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1.0 Executive Summary

The Portage Inlet Cutthroat Initiative (PICI) was created to restore the Cutthroat trout populations
living in Portage Inlet and its associated watersheds (Appendix 1), focused on improvements that also
benefit Coho salmon and overall watershed health. Streamflow was identified as a key area of concern
because it is critical to the physiochemical characteristics of rivers, including water temperature, channel
geomorphology, habitat diversity, ecological integrity, and water availability for fish. This report
describes the information available for flows of the Colquitz River and Craigflower Creek and provides
management recommendations for consideration.

Colquitz River and Craigflower Creek support both Coastal cutthroat trout (Oncorhynchus clarkii
clarkii), with sea-run components, and Coho salmon (Oncorhynchus kisutch). The watersheds are in the
Southern Gulf Island Ecosection (Demarchi, 1996), experiencing seasonal low precipitation and flows in
the Summer and Fall. The Colquitz River watershed is larger, holds more water, and is more developed
than the Craigflower Creek watershed. Principal lakes in the watersheds, that are controlled by dams,
are Elk/Beaver Lake and Thetis Lake, respectively. Other smaller lakes, beaver dams, wetlands, and
water extraction contribute to flow characteristics, though the relative contributions of most are
unknown. The Capital Regional District (CRD) manage the dams of the larger lakes, guided by seasonal
rule curves that stipulate lake levels, primarily for recreational use. The rule curves do not factor in
downstream flows, though the associated water licenses include non-binding consideration of
conservation flows. The newer (2016) BC Water Sustainability Act allows for protection of
environmental flows in new water licenses, but these measures have not yet been implemented in these
watersheds. In practice, the CRD manages the dams with consideration of flows, in part in collaboration
with the Esquimalt Anglers on Craigflower Creek.

Environment Canada operated flow stations on both the Colquitz and Craigflower from the mid
1970s to 1981, and on the Colquitz from 1981-1999. Subsequently, the CRD has operated a flow station
on the Colquitz since 2012 and Esquimalt Anglers’ Association on the Craigflower since 2011. While the
different datasets are not directly comparable, flow patterns are evident and allow for comparisons with
Mean Annual Discharge (MAD) estimations. The Environment Canada databases were used to estimate
Long-term (LT) MAD in this report. Low flows below 10% of LT MAD are considered detrimental to biotic
functioning of waterways, and both waterways frequently record flows below this level for multiple
months. Thetis Lake water release was increased after 2013, but still shows periods below the 10% LT
MAD threshold in the following years. It might be possible to supplement low summer flows by
engineering additional water storage facilities, accessing groundwater, increasing wetlands and/or
integrated stormwater management that recharges groundwater and wetlands. The practicality, cost
and benefits of each method of supplementing summer flows should be considered throughout the
watershed, and community engagement should be sought before action is taken.



More frequent extreme weather events and peak flows causing erosional damage, fish mortality,
and flooding are expected with climate change. High winter flows are also typical of this ecoregion, but
peak flows are made worse as impervious surfaces increase. These are made worse as impervious
surfaces increase. Improved integrated stormwater management and development strategies that slow
down runoff and recharge groundwater are needed. Several of the municipalities in the watersheds are
pursuing this, though more work and coordination is needed.

The contributions of the different sub-basins, smaller lakes, and wetlands are not well
documented, though the Swan Creek sub-basin has been shown to be a significant contributor to flow in
Colquitz and Pike Lake provides critical summer flows in Craigflower. This knowledge will be important in
terms of identifying opportunities for integrated watershed management.

Historically, Colquitz River and Craigflower Creek have supported higher populations of salmonids,
thus have the potential for greater productivity. Water flows are a key factor, as demonstrated by the
trial release from Thetis Lake lead by the British Columbia Conservation Foundation (BCCF, 2010).
Discharges of both waterways are currently following a seasonal pattern typical of the local ecoregion.
This seasonal pattern includes flows below 10% Long-term Mean Annual Discharge (LT-MAD), the
threshold considered detrimental to cutthroat survival and biotic integrity, and months with very high
erosional flow events. More pronounced droughts and extreme peak flows are likely to occur with
climate change.

Key recommendations in approximate order of complexity, not priority, include:
1. Manage the beaver dam at Prior Lake
Monitor the flow of the watersheds in real time at different locations along their lengths
Revisit the rule curve and incorporate environmental stream flows
Incorporate community partnership into the management of the watersheds
Assess the water licenses and groundwater profile of the watersheds
Improve the understanding of fish use and needs
Define watershed and sub-basin specific flow needs
Explore how to best supplement flow needs
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Expand key habitat for conservation
10. Review and Implement Integrated Watershed and Stormwater Management Plans

Further knowledge is needed on seasonal fish use of the watersheds, flow impacts on critical
habitats associated with these different life stages and needs of fish and flows necessary for fish
movement. The watersheds in question are excellent candidates for optimizing biological function of
watersheds in urban environments and climate change. This document was written with the intent of
stimulating further conversations with stakeholders to increase the health and resilience of our local
watersheds.



2.0 Introduction

Managing urban watersheds, including for in-stream flow, is a complex issue that requires
balancing the existing and future needs of different agencies, users, communities, and ecosystems.
Aligning the values of these multiple stakeholders is challenging, relying on building common
understanding, finding common goals, and compromises. The health of aquatic ecosystems has
increasingly become a management, and legislative, public priority. Salmonid productivity is a high-
profile indicator of aquatic health, and a significant driver for improving urban watershed management.
Trout are a lesser known indicator, but potentially one of similar public profile.

Tools to manage for proper ecosystem function in developed watersheds include management
of dams in the system, stormwater management, riparian management, control of pollution, habitat
restoration, and managing development practices. Evidence-based decisions on these topics are an
important component, relying on data — for example that of flow monitoring. All activities within a
watershed should be taken into consideration when assessing hydrological flows, reflecting the
integrated nature of good management.

As our region experiences climate change, models predict that the Capital Regional District
(CRD) will see more frequent extreme rainfall events, longer summer dry spells, and an extension of the
dry season into September (Vines G.A. et al, 2017). A strong understanding of existing flow patterns, and
their drivers, is required for management practices to adapt to climate change.

Craigflower Creek and Colquitz River are two waterways in the CRD that support both Cutthroat
trout and Coho salmon populations and drain into Portage Inlet. The Water Sustainability Act (WSA)
requires managers of fish bearing streams to consider year-round Environmental Flow Needs (EFN).
Continuous flows increase fish habitat creating more opportunities for rearing, migration and predator
avoidance. They also increase the availability of invertebrates (fish food) and dissolved oxygen (BCCF,
2012).

The Portage Inlet Cutthroat Initiative (PICI) was created to assess the Cutthroat trout
populations living in Portage Inlet and its associated watersheds. World Fisheries Trust, as the lead
organization of PICI, has been assessing existing data, reports, and stakeholder knowledge on the flow
patterns of Craigflower Creek and Colquitz River as they relate to fish populations. This report describes
the results of this work to date, with recommendations on next steps and improvement of management
practices to benefit the ecological health of these systems.



