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ABSTRACT 

 
Fish habitat restoration efforts were conducted in the Mashiter Creek, located in the town 
of Squamish, British Columbia.  Fish habitat units and methods used in the restoration of 
the river were based on habitat assessments previously conducted in July, 2003 and 
March, 2005 as part of a Fish Habitat Assessment Procedure (FHAP) diagnostic survey.  
The limiting habitat variable observed at the time in the 800m assessed river reach was 
the availability of stabile woody debris material within the stream channel.  Woody 
debris material is considered by many researchers as a critical component to a healthy 
functional watercourse.  Large woody debris within the active floodplain can contribute 
to variable hydraulic and stream channel characteristics as well as aid in accumulation of 
organic nutrients, beneficial to all salmonids.  Instream habitat restoration efforts were 
carried out within the Mashiter Creek from Aug 01- Aug 07 of 2005.  A total of 11 
separate site locations were restored with conifer logs ranging in size from 5m to 12m in 
length and with a mean butt diameter of 0.5m.  Sixteen logs void of rootwads and 5 logs 
including rootwads were incorporated into the project.  Shot rock ballast material was 
hauled in for securing the wood material/structures in position.  In addition to the 11 
woody debris restoration sites, two riffles were constructed with a mix of round boulders 
and shot rock to improve freshwater rearing conditions for juvenile salmonids.  Juvenile 
habitat was also improved by introducing 4 boulder cluster site locations incorporating 
approximately 200 quarry type rounded boulders.  Boulder cluster addition resulted in 
approximately 80m (linear length) of restored habitat.  A channe l wide Newbury riffle 
was also created to aid in backwatering and supplying an artificial side-channel 
constructed in 2004 situated adjacent to the mainstem creek.  Work was completed with 
funds contributed by the Habitat Conservation Trust Fund, Pacific Salmon Commission, 
Pacific Salmon Endowment Fund – Squamish River Watershed Salmon Recovery Plan 
and the Ministry of Water, Land and Air Protection.  In-kind contributions were received 
by the Ministry of Transportation, Ministry of Forests, and Kiewit and Sons Contracting.   
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1.0 OBJECTIVES 
Currently, a significant portion of the Greater Georgia Basin Steelhead Recovery Plan 
(GGBSRP) is focused on the reconnaissance, analysis and rehabilitation prescriptions of 
select rivers throughout South Western, British Columbia.  Decades of environmental 
impact and neglect has contributed to terrestrial and aquatic ecosystems that do not 
function as they once did.  The freshwater life cycle for salmonids has been identified as 
a critical lifecycle stage and therefore a greater amount of attention has been applied here.  
Throughout the Pacific Northwest, several research studies have proven that improving 
freshwater habitat conditions can result in greater fish and invertebrate productivity 
(Solazzi et al. 2000, Roni and Quinn, 2001). 
 
This report documents the habitat restoration activities that were undertaken at the 
Mashiter Creek in Squamish, British Columbia over the summer of 2005.  The objectives 
of the project were to; a) increase juvenile over-wintering habitat and stabilize bedload 
transport by augmenting with large woody debris and boulders b) complete instream 
habitat improvements prior to a proposed residential/college developments on the lands 
adjacent to the creek and c) provide year-round base flows to an artificial side-channel 
constructed in 2004 by introducing a Newbury riffle.  
 
 
2.0 INTRODUCTION 
The Squamish River system is a complex multiple watershed with an area of about 3,650 
km2, located about 100 km north of Vancouver, outside of the town of Squamish, British 
Columbia (Fig. 1). The Mashiter Creek is a tributary to the Mamquam River, which is in 
turn a tributary to the Squamish River (Fig. 2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 and 2.  Overview location of the project site relative to the city of Vancouver 
and the interconnected rivers in the Squamish watershed. 
 
