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EXECUTIVE SUMMARY 
Historically, the Orford River watershed possessed abundant salmonid stocks that 
supported local First Nations communities and high ecosystem productivity. Over the 
last few decades, however, stocks have suffered significant declines and are now at 
their lowest levels. Chum salmon are the dominant species in the watershed and their 
abundance is critical to the watershed’s ecosystem. The ongoing decline of salmonid 
stocks in the Orford watershed is primarily the result of more than a century of forest 
harvesting.  
 
The last assessment of fish habitat conditions in the Orford watershed was conducted 
10 years ago. A number of watershed assessments have reviewed various upslope and 
instream aspects of the watershed function to varying degrees over the past twelve 
years, finding that watershed degradation from pre-Forest Practices Code logging and 
road construction has been extensive. Numerous recommendations for hillslope, 
riparian and instream fish habitat restoration have been provided in these assessments, 
but few of these have been implemented. 
 
This study provides an assessment of current watershed conditions, including a detailed 
assessment of fish habitat conditions, in order to identify the watershed processes that 
have been altered by forestry activities and that are limiting fish productivity in the 
system. Recommendations are provided for the effective restoration of impaired 
watershed components, as well as enhancement of instream and off-channel salmonid 
habitat.  
 
Instream fish habitat assessment focused on the anadromous reaches of Orford River 
and Algard Creek, concluding that a lack of riparian cover, and increased bed-load have 
reduced fish habitat quality and quantity. This has particularly been the case in Algard 
Creek which functions as the primary production area for chum salmon. Increased bed-
load has reduced channel entrenchment, increasing bank erosion and resulting in 
further bed-load contributions.  
 
The capture and storage of bed-load has been diminished by an absence of old growth 
large woody debris. LWD is primarily composed of alder logs, offering short-term and 
limited scour potential for creating and maintaining pool sites and hydraulic diversity. It 
can be expected that fish egg to fry survival has been poor in such mobile channel bed 
materials, and where sand and silts smother gravels and substrates become embed 
and hardened.  
 
Off-channel habitats have also been impacted by historic forest harvesting. Flood 
channels and relic channels in the broad alluvial valley bottom have been impacted by 
cross-stream yarding, silt runoff and road construction. Stream channels that were 
historically deeply-entrenched and stable have been replaced by silty, infilled and poorly 
defined drainages flowing though alder or young mixed forest land. These changes 
have reduced the extent of suitable habitat for spawning and rearing for chum and coho 
salmon and cutthroat trout. High-water refuge has also been reduced as access to 
habitats has declined along with available wetted area. 

wwarttig
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More than forty opportunities for habitat enhancement and restoration have been 
identified in this study. The urgent need to deactivate the Branch 1000 forest road 
network upslope of the anadromous reaches of Algard Creek is highlighted. This system 
of roads was assessed in 2007 to be at a ‘high’ risk of failure with potential to deliver 
tens of thousands of cubic meters of coarse sediment directly into both Algard Creek 
and the DFO-constructed Orford River side-channel. A substantial and potentially 
permanent decline of the chum salmon population could result from such an event. 
Chum spawning habitat in Algard Creek is also threatened by a potential channel 
avulsion through to Orford River, which could eliminate 1,100 m of Reach 1A, 
representing the highest quality chum spawning habitat in the watershed. 
 
Many of the restoration opportunities identified in this study focus on the construction 
and habitat complexing of off-channel wetted areas to provide stable and secure 
spawning habitat for chum and coho salmon, as well as quality rearing habitat for coho 
salmon and cutthroat trout. The need for riparian restoration is urgent, with the objective 
to shift large areas of alder dominated stands to mixed conifer forests. The need for 
instream habitat restoration is discussed; however channel instability and ongoing risks 
of upslope failures limit these opportunities at this time. Simple maintenance and 
enhancement needs are identified for existing stock enhancement facilities operating in 
the valley. Additional field sampling is recommended to confirm the extent of 
anadromous fish access in the Orford River watershed. 
 
We consider chum salmon to be the key-stone species required for the overall 
ecological integrity and health of the terrestrial and aquatic ecosystems in the 
watershed. Bears, forest land, species diversity and other salmonids are dependant 
upon their productivity. Many opportunities exist in the valley for salmon habitat 
restoration and enhancement. Implementation of these opportunities in concert with the 
existing stock enhancement program will ensure critical salmonid populations are re-
established. Without these measures, salmon stock recovery in the Orford River 
watershed is doubtful. 
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1.0 INTRODUCTION 
The Orford River watershed is located approximately 90 kilometres northwest of Powell 
River on the east side of Bute Inlet (Figure 1). The river is a fourth order stream with a 
watershed area of approximately 423 km2 including Algard Creek and other tributaries. 
The system is glacial-fed with mountainous headwaters and a broad alluvial river valley 
in the lower reaches. Forest harvesting in the watershed began about the turn of the last 
century and has been ongoing with a peak in harvest volumes in the early 1980s. Most 
of the watershed area is occupied by glacier and rock, and only about 28% of the 
watershed is forested (Warttig 2009) of which 35% has been harvested. 
 
As discussed in detail in later sections of this report, Orford River has historically 
produced large numbers of chum salmon, along with coho salmon and some chinook 
salmon. However, salmon stocks have declined significantly and are no longer large 
enough to adequately support ecosystem productivity, as well as First Nations, 
commercial and recreational fisheries.  
 
A number of watershed assessments have reviewed upslope and instream aspects of 
the watershed, concluding that watershed degradation from historic logging and road 
construction has been extensive. However, few of the restoration activities 
recommended by these assessments have been implemented and much of the 
assessment information on watershed and fish habitat condition is now 10 years old. 
 
This fish habitat assessment was conducted to benchmark current conditions and guide 
restoration and stewardship planning and activities in the Orford River watershed. The 
assessment was performed in two phases: a Watershed Overview and a Level 1 Fish 
Habitat Assessment. The Watershed Overview was a review of existing literature and 
knowledge with the objective of identifying watershed conditions and likely factors 
limiting fish production. The results of the Overview were used to direct field-based 
studies in the second phase which encompassed a Level 1 Fish Habitat Assessment 
and a Riparian Assessment. We qualitatively evaluated links between fish habitat 
conditions and overall ecosystem integrity and health: issues of wildlife habitat and 
sustainability are discussed to the extent where such links were evident. 
  
1.1 Assessment Objectives 
The overall project objective was to identify stream and riparian sections impaired by 
pre-1995 (i.e., pre- Forest Practices Code) logging activities and determine their 
potential for restoration. The specific objectives of the study were to: 

1. Compile all existing information into one integrated overview of current 
watershed conditions likely to affect fish habitat and productivity;  

2. Identify the watershed components and processes limiting salmonid production 
in the Orford River Watershed; and,  

3. Develop a set of restoration measures to address these limitations. 
 

wwarttig
Note
You need a reference
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2.0 WATERSHED DESCRIPTION 
Orford River drains into Orford Bay on the eastern shoreline of Bute Inlet, approximately 
half-way along the 70 km long inlet. The largest nearby regional community is the city of 
Campbell River, located on Vancouver Island approximately 70 km southwest from the 
Orford River mouth (Figure 1). The town of Powell River is located 90 kilometres to the 
south east on the Sunshine Coast. 
 
The Orford River watershed drains from the Coast Range with a catchment area of 423 
km2 in size. The watershed is assessed to be a 4th order stream based on 1:50000 
scale mapping. The watershed size suggests it is more likely to be 5th order however 
high elevation glaciers are likely obscuring some primary channels in the headwaters 
(Sinclair et al. 1999). 
 
The mainstem of Orford River flows in a southwest orientated valley. The channel 
length is approximately 31 km from the high elevation headwaters to the river mouth. 
Lower gradient alluvial reaches are approximately 22 km in length. Two major sub-
basins contribute to the watershed of the Orford River: Algard Creek (aka Marc Creek or 
Clear Creek) and Sinclair Creek. Algard Creek is a 3rd order stream draining a 
watershed area of approximately 100 km2. It drains west into Orford River approximately 
2 km upstream of the river mouth. Sinclair Creek is a 3rd order watershed with a 
watershed area of 78 km2 and enters the mainstem of Orford River approximately 16 
km upstream of the river mouth. Numerous 1st and 2nd order tributaries drain off the 
steep valley walls into the mainstem channel. Three of the larger tributaries are Dupont 
Creek (aka Camp Creek or Graham Creek) draining 30 km2 into Reach 1, an unnamed 
left bank tributary draining 24 km2 into Reach 11, and another unnamed tributary 
draining 28 km2 into Reach 14. 
 
The watershed rises steeply from sea level at the river mouth to over 2,100 m with 
some peaks exceeding 2,450 m. Extensive areas of the upper tributaries are glacier 
covered. Much of the Orford watershed is located above the transient snow elevations 
of 300-800 m. Some tributaries and lower gully sites have large portions of their areas 
within the transitional elevation band and can be expected to display extreme flood 
events related to rain-on-snow in the fall and early winter (Sinclair et al. 1999). 
 
2.1 Geology and Geomorphology 
The Orford River watershed is part of the Coast Plutonic Complex (Holland 1976 in 
Bryant 1997) and most of the bedrock is granitic. The Dupont Creek area is mainly 
composed of quartz monzonite granite, while much of the rest of the Orford watershed 
is composed of diorite and quartz diorite granite (SRK Robinson Inc. in Bryant (1997).  
 
Much of the land in the region was heavily loaded with glaciers during the Pleistocene; 
valley walls were steepened by ice sheet movement, resulting in U-shaped slope 
profiles (Plutonic Hydro Inc. 2008).  
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Figure 1. Orford River and sub-basins, Bute Inlet. 
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Large portions of the Orford River watershed have slopes over 60% (Bryant 1997) and 
the oversteepened slopes following glaciation have resulted in numerous types of earth 
movements such as rock slides, rock falls, debris slides, debris flows, and channelized 
debris flows (Plutonic Hydro Inc. 2008). 
 
Surficial geology in the watershed consists of recent river alluvium, colluvium and minor 
glaciofluvial and till deposits, forming a mantle of variable thickness (generally < 3 m 
thick) over bedrock (Plutonic Hydro Inc. 2008). These deposits generally consist of 
angular to sub-rounded sand and gravel, with some silt and cobbles. 
 
2.2 Climate 
The Orford River watershed occurs in the Central Pacific Ranges Ecosection of the 
Pacific Ranges Ecoregion within the Coast and Mountains Ecoprovince. This ecosection 
is an area of steep, rugged, often ice-capped mountains in the southern-most mountain 
range of the Coast Mountains in BC. The climate of the area is characterised by frontal 
systems from the Pacific Ocean that are uplifted over the coastal mountains (Demarchi 
1996). Low pressure systems dominate the area in winter, pumping moist, mild air onto 
the south and central coast. Maximum monthly precipitation in the watershed occurs 
between October and March, and it is estimated that up to 80% of the annual 
precipitation falls in this period (Sinclair et al. 1999). In summer, high pressure systems 
tend to push these frontal systems further to the north. 
 
As noted by Sinclair et al. (1999), there are no historic climate records for the Orford 
River watershed. The nearest climate stations with long-term climate records are 
generally located at low elevations and at distances greater than 70 km from the river 
mouth (e.g. Campbell River Station #1041710). Sinclair et al. (1999) estimate annual 
precipitation at 1,600 to 1,800 mm at lower elevations in the watershed, but possibly 
more than 2,300 mm at higher altitudes. They estimate annual snowfall at 10-15% of 
total precipitation at the valley bottom, increasing with elevation. Mean annual 
temperature for the major valleys in the ecoregion are estimated at 6.5°C with a 
summer mean of 13.5°C and a winter mean of -1°C. 
 
2.3 Vegetation 
British Columbia is classified into 14 biogeoclimatic zones based on the Ministry of 
Forest’s Biogeoclimatic Ecosystem Classification (BEC – Meidinger and Pojar, 1991). 
Each zone is divided into several subzones. Six BEC variants occur in the Orford River 
watershed (Table 1). Most of the Orford River lies within the Coastal Western Hemlock 
(CWH) biogeoclimatic zone with substantial portions also within the Mountian Hemlock 
and Alpine Tundra zones (Meidinger and Pojar, 1991).  
 
The CWH zone occurs on the westward side of the Coastal Mountains along the entire 
British Columbia coast at elevations from sea level to 900 – 1050 m (Meidinger and 
Pojar, 1991). The CWH is characterized by cool summers and mild winters with less 
than 15% of total precipitation occurring as snow. The most common tree species 
include western hemlock (Tsuga heterophylla), western redcedar (Thuja plicata), 
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Douglas-fir (Psuedotsuga menziesii) on drier sites and amabilis fir (Abies amabilis) and 
yellow cedar (Chamaecyparis nootkatensis) on wetter and higher elevation sites. The 
vegetation of the CWH is characterized by the prominence of western hemlock, a 
sparse herb layer and the predominance of several moss species, including 
Hylocomium splendens (step moss) and Rhytidadelphus loreus (lanky moss) (Meidinger 
and Pojar, 1991).  
 
Table 1. Biogeoclimatic sub-zones and variants in the Orford River watershed. Areas in 
hectares; percentage sub-basin / watershed area in parentheses. 

Sub-basin Areas (ha) 
BEC unit \ 

Sub-basin 
Sinclair Creek Algard Creek Dupont Creek 

Orford 

mainstem 

Orford River 

Watershed 

Area (ha) 

CWHdm 5,193 (66%) 4,473 (43%) 924 (30%) 9,820 (47%) 20,410 (48%)
CWHvm1 0 (0%) 582 (6%) 174 (6%) 921 (4%) 1,677 (4%)
CWHvm2 1,045 (13%) 0 (0%) 0 (0%) 1,145 (5%) 2,190 (5%)
CWHmm1 475 (6%) 1,538 (15%) 357 (12%) 3,656 (17%) 6,026 (14%)
MHmm1 7 (0%) 1,643 (15%) 539 (17%) 2,546 (12%) 4,735 (11%)
MHmm2 5 (0%) 2,144 (21%) 1,083 (35%) 1,963 (9%) 5,195 (12%)
AT 1,124 (14%) 0 (0%) 0 (0%) 926 (4%) 2,050 (5%)
Totals 7,849 (100%) 10,380 (100%) 3,077 (100%) 20,977 (100%) 42,283 (100%)

BEC units listed in order of increasing elevation. 
SOURCE: LRDW August 2008. 
 
Ten subzones are delineated within the CWH zone; four occur within the Orford River 
watershed. CWHdm is the most common sub-zone found in the Orford River watershed 
(Table 1). It occurs at lower elevations (~sea level to 650 m) and has relatively more 
Douglas-fir, western hemlock and western redcedar in the overstory and more dull 
Oregon grape (Mahonia nervosa), vine maple (Acer circinatum) sword fern (Polystichum 
munitum), bracken fern (Pteridium aquilinium) and Oregon beaked moss (Kindbergia 
oreganum) than other sub-zones. CWHvm1 is found at approximately 400 – 650 m 
elevation and is dominated by western redcedar, western hemlock and Douglas-fir in 
the tree layer, salal (Gaultheria shallon), Alaskan blueberry (Vaccinium alaskanse), red 
huckleberry (Vaccinium parvifolium) and false azalea (Menziesia ferruginea) in the 
shrub layer. Common herbs and mosses include sword fern, spiny wood fern 
(Dryopteris expansa), queen’s cup (Clintonia uniflora) step moss, lanky moss and 
Oregon beaked moss. CWHvm2 is found from approximately 650 – 900 m and has 
relatively higher proportions of amabalis fir, yellow cedar and Alaskan blueberry. 
CWHms1 is transitional between maritime and continental climates. It is found in the 
upper reaches of the Orford River and Sinclair Creek and its tributaries, between the 
CWHvm1 and MHmm2 variants. It is differentiated fromo CWHvm1 by having less 
Douglas-fir and more amabalis fir and from MHmm2 by having less mountain hemlock 
(Tsuga mertensiana), black huckleberry (Vaccinium membranaceum) and white-
flowered rhododendron (Rhododendron albiflorum). 
 
The Mountain Hemlock Zone is found above CWHvm2, typically at elevations between 
900 and 1300 m. The MHmm1 variant (Windward Moist Maritime Mountain Hemlock 
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Variant) is dominated by amabalis fir and mountain hemlock and, to a lesser extent, 
yellow cedar (Chamaecyparis nootkatensis). Common understory species include 
Alaskan blueberry (Vaccinium alaskanse), oval-leaved blueberry (Vaccinium ovalifolium) 
and pipecleaner moss (Rhytidiadopsis robusta). The MHmm2 variant is transitional 
between maritime and continental climates. It is found in the upper reaches of the 
Orford River and Sinclair Creek and its tributaries, between the CWHms1 variant and 
the AT zone. It is differentiated from MHmm1 by having proportionately less yellow 
cedar and more black huckleberry, white-flowered rhododendron and red-stemmed 
feathermoss (Pleurozium schreberi).  
 
Only 33% of the Orford River watershed is vegetated (Table 2) and only 28% is forested 
(Warttig 2009). The majority of the forested area of the watershed consists of mature 
second growth forest from harvesting activities in the valley bottoms of early last 
century. Old growth forest in the watershed is largely restricted to steep, higher 
elevation areas. Without intervention, significant recruitment of old forest structure in the 
lower elevation areas of the watershed will not occur for another 100 years. 
 
Table 2. Forest age-class distribution in the Orford River watershed. Areas in hectares; 
percentage sub-basin / watershed area in parentheses. 

Sub-basin Forest age 
class \ Sub-
basin 

Sinclair 
Creek Algard Creek Dupont Creek 

Orford 
mainstem 

Orford River 
watershed 

Non-vegetated 6,562 (84%) 6,683 (64%) 1,823 (59%) 13,244 (63%) 28,312 (67%)
0-20 yrs 22 (0%) 276 (3%) 0 (0%) 594 (3%) 892 (2%)
20-60 yrs 66 (1%) 682 (7%) 146 (5%) 386 (2%) 1,280 (3%)
60-250 yrs 689 (9%) 1,257 (12%) 629 (20%) 4,156 (20%) 6,728 (16%)
250+ yrs 511 (6%) 1,482 (14%) 480 (16%) 2,598 (12%) 5,071 (12%)
Totals 7,849 (100%) 10,380 (100%) 3,077 (100%) 20,977 (100%) 42,283 (100%)

SOURCE: Forest Cover data (LRDW August 2008) and Interfor cut-blocks (Interfor 2008). 
 
2.4 Hydrology and water use 
The Orford River watershed lies within the Central South Coast Mountains Hydrologic 
Zone (#26). Runoff in the area is derived from a combination of rainfall, snow melt, and 
glacier melt. Annual hydrographs are generally characterized by rising flows during 
spring freshet; high summer flows from snow and glacier melt; receding flows during 
late summer and fall as glacier melt diminishes; and low flows during winter when the 
majority of the region is frozen (Plutonic Hydro Inc. 2008). 
 
No long-term historical flow records are available for the watershed, and there are few 
Water Survey of Canada (WSC) gauges in the region. However, based on the limited 
set of long-term flow records available for the region, Sinclair et al. (1999) inferred some 
general characteristics of the hydrology of the watershed. 
 
Peak flows occur between June and August in response to nival snow melt and glacier 
melt, with as much as 40-50% of total annual discharge occurring in this period (Sinclair 
et al. 1999). Low flows typically occur between December and April when much of the 
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water is stored in snow at higher elevations. Episodic rain-on-snow events during this 
period may result in spikes in runoff from lower elevation tributaries such as Algard 
Creek. Assuming an average annual runoff of 2,900 mm, Sinclair et al. (1999) estimated 
the mean annual discharge of the Orford River to be 41 m3/s. 
 
Table 3. Mean annual discharge at three locations in the Orford River watershed. 

Site name Location 
Elevation 

(masl) 

Drainage 
area 
(km2) 

Glacier 
cover 

(%) 

Mean 
annual 

discharg
e (m3/s) 

Average 
unit 

runoff 
(l/s/km2) 

East Orford 27 km upstream of 
Orford River mouth 664 53 46% 5.7 99 

North Orford 
(Sinclair Ck) 

3.9 km upstream of 
confluence of Sinclair 
Ck & Orford R. 

524 71 28% 5.2 74 

Algard Creek 
7.8 km upstream of 
confluence of Algard 
Ck & Orford R. 

303 71 10% 6.5 91 

Source: Plutonic Hydro Inc. (2008). 
 
Bute Inlet Hydroelectric Project has installed three continuous stream gauges in the 
Orford River watershed. By combining these short-term records with long-term flow 
records from selected WSC stations, they estimated mean annual discharge at the 
proposed water intake locations in the watershed (Table 3; Plutonic Hydro Inc. 2008). 
 
Three water licences are currently held by Fisheries and Oceans Canada in the 
watershed in relation to the spawning channel and hatchery constructed in 1990 and 
1993 respectively (Table 4). Applications for another four water licences are currently 
under consideration. Three of these relate to Plutonic Hydro Inc.’s proposed Bute Inlet 
Hydroelectric Project, while the fourth relates to a proposed run-of-river hydropower 
development in Dupont Creek by Hawkeye Power Corporation. 
 
Table 4. Water license information for the Orford River watershed. 

Stream name 
Licence 
No. Year Status Purpose 

Quantity 
(cs) Licensee 

Orford River C065223 1991 Current 
Conservation – 
use of water 100.00 Fisheries & Oceans Canada 

Algard Creek C104755 1993 Current 
Conservation – 
use of water 5.00 Fisheries & Oceans Canada 

Dupont Creek C104960 1993 Current 
Conservation – 
use of water 5.00 Fisheries & Oceans Canada 

Algard Creek Z122772 2007 Application Power-general 480.00 Plutonic Hydro Inc. 
Orford River Z122746 2007 Application Power-general 543.77 Plutonic Hydro Inc. 

ZZ River 
(80694)* 

Z122756 2007 
Application Power-general 

468.00 
Plutonic Hydro Inc. 

Dupont Creek Z124029 2008 Application Power-general 211.89 Hawkeye Power Corp. 
* aka Sinclair Creek 
SOURCE: LRDW August 2008. 
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2.5 Fish Resources 
Orford River is a regionally important salmon producing stream; one of three major 
salmon rivers in Bute Inlet. Orford Bay was the site of a seasonal fishing village for the 
Holmalco First Nation who harvested chum (Oncorhynchus keta) and coho (O. kisutch) 
salmon from the river (Sinclair et al. 1999). Salmon returns to Bute Inlet supported a 
terminal gill net fishery until 1986. This fishery targeted chum salmon including a run of 
large summer fish (average 8 kg) returning to Orford River, and later in the season a run 
of smaller fall chum (Sinclair et al. 1999). Large numbers of coho and chinook were 
harvested as incidental catch in this fishery. The glacial turbid water of the river limited 
an ability to count adult escapement, however existing records show a general trend of 
declining numbers of chum and coho over the past few decades (Figure 2). Other 
anadromous fish species recorded from the watershed include chinook salmon 
(Oncorhynchus tshawytscha), pink salmon (O. gorbuscha), sockeye salmon (O. nerka), 
and steelhead (O. mykiss) (Source: nuSEDS V2.0 Fisheries and Oceans Canada, 
accessed July 17, 2008). 
 
Historic stock levels are poorly known for the Orford watershed. Information on early run 
sizes is not available prior to 1953 when this information began to be gathered by 
Fisheries and Oceans Canada (DFO). However, after this date escapement surveys 
have been performed with widely differing levels of accuracy, precision and consistency 
(Slaney et al. 1996; NuSEDS regional adult salmon escapement database).  
Consequently, the data are most useful in reflecting trends over periods of at least 3 – 
10 years, rather than as precise annual totals. Surveys of smaller streams in the 
watershed have been conducted in an ad hoc manner and these data are generally not 
found in the BC16s or NuSEDS database. 
 
Anadromous fish habitat is considered to be restricted to the lower reaches of Orford 
River, Algard Creek and Dupont Creek (Sinclair et al. 1999). The mainstem Orford River 
is 38 km long. However, a reportedly impassable canyon which fish cannot migrate 
upstream through begins approximately 5.5 km from the mouth of the river. In Dupont 
Creek, the first tributary stream flowing into the Orford near the river mouth, access for 
anadromous fish is limited to just over 0.5 km because of a steep, impassable canyon. 
Similarly, in Algard Creek, which flows into the Orford 2 km upstream from Orford Bay, 
impassable migration barriers have been described at 2.5 km (Sinclair et al. 1999) or at 
3.4 km (Plutonic Hydro Inc. 2008) upstream from the confluence with the Orford River. 
 
Resident populations of Dolly Varden (Salvelinus malma) are known to occur above 
these barriers, including in Sinclair Creek (Plutonic Hydro Inc. 2008). Resident cutthroat 
trout (O. clarkii) have also been recorded above the barriers in Dupont and Algard 
Creeks (Bryant 1997), with rainbow trout (O. mykiss) and sculpin (Cottus spp.) also 
present in the latter (Plutonic Hydro Inc. 2008). Fish distribution sampling by Plutonic 
Hydro Inc. in 2007 and 2008 has indicated that the fish-bearing length of the Orford 
River is 21.5 km; Sinclair Creek is 2.6 km; and Algard Creek is > 10 km (Plutonic Hydro 
Inc. 2008). 
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Figure 2. Estimated annual number and long-term trends in escapements of (a) chum 
and (b) coho salmon populations in the Orford River. 

 
Target fish species 
Similar to Sinclair et al. (1999), the primary target species for this assessment will be 
chum salmon, as the naturally dominant anadromous species in the watershed, and 
coho salmon, the primary species of interest for the Homalco enhancement program. It 
is expected that any habitat restoration and/or enhancement options identified in this 
assessment will have a neutral or beneficial impact on other fish species. 
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The decline of chum stocks in the Orford watershed is partly attributed to commercial 
and recreational fisheries (Sinclair et al. 1999). However, spawning habitat has also 
been impacted by natural and anthropogenic activities within the watershed. The total 
area of potential spawning habitat is considered adequate to sustain the much higher 
historical levels of chum salmon. But the quality of this habitat has been severely 
affected by stream bed scouring and sedimentation resulting in highly compacted 
spawning gravels throughout the system. 
 
There is no suitable rearing habitat for juvenile coho in the Orford River mainstem due 
to the glacial nature of the system (Sinclair et al. 1999). However, a fairly extensive 
network of potential rearing habitat exists in off-channel wetlands, small tributary 
streams and side channels associated with the non-glacial Algard and Dupont Creeks. 
Whilst these off-channel areas provide good winter habitat, they are often limited by a 
shortage of suitable summer habitat due to low water levels in late summer. 
 
2.6 Land Tenure and Land Use 
Orford River lies within the traditional territory of the Homalco First Nation (HFN). The 
river mouth, a large portion of the lower reaches of the river, and the lower reaches of 
Algard and Dupont Creeks are contained within the 300 ha HFN Indian Reserve No. 4, 
Orford Bay. In addition to use of the watershed for traditional activities, since 1992 the 
HFN have operated a hatchery near the mouth of the Orford for the enhancement of 
chum, chinook and coho salmon stocks. They also operate ATV tours and wildlife tours, 
particularly bear-viewing tours, focused on the area around the confluence of Algard 
Creek and Orford River. 
 
The remainder of the watershed is vacant Crown land. International Forest Products Ltd 
(Interfor) has been the major forest licensee in the watershed since 1995, although 
Northwest Hardwood has also been active in the Orford watershed under a non-
replaceable licence focusing on the harvest of alder (FPB 2007). 
 
Forest harvesting has been the primary industrial activity in the valley to this point in 
time. Logging in the watershed began about the turn of the last century with the 
introduction of railway logging along the valley bottom to harvest readily accessible 
timber. From the 1960s onward, truck-logging on mid-slope areas became more 
common. As such, the Orford watershed has experienced two peaks in harvesting 
activity through the 20th century: in the 1920s, and a much larger peak in the 1980s 
(Figure 3). Only 28% of the watershed area is forested (Warttig 2009). Of this area 5193 
hectares have been harvested to date accounting for 35 % of the forested land and 12 
% of the watershed area. 
 
Some second-growth logging has also begun adjacent to the Orford mainstem. The 
spatial distribution of logging in the Orford watershed by decade from the 1880s 
onwards is presented in Figure 4. There are no parks or protected areas within the 
watershed. The higher slopes and upper watershed areas where much of the remaining 
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mature and oldgrowth forest is concentrated continue to be actively logged, primarily by 
helicopter.  
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Figure 3. Area in hectares of forest harvesting by decade in the Orford River watershed 
(reproduced from Warttig 2009). 

 
 
2.7 Watershed Access 
Access to the watershed can be made by boat, fixed-wing aircraft or by helicopter. Road 
access within the watershed is limited to the lower reaches of the Orford River and 
Algard Creek due to abandonment or deactivation of significant portions of the forestry 
road network. The Orford Mainline, which runs along the valley bottom for ~4 km on the 
left-bank (LB) of the Orford River from the barge landing, is accessible by 2WD vehicle 
up to the junction with the B Mainline. Beyond this junction, the Orford M/L becomes the 
North Orford Mainline and is 2WD accessible for another 8.7 km along the LB of the 
Orford River. 
 
Most of the B Mainline, which runs along the Algard Creek valley bottom, was 
permanently deactivated in 2007 (FIA 2007), with only the first 1.1 km kept intact for 
4WD access. An additional 1.4 km of the B M/L was maintained in suitable condition for 
ATV access. 
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Figure 4. Spatial distribution of forest harvesting by decade in the Orford River watershed. 
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There is currently no road access to the right bank of the Orford River, Sinclair Creek 
and Dupont Creek sub-basins, most of the Algard Creek sub-basin, and the upper 
watershed areas of the Orford mainstem, thereby constraining the feasibility of 
restoration options in these areas. However, if Plutonic Hydro Inc.’s (2008) proposed 
hydropower development is approved and built as planned, access to large parts of the 
Algard, Sinclair, and the Orford mainstem sub-basins would be greatly improved by the 
proposed 40 km of permanent road (mainly reactivated existing roads), thereby 
improving the feasibility of restoration options in these areas. 
 
 

3.0 METHODS 
This Overview and Level 1 fish habitat assessment has been conducted in accordance 
with the FIA (2006) activity standard for aquatic restoration and rehabilitation, and 
follows the step-wise methodology outlined in Watershed restoration planning and 
priority setting: An emphasis on fish habitat (Anon 2004) 
 
3.1 Overview Assessment 
The Overview assessment involved the compilation and review of previous assessment 
reports and datasets to ascertain the condition of the watershed and its sub-basins, and 
to identify the key watershed components likely to be impacting on fish habitat.  
 
Three key reports addressing various watershed components form the basis of the 
overview assessment: Bryant (1997) – hillslope; Sinclair et al. (1999) – channel, riparian 
and fish habitat; and Leslie and Wise (2008) – roads. Although these reports include 
Level 1 assessment activities, their key findings have been presented as part of the 
Overview assessment of this project as this information was used to identify priority sub-
basins, components and reaches for an updated fish habitat and riparian assessment. 
 
A variety of datasets were obtained to inform the overview assessment, including: 
Biogeographic Ecosystem Classification data (LRDW), Forest Cover data (LRDW), 
hydrological data (Plutonic Hydro Power Inc.), salmon escapement data (DFO), and 
forest harvesting data from 1995 onwards (Interfor). 
 
A hydrological risk assessment for the Orford watershed and its sub-basins was 
supplied by Interfor (Warttig 2009). The analysis followed the methods of the 1995 and 
1999 Level 1 Coastal Watershed Assessment Procedures (CWAP). The key indicators 
used to determine hydrological risk were associated with peak flow, surface erosion 
(road-related), peak flow index (i.e., equivalent clearcut area or ECA), and mass 
wasting. Weighted ECA was calculated using a rain-on-snow 300-800 masl elevation 
band. Warttig (2009) cautioned that the ECA is now known to be a relatively poor 
indicator for hydrological risk in wetter coastal areas, such as the Orford watershed. 
Instead, where and how harvesting and road development have taken place within a 
watershed, as opposed to how much, may be a better indicator of risk to hydrological 
function. For example, road density scores on slopes >60% may be low, but poorly built 
roads with a high risk of failure may pose a significant risk to aquatic habitat that will not 
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be apparent using current indicators of hydrological risk. As such, Interfor provided 
information on the spatial location and extent of harvesting within the Orford watershed 
and it sub-basins in order to inform the overview assessment. 
 