3.0 Geographical and Biotic Context

Climatically, the Colquitz and Craigflower watersheds are within the Southern Gulf Island
Ecosection of the Georgia Depression (Demarchi, 1996). There is a rain shadow over this Ecosection that
helps to create warm dry summers and mild wet winters. While the two watersheds are physically close
and in the same ecoregion, they are situated in very different landscapes. Key watershed characteristics

are shown in Table 1, and the geographic extent of the watersheds are shown in the Study Area Map

(Appendix 1).

Table 1. Summary table of key watershed variables.

CRD 2011 Landcover Assessment

Colquitz Craigflower
Variable Colquitz Craigflower Total Watershed Area: 5007 ha  Total Watershed Area: 2416 ha
Watershed Area (Ha) 5,007 2,416 Land Cover (2011) Land Cover (2011)
. [] undassified [] unclassified
Length of mainstem (Km) 15.3 12.3 B Loke, Pond B Lok Pond
Riparian Area,
B3 seisonsl wetland [ bk
Long Term Mean Annual 605 307 [] Grass, Shrub, Bare Ground, Grass, Shrub, Bare Ground,
Discharge (I/s)* Dppsecioc 3 Eposed Rock
[ T1ree Cover B e Cover
= mldér:g.okga;ir:’]alf;nq lot g Building, Road, Parking Lot
Total holding capacity 19,353 1,756 = Aqrﬁu;&[; n:ldl o = gmpcrlrlozls::;;am)
. nCuitur I
(lakes & reservoirs) = %
(Dam3) Land Cover Distribution (%) Land Cover Distribution (%)
— 003 302 —— 030
. 57 57 25
Total water bodies 3 7 ns B33 8.6
: 17.8 L
Largest body of water Elk/Beaver Thetis Lake o :
(Dam3) Lake (987)
(18,934) 71.0
376
Peak elevation (m) 91 260
Average gradient 0.6% 2.1% Figure 1. CRD 2011 Watershed land cover classification for Colquitz

and Craigflower Watershed (Watershed Land Cover Maps, 2011)

Both watersheds fall primarily within the Wark-Colquitz Aquifer described in Kenny (2004). This
Aquifer is a bedrock aquifer covering 209 km? with a moderate water well density of seventeen wells per
square kilometre and is considered to have low productivity. Groundwater is used for drinking water in
areas where connection to municipal water services is not available. 48% of the wells are classified as
domestic use, while 50% of wells are classified as unknown but are most likely also used for domestic
purposes. Of the 1,051 wells, 54% have a low yield of < 0.3 litres per second, 44% have moderate yields
ranging between 0.3 to 3.0 litres per second, and only 2% of wells have high yields of > 3.0 litres per

1 The Long Term Mean Annual Discharge (MAD) values are average flows from the lower end of each system as
measured at Environment Canada stations 08HA047 at Violet Avenue on Colquitz River (Table 3) and 08HA034 at
Talcott Road on Craigflower Creek (Table 6).
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second (Kenny, 2004). The District of the Highlands has the highest density of wells, with a water
withdrawal rate considered to be moderate. Surface pollution vulnerability is also considered moderate.

Historically, both watersheds have supported significant populations of Cutthroat trout, Coho
salmon, and Chum salmon. Cutthroat and Coho populations still exist in these watersheds but at
reduced numbers. Federal and Provincial authorities have a responsibility in the management of
salmonid populations.

3.1 Colquitz Watershed

The Colquitz watershed covers 5,007 hectares, has a maximum water capacity of 19,353 cubic
Decametres ?(dam3; Walsh D.B. et al, 1994), and sits on relatively flat sandy substrate. Historically, the
Lekwungen-speaking Peoples managed much of the Colquitz watershed as Garry Oak Meadows for
cultivation of foodstuffs (Acker, 2012). In the early colonial period, these were taken over for colonial
agriculture (Upland Agricultural Consulting, 2016). Elk Lake and the adjacent Beaver wetland were
dammed in 1872 for domestic water use (Buchanan S. et al, 2009). Today, the Colquitz watershed
supports a wide variety of land uses and a significant urban population.

Thirty eight percent of the Colquitz watershed has tree cover and 24% has an impervious surface
(Figure 1). Many of the waterways have been altered to mitigate the risk of flooding. Pollution,
channelization, ditching, dredging, draining of wetlands and floodplains, septic infiltration, and
increased impervious surfaces have all contributed to the degradation of the river. Some irrigation and
rural water licenses are still active; however, extraction is less significant than in past decades. The
watershed collects water from the Swan, Viaduct, and Durrell sub-watersheds. The topography of the
Colquitz is relatively flat, with its headwaters sitting at 91m above sea level (CRD, Colquitz Watershed).
Three bodies of water create a total holding capacity of 19,353 dam? (Walsh D.B et al, 1994), however
wetlands are excluded from this calculation. Elk and Beaver Lake are located at the northern extent of
the watershed and account for ninety-eight percent of the realized holding capacity of the watershed
(Walsh D.B. et al, 1994). A flow diagram for the Colquitz Watershed is presented in Appendix 2.

3.2 Craigflower Watershed

The Craigflower watershed is described in Walsh et al, (1994). It covers a surface area of 2,416
hectares and has a holding capacity of 1,756 dam? of water. The tributary stream network flows
between rocky hill outcrops in forested valleys, with a substrate primarily composed of clay and glacial
till under organic deposits (CRD, Craigflower Watershed). Fork Lake, the watershed headwater, sits
210m above sea level. Within the watershed, seven small water bodies represent a holding capacity of
roughly 1,756 dam?, but there are many wetlands that are excluded from this estimate. Thetis Lake is
located at the southern end of the watershed and is contained by several earthen dams (B.C. Dams —
Data Catalogue, 2019). The lake holds roughly fifty-two percent of the realized holding capacity of the
watershed.

Historically, First Nations used the Craigflower watershed for hunting deer, bear, and elk, and
harvesting other natural resources (Roberts & Harding, 1997). Shell middens at the south end of Thetis
Lake indicate seasonal habitation (Crocker, 1999). Homesteading, a lime kiln, and logging were features

2 A Decametre is a unit of length in the metric system equal to ten Metres. One cubic Decametre is equivalent to
1,000 cubic Metres.
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of the lower watershed in the early colonial period (Crocker, 1999). Thetis Lake was dammed in 1887 as
a reserve water supply to support the Elk Beaver Lake waterworks system (Crocker, 1999).

Today, the watershed primarily supports low density rural housing, farming, and parkland, with
urbanization primarily limited to the lower section. Seventy-one percent has tree cover and only 6% has
an impervious surface (Figure 1). A large concentration of residential wells in the District of the
Highlands affects the local groundwater level. The natural areas support a variety of ecosystems and are
valued for recreation and education. Regional parks account for thirty percent of the total watershed.
Development is more extensive in the lower watershed, consisting of suburban communities and a
major highway. A detailed flow diagram of the Craigflower Watershed is presented in Appendix 2.

