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INTRODUCTION

The impact of fine sediments on salmonid egg incubation habitat in the Cowichan River has
been an ongoing concern among members of the Cowichan Stewardship Roundtable. The
concern relates to the impact of fine sediments, typically generated from excessive bank
erosion, infiltrating the interstices of the riverbed spawning gravel and reducing egg-to-fry
survival. Although sediment inputs from naturally eroding banks are apparent along the
mainstem, several sites stand out as generating large volumes of fine sedimentsto theriver.
For example, Stoltz Bluff has been identified as the most significant single source of fine
sediments to theriver (LGL and KWL 2005; KWL 2005). The sediment contribution from
Stoltz Bluff was estimated at ~10,000-28,000 m*® annually between 1993 and 2004.
Suspended sediment from Stoltz Bluff also represented from 35-45% of the total suspended
load measured at Vimy Road, ~15 km further downstream. To address this significant
sediment source, rehabilitation measures were constructed at Stoltz Bluff in 2006 to stabilize
the toe of the Bluff thereby reducing sediment inputs from this chronic erosion site. Two key
rehabilitation objectives for the Stoltz Bluff stabilization project were:

1. Toreduce the erosion and the generation of sediment loads from Stoltz Bluff to the
lower river; and

2. Toimprove salmon egg-to-fry survival in spawning habitats downstream of Stoltz
Bluff.

Thisfinal report presents results of atwo year study of the effectiveness of rehabilitation
works constructed at Stoltz Bluff to determine if these rehabilitation objectives are being met.

Project Goal and Objectives

The goal of this project isto report back to the Stoltz Bluff rehabilitation project funding
partners, Cowichan Stewardship Roundtable and Cowichan Watershed Board on the status of
fish habitat (particularly spawning conditions), following successful implementation of a
major sediment control project (i.e., capital cost >$1M). The project objectives were:

1. Develop an appropriate experimental design that will produce repeatabl e and testable
results at the 0.05 level of significance.

2. Establish a series of water quality, substrate permeability, test egg incubator and
hydraulic egg sampling sites on the Cowichan River, downstream of Lake Cowichan,
closely matching those conducted in baseline years, prior to Stoltz Bluff remediation.
The siteswill most likely include Greendale (control), Riverside Cabins (control),
Greendale Trestle (control), ~200 m above Stoltz Bluff (control), Stoltz Bluff side
channel (control), Wildwood, Stoltz Pool, Sandy Pool and the Catalyst Paper mill
pump house. Sampling targeted August 2010 to March 2012.

3. Measure substrate permeability with standpipe piezometers using a constant gradient
test at four of the above sites, where suitable salmon spawning habitat presently exists.

LGL Limited / BCCF Page 1
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4. Continuously measure in situ turbidity using Y SI 600 OMS meters at 5 sites
embracing both control and treated (impacted) reaches from October to March.
Additional turbidity data to be provided by Catalyst Paper from water extracted at
their intake site in Duncan.

5. Collect turbidity and TSS water samples at up to six sites. The focuswill be on
ascending limbs of the seasonal flood hydrograph from November to February.
Standard chemical analysis will be conducted at a certified water analysis laboratory.

6. Install approximately 50 standpipe incubators of DFO (M. Sheng) design with ~60
eyed Chinook eggs at 4 sampling sites (~5-15 incubators/site) with five incubators
remaining in the hatchery to act as controls.

7. Conduct hydraulic sampling at salmon egg incubation sites. Approximately 10-15
samples will be obtained at each of up to ~5 sites.

8. Prepareinterim 2010-11 and final 2011/12 reports incorporating assessment results,
conclusions and recommendations.

METHODS

Hydrology

Historical and real-time river discharge information was obtained from two existing Water
Survey of Canada (WSC) gauging stations. Cowichan River near Duncan (WSC gauge
08HAO011) and Cowichan River at outlet of Cowichan Lake (WSC gauge 08HA002)
(http://www.wateroffice.ec.gc.caltext_search/search_e.html?search_by=p&region=BC). Both
stations have long term periods of record as follows:

» Cowichan River near Duncan (08HAOQ11) (active station):
o0 period of record — 1960-2009;
0 instantaneous peak flows — datafor 33 yrs;
0 mean daily peak flows— datafor 49 yrs;

» Cowichan River at outlet of Cowichan Lake (08HA002) ) (active station):
0 period of record — 1913-2009;
0 instantaneous peak flows —datafor 65 yrs;
0 mean daily peak flows—datafor 74 yrs.

Permeability

Permeability tests were conducted to provide arelative measure of water movement in
spawning gravel. Thetest isbased on Darcy’s Law (Wickett 1954) which relates the flow of
water through a porous media as a measure of gravel permeability.

A minimum of seven and amaximum of 14 permeability tests were completed at each of four
sites: River Cabins, ~200 m upstream of Stoltz Bluff, Stoltz Pool, and Sandy Pool (Figure 1;

Table 1). Methodology for the permeability tests was modified after Sweeten (2005). Gravel
permeability was measured in standpipes using a constant 25 mm (1 in) gradient that was

LGL Limited / BCCF Page 2



Effectiveness Monitoring of Stoltz Bluff Stabilization Works June 2012

established using a vacuum pump and suction pipe assembly. The flow of water was
measured in ml/sec. The maximum permeability measurable with the equi pment described
below was ~200 ml/sec.

Mark 1V standpipes 1.18 m in length and constructed from 3.7 cm inside diameter stainless
tubing with amild steel point welded on one end were used for the tests (Photo 1). Each
standpipe had a~5.5 cm wide band of holes (6 rows with 8 holes per row) located ~8.5 cm
from the welded tip. Each hole was 3.2 mm in diameter and set 45° apart from the next hole.
The holes were countersunk to prevent plugging by sand during increased flows. Each row of
holes was set 9.5 mm apart and offset by 22.5°.

A pounding bar was used to drive the standpipes into the gravel to depths of 25 and 40 cm.
The two depths represented the range of depths where salmon egg deposition occurs.
Standpipes were driven a 1 m minimum distance apart into suitably-sized substrates on
currently dry gravel bars and in wetted channels at known salmon spawning areas.

A vacuum pump was used to withdraw any water that entered the standpipe after the 25 mm
(1in) gradient (i.e., water level in standpipe during pumping was maintained 25 mm lower
than static water level prior to pumping) had been established. The vacuum source was a gas
powered Honda GX 110 with a 2 to 1 reduction motor coupled to a Gast 1065 vane vacuum
pump (Photo 2). The large capacity vacuum pump was used to maintain a continuous 71 cm
(28in) (Mercury) of vacuum. A 0.04 m® (10 gal) vacuum reservoir was also attached to
maintain a constant vacuum during the permeability test. The hose from the vacuum pump
was connected to a~1 m long by 12.5 mm OD copper suction tube. Water was sucked
through the copper tube, and collected and measured in a 1000-ml Nalgene graduated cylinder
(Photo 3). Suction occurred over measured time periods and was terminated when >500 ml of
water had been collected or when the water level in the graduated cylinder remained relatively
static.

LGL Limited / BCCF Page 3
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Table 1. Summary of survey design for effectiveness monitoring of Stoltz Bluff stabilization works.

Egg Survival Water Quality
Sites Spawning Gravel Hydraulic Sampling  Pipe Incubators Turbidity (T) T+TSS
Permeability Test (P) (HS) (PI)
Greendale (G) 1 1
River Cabins (RC) 1 1 1 (5 pipes)
70. 2 Mile Trestle (MT) 2 (Side Channdl) 2
Upstream of Stoltz Bluff (USB) 2 2 2 (15 pipes) 3 (Side Channdl) 3
Stoltz Pool (St) 3 3 3 (15 pipes) 4 (Wildwood) 4
Sandy Poal (SP) 4 4 4 (12 pipes) 5 5
Catayst Mill Intake (CM) 6 6
Hatchery Run (HR) 5
Cowichan River Hatchery (CR) 5 (5 pipes)

Frequency & Timing

Once: September

Once: March

|ate Nov to Jan-Feb

Continuous. mid-Oct to mid- Weekly: Oct
March; Manua in situ water to late-March
samples: Nov-March

Initial Egg Density

60 eggs/pipe

10 redds/site

Sampling Intensity ~10 piezometers/site 5-15 pipes/ site - one sample/
site
Total Number of Samples 10 piezometers/sitex 4 10 reddg/site x 4 sites 45 pipes + 5 pipes - 5x1x~10=
sites = 40 samples x 1 sample =40 in hatchery 50
Collection Method DFO piezometers (T. Continuous. YSI - Sonde  Water sample
Sweeten) meter (sites 1-5), Catalyst with lab
Paper Corp. turbidity meter analysis
(site 6); In situ water
samples with lab analyses
(sites 1-6)
TEST for: Gravel permeability  LivevsDead: Eggs& LivevsDead: Turbidity (NTU) Turbidity +
using constant head  Alevins; incubation  Eggs & Alevins; Total
test (following survival rate incubation survival Suspended
methodol ogy of rate Solids (TSS)
Sweeten 2005) (mg/L)

LGL Limited / BCCF
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Photo 2. Gas powered vacuum pump used in permeability tests. Reproduced from Sweeten (2005).
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Photo 3. Graduated cylinder and suction pipe coupled to Mark 1V standpipe. Reproduced from Sweeten
(2005).

Turbidity and Total Suspended Solids

Six water quality sites were established on the Cowichan River, downstream of Lake
Cowichan, matching those sampled in baseline years prior to Stoltz Bluff remediation (Figure
1; Table 1). Real-time turbidity as nephlometric turbidity units (NTUs), conductivity and
temperature were measured continuously (1 hr interval) at five siteswith Y SI 600 OMS V2
multi-parameter water quality Sonde meters, each with an attached Optix X - turbidity 6136
probe. Real-time turbidity was also measured continuously (1 hr interval) for water extracted
by Catalyst Paper from the Cowichan River in Duncan.

LGL Limited / BCCF Page 7
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In situ water samples were collected manually from six sites during the ascending limb of the
hydrograph for larger flood events (>~150 cms at Duncan WSC 08HA011). Sampling
occurred between November and March in 2010/11 and 2011/12. Samples were analyzed by
North Island Laboratories (Courtenay, BC) for turbidity (detection limit 0.5 NTUs) and total
suspended solids (TSS in mg/l; detection limit 5 mg/l). Statistical relationships for the data
were developed between total suspended solids and turbidity measurements.

TSS values were calculated from real -time turbidity measurements using the equations
developed by Burt (2008) for the three sections of the Cowichan River. The equation for
Section A was used for Trestle Channel and the equation for Section B and C was used for
Upstream of Stoltz Bluff, Wildwood, Sandy Pool and Catalyst Intake sites.

The equations are as follows:
Section A TSScacuaed = 1.23 + 0.58 x Turbidity®®
Section B and C TSScacuiaed = 3.35 + 0.69 x Turbidity™®

TSS load estimates were calculated using equations modified from Burt (2008). The
modified equations are as follows:

SSI—Hourly = TSScalculated X Qsite X 3600 X 10°

Where: SSL Hourly = hourly suspended sediment load (tonnes/hour)
Qsite = mean daily discharge estimate for the site (cms)
10°® = conversion factor for mg to tonnes and cubic metres

per second (cms) to litres (L)

Qsite = QHaoo2 + Aréapaon X Areasie X (1-CPsite) + Qnaoi1 + Aréanaois X Areasite X CPsite

Where: QHaoo2 QHao11 = hourly discharge from WSC records
Areayaoo2 Areapaonr = drainage areafor each WSC station
Areagite = drainage areafor each site
CPsite = drainage area of site as cumulative proportion of total

drainage areato Catalyst Intake

Egg I ncubation Success

Pipe Incubators

Chinook egg incubation success was measured using pipe incubators. The pipe incubators
were modified from designs used previously by Burt et a (2005) and Burt and Ellis (2006).
Each pipe incubator consisted of a 2.6 cm outside diameter by 24 cm long perforated stainless
stedl cylinder with flow-through openings of ~2 mm in diameter (Photo 4). Masonry drill bits
were welded onto their ends to allow them to be drilled into river substrates using a
rechargeable drill. Sixty (2010) or forty (2011) eyed Cowichan River Chinook eggs were
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placed in each incubator separated by layers of aquarium pea stone (2010) or round plastic
beads (2011). Incubators were then buried so that the perforated section was located between
15 and 39 cm below the streambed elevation. Pipes were deployed on 29-30 November 2010,
and retrieved on 5 January 2011 or 1 February 2011, for total soak times of 36 (River Cabins,
Sandy Pool and CR Hatchery) to 64 (Upstream of Stoltz Bluff and Stoltz Pool) days. Pipes
were deployed on 17-18 November 2011, and retrieved on 20-21 December 2011, for total
soak times of 32 (River Cabins and Sandy Pool) to 33 (Upstream of Stoltz Bluff, Stoltz Pool
and CR Hatchery) days.

