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Chapter 7
Rehabilitating Off-channel Habitat

D. Brent Lister1, Rheal J. Finnigan2

INTRODUCTION

Development and rehabilitation of off-channel areas is receiving increased attention as a
practical means of restoring salmonid fish habitat. This approach is particularly attractive for high-
energy coastal streams where flow extremes and channel instability often make it impractical to
attempt rehabilitation of the main channel. Off-channel habitat rehabilitation can also be a
worthwhile option in the interior, where winter conditions may be severe in the main channel.
However, only certain species and life stages of salmonids utilize off-channel areas. The benefits
of rehabilitating off-channel habitat will therefore depend on the presence of an appropriate
physical environment and the fish species and life stages adapted to that environment.

The Nature of Off-channel Habitat

Off-channel habitats, including overflow, groundwater, and wall-base channels (Fig. 7-1), are
created by long-term processes of alluvial deposition, channel migration, and changes in stream
bed elevation (Kellerhals and Church 1989). While overflow channels will carry flow only during
flood events, groundwater channels can occur in a range of floodplain situations that to varying
degrees are removed from the active channel. Wall-base channels, whether groundwater or surface
fed, occupy higher portions of the floodplain or a terrace outside the influence of active channel
processes (Peterson and Reid 1984). Each of these situations generally develops in a meander
channel that has been abandoned by the main stream as it migrates across the valley. Groundwater
and wall-base environments can be expected to provide relatively stable flows, a moderated
temperature regime (Fig. 7-2) and, in some cases, a complex of channel and pond habitats. Another
common feature of these habitats is their modification by beaver (Castor canadensis) activity,
described in detail in Chapter 15 of this publication.

Salmonid Use of Off-channel Habitats

Among the salmon species, chum and coho are most commonly associated with off-channel
habitats. These species are apparently attracted to sites fed largely by groundwater. Late-run chum
stocks, throughout their range, have been noted to spawn in groundwater-fed channels or seepage
areas (Salo 1991). Coho spawn in groundwater channels to some extent (Sheng et al. 1990), but
most coho spawning occurs in relatively small surface-fed streams (Sandercock 1991). Coho
juveniles, on the other hand, make widespread use of off-channel habitats, often gaining access to
small stream and pond environments that are either inaccessible to adult coho or unsuitable for
spawning (Peterson 1982a; Brown and Harunan 1988). In coastal streams, juvenile coho move into
off-channel areas as post-emergent fry during spring and early summer; or during fall, in advance
of the larger mainstem freshet events (Fig. 7-3). While coastal coho juveniles appear to use off-
channel habitat mainly for overwintering, studies suggest that interior coho characteristically  move
________________________
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to off-channel ponds after fry emergence in spring, and may remain there for the entire 1 or 2 years
of freshwater rearing (Bustard 1986; Swales and Levings 1989). A fall movement of coho juveniles
from mainstem to off-channel sites for overwintering has also been observed in the interior
population at Coldwater River (Beniston et al. 1988). Juvenile coho are also known to migrate
considerable distances downstream from summer rearing habitat to off-channel sites for
overwintering. Coho marked in headwater rearing areas have been recaptured at overwintering
sites up to 33 km downstream in the Clearwater River, Washington (Peterson 1982a) and 52 km
downstream in the Chilliwack River, British Columbia (Fedorenko and Cook 1982).

Figure 7-1. Types of off-channel habitat (adapted from Peterson and Reid 1984).

Figure 7-2. Water temperature regime of an off-channel beaver pond and river mainstem,
Coldwater River, B.C. (Swales and Levings 1989).



Rehabilitating Off-channel Habitat 7-3

Figure 7-3. Seasonal pattern of juvenile coho salmon recruitment to off-channel ponds
(Peterson and Reid 1984) and relationship of coho recruitment to daily discharge (Peterson
1982a) Clearwater River; Washington.

Other salmon species have not been observed to utilize off-channel habitat to a significant
extent in British Columbia. Pink salmon are not reported to utilize off-channel areas (Heard 1991).
Chinook salmon do not spawn in off-channel habitat, but interior stocks make some use of off-
channel ponds and side channels, often associated with tributaries, for juvenile rearing and
overwintering (Anon. 1987; Swales and Levings 1989). Sockeye salmon have been reported to
spawn in off-channel spring areas in Kamchatka (Burgner 1991) and Alaska (Mathisen 1962), and
on groundwater-fed lake beaches (Burgner 1991). Though off-channel habitat use by sockeye is
apparently not common in British Columbia, groundwater channels developed at Adams River and
Kitsumkalum Lake in the interior have been used extensively by sockeye for spawning and, in the
former case, for juvenile rearing over summer (M. Foy and M. Sheng, Department of Fisheries and
Oceans, Vancouver, pers. comm.). As the capacity of nursery lakes to rear juveniles frequently
limits sockeye production (Burgner 1991), off-channel habitat rehabilitation for sockeye will be
restricted to situations where spawning habitat is considered the limiting factor.
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Of the trout species, coastal cutthroat (0. clarki clarki) are most likely to be found in off-
channel environments. Adult and juvenile coastal cutthroat can be expected to cohabit many off-
channel sites with juvenile coho (Cederholm and Scarlett 1982; Hartman and Brown 1987).
Seasonal movements between main-channel and off-channel sites enable cutthroat to utilize small
tributaries for spawning, juvenile rearing or overwintering. In these situations, cutthroat may be
partially segregated from coho juveniles by their  preference for more permanently wetted
environments with higher flow (Hartman and Brown 1987). Interior stocks of west slope cutthroat
trout (0. clarki lewisi) have generally not been documented in off-channel habitat, but in the Elk
River and its Fording River tributary in southeastern British Columbia, yearling and older cutthroat
do overwinter in groundwater-fed off-channel ponds (G. Oliver, Interior Reforestation, Cranbrook;
D.B. Lister & Associates 1980, pers. comm.).