There are several species of fish found in the Squamish River and its primary tributaries, 
including chinook, coho, chum, pink and sockeye salmon; steelhead and cutthroat trout; 
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Dolly Varden char as well as course fish. Most salmon stocks in the Squamish system are 
of moderate abundance, particularly chum, pink and coho salmon.  However, chinook 
salmon and steelhead trout, which inhabit similar higher velocities habitats are depressed 
and need additional habitat improvement work to recover. The conservation crisis has 
escalated by decades long impacts to freshwater habitat and recent declines in ocean 
survival.   
 
About 67 % of the historical length of the Mashiter Creek was lost as a result of a 1950s 
diversion into the middle reach of the Mamquam River.  Flood damage associated with 
intensive logging in the watershed resulted in diversion of the original creek to the east 
directly into the Mamquam River rather than the natural route through the golf course 
into the lower reach of the Mamquam River.  Additionally, the riparian forests adjacent to 
the creek were historically logged to the banks and rip -rap dykes have been constructed 
as flood control measures.  Head-cutting from the channelized reach to Mashiter falls has 
occurred as result of the diversion.  The introduction of river armouring has prevented 
natural stream channel meandering, diminishing any “nick points” that would aid in the 
formation of lateral log jams, creating pools, glides and runs, which are typically found in 
functioning river systems.   
 
The Mashiter Creek was considered by many to be a “high priority”, albeit challenging, 
habitat restoration project owing to past degradation and an anticipated difficulty with 
accessing the river in the near future.  Construction began in 2004 on the 240 acre Sea to 
Sky University campus and a lready completed is a new road and bridge system accessing 
the campus.  Student residence and market housing is planned within the next two years.   
 
The habitat restoration techniques used in undertaking this project have been studied in 
the past throughout the Pacific Northwest.  Assessments of instream habitat restoration in 
the Keogh River on the Northern tip of Vancouver Island, BC indicate that these 
techniques are a low cost, successful way of improving stream productivity for wild fish 
populations.  After years of adding woody debris, boulder clusters and nutrients to 10 km 
of the Keogh River, significant increases in various fish stocks have been observed 
(Ward, Slaney and McCubbing, 2003).  Estimates at the Keogh River show coho smolt-
out counts increased from 50,000 in 1997 to 95,000 in 2003, a record pink salmon 
escapement occurred in 2002, and steelhead smolts increased greater than 5- fold from 
900 in 1998 to >4800 in 2003 and 2005, or approaching the historical average.  The 
positive results are indications of the benefits that can be achieved for fish stocks when 
proper habitat restoration techniques are implemented, as are the results of Solazzi et al. 
(2000) and Roni and Quinn (2001).  
 
In addition to using restoration techniques for restoring streams, the GGBSRP program 
also conducts juvenile and adult stock assessments in the Mashiter Creek during the 
months of September and April, respectively.  The data collected from these surveys will 
compliment our proposed post-construction effectiveness monitoring studies.  Having 
access to pre and post construction stock assessment data can become extremely useful in 
the future in determin ing the overall success of this habitat project. 
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3.0 ASSESSMENT AND PRESCRIPTIONS 
Starting on July 22, 2003 the Fish Habitat Assessment Procedure (FHAP) developed for 
the Watershed Restoration Program (WRP) was undertaken within the Squamish-
Cheakamus River system.  Instream fish habitat deficiencies were recognized and 
prescriptions for rehabilitation were outlined and documented in the report “Habitat 
Assessments and Restoration Prescriptions for Recovery of Steelhead Trout in the 
Mamquam, Lower Cheakamus and Upper Squamish Rivers (November, 2003)” 
completed by fisheries biologist, Pat Slaney.  The report indicated that the leading habitat 
deficiency in the Mashiter Creek was large woody debris (LWD) and stable log jams 
which typically create pools and runs highly suitable for juve nile salmonid rearing.  In 
addition to the lack of woody debris available, the following river parameters impairing 
habitat characteristics were also observed;   
Human Impact 
River armouring - Implemented to prevent flooding of adjacent commercial lands, 
armouring has reduced the ability of the stream to run its natural course.  This prevents 
the formation of distinct meanders, thalweg zones and woody debris jams.  Without a mix 
of hydraulic conditions, the stream does not have the ability to create natural complexity 
and therefore stream substrate conditions become homogeneous and laminar in nature.   
Residential/commercial developments - The construction of the Sea to Sky University and 
infrastructure, and housing development will eventually obstruct access to the rivers 
edge, making the project construction almost impossible in the future.  
 