4.0 Dams and Wetlands

Dams are important components of both watersheds. Water releases from dams are
constrained to varying degrees by lake level management, shoreline management, navigation and
recreational needs, flood mitigation, and structural considerations. CRD Parks holds operational
authority over both Thetis Lake dam and Beaver Lake dam. Water licences and operational parameters
are issued by the Province of British Columbia. Both dams are managed with seasonal rule curves that
stipulate lake levels at certain times of the year. These rule curves were designed to maintain relatively
consistent water levels throughout the year. Management of these dams is an evolving process, and as
policies change (such as the introduction of the Water Sustainability Act), changes in management
practices are expected to follow.

4.1 Elk Beaver Lake

Elk/Beaver Lake Park is the most used park in the CRD and supports a variety of recreational
activities. Water levels in the lake are maintained to support these activities and their infrastructure. In
2014, the dam was upgraded to comply with new dam safety requirements, and upgrades included a
fish ladder, more sensitive water release controls, and a foot bridge. At the dam, lake levels are
measured but the rate of discharge is not.

The rule curve that guides the management of Beaver Lake dam is shown in Appendix 3, with
2017 data portrayed. The CRD provided lake level data for Beaver Lake from 2015 to 2018. The rule
curve was met in 2016 and 2018, but data was incomplete for 2015. During the drought year of 2017,
flows were below the rule curve minimum from early August to mid-November. Winter flows out of
Beaver Lake dam are unregulated, as water generally flows over the spillway.

The water licence for Beaver lake dam held by the CRD. Downstream flow or conservation
parameters are not outlined by the license. Within this license three water uses are approved:
1. Park and recreation projects in the vicinity of Elk and Beaver Lake
2. Flood control and flow maintenance programs by the District of Saanich on the Colquitz
River
3. Fish conservation projects of the licensees on Elk and Beaver Lake
(October 1988, License C065796)



4.2 Thetis Lake

The rule curve that guides the management of Thetis Lake Dam was developed in 2013 and is
shown in Appendix 3. The CRD provided eight years of lake level data from 2010 to 2018. Two years,
2015 and 2016, failed to meet the rule curve from May to August. Failing to meet the rule curve was
largely due to seasonal weather patterns and resulted in less water being released to McKenzie Creek,
which flows into Craigflower Creek.

Craigflower Creek naturally experiences low summer flows, creating poor water quality and
significant challenges to fish (Stallard, 2020). In 2011, a trial excess release from Thetis Lake
documented the biological benefits of increasing flows from Thetis Lake without significantly affecting
recreation or safety in the lake (BCCF, 2012). Summer and Fall flows in this study fluctuated between 10-
5L/s and lake levels remained within the approved rule curve. The increased flows enhanced
downstream connectivity, food availability and dissolved oxygen. An estimated 3,525m? of fish habitat
was added to the creek channel, aiding in migration and predator avoidance for salmonids. Prior to the
trial release project, storage on Thetis Lake was only licensed for "land improvement". The trial release
report provided the evidence needed for the CRD Board to amend the water license and add
“conservation flows” as a legal use (June 2013, License C130583). Nevertheless, minimum flow
requirements are not defined in the amendment and the release of conservation flows is not
mandatory. The license stipulates that, between May 1 and December 31, conservation flows of up to
15L/s can be released from Thetis Lake dam, if water is available.

4.3 Small Dams

Several smaller natural and engineered dams exist in the watersheds. Blenkinsop Lake stores
water to be used by a water user community (May 1984, License C060678). Pike Lake has a beaver dam
that is informally managed by a pond leveler and has provided supplementary summer flows since
August of 2011.

Prior Lake also has a beaver dam that regulates the lake levels and water released downstream.
The beaver dam is periodically dismantled by recreational lake users, which creates unnecessary flushes
of water followed by several days of no flow. It is likely that similar issues go unnoticed in the Colquitz
watershed and other parts of the Craigflower watershed. For example, a beaver dam is regularly built
and dismantled at the mouth of the reservoir in Viaduct Flats, influencing water flow and quality of the
Colquitz River. This activity only became public knowledge in 2019.

4.4 \Wetlands

Wetlands are an important part of our landscape, providing valuable social and ecological
services (Mitsch, et al., 2015). Wetlands were historically under appreciated which led to many being
destroyed to make room for farmland and development. The ecosystem services they provide are many,
but the most important pertaining to flow is their ability to regulate water. They can retain large
amounts of water which mitigates the effects of both floods and drought (Mitsch, et al., 2015). In
addition, as they absorb and hold onto water, they clean it.

Colquitz has four remaining wetlands (Panama Flats, Quicks Bottom, Rithets Bog, and Viaduct
Flats) that have been altered and degraded largely by agricultural development (Neate, 1967). In 2011,
3.3% of the Colquitz watershed was classified as riparian areas and seasonal wetlands (Figure 1).
Although these altered wetlands still provide ecosystem services, the extent is not well known. By



contrast, Craigflower has many smaller wetlands (Roberts & Harding, 1997) and has seen less
development in its watershed. As of 2011, 8.6% of the Craigflower watershed was classified as riparian
areas and seasonal wetlands (Figure 1).

The effects of local wetlands on seasonal flow, water quality, and fish populations
remain largely undocumented. Wetland ecosystem services have likely declined with increased
development and land-use change. Assessing ecosystem services will inform habitat restoration which
can improve ecosystem services and bolster seasonal low flows. Protecting the remaining wetland areas
in the Colquitz and Craigflower Watersheds should be a priority.

Similarly, many of the sub-watersheds of the Colquitz River and Craigflower Creek are not well
understood. The predominate sub-watersheds on Colquitz Creek include, Durrell Creek, Elk Beaver Lake,
Gabo Creek, Goward Springs A, and Swan Creek (Appendix 2). The predominate sub-watersheds on
Craigflower Creek include Eagle Lake, Fork and Fizzle Lake, and Prior Lake (Appendix 2). Further work
should be done to explore the seasonal flow, water quality, available habitat, and fish populations
within these sub-watersheds.

5.0 Flows

5.1Mean Annual Discharge

The relationship between flow and habitat for biological productivity is not simple. Each stream,
and stretches within a stream, will be distinct, based on particular profiles, substrates, vegetation, etc. A
number of methods are in use to address this problem (Bradford & Heinoned, 2008). Of these, Mean
Annual Discharge (MAD) is a measurement that has been recommended as the easiest to apply in a
generic sense (Newcombe & Ptolemy, 1985). This is a measure of the flow of a waterway averaged over
a whole year. Long-term MAD (LTMAD) is derived from an average over several years. Expressing a flow
of a waterway as a proportion of the LTMAD allows for a comparison of flow patterns between
waterways, or between flow stations. Evidence suggests that flows below a threshold of 10% MAD are
detrimental to biological functioning of waterways and may disproportionally impact small streams
(Bradford & Heinoned, 2008). With respect to cutthroat, (Ptolemy & Newcombe, 1985) suggest that
mean monthly discharge below 20% MAD and mean daily discharge below 10% MAD are detrimental.
BCCF (2012) suggests that base flows of 10-20% on Craigflower Creek would significantly improve
rearing conditions for parr-sized fish and aquatic insects.

