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EXECUTIVE SUMMARY
The Village of Port Clements (Village) proposes to develop an industrial barge facility and cargo storage
area in one of the industrial lots north of the town site to improve market access for local wood
products and provide other opportunities for economic development. Moffatt and Nichol (M&N) was
engaged by the Village to perform a feasibility study of the proposed development. This report
summarizes the work performed by M&N and sub‐consultant Golder Associates, including a preliminary
engineering design criteria, summaries of meetings/discussions with business owners, three barge ramp
concept options, review of ownership and operating scenarios and, environmental, archaeological and
geotechnical reviews.
Based on meetings and discussions with various parties, there is a definite interest from select business
owners for the proposed development with North Arm Transportation expressing the most interest,
both as a primary operator and facility user. Based on these discussions, the feasibility study was carried
out based on a maximum design barge size of 10,000‐ton capacity with a maximum design draft of
5.6 m.
Required water depths in the range of 6 to 7 m are located a substantial distance from shore at the site
identified by the Village. A causeway, either rock filled or a driven‐piled pier or a combination of the
two, extending from shore in length varying from 380 m to 406 m will be required to provide access for
the range of barges expected. For barge ramp concepts at the end of the causeway, there are primarily
3 types considered for the proposed site: concrete foreshore ramp, three‐stage bulkhead pier and
mechanical barge ramp. For the filled causeway option, the order‐of‐magnitude cost estimates for the
3 different ramp options vary from $5 to $6 million. For the piled pier causeway, the order‐of‐magnitude
cost estimates for the 3 different ramp options vary from $7 to $9 million. The order‐of‐magnitude cost
estimate to provide facility upland improvements and equipment is $0.65 million for a trailer operation
and $3 million for a grounded operation.
The construction and operation of a new, high grade barge facility will be a costly venture of initial
capital investment. However, a comparison of pure transportation costs shows definite and substantial
cost savings of a direct barge service to deliver goods versus the trucking and BC Ferries routing. This
leaves potential room for terminal charges that could cover the initial capital investment and annual
operating costs. However, this will depend on the volumes that can be generated to use the facility;
both inbound and outbound. A market assessment is necessary to establish the volumes that could be
generated inbound and outbound and determine if they will fill a 6,000 t barge with trailers weekly or
bi‐weekly, or a 10,000 t barge weekly with stacked containers, and so forth. If full barge loads cannot be
generated on a regular basis, the resulting load factors and on what schedule the barge would run
should be forecasted. On this forecast basis, revenues can be estimated alongside annual operating
costs to determine the financial feasibility of the project.
Moving forward the Village should examine alternatives to reduce initial capital cost including
identifying other sites that have sufficient water depth much closer to shore to save the high cost of the
causeway; look for a used barge ramp in reasonably good condition; focus on a trailer operation to start
as it has lower upland development costs and explore the purchase of used cargo handling equipment.
In addition, the Village should garner support from other nearby communities so that the volumes of
cargo necessary to support the facility can be generated and investigate public funding mechanisms
such as Western Economic Diversification, etc., or other measures for low cost financing.
FEASIBILITY STUDY
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1.0 INTRODUCTION
1.1 Background
The Village of Port Clements (Village) proposes to develop a new industrial barge facility and storage
area in one of the industrial lots north of the town site to improve market access for local wood
products and provide other opportunities for economic development. Moffatt and Nichol (M&N) was
engaged by the Village to perform a feasibility study of the proposed development. The work performed
by M&N and sub‐consultant, Golder Associates, includes the following:


Meetings and discussions with select business owners that are potentially interested in the
usage of the proposed facility;



Preliminary engineering design criteria and parameters to be used for the planning and
feasibility design of the proposed facility;



Three (3) preliminary barge ramp concept option developments including drawings and order‐
of‐magnitude cost estimates;



Review of ownership and operating scenarios; and,



Environmental, archaeological and geotechnical concept level review of proposed barge facility
(by Golder Associates).

The proposed barge facility and storage area is tentatively located on crown land in one of the industrial
lots north of the village town site. The majority of the parcel of land between the foreshore and
industrial park road to the east is relatively flat except for a steep incline as it approaches the road. This
parcel is roughly 1.5 hectares in area. East of the industrial park road, there is an additional 53 hectares
of land of varying elevation but generally significantly higher than the road. The land immediately north
of the property is owned by Abfam Enterprises and is currently operated as a sawmill. The land
immediately south of the property is owned by O’Brien & Fuerst Logging and is currently operated as a
cedar pole peeling plant.

1.2 Project Design Objectives
The primary objectives for developing the barge facility include:


Provide adequate water depth for safe navigation to and from the site;



Provide cost effective marine structures to safely berth, moor and load/unload the required
range of barges expected to call at the facility;



Provide shore access for crews and equipment to get to and from the ramp and barges;



Provide access to/from the storage area and industrial park road; and,



Minimize the environmental footprint.

FEASIBILITY STUDY
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2.0 DISCUSSIONS WITH BUSINESS OWNERS
In order to identify the level of interest in the proposed barge facility development, a series of meetings
and discussions were conducted with select business owners. Below are brief summaries of the main
points that were discussed with select business owners:


Meeting with North Arm Transportation (Gino Stradiotti, Mike Gillis & Peter Hewlett)
North Arm currently has a fuel supply facility at the government dock in Masset. They
sometimes utilize the barge facility at Ferguson Bay (owned by Western Forest Products). The
facility consists of an old bulkhead structure with no protective dolphins. At the Ferguson Bay
site, operations are tide dependent and can only accommodate barges with attached ramps. In
the past, they have had issues with regards to holding the barge in place due to strong currents.
Due to the absence of a properly designed and publicly owned barge facility on the Island, North
Arm expressed strong interest in the proposed development, both as a primary operator or
facility user. They suggested a 6000‐ton barge as the upper range of design vessels to call at this
proposed facility, as flat deck barges exceeding this capacity are not commonly used on the
North Coast. In discussions with regards to the need of creating a facility that is economically
viable and competitive, they suggested that the proposed facility should be capable of handling
containers using a top‐pick lift‐on/lift‐off operation, in addition to roll‐on/roll‐off capabilities. In
order to accommodate the heavy loads associated with a top‐pick carrying a loaded container,
the proposed barge ramp would need to be wider and sturdier than the standard highway‐
loading barge ramps. Because of this, a new barge ramp will likely be required to accommodate
top‐picks because used ramps typically cannot handle the heavy wheel loading.



Conversation with Jim Abbott from Abfam Enterprises Ltd.
Jim currently uses his own barge ramp (located adjacent to their mill) to load barges in the range
of 2000 tons (can load up to 3500‐ton barges). Their typical roll‐on/roll‐off operation consists of
the barge “beaching” in bow first at low tide, load and depart at high tide. He expressed no
interest in utilizing the proposed facility as he has no issues with his current barge ramp.



Conversation with Randy O’Brien from O’Brien & Fuerst Logging Ltd.
Randy currently uses the Main Wharf (located in the Village) to load up to 5000‐ton barges. They
haul roughly 8,000 to 14,000 utility poles to Vancouver each year. He expressed interest in the
proposed barge facility with preference to roll‐on/roll‐off operations over barges “beaching”
onto a concrete ramp. He suggested that the proposed facility should be designed to
accommodate up to 10,000‐ton barges and advised that the site is exposed to high westerly
winds and waves (waves up to 12 ft high).



Conversation with Stan Schiller from Edward & Associates Logging Ltd. (contracted by
Western Forest Products)
Edward & Associates are contracted by Western Forest Products to log their wood in this area.
They currently operate the barge facility owned by Western Forest Products at Ferguson Bay to
load log barges. The facility can accommodate up to 17,000‐ton log barges and consists of a
3‐stage bulkhead for use at different tide levels and a large staging area. There is no fixed ramp
at the facility and it can only accommodate barges with their own ramps. Compared to the
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proposed site, he believes the Ferguson Bay site is relatively more sheltered but requires a
15 km drive to reach Port Clements. He does not envision utilizing the proposed site to load logs;
however, there could be potential opportunities to use the proposed facility for their freight if
the transportation costs are lower. He currently “ferries” his freight from Prince Rupert to
Skidegate. From Skidegate, Clearbrook Trucking is used to deliver the freight to Port Clements.
With the proposed facility, the freight can be directly shipped to Port Clements.


Conversation with Chrystal Hillier from Wainwright Marine Services Ltd.
Wainwright Marine currently utilizes barge ramps owned by others such as Abfam to
load/offload their freight. They have issues with the current operation in that the barges need to
beach at the site which causes wear‐and‐tear over time. Their operations are also controlled by
tides and the owner’s schedule. They foresee utilizing the proposed ramp facility monthly with a
3000‐ton barge.

FEASIBILITY STUDY
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3.0 PROJECT DESIGN CRITERIA
3.1 Design Criteria Purpose
The design criteria as follows are intended to provide the requirements and guidance for the design of
the major elements of the project. It is also intended as a record of the assumptions taken during the
preliminary design of the project.
These design criteria are part of a “living document” that should be updated and expanded as the design
process moves forward. While technical details regarding the design are expected to continue to evolve
as the design process evolves, changes to the agreed upon functional performance requirements should
only be revised through duly documented discussion and concurrence with the Village of Port Clements.

3.2 Disclaimer
The design criteria is only part of the design process and provides a summary of the requirements and
guidance as noted in Section 3.1. All details should be checked and verified by the designers of the final
project design who must exercise their own professional judgment before adopting the design criteria in
this document.

3.3 Codes and Standards
The structures will be designed to conform to the most current version of the following codes and
standards:


National Building Code of Canada (NBCC);



CAN/CSA S6 ‐ 00 ‐ Canadian Highway Bridge Design Code;



CSA A23.3 ‐ Design of Concrete Structure;



CAN/CSA S16.1 ‐ Limit States Design of Steel Structures;



CAN/CSA S157/S157.1‐05 ‐ Strength Design in Aluminium;



CAN/CSA O86‐01 ‐ Engineering Design in Wood;



US Army Corps Coastal Engineering Manual (CEM); and,



Delft Hydraulics (van der Meer breakwater design methods).

3.4 Materials and Testing
Materials and testing will be specified to conform to the most current edition of the relevant standards,
where applicable, as published by the following organizations:


Canadian Standards Association (CSA); and,



American Society of Testing and Materials (ASTM).

FEASIBILITY STUDY
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3.5 Units and Measurements


Construction drawings and specifications will be in accordance with the International System of
Units (SI) metric units.

3.6 Project Datum and Elevations
All elevations are referenced to chart datum. Depths shown on a nautical chart are shown from a low‐
water surface called chart datum. Chart datum is generally a tidal datum and is selected so that the
water level will seldom fall below it. On most Canadian coastal charts the surface of lower low water
large tide (LLWLT) has been adopted as chart datum.

3.7 Design Life
The components of the proposed facility will be designed for the following service life:


Marine structures – 50 years;



Fender systems and rubbing strips ‐ 10 years; and,



Revetments‐ 25 years.

The above service life assumes that a regular inspection and maintenance program is implemented to
repair damage and deterioration which is normal for structures exposed to the marine environment.

3.8 Environmental Loads and Effects
Environmental loads are in accordance with the data published in the supplement of the NBCC. The
relevant data for Masset and Sandspit are included in the tables below as follows:
3.8.1

Rainfall
Table 1: Rainfall Summary

3.8.2

Location

15 minutes

One Day

Annual Total

Masset

13 mm

80 mm

1350 mm

Sandspit

13 mm

86 mm

1300 mm

Ground Snow
Table 2: Ground Snow Summary

FEASIBILITY STUDY

Location

Ss, Ground snow load 1
in 50 yr

Sr, Associated rain load 1
in 50 yr

Masset

1.8

0.4

Sandspit

1.8

0.4

PROJECT DESIGN CRITERIA
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3.8.3

Wind
Table 3: Hourly Wind Pressure Summary
Location

1/10 yr

1/50 yr

Masset

0.49 kPa

0.62 kPa

Sandspit

0.54 kPa

0.68 kPa

Wind conditions at Port Clements are assumed to be bounded by conditions measured by the
Meteorological Service of Canada at Masset Airport and Sandspit Airport which are about equidistant
north and south of the site respectively. Conditions at these airports should yield conservative estimates
of conditions at Port Clements owing to their more exposed locations on the coast. These datasets are
summarized in Table 4.
Table 4: Wind Dataset Summary
Parameter

Masset Airport

Geographic Coordinates
Elevation
Transport Canada Identifier
Period of Record

o

o

Sandspit Airport
o

54 1.8’N, 132 7.8’W

54 15.0’N, 131o48.6’W

5.8 m CGD

6.4 m CGD

ZMT

YZP

Nov, 2005 to present

Jan 1953 to Dec, 2004

A wind rose derived from the Masset Airport dataset is shown in Figure 1. The strongest and
predominant winds are from the southeast; note that the dataset include observations made during
daylight hours only.

Figure 1: Wind Rose ‐ Masset Airport (2005 to present)

FEASIBILITY STUDY
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A similar wind rose was derived from the Sandspit Airport dataset and is shown in Figure 2.

Figure 2: Wind Rose ‐ Sandspit Airport (1953 to 2004)
Extreme hourly wind speeds were derived from the annual maxima identified from the Sandspit dataset
and are summarized in Table 5.
Table 5: Extreme Hourly Wind Speed versus Direction
Return Period (years)

From the Southeast (m/s)

Remaining Directions
(m/s)

Annual

24

16

5

29

21

10

31

23

25

33

25

50

34

26

100

36

28

200

38

29

Wind gust speeds will be derived as required from the hourly speeds using the relationship shown in
Figure 3.

FEASIBILITY STUDY
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Figure 3: Relationship between Hourly and Gust Wind Speed
3.8.4

Temperature

The maximum and minimum temperature ranges for Masset and Sandspit are as shown in Table 6.
Table 6: Maximum and Minimum Temperature Range for Port Clements
January

3.8.5

July 2.5%

2.50%

1%

Dry

Wet

Masset (°C)

‐7

‐9

17

15

Sandspit (°C)

‐6

‐7

15

15

Current

It is assumed that currents at the site are less than 1.0 knot but shall be confirmed in detailed design.
3.8.6

Extreme Wave Conditions

3.8.7

Offshore Waves

A preliminary estimate of extreme wave conditions in deep water offshore of Port Clements was derived
by assuming extreme waves will be fetch limited and governed by the JONSWAP wave generation

FEASIBILITY STUDY
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relationships. The wind speeds tabulated in Table 5 from directions other than southeast were used to
compute the wave conditions shown in Table 7.
Table 7: Extreme Wave Conditions
Return Period
(years)

Significant Wave
Height (m)

Peak Period (s)

Annual

1.4

4.3

5

1.9

5.0

10

2.1

5.2

25

2.4

5.4

50

2.5

5.5

100

2.7

5.7

200

2.8

5.8

Marine structures and revetments shall be typically designed to withstand a 200‐year return period
extreme wave condition (i.e. roughly corresponds to a 10% probability of exceedance for structures with
a 20‐year service life).
3.8.8

Inshore Waves

Inshore wave conditions are site specific and depend on the exposure and water depths at the site being
considered (to follow).
3.8.9

Operational Wave Conditions

Operational wave conditions to be determined in detailed design.
3.8.10 Seismic Loads
The seismic criteria for Port Clements as published in the NBCC are shown in Table 8.
Table 8: Seismic Criteria for Masset and Sandspit

Location

Masset

Sandspit

FEASIBILITY STUDY

Probability of
Annual Exceedance

Peak Ground
Acceleration PGA

Probability of
Exceedance in 50
Years

Average Return
Period in Years

0.0004

0.26 g

2%

2,475

0.0021

TBD

10%

475

0.01

TBD

40%

100

0.0004

0.29 g

2%

2,475

0.0021

TBD

10%

475

0.01

TBD

40%

100
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Multi‐level performance based seismic design criteria can be established for the proposed marine
structures. In essence, a performance based approach seeks to limit the damage under moderate
earthquakes to a level that can be readily repaired after the event. Since statutory codes (e.g. the
National Building Code of Canada (NBCC 2005) and Canadian Highway Bridge Design Code (CAN/CSA
S6‐06) do not apply directly to wharf structures, a certain amount of discretion and judgement can be
applied in developing the project‐specific seismic design criteria in consultation with the Village during
the detailed design stage.