Photo 4. Pipeincubatorsused in egg incubation study.

An experimental design of the incubation study using pipe incubators was devel oped to
produce repeatable and testable results at the 0.05 level of significance. Simulations were run
to determine how the number of pipe incubators at control and treatment sites affects the
probability of finding a statistically significant difference, assuming in the trials true
differences of 10%, 20% and 30% between the control and treatment survivals. The analysis
also assumed that the mean and variability at the real control and the real treatment sites will
be similar to those in this simulation. Based on these assumptions, the plot shown in Figure 2
illustrates the effect of increasing or decreasing the number of pipes per site on the probability
of finding a significant difference between control and treatment survivals. The plot shows
that:

At 10 pipes per Site, you can expect to find a significant difference:
e 20% of the time when the true difference between control and treatment is 10%;
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e 60% of the time when the true difference between control and treatment is 20%;
e 90% of the time when the true difference between control and treatment is 30%; and

At 20 pipes per site, you can expect to find a significant difference:
o 36% of the time when the true difference between control and treatment is 10%;
e 90% of the time when the true difference between control and treatment is 20%;
e 100% of the time when the true difference between control and treatment is 30%.

Based on this analysis, the number of pipeincubatorsinstalled at the four sites varied between
5and 15 (Table 1). Incubators were installed in substrates, depths and velocities typically
favoured by spawning salmon.

0.8 *

& mean diff = 30%
0.6 4 - B mean diff = 20%
A mean diff = 10%

0.4

Probability of finding a significant difference
between control and treatment groups
[ ]

0 5 10 15 20 25
Number of Pipe Incubators per Ste

Figure 2. Resultsof analysisto deter mine an appropriate number of pipe incubators per siterequired to
find an acceptable significant differ ence between control and treatment groups with mean differencesin
survival of 10, 20 and 30%.

Results from the study were compared statistically between the four sites and between the two
study years. Comparisons were also made to incubation survival data obtained from the
baseline period 2004 to 2006 (Burt et al. 2005; Burt and Ellis 2006).

In 2010/11, non-parametric statistical analyses were employed to look for statistically
significant differencesin egg survival between locations upstream versus downstream of
Stoltz Bluff. The analysesincluded the Kruskal-Wallis (for comparing more than two groups)
and Mann-Whitney (for comparing two groups) tests, which are analogous to the parametric
ANOVA and t-test, respectively. Non-parametric tests were appropriate in this study because
the data (survival proportions) were not normally distributed and the parametric model
assumptions about error-structure were violated. For statistica comparisons involving more
than two groups, Kruskal-Wallis tests were initially used, and when statistical significance
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was obtained, post-hoc pair-wise comparisons were performed using Mann-Whitney tests
with controlled (i.e., Bonferroni-adjusted) experiment-wise aphalevels.

The purpose of the analysis was to look for statistically significant differencesin egg survival
between locations upstream vs. downstream of Stoltz Bluff. Each of the five sites were
assigned to a‘location’ category, depending on whether they were upstream (River Cabins,
Upstream Stoltz) or downstream (Stoltz Pool, Sandy Pool, CR Hatchery) of Stoltz Bluff.
Given the assumed continual mortality in the pipe incubators, incubators should all be
deployed on the same day, and should all be retrieved at or around the same time.

In 2011/12, comparisons of egg survival among sites were performed using general linear
models (GLMs), and assuming abinomial error structure (with alogit link function). This
model form isideally suited for ‘success or failure’ type data, such as analyses of the number
of surviving eggs, given the number deployed. Two analyses were conducted on this year’s
data: one using site as the explanatory variable, and one using the ‘location’ category. If a
statistically significant effect of site was detected, then Tukey tests would be used to compare
survival rates among them.

Comparisons with the results from pipes deployed in 2010 were problematic. 1n 2010/11,
river conditions did not alow synoptic recovery of the pipe incubators. Pipes at three sites
(River Cabins, Sandy Pool, and CR Hatchery) were retrieved after 36 days of soak, whereas
those at two sites (Upstream Stoltz, Stoltz Pool) soaked for 64 days. In this report,
comparisons of egg surviva between the 2010 and 2011 deployments were restricted to the
River Cabins, Sandy Pool, and CR Hatchery, as soak times for these sites were similar
between years. For these analyses, site and year were included as explanatory variables,
along with asite x year interaction term®. If astatistically significant interaction was detected,
then separate analyses would be conducted for each site.

Analysesfor this report were performed in R (version 2.13.2; R Development Core Team
2011), using the ‘multcomp’ package (Hothorn et al. 2008). Box-plots were prepared in R,
using the ‘ggplot2’ package (Wickham 2009).

Hydraulic Sampling

The hydraulic sampler was modified after McNeil (1964) and consisted of a sampling probe,
catch net and high-pressure water pump. Sampling was planned for five sites during March
2011 (Table 1). Dueto high flowsin 2011, hydraulic sampling was restricted to one
occurrence at Hatchery Run in March 2011. No hydraulic sampling was conducted in 2012.

! Inlast year's report, non-parametric statistical analyses were employed. However, because of the increased
complexity associated with the two-way analysis (i.e., examining the effects of site and year), achangein
approach was needed. General linear models, although more difficult to work with, provide the flexibility to
define non-normal error structures (such as the binomial distribution), allowing survival datato be analyzed
parametrically.
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RESULTS

Hydrology
Year 2010-2011

Between October 2010 and March 2011, Cowichan River flows at the outlet of Cowichan
Lake (WSC gauge 08HA002) ranged from 40.04 to 180.43 cms with a mean discharge of
95.09 cms (Figure 3). An instantaneous peak discharge of 174.76 cms occurred on 27 Dec
2010 during this period. Thisis equivaent to a~50% or ~2 yr event based on the flood
frequency for this gauging station (Figure 4).

Between October 2010 and March 2011, Cowichan River flows near Duncan (WSC gauge
08HAO011) ranged from 40.54 to 284.74 cms with a mean discharge of 103.36 cms. An
instantaneous peak discharge of 284.74 cms occurred on 12 Dec 2010 during this period.
Thisisequivaent to a~54% or ~1.8 yr event based on the flood frequency for this gauging
station (Figure 5).

300 —Duncan

—Lake Cowichan

" N
A A Iy
100 A \ [N W/\\ AN J/\\\
50 \,M W/

19/10/2010 08/12/2010 27/01/2011 18/03/2011
Date

Discharge (cms)

Figure 3. Hydrographsfor Cowichan River from October 2010 to M arch 2011 measured at Cowichan
River near Duncan (WSC gauge 08HAO011) and Cowichan River at outlet of Cowichan Lake (WSC gauge
08HAO002).
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Cowichan River at Outlet of Cowichan Lake - 08HA002
Drainage Area: 596 sg. km
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Figure 4. Flood frequency plot of maximum instantaneous peak dischargesfor Cowichan River at outlet
of Cowichan Lake, WSC gauge 08HA002, 1913-20009.
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Cowichan River near Duncan - 08HA011
Drainage Area: 826 sg. km
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Figure5. Flood frequency plot of maximum instantaneous peak dischargesfor Cowichan River near
Duncan, WSC gauge 08HA011, 1960-2009.

Year 2011-2012

Between October 2011 and March 2012, Cowichan River flows at the outlet of Cowichan
Lake (WSC gauge 08HA002) ranged from 31.33 to 147.13 cms with a mean discharge of
77.57 cms (Figure 6). An instantaneous peak discharge of 147.13 cms occurred on 6 Jan 2012
during this period. Thisisequivalent to a~61% or ~1.6 yr event based on the flood
frequency for this gauging station (Figure 4).
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Between October 2011 and March 2012, Cowichan River flows near Duncan (WSC gauge
08HAO011) ranged from 34.00 to 252.61 cms with amean discharge of 86.11 cms. An
instantaneous peak discharge of 252.61 cms occurred on 5 Jan 2012 during this period. This
isequivalent to a~65% or ~1.5 yr event based on the flood frequency for this gauging station
(Figure5).
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Figure 6. Hydrographsfor Cowichan River from October 2011 to March 2012 measured at Cowichan
River near Duncan (WSC gauge 08HAO011) and Cowichan River at outlet of Cowichan Lake (WSC gauge
08HAO002).

Per meability

Permeability tests were conducted in 2010 and 2011 to provide more quantitative evidence of
gravel quality with respect to egg/aevin survivals. Water movement through the redd
governsthe rate of oxygen exchange and thus egg and alevin survival. Thisflow isdirectly
proportional to permeability and so is arelative measure of this parameter.

Year 2010-2011

Mean permeabilities for all samplesranged from 2.1 to 16.2 ml/secin 2010 (Table 2;
Appendix A to Appendix D). Permeability of gravel bar substrates was generally similar to
the wetted channel with the exception of Stoltz Pool where avery compacted silt layer was
encountered at ~20 cm bel ow the substrate surface in the wetted channel (Figure 7). When
the piezometer was driven to the 40 cm depth in the wetted channel at this site, the water level
in the piezometer did not return to the static river water level because of the compacted silt
layer. Asaresult, the permeability was recorded at O ml/sec.

Permeabilities at River Cabins and Upstream of Stoltz Bluff were lower at the 40 cm depth
than at the 25 cm depth in the wetted channel but the reverse when these depths were
compared for gravel bars. At Sandy Pool, permeability was lower at 40 cm depth than at 25
cm on gravel bars but slightly higher in the wetted channel.
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Table2. Mean and standard deviation (S.D.) of permeability measur ementsfor Cowichan River, 2010.

All Samples Gravel Bar Wetted Channel
Permeability : Permeability : Permeability i | Permeability | Permeability i | Permeability i Permesbility
) No. of . i (ml/sec) @l i (ml/sec) @ ;| (ml/sec) @ (ml/sec) @ @ (ml/sec) @ (ml/sec) @ @ (ml/sec) @
Location | o, | Sttistic data 25cm 40cm 25cm 40 cm 25cm 40cm
River 10 Mean 12.1 11.7 12.6 9.0 19.3 114 9.7
Cabins SD. 6.6 5.3 7.6 35 8.6 5.2 4.8
Upstream 14 Mean 14.3 16.2 12.3 7.5 11.8 19.7 125
of Stoltz SD. 11.1 14.1 6.1 2.5 5.5 15.3 6.3
Stoltz 7 Mean 4.1 2.9 2.1 - 7.2 2.9 0
Pool S.D. 2.3 1.3 3.3 - 0.3 1.3 0
Sandy 10 Mean 7.0 7.3 6.7 7.9 5.1 7.1 7.4
Pool S.D. 3.4 2.2 4.2 16 2.2 24 4.7
Overal Mean 9.4 9.5 8.4 8.1 10.9 10.3 7.4
20
@
E
2
g 10
3
0 ‘ ‘ :
Gravel Bar @ 25¢cm Gravel Bar @ 40 cm Wetted Channel @ 25 cm Wetted Channel @ 40 cm
‘ @ River Cabins ® Upstream of Stoltz Bluff 0 Stoltz Pool 0 Sandy Pool

Figure 7. Permeabilities measured for gravel barsand wetted channels at four locationsin Cowichan
River, 2010.

