.7 1.8 3.0 3.4 4.6 8.0 10.4 2.2 14.6 4,464

June Uminor -4.7 -3.1 -2.2 -0.9 -0.1 -0.1 0.7 2.0 2.9 1.2 4.3 4,320

Umajor -10.3 -6.5 -4.6 -1.9 -0.4 -0.4 1.2 3.6 5.2 2.5 8.4 4,320

Speed 0.0 0.2 0.5 1.3 2.1 2.4 3.2 5.2 6.7 1.5 10.3 4,320



Marine Physical Environment

Technical Data Report

Appendix I: GEM Oceanography Program, April to December 2006

2010 Page I-11

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 -4.9 -3.2 -2.3 -1.0 -0.1 -0.1 0.8 2.0 3.0 1.3 4.8 4,464

Umajor -10.0 -6.8 -5.0 -2.3 -0.4 -0.4 1.5 4.3 6.0 2.8 8.8 4,464

Speed 0.1 0.3 0.6 1.5 2.4 2.7 3.6 5.8 7.3 1.6 10.0 4,464

Aug. Uminor -5.1 -3.3 -2.3 -1.0 -0.1 -0.1 0.7 2.0 2.9 1.3 4.7 4,464

Umajor -11.1 -6.3 -4.2 -1.6 0.2 0.3 2.1 5.1 7.2 2.9 10.8 4,464

Speed 0.0 0.3 0.6 1.4 2.3 2.7 3.6 6.0 7.9 1.7 11.1 4,464

Sept. Uminor -6.5 -3.4 -2.4 -1.0 -0.1 -0.1 0.7 2.1 3.0 1.3 4.7 4,320

Umajor -17.2 -10.0 -6.9 -2.7 -0.4 -0.3 2.2 6.1 8.5 3.9 11.3 4,320

Speed 0.0 0.3 0.6 1.7 2.9 3.4 4.7 8.1 10.5 2.3 17.5 4,320

Oct. Uminor -6.0 -3.6 -2.5 -1.1 -0.1 -0.2 0.8 2.2 3.2 1.4 6.2 4,464

Umajor -18.2 -11.5 -7.4 -3.0 -0.5 -0.5 2.2 6.1 8.9 4.1 13.4 4,464

Speed 0.1 0.3 0.7 1.8 3.0 3.6 4.9 8.4 11.8 2.5 18.5 4,464

Nov. Uminor -9.7 -4.6 -3.1 -1.2 -0.1 -0.2 0.9 2.4 3.9 1.7 7.0 4,320

Umajor -23.9 -13.2 -9.2 -4.1 -0.9 -0.6 2.5 9.0 15.7 5.6 22.9 4,320

Speed 0.0 0.4 0.9 2.1 3.8 4.7 6.3 11.7 16.8 3.5 23.9 4,320

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

Month Min 0.01 0.05 0.25 0.5 Mean 0.75 0.95 0.99 Std Max #Pts

cm/s

May Uminor -4.7 -2.9 -2.0 -0.8 0.0 0.0 0.8 1.9 2.7 1.2 4.2 4,464

Umajor -9.0 -5.6 -3.7 -1.6 -0.2 -0.2 1.3 3.4 5.1 2.2 8.0 4,464

Speed 0.0 0.2 0.5 1.2 1.9 2.1 2.8 4.6 6.2 1.3 9.3 4,464

June Uminor -5.1 -2.9 -2.0 -0.9 -0.1 -0.1 0.7 1.8 2.7 1.2 4.0 4,320

Umajor -7.9 -4.5 -3.3 -1.5 -0.3 -0.3 0.9 2.6 3.9 1.8 7.2 4,320

Speed 0.0 0.2 0.5 1.1 1.7 1.9 2.5 3.9 5.1 1.1 8.0 4,320

July Uminor -4.2 -3.0 -2.1 -0.9 0.0 0.0 0.8 2.1 2.9 1.2 4.7 4,464

Umajor -7.6 -4.8 -3.4 -1.5 -0.3 -0.3 1.0 2.8 4.4 1.9 8.8 4,464

Speed 0.0 0.2 0.5 1.1 1.8 2.0 2.7 4.2 5.3 1.2 9.0 4,464

Aug. Uminor -5.7 -3.0 -2.0 -0.8 0.0 0.0 0.8 2.0 2.9 1.2 4.6 4,464

Umajor -6.9 -4.8 -3.4 -1.6 -0.4 -0.4 0.8 2.8 4.2 1.9 7.2 4,464

Speed 0.0 0.2 0.5 1.1 1.8 2.0 2.6 4.1 5.3 1.1 7.2 4,464
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Table I-6 Monthly Statistics for the Near-Bottom (39 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

Sept. Uminor -5.0 -3.1 -2.3 -0.9 0.0 0.0 0.9 2.1 3.0 1.3 5.1 4,320