Steelhead trout do not commonly spawn in off-channel streams, and juvenile steelhead
apparently use such habitats to a much smaller extent than coastal cutthroat. Steelhead are not
abundant in off-channel ponds (Cederholm and Scarlett 1982; Swales and Levings 1989). In
coastal streams steelhead underyearlings and parr prefer small surface-fed tributaries to
groundwater environments for rearing and overwintering (Cederholm and Scarlett 1982). Some
coastal groundwater channels do, however, overwinter significant numbers of parr and pre-smolt
steelhead (King and Young 1986) and a groundwater channel at Deadman River, in the British
Columbia interior, attracted significant numbers of underyearling steelhead for rearing and
overwintering (Sheng et al. 1990). Adequate velocity and habitat diversity were likely requisites
for juvenile steelhead use of these sites. Though off-channel habitat use by resident rainbow trout
has not been reported, underyearling rainbow are known to rear in seepage-fed ponds and side
channels when these habitats are available (B. Chan, Ministry of Environment, Lands and Parks,
Kamloops, pers. comm.).

The stream-dwelling species of char, Dolly Varden and bull trout, have not been commonly
observed in off-channel habitats. Studies of coastal streams in southern British Columbia and
Washington indicate little use of off-channel areas by Dolly Varden. This species may, however,
be more abundant in off-channel habitats of northern streams. In the Skeena River system, juvenile
Dolly Varden utilize off-channel ponds in the presence of juvenile coho and stickleback
(Gasterosteus aculeatus) (David Bustard and Associates 1993). and have been observed to
overwinter in a groundwater channel at Kitwanga River (M. Foy, Department of Fisheries and
Oceans, Vancouver. pers. comm.). Dolly Varden are also relatively abundant in southeast Alaska
streams, where they make considerable use of beaver ponds (Bryant 1984). Though bull trout are
suspected to spawn to some extent in groundwater-fed areas, studies to date have not revealed the
use of off-channel habitat by this species (Baxter and McPhail 1996).

Use of off-channel habitat by Arctic grayling has not been well documented. Grayling appear
likely to utilize off-channel habitats, as they have been noted to frequent marginal low velocity
areas, side channels and backwaters as underyearlings, and to distribute into a variety of habitats,
including spring-fed areas, for feeding and overwintering in the juvenile to adult stages (Northcote
1993).

Evolution of Off-channel Habitat Rehabilitation

Early development of off-channel habitat for anadromous salmonids on the Pacific coast of
North America involved construction of surface-fed side channels, primarily for spawning sockeye,
pink and chum salmon, during the 1950’s and 1960’s. The first artificial spawning channel was
constructed in 1953 at Jones Creek on the lower Fraser River (Hourston and MacKinnon 1956).
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Following that project, 14 artificial spawning channels were built in British Columbia, and another
7 channels went into operation in the northwest United States. Certain spawning channels produced
significant numbers of adult salmon to the commercial fishery (Fraser et al. 1983; West and Mason
1987), but the relatively high capital and maintenance costs, particularly sediment problems in non-
lake-fed situations, tended to make spawning channels generally less attractive than other salmonid
enhancement options.

In the mid-1970’s, the Department of Fisheries and Oceans (DFO) began to examine the
potential for increasing chum salmon production in British Columbia by restoring groundwater-fed
spawning areas (Marshall 1986). Groundwater spawning channels were relatively inexpensive to
build and essentially free of the maintenance problems associated with many surface-fed spawning
channels. Also at this time, research on seasonal habitat and movements of juvenile coho was
revealing the importance of off-channel streams and ponds for rearing and overwintering (Bustard
and Narver 1975; Peterson 1982a). Development of off-channel habitat for chum salmon, and to a
lesser extent for coho, continued in British Columbia, Washington and Alaska during the 1980’s
(Bachen 1984;  Bonnell 1991; Cowan 1991). Evaluation of the groundwater chum spawning
channels indicated that these sites also provided spawning and juvenile nursery habitat for coho
(Sheng et al. 1990). The quarry rock (riprap) used to protect the banks of these channels from
erosion by chum spawners inadvertently provided excellent cover for coho juveniles, which also
benefited from stable flows and temperatures as well as an abundance of food consisting of aquatic
insects supplemented in winter by chum salmon carcasses, alevins and emergent fry. Recent
research suggests that salmon carcasses are also a significant source of nutrients to the food chain
supporting stream-rearing species such as coho, cutthroat and steelhead trout (Bilby et al. 1996). In
the 1990’s, off-channel habitat projects have therefore tended to emphasize a multi-species
approach that includes, for example, creation of spawning areas for species such as chum salmon
with little or no stream-rearing requirement, as well as spawning and rearing habitat for coho,
cutthroat or steelhead, which have more complex freshwater habitat needs.

ASSESSING THE NEED AND THE OPTIONS

Effective off-channel habitat rehabilitation is best achieved from a thorough assessment of
conditions in the watershed of interest. An overview fish habitat assessment, including review of
existing information on fish resources and watershed conditions, will normally be required. It
should examine evidence for declines in fish stocks and the linkage between fish population
changes and habitat changes. If existing information is not adequate to assess the need for a
project, it may be necessary to obtain detailed site-specific habitat information through field
assessment. Guidelines for planning watershed restoration work, and fish habitat rehabilitation in
particular, are presented in Watershed Restoration (WR) Technical Circular No. 1 (Johnston and
Moore 1995). Procedures for overview and detailed field assessments are described in WR
Technical Circular No. 8 (Johnston and Slaney 1996).

If initial assessment confirms the need for fish habitat rehabilitation measures, project planners
should decide on the appropriate strategy and whether or not it will involve main channel or off-
channel habitat. Off-channel habitat rehabilitation will be favoured on relatively large streams, and
in situations where the main channel is too unstable for in-channel habitat rehabilitation measures.
Selection of the off-channel option also depends, of course, on the presence of salmonid species
that will take advantage of habitat created outside the main channel. A process for selecting
between main channel and off-channel habitat options is presented by a flow chart in Chapter 8 of
this publication.
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PROJECT PLANNING AND SELECTION

The process for planning, selecting and investigating suitable off-channel habitat projects is
described in the following sections and summarized in Figure 7-4.

Target Species and Water Sources

It is important to confirm at the outset the fish species and life stages involved, and the type of
water source. e.g. surface runoff, lake or groundwater, that will be employed. One should
understand how salmonid populations utilize the drainage for spawning, juvenile rearing, and
overwintering, as well as the role played by main channel, tributary and off-channel habitats. Do
any stocks spawn in lake-fed or groundwater-fed situations that offer more benign winter
conditions (moderate temperature regime, stable flows, and sediment-free water) than surface
runoff streams? The answers to these questions will lead to decisions on the species, water source
and habitats, which will be the focus of the project.