3.2 Hillslope Assessment 
No field assessment of hillslope risks to aquatic habitat was conducted as part of this 
assessment. Instead the findings of Bryant (1997) and Leslie and Wise (2008) were 
integrated and summarized as part of the Overview assessment in order to identify 
priority areas for restoration activities. 
 
Bryant (1997) used 1992 aerial photography to identify sites of potential sediment 
sources in the Orford River watershed. Potential problem sites included actively eroding 
gullies, landslides, bridge crossings, landings and eroding roads. Due to the size of the 
study area, Bryant (1997) broke the watershed down into six sub-units based on the 
1:20 000 map grid. Sites were coded by map number (1 to 6) and then site number. 
These sites were then inspected by helicopter in July 1997 to confirm or reject their 
status as problem sites. Additional sites observed from the air were recorded and 
photographs of all problem sites were taken. Problem sites were mapped at 1:20 000 
scale, but these maps could not be located for this assessment.  It is possible to identify 
the spatial location of a number of the sites identified by Bryant (1997) from the 
annotated aerial photographs he used (map no. was recorded on the back of the 
photograph; potential problem sites were circled and numbered consecutively on the 
front of some of the photos). However, not all potential problem sites appear to have 
been recorded on the set of 1992 aerial photographs provided by Interfor for this 
assessment, and none of the new sites identified from the air appear to have been 
recorded on the photographs. Each problem site was assigned a risk rating, using the 
guidelines of Moore (1994). 
 
Leslie and Wise (2008) surveyed 71 roads, totaling 127 km, by helicopter and by foot 
over a six day period in May 2007 to evaluate the landslide and potential sedimentation 
risk associated with forest roads in the watershed. The purpose of the assessment was 
to determine the environmental risk to timber and aquatic resources and the feasibility 
of road deactivation activities. Roads were assessed in terms of stability, water 
management, risk to downslope site productivity, and risk to downslope and 
downstream aquatic habitat. Subjective numerical ratings for Hazard, Consequence and 
Feasibility were assigned to each road segment. The first two ratings were used to 
calculate an Environmental Risk (ER) for each road segment, with the product of ER 
and Feasibility used to assign an Overall Risk rating. 
 
3.3 Channel assessment  
A formal channel assessment was beyond the scope of this project. Instead, a summary 
of the findings of Sinclair et al. (1999), including their recommendations for priority 
restoration sites and activities is presented. 
 
Sinclair et al’s (1999) channel assessment followed the methods outlined in the Channel 
Assessment Procedure (CAP) Guidebook (MoF 1996). They used historic (1947, 1959, 
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1978, & 1998) aerial photography and a longitudinal profile to differentiate each channel 
into a series of reaches. An overview assessment of channel morphology was 
conducted using the aerial photography, in particular looking for any direct evidence of 
changes in channel morphology coincident with forestry-related activities. 
Characteristics assessed for each study reach included: hillslope-channel coupling, 
gradient class, stream order and magnitude, bankfull widths and depths, amongst 
others. Five general characteristics were considered in the assessment of whether a 
reach had an altered channel morphology due to forestry-related activities: 1) temporal 
increase in sediment delivery patterns; 2) changes in sediment storage patterns; 3) 
changes in LWD jams; 4) changes in channel width; and 5) changes in channel pattern. 
Reaches with non-alluvial beds and banks, and those now downstream of forest 
harvesting were excluded from the CAP. Basic morphological data was assessed from 
the air photos for 33 km of the Orford River to just beyond the Sinclair Creek 
confluence, 16 km of Algard Creek, and the Sinclair and Dupont Creek alluvial fans. A 
descriptive analysis of mainstem channel evolution over four decades was also 
conducted using the 1947-1998 aerial photography. Field assessment by helicopter and 
by foot was conducted over a six day period in September 1998 and focused on the 
lower reaches of the Orford River, Algard and Dupont Creeks, below the anadromous 
fish barriers. 
 
3.4 Fish Habitat Assessment 
A summary of the findings of Sinclair et al’s (1999) Level 1 FHAP was incorporated into 
the overview assessment and used to help identify priority areas for an updated Level 1 
field assessment. Sinclair et al’s (1999) FHAP was based on a compilation of existing 
habitat assessment information from previous mainstem channel surveys conducted in 
November 1994 and 1997, and field observations in September and December 1998. 
The assessment focused on previously identified off-channel habitat in the anadromous 
reaches of the Orford watershed, as the fisheries values of the mainstem river channels 
were considered to be already well known. The field component aimed to identify 
optional sites for groundwater channel development that would then require detailed 
assessment of the groundwater table and channel elevations. 
 
As part of the Overview phase of this project a helicopter over-flight was conducted on 
August 29, 2008 to confirm overview findings and familiarize the project team with the 
valley. The overview assessment and helicopter over-flight directed the Level 1 field 
program towards Orford River mainstem reaches 1, 2 and 3 and to Reaches 1A and 1B 
of Algard Creek. These reaches were determined to have a ‘moderate’ to ‘high’ level of 
disturbance. They were also ranked as having a ‘high’ or ‘moderate’ likelihood for 
restoration success. Reaches 1A and 1B Algard creek were ranked as ‘moderate’ and 
were included as a ‘high’ priority for assessment as they provide habitat that is vital to 
chum salmon stock sustainability in the Orford River system. In addition to the priority 
assessment areas, a stream-walk reconnaissance was also made within Orford River 
mainstem Reaches 6 and 11 and Algard Creek Reaches 4 and 7 to help understand the 
watershed function and quantify basic fish habitat conditions.  
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The Level 1 field work was completed by John Ebell, Kevin ?? and Andy Smith during 
September 9 to 14, 2008. The assessment procedure entailed a quantitative stream 
habitat survey to identify habitat units, followed by intensive sub-sampling of habitat 
units.  
 
The guidelines and procedures for this assessment were derived from WRP Technical 
Circular 6, (Johnston and Slaney, 1996). The FIA Activity Standards Document 
Restoring and Rehabilitation Component, Aquatic Activity Area April 2003 was also 
adhered to. In addition professional judgment was used to further ensure project quality 
and success. 
 
The high density of grizzly bears within the anadromous reaches during the assessment 
period (24 animals Kevin ?? pers com) restricted instream traverses particularly in 
Reaches 1 and 2 of Orford River and Reaches 1A and 1B of Algard Creek. Professional 
bear guide Kevin ?? provided armed escort services during all assessment work as 
required by the Interfor contract and with appreciative cooperation on our behalf. 
Caution requirements by the Homalco guide were adhered to and spot samples and sub 
samples were substituted to acquire adequate data as needed.  
 
The deep water of Orford River also precluded wading and foot access and no 
assessment was completed from the right bank on the river. Due to both the difficulty of 
a mainstem Orford River traverse and grizzly bear presence the quantitative 
assessment of Orford River was accomplished via a slow, low elevation helicopter over 
flight. In this two person assessment boundaries between habitat units were recorded 
by a designated operator collecting GPS waypoints with field observations by the 
project biologist tied to the waypoints. In review it was determined that this adaptive 
assessment approach was acceptably accurate and efficient for use on a large river.  
 
The quantitative stream survey approach was completed to ensure the assessment 
team the opportunity to develop stream familiarity, confirm reach breaks and 
characteristics and to provide the basis for intensive habitat unit sub-sampling. During 
the quantitative stream survey, each habitat unit was identified by type (pool, riffles 
glides, cascades and falls) and category (primary, secondary and tertiary), and the 
length of each unit was recorded. The total LWD present in each unit was also counted. 
General features were also noted, such as landmarks, access to and condition of off-
channel rearing habitat, number and distribution of suitable adult salmonid holding 
pools, potential for channel scour and a qualitative assessment of bank stability. 
Distance measurements were made either by hip chin or by hand held GPS. In almost 
all cases expelled hip chain string was collected to avoid wildlife impacts and the 
degradation of site aesthetics. Flagging tape was rarely hung to limit impacts to site 
aesthetics. Instead, a Garmin 60 CSX hand held GPS was used to record features for 
future location.  
 
Primary habitat units in each stratum (pool, riffle and glide) were selected for intensive 
sampling in each reach. Sample site selection is normally stratified randomly; however 
the high densities of grizzly bears and limited site access dictated that stratified 
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sampling select sites that were both accessible and representative. Effort was made to 
stratify the sample sites throughout the reach and to acquire a high sampling percent by 
lineal reach length to ensure site representation and reduce site bias.  
 
Quantitative field methods were generally those recommended by Johnston and Slaney 
(1996). Relative streambed roughness was assessed using the simple method 
described by Newbury and Gaboury (1994). Measurements of mean bankfull channel 
width (m), mean wetted width (m), mean bankfull and water depth (m) dominant and 
sub-dominant streambed substrates and D90 (mm), percent cover by type, percent 
canopy closure, and the presence and quality of usable spawning gravel were made in 
all habitat units.  
 
The type, structural stage and canopy cover extended by riparian vegetation was 
estimated. Counts were made of the total number of 2+ m long pieces of LWD within 
the bankfull channel and of functional LWD by diameter class (10 to 20 cm, 20 to 50 cm 
and greater than 50 cm). All LWD was counted individually except if clumps of 15 or 
more were observed when they were recorded as a single log jam. Functional LWD was 
tallied following size estimations to confirm correct size classification. 
 
Measurements of maximum pool depth (m), riffle crest depth (m) and residual depth (m) 
were made in all accessible pools using a survey rod. In Orford River this was not safely 
achieved in many locations and estimates of depths were made instead. Mean depth 
was measured as possible at intervals across three or more transects at right angles to 
the direction of flow. Where velocity or depth prohibited safe measurement, estimates of 
depth were made. Mean bankfull and wetted widths were measured at three or more 
locations within each accessible habitat unit, depending on channel variability and 
length. 
 
Gradients were measured in each habitat unit using a Suunto optical clinometer. The 
various habitat unit dimensions were measured using a 100 m tape measure or a 
telescopic survey rod. Where stream depth limited access a Bushnell Yardage Pro 
digital range finder was utilized recording the average of three separate shots.  
 
Quantification of substrate composition was performed for each category (as per 
Johnston and Slaney, 1996). Individual measurements of the aerial extent of each 
component of cover were visually estimated and recorded as a percentage. Percent 
wood cover in pools was calculated from the above measurements of individual cover.  
 
Fish distribution 
Assessment of fish distribution was limited to some sampling to verify fish species 
presence upstream of the anadromous barriers in Orford River and Algard Creek. In 
Reach 6 of Orford River wire mesh fry traps were used to test for presence and species. 
In this circumstance the traps were baited with salted salmon row and eight traps were 
set over a 15 hour period. Angling with various spinners was done for 30 minute periods 
in Reaches 6 and 11 of Orford River and Reaches 4 and 7 of Algard Creek.  
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3.5 Riparian Assessment 
Similarly to the fish habitat assessment, the findings of Sinclair et al’s (1999) Level 1 
RAPP were summarized in the overview assessment presented in this report and were 
used to guide the selection of sub-basins and reaches for an updated Level 1 field 
assessment.  
 
Riparian assessment methods generally followed the B.C. Riparian Assessment and 
Prescription Procedures (MELP and MoF, 1999) and included components of both the 
Overview and Level 1 Assessment. The overall objective was to evaluate current 
conditions in comparison to the results and recommendations of Sinclair et al. (1999) 
and to recommend options for future investigative and restorative work. This 
assessment was not intended to be a comprehensive riparian assessment but rather an 
update on previous work and an opportunity to assess the need for future work to 
develop riparian restoration prescriptions. 
 
Sinclair et al. (1999) classified riparian polygons but spatial data files were not available. 
Summaries of riparian forest conditions were therefore based on Vegetation Resources 
Inventory (VRI) data provided by the Land and Resource Data Warehouse (LRDW, 
2009). These data were collected between 1994 and 2005, with the majority collected in 
1994. It was recognized that these data lack suitable precision for fine-scale riparian 
polygon assessment but that they were nonetheless useful for an Overview 
Assessment. VRI data was paired with forestry cut block spatial data provided by 
Interfor to ensure recent harvesting activity was reflected in the summaries. All other 
spatial data were provided by LRDW. 
 
The riparian overview classified and summarized riparian polygons within each 
watershed. The following algorithm was applied to VRI data to classify polygons to 
structure class (from MELP & MoF, 1999): 
 
• INIT (initial succession) – earliest successional (developmental) stage (0–1 yr); 
• SH (shrub herb) – early successional stage (1–20 yr); 
• PS (pole sapling) – trees >10 m tall, densely stocked (10–40 yr, depending on 

species (e.g., alder is PS stage at 10–15 yr); 
• YF (young forest) – forest canopy forms distinct layers (30–80 yr); 
• MF (mature forest) – Canopy comprised of mature trees with second cycle of shade-

tolerant trees establishing in understorey (80–250 yr); and, 
• OF (old forest) – old, structurally complex stands of mainly shade tolerant and 

regenerating trees (250+ yr). 
 
With the exception of initial succession and shrub herb polygons, these polygons were 
further classified into deciduous (>75% of total tree cover is deciduous), coniferous 
(>75% of total tree cover is coniferous) and mixed (neither deciduous nor coniferous 
account for > 75% of total tree cover). 
 
Four distinct areas were considered for riparian summaries, including riparian areas 
along the Orford, Sinclair and Algard Creeks and the Orford River floodplain within the 
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anadromous reaches. Riparian areas along the three streams included all areas within 
100 m of the river centerline from the mouth of the stream upstream to the point at 
which each stream becomes a second-order stream. These areas were chosen 
because they roughly reflect the 100 m Riparian Management Zone (RMZ) applied to 
fish-bearing streams under the Forest and Range Practices Act of B.C. The Orford 
River floodplain included all areas below ~ 60 m elevation downstream of the potential 
anadromous barrier (canyon) at 5.5 km. This area was added to the assessment 
because field observations suggested that forest stands located here are in poor 
condition and will likely have an adverse impact on fish productivity in the long term. 
 
Survey methodologies included visual assessment from both ground and air, and field 
plots completed using the Riparian Assessment Field Form. Sites were selected based 
on priority areas identified by Sinclair et al. (1999). Project objectives were primarily 
aquatic but riparian assessment was included because there was an opportunity to 
conduct this work at little extra cost. Riparian assessment focused on areas that were 
considered to be high priority for aquatic assessment; therefore work was biased toward 
the anadromous portion of Orford River. MELP and MoF (1999) recommend at least 
one field plot per polygon to be completed for a Level 1 Assessment but this level of 
intensity was not possible within the current project. Rather, most assessments were 
made visually because it allowed a much greater area to be assessed in the time 
available than by using field plots. Information collected during visual assessments 
included structure stage, dominant tree types and, where possible, species, understory 
condition, overstory height, density of structural layers and potential for rehabilitation. A 
photograph was typically taken at each visual assessment location.  
 
Field plots were located in areas of apparent high priority for restoration and were 
chosen to include sampling a range of structural types, with the exception of mature and 
old forest because restoration priorities were considered to be low in these areas. 
Riparian Assessment Form 2 was completed at each field plot. Soil horizon data were 
not collected. A total of eleven field plots were completed and several dozen polygons 
were assessed visually.   
 
Field assessment procedures included the typing of polygons based on line work from 
Sinclair et al. (1999) but did not include the delineation of polygon boundaries due to the 
limited scope of this phase of work. Maps prepared for this report are based on VRI 
polygon boundaries that do not necessarily agree with Sinclair et al. (1999) polygon 
boundaries. Labels identify field observations of riparian vegetation types (RVTs). 
Future riparian assessment work should include the incorporation of VRI data, line work 
from Sinclair et al. (1999) and polygon identification and delineation based on more 
detailed field assessment. 
 
During field assessment, riparian polygons were also classified according to their 
riparian vegetation types (RVTs) following the BC Ministry of Forests Riparian 
Assessment and Prescription Procedures (MELP & MoF, 1999) as follows: 
 
• RVT1 – Understocked with conifers and brush sites; 
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• RVT2 – Dense / overstocked conifer stands; 
• RVT3 – Conifers overtopped by deciduous trees; and, 
• RVT4 – Deciduous stands without a conifer understory. 
 
MELP and MoF (1999) recommends silviculture prescription options for these stand 
types that assume that a conifer-dominated stand is the developmental objective. Those 
stands that are most responsive to treatment are those that have well-established 
conifers in the understory, including RVT2 and 3.  A project focus was made on RVT2 
and 3 type stands. 
 
 

4.0 OVERVIEW RESULTS  
4.1 Review of Previous Reporting 

Initial overview research determined that restoration planning in the Orford River 
watershed is currently supported by three Overview / Level 1 assessment studies from 
the past 12 years. These assessments considered various components of watershed 
function including upslope stability as well as road, riparian, channel and fish habitat 
conditions. Ultimately all the assessments considered impacts and risks to stream 
habitat conditions. Beyond these assessments, in some areas fish habitat restoration 
work has been completed requiring Level 2 assessment and prescription work, and as-
built reporting. The scope of the three assessments is outlined below, along with an 
overview of enhancement and restoration activities conducted in the watershed to date.  
 
Orford River Watershed Restoration Plan Level 1 Assessment. (Bryant 1997) 
Todd Bryant, RPF of Woodland Consulting completed the Orford River Watershed 
Restoration Plan Level 1 Assessment (July 1997). The report provided basic overview 
information on the watershed, but the primary focus was on potential sediment sources 
from roads, gullies and landslides. The assessment identified 32 landslides and 27 
gullies that were in need of Level 2 Assessment and the potential development of 
prescriptions. The results of the assessment were summarized in the report in a road 
inventory table, landslide inventory table, and gully system inventory table. The location 
of potential risk sites and prioritized work areas was identified on a series of large-size, 
hard-copy maps appended to the report. However, the accompanying mapping for the 
report copy we obtained was missing and a search for copies of the maps was 
unsuccessful. The lack of the mapping information limited our ability to identify the 
precise location of the priority restoration sites identified in the report. 
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Fish, Channel, Riparian Assessment and Prescriptions - Orford Watershed. 
(Sinclair et al. 1999) 
Sinclair et al’s (1999) work closely followed the Watershed Restoration Program 
assessment procedures relevant at the time and was mostly consistent with the FIA 
(2006) guidelines. The overview work provided a thorough assessment of channel, 
anadromous fish habitat and riparian conditions across the watershed. Aerial 
photography was used to identify channel conditions, reach breaks and riparian 
conditions throughout the entire watershed. The Orford River mainstem was divided into 
17 reaches for the channel assessment, with Reaches 1, 2 and 3 being within the 
anadromous waters. Nine reaches were identified in Algard Creek with Reaches 1A, 1B 
and 2 being accessible to anadromous salmonids. Dupont Creek was broken into eight 
reaches with only the lower 0.5 km considered accessible to salmonids. Sinclair Creek, 
in the upper Orford River watershed was also broken into eight reaches for the 
assessment, but is inaccessible to anadromous fish. 
 
The Level 1 field assessment work was primarily focused within the salmon producing 
reaches. In particular the focus was on assessing off-channel coho habitat development 
opportunities and prioritizing off-channel enhancement and construction options. A 
Level 1 Riparian Assessment and Prescriptions Procedures (RAPP) field assessment 
was completed for the lower reaches of the Orford River (Reaches 1, 2, 3) and Algard 
Creek (Reaches 1A, 1B & 2), and several upper reaches in the Orford River (Reaches 
11 & 13). These reaches were considered to have the highest fisheries and wildlife 
values and to have experienced the heaviest disturbance levels. 
 
Fish habitat and channel restoration options were identified by the assessment. These 
included some minor bank stabilization in Orford mainstem Reach 3 as well as LWD 
additions, habitat complexing, and ground and surface water development within the 
Reach 2 and 3 side-channel areas. Riparian restoration was also proposed within the 
anadromous reaches and along side-channel sites. Two small areas within Reaches 11 
and 13 of the Orford mainstem were also noted as potential sites for riparian restoration. 
The priorities for restoration were summarized in table format in the reporting. 
 
Upslope Risk Assessment - Roads (August 2007) (Leslie and Wise, 2008). 
This work completed a Level 1 field survey of 71 roads totaling 127 km. A Level 2 
assessment and deactivation prescription was also completed for the B Mainline 
heading up the left bank of Algard Creek. The report concluded that 12 roads had an 
Overall Risk greater than Low, specifically 10 as Moderate and two as High. Overall 
Risks were calculated from a combination of Environmental Risk and Feasibility. Thus, 
the fact that some lower road deactivation occurred in 1994 decreased the feasibility of 
some upper slope deactivation. As a result most ‘High’ environmental risk sites were 
reduced to moderate concern. A review of the Environmental Risk found that six roads 
were rated as ‘Moderate’ and 12 as ‘High’. 
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Enhancement and restoration activities to date 
Fish habitat restoration investments in the watershed have primarily focused on the 
enhancement off-channel habitats and stock enhancement through hatchery operations. 
These activities have been appropriate to preserve the endemic salmon stocks as is 
apparent from the declining trends in adult escapement and mainstem river habitat 
condition over the last few decades (Sinclair et al. 1999).  
 
In 1990 a spawning channel was constructed on Orford River by Fisheries and Oceans 
Canada (DFO) in an attempt to enhance declining numbers of chum salmon (Sinclair et 
al. 1999). The Homalco First Nation assumed operations of this project in 1991. By 
1992, the settling pond at the head of the channel was completely infilled by fine 
sediment from the mainstem to depths in excess of 3 m and had to be dredged clear. 
This recurred in 1995, with significant volumes of sediment transported downstream to 
the spawning area, and was abandoned until 2000 because of high maintenance costs 
required for gravel clearing. 
 
Additional enhancement activity began in 1992 with an agreement between the DFO 
and the Homalco First Nation for the construction of a chum salmon hatchery near the 
mouth of the Orford River that was subsequently expanded in 1995 to also include 
chinook salmon. A new hatchery site is currently under construction adjacent to the 
DFO-constructed side-channel.  
 
In 2000 an intake was constructed in Algard Creek to supply clear water to the Orford 
River spawning channel. The work continued in 2001 and 2002. Ground water channels 
were also developed to the west of Algard Creek along the airstrip in 2002. In 2004 
some bank stabilization work was completed in Algard Creek to protect the side-channel 
developments.  
 
Discussions with Mel Sheng habitat restoration biologist with DFO in August 2008 
suggested that the majority of the off-channel enhancement options in the watershed 
had been developed, however some habitat complexing opportunities remained and 
some further ground water channel development should be explored. 
 
Upslope and road restoration activities to date 
Permanent and semi-permanent deactivation was carried out on approximately 23.5 km 
of road during 1994 (Bryant 1997). In 2007, 6 km of the B Mainline was fully deactivated 
to address high environmental risk concerns in the Algard Creek sub-basin (FIA 2007). 
 

4.2 Identification of sub-basins 
In terms of watershed area and management relevance four sub-basins can be readily 
recognized in the Orford River watershed: Sinclair Creek (78 km2), Algard Creek (100 
km2), and Dupont Creek (30 km2); with the residual area forming the Orford River 
mainstem sub-basin (210 km2; Figure 1). Although previous assessments have not 
formally divided the Orford River watershed into these sub-basins, all have presented 
their results in a form that works well with this organizational approach. 
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4.3 Sinclair Creek 
4.3.1 Tenure and Land Use 

 
The entire Sinclair Creek sub-basin is Crown land. To date, logging has been limited to 
the lower reaches, but a number of cutblocks have been identified by Interfor for harvest 
in the mid- and upper-sections of the watershed, to be accessed once a mainline road is 
constructed from the North Orford Mainline. Additional blocks have been identified on 
the upper slopes as potential heli-logging blocks. Plutonic Hydro Inc. have identified 
Sinclair Creek (aka North Orford River) as a potential hydropower development site, 
with two intake locations at mid-elevations, requiring a permanent access road to be 
built (or maintained) to these sites. 
 

4.3.2 Hydrological Risk Assessment 
 
Only 11% of the Sinclair Creek sub-basin is forested and 49% of the sub-basin has 
slopes > 60% (Warttig 2009). Weighted Equivalent Clearcut Analysis (ECA) for the sub-
basin was 0.9%, which translates to a low hydrological risk score (Table 4). The highest 
road density is in the 300-800 masl elevation band which results in a peak flow and 
surface erosion index of 0.05, also translating to low hydrological risk. Cumulative 
hydrological risk for the Sinclair Creek sub basin as a result of timber harvest activities 
is estimated to be low. 
 
Table 4. Hydrological risk assessment for the Sinclair Creek sub-basin by Warttig 
(2009). 

 
 

4.3.3 Hillslope condition 
Limited information is available on hillslope condition in the Sinclair Creek sub-basin. 
This sub-basin was not assessed by Bryant (1997) as it was largely undeveloped at the 
time of his assessment. Similarly, Leslie and Wise’s (2008) assessment was limited to 
the few roads that have been built adjacent to the lower reaches of the Creek, as the 
mid- and upper-sub-basin areas have yet to be developed. They assessed these roads 
(3000, 3200 & 3300) as Low Environmental Risk as they were overgrown and showed 
no indications of instability or disrupted drainage. A significant landslide associated with 
3000 and 3200 roads that reached Sinclair Creek and was visible in the 1992 aerial 
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photography appeared to have re-vegetated and stabilized by the time of Leslie and 
Wise’s (2008) assessment. 
 

4.3.4 Riparian Condition 
Riparian Vegetation Type (RVT) mapping completed by Sinclair et al. (1999) showed 
that the majority of the riparian vegetation along Sinclair Creek was in an old forest 
condition. Harvesting within the Riparian Management Area (RMA) had been limited to 
reaches 1-3, where logging occurred to the right stream bank. These areas were 
mapped as Pole-Sapling types by Sinclair et al. (1999); a typing confirmed by aerial 
observation in this assessment. These areas display poor riparian functioning and would 
benefit from riparian restoration, although access is poor. 
 
Updated RVT mapping conducted for this assessment resulted in a reclassification of 
much of the riparian forest as mature forest, rather than old forest (Table 5). However, 
the general distribution of RVTs was as described above as no harvesting has taken 
place within the sub-basin since the Sinclair et al. (1999) assessment. Given the 
relatively natural state of the riparian vegetation in much of the sub-basin and the long 
distance to anadromous fish habitat in the Orford River mainstem, no sites were 
identified for Level 1 field assessment in either the Sinclair et al. (1999) or this overview. 
 
Table 5. Distribution of Riparian Vegetation Types in the Sinclair Creek sub-basin; NP = 
Not productive. 
Riparian Vegetation Type Area (hectares) Percentage of productive forest 
NP 105 - 
INIT     2     1% 
SH     1     1% 
PS     9     5% 
PSc     2     1% 
YF     8     4% 
MF 113   63% 
OF   43   24% 
Total 284 - 
Total productive 179 100% 
 

4.3.5 Channel Stability and Type 
The morphology of Sinclair Creek is dominated by a braided planiform that responds to 
episodic extreme inputs of water and sediment from glaciers and avalanche chutes 
within the watershed (Sinclair et al. 1999). Sinclair Creek was assessed as partially 
coupled to hillslopes along its full length; the channel is relatively steep and frequently 
avulses upon its fan where fluvial processes reorganize sediment on the fan. 
 
Sinclair Creek was divided into eight reaches for the purposes of channel assessment, 
but the CAP was only applicable to Reach 1, encompassing the full extent of the fan, as 
it was the only reach downstream of forest harvesting activities (Sinclair et al. 1999). 
Historically, Sinclair Creek has been a significant source of sediment input to the Orford 
River mainstem from natural slope failures. However it has stabilized in the last few 
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decades as the number of channels in the fan doubled from two to four, resulting in 
decreased stream power and increased deposition of sediment on the fan. No sites 
requiring channel stabilisation or restoration were identified by Sinclair et al. (1999). 
 

4.3.6 FHAP Overview 
Given the focus on anadromous fish habitat, Sinclair Creek was not included in the 
Sinclair et al. (1999) Level 1 FHAP. Fish distribution sampling in 2007 and 2008 by 
Plutonic Power Inc (2008) confirmed the presence of Dolly Varden in the lower reaches 
of Sinclair Creek up to 2.6 km upstream of its confluence with the Orford River, where a 
canyon was reportedly a barrier to fish passage. Fish sampling has confirmed that the 
stream is non fish-bearing upstream of this canyon. 
 

4.3.7 Impact by Watershed Component on Fish Habitat  
Historically, Sinclair Creek has been a significant sediment source to the Orford River 
mainstem, with episodic extreme inputs of water and sediment from glaciers and 
avalanche chutes along its relatively steep valley walls. Forestry activities in the sub-
basin have been limited to the lower reaches of Sinclair Creek, with most of this activity 
occurring in the 1980s. Despite some evidence of hillslope instability and impaired 
riparian functioning as a consequence of these activities, the Sinclair Creek fan has 
stabilized over the last few decades, resulting in increased storage of sediment on the 
fan, and decreased transport of sediment to the Orford River mainstem.  
 
Table 6. Impact by watershed component on fish habitat in the Sinclair Creek sub-basin. 
Sub-basin Landslides Gullies Roads Riparian Channel 
Sinclair Creek – – L L L 

 
Given the relatively undeveloped status of the Sinclair Creek sub-basin, its limited 
fisheries values, and its distance from anadromous fish habitat, it is unlikely that pre-
Code forestry activities in the sub-basin have had much impact on fish habitat beyond 
that associated with the naturally dynamic hillslope and channel processes that 
characterize this sub-basin (Table 6). 
 

4.4 Algard Creek 
4.4.1 Land Tenure and Land Use 

The Algard Creek sub-basin contains 133 ha of Indian Reserve No. 4 Orford Bay, with 
the remainder of the sub-basin being vacant Crown land. 
 
Logging has been largely focused on the mid-slopes and valley bottom of the middle 
reaches of Algard Creek and primarily occurred between the 1960s and 2000s, with a 
peak in 1980s (Figure 5). Recent logging activity has been concentrated in second-
growth forest in the lower reaches adjacent to the anadromous fish barrier located in 
Reach 3. Remaining older stands of timber in the sub-basin are restricted to higher 
elevations and Interfor has four areas identified as potential heli-logging blocks. 
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Plutonic Hydro Inc. have identified Algard Creek as a potential hydropower development 
site, with an intake located mid-sub-basin, requiring the upgrade of approximately 4.5 
km of the B Mainline (Plutonic Hydro Inc. 2008) which was fully deactivated in 2007 (FIA 
2007). A powerhouse and switchyard are also proposed in the vicinity of the fish barrier 
on Algard Creek. In addition, the Algard Creek valley has been proposed as the route 
for a 500 kV trunk transmission line connecting the Bute Inlet Hydroelectric Project to 
the BCTC Malaspina substation near Earls Cove. 
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Figure 5. Area in hectares of forest harvesting by decade in the Algard Creek sub-basin 
(reproduced from Warttig 2009). 

 
4.4.2 Hydrological risk assessment 

Thirty percent of the Algard Creek sub-basin is forested and 59% of the sub-basin has 
slopes >60%. Weighted ECA was 4.2%, equating to a very low hydrological risk (Warttig 
2009). The highest road density is in the rain-on-snow elevation band of 300-800 masl, 
resulting in a peak flow and surface erosion index of 0.14 and a low hydrological risk 
rating (Table 7). Cumulative hydrological risk was also estimated to be low. 
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Table 7. Hydrological risk assessment for the Algard Creek sub-basin by Warttig (2009). 