Nevertheless, one should remember that MAD is a simplification that scales with changes in
flow regimes and is specific to flow measurement locations. More precise evaluation of the effects of
flow on a particular aquatic ecosystem may require reference to absolute flows.

5.1 Environmental Flow Regulation

When the Water Sustainability Act (WSA) came into effect in 2016, BC water managers were
mandated to regulate groundwater extraction and account for Environmental Flow Needs (EFN). All
groundwater users are required to obtain licenses by 2022. This process will help to inform water
management plans. EFN’s are defined as “the volume and timing of water flow required for proper
functioning of the aquatic ecosystem” (MFLNRO & MoE, 2016). The WSA requires decision makers to
consider the EFN’s of a stream when making licensing decisions. Risk management plans associated
with EFN’s should be considered when the discharge of a fish bearing stream falls below 20% of its
Mean Annual Discharge (MAD) (Appendix 4). There are also provisions for critical environmental flows



(“CEFs”) in section 86-87 of the WSA, however the Comptroller of Water Rights holds authority over
defining CEF threshold.

The Colquitz River and Craigflower Creek are classified as small streams under the
Environmental Risk Management Framework (MFLNRO & MoE, 2016). Level 2 and 3 Risk Management
Measure can be applied to small streams if the flow falls between 10-20% MAD, moderately flow
sensitivity, or below 10% MAD, high flow sensitivity (Appendix 4). The level of Risk Management
Measure applied is determined by the cumulative withdrawal amount of water licences. The cumulative
withdrawal amounts for the Colquitz River and Craigflower Creek are currently undefined.

5.2 Data Quality

Scientific data and analysis have inherent limitations, and flow data is no exception. Sensors
need to be regularly calibrated to supply correct readings, and a calibrated sensor can still fail to
accurately record high and low flow events due to sensor limitations. Vandalism, and equipment failure
can also affect data quality. Discharge values are approximations and, in this report, highlight general
trends.

Presenting data as monthly averages eases multiple year comparison, and was the method used
in this report. However, monthly averages do not capture the variability in daily discharge rates and hide
short term flow events. A more in-depth analysis of flow data, especially in correlation with weather,
would help define the frequency of high or low flow events.

Environment Canada datasets were used as supplied on-line (Government of Canada, 2020).
This dataset only includes months that have measures for every day. These are considered the more
robust data available, and are used to estimate the long-term MAD of each creek.

The CRD and Esquimalt Anglers databases consisted of raw data of daily records. In these
datasets, extreme outliers were removed as likely technical problems, though some that were
recognized as likely to be inaccurate were retained for value in general trend recognition. Monthly
averages in this dataset were included on any months with over 50% of the days represented (see
Appendix 5 for completeness of datasets).

5.3 Colquitz Flow Data

Environment Canada provides two historic datasets describing the flow pattern of the Colquitz
River. From 1976 to 1981, flow station 08HA037 operated at Hyacinth Road, upstream of Swan Creek,
and from 1981 to 1999, flow station 08HA047 operated at Violet Avenue downstream of Swan Creek.
The second of these best represents the discharge of the Colquitz Watershed (Walsh D.B. et al, 1994).
These datasets demonstrate the baseline understanding of flow patterns on the Colquitz River in its
current form. Significant alterations had been made to the river by 1976, so these are unlikely to
represent historical patterns pre-development.

Station 08HA037: 1976-1981 above Swan Creek

Table 2 summarizes the flow from 1976-1981 above Swan Creek (station 08HAQ37) in monthly
averages and mean annual discharge (MAD). The range of discharge in each month is also shown. Red
cells indicate the month of lowest flow (the summer Critical Period Streamflow CPSF), yellow cells
indicate mean monthly discharge rates below 10% MAD, green cells indicate mean monthly discharge



rates below 20% MAD, and blue cells indicate the month of peak annual flow. The maximum and
minimum values at the bottom of the table represent the annual variability seen at the flow station. The
Long-term (LT) MAD for this location is estimated with an average over the years sampled. The
estimated long LT MAD for this station was 354 I/s, 20% LT MAD was 71l/s, and 10% LT MAD was 35I/s
(Table 2). On average, the mean monthly discharge rates fell below 20% LT MAD from July to September
and fell below 10% LT MAD in October. The maximum discharge rates from July to October were below
20% LT MAD, highlighting these months as low flow periods. Flow below 20% LT MAD occurred
anywhere from April to November. Average Peak Discharge occurred in December.

Summer CPSF fell between August and November but occurred most frequently in September
and October. Flow rates for Summer CPSF range between 7 - 57 |/s or 2 - 16% MAD. 1979 was a dry
year, and saw seven months (May - Nov) of flows below 20% LT MAD, and six months (Jun - Nov) of
flows below 10% LT MAD. Conversely, 1980 was a wet year and experienced five months (May, Jun-Oct)
of flows below 20% LT MAD, and one month (Oct) below 10% LT MAD. Flow conditions below 20% LT
MAD extended up to eight months and conditions below 10% LT MAD extended up to seven months.
Peak flows occurred between December and February, with a two-year recurrence in December. The
range of peak flows was 957 - 2500l/s or 270 - 706% of MAD.

Table 2. Colquitz River flow rate 1976-1981; Station 08HA037 at Hyacinth Road, upstream of Swan Creek.

Monthly Average Discharge, Colquitz River at Hyacinth Road (1976-1981):
High and low flow thresholds related to LT MAD (estimated from this data)
Flow Station 08HAO037, (l/s)

Year Jan Feb Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec MAD
1976 - 2100 | 810 | 460 | 102 - - 68 57 58 90 125 -
1977 172 127 752 64 - - - - 7 11 321 | 1070 -
1978 957 926 494 | 269 97 57 | 35 41 49 33 93 189 266
1979 133 989 506 | 129 57 21 § 23 18 30 24 17 1540 288
1980 1020 | 709 484 | 122 62 95 | 35 35 64 30 | 930 | 2500 508
1981 908 | 1300 | 322 | 372 | 169 | 136 | 49 34 - - - - -
Ave 638 | 1025 | 561 | 236 97 77 | 36 | 39 41 31 290 | 1085 354
Min 133 127 322 64 57 21 23 18 7 11 17 125 266
Max 1020 | 2100 | 810 | 460 | 169 | 136 | 49 68 64 58 | 930 | 2500 508
Long Term Mean Annual Discharge (LT MAD) is 354 |/s for the recorded period.
Key Critical period Streamflow (CPSF) is the month with the lowest flow of the year.
<711/s (20% MAD) <35 1/s (10%MAD) Peak Flow