Figure 7-4. Principal elements of project planning, selection and investigation.
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Identifying Prospective Sites

The nature of the primary water source will guide site identification. If the project is to utilize
surface water, it will need to be located on a bench or in the upper floodplain. Abandoned or cutoff
river channels offer natural depressions, which can sometimes be used to minimize excavation
quantities. A surface water source must be reliable. It should provide a year-round flow that does
not freeze in winter, and it should be relatively free of fine sands and silt, bedload (sand and
gravel), and wood debris. In colder climates, lakes are an attractive water source because their
moderating effect on winter temperature tends to ensure ice-free operation. To avoid sediment
bedload, intakes should be located on the outside of a stream bend. Relatively stable sections of
stream, such as a lake outlet reach, are the most favourable situations.

Groundwater quantities required for off-channel habitat development are most likely to be
available on a relatively large stream, over 300 km2 in watershed area, with a wide valley and
extensive alluvial floodplain. Relic meander channels and areas of standing groundwater are
commonly candidates for detailed investigation. Identification of prospective sites will be aided by
inspection of topographic maps and recent, larger-scale aerial photographs. The latter are
especially useful for identifying abandoned river channels, which are revealed by the presence of
bands of deciduous vegetation, often less mature than surrounding vegetation because of more
recent exposure to flood flows (Fig. 7-5). A helicopter survey can be of considerable assistance.
Under winter conditions, groundwater sources can often be identified from the air by the absence
of snow and ice cover due to elevated ground temperature. Promising sites should also be inspected
on the ground to confirm their suitability for development.

Exposure to Flooding

It is important to minimize intrusion of off-channel habitat rehabilitation projects onto the
active river floodplain. Adoption of such a philosophy will avoid impact on currently functioning
stream habitat.

Most projects will be located in and around abandoned flood channels that may become active
during high flow events. This raises the question: should projects be designed to withstand extreme
floods or should they be located and designed to accommodate overtopping by floods in order to
minimize their impact on the river regime? Experience suggests that it is better to design for
overtopping by a moderate flood event with, for example, a 1 in 30-year recurrence interval. Off-
channel projects located and designed with this safe-fail philosophy should require only minor
maintenance and repairs after an extreme flood. This approach tends to reduce floodplain impact
and flood protection costs.

One consideration in assessing exposure to flooding is the benefit of providing modest site
protection with a berm of granular material excavated in the course of developing a channel or
pond. The excavated material is normally used to create a low berm between a side channel and the
main river channel (see Project Design Concepts section).

It is not uncommon for a major road, railway, or flood protection dyke to cut off an active
flood channel or a channel that has been abandoned by the main river. Restoration of such habitat,
using the flood protection attributes of the existing facility, is a good strategy (see Fig. 7-19). It
will be a sound approach wherever the road or dyke is an integral part of the infrastructure and will
therefore be adequately maintained.
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Figure 7-5. Abandoned channels on the upper Pitt River floodplain.

As flooding risk varies greatly from site to site, that risk should be assessed by review of aerial
photographs and stream discharge data, by consultation with a fluvial geomorphologist, and by
contacting individuals who have experience in the project area.

Site Access

Road access will be needed for most off-channel projects. The access must be adequate for
heavy construction equipment and periodic maintenance or monitoring activities. Location of an
access road should minimize impact on the floodplain, using the flood protection berm where
possible. Cost and feasibility of creating new access or upgrading existing road access are
important to project feasibility.



Rehabilitating Off-channel Habitat 7-9

Land Tenure

Land tenure and possible restrictions on land use must also be considered. As stream habitat
rehabilitation projects will generally involve Crown forest land, it will likely be expedient to
contact the appropriate regional or district office of the Ministry of Forests. The B.C. Lands Branch
can also provide information on status, responsible management agency, and land use restrictions
pertaining to a given parcel. Through its six regional offices, the Lands Branch operates the
computerized Crown Land Registry for the province. In some instances, access to Crown land may
have to be across private land. Information on private land ownership can be obtained from one of
six regional land title offices. To initiate a title search requires specific identifying information, i.e.,
legal description or parcel identifier number, which must be obtained from the appropriate
municipal or district office, or the B.C. Assessment Authority. Information on land use restrictions
pertaining to private land may be gained from the local district or municipal office.

Construction Equipment and Materials

Availability of suitable construction equipment, particularly excavators, and off-site
construction materials are also factors to consider. For stream channel projects, rock bank
protection material, either angular quarry rock (riprap) or natural boulders, is normally employed
for lining banks to prevent erosion. Other common requirements are suitable gravel for an access
road or large wood debris for instream cover.

Operational Considerations

Some off-channel projects, particularly those with surface intakes, must be regularly inspected
and maintained to ensure reliability of the water supply. The primary task will be to remove
accumulated debris from facilities such as trash racks, water control structures, culverts and fish
enumeration fences and traps. Periodic maintenance work, involving heavy machinery, will also be
required. Availability of organizations and personnel to perform these operational functions, such
as stewardship groups or a local contractor, must therefore be taken into account.

Detailed Site Investigation

Sites that hold promise for off-channel habitat development should receive additional
investigation to determine (1) the nature and suitability of alluvial materials, (2) the quantity and
quality of surface or groundwater sources, (3) excavation quantities, (4) amount and type of
material, if any, to be moved to or away from the site, (5) the best stream channel alignment and/or
pond limits, and (6) flood protection requirements. A site topographic survey will be required to
provide the physical information and enable the channel or pond layout to be optimized. This
topographic survey, including establishment of benchmarks for reference, should provide ground
elevations relative to adjacent stream elevations and high water marks. In addition to the survey, a
number of test holes should be excavated to determine the nature and layering of substrate
materials in the area to be excavated. Another practical way of testing depth of overburden above
the gravel layer, an important consideration for a groundwater channel, is to probe the ground with
a 6-12 mm diameter steel rod.

For a groundwater channel, standpipes should be installed in the test hole pits to enable
monitoring of water table level as well as groundwater temperature and dissolved oxygen.
Excessive levels of chemical constituents such as iron and hydrogen sulfide should also be
identified by analysis of groundwater samples. It is desirable to monitor groundwater levels and
quality at about monthly intervals over an extended period, ideally covering one annual cycle.
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The topographic survey should identify standpipe locations and should enable the investigator to
compare elevations of the water table and the adjacent stream.