 
 

4.4.3 Hillslope Condition 
Bryant (1997) identified 18 sites in the Algard Creek sub-basin requiring Level 2 
assessment (Table 8). Ten landslides were observed; all initiated from cut-blocks or 
logging roads. Slope failures were mostly a mix of debris slides or avalanches and failed 
cut banks. Roads and gully sidewalls were identified as the most significant sediment 
sources in the eight gully systems identified as posing the greatest risk to aquatic 
resources. Most of the sites identified by Bryant (1997) were associated with mid-slope 
roads and extensive clearcuts on the right bank (RB) of Reach 3. In general, Bryant’s 
risk ratings were consistent with the Environmental Risk (ER) ratings of Leslie and Wise 
(2008) (Figure 6).  
 
In the early 1990s a major landslide was initiated from a switchback on 1000 Road, 
resulting in a massive debris torrent that introduced considerable volumes of coarse 
sediment and LWD into Algard Creek approximately 950 m upstream of the Reach 2-3 
boundary. This torrent produced a large debris jam at the Reach 1A-1B boundary and 
caused significant changes to the morphology of Reach 1B, resulting in the destruction 
of much of the available chum spawning habitat in this reach (Sinclair et al. 1999). 
Annual flood events continue to transport sediment and debris from this slide into the 
remaining spawning habitat downstream in Reach 1A. 
 
Although this slide has largely re-vegetated by planting in 1994 and natural 
regeneration, Leslie and Wise (2008) found considerable evidence of continued 
instability throughout this mid-slope road network, leading from 1000 Rd on the RB of 
Algard Creek. They observed numerous instances of tension cracks, high volumes of 
displaced roadfill, unstable roadfill composition, and signs of previous failure activity. 
 
Road access to the RB of Algard Creek is currently not possible due to the partial 
deactivation of 1000 Road and most of the B Mainline, the overgrown nature of the 
upslope roads, and because the Algard Creek Bridge is not structurally sound. Due to 
the lack of vehicle access the Leslie and Wise (2008) Overall Risk rating was reduced 
to Moderate, despite an ER risk of High for all but one of these roads. 
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Table 8. Active gully and landslide erosion sites, and associated roads identified by Bryant (1997) as a moderate to very 
high risk to aquatic habitat in the Algard Creek sub-basin. Also included is an updated assessment of road failure risk by 
Leslie and Wise (2008). ER = Environmental Risk; OR = Overall Risk. 

Sub-
basin 

Map 
No. 

Land-
slide/ 
Gully 
No. 

Site 
No. 

Associated 
road(s) 

1992 air 
photo - 

site 

Risk 
rating 

Work 
priority Notes (Bryant 1997) 

ER 
rating (L 
& W 
2008) 

OR 
rating (L 
& W 
2008) 

Comments (Leslie and Wise 2008) 

Algard 2 G10 - B M/L - M-H H Active gully sidewall 
(GSW). L L Deactivated in 2007 

Algard 2 G11 2-12 1300; 1000 132-12 M-H H Active GSW; road 
erosion. H M 

High likelihood of landslide & aquatic 
impact but no road access; numerous 
roadfill failures have occurred off 1300 
into creek. 

Algard 2 G12 2-10 1331; 1300; 
1200; 1000 155-10 H H Active GSW; road 

erosion. H M As above with numerous roadfill failures 
also off 1200 into creek. 

Algard 2 G13 2-9 B M/L 155-10 M-H H Active GSW; road 
erosion. L L Deactivated in 2007 

Algard 2 G14 2-28 1331; 1300; 
1200; 1000 - H H Road erosion. H M As per G11 & G12. 

Algard 2 G15 - 1330; 1300; 
1211; 1100 - VH VH Road erosion. M/H L/M 

Numerous failures with creek impact 
observed off 1100, 1211 & 1300; none 
observed off 1330. 

Algard 2 G8 - 2000 - M-H H Active GSW; road 
erosion. L M - 

Algard 2 G9 - 2050 - M-H H Active GSW; road 
erosion. L L - 

Algard 2 L10 2-26 2000 - M-H H Initiated from road & 
clearcut. L L - 

Algard 2 L11 2-27 1000 - M-H H Initiated from road & 
clearcut. H M 

High volumes of displaced roadfill 
observed; high volumes of LWD in 
roadfill. 

Algard 2 L12 2-
12A 1300 132-12A M-H H Initiated from road & 

clearcut. H M 

High volumes of displaced roadfill 
observed; high volumes of LWD in 
roadfill; and previous roadfill failures 
observed. 
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Table 8 (cont.). Active gully and landslide erosion sites, and associated roads identified by Bryant (1997) as a moderate to 
very high risk to aquatic habitat in the Algard Creek sub-basin. Also included is an updated assessment of road failure risk 
by Leslie and Wise (2008). ER = Environmental Risk; OR = Overall Risk. 

Sub-
basin 

Map 
No. 

Land-
slide/ 
Gully 
No. 

Site 
No. 

Associated 
road(s) 

1992 air 
photo - 

site 

Risk 
rating 

Work 
priority Notes (Bryant 1997) 

ER 
rating (L 

& W 
2008) 

OR 
rating (L 

& W 
2008) 

Comments (Leslie and Wise 2008) 

Algard 2 L13 2-11 B M/L 155-11 M-H H Initiated from road & 
clearcut. L L Deactivated in 2007 

Algard 2 L15 2-8 1300 213-8 VH VH Initiated from road & 
clearcut. H M As per L12. 

Algard 2 L16 2-4 1000 213-4 VH VH Initiated from clearcut. H M As per L11. 

Algard 2 L17 2-2 1000 213-2 VH VH Initiated from road & 
clearcut. H M As per L11. 

Algard 2 L18 2-29 B M/L - VH VH Initiated from landing. L L Deactivated in 2007 

Algard 2 L19 2-3 1000 213-3 VH VH 
Large slide initiated from 
road & clearcut; partially 
planted in 1993 & 1994. 

H M 

High volumes of displaced roadfill 
observed; high volumes of LWD in 
roadfill; and previous roadfill failures 
observed. 

Algard 2 L9 2-25 2000 - M-H H Initiated from road & 
clearcut. L L - 
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Figure 6. Map of the Environmental Risk ratings of the Orford River forest road network from Leslie and Wise (2008). 
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Given the steep terrain, large numbers of stream crossings, stream flow intensity, 
evidence of ongoing slope instability, and proximity to Algard Creek, 16.2 km of the road 
network leading from 1000 Rd on the RB of the creek has been identified as posing a 
very high risk to aquatic habitat in Algard Creek, and to anadromous fish habitat in the 
lower reaches of both Algard Creek and Orford River. This risk also applies to areas 
where significant investments have been made in fisheries enhancement and habitat 
restoration works over the last two decades. 
 

4.4.4 Riparian Condition 
Very little old growth riparian forest remains in the Algard Creek valley. Remnant old 
growth is largely restricted to the upper sub-basin area (Reach 8), beyond existing 
roads. The majority of RVT units within the Algard Creek RMA are second-growth 
mature forest from logging operations of early last century (Table 9). Sinclair et al. 
(1999) identified Algard Creek as the highest priority sub-basin for riparian restoration 
activities as it has the lowest proportion of old growth riparian forest and the highest 
proportion of young vegetation types and mature mixed and deciduous forest stands. 
 
Table 9. Distribution of Riparian Vegetation Types in the Algard Creek sub-basin; NP = 
Not productive. 

Riparian Vegetation Type Area (hectares) Percentage of productive forest 
NP 139 - 
INIT     1     0% 
SHd     7     2% 
PS   46   17% 
YF   15     6% 
YFd     9     3% 
MF 139   52% 
MFc   18     7% 
OF   34   13% 
Total 407 - 
Total productive 268 100% 

 
In the lower reaches of Algard Creek (Reaches 1A & 1B) the riparian vegetation forms a 
complex mosaic in response to recurrent flooding and channel-altering debris torrents 
(Sinclair et al. 1999). These reaches are dominated by mature deciduous and mixed 
stands, with younger deciduous types occurring in lenses along the main channel as a 
result of past flood disturbances or bars and side channels becoming part of the valley 
bottom. In general, these reaches are characterized by a lack of large diameter conifers 
and Sinclair et al. (1999) recommended restoration silviculture at five sites, totalling 8.1 
ha, to convert portions of deciduous and mixed types into stands where conifer 
development is accelerated (Riparian Prescription Treatments 4 & 6). They also 
identified a 1.4 ha patch of naturally functional old coniferous riparian forest on the right 
bank in Reach 1B that could act as a template or reference site for riparian restoration. 
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4.4.5 Channel Stability and Type 
Algard Creek is laterally confined along most of its upper reaches, with a fragmentary 
channel flat that generally occupies only a few bankfull widths along the valley bottom 
(Sinclair et al. 1999). As such, there are few areas for instream storage of sediment 
within the sub-basin, so the stream has been a major sediment source to the lower 
Orford River. Algard Creek is considered decoupled on its fan, but partially coupled to 
adjacent hillslopes for upstream reaches. 
 
Sinclair et al. (1999) divided Algard Creek into nine reaches for the purposes of channel 
assessment. Reach 1, located on the Algard alluvial fan at the confluence with the 
Orford River, was differentiated into two sub-reaches (A and B) based on differences in 
stream gradient (B is a steeper, higher energy reach) and streambed materials (much 
larger in B). A summary of Sinclair et al’s (1999) reach channel descriptions is 
presented in Table 10. See their report for a detailed discussion of changes in stream 
morphology from 1947 to 1997. 
 
Overall, Sinclair et al. (1999) found that approximately 25% of the mainstem length of 
Algard Creek located downstream of forest harvesting activities was moderately to 
severely degraded. Despite this, reaches 1B and 2 were considered to have evolved to 
a reasonably stable planiform, with inputs of sediment and water discharge in a rough 
equilibrium. Reach 1A was predicted to be impacted for several more years as the LWD 
and sediment from the debris torrent of the early 1990s continues to work its way 
through the system. This slide was initiated from an upslope road switchback (1000 
Road) and introduced considerable volumes of coarse sediment and LWD into Algard 
Creek approximately 950 m upstream of the Reach 2-3 boundary. Lateral stability in 
upstream reaches of Algard Creek (i.e., above Reach 2) was considered to be 
dependent on variability in natural inputs of coarse sediment and water discharge, as 
well as any incipient slope failures that have yet to occur from forest harvesting in 
previous decades. Sinclair et al. (1999) also speculated that forest harvesting may have 
increased the magnitude of flood events in Algard Creek, where a large portion of the 
elevations susceptible to rain-on-snow events has been harvested, and the road 
networks include numerous switchbacks and stream crossings. 
 
No instream prescriptions for channel stabilisation were recommended by Sinclair et al. 
(1999) due to the inherent instability of the lower reaches of Algard Creek and the 
natural stabilisation that appeared to have taken place in upslope areas. 
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Table 10. Channel assessment reach description summaries for Algard Creek from Sinclair et al. (1999). 

Reach CAP assessment 

1A 

The general morphology was a cobbled riffle-pool with extensive riffles (>80% of reach length) and a slope of 0.5-1.0%. Bankfull depth 
increased upstream from ~1.3 m to > 2.0 m. The bankfull width was typically 40-50 m, but it branched into multiple channels at jams. 
LWD accumulations were concentrated in a number of jams in the upper sections of the reach. It is a highly active reach displaying 
lateral and vertical instability. There was abundant evidence of old LWD jams and avulsions. Key characteristics include extensive bars, 
eroding banks, extensive riffles and minimal pool area. Approximately 70% was found to be moderately aggraded, with the remainder 
(upper portion) severely aggraded. Much of this was attributed to debris flow events of the early 1990s associated with upstream 
logging. 

1B 

Channel morphology changes dramatically from cobbled riffle pool in the lower section to a cascade-pool (mostly cascade) in the upper 
section. Gradient increased in an upstream direction from 0.5-3.5%. Bankfull width was highly variable, generally ~ 45-65 m (but up to 
90 m). Bankfull depth was generally quite low (1.2-1.6 m) due to repeated fluvial avulsions and lateral instability. Key characteristics of 
the reach include extensive bars (and medial bars), eroding banks, extensive riffles, minimal pool area (<2%) and avulsions. Most LWD 
in the reach was non-functional, resting on banks and bar heads. About 74% of the reach was severely aggraded, with the remaining 
upper portion moderately aggraded. 

2 

Bouldered step-pool morphology. Stream power increases over a short distance in this reach as the gradient increases (3.5-5.0%) and 
the bed & banks are increasingly dominated by erosion-resistant materials. Generally narrower than Reach 1. Bankfull depth was 2.1-
2.6 m. No functional LWD in the reach, but small pools occur due to scour. Dominated by a RB lateral bar that has been stable in recent 
decades. Slightly aggraded, but little sediment stored in the reach other than within the bar.  

3, 4 & 6 

All three reaches are predominantly fluvial with few morphological differences. Generally degraded over the last few decades, with 
channel narrowing and revegetation of bars. Reach 3 was the site of a major debris torrent in the early 1990s initiated from an upslope 
road switchback that appeared to have stabilized by 1998. Numerous active inputs of coarse sediment associated with avalanche chutes 
and gullies were observed, but little sediment if stored within the channel. The channel flat is intermittent to non-existent in the upper 
Algard reaches. 

5 Non-assessable - non-alluvial bed and banks, dominated by boulder accumulations and local colluvium, and >15% gradient. 

7 & 8 Non- assessable - not downstream of any forest harvesting activity. Colluvial inputs and episodic sediment inputs from avalanche chutes 
dominate the fluvial system in this area. 
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4.4.6 FHAP Overview 
The fish-bearing length of Algard Creek has been estimated to be in excess of 10 km 
upstream of its confluence with the Orford River (Plutonic Hydro Inc. 2008). However, 
barriers to anadromous fish migration have been reported at 2.5 km upstream of the 
mouth of Algard Creek, at a confined canyon section of Reach 2 (Sinclair et al. 1999), 
and at 3.4 km at a natural waterfalls barrier in Reach 3 (Plutonic Hydro Inc. 2008). 
Chum and coho salmon have been reported up to the lower potential barrier, and it is 
suspected that coho may extend up to the second barrier (Plutonic Hydro Inc. 2008). 
 
Although Reach 1 exhibits similar morphological features throughout, habitat values are 
clearly distinguished by two sub-reaches (1A & 1B). Sinclair et al. (1999) considered 
Reach 1A to be the most productive non-glacial fish habitat in the Orford River 
watershed, although they expressed concern that habitat values were declining. Chum 
spawning is largely confined to Reach 1A of Algard Creek, beginning with the summer 
run in the last week of August, and finishing near the end of October (Sinclair et al. 
1999). The creek is generally bypassed by the much smaller fall run. A number of pools 
in Reach 1A of Algard Creek provide a limited amount of summer coho habitat during 
late summer flows, but due to the instability of the Algard system suitable winter habitat 
becomes limiting after the first heavy rainfall in October, when fry must find high flow 
refuge or risk being displaced downstream. More suitable coho habitat is available in 
stable off-channel areas of small tributary streams, wetlands and some side channels 
extending along the LB of Reaches 1A and 1B. However, these areas provide limited 
summer habitat due to low water levels in late August. 
 
Most of the potential chum spawning habitat in Reach 1B was destroyed by the debris 
torrent event of the early 1990s associated with an upslope logging road switchback in 
Reach 3 (Sinclair et al. 1999). Considerable volumes of coarse sediment and LWD were 
introduced into Reach 1B, resulting in a large debris jam at the Reach 1A-1B boundary. 
During subsequent extreme flood conditions this debris blockage caused a new LB side-
channel to form near the reach boundary. Sufficient flow was diverted away from the 
original mainstem that the upper half of an existing side-channel 200 m further 
downstream was effectively abandoned. The loss of spawning habitat was estimated at 
about 50% of the 500 m abandoned LB channel. Annual flood events continue to 
transport sediment and debris into the only remaining spawning habitat in Reach 1A. 
 
Restoration opportunities identified by Sinclair et al. (1999) for Algard Creek focus on 
the enhancement or creation of coho rearing habitat in side-channel and wetland areas 
adjacent to the Algard Creek mainstem. Six sites were identified for Level 2 
assessment. A side-channel and wetland area between Algard Creek and the Orford 
Mainline (Area 2 in Sinclair et al. 1999) was recommended as a high priority for 
conversion to a groundwater channel for coho rearing habitat. Another side-channel 
approximately 300 m downstream of the Orford Mainline Bridge (Site 7 in Sinclair et al. 
1999) was identified as a high priority for further investigation of the feasibility of 
converting it to an intake-fed protected coho rearing area. Four other side-channels 
(Sites 2, 3, 4 & 5 in Sinclair et al. (1999) were identified as low to moderate priority sites 
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for habitat-complexing through the placement of LWD from adjacent riparian restoration 
activities (all sites), and rock (Site 5), along with beaver-proofing works (Site 5). 
 

4.4.7 Impact by Watershed Component on Fish Habitat  
Algard Creek has been assessed as having the most productive non-glacial fish habitat 
in the Orford River watershed. However, this productivity has been severely limited by 
hillslope and riparian processes impacted by pre-Code forestry practices (Table 11). 
The stream has traditionally been a significant sediment source to downstream 
anadromous fish habitat as it is laterally confined along most of its length, with few 
areas for instream storage of sediment. However, the inherent instability of this system 
has been exacerbated by pre-Code forest harvesting and road activities in riparian and 
hillsope areas in the 1980s. Slope failures associated with these activities have 
impacted on instream chum spawning habitat and off-channel coho spawning and 
rearing habitat in the lower reaches of the stream. Of particular concern to remaining 
fish habitat is a high risk of slope failure from the continued instability of the 1000 Road 
network, upslope of the lower reaches of Algard Creek. 
 
Table 11. Impact by watershed component on fish habitat in the Algard Creek sub-
basin. 
Sub-basin Landslides Gullies Roads Riparian Channel 
Algard Creek H M H H M 

 
The Algard Creek sub-basin has the lowest proportion of oldgrowth riparian forest and 
the highest proportion of mature mixed and deciduous forest stands in the Orford 
watershed. As such, there is little functional LWD within the lower reaches of the stream 
to create or maintain potential fish habitat. For these reasons, forestry-related impacts 
on hillslope and riparian components have been assessed as having the most impact 
on the availability and quality of fish habitat in the sub-basin. 
 

4.5 Dupont Creek 
4.5.1 Land Tenure and Land Use 

Fifty-four hectares of Indian Reserve No. 4 Orford Bay occurs within the lower reaches 
of this sub-basin, with the remainder of the sub-basin being unoccupied Crown land. 
 
Dupont Creek has been extensively logged along its right bank, with only small areas of 
the left bank towards the upper reaches having been harvested. Recent harvesting 
activity has largely targeted the remaining patches of oldgrowth forest on the right bank. 
Interfor has one higher-elevation area on the left bank identified as a potential heli-
logging block. 
 
Hawkeye Power Corporation identified Dupont Creek as a potential hydropower 
development site, with a potential intake site located mid-sub-basin, requiring the 
upgrade of approximately 4 km of the Graham Mainline. A powerhouse and switchyard 
are proposed just upstream of the Reach 3-4 boundary, with a transmission line 
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planned to cross Algard Creek and the Orford River before heading up Bute Inlet to the 
Southgate River. 
 

4.5.2 Hydrological Risk Assessment 
The cumulative hydrological risk for the Dupont Creek sub-basin was also assessed to 
be low (Warttig 2009) (Table 12). Only 33% of this sub-basin is forested, with 62% 
having slopes >60%. Weighted ECA was similar to the Algard sub-basin at 4.6%. A 
peak flow and surface erosion index of 0.17 was found, translating to a low hydrological 
risk. 
 
Table 12. Hydrological risk assessment for the Dupont Creek sub-basin by Warttig 
(2009). 

 
 

4.5.3 Hillslope Condition 
Thirteen actively eroding hillslope sites associated with forestry activities were identified 
by Bryant (1997) as a moderate to very high risk in the Dupont Creek sub-basin. Six 
landslides and three gullies were rated as a high or very high risk to aquatic habitat; 
most of these were associated with the Graham Mainline and G1000 Road (Table 13). 
Nearly all of these sites appeared to have stabilized over the subsequent decade, as 
the 2007 road failure risk assessment identified only three areas of concern in the sub-
basin (Leslie and Wise 2008). The 2007 assessment identified a 235 m long segment of 
the Mainline upslope of the Reach 4/5 boundary as a high risk to aquatic habitat. The 
first 800 m of the Mainline from its junction with the Orford M/L was identified as a 
moderate risk. Although temporarily deactivated, intact culverts were plugged and active 
road surface erosion was observed. The third area of concern they identified was 
G1510 Road, a 236 m long overgrown branch road on the LB of the middle reaches of 
Dupont Creek. Evidence of the roadfill failure and aquatic impact identified by Bryant 
(1997; Table 13), was still apparent in 2007 (Leslie and Wise 2008).  
 

4.5.4 Riparian Condition 
Old growth and mature forest RVTs dominate the Dupont Creek valley bottom (Sinclair 
et al. 1999). All of the old growth riparian forest occurs upstream of the Orford Mainline 
road crossing, mostly on the left bank (LB) which has remained largely un-harvested. 
Very little riparian forest was retained in older cut-blocks on the RB. Harvesting in 
Reach 8 appears to have taken place right up to both banks of the creek. 
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No field assessment of riparian condition along Dupont Creek was conducted by Sinclair 
et al. (1999) due to their apriori decision to focus their assessment on anadromous 
waters in Algard Creek and the Orford mainstem. Nevertheless, from air-photo 
interpretation they identified three coniferous pole-sapling sites in Reach 6 (totalling 2.8 
ha) as a moderate priority for restoration. Riparian Prescription Treatments 4 and 6, and 
possibly a pre-commercial thinning, were recommended, with the aim being to 
accelerate the development of mature forest conditions. 
 

4.5.5 Channel Stability and Type 
Sinclair et al. (1999) divided Dupont Creek into eight reaches for the purposes of 
channel assessment, however only the first two reaches were assessed. This was in 
part due to the lack of reliable data available from historic air photos for this area, as 
well as the apriori decision to focus the assessment on anadromous reaches within the 
Orford River watershed. They found that Dupont Creek is decoupled from hillside 
processes on its fan (ie, Reaches 1 & 2), but partially coupled for upstream reaches. 
The Dupont Creek fan is highly aggraded and Sinclair et al. (1999) considered it likely 
that it would continue to display lateral and vertical instability due to the persistence of 
harvest-related impacts in the upper watershed. 
 
A summary of the Sinclair et al. (1999) reach channel descriptions is presented in Table 
14. See their report for more detailed descriptions of Reaches 1 and 2. No instream 
prescriptions for channel stabilisation were recommended for Dupont Creek by Sinclair 
et al. (1999) due to the inherent instability of the lower stream reaches. 
 

4.5.6 FHAP Overview 
Only the first 0.5 km of Dupont Creek is considered accessible to anadromous fish due 
to the presence of a steep impassable canyon (Sinclair et al. 1999). Side channels, 
wetlands and tributary streams associated with this reach are considered good winter 
coho habitat, but poor summer habitat due to low water levels. Sinclair et al. (1999) 
suggested that the latter may be exacerbated by the blockage and diversion of natural 
surface and groundwater discharge by the Orford Mainline. 
 
A few chum are known to spawn in the lower reach and coho have been recorded 
ascending to a few scattered patches of spawning gravel in Reaches 2 and 3, including 
near the mainline bridge crossing (Sinclair et al. 1999). Given the limited availability of 
anadromous fish habitat and the unstable condition of Dupont Creek, Sinclair et al. 
(1999) suggested that its present use as a water supply for the hatchery was its 
greatest contribution to fish production. 
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Table 13. Active gully and landslide erosion sites, and associated roads identified by Bryant (1997) as a moderate to very 
high risk to aquatic habitat in the Dupont Creek sub-basin. Also included is an updated assessment of road failure risk by 
Leslie and Wise (2008). ER = Environmental Risk; OR = Overall Risk. 

Sub-
basin 

Map 
No. 

Land-slide/ 
Gully No. 

Site 
No. 

Associated 
road(s) 

1992 air 
photo - 

site 

Risk 
rating 

Work 
priority 

Notes (Bryant 
1997) 

ER rating 
(L & W 
2008) 

OR rating 
(L & W 
2008) 

Comments (Leslie and Wise 
2008) 

Dupont 1 G3 1-11 Graham M/L 138-11 H H Active GSW. L L - 
Dupont 1 G4 - G M/L - H H Active GSW. - - - 

Dupont 1 G5 1-5 G M/L 218-5 M M Active GSW; 
road erosion;  L L - 

Dupont 1 G6 - G M/L - M M Active GSW. - - - 

Dupont 1 L1 & G2 1-16 G1510 138-16 H H Active GSW; 
road erosion. M L 

Tension cracks & previous 
roadfill failure with creek 
impact observed. 

Dupont 1 L2 1-19 G M/L - H H Initiated from 
clearcut. - - - 

Dupont 1 L3 1-8 G M/L 150-8 H H Initiated from 
road. L L - 

Dupont 1 L4 1-4 G M/L 218-4 M M 
Initiated from 
road & 
clearcut. 

L L - 

Dupont 1 L5 1-20 G M/L - M M Initiated from 
road. - - - 

Dupont 1 L6 1-18 G1000 217-8 VH VH 
Initiated from 
road & 
clearcut. 

L L - 

Dupont 1 L7 1-22 G1000 - VH VH Initiated from 
road. L L - 

Dupont 1 L8 1-22 G1000 - VH VH Initiated from 
road. L L - 
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Table 14. Channel assessment reach description summaries for Dupont Creek from Sinclair et al. (1999). 

Reach CAP assessment 

1 & 2 

Channel morphology of the lower reaches evolves rapidly from gravelly riffle-pool to cobbley riffle-pool to a cascade-pool in upper Reach 
1 and a step-pool in Reach 2. Gradient increases from 0.5% in the lower sections of Reach 1 to >6% in upper Reach 2. Bankfull width 
was generally 15-20 m and depth 1.2-1.7 m. The channel is highly active, having undergone repeated torrenting and the majority of 
sediment and LWD has been deposited downstream of the reach 1-2 boundary. Key characteristics of Reach 1 include: extensive bars, 
eroding banks, extensive riffles (> 80% of reach length), minimal pool area, and avulsions. Reach 2 displays extensively scoured areas, 
minimal pool area, abandoned channels and avulsions. The full lengths of Reaches 1 & 2 were found to be severely aggraded. 

3-4 Non-CAP-able - non-alluvial bed and banks. 
5-8 No reliable data available from historic air photos. 
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A LB side channel near the mouth of Dupont Creek (Area 3 in Sinclair et al. 1999) was 
identified as a potential restoration site for adult attraction and holding facilities (Sinclair 
et al. 1999). An opportunity for groundwater development near the beaver pond 
adjacent to the LB side channel to provide summer coho habitat was also identified. In 
addition, Sinclair et al. (1999) proposed an investigation of coho access and habitat 
improvement opportunities in an area encompassing a small stream and wetland on the 
southern side of the Orford Mainline about 300 m north of the Dupont Creek bridge. 
 

4.5.7 Impact by Watershed Component on Fish Habitat  
Similar to Algard Creek, Dupont Creek is an inherently unstable channel with few areas 
for instream sediment storage. Hillslope instability associated with pre-Code logging and 
roading activities largely appears to have stabilised through a combination of natural 
processes and some road deactivation. Much of the riparian forest along the LB of the 
stream remains unharvested. 
 
Table 15. Impact by watershed component on fish habitat in the Dupont Creek sub-
basin. 
Sub-basin Landslides Gullies Roads Riparian Channel 
Dupont Creek M M M L M 

 
Anadromous fish habitat is limited to the first 500 m of Dupont Creek, and it has been 
suggested that its greatest contribution to fish productivity in the Orford watershed is as 
a water supply for the Homalco fish hatchery operation. As such, no watershed 
components were considered to be having a high impact on fish habitat in this sub-
basin (Table 15). 
 
 

4.6 Orford River Mainstem 
4.6.1 Land Tenure and Land Use 

The Orford River mainstem sub-basin contains 113 ha of Indian Reserve No. 4 Orford 
Bay, with the remainder of the sub-basin consisting of unoccupied Crown land. 
 
The Orford River mainstem has been extensively logged along both banks to midway 
along Reach 18. The valley has experienced two peaks in forest harvesting activity; in 
the 1920s and again in the 1980s, with relatively little activity from the 1950s to 1970s 
(Figure 7). Recent harvesting activity has focussed on remaining patches of old growth 
forest on the upper slopes, as well as some second-growth forest on the valley bottom. 
Interfor has a few small heli-logging blocks identified for potential harvest in upslope 
areas of the mainstem. 
 
Plutonic Hydro Inc. identified the upper Orford River (aka East Orford) as a potential 
hydropower development site, with a proposed intake located in Reach 18, 8.5 km 
upstream of the Sinclair Creek confluence and 27.2 km from the Orford River mouth 
(Plutonic Hydro Inc. 2008). Maintenance and/or upgrade of the entire lengths of the 
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Orford and North Orford Mainlines (~ 30 km of road) would be required to access the 
proposed intake site. A powerhouse and switchyard are also proposed for Reach 16, 
with a transmission line planned to cross the Orford River to link to the proposed North 
Orford (aka Sinclair Creek) facility. 
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Figure 7. Area in hectares of forest harvesting by decade in the Orford River mainstem 
sub-basin (reproduced from Warttig 2009). 

 
4.6.2 Hydrological Risk Assessment 

Similar to the other sub-basins, the Orford River mainstem sub-basin was estimated to 
have a low cumulative hydrological risk as a result of timber harvest activities (Warttig 
2009). Thirty-two percent of this sub-basin is forested, with 56% of the sub-basin having 
slopes >60%. Weighted ECA was calculated at 4.9%, with a peak flow and surface 
erosion index of 0.10 (Table 16). 
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Table 16. Hydrological risk assessment for the Orford mainstem sub-basin by Warttig 
(2009). 

 
 

4.6.3 Hillslope Condition 
Bryant’s (1997) assessment of sediment sources identified 25 sites of moderate to very 
high risk in the Orford River mainstem sub-basin (Table 17).  
 
Eleven sites were rated as very high risk, including three gully wall failures and eight 
landslides initiated from roads and/or clearcuts. Most of these were associated with 
upslope roads and cut-blocks on the inaccessible RB of the mainstem (e.g. 3100, 3111, 
& 3210 Roads). Leslie and Wise (2008) observed signs of continued instability along 
these roads but rated them as a moderate risk to aquatic habitat because of their re-
vegetated state and their distance from the mainstem. Due to their inaccessibility from 
the overgrown Northwest Orford Mainline, they further downgraded these roads to an 
Overall Risk rating of Low. They did, however, rate the Orford Mainline as a moderate 
risk and the North Orford Mainline as a high risk to aquatic values. Their concerns 
related to the need for ongoing maintenance of drainage structures along these active 
mainlines that lie within close proximity to the Orford River for much of their length. 
 

4.6.4 Riparian Condition 
Regenerating forest stands within the Orford River watershed tend to be very dense and 
stagnating. In many areas, stands are dominated by deciduous trees, including red 
alder and bigleaf maple that inhibit conifer growth by shading the understory. Where 
stands are dominated by conifers, densities tend to be very high, resulting in poor 
growth and structural development.  
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Table 17. Active gully and landslide erosion sites, and associated roads identified by Bryant (1997) as a moderate to very 
high risk to aquatic habitat in the Orford River mainstem sub-basin. Also included is an updated assessment of road 
failure risk by Leslie and Wise (2008). ER = Environmental Risk; OR = Overall Risk. 

Sub-
basin 

Map 
No. 

Land-
slide/ 
Gully 
No. 

Site No. Associated 
road(s) 

1992 air photo - 
site 

Risk 
rating 

Work 
priority 

Notes (Bryant 
1997) 

ER 
rating (L 
& W 
2008) 

OR 
rating (L 
& W 
2008) 

Comments (Leslie and Wise 2008) 

Orford 1 G7 1-21 
G5000; 
G1000; 
G1100 

- VH VH 

Un-named LB 
trib. of Orford R. 
(upstream of 
Dupont 
confluence). 