3.9 Marine Criteria
3.9.1

Water Levels

Table 9 below gives the tidal parameters at Port Clements derived from CHS Tide and Current Tables.
Table 9: Tidal Parameters – Port Clements
Tidal Parameter

Height (m CD)

Higher High Water Level (large tide) ‐ HHWLT

2.9

Mean High Water Level (mean tide) ‐ HHWMT

2.4

Mean Water Level ‐ MWL

1.3

Mean Low Water Level (mean tide) ‐ LLWMT

0.2

Lower Low Water Level (large tide) ‐ LLWLT

‐0.1

CHS tidal prediction software and the CHS tidal constituents shown in Table 10 were used to generate a
full 19‐year tidal cycle (2010 to 2028) of tidal height predictions.
Table 10: CHS Tidal Constituents

FEASIBILITY STUDY

Constituent

Amplitude (m)

Phase(deg
local)

Z0

1.311

0

O1

0.156

199.8

K1

0.278

199.9

M2

0.794

120.7

S2

0.185

151

M4

0.024

147.3

MS4

0.011

180.6

MF

0.132

172.5

N2

0.126

88.4

P1

0.089

199.9

K2

0.05

150.9
PROJECT DESIGN CRITERIA
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These predictions were analyzed statistically to generate the expected distribution of water levels by
month shown in Table 11.
Table 11: Predicted Water Level Distribution – Percentage of the Time by Month
WL
Greater
Than (m
CD)

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

‐0.5

100.0%

100.0%

100.0%

100.0%

100.0%

100.0%

100.0%

100.0%

100.0%

100.0%

100.0%

100.0%

0.0

99.3%

99.4%

99.9%

99.9%

100.0%

99.8%

99.3%

99.4%

99.9%

99.9%

100.0%

99.8%

0.5

89.0%

88.7%

87.9%

87.8%

88.0%

88.3%

89.2%

88.5%

87.8%

88.0%

87.9%

88.3%

1.0

64.3%

65.2%

65.5%

65.3%

64.5%

64.2%

64.5%

65.2%

65.5%

65.2%

64.7%

64.2%

1.5

41.1%

41.5%

42.5%

42.0%

41.3%

40.8%

40.9%

41.7%

42.2%

42.0%

41.4%

40.9%

2.0

15.8%

16.9%

16.9%

14.8%

14.4%

15.2%

15.9%

16.9%

16.7%

14.9%

14.6%

15.2%

2.5

3.0%

0.7%

0.6%

2.1%

3.5%

3.9%

3.1%

0.8%

0.5%

2.2%

3.6%

4.0%

3.0

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

3.9.2

Design Barge Size and Minimum Water Depth

Based on meetings and conversations with various business owners, barges with 6,000‐ton capacity
should generally satisfy the upper range of barges to be expected at the proposed barge facility.
However, based on our telephone conversation on April 16, 2010, it is to our understanding that the
Village would like the maximum design barge size for the proposed facility to be increased to 10,000‐ton
capacity. Table 12 below is a summary of the parameters of a minimum, maximum and intermediate
design barge.
Table 12: Summary of Design Barges

Barge Name

Deadweight
Tonnage
(m.t.)

Length
(m)

Beam
(m)

Depth
(m)

Draft (m)

Gross
Tonnage
(t)

Smallest

L.G.P. 3

1,790

50.3

13.4

3.1

3.0 (10 ft)

656

Intermediate

MLT Hwy

6,000

76.2

21.9

4.9

4.6 (15 ft)

2141

Largest

Deck Barge

10,000

103.8

25.0

7.5

5.6 (18 ft)

3907

Flatdeck
Barge

A minimum water depth of 6.7 m (22 ft) at Lower Low Water (LLW) was selected, based on the following
assumptions:
Maximum Design Draft

5.60 m

15% Underkeel Clearance

0.84 m

Survey Tolerance

0.30 m

Total Depth Required

6.74 m (22 ft)

FEASIBILITY STUDY
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3.10 Structural Loads
3.10.1 Vehicle Loads
The marine structures shall be designed to carry axle loads imposed by the worst of the following. The
live loads stated below are unfactored loads and must be increased to allow for dynamic effects.


Top‐Lift Container Handler (Taylor TEC‐950 L)
Front Axle: 236 kN per wheel
Rear Axle: 33 kN per wheel

Maximum ground contact pressure: 724 kPa


CL‐625 Highway Truck

3.10.2 Mooring and Berthing Loads
The mooring and berthing loads are to be determined in detailed design.

3.11 Geotechnical Information
No geotechnical information has been provided at this time. For future preliminary and detailed
engineering design, a geotechnical investigation will be necessary to characterize the geotechnical
properties of the subsurface soils and evaluate the site’s liquefaction potential.
FEASIBILITY STUDY
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4.0 BARGE RAMP CONCEPT OPTIONS
The following section describes the rock filled versus piled causeway alternatives and the three types of
barge ramp considered for the proposed site. In absence of any bathymetry and biophysical data, Sea‐
Force Consultants Inc. and Balanced Environmental Services were engaged by the Village to perform a
hydrographic, substrate, intertidal and subtidal habitat survey at the proposed site. The survey was
conducted on May 16 and 17, 2010. Please refer to the Sea‐Force and Balanced Environmental reports
and drawings dated June 6, 2010 for details on the surveys.

4.1 Filled Versus Piled Causeway Alternative
Water depths in the range of 6 to 7 metres are located a substantial distance from shore at the site
identified by the Village. As a result, a causeway extending from shore to the required water depth
contour is required to provide access to the range of barges expected. The causeway, varying in length
from 380 m to 406 m, depending on the barge ramp option, can either be a rock filled causeway, a
driven‐piled pier or a combination of the two. Please refer to SK‐1 enclosed in Appendix A for details on
the piled pier versus filled causeway alternatives.
The rock fill option will have a significantly more intrusive footprint at the proposed site but will be the
lower cost option. The long, narrow filled causeway could disrupt the littoral drift (movement of
sediment along a coast parallel to the shore due to wave and wind action) along the shoreline. In
addition, this option will cover portions of the two environmentally‐sensitive eelgrass strips found
running parallel to the shoreline based on the biophysical survey, which will likely require habitat
compensation or preclude construction altogether. Please refer to the survey or the enclosed sketches
for the locations of the eelgrass strips. Should this option be considered, further investigation on habitat
compensation with the Department of Fisheries and Ocean (DFO) and coastal modelling to review
impact of the causeway on the shoreline would be required in the detailed design stage.
The pile option would consist of a series of pile‐supported structures. Each pile bent, installed at a
specified spacing, could be made up of a row of 762 mm (30‐inch) diameter steel pipe piles driven to
sufficient depth into seabed and connected by a cast‐in‐place concrete pile cap that serves as the
support for precast deck panels. Precast concrete panels can be used to span between pile bents and a
concrete topping is then applied to provide a continuous deck surface for traffic. The pile option will
have a significantly smaller footprint and impact to the shoreline compared to the fill option but will be
more costly. Although this option can minimize the area of eelgrass affected, some habitat
compensation with DFO will still likely be required due to the impact induced by pile installation and
deck shading of the eelgrass bed.

4.2 Barge Ramp Concepts
For a foreshore barge ramp, there are primarily three types that have been considered here for the
proposed site. Each of these options is described below:
4.2.1

Option 1: Concrete Foreshore Ramp

This type of facility is similar to a large boat launch ramp in which barges “beach” bow first onto the
concrete ramp and use a steel ramp to bridge between the concrete ramp and barge deck. The top and
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toe of the concrete ramp (cast‐in‐place or precast) will likely be at El. +3.5 m and El. ‐6.1 m (CD)
respectively, creating a concrete ramp around 50 m long and 25 m wide at a 20% grade. The 25 m ramp
width may be reduced during detailed design if the maximum 10,000 ton design barge can accept some
overhang when it beaches on the ramp. A filled, or piled, causeway of approximately 383 m long from
shore would locate the concrete ramp in sufficient water depth to permit use under all tide conditions.
A staging area, roughly 20 m by 25 m in size, is provided to allow vehicles to turn around at the seaward
end of the causeway. A few pile‐supported protective dolphin structures with timber fender piles can be
installed to facilitate berthing and mooring operations. Scour protection should be provided along the
perimeter of the concrete ramp and filled causeway, if selected, which will likely consist of two layers; a
rip rap layer and a filter stone layer. A steel ramp is either attached to the barge and lowered, or
installed from shore by mobile equipment to allow the roll‐on/roll‐off of trucks, forklifts, etc. with
goods. An example of such a similar facility is shown in Figure 4 below.

Figure 4: Example of Option 1: Concrete Foreshore Ramp
This is simplest form of facility, generally low cost but requires undesirable beaching of the barge which
can cause wear‐and‐tear on the hull over time. It also requires barges that have or can accept ramps. A
reduction in construction cost may be achieved with the design of a shorter causeway at the expense of
being controlled by tidal ranges. This can be further investigated should this option be chosen. In
general, this option has not been preferred by business owners due to the potential of hull damage. For
details on the conceptual plan layout and typical cross‐section, refer to SK‐2 and SK‐3 enclosed in
Appendix A. A filled causeway is shown in the sketches for this option but a piled alternative is also
feasible. Should the fill option be chosen, there is likely to be a significant environmental permitting
process involved due to the large development footprint as noted earlier.
4.2.2

Option 2: Three-stage Bulkhead Pier

This option would consist of a filled area at the end of the causeway that has a vertical three‐stage sheet
pile bulkhead at the outboard end in water depths of El.‐6.8 m (CD) with top elevations of +3.5 m, +1.75
m and 0 m (CD). The varying elevations at the top of the seaward bulkhead are there to accommodate
operations at different tide levels. Each stage of the bulkhead is approximately 5 m wide with the two
lower levels sloping back at a 15% grade to reach the top deck elevation of +3.5 m. Barges can use their
own ramp, or a ramp placed by shore based mobile equipment, between the end of the bulkhead and
barge to allow for roll‐on/roll‐off operations. To handle roll‐on/roll‐off operations, a 4 m wide barge
ramp is typically sufficient. However, to accommodate container handling equipment such as reach
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stackers, barge ramps typically need to be 5 m wide. Alternatively, this option also lends itself to barge,
berthing alongside against the bulkhead to allow for a mobile crane to lift‐on/lift‐off cargo.
A staging area, roughly 15 m by 15 m in size, would likely be required to allow vehicles to turn around at
the end of the causeway. The bulkhead and staging area (approximately 40 m long) would likely be filled
but the causeway (approximately 390 m long) can be either piled, filled or a combination of the two.
Two pile‐supported protective dolphin structures with timber fender piles can be installed at the corners
of the bulkhead at the berth face to protect the bulkhead and facilitate berthing operations. Since the
barge may utilize any one of the three stage bulkheads depending on the tide level and freeboard,
breasting dolphins along the berth are not feasible for this option and tugboats may be required to hold
the barge in place during loading/unloading operations. Scour protection should be provided to protect
the rock fill, which will likely consist of two layers; a rip rap layer and a filter stone layer.
This is a more desirable option than No. 1 above as no beaching is required, although this option still
requires barges with, or that can accept, ramps for roll‐on/roll‐off operations. One advantage of this
option is that it can handle both roll‐on/roll‐off and lift‐on/lift‐off operations. A reduction in
construction cost may be achieved with a shorter causeway at the expense of being controlled by tidal
ranges. This can be further investigated should this option be chosen. For details on the conceptual plan
layout and typical cross‐section, refer to SK‐4 and SK‐5 enclosed in Appendix A. A filled causeway is
shown in the sketches for this option but a piled alternative is also feasible.
4.2.3

Option 3: Mechanical Barge Ramp

At the end of a piled pier or filled causeway, a mechanically operated ramp is installed to a fixed
abutment structure. The outer end of the ramp can be supported by lift towers with guided concrete
counterweights and a hydraulic system to lift and control the outer end ramp elevation. Hydraulically
controlled floats can also be used to support the outer end of the ramp elevation; however, strong wind
exposure at the site will likely limit the practical use of floating structures. Barges berth bow in near the
ramp and the ramp is raised and lowered to the barge deck. An approximately 25 m long barge ramp,
operated at maximum 15% grade will permit operations through the entire tidal range based on a
6,000 ton‐capacity barge. A 10,000‐ton capacity barge would have to come in partially laden at high tide
in order for the barge ramp to operate within the allowable 15% grade. A staging area, roughly 15 m by
15 m in size, would likely be required to allow vehicles to turn around at the end of the causeway. The
piled or filled causeway would be approximately 406 m long. A few pile‐supported protective dolphin
structures with timber fender piles can be installed in front of the lift towers and along the berth to
protect the marine structures and facilitate berthing and mooring operations. Scour protection should
be provided to protect the rock fill, which will likely consist of two layers; a rip rap layer and a filter
stone layer.
It is to our understanding that the Village would like to consider barge ramps that can handle standard
highway loading at this stage of the feasibility study. The proposed facility could be designed with the
flexibility for upgrade by replacing the standard highway loading ramp with a sturdier and wider ramp
should the facility be converted to accommodate container handling equipment in the future. This is the
most desirable but costly option as it accommodates regular deck barges. Mechanical ramps can be
costly if constructed new; therefore, there is typically cost savings associated with purchasing a used
ramp. In regards to upgrading the facility, used ramps are unlikely to be able to accommodate heavy
container handling traffic because they are typically designed for only standard highway‐loading.
Therefore, the costs associated with the upgrade may be substantial if the ramp is constructed new.
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For details on the conceptual plan layout and typical cross‐section for Option 3, refer to SK‐6 and SK‐7
enclosed in Appendix A. A piled causeway is shown in the sketches for this option but a filled alternative
is also feasible. An example of a facility with a mechanical barge ramp is shown in Figure 5 at Kent Ave,
Vancouver.

Figure 5: Kent Ave Barge Ramp

4.3 Summary of Advantages/Disadvantages of Barge Ramp Options
Table 13 summarizes the advantages and disadvantages of the three barge ramp options discussed in
Sections 4.2.
Table 13: Summary of Barge Ramp Option Advantages/Disadvantages
Option 1: Concrete Barge Ramp
Advantages

Disadvantages









Simple, low cost
Low maintenance

Undesirable beaching of barge
Requires barges that have or can accept ramps
Large development footprint
Least preferred by business owners

Option 2: Three Stage Bulkhead
Advantages
 No beaching
 Low maintenance
 Can accommodate lift‐on/lift‐off operations
 Preferred by business owners, compared to
Option 1
FEASIBILITY STUDY

Disadvantages
 Requires barges that have or can accept ramps
 Large development footprint
 Tugboats required to hold barge in place during
most operations
 Higher cost than Option 1
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Option 3: Mechanical Barge Ramp
Advantages

Disadvantages











No beaching
Can accept barges with or without their
own ramps
Small development footprint
Can be upgraded to handle container
handling equipment in the future
Most preferred option by business owners



Most costly option
Higher maintenance costs compared to Options
1 and 2
Higher operating costs compared to Options 1
and 2



4.4 Cost Estimates
Summaries of the cost estimates for the three barge ramp options are provided in Table 14. For each
option we have shown the total cost of the marine facility with a filled causeway or piled causeway.
Table 14: Cost Estimate Summary
Causeway Option (Millions)
Order Of Magnitude Cost Estimates
Filled

Piled

Option 1: Concrete Ramp

$4.8 M

$6.8 M

Option 2: Three‐stage Bulkhead

$5.3 M

$8.0 M

Option 3: Mechanical Barge Ramp

$5.7 M

$8.5 M

A detailed breakdown showing the individual itemized work components and associated cost estimates
for each is provided in the spreadsheets, enclosed in Appendix B. The following non‐marine related
items are not included in the cost estimates at this time. These include:


Civil upland improvement works;



Buildings and/or offices;



Power; and,



Storm, sewer, water site services.