Regulatory Agency Approval

It will be essential to obtain project approval from appropriate government agencies such as the
Ministry of Environment, Lands and Parks and the Department of Fisheries and Oceans (Johnston
and Moore 1995). For this purpose, the project proponent will have to prepare at least a conceptual
plan, describe the project’s purpose, define its water requirements, and describe how the project
would affect existing fish and wildlife habitat values. The regulatory agency submission should
occur as soon as the proponent has adequate information and has decided that the project is likely
to be technically and economically viable. The regulatory agency approval process is described in
detail in Chapter l of this publication.

PROJECT DESIGN CONCEPTS

Site investigations provide the basis for an initial project layout and conceptual design, as well
as information needed to confirm feasibility. From this preliminary stage, the design should
proceed to development of detailed design drawings. Design drawings for an off-channel habitat
project should include a site plan showing ground elevation contours at 0.5 m intervals and
locations of significant trees to be avoided. The drawing should also include cross-sections that
indicate elevations and the extent of excavation at appropriate intervals along the project site.
Plotting of channel or pond cross-sections relative to the existing ground surface will enable the
estimation of excavation quantities and development of a plan for disposal of excavated material,
which is commonly used for the flood protection dyke and the access road. For spawning and
rearing channels, it is also desirable to plot a centerline profile showing the drop in bed elevation
over the channel, and the bed elevation in the adjacent river channel. Also needed are drawings of
associated facilities such as channel intakes, culverts (see Chapter 5) and beaver control features
(see Chapter 15). Regulatory agency staff typically require drawings such as a plan view, cross-
sections and profile to facilitate project approval.

The following sections describe three principal concepts for off-channel habitat development:
(1) the groundwater-fed spawning and rearing/overwintering channel; (2) the surface-fed spawning
and rearing/overwintering channel; and (3) the rearing and overwintering pond. A single project
may incorporate only one or all of these concepts, depending on available water supplies, terrain
conditions, and the target fish species. It is desirable, however, to provide some habitat diversity
within each project to accommodate the requirements of several species and life stages. A multi-
species approach is appropriate in light of the fact that all species in a given watershed are likely to
have been affected by habitat impairment, and improvements made for one species may benefit
another.

Groundwater-fed Channels

Suitable groundwater channel sites have a gravel substrate, relatively free of silts and fine
sands, with the water table near the ground surface. Such sites typically occur on streamside
benches with an overall gradient of 0.2 - 0.5% parallel to the main stream (Bonnell 1991). Lower
gradients tend to be associated with sandy materials and higher gradients with cobble-boulder
material in the alluvium. Water table elevation should be quite stable from season to season. The
groundwater should have a minimum dissolved oxygen concentration of 5 mg⋅L-1 (Sowden and
Power 1985), and temperature and other water quality parameters should be within acceptable
ranges for the species and life stages of interest (Sigma Resource Consultants 1979; Piper et al.
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1982). Bjornn and Reiser (1991) provide a useful review of the literature on water temperature and
dissolved oxygen requirements of salmonids.

Excavation of a groundwater channel causes drawdown of the water table in the vicinity of the
channel (Fig. 7-6). To ensure year-round flow, groundwater channels constructed by DFO in
British Columbia have generally been excavated to 0.9 - 1.2 m below the lowest level of the water
table in summer, based on water table monitoring prior to construction (Sheng et al. 1990). The bed
of a groundwater channel, which usually parallels the adjacent river, is typically about 1.5 m below
the bed of the river channel. Excavation requirements can be minimized by routing the new
channel along an abandoned meander channel to the extent possible. Depths of excavation for
groundwater channels are typically 1-2 m, but may be up to 3 m at the upper end.

In cross-section, groundwater channels are trapezoidal with bank slopes of 1.5 horizontal to 1
vertical (Fig. 7-6). Bottom width and gradient are selected to achieve a water depth of 25-50 cm
(Bonnell 1991). Channel gradient is generally flat or very low, but it may range up to 0.5% in some
cases (Bonnell 1991; Cowan 1991). Bottom widths of excavated groundwater channels are
commonly 5-6 m. Where salmon spawning is expected, channel sides are armoured with a 50 cm
thick blanket of 20-50 cm diameter riprap or boulders (Fig. 7-7). Experience has shown that rock
armouring is essential to prevent serious bank erosion by salmon spawners. If the rock is installed
in a rough or non-uniform fashion at a thickness of at least two layers, the interstices in the rock
also provide good summer and winter cover for juvenile salmonids (Sheng et al. 1990). Wood
debris is generally added to the channel to provide high quality cover for salmonid juveniles and
for mature adults during spawning (see Chapter 8). Alcove-type ponds, connected to the channel,
are also being used to augment juvenile rearing and overwintering capability of groundwater
channels. Off-channel pond habitats are described later in this section.

The present custom is to use the native in-situ material for the substrate of groundwater
channels. Comparison of chum salmon survival in channels with substrates of either native gravel,
or artificially graded gravel, with smaller size fractions (<10 mm diameter) removed, has indicated
that graded gravel offers no advantages in terms of egg-to-fry survival or density of fry production
(Bonnell 1991). Large voids in the artificially graded gravel are thought to trap fine organics,
which could result in increased biological oxygen demand (Bonnell 1991). It has been shown
experimentally that coarse sand in the native gravel/sand matrix tends to filter out finer sands and
silts in the upper layers of the stream bed (Beschta and Jackson 1979). Coarse sands probably also
reduce the penetration of fine organic material into the spawning bed.

Excavated groundwater channels usually produce small discharge volumes (0.08-0.20 m3⋅sec-1)
and low water velocities of 5-15 cm⋅s-1 (Sheng et al. 1990; Cowan 1991). The minimum desirable
water depth for salmon spawning (25 cm) is maintained by the use of rock weirs installed at
intervals dictated by channel slope.

Protecting a groundwater channel from flood damage involves (1) adequate setback from the
active river channel, and (2) construction of a protective dyke. The upstream end of the channel
should be set back at least 30 m from the active channel to maintain an adequate buffer of
protective vegetation. A band of undisturbed vegetation should also be left between the channel
and main river along the length of the channel. The flood protection dyke, constructed by
sidecasting the excavated alluvial material, is usually located between the groundwater channel and
the main channel (Fig. 7-6). These granular dykes cannot be expected to withstand the erosive
forces of extreme flows, but they can provide a measure of flood protection at moderately high
flows. Both the channel and dyke need to be located so as to minimize encroachment on the
floodplain.
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Figure 7-6. Concept of a groundwater-fed spawning and rearing channel.
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Consideration should also be given to creating a small bench at least 1.5 m wide
between the channel and the dyke to provide a path for channel inspection, and to catch
sediment that may be eroded immediately after construction.