L L - 

Orford 3 G16 - N. Orford 
M/L - M M Active GSW; 

road erosion;  - - - 

Orford 3 L20 3-5 Orford M/L - M M Initiated from 
clearcut. M M Maintenance of drainage structures 

required. 

Orford 3 L21 3-6 N. Orford 
M/L - M M Natural. H H Maintenance of drainage structures 

required. 

Orford 4 G17 4-2 N. Orford 
M/L 14-2 L-M L-M Road erosion. H H 

Water observed ponding on inside 
of road; wetter areas isolated by 
road; culverts collapsed or plugged; 
deteriorating gravel-decked wood 
culverts and bridges. 

Orford 4 G18 - - - L-M L-M Active GSW. - - - 

Orford 4 G19 4-8 3210 49-8 VH VH Active GSW; 
road erosion. M L 

High volumes of displaced roadfill 
and evidence of previous landslide 
activity observed but no impact on 
river. 

Orford 4 G20 4-5A 3100; 3111 49-5A VH VH Active GSW; 
road erosion. L/M L 

Displaced roadfill from 3100 
observed; high volumes of 
displaced roadfill and previous 
landslides from 3111 observed. 

Orford 4 L22 4-1 N. Orford 
M/L 14-1 L-M L-M Initiated from 

clearcut. H H As per G17. 

Orford 4 L23 4-3; 4-12; 4-13 3210 49-3; 49-12; 49-13 VH VH Initiated from 
road. M L As per G19. 

Orford 4 L24 4-3; 4-12; 4-13 3210 49-3; 49-12; 49-13 VH VH Initiated from 
road. M L As per G19. 

Orford 4 L25 4-3; 4-12; 4-13 3210 49-3; 49-12; 49-13 VH VH Initiated from 
road. M L As per G19. 



DRAFT - Orford River - Overview & Level 1 Fish Habitat Assessment 

Streamline Environmental Consulting Ltd.   File 2374 Page 44 

Table 17 (cont.). Active gully and landslide erosion sites, and associated roads identified by Bryant (1997) as a moderate 
to very high risk to aquatic habitat in the Orford River mainstem sub-basin. Also included is an updated assessment of 
road failure risk by Leslie and Wise (2008). ER = Environmental Risk; OR = Overall Risk. 

Sub-
basin 

Map 
No. 

Land-
slide/ 
Gully 
No. 

Site No. Associated 
road(s) 

1992 air photo - 
site 

Risk 
rating 

Work 
priority 

Notes (Bryant 
1997) 

ER 
rating (L 
& W 
2008) 

OR 
rating (L 
& W 
2008) 

Comments (Leslie and Wise 2008) 

Orford 4 L26 4-4; 4-5; 4-5A 3111 49-4; 49-5; 49-5A VH VH Initiated from 
road. M L High volumes of displaced roadfill 

and previous landslides observed. 

Orford 4 L27 4-6 3111 49-6 VH VH 

Includes failed 
cut bank above 
road & slide 
area below. 

M L As per L26. 

Orford 4 L28 4-7 3111 49-7 VH VH Initiated from 
road & clearcut. M L As per L26. 

Orford 4 L29 4-5; 4-5A 3111 49-5; 49-5A VH VH Initiated from 
road & clearcut. M L As per L26. 

Orford 4 L30 4-5; 4-5A 3111 49-5; 49-5A VH VH Initiated from 
road & clearcut. M L As per L26. 

Orford 5 G21 - 3000; 3200 - M-H H Active GSW; 
road erosion. L/H L 

3000 was completely overgrown & 
difficult to distinguish from adjacent 
terrain; large portions have been 
removed by river encroachment. 

Orford 5 G22 - 3000; 3200 - M-H H Active GSW; 
road erosion. L/H L As per G22. 

Orford 5 G23 - 4000 - M M Active GSW; 
road erosion. M L 

Displaced roadfill adjacent to 
previous failure observed but no 
impact on river; no access as first 
section deactivated. 

Orford 5 L31 5-13 4000 169-13 M M Initiated from 
road. L L As per G23. 

Orford 6 G25 6-1; 6-2 5500; N. 
Orford M/L 172-1; 172-2 M M Active GSW. L L 5500 deactivated & stable. 

Orford 6 G26 - 6000 - M M Active GSW. L L Deactivated & stable. 

Orford 6 G27 6-10 6000 172-10 M M Active GSW; 
road erosion. L L Deactivated & stable. 

Orford 6 L32 6-4 N. Orford 
M/L 172-4 M M Initiated from 

road & clearcut. L L - 
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Air photo interpretation and subsequent field observation indicated that much of the 
riparian vegetation typing reported by Sinclair et al. (1999) needed to be re-coded. This 
was especially evident along the right bank on lower Orford River where much of the old 
forest is more likely mature forest. Retyping of riparian vegetation is beyond the scope 
of the current project but is recommended for future work.  
 
Table 18 and Figure 8 show the distribution of riparian vegetation types along the Orford 
River based on VRI data paired with recent harvesting spatial data files provided by 
Interfor. According to these data, Orford River riparian stands are dominated by mature 
forest (47%) followed by pole/sapling (17%), young forest (14%), old forest (13%) and 
initial succession stands (9%, mainly including recent clear cuts).  
 
Sinclair et al. (1999) found the riparian vegetation in Reach 1 to be a diverse mix of 
types of both anthropogenic and natural origins. The riparian elements they found to be 
below functioning levels for mature or old coniferous forests were channel/bank 
stabilisation and LWD recruitment. However, they considered restoration success to be 
low due to the recurrent high-volume, high-energy flood events experienced in this 
reach. Reach 2 was found to have a similar riparian stand structure to Reach 1. The left 
bank of Reach 3 contains the spawning channel, an area heavily disturbed by 
construction and adjacent clearcutting. The immediate surrounds of the spawning 
channel were dominated by deciduous pole-sapling stands, whilst the adjacent cut-block 
was mostly a coniferous pole-sapling stand. A flat area southeast of the spawning 
channel contains numerous wetlands and small, slow-moving streams with the riparian 
community dominated by a mixed pole-sapling stand of red alder, hemlock and cedar. 
 
Table 18. Distribution of Riparian Vegetation Types along the Orford River mainstem; 
NP = Not productive. 
Riparian Vegetation Type Area (hectares) Percentage of productive forest 
NP 277 - 
INIT   46     9% 
PS   80   16% 
PSc     3     1% 
PSd     0     0% 
SH     1     0% 
SHc     1     0% 
SHd     0     0% 
YF   49   10% 
YFc   10     2% 
YFd   11     2% 
MF 203   41% 
MFc     9     2% 
MFd   21     4% 
OF   58   12% 
OFc     3     1% 
Total 774 - 
Total productive 497 100% 
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Reach 11 was chosen for field assessment by Sinclair et al. (1999) based on evidence 
of harvesting disturbance along the left bank. Riparian function impairment, specifically 
a lack of functional LWD recruitment, was confirmed in the deciduous-dominated stands 
along this reach. Similarly, Reach 13 was identified by Sinclair et al. (1999) as a priority 
for field assessment based on extensive disturbance on the LB. These areas were 
dominated by deciduous pole-sapling and mixed young forest stands. Restoration 
silviculture in Reach 13 is aimed at converting these stands in the vicinity of side 
channels to conifer-dominated stands in order to stabilize the banks and enhance LWD 
recruitment. Reach 15 had also been subject to extensive harvesting on the LB, 
resulting in a mixed pole-sapling stand with impaired shading, LWD and small organic 
debris supply, sediment filtration, channel and bank stability properties (Sinclair et al, 
1999). 
 
Riparian stand structure based on VRI and Interfor data was also summarized for the 
Orford River anadromous floodplain area because it was identified as an area of 
potential high priority for riparian restoration based on the amount of pole/sapling and 
young forest and the proximity to anadromous fish-bearing waters. VRI/Interfor data 
indicated that this area is dominated by mature forest (72%) with lesser amounts of 
young forest (11%), initial successional stage (7%), shrub/herb (6%) and old forest (4%) 
(Table 19). Young and mature forest types are likely over-represented by this analysis. 
For example, Sinclair et al. (1999) identified several pole/sapling stands but none were 
identified through an analysis of VRI data. This is likely because VRI stand typing was 
based on stand age and did not necessarily reflect structural development within the 
stands themselves. 
 
Table 19. Distribution of Riparian Vegetation Types within Orford River anadromous 
floodplain area; NP = Not productive. 
Riparian Vegetation Type Area (hectares) Percentage of productive forest 
NP 101 - 
INIT   29     7% 
SH   20     6% 
YF   32     8% 
YFd   11     3% 
MF 231   59% 
MFc   19     5% 
MFd   31     8% 
OF   11     3% 
OFc     5     1% 
Total 489 - 
Total productive 389 100% 
 
Stagnating, over-stocked stands will not develop as rapidly as stands with lower density 
(ref). As a result, much of the area coded as young forest based on age is likely 
pole/sapling forest with retarded development that requires artificial thinning. Some 
stands identified as mature forest may likewise be young forest that has not yet 
advanced to the mature forest structural stage, although it is over 80 years old.   
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Figure 8. Distribution of riparian vegetation types along the Orford River. 
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Six sites on the left bank of the Orford mainstem and two sites in the spawning channel 
were identified by Sinclair et al. (1999) as requiring restoration (Table 20). In general, 
the restoration prescriptions aim to release understorey conifers in mixed forest types to 
accelerate the development of mature conifer-dominated forest. 
 
Table 20. Riparian restoration priorities along the Orford River mainstem identified by 
Sinclair et al. (1999). 

Reach Polygon 
No. 

Area 
(ha) 

RVT 
label 

Disturbance 
indicators 

Recommended 
prescription Priority 

2 172 2.4 MFd Flooding 4 & 6 H 
3 1190 2.8 PSd Spawning channel 4 L-M 
3 197 2.7 PSd Spawning channel 4 L-M 

11 2731 1.1 YFd Logged 4 & 6 M 
13 316 2.2 YFd Logged 4 & 6 M-H 
13 333 2.7 YFm Logged 4 & 6; possible PCT M 
13 330 0.8 YFm Logged 4 & 6; possible PCT M 
15 354 2.1 PSm Logged 4 & 6; possible PCT M 

 
A 1.8 ha patch of functional old coniferous forest was also identified by Sinclair et al. 
(1999) on the left bank of Reach 10 that could act as a template or reference site for 
riparian restoration. 
 

4.6.5 Channel Stability and Type 
Orford River has meandered back and forth across its valley bottom during post-glacial 
times, incising through glaciogenic sediments and reworking alluvial deposits (Sinclair et 
al. (1999); the depth of valley fill is relatively shallow. The few points of base-level 
control along the mainstem are associated with canyons (Reaches 4 & 8) and bedrock 
exposures and fans at gully tributaries, but the influence of these points is considered 
relatively slight. 
 
The Orford River was differentiated into 17 alluvial reaches by Sinclair et al. (1999) for 
their channel assessment, integrated into three general macro-reaches. The lower 5.5 
km (Reaches 1-3), up to the canyon at Reach 4 and encompassing the Algard Creek 
and Dupont Creek fans, is characterized by < 1% gradient, slightly to moderately 
aggraded riffle-pool morphology, continuous channel flat, with the channel largely 
uncoupled from adjacent hillslope processes. The middle 9.5 km (Reaches 5-13), up to 
the confluence with Sinclair Creek, is characterized by <2% gradient, moderately 
aggraded riffle-pool and cascade-pool morphology, fragmentary channel flat, and 
uncoupled channel-hillslope. In this middle macro-reach, Orford River is occasionally 
confined by colluvium and bedrock, but with an alluvial bed. The upper 6.8 km macro-
reach (Reaches 14-17) is characterized by a variable gradient (1-4%), aggraded riffle-
pool and cascade-pool morphology, fragmentary channel flat, and partially coupled 
channel-hillslope. In this area, the Orford generally displays moderate instability due to 
episodic contributions of water and sediment from glaciers and avalanche chutes in 
higher-elevation areas, but is confined by the fans from valley tributaries. A summary of 
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Sinclair et al’s (1999) reach channel descriptions is presented in Table 21. See their 
report for a detailed discussion of changes in stream morphology from 1947 to 1997. 
 
Overall, Sinclair et al. (1999) found that approximately 25% of the mainstem length of 
the Orford River located downstream of forest harvesting activities was moderately to 
severely degraded. They concluded that the aggradation of the lower reaches was 
strongly related to increased inputs of coarse sediment by an abundance of moderate to 
large flood events over the preceding two decades, along with coarse sediment input 
from Algard Creek. 
 
Although it was not possible for Sinclair et al. (1999) to isolate harvest-related impacts 
to channel stability form natural events such as floods and debris torrents, they 
suggested that the harvesting of riparian forest and direct damage to stream banks had 
likely contributed to the susceptibility of the lower reaches of the Orford mainstem to 
bank erosion. Two actively eroding banks on the left bank of Reach 3, upstream of the 
spawning channel intake weir, were identified by Sinclair et al. (1999) as a low to 
moderate priority for restoration. 
 
Sinclair et al’s (1999) assessment also identified a risk of increasing aggradation along 
the length of the Orford over the next few decades (to over 35% of mainstem length) as 
a result of continued channel-widening in the middle Orford macro-reach and 
accelerated input of coarse sediment from natural sources upstream. They anticipated 
additional incipient slope failures in the upstream reaches of the Orford as a legacy of 
forest harvesting activities in previous decades. 
 

4.6.6 FHAP Overview 
Although the fish-bearing length of the Orford River mainstem has been estimated at 
21.5 km (Plutonic Hydro Inc. 2008), only the first 5.5 km is considered accessible to 
anadromous fish due to the presence of a reportedly impassable canyon at the Reach 
3-4 boundary. The early summer run of large chum salmon begins in late August, with 
spawning occurring throughout the lower Orford until the end of October (Sinclair et al. 
1999). The fall run of smaller chum then begins, with spawning in the Orford River 
mainstem and spawning channel completed by early November. 
 
The distribution of adult coho salmon in the Orford River is unclear. Based on captures 
of occasional fish in Orford Bay the first adults are known to enter the system in late 
August (Sinclair et al. 1999). However, due to poor visibility in the glacial waters of the 
Orford River adult fish have not been observed in the mainstem until late September 
when a few fish have been captured in the canyon pool (immediately below the 
migration barrier) by angling. Once the waters clear by mid-November, adult coho can 
be found in the canyon pool and in the Big Rock pools (in Reach 3), where they have 
also been observed in late December (Sinclair et al, 1999). 
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Table 21. Channel assessment reach description summaries for the Orford River mainstem from Sinclair et al. (1999). 

Reach CAP assessment 

1 

Extends from the Algard-Orford confluence to the mouth of the Orford River. Laterally unconfined, largely single channel mainstem. 
Straight planiform & tidally dominated in the downstream half of the reach, and slightly sinuous, fluvial dominated upper half with 
expansive bars. Generally a cobbled riffle-pool morphology with a slope of 0.5-1.0%. Bankfull width varied between 65-120 m and depth 
3.6-3.9 m. Key characteristics include: eroding banks, extensive riffles, and minimal pool area. Slightly aggraded, but moderately 
aggraded near the Algard-Orford confluence, where the river branches into multiple channels. Aggradation has induced bank erosion at 
several sites, but side channels (including an abandoned Algard Creek channel) and hydraulic complexity have been maintained. Well-
sorted spawning gravels occur at the outlets of these side channels, but they lack hydraulic diversity & LWD. Riprap placed to protect an 
access road has resulted in the formation of a small bar along the lower LB. The lower 70 m of Algard Creek is within the bankfull Orford 
River channel and has been used for spawning. 

2 

Extends from the Algard-Orford confluence to just downstream of the outlet of the DFO spawning channel. A single-channel meandering 
planiform intermittently confined by colluvium and historical fluvial deposits. Cobbled riffle-pool morphology with a slope of 0.5-1.0%. 
Bankfull width varies from 120 m at the downstream end to 60 m at the upstream end. Bankfull depth was 3.0-3.4 m. LWD 
accumulations were concentrated at the upstream end of bars, but little of it was functional. Key characteristics include: eroding banks, 
extensive riffles and minimal pool area. Moderately aggraded, but with decreasing aggradation in an upstream direction as bank stability 
increases. Three general depositional zones, decreasing in size in an upstream direction. There are small patches of loose cobble & 
gravel at the channel periphery that have been used for spawning. 

3 

Extends from just downstream of the DFO-constructed spawning channel outlet to the start of the canyon section and waterfall at the 
Reach 3-4 boundary. Laterally confined along extensive sections by non-alluvial deposits, resulting in a primarily single-channel 
meandering planiform. General morphology is cobbled riffle-pool with a slope of 0.5-1.0%, but up to 1.5% along steep riffles in the upper 
reach. Bankfull width ranges from 45-55 m, and depth decreases in an upstream direction from 2.2 m to 1.4-1.7 m. LWD accumulations 
are concentrated at the base of debris slides along the LB. Key characteristics are similar to Reach 1 & 2. The only significant pool with 
suitable fish habitat is located at the upstream end of the reach, immediately below the canyon. Moderately to slightly aggraded in an 
upstream direction with three general depositional zones in the upper half of the reach. Two eroding bank sites (1A & 1B) identified as 
Low & Moderate priorities for restoration. 

4 Non-CAP-able – canyon forms a barrier to fish passage. 
5 No changes in morphology observed from air photos. 

6 

A natural sediment depositional zone, upstream of where the Orford narrows and enters the canyon sections. Generally sinuous 
planiform, and has displayed a widening & straightening trend over the last four decades as it slowly aggrades, but has few active bar 
surfaces. Dominated by riffle habitat. Flow has historically split around several vegetated islands, inducing �mobilized erosion, 
especially along the RB as the islands have grown laterally. Considerable volumes of alluvial sediment are stored in the reach that could 
be �mobilized by a large magnitude flood. 

7 No changes in morphology observed from air photos. 
8 Non-CAP-able – non-alluvial bed and banks. 
9 No changes in morphology observed from air photos. 
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Table 21 (cont.). Channel assessment reach description summaries for the Orford River mainstem from Sinclair et al. 
(1999). 

Reach CAP assessment 

10 The upper half is straight and dominated by non-alluvial banks. The downstream half displays a quite sinuous planiform with two 90° 
turns. The lower half of the reach is slightly aggraded but overall the reach was rated as stable. 

11 

Strongly affected by the fans of a LB tributary along the downstream half and two RB tributaries in the upstream half, deflecting the 
mainstem against the opposite side of its valley. Vegetated islands have stabilised at the gradient breaks at the tributary confluences. 
Severely aggraded due to debris flow inputs of coarse sediment and LWD from the RB tributary at mid-reach, a RB tributary in mid-
reach 12, and a major LB tributary at the Reach 14-15 boundary. In response to these massive inputs, the reach displays a braided 
planiform, dominated by riffle and run habitat and a number of large LWD jams. Numerous lateral and medial bars convey the flow along 
multiple channels along most of the reach. Some side channels flow perennially, but many have been infilled or shallowed by localised 
mainstem erosion and deposition of sediment. The banks are generally unstable. 

12 Displays a straight, single-channel planiform with stable banks and a steeper gradient than Reaches 11 & 13. Bankfull width of 42 m. 
Extensive riffles of cobble and boulder. Primarily functions as a sediment transport reach.  

13 

Historically unstable, but displaying a general trend of channel stabilisation & bar revegetation due to a decrease in sediment input from 
Sinclair Creek. Exhibits a multi-channeled planiform in the upper half of the reach, split past many vegetated islands. Predominantly riffle 
in this area, with some sites of scour along the LB and many ephemeral back and side channels on the RB. The lower half of the reach 
possesses a dominant mainstem, but with flow conveyed in multiple channels. Significant forest harvesting activities noted include: road 
construction along both banks in the early 1980s and extensive sections of the channel flat were logged with minimal riparian buffer 
retention, particularly on the LB. 

14 

Extends upstream from the Sinclair Creek confluence to a canyonised section at the upper boundary. The downstream half extends 
along the Sinclair Creek fan, while the upstream half flows along the fan of a major LB tributary. This LB tributary has been an episodic 
source of natural and harvest-related inputs of coarse sediment from debris torrents, also providing LWD for several jams along the 
Orford RB. Periodically unstable due to natural variations in sediment and water discharge; impacts related to forest harvesting were 
apparent, with a number of cut-blocks harvested on both banks with minimal riparian buffers retained. Considered stable and somewhat 
resistant to lateral erosion, but sensitive to inputs of coarse sediment and at significant risk if Sinclair Creek again avulses on its fan. 

15-17 

Partially confined by non-alluvial banks, the basic morphology of the reaches is slightly sinuous, predominantly single-channel planiform 
with alternating cobble/gravel sidebars that have increased lateral erosion. These reaches are subject to episodic introduction of coarse 
sediment from upstream avalanche chutes, but fluvial process have reorganised the boulders into a highly aggraded cascade-pool 
morphology. Some small debris slides at meander apices associated with local forest harvesting. As gradient & lateral confinement 
increase in an upstream direction there is progressively less alluvial sediment stored instream. 
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Sinclair et al. (1999) suggest that there is no suitable rearing habitat for juvenile coho in 
the Orford River mainstem. Suitable habitat is restricted to stable off-channel areas of 
small tributaries, wetlands and side channels in the lower Orford River near Dupont 
Creek and in the vicinity of the spawning channel outlet. 
 
The Sinclair et al. (1999) FHAP focused on coho salmon, and their Level 1 assessment 
deliberately avoided mainstem channels, instead focussing on opportunities for the 
creation or enhancement of off-channel coho rearing habitat. Nevertheless, they did 
provide overview descriptions of Reaches 1-3. Overall, they found that there was little 
diversity in the types of fish habitat in the lower Orford River, particularly during the 
period of fish migration when deep water occurs throughout most of Reaches 1-3, 
representing a glide morphology. During winter, when water levels are low, shallow riffle 
areas occur over exposed gravel bars, resulting in a riffle-glide morphology. There is 
very little typical pool habitat primarily because of current speed. 
 
Heavy sedimentation in the lower tidal area of Reach 1 and in the vicinity of the 
confluence with Algard Creek, has limited spawning activity to a short mid-reach area, 
along the margin of the RB lateral bars (Sinclair et al. 1999). Spawning habitat in Reach 
2 is generally of higher quality, but again is of limited extent, so the reach primarily 
functions as a holding area. Reach 3 is also dominated by glides, however, it also 
provides the best spawning habitat for chum salmon, containing the only pools 
considered to represent typical pool habitat. About 250 m upstream of the spawning 
channel outlet, there are two distinctive scour pools known as the Big Rock Pools. This 
is a popular fishing spot for steelhead and Dolly Varden in early spring. Coho salmon 
have been observed holding in the upper pool, and they have also been recorded 
spawning a short distance upstream (Sinclair et al, 1999). The largest area of chum 
spawning habitat occurs just upstream of this area, however habitat quality was noted to 
be declining through the 1990s due to sedimentation and compaction of fines on the 
surface of the LB lateral bar. The other major area of pool habitat occurs immediately 
downstream of the migration barrier at the Reach 3-4 barrier, where the large canyon 
pool occurs. Coho spawning has been observed in areas of loose cobble below the 
canyon pool. 
 
Conversion of the largely non-functional spawning channel to coho winter habitat was 
identified by Sinclair et al. (1999) as a high priority restoration activity. They 
recommended closing the intakes at the head of the channel to prevent further 
sedimentation from the Orford River mainstem, and allowing groundwater to infiltrate 
the channel. If the groundwater was found to be of sufficient quality and quantity, they 
recommended transformation of the channel into a smaller, meandering channel with 
deep pool rearing area, LWD cover and spawning sections. 
 
The development of a groundwater-fed coho rearing system immediately south of the 
spawning channel (Area 1) was identified as a moderate priority restoration activity by 
Sinclair et al. (1999). 
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Two sites in Reach 2 of the Orford River mainstem where LWD-complexing might 
increase hydraulic complexity were also identified by Sinclair et al. (1999), but they 
considered them a low priority for restoration due to poor access. 
 

4.6.7 Impact by Watershed Component on Fish Habitat  
The Orford River mainstem displays a fairly traditional pattern of hillslope connectivity, 
with partially coupled channel-hillslopes in its upper reaches exhibiting moderate 
instability. Throughout its middle reaches the channel is locally coupled to adjacent 
hillslopes, with intermittent alluvial reaches of sediment deposition, and canyonised 
reaches transporting sediment downstream. In the lower anadromous reaches, the river 
is largely uncoupled from hillslope processes and the channel morphology becomes 
dominated by fluvial processes. Approximately 25% of the mainstem length of the 
Orford River located downstream of forestry activities is moderately to severely 
aggraded. Much of this sediment derives from glaciers and avalanche chutes in higher-
elevation areas, along with inputs from Algard Creek. Hillsope instability associated with 
mid-slope roading on the RB of the mainstem continues to be evident in the middle 
reaches of the river. Aggradation of coarse sediment resulting from forestry-induced and 
natural hillslope processes has severely limited the availability and quality of chum 
spawning habitat in the lower reaches of the river. Coho rearing habitat is limited to 
poorly functioning off-channel areas. 
 
Table 22. Impact by watershed component on fish habitat in each of the Orford River 
watershed sub-basins. 
Sub-basin Landslides Gullies Roads Riparian Channel 
Orford River M M M M L 

 
 
Most of the riparian forest along the mainstem is second-growth, deciduous-dominated 
stands, resulting from logging activities of early last century. Where conifer-dominated 
stands do occur, they consist of densely-packed, stagnating conifers, resulting in a lack 
of functional LWD recruitment throughout the sub-basin. It is likely that harvesting of 
riparian forest and direct damage to stream banks along the mainstem has exacerbated 
the impacts of natural processes on downstream anadromous fish habitat. However, 
because of the difficulty in distinguishing forestry-related impacts in such a naturally 
dynamic river system, no individual watershed component has been identified as having 
a high impact on fish habitat (Table 22). 
 

4.7 Identification of Target Sub-basins and Reaches for Level 1 Assessment  
Similar to Sinclair et al. (1999), the target species of concern in this assessment were 
chum and coho salmon. The most extensive habitat for these species occurs in the 
lower reaches of the Algard Creek and Orford River mainstem sub-basins. These sub-
basins have been moderately to highly disturbed by pre-Code logging and road 
activities, with resultant impacts on hillslope processes, riparian function, and instream 
and off-channel fish habitat. Therefore, these two sub-basins are considered the highest 
priority for Level 1 field assessment. Dupont Creek, whilst similarly disturbed, contains 
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relatively little anadromous fish habitat, so is not considered to warrant detailed 
assessment, although some restoration opportunities are apparent from the overview 
assessment and helicopter over-flight. Given the relatively undeveloped status of the 
Sinclair Creek sub-basin and limited fisheries values, no watershed components 
requiring Level 1 assessment were identified in this sub-basin in this overview 
assessment (Table 23). 
 
Table 23. Likelihood of restoration success of watershed components in each sub-basin 
of the Orford River watershed. 

Sub-basin Low Moderate High Primary component 
for restoration 

Secondary component 
for restoration 

Sinclair Creek *   None  
Algard Creek  *  Hillslope Instream fish habitat 
Dupont Creek  *  Instream fish habitat Riparian 
Orford River   * Instream fish habitat Riparian 

Note: ’instream’ includes off-channel habitat in this usage. 
 
In terms of likelihood of restoration success (Table 23), often used as a guide for 
prioritizing sub-basins for detailed assessment (Anon. 2004), the Algard Creek sub-
basin only achieved a ‘moderate’ rating. This is because watersheds where many 
components are impacted are generally considered to have the lowest potential for 
restoration success. In the Algard sub-basin, in addition to hillslope and instream fish 
habitat components, the riparian component has also been identified as warranting 
restoration (i.e., a tertiary component for restoration). However, given that it contains the 
best non-glacial salmon habitat in the Orford River watershed, and given the significant 
investment to date in habitat restoration and enhancement within the anadromous 
reaches of Algard Creek and in the lower Algard-lower Orford complex, the Algard 
Creek sub-basin is considered a high priority for Level 1 assessment. 
 
As the focus of this assessment is the anadromous reaches of the Orford River and 
Algard sub-basins, the Level 1 field program focuses on Reaches 1, 2 and 3 in the 
Orford River mainstem, and on Reaches 1A and 1B of Algard Creek. In addition to the 
priority assessment areas, upstream alluvial reaches with the potential to affect 
downstream fish habitat will also be assessed. These include Reaches 6 and 11 in the 
Orford River mainstem and Algard Creek Reaches 4 and 7. 
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5.0 LEVEL 1 FIELD ASSESSMENT RESULTS 

5.1 Algard Creek 
5.1.1 Fish Habitat Assessment Results  

The overview of Algard Creek focused the need for assessment and restoration within 
Reaches 1A and 1B the low gradient anadromous reaches of the stream. Some 
opportunistic headwater sampling was completed in the lower gradient Reaches 4 and 
7. The anadromous reaches of Algard Creek were densely inhabited by grisly bears 
during the assessment period. Vehicle, foot and helicopter allowed safe access to most 
of the anadromous reaches and access to sample sites within the headwaters. A 
particularly high density of bears within the lower Algard Creek limited foot access 
throughout Reach 1A. 
 

5.1.1.1 Quantitative Stream Survey 
The results of quantitative stream surveys are summarized in Table 24. The extent of 
assessment in Algard Creek was limited due to grizzly bear safety concerns. Previous 
assessment by Sinclair et al. (1999) provided a complete quantitative assessment of 
Reach 1A, offering little gain for the risk to field crews for the current project. 
 

5.1.1.2 Qualitative Site Sampling 
The Level 1 assessment data collected concentrated on representative sites within the 
anadromous Reaches 1A and 1B. Samples were also collected in Reaches 4 and 7. 
The results of the qualitative sampling are provided in Table 25. The qualitative 
sampling represents a significant portion of the lineal habitat in each reach with 35% 
sampled in Reach 1A, 31% in Reach 1B, 10% in Reach 4 and 27% in Reach 7. 
 

5.1.1.3 Fish Habitat Diagnostics 
The analysis of Level 1 qualitative and quantitative data provides a quantifiable 
measurement of current habitat conditions within the assessed reaches of Algard 
Creek. An analysis was also made of historic Level 1 field data provided by Sinclair et 
al. (1999) collected in 1994 and 1998. The analysis is summarized side by side with the 
2008 assessment data and provided in Appendix I. This analysis allow for comparison 
and a review of trends in channel and habitat conditions. 
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Table 24. Summary of quantitative stream assessments by reach conducted in Algard Creek and Orford River. 

  Reach  Reach  Reach  Reach  Reach  Reach  Reach  Reach  Reach  

Orford River           Reach Name 1 2 3 6 11     

Algard Creek          Reach Name      1A 1B 4 7 

Date 2008 2008 2008 2008 2008 2008 2008 2008 2008 
Reach Length (m) 1723a 864 a 2679 a 1100 b 3400 b 1300 b 1300 c 900 b 800 b

Mean Channel Width (m) 93 76.5 51.6 48.6 90.5 44 46.6 23.3 23.5
Mean Wetted Width (m) 38 39 45 35 32.5 20.7 17.7 11 14
Gradient 1 1 1.2 1 1.1 0.94 1.28 1 1
Total Lineal Pool Length (m) 376 93 179       80     
Total Lineal Riffle Length (m) 266 247 1114    884    
Total Lineal Glide Length (m) 1081 524 1386    336    
Total Number of Habitat Units 13 9 25       27     
Total Number of Pools 4 2 3    7    
Total Number of Riffles 2 3 11    9    
Total Number of Glides 7 4 11    11    
Total Number of Cascades 0 0 0    0    
Total Number of Falls 0 0 0       0     
Total LWD 233 109 127 65 922 100 124 3 25
Total percent alder           
LWD / channel width 2.5 1.42 2.46 1.34 10.18 2.27 2.66 0.13 1.06
Predicted longer term LWD / CW                   

 
a 2008 GPS measurements 
b Reach lengths based on Sinclair et al. 1999. 
c Based on a 584 m sub-section of reach 2 in Algard Creek 
 



DRAFT - Orford River - Overview & Level 1 Fish Habitat Assessment 

Streamline Environmental Consulting Ltd. File 2374 Page 57 

Table 25. Algard Creek - Level 1 qualitative fish habitat assessment summary by reach. 