Year 2011-2012

Permeability measurements were taken at the same sites as in 2010, except for Stoltz Pool
which was re-located ~200 m upstream of the 2010 site. Mean permeabilitiesfor all samples
ranged from 24.4 to 45.9 mi/sec (Table 3; Appendix E to Appendix H). Permeabilities at
Upstream of Stoltz Bluff and Stoltz Pool were slightly lower at the 40 cm depth than at the 25
cm depth in the wetted channel but the reverse when these depths were compared for gravel
bars (Figure 8). At Sandy Pool and River Cabins, permeability was higher at 40 cm depth
than at 25 cm in both gravel bars and wetted channels.
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Table 3. Mean and standard deviation (S.D.) of per meability measur ementsfor Cowichan River, 2011.

All Samples Gravel Bar Wetted Channel
Rate of
L ocation No. of Permeability | Volume | Permeability | | Permeability | Permeability | | Permeability | Permeability
Sites | Statistic | (ml/sec) all Change (ml/sec) @ (mifsec) @ | (ml/sec) @ (ml/sec) @ | (ml/sec) @
data (ml/sec) @ 40 cm 25cm 40cm 25¢cm 40cm
25¢cm
River 10 Mean 37.2 285 45.8 27.7 45.9 201 45.8
Cabins S.D. 134 8.4 11.7 7.0 2.6 9.2 14.9
Upstream Mean 26.3 25.9 26.8 258 36.3 259 244
of Stoltz | 10
SD. 123 118 127 128 20.3 115 85
Bluff
SoltzPool | 11 Mean 39.5 40.4 385 34.2 37.6 43.9 39.1
S.D. 16.0 14.7 17.3 5.8 109 17.0 204
Sandy Pool| 10 Mean 37.3 204 45.2 34.6 43.8 25.9 40.7
S.D. 24.2 16.2 279 144 37.6 164 220

Permeability (ml/s)
L
S

Gravel Bar @ 25 cm Gravel Bar @ 40 cm Wetted Channel @ 25 cm Wetted Channel @ 40 cm

D River Cabins m Upstream of Stoltz Bluff O Stoltz Pool O Sandy Pool

Figure 8. Permeabilities measured for gravel barsand wetted channels at four locationsin Cowichan
River, 2011.

Turbidity and Total Suspended Solids
Year 2010-2011

Real-time turbidity measurements, recorded continuously at six sites in the Cowichan River,
were evaluated for 12 storm events that occurred between 19 October 2010 and 20 March
2011 (Figure 9 to Figure 11). For agiven event, turbidities typically increased from the
upstream to downstream sites with the lowest values recorded at Greendal e and the highest
turbidities at the Catalyst Intake site. Turbidities typically peaked on the ascending limb of
the flood hydrograph and turbidity values generally varied temporally with the fluctuation in
flow for the hydrometric station closest to the site. The highest turbidity values for most sites
occurred during the largest flow event on 12 December 2010 (Figure 10). On this date, the
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maximum turbidity recorded for all siteswas 80.6 NTUs at the Catalyst Intake site. Also, the
greatest change in turbidity occurred between the Wildwood and Sandy Pool sites (difference
of 30.4 NTUs) followed by the Trestle Channel and Upstream of Stoltz Bluff sites (difference
of 29.2 NTUs). The difference between Upstream of Stoltz Bluff and Wildwood sites was

only 14.3 NTUs on 12 December suggesting that suspended sediment contributions from
Stoltz Bluff were relatively minor.
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Figure9. Turbidity at six sitesin Cowichan River during high discharge eventsin October and November 2010.
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Figure 10. Turbidity at six sitesin Cowichan River during high dischar ge eventsin November and December 2010.
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Figure 11. Turbidity at six sitesin Cowichan River during high discharge eventsin January, February and March 2011.
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Total suspended solids (TSS) values were calculated for al sites from the real-time turbidities
measured continuously with the instream meters. TSS values were then plotted for the higher
discharge events that occurred between October 2010 and March 2011 (Figure 12 to Figure
14). Between 23 October and 19 November 2010 when discharges at the Duncan WSC
station were <110 cms, TSS vaues increased greatly between Trestle Channel and Upstream
of Stoltz Bluff and between Sandy Pool and Catalyst but showed little to no increases between
Upstream of Stoltz Bluff to Sandy Pool. For event periods with >100 cms, there was
generally increasing TSS values between the Upstream of Stoltz Bluff to Sandy Pool sites but
the greatest increases between successive stations proceeding downstream still occurred
between Trestle Channel and Upstream of Stoltz Bluff and between Sandy Pool and Catalyst
Intake sites. These changesin TSS are aso observed in the comparison of mean turbidity and
mean TSS values for each high discharge event (Figure 15 and Figure 16). In addition, itis
apparent that after 7 December 2010 there are incremental gainsin TSS at successive sites
proceeding downstream for most event periods with >100 cms.

TSS load estimates for the 12 event periods ranged from atotal of 1,260 tonnes at Trestle
Channel to 13,037 tonnes at Catalyst Intake (Table 4). The estimated TSS load for the period
20 October 2010 to 23 March 2011 ranged from 2,426 tonnes at Trestle Channel to 19,155
tonnes at Catalyst Intake. However, an incomplete turbidity dataset for the Sandy Pool site
prevented an accurate TSS estimate for this period. Nevertheless, it is apparent that the
contribution from Stoltz Bluff to the TSS load estimate at the Catalyst Intake site was ~3%
during this period, with contributions for individual event periods ranging from 0 to 17%
(Table5). In comparison, the contribution from Block 51 was estimated at ~39% of the
estimated TSS load at the Catalyst Intake.

TSSyields (tonnes/river km) for the 20 October 2010 to 23 March 2011 period were highest
for the Sandy Pool to Catalyst Intake section (10.7 river km) at 893, followed by the Trestle
Channel to Upstream of Stoltz Bluff section (12.3 river km) at 607. The TSSyield in the
Upstream of Stoltz Bluff to Wildwood section (3.3 river km) was 167. In comparison, the
TSSyield for the 12 event periods was higher from the Upstream of Stoltz Bluff to Wildwood
section than from the Trestle Channel to Upstream of Stoltz Bluff section.

The low sediment contribution from Stoltz Bluff in 2010/11 is substantiated by the
effectiveness of the constructed sediment retention area at the toe of the Bluff in reducing the
volume of sediments delivered from the Bluff to the river. Since completion of the
rehabilitation project in 2006, the retention basin has captured ~19,270 m® of fine sediment
(C. sutherland, Kerr Wood Leidal unpubl. data), estimated at >95% of the total volume that
has sloughed from the Bluff (J. Craig, BCCF pers. comm.) (Figure 17). Sediment volumes
are based on topographic surveys of the sediment retention area.
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Figure12. Calculated Total Suspended Solids (TSS) concentrations at six sitesin Cowichan River during high discharge eventsin October and November 2010.
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Figure 13. Calculated Total Suspended Solids (T SS) concentrationsat six sitesin Cowichan River during high discharge eventsin November and December 2010.
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Table4. Estimated total suspended sediment load in 2010/11 for each of six sitesin the Cowichan River.

Total Suspended Sediment Load to Site (tonnes)
Trestle Upstream of Sandy  Catalyst
Date Channel Stoltz Bluff ~ Wildwood Pool Intake
Oct 23-27, 2010 37 131 158 175 264
Oct 31- Nov 3, 2010 50 184 200 211 340
Nov 9-10, 2010 22 66 64 69 96
Nov 16-18, 2010 32 86 88 90 111
Nov 29-Dec 2, 2010 59 174 175 216 347
Dec 7-10, 2010 79 343 424 540 913
Dec 11-16, 2010 200 975 1255 1639 2739
Dec 23-31, 2010 341 1529 1806 - 3311
Jan 5-8, 2011 100 239 326 217 520
Jan 14-20, 2011 241 699 890 952 1661
Feb 12-17, 2011 929 269 348 387 697
Mar 8-18, 2011 - 1017 1030 1242 2039
Total of 12 periods 1260 5714 6764 5739 13037
Oct 20/10 - Mar 23/11 2426 9885 10435 9599 19155

Note: incomplete datasets shown in bold and missing datasets with dash

Table5. Estimated total suspended sediment load (tonnes) and yield (tonneskm) in 2010/11 contributed
by each section of the Cowichan River.

Blk 51 Stoltz Bluff
Contribution Contribution
Trestle to Upstream of Sandy
Upstream of StoltzBluffto  Wildwood to  Pool to
Date Stoltz Bluff Wildwood Sandy Pool  Catalyst

Oct 23-27, 2010 94 27 17 89
Oct 31- Nov 3, 2010 134 16 11 129
Nov 9-10, 2010 44 -2 5 26
Nov 16-18, 2010 54 2 2 21
Nov 29-Dec 2, 2010 115 1 42 131
Dec 7-10, 2010 264 81 116 373
Dec 11-16, 2010 775 279 384 1101
Dec 23-31, 2010 1188 277 - -
Jan 5-8, 2011 139 86 - 303
Jan 14-20, 2011 458 192 61 709
Feb 12-17, 2011 170 78 39 311
Mar 8-18, 2011 - 13 212 797
Total of 12 periods (tonnes) 3436 1050 889 3988
TSS yields (tonnes’km) for 12 periods 279 318 83 373
Oct 20/10 - Mar 23/11 (tonnes) 7460 550 -836 9556
TSS yields (tonnes/km) for Oct 20/10 to Mar 23/11 607 167 -78 893

Note: incomplete datasets shown in bold and missing datasets with dash
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Figure 17. Estimated volume of sediment captured in the constructed retention area at the toe of Stoltz
Bluff (C. Sutherland, KWL unpubl. data).

Laboratory analysis of water samples collected from six sites in the Cowichan River showed a
generdly increasing trend in turbidity and TSS from upstream to downstream sites (Table 6;
Figure 18; Figure 19). The laboratory values of turbidity from collected water samples were
generaly lower than the measurements obtained from the continuously recording meters
installed at the six sites (Table 7). With the exception of the December 12 discharge,
turbiditieswere <16 NTU at all sites where water samples were collected. During the largest
discharge event in the study period that occurred on 12 December 2010, the highest turbidities
for all sites except Greendale were recorded. Similarly, total suspended solids (TSS)
concentrations were highest on 12 December 2010 for Upstream of Stoltz Bluff, Wildwood,
Sandy Pool and Catalyst Pumphouse.

A comparison of the Wildwood and Upstream of Stoltz Bluff sitesindicated that no
pronounced spike in turbidity or TSS as a consequence of Stoltz Bluff sediment inputs was
evident. However, there was noticeable increase in TSS between Wildwood and Sandy Pool
in the December 12 and 24 samples. Also, there was a noticeable increase in turbidity and
TSS between the Trestle Channel and Upstream of Stoltz Bluff sites during the large flood
event on December 12.

Table 6. Laboratory analysisresults of turbidity (NTUs) and TSS (mg/l) for water samples collected in
2010/11 in Cowichan River.