Figure 7-7. A groundwater channel just after construction, Usher’s Channel,
Chilliwack River

Surface-fed Channels

Side channels fed by stream surface water are being employed to an increasing extent for
rehabilitation of off-channel spawning and rearing habitat. This trend is occurring because suitable
sites for groundwater channels are being exhausted in some areas, and certain salmonid species,
e.g., chinook and pink salmon and steelhead trout, are adapted to surface temperature regimes and
relatively high water velocities. The advantages of a surface water source lie in the availability of
large water volumes and flexibility in project siting. The disadvantage of a surface water source is
the possibility of significant sediment introduction and the need to expend considerable effort on
maintaining substrate quality. A surface-fed channel also has the cost of a river intake, which is not
a requirement for a groundwater channel.

Because sediment is such a critical concern, surface-fed channels should not be located on
systems, such as glacial streams, with high suspended sediment loads. Other siting prerequisites are
a bench of land with adequate flood protection, and a suitable water intake site. The bench on
which the channel is located should have a reasonably high overall slope of at least 0.5% parallel to
the main stream. Relatively high channel gradient is required to provide an adequate range of water
velocities and habitat types in the channel.

Intake Location and Design

Intake structures for projects that utilize surface water require special consideration. A minor
shift in the main channel during a flood event could have serious implications for the continued
operation of a surface intake structure. Hence, permanent intakes should be located on stable
reaches, which are unlikely to be affected by flood flows. In some locations it may be necessary to
armour the bank in the immediate vicinity of the intake to ensure bank stability under extreme
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flows. In addition, fill material around the intake structure must be adequately armoured with
heavy riprap or boulders to withstand high local velocities.

The intake for a surface-fed channel should be located on the outside of a bend in the main
stream, along the downstream half of the bend (Fig. 7-8). Secondary or lateral circulation in that
area tends to be toward the outside bank on the stream surface, and away from the outside bank
along the stream bottom. Such an intake location will minimize amounts of sands and gravels
entering the channel because sediment bedload tends to accumulate on the inside bend. To avoid
debris accumulation, it is also important to locate the intake where there is a positive downstream
flow along the bank. Localized backeddies should be avoided.

Figure 7-8. Suitable channel intake location on outside of river bend.
Cross-section shows secondary circulation pattern.

The appropriate type of intake will depend on site conditions. Where the bank is stable on the
outside bend, a log curtain wall can be employed to deflect floating log debris (Figs. 7-9 and 7-10).
The flow control valve, with a trash rack for smaller debris, is set back from the stream bank. A
settling pond, between the curtain wall and the trash rack, is an essential feature. The pond can be
expected to settle out fine to coarse sand fractions, but silts and clays are likely to pass through to
the channel. The settling pond should be as large as site conditions permit. A smaller pond will
have to be cleaned out more frequently. It is also important to provide road access for heavy
machinery required to clean the pond.
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Figure 7-9. Log curtain wall under construction, Shovelnose Creek, Squamish River.

Figure 7-10. Log curtain wall above intake, Anderson Creek Pond, Chilliwack River.

There are several intake designs that can be employed to control flow volume at the head of the
channel. The simple wood frame structure shown in Figure 7-11 will be adequate if upstream fish
passage, past the regulating valve, is not needed. If fish passage is required, then a larger slide-gate
control structure should be employed (Fig. 7-12). The latter structure will be most suited to
channels with relatively large flow volumes that might attract considerable numbers of migrating
salmon destined for spawning areas upstream of the channel.
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Figure 7-11. Wood frame intake structure, Or Creek project, Coquitlam River, B.C.

Figure 7-12. Concrete intake with box culverts and manually operated slide
gates, Centennial Channel, Chilliwack River.

Where sand and gravel bedload is a concern, it may be appropriate to locate the intake off the
stream bottom. A manifold-type intake is suited to this purpose, and has the added advantage of
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requiring little stream bank disturbance.  It consists of a horizontal, heavy wall steel pipe with an
intake slot and trash bars facing upstream or downstream, parallel to the direction of flow (Fig. 7-
13). This type of intake must be located on a stable reach and at a location with a positive
downstream flow to carry floating debris past the intake. Backeddies should be avoided. To
minimize wood debris and bedload problems, water depth at low flow needs to be at least 60 cm
plus the pipe diameter.

Figure 7-13. Concept of a manifold-type intake, bolted to steel pipe buried in stream bank.
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Water is drawn into a manifold intake through a tapered slot in the pipe, with the wide end of
the slot at the offshore end (Fig. 7-13). Cross-sectional area of the tapered slot should approximate
the pipe cross-section. The narrow end of the slot should exceed 5 cm in width; the wide end
dimension is dictated by the required open area. Design parameters for a manifold intake are given
in Table 7-1.

Table 7-1. Design parameters for selected flow capacities of a manifold-type intake.

Design Pipe Pipe Width of Trash Rack
Flow Diameter Vortex Platea Dimensionb

                   (m3⋅s-1)                       (cm)                                (cm)                                (cm)                    

0.05 20 30 90
0.12 30 40 120
0.20 40 45 150
0.35 50 50 180
0.55 60 60 275

a Vortex plate width as indicated by dimension “a” in Figure 7-13.
b Trash rack dimension on one side, as indicated by dimension “b” in Figure 7-13. Trash rack
length and width should be equal