     
Mean Width 

 

Mean Depth Pools Only 
 

Percent Pools 

Pool Freq. 
(channel 

width / pool) 

LWD 
(No. / channel 

width) 
Reach 

No. 
Length 

(m)a 
% of 
reach 

sample
d 

%b 
gradient 

Channel
(m) 

Wetted
Width 

(m) 

Bank 
full (m)

Water 
(m) 

Max 
Depth 

(m) 

Residua
l 

Depth 
(m) 

Pool 
Type 

Value 
% 

(area) 

Rating c
 

Value Rating c
 

Value Ratin
g 

Reach 1A 1300 35 0.94 44 20.7 1.24 0.42 1.3 1.1 S 7.9 ‘poor’ 5.2 ‘poor’ 2.3 ‘good’

Reach 1B 1300 31 1.28 46.6 17.7 1.46 0.51 1.6 1.3 S 6.2 ‘poor’ 4.0 ‘fair’ 2.7 ‘good’

Reach 4 900 10.3 4.0 23.3 11 3.5 0.87 2.2 1.8 S 31.8 ‘good’ 2.8 ‘fair’ 0.1 ‘poor’

Reach 7 800 27.3 1.6 23.5 13.3 1.06 0.37 - - - - - - - 1.1 ‘fair’ 

 
 
% Cover 
Pool cover Riffle cover Overhead cover 

Dominant 
 Substrates 

Off channel 
 habitat 

Spawning 
Gravel 
Quantity 

Spawning Gravel 
Quality 

Holding 
pools 

Reach 
No. Cont. 

% cov Type rating % cov Type rating % cov type rating D / s-D rating value rating value rating value rating value rating 
Reach 1A 47 LWD ‘good’ 5 LWD ‘poor’ 13 YF ‘fair’ Gr/ Cob ‘good’ few ‘poor’ frequent ‘good’ Sand sub-d ‘fair’ adequate ‘good’ 

Reach 1B 15 LWD ‘fair’ 8 LWD ‘poor’ 6 YF ‘poor’ Cob/ Gr ‘fair’ few ‘poor’ Present d ‘fair’ Sand sub-d ‘fair’ adequate ‘good’ 

Reach 4 40 DP ‘good’ 13 Bo ‘fair’ 21 MF ‘good’ Bo/ Br ‘good’ none ‘poor’ little ‘poor’ No sand ‘good’ adequate ‘good’ 

Reach 7 - - - 5 LWD ‘poor’ 17 PS ‘fair’ Cob/ Gr ‘good’ few ‘poor’ Present d ‘fair’ No sand ‘good’ few ‘poor’ 
DP deep pool, LWD Large woody debris, CB cut bank, YF young forest, MF mature forest, PS pole sapling, Bo boulder, Cob cobble, Gr gravel, sub-d subdominant  

 
 
a Reach lengths are based on Sinclair et al. 1999 reach lengths. 
b Determined as an overall average from TRIM mapping data. 
c Caution, ratings as per Johnston and Slaney (1996) for channel width of < 15 m; no large channel diagnostics available. 
d Additional category added to allow for presence of gravel sufficient for resident fish usage.
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Reach 1A 
The lower length of Algard Creek is possibly the primary destination for Orford River 
chum salmon along with the dense grisly bear population that target the salmon. The 
channel is confined by low alluvial banks allowing for a meandering channel with 
alternating lateral bars. Within Reach 1A the channel gradient averaged 0.9 %, channel 
width averaged 44 m and wetted width 20.7 m. The channel width remains similar to 
that of over 10 years earlier. Despite reported “high water conditions” during Sinclair’s 
assessment the August 2008 assessment provided a substantially greater wetted width 
along with a greater mean depth of 0.42 m verses 0.25 m recorded by Sinclair. Pool 
area and frequency is noted to be ‘poor’ in Reach 1A a similar condition to what was 
assessed a decade earlier. LWD values were assessed to be ‘good’ with 2.3 pieces per 
channel width. Site observations confirmed that deciduous western red alder comprised 
the primary LWD type. Alder and deciduous LWD are known to provide short tem 
function within the channel (Ruston, 2007) and it is noted that a decade earlier LWD 
counts were at 9.3 pieces per channel width. Much of the LWD counted was noted to be 
within log jams in the earlier assessment; log jams are currently less pervasive in Reach 
1A. Cover in glides and riffles is ‘poor’ and comprised mainly of LWD. A young forest of 
deciduous trees provides just 13 % overhead cover similar to that assessed a decade 
earlier. Gravel is the dominant substrate in Reach 1A with cobble being subdominant. 
Sand is abundant within the substrate limiting the quality of the available spawning sites. 
The channel is braided into secondary channels within lengths of the reach however 
isolated and protected off 
channel habitat areas are 
few. A constructed side 
channel is situated inland 
from the right bank however 
it offers no direct access and 
refuge from Algard Creek. 
There are adequate adult 
holding sites within the 
reach though residual pool 
depths are marginal at a 
mean pool depth of 1.1 m. 

Photo 1.Typical Reach 1A Algard Creek Sept. 2008 

 
Reach 1B 
Reach 1B in Algard Creek is similar to 1A in some respects with a 47 m channel width 
and 18 m wetted width. The gradient increases slightly at 1.3 %. The substrate is more 
course with alluvial material from the constricted upstream reaches transported to and 
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deposited in Reach 1B providing a rougher and possibly more dynamic channel 
characteristic. Fish habitat conditions measured in Reach 1B in 2008 showed 
improvement since the previous assessment by Sinclair. Approximately 6.2 % of the 
reach is pool habitat, compared to a decade earlier when Sinclair (1999) observed no 
pools within the 89% of the reach length 
he assessed. A count of 2.7 pieces of 
LWD per channel width was assessed 
where LWD was almost absent at 0.26 
pieces per channel widths in the earlier 
assessment. However, the LWD in Reach 
1B is again primarily composed of alder 
and other deciduous species. LWD 
provided cover in both pool habitat at 
15% and in riffle/glide habitat at 8%. 
Habitat cover was estimated to be just 
2% in riffle and glides during the 1998 
assessment. A young forest of deciduous 
trees provides just 6% cover similar to 
that assessed a decade earlier. The 
substrate is dominated by large cobbles 
with gravel being sub dominant. Small 
boulders and abundant sands are mixed 
in to the substrate as well. The spawning 
gravel quality is noted to be just ‘fair’ due 
to the presence of sands in the interstitial 
spaces. Adequate adult holding sites 
were observed within the reach however 
the average residual depth is relatively 
shallow at just 1.3 m. 
 

Photo 2. Typical Reach 1B Algard Creek, Sept. 2009 
 
Reach 4 
Level 1 sampling in Algard Creek, Reach 4 was limited to a single sample site. The 
average gradient in this reach measured 4%. The valley is constricted and bedrock 
confines the channel to a bank full width of 23.3 m with wetted width being 11 m. Mean 
water depth was 0.87 m with residual depths in pool sites averaging 1.8 m. The percent 
pool area is ‘good’ at 31.8 and pool frequency 2.8 channel widths per pool. The scoured 
bedrock channel allows for limited debris capture and LWD counts were ‘poor’ at 0.1 
pieces per channel width. Deep pools offer ‘good’ cover in the pool sites while large 
boulders offer ‘fair’ cover at 13% in the riffle units. A mature second growth forest offers 
21% overhead cover. The substrate is dominated by large boulders and bedrock. There 
is little spawning habitat available and sand was not noted to be present in the channel. 
No off channel habitat was observed within the reach. 
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Reach 7 
The alluvial headwater Reach 7 in Algard Creek was sampled for habitat quality. Mean 
channel gradient in this reach was 1.6%. Channel width averaged 23.5 m with the 
wetted width being 13.3 m. The mean water depth was 0.37 m. No pools were sampled 
in the reach and deep water sites were commonly associated with glide areas or limited 
scour sites. The LWD abundance was calculated to be ‘fair’ at 1.1 pieces per channel 
width. A ‘poor’ percent cover was noted instream with LWD providing 5% cover. A pole 
sapling forest along the banks offered ‘fair’ overhead cover at 17%. Cobble with 

subdominant gravel 
comprised the substrate 
offering ‘fair’ spawning 
opportunities. Limited sand in 
the interstices of the gravel 
provides for a ‘good’ gravel 
quality. The channel is 
frequently braided into 
secondary channels and 
some limited off-channel 
areas were observed for 
refuge habitat.  
 
 
 
Photo 3. Typical Reach 7 Algard Creek. 
Sept. 2009 

 
 

5.1.2 Riparian Assessment Results 
Field observations confirmed that most riparian stands along Algard Creek are mature 
or old forest with some pole sapling stands. The riparian condition along much of Algard 
Creek is relatively good with restoration opportunities focused in the lower anadromous 
reaches by both needs and available access.  
 
Riparian surveys within Algard Creek focused mainly on Reach 1 downstream from the 
Algard Creek Bridge. The overview identified a greater number of restoration 
opportunities in this area, which is within the anadromous reaches and is also heavily 
used by grizzly bears. Given the high density of bears at the time of the assessment, 
field work in upper Algard Creek were limited to visual assessments. There were no 
stands identified as a high priority for restoration based on the overview assessment. As 
a result, time conducting field observations within upper Algard Creek was limited to one 
half day.  
 
Lower Algard Creek (downstream from the Orford Mainline Bridge) was found to have 
predominantly deciduous-dominated (mainly red alder) pole/sapling and young forest 
stands within the riparian zone. Forest harvesting within the riparian zones often 
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extended to the stream banks with the result that the riparian forest is weak in several 
locations. In most locations, there are few mature conifers within the riparian zone and 
the bank stability is often poor; as a result, the banks are eroding in some locations.  
 
Polygon 1 (Figure 8) is mixed young forest with patches of small patches of mature 
forest. The canopy is dominated by red alder but the understory has some Sitka spruce 
and western hemlock to 30 m tall and up to 40 cm dbh (Photo 4). Polygon 2 was 
mapped by Sinclair et al. (1999) as mature forest by is young forest dominated by red 
alder and cottonwood to 25 m tall (Photo 5). Polygon 3 is similar but has western 
hemlock and Sitka spruce in the understory that are up to 9 m tall. Canopy closure was 
~55%, allowing relatively little light to the understory.  
 

 

Photo 4.Pole/sapling stand on the 
right bank of Algard Creek, just 
upstream from the confluence with the 
Orford River.   

 

 

 
 
 
 
 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
Photo 5. Young forest stand on 
the left bank of Algard Creek just 
upstream of the confluence with 
the Orford River. 
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Polygon 4 (Figure 8) is a pole sapling stand dominated by red alder up to 15 m tall with 
no conifer understory. Polygon 5 is a seasonally-flooded, deciduous dominated pole 
sapling stand with approximately 5000 stems per hectare (sph) of red alder and up to 
400 sph of Sitka spruce and western hemlock (Photo 6). 
 

 
Photo 6.  Seasonally flooded, 
alder-dominated pole/sapling 
forest along the right bank of 
Algard Creek. 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
Photo 7.  Photo looking upstream 
toward Algard Creek bridge, 
showing pole/sapling (right bank, 
left side of photo) and young 
forest (left bank, right side of 
photo) riparian stands.  

 
 
Polygons 6 and 7 are over-stocked young forest and pole sapling, respectively. Polygon 
6 is dominated by 100 sph of black cottonwood and red alder that were up to 20 m tall 
with dbhs up to 30 cm with approximately 400 sph of western hemlock and Sitka spruce 
in the understory. Polygon 7 had approximately 2000 sph of red alder up to 13 m tall 
with 20 cm dbhs with and understory of up to 1000 sph of up to 3 m tall Sitka spruce 
and western hemlock (Photo 7). 
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Riparian pole/sapling stands along upper Algard Creek were infrequent and small but 
tended to be overstocked or dominated by shrubs and hardwood. Polygon 8 (Figure 8) 
was a mixed species pole/sapling stand with ~90% crown closure and trees to 8 m tall 
with diameters between two and ten centimetres (Photo 8).  Polygon 9 (Figure 8) was 
dominated by very dense brush, including red-osier dogwood, salmonberry, Salix spp. 
and devil's club. There were occasional cottonwood and Sitka spruce veterans at a very 
wide spacing but few other trees that could compete with the shrub layer (Photo 8). 
Polygon 10 was mapped as pole sapling by Sinclair et al. (1999) but was found to be 
mixed pole/sapling (Figure 8). The stand was relatively open at ~35% canopy closure 
but had few conifers. 

 
 

Photo 8.  Pole/sapling 
stand along upper 
Algard Creek 
dominated by tall 
shrubs and red alder. 

 
 

 
 
 
 
 
 
 
 
 
 

 
Photo 9.  Young forest stand 
along upper Algard Creek 
dominated by tall shrubs and 
red alder with occasional 
mature conifers. 
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5.2 Orford River Mainstem 
5.2.1 Fish Habitat Assessment Results 

The Overview Assessment focused the need for Level 1 assessment and restoration 
within the anadromous stream length of the Orford River mainstem Reaches 1, 2 and 3. 
Two alluvial reaches upstream of the anadromous barrier were also sampled Reaches 6 
and 11. Reconnaissance over flight observations were made throughout the mainstem 
Orford River upstream of the anadromous barrier. 
 

5.2.1.1 Quantitative Stream Survey  
The results of quantitative stream surveys are summarized in Table 24. 
 

5.2.1.2 Qualitative Site Sampling  
The results of qualitative stream walks are summarized in Table 26. 
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Table 26. Orford River - Level 1 qualitative fish habitat assessment summary by reach. 

     
Mean Width 

 

Mean Depth Pools Only 
 

Percent Pools 

Pool 
Frequency 

(channel width / pool)

LWD 
(No. / channel 

width) 

Reach 
No. 

Length 
(m)a 

% of 
reach 

sampled 

% b 
gradien

t 

Channe
l (m) 

Wetted
 Width 

(m) 

Bank 
full 
(m) 

Water 
(m) 

Max 
Depth 

(m) 

Residual 
Depth 
 (m) 

Pool 
Type 

Value 
%  

(area) 

Ratingc

 
Value Ratingc 

 
Value Rating

Reach 1 1900 33.6 1.0 93 38 2.56 0.83 - - - 21.8 ‘poor’ 4.6 ‘poor’ 2.5 ‘good’

Reach 2 1100 84.4 1.0 76.5 39 2.50 0.97 2.5 2.0 S 10.8 ‘poor’ 5.6 ‘poor’ 1.4 ‘fair’ 

Reach 3 2500 43.6 1.2 51.6 45.0 3.04 0.76 - - - 6.7 ‘poor’ 17.3 ‘poor’ 2.5 ‘good’

Reach 6 1100 52.3 1.0 48.6 35.0 2.12 0.98 1.95 1.30 S 14.4*** ‘poor’ 7.6 ‘poor’ 1.3 ‘fair’ 

Reach 11 3400 22.6 1.1 90.5 32.5 1.32 0.53 1.3 0.90 S 4.2*** ‘poor’ 8.5 ‘poor’ 10.2 ‘good’

 
 

% Cover 
Pool cover Riffle cover Overhead cover 

Dominant 
 Substrates 

Off channel 
 habitat 

Spawning 
Gravel 

Quantity 

Spawning 
Gravel  
Quality 

Holding 
pools 

Reach 
No. 

cont. 

% cov Type rating % cov Type rating % cov Type rating D / s-D rating value rating value rating value rating value rating
Reach 1 - - - 11 LWD ‘fair’ 2 YF ‘poor’ Gr/ cob ‘poor’ some ‘good’ Frequent ‘good’ sand ‘fair’ adequate ‘fair’

Reach 2 60 DP ‘good’ 2.3 CB ‘poor’ 8.8 MF ‘poor’ Cob/ Gr ‘poor’ none ‘poor’ Frequent ‘good’ sand ‘fair’ adequate ‘fair’

Reach 3 - - - 6.5 Bo ‘poor’ 6.0 YF ‘poor’ Cob/ Gr ‘poor’ none ‘poor’ Frequent ‘good’ sand ‘fair’ adequate ‘fair’

Reach 6 28 DP ‘good’ 6.3 Bo ‘poor’ 6.6 Ps ‘poor’ Cob /F ‘poor’ some ‘good’ Present ‘fair’ sand ‘fair’ adequate ‘fair’

Reach 11 30 LWD ‘good’ 11.7 LWD ‘fair’ 1.7 PS ‘poor’ Gr/ Cob ‘poor’ some ‘good’ Present ‘fair’ sand ‘fair’ adequate ‘fair’
DP deep pool, LWD Large woody debris, CB cut bank, YF young forest, MF mature forest, PS pole sapling, Bo boulder, Cob cobble, Gr gravel,  

 
a Reach lengths are based on Sinclair et al. 1999 reach lengths 
b Determined as an overall average from TRIM mapping data 
c Caution, ratings as per Johnston and Slaney (1996) for channel width of < 15 m; no large channel diagnostics available. 
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5.2.1.3 Fish Habitat Diagnostics 

The analysis of Level 1 qualitative and quantitative data provides a quantifiable 
measurement of current habitat conditions within the assessed reaches of Orford River 
mainstem. An analysis was also made of historic Level 1 field data provided by Sinclair 
et al. (1999) collected in 1994 for Reaches 1, 2 and 3 the anadromous reaches. The 
analysis is summarized side by side with the 2008 assessment data and provided in 
Appendix II. This analysis allow for comparison and a review of trends in channel and 
habitat conditions. 
 

 
Photo 10. Typical Reach 1 Orford River, Sept 2008 

Reach 1 
Orford River mainstem Reach 1 begins at the average marine high water mark and 
extends to the inflow of Algard Creek approximately 1900 m upstream. It is a low 
gradient laterally unconfined alluvial reach. The channel width of Reach 1 averaged 93 
m, similar to that assessed in 1994. Wetted widths during the sampling period averaged 
38 m, approximately 10 m less than that measured by Sinclair during the 1994 period 
noted for low and clear flows. The mean depth was calculated to be 0.83 m while the 
1994 low flow survey reports a mean depth of 0.36 m. Pool frequency was noted to be 
‘poor’ at 4.6 channel widths per pool. This frequency is much higher than the 1994 
survey which found no pools in the reach in 1994; currently four pools exist in the reach 
representing 21.8% of the lineal habitat area. Functional LWD was noted as ‘good’ with 
2.5 pieces per channel width, as compared to the 1994 survey where no individual LWD 
pieces were noted, yet log jams were recorded in 8 of the 11 habitat units surveyed. 
Survey observations determined that deciduous logs comprise much of the LWD 
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counted with a majority found in log jams. Instream cover in pools was not surveyed 
however log jams were typically associated with pool sites. In riffle and glide habitat 
LWD provided 11% cover similar to the 17% recorded in the 1994 survey work. A young 
second growth forest offers just 2% overhead cover in Reach 1 a young forest of similar 
‘poor’ rating was noted in the previous survey work as well. The substrate was surveyed 
to be predominantly gravel with cobble being sub dominant, however an abundance of 
sand in the interstices degraded the quality to ‘poor’, the same as surveyed in 1994. 
Frequent areas of gravel provided ‘good’ spawning quantities however the sand 
degraded the quality to ‘fair’. Off channel backwaters and channels exist along the 
reach with ‘good’ access.  
 
Reach 2 
Orford River Reach 2 begins at the Algard Creek confluence and extends 1100 m 
upstream to a point 310 m downstream of the DFO channel outlet. The reach is 
primarily a long strait riffle / glide. The gradient remains at around 1% in Reach 2. The 
average channel width is 76.5 m, similar to the 84 m surveyed in 1994. The wetted 
width is 39 m, significantly narrower than the 50.5 m surveyed by Sinclair during a 
reportedly low flow period. The mean depth was 0.97 m much deeper than the 0.65 m 
recorded in 1994. Only 2 pools were observed in the reach with a residual depth of 2.0 
m. Pool habitat represents 10.8 % of the lineal habitat area with a frequency of 5.6 
channel widths per pool. The quantity and quality of pool habitat is not available from 
the 1994 survey work. LWD was surveyed to be present at a ‘fair’ quality of 1.4 pieces 
per channel width. No individual LWD was observed during the 1994 survey however 
log jams were present  accounting for >20 pieces of LWD. These jams no longer exist in 
the reach. Deep pool qualities accounted for 60% cover in the pool habitat surveyed. In 
the riffle and glide habitat cut banks accounted for a majority of the cover at just 2.3%. 
This ‘poor’ rating is similar to the earlier survey work when cut banks were also noted to 
be the primary cover type at just 8.8%. The 2008 survey recorded ‘poor’ overhead cover 
in Reach 2 at 8.8% with mature second growth forest being the dominant stand age. 
The previous survey work noted a young forest providing no overhead cover qualities. 
Cobble and gravel were surveyed as the dominant and subdominant substrates 
however sand in the interstices degraded the quality to ‘poor’ similar to 1994. Spawning 
gravel qualities were assessed to be frequent a ‘good’ rating. Little gravel was recorded 
in earlier surveys resulting in a ‘poor’ rating at that time. The abundance of sand in the 
interstices limited the spawning quality value at ‘fair’. Off channel habitat in Reach 2 is 
limited to secondary flood channels around vegetated gravel bars.  
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Photo 11. Typical Reach 2 Orford River, Sept. 2008. 

 
Reach 3 
The channel becomes more constricted in high banks of alluvial material in Reach 3. 
The reach extends approximately 2500 m to the start of the Reach 4 bedrock canyon. 
The average gradient is approximately 1.2%. The average channel width measured 
51.6 m, and this is much wider than the 33.2 m recorded in the 1994 survey. Similarly 
average wetted width was 45.0 m while in 1994 during notably low flow conditions the 
average wetted width was 23.7 m. Three small pools were quantified in Reach 3 during 
the recent survey accounting for 6.7% of the lineal area a significant increase over the 
1.9 % lineal area sampled in 1994. The pool frequency is ‘poor’ at 17.3 channel widths 
per pool while the earlier survey recorded a similarly ‘poor’ rating at 25 channel widths 
per pool. LWD was assessed to be ‘good’ at 2.5 pieces per channel width. No individual 
pieces of LWD were noted in the 1994 survey and just 2 log jams were noted. No log 
jams were noted in the current survey of Reach 3. Boulders currently provide the 
dominant cover habitat in the riffles and glide sites unlike the earlier survey which noted 
LWD as the dominant instream cover. A young forest was noted by both surveys with 
the current survey recording a ‘poor’ rating of 6% overhead cover while the earlier 
survey noted 0% overhead cover. The substrate in both surveys periods was recorded 
to be cobble dominant and gravel subdominant with a high percentage of sand in the 
interstices degrading the ratings to ‘poor’. Though gravel sites provide spawning 
opportunities, the abundance of sand degrades the current spawning gravel quality to 
‘fair’. No off channel habitat was located within Reach 3. 
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Photo 12. Typical Reach 3 Orford River, Sept 2008 

Reach 4 
A remarkable bedrock canyon forms Reach 4, which is XXX m long. A ground based 
assessment was not completed of this reach which would require rappelling and /or 
rope security and safety planning. The reach is noted by all previous surveys and 
watershed literature to be the barrier to upstream anadromous fish migration. Low level 
aerial reconnaissance and videography were used to re-assess habitat and barrier 
qualities of the reach. The canyon is deeply in sized in bedrock on both banks with bare 
rock walls estimated to be an average of 15 m from the water level to the forest 
elevation. The average canyon width is estimated to be 10 m with some sites narrowing 
to less than 5 m. Many sites are undercut and cavernous. Much of the canyon walls are 
smoothly polished with alluvial scour. The narrow wetted width would suggest that the 
river volume would require a depth > 3 m even during lower flow periods. Water velocity 
is rapid and bubbles froth the water surface over much of the reach length.  
 
Two pronounced drops were observed in the reach. A short chute is located 
approximately 150 m up the canyon where water elevation drops a few meters over a 
10 m length. A second drop is located at the very top of the reach as it transfers out of 
the canyon reach into the unconfined Reach 5 above. This drop is a vertical fall of 7 m 
during the lower flows surveyed. Log debris and polished rock suggest that flows 
commonly overtop this fall back-flooding from the narrow canyon downstream. It is likely 
that this falls is the point that limits upstream fish passage.  
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Photo 13. Upstream view into the bottom of the Reach 4 canyon. Sept. 2008. 

 
 
 
 
 
 
 
 

Photo 14. Aerial view down into the Reach 4 

canyon, Sept, 2008. 
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Reach 6 
Reach 6 is a relatively short alluvial section of Orford River upstream of the Reach 4 
canyon and anadromous barrier. A meandering channel, gravel bars, and a low lying 
flood plain characterize the reach. A total of 52% of the 1100 m reach was sampled. 
Gradients are an average of 1.0% throughout the reach. The channel width is 48.6 m 
while wetted widths were 35.0 m during the assessment. The mean depth sampled was 
0.98 m which included pool sites. Pools are infrequent in Reach 6 representing 14.4% 
of the lineal habitat sampled and a ‘poor’ frequency of 7.6 channel widths per pool. LWD 
quantities are ‘fair’ with 1.3 pieces per channel width. Deep pool cover provides 40% 
cover in the pool sites habitat a ‘good’ rating. In riffle and glide sites boulders provide 
the primary cover accounting for 13% a ‘fair’ rating. The overhead cover is 
predominantly a mature forest offering ‘poor’ overhead cover averaging 6.6%; the 
subdominant stand of pole sapling alder accounts for some of the ‘poor’ overhead cover 
value. The substrate in the reach is rated as ‘poor’ as it is dominated by cobble with 
fines being subdominant. Gravel sites are present for spawning however fines in the 
substrate diminish the spawning habitat quality to ‘fair’. Some off channel habitat is 
available in the low lying flood plain providing a ‘good’ rating.  
 
Reconnaissance level fish sampling captured abundant char in baited wire mesh 
minnow traps left to fish overnight. Morphological indicators were considered unreliable 
for differentiating between bull trout and Dolly Varden due to the potential for both 
species and hybrids to occur in the region. DNA sampling would be needed to positively 
identify the char species. The issue of char species is discussed further in Section 6.3.5 
below. A summary of capture results by length and weight is provided in Appendix III.  
 
Reach 11 
Reach 11 is a long meandering and braided section of the river which extends 3400 m 
downstream from the confluence of Sinclair Creek. A low lying flood plain extends along 
both banks of the reach. A total of 22.6 % of the reach was sub sampled. The channel 
width is 90.5 m while the wetted width was 32.5 m during the sample period. The mean 
depth within Reach 11 was 0.53 m. Pools area represented just 4.2% of the lineal 
habitat area sampled. The residual depth of pools sampled averaged 0.9 m and the 
pool frequency is 8.5 channel widths per pool a value ranked as ‘poor’. Large woody 
debris is abundant at 10.2 pieces per channel width. Much of the LWD is rafted into log 
jams and its composition is predominantly young deciduous trees, mainly red alder. 
Newly formed channels, regenerating gravel bars, shallow pools and channel as well as 
the abundance of fresh rafted LWD display the dynamic characteristic of this reach. 
Instream cover is provided in pool sites by LWD at 30% cover a ‘good’ rating. In riffles 
LWD also provides the dominant cover type at 11.7% a ‘good’ rating. Over head cover 
is ‘poor’ at just 1.7% provided by the pole sapling forest. The substrate is gravel and 
cobbles: a ‘poor’ rating due to an abundance of fine glacial silts in the interstices. 
Abundant spawning habitat exists however due to the high composition of fines it quality 
is rated as ‘fair’. Extensive areas of off channel habitat exist within the low lying flood 
plain and this is rated as ‘good’. 
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5.2.2 Riparian Assessment Results 
Field observations confirmed that riparian stands along Orford River are predominately 
a mix of old forest and pole sapling stands. The riparian condition along much of Orford 
River is relatively good with restoration opportunities focused in the lower anadromous 
reaches by both needs and available access.  
 
Field observation showed that riparian vegetation types as mapped by Sinclair et al. 
(1999) were generally correct, with the exception that some areas mapped as mature 
forest are actually pole/sapling or young forest. This was especially apparent in the area 
around Polygon B (Figure 8), which is visible adjacent to the large bend in the river 
shown in Photo 25.  
 
Riparian assessment within the Orford River watershed focussed on three areas that 
were identified as high priority according to the overview assessment: 1) lower Orford 
River anadromous reaches (Reach 1 to 3); 2) Reach 6; and, 3) Reach 11. Four riparian 
plots and several visual assessments were conducted in each area. 
 
Reaches 1 to 3 
Several conifer-dominated RVT2 stands occur within the lower floodplain area near the 
Orford Camp and Dupont Creek, Polygon A (Figure 8. Photo 15). These stands are 
dominated with western hemlock with some Sitka spruce and western hemlock. Some 
trees are up to 30 cm in diameter but the stand averages are 15 – 20 cm with 20 m tall 
overstories typical.  There is very little understory development in these stands and 
structural development is retarded by the high density of trees and lack of light reaching 
the understory. 

 
 
 
 
 
 
 

Photo 15. Young forest 
stand along lower 
Orford River (Polygon 
A, Figure 8). 
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Polygon B is a deciduous-dominated pole/sapling stand that was mapped as mature 
forest by Sinclair et al. (1999). At a field plot taken at the location of Photo 16, there 
were approximately 3700 red alder per acre between 0.1 and 22 cm dbh, with most 
trees between 7.5 and 12.5 cm. The mean height of the dominant layer was 16 m and 
there were few conifer seedlings (~300 sph).   
 

 
 

Photo 16. Deciduous-dominated pole/sapling stand along Reach 1 of Orford River (Polygon B, Figure 8). 

 
Other deciduous-dominated pole/sapling stands are located along the Orford River in 
Reaches 1 and 2, including Polygon C (Photo 17). Some mature forest stands along 
Reach 2 are dominated by deciduous species and have little conifer development. An 
example of this type of stand is found at Polygon D, on the left bank of the Orford River, 
just upstream of the confluence with Algard Creek (Photo 18). Thinning of the 
deciduous overstory in these areas would help to release conifer growth but there are 
few advanced conifer saplings (<100 sph). There is a well-developed shrub layer in 
most of these areas and, as a result, effective conifer enhancement would require 
manual brushing. 
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Photo 17. Deciduous-dominated riparian stands along the right bank of Orford River above the 
confluence with Algard Creek (Polygon C, Figure 8). 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

Photo 18. Deciduous-dominated mature forest along lower Reach 2 of Orford River just upstream of the 
confluence with Algard Creek (Polygon D, Figure 8).
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Polygon E includes extensive pole/sapling stands in the region of the DFO side-channel, 
much of which is dominated by red alder (Photo 19, 20). A plot in this area (Polygon 5 
Plot 2, Photo R12) estimated 6,500 stems per hectare of red alder, all between 0.1 and 
22 cm with over 80% less than 7.5 cm. The mean height of the dominant layer was 13 
m and crown closure was approximately 60%. Understory development was poor in this 
area but there was a high density of western hemlock seedlings (~3600 sph). The shrub 
layer in this area is relatively poorly-developed. 

 
 
 

Photo 19. Aerial 
view of extensive 
pole/sapling stands 
in the region of the 
DFO side channel, 
looking south toward 
Algard Creek at the 
top of the 
photograph. August 
2008. 