Upstream of
Greendale Trestle Channel Stoltz Bluff Wildwood Sandy Pool Catalyst Intake Clear Creek
Date  TSS Turbidity TSS Turbidity TSS Tubidity TSS Turbidity TSS Turbidity TSS Turbidity  TSS  Turbidity
30-Nov-10 <5.0 9.5 - 18 - 14 - 19 - -

9-Dec-10 <50 15 5.3 2.8 21 7.9 22 8.7 29 55 43 10.2 230 252

12-Dec-10 <50 19 <5.0 4.6 60 16.9 64 22.7 110 269 120 295 1600  103.9

24-Dec-10 <50 0.6 6 13 16 4.1 23 8.3 47 7 30 4.9 1000 2230
7-Janr11 <50 23 <5.0 11 10 44 14 6.2 18 6.7 28 6.4 1400 1550
15-Janr11 <50 0.6 <5.0 1 5 35 14 35 12 4 18 6.5 170 136
15-Feb-11 <50 0.8 <5.0 0.7 85 3.2 7 31 23 3.2 11 4.3 270 148

14-Mar-11 <50 <05 <5.0 14 25 79 31 8.8 40 6.5 56 15.9 970 1160

Note: Detection limits are 5 mg/L for TSS and 0.5 NTUs for Turbidity
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Table 7. Comparison of turbidity (NTUs) measurements obtained from continuous recor ding meter and
labor atory analysis of water samplesin 2010/11.

Upstream of Stoltz

Greendale Trestle Channel Bluff Wildwood Sandy Pool Catalyst Intake

Date Continuous Lab  Continuous Lab  Continuous Lab  Continuous Lab  Continuous Lab  Continuous Lab
9-Dec-10 1.0 15 2.5 2.8 10.3 7.9 134 8.7 17.0 55 31.0 10.2
12-Dec-10 0.9 1.9 3.6 4.6 31.3 16.9 43.8 22.7 70.3 26.9 49.3 29.5
24-Dec-10 0.6 0.6 2.6 1.3 7.8 4.1 13.2 8.3 - 7.0 17.2 4,9
7-Jan-11 12 2.3 2.0 11 7.8 4.4 125 6.2 13.1 6.7 10.0 6.4
15-Jan-11 12 0.6 2.9 1.0 4.0 35 6.1 35 6.5 40 15.7 6.5
15-Feb-11 15 0.8 2.0 0.7 2.9 3.2 5.0 31 5.4 3.2 12.0 4.3
14-Mar-11 0.7 <0.5 - 14 12.6 7.9 16.2 8.8 21.6 6.5 29.0 15.9

Year 2011-2012

Real-time turbidity measurements, recorded continuously at up to six sitesin the Cowichan
River, were evaluated for 10 storm events that occurred between 19 October 2011 and 31
March 2012 (Figure 20 to Figure 22). For a given event, turbidities typically increased from
the upstream to downstream sites with the lowest values recorded at Greendale and the
highest turbidities at the Catalyst Intake site. However, turbidities at the Wildwood site
(station downstream of Stoltz Bluff) were higher than those at the Sandy Pool site for 27-29
December 2011 and between 21 January and 29 March. Turbidities typically peaked on the
ascending limb of the flood hydrograph and turbidity values generally varied temporally with
the fluctuation in flow for the hydrometric station closest to the site. The highest turbidity
values for most sites occurred during a high flow event on 27-28 November 2011 (Figure 20).
On this date, the maximum turbidity recorded was 67.7 NTUs at the Catalyst Intake site. The
changein turbidity was similar between successive stations, with adifference of 19 NTUs
between the Trestle Channel and Upstream of Stoltz Bluff sites, 20 NTUs between Upstream
of Stoltz Bluff and Wildwood sites, and 22 NTUs between Wildwood and Catalyst Intake
sites. Discharges were slightly higher at both WSC stations on 5-6 January 2012 but
turbidities were lower at all of the sampling sites. It’s important to note for the discharge
events between 28 January and 6 March 2012 that provisional discharge data from the WSC
real-time hydrometric stations indicated that discharges were greater at the station near
Cowichan Lake outlet than at the Duncan station. It is expected that these discharges will be
adjusted once WSC reviews and verifies the datalogs. Adjustmentsto the higher than
expected discharges at Cowichan Lake outlet will affect calculated TSS values.
Consequently, TSS valuesin this report for 2011/12 would need to be re-cal culated once
WSC data have been verified.
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Figure20. Turbidity at six sitesin Cowichan River during high discharge eventsin November 2011 to January 2012.
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Figure21. Turbidity at five sitesin Cowichan River during high discharge eventsin January to March 2012.
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Total suspended solids (TSS) values were calculated for al sites from the real-time turbidities
measured continuously with the instream meters. TSS values were then plotted for the higher
discharge events that occurred between October 2011 and March 2012 (Figure 23 to Figure
25). The TSS plots closaly reflect the turbidity plots described above. A decreasein TSS and
turbidity from the Wildwood site to Sandy Pool siteis clearly evident in the comparison of
mean turbidity and mean TSS values for the high discharges events on 27-29 December 2011
and between 21 January and 29 March (Figure 26 and Figure 27).

TSS load estimates for the 10 event periods ranged from atotal of 475 tonnes at Trestle
Channel to 4,326 tonnes at Catalyst Intake (Table 8). The estimated TSS load for the period
20 October 2011 to 31 March 2012 ranged from 2,151 tonnes at Trestle Channel to 11,570
tonnes at Catalyst Intake. The contribution from Stoltz Bluff to the TSS load estimate at the
Catalyst Intake site averaged 21% for the 10 high discharge events, with contributions for
individual event periods ranging from 0 to 46% (Table 9). In comparison, the contribution
from Block 51 averaged 28% and ranged between 16 and 51% of the estimated TSS load at
the Catalyst Intake.

TSS yields (tonnes/river km) for the 20 December 2011 to 31 March 2012 period were
highest for the Upstream of Stoltz Bluff to Wildwood section (3.3 river km) at 637, followed
by the Sandy Pool to Catalyst Intake section (10.7 river km) at 245. The TSSyield in the
Trestle Channel to Upstream of Stoltz Bluff section (Block 51; 12.3 river km) was 243
tonnes/river km. The TSSyield for the 10 event periods was also markedly higher for the
Upstream of Stoltz Bluff to Wildwood section than for the Sandy Pool to Catalyst Intake
section. The high TSS yields from the Stoltz Bluff reach may be attributed in part to the
relatively high TSS from Clear Creek. TSS values for Clear Creek ranged from 200 to 2100
in the five sampling eventsin 2011/12 (Table 10). Clear Creek drains water off the valley
wall behind Stoltz Bluff and, during its descent to the Cowichan River, captures sediment
laden waters from the sediment retention area of Stoltz Bluff. During al high discharge
events when water quality samples were collected, Clear Creek was overtopping the
constructed ford crossing at Stoltz Bluff and discharging into the river.
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Figure23. Calculated Total Suspended Solids (TSS) concentrations at five sitesin Cowichan River during high discharge eventsin November 2011 to January 2012.

LGL Limited / BCCF

36



Effectiveness Monitoring of Stoltz Bluff Stabilization Works

June 2012

3s 25
[\ Trestle Channel
30 \ " N Catalyst Intake | — Upstream Stoltz Bluff
N Wildwood 4 — Wildwood
= \ e N — Sandy Pool
=) eh
g d \/\ £ Sandy lﬂ{*/ N \ — Catalyst Intake
” A 7
2 s AN A 2 - Upstream Stoltz Bluff y
N SRS A DS SAST e —ess. e T e e
- -
e AN S OO :
5 o Trestle Channel
e A
5 ‘ - I - 0 . ; i ; . . . . . .
21-Jan-12 22-Jan-12 23-Jan-12 24-Jan-12 25-Jan-12 26-Jan-12 28-Jan-12 25-Jan-12
200 140
o 5 s e eS|
180
/ 120 — —
160 / ‘%
140 / 100 S | —— Duncan
g 120 / g 30 —— Lake Cowichan
%’ 100 gn
2 80 ¢ R
A a
60 40
40
20
20
0 I e e e e e e e AN S B e e e e LA H e s s e e e e e e e LI R 0 J T J T T
21-Jan-12 22-Jan-12 23-Jan-12 24-Jan-12 25-Jan-12 26-Jan-12 28-Jan-12 29-Jan-12
20 25
20
= =
=) =)
£ £
2 AN A \ 7
10 -
4 o a M\
10
5 ¥/¥_\_——’_‘
o]
/N
0 ¥ v ¥ ¥ T T E T 0 T T T T T T T T T T T T T T T T T
Wkebale 18:kche12 19:Feb-12 04-Mar-12 05-Mar-12 06-Mar-12
120 120
100 NN N NN 100
o » e it
5 60 % 60
2 40 2 40
20 20
0 T T T T T T T T T T T T T T T T T T T 0 r T T T T T T T T T T T T T
17-Feb-12 18-Feb-12 19-Feb-12 04-Mar-12 05-Mar-12 06-Mar-12
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Table 8. Estimated total suspended sediment load in 2011/12 for each of five sitesin the Cowichan River.

Total Suspended Sediment Load to Site (tonnes)
Trestle Upstream of Sandy  Catalyst

Date Channel Stoltz Bluff Wildwood Pool Intake
Nov 21-23, 2011 22 71 119 - 303
Nov 26-28, 2011 68 269 456 - 865
Dec 27-29, 2011 27 123 197 180 308
Jan 3-6, 2012 93 445 661 707 1221
Jan 21-26, 2012 107 331 547 464 780
Jan 28-29, 2012 45 119 183 144 190
Feb 17-19, 2012 49 139 229 171 198
Mar 4-6, 2012 21 92 118 107 139
Mar 11-17, 2012 24 60 61 112 215
Mar 28-29, 2012 19 43 44 66 107
Tota of 10 periods 475 1692 2615 1949 4326
Oct 20/11 - Mar 23/12 2077 5925 8712 - 11214
Dec 20/11 - Mar 31/12 1555 4543 6644 5707 8329

Note: incomplete datasets shown in bold and missing datasets with dash

Table 9. Estimated total suspended sediment load (tonnes) and yield (tonnes’km) in 2011/12 contributed
by each section of the Cowichan River.

Blk 51 Stoltz Bluff
Corntribution Cortribution
Trestle to Upstream of Sandy Pool to
Upstream of StoltzBluffto  Wildwoodto  Catalyst

Date Stoltz Bluff Wildwood Sandy Pool Intake
Nov 21-23, 2011 49 48 - -
Nov 26-28, 2011 201 187 - -
Dec 27-29, 2011 96 74 -17 128
Jan 3-6, 2012 352 216 46 514
Jan 21-26, 2012 224 216 -83 316
Jan 28-29, 2012 74 64 -40 46
Feb 17-19, 2012 90 0 -59 27
Mar 4-6, 2012 71 26 -11 32
Mar 11-17, 2012 36 1 51 103
Mar 28-29, 2012 25 0 22 41
Total of 10 periods (tonnes) 1217 924 -91 1208
TSS yields (tonnes’km) for 10 periods 99 280 -17 113
Oct 20/11 - Mar 23/12 (tonnes) 3848 2787 - -
TSS yields (tonnes’km) for Oct 20/11 to Mar 23/12 313 845 - -
Dec 20/11 - Mar 31/12 (tonnes) 2988 2101 -937 2622
TSS yields (tonnes’km) for Dec 20/11 to Mar 31/12 243 637 -180 245

Note: incomplete datasets shown in bold and missing datasets with dash
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Laboratory analysis of water samples collected from six sites in the Cowichan River showed a
generdly increasing trend in turbidity and TSS from upstream to downstream sites (Table 10;
Figure 28; Figure 29). The laboratory values of turbidity from collected water samples were
generaly similar to the measurements obtained from the continuously recording meters
installed at Trestle and Upstream of Stoltz Bluff sites (Table 11; Figure 30). Field readings
with meters at the Wildwood, Sandy Pool and Catalyst Intake sites were consistently greater
than laboratory measurements. The large deviation between continuous and lab turbidity
readings for the Catalyst Intake site may be due to: 1) the location of the meter, located at
Catalyst Mill and not at theriver, 2) the discrepancy between the timing of the meter readings
versus the time of water sample collection, or 3) imprecise calibration of the Catalyst turbidity
meter.