Channel Design

A surface-fed channel should provide a range of habitat conditions to accommodate spawning,
rearing and overwintering, as well as the habitat needs of individual species. Rearing habitat
requirements, for example, can differ among species (Hartman 1965; Bisson et al. 1988), among
life stages of a species (Everest and Chapman 1972), and among seasons (Bustard and Narver
1975; Nickelson et al. 1992a). The channel should have pools interspersed between run or riffle
sections (Fig. 7-14). In a meandering stream with a natural flow regime, pools occur at intervals of
roughly 5-7 channel widths (Leopold and Langbein 1966). In a controlled flow channel, however,
pool spacing and size are not similarly constrained. The proportion of a surface-fed channel
devoted to pool habitat, relative to riffles and runs, can therefore be governed largely by the habitat
requirements of the fish species and life stages involved. Research on salmonid behavior suggests
that a larger number of smaller habitat units will promote greater fish utilization per unit area than
fewer but larger units. The head of a pool, for example, is known to be a focal point for rearing
salmonids because of its proximity to the supply of insect drift food from the upstream riffle
(Mundie 1974), and cover provided by the higher velocities and surface turbulence at that location
(Lewis 1969). Salmonids establish social hierarchies with larger, dominant individuals usually
located at the head of the pool, and smaller, sub-dominant individuals distributed over downstream
areas of the pool where the dissipation of velocity results in less favourable feeding stations and
cover (Mason and Chapman 1965; Griffith 1972; Fausch 1984). The velocity entering pools, and
the size and frequency of pools, are therefore important considerations in channel design.

Velocities in pools, and water depth and velocity in the run and riffle sections, can be
manipulated by varying channel slope and width. Addition of boulder clusters can enhance cover
and habitat complexity in runs (see Chapter 10), and can increase channel roughness to create
suitable velocities for spawning in steep riffles (Fig. 7-15). Water depth, velocity and space along
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requirements of various salmonid species and life stages are reviewed in Bjornn and Reiser (1991)
and Keeley and Slaney (1996).

Figure 7-14. Concept of a surface-fed channel for spawning and rearing.
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Figure 7-15. Riffle section of channel with boulders added for habitat
complexity, Centennial Channel, Chilliwack River.

The cross-section of run and riffle sections in a surface-fed channel should be similar in
concept to a groundwater channel (Fig. 7-6). To prevent bank erosion by spawners, and provide
stability until riparian vegetation establishes, channel banks should be constructed with a slope no
steeper than 1.5:1 and lined with boulders or riprap (20-50 cm diameter) to a level above the design
water surface. The channel alignment may be adjusted to take advantage of large trees or stumps to
provide cover features such as undercut banks (Fig. 7-16). The bank along the outside bend of a
pool can be protected from erosion by placement of large boulders, riprap, or cabled wood debris.
While both rock and wood debris provide cover and habitat complexity for juvenile salmonids,
wood debris is generally preferred for that purpose. Where both materials are available, the best
solution may be to armour the outside bank with riprap for hydraulic protection, and employ wood
debris along the bank to improve habitat complexity and fish escape cover (Fig. 7-17). If riprap is
used for bank armouring in pools, its attractiveness to juvenile salmonids will be enhanced if rock
size is large (>50 cm mean diameter), the bank is steep and irregular, and velocities along the bank
are relatively high (Lister et al. 1995).

As discussed for groundwater channels, native gravels should be used for the channel bed
wherever possible. If gravel has to be imported for the project, its size composition should be
comparable to natural spawning beds, and it should include fines down to 1-2 mm diameter.
Guidelines on spawning gravel sizes for various salmonids are summarized in literature reviews
(Bjornn and Reiser 1991; Keeley and Slaney 1996). Designers should also check the hydraulic
stability of selected gravel and rock sizes with the tractive force equation given in Chapter 12.

Design width of a surface-fed channel should be in keeping with the available water supply,
and should take into account the site’s physical constraints and fish production objectives. Channel
design width and slope can be varied, along with the planned operating discharge, to produce
desired water depths and velocities, and to provide variation between channel sections. Once
habitat requirements are defined, an experienced fluvial geomorphologist or hydraulic engineer
should be consulted to determine appropriate channel discharge, slope and width. Designers should
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avoid the temptation to maximize channel length to gain the largest possible channel area within
the project site. Such a strategy may result in a marginally acceptable channel slope, and increase
the risk of sediment accumulation. It is therefore prudent to provide for adequate, or possibly
excessive (1-2%), channel slope. Excess slope can always be accommodated by adding weirs or by
increasing channel roughness with boulders in steep riffle sections (Fig. 7-15).

Figure 7-16. Undercut stump habitat in pool, Grant’s Tomb Channel,
Coquitlam River.

Figure 7-17. Pool with riprap bank armour and wood debris cover,
Centennial Channel, Chilliwack River.
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Rearing and Overwintering Ponds

Off-channel pond environments play a significant role in juvenile salmonid rearing and
overwintering, particularly for coho salmon (Peterson and Reid 1984; Swales and Levings 1989).
Many natural ponds result from beaver dams (Bryant 1984). Creation of pond environments for
juvenile salmonids may be the main focus of an off-channel habitat project, or it may be an adjunct
to groundwater or surface-fed channel development (Fig. 7-18).

Figure 7-18. Alcove-type pond connected to Centennial Channel, Chilliwack River.

For pond sites that are independent of spawning channels, it is advantageous to incorporate
some stream spawning habitat into the project, to provide greater assurance of juvenile recruitment
and to accommodate stream-dwelling fish species. If suitable spawning habitat cannot be provided,
the outlet channel must be designed to facilitate upstream juvenile passage from the main stream.
Because juvenile salmonids have relatively high swimming capabilities, up to 10 or more body
lengths per second (Webb 1975), they are able to surmount short, high-velocity stream sections.
Though a steep outlet channel may be required in some cases, the channel slope should probably
not exceed 5%. Outlet channels over 2% slope should be stepped down to the main stream over a
series of low drops, not more than 10 cm high and separated by pools or runs that dissipate the
hydraulic energy and provide resting areas for the fish. Rough and irregular channel margins, with
alternating sections of high velocity and back eddy, are also essential features for juvenile passage.
Conditions at the entrance to the main river will be difficult to control and should not be a concern.
Juvenile salmonids appear capable of locating and entering off-channel sites under a variety of
physical conditions.