Table modified from: Environment Canada, Station 08HA037, 2020. Monthly Discharge Data for COLQUITZ RIVER AT HYACINTH ROAD
(08HA037) [BC]. Government of Canada, Environment and Natural Resources, Water Level and Flow, Historic Data, Hydrometric Data Search.
February 3, 20202. Retrieved from

https://wateroffice.ec.gc.ca/report/historical _e.html?sth=08HA037&mode=Table&type=h20oArc&results type=historical&dataType=Monthly&
parameterType=Flow&year=1978&y1Max=1&y1Min=1&scale=log



https://wateroffice.ec.gc.ca/report/historical_e.html?stn=08HA037&mode=Table&type=h2oArc&results_type=historical&dataType=Monthly&parameterType=Flow&year=1978&y1Max=1&y1Min=1&scale=log
https://wateroffice.ec.gc.ca/report/historical_e.html?stn=08HA037&mode=Table&type=h2oArc&results_type=historical&dataType=Monthly&parameterType=Flow&year=1978&y1Max=1&y1Min=1&scale=log

Station 08HA047: 1981-91 below Swan Creek

In subsequent years, the LT MAD for station 08HA047, below the confluence with Swan Creek,
was 605 I/s, 20% LT MAD was 121 I/s, and 10% LT MAD was 61I/s (Table 3). Average monthly discharge
rates fell below 20% MAD in July, August, and September. Average Peak Discharge occurred in
December.

At this station, summer CPSF fell between July and October but occurred most frequently in
August and September. Summer CPSF flow rates ranged between 10 - 84 |/s or 0.7 - 14% MAD. Flow
conditions below 20% MAD extended up to six months and conditions below 10% MAD extended up to
three months. 1993 was a dry year and experienced six months (Jun - Nov) of flows below 20% MAD,
and three months (Aug - Nov) of flows below 10% MAD. Conversely, 1990 was a wet year and
experienced one month (Sept) of flows below 20% MAD. Peak flows occurred between November and

February, with a four-year recurrence in January. The peak flows ranged 942 — 4530 I/s or 156 - 749%
MAD.



Table 3. Colquitz River flow rate 1981-1991. Station 08HA047 at Violet Avenue downstream of Swan Creek.

Monthly Average Discharge, Colquitz River at Violet Avenue (1981-1991):
High and low flow thresholds related to LT MAD (from this table)

Flow Station 08HA047 (I/Sec)

Year | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | MAD
1981 - - - - - - - - - 170 | 598 | 2030 -
1982 | 3240 | 2250 | 699 | 342 110 { 96 | 106 | 81 77 99 174 | 1300 | 708
1983 | 2270 | 1130 | 800 | 346 173 | 86 | 97 58 | 189 | 183 988 | 1080 | 614
1984 | 1880 i 654 | 587 | 310 | 275 {203 | 165 62 78 196 | 1180 | 1360 | 580
1985 | 942 862 279 | 278 170 | 141 | 64 54 38 216 | 412 425 320
1986 | 1380 | 1930 | 794 | 464 | 373 133 | 88 60 70 75 760 410 536
1987 | 840 | 758 578 | 237 177 | 89 | 62 59 39 27 61 359 272
1988 | 509 | 518 891 | 818 197 {102 | 68 78 90 179 | 737 | 1240 | 452
1989 | 2050 | 915 | 1120 | 943 193 | 113 | 80 65 49 93 368 915 575
1990 | 1720 | 2220 | 531 279 145 168 | 173 | 135 | 84 258 | 4210 | 2790 | 1050
1991 | 2460 | 2080 | 1110 | 1430 { 278 | 90 | 76 | 102 | 60 87 800 | 1700 | 849
1992 | 2010 | 2030 ;| 537 298 147 {124 | 86 41 46 76 417 502 521
1993 | 1050 | 363 524 | 240 170 {107 | 92 62 50 40 49 289 253
1994 | 360 | 660 952 250 133 | 116 | 38 29 85 142 | 452 | 2120 | 445
1995 | 976 | 2280 | 640 179 120 { 97 | 8 | 130 | 19 380 | 1950 { 1700 | 702
1996 | 2610 | 1960 | 518 | 643 | 413 | 80 | 14 10 28 310 | 980 | 1610 | 762
1997 | 4530 | 1660 | 1790 | 573 190 {135 112 | 54 82 528 | 706 | 1250 | 968
1998 | 1910 | 518 342 174 126 | 120 | 108 | 76 57 87 1980 | 2630 | 680
1999 | 3010 | 3230 | 1490 - - - - - - - - - -
Ave | 1875 | 1445 | 788 | 459 | 199 | 118 | 89 | 68 67 | 175 | 935 | 1317 | 605
Min 360 363 279 174 110 80 | 14 10 19 27 49 289 253
Max | 4530 | 3230 | 1790 | 1430 | 413 | 203 | 173 | 135 | 189 | 528 | 4210 | 2790 | 1050

Long Term Mean Annual Discharge (LT MAD) is 605 |/s for the recorded period.
Key Critical period Streamflow (CPSF) - the month with the lowest flow of the year.

<1211/5 (20% MAD) | <611/s (10%MAD) | | Peak Flow

Table modified from: Environment Canada, Station 08HA047, 2020. Monthly Discharge Data for COLQUITZ RIVER AT VIOLET AVENUE (08HA047)
[BC]. Government of Canada, Environment and Natural Resources, Water Level and Flow, Historic Data, Hydrometric Data Search. February 3,

20202. Retrieved from
https://wateroffice.ec.gc.ca/report/historical_e.htmI?stn=08HA047&dataType=Monthly&parameterType=Flow&year=1999&mode=Table




CRD station: 2012-present; below Swan Creek

In 2012, the CRD installed a flow station at the same location as station 08HAQ47 at Violet
Avenue downstream of Swan Creek. The dataset available for this station is from October 2012 to May
2016, and from June 2018 to the present date (Table 4). The CRD supplied access to this dataset.

While data gaps are present in the CRD’s dataset (Appendix 5), it shows recent flow trends on
the Colquitz River (Table 4). Monthly flows do not fall below 20% MAD. Summer CPSF occurred in July
and August, and peak flows occurred between December and March.

Ten mean monthly flow values in the CRD dataset exceed historic variability (Table 3). Mean
monthly flows in November and December of 2015 were recorded at approximately 17,000 I/s. The
historic monthly flows for November and December peak at 4210 I/s and 2790 I/s. Mean monthly flows
recorded in November and December of 2015 are likely inflated and were excluded from calculations in
Table 4.

In October of 2019, the CRD installed a data logger at Beaver Lake Dam to record the water
levels of the lake. It will allow dam managers to make real time decisions and allow for real time
comparison between lake levels and downstream flow rates. This will provide greater insight into the
relationship between Elk/Beaver Lake levels and flow rates on the Colquitz River.



Table 4. Colquitz River flow at Violet Avenue downstream of Swan Creek confluence 2012-2019.