 

 

 

 

 
 

 

 

Photo 20. Typical stand 
structure within the area 
adjacent to the DFO side 
channel, showing dense red 
alder with little understory 
development. 
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Reach 6 
The stands are very dense (2800 – 5000 sph) with small (typically <20 cm dbh) red 
alder with mean dominant height layers between 10 and 16 m (Photo R13). Four plots 
conducted in this area suggest that there is a high density (~2000 to 5500 sph) of 
advanced conifer regeneration. 
 

 
Photo 21. Deciduous-dominated pole/sapling stand along Reach 6 of the Orford River 
(Plot P1P3, Figure 8). 

 
Reach 11 
Reach 11 includes several stands similar to those found in Reach 6. All were 
deciduous-dominated stands (1400 – 4400 sph of deciduous trees, mainly red alder) but 
had 700 - 4400 sph of advanced conifer regeneration. The shrub layer was relatively 
poorly developed in the pole/sapling stands (4 – 18% cover, Photo 22) but was more 
advanced in the young forest polygon that was sampled (Photo 23). Advanced conifer 
regeneration is well-developed. The young forest stands have well-developed shrub 
layers but there is a conifer understory that is taller (4 – 14 m) than the tall shrub layer. 
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Photo 22. Deciduous-dominated pole/sapling stand along Reach 11 of the Orford River showing poor 
understory development and advanced conifer regeneration. 

 
Photo 23. Typical stand structure in young forest stand along Reach 11 of the Orford River showing 
conifer understory and well-developed shrub layer. 
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5.3 Priority Components for Restoration 
Based on the results of the Overview assessment and Level 1 fish habitat and riparian 
assessment, the priority components for restoration in the Orford River watershed are 
presented in Table 27. 
 
 

6.0 DISCUSSION 
The Overview and Level 1 field assessment along with previous assessment work 
provides a tangible position from which to assess salmonid habitat productivity and 
habitat impacts to the Orford River watershed. The Coastal Channel Assessment 
Procedure (CCAP) completed by Sinclair et al. (1999) contributed significantly to an 
understanding of current fish habitat conditions. The focus of the Level 1 field 
assessment has been on the anadromous reaches of Orford River and Algard Creek 
along with unconfined alluvial headwater reaches. Overview work along with field 
reconnaissance of other headwater reaches and sub basins provided some bases for 
subjective assessment of fish habitat conditions in other stream reaches. 
 

6.1 Algard Creek Channel Stability and Habitat Function 
Fish habitat in the two anadromous reaches assessed in Algard Creek were generally 
rated ‘poor’ condition. It is apparent that Reaches 1A and 1B downstream of the Orford 
Mainline are dynamic in their nature. Some evidence of a trend towards channel 
entrenchment is apparent when comparing the 1994 assessment to current conditions. 
A particular channel stability issue to highlight is the danger of breaching a narrow neck 
of land between the right bank of Algard Creek and Orford River near Tower #3 that 
could result in the loss of nearly a kilometre of high quality anadromous fish and grizzly 
habitat. This issue is discussed below in Restoration Option #3.  
 

6.1.1 Sediment Sources 
Algard Creek Reaches 1A and 1B are located on an alluvial fan where bed load 
aggradation is ongoing from upstream hill slope events. Channel morphology as studied 
by Sinclair et al. (1999) suggested episodic contributions of course sediment from 
upstream. The high gradient, bedrock constricted reaches upstream of the anadromous 
barrier offer little opportunity for bed load capture, allowing rapid transport to the high 
value fish production reaches of lower Algard Creek. 
 
Currently, some evidence of a trend towards channel entrenchment may be apparent 
when comparing the 1994 assessment to current conditions where channel width is 
significantly decreased in Reach 1B and mean water depth along with pool frequencies 
are increased in both Reaches 1A and 1B. This possible trend in decreased bed load is 
likely associated with forest cover regeneration and decreased forest activity in the 
headwaters. 
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Table 27. Decision-making matrix for restoration opportunities to address critical fish habitat limitations in the Orford River 
watershed. 

Watershed components 
Sub-
basin 

Target 
species 

Limiting fish 
habitat 

Watershed condition and 
restoration benefits Landslide

s Gullies Roads Riparian Channel 
Instream 

fish 
habitat 

Algard Coho/ 
Chum 

Summer and 
winter rearing;  

Level of existing or potential 
disturbance High Moderate High High Low High 

  
Incubation 

Impact or risk to fish habitat High Moderate High High Moderate N/A 

      
Likelihood of benefits to fish 
habitat from restoration of 
component 

High Moderate High High Moderate High 

Orford Coho/ 
Chum 

Summer and 
winter rearing;  

Level of existing or potential 
disturbance Moderate Moderate Moderate Moderate Moderate Moderate 

  
Incubation 

Impact or risk to fish habitat Moderate Moderate Moderate Moderate Low N/A 

      
Likelihood of benefits to fish 
habitat from restoration of 
component 

Low Low Moderate Moderate Low High 

Dupon
t 

Coho/ 
Chum 

Summer and 
winter rearing;  

Level of existing or potential 
disturbance Moderate Moderate Moderate Low Moderate Moderate 

  
Incubation 

Impact or risk to fish habitat Low Low Moderate Low Moderate N/A 

      
Likelihood of benefits to fish 
habitat from restoration of 
component 

Low Low Moderate Low Low Moderate 
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6.1.2 Mobile Bed Load 
Daily maximum discharge rates frequently exceed 80 m3/sec while the estimated 100 
year peak instantaneous discharge value at Reach ?,  ?? km upstream of the 
anadromous reaches is 226 m3/sec (Knight Piesold, 2008).  The high energy of this 
stream has the potential to transport and scour significant volumes of material. 
Evidence of this is seen in the rough boulder material deposited into Reach 1B, the 
sediment wedges observed and the dynamic nature of the stream channel (Photo 24). 
Within reach 1A prominent flow braids to river left opposite to that observed by Sinclair 
at al. (1999). The percent pool area and pool frequencies increased in reaches 1A and 
1b over the past decade.  
 

 
Photo 24. Sediment wedge of mixed bed load in Reach 1B Algard Creek. 

Excess mobile bed load can greatly reduce salmonid production by reducing egg to fry 
survival as well as reducing wetted rearing and holding area and volume. This is 
particularly a concern with chum salmon that utilize the broad shifting glides and riffles. 
Eggs deposited into mobile gravels risk high mortalities from physical destruction, 
predation exposure and egg loss as well as by sedimentation and lack of incubation 
flows. Giver the extent of spawning in Algard Creek and the fact that peak flows are 
most likely during the fall just following the spawning period it can be expected that 
periodically, significant egg mortalities occur from bed load scour.   
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6.1.3 Gravel Bars 
Despite the obvious movement of bed load in the system, gravel deposited in channel 
bars cannot be seen as excessive in Reaches 1A and 1B. Most bars observed were low 
lying and occupied less than half of the bank full width. The gravel bars generally do not 
overlap and are often segregated by riffle or pool areas. 
 

6.1.4 Spawning Gravel  
Spawning gravel is abundant in Algard Creek Reach 1A and ample sites exist 
throughout 1B to allow for extensive spawning. The mix of cobble and boulders with the 
gravel limits its use to larger fish in particularly chum salmon which are common and 
well adapted to the Orford River system. Isolated sites of sorted material provide for the 
needs of less abundant species such as trout and coho. 
 

6.1.5 Fines 
Fines, in particular sand, were observed to be present in significant quantities 
throughout Reaches 1A and 1B. The fines were often embedding gravel and cobble, 
which would make it more difficult for redd construction. In sites with frequent spawning 
a decrease in sand is notable. Reduced chum returns over the past two decade have 
undoubtedly allowed a build up of fines and diminished spawning gravel quality. 
Observations of chum spawning in early September 2008 showed significant 
displacement of sand from the redd sites (J. Ebell, pers. obs). Sand within the spawning 
gravel is thought to be a significant issue in the Algard Creek. Reduced embryo survival 
can be expected as incubation flows are reduced suppressing oxygen levels.  
 

6.1.6 Pool Sites 
Despite the increase in pool area and frequency over the past decade, pool quantity is 
diagnosed as ‘poor’. The lack of well developed deep water refuge is apparent in Algard 
Creek (Photos 25, 26 and 27). Spawning salmon are particularly vulnerable to 
disturbance by bears where predation of pre-spawners may lead to reduced egg 
production from premature exhaustion and captures. Limited pool sites may also reduce 
rearing opportunities for salmon fry and trout.    
 
Abundant bed load may be a cause of this if rates of infilling out-pace rates of pool 
creation and maintenance by scour. A lack of dominant scour features may also limit the 
streams capability to create and maintain deep scour sites. 
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Photo 25. Upstream view of Reach 1B Algard Creek with no pool habitat for hundreds of meters, 
Sept. 2008.   

 
6.1.7 Riparian Condition 

As expected, riparian condition was highly variable within the Algard Creek watershed. 
Where old forest remained, structure was generally good with stable banks, sources of 
shade, large wood and small organic debris all present. Many second-growth stands 
were found to have been left to naturally regenerate after harvest, leading to stands that 
were often dominated by deciduous species, especially red alder. Densities of red alder 
in sampled deciduous-dominated pole/sapling stands were often 5000 sph or higher. 
Structural development and riparian functioning tends to be low in these stands and 
several areas are good candidates for riparian restoration.   
 
Riparian assessment largely focussed on lower Algard Creek. Within the Algard Creek 
riparian zone, stand structure was poorest in areas that were heavily logged several 
decades ago. These tend to be in the low gradient reaches of the stream, primarily 
downstream of the Orford Mainline Bridge. Many of these stands were logged to the 
stream bank and few were managed following harvest. As a result, many stands are 
stagnating in the pole/sapling or young forest stage. Conifer development tends to be 
poor in these stands because seedlings and saplings are shaded by a deciduous 
overstory (Photos 4, 5, 6, 7, 19, 20 and 25). Over time, conifers will come to dominate 
these stands due to mortality in the deciduous overstory but active management could 
hasten the process of returning proper functioning condition to riparian stands in this 
watershed. Mature conifers were relatively rare with the result that large wood 
contributions, bank stability and terrestrial ecosystem values were all compromised. 
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6.1.8 Large Woody Debris 

The importance of LWD in streams as both a channel stabilizing and habitat component 
is well understood (Bilby and Ward 1991). Large stable coniferous woody debris in the 
channel functions to create both long term scour sites (pools), sediment storage sites 
(gravel bars and riparian) and instream cover. Woody debris structures are most often 
responsible for the pool sites that are vital for rearing juveniles and holding adults. The 
complex LWD structures that trap fine woody debris, store sediment and create deep 
slow pools offer high water refuge vital to over-winter survival of coho and steelhead 
parr and char.  
 
LWD throughout Algard Creek was generally found to be sufficient in quantity. A 
distinction of LWD species composition was not made during the assessment however 
site observations and photographs depict that much of the LWD present is composed of 
red alder logs. Alder offers little long term value to channel stability as it decays rapidly 
with a functional life span of approximately 5 years (Rushton 2006). Some young 
second growth conifers contribute to the count contributed from upstream bank failures. 
The second growth conifers are small in diameter and they too offer limited long term 
value. Few of the LWD counted are oldgrowth conifer logs fallen into the stream prior to 
the harvest of the riparian areas over 100 years ago. All of these old growth logs are 
nearing the end of their functional ‘life span’. Thus, it can be predicted that a deficit of 
functional LWD will result in a ‘poor’ LWD rating in the next few decades unless 
restoration efforts are undertaken to maintain an adequate LWD supply. A comparison 
of LWD frequencies with those recorded by Sinclair et al. in 1994 clearly demonstrates 
this trend. LWD frequencies in Reach 1A diminished by 400% to current numbers. Much 
of the debris recorded in 1994 was functioning in log jams. Observations of dormant 
channels and gravel bar 
sites identified some of this 
material imbedded and 
decomposed in these areas. 
In general however, the 
previous high volume of 
LWD surveyed by Sinclair 
(1999) no longer exists 
(Photos 7, 25 and 26). 
 

Photo 26. Typical lower Algard 
Creek with all functioning LWD 
being loosely anchored of short 
term value red alder, Sept. 2008.   

 
 
 
Alder in-stream debris 
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The high percentage of alder logs providing instream LWD helps explain much of the 
current instability noted in Algard Creek. The alder logs and branches, when freshly 
fallen, function as typical LWD structures, storing gravels in the associated deposition 
areas and causing scour pools in the higher velocity scour zones. Unfortunately, alder’s 
rapid decomposition causes the instream structure to fail and wash away. With the alder 
gone, the destabilized bed load is released into transport once again and the dynamic 
channel characteristic continues. As alder is a dominant riparian species throughout 
much of the watershed, this process has been widespread as the alder trees mature 
and fall. The result has been a dynamically changing stream channel and degraded 
spawning and rearing habitat. 
 
Conifer in-stream debris  
The quality of the coniferous LWD found within the stream channel is also noted as a 
source of concern. Many of the coniferous logs observed to be functioning are remnants 
of pre-logging debris and their ability to function is diminishing as they decompose. The 
riparian forest assessed throughout all reaches was a second growth ‘young forest’. 
Hemlock trees dominate the riparian areas estimated to be 40 to 50 years old, with 
some sites dominated by alder in upper anadromous reaches.  The young hemlock has 
begun to contribute to the in-stream LWD, however, its value is limited by its small 
diameter. Also, hemlock decomposes rapidly relative to cedar or fir, limiting its success 
as a long term structure. As such, it can be predicted that a LWD deficit will take place 
over the next two to four decades. 
 

6.1.9 Overall Channel Stability 
The state of Algard Creek’s recovery from bed load inputs is tenuous. Terrain stability 
studies within the headwater conclude that high risk mass wasting events exist within 
the 1000 Road system (Leslie and Wise, 2008). Trends of recovery and subjective 
observations suggest that much of Algard Creek will continue to receive excessive sand 
as well as some gravel and cobble load until road deactivation is completed and a more 
mature forest is recovered within both the headwaters and along the riparian zones. 
 

6.1.10 High Water Refuge 
Refuge from high water events in the colder winter periods is vital for coho salmon and 
steelhead trout that over-winter in fresh water as juveniles. Coho repeatedly travel to 
and habituate in known off channel areas during flood periods (Bustard 1975). A lack of 
high water refuge can greatly reduce over-winter survival as immature fish are displaced 
to the sea or energy reserves are expired holding in higher velocities. High water refuge 
in mainstem habitats is usually associated with large, complex jog jams. The most 
effective high water refuge is provided by off-channel habitat within the floodplain. High 
water refuge appears limited within the Algard Creek which has both limited log jams 
within the  mainstem and little off-channel habitat. One active flood channel exists in 
Reach 1B, offering an estimated 1200 m2 of area along the left bank. In Reach 1A the 
braided channel offers some limited refuge. 
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6.2 Orford River Channel Stability and Habitat Function 
Anadromous fish habitat in the three reaches of Orford River included in the Level 1 
assessment was generally found to be in ‘poor’ condition. It should be noted that the 
rivers channel width far exceeds the 15 m channel width best suited to diagnostics 
following Johnstone and Slaney (1996) Level 1 fish habitat assessment procedure. 
Average channel widths were assessed to be 93 m, 77 m and 52 m though Reaches 1, 
2 and 3 respectively. It is apparent that riparian and headwater forest harvesting along 
with road development have degraded the in-stream fish habitat values to a degree. It 
should be remembered however that Orford River particularly in the anadromous 
reaches is a glacially fed, large volume stream and many of its features such as 
extensive riffle area, limited functional LWD, and infrequent pool sites are characteristic 
of many laterally unconfined, alluvial coastal rivers.  
 

6.2.1 Sediment Sources 
The primary contribution of bed load into the anadromous reaches of Orford River is 
Algard Creek. This is not surprising considering the abundance of easily mobilized 
sediment in Algard Creek. The contribution of this material is seen on the extensive left 
bank lateral bar aggrading downstream of the Algard Creek confluence. Bank failure is 
also noted to be common along many outside bend sites contributing to bed load 
sources. The extensive bank erosion noted is likely exasperated by weak riparian 
conditions and reduced river volume due to bed load aggradations. 
 
In the CCAP completed by Sinclair et al. (1999) it was noted that some aggradation and 
channel bar growth have taken place in Reach 1 since the late 1970s. It is apparent that 
this aggradation has continued over the past decade however the stable channel width 
and bar development suggests that the river is effectively processing much of the bed 
load contributed. Reach 1 maintains a meandering planiform with a series of non 
overlapping alternating lateral bars. This channel configuration is appropriate for an 
unconfined, low gradient alluvial channel. Channel width analysis provided by (Sinclair 
1999) CCAP is reproduced with the addition of 2008 assessment data in Table 28. 
 
Table 28. Summary of mean channel widths at various assessment periods. 
Year Orford R1 

(upper half) 
Orford R2 Orford R6 Algard R1A Algard R1B Algard R2 

1947 (+8 m)* 104 m 87 m 49 m 43 m 71 m 35 m 
1959 (+4 m)* 108 m 89 m 57 m 34 m 56 m 25 m 
1978 (+6 m)*   87 m 60 m 63 m 32 m 66 m 36 m 
1997 (+2 m)*   81 m 75 m 67 m 40 m 62 m 35 m 
2008 (+ 2 m)   93 m 77 m 49 m 44 m 47 m - 
(* Sinclair et al. 1999) 
 
Upstream of the Algard Creek confluence in Reaches 2 and 3 the channel is confined 
by higher more stable alluvial banks. Much of the stream banks are vegetated in 
maturing mixed forest offering some bank stability. Localized bed load originates from 
some bank erosion in lower Reach 2 and from aggressive bank erosion at two sites in 
Reach 3. 
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Upstream of the Reach 4 canyon and the anadromous barrier through to the confluence 
of Sinclair Creek bed load is contributed frequently from the steep valley walls and 
tributary inflows. It is noted that in the decade between the Bryant (1997) and Leslie and 
Wise (2008) assessments, geotechnical concerns have diminished with many (not all) 
historic forest roads now rated as low sediment source concern. Little of the road 
deactivation highlighted by Bryant (1997) occurred in the valley, so many of the possible 
road failures may have subsequently taken place, returning current conditions to more 
natural levels. Thus, it is hypothesized that elevated levels of bed load are being 
processed effectively by the Orford River stream channel. 
 
Bedrock and maturing forest confine Reaches 5, 7, 8, 9 and 10 to a stable channel with 
few sites for alluvial deposition. Reaches 6 and 11 on the other hand provide low 
gradient depositional channel lengths. Low gradients, broad channel widths and multiple 
channels in these reaches provide effective capture sites for headwater bed load 
contributions.  This storage of bed load is shown in Photo 27. On the other hand 
channel development is dynamic allowing for an ongoing release of bed load 
downstream. The ability for 
bed load capture and 
storage is diminished in 
these reaches by weak 
riparian conditions and poor 
quality LWD and course 
woody debris.  
 
 

 

Photo 27. Abundant bed load in 
Reach 11 Orford River with bar 
development and sediment 
capture. Aug 2008. 

 
Leslie and Wise (2008) and Bryant (1997) highlight “high” risks of further mass wasting 
associated with the 1000 Road system. Landslides from this north-easterly valley wall 
are positioned to directly impact the anadromous reaches of Algard Creek as well as the 
Orford River side-channel constructed by DFO. It is conceivable that significant volumes 
of material could be delivered to the anadromous stream overwhelming the capacity for 
Algard Creek or Orford River Reach 1 to effectively maintain equilibrium of bed load 
inputs and outputs. The result would likely be radical changes in river elevations 
resulting in dynamic, multiple channels and channel relocations throughout the lower 
valley bottom. 
 

6.2.2 Mobile Bed Load 
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Excessive mobility of bed load within Reaches 1, 2 and 3 of Orford River is not 
apparent. The channel lacks elevated sediment wedges and apparent stone lines. The 
substrate is well-sorted, relatively uniform and bars are low lying. Silts and sand tightly 
embed the gravels and cobbles though out much of Reach 1 providing some added 
resistance to transport. The degree to which substrates are embedded decreases as 
gradient increases upstream in Reaches 2 and 3.  
 
Upstream of the Reach 3 canyon braided channels and loosely embedded elevated 
bars are common in reaches 6 and 11, indicating a mobile bed load. The results of this 
mobility are not noted downstream in the higher gradient boulder / bedrock - reaches 5, 
7, 8, 9 and 10. Deposition is limited to stable microsites associated with pools and large 
boulders. 
 
Excessively mobile bed load can greatly reduce salmonid production by reducing egg to 
fry survival as well as reducing wetted rearing and holding area and volume. However, 
bed load mobility is not noted to be a significant concern throughout much of Orford 
River. Within Reaches 6 and 11 mobile bed load appear excessive resulting in dynamic 
channel changes and decreased spawning and rearing values. 
 

6.2.3 Gravel Bars 
Gravel deposited throughout most of Orford River is not viewed as excessive. 
Glaciation, high mountains and glacial headwaters provide a rugged topography and 
naturally dynamic conditions in the watershed. It is the characteristic of such coast 
mountain rivers to process and transport bed load. This is seen in extensive gravel bar 
development where ever channel conditions are decoupled from the confining valley 
walls. The river channel through to Reach 10 is dominantly a single channel mainstem 
with gravel bars formed on inside river bends where channel width allows. Most bars 
observed were low lying and occupied less than half of the bank full width. The gravel 
bars generally do not overlap and are often segregated by riffle or pool areas. 
 

6.2.4 Spawning Gravel  
Spawning gravel is abundant in Reach 1 with gravel the dominant substrate and cobble 
being sub dominant. This composition is well suited to the chum salmon that utilize 
Reach 1 for spawning. Upstream of Algard Creek in Reaches 2 and 3 cobble becomes 
the dominant substrate with gravel subdominant. Glacial silts and sand embed the 
substrate in reaches 2 and 3. The larger substrate size and embedded substrate limits 
spawning opportunities to isolated areas associated with pool and deposition zones. 
 

6.2.5 Fines 
Glacial river systems are typically characterized by fine suspended silts in the water flow 
and Orford River is no exception. Large volumes of silts are transported during spring 
freshet periods with volumes decreasing in fall and winter. Glacial silt blankets the 
instream substrate as well as the flood plain. The sediment pond of the original DFO 
spawning channel captured up to 4 meters of silt depth annually (Sinclair et al. 1999) 
when it was functioning in the early 1990s. Sand also constitutes a notable portion of 



DRAFT - Orford River - Overview & Level 1 Fish Habitat Assessment 

Streamline Environmental Consulting Ltd. File 2374 Page 88 

the channel substrate as well. This material is likely contributed during ongoing 
sediment transport from hill slope erosion and valley disturbances.   
 
Silts and sands embed the substrate of Orford River increasing the difficulty of redd 
construction. Reduced embryo survival is also expected in Orford River mainstem as 
gravel permeability is limited restricting incubation flows and suppressing oxygen levels.  
 
In Reach 1 where habitat and gravel quality are better suited to chum spawning it can 
be expected that the frequent use may help maintain a reduced component of silt and 
sand. This situation was not verified during the assessment.  Reduced chum returns 
over the past two decade have likely allowed a build up of fines and diminished 
spawning gravel quality. Glacial silts and sand within the spawning gravel is thought to 
be a significant issue in the Orford River.  
 

6.2.6 Pool Sites 
Despite the increase in pool area and pool frequency over the past decade pool habitat 
remains a small percentage of the available wetted habitat in mainstem Reaches 1, 2 
and 3. In Reach 1, some deep water sites exist within the riffle and glide sites and these 
were observed to be highly utilized for adult holding and refuge.  It can be expected that 
deep water refuge available in Reach 1 is utilized for energy conservation and final 
maturation. Many fish destined for spawning in Algard Creek appear to stage in Reach 
1 Orford River as holding habitat is limited at the spawning grounds and bear predation 
is on salmon is very high and sustained through the late summer and early fall period. 
 
A lack of prominent scour features may also limit the stream’s capability to create and 
maintain deep sites. Such scour features would need to be very large and robust to 
maintain function in Orford River. This would likely have been possible with old growth 
LWD. Old growth features exist over only a short length of the Reach 2 left bank and 
few old growth LWD were noted to be functioning in the river channel. It was noted that 
natural and constructed boulder clusters in lower Reach 3 adjacent the DFO intake are  
functioning to maintain some deep scour deep scour sites in the mainstem. 
 

6.2.7 Riparian Condition 
Orford River riparian stands have had a shared history with those of Algard Creek. In 
the few sites where old forest remains within the riparian zone, for example in a short 
section along the left bank of Reach 2, riparian function remains good. Some conifer-
dominated mature forest along the right bank also exhibits good riparian functioning.  
 
Most stands, both within and beyond riparian zones, however have been logged and 
were not properly managed following harvest. This has caused stands to become 
overstocked, often with deciduous trees (Photos 28 & 29) that can retard the 
development of a conifer layer and complex stand structure. Mature conifers within 
structurally diverse stands are desirable in riparian areas because they stabilize banks 
and provide long-term bank stability, shade, organic debris, donor large woody debris 
and more.   
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Photo 28. Stand condition in a 
section of the lower Orford River 
anadromous floodplain, showing 
wetland and deciduous-
dominated stands (lighter green). 

 
 
 
 
 
 
 
 
 
 
 

 
 
Photo 29. Lower Algard Creek (left) and Orford 
River (right) looking southwest, showing the 
extent of deciduous-dominated stands within 
the anadromous floodplain area. Arrows 
indicate direction of flow. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Wildlife productivity, for both aquatic and terrestrial species, is noted to be below its 
potential for this area. Numerous site qualities including low-gradient streams, reliable 
water sources and patches of intact old forest, indicate that the floodplain area has very 
high potential for wildlife productivity. Previous harvesting activity, however, has 
compromised these values and resulted in a condition in which many riparian areas are 
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poorly functioning and upland legacy components such as large trees, coarse woody 
debris and snags are largely absent. For example, very few snags, and fewer cavity 
nests, were observed during field observation. As a result of the low population of 
legacy structures, wildlife productivity is likely far below potential. 
 

6.2.8 Large Woody Debris 
LWD throughout the assessed reaches of Orford River was generally found to be 
sufficient in quantity however concerns arise over the quality and function of the LWD 
counted. A distinction of LWD species composition was not made during the 
assessment however site observations and photographs depict that much of the LWD 
present is composed of red alder logs, particularly in Reach 1. Alder offers little long 
term value to channel stability as it decays rapidly with a functional life span of 
approximately 5 years (Rushton 2006). Some maturing second growth conifers 
contribute to the LWD count in Reaches 2 and 3. These trees remain relatively small in 
diameter and they too offer limited long term function in a river the size and volume of 
Orford River (Cover photo). None of the LWD counted are old growth conifer logs fallen 
into the stream prior to the harvest of the riparian areas over a century ago. 
 
 
 

 
Photo 30. Reach 1 Orford River with alder 
LWD rafted along the banks and additional 
trees contributing off the right bank, Sept. 
2008. 
 
 
The primary source of LWD in Orford 
River is from localized riparian 
contributions. The Reach 4 canyon is 
tightly constricted and powerfully 
turbulent offering limited opportunity 
to deliver LWD from headwater 
reaches to the lower anadromous 
reaches. 
 
In addition, as discussed riparian 
areas upstream of the anadromous 
reaches have also been harvested 
extensively, offering limited 
opportunity for quality LWD 
contributions. 
 
Thus, it can be predicted that a deficit 
of functional LWD can be expected 
for many decades until riparian 
conditions re-establish old growth 
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values. A comparison of LWD frequencies with those recorded by Sinclair et al. in 1994 
clearly demonstrates the function of alder in the stream and the trend towards 
diminishing supply. In Reach 1 LWD frequencies diminished by 250% over the past 
decade while in Reach 2 where riparian conditions are a mixed second growth maturing 
forest LWD frequencies diminished by 164%. In Reach 3 on the other hand shows an 
LWD frequency increase of 416%. This increase in LWD per channel width may be 
partially attributed to the significant change in assessed channel width as well as to the 
aerial assessment used for the current data.  
 
6.2.9 High Water Refuge 
Refuge from high water events is vital for coho salmon and steelhead trout that over-
winter in fresh water as juveniles. Coho repeatedly travel to and habituate in known off 
channel areas during flood periods (Bustard 1975). A lack of high water refuge can 
greatly reduce over-winter survival as immature fish are displaced to the sea or energy 
reserves are expired holding in higher velocity sites. High water refuge in mainstem 
habitats is usually associated with large, complex jog jams. The most effective high 
water refuge is provided by off-channel habitat within the floodplain.  
 
High water refuge habitat in Orford River mainstem is primarily supplied by the lee chute 
channels of gravel bars wetted during high flow conditions. Multiple channels and braids 
offer numerous flood channel opportunities for refuge Within Reach 1 true off channel 
habitat is available in tributary inflows and likely in an un-assessed relic channel on the 
right bank. One prominent tributary is Dupont Creek however a derelict lock block fish 
trap weir in the estuary outlet is eliminating both adult and juvenile access.  
 
In Reach 2 the constructed DFO channel discharges significant flows from the left bank. 
Extensive area has been developed by this side channel complex. It should be noted 
that juvenile high water refuge may currently be limited by the fish fence and counting 
weir built in the channel outlet.  No other off channel habitat exists upstream of the DFO 
channel outlet through to the upstream extent of anadromous access.  
 
6.3 Salmonid Species of Note 
Salmonid production in the Orford River system is generally noted for two species, 
chum and coho. Site isolation, limited river access and turbid water make stock 
assessment difficult. The production of other species such as chinook, steelhead, Dolly 
Varden char and bull trout remains unstudied with current knowledge dependant upon 
local knowledge and reconnaissance level sampling both upstream and downstream of 
the anadromous barriers. A review of watershed literature verifies that early fisheries 
knowledge and assumptions have been repeated by subsequent watershed studies. 
 
Habitat opportunities appear to exist in the watershed for notable production of chinook 
salmon, steelhead trout and Dolly Varden char or bull trout. The extent and opportunity 
for these species should be considered and is briefly reviewed along with the dominant 
species below.  
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6.3.1 Chum Salmon 
Chum salmon are the most abundant salmon species in the Orford River system. They 
are highly valued by the Holmalco First Nation for drying and smoking. The value of 
chum salmon to the watersheds ecosystem is highlighted by the large grizzly bear 
population that congregate on the river annually to feed on salmon. These bears and a 
thriving bear tour industry are dependant upon the preservation of the chum population.  
 
The critical functions of chum populations go far beyond human consumption and eco 
tourism. Chum salmon, in particular, are renowned for their important role in “cleaning” 
spawning beds and assisting with the transport of bed load. The estimated mean 
historical run size of 40,000 adults annually might have consisted of 40% females 
moving approximately 100 kg of gravel each or approximately 1600 tonnes of gravel 
annually (approximately 130 dump truck loads). This activity would have accelerated the 
movement of bed load downstream and out of the system, leaving increased wetted 
area during lower flows for stream rearing species such as coho, steelhead and 
cutthroat trout. The dug gravel remaining would also have become less embedded with 
sand and silt leading to an increased egg-to-fry survival rate. Emerging chum fry also 
provide an important early spring food source to out-migrating coho salmon, as well as 
steelhead and cutthroat trout. The fodder they provide contributes to the smolt’s 
condition factor at seaward migration, an important factor for marine survival (Bradford 
1995). As discussed above, the chum salmon also contribute significantly to the nutrient 
pump that drives the aquatic and terrestrial productivity of the river ecosystem.  
 
Declines in chum salmon escapement to Orford River are very concerning. Hatchery 
enhancement staff has found it difficult of late to capture the brood numbers required to 
produce significant fry out-plants. The grizzly bear population dependant upon the chum 
is apparently un-satiated (reference Kevin ?? pers com). The development of an 
improved enhancement program at the DFO side channel site is underway to increase 
efficiencies and brood capture. Many opportunities exist to restore habitat conditions 
and attention to these is critical. 
 