Habitat Characteristics 
By length, riffle, glide and pool comprised 90.2 %, 6.9 % and 2.9 %, respectively, and 
percent primary pool was very low or only 2.9 % by length and 5.3 % by area. 
Pool frequency was low, with 54 channel widths per primary pool.   
Total pieces of functional wood in the 850 m channel equated to 1.15 pieces per channel 
width (associated to one log jam), functional wood rated as low-fair. 
 
Over the past two years, two significant flood events have occurred in the Squamish 
region that contributed to channel geomorphologic changes within the Mashiter Creek.  
On October 16, 2003 heavy rains in the Squamish region generated a rain-on-snow event 
that caused a 10-fold increase in the volume of water leaving the Squamish River.  The 
second rain event occurred on January 16, 2005 causing a 6-fold volume increase.  Water 
discharge values increased from 250 to 2700m3/s and 200 to 1200m3/s, respectively in 
these events and were recorded at WSC 08GA022.     
 
A revised habitat assessment was deemed essential as a result of the new stream channel 
configurations  that resulted from the flood events.  In late March of 2005, habitat 
prescriptions were conducted for the identical reach that was assessed in 2003.  Though 
the quantity and location of the restoration units were altered slightly, similar findings to 
the original indicated a lack of coarse wood in the stream channel.  The supplemental 
results were recorded and are documented in “Revised Instream Habitat Rehabilitation 
Prescriptions for Mashiter Creek” (March, 2005). 
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4.0 FINANCIAL and IN-KIND CONTRIBUTIONS  

4.1 Financial Contributions  
Pacific Salmon Commission (PSC) 
Financial contributions were acquired through the Pacific Salmon Commission - 
Southern Boundary Restoration and Enhancement Fund 2005.  The contribution was 
in the sum of $16,138 and money was to be d irected towards the cost of excavator 
use. 

 
Pacific Salmon Endowment Fund (PSEF)  
Funded through the Pacific Salmon Endowment Fund, the Squamish River 
Watershed Salmon Recovery Plan (SRWSRP) was created to develop a recovery 
plan for rebuilding pacific salmon throughout the Squamish region.  A total of 
$23,900 was granted for the instream habitat restoration work on the Mashiter Creek. 

 
Habitat Conservation Trust Fund (HCTF) 
Funding to operate the GGBSRP is derived from HCTF monies and therefore the 
majority of BCCF employee and administrative costs, as well as incidental expenses 
have been supported in this manner.  

 
Ministry of Water, Land and Air Protection (MWLAP) 
A total of $4,400 was contributed by the MWLAP for contracting habitat restoration 
technical expertise as well as expenses associated with side-channel maintenance 
activities. 

 
4.2 In-kind Contributions  
Ministry of Transportation (MoT) 
A total of 6 truck loads of shot rock were donated to the project from the Sea to Sky 
Corridor highway improvement project.  The estimated value of the rock is $2,000.  

 
Ministry of Forests (MoF) 
A total of 21 logs were donated to the project from the Sea to Sky Corridor highway 
improvement project.  The estimated value of this wood is $6,300. 

 
Kiewit and Sons Contracting 
A total of two truck loads of shot rock were donated to the project from Kiewit and 
Sons Contracting.  The estimated value of the rock is $650. 