In the absence of detailed engineering design and analysis, estimates for the scope of work and quantity
take‐offs are based on the general arrangement sketches, which we consider as conceptual design‐level
drawings. As a result a 15% contingency allowance is included for the individual itemized components of
work to account for the undefined or indeterminate items. It must be emphasized that these estimates
are approximate at this point and will be subject to revision as the project moves forward and more
detailed engineering analysis is performed.
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The individual unit rates are based on 2010 cost levels (Canadian dollars) and do not allow for future
escalation. The individual unit rates have been developed based on historical and current estimates and
contract pricing data using in‐house sources, information from previous studies and discussions with
manufacturers and suppliers.
Pricing accuracy is considered to be plus or minus 25% to 30% due to the many uncertainties such as the
future construction market and commodity prices, which cannot be more accurately determined at this
time.
The cost estimate includes allowances for environmental mitigation, as well as planning, engineering,
procurement and project management associated with the overall project, which are estimated to range
from 5% to 10% of the total construction costs, depending on the nature of the work.
All costs exclude all applicable taxes, including the GST, duties and tariffs on equipment.
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5.0 REVIEW OF OWNERSHIP AND OPERATING SCENARIOS
The Village of Port Clements (Village) currently receives its residential and commercial goods and
products by truck from the BC mainland, the rest of Canada, the US and overseas. Those goods are
generally transported first to Vancouver, Prince George or Edmonton and then onto Prince Rupert by
truck where they are transported via scheduled BC Ferries service to Skidegate and then onto Port
Clements; again by truck. Goods and products produced in and around Port Clements, which are for the
most part forest related products, are either shipped to markets in BC and globally by truck via BC
Ferries from Skidegate to Prince Rupert, or by barge directly to Vancouver for further shipment to final
destination.
As a result, the Village of Port Clements relies heavily on either BC Ferries or local private barge services.
BC Ferries service between Prince Rupert and Skidegate is generally daily in the summer, but only three
times a week in the fall, winter and spring. In addition, the cost for freight transport on BC Ferries has
been increasing.
Direct barge service to Port Clements at present is only provided by specific private interests generally
for their own use. The only barge facilities are rudimentary “beach” landings, simple foreshore
bulkheads, or the government dock in Port Clements that is not designed for barge discharge and
loading, especially roll‐on/roll‐off operations.
To reduce its reliance on BC Ferries and offer shippers an alternative, the Village of Port Clements
proposes to develop a new industrial barge facility and storage area on an industrial lot north of the
village. It is hoped that by reducing transportation costs, it will spur economic activity in the area.
This section discusses a few of the business issues surrounding the facility and provides a comparison of
transportation costs using BC Ferries versus direct barge service to the new facility.

5.1 Terminal Operations
It is envisioned that the facility will have a barge ramp in sufficient water depth to receive barges up to
10,000 tons in size and be operable at all tidal levels. Transport trailers, containers, break bulk cargo and
other general cargo can either be lifted on or off barges, or rolled on or off. Once cargo is offloaded it
would be transported to the shore side facility where it can be stored until picked up by the shipper,
owner or consignee. The reverse will occur for outbound shipments of local products for markets
accessible from Prince Rupert or Vancouver.
The emphasis for the facility is on the handling of ISO containers that come in 20 foot, 40 foot and 45
foot sizes based upon length. Standard ISO containers are used throughout the world to transport goods
across the globe and to every corner of it. In 2009 roughly 400 million TEUs (twenty foot equivalent unit,
or a 20 foot container) were handled at the world’s 100 largest ports. As a result, since containers were
first used in the 1950’s this form of intermodal cargo shipping that allows for easy transfer between
ship, rail and truck has grown to dominate world trade, and has been a driving force behind
globalization.
The dimensions of a larger 10,000 t, and more common 6,000 t barge, will vary for each barge but
generally will be as shown in Table 15 below.
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Table 15: General Barge Dimensions
Size

Length

Width

Hull Depth

Max. Draft

10,000 t

104 m

25 m

7.5 m

5.7 m

6,000 t

76 m

22 m

4.9 m

4.6 m

Based upon these general dimensions a 6,000 t barge could carry 35 – 40 foot containers on trailers
(chassis), or 125 – 40 foot containers if stacked on deck three high. The 10,000 t barge could
correspondingly transport roughly 40 – 40 foot trailered containers, and 160 – 40 foot containers if
stacked three high on deck.
For containers on trailers, a hostler, or tractor, is needed to move the trailers back and forth between
the shore side storage yard and barge ramp. This is a very simple operation and requires minimal skill
and equipment. Basically, just a hostler or two with single driver each.
If the containers are stacked on the barge deck, a crane, or a top‐pick (similar to a very large forklift), is
needed to first pick the container up off the barge and set it on a trailer and hostler either on the barge,
or at the land side end of the barge ramp, so it can then be transferred to the shore side storage facility
some 400 meters away. At the storage yard, or container yard, the container can be left and parked on
the trailer, or again be picked up by a top‐pick and set into a stack of containers to await pick‐up for final
delivery. Figure 6 below shows a typical top‐pick.

Figure 6: Top‐Pick Container Handler
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Because the location of water deep enough to accommodate 6,000 t and 10,000 t barges through the
full Port Clements tidal range is about 400 meters from shore, it would not be considered practical to
use the top‐pick to transfer more than just a few containers between the barge ramp and the container
yard. If a dozen or more containers need to be offloaded, then two top‐picks and two hostler/trailers (or
more) may be required. A top‐pick that can handle fully laden containers costs roughly $600,000 while a
typical hostler/trailer combination costs $150,000. In addition to the increased equipment cost, more
highly skilled labour is required and instead of perhaps two drivers and hostlers going back and forth as
for the roll‐on/roll‐off operation, two drivers and two top‐pick operators are needed for the top‐pick
operation for roughly the same productivity.
At the shore side facility, or container yard, there is 2.25 hectares of relatively flat land available
adjacent the barge landing. The land has direct road access although the elevation difference between
the road and site is over several metres. As a result, a sloped road entrance will need to be constructed.
The site itself can be used primarily for container storage, but in addition a truck receiving/processing
area will be required along with a small administration office and possible equipment maintenance area.
The type of container storage will determine the layout of the yard. If containers and other cargo are on
trailers, then a simple gravel area is all that is needed with some basic drainage. If containers, or general
cargo, is to be stacked on the ground, or grounded, the area should be paved and provided with good
drainage to prevent flooding and damage to the cargo.
Drawings SK‐8 and SK‐9 attached show possible area layouts for each mode of operation. Again, the
emphasis is on containers and to show how many could be stored at the shore side site. General cargo
and break bulk can be stored in the same areas where and when not occupied by containers.
For the storage of containers on trailers, a total of about 125 parking spots (generally referred to as
wheeled slots) can be accommodated. This is the equivalent of three 10,000 t barge loads, or three and
half 6,000 t barge loads. At a minimum, the site should be able to hold a little more than the equivalent
of two barge loads. That equals one full complement of trailers waiting to be exported and one full
complement of imported trailers being delivered plus some room for longer term storage.
If the containers are to be stacked, i.e. grounded, then the site can hold as many as 620 40 foot
containers if stacked 4 high. This is a generally accepted height for loaded containers stacked by top‐
pick. Empty containers can be stacked higher; usually 7 or 8 high depending on the equipment. As a
result, the site can hold over three and half times the equivalent of one 10,000 t barge load, or almost
five 6,000 t barge loads.
In short, there should be sufficient storage space on the shore side lands. If for some reason long term
storage is needed, then the available lands across the industrial road can be developed.
The order of magnitude cost to develop just the 2.25 hectares shore side lot as shown on SK‐8 and SK‐9
provided in Appendix A is roughly $500,000 for Option A; the trailer storage, and $1,500,000 for Option
B; the grounded storage. This includes engineering and permitting plus a 15% contingency allowance.
The primary difference in cost is the requirement for the yard to be paved for the grounded containers
and cargo.
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5.2 Transportation Cost Comparison
Shippers are generally very price sensitive and will chose the least cost service as long as its reliable, not
necessarily fast. Setting aside the cost of the barge ramp and shore side facilities, a comparison of just
the transportation cost for the delivery of one 40 foot container from Vancouver to Port Clements, and
also Prince Rupert to Port Clements, via BC Ferries or direct barge will be a good indicator of the
feasibility of the new facility. The cost of a direct barge service would need to be less to make that
service feasible and to the point that the additional barge terminal handling charges, that would be
added to the pure transportation cost, will cover the capital investment and operating costs of the
facility.
5.2.1

Vancouver to Port Clements via BC Ferries

For a 40 foot container to be shipped from Vancouver to Port Clements initially the container will be
trucked from the Lower Mainland to Prince Rupert. The distance is approximately 1,475 km with a travel
time of about 16 hours plus a couple of hours for trailer hook up and drop off. Based upon limited
discussions with trucking firms the cost will be roughly $80 per hour plus a 5% fuel surcharge plus HST.
The resulting cost for delivery to Prince Rupert is therefore $1,693. This can be compared to the current
Canadian Freight Index that estimates average Canadian trucking costs are $2.539 per mile, or $1.576
per km. On this basis the cost for the trip would be $2,325; a difference of $632.
At Prince Rupert the trailer would be dropped off and a suitable back haul is assumed for the road
tractor, otherwise additional charges may apply. From Prince Rupert, a second, and local trucking firm
would pick up the trailer and deliver it to BC Ferries. Assuming no storage fees, the second trucking firm
will incur about 2 hours of time for trailer hook up and delivery to the ferry. This is another $188.
The 5 to 6 hour passage on BC Ferries for just the trailer with container will be $15.75 per foot. The
container and trailer is about 48 feet long so another $756. There is no HST.
At Skidegate the trailer is then picked up and transported to Port Clements. Roughly another 3 to 4
hours, or $282 to $320 including HST.
The final total cost to transport the container from Vancouver to Port Clements is an estimated $2,919
to $3,589, inclusive of HST.
5.2.2

Prince Rupert to Port Clements via BC Ferries

Using the same numbers as above the cost to transport a 40 foot container from only Prince Rupert to
Port Clements would be estimated at $1,226 to $1,264, inclusive of HST.
5.2.3

Vancouver to Port Clements via Barge Direct

Based upon discussions with a limited number of towing companies, the estimated cost to tow a loaded
10,000 t barge from Vancouver to Prince Rupert, including barge charter, is roughly $41,500 plus HST.
This cost assumes favourable weather and that the tug and barge has a suitable back haul so no back
haul charges are applied. The transit time to Port Clements from Vancouver is roughly 4 days to cover
the roughly 365 nautical miles. For a 6,000 t barge and tug the estimated cost is $33,500 plus HST.
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As a result, the cost to transport a 40 foot container can be estimated depending on how the container
is stowed on the barge; either on a trailer or stacked. Table 16 summarizes the transportation cost of
one container based on the rates noted above and the type of stowage.
Table 16: Cost of Container on Barge ‐ Vancouver to Port Clements

Tug and Barge Cost*
Number of 40’ Containers
Cost Per 40’ Containers

10,000 t Barge
Trailers

10,000 t Barge
Stack 3 High

6,000 t Barge
Trailers

6,000 t Barge
Stack 3 High

$46,480

$46,480

$37,520

$37,520

40

160

35

125

$1,162

$291

$1,072

$300

*includes HST
As a result, the transportation costs are substantially less than going by truck and using BC Ferries.
However, the cost of loading and unloading the containers at each end of the trip must be added
whereas for the BC Ferries option this is not required.
5.2.4

Prince Rupert to Port Clements via Barge Direct

As above, from discussions with towing companies the estimated cost to tow a loaded 10,000 t barge
from Prince Rupert to Port Clements, including barge, is roughly $7,900 plus HST. This cost assumes a
suitable back haul and favourable weather. The transit time from Vancouver to Port Clements is roughly
1.5 days. For a 6,000 t barge and tug the estimated cost is $6,500 plus HST.
As a result, the cost to transport a 40 foot container from Prince Rupert to Port Clements can be
estimated depending on how the container is stowed on the barge; on trailer or stacked. Table 17
summarizes the transportation cost of one container based on the rates noted above and type of
stowage.
Table 17: Cost of Container On Barge –Prince Rupert to Port Clements
10,000 t Barge
Trailers

10,000 t Barge
Stack 3 High

6,000 t Barge
Trailers

6,000 t Barge
Stack 3 High

Tug and Barge Cost*

$8,848

$8,848

$7,280

$7,280

Number of 40’ Containers

40

162

35

126

Cost Per 40’ Containers

$2,212

$55

$208

$58

*includes HST
As with Vancouver to Port Clements, the transportation costs are substantially less than going by truck
and using BC Ferries. However, once again the cost of loading and unloading the containers at each end
of the trip must also be added whereas for the BC Ferries option this is not the case.
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5.3 Terminal Costs
The cost of handling each container at the barge facility must account for a variety of terminal costs
including the initial capital investment, financing charges, land costs, property taxes, labour wages,
equipment purchase, fuel, insurance, maintenance, depreciation, services, etc.
These costs can be calculated, but in addition the weekly, monthly and/or annual volume of potential
container and cargo traffic should also be estimated to determine potential revenues that can then be
compared against the sum of terminal costs. As a result, it is recommended that the Village undertake
such a market assessment of the potential volumes of cargo. This would involve not only goods and
products from or for Port Clements, but also nearby communities such as Massett, Skidegate, etc. that
could benefit from a new barge terminal.
Such an assessment will also be important in determining the potential frequency of a barge service
from Vancouver or Prince Rupert. This is important as the frequency of service must be competitive with
trucking which can deliver a container anytime, any day, while the barge would only go when there is a
sufficient load to make the trip economical. Or, if a scheduled service is implemented (which is
preferable to give shippers confidence in the service) then the barge load factor will be important in any
financial analysis.
The capital costs involved include the barge ramp and trestle, the upland yard improvements and the
equipment. Table 18 provides a summary of these initial costs for predominantly trailer operations and
also grounded operations. Note that a combination of trailer and grounded operations is equally
feasible. For the trailer option, it is assumed that a mechanical barge ramp is constructed while for the
grounded operation, a three stage bulkhead ramp is assumed.
Table 18: Summary of Initial Order of Magnitude Capital Costs
Trailer Operation

Grounded Operation

Barge Ramp

$8.3 M

$7.8 M

Terminal Upland
Improvements

$0.5 M

$1.5 M

Top‐picks

n/a

$1.2 M

Hostlers

$0.15 M

$0.15 M

Trailers

n/a

$0.15 M

$8.95 M

$10.8 M

Total

In reviewing these estimates, it is important to bear in mind that they are mid‐2010 order of magnitude
opinions of probable cost based upon concept level plans, and do not allow for the HST or future market
escalation.
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5.4 Bulk and Break Bulk
Although the analysis above has used, and focussed on, containers similar costs and results are expected
for break bulk or small volumes of bulk cargo. Break bulk cargo is general cargo that must be handled as
individual sorts such as lumber, crates, logs, etc. Bulk cargo can be large volumes of a single commodity
that can be loaded into the hull of a vessel such as coal, sand, oil, etc. Break bulk cargo and small
volumes of bulk cargo can be transported by truck the same as containers so the costs per unit would be
similar for the analysis above. Large volumes of bulk could be handled at the facility, for example a barge
load of sand, but front end loaders (FELs) would be used to offload the cargo into dump trucks, or vice
versa. With some modification more rapid conveying methods such as pipelines or conveyors could be
installed. Substantial bulk volumes may require a complete reconfiguration of the facility.
For the needs of Port Clements and nearby communities on the island, it is expected the barge loads of
cargo will be a mix of containers, pallets or crates of break bulk cargo, even autos and heavy equipment
plus at times single loads of loose bulk cargo like sand or gravel. Maybe petroleum products would be
handled as well if a small diameter pipeline is installed to shore with storage tanks on the upland. The
facility and barge ramp options developed can all accommodate these types of cargo. In addition, the
transport cost savings per unit comparison are expected to be similar to the savings noted for containers
moved by truck and BC Ferries versus barge direct.