Monthly Average Discharge, Colquitz River at Violet Avenue (2012-2019):
High and low flow thresholds related to MAD (from this table)
CRD Flow Station (I/Sec)

Year Jan Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct Nov Dec MAD
2012 - - - - - - - - - 478 469 - -
2013 1289 | 440 | 1268 | 439 | 214 | 160 { 151 | 157 { 324 | 328 330 353 456
2014 920 {1692 { 1725 i 361 | 235 { 170 | 153 | 114 | 161 | 242 591 945 621
2015 1365 | 1064 { 938 | 1157 { 655 | 508 | 141 { 160 | 762 | 228 | 17209 | 17691* -
2016 838 {2620 | 1098 | 518 | 136 - - - - - - - -
2017 - - - - - - - - - - - - -
2018 - - - - - 173 | 145 | 157 | 166 | 188 479 1657 -
2019 2022 | 622 336 270 { 223 {212 { 152 | 125 | 158 | 269 338 715 454
Ave 1287 | 1288 | 1073 | 549 | 292 | 245 | 149 | 143 | 314 | 289 441 671 510
Min 838 | 440 | 336 | 270 | 136 | 160 | 141 | 114 | 158 | 188 330 353 454
Max 2022 | 2620 | 1725 | 1157 | 655 | 508 | 153 | 160 | 762 | 478 591 945 621
Mean Annual Discharge (MAD) is 510 L/s for the recorded period.
Key Critical period Streamflow (CPSF) is the month with the lowest flow of the year.
<1021/s(20%MAD) | | <511/5(10%MAD) | | Peak Flow

Data provided by CRD. Accessed through FlowWorks platform.

Table 5 summarizes key differences between the three flow datasets available for the Colquitz
River. Unfortunately, the datasets all span different time periods and thus capture changes in climate,
weather, channel morphology, and the volume of water released from Beaver Lake Dam. Ongoing
monitoring should confirm any conclusions reached below.

The difference in LT MAD at stations 08HA037 and 08HA047 suggests that Swan Creek
contributes a considerable amount of flow to the mean annual discharge of the Colquitz River. Flow
contributions from Swan Creek are also visible in low flow periods, as low flow periods are of longer
duration above Swan Creek (Table 5).

The CRD station measured a volumetric decrease in high flow events and a volumetric increase
in low flow events (Table 5). Mean monthly flows recorded by the CRD station do not drop below 20%
MAD, and peak flows reach 514 % of MAD.

3 While high flows did likely occur, a monthly average discharge of 17,209 /s is unrealistic. This monthly average
discharge was excluded from maximum, minimum, and average flow calculations.
4 While high flows did likely occur, a monthly average discharge of 17,691 |/s is unrealistic. This monthly average
discharge was excluded from maximum, minimum, and average flow calculations.



Table 5. Key differences in yearly flow variability between stations 08HA037, 08HA047 and the CRD station.

08HA037 08HA047 CRD
Above Swan Ck Below Swan Ck Below Swan Ck
1976-1981 1981-1991 2012-2020
LT MAD 354 605 510
Summer CPSF range 2-16% MAD 1.7 - 14% MAD 23 -30% MAD
(Critical Period Streamflow) Aug - Nov Jul - Oct Jul - Aug
Range below 10% MAD 1-6 Months 0 - 3 Months 0 Months
Jun - Nov Jul - Nov
Range below 20% MAD 5 -7 Months 1-6 Months 0 Month
May - Nov May - Nov
Peak Discharge Range 270 -706% MAD | 156-749% MAD | 253 -514% MAD
Dec - Feb Nov - Feb Dec - Mar

Figure 2 compares the monthly discharge of the three Colquitz River datasets as a proportion of
their respective MAD. Bing Creek is used as a reference for a stream of this size for the Southern Gulf
Island Ecosection (Environment Canada, Station 08HAQ016).

All datasets follow the trend expected in this Ecosection; of high winter flows, decreasing spring
flows, low summer, and increasing fall flows. The datasets show variability in timing and magnitude of
low flows, peak flows, and fall freshets. Variability is likely attributed to changes in weather, climate,
channel morphology, stormwater management, and volumetric flow released for Beaver Lake Dam.
Correlation with weather patterns, stormwater and dam management changes are still needed. When
compared to station 08HA047, the CRD station shows increased flow readings from March to October
(Figure 2). This is likely due to technical differences that need to be confirmed.



Contrast of Mean Monthly Discharge Datasets
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Figure 2. Contrast of the Mean Monthly Discharge Datasets of Colquitz River.

Comparison of the average mean monthly discharge of Colquitz Creek; as a proportion
of the Mean Annual Discharge for each respective dataset (08HA037 MAD = 354L/s,
08HA047 MAD = 605L/s, and CRD MAD = 510L/s). Bing Creek is included as a reference
creek; the 10% LTMAD threshold is shown as dotted line.

5.4 Craigflower Flow Data
Station 08HA034: 1974-81 Talcott Rd.

A historic dataset describing the flow patterns of the Craigflower Creek is available from
Environment Canada from 1974 to 1981. Flow station 08HA034 operated on Craigflower Creek near
Talcott Road. This dataset is used in this report as the basis of the LT MAD.

On average the mean monthly discharge rates fell below 20% LT MAD from May to October and
fell below 10% MAD from July to October (Table 6). The maximum monthly discharge rates in July and
September were below 20% LT MAD, highlighting these months as low flow periods. Flow below 10% LT
MAD occurred anywhere from May to November. Average Peak Discharge occurred in December.

Summer minimum flow fell between June and October but occurred most frequently in July and
October. Flow rates for Summer CPSF range between 2 - 11 |/s or 0.7 — 3.6% LT MAD. In three separate
years summer low flow values persisted in multiple months. 1979 was a dry year, and saw seven months
(May - Nov) of flows below 10% LT MAD. Conversely, 1976 was a wet year and experienced two months
(May and Sep) of flows below 20% LT MAD, and two months (Jul and Oct) below 10% LT MAD. Peak
flows occurred between December and January. The range of peak flows was 807 - 1680l/s or 263 -
547% LT MAD.



Table 6. Craigflower Creek water flow at Station 08HA034 near Talcott Road (1974-1981).