Umajor -9.0 -5.6 -4.0 -1.9 -0.6 -0.6 0.8 3.0 4.6 2.1 8.0 4,320

Speed 0.0 0.2 0.5 1.3 2.0 2.2 2.9 4.7 6.4 1.3 9.1 4,320

Oct. Uminor -4.6 -3.3 -2.3 -0.9 -0.1 -0.1 0.8 2.2 3.1 1.3 4.6 4,464

Umajor -10.5 -5.9 -3.8 -1.7 -0.3 -0.2 1.2 3.5 5.4 2.3 9.7 4,464

Speed 0.0 0.2 0.5 1.3 2.0 2.3 3.0 4.8 6.8 1.4 10.8 4,464

Nov. Uminor -6.7 -3.5 -2.3 -1.0 -0.1 -0.1 0.8 2.2 3.1 1.4 6.1 4,320

Umajor -10.6 -7.7 -5.0 -2.0 -0.5 -0.5 1.1 3.8 7.1 2.8 16.8 4,320

Speed 0.0 0.3 0.5 1.3 2.1 2.6 3.3 6.0 8.9 1.8 17.1 4,320

I.3.2 Water Levels

Table I-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. The tidal ranges at 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 2.61 1.32 3.19 33,855

I.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 terminal during the

December 2006 recovery and redeployment of the terminal current meter (see Figure I-5). The near-

surface salinities are the second-highest after the January 2006 measurements, as are the densities.



Marine Physical Environment

Technical Data Report

Appendix I: GEM Oceanography Program, April to December 2006

2010 Page I-13

0
10
20
30
40
50
60
70
80
90

100
110
120
130
140

4 6 8 10 12 14

Temperature (C)

D
e
p

th
(m

)

April, 2006 shallow

April, 2006 deep

January, 2006

September, 2005

December, 2006

0
10
20
30
40
50
60
70
80
90

100
110
120
130
140

10.00 15.00 20.00 25.00 30.00 35.00

Salinity (PSU)

D
e
p

th
(m

)

0
10
20
30
40
50
60
70
80
90

100
110
120
130
140

Density (kg/m^3)

D
e
p

th
(m

)

0

4

8

12

16

20

4 6 8 10 12 14

Temperature (C)

D
e
p

th
(m

)

April, 2006 shallow

April, 2006 deep

January, 2006

September, 2005

December, 2006

0

4

8

12

16

20

10.00 15.00 20.00 25.00 30.00 35.00

Salinity (PSU)

D
e
p

th
(m

)

0

4

8

12

16

20

1005.00 1010.00 1015.00 1020.00 1025.00 1030.00

Density (kg/m^3)

D
e
p

th
(m

)

Figure I-5 Temperature, Salinity and Density Profiles at Site 1 in Kitimat Arm

I.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 cm/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’ range is about 6.3 m from maximum to minimum and 4.2 m from the 5%

exceedance level to the 95% exceedance level.

Salinity (psu) Salinity (psu)

Density (kg/m3) Density (kg/m3)
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600 kHz SENTINEL WORKHORSE

Principles of Operation:

Acoustic pulses are transmitted along four beams. Echoes are returned by scatterers in the water column.