Rearing and overwintering ponds can be created by either: (1) flooding an existing site or
increasing water depth over the site, possibly an existing wetland or abandoned river channel,
through construction of a dam or dyke; or (2) excavating to achieve adequate water depths within
or adjacent to an existing watercourse. Some projects combine these approaches. Off-channel pond
projects can vary greatly in size, depending on physical attributes of the selected site. Though pond
areas of projects in British Columbia have generally been less than 0.5 ha, ponds of up to 1.5 ha
have been constructed. It is worth noting that larger ponds will generally not support as many fish
per unit area as smaller ponds (Keeley and Slaney 1996). Examples of off-channel rearing and
overwintering pond projects are discussed in the following paragraphs.
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The Anderson Creek project on the Chilliwack River is an example of creative use of site
characteristics to restore salmonid spawning and rearing habitat (Fig. 7-19). Since construction of
the Chilliwack Lake Road, upstream passage of fish into upper Anderson Creek had been blocked
at the road culvert, and an old meander channel of the Chilliwack River had been cut off from the
main river. The restoration effort involved diverting a portion of the Anderson Creek flow just
upstream of the road culvert, and installing a new road culvert 300 m east of Anderson Creek to
flood the old meander channel and to provide fish passage under Chilliwack Lake Road. The
project has created a 1.5 ha pond (Fig. 7-20), 200 m of inlet and outlet spawning and rearing
channels, and has re-established fish access to upper Anderson Creek. A 2 m deep channel was
excavated along the dyke on the north side of the pond to increase water depth for juvenile
salmonid overwintering, and to make it difficult for beavers to construct a dam at the pond outlet.
A beaver-proof intake box (see Chapter 15) prevents blockage of the outlet culvert while allowing
adult and juvenile salmonids to move upstream into the pond. The outlet culvert was oversized to
provide low velocities for upstream passage of juveniles. The inlet and outlet streams are now
being used for spawning by coho and chum salmon, and the pond supports juvenile coho and
steelhead rearing and overwintering.

Studies of juvenile coho utilization of off-channel ponds for overwintering have indicated that
while shallows, less than 0.75 m deep, may be beneficial to coho in terms of benthic insect food
production, the presence of deeper areas (to 3.5 m) tends to maximize survival for smolt emigration
(Peterson 1982b; Cederholm et al. 1988). Off-channel ponds that have both shallow areas or shoals
for food production and deep areas for overwinter security (Fig. 7-21) are most likely to produce
good numbers of large, viable smolts.

Alcove-type pools or ponds, which are essentially a backwater environment connected to the
main stream channel, are also being created to provide off-channel rearing and overwintering
habitat, primarily for juvenile coho. This type of habitat, similar in concept to Cook Creek pond in
Figure 7-21, fosters limited water exchange, low velocity, and development of pond-like
conditions. Alcoves are usually quite accessible to salmonid juveniles and coho utilization of
alcoves is high compared to other habitats in winter (Nickelson et al. 1992b). Alcoves have
therefore been included in several off-channel habitat developments in British Columbia. As a note
of caution however, the point of connection between the alcove and the main stream can be
blocked as a result of shifts in the bed of the main channel under high flows (Nickelson et al.
1992b). The alcove concept therefore appears best suited to hydraulically stable environments,
such as a groundwater channel or a surface-fed side channel with controlled flow.

Addition of wood debris cover to streams can improve salmonid rearing and overwintering
capability (see Chapter 8). There is limited evidence, however, of similar benefits to salmonid
production in ponds. Comparison of juvenile coho populations in a series of artificial off-channel
ponds at Coldwater River, with and without wood debris added, revealed an average of 2.5 times
higher densities in ponds with debris cover (Beniston et al. 1988). The advantage of added wood
debris appeared to be greatest in winter and smallest in summer.

Experience with performance of constructed off-channel pond environments is not extensive.
Research to date would suggest incorporation of the following design principles;
• limit the area of individual ponds to 0.1 - 0.3 ha;
• provide diverse water depths for fish growth and overwinter security;
• limit water exchange rates to foster development of a pond environment, but recognize the

need to maintain suitable water temperatures and dissolved oxygen levels;
• incorporate, where feasible, some spawning habitat upstream of the pond, to reduce reliance on

upstream movement of juveniles for recruitment; and
• add wood debris cover, to improve rearing and overwintering capability.
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Figure 7-19. Rearing and overwintering pond with inlet and outlet stream habitat, Anderson Creek, Chilliwack River.
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Figure 7-20. Rearing and overwintering pond at Anderson Creek, Chilliwack River.

Figure 7-21. Alcove pond at Cook Creek, North Thompson River (Lister and
Dunford 1989) and beaded channel at Paradise Pond, Clearwater River,
Washington (Cederholm et al. 1988).
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Project Costs

Costs of off-channel habitat projects vary with scale and type of habitat, as well as the
particular site conditions (Table 7-2). Rearing and overwintering ponds of various sizes can be
created at modest cost ($2.50 - 4.00 per m2) in relation to excavated groundwater-fed channels with
armoured banks ($14.00 - 18.00 per m2).

CONSTRUCTION PROCEDURES

Construction of off-channel habitat, as with any fish habitat project, is largely about dealing
with water. This influences construction timing and procedures, and it also poses challenges in
controlling sediment to avoid impact on downstream fish habitat.

To prepare for construction the limits of clearing and excavation as well as the channel
centerline, should be flagged. Flagging may reveal the potential loss of exceptional trees that could
be avoided by a modest shift in project alignment or by confining the excavation limits. Clearing of
vegetation should also be undertaken in a manner that avoids unnecessary disturbance and loss of
trees. Conifers that are suitable for providing habitat complexity in the finished project should be
stockpiled (Fig. 7-22).

Figure 7-22. Excavation of a surface-fed channel showing stock piles of conifer
trees and boulders, Centennial Channel, Chilliwack River.

Excavation and handling of topsoils should be undertaken during the dry summer season. A
groundwater channel should ideally be excavated in late summer when the water table is low.
Instream work windows, established by regulatory agencies to avoid fish habitat impacts, are also
an important constraint on the construction schedule. Projects should be completed early enough to
provide time for germination and growth of grasses to stabilize soils before the fall rains. Seeding
of grasses needs to be conducted before temperatures decline in fall.
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Table 7-2. Construction costs of selected off-channel habitat projects in British Columbia. Estimated costs include construction labour,
equipment rental, and materials. Costs of design and construction supervision are not included.

Project Name and Construction Project Descriptiona Site Dimensions                         Estimated Costs ($)
Location Year Total Cost          Cost⋅m-2

Adams River 1990 Groundwater spawning/rearing channel, 980 m x 5 m 88,000 18.00
Side Channel with riprap banks and native gravel, for

sockeye and coho.

Usher’s Channel 1991 Groundwater spawning/rearing channel, 625 m x 6 m 54,000 14.30
Chilliwack River with riprap banks and native gravel,

for chum and coho.