 
 
5.0 METHODS, MATERIALS AND RESULTS 
5.1 METHODS 

5.1.1 Project Preparation 
Sourcing materials and preparing regulatory permit approvals was completed in 2004. 
Mashiter Creek instream fish habitat restoration was completed according to Land and 
Water British Columbia, Department of Fisheries and Oceans, and Navigable Waters 
Protection Division guidelines.  Consultation, sites visits and approval by property 
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owners to access land for transporting material to the rivers edge was conducted in the 
fall of 2004 and again in July of 2005.  This included consultation with the Sea to Sky 
University Foundation and Rostrum Developments on the east, and Harold’s Auto 
Recycling on the west side of the river.  
 
A “tail-gate” meeting was used to discuss safety practices, duties, and emergency 
procedures with all workers on the first day of the project.  The site supervisor and at 
least one other crew person held level 1 First Aid certification and Transportation 
Endorsement.  Personnel used safety equipment including hard hats, high visibility vests, 
eye and ear protection, gloves and dust masks when applicable.   
 
The excavator operator carried a spill kit on the machine in the event of an unexpected 
leak.  In addition to  the spill kit which was immediately available to machine operator, an 
oil spill boom was strung across the wetted channel downstream of the work site.   
 
Prior to, and during project construction, a number of logs were modified to conform to 
the specific application; removal of entire rootwads, removal of upper portion rootwads 
and reduction of overall log length.  Aside from the “reduction of overall log length” 
which was done to better position the log on the streambank and at the water level, the 
balance of modifications were done to integrate a safer design. 
 
Large Woody Debris Structure Design 
Triangulated structures which are expected to receive the greatest direct hydraulic and 
floating debris forces incorporate two logs positioned in an “A” frame design with logs 
overlapping each other and cabled together at the apex (Figure. 3).  This triangulated 
structure is preferred as it has been designed by hydraulic engineers to produce the 
greatest structural stability while still producing significant biophysical improvements 
(D’Aoust and Millar, 1999). 
 
All logs that were used in the woody debris structures were of conifer origin, and 
consisted of lengths that ranged from 5m to 12m, and consistently averaged a .5m 
diameter.  Where the conditions permitted, logs with rootwads were used and positioned 
in the wetted channel generating the highest degree of fish habitat and enhancing 
biophysical attributes.     
 
Another structure type used in this project was the Parallel Structure which consists of 2 
logs running adjacent to each other and positioned tight together (Figure. 4).  This 
structure is typically used as bank protection and fish cover, with minimal scouring 
affects desired.    
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Figure 3 and 4.  Triangulated and Parallel LWD structures typically used for generating 
scour and bank protection, respectively. 
 
As noted in the “revised” habitat prescription report, new woody debris material resided 
within the surveyed reach following the flood events.  Generally, the next large rain event 
would flush the material out of the system.  Using single logs, logs were positioned atop 
these new natural wood accumulations and cabled to ballasting rock.  The purpose is to 
prevent further movement of the wood jams by securing them in place.  
 
Bar stabilizing logs were prescribed for a 30m stream bank section where a large 
landslide was situated lateral to the bar on the right bank, and the stream was at risk of 
diverting towards the slide, as it did a decade earlier.  These logs are positioned flush to 
the ground surface and specifically placed in pockets amongst a newly vegetated (natural 
recruitment) gravel/cobble bar.  The logs will aid in stabilizing the bar by promoting river 
flow around the sensitive riparian vegetation and also by collecting additional organics on 
the bar.  This technique will allow the vegetation to grow with reduced impact from the 
flood events that may occur.      
 
Boulder Clusters 
Boulder clusters of either 3 or 5 boulders per cluster and were placed in triangular 
arrangements which has been shown to optimize the velocities and cover generated by the 
given boulders for juvenile rearing.  The largest boulder is positioned at the apex of the 
triangle to promote stability of the entire cluster.   
 