5.5 Terminal Ownership and Operating Entities
There are a variety of entities that can own and/or operate the barge terminal under varying scenarios.
Each has its advantages and disadvantages. The three more prominent alternatives include:


Publically owned and operated by the Village;



Publically owned by the Village and operated by a private partner; and,



Privately owned and operated.

The preferred alternative will likely depend on the potential market and financial return of the facility.
A terminal that is owned and operated by the Village allows for maximum control of the facility by the
Village and council. The Village can set rates, terms of operations, hours and hire and retain the staff to
handle the containers and operate the facility.
If the facility is successful and generates a steady volume of traffic that results in a strong return on
investment, then the full benefit will go to the Village. However, if the facility does not see the volumes
expected then the facility in turn could be a financial burden on the community. For this alternative the
Village would need to retain a manager for the facility with experience in cargo handling and barge
operations, as it is not expected that Village staff currently have that expertise. In addition, labour must
be hired to move and handle the containers along with administration staff to handle invoicing,
accounts, etc. If handling only trailers, it is a simple operation in which labour is really only required to
drive hostlers. A top‐pick operation requires labour with greater skill. Labour rules may also be an issue.
If Village staff are employed, then they may fall under a collective agreement that could result in higher
wage and benefit costs. Also, the operation may fall under the auspice of the ILWU (International
Longshoreman and Warehouse Union), particularly if it’s a top‐pick operation. It is our understanding
that trailer operations would not. This could have a dramatic impact on labour costs.
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Additionally, full ownership and public operation of the facility may at times be undertaken if the facility
cannot generate a sufficient cash flow or return on investment that a private entity will expect. The
public owner may be willing to accept a lower return if it generates jobs and has a positive economic
benefit for the community as a whole.
If the Village wants to maintain ownership and some level of control over the facility, yet feels it wants
to limit its risk and not be burdened with the day to day operation of a barge facility, then it can enter
into an agreement with a private operator to run the facility on its behalf.
Such an agreement can have many forms, from a simple annual service agreement to a long term lease
where the operator also provides equipment and maintains the facility infrastructure. The key
advantage of such an arrangement is that it can mitigate risk, stabilize revenue through annual fixed
rent and allows for an experienced stevedore to operate the facility who may in turn do this more
efficiently than the public owner can. The Village can seek bids on an annual or longer term basis from
firms to operate the facility and then can set and negotiate the terms of the arrangement. However, it
must be demonstrated that the facility, and the terms of the operating agreement, will generate an
acceptable return to the operator or there will be little or no interest. This may require some degree of
subsidy if the financial sustainability and acceptable return on investment, of the operation cannot be
established.
Most established ports in North America operate in this fashion where the port owns the land and fixed
infrastructure as a public asset while the operation of the facility is handled by a private operator under
a service agreement or long term lease.
The third option is full privatization of the facility and operation. Under this scenario, a private entity
could enter into an agreement with the Village to design‐build‐finance and operate the facility. The
Village can maintain ownership of the land, or may chose to sell it as well. This scenario removes much
of the control of the facility from the Village and places it into the hands of the private operator.
However, it removes almost all risk from the Village and if successful will still generate economic benefit
for the community that the Village seeks. For a private entity is to take on the capital investment and
the risk associated with that, the project must demonstrate a solid market potential and higher return
on investment.
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6.0 ENVIRONMENTAL, ARCHAEOLOGICAL AND
GEOTECHNICAL CONCEPT REVIEW
A conceptual environmental, archaeological and geotechnical review was performed by Golder
Associates for the proposed site. For details of the review, please refer to the memorandum provided in
Appendix C.

6.1 Environmental and Archaeological Review
The proposed development includes components that are located offshore in the marine waters of
Masset Sound, within a length of foreshore approximately 115 m long and within a relatively
undisturbed and forested upland area. Results from the biophysical survey conducted by Balanced
Environmental indicated that the intertidal zone is predominantly composed of cobbles and boulders
that provides habitat for algae and invertebrates such as barnacles, mussels and limpets; whereas the
subtidal zone is predominately composed of sand and mud that provides habitat for eelgrass, kelp,
clams, crabs and fish. Although no archaeological investigations for the project have been conducted to
date, the general proposed site has the potential to support cultural and heritage resources such as
culturally modified tress, chipped stone tools, canoe runs, shell middens and offshore shipwrecks.

6.2 Permits and Authorizations
Should the proposed development advance to detailed design and construction, the following list of
potential federal and provincial permits, approvals and authorization may be required:


Canadian Environmental Assessment Act;



Fisheries Act;



Navigable Water Protection Act;



Migratory Birds Convention Act;



Wildlife Act;



Heritage Conservation Act; and,



Environmental Assessment Act.

For detail explanations of each of the Acts, refer to the Golder’s Memorandum provided in Appendix C.

6.3 Environmental Studies to Support Project
When the feasibility of a project is being first assessed, it is beneficial to conduct overview or conceptual
level studies that identify or characterize the existing environmental setting and potential issues or
constraints to project development. The results of these studies can help guide decisions early in the
planning and designing of a project and result in cost savings over the long term. Examples include
reducing the need to repeatedly modify facility designs to satisfy regulatory requirements or the
creation of effective field studies to address predetermined information gaps.
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From an environmental perspective, two studies can be conducted during the feasibility stage to assist
in defining and planning: an environmental overview assessment and an archaeological overview
assessment. For more detail explanations of the studies, refer to Appendix C.

6.4 Geotechnical Review
No site‐specific information is currently available with respect to subsurface soil or bedrock conditions
underlying the proposed new barge facility. However, according to geologic mapping carried out by the
British Columbia Department of Mines and Petroleum Resources (Bulletin No. 54, “Geology of the
Queen Charlotte Islands, British Columbia (1968),” Port Clements and the surrounding region (including
the proposed site), the site is likely to consist of recent alluvium, Pliestocene till, marine drift, and
outwash sands overlying Skonun Formation which is composed of sands to sandstone, siltstone, and
shale with less conglomerate, lignite, and marl.
In addition, a limited geotechnical investigation was carried out by Golder near the north tip of the Port
Clements town site (approximately 1,100 m southwest of the Project site) for a proposed wood‐fired
power plant. Based on the results of the investigation, the subsurface conditions at the plant site
comprised of a surface layer of soft peat varying from about 0.5 to 2 m in thickness, followed by loose to
compact sand and gravel to depths ranging from about 1 to 2.5 m below ground surface, followed by
dense low to non‐plastic silt. Based on geophysical seismic refraction profiling, it was inferred that the
silt deposit extended down to depths of at least 15 to 20 m.
It is anticipated that the planning and design of the proposed barge facilities will require geotechnical
input, the overall scope of which will depend on the causeway and docking concept selected. The
following is a list of probable and/or potential geotechnical factors effecting the proposed development
along with a general description of the geotechnical design input required to address these issues.


Unless it can be confirmed that bedrock lies at relatively shallow depth and that the
improvements will extend down to and be founded on bedrock, it is considered likely that all
options will require an assessment of the potential for soil liquefaction and its potential impacts.



The structural components of all options will require geotechnical seismic site classification in
accordance with the current seismic provisions of the British Columbia Building Code (and
equivalent National Building Code of Canada).



For the piled causeway option and/or breasting dolphins, geotechnical pile design criteria will be
required such as recommended pile type, depth of embedment, ultimate geotechnical axial
capacity, lateral load response and recommendations on spacing and group effects.



For the filled causeway option and/or filled bulkhead option, an assessment of potential
settlements would be required as well as an evaluation of slope stability of both the native
ground surface and embankment fill under both static and seismic conditions. In addition,
recommendations on site preparation and backfill would be required.



For the sheet pile bulkhead, geotechnical sheet pile design criteria will be required such as
recommended depth of embedment, lateral earth pressures under static and seismic conditions,
global slope stability considerations, as well as backfill and tie back design criteria.
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Unless it can be confirmed that competent bedrock lies at relatively shallow depth and that the
improvements will extend down to and be founded on the bedrock, suitable investigation and
characterization of the soil conditions underlying the footprint of the proposed facilities will most likely
be required. Ultimately, for detailed design we would envisage a minimum of one drill hole at the
shoreline and one drill hole at the proposed foreshore facility at the end of the proposed causeway.
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7.0 CONCLUSION AND NEXT STEPS
The construction and operation of a new, high grade barge facility as outlined here, and in previous
project memorandums, will be a costly venture in the order of $10 million of initial capital investment.
However, a comparison of pure transportation costs shows definite and substantial cost savings of a
direct barge service to deliver goods versus the trucking and BC Ferries routing. This leaves potential
room for terminal charges that could cover the initial capital investment and annual operating costs.
However, this will depend on the volumes that can be generated to use the facility; both inbound and
outbound.
The direct barge costs estimated above were based on full barge loads. The direct barge service must be
regular to compete with the speed and flexibility of trucking. As a result, a market assessment is
necessary to establish the volumes that could be generated inbound and outbound and determine if
they will fill a 6,000 t barge with trailers weekly or bi‐weekly, or a 10,000 t barge weekly with stacked
containers, and so forth. If full barge loads cannot be generated on a regular basis, the resulting load
factors and on what schedule the barge would run should be forecasted. On this forecast basis,
revenues can be estimated alongside annual operating costs to estimate the financial feasibility of the
project.
In addition to a market assessment, the Village should also investigate alternatives to reduce the initial
capital investment in order to improve the financial feasibility of the project. These include the
following:


Examine the possibility of other sites that will have sufficient water depth much closer to shore
to save the high cost of the piled access trestle, and also operating costs of travel back and forth
on the trestle.



Research the market, and look for a used barge ramp that is still in good condition that can be
quickly installed and offer savings over new construction.



Focus on a trailer operation to start as it has lower upland development costs and operating
costs.



Explore the purchase of used cargo handling equipment.



Garner support from other nearby communities, so that higher volumes of cargo necessary to
support the facility can be generated.



Investigate public funding mechanisms such as Western Economic Diversification, etc., or other
measures for low cost financing.

All of these measures could reduce initial costs substantially and allow the Village to more quickly and
readily set up a barge facility and establish a beneficial market for direct barge service to Port Clements.
Prepared by:

Reviewed by:

MOFFATT & NICHOL

MOFFATT & NICHOL

[Original signed by: Michelle Ng, P.Eng.]

[Original signed by: Harold C. Westerman, P.Eng.]

Michelle Ng, P.Eng.
Project Manager

Harold C. Westerman, P.Eng.
Vice President
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APPENDIX A
BARGE FACILITY CONCEPT DRAWINGS

SK‐1

Port Clements Barge Facility Feasibility, Piled Vs. Filled Causeway Alternative, Plan & Typical Sections

SK‐2

Port Clements Barge Facility Feasibility, Option 1 ‐ Concrete Ramp, Plan

SK‐3

Port Clements Barge Facility Feasibility, Option 1 ‐ Concrete Ramp, Typical Sections

SK‐4

Port Clements Barge Facility Feasibility, Option 2 – Three Stage Bulkhead, Plan

SK‐5

Port Clements Barge Facility Feasibility, Option 2 – Three Stage Bulkhead, Typical Sections

SK‐6

Port Clements Barge Facility Feasibility, Option 3 ‐ Mechanical Barge Ramp, Plan

SK‐7

Port Clements Barge Facility Feasibility, Option 3 ‐ Mechanical Barge Ramp, Typical Sections

SK‐8

Port Clements Barge Facility Feasibility, Barge Terminal Option A

SK‐9

Port Clements Barge Facility Feasibility, Barge Terminal Option B
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APPENDIX B
ORDER‐OF‐MAGNITUDE COST ESTIMATES


Order‐of‐Magnitude cost estimate summary of barge ramp options with filled causeway



Order‐of‐Magnitude cost estimate summary of barge ramp options with piled pier



Order‐of‐Magnitude cost estimate for Option 1A: Concrete foreshore ramp with filled causeway



Order‐of‐Magnitude cost estimate for Option 1B: Concrete foreshore ramp with piled pier



Order‐of‐Magnitude cost estimate for Option 2A: Three‐stage bulkhead with filled causeway



Order‐of‐Magnitude cost estimate for Option 2B: Three‐stage bulkhead with piled pier



Order‐of‐Magnitude cost estimate for Option 3A: Mechanical barge ramp with filled causeway



Order‐of‐Magnitude cost estimate for Option 3B: Mechanical barge ramp with piled pier
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Order-Of-Magnitude Cost Estimates
BARGE RAMP OPTIONS WITH FILLED CAUSEWAY (OPTIONS 1A, 2A, 3A)

Project No:

7098

Date:
Prepared By:

20-Jul-10
MNG

ORDER-OF-MAGNITUDE CAPITAL COST ESTIMATE FOR OPTION 1A: Concrete Barge Ramp (CDN $)
ITEM DESCRIPTION
1.0 GENERAL ITEMS
2.0 EARTHWORKS
3.0 CONCRETE FORESHORE RAMP
4.0 PROTECTIVE DOLPHINS
SUBTOTAL
CONTINGENCY ALLOWANCE
ENVIRONMENTAL MITIGATION ALLOWANCE (5%)
PLANNING, ENGINEERING, PROCUREMENT & PROJECT MANAGEMENT ALLOWANCE
TOTAL COST

15%

$
$
$
$
$
$
$
$
$

COST
CONTINGENCY
550,000 $
82,500
2,070,000 $
310,500
490,000 $
73,410
630,000 $
94,240
3,740,000
560,000
187,000
299,200
4,800,000

ORDER-OF-MAGNITUDE CAPITAL COST ESTIMATE FOR OPTION 2A: 3-Stage Bulkhead (CDN $)
ITEM DESCRIPTION
1.0 GENERAL ITEMS
2.0 EARTHWORKS
3.0 THREE-STAGE SHEET PILE BULKHEAD
4.0 PROTECTIVE DOLPHINS
SUBTOTAL
CONTINGENCY ALLOWANCE
ENVIRONMENTAL MITIGATION ALLOWANCE (5%)
PLANNING, ENGINEERING, PROCUREMENT & PROJECT MANAGEMENT ALLOWANCE
TOTAL COST

15%

$
$
$
$
$
$
$
$
$

COST
CONTINGENCY
550,000 $
82,500
2,310,000 $
346,500
1,060,000 $
159,210
210,000 $
31,440
4,130,000
620,000
206,500
330,400
5,300,000