In a comparison of sediment loads from high discharge events in the various river sections for
2010/11 and 2011/12, it is apparent that the sediment load contribution (tonnes) from Stoltz
Bluff in both sampling years lies between the contributions estimated for Trestle to Upstream
of Stoltz Bluff and Sandy Pool to Catalyst Intake sections (Figure 31). 1n 2011/12, measured
turbidities at Sandy Pool were lower than at the Wildwood site resulting in a calcul ated
decrease in sediment load for the Wildwood to Sandy Pool section.

Comparing high discharge event periods in the study, relative sediment load and yield from
Stoltz Bluff decreased from 2010/11 to 2011/12. Sediment load contribution from Stoltz
Bluff was 1050 tonnesin 2010/11 versus 924 tonnesin 2011/12 (Table 5; Table 9). At these
sediment load values, sediment yield from Stoltz Bluff was 318 tonnes/km in 2010/11 versus
280 tonnes’/km in 2011/12. A consistent TSS load from Stoltz Bluff in both survey years
resulted in a higher percent contribution of sediment in 2011/12 because the TSS load
estimated at Catalyst Intake had declined. The high TSS concentration in Clear Creek during
storm events in both survey years may be the single most important factor that raises the
contribution attributable to Stoltz Bluff.

Table 10. Laboratory analysisresults of turbidity (NTUs) and TSS (mg/l) for water samples collected in
2011/12 in Cowichan River.

27-Nov-11 28-Dec-11 04-Jan-12 25-Jan-12 16-Mar-12
Date TSS Tubidity TSS Turbidity TSS Tubidity TSS Turbidity TSS Turbidity
Greendale 2.7 0.7 5.0 0.7 4 0.6 2 0.6 45 <05
Trestle Channel 13 5.4 12 15 7 15 2 0.7 4 <05
Upstream of Stoltz
Bluff 63 23.7 11 34 19 6.3 13 3.3 12 19
Wildwood 77 26.0 85 38 23 7.4 17 7.1 9.5 2.2
Sandy Pool 92 26.0 11 3.8 75 6.7 16 54 12 25
Catalyst Intake 75 24.0 15 4.8 26 9.6 17 6.7 13 3.7
Clear Creek 311 500 200 167 2100 1400 1600 1134 1100 5400

Notes:

1. Detection Limitsare 5 mg/L. for TSS and 0.5 NTUs for Turbidity for Upstream of Stoltz Bluff, Wildwood, Sandy Pool,
& Catalyst Intake

2. Detection Limitsare 1 mg/L for TSS and 0.5 NTUs for Turbidity for Greendale & Trestle Channel

3. Clear Creek islocated in the downstream section of Stoltz BIuff.
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Table 11. Comparison of turbidity (NTUs) measur ements obtained from continuous recording meter and
laboratory analysis of water samples.

Upstream of Stoltz
Greendale Trestle Channel Bluff Wildwood Sandy Pool Catalyst Intake
Date Continuous  Lab Cortinuous  Lab Cortinuous ~ Lab Cortinuous  Lab Cortinuous  Lab Cortinuwous  Lab
27-Nov-11 0.9 0.7 45 5.4 252 23.7 29.0 26.0 - 26.0 15.2 24.0
28-Dec-11 - 0.7 0.5 15 35 34 7.9 3.8 7.9 3.8 16.1 4.8
4-Jan-12 - 0.6 12 15 7.6 6.3 13.0 7.4 13.3 6.7 13.7 9.6
25-Jan-12 - 0.6 24 0.7 51 33 8.8 7.1 8.2 5.4 19.0 6.7
16-Mar-12 - <0.5 0.3 <0.5 2.2 19 5.9 2.2 4.2 25 11.1 3.7
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Figure 30. Comparison of 2011/12 turbidity measurementsfrom field and laboratory meters.
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Egg I ncubation Success
Pipe Incubators
Year 2010-2011

Chinook egg incubation survivalsin 2010/11 ranged from 1.3% to 84.7% for the incubation
pipes placed in the Cowichan River and hatchery (Table 12; Appendix 1). The pipe
incubators were installed primarily in the gravel bar substrates evaluated in the gravel
permeability tests as described above under Permeability. Survival in Cowichan River
substrates was highest at River Cabins in the upper reaches and lowest at Stoltz Pool
immediately downstream of Stoltz Bluff. However, survivalsin the incubators appeared to
decline with time which complicated survival comparisons among sites. For example,
survivalsin the “control” zone upstream of Stoltz Bluff were 48.7% (River Cabins) after 36
days and 6.2% (Upstream of Stoltz Bluff) after 64 days. Similarly, downstream of Stoltz
Bluff survivals declined from 35.9% at Sandy Pool after 36 daysto 1.3% at Stoltz Pool after
64 days. Inamost al cases there were fewer eggs and aevins present in aretrieved incubator
than were placed initially (60 eggs) inside the incubator pipe.

The purpose of the analysis of 2010/11 survival datawas to look for statistically significant
differencesin egg survival between locations upstream versus downstream of Stoltz Bluff.
Given the assumed continual mortality in the pipe incubators, incubators should all be
deployed on the same day, and should all be retrieved at or around the sametime. However,
river conditionsin January 2011 did not allow synoptic recovery of the pipe incubators
installed in December 2010. Thus, the only valid comparisons that could be made were
among the pipe incubators that were retrieved together. In this case, comparisons were made
among pipe incubators retrieved on 5 Jan 2011 (River Cabins vs Sandy Pool vs Cowichan
River Hatchery (CR)), and between pipe incubators retrieved on 1 Feb (Upstream (U/S) of
Stoltz vs Stoltz Pool).

The average egg surviva in pipe incubators retrieved on 5 Jan (Table 12) differed
significantly among sites (y? = 11.5; df = 2; P = 0.0032). Post-hoc pair-wise comparisons
showed that egg survival at CR Hatchery was significantly higher than that at both River
Cabins and Sandy Pool (3% > 6.9; df = 1; P < 0.0088) (Table 13). Differencesin egg survival
between River Cabins and Sandy Pool were not statistically significant (% = 0.6; df = 1; P =
0.43).

The average egg surviva in pipe incubators retrieved on 1 Feb (Table 13) differed
significantly among sites (y? = 4.1; df = 1; P = 0.042). Survival of eggs in incubators
deployed upstream of Stoltz Bluff (U/S Stoltz Bluff) was significantly higher than that at
Stoltz Pool. However, high gravel bedload at Stoltz Pool may have reduced egg and aevin
survival considerably. Gravel depth over top of the pipe incubators on 1 February 2011 was
~0.6 m.
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Comparing the 2010/11 results to the 2005/06 pipe incubation study (Burt and Ellis 2006),

mean survivals were similar at Sandy Pool at 36% and 38%, respectively, but lower at River
Cabins at 49% and 77%, respectively.

Table 12. Summary of mean survivalsfor Chinook eggs placed in incubation pipesin 2010.

Number of
Installation Retrieval Daysin Incubators Mean — Standard
Site Date Date River Retrieved  Survival  Deviation
CRHatchery 30-Nov-10 5-Jan-11 36 5 84.7% 7.8%
River Cabins 30-Nov-10 5-Jan-11 36 5 48.7% 17.5%
Upstream of
Stoltz Bluff  29-Nov-10 1-Feb-11 64 15 6.2% 5.5%
StoltzPool 29-Nov-10 1-Feb-11 64 5 1.3% 1.4%
Sandy Pool 30-Nov-10 5-Jan-11 36 10 35.9% 22.0%

Table 13. Summary of statistical analysis of egg incubation success from pipe incubatorsin 2010.

Durationin

River (days) Sitel Site2 Chi Square P
36 River Cabins = Sandy Pool 0.6 0.43
36 River Cabins << CR Hatchery 6.9 0.0088
36 Sandy Pool << CRHachery 10.0 0.0016
64 U/S Stoltz >>  Stoltz Pool 4.1 0.042
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Year 2011-2012

Chinook egg incubation survivals during November/December 2011 ranged from 48.5% to
75.9% for the incubation pipes placed in the Cowichan River and hatchery (Table 14;
Appendix J). In 2011, surviva in the Cowichan River substrates was highest at Stoltz Pool,
immediately downstream of Stoltz Bluff, and lowest at River Cabins, in the upper reaches.
Except for Stoltz Pool, the pipe incubators were installed in the same locations as in 2010.
The 2011 incubators at Stoltz Pool were installed ~200 m upstream of the 2010 location.
Incubators were deployed on either November 17 or 18 and retrieved on either December 20
or 21 for atotal incubation time of 32 or 33 days.

Table 14. Summary of mean survivalsfor Chinook eggs placed in incubation pipesin 2011.

Number of
Installation  Retrieval  Daysin  Incubators  Mean — Standard
Site Date Date River Retrieved  Survival  Deviation
CR
18-Nov-11 21-Dec-11 75.5% 9%
Haichery 8-Nov ec 33 5 5.5% 9.9%
River
. 18-Nov-11 20-Dec-11 32 5 48.5% 16.8%
Cabins
UpSIeaM 17 Nov-11 20-Dec-11 33 15 727%  11.9%
of Stoltz
Stoltz Pool 17-Nov-11 20-Dec-11 33 15 75.9%  16.6%
Pooly 18-Nov-11 20-Dec-11 32 12 60.0% 11.2%

The pipe incubator egg survival rates differed significantly among sites (Figure 32, Dev =
74.0, P < 0.0001). Post-hoc pair-wise comparisons showed that egg survival at River Cabins
was significantly lower than that at all other sites (|z| > 2.7; P < 0.045). Egg survival at Sandy
Pool was significantly lower than all other sites (|z| > 3.8; P <0.001) except River Cabins. No
other differences among sites were statistically significant (|z| < 1.2; P> 0.73). The site
differences did not trand ate into a treatment effect. When sites were pooled into ‘locations’,
it was found that egg survival did not differ significantly upstream versus downstream of
Stoltz Bluff (Figure 33, Dev = 2.5, P = 0.12).
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Egg Incubator Survival, Nov-Dec 2011
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Figure 32. Distribution of egg survival values, by site, for incubator pipes deployed in November 2011,
and recovered in December 2011. L ettersare shown next to median valuesto indicate statistically
significant differences (i.e, sitesthat share aletter in common are not significantly different). Boxes
enclose the 25th and 75th percentile values, and the horizontal lines within each box indicate the median
value. Vertical ‘whiskers extend to last point that islessthan 1.5 x theinterquartile range and values
outside that range are shown asdots. A dotted vertical line dividesthe sitesthat are upstream of Stoltz
Bluff (to theleft of ling), from those that are downstream.
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Egg Incubator Survival, Nov-Dec 2011
100% - (P=012)

20% A

60% A

40% A

Percent Survival

20% A

0%

I I
Upstream Downstream
Location

Figure 33. Distribution of egg survival valuesfor incubator pipesdeployed in locations upstream and
downstream of Stoltz Bluff. Pipeswere deployed in November 2011, and recovered in December 2011.
Boxes enclose the 25th and 75th percentile values, and the horizontal lineswithin each box indicate the
median value. Vertical ‘whiskers extend to last point that islessthan 1.5 x the inter quartile range and

values outside that range are shown as dots.

For comparisons with the incubator pipes deployed in 2010, analyses were restricted to three
sites (River Cabins, Sandy Pool, and CR Hatchery). A two-way GLM showed a statistically
significant interaction between year and site (Figure 34, Dev = 42.9; P < 0.0001). The effects
of year were therefore examined separately for each site.