5.1.2 Construction 
Using a Caterpillar 320 excavator, site preparation begun by clearing and building two 
access paths (upper and lower) to the rivers edge.  This excavator also assisted with 
transferring materials down to the river level; where the spyder excavator was positioned 
for the instream works.  The Caterpillar 320 was also the primary machine used for 
laying the disturbed areas to rest. 
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As a result of the limited dry exposed gravel bars available in the Mashiter Creek, a 
Spyder excavator was used to complete through the project.  The Spyder is fitted with 
biodegradable lubricants, balloon tires and walking- like appendages which allows for 
work to be conducted with minimal disturbance to the environment.  LWD and boulder 
placement began on August 01 and continued through to August 05, 2005.  Ballast 
material, round boulders and logs were moved in the river channel to their respective sites 
by either “hoe-chucking” the rocks or “winching” the logs.  Additional access for 
introducing boulders for clusters was made available to the lower west side of the river 
via Harold’s Auto Recycling property.    
 

5.1.3 Cable and Epoxy 
Anchoring of the large woody debris structures was completed by members of the 
Greater Georgia Basin Steelhead Recovery Plan and an individual from the Squamish 
Nation.  Cabling crews worked intermittently amongst other fisheries related issues in the 
Squamish region between August 03 and Aug 19, 2005.  In total, crews of three worked 
for 7 days to secure structures. 
 
Half inch galvanized steel cable (un-greased, wire core) was used to attach ballast rock to 
the LWD structure and also to anchor the structures to stable live streambank trees.  Once 
positioned, ballast rock was drilled either with a gasoline powered Ryobi rotary hammer 
drill (model ER-382) or a Hilti TE-55 corded drill.  Drill bits used varied in length and 
connection type, but were commonly Hilti TE-C 9/16 inch bits with a 12 inch length.  
Holes drilled to 10 inches deep were scrubbed and flushed thoroughly with water to 
remove loose material, and Hilti two part epoxy (RE-500) secured the cables to the 
ballast rock.  In each case, a sufficient quantity of epoxy was injected to ensure all space 
in the hole was filled once the cable end was inserted.  Cable was cut on site with a ¾ 
inch H.K. Porter ratchet cable cutter (model 8690TN) and attached to the LWD or 
anchored using ½ inch galvanized cable clamps.  To secure and further tighten cables, 
steel staples (4-1/2 x 3/8 inch) were also hammered into the logs.  To reduce cable 
visibility, logs were bored with a gasoline powered Tanaka wood drill (model TED 
262R) and a ¾ inch ship auger bit with a welded extension (total length 36 inches).  
Where possible, the corded Milwaukee ½ inch drill (model 1101-1) was used.  A Honda 
generator (EZ 3500) with a safety breaker switch was used to power all power tools.  
Extra heavy duty 10gauge extension cords were used to bring the power to the tools 
across the river.  To prevent damage to live anchoring trees, cables were loosely attached 
around the tree and sheathed with ¾ inch radiator hose.       
 
5.2 MATERIALS 
Wood and rock requirements as per outlined in the assessment report was sourced in the 
fall of 2004.  In August of 2004, three existing work sites within the Squamish region 
were inspected for removal of wood/logs for the project (donated by MoF).  The most 
suitable and accessible wood material was located along the Sea to Sky Highway 
improvement project.  Under section 52(1) (a) of the Forest Act, 35 logs (previously cut) 
were approved for removal from the roadside for use in fish habitat restoration projects 
within the Soo Timber Supply Area.  This material was moved to a safe location for 
temporary storage until project implementation was to begin.  A total of 5 logs with 
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rootwads were later granted to the project, and stored over winter at the Main Road 
Contracting maintenance yard for use in the project.   
 
Similar communications occurred between GGBSRP technicians and the Ministry of 
Transportation to arrive at a contribution of shot rock for structure ballast rock or riffle 
development.  A total of 6 rock truck loads were hauled from a construction site along the 
Sea to Sky highway to a staging site at the Mashiter Creek.  Material was loaded into the 
hauling trucks by a highways construction excavator that was concurrently loading work 
trucks for the highways use.  The remainder of shot rock and boulder material was 
purchased from Coast Aggregates and West-Barr contracting/John hunter Ltd, 
respectively.    
 