Shop Creek Channels 1994-95 Three small groundwater channels with 2,300 m2 (580 m 11,000 4.80
Squamish River deep pools and wood debris cover for x 3-4 m)

coho overwintering. No bank armour.

28.5 Mile Creek 1996 Two ponds, groundwater channel for Ponds 3,500 m2 84,000 8.80
Squamish River coho spawning/rearing. Woody cover Channel 6,000 m2

added.

Or Creek 1994-95 Surface intake with spawning/rearing 1.42 ha of ponds 130,000 8.20
Coquitlam River channel sections between 4 rearing ponds, 1650 m2 of channel

for coho, cutthroat and steelhead. (540 m x 3 m average)
Boulders and wood debris cover added.

Fletcher Challenge 1992-93 Manifold-type surface intake and channel 290 m of improved 88,000 5.00
Channel to increase flow to relic side channel channel, 1000 m
Englishman River with beaver ponds. Spawning/rearing relic channel, ponds

habitat for several species. (18,000 m2)

Golden Ponds 1994 New pond (2700 m2); fish access improved 0.83 ha of ponds 22,000 2.60
Alouette River to existing beaver pond (5600 m2); and

spawning/rearing channel.

Fee Creek Ponds 1991-92 Five rearing ponds created by excavation 1.66 ha of ponds; 45,000 2.60
Birkenhead River and earth dams. Includes groundwater 780 m2 groundwater

channels to enhance flow, timber control channels (290 m
structures and fishway. x 2 7 m)

Anderson Creek Pond 1995 Old meander channel flooded and 1.5 ha pond; 200 m 66,000 4.10
Chilliwack River deepened, wood debris added. x 4 m channels

Includes intake, spawning/rearing
channels and culvert.

a Equipment included one or more of the following: tracked excavator; small bulldozer/loader; dump truck; and gravel screen.
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In the case of groundwater channels, and some pond habitat projects, site excavation will
penetrate the water table and cause seepage into the excavated area. An earthen plug can be left at
the downstream end to isolate the site from the adjacent stream. Keeping initial excavation above
the water table, and lowering the bed of the channel or pond in stages, can also assist in dealing
with seepage. A staged excavation strategy could involve removal of overburden, then excavation
to the water table, and lastly, commencement of ditching at the lower end of the channel to pull
down the water table. Water that can’t be retained on the site should be pumped or diverted to a
constructed sediment settling basin or natural depression for treatment. Clean water flowing into
the construction area should be diverted or pumped around the site to assist construction and
minimize water volumes to be treated for sediment control. It is advisable to develop a sediment
mitigation plan and to obtain agreement from habitat protection staff of the regulatory agencies in
advance of construction.

Excavated overburden and gravels will normally be sidecast to form a flood protection dyke on
the main river side of the project. Where practical, topsoil should be stockpiled so that it can be
later used on disturbed areas such as channel and dyke slopes, to improve the growth medium for
revegetation. Rootwads and large boulders that have to be removed should also be stored on-site
for subsequent placement as instream cover or bank protection. Trees and shrubs, which can be
salvaged alive with intact roots, should be covered with soil and stored for site revegetation.

Following site excavation, channel side slopes should be armoured and rock weirs installed.
Vegetative techniques for slope stabilization may also be appropriate (see Chapter 6). Wood debris
and/or large rocks should be added to enhance habitat complexity.

A surface intake on a stream should be constructed during the low water period and within the
approved instream construction window. If necessary, the intake can be isolated from the stream by
retaining an earth plug or by sand bags, to avoid downstream sedimentation and facilitate the
construction.

The final stage involves stabilization of banks and other disturbed areas to control surface
erosion during the fall-winter period. Available top soil should be spread over disturbed soils, and
slopes should be lightly scarified to improve conditions for establishing grasses and shrubs. The
site should be seeded with an appropriate mix of grasses and clover. A light dressing of hay or
straw may then be spread over the seeded areas to provide some erosion protection until grasses
germinate and begin to grow.

OPERATION AND MAINTENANCE

Operation and maintenance requirements of off-channel habitat projects vary considerably
depending on the type and complexity of the project. Projects that utilize a groundwater source
normally require little operational effort and also have modest maintenance needs. Surface-fed
channels or ponds, on the other hand, will often require an active operation and maintenance
program. In this respect, it is prudent to engage a local entity, such as a fish and game club or
salmonid restoration society, to carry out the routine operation and maintenance.

For a groundwater project, the operational concern is generally related to fish access, which
may be restricted by a beaver dam or inadequate flows, particularly in the early fall. The gravel
substrate and rock armour of a groundwater channel will accumulate fine organic material, and
may experience some encroachment by vegetation or rooted aquatic plants. These problems are
generally addressed by scarifying the gravel and turning over the rock armour. Reconstruction of
rock weirs, regrading of spawning gravel, and addition of bank armouring may also be required
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from time to time. Groundwater-fed channel and pond projects should be inspected periodically
during the spawning migration period to ensure fish access and at least annually to monitor channel
substrate quality and other features.

A surface-fed channel or pond will generally require greater operational attention than a
groundwater project, because of relatively high flow volume and potential for intake blockage. The
intake and flow control gate will need to be regularly inspected and kept free of debris. During
high flow periods, inspections may be required weekly or more frequently, while at other times the
inspection frequency can likely be reduced. Once the best discharge for fish spawning is
established, the flow control gate or valve should be left at the required setting throughout the
spawning period. It may be desirable, however, to reduce channel discharge during the incubation
period in order to minimize introduction of suspended sediment to the channel.

Surface-fed channels need to be inspected annually to assess the maintenance requirements.
Features to be examined include intake condition, sediment deposition in the settling pond,
condition of weirs and bank armour, and possible accumulation of fine silts and organics in the
gravel substrate. Maintenance could involve sediment excavation from the settling pond, weir
repair or removal, bank armour repairs, and gravel cleaning by either scarification or, in an extreme
case, by removal and replacement with new or screened material. The latter activity should be only
an occasional requirement.

Though a pond environment is unlikely to require maintenance, the stream connecting it to the
main stream should be inspected periodically for potential obstructions to fish passage, particularly
beaver dams. It is also prudent to periodically monitor water quality, especially dissolved oxygen,
to identify any trend toward deteriorating water quality.


