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Executive Summary

The Fisheries Technical Committee for the Cheakamus Water Use Plan developed a comprehensive monitoring
plan for the Cheakamus River to address critical points of scientific uncertainty and disagreement within the
Consultative Committee, and to better inform the next Water Use Plan. CMSMONS deals with questions related
to channel morphology and tributary flows.

BC Hydro’s Terms of Reference for CMSMONS identify three management questions (MQs), which the
Cheakamus River monitoring program is intended to answer. CMSMONS is a 10-year program, and 2016 is
Year 8 of the program. MQ3 was addressed in Year 6, and MQ2 will be addressed in future work (Year 10).
This report summarizes the work done in addressing MQ1.

Table E-1, below, summarizes MQ1, its associated Management Hypothesis, and the Year 8 status on
addressing it.

Table E-1: MQ1 Summary after Year 8

Management Question LI SIS Year 8 (2016) Status
Hypotheses

Following implementation of | Ho: Total area of ¢ Ho was not directly addressed due to a lack of pre-WUP
the WUP, has there been a accessible substrate information on suitable spawning habitat®.
change in the overall suitable for salmonid . )
availability of suitable fish spawning has not . Thg re\{lsed met.hodology1 for addressing MQl focgsed on
spawning substrates from changed since estlma.tlng theldlscharge threshold above yvhlch sunqble
the present state? If so, can | implementation of the spawning habitat substrate would be mobile and subject to
this change be clearly WUP erosion, and determining the influence of WUP
attributed to Daisy Lake Dam implementation on the threshold.

operations vs. other
environmental or
anthropogenic factors?

e Two monitoring sites with suitable spawning habitat were
identified and selected in Year 7.

¢ Sediment mobility thresholds were predicted using analytical
methods based on driving forces (shear stress from river
flow) and resisting forces (river bed sediment mixture
resistance to movement). The analytical methods were
supported by field collection of surface grain size and by BC
Hydro’s in-house 2-D hydraulic model.

e Sediment mobility at the monitoring sites was monitored in
Year 7 and Year 8 by using sediment traps to capture mobile
sediments from three various flow events.

CMSMONS8 concludes that the implementation of the WUP
has not resulted in additional erosion of spawning
sediments compared with the pre-WUP condition.

1. Refer to Addendum 2 of Cheakamus Water Use Plan Monitoring Program Terms of Reference for CMSMONS (BC Hydro, 2015)

The main finding of MQ1 analysis is that the discharges required to mobilize the river bed and erode spawning
habitat occur as part of BC Hydro flood routing operations. BC Hydro has specified that there is no difference in
flood routing between pre-WUP and WUP operations. Therefore, the WUP has not changed the occurrence of
bed mobility and erosion of spawning sediments when compared to the pre-WUP condition.
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Methodology

This section describes the monitoring sites and the methods (desktop and field) used in addressing the
revised MQ1.

Monitoring Sites

KWL conducted a desktop review to identify potential sites suitable for evaluating degradation to
spawning habitat in the Cheakamus River. The desktop review was based on data provided by BC
Hydro, including:

e 2012 orthophotos; and

e location of 2007 and 2011 channel bathymetry data used in the development of the existing BC
Hydro Cheakamus River 2-D hydraulic model.

Site selection criteria included:

e Suitability for spawning;
e Proximity to surveyed channel bathymetry; and
e Logistical considerations such as site access.

A field visit was conducted on September 15, 2015 by Erica Ellis, Chad Davey and Amir Taleghani (all
KWL staff) to review potential monitoring sites and finalize site selection. The discharge at the time of
the field visit was about 36 m3/s based on real-time provisional data from WSC 08GA043.

To the authors knowledge, preferred fish spawning substrate sizes have not been developed for the
Cheakamus River. Based on data from Kondolf and Wolman (1993) a range of sediment size between
5 mm to 80 mm was considered to be suitable for spawning sediment to cover all anadromous and
resident salmons and char that are present in the Cheakamus River.

During the course of the field visit many spawning salmon (pink salmon) were observed both in the
wetted channel along the gravel bar edges, as well as carcasses. The presence of active spawners
was used as confirmation of the suitability of potential monitoring sites, in addition to the observed grain
sizes at the sites in comparison with documented ranges of spawning gravel sizes (5 to 80 mm).

Following review of a number of potential locations, two sites were selected for monitoring:

1. Pedestrian Bridge; and
2. Eagle Point (Cheakamus Centre).

The location of the sites is shown in Figure 2-1. Site layout is shown in Figure 2-2, including proximity to
the 2011 surveyed channel bathymetry.
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Analytical Derivation of Shear Stress

BC Hydro’s existing Telemac2D hydraulic model of the Cheakamus River was used to estimate the
shear stress exerted on the river bed at varying discharges. The model covers a reach extending from
approximately 3 km upstream of the Culliton Creek confluence downstream to beyond the confluence of
Cheakamus and Squamish Rivers. Details of the model development, calibration, and appropriate
usage are described in an internal BC Hydro report (BC Hydro, 2012).

The model was run with a series of discharges to represent flows up to a nominal ‘bankfull’ discharge.

Reach-average shear stress (7, Pa), the average shear stress applied to the wetted channel at a cross-
section, was calculated from the model results using :

Reach Average Shear Stress = T = yXRXS
Equation 2

where y is the unit weight of water (9,810 N/m?3), R is the hydraulic radius (m), and S is the slope of the
hydraulic energy grade line (m/m). By running the model for a number of different discharges, the
variation of shear stress with discharge was estimated.