The frequency shift of each echo is directly proportional to the component of flow along the beam axis.

This is the 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. 20)  ±2 ±0.01

Temperature ±0.4 ±0.01

Power Specification: Internal: 48VDC battery pack (expandable w/ external battery pack)

External: 20-60 VDC

Dimensions: 22.8 cm by 36.1 cm

Weight: 13 kg in 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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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:

 subsurface currents

 water levels

 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 locations in 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 measurements is 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 Zodiac 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 is inshore of the CM1 location shown in Figure J-1. The location is also

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 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 as well as internal parameters.

Table J-1 Location, Deployment Time and Water Depth for the Terminal
Current Meter

Site Area
Deployment
Time Date

(PST)

Nominal
Lat, Long
(WGS84)

Water
Depth

(m)

Recovery
Time Date

(PDT)
Comments

1 Offshore of
Bish Creek
Terminal

13 Dec. 2006
14:00

53 56.400

128 42.834

26 10 Jul, 2007

11:13

RDI ADCP 600kHz: 1 m
bins

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 this instrument, 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
(PDT)

Lat, Long
(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 al. 1983), Caamaño

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 inner 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, Umajor, and the component perpendicular to the shore, Uminor.) The nominal location had been

started during the deployment in December, but comparing the deepest measurement of 24 m in 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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NOTE: Also shown are the water depths along two of the project marine corridors (A-A') from Browning
Entrance in Hecate Strait through to Otter Channel and (B-B’) from Caamaño Sound to Kitimat
Arm.

Figure J-4 Topography and Bathymetry of the Kitimat Fjord System,
Caamaño 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
(m)

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

(cm/s)

3 Uminor -16.9 -5.5 -3.5 -1.3 0.0 0.0 1.3 3.5 5.4 2.2 12.4 30,079

Umajor -81.4 -48.7 -35.1 -17.4 -6.1 -6.9 4.3 18.9 26.9 16.4 45.8

Speed 0.0 0.7 1.8 5.7 11.7 14.2 20.0 35.6 48.8 10.9 81.6

14 Uminor -10.4 -3.7 -2.4 -0.9 0.0 0.1 1.0 2.6 3.9 1.6 10.3 30,079

Umajor -36.0 -21.5 -14.7 -5.9 -1.4 -1.9 2.7 9.2 14.3 7.2 30.2

Speed 0.0 0.4 0.9 2.5 4.6 5.9 8.0 15.6 21.9 4.7 36.4

24 Uminor -6.9 -2.8 -1.9 -0.7 0.1 0.1 0.9 2.2 3.1 1.2 7.3 30,079

Umajor -24.3 -12.2 -8.4 -3.8 -1.1 -1.3 1.4 5.3 8.2 4.1 16.6

Speed 0.0 0.3 0.7 1.7 3.0 3.7 4.9 8.9 12.4 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.

Overall, there is no trend in the maximum or mean near-surface current speeds, though it peaks around

81 cm/s in January and then again in March. The largest overall current speed was measured in January.

There is an overall down-channel (seaward) drift at all depths, with speeds of 5 to 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
(m)

Month Min 0.01 0.05 0.25 0.5 Mean 0.75 0.95 0.99 Std Max #Pts

cm/s

3 Jan Uminor -10.8 -5.7 -3.8 -1.4 0.0 0.0 1.4 3.9 5.7 2.3 9.0 4,464

Umajor -81.4 -53.4 -40.8 -18.5 -5.6 -6.1 7.6 24.1 31.6 19.2 39.6

Speed 0.0 0.9 2.0 6.8 14.1 16.3 22.6 40.8 53.4 12.0 81.6

Feb Uminor -13.7 -5.6 -3.8 -1.6 -0.1 -0.1 1.2 3.5 5.4 2.2 9.7 4,032

Umajor -67.6 -47.1 -34.9 -16.0 -6.3 -7.4 2.1 15.5 23.5 14.7 32.9

Speed 0.1 0.7 1.6 5.0 10.2 12.9 17.6 35.0 47.0 10.5 67.7
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Table J-4 Monthly Statistics for the Near-surface (3 m) (cont’d)