ORDER-OF-MAGNITUDE CAPITAL COST ESTIMATE FOR OPTION 3A: Mechanical Barge Ramp (CDN $)
ITEM DESCRIPTION
1.0 GENERAL ITEMS
2.0 EARTHWORKS
3.0 MECHANICAL BARGE RAMP
4.0 PROTECTIVE DOLPHINS
SUBTOTAL
CONTINGENCY ALLOWANCE
ENVIRONMENTAL MITIGATION ALLOWANCE (5%)
PLANNING, ENGINEERING, PROCUREMENT & PROJECT MANAGEMENT ALLOWANCE
TOTAL COST

15%

$
$
$
$
$
$
$
$
$

COST
CONTINGENCY
550,000 $
82,500
2,190,000 $
328,500
1,080,000 $
161,560
630,000 $
94,240
4,450,000
670,000
222,500
356,000
5,700,000

When reviewing the above estimated costs it is important to note the following:
- The estimates are based on conceptual design layouts only and are not intended to be used to establish a project budget.
- The costs have been developed based on historical and current data using in-house sources, information from previous studies as
well as budget price quotations solicited from local suppliers and contractors.
- A contingency amount has been included to cover undefined items, due to the level of engineering carried out at this time. The
contingency is not a reflection of the accuracy of the estimates but covers items of work which will have to be performed, and
elements of costs which will be incured, but which are not explicitly detailed or described due to the level of investigation,
engineering and estimating completed today. The estimate, including, the contingency is considered accurate to +/-20%.
- Volumes for site preparation are based on the survey information available at this time.
- The prices are based on 2010 cost levels in Canadian dollars and do not allow for escalation.
- The costs exclude the GST.
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Order-Of-Magnitude Cost Estimates
BARGE RAMP OPTIONS WITH PILED PIER (OPTIONS 1B, 2B, 3B)

Project No:

7098

Date:

20-Jul-10

Prepared By:

MNG

ORDER-OF-MAGNITUDE CAPITAL COST ESTIMATE FOR OPTION 1B: Concrete Barge Ramp (CDN $)
ITEM DESCRIPTION
1.0 GENERAL ITEMS
2.0 EARTHWORKS
3.0 CONCRETE FORESHORE RAMP
4.0 PILED PIER
5.0 PROTECTIVE DOLPHINS
SUBTOTAL
CONTINGENCY ALLOWANCE
ENVIRONMENTAL MITIGATION ALLOWANCE (2.5%)
PLANNING, ENGINEERING, PROCUREMENT & PROJECT MANAGEMENT ALLOWANCE
TOTAL COST

15%

$
$
$
$
$
$
$
$
$
$

COST
CONTINGENCY
550,000 $
82,500
1,000,000 $
149,880
490,000 $
73,410
2,740,000 $
410,450
630,000 $
94,240
5,410,000
810,000
135,250
432,800
6,800,000

ORDER-OF-MAGNITUDE CAPITAL COST ESTIMATE FOR OPTION 2B: 3-Stage Bulkhead (CDN $)
ITEM DESCRIPTION
1.0 GENERAL ITEMS
2.0 EARTHWORKS
3.0 THREE-STAGE SHEET PILE BULKHEAD
4.0 PILED PIER
5.0 PROTECTIVE DOLPHINS
SUBTOTAL
CONTINGENCY ALLOWANCE
ENVIRONMENTAL MITIGATION ALLOWANCE (2.5%)
PLANNING, ENGINEERING, PROCUREMENT & PROJECT MANAGEMENT ALLOWANCE
TOTAL COST

15%

$
$
$
$
$
$
$
$
$
$

COST
CONTINGENCY
550,000 $
82,500
980,000 $
147,210
1,060,000 $
159,210
3,570,000 $
535,660
210,000 $
31,440
6,370,000
960,000
159,250
509,600
8,000,000

ORDER-OF-MAGNITUDE CAPITAL COST ESTIMATE FOR OPTION 3B: Mechanical Barge Ramp (CDN $)
DESCRIPTION
1.0 GENERAL ITEMS
2.0 EARTHWORKS
3.0 MECHANICAL BARGE RAMP
4.0 PILED PIER
5.0 PROTECTIVE DOLPHINS
SUBTOTAL
CONTINGENCY ALLOWANCE
ENVIRONMENTAL MITIGATION ALLOWANCE (2.5%)
PLANNING, ENGINEERING, PROCUREMENT & PROJECT MANAGEMENT ALLOWANCE
TOTAL COST

15%

$
$
$
$
$
$
$
$
$
$

COST
CONTINGENCY
550,000 $
82,500
70,000 $
10,050
1,080,000 $
161,560
4,470,000 $
670,340
630,000 $
94,240
6,800,000
1,020,000
170,000
544,000
8,500,000

When reviewing the above estimated costs it is important to note the following:
- The estimates are based on conceptual design layouts only and are not intended to be used to establish a project budget.
- The costs have been developed based on historical and current data using in-house sources, information from previous studies as
well as budget price quotations solicited from local suppliers and contractors.
- A contingency amount has been included to cover undefined items, due to the level of engineering carried out at this time. The
contingency is not a reflection of the accuracy of the estimates but covers items of work which will have to be performed, and
elements of costs which will be incured, but which are not explicitly detailed or described due to the level of investigation,
engineering and estimating completed today. The estimate, including, the contingency is considered accurate to +/-20%.
- Volumes for site preparation are based on the survey information available at this time.
- The prices are based on 2010 cost levels in Canadian dollars and do not allow for escalation.
- The costs exclude the GST.
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Order-Of-Magnitude Cost Estimate
Option 1A: Concrete foreshore ramp with filled causeway

Project No:

7098

Date:

20-Jul-10

Prepared By:

MNG

ORDER-OF-MAGNITUDE CAPITAL COST ESTIMATE (CDN $)
Item
1
1.1
1.2

Description

Units

Estimated
Quantity

L.S.
L.S.

1
1

GENERAL ITEMS
Mob/demobilization
Clearing/Grubbing

Unit Rate
$500,000
$50,000

Item Cost
$500,000
$50,000

SUB-TOTAL FOR GENERAL ITEMS
2
2.1

2.2

EARTHWORKS
Scour Protection
2.1.1 Supply & placement of rip rap material
2.1.2 Supply & placement of filter stone material
General fill

4
4.1

cu.m
cu.m
cu.m

4.2
4.3

Contingency
$

15
15

$75,000
$7,500
$82,500

13,000
2,600
30,000

$80
$50
$30

$1,040,000
$130,000
$900,000

15
15
15

$156,000
$19,500
$135,000
$310,500

15
15

$68,310
$5,099
$73,410

15
15
15
15
15
15
15
15
15
15

$27,540
$1,620
$5,954
$1,376
$752
$3,402
$46,926
$2,475
$3,600
$600
$94,240

15%

$560,650

$2,070,000

CONCRETE FORESHORE RAMP
cu.m
Cast-in-place reinforced concrete slab for ramp and causeway
Fill & compact granular base
cu.m
SUB-TOTAL FOR CONCRETE FORESHORE RAMP
PROTECTIVE DOLPHINS
Piles
4.1.1 Supply 610mm (24") Dia By 19.1mm thk Steel Pipe Piles
4.1.2 Supply 304mm (112") Dia. By 12.7mm thk. Steel Pipe Bracings
4.1.3 Pile Open Shoe
4.1.4 Pitch Piles
4.1.5 Drive Vertical Steel Pipe Piles
4.1.6 Pile Cut Off and Shear Rings
4.1.7 Supply 305 (12") Dia untreated timber piles
4.1.8 Drive Vertical Timber Piles
Rubber Fenders
Weld Pipe Bracing to Piles
SUB-TOTAL FOR PROTECTIVE DOLPHINS

%

$550,000

SUB-TOTAL FOR EARTHWORKS
3
3.1
3.2

Area Cost

lin.m.
lin.m.
ea.
ea.
lin.m.
ea.
lin.m.
lin.m.
ea.
L.S.

690
1,030

$660
$33

$455,400
$33,990
$490,000

306
36
18
18
18
18
1,043
330
6
1

$600
$300
$2,205
$509
$278
$1,260
$300
$50
$4,000
$4,000

$183,600
$10,800
$39,690
$9,170
$5,010
$22,680
$312,840
$16,500
$24,000
$4,000
$630,000

SUB-TOTAL PROABLE CAPITAL WORKS COST
15%
CONTINGENCY ALLOWANCE

Environmental Mitigation Allowance (5%)
Planning, Engineering, Procurement & Project Management Allowance
TOTAL COST

$3,740,000
$560,000
$187,000
$299,200
$4,786,200

8%

When reviewing the above estimated costs it is important to note the following:
The estimates are based on conceptual design layouts only and are not intended to be used to establish a project budget. The cost estimate does not include any upland improvement
- works, buildings and/or offices, power, site services and barge ramp.
- The costs have been developed based on historical and current data using in-house sources, information from previous studies as well as budget price quotations solicited from local
suppliers and contractors.
- A contingency amount has been included to cover undefined items, due to the level of engineering carried out at this time. The contingency is not a reflection of the accuracy of the
estimates but covers items of work which will have to be performed, and elements of costs which will be incured, but which are not explicitly detailed or described due to the level of
investigation, engineering and estimating completed today. The estimate, including, the contingency is considered accurate to +/-20%.
- Volumes for site preparation are based on the survey information available at this time.
- The prices are based on 2010 cost levels in Canadian dollars and do not allow for escalation.
- The costs exclude the GST.
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Order-Of-Magnitude Cost Estimate
Option 1B: Concrete foreshore ramp with piled pier

Project No:

7098

Date:

20-Jul-10

Prepared By:

MNG

ORDER-OF-MAGNITUDE CAPITAL COST ESTIMATE (CDN $)
Item
1
1.1
1.2

Description

Units

Estimated
Quantity

L.S.
L.S.

1
1

GENERAL ITEMS
Mob/demobilization
Clearing/Grubbing

Unit Rate
$500,000
$50,000

Item Cost
$500,000
$50,000

SUB-TOTAL FOR GENERAL ITEMS
2
2.1

2.2

EARTHWORKS
Scour Protection
2.1.1 Supply & placement of rip rap material
2.1.2 Supply & placement of filter stone material
General fill

4
4.1

cu.m
cu.m
cu.m

4.2
4.3
4.4
4.5
4.6

5
5.1

5.2
5.3

PROTECTIVE DOLPHINS
Piles
5.1.1 Supply 610mm (24") Dia By 19.1mm thk Steel Pipe Piles
5.1.2 Supply 304mm (112") Dia. By 12.7mm thk. Steel Pipe Bracings
5.1.3 Pile Open Shoe
5.1.4 Pitch Piles
5.1.5 Drive Vertical Steel Pipe Piles
5.1.6 Pile Cut Off and Shear Rings
5.1.7 Supply 305 (12") Dia untreated timber piles
5.1.8 Drive Vertical Timber Piles
Rubber Fenders
Weld Pipe Bracing to Piles
SUB-TOTAL FOR PROTECTIVE DOLPHINS

Contingency
$

15
15

$75,000
$7,500
$82,500

5,000
1,000
18,307

$80
$50
$30

$400,000
$50,000
$549,210

15
15
15

$60,000
$7,500
$82,382
$149,880

15
15

$68,310
$5,099
$73,410

15
15
15
15
15
15
15
15
15
15

$74,994
$25,799
$5,958
$25,878
$14,742
$108,284
$74,996
$29,484
$21,060
$29,255
$410,450

15
15
15
15
15
15
15
15
15
15

$27,540
$1,620
$5,954
$1,376
$752
$3,402
$46,926
$2,475
$3,600
$600
$94,240

15%

$810,480

$1,000,000

CONCRETE FORESHORE RAMP
cu.m
Cast-in-place reinforced concrete slab for ramp and causeway
Fill & compact granular base
cu.m
SUB-TOTAL FOR CONCRETE FORESHORE RAMP
PILED PIER
Piles
4.1.1 Supply 762mm (30") Dia By 19.1mm thk Steel Pipe Piles
4.1.2 Pile Open Shoe
4.1.3 Pitch Piles
4.1.4 Drive Vertical Steel Pipe Piles
4.1.5 Pile Cut Off and Shear Rings
Concrete pilecap
Supply precast slab panel
Delivery & Installation of precast slab
Precast panel bearing seats
Concrete Topping
SUB-TOTAL FOR PILED PIER

%

$550,000

SUB-TOTAL FOR EARTHWORKS
3
3.1
3.2

Area Cost

lin.m.
ea.
ea.
lin.m.
ea.
cu.m.
sq.m.
ea.
ea.
cu.m.

690
1,030

$660
$33

$455,400
$33,990
$490,000

914
78
78
620
78
293
1,229
156
156
296

$547
$2,205
$509
$278
$1,260
$2,468
$407
$1,260
$900
$660

$499,960
$171,990
$39,720
$172,520
$98,280
$721,890
$499,970
$196,560
$140,400
$195,030
$2,740,000

lin.m.
lin.m.
ea.
ea.
lin.m.
ea.
lin.m.
lin.m.
ea.
L.S.

306
36
18
18
18
18
1,043
330
6
1

$600
$300
$2,205
$509
$278
$1,260
$300
$50
$4,000
$4,000

$183,600
$10,800
$39,690
$9,170
$5,010
$22,680
$312,840
$16,500
$24,000
$4,000
$630,000

SUB-TOTAL PROABLE CAPITAL WORKS COST
15%
CONTINGENCY ALLOWANCE

Environmental Mitigation Allowance (2.5%)
Planning, Engineering, Procurement & Project Management Allowance
TOTAL COST

$5,410,000
$810,000
$135,250
$432,800
$6,788,050

8%

When reviewing the above estimated costs it is important to note the following:
The estimates are based on conceptual design layouts only and are not intended to be used to establish a project budget. The cost estimate does not include any upland improvement
- works, buildings and/or offices, power, site services and barge ramp.
- The costs have been developed based on historical and current data using in-house sources, information from previous studies as well as budget price quotations solicited from local
suppliers and contractors.
- A contingency amount has been included to cover undefined items, due to the level of engineering carried out at this time. The contingency is not a reflection of the accuracy of the
estimates but covers items of work which will have to be performed, and elements of costs which will be incured, but which are not explicitly detailed or described due to the level of
investigation, engineering and estimating completed today. The estimate, including, the contingency is considered accurate to +/-20%.
- Volumes for site preparation are based on the survey information available at this time.
- The prices are based on 2010 cost levels in Canadian dollars and do not allow for escalation.
- The costs exclude the GST.
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PORT CLEMENTS BARGE FACILITY FEASIBILITY STUDY
Village of Port Clements
Order-Of-Magnitude Cost Estimate
Option 2A: Three-stage bulkhead with filled causeway

Project No:

7098

Date:

20-Jul-10

Prepared By:

MNG

ORDER-OF-MAGNITUDE CAPITAL COST ESTIMATE (CDN $)
Item
1
1.1
1.2

Description

Units

Estimated
Quantity

L.S.
L.S.