Egg survival at Sandy Pool was significantly lower in 2010 (37%), as compared to 2011
(60%; Dev = 61.9; P <0.0001). In contrast, egg surviva at CR Hatchery was significantly
higher in 2010 (85%), as compared to 2011 (76%; Dev = 6.4; P =0.011). Therewere no
significant effects of year on egg surviva at River Cabins (49% in both years; Dev = 0.001; P
=0.97).
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Egg Incubator Survival by Year
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Figure 34. Distribution of egg survival values, by siteand year. In 2010, pipes wer e deployed in late
November 2010, and recovered after 36 days. In 2011, pipeswere deployed in mid-November, and
recovered after 32-33 days. Starsindicate where site-specific survival differed significantly between years
(* p=0.011; *** p <0.0001). Boxesenclosethe 25th and 75th percentile values, and the horizontal lines
within each box indicate the median value. Vertical ‘whiskers extend to last point that islessthan 1.5 x
theinterquartile range, and values outside that range are shown asdots. A dotted vertical line dividesthe
sitethat isupstream of Stoltz Bluff (to theleft of line), from those that are downstream.

Hydraulic Sampling

Hydraulic sampling was conducted at Hatchery Run (Figure 1) by DFO and BCCF personnel
on 4 March 2011. Chum and Coho alevins were primarily captured. Survival estimates for
the samples were high ranging from 98 to 100% and averaging 99.7% (Table 15). D. Poole
(DFO, pers. comm.) commented that the gravel substrates were of higher quality in 2011 and
not covered with a hard crusted surface of fine silts and sands as he observed in previous
hydraulic sampling eventsin 2005. In comparison to previous hydraulic sampling resultsin
2005 and 2006 (Burt and Ellis 2006), mean survivals at Hatchery Run in 2011 had increased
slightly from 2006 but both 2006 and 2011 results were considerably higher than the mean
survival in 2005 (Table 16).
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Table 15. Summary of hydraulic sampling at Hatchery Run, 4 March 2011 (data provided by M. Sheng,

DFO).
No.Dead No.Live No.Dead No.Live Total %
Site Eggs Eggs Alevins  Alevins Total Dead Live Total Survival Comments

1 0 0 0 240 0 240 240 100 aevins 3/4 buttoned -up
2 0 0 0 225 0 225 225 100 aevins 3/4 buttoned -up
3 0 0 0 105 0 105 105 100 aevins 3/4 buttoned -up
4 2 0 0 98 2 98 100 98 alevins 3/4 buttoned -up

92 chum buttoned-up; 122 coho
5 1 0 0 184 1 184 185 99.5  full yolk sacs

71 chum buttoned-up; 2 coho
6 0 0 0 93 0 93 93 100 aevins
7 0 0 0 21 0 21 21 100 chum 3/4 buttoned-up
8 0 0 0 8 0 8 8 100 chum 3/4 buttoned-up

Table 16. Comparison of 2011 hydraulic sampling resultsto previous surveys (Burt and Ellis 2006).

Results by year indicate per cent egg/alevin survival (primarily for Coho and Chum salmon).

Site 2005 2006 2011
Greendale 86.2
River Cabins 89.3
Sandy Pool 34 55.4
Hatchery Run 6.8 93.1 99.7

SUMMARY AND CONCLUSIONS

The conclusions based on two years of post-construction effectiveness monitoring of the
Stoltz Bluff stabilization works are as follows:

1.

2.

In 2010 gravel permeabilities were generally higher at River Cabins and Upstream of
Stoltz Bluff than at Stoltz Pool and Sandy Pool. In 2011, permeabilities were
generadly similar at al four sites. Note: Stoltz Pool site was re-located further
upstream in 2011.

The 2011 study on Chinook egg incubation success in pipe incubators found that egg
survival did not differ significantly upstream versus downstream of Stoltz Bluff when
sites were pooled into ‘locations'.

Egg surviva at Sandy Pool was significantly lower in 2010 (37%), as compared to
2011 (60%). In contrast, egg survival at CR Hatchery was significantly higher in
2010 (85%), as compared to 2011 (76%). There were no significant effects of year on
egg surviva at River Cabins (49% in both years).

Hydraulic sampling at Hatchery Run found high Chum and Coho aevin survivals and
areduction in the surface crusting of the spawning substrate suggesting survival rates
and spawning gravel condition have improved from pre-restoration conditions. In
comparison to previous hydraulic sampling results in 2005 and 2006 (Burt and Ellis
2006), mean survivals at Hatchery Run in 2011 had increased dlightly from 2006 but
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10.

11.

12.

both 2006 and 2011 results were considerably higher than the low mean survival
found in 2005.

Currently, the primary sources of suspended sediment are generated between Trestle
Channel and Stoltz Bluff (12.3 river km; includes Block 51 section) and between
Sandy Pool and Catalyst Intake (10.7 river km).

For the high flow events, total suspended sediment |oads estimated at the Catalyst
Intake site were 13,037 tonnesin 2010/11 and 4,326 tonnesin 2011/12.

For the high flow events, the contribution from Stoltz Bluff to the TSS load estimate
at the Catalyst Intake site was ~8% in 2010/11 and ~21% in 2011/12.

For the high flow events, the contribution of suspended sediment from the Block 51
section of the river was ~26% (2010/11) and ~28% (2011/12) of the total TSS load
estimate at the Catalyst Intake site.

TSS yields (tonnes/river km) for the high discharge events between October 2010-
March 2011 period were highest for the Sandy Pool to Catalyst Intake section (10.7
river km) at 373, followed by the Upstream of Stoltz Bluff to Wildwood section (3.3
river km) at 318. In comparison, the TSSyield in 2011/12 was highest for Upstream
of Stoltz Bluff to Wildwood section at 280, followed by Sandy Pool to Catalyst Intake
section at 113.

In a comparison of sediment loads from high discharge events in the various river
sections for 2010/11 and 2011/12, it is apparent that the sediment load contribution
(tonnes) from Stoltz Bluff in both sampling years is less than the contributions
estimated for Trestle to Upstream of Stoltz Bluff (i.e., Block 51) and Sandy Pool to
Catalyst Intake sections.

The contribution of suspended sediment from Stoltz Bluff during high flow events
between late fall (October) and the following spring (March) has declined from a pre-
restoration estimate of 15,000-22,000 tonnes (1 Oct to 31 March; Burt 2008) to an
estimated 1050 tonnes (2010/11) and 924 tonnes (2011/12). At these sediment |oad
values, sediment yields from Stoltz Bluff were 318 tonnes’km in 2010/11 versus 280
tonnes’/km in 2011/12. The apparent reduction in downstream sediment loads after
stabilization of Stoltz Bluff is corroborated by TSS sampling results from Obee and
Epps (2011) where mean TSS concentrations downstream of Stoltz Bluff after its
stabilization (Fall 2008) were 8-20% of the concentrations prior to stabilization (Fall
2002 and 2003).

Our results indicate that the reduction in sediment loads, and presumably sediment
deposition, after Bluff stabilization appears to have improved salmon egg incubation
success downstream of Stoltz Bluff. Further improvement in spawning habitat quality
and egg incubation success downstream of Stoltz Bluff should occur over time as
floodwaters continue to scour previously deposited fine silts and sands.
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RECOMMENDATIONS

Recommendations for remedia works and future monitoring are as follows:

1.

2.

Assess the outlet area of Clear Creek and devel op structural designs to reduce the re-
suspension of sediments from the toe of Stoltz Bluff.

Assess the reach between Stoltz Bluff and the Wildwood site to identify any chronic
bank or bed erosion sites, or small streams that may be contributing significant
suspended sediments. Develop rehabilitation designs for chronic erosion / sediment
contribution sites as appropriate.

Provisional discharge data from the WSC real-time hydrometric stations between 28
January and 6 March 2012 indicated that discharges were greater at the station near
Cowichan Lake outlet than at the Duncan station. It is expected that these discharges
will be adjusted once WSC reviews and verifies the datalogs. Adjustments to the
higher than expected discharges at Cowichan Lake outlet will affect calculated TSS
values. Consequently, TSS valuesin thisreport for 2011/12 would need to be re-
calculated once WSC data have been verified.

In five years, repeat the collection of continuous, real-time turbidity measurements at
the six sites studied in 2010/11.