Depth
(m)

Month Min 0.01 0.05 0.25 0.5 Mean 0.75 0.95 0.99 Std Max #Pts

cm/s

3
(cont’d)

Mar Uminor -12.3 -6.2 -4.1 -1.7 -0.2 -0.2 1.3 3.7 5.8 2.4 12.4 4,464

Umajor -80.7 -51.1 -38.6 -21.7 -9.5 -8.1 7.0 22.4 30.8 19.1 45.8

Speed 0.2 0.9 2.4 8.7 15.9 17.4 23.9 39.0 50.7 11.6 80.7

Apr Uminor -16.4 -5.5 -3.4 -1.2 0.0 0.0 1.3 3.4 4.8 2.1 8.7 4,320

Umajor -63.2 -44.8 -30.8 -13.8 -4.9 -5.5 4.4 16.5 23.4 14.2 31.7

Speed 0.1 0.7 1.7 5.1 10.0 12.1 16.3 30.9 44.5 9.5 63.2

May Uminor -16.9 -5.4 -3.2 -1.1 0.0 -0.1 1.1 3.0 4.8 2.0 10.5 4,464

Umajor -69.3 -46.9 -33.9 -15.8 -4.9 -7.1 2.9 13.9 20.0 14.4 25.1

Speed 0.0 0.5 1.4 4.2 9.0 12.2 17.5 33.9 46.9 10.6 69.4

Jun Uminor -7.8 -3.9 -2.5 -0.8 0.3 0.4 1.4 3.4 4.8 1.8 9.6 4,320

Umajor -54.6 -40.8 -30.3 -18.9 -7.4 -7.1 4.8 16.6 22.9 14.9 30.2

Speed 0.1 0.7 2.0 6.4 12.4 13.8 20.0 30.3 40.8 9.2 54.7

Table J-5 Monthly Statistics for the Mid-depth (14 m)

Depth
(m)