1
1

GENERAL ITEMS
Mob/demobilization
Clearing/Grubbing

Unit Rate
$500,000
$50,000

Item Cost
$500,000
$50,000

SUB-TOTAL FOR GENERAL ITEMS
2
2.1

2.2

EARTHWORKS
Scour Protection
2.1.1 Supply & placement of rip rap material
2.1.2 Supply & placement of filter stone material
General fill

4
4.1

cu.m
cu.m
cu.m

4.2
4.3

Contingency
$

15
15

$75,000
$7,500
$82,500

17,000
3,400
26,000

$80
$50
$30

$1,360,000
$170,000
$780,000

15
15
15

$204,000
$25,500
$117,000
$346,500

15
15
15

$148,866
$743
$9,600
$159,210

15
15
15
15
15
15
15
15
15
15

$9,180
$540
$1,985
$459
$251
$1,134
$15,642
$825
$1,200
$225
$31,440

15%

$619,650

$2,310,000

THREE-STAGE SHEET PILE BULKHEAD
Supply and install sheetpile wall system (incl. walers, anchors and misc. hardware)
sq.m.
Supply and install anchor blocks
cu.m.
Reinforced concrete cope beam
cu.m.
SUB-TOTAL FOR THREE-STAGE SHEET PILE BULKHEAD
PROTECTIVE DOLPHINS
Piles
4.1.1 Supply 610mm (24") Dia By 19.1mm thk Steel Pipe Piles
4.1.2 Supply 304mm (112") Dia. By 12.7mm thk. Steel Pipe Bracings
4.1.3 Pile Open Shoe
4.1.4 Pitch Piles
4.1.5 Drive Vertical Steel Pipe Piles
4.1.6 Pile Cut Off and Shear Rings
4.1.7 Supply 305 (12") Dia untreated timber piles
4.1.8 Drive Vertical Timber Piles
Rubber Fenders
Weld Pipe Bracing to Piles
SUB-TOTAL FOR PROTECTIVE DOLPHINS

%

$550,000

SUB-TOTAL FOR EARTHWORKS
3
3.1
3.2
3.3

Area Cost

lin.m.
lin.m.
ea.
ea.
lin.m.
ea.
lin.m.
lin.m.
ea.
L.S.

1,093
8
64

$908
$660
$1,000

$992,440
$4,950
$64,000
$1,060,000

102
12
6
6
6
6
348
110
2
1

$600
$300
$2,205
$509
$278
$1,260
$300
$50
$4,000
$1,500

$61,200
$3,600
$13,230
$3,060
$1,670
$7,560
$104,280
$5,500
$8,000
$1,500
$210,000

SUB-TOTAL PROABLE CAPITAL WORKS COST
15%
CONTINGENCY ALLOWANCE

Environmental Mitigation Allowance (5%)
Planning, Engineering, Procurement & Project Management Allowance
TOTAL COST

$4,130,000
$620,000
$206,500
$330,400
$5,286,900

8%

When reviewing the above estimated costs it is important to note the following:
The estimates are based on conceptual design layouts only and are not intended to be used to establish a project budget. The cost estimate does not include any upland improvement
- works, buildings and/or offices, power, site services and barge ramp.
- The costs have been developed based on historical and current data using in-house sources, information from previous studies as well as budget price quotations solicited from local
suppliers and contractors.
- A contingency amount has been included to cover undefined items, due to the level of engineering carried out at this time. The contingency is not a reflection of the accuracy of the
estimates but covers items of work which will have to be performed, and elements of costs which will be incured, but which are not explicitly detailed or described due to the level of
investigation, engineering and estimating completed today. The estimate, including, the contingency is considered accurate to +/-20%.
- Volumes for site preparation are based on the survey information available at this time.
- The prices are based on 2010 cost levels in Canadian dollars and do not allow for escalation.
- The costs exclude the GST.
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PORT CLEMENTS BARGE FACILITY FEASIBILITY STUDY
Village of Port Clements
Order-Of-Magnitude Cost Estimate
Option 2B: Three-stage bulkhead with piled pier

Project No:

7098

Date:

20-Jul-10

Prepared By:

MNG

ORDER-OF-MAGNITUDE CAPITAL COST ESTIMATE (CDN $)
Item
1
1.1
1.2

Description

Units

Estimated
Quantity

L.S.
L.S.

1
1

GENERAL ITEMS
Mob/demobilization
Clearing/Grubbing

Unit Rate
$500,000
$50,000

Item Cost
$500,000
$50,000

SUB-TOTAL FOR GENERAL ITEMS
2
2.1

2.2

EARTHWORKS
Scour Protection
2.1.1 Supply & placement of rip rap material
2.1.2 Supply & placement of filter stone material
General fill

4
4.1

cu.m
cu.m
cu.m

4.2
4.3
4.4
4.5
4.6

5
5.1

5.2
5.3

PROTECTIVE DOLPHINS
Piles
5.1.1 Supply 610mm (24") Dia By 19.1mm thk Steel Pipe Piles
5.1.2 Supply 304mm (112") Dia. By 12.7mm thk. Steel Pipe Bracings
5.1.3 Pile Open Shoe
5.1.4 Pitch Piles
5.1.5 Drive Vertical Steel Pipe Piles
5.1.6 Pile Cut Off and Shear Rings
5.1.7 Supply 305 (12") Dia untreated timber piles
5.1.8 Drive Vertical Timber Piles
Rubber Fenders
Weld Pipe Bracing to Piles
SUB-TOTAL FOR PROTECTIVE DOLPHINS

Contingency
$

15
15

$75,000
$7,500
$82,500

5,000
1,000
17,713

$80
$50
$30

$400,000
$50,000
$531,390

15
15
15

$60,000
$7,500
$79,709
$147,210

15
15
15

$148,866
$743
$9,600
$159,210

15
15
15
15
15
15
15
15
15
15

$104,532
$33,737
$7,791
$35,895
$19,278
$141,602
$98,072
$38,556
$27,540
$28,661
$535,660

15
15
15
15
15
15
15
15
15
15

$9,180
$540
$1,985
$459
$251
$1,134
$15,642
$825
$1,200
$225
$31,440

15%

$956,020

$980,000

THREE-STAGE SHEET PILE BULKHEAD
Supply and install sheetpile wall system (incl. walers, anchors and misc. hardware)
sq.m.
Supply and install anchor blocks
cu.m.
Reinforced concrete cope beam
cu.m.
SUB-TOTAL FOR THREE-STAGE SHEET PILE BULKHEAD
PILED PIER
Piles
4.1.1 Supply 762mm (30") Dia By 19.1mm thk Steel Pipe Piles
4.1.2 Pile Open Shoe
4.1.3 Pitch Piles
4.1.4 Drive Vertical Steel Pipe Piles
4.1.5 Pile Cut Off and Shear Rings
Concrete pilecap
Supply precast slab panel
Delivery & Installation of precast slab
Precast panel bearing seats
Concrete Topping
SUB-TOTAL FOR PILED PIER

%

$550,000

SUB-TOTAL FOR EARTHWORKS
3
3.1
3.2
3.3

Area Cost

lin.m.
ea.
ea.
lin.m.
ea.
cu.m.
sq.m.
ea.
ea.
cu.m.

1,093
8
64

$908
$660
$1,000

$992,440
$4,950
$64,000
$1,060,000

1,274
102
102
860
102
383
1,607
204
204
290

$547
$2,205
$509
$278
$1,260
$2,468
$407
$1,260
$900
$660

$696,880
$224,910
$51,940
$239,300
$128,520
$944,010
$653,810
$257,040
$183,600
$191,070
$3,570,000

lin.m.
lin.m.
ea.
ea.
lin.m.
ea.
lin.m.
lin.m.
ea.
L.S.

102
12
6
6
6
6
348
110
2
1

$600
$300
$2,205
$509
$278
$1,260
$300
$50
$4,000
$1,500

$61,200
$3,600
$13,230
$3,060
$1,670
$7,560
$104,280
$5,500
$8,000
$1,500
$210,000

SUB-TOTAL PROABLE CAPITAL WORKS COST
15%
CONTINGENCY ALLOWANCE

Environmental Mitigation Allowance (2.5%)
Planning, Engineering, Procurement & Project Management Allowance
TOTAL COST

$6,370,000
$960,000
$159,250
$509,600
$7,998,850

8%

When reviewing the above estimated costs it is important to note the following:
The estimates are based on conceptual design layouts only and are not intended to be used to establish a project budget. The cost estimate does not include any upland improvement
- works, buildings and/or offices, power, site services and barge ramp.
- The costs have been developed based on historical and current data using in-house sources, information from previous studies as well as budget price quotations solicited from local
suppliers and contractors.
- A contingency amount has been included to cover undefined items, due to the level of engineering carried out at this time. The contingency is not a reflection of the accuracy of the
estimates but covers items of work which will have to be performed, and elements of costs which will be incured, but which are not explicitly detailed or described due to the level of
investigation, engineering and estimating completed today. The estimate, including, the contingency is considered accurate to +/-20%.
- Volumes for site preparation are based on the survey information available at this time.
- The prices are based on 2010 cost levels in Canadian dollars and do not allow for escalation.
- The costs exclude the GST.
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PORT CLEMENTS BARGE FACILITY FEASIBILITY STUDY
Village of Port Clements
Order-Of-Magnitude Cost Estimate
Option 3A: Mechanical barge ramp with filled causeway

Project No:

7098

Date:

20-Jul-10

Prepared By:

MNG

ORDER-OF-MAGNITUDE CAPITAL COST ESTIMATE (CDN $)
Item
1
1.1
1.2

Description

Units

Estimated
Quantity

L.S.
L.S.

1
1

GENERAL ITEMS
Mob/demobilization
Clearing/Grubbing

Unit Rate
$500,000
$50,000

Item Cost
$500,000
$50,000

SUB-TOTAL FOR GENERAL ITEMS
2
2.1

2.2

EARTHWORKS
Scour Protection
2.1.1 Supply & placement of rip rap material
2.1.2 Supply & placement of filter stone material
General fill

3.3
3.4

4
4.1

cu.m
cu.m
cu.m

4.2
4.3

Contingency
$

15
15

$75,000
$7,500
$82,500

15,000
3,000
28,000

$80
$50
$30

$1,200,000
$150,000
$840,000

15
15
15

$180,000
$22,500
$126,000
$328,500

$2,190,000

MECHANICAL BARGE RAMP
Supply and Install mechanical barge ramp (25m long, standard highway loading)
L.S.
Lift Tower
3.2.1 Supply 610mm (24") Dia By 19.1mm thk Steel Pipe Piles
lin.m.
3.2.2 Pile Open Shoe
ea.
3.2.3 Pitch Piles
ea.
3.2.4 Drive Vertical Steel Pipe Piles
lin.m.
3.2.5 Pile Cut Off and Shear Rings
ea.
3.2.6 Steel Tower Structure
L.S.
3.2.7 Steel grating on top of tower structure
sq.m.
3.2.8 Concrete pilecap
cu.m.
3.2.9 Handrail
lin.m.
Hydraulic lift system, power unit & control, installation & commissioning
L.S.
Concrete Counterweights
cu.m.
SUB-TOTAL FOR MECHANICAL BARGE RAMP
PROTECTIVE DOLPHINS
Piles
4.1.1 Supply 610mm (24") Dia By 19.1mm thk Steel Pipe Piles
4.1.2 Supply 304mm (112") Dia. By 12.7mm thk. Steel Pipe Bracings
4.1.3 Pile Open Shoe
4.1.4 Pitch Piles
4.1.5 Drive Vertical Steel Pipe Piles
4.1.6 Pile Cut Off and Shear Rings
4.1.7 Supply 305 (12") Dia untreated timber piles
4.1.8 Drive Vertical Timber Piles
Rubber Fenders
Weld Pipe Bracing to Piles
SUB-TOTAL FOR PROTECTIVE DOLPHINS

%

$550,000

SUB-TOTAL FOR EARTHWORKS
3
3.1
3.2

Area Cost

lin.m.
lin.m.
ea.
ea.
lin.m.
ea.
lin.m.
lin.m.
ea.
L.S.

1

$730,000

$730,000

15

$109,500

144
8
8
8
8
1
33
15
30
1
18

$600
$2,205
$509
$278
$1,260
$103,000
$100
$2,468
$180
$65,000
$717

$86,400
$17,640
$4,070
$2,230
$10,080
$103,000
$3,300
$37,020
$5,400
$65,000
$12,910

15
15
15
15
15
15
15
15
15
15
15

$12,960
$2,646
$611
$335
$1,512
$15,450
$495
$5,553
$810
$9,750
$1,937
$161,560

15
15
15
15
15
15
15
15
15
15

$27,540
$1,620
$5,954
$1,376
$752
$3,402
$46,926
$2,475
$3,600
$600
$94,240

15%

$666,800

$1,080,000

306
36
18
18
18
18
1,043
330
6
1

$600
$300
$2,205
$509
$278
$1,260
$300
$50
$4,000
$4,000

$183,600
$10,800
$39,690
$9,170
$5,010
$22,680
$312,840
$16,500
$24,000
$4,000
$630,000

SUB-TOTAL PROABLE CAPITAL WORKS COST
15%
CONTINGENCY ALLOWANCE

Environmental Mitigation Allowance (5%)
Planning, Engineering, Procurement & Project Management Allowance
TOTAL COST

$4,450,000
$670,000
$222,500
$356,000
$5,698,500

8%

When reviewing the above estimated costs it is important to note the following:
The estimates are based on conceptual design layouts only and are not intended to be used to establish a project budget. The cost estimate does not include any upland improvement
- works, buildings and/or offices, power and site services.
- The costs have been developed based on historical and current data using in-house sources, information from previous studies as well as budget price quotations solicited from local
suppliers and contractors.
- A contingency amount has been included to cover undefined items, due to the level of engineering carried out at this time. The contingency is not a reflection of the accuracy of the
estimates but covers items of work which will have to be performed, and elements of costs which will be incured, but which are not explicitly detailed or described due to the level of
investigation, engineering and estimating completed today. The estimate, including, the contingency is considered accurate to +/-20%.
- Volumes for site preparation are based on the survey information available at this time.
- The prices are based on 2010 cost levels in Canadian dollars and do not allow for escalation.
- The costs exclude the GST.
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PORT CLEMENTS BARGE FACILITY FEASIBILITY STUDY
Village of Port Clements
Order-Of-Magnitude Cost Estimate
Option 3B: Mechanical barge ramp with piled pier

Project No:

7098

Date:

20-Jul-10

Prepared By:

MNG

ORDER-OF-MAGNITUDE CAPITAL COST ESTIMATE (CDN $)
Item

Description

1
1.1
1.2

GENERAL ITEMS
Mob/demobilization
Clearing/Grubbing

2
2.1

EARTHWORKS
Scour Protection
2.1.1 Supply & placement of rip rap material
2.1.2 Supply & placement of filter stone material
General fill

Units

Estimated
Quantity

L.S.
L.S.

1
1

Unit Rate
$500,000
$50,000

Item Cost
$500,000
$50,000

SUB-TOTAL FOR GENERAL ITEMS

2.2

3.3
3.4

4
4.1

cu.m
cu.m
cu.m

4.2
4.3
4.4
4.5
4.6
4.7

5
5.1

5.2
5.3

PROTECTIVE DOLPHINS
Piles
5.1.1 Supply 610mm (24") Dia By 19.1mm thk Steel Pipe Piles
5.1.2 Supply 304mm (112") Dia. By 12.7mm thk. Steel Pipe Bracings
5.1.3 Pile Open Shoe
5.1.4 Pitch Piles
5.1.5 Drive Vertical Steel Pipe Piles
5.1.6 Pile Cut Off and Shear Rings
5.1.7 Supply 305 (12") Dia untreated timber piles
5.1.8 Drive Vertical Timber Piles
Rubber Fenders
Weld Pipe Bracing to Piles
SUB-TOTAL FOR PROTECTIVE DOLPHINS

Contingency
$

15
15

$75,000
$7,500
$82,500

390
113
1,005

$80
$50
$30

$31,200
$5,630
$30,150

15
15
15

$4,680
$845
$4,523
$10,050

$70,000

MECHANICAL BARGE RAMP
Supply and Install mechanical barge ramp (25m long, standard highway loading)
L.S.
Lift Tower
3.2.1 Supply 610mm (24") Dia By 19.1mm thk Steel Pipe Piles
lin.m.
3.2.2 Pile Open Shoe
ea.
3.2.3 Pitch Piles
ea.
3.2.4 Drive Vertical Steel Pipe Piles
lin.m.
3.2.5 Pile Cut Off and Shear Rings
ea.
3.2.6 Steel Tower Structure
L.S.
3.2.7 Steel grating on top of tower structure
sq.m.
3.2.8 Concrete pilecap
cu.m.
3.2.9 Handrail
lin.m.
Hydraulic lift system, power unit & control, installation & commissioning
L.S.
Concrete Counterweights
cu.m.
SUB-TOTAL FOR MECHANICAL BARGE RAMP
PILED PIER
Piles
4.1.1 Supply 762mm (30") Dia By 19.1mm thk Steel Pipe Piles
4.1.2 Pile Open Shoe
4.1.3 Pitch Piles
4.1.4 Drive Vertical Steel Pipe Piles
4.1.5 Pile Cut Off and Shear Rings
Concrete abutment for mechanical ramp
Concrete pilecap
Supply precast slab panel
Delivery & Installation of precast slab
Precast panel bearing seats
Concrete Topping
SUB-TOTAL FOR PILED PIER

%

$550,000

SUB-TOTAL FOR EARTHWORKS
3
3.1
3.2

Area Cost

lin.m.
ea.
ea.
lin.m.
ea.
cu.m.
cu.m.
sq.m.
ea.
ea.
cu.m.