The hydraulic radius describes the hydraulics of a reach at specific channel cross-section, and is
calculated as the cross-sectional wetted area (m?) divided by the cross-sectional wetted perimeter (m).
Hydraulic radius is not a direct output of the Telemac2D model. For purposes of this analysis, it was
assumed that the Cheakamus River can be approximated as a wide channel, with the channel top width
being much greater than the depth. This assumption allows hydraulic radius to be approximated by
mean water depth, which is readily available from the model results.

Model simulations, results processing, and assumptions were conducted under the supervision and
technical review of Specialist Engineer Mr. Faizul Yusuf, P.Eng. of BC Hydro’s Hydrotechnical
Department.

Field-based Derivation of Shear Stress

A field-based method for estimating shear stress for a given flow event was implemented using bedload
(sediment) traps and surface sediment sampling. Komar (1996) presents the following equation to
estimate the shear stress (t,, Pa) required to mobilize the larger material captured in a sediment trap
(defined here as the D90):

T, = 0.045g(ps — p) D5y’ Doy’
Equation 3
where ps is the density of sediment (2,650 kg/m?3), p is the density of water (1,000 kg/m3), Dso is the

diameter of the median sediment particles of the bed immediately surrounding the trap (m), and Dgo is
the 90t percentile sized particles found within the trap (m). The constant, 0.045, is the value of the

dimensionless critical shear stress (7).
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2.4 Field Data Collection

This section describes the field methods employed to collect the necessary data for computing critical
shear stress and observed shear stress at each monitoring site.

Surface Grain Size Characterization

The surface sediments of suitable spawning habitat and the substrate on the emergent bar top were
sampled during multiple field visits (i.e. prior to and following flood events captured in sediment traps).

The Wolman (1954) pebble count technique was conducted at each sediment trap for both monitoring
sites. This technique involves laying out a tape measure along the area to be characterized and
measuring individual sediment particles at a specified interval along the tape, using a gravelometer.
The sample interval of the pebble count technique was at least twice the diameter of the largest visible
particle in the sampling area to avoid double counting of large particles (Bunte and Abt, 2001).

The generally coarser material on the bar top was used to represent the assumed substrate distribution
in the wetted channel at each monitoring site, and is the basis for determining the critical threshold for
erosion of substrate (including spawning areas) for the entire cross section.

Sediment Traps

Sediment traps were installed on September 16, 2015 at each of the monitoring sites to capture
sediments mobilized during flood events. During the fall/winter storm season, three separate flood
events of different magnitude were experienced, and the traps were emptied following each of these
events. After being emptied, a new trap was installed to capture the next flood event.

Nested, orange 2.5-gallon plastic buckets with drainage holes were used as sediment traps. Installation
involved excavating a hole (Photo 1), placing one bucket within the hole such that a second bucket,
nested inside the first, would be positioned with the lip flush with the river bed. Afterwards the
excavated sediment was backfilled around the outside of the installed buckets (Photo 2). Using nested
buckets allowed quick retrieval and reinstallation of a new trap without having to re-excavate a new
hole. The contents of each sediment trap were sent to a laboratory for sieve analysis. Approximate
sediment trap locations are illustrated on Figure 2-2.

i\ A m“ = \ L\ gl I Al e ——
Photo 1. Excavating sediment for sediment  Photo 2: Trap is installed with lip of bucket
trap installation. flush with river bed.
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Flood Routing

The WUP states that no changes are expected to the level of flood management provided, and
discussions with BC Hydro staff indicate that flood routing approaches did not change significantly
between the IFA and WUP.

BC Hydro advises that published rules for flood routing discharges into the Cheakamus River do not
exist, and that it is not possible to accurately simulate flood routing due to the real-time nature of the
decisions being made by facility operations staff based on information available at the time

(e.g. forecasts).

We assume that flood routing discharges would be generally the same between IFA and WUP
operations under the same inflow conditions. To estimate a threshold inflow above which flood routing
may commence we used the WUP flow release rules presented above to estimate the minimum
discharges that would be required under the WUP from 2006 to 2015. This was compared to the actual
recorded WUP discharges in the same period. It is estimated that flood routing may commence when
reservoir inflows exceed 50 m3/s.

Although not necessarily accurate, this estimation creates an upper bound for comparing IFA and WUP
operations above which it is assumed that discharges into the Cheakamus River are governed by flood
routing and have not changed significantly from IFA to WUP periods.

Simulating IFA Operation and Comparing to WUP

Based on the above discussed IFA rules and flood routing estimation, the reservoir inflow record for the
WUP period of 2006 to 2015 was used to simulate discharges into the Cheakamus River under IFA
operation. The simulated IFA discharges were compared against recorded discharges representing
WUP operation. The IFA rules were applied when inflows were below 50 m3/s; actual recorded
discharges were substituted when the inflows were above 50 m3/s. This assumes that there is not a
difference in discharge into the Cheakamus River when reservoir inflows exceed 50 m3/s.

This comparison of the simulated IFA discharges and the actual recorded WUP discharges was used in
reviewing the occurrence of sediment mobility and commenting on whether WUP operations have
impacted sediment mobility in comparison to IFA operations.

Appendix A presents figures comparing the WUP discharges and the simulated IFA discharges for the
WUP discharge period of 2006 to 2015.
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