6.3.2 Coho Salmon 
Coho salmon are valued in the Orford River for recreation and human consumption. The 
large glacial system offers limited opportunity for juvenile rearing habitat in the 
mainstem Orford River while Algard Creek provides some suitable habitat. Historic 
stock numbers can be attributed to the propensity of off-channel habitat in the lower 
valley including wetlands, small tributaries, and side channels which are ideally suited 
for coho production. In addition the system has produced an abundance of chum 
salmon fry providing beneficial foraging opportunity for out migrating coho smolts.  
 
Resource development within the valley has degraded both mainstem habitat and the 
many off channel water bodies. Within the mainstem of both Orford River and Algard 
Creek pool habitat is assessed to be poor with a low percent pool area and pool 
frequency. Excessive bed load and lack of scour structures allow for extensive riffle 
area of limited value to coho rearing. In addition the mobile bed load in Algard Creek 
likely leads to reduced benthic productivity and foraging opportunities. Within the flood 
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plain forest harvesting has disturbed off-channel fish habitat resulting in increased 
sedimentation, channel simplification, drainage interruptions and a weak riparian 
conditions. Juvenile access has been restricted into two premium off-channel rearing 
and high water refuge sites. The Dupont Creek channel in lower Reach 1 is blocked to 
adult and juvenile coho usage by a disused lock-block fish capture weir. In Reach 2 
juvenile access is limited into the DFO fisheries enhancement channel by the 
constructed adult counting fence located in its entrance. The small elevation drop and 
smooth apron of the fence foundation provides a point-of-difficulty that would restrict 
most upstream juvenile passage during lower water periods.  
 

6.3.3 Chinook Salmon 
Chinook salmon are observed annually in low numbers in Reach 3 near the Reach 4 
canyon outlet pool. There has not been sufficient focus on chinook to fully comprehend 
their usage of the system. Escapement records suggest a decline in this species from 
historic runs. Chinook salmon were notable in numbers as a by-catch in the historical 
August chum salmon river mouth fishery (Sinclair et al, 1999).  
 
Habitat conditions suggest that chinook stocks may have been larger in the past. 
Adequate spawning sites exist throughout Reaches 2 and 3 to allow for abundant 
spawning. The cobble gravel substrate would be well suited to redd construction by 
chinook with little competition from other species. Rearing opportunities would have 
limited production in the system. The limitation to stream and estuarine rearing habitat 
may account for the lack of a significant chinook population unlike that recorded in the 
neighbouring Southgate and Holmathco rivers.  
 
Some favourable chinook habitat opportunities do exist and these are likely 
underutilized. Stock enhancement may provide an opportunity to re-establish the 
chinook run. The scarcity of spawners and project support may prohibit this opportunity. 
 

6.3.4 Steelhead Production 
The reported angling effort for steelhead is light (BCCF web site). Remote location and 
difficult winter access limits knowledge about the stocks. Habitat conditions offer some 
opportunity for a steelhead population. Extensive riffle habitat in Reaches 2 and 3 of 
Orford River and 1B and 2 of Algard Creek provide spawning and rearing opportunities. 
In addition the abundance of chum salmon fry provides beneficial foraging opportunity 
for out-migrating coho smolts.  
 
Habitat degradation limits the river's current capacity to support an abundant population. 
Embedded substrates and limited boulder riffles in the Orford River may limit available 
microsites for foraging and refuge. In Algard Creek high juvenile mortalities may occur 
from the dynamic channel and mobile bed load.  
 
Stable off channel habitat may offer some opportunity to increase juvenile production. 
Construction of Orford River mainstem habitat would assist juvenile steelhead 
production. Improved anadromous access in both Orford River and Algard Creek could 
be considered to greatly enhance steelhead production from the system.      
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6.3.5 Dolly Varden Char / Bull Trout 

Little is know about the Dolly Varden char or bull trout that inhabit and extensive length 
of both Orford River and Algard Creek. Fish distribution sampling by Plutonic Hydro Inc. 
in 2007 and 2008 has indicated that the fish-bearing length of the Orford River is 21.5 
km; Sinclair Creek - 2.6 km; and Algard Creek - > 10 km (Plutonic Hydro Inc. 2008).  
 
Reconnaissance level trapping in Reach 6 during this study readably captured char in 
baited wire mesh traps. Morphological indicators were considered unreliable for 
differentiating between bull trout and Dolly Varden due to the high potential of both 
specie and hybrids to occur (Photos 31, 32). Dolly Varden char and bull trout and 
hybrids have been reported sympatrically in other watersheds in the region including the 
Southgate and Homathco River (Taylor and Costello 2006). Access would allow for both 
amphidromous and fluvial populations to present in these rivers.  
 
Identification based on morphological indicators can also be difficult in the young and 
small fish that were captured which lack pronounced distinguishing characteristics. 
Species identification requires the sampling of tissue for genetic analysis. This level of 
survey was not included in this study. Additional study is needed to discern conclusively 
if the many char captured upstream of the anadromous barriers are Dolly Varden, bull 
trout and /or a hydrid of the two.  Both species are blue listed in British Columbia and 
their identification and stock status should be considered prior to any significant 
headwater development. 

 
 
 
 
 
Photo 31. Char captured by wire 
mesh minnow trap in Reach 6 
Orford River, Sept. 2008. 

 
 
 
 
 
 
 
 
 

 
 
 
 
 



DRAFT - Orford River - Overview & Level 1 Fish Habitat Assessment 

Streamline Environmental Consulting Ltd. File 2374 Page 95 

 
 
 
 
 
 
Photo 32. 132 mm char with bull trout 
characteristics captured in Reach 6 Orford 
River, Sept. 2008. 
 
 
 
 
 

 

6.4 Anadromous Access  
Orford River 
Previous assessments of Orford River 
have identified the anadromous barrier 
as being just within the constricted and 
turbulent canyon Reach 4 (Photos) 
Careful over flight survey and 
videography of Reach 4 indicates that 
the turbulent canyon, while likely a 
barrier to some species all of the time, 
may not be an absolute anadromous 
barrier to all species at all times. Site 
assessment of a bedrock falls at the top 
of the Reach 4 canyon indicated this 
point is the anadromous ‘barrier’ (Figures 
1 & 9). The falls was 6-7 m in height 
during the lower flow assessment period 
on September 11, 2008 (Photos 33, 34 
and 35).  

Photo 33. 7 m barrier falls at the top of Reach 4 
Orford River canyon, Note the rafted debris far 
above the falls, Sept 2008.  

 
Smoothly eroded bedrock and a rafting 
of logs well above the falls crest suggest 
that the falls routinely back-floods. In 
these conditions river velocity offers the only barrier to fish migration. At intermittent flow 
stages, the jump needed to clear the falls would be clearly within the scope of both 
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steelhead trout and bull trout. The habitat incentive for both steelhead and bull trout to 
pass the barrier is extensive.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Photo 34. Barrier falls at the Reach 4 / 5 break. Note the rafted debris over 3 m above the falls crest and 
the smooth clean rock suggesting regular back flooding of the fall. Lower flow stage, Sept. 2008. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photo 35. Downstream view of 7 m fall and constricted canyon. Scour line in the canyon suggest that the 
falls completely back-floods, Sept. 2008. 
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Rainbow trout have been captured above the canyon reach ‘barrier’ in Orford River and 
it is possible that these fish could include steelhead: strontium analysis would be 
needed to be certain. 
 
Algard Creek  
Previous assessments of Algard Creek have identified the anadromous barrier to be a 
bedrock falls of un-stated height with the canyon section of lower Reach 3. A low level 
helicopter assessment of this barrier reach indicates that points of difficulty within the 
reach are not extensive and that the actual barrier falls is estimated to be no more than 
5 m in height. A plunge pool accompanies the fall of which the outlet is constricted 
(photos 36 and 37). It is conceivable that under certain flow conditions fish passage 
may be possible. It should be noted that the upstream habitat is extensive offering no 
further barriers for many kilometres and only sporadic points of difficulty. The 
constricted boulder, bedrock step pool morphology may be particularly well suited to bull 
trout. Cutthroat trout have been captured above the barrier and may be present as a 
result of the barrier being passable under certain conditions. 

  

Photo 36. View of barrier falls in mid Reach 3 Algard 
Creek estimated to be less than 5 m in height with 
some potential to back flood.  

      

Photo 37. Anadromous accessible cascade in lower Reach 3 
that appears to be passable 
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Further work is needed to assess the extent of both of these barriers to fish migration. 
This might include detailed site surveys, in-situ water level logging and extensive 
sampling upstream of the barriers. A program to sample DNA would identify char 
species and strontium analysis might indicate anadromous parentage. The barriers at 
both Orford River and Algard Creek are difficult to access on foot and dangerous to 
survey on site. Safety considerations should include sophisticated usage of rope and 
harness equipment and a project safety plan. Thus, this issue is best addressed through 
a program of fish sampling upstream of the barriers or points of difficulty. 
 

6.5 Water Quality & Stream Nutrients 
Very little background water quality information was located for Orford River system. 
Preliminary fisheries assessment work has been ongoing for two decades with water 
quality sampling limited to water temperature records and subjective turbidity comments 
and taken within various reaches of mainstem  
 
The glacial fed system is has been subjectively described as low in stream nutrients 
with Algard Creek have a more productive quality than Orford River. (References, 
Sinclair). Stream nutrient sampling was not completed as a component of this study, 
however it is reasonable to expect that steam nutrients in the system are likely poor as 
with many coastal rivers. The glacial silts, resulting turbidity and cold temperatures 
(measuring 11.5° C in September 2008) as well as apparent oligotrophic conditions with 
respect to primary and secondary production provide evidence to support this theory. 
 

6.6 Factors Limiting Fish Productivity 
Factors limiting contemporary salmon production in the Orford River system compared 
to historic abundance are directly tied to more than a century of forest harvesting. A lack 
of riparian cover, increased run off and increased bed load have altered fish habitat 
quality and opportunity. This is particularly the case in Algard Creek which apparently 
functions as the primary production area for chum salmon the dominant salmonid 
species. Poor riparian qualities offer weak stream banks that cannot confine the 
increased runoff following forest harvest. Increased bed load reduces channel 
entrenchment, exasperating bank erosion and further bedload contributions. The 
capture and storage of bedload has been diminished by a void of quality old growth type 
large woody debris. Forest harvest along the anadromous reaches is over a century old 
with second growth harvesting common in many places. All large functional logs have 
long decomposed or been buried in bed load. The existing riparian of alder and young 
mixed forest contributes small diameter, easily decomposed and easily mobilized 
debris. This LWD does not capture bed load effectively nor provide much long lived 
stability in the channel. The current LWD also offers limited scour potential for creating 
and maintaining pool sites and hydraulic diversity for rearing juveniles and holding 
adults. It can be expected that egg to fry survival is poor in the mobile bed load where 
conceivably physical destruction or loss to predation are common. Sand and silt within 
the gravel also contribute to increased incubation mortalities due to embedded 
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substrate and reduced oxygenation. In addition this silt is allowed to accumulate in 
spawning bedded which are no longer ’cleaned’ out by a robust salmon populations. 
 
While mainstem habitat is degraded, off channel habitat also functions in a limiting 
state. Most of the historic drainages, flood channels and relic channels in the broad 
alluvial valley bottom have been impacted by cross stream yarding, silt runoff and road 
construction. Deeply entrenched historic channels, stable within the root structure of old 
growth forest are now replaced by silty infilled drainages flowing though alder bottom or 
young mixed forest land. Spawning and rearing for chum and coho salmon along with 
cutthroat trout are limited in this habitat. High-water refuge is also limited by reduced 
access and available wetted area. 
 
These degraded instream habitat conditions in conjunction with historic harvesting and 
road practices, ocean survival and global climate change have decreased salmon 
escapement within the system. It can be expected that like many anadromous rivers the 
reduced escapement has diminished instream nutrient and stream productivity.  
 

6.7 Conclusions on Ecosystem Productivity  
Ecosystem productivity is in a serious state of dysfunction due to a century of resource 
extraction and mismanagement. Given that the river appears to be naturally 
oligotrophic, the decline in salmon escapement and the associated ‘nutrient pump’ (ref) 
likely has a pronounced negative feedback effect that further decreases overall aquatic 
and terrestrial ecosystem productivity.  
 
The salmon-based ecosystem will not tolerate the continued decline in the keystone 
chum salmon population. It can be expected that subsidiary fish populations such as 
coho and chinook salmon, steelhead trout and bull trout will wane as channel 
maintenance and nutrient levels decrease. The condition is readably visible in the 
grizzly bear population which congregates in the lower river in late summer and early 
fall. Poor returns in 2008 saw foraging bears that were lean in body condition and 
aggressive in their behaviour. Forest sites no longer benefit from the abundance of 
carcases. In addition, terrestrial habitat conditions …..  
 

7.0 ORFORD RIVER RESTORATION PLANNING 
7.1 Restoration Opportunities 
Many opportunities exist within the valley to restore and enhance both salmonid and 
terrestrial habitat qualities to a much higher level of ecosystem function. Much of the 
work proposed can be intergraded with ongoing development and resource activities 
within the valley. Responsibility is needed from valley stakeholders to ensure critical 
issues get the immediate attention and the funding needed. Vision and leadership is 
needed from the stake holders and community. Successful restoration will require 
resolve beyond that normally provided by provincial or federal resource agencies.  
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Opportunities for habitat restoration and stock enhancement have been provided by a 
number of reviews over the past decade. Sinclair et al. (1999) provided a summary of 
12 suggested restoration opportunities. The Holmalco First Nation, Interfor and DFO 
have taken action on priority recommendations provided by Sinclair. 
 
This 2008 Level 1 assessment of Orford River and Algard Creek provided yet another 
opportunity to review and develop restoration and enhancement concepts. Air photo 
review and field reconnaissance were used by the assessment team along with 
discussions with Homalco fisheries manages, contract fisheries guardians and DFO 
fisheries restoration specialist.  
 
Table 29 summarizes the many restoration and enhancement projects identified. 
Projects with an effectiveness rating of High are discussed further in a conceptual 
manner, with a brief comment on purpose, difficulty, habitat gains and cost estimate 
(see Table 30 for a summary of feasibility and estimated cost). Figure 9 provides the 
location of the various proposals discussed. Additional Level II type assessment is 
needed to further develop most of the project options.  
 
Much of the instream work proposed focuses on opportunities to restore and create off 
channel fish habitat.  Investment in off channel habitat addresses many of the limiting 
factors that currently exist in the mainstem of Orford River and Algard Creek. 
Constructed habitat off channel would provide stable stream channel, clear flows and 
premium opportunities for chum and coho spawning. In addition it offers high water 
refuge for over wintering salmonids and premium rearing for coho and trout.  
 
The anadromous portion of Orford / Algard Valley provides many opportunities for off-
channel habitat development. It can be expected that much of this habitat existed pre-
logging when stable old growth stands preserved well entrenched drainages and 
overflows. Aerial photo observations clearly portray paleochannels and old oxbow 
wetlands. Many of these 
features are currently 
unrecognizable on the 
ground due to a century of 
log yarding, road 
development and 
sedimentation.  
 
 

 

Photo 38. Paleo channel adjacent 
the north side of the air strip with 
potential for off channel 
development. RO #25 

 
 



DRAFT - Orford River - Overview & Level 1 Fish Habitat Assessment 

Streamline Environmental Consulting Ltd. File 2374 Page 101 

Figure 9.  Restoration Opportunities identified in the lower reaches of Orford River and Algard Creek. 
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Select high priority restoration opportunities as defined by Tables 29 and 30 are briefly 
discussed below. Projects of note and projects readably deployed are presented in 
Table 31 and are also discussed below. Much of the conceptual options require further 
Level 2 type assessment often with a multi disciplinary team to ensure design and 
implementation success. 
 
The recommendations are primarily directed at aquatic and riparian habitats and do not 
address upslope conditions. Assessments and prescriptions for upslope restoration 
works have been provided in previous reports cited here. However, the authors would 
like to reiterate the importance of addressing the logged hillside and supporting road 
network on the northern slopes above the lower reaches of Algard Creek. The Branch 
1000 road network was assessed by both Leslie and Wise (2008) and Bryant (1997) to 
be a ‘high’ environmental risk, and a slope or road failure at this location has the 
potential to have a highly significant and direct adverse effect on salmon habitat and 
salmon production in the watershed. This recommended restoration activity is 
considered high priority. 
 
Orford Mainline groundwater alcove and channel, RO # 25 
One groundwater site has been noted as having obvious construction potential should 
the funding and support be available for immediate project construction. The project is 
RO #25 located on the north (downstream) edge of the Orford Mainline. Perennial 
ground water is observed at this site upwelling and draining in a laminar flow across a 
thinly establish alder forest with a under story of skunk cabbage and salmon berry. A 
pond / infiltration gallery could be excavated at this site developing ground water fed 
rearing habitat and a defined ground water channel connecting to the adjacent 
unnamed perennial tributary located to the east. Coho fry are observed in the tributary 

and the mainline bridge 
pool of the tributary has 
been used in past years 
for coho brood collection 
with incidental capture of 
cutthroat trout (D. Frame, 
org? Pers com.). It is 
estimated that 1000 – 
3000 m2 of wetted habitat 
could be constructed in 
this off-channel habitat 
site. In addition it is 
anticipated that the 
project development 
would deliver improved 
flows to the tributary and 
the wetland it flows 
though downstream.  

Photo 39. Groundwater seepage adjacent north mainline edge with potential for alcove and channel 
development RO #22. 
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Other off-channel projects that rate mention concern the management and maintenance 
of existing off channel habitat in the valley. The DFO channel built as a spawning 
channel in 1996 and converted to rearing habitat in 2000 - 2002 requires particular note. 
Project improvements are common following the construction off channel development 
and following is a summary of some obvious needs observed. 
 
DFO counting fence RO #26 
The counting fence in the channel outlet may offer some degree of difficulty for adult 
chum passage and a possible barrier to juvenile upstream migration. The fence is 
constructed of a low weir with a smooth downstream apron. During mid to low flow 
periods flows drop approximately 10 – 20 cm off the apron and the velocity across the 
apron is estimated to approach 1 m/sec (Photo 40). Adult chum moving out of the swift 
waters of Reach 2 Orford River hold in the calm shallow water constructed downstream 
of the weir. These ‘resting’ fish are often vulnerable to relentless predation from grizzly 
bears, leaving them further exhausted and less able to pass the fence. Coho fry are 
known to seek temporary high water refuge or longer winter refuge in off-channel 
habitat and these fish along with juvenile trout may also be barred from the side channel 
by the drop and velocity of the counting fence. The maximum prolonged swimming 
speed for juvenile coho is 0.6 m.s -1 for 120 mm and 0.4 -1 for 50 mm while maximum 
jump height is 0.5 m and 0.3 m respectively (Whyte et al. 1996). Channel 
reconfiguration and complexing could be used to reduce bear predation and to back 
water the weir. This project should be developed in an aesthetic fashion to enhance the 
bear viewing facility that is being developed on the site.  
 

 

 

 

 

 

 

 

 

 

 

 

Photo 40. Orford Channel counting fence, potential barrier to upstream fry migration and point of difficulty 
for chum salmon, Sept. 2008.  RO #26 
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DFO settling pond complexing RO#31 
The opportunity exists to enhance rearing opportunities in the settling pond at the top 
end of the original DFO spawning channel. An extensive pond area was formed in 2002 
when a weir was installed across the channel reduce the silt laiden Orford River water 
though the channel in preference for the newly developed Algard Creek intake flows. 
The weir back-floods the upper channel ponding a body of water which is estimated to 
be 3 ha in area (Photo 19, 41). The sides of this pond are steep and the pond depth 
estimated to be 2 – 3 m in depth. Large volumes of glacial silts from the Orford River 
are settled throughout the pond and are deeply accumulated at the upstream end near 
the intake valves. All colonization of the pond is currently recruited though the intake as 
the control weir is impassible to juveniles and spawning habitat is not available in the 
pond for adults.  
 
The pond habitat is open, deep and devoid of complex habitat. Surface observations 
suggest that few juvenile salmonids currently inhabit the pond. It is recommended that 
large volumes of LWD be imported to the pond to provide cover and substrate diversity. 
The habitat created would provide ideal rearing conditions for coho fry as well as for 
early spring rearing of chinook fry. The trout and water fowl could also be expected to 
populate the available habitat. The pond would provide an ideal out-planting site for 
chinook fry from hatchery production. 
 
 

 
 
 
 

 

 

 

 

Photo 41. Orford 
channel settling pond 
proposed for habitat 
complexing and riparian 
restoration .RO #31  

 
 

Stumps and waste logs salvaged from cut blocks are ideal for this purpose. It is also 
recommended that the intake valves be throttled down to reduce the flow though the 
pond reducing additional silt contributions and allowing the pond water to warm. Silt 
removal prior to complexing could be considered in the ponds upstream end however 
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this expense and complication may be of limited gain. A program of riparian species 
transition from alder to conifer would enhance the riparian conditions and reduce beaver 
activity around the pond site. The installation of a beaver baffle to control the pond 
outlet would provide water control security and improved maintenance-vehicle access 
around the pond. 
 
Dead channel reactivation and complexing RO #1 
Two deep ditches are constructed between the original DFO spawning channel and 
Algard Creek. The ditches join and drain to Algard Creek. These deep and straight ditch 
lines are currently wetted however stagnant in their flow and deep organic sediments 
(Photos 42, 43).  As discussed by Sinclair et al. (1999) the channels offer good potential 
for creating high water refuge and off-channel rearing opportunities for coho. A total of 
335 m of channel length is offered by the channels. The ground water flows currently 
availability standing in the channel is not adequate and of quality to stimulate usage and 
production. A well established 2 m high 18 m wide beaver dam back floods the upper 
110 m of the ditch likely inhibiting ground water flow development. Two surface fed 
water sources are readably available for developing flows through the channel. A 
beaver baffle pond overflow could be used to regulate Algard Creek flows from the DFO 
channel under the access road and into the head of the channel. Further down the 
channel a control valve already installed into the original DFO spawning channel is 
plumbed between the lower ditch and the channel. The current function is unclear and 
its configuration is obscured with accumulations of detritus however its capacity to 
deliver flows from the channel is apparent.  Rock rip rap and LWD should be used to 
complex the ditch providing habitat diversity and cover. If spawning habitat values are 
developed a focus of the channel complexing may need to be a matrix of overhead 
cross logs to reduce disturbance by bears. A young alder forest is densely established 
along the channel limiting sunlight and primary productivity in the channel and loading 
organics. This forest should be transitioned to conifers to improve riparian strength and 
quality and to eliminate beaver fodder opportunities. 
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Photo 42. Downstream half of dead channel RO#1 Requiring 
improved flow and habitat complexing, Sept. 2008.  

Photo 43. Upstream end of dead channel RO#1 Looking 
downstream and back flooded by the distant beaver dam.  

 
DFO channel complexing RO #11 
Channel development from Algard Creek to the DFO channel in 2002 created extensive 
rearing habitat. The configuration of this channel involved habitat complexing using rock 
rip rap and LWD. The opportunity exists to greatly increase the LWD complexing in the 
new channel and pond sites constructed as well as within the old spawning channel 
(Photos 44 and 45).  
 
Stumps, logs and rock rip rap would all contribute significant salmonid production 
benefits to the channel complex.  It can be expected that the proposed project will 
create disturbances to the current riparian dominated by sapling alder (Photos). A 
program of specie transition is proposed to remove alder and establish conifers along 
the channel. The alder removal will discourage the beaver and allow a strong and 
functioning riparian forest to reestablish on the site.  
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Photo 44. Orford channel outlet from beaver ponds 
opportunity for  habitat complexing RO#11 

Photo 45. Lower Orford spawning channel requires channel 
complexing opportunity for habitat complexing RO#11 

DFO Channel maintenance 
Channel maintenance protocols are needed to ensure the facility is fully productive and 
secure. Routine channel maintenance should include: 

o regular inspection and clearing of the high water (clear water) sump pool located 
upstream of Orford Mainline. The collection and intake was partially clogged at 
the time of assessment.  

o Channel intake valve security to ensure the channel’s water supply is properly 
managed. The control valve was found to be fully closed at the time of 
assessment limiting summer flow and rearing habitat opportunity.  

o Regular inspection and cleaning of the channel intake screens. The primary 
screen was partially plugged and the secondary screen was fully plugged with 
fine debris. An external brushing dramatically improved the flow to the channel.  

o Installation of a beaver baffle pond level control in the pond area adjacent and 
upstream of the new hatchery facility. Beaver activity had actively raise the pond 
elevation at the time of assessment jeopardizing the integrity of the dyke, access 
road, downstream channel habitat and proposed hatchery site. As a temporary 
solution the beaver population had been controlled to halt this issue. 

 
Orford River bank stabilization RO #37and #38 
Two 30 meter high banks of 136 m and 98 m in length produce ongoing bank erosion 
on the left bank of lower Reach 3 contributing additional silt and bed load to the 
mainstem Orford River. (Photos 46, 47) As discussed by Sinclair et al. (1999) given the 
silt laden nature of the Orford River the relative contribution of silt and bed load 
produced by these sites is small and a low priority to restore. However, the erosion is 
ongoing allowing little opportunity for riparian establishment and a localized source of 
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channel degradation. Any stabilizing prescription would need to be low cost and provide 
added in stream value to channel diversity as well. It is suggested that the material on 
these banks could be quarried to the benefit of both other watershed developments as 
well as habitat restoration. This is particularly true at the larger upper site which is an 
isolated mound of glacially deposited material (drumlin). This high pile of gravel and 
sand 136 m long, 30 m high and 40 m across towers in a thin forested ridge between 
the Orford Mainline and the river. Extraction of the material down to the surrounding 
forest floor elevation would eliminate most of the potential sediment source and allow 
machine access to construct bendway weir type structures to add instream fish habitat 
and turn the river away from the bank. As an added bonus, river realignment at this 
upper site might reduce erosion pressure on the second downstream eroding bank as 
well. A multi-disciplinary assessment by both fish habitat biologist and a fluvial engineer 
is required to further develop this concept. 
 

 
Photo 46. Reach 3 eroding 
bank, note Orford mainline 
though the trees in the top 
left RO #38 

 
 
 
 
 
 
 

 

 

 

 Photo 47. RO #38 Narrow 
sediment source between the 
mainline and the river proposed 
for removal by gravel salvage and 
site rehabilitation. 
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Orford River anadromous access 
As discussed above there is a possibility that anadromous salmonids bypass the Reach 
4 canyon and the small falls at the Reach 4 / 5 break. The habitat incentive for bull trout 
or steelhead to pass these falls is extensive with some excellent habitat in Reaches 5, 
7, 8 9 and 10 for steelhead with that and more for bull trout who could in theory and 
preference migrate though to Reaches ?? of Orford mainstem and Reaches ?? of 
Sinclair Creek. Consideration should be given to improved access past Reach 4. If DNA 
or strontium sampling proves anadromous access currently exists then the value to 
these species and ecosystem diversity is significant. Coho or chinook salmon are 
unlikely to challenge the high velocities of the Reach 4 canyon leaving only steelhead 
and Dolly Varden and bull trout increased access and extensive habitat opportunities. If 
anadromous access is not proven to exist upstream of Reach 4 then consideration of 
the value of access should be discussed amongst area stakeholders.   
 
Algard Creek upslope road deactivation RO #4 
An area of note is the logged hillside and supporting road network on the northern 
slopes above the lower reaches of Algard Creek. The Branch 1000 road network was 
assessed by both Leslie and Wise (2008) and Bryant (1997) to be a ‘high’ 
Environmental Risk (Figures 6 and 11). Drainages from this harvest area flow directly to 
the anadromous waters of Algard Creek. In addition, a high-risk drainage from this area 
has been developed as the floodwater supply for the Algard Creek side channel 
constructed by DFO. This supply was developed to supply sediment free water when 
the prominent supply, Algard Creek mainstem, is normally turbid.  The “high’ 
Environmental Risk assigned to this road system was downgraded to a ‘medium’ 
Overall Risk due only to the difficult and expensive project access (Leslie and Wise, 
2008), but the inherently high environmental risk remains nonetheless. 
 
In subsequent personal communication Mr. Leslie (Pers. Comm. 2009) stressed that 
many serious signs of concern were noted during the 2007 assessment. The following 
are some points of note: 

• The branch system was abandoned following forest harvest with all drainage 
features such as culverts and bridges in place. Many drains are currently plugged 
or failed. 

• Numerous and extensive tension cracks exist along portions of the roads.  
• In some places tension releases half the width of the road base are present.  
• Slumps up to a hundred meters long have occurred dropping the road surface 

over a meter in height in places.  
• It can be expected that an upslope road failure will trigger further downslope 

failures at every subsequent road crossing. 
• It is very conceivable that tens of thousands of cubic meters of sediment could be 

transported directly into the anadromous reaches of Algard Creek and the DFO 
side channel. 

 
Such an event would undoubtedly result in significant degradation of the available 
anadromous fish habitat. The Orford River chum salmon population could be 
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significantly impacted should such an event occur during the fall spawning or winter 
incubation periods. 
 
Algard Creek bank stabilization RO #3 
A site of rapid bank erosion exists at wildlife viewing tower #3 along the right bank of 
upper Reach 1A, Algard Creek. At this point a 24 m width of forested flood plain 
separates Algard Creek from the also eroding bank of Orford River. Algard Creek flows 
are aligned towards Orford River however two large old growth Sitka spruce trees are 
resisting the erosion of both stream banks. The flow in Algard Creek is deflected back 
west away from Orford River. The flow in Algard Creek is currently a secondary flow 
braided from the mainstem approximately 100 m upstream. Algard Creek at this point is 
dynamic with frequent flow and channel realignments. The eroding bank remains 
subject to peak channel altering flows and erosion of the spruce roots is ongoing. Some 
rock rip rap and concrete lock blocks have been placed over the bank to help reduce 
erosion and to protect the footing of the wildlife viewing tower. It is expected however, 
that in the near future the ongoing erosion will topple one of the spruce trees likely 
weakening the other and both will be lost. This event will sever the existing peninsula 
between Orford River and Algard Creek shifting the Algard Creek confluence to the top 
of Reach 3. With this event, over 1000 m of the highest value chum spawning habitat in 
the Orford River system will become side channel habitat fed by ground water and 
floods. The habitat impact is not well understood at this point and would require multi-
disciplinary assessment, including a fish habitat biologist and a fluvial engineer.  
 
At minimal cost it may be possible to defer this event and possibly even to prevent it if 
desirable. Rock spurs with LWD complexing could be used to train the flow away from 
the bank and tree roots. Channel training could also take place further upstream 
directing all stream flow down the left bank channel and away from the narrow 
peninsula. Either of these prescriptions would require multi-disciplinary development 
following further site assessment. 
 
Algard Creek anadromous fish access 
As discussed above there is a possibility that anadromous salmonids bypass the Reach 
3 canyon and falls. This hypothesis should be studied further with thorough sampling 
required upstream of the potential barrier. Once past the Reach 3 falls, helicopter 
reconnaissance over flight suggests that the available habitat extends >10 km into the 
headwaters before further barriers are encountered. The available habitat is particularly 
well suited to bull trout which seek high gradient glacial fed streams for spawning. 
Should sampling confirm the presence of anadromous salmonids upstream of Reach 3 
improved access should be considered as it may greatly benefit a blue listed species 
and ecosystem diversity. Unless bull trout are proven to inhabit the Orford System it is 
unlikely that improved access up Algard Creek will benefit any other salmonid specie.  
 
Dupont Creek fish access re-establishment RO #16 
This project simply involves removal of the lock block fish capture weir positioned in the 
downstream outlet of Dupont Creek (Photo 48). The weir is currently unused and un-
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maintained. The weir creates 20 and 30 cm drops limiting access to juvenile salmonids 
such as coho that would use the available habitat upstream for high water refuge and 
year round rearing. An aluminum tube fence installed in the weir allows water passage 
however it excludes adult 
salmon from the stream. It is a 
high priority to remove this un-
managed structure.  
 
 
Photo 48. Unused fish capture weir in 
the mouth of Dupont Creek restricts all 
salmonid access into the stream. To 
be removed RO #16.  