1

$730,000

$730,000

15

$109,500

144
8
8
8
8
1
33
15
30
1
18

$600
$2,205
$509
$278
$1,260
$103,000
$100
$2,468
$180
$65,000
$717

$86,400
$17,640
$4,070
$2,230
$10,080
$103,000
$3,300
$37,020
$5,400
$65,000
$12,910

15
15
15
15
15
15
15
15
15
15
15

$12,960
$2,646
$611
$335
$1,512
$15,450
$495
$5,553
$810
$9,750
$1,937
$161,560

15
15
15
15
15
15
15
15
15
15
15

$155,895
$39,690
$9,167
$50,085
$22,680
$2,592
$175,104
$103,841
$45,360
$32,400
$33,531
$670,340

15
15
15
15
15
15
15
15
15
15

$27,540
$1,620
$5,954
$1,376
$752
$3,402
$46,926
$2,475
$3,600
$600
$94,240

$1,080,000

1,900
120
120
1,200
120
7
473
1,701
240
240
339

$547
$2,205
$509
$278
$1,260
$2,468
$2,468
$407
$1,260
$900
$660

$1,039,300
$264,600
$61,110
$333,900
$151,200
$17,280
$1,167,360
$692,270
$302,400
$216,000
$223,540
$4,470,000

lin.m.
lin.m.
ea.
ea.
lin.m.
ea.
lin.m.
lin.m.
ea.
L.S.

306
36
18
18
18
18
1,043
330
6
1

$600
$300
$2,205
$509
$278
$1,260
$300
$50
$4,000
$4,000

$183,600
$10,800
$39,690
$9,170
$5,010
$22,680
$312,840
$16,500
$24,000
$4,000
$630,000

SUB-TOTAL PROABLE CAPITAL WORKS COST
15%
CONTINGENCY ALLOWANCE

Environmental Mitigation Allowance (2.5%)
Planning, Engineering, Procurement & Project Management Allowance
TOTAL COST

$6,800,000
$1,020,000
$170,000
$544,000
$8,534,000

15%

$1,018,690

8%

When reviewing the above estimated costs it is important to note the following:
The estimates are based on conceptual design layouts only and are not intended to be used to establish a project budget. The cost estimate does not include any upland improvement
- works, buildings and/or offices, power and site services.
- The costs have been developed based on historical and current data using in-house sources, information from previous studies as well as budget price quotations solicited from local
suppliers and contractors.
- A contingency amount has been included to cover undefined items, due to the level of engineering carried out at this time. The contingency is not a reflection of the accuracy of the
estimates but covers items of work which will have to be performed, and elements of costs which will be incured, but which are not explicitly detailed or described due to the level of
investigation, engineering and estimating completed today. The estimate, including, the contingency is considered accurate to +/-20%.
- Volumes for site preparation are based on the survey information available at this time.
- The prices are based on 2010 cost levels in Canadian dollars and do not allow for escalation.
- The costs exclude the GST.
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ENVIRONMENTAL, ARCHAEOLOGICAL AND GEOTECHNICAL CONCEPT LEVEL REVIEW OF
PORT CLEMENTS BARGE FACILITY OPTIONS, HAIDA GWAII, BC

Dear Mr. Westerman:
The following technical memorandum provides a concept level review of the environmental, archaeological and
geotechnical components of the three preferred Port Clements barge facility alternatives. Our review is based
on the following reports provided to Golder Associates Ltd. (“Golder”) by Moffatt & Nichol (“M&N”):



Biophysical Survey of Proposed Barge Loading Facility, Sea-Force Consultants Inc. and Balanced
Environmental Services Inc., June 6, 2010; and,



Barge Ramp Concept Options Memorandum, M&N, July 20, 2010.

Golder’s conceptual review draws on our familiarity with the proposed development area and experience with
similar projects but does not include any project specific field studies conducted by Golder.

1.0

INTRODUCTION

The Village of Port Clements (“the Village”) is investigating the feasibility of establishing an industrial barge
facility and upland storage area on two parcels of provincial crown land located north of the Village
(“the Project”). Both parcels of land are situated in the Village’s industrial development area which includes
small and large wood processing businesses (e.g., sawmills operated by Eaglecrest Enterprises and
Abfam Enterprises, Obrien & Fuerst Logging cedar pole peeling plant), hospitality facilities (e.g., Kumdis River
Lodge), and municipal infrastructure (e.g., wastewater treatment lagoon).
The barge landing facility is proposed to be located offshore of the eastern land parcel which is approximately
2.25 hectares in area and the upland storage facilities are proposed to be located on both the western land
parcel, which is approximately 52.78 hectares in area, and the eastern land parcel. Both land parcels are
wooded and therefore undeveloped in terms of previous industrial uses or existing access roads. The two
parcels of crown land are separated by the gravel surfaced Industrial Park Road which runs in a north/south
direction and connects Highway 16 (south) to the entrance of Kumdis Bay (north).
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As a result of shallow bathymetry directly offshore of the proposed barge landing site, either a rock-filled or steel
pile-supported causeway 380 to 406 m in length may be required to reach the required water depth of 6.74 m for
the types of barges expected. At the terminus of either of these causeway alternatives, three barge landing
facility concepts are presented:



Concrete Foreshore Ramp;



Three-stage Bulkhead Pier; and,



Mechanical Barge Ramp.

2.0

ENVIRONMENTAL AND ARCHAEOLOGICAL REVIEW

The proposed Project includes components that are located offshore in the marine waters of Masset Sound,
within a length of foreshore approximately 115 m long and within a relatively undisturbed and forested
upland area. Results from the biophysical survey conducted by Balanced Environmental indicated that the
intertidal zone is predominately composed of cobbles and boulders that provides habitat for algae and
invertebrates such as barnacles, mussels and limpets; whereas the subtidal zone is predominately composed of
sand and mud that provides habitat for eelgrass, kelp, clams, crabs and fish. Although no archaeological
investigations for the Project have been conducted to date, the general Project area has the potential to support
cultural and heritage resources such as culturally modified trees, chipped stone tools, canoe runs, shell middens
and offshore shipwrecks.

2.1

Permits and Authorizations

The following sections summarize the potential federal and provincial permits, approvals and authorizations that
may be required should the Project advance to detailed design and construction, based on our understanding of
the proposed Project.

2.1.1

Canadian Environmental Assessment Act

Regardless of the type of causeway or barge facility design, the Project will interact with known fisheries
resources and marine navigation and result in the requirement for a screening level Environmental Assessment
(EA) under the federal Canadian Environmental Assessment Act (CEAA). The primary purposes of an EA under
CEAA are to ensure that projects do not cause significant adverse effects to the environment and to encourage
responsible authorities to take actions that promote sustainable development. In addition, CEAA makes specific
reference to physical and cultural heritage including “any structure, site or thing that is of historical,
archaeological, paleontological or architectural significance” (S. 2(1)(b)(iv)). The primary triggers for this type of
EA are the Project’s anticipated need for permits/authorizations under the federal Fisheries Act and
Navigable Water Protections Act. An additional, potentially applicable, trigger for an EA under CEAA is if a
federal department (e.g., Western Economic Diversification Canada or Infrastructure Canada) provides any form
of financial assistance that enables the Project to be carried out.
A screening level EA under CEAA is a general site characterization of environmental resources and ecologically
sensitive areas, with conceptual level recommendations to achieve subsequent environmental approvals. Under
CEAA, a federal authority must assess the effects of any change resulting from alteration to the environment
caused by a project. The Act also requires all studies and assessments of a project to consider the significance
of these environmental effects, as well as “technically and economically feasible” mitigation measures.
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The general process and requirements for completing a screening level EA under CEAA is as follows:



Describe the Project and determine the scope of assessment;



Identify the environmental setting and potential environmental impacts;



Summarize available site reports and assessments;



List studies or investigations completed specifically for the Project;



Identify and evaluate potential community concerns and/or support;



Provide scaled maps of the project location and project construction plans;



Explain mitigative measures incorporated into the design;



Evaluate and mitigate the environmental impact of operations and maintenance;



Outline requirements for on-going monitoring;



Identify and evaluate any cumulative effect impacts; and,



Address the future environmental impacts of decommissioning.

The EA for marine infrastructure projects typically involves a strong emphasis on understanding how the
proposed development will interact with and potentially impact fish and fish habitat (including marine mammals),
oceanographic processes, terrestrial and avian wildlife, and air and water quality. Examples of environmental
issues that may require attention in an EA for this proposed Project include:



Potential effects to benthic invertebrates such as clams and crabs;



Potential effects to fish and marine mammals;



Potential effects marine vegetation such as eelgrass, kelp and riparian plants;



Potential effects to migratory birds;



Potential effects to recreational and First Nations fisheries near Kumdis Bay and the Yakoun River;



Potential effects to marine navigation;



Potential effects to water quality;



Potential effects to land use and socioeconomics;



Potential effects to oceanographic processes such as sediment transport;



Potential effects to rare and endangered ecosystems and species;



Potential effects of accidents and malfunctions such as fuel spills and vessel groundings; and,



Potential effects of the environment on the project (e.g., wind, earthquakes).
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Fisheries Act

The federal Fisheries Act provides Fisheries and Oceans Canada (DFO) with authority for the conservation and
protection of fish and fish habitat. Fish are defined in the Act under Section 2 to include:



Parts of a fish;



Shellfish, crustaceans, marine animals and any parts of shellfish, crustaceans or marine animals; and,



The eggs, sperm, spawn, larvae, spat and juvenile stages of fish, shellfish, crustaceans and marine
animals.

Fish habitat is defined in the Act under Section 34 as:



Spawning grounds and nursery, rearing, food supply and migration areas on which fish depend directly or
indirectly in order to carry out their life processes.

Development activity in and around a watercourse may be classified by DFO as a Harmful Alteration, Disruption
or Destruction (“HADD”) to fish habitat under Section 35(1) of the Fisheries Act. Review by DFO of any
proposed development which may impact watercourses or riparian areas is required. If it is determined that a
HADD is unavoidable, a Habitat Authorization Agreement under Section 35(2) of the Act is required. In this
situation, any loss of fish habitat must be compensated to such a degree that there will be no net loss of fish
habitat. If it is determined that the potential adverse effects to fish habitat can be avoided or minimized through
mitigation, an alternate permit process referred to as a Letter of Advice (LOA) would be issued by DFO. This
latter form of approval is more expeditious, as a Section 35(2) Authorization would require habitat compensation
and monitoring.
Components of the project that have high potential to impact fish habitat include the placement of rock fill to form
the causeway, the installation of concrete filled steel piles and dolphins into marine substrates, and the clearing
of vegetation along the foreshore. The proposed rock fill causeway will have a larger area of direct impact on
marine resources that are stationary or slow moving versus the steel pile causeway. Similarly, the concrete
foreshore ramp and three stage bulkhead piers will have greater impacts to fish and fish habitat than the
mechanical barge ramp, based solely on the size of each option’s footprint in the marine environment.
Conceptual fish habitat compensation plans typically quantify, in square metres, the estimated amount of
different fish habitats that may be impacted and propose the creation of similar amounts of compensation habitat
to achieve DFO’s policy of “no net loss” of fish habitat. In some situations, a Habitat Authorization Agreement
may require the creation of similar fish habitat in excess of that lost to compensate for any temporal reductions in
fish habitat quality. For example, direct impacts to 100 m2 of eelgrass vegetation may require that 200 m2 of
eelgrass vegetation is created as near as possible to the Project.
Potential methods of reducing fish habitat compensation requirements for this Project include:



Minimizing the extent of clearing riparian vegetation along the foreshore;



Minimizing the extent of direct alteration of eelgrass and other high quality fish habitats by using steel piles
instead of rock fill on those sections of causeway located above or in the general vicinity of eelgrass
meadows and other high quality fish habitats (i.e.; within the area bounded by high water level and -3.0 m
below chart datum);
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Quantifying and characterizing bivalve and other benthic invertebrate habitat in the sand and mud
substrates between the depths of -3.0 m and -7.0 m below chart datum to support discussions and
compensation planning with DFO habitat protection personnel, with the goal of assessing whether a rock fill
causeway in this section would be acceptable; and,



Considering the preferential construction of the mechanical barge ramp since this option may result in the
lowest overall footprint of direct effect on the seabed, when compared to either the concrete ramp or three
stage bulkhead barge landing options.

Given the assumption that some form of fish habitat compensation will be required by DFO regardless of the
type of causeway or barge landing option that is ultimately selected, it is useful at early stages of Project
planning to identify suitable compensation options that are both technically and economically feasible. Examples
of conceptual compensation options for this Project include:



Transplanting eelgrass vegetation that may be impacted by Project construction into nearby areas that will
support their continued growth (i.e., densification of existing low density eelgrass meadows);



Identifying nearby subtidal sites impacted by past industrial activities and improving the biological
productivity of these sites by restoring natural processes (e.g., removal of accumulated wood debris on
former log boom sites to promote aerobic conditions in surface sediments);



Incorporating fish habitats directly into the design of engineered structures (e.g., concrete and riprap can be
designed to increase fish habitat complexity); and,



Creating an offshore reef in an area of low fish habitat complexity.

There is currently no DFO Habitat Protection Officer or Biologist on Haida Gwaii that is available to discuss
conceptual fish habitat compensation plans for proposed projects. The general inquires contact information for
the DFO office in Prince Rupert is (250) 627-3499.

2.1.3

Navigable Waters Protection Act

Pursuant to subsection 5(1) of the federal Navigable Waters Protection Act (NWPA), the Minister of Transport,
as represented by Transport Canada, must review and approve any works built or placed in, on, over, under,
through or across any navigable water. The term “work” includes any man made structure, device or thing,
whether temporary or permanent, that may interfere with navigation and any dumping of fill or any excavation of
materials that may interfere with navigation. The term “navigable water” includes any canal and any other body
of water created or altered as a result of the construction of any work.
The formal NWPA review process is initiated once the Project design is finalized and an application is submitted
to the nearest Navigable Waters Protection Office. Application requirements include information about the
applicant, details of the proposed work (e.g., construction schedule and methods, description of project location,
environmental assessment documents), drawn plans, photographs, and characteristics of waterway.
To expedite the NWPA review process, it is considered good practice to contact a Navigable Waters Protection
Officer to discuss in general terms the construction of the work you are proposing to build so that the required
information and documentation is known well in advance of preparing and submitting an application. The phone
number for the Navigable Waters Protection Program in Transport Canada’s Pacific Regional Office is
(604) 775-8867. The Navigable Waters Protection Officer for the North Coast is Colin Parkinson, phone number
(604) 775-8868.
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Migratory Birds Convention Act

The federal Migratory Birds Convention Act provides protection to migratory birds including eggs and active nest
sites. The clearing and grubbing of vegetation during the migratory bird nesting period, which generally occurs
from early May to Mid-July, requires a bird nesting survey to identify and protect the nests that may be affected.
The bird nesting survey is generally not required if vegetation clearing occurs outside of the migratory bird
nesting season.