Month Min 0.01 0.05 0.25 0.5 Mean 0.75 0.95 0.99 Std Max #Pts

cm/s

14 Jan Uminor -7.9 -4.1 -2.6 -0.9 0.1 0.1 1.1 2.7 4.0 1.6 7.7 4,464

Umajor -31.2 -22.7 -17.0 -8.6 -2.9 -2.9 2.8 10.7 15.5 8.4 24.7

Speed 0.1 0.5 1.1 3.2 6.2 7.3 10.3 17.4 22.9 5.2 31.5

Feb Uminor -6.1 -4.2 -2.8 -1.1 -0.1 0.0 1.0 2.8 4.0 1.7 8.7 4,032

Umajor -32.5 -23.8 -17.0 -8.5 -2.7 -2.4 3.9 12.3 16.1 8.9 23.2

Speed 0.1 0.5 1.3 3.8 6.7 7.8 10.9 17.6 23.8 5.3 32.7

Mar Uminor -10.4 -3.9 -2.6 -0.9 0.2 0.2 1.2 2.9 4.4 1.7 10.3 4,464

Umajor -36.0 -21.5 -16.2 -7.5 -2.8 -3.2 1.7 7.9 12.9 7.3 25.5

Speed 0.1 0.5 1.1 2.9 5.1 6.5 8.8 16.4 21.6 4.9 36.4

Apr Uminor -7.7 -3.6 -2.4 -0.8 0.1 0.2 1.2 2.8 4.2 1.6 7.3 4,320

Umajor -27.4 -17.3 -11.9 -5.4 -1.5 -1.5 2.4 9.0 14.1 6.3 19.1

Speed 0.1 0.4 0.9 2.4 4.5 5.4 7.3 13.2 17.7 3.9 27.4

May Uminor -5.3 -3.0 -2.1 -0.8 0.0 0.0 0.9 2.2 3.0 1.3 6.2 4,464

Umajor -23.2 -12.2 -8.3 -3.4 -0.6 -0.6 2.3 7.2 10.8 4.7 13.8

Speed 0.0 0.3 0.7 1.8 3.2 4.0 5.4 9.6 13.0 2.9 23.2

Jun Uminor -4.2 -3.0 -2.1 -0.9 0.0 0.0 0.8 2.1 3.1 1.3 4.7 4,320

Umajor -14.7 -10.2 -7.2 -2.5 0.3 0.2 3.1 7.1 9.4 4.3 15.0

Speed 0.1 0.3 0.7 1.8 3.1 3.7 5.1 8.6 11.1 2.5 15.0
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Table J-6 Monthly Statistics for the Near-bottom (24 m)

Depth
(m)

Month Min 0.01 0.05 0.25 0.5 Mean 0.75 0.95 0.99 Std Max #Pts

cm/s

24 Jan Uminor -4.0 -2.8 -1.9 -0.8 0.1 0.1 0.9 2.2 3.1 1.2 6.2 4,464

Umajor -17.1 -12.1 -9.0 -4.2 -1.2 -1.2 1.9 6.1 8.3 4.5 12.0

Speed 0.0 0.4 0.8 2.0 3.4 4.0 5.5 9.2 12.2 2.7 17.1

Feb Uminor -5.5 -3.0 -2.0 -0.8 0.1 0.1 1.0 2.3 3.3 1.3 4.8 4,032

Umajor -21.7 -14.5 -10.8 -5.2 -1.7 -1.9 1.7 6.3 9.4 5.1 16.6

Speed 0.0 0.4 0.9 2.1 3.9 4.6 6.4 11.1 14.8 3.2 21.8

Mar Uminor -6.9 -2.9 -2.0 -0.8 0.0 0.1 0.9 2.3 3.1 1.3 5.3 4,464

Umajor -17.0 -11.2 -8.4 -4.1 -1.1 -1.1 1.7 6.1 9.1 4.4 14.6

Speed 0.0 0.3 0.7 1.8 3.3 3.9 5.3 9.0 11.9 2.6 17.0

Apr Uminor -4.8 -2.9 -2.0 -0.7 0.1 0.1 0.9 2.2 3.2 1.3 7.3 4,320

Umajor -21.3 -11.8 -8.0 -3.9 -1.2 -1.3 1.3 5.0 8.7 4.0 15.3

Speed 0.0 0.3 0.7 1.7 2.9 3.6 4.8 8.7 12.4 2.6 21.8

May Uminor -5.5 -2.8 -1.8 -0.7 0.1 0.1 0.9 2.1 3.0 1.2 5.2 4,464

Umajor -12.2 -8.7 -5.9 -2.8 -0.9 -0.9 1.1 4.3 6.8 3.1 10.7

Speed 0.1 0.2 0.6 1.5 2.4 2.9 3.8 6.6 9.2 1.9 12.3

Jun Uminor -3.9 -2.6 -1.8 -0.7 0.1 0.1 0.9 2.0 2.8 1.2 5.3 4,320

Umajor -11.6 -8.0 -6.0 -2.8 -0.8 -0.9 1.2 3.8 5.4 3.0 9.3

Speed 0.0 0.2 0.5 1.4 2.4 2.8 3.7 6.3 8.2 1.8 11.7

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

7 cm/s in the near-surface layer, reducing to 1.0 cm/s at the near-bottom, with the flow being down-inlet

at all 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 sea level. 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. The tidal ranges at 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 2.61 1.32 3.19 33,855
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J.3.2.1 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,

are illustrated in Figure J-5 for a shallow- and deep-water cast. This figure also gives these profiles in 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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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 scatterers in the water column.

The frequency shift of each echo is directly proportional to the component of flow along the beam axis.

This is the 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. 20)  ±2 ±0.01

Temperature ±0.4 ±0.01

Power Specification: Internal: 48VDC battery pack (expandable w/ external battery pack)

External: 20-60 VDC

Dimensions: 22.8 cm by 36.1 cm

Weight: 13 kg in 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