 
Riparian restoration adjacent to 
DFO side channel RO #18 
Over 20 ha of deciduous-
dominated pole/sapling forest 
occurs adjacent to the DFO side channel and between the side channel and both the 
Orford River and Algard Creek. This compromises the proper functioning of both 
riparian and upland functioning in this area.  Restoration of this stand would include 
thinning of the deciduous overstory to release the conifer understory and hasten the 
development of structural complexity. Thinning could include either reducing density 
throughout the entire stand, in patches or both. Further investigation is necessary to 
determine where the stand conditions would best facilitate restoration. Factors leading 
to a high probability of success would include a well-developed understory of conifers 
and a relatively low shrub cover or conifers that have over-topped the shrub layer. This 
project is would be highly beneficial to the structural diversity and riparian and upland 
functioning of this stand. It is considered a high priority due to its location adjacent to the 
DFO side channel, the Orford River and Algard Creek.  
 
Conifer-dominated pole/sapling and young forest stand restoration near Dupont Creek / 
Orford Camp RO #19 
Several RVT 2 stands of varying size occur near the confluence of Dupont Creek and 
the Orford River, both within and without the riparian zone. These stands are stagnating 
due to an overly dense canopy that hampers understory development. Residual trees 
are small with relatively low crown ratios and high height to diameter ratios. Intervention 
is required to thin these stands and return them to a proper functioning condition. 
Assuming restoration occurs early enough in the development of these stands, thinning 
of the overstory is expected to have a high probability of success at releasing the 
residual trees and encouraging the development of more complex structure through the 
opening of gaps in the canopy.  
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Orford River riparian zone RVT 3 stand restoration RO #20, 29 
Several small deciduous-dominated pole/sapling and young forest stands occur within 
the riparian zone of the Orford River in Reaches 1 and 2. Where conifer saplings and 
seedlings are well-established and access is good, these stands should be considered 
good candidates for riparian restoration. The location and scale of these efforts should 
be confirmed with further field investigation to examine access and structural issues. 
 
Algard Creek riparian zone RVT 3 stand restoration RO #5, 8 
Three restoration opportunities were noted within the Algard Creek riparian zone during 
field observations in 2008, although more thorough field investigation would likely 
identify others. Two sites rated a ‘high’ restoration opportunity are (RO # 5 and 8) (Table 
28, Figure 9, Photo 6) which include Polygons 1, 3, 5, 6 and 7. They are RVT3 stands 
with a dominant deciduous overstory and well-established conifer understory. 
Restoration opportunities # 5 and 8 are seen as high priority sites because they have 
well-developed conifer understories, good access, and would directly benefit the 
anadromous fish-bearing reaches of Algard Creek. 
 

7.2 Considerations for Restoration Prescription Development  
A priority action for off -channel habitat development is assessment, prioritization and 
design of potential projects. Remote sensing, field reconnaissance, site testing and 
survey are needed to optimize and prioritize the development of the many off-channel 
opportunities. The procurement of LIDAR imagery for the complete valley bottom of the 
both Orford River and Algard Creek from the estuary though to the anadromous barriers 
would be a significant asset to project design. This imagery viewed at half meter 
accuracy will highlight paleochannels and natural drainages to scout for channel 
development. Conceptual plans and linkages to existing drainages can be developed at 
an overview level. There may be an opportunity to share the expense of LIDAR imagery 
with the run-of-river hydropower developers currently active in the valley as it is a tool 
often employed in the hydropower project design process. Field reconnaissance will 
confirm opportunities and highlight specific values and features which can be developed 
or should be avoided. These may include obvious sites of groundwater, deep silts, well 
defined paleochannels, old growth forest features and so forth. Excavator dug test holes 
should be established along potential side channel sites to determine groundwater 
infiltration rates, site materials and ground water elevations. A survey of potential 
channel development sites will tie in the test holes, LIDAR data and site features to 
allow for the accurate design and engineering of projects.  
 
Further field work is also necessary to narrow the list of riparian restoration 
opportunities to those that are the highest priorities. This would involve polygon 
delineation and the completion of field plots to define the spatial scale and structural 
characteristics of candidate stands. Issues to consider include whether sites are high, 
medium or low bench sites, the vigour of conifer and shrub understories, and the 
potential to de-stabilize banks through restoration attempts and the size and types of 
the treatments. A general consideration of wildlife productivity could be included so that 
opportunities to improve wildlife habitat are identified. This could include the creation of 
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artificial coarse woody debris (i.e., fall trees to contribute to coarse woody debris 
populations) and snags, through either topping or girdling. 
 
Future land-use plans within the watershed (e.g. hydropower, logging, tourism and 
recreation) should be identified and the implications for restoration success incorporated 
into restoration plans. Any high quality habitat for species at risk should be identified 
during the development of restoration prescriptions and efforts to avoid or enhance this 
habitat should be included.  Habitat for red-legged frogs may be a particular concern, 
especially in areas with seasonal wetlands. A monitoring and effectiveness plan should 
be developed to determine the effectiveness of restoration efforts and recommendations 
for improvement where necessary.  
 
As with any successful restoration program, it is recommended that Interfor continue 
with its process of stakeholder and agency consultation in the selection, prioritization, 
authorization and implementation of restoration options. 
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Table 29. Effectiveness ratings for identified restoration opportunities in the Orford River watershed. 

Sub-
basin 

Channel 
type 

 
RO 
#  

Restoration 
option Location  Target 

species Objective Restoration option 
description 

Compon-
ent 

Effective-
ness 
rating 

Algard 
Creek 

Off-
channel 1 Channel 

reactivation 

Reach 1A 
Algard Ck & 
'Dead' 
channel ditch 

CO 

Increased over-
wintering, high-
water refuge & 
rearing. 

Complex and reactivate 
stagnant ditch sites.  

Instream 
fish habitat High 

Algard 
Creek 

Main-
stem 2 

Mainstem 
complexing - 
LWD 

Algard Creek 
Reaches 1A 
& 1B 

CM, CO 
CH, ST, 

CT 

Increased pool 
frequency; bed load 
capture; Increased 
spawning & 
juvenile rearing 

Create stable hard sites 
using large LWD and 
boulders.  

Instream 
fish habitat High 

Algard 
Creek 

Main-
stem 3 Bank 

stabilization  
Algard Ck 
Tower #3 

CM, CO 
CT 

Increased coho & 
trout rearing & 
spawning; 
Increased chum 
spawning 

Halt bank erosion, loss of 
old growth riparian & 
Algard avulsion 24 m 
though to Orford River.   

Channel High 

Algard 
Creek N/A 4 Road 

deactivation 

RB Algard 
Ck - road 
network 
leading from 
1000 Rd. 

CO, CT, 
CM, CH, 
ST, RB 

Decreased risk of 
slope failure. 

16.2 km road reactivation 
& deactivation. Hillslope High 

Algard 
Creek 

Off-
channel 5 

Deciduous to 
conifer 
conversion 

RB Reach 1 
(Polygon 5) CO, CM 

Return stand to 
PRF; enhance 
structure. 

Thin deciduous overstory 
to release remaining 
conifer and promote 
understory development. 

Riparian High 

Algard 
Creek 

Main-
stem 6 

Pool 
enhance-
ment 

 Algard Ck 
Bridge site 

CO, CT, 
CM, ST, 

RB 

Increased coho & 
chum holding & 
rearing, improved 
channel intake & 
brood capture site. 

Create apposing rock 
spurs to scour a 
permanent pool site.  

Instream 
fish habitat Moderate 

Algard 
Creek 

Main-
stem 7 

Anadromous 
barrier 
passage  

Algard Creek BT, DV 
ST 

Create or increase 
access for 
anadromous fish. 

Explore possibility of 
blasting falls to 
create/improve access to 
headwater reaches. 

Instream 
fish habitat Moderate 

Algard 
Creek 

Off-
channel 8 Deciduous 

thin 

Young forest 
on LB Reach 
1 (Polygon 5) 

CO, CM 
Return stand to 
PRF; enhance 
structure. 

Thin deciduous overstory 
to promote conifer 
development. 

Riparian Moderate 
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Table 29 (cont.). Effectiveness ratings for identified restoration opportunities in the Orford River watershed. 

Sub-
basin 

Channel 
type 

 
RO 
#  

Restoration 
option Location  Target 

species Objective Restoration option 
description 

Compon-
ent 

Effective-
ness 
rating 

Algard 
Creek 

Off-
channel 9 Deciduous 

thin 
Reaches 5 & 
6 CO, CM 

Return stand to 
PRF; enhance 
structure. 

Thin deciduous overstory 
to release remaining 
conifer and promote 
understory development. 

Riparian Moderate 

Algard 
Ck/ 
Orford 
R 

Off-
channel 10 

Maintenance 
high water 
channel 
intake 

DFO-channel 
intake/ 
settling pond 
u/s of Orford 
M/L 

CM, 
CO, CT 

Ensure clear high 
water flow to the 
DFO channel. 

Routine maintenance to 
dredge sump pool & clear 
channel intake required. 

Instream 
fish habitat Moderate 

Algard 
Ck/ 
Orford 
R 

Off-
channel 11 Channel 

complexing 
DFO  
channel CO, CH 

Increased coho 
rearing & 
spawning; 
Increased chum 
spawning. 

Add LWD to channel. Instream 
fish habitat Moderate 

Algard 
Creek 

Off-
channel 12 

Side-channel 
complexing - 
LWD 

LB Algard 
Reach 1A CO High water refuge - 

over-wintering. Add LWD to channel. Instream 
fish habitat Low 

Algard 
Creek 

Off-
channel 13 Channel 

dyking 
DFO channel 
access road  

CM, 
CO, CT 

Reduced risk of 
avulsion from 
Algard to DFO 
channel. 

Construct dyke on 
channel access road. 

Instream 
fish habitat Low 

Dupont 
Creek 

Off-
channel 14 

Develop 
ponds & 
channel 
complexing 

Pelton/hatch
ery rearing 
tank outflow 

CO, CT Increased rearing & 
spawning. 

Opportunity to integrate 
gravel salvage for other 
needs with habitat pond 
construction & site 
aesthetics; existing 
channel outflow should be 
complexed.  

Instream 
fish habitat High 

Dupont 
Creek 

Off-
channel 15 

Groundwater 
channel 
development 

Dupont Ck 
alcove/ 
channel 
development 

CM, CO 
CT 

Increased 
spawning, rearing 
& winter refuge. 

Groundwater opportunity 
to the east of Dupont Ck 
flood channel as indicated 
by shallow borrow pit with 
standing water near the 
ground surface.  

Instream 
fish habitat High 
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Table 29 (cont.). Effectiveness ratings for identified restoration opportunities in the Orford River watershed. 

Sub-
basin 

Channel 
type 

 
RO 
#  

Restoration 
option Location  Target 

species Objective Restoration option 
description 

Compon-
ent 

Effective-
ness 
rating 

Dupont 
Creek 

Main-
stem 16 Access 

restoration 
Dupont Ck 
Reach 1 

CM, CO 
CT 

Re-establish 
spawning, rearing 
& high water 
refuge. 

Remove disused lock-
block fish capture weir 
from the stream mouth 
which is currently 
excluding all fish from 
accessing the stream. 

Instream 
fish habitat High 

Dupont 
Creek 

Off-
channel 17 Tributary 

complexing 
Dupont Ck 
Reach 1 

CM, 
CO, CT 

Increased coho 
rearing & 
spawning; 
Increased chum 
spawning. 

Provide cover & 
complexing in Reach 1. 

Instream 
fish habitat Moderate 

Orford 
River 

Off-
channel 18 

Alder to 
conifer 
conversion 

DFO channel CO, CT, 
CM 

Return stand to 
proper riparian 
functioning; 
enhance 
development of 
complex structure; 
Decreased beaver 
activity in the 
channel. 

Remove all or portions of 
deciduous overstory to 
enhance conifer growth 
and development of 
understory. 

Riparian High 

Orford 
River 

Off-
channel 19 Conifer 

thinning 

Lower 
Dupont Ck/ 
Orford River 

CO, CM 

Return stand to 
proper riparian 
functioning; 
enhance structure. 

Thin conifer overstory to 
release remaining conifer 
and promote understory 
development. 

Riparian High 

Orford 
River 

Off-
channel 20 

Alder to 
conifer 
conversion 

LB Reach 1 
(Polygon B); 
adjacent 
pole/sapling 
stands 

CO, CM 
Return stand to 
PRF; enhance 
structure. 

Remove all or portions of 
deciduous overstory to 
enhance conifer growth 
and development of 
understory. 

Riparian High 

Orford 
River  

Off-
channel 21 

Groundwater 
channel 
development 

U/S of 
mainline 
oxbow 
wetland 

CO, CT Increased rearing & 
spawning. 

Develop ~600 m 
groundwater channel east 
of hard-hack wetland to 
flow though wetland, 

Instream 
fish habitat High 
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enhance ponding & water 
quality.  

 

Table 29 (cont.). Effectiveness ratings for identified restoration opportunities in the Orford River watershed. 

Sub-
basin 

Channel 
type 

 
RO 
#  

Restoration 
option Location  Target 

species Objective Restoration option 
description 

Compon-
ent 

Effective-
ness 
rating 

Orford 
River  

Off-
channel 22 

Groundwater 
channel/ 
alcove 
development 

Along d/s 
mainline  

CO,CM, 
CT 

Increased rearing & 
spawning. 

Develop groundwater-fed 
ponds and channel, 
enhance d/s flow though 
wetland. Soil salvage 
from the excavation could 
mutually benefit 
excavation costs & other 
valley developments.  

Instream 
fish habitat High 

Orford 
River  

Off-
channel 23 

Groundwater 
channel 
development 

Along air 
strip CO, CT Increased rearing & 

spawning. 
Expand groundwater 
channel development.  

Instream 
fish habitat High 

Orford 
River  

Off-
channel 24 Channel 

complexing 
Channel d/s 
of air strip  

CO, CT, 
CM 

Increased rearing & 
spawning. 

Existing groundwater 
channel requires habitat 
complexing. 

Instream 
fish habitat High 

Orford 
River  

Off-
channel 25 

Groundwater
/ river-fed 
channel 
development 

North edge 
of airstrip 

CO, CT, 
CM 

Increased coho & 
trout rearing & 
spawning; 
Increased chum 
spawning. 

Development of 600 m 
length of groundwater or 
river-fed channel. 

Instream 
fish habitat High 

Orford 
River  

Off-
channel 26 Improved 

access 

DFO 
counting 
fence 

CM, 
CO, CT 

Increased access 
for adults & 
juveniles. 

Reconfigure channel d/s 
of the fence to reduce 
bear predation; back flood 
fence to ensure easy 
upstream passage to 
juveniles & adults. 

Instream 
fish habitat High 

Orford 
River  

Main-
stem 27 

Anadromous 
Barrier 
Passage  

Orford River BT, DV 
ST 

Create or increase 
access for 
anadromous fish. 

Explore possibility of 
blasting falls to 
create/improve access to 
Reach 5. 

Instream 
fish habitat High 
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Orford 
River 

Off-
channel 28 

Alder to 
conifer 
conversion 

Upland stand 
east of 
Dupont Ck 

CO, CM 
Return stand to 
PRF; enhance 
structure. 

Remove all or portions of 
deciduous overstory to 
enhance conifer growth 
and development of 
understory. 

Riparian Moderate 

Table 29 (cont.). Effectiveness ratings for identified restoration opportunities in the Orford River watershed. 

Sub-
basin 

Channel 
type 

 
RO 
#  

Restoration 
option Location  Target 

species Objective Restoration option 
description 

Compon-
ent 

Effective-
ness 
rating 

Orford 
River 

Off-
channel 29 

Deciduous to 
conifer 
conversion 

Mature forest 
NW of air 
strip 

CO, CM 
Return stand to 
PRF; enhance 
structure. 

Thin deciduous overstory 
to promote conifer 
development. 

Riparian Moderate 

Orford 
River 

Off-
channel 30 

Deciduous to 
conifer 
conversion 

Riparian 
pole/sapling 
stands in 
Reaches 6, 
9, 11, 16 & 
17  

CO, CM 
Return stand to 
PRF; enhance 
structure. 

Thin deciduous overstory 
to release remaining 
conifer and promote 
understory development. 

Riparian Moderate 

Orford 
River  

Off-
channel 31 Channel 

complexing 
DFO channel 
settling pond CO, CH Increased rearing. 

Add conifer LWD 
complexing to settling 
pond to increase rearing 
opportunities. 

Instream 
fish habitat Moderate 

Orford 
River  

Off-
channel 32 

Groundwater 
channel 
development 

North edge 
of mainline 
flowing SW 
into DFO 
channel 
‘soup can’ 
pond 

CO, CT 
Increased 
spawning, rearing 
& winter refuge. 

Develop groundwater in 
roadside channel to 
provide ground water 
back-up for DFO channel 
& high-water clean flows. 

Instream 
fish habitat Moderate 

Orford 
River  

Off-
channel 33 

Groundwater 
channel 
development 

RB Reach 1 
flood plain 

CO, 
CM, CT 

Increased coho 
rearing & 
spawning, chum 
spawning. 

Develop groundwater 
channel opportunities. 

Instream 
fish habitat Moderate 

Orford 
River  

Off-
channel 34 

Complex 
unnamed 
tributary 

U/S of 
mainline, 
channelized 
tributary 

CO, RB 
Increased coho 
rearing & 
spawning. 

Add LWD & complexing. Instream 
fish habitat Moderate 
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Orford 
River  

Off-
channel 35 

Complex 
overflow 
ditch 

Overflow 
from upper 
settling pond 

CO, RB 
Increased 
highwater refuge & 
rearing. 

Resculp ditch to increase 
complexity, add boulders 
and LWD. 

Instream 
fish habitat Moderate 

Orford 
River  

Main-
stem 36 

Mainstem 
complexing - 
boulder 
clusters 

Reach 3 CO, CH, 
SH, CT, 

Increased adult 
holding & foraging, 
& juvenile rearing. 

Add boulder clusters. Instream 
fish habitat Moderate 

Table 29 (cont.). Effectiveness ratings for identified restoration opportunities in the Orford River watershed. 

Sub-
basin 

Channel 
type 

 
RO 
#  

Restoration 
option Location  Target 

species Objective Restoration option 
description 

Compon-
ent 

Effective-
ness 
rating 

Orford 
River  

Main-
stem 37 Bank 

stabilization 

R3 L/B near 
DFO channel 
intake 

CO, CM 
CH, ST 

Decreased bed 
load & silting, 
stabilised riparian 
vegetation. 

Reshape and end haul 
material off the bank.  Channel Moderate 

Orford 
River  

Main-
stem 38 Bank 

stabilization 
Upper R3 
L/B  

CO, CM 
CH, ST 

Decreased bed 
load & silting, 
stabilised riparian 
vegetation. 

Reshape and end haul 
material off the bank.  Channel Moderate 

Orford 
River  

Main-
stem 39 

Mainstem 
channel 
complexing - 
LWD 

Orford 
Reach 3  

CO, CM 
CH, ST 

Increased adult 
holding & foraging, 
& juvenile rearing. 

Add LWD & complexing. Instream 
fish habitat Low 

Sinclair 
Creek 

Off-
channel 40 

Deciduous to 
conifer 
conversion 

Riparian 
pole/sapling 
stands in 
Reaches 1-3 

CO, CM 
Return stand to 
PRF; enhance 
structure. 

Thin deciduous overstory 
to release remaining 
conifer and promote 
understory development. 

Riparian Moderate 
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Table 30. Feasibility and estimated costs for identified restoration opportunities in the Orford River watershed. 

Sub-
basin 

RO 
# 

Restoration 
option 

Effective-
ness 
rating 

Feasibility Estimated 
Habitat Gain  

Appro
x Cost 

$ 
Comments 

Algard 
Creek 1 Channel 

reactivation High 
HIGH, easy access & 
construction. 1,500 m2 30 K – 

Algard 
Creek 2 

Mainstem 
complexing - 
LWD High 

LOW, high river 
velocity, mobile bed 
load, lack of old growth 
characteristic LWD. 

20,000 m2 200 K 

Machine access instream, helicopter LWD 
delivery. Large labour component. Concept 
requires a preliminary assessment by fluvial 
engineer & project collaboration.  

Algard 
Creek 3 Bank 

stabilization  High 
HIGH, good access. 25,000 m2 25 K 

Breakthrough would result in the loss of the 
lower 1000 m of Algard Creek - the premium 
chum habitat in the system. 

Algard 
Creek 4 Road 

deactivation High 
LOW, poor access. Preventative 

action 250 K+ 
16.2 km reactivation & deactivation with 
temporary bridge crossing of Algard Creek. 

Algard 
Creek 5 

Deciduous to 
conifer 
conversion 

High HIGH Habitat 
improvement   Significant labour component. 

Algard 
Creek 6 

Pool 
enhancemen
t Moderate 

HIGH, good access, 
machine project. 

Deep pool 
Improved 

intake 
15 K Will also provide security to intake site. 

Algard 
Creek 7 

Anadromous 
barrier 
passage  Moderate 

LOW, poor access. ?? km 100 K 

Blasted falls could provide extensive habitat 
contributions for steelhead, anadromous bull 
trout or dolly varden char. Additional study 
needed. 

Algard 
Creek 8 Deciduous 

thin Moderate HIGH Habitat 
improvement   Significant labour component. 

Algard 
Creek 9 Deciduous 

thin Moderate LOW, poor access. Habitat 
improvement   Significant labour component. 

Algard 
Ck/ 
Orford R 

10 

High water 
channel 
intake 
maintenance Moderate 

HIGH, good access, 
low cost. 20,000 m2 2 K Routine maintenance to maintain the clean 

high water flow is needed. 

Algard 
Ck/ 
Orford R 

11 Channel 
complexing Moderate 

HIGH, good access, 
machine & labour 
project. 

20,000 m2 100 K Reduce availability of alder to discourage 
beaver habitation . 
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Table 30 (cont.). Feasibility and estimated costs for identified restoration opportunities in the Orford River watershed. 

Sub-
basin 

RO 
# 

Restoration 
option 

Effective-
ness 
rating 

Feasibility Estimated 
Habitat Gain  

Appro
x Cost 

$ 
Comments 

Algard 
Creek 12 

Side channel 
complexing - 
LWD Low 

LOW,  poor access, no 
LWD present. 

2,500 m2 
enhanced 150 K 

Sediment deposition & channel instability 
along with expensive access & material limits 
the value of this project. Habitat is currently 
functioning to some degree. 

Algard 
Creek 13 Channel 

dyking Low 
HIGH, good access. 25,000 m2  

protected No cost 
No cost if integrated with other projects; 
monitor Algard Creek erosion towards DFO 
channel. 

Dupont 
Creek 14 

Develop 
ponds & 
channel 
complexing High 

HIGH, good access, 
machine project. 1,000 m2  50 K Initial test holes needed to determine water 

table & material. 

Dupont 
Creek 15 

Groundwater 
channel 
development High 

HIGH, good access. 2,500 m2 60 K 
The extent of this project option was not 
explored. Test holes are needed to confirm 
water table & site material. 

Dupont 
Creek 16 Access 

restoration High 

HIGH, good access, 
machine project. 3,600 m2 1 K 

Critical fish access issue, quick machine job 
to ensure salmonid access to available 
habitat. 

Dupont 
Creek 17 Tributary 

complexing Moderate 
MODERATE, good 
access. 2,000 m2 70 K Preserve right bank overflow channel at top 

of reach to reduce high flow impacts.  

Orford 
River 18 

Alder to 
conifer 
conversion High 

HIGH Habitat 
improvement 60 K Significant labour component. 

Orford 
River 19 

Groundwater
/ river-fed 
channel 
development High 

HIGH, good access, 
machine project. 3,000 m2 150 K 

Test holes needed to confirm water table & 
site material. Existing test hole at top end is 
2.3 m deep & dry.   

Orford 
River 20 Conifer 

thinning High HIGH Habitat 
improvement   Significant labour component. 

Orford 
River 21 

Alder to 
conifer 
conversion 

High HIGH Habitat 
improvement   Significant labour component. 

Orford 
River  22 

Groundwater 
channel 
development High 

HIGH, good access, 
machine project. 7,000 m2  150 K 

Mainline culvert needs upgrading to improve 
access to the wetland. Test holes needed to 
determine water table & material. 
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Table 30 (cont.). Feasibility and estimated costs for identified restoration opportunities in the Orford River watershed. 

Sub-
basin 

RO 
# 

Restoration 
option 

Effective-
ness 
rating 

Feasibility Estimated 
Habitat Gain  

Appro
x Cost 

$ 
Comments 

Orford 
River  23 

Groundwater 
channel/ 
alcove 
development High 

HIGH, good access, 
machine project. 

1,000-3,000 
m2 100 K 

Ground water perking & flowing even in late 
summer. Silt overburden. Soil salvage could 
be integrated into project to reduce 
development costs. Test holes needed to 
confirm water table & site material. 

Orford 
River  24 

Groundwater 
channel 
development High 

HIGH, good access, 
machine project. 2,000 m2 60 K Test holes needed to confirm water table & 

site material. 

Orford 
River  25 Channel 

complexing High 

HIGH, good access, 
machine & labour 
project. 

1,000 m2 30 K Good flow in existing channel. 

Orford 
River  26 Improved 

access 

High 

HIGH, good access. 35,000 m2 35 K 

Roughen approach to counting weir to ensure 
upstream passage of both juvenile coho for 
high water refuge & adult chum salmon for 
spawning. Aesthetics are an important 
component of this project for tourist viewing. 

Orford 
River  27 

Anadromous 
barrier 
passage  High 

MODERATE, good 
access. ?? km 100 K 

Blasted falls could provide extensive habitat 
contributions for steelhead, anadromous bull 
trout or dolly varden char. Additional study 
needed. 

Orford 
River 28 Channel 

complexing Moderate 
HIGH, good access. 12,000 m2 40 K 

Chinook out-plant & fry rearing opportunity. 
Consider future dredging needs. Reduced 
flow-though should be considered.   

Orford 
River 29 

Ground 
water 
channel 
development 

Moderate 

MODERATE, 
excavated material 
could be salvaged or 
used to raise adjacent 
mainline.  

1,000 m2 90 K 

Excavation requirements may prohibit this 
project. Test holes are needed to confirm 
water table & site material. Excavated 
material could be used to raise the road 
grade further protecting the DFO channel 
from the southern hill slope. Material could be 
salvaged for other valley projects.  

Orford 
River 30 

Complex 
unnamed 
tributary Moderate 

HIGH,  good access, 
machine project. 100 m2 5 K Degraded habitat from road ditching.  
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Table 30 (cont.). Feasibility and estimated costs for identified restoration opportunities in the Orford River watershed. 

Sub-
basin 

RO 
# 

Restoration 
option 

Effective-
ness 
rating 

Feasibility Estimated 
Habitat Gain  

Appro
x Cost 

$ 
Comments 

Orford 
River 31 

Maintenance 
of high water 
backup Moderate 

HIGH, good access. DFO channel 
protection 2 K 

Good access for routine maintenance. 
Culvert under mainline is currently partially 
plugged.  

Orford 
River 32 

Alder to 
conifer 
conversion 

Moderate HIGH Habitat 
improvement   Significant labour component. 

Orford 
River 33 

Deciduous to 
conifer 
conversion 

Moderate MODERATE Habitat 
improvement   Significant labour component. 

Orford 
River 34 

Deciduous to 
conifer 
conversion 

Moderate MODERATE Habitat 
improvement   Significant labour component. 

Orford 
River  35 

Ground 
water 
channel 
development Moderate 

LOW. poor access. 3,500 m2 250 K+ 
Aerial assessment only, apparent 
opportunities, may currently be functioning, 
ground assessment needed. 

Orford 
River  36 

Mainstem 
complexing - 
boulder 
clusters Moderate 

LOW, high river 
volumes & forces. 500 m2 40 K 

Existing natural & man-made examples 
functioning at DFO channel intake 
constructed over a decade ago. 

Orford 
River  37 Bank 

stabilization Moderate 

MODERATE, extensive 
trucking needed. 

Mainstem 
enhancemen

t 
60 K 

Can be integrated with a fill project (e.g. fill 
for dyke between DFO channel & Algard 
Creek; lift & reconstruct air strip. etc). 

Orford 
River  38 Bank 

stabilization Moderate 

MODERATE, salvage 
material. 

Mainstem 
enhancemen

t 
n/c 

Opportunity to integrate with proposed hydro 
development to remove for bedding material 
etc.  

Orford 
River  39 

Mainstem 
channel 
complexing - 
LWD Low 

LOW, high river 
volumes & forces. 500 m2 75 K Limited habitat gain, high risk of failure, 

requires old growth character LWD. 

Sinclair 
Creek 40 

Deciduous to 
conifer 
conversion 

Moderate LOW, poor access. Habitat 
improvement   Significant labour component. 
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Table 31. Additional projects of note identified in the Orford watershed during this project. 

Sub-
basin 

Channel 
type 

 ROP 
# 

Restorat-
ion option 

Compon-
ent Location  

Target 
species Objective Feasibility 

Estimated 
Habitat 
Gain  

Approx 
Cost $ Comments 

Algard 
Main-
stem 41 

Algard 
intake 

Instream 
fish habitat 

Algard 
intake 

CO, CT, 
CM 

Increased 
coho rearing 
and 
spawning, 
chum 
spawning 

HIGH, good 
access, 
labour 
component. 

Preserve 
existing 
habitat No cost 

Routine maintenance needed. Primary 
intake was partially plugged during 
assessment, secondary intake solidly 
plugged. Intake screen plugged with 
fine particles; automatic brush intake 
may be better suited. 

Algard 
Main-
stem 42 

Algard level 
logger N/A 

Algard 
Creek 
bridge   

Collection of 
management 
data 

HIGH, good 
access. 

Manageme
nt data No cost 

Routine maintenance needed. Stilling 
well under Algard Creek bridge is 
silted up & not maintained. Logger is 
not sitting at true logger depth. 

Algard/ 
Orford 

Off-
channel 43 

Valve 
security 
channel 
supply  

Instream 
fish habitat 

Inflow 
into DFO 
channel 

CO, CT, 
CM 

Increased 
coho rearing 
and 
spawning, 
chum 
spawning 

HIGH, good 
access, 
labour 
component. 

Preserve 
existing 
habitat 1 K 

Security system to ensure valve is 
properly controlled. Inflow valve found 
shut during late summer assessment, 
Control vegetation to allow visual 
check on daily drive by. Install staff 
guage to monitor inflow volume.  

Algard/ 
Dupont/ 
Orford N/A 44 

LIDAR of 
valley N/A 

Valley 
bottom   Planning tool HIGH 15 km2 No cost 

Opportunity to integrate with proposed 
hydro development. 

Dupont 
Off-

channel 45 

Beaver 
baffle, pond 
outlet 
overflow 

Instream 
fish habitat 

DFO 
channel 
just u/s of 
hatchery 
site 

CO, CT, 
CM 

Protect 
channel and 
road 

HIGH, good 
access, 
labour 
component. 

Preserve 
existing 
habitat 2 K 

Security for the DFO channel and 
hatchery site. 
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8.0 STATEMENT OF LIMITATIONS 
This report was prepared exclusively for International Forest Products Ltd. by 
Streamline Environmental Consulting Ltd. The quality of information, conclusions and 
estimates contained herein is consistent with the level of effort expended and is based 
on: i) information available at the time of preparation; ii) data collected by Streamline 
Environmental Consulting Ltd. and/or supplied by outside sources; and iii) the 
assumptions, conditions and qualifications set forth in this report. This report is intended 
to be used by International Forest Products Ltd. only. Any other use or reliance on this 
report by any third party is at that party’s sole risk. 
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10.0 APPENDICES 
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Appendix I. Algard Creek FHAP analysis Sinclair and Ebell comparison 
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Appendix II. Orford River FHAP analysis Sinclair and Ebell comparison 
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Appendix III. Summary of Reach 6 fish capture results by length and weight. 
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