2.1.5

Wildlife Act

The provincial Wildlife Act protects wildlife such a birds and terrestrial mammals from human-related harm and
disturbance. Under Section 34 of the Wildlife Act, it is an offence, except as provided by regulation, to possess,
take, injure, molest or destroy:
a)

A bird or its egg;

b)

The nest of an eagle, peregrine falcon, gyrfalcon, osprey, heron or burrowing owl; or,

c)

The nest of a bird not referred to in paragraph (b) when the nest is occupied by a bird or its egg.

A bird nesting survey within vegetated areas planned for clearing is needed to identify and protect any occupied
bird nest or the nest of an eagle, peregrine falcon, gyrfalcon, osprey, heron or burrowing owl, whether they are
occupied or not. In the hypothetical situation that an unoccupied eagle nest is located in the foreshore area
slated for development, a provincial Wildlife Sundry Permit is required to remove, relocate or destroy the nest.
This permit is only available in special circumstances and the information requirements in the permit application
include:




The location of the nest and species of bird whose nest is to be removed or destroyed;



Compelling reason why the nest must be removed or destroyed or explanation of why the proposed activity
is in the public interest.

Number of nests to be removed or destroyed; and,

If any activities associated with the project will “molest, injure or destroy” a nest site as defined by the Wildlife
Act, protective buffers may need to be established to reduce disturbance of the nest, although the degree of
protection required is not specified by the Act. The development of strategies to minimize disturbance are
generally specific to each nest and location and include consultations with provincial wildlife biologists.
A scientific collection permit under the Wildlife Act is required should there be a need to trap wildlife, including
fish, from the project area.

2.1.6

Heritage Conservation Act

Under the provincial Heritage Conservation Act (HCA), archaeological sites on provincial Crown or private land
that predate AD 1846 are automatically protected. Certain sites, including burials and rock art sites, that have
historical or archaeological value, are protected regardless of age. Ships and aircraft wrecks are automatically
protected when two or more years have passed since sinking, washing ashore, or abandonment. The
Archaeology Branch of the Ministry of Tourism, Culture and Arts is the provincial government agency
responsible for administering the HCA, issuing permits and maintaining a database of recorded archaeological
sites.
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Archaeological work undertaken to address the HCA requirements largely meet the requirements to assess
potential effects to cultural heritage resources under CEAA. However, studies undertaken to address the
requirements of the HCA are typically silent on built heritage and paleontological resources which may require
assessment as part of the regulatory review process.
Archaeological site protection under the HCA does not necessarily negate impact; in some cases, development
proceeds following a formal impact assessment study or other mitigative actions. With the exception of impacts
occurring under a Section 14 Site Inspection or Site Investigation permit, any alteration to a known
archaeological site must be permitted under a Section 12 Site Alteration Permit. A Section 12 permit is held by
the individual responsible for the site alteration and normally includes data recovery or archaeological
monitoring.
All applications for Section 12 or Section 14 HCA permits are forwarded by the Archaeology Branch to
appropriate First Nations for review. A 30-day review period is provided for comments regarding the proposed
methodology.

2.1.7

Environmental Assessment Act

One of the purposes of the provincial Environmental Assessment Act (BCEAA) is “to provide for the thorough,
timely and integrated assessment of the environmental, economic, social, cultural, heritage and health effects of
reviewable projects”. An environmental assessment certificate under the BCEAA is required if the size and/or
capacity of the Project meets or exceeds one or more of the thresholds listed in the Reviewable Projects
Regulation (B.C. Reg. 370/2002).
In this situation, the project would likely be classified as a new marine port facility and require a provincial
EA certificate if construction of the facility entails two or more hectares of foreshore or submerged land, or a
combination of foreshore and submerged land, below the natural boundary of a marine coastline or marine
estuary. However, preliminary review of the conceptual barge facility options suggest that the marine and
foreshore construction footprint is anticipated to be less than two hectares and the Project would not be
expected to require a provincial EA certificate.

2.2

Environmental Studies to Support Project

When the feasibility of a Project is being first assessed, it is beneficial to conduct overview or conceptual level
studies that identify or characterize the existing environmental setting and potential issues or constraints to
project development. The results of these studies can help guide decisions early in the planning and designing
of a project and result in cost savings over the long term. Examples include reducing the need to repeatedly
modify facility designs to satisfy regulatory requirements or the creation of effective field studies to address
predetermined information gaps.
From an environmental perspective, two studies can be conducted during the feasibility stage of a Project to
assist in defining and planning: an environmental overview assessment and an archaeological overview
assessment.
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Environmental Overview Assessment

The purpose of an environmental overview assessment (“EOA”) is to:



Generally characterize the existing environmental setting and resources (e.g., climate conditions,
ecosystem types, soils and vegetation, terrestrial and aquatic resources) using a range of existing
information sources such as publically available databases, interviews, and published literature;



Identify potentially effected stakeholders to help develop consultation plans;



Identify rare and endangered species and ecosystems that may occur in the vicinity of the development;



Initiate early discussions with regulatory authorities so that future field based studies can be designed to
collect agency appropriate information; and,



Conduct a field reconnaissance of the development site to verify and supplement information obtained
during the background data review.

The results of the EOA contribute to a more efficient environmental assessment under CEAA should the Project
proceed to further stages of development. Estimated costs for completing EOA studies range from $10-20K or
more for coastal developments in remote areas. Factors that affect the cost include the amount or quality of
relevant information that is available, the size and complexity of the proposed development and the remoteness
of the Project location. Approximate costs to complete a screening level EA are greater based upon the
probability and significance of potential project-related environmental effects, the availability and quality of
existing background information regarding environmental resources of greatest concern to society
(e.g., air quality, vegetation resources, wildlife and wildlife habitat, fish and fish habitat, land use, archaeological
and heritage resources, socioeconomics), and the scale and complexity of consulting with the local public,
regulatory and governing bodies and First Nations. Other factors that influence EA costs include the need to
develop mitigative measures that reduce, avoid or eliminate potential adverse environmental effects
(i.e., fish habitat compensation works) and show that these measures are both technically and economically
feasible.

2.2.2

Archaeological Overview Assessment

The main purpose of an archaeological overview assessment (“AOA”) is to evaluate the archaeological potential
of the Project area. The process for conducting an AOA includes:



Reviewing readily available data regarding local and regional prehistory, history (including reported ship
and aircraft wrecks), ethnography, traditional use, and the environment including a review of available
hydrographic data and aerial photographs;



Identifying previously documented archaeological sites in the vicinity of the Project by reviewing site data in
the Provincial Heritage Register, archaeological consulting reports and publications and information
provided by the Council of the Haida Nation (CHN), if available;



Analysing and synthesizing relevant information to provide an assessment of archaeological potential for
the Project Area; and,



Reporting to the standards set out by the provincial Archaeology Branch Guidelines.
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If the AOA results in the identification of areas of archaeological potential, a more detailed assessment referred
to as an archaeological impact assessment (“AIA”) may be recommended prior to any site disturbance. Initiation
of an AIA requires the authorization of the provincial Ministry of Tourism, Culture and the Arts under a
Heritage Conservation Act permit issued by the Archaeology Branch. Because the processing of permit
applications can take six to eight weeks and issued permits must be amended if certain conditions change
(i.e., increased area of interest or change in assessment methodology), the completion of an archaeological
overview-level assessment during the early stages of a project can provide a cost-effective approach to focus
research efforts on those areas that have a greater potential of containing archaeological and heritage resources
and being affected by Project developments.
Approximate costs to conduct an AOA are $5-8K, dependent upon a series of variables such as the number and
complexity of archaeological sites within the Project Area; availability of, and quality of, existing background
information such as previous archaeological reports, development plan maps, and aerial photographs and
whether a field reconnaissance is conducted. Approximate costs to complete an AIA are generally greater
based on the intensity of subsurface investigations in the field and potential fees related to First Nations liaison,
referral review, and permitting or traditional use research. Based on the existing information in the Provincial
Heritage Register, a more detailed desktop review is warranted to evaluate the archaeological potential of the
area.
Both the environmental and archaeological overview assessments feed into the overall screening level
environmental assessment so that no duplication of effort is needed. Detailed work plans and cost estimates for
environmental studies can be prepared, if requested.

3.0

GEOTECHNICAL REVIEW

The purpose of the geotechnical review is to provide preliminary geotechnical comments and input to aid in the
planning of the proposed causeway and loading ramp or bulkhead facilities. Our comments are based solely on
a review of available project information provided by M&N. No site visits or intrusive investigations were carried
out as part of our current scope of work.

3.1

Inferred Soil and Bedrock Conditions

No site-specific information is currently available with respect to subsurface soil or bedrock conditions underlying
the proposed new barge facilities. However, according to geologic mapping carried out by the British Columbia
Department of Mines and Petroleum Resources (Bulletin No. 54, “Geology of the Queen Charlotte Islands,
British Columbia (1968),” Port Clements and the surrounding region (including the Project site), the site is likely
to consist of recent alluvium, Pliestocene till, marine drift, and outwash sands overlying Skonun Formation which
is composed of sands to sandstone, siltstone, and shale with less conglomerate, lignite, and marl.
In addition, a limited geotechnical investigation was carried out by Golder near the north tip of the Port Clements
town site (approximately 1,100 m southwest of the Project site) for a proposed wood-fired power plant. Based
on the results of the investigation, the subsurface conditions at the plant site comprised of a surface layer of soft
peat varying from about 0.5 to 2 m in thickness, followed by loose to compact sand and gravel to depths ranging
from about 1 to 2.5 m below ground surface, followed by dense low to non-plastic silt. Based on geophysical
seismic refraction profiling, it was inferred that the silt deposit extended down to depths of at least 15 to 20 m.
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Recommended Geotechnical Design Input

It is anticipated that the planning and design of the proposed barge facilities will require geotechnical input, the
overall scope of which will depend on the causeway and docking concept selected. The following is a list of
probable and/or potential geotechnical factors effecting the proposed development along with a general
description of the geotechnical design input required to address these issues.



Unless it can be confirmed that bedrock lies at relatively shallow depth and that the improvements will
extend down to and be founded on bedrock, it is considered likely that all options will require an
assessment of the potential for soil liquefaction and its potential impacts.



The structural components of all options will require geotechnical seismic site classification in accordance
with the current seismic provisions of the British Columbia Building Code (and equivalent National Building
Code of Canada).



For the piled causeway option and/or breasting dolphins, geotechnical pile design criteria will be required
such as recommended pile type, depth of embedment, ultimate geotechnical axial capacity, lateral load
response and recommendations on spacing and group effects.



For the filled causeway option and/or filled bulkhead option, an assessment of potential settlements would
be required as well as an evaluation of slope stability of both the native ground surface and embankment fill
under both static and seismic conditions. In addition, recommendations on site preparation and backfill
would be required.



For the sheet pile bulkhead, geotechnical sheet pile design criteria will be required such as recommended
depth of embedment, lateral earth pressures under static and seismic conditions, global slope stability
considerations, as well as backfill and tie back design criteria.

3.3

Geotechnical Studies to Support Project

Unless it can be confirmed that competent bedrock lies at relatively shallow depth and that the improvements will
extend down to and be founded on the bedrock, suitable investigation and characterization of the soil conditions
underlying the footprint of the proposed facilities will most likely be required. Ultimately, for detailed design we
would envisage a minimum of one drill hole at the shoreline and one drill hole at the proposed foreshore facility
at the end of the proposed causeway.
However, mobilization of suitable geotechnical drilling equipment to Port Clements is expected to be relatively
expensive. Similarly, the logistics required for geotechnical drilling over water is expected to be particularly
expensive. As an alternative to drilling, it is considered likely that some subsurface soil and bedrock information,
may be available through local experience or from nearby projects. Furthermore, this available information could
be augmented with a shore-based test pit program. Although a test pit program could potentially provide a costeffective means to characterize the near-surface soil conditions at the shoreline, it should be recognized that it
would likely not provide adequate information for detailed pile design, liquefaction assessment or seismic site
classification.
Based on the above, we recommend that a phased approach be considered for the geotechnical assessment,
whereby the level of effort and sophistication of each phase of investigation increases in tandem with the design
stage, commencing with a feasibility-level desk study and review of available information at the concept planning
stage, followed by a test pit program (if appropriate, based on the results of the desk study) at the preliminary
design stage, followed, if necessary by a detailed geotechnical drilling program at the detailed design stage.
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Phase I – Review of Available Information

As previously indicated, it is considered likely that some subsurface soil and bedrock information may be
available through local experience or from nearby projects. In particular, the Village of Port Clements may have
geotechnical reports and/or foundation drawings for the existing pier structures to the south of the proposed
Project site. For conceptual-level planning, we recommend that, prior to any field investigation, a desk study be
undertaken to collect available geotechnical information that can be used to infer the likely soil and bedrock
conditions underlying the site and provide generalized foundation recommendations.

3.3.2

Phase II – Test Pit Field Investigation

At the preliminary design stage, we recommend that the information collected from the desk study be augmented
with a test pit field investigation. The test pit investigation would comprise a series of up to four sampled trench
excavations located as close as possible to waterline within limitations imposed by DFO. The test pit
investigation would require mobilization of geotechnical field staff to Port Clements to locate the test pits, log the
observed soil conditions, and collect representative samples. However, the pits could be put down using locally
owned and operated backhoe or excavation equipment; therefore equipment mobilization would be expected to
be relatively cost-effective. We envisage that the test holes would be advanced to the limits of the equipment
(likely on the order of 5 m), to collapse of the hole, or to effective refusal. Disturbed soil samples would be
recovered at selected intervals for laboratory testing.
The site specific soil and/or bedrock information obtained from the test pit investigation would likely be adequate
to develop preliminary design criteria and slope stability assessment but, as previously indicated, would not
provide adequate information for detailed pile design, liquefaction assessment or seismic site classification.

3.3.3

Phase III – Detailed Geotechnical Drilling Program

For the detailed design phase and seismic assessment, we would recommend that a detailed geotechnical
drilling investigation be carried out including a minimum of one drill hole at the shoreline and one drill hole at the
proposed barge facility at the end of the causeway. Depending on the stratigraphy, the drill holes would be used
to identify the thickness and composition of possible compressible soils, to identify the thickness and
composition of liquefaction susceptible soils, and determine the depth to dense soils or bedrock. The test holes
would extend to depths of about 20 m below grade or a minimum of 3 m into bedrock.
The drilling investigation would require mobilization of geotechnical field staff to Port Clements to locate and log
the test holes; record the results of standard penetration tests, and collect representative samples. A suitable
drill rig is not expected to be available locally; therefore mobilization of drilling equipment may be relatively
costly. It is recommended that, if possible, other local projects that may require geotechnical drilling be sought
so that drill rig mobilization costs could be shared.
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CLOSURE

We trust that the information presented within this memorandum is sufficient for your current needs. Should you
have any questions or require further clarification, please contact the undersigned at (250) 635-3444.
GOLDER ASSOCIATES LTD.

Bart DeFreitas, M.Sc., R.P.Bio.
Biologist

Adrienne Marr, B.A., R.P.C.A.
Archaeologist

Chris Williams, P.Eng.
Geotechnical Engineer

James Frolich, M.B.A.
Associate, Senior Environmental Specialist
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