In five years, repeat the gravel permeability assessment using piezometers and the pipe
incubation study to determine if Chinook egg survival isimproving.
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Appendix A. Permeability testsat River Cabinssite on Cowichan River, 21 September 2010.
Initial Conditions Constant Head Test All Samples Gravel Bar Wetted Channel
Location | Site ;| Piezometer: Distance | Distance | Vertica Volume Time Permesbility : Permeability | Permeability | | Permeability | Permeability i : Permeability | Permesbility
Depth (L inifrom Top of from Top of; Hydraulic (ml) (sec) (ml/sec) all | (ml/sec) @ : (ml/sec) @ (ml/sec) @ ;: (ml/sec) @ ii (ml/sec) @ ;| (ml/sec) @
cm): 250r :  Pipeto Pipeto Gradient data 25cm 40 cm 25cm 40 cm 25cm 40cm
40 cm Water Water (H/L)
Surface- | Surface-
Outside : Inside Pipe
Pipe (cm) (cm)
River 1 25 - 87.8 510 26.53 19.2 19.2 19.2
Cabins
d/s 1 40 - 73.2 520 22.8 22.8 22.8 22.8
2 25 - 88 365 66.66 5.5 5.5 55
2 40 - 745 310 4131 7.5 7.5 7.5
3 25 - 88.3 500 40.13 125 125 125
3 40 - 75.2 515 18.67 27.6 27.6 27.6
4 25 74.6 737 0.036 500 415 12.0 12.0 12.0
4 40 57.1 57.5 -0.01 30 84.91 0.4 0.4 0.4
5 25 74.2 731 0.044 500 57.54 8.7 8.7 8.7
5 40 59.8 60.2 -0.01 310 49.58 6.3 6.3 6.3
6 25 66.8 65.8 0.04 510 47.12 10.8 10.8 10.8
6 40 52.8 53.2 -0.01 350 36.34 9.6 9.6 9.6
v 7 25 68.7 68.2 0.02 520 22.07 23.6 236 236
u/s 7 40 52.1 515 0.015 490 38.35 128 128 12.8
u/s 8 25 75.2 73.7 0.06 310 45.27 6.8 6.8 6.8
8 40 58.8 50.1 -0.0075 500 35.47 141 14.1 141
9 25 713 69.7 0.064 330 36.12 9.1 9.1 9.1
9 40 54 54.6 -0.015 530 34.62 153 153 15.3
v 10 25 62.5 615 0.04 300 34.01 8.8 8.8 8.8
dis 10 40 48.2 47.8 0.01 505 53.51 9.4 9.4 9.4
Mean 12.1 11.7 12.6 9.0 19.3 114 9.7
SD 6.6 5.3 7.6 35 8.6 5.2 4.8
Free Water Test 980 3.75 261.3
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Appendix B. Permeability testsat site upstream of Stoltz Bluff on Cowichan River, 22 September 2010.
Initiad Conditions Constant Head Test All Samples Gravel Bar Wetted Channel
Location | Site i Piezometer | Distance | Distance i Vertica Volume Time Permeability : Permeability | Permeability i | Permeability i Permeability | | Permeability : Permeability
Depth (L inifrom Top ofifrom Top of; Hydraulic (ml) (sec) (ml/sec) dl i (ml/sec) @ : (ml/sec) @ (ml/sec) @ § (ml/sec) @ (ml/sec) @ i (ml/sec) @
cm): 250r i  Pipeto Pipeto Gradient data 25¢cm 40cm 25¢cm 40 cm 25¢cm 40cm
40 cm Water Water (H/L)
Surface- ;| Surface-
Outside | Inside Pipe
Pipe (cm) (cm)
U/S of 1 25 69 69.2 -0.008 560 9.87 56.7 56.7 56.7
Stoltz
u/s 1 40 514 514 0 300 18.44 16.3 16.3 16.3
2 25 68.6 68 0.024 310 41.99 74 74 74
2 40 53.8 53.3 0.0125 135 32.78 4.1 4.1 4.1
3 25 60.8 60.1 0.028 300 38.75 7.7 7.7 7.7
3 40 494 50.8 -0.035 340 13.28 25.6 256 25.6
4 25 69.5 69.5 0 230 53.82 4.3 4.3 4.3
4 40 ? 54.4 310 18.41 16.8 16.8 16.8
ds 5 25 67.7 66.9 0.032 370 24.62 15.0 15.0 15.0
5 40 494 49.7 -0.0075 340 2557 133 13.3 13.3
6 25 66.2 65.4 0.032 400 19.78 20.2 20.2 20.2
6 40 522 51 0.03 300 21.46 14.0 14.0 14.0
7 25 79.3 79.3 0 480 14.48 331 331 33.1
7 40 63.8 62.3 0.0375 340 22.46 151 15.1 151
8 25 74.7 75 -0.012 390 16.37 238 238 238
8 40 61.7 61.3 0.01 200 29.62 6.8 6.8 6.8
9 25 82 82 0 460 19.66 234 234 234
9 40 65.8 65 0.02 190 233 8.2 8.2 8.2
10 25 79 78.1 0.036 190 36 5.3 5.3 5.3
10 40 63.4 63.4 0 160 32.37 4.9 4.9 4.9
11 25 - 87.4 170 42.87 4.0 4.0 4.0
11 40 - 723 175 30.93 5.7 5.7 5.7
12 25 - 82.5 220 20.51 10.7 10.7 10.7
12 40 - 69.4 210 28.26 74 74 74
13 25 - 83.1 190 2757 6.9 6.9 6.9
13 40 - 67.5 280 19.03 14.7 14.7 14.7
14 25 - 85.5 210 24.8 8.5 85 85
14 40 - 68.5 320 16.51 19.4 194 194
Mean 14.3 16.2 12.3 7.5 11.8 19.7 12.5
SD 111 14.1 6.1 25 5.5 153 6.3
Free Water Test 980 3.75 261.3
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Appendix C. Permeability tests at Stoltz Pool site on Cowichan River, 22 September 2010.
Initial Conditions Constant Head Test All Samples Gravel Bar Wetted Channel
Location : Site : Piezometer | Distance | Distance | Vertica Volume Time Permesability | Permesability ;| Permeability | | Permeability | Permesbility | | Permeability ;| Permeability
Depth (L inifrom Top ofifrom Top of; Hydraulic (ml) (sec) (ml/sec) dl i (ml/sec) @ | (ml/sec) @ (ml/sec) @ | (ml/sec) @ (ml/sec) @ | (ml/sec) @
cm): 250r i Pipeto Pipeto Gradient data 25¢cm 40cm 25cm 40 cm 25cm 40cm
40cm Water Water (H/L)
Surface- | Surface-
Outside : Inside Pipe
Pipe (cm) (cm)
Stoltz 1 25 51 517 270 52.94 51 51 51
Pool
d/s 1 40 38.5 718 0 0.0 0.0
2 25 58.6 58 240 67.03 3.6 3.6 3.6
2 40 43.7 45.8 0 0.0 0.0
3 25 61.3 61 180 80.12 2.2 2.2 2.2
3 40 44.9 445 0 0.0 0.0
4 25 63.6 62.4 0.048 160 78.78 2.0 20 2.0
4 40 48.2 49.1 -0.0225 0 0.0 0.0
5 25 58.2 57.2 0.04 110 79.38 14 14 14
u/s 5 40 42.1 77.1 -0.875 0 0.0 0.0
6 48 - 100.03 - 225 32.74 6.9 6.9 6.9
7 47 - 98 - 220 29.07 7.6 7.6 7.6
Mean 4.1 29 2.1 7.2 2.9 0.0
SD 2.3 13 33 0.3 13 0.0
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Appendix D. Permeability tests at Sandy Pool site on Cowichan River, 21 September 2010.
Initial Conditions Constant Head Test All Samples Gravel Bar Wetted Channel
Location i Site i Piezometer i Distance | Distance i Vertica Volume i Time Permeability i Permeability | Permeability i | Permeability | Permeability i | Permeability : Permeability
Depth (L in ifrom Top ofifrom Top of; Hydraulic (ml) (sec) (ml/sec) dl i (ml/sec) @ i (ml/sec) @ (ml/sec) @ i (ml/sec) @ (ml/sec) @ i (ml/sec) @
cm): 250r 40:  Pipeto Pipeto Gradient data 25¢cm 40cm 25¢cm 40 cm 25cm 40 cm
cm Water Water (H/L)
Surface- | Surface-
QOutside | Inside Pipe
Pipe (cm) (cm)
Sandy 1 40 63 63 0.000 210 91.34 23 23 23
Pool
1 25 410 91.08 45 45 4.5
2 25 75.4 74 0.056 500 56.84 8.8 8.8 8.8
2 40 60.7 60 0.018 210 40.3 5.2 5.2 5.2
3 25 66.6 65 0.064 390 86.15 45 45 4.5
3 40 49.5 50 -0.013 200 74.37 2.7 2.7 2.7
4 25 76.6 75.1 0.060 530 52.75 10.0 10.0 10.0
4 40 69.2 67.7 0.038 350 26.43 132 132 13.2
5 25 74.4 73 0.056 390 77.84 5.0 5.0 5.0
5 40 59.4 60 -0.015 210 36.44 5.8 5.8 5.8
6 25 72.6 714 0.048 500 48.79 10.2 10.2 10.2
6 40 60 59.6 0.010 225 32.85 6.8 6.8 6.8
7 25 74.6 73 0.064 500 75.35 6.6 6.6 6.6
7 40 61 61.9 -0.023 315 20.42 15.4 154 15.4
8 25 - 89.6 310 30.78 10.1 10.1 10.1
8 40 - 74.3 300 47.21 6.4 6.4 6.4
9 25 - 90.8 300 44.39 6.8 6.8 6.8
9 40 - 75.3 310 44.25 7.0 7.0 7.0
10 25 - 92.8 295 43.38 6.8 6.8 6.8
10 40 - 785 200 98.24 2.0 20 2.0
Mean 7.0 7.3 6.7 7.9 5.1 7.1 7.4
SD 34 2.2 4.2 16 2.2 2.4 4.7
Free Water Test 850 3.64 2335
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Appendix E. Permeability testsat River Cabin site on Cowichan River, 20 September 2011.
Initial Conditions Constant Head Test Gravel Bar Wetted Channel
Location | Site | Piezometer | Distance Distance Vertical Volume (m)| Time Rate of | Rateof | Rateof Rate of | Rateof Rate of | Rateof
Depth (L in| from Top of | from Top of | Hydraulic (sec) Volume | Volume | Volume | | Volume | Volume | | Volume | Volume
cm): 25 or Pipe to Pipeto Gradient Change | Change | Change | | Change | Change Change | Change
40 cm Water Water (H/L) (ml/sec) | (ml/sec) | (mi/sec) | | (mi/sec) | (mi/sec) | | (ml/sec) | (mi/sec)
Surface - Surface - didata @25cm|@40cm| |@25cm|@ 40cm| |@ 25cm|@ 40 cm
Outside Pipe| Inside Pipe
(cm) (cm)
River 1 25 82 82.3 -0.012 590 34.38 17.2 17.2 17.2
Cabins
us 1 40 66.3 67 -0.0175 675 24.56 275 275 275
2 25 42.8 43.1 -0.012 700 16.92 41.4 41.4 41.4
2 40 29.8 30.5 -0.0175 610 15.86 38.5 38.5 38.5
3 25 39.6 40.8 -0.048 580 27.77 20.9 20.9 20.9
3 40 234 25.4 -0.05 700 10.7 65.4 65.4 65.4
4 25 69.1 69.7 -0.024 630 17.63 35.7 35.7 35.7
4 40 50.5 51.3 -0.02 710 14.08 50.4 50.4 50.4
5 25 71 71.8 -0.032 685 18.61 36.8 36.8 36.8
5 40 52.6 533 -0.0175 675 10.73 62.9 62.9 62.9
v 6 25 - 70 610 27.24 224 224 22.4
d/s 6 40 56.2 57.7 -0.0375 595 19.72 30.2 30.2 30.2
us 7 25 - 63 630 31.49 20.0 20.0 20.0
l 7 40 - 50.9 670 14.59 459 459 459
8 25 - 65.2 590 15.18 38.9 38.9 38.9
d/s 8 40 - 52.6 630 14.64 43.0 43.0 43.0
u's 9 25 - 90.9 630 22.61 27.9 27.9 27.9
| 9 40 - 74.8 740 14.77 50.1 50.1 50.1
v 10 25 - 64.1 585 2413 | 242 | 242 24.2
d/s 10 40 - 47.3 625 14.04 445 445 445
Mean 37.2 285 45.8 27.7 459 29.1 458
SD 134 84 11.7 7.0 26 9.2 14.9
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Appendix F. Permeability testsat site upstream of Stoltz Bluff on Cowichan River, 20 September 2011.
Initial Conditions Congtant Head Test Gravel Bar Wetted Channel
Location | Site | Piezometer | Distance Distance Vertical Volure | Time | Rateof | Rateof | Rateof Rate of | Rate of Rate of | Rate of
Depth (L in | fromTop of | fromTop of | Hydraulic (ml) (sec) | Volume | Volume | Volume Volume | Volume Volume | Volume
cm): 25 or Pipeto Pipeto Gradient Change | Change | Change Change | Change Change | Change
40 cm Water Water (H/L) (m/sec) | (ml/sec) | (ml/sec) (mi/sec) | (ml/sec) (mlfsec) | (ml/sec)
Surface - Surface - dldata (@ 25cm|@40cm| (@ 25cm|@40cm| (@ 25cm|@ 40 cm
Outside Pipe| Inside Pipe
(cm) (cm)
U/S of 1 25 322 32.6 -0.016 625 16.53 37.8 37.8 37.8
Stoltz
u's 1 40 18 19.2 -0.03 685 22.23 30.8 30.8 30.8
2 25 - 87.1 685 17.73 38.6 38.6 38.6
2 40 - 71.2 720 12.72 56.6 56.6 56.6
3 25 - 89.1 470 36.3 12.9 129 129
3 40 - 74.5 550 34.36 16.0 16.0 16.0
4 25 77.6 78.3 -0.028 560 31.6 17.7 17.7 17.7
4 40 61.5 63 -0.0375 590 30.11 19.6 19.6 19.6
dis 5 25 84 85 -0.04 325 56.01 5.8 5.8 5.8
5 40 64.1 66.3 -0.055 480 32.63 14.7 14.7 14.7
u's 6 25 64.8 66.2 -0.056 740 29.27 25.3 25.3 25.3
6 40 48.2 49.9 -0.0425 665 21.06 31.6 31.6 31.6
7 25 66 66.8 -0.032 825 17.61 46.8 46.8 46.8
7 40 53.8 53.8 0 720 18.85 38.2 38.2 38.2
8 25 64.7 66 -0.052 600 24.78 24.2 24.2 24.2
8 40 50.9 52.9 -0.05 750 26.11 28.7 28.7 28.7
9 25 34 34.6 -0.024 730 28.07 26.0 26.0 26.0
dis 9 40 19.9 22.1 -0.055 605 32.98 18.3 18.3 18.3
u's 10 25 74.7 74.7 0 645 27.73 233 233 23.3
10 40 62 62.3 -0.0075 440 325 135 135 135
Mean 26.3 25.9 26.8 25.8 36.3 259 24.4
SD 12.3 11.8 12.7 12.8 20.3 115 8.5
Free Water Test 1000 4 250.0
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Appendix G. Permeability testsat Stoltz Pool site on Cowichan River, 19 September 2011.