5.3 RESULTS 

5.3.1 Construction 
On Sept 21, 2004 approximately 35 logs (~12m length and .5m diameter) were selected 
from the roadside using a self- loader logging truck and then transported to an over winter 
storage yard.  On August 01, 2005 16 of these logs were loaded using the self loader 
logging truck and transported to the Mashiter Creek project site.  Trees with rootwads 
attached were preferred and requested, though not available as a result of the trees having 
been cut prior to our knowledge of the available material.  On July 29, 2005 log stems 
with rootwads still attached were sourced and made available to the project.  A total of 6 
pieces (~7m length and 1.25m rootwad diameter) were hauled to the project site by John 
Hunter Ltd. 
 
On Sept 20, 2004 six loads of shot rock were made available by the Ministry of 
Transportation.  This material was stock piled on the lands adjacent to the Mashiter Creek 
with the approval by the property owner, Sea to Sky University Foundation.  On July 28, 
2005 three loads of shot rock would be purchased from Coast Aggregate and staged at 
both the lower and upper access points.  On July 29, 2005 Kiewit and Sons Co. 
contributed two loads of shot rock from their maintenance yard. 
 
One load of round boulders (~.6m to .7m diameter) was purchased and staged at the 
project site on September 17, 2004 from West-Barr Contracting Ltd.  Two additional 
truck loads of round boulders were required, and therefore were purchased and off-loaded 
on the east  and west side of the Mashiter Creek on Aug 03, 2005 by John Hunter Ltd.     
 
On July 29, 2005 with the use of a conventional excavator (Caterpillar 320) site 
preparation begun by clearing and building two access paths (upper and lower) to the 
rivers edge.  The conventional excavator remained at the job site until August 03, 2005 to 
assist with transferring materials down to the river level; where the spyder excavator was 
positioned for the instream works.  The Caterpillar 320 was also used for site cleanup.  
With the use of the spyder excavator construction of the LWD structures and instream 
boulder placement began on August 01 and continued through to August 06, 2005.  
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5.3.2 Material and Equipment Suppliers 
Nu Creek Developments – Spyder excavator 
John Hunter Ltd. – Hauling trucks and conventional excavator  
John Hunter Ltd. – Boulders material 
West-Barr Contracting Ltd – Boulder material 
Coast Aggregates – Shot rock material 
Kiewit and Sons Co. – Shot rock material 
Bison Wire and Rope – Wire cable  
Hilti Canada – Anchoring adhesive 
 

5.3.3 Habitat Type Constructed 
The primary materials used in the habitat restoration included logs and round quarry 
boulders.  Logs consisted of either pieces with or without the rootwads still attached and 
had ranged in length from 10m to 15m.  Butt end diameters ranged from .45m to .6m in 
all logs.  A total of 5 pieces with rootwads still attached, and 16 logs without the 
rootwads were used in the project.    
 
A total of 4 triangular rootwad log structures, 1 parallel rootwad log structures, 3 single 
logs, 1 sill log, 3 bar stabilizing logs, 67 boulder clusters and 1 Newbury riffle were 
constructed amongst the 660m reach section between the Mamquam Rd. bridge crossing 
over the Mashiter Creek to the Mashiter Falls (Figure. 5, Appendix II, Appendix III) for a 
cost of $59, 935 (Appendix I).   
 

4 Triangle LWD structures 
1 Parallel LWD structure 
3 Single logs  
1 Sill log 
3 Bar stabilizing logs 
67 Boulder clusters of 3 boulders 
1 Newbury riffle   

 
Approximately 250 m of wire cable, 50 steel staples, 8 rock drill bits, 11 epoxy cartridges 
and 22 cable clamps were used in this instream restoration project.  Photographs have 
been taken of most sites following construction (Appendix III).  Where riparian 
disturbances could not be avoided, reclamation seeding and tree planting will be 
conducted. 
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Figure 5. Locations of access routes and construction sites on the Mashiter Creek  
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5.3.4 Public Relations 
In the summer of 2006, an education signage describing partners involved in the project, the 
“plight of steelhead”, and various stream restoration techniques will be installed adjacent to the 
creek for viewing by the public. 
 