Monthly Average Discharge, Craigflower Creek at Talcott Road (1974-1981):
High and low flow thresholds related to LT MAD (from this table)
Flow Station 08HA034, (I/s)

Year Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | MAD
1974 - - - - - - 7 5 5 5 112 | 807 -
1975 1520 | 910 | 414 | 165 63 11 { 29 41 27 {112 - - -
1976 - - 765 | 420 { 58 69 8 68 58 7 - - -
1977 587 | 409 - 209 | 44 92 2 5 2 18 | 590 | 1510 -
1978 1330 | 642 | 223 | 143 | 34 8 7 10 9 7 34 195 219
1979 306 | 1160 | 810 | 135 | 27 9 6 6 7 7 8 1680 | 343
1980 1110 { 666 i 570 | 160 { 36 51 - - 14 8 - - -
1981 463 1220 { 261 {218 { 135 { 76 | 11 2 8 24 | 553 {1420 | 360
Ave 886 835 507 | 207 57 45 10 20 16 24 259 | 1122 307
Min 306 409 223 | 135 27 8 2 2 2 5 8 195 219
Max 1520 | 1220 | 810 | 420 | 135 | 92 | 29 68 58 | 112 | 590 | 1680 | 360
Long Term Mean Annual Discharge (LT MAD) is 307 |/s for the recorded period.
Key Critical period Streamflow (CPSF) is the month with the lowest flow of the year.
<611/s(20%LTMAD) | | <31l/s(10%LTMAD) | | Peak Flow

Table modified from: Environment Canada, Station 08HA034, 2020. Monthly Discharge Data for CRAIGFLOWER CREEK BELOW BURNSIDE
ROAD, VICTORIA (08HA034) [BC]. Government of Canada, Environment and Natural Resources, Water Level and Flow, Historic Data,
Hydrometric Data Search. February 3, 20202. Retrieved from
https://wateroffice.ec.gc.ca/report/historical_e.html?stn=08HA034&dataType=Monthly&parameterType=Flow&year=1981&mode=Table

Station EA: 2011-present; upstream of Talcott Rd.

Since 2011, the Esquimalt Anglers have operated a flow data logger on Craigflower Creek
(referred to as Station EA in this report). It is upstream of Talcott Road near the fish counting fence
300m upstream of station 08HA037. The average flow rates at Station EA fell below 20% MAD in May
and October while flow fell below 10% MAD from June to September. Flows below 10% MAD occurred
anywhere from May to October, and flow readings for July and August are all below 10% MAD. Average
peak discharge occurred in January.

Minimum flows fell between June and August but occurred most often in July and August.
Minimum flow rates ranged between 5-12 I/sor 1.5—-3.2% MAD. 2018 was a dry year, and saw six
months (May - Oct) of flows below 10% LT MAD. 2013 was a moderately wet year and saw three months
(Jul'and Aug) below 10% LT MAD. Peak flows occurred from December to February. The range of peak
flows was 463 - 2321l/s or 115 - 579% LT MAD.



Table 7. Craigflower Creek water flow 2011-2019 (Esquimalt Anglers station)

Monthly Average Discharge, Craigflower Creek at the Fish Counting Fence (2011-2019):
High and low flow thresholds related to MAD (from this table)
Flow Station Esquimalt Anglers, (I/s)

Year Jan Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | MAD
2011 - - - - - 43 | 14 | 12 13 29 323 463 -
2012 1278 { 940 | 729 | 280 { 65 17 | 12 8 12 71 779 | 1546 | 478
2013 1002 | 275 {895 {319 111 | 31 | 14 11 55 {146 | 274 272 284
2014 - - - - 147 { 20 { 10 | 20 13 48 | 492 | 1108 -
2015 1219 | 483 | 565 { 185 | 36 - 6 6 16 - - - -
2016 790 | 2321 | 814 - - - - - - 82 914 1 1285 -
2017 - 795 | 716 { 473 | 68 30 { 13 14 17 50 | 1006 | 1247 -
2018 1938 { 1007 | 246 | 252 i 28 5 6 13 20 12 226 | 2265 502
2019 2145 | 433 | 264 | 92 38 14 | 12 ; 16 33 79 241 753 338
Average 1395 | 893 | 604 | 267 | 70 23 | 11 | 13 | 22 | 65 | 524 | 1169 | 401
Minimum 790 | 275 | 246 | 92 28 5 6 6 12 | 12 | 174 | 272 284
Maximum 2145 | 2321 | 895 | 473 | 147 | 43 | 14 | 20 | 55 | 146 | 1006 | 2265 | 502

Long Term Mean Annual Discharge (LT MAD) is 401 |/s for the recorded period.

Key Critical period Streamflow (CPSF) is the month with the lowest flow of the year.

<411/s(20%MAD) | | <821/s(10%MAD) | | Peak Flow

Based on data provided by Bruce Bevan of the Esquimalt Anglers.

Table 8 compares station 08HA034
and station EA. Flow patterns between the
two datasets are similar. Station EA recorded
an increase in CPSF range which is likely
attributed to the increased discharges from
Thetis Lake starting in 2011. In addition,
Station EA did not record any low flows in
November as is seen at station 08HA034.

Figure 3 graphically comparison flows between
Station 08HA034 and Station EA as a
proportion of their respective MAD. Both
datasets follow the same general trend
expected in the Southern Gulf Island
Ecosection; high winter flows, decreasing

Table 8. Key differences in yearly flow variability between flow
station 08HA034 and Station EA.

Station

08HA034

EA

LT MAD

307

401

Sumer CPSF range

0.7 -3.6% MAD

1.5-3.2% MAD

(Critical Period Streamflow) Jun - Oct Jun - Aug

Range below 10% MAD 2 - 7 months 3 -6 months
May - Nov May - Oct

Range below 20% MAD 4 -7 months 4 - 6 Months
May - Oct May - Oct

Peak Discharge Range

263 - 547% MAD
Dec - Jan

115 - 579% MAD
Nov - Feb

~

21~




spring flows, low summer, and increasing fall flows. The Esquimalt Anglers dataset shows an increase in
flow in January, October, and November. The EA station shows lower flows in June.

Contrast of Mean Monthly Discharge Datasets
ao00%  Craigflower Creek: Historic and Esquimalt Anglers

Flow profile of
reference creek

10% Mean
Annual Discharge

Percent Mean Annual Discharge (MAD)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

s 08HAO34 (1974-1981)  wewEA (2011-2018) ——Bing Creek (1961-2018) - - 10% MAD

Figure 3. Contrast of Mean Monthly discharge Datasets of Craigflower Creek.

Comparison of the average mean monthly discharge of Craigflower Creek; as a proportion of
Mean Annual Discharge for each respective dataset (08HA034 MAD = 307 L/s and EA MAD =
401 L/s). Bing Creek is included as a reference creek; the 10% LTMAD threshold is shown as
dotted line.

5.5 Low Flows

Within a watershed, low flows are a natural part of the seasonal cycle and their timing and
duration are largely contingent on seasonal weather patterns. Streams in the Southern Gulf Island
ecosection often display extended low flows that are not suitable for either salmon passage or spawning
(R. Ptolemy, Personal communication, October 10, 2018). Some sections of the creek are more
vulnerable to drought conditions.

The historic datasets show Colquitz River and Craigflower Creek to be systems that regularly
experience low flow conditions. Based on the historic data, the Colquitz River regularly experiences low
flows from July to October. Discharge from Swan Creek helps increase flows downstream of the
confluence. Craigflower Creek regularly experiences low flows from May to October with July
consistently showing the lowest flows.

While topography and climatic parameters shape hydrologic patterns, land use practices also
have a significant effect. Urban development and the associated increase in impervious surfaces are
linked to more rapid drainage and decreased baseflows (Klein, 1979). The full extent of groundwater
extraction from the watershed has yet to be determined, but could be significant in some areas, such as
the District of the Highlands (Kenny, 2004).