Initial Conditions Constant Head Test Gravel Bar Wetted Channel
Location | Site | Piezometer Distance from Distance Vertical Volure | Time | Rateof | Rateof | Rateof Rate of | Rate of Rate of | Rate of
Depth(Lin | Top of Pipeto |fromTop of | Hydraulic (ml) (sec) | Volume | Volume | Volume | | Volume | Volume | | Volume | Volume
cm): 25 or 40 | Water Surface - Pipe to Gradient Change | Change | Change Change | Change Change | Change
cm Outside Pipe Water (HIL) (mi/sec) | (mlfsec) | (mlfsec) | | (ml/sec) | (ml/sec) (ml/sec) | (ml/sec)
(cm) Surface - didata @25cm@40cm (@25cm|{@40cm| |@ 25cm|{@ 40 cm
Inside Pipe
(cm)
Stoltz Pool| 1 25 79.8 84.2 -0.176 540 26.5 20.4 204 20.4
uws 1 40 63.2 69.4 -0.155 630 21.53 29.3 29.3 29.3
2 25 47.2 50.1 -0.116 665 11.71 56.8 56.8 56.8
2 40 354 38.9 -0.0875 620 23.82 26.0 26.0 26.0
3 25 437 45,7 -0.08 650 10.2 63.7 63.7 63.7
3 40 28.6 331 -0.1125 690 15.67 44.0 44.0 44.0
4 25 41.1 43.2 -0.084 680 10.3 66.0 66.0 66.0
4 40 21.3 26.4 -0.1275 700 8.55 81.9 81.9 81.9
5 25 74.6 79.8 -0.208 565 13.81 40.9 40.9 40.9
5 40 59.9 64.8 -0.1225 640 19.75 324 324 324
6 25 78 78.8 -0.032 580 20.49 28.3 28.3 28.3
7 25 83.1 84.2 -0.044 645 20.66 31.2 31.2 31.2
d/s 7 40 69.7 714 -0.0425 690 332 20.8 20.8 20.8
u's 8 25 - 97.1 710 17.52 405 40.5 405
8 40 - 81.7 680 23.33 29.1 29.1 29.1
9 25 - 98 650 22.99 28.3 28.3 28.3
9 40 - 83.2 720 14.32 50.3 50.3 50.3
10 25 - 65.2 715 18.09 39.5 395 395
10 40 - 48.7 700 15.11 46.3 46.3 46.3
v 11 25 - 59.3 680 23.86 285 285 285
d/s 11 40 - 45.6 680 2757 24.7 24.7 24.7
Mean 39.5 40.4 385 34.2 37.6 43.9 39.1
SD 16.0 14.7 17.3 5.8 10.9 17.0 204
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Appendix H. Permeability testsat Sandy Pool site on Cowichan River, 19 September 2011.
Initial Conditions Constant Head Test Gravel Bar Wetted Channel
Location | Site | Piezometer | Distancefrom| Distance Vertical Volurme | Time | Rateof | Rateof | Rateof Rate of Rate of Rateof | Rateof
Depth (L in | Top of Pipeto| fromTop of | Hydraulic (ml) (sec) | Volume | Volure | Volume Volume Volume Volume | Volume
cm): 25 or 40 |Water Surface|  Pipeto Gradient Change | Change | Change Change Change Change | Change
cm Outside Pipe Water (HIL) (ml/sec) | (mi/sec) | (mifsec) | | (mlfsec) @ |(mi/sec) @| |(ml/sec) @|(ml/sec) @
(cm) Surface - dldata | @ 25 cm| @ 40 cm 25cm 40 cm 25cm 40 cm
Inside Pipe
(cm)
Sandy 1 25 - 62.5 730 12.81 57.0 57.0 57.0
Pool
1 40 - 489 720 6.75 106.7 106.7 106.7
2 25 - 921 725 20.22 359 35.9 359
2 40 - 73.7 520 20.57 25.3 25.3 25.3
3 25 83.1 83.1 0 630 20.52 30.7 30.7 30.7
3 40 67.4 67.4 0 700 11.52 60.8 60.8 60.8
4 25 - 94.8 630 22.56 279 279 279
4 40 - 79.3 670 18.85 355 355 355
5 25 50.2 50.2 0 730 12.98 56.2 56.2 56.2
5 40 36.1 36.2 -0.0025 750 9.23 81.3 81.3 81.3
6 25 - 63.3 500 28.28 17.7 17.7 17.7
6 40 - 46.9 300 38.93 7.7 7.7 7.7 7.7
7 25 75.1 75.3 -0.008 580 29.01 20.0 20.0 20.0
7 40 58.7 58.6 0.0025 610 16.69 36.5 36.5 36.5
8 25 48.6 485 0.004 670 21.33 314 31.4 314
8 40 334 328 0.015 640 21.33 30.0 30.0 30.0
9 25 72.1 73.8 -0.068 305 55.62 55 55 55
9 40 58.8 60.6 -0.045 615 15.77 39.0 39.0 39.0
10 25 63.5 64.9 -0.056 560 47.26 11.8 11.8 11.8
10 40 49.0 50.8 -0.045 630 21.32 29.5 295 29.5
Mean 37.3 29.4 45.2 34.6 43.8 259 40.7
SD | 24.1801 | 16.2385 | 27.9383 14.4 376 16.4 220
Free Water Test 1000 4 250.0




Effectiveness Monitoring of Stoltz Bluff Stabilization Works

June 2012

Appendix |. Chinook egg incubation survivalsfor pipeincubatorsinstalled in the Cowichan River in 2010.

Installed Retrieved
Site Pipe Time Date Location Number Time Date Daysin Alevins Live Total Dead Survival Mean Std
Incubator River Eggs Live Egos Survival Deviation
Number
CRHatchery 37,52,51, 945AM  30-Nov-10  Incubation 22 200PM  05-Jan-11 36 51 51 7 85.0%
22,44 Trough 6D 37 36 50 50 1 83.3%
5 36 57 1 58 2 96.7%
52 36 44 1 45 12 75.0%
44 36 49 1 50 83.3% 84.7% 7.8%
River Cabins 32, 17, 14, 12:20- 30-Nov-10 LB, d/sof fire 32 9:15AM  05-Jarr11 36 19 19 14 31L.7%
34,19 12:40PM pit at lodge 17 36 17 17 7 28.3%
34 36 34 34 56.7%
19 36 36 36 60.0%
14 36 40 40 66.7% 48.7% 17.5%
Upstreamof 9, 15,42, 1230PM 29-Now-10 RB~200m 49  10:30AM OL-Feb-11 64 4 4 4 6.7%
Stoltz 46, 41, 49, upstream of 46 64 4 4 9 6.7%
43, 50, 27, Stoltz Bluff 8 64 0 0 25 0.0%
48, 8, 10, 15 64 1 1 11 1.7%
23, 45, 47 23 64 11 11 5 18.3%
10 64 3 3 24 5.0%
42 64 2 2 2 3.3%
48 64 4 4 4 6.7%
45 64 3 3 2 5.0%
41 64 10 10 8 16.7%
43 64 0 0 4 0.0%
47 64 5 5 8 8.3%
9 64 3 3 6 5.0%
50 64 0 0 52 0.0%
27 64 6 6 5 10.0% 6.2% 5.5%
StoltzPool  24,2,29,5, 1145AM  29-Nov-10 LB just u/sof 6 9:00-10AM  01-Feb-11 64 1 1 6 1.7%
6,25, 1, 4, Stoltz Boat 2 64 2 2 6 3.3%
7,30, 26, Launch 29 64 0 0 7 0.0%
12,3,21,28 24 64 1 1 8 1.7%
5 64 0 0 3 0.0% 1.3% 1.4%
Sandy Pool 31, 18, 13, 1040-  30-Nov-10 LB, disof 13 1200PM  05-Jan-11 36 29 29 14 48.3%
11,33,35 11:10AM boat ramp 36 36 0 0 18 0.0%
20, 16, 38, 18 36 18 18 13 30.0%
39, 40, 36 31 36 25 25 26 41.7%
16 36 28 28 19 46.7%
11 36 20 20 4 33.3%
38 36 40 40 8 66.7%
3B 36 2 2 2 3.3%
20 36 13 13 5 21.7%
35 36 23 23 8 38.3%
40 36 27 27 24 45.0%
39 36 41 41 5 68.3% 35.9% 22.0%




Effectiveness Monitoring of Stoltz Bluff Stabilization Works June 2012
Appendix J. Chinook egg incubation survivalsfor pipeincubatorsinstalled in the Cowichan River in 2011.
Installed Retrieved
Egos Alevins Total
Site Pipe Incubator Time Date Location Pipe Time Date Daysin Dead Live Dead Live LiveEggs Dead Survival Mean Std
Nurmber Incubator River +Live&  Eggs (Based on Surviva Deviation
Number Dead Number of
Alevins Eqggs I nitially)

CRHatchery  74,64,68, 1040AM  18-Nov-11  Incubation 74 10:00AM 21-Dec-11 33 11 25 25 11 0.625
52,44 Trough 5D 64 33 6 27 4 31 6 0.775
68 33 2 36 36 2 0.900
52 33 9 30 30 9 0.750

44 33 1 29 29 1 0.725 75.5% 9.9%
River Cabins 39,63,62,70,8 1.00- 18-Nov-11 LB, d/sof fire 39 3:30PM 20-Dec-11 32 8 10 19 29 8 0.725
1:30PM pit a lodge 63 32 14 22 22 14 0.550
62 32 25 11 11 25 0.275
70 32 18 2 2 12 16 18 0.400

8 32 20 6 2 11 19 20 0.475 48.5% 16.8%
Upstream  49,31,13,40,5, 3:30- 17-Nov-11 RB ~250 u/s 49 11:55AM 20-Dec-11 33 10 23 6 29 10 0.725
Stoltz 35,20,3343,  400PM of Stoltz Bluff 31 33 7 10 16 26 7 0.650
22,18,27,6,48, 13 33 6 17 12 29 6 0.725
14 40 33 5 29 3 32 5 0.800
5 33 12 5 21 26 12 0.650
33 9 15 11 26 9 0.650
33 6 29 1 30 6 0.750
33 2 34 4 38 2 0.950

) 33 35 1 1 35

33 9 9 2 12 23 9 0.575
33 1 38 38 1 0.950
33 8 20 1 11 32 8 0.800
33 10 23 23 10 0.575
33 6 18 2 10 30 6 0.750

33 11 10 1 14 25 11 0.625 72.7% 11.9%
StoltzPool  61,65,66,17, 2:30- 17-Nov-11 LB~120m 61 2:00PM 20-Dec-11 33 7 32 32 7 0.800
72,4511,42,  300PM us of Stoltz 65 33 7 2 31 33 7 0.825
16,41,36,73, Boat Launch 66 33 10 5 15 20 10 0.500
23,46,10 17 33 5 34 34 5 0.850
72 33 5 2 1 30 33 5 0.825
45 33 1 29 4 33 1 0.825
11 33 1 5 30 35 1 0.875
42 33 4 14 1 16 31 4 0.775

16 33 4 43 47 0

41 33 2 25 1 7 33 2 0.825
36 33 2 8 28 36 2 0.900
73 33 10 1 28 29 10 0.725
23 33 11 1 12 13 11 0.325
46 33 1 7 1 29 37 1 0.925

10 33 7 1 25 26 7 0.650 75.9% 16.6%
Sandy Pool  35,71,34,67, 11:30- 18-Nov-11 LB, d/sof 35 9:30AM 20-Dec-11 32 7 5 21 26 7 0.650
37,47,19,15, 12:00AM boat ramp 71 32 18 15 6 21 18 0.525
9,38,35,69 34 32 14 7 19 26 14 0.650
67 32 14 23 3 26 14 0.650
37 32 15 4 19 23 15 0.575
47 32 3 25 7 32 3 0.800
19 32 13 26 26 13 0.650
15 32 14 8 11 19 14 0.475
9 32 8 4 24 28 8 0.700
38 32 9 2 23 25 9 0.625
32 32 24 7 8 15 24 0.375

69 32 18 6 15 21 18 0.525 60.0% 11.2%