On November 17th, three - 3’x3’ aluminum signs were mounted at river access points notifying 
the public of the placement of LWD in the watercourse.  Signs read; “WARNING Fish Habitat 
Structures Have Been Constructed Along The Stream Bank, Please Use CAUTION”.  Signs 
have been mounted on live trees at highly visible locations (Appendix III). 
 

5.3.5 Monitoring 
Post-construction site inspections have been completed and have been approved in respect to 
the quality and quantity of securing methods and materials.  An initial inspection following a 
heavy rain event (October 15, 2005) indicated all structures are stabile and functioning as 
expected. 
 
A post-construction site evaluation assessment and report will be conducted following the first 
major flood event (to be determined).  This time lapse from project completion to initial site 
evaluation is necessary to allow the physical changes of the stream to take place.  This 
information will become constructive when making management decisions.  The monitoring 
program will follow guidelines set forth in “In-stream and Off- Channel Routine Effectiveness 
Evaluation” outlined by the Ministry of Forests (FIA 2003).  The information that will be 
collected will aid in determin ing whether the project is delivering two key attributes; structural 
integrity and bio-physical improvements.   
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6.0 APPENDIXES 

6.1 APPENDIX I – Cost Breakdown 
6.2 APPENDIX II – Habitat Site Summary 
6.3 APPENDIX III – Photo Documentation  
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APPENDIX  I – Cost Breakdown 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Category Description Amount ($) Contributor

Major Equipment
Spyder excavator (staging, construction, incl. mob/demob) $14,774.04 PSC
Conventional excavator (staging, site preparation) $5,018.00 SRWSRP
Boulder hauling $727.00 SRWSRP
Shot rock hauling $941.00 SRWSRP
Shot rock hauling $630.00 MWLAP
Log hauling $1,875.10 SRWSRP

$23,965.14

Light Equipment
Rock bits $870.00 SRWSRP
Wood bits $57.00 SRWSRP

$927.00

Materials
Logs/logs with rootwads (estimated market cost) $6,300.00 MoF
Boulders $378.00 SRWSRP
Shot rock $2,000.00 MoT
Shot rock $1,498.00 SRWSRP
Shot rock $650.00 Kiewit & Sons
Wire cable $705.00 SRWSRP
Epoxy adhesive $638.00 SRWSRP
Cable clamps $165.00 SRWSRP
Log staples $25.00 SRWSRP
Fuel (generator/power tools) $90.00 SRWSRP

$12,449.00

Miscellaneous Costs
Warning signs (3) $459.00 SRWSRP
Interpretive signage (1) $1,055.00 SRWSRP
Accommodations and employee perdiums $3,210.00 HCTF
Truck lease and fuel $2,100.00 SRWSRP
Office space, telephone and stationary supplies $1,200.00 HCTF

$8,024.00

Labour
Habitat Biologist (Habitat prescriptions and report) $2,000.00 MWLAP
Habitat Biologist (Revised Habitat prescriptions and report) $1,750.00 MWLAP
Project Coordinator (Revised Habitat Prescriptions and report) $220.00 HCTF
Project Coordinator (permits/coordination/project implementation/report preparation) $4,620.00 SRWSRP
Habitat Biologist (Incl. project implementation/post-construction site inspection) $2,750.00 SRWSRP
Labourers (cabling crew) $3,230.00 HCTF

$14,570.00

Administration
General costs Undetermined HCTF

Total Cost $59,935.14
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APPENDIX II – Habitat Site Summary 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

*Sec ** Site# UTM Habitat Built ***Location 
on the river

Logs with 
rootwad

Logs # Ballast 
boulders

Boulder clusters/# 
per cluster

Details Photos

491779.5509000 Mamquam Rd. Bridge (reference)
B-F 120m 491777.5508943 40 BC of 3 MC 0 0 0 40/3 50m BC reach #9
B-F 288m 491863.5509032 SL LB 0 1 4 0 Single log securing 3 logs #10
B-F 288m 491863.5509032 SRR LB 0 0 0 0 ~10 shot rock pieces #10
B-F 340m 491883.5509113 1 TrS RB 1 1 11 0 #11
B-F 377m 492005.5509672 3 BSL RB 0 3 12 (4/log) 0 3 bar stabilizing logs #12
B-F 389m Poor Satellite Reception SL RB 0 1 6 0 Single log securing 1 logs #13
B-F 431m 492035.5509390 7 BC of 3 MC 0 0 0 7/3 10m BC reach #14
B-F 443m Poor Satellite Reception 1 TrS RB 1 1 18 0 #15
B-F 471m Poor Satellite Reception 10 BC of 3 MC 0 0 0 10/3 10m BC reach #16
B-F 516m 492078.5509422 NR MC 0 0 0 0 boulder/shot rock weir #17
B-F 531m 492105.5509434 1 SLL LB 0 2 4 0 amplify plunge pool #18
B-F 541m Poor Satellite Reception 1 PS LB 0 2 9 0 bank protection #19
B-F 551m 492150.5509444 1 TrS LB 3 1 7 0 #20
B-F 586m Poor Satellite Reception 1 TrS RB 0 4 19 0 Deflector structure #21
B-F 607m Poor Satellite Reception 10 BC of 3 RB 0 0 0 10/3 5m BC reach #22

660m Poor Satellite Reception Mashiter Creek Falls (reference)

* B-F; Section from the Mamquam Rd. Bridge to the Mashiter Creek Falls
** Distance read from the Mamquam Rd. Bridge (reference point)
*** Location is derived by looking downstream

SL; Single Log
SLL; Sill Log
SRR; Shot Rock Riffle
NR; Newbury Riffle
TrS; Triangle LWD Structure
PS; Parallel LWD Structure
BC; Boulder Clusters
BSL; Bar Stabilizing Log

LB; Left Bank
MC; Middle Channel
RB; Right Bank
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Appendix III – Photo Documentation  
 
 
 
  
 
 
 
   
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photo 6. Crew member boring rock holes 
with rotary hammer drill  

Photo 1. Spyder excavator constructing 
triangular structure at site #586m U/S View 

Photo 4. Crew member cleaning rock holes Photo 3. Spyder excavator moving ballast 
rock, U/S View  

Photo 2. Spyder excavator constructing 
triangular structure at site #551m U/S View 

Photo 5. Installing warning signs  
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Photo 9. Site #120m, Boulder cluster 
reach (50m), D/S View  

Photo 10. Site #288m, Single log on LB & 
Shot rock  riffle, MC, U/S View 

Photo 11. Site #340m, Triangular 
structure, RB, Cross sectional View 

Photo 12. Site #377m, 3 bar stabilizing 
logs, RB, Cross Sectional View 

Photo 8. Site #607, Boulder cluster reach 
(5m), U/S View  

Photo 7. Power generation set-up for 
power tools 
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Photo 13. Site #389m, Single log 
structure, RB, D/S View 

Photo 14. Site #431m, Boulder clusters 
reach (10m), D/S View  

Photo 15. Site # 443m, Triangular 
structure, RB, U/S View 

Photo 16. Site # 471m, Boulder clusters 
reach (10m), U/S View 
 

Photo 17. Site #516m, Shot rock 
riffle, MC, D/S View  

Photo 18. Site #531m, Sill log, LB, D/S 
View  
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Photo 21. Site #586m, Triangular 
structure, RB, U/S View 

Photo 22. Site #607m, Boulder 
cluster reach (5m), D/S View 

Photo 19. Site #541m, Parallel 
Structure, LB, Cross sectional View 
 

Photo 20. Site # 551m, Triangular 
Structure, LB, U/S View 
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