Defining flow standards based on LT MAD is a general method of flow assessment that is derived
from curvilinear relations between stream discharge and width, and stream depth and velocity
(Bradford & Heinonen, 2008) and fish response to known flows (Ptolemy & Lewis, 2002). The goal of this
method is to maintain enough wetted width and flow to sustain food production and habitat
characteristics. While this method allows for widespread assessment of stream health, its simplicity fails
to capture the nuances of streams characteristics and fish needs. Some examples of overlooked
variables are:

e Wetter regions tend to require a lower fraction of MAD than more arid areas (Bradford &
Heinonen, 2008).

e Optimal flows increase as streams become smaller and decrease downstream (Rosenfeld,
Jordan S. 2007).

e larger fish tend to need more flow (Rosenfeld, Jordan S. et al, 2007).

e Habitat distribution likely affects flow needs (Newcombe & Ptolemy, 1985).

Flow augmentation elicits a range of responses from target fish populations and suggest that
site-specific factors are key factors in the outcome of an instream flow change (Bradford & Heinonen,
2008). It has been suggested that Cutthroat trout survival declines when monthly mean flow fall below
20% LT MAD and mean daily flows fall below 10% LT MAD (Newcombe & Ptolemy, 1985). Further work
should be done to evaluate the site-specific factors of these watersheds. Defining meaning
environmental flow needs will come from incorporating site specific factors of the Colquitz and
Craigflower Watersheds and the biotic needs of their fish populations.

5.6 High Flows

High flows and flooding are a natural part of seasonal flow patterns and support the ecological
integrity and biological productivity of rivers (Warren M. et al, 2015). Heavily modified streams that lack
off-channel flood areas can see an increase in peak flows as flash floods, which can result in fish
mortality. Early life stages are particularly susceptible since they have a limited ability to withstand
sudden high flow conditions (Warren M. et al, 2015).

Increased impervious surfaces have a significant effect on the dynamics of high flows. These
include increased discharge volumes, reduction in runoff lag time, increased flood frequency, and flash
flooding during storm events (Scott, 2016). These high-energy erosive flows also degrade stream beds
(Buchanan S. et al, 2009). Colquitz River has experienced high levels of degradation and urbanization,
including many of these symptoms.

Best management practices (BMP’s) and better stormwater infrastructure would create a more
natural flow regime and improve water quality. General BMP’s are summarized in Brandes O, et al.
(2011), and local BMP resources are listed in Malmkvist & Townsend (2008). Clear definitions of high
flows should be set out for both the Craigflower Creek and Colquitz so that management plans can strive
to meet clear goals.

Integrated Stormwater Management Plans consider local ecosystems and communities rather
than engineering rainwater management strategies. They promote slowing down water to recharge



local aquifers, allow water filtration that improves water quality, and reduce the frequency of high
energy erosive flows that damage both ecosystems and property. Integrated Watershed Management
Plans are promoted by several stakeholders in the region and are recommended by the Province of
British Columbia (Stephens K.A. et al, 2002). Students at the University of Victoria's Environmental Law
Center have developed a guide outlining how local managers can integrate new rainwater management
strategies and Integrated Stormwater Management Plans (McGuire G. et al, 2010).

5.7 Flow Management
Releasing additional flows from reservoirs to supplement low flows has been suggested, however
this can be problematic for several reasons:

1. There is a significant lag time between the release of additional flows and a response in
downstream conditions, as unsaturated soils and wetlands absorb the first pulse of water.

2. Releasing additional flows may compromise water levels later in the year.

3. Pulses of water may encourage spawning fish to migrate upstream prematurely, get stranded in
undesirable habitat, and increase opportunity for predation.

Any changes made to dam management plans needs to be incremental, and properly documented
for future decision making.

Finding additional storage facilities in the form of reservoirs has been suggested for both systems.
Any investigation into additional storage should consider the impact to the hydrological cycle, habitats,
and fish migration. Financial and legal liabilities should also be considered. Encouraging the restoration
and enhancement of wetlands may be a more cost-effective method of increasing storage capacity. The
Craigflower Management Plan (1998) identified several ways to improve natural and engineered water
storage capabilities within the watershed which include:

1. Manage development permits and new property tax incentives as a method of preventing
development that destroys wetlands.

2. Provide incentives for restoring wetlands presently used for agriculture.

3. Investigate the feasibility of increasing the water storage capacity at the sites identified in this
assessment.

Three sites on Craigflower Creek could be explored as managed storage facilities. Flow management
at Prior Lake has been suggested by Esquimalt Anglers. A beaver dam at the outlet of Prior Lake is
periodically dismantled by recreational lake users, which creates unnecessary flushes of water followed
by several days of no flow. This issue could be addressed by installing a pond levelling pipe through the
dam, which would provide constant lake levels and downstream flow. To date, the CRD has been
reluctant to pursue this idea due to the licensing and liability associated with officially managing water
behind a naturally occurring beaver dam. Pike and McKenzie Lakes should also be considered as
additional water storage areas. However, wetlands are associated with these waterbodies and could be
impacted if a significant reservoir is created.

Fewer opportunities for additional water storage sites exist on the Colquitz watershed. Swan Lake
could potentially offer additional storage capability but is positioned low in the watershed. Viaduct Flats



could be explored as a potential reservoir. However, it is unclear whether enough water flows through
this sub-drainage. Fish have been observed spawning upstream of this waterbody. Further investigation
is needed to identify viable storage facilities in the Colquitz Watershed.

Environmental flow needs could also be met by accessing groundwater. A groundwater well could
be drilled and maintained for the specific intent of supplementing low flow throughout the season. For
example, a groundwater well was first used to supplement low flows of Tetayut Creek in Central and
East Saanich in 2015. Careful consideration should be given to accessing groundwater, as it is also not
unlimited and needs to be managed in an integrated fashion with surface water.

6.0 Recommendations

Watershed management is a complex issue that requires cooperation and participation from an
array of industries, communities, and professionals living and working in our watersheds. While many of
the problems within our watersheds arise from complex issues such as land use practices, there are
several actions that can be taken in the short term to improve local knowledge and flow regimes:

1) Beaver dam management

If management of the beaver dam at Prior Lake is not improved, unnecessary flash flows will
continue to waste water and create periods of no flow. Ideally, the beaver dam should be
managed with a pond levelling pipe, rather than removal. Similarly, management of the beaver
dam on Pike Lake needs to be addressed, and a better management solution needs to be found
for the one on Viaduct Flats.

2) Monitoring discharges

Monitoring flow is critical to adaptive management practices. Currently, the CRD has one flow
meter on Colquitz Creek that is not calibrated according to The Resources Information Standards
Committee (RISC) standards, and a datalogger recording the water level of Beaver Lake. Real-
time monitoring stations at the top and bottom of both systems will inform management
decisions with current information. Without monitoring the discharge of these systems, it is
impossible to know if the EFN targets are being met and how hydrologic patterns will change
over time in response to climate change and intensifying anthropogenic pressures. If resources
are limited, existing flow meters should be improved. For example, a hydrometric station at the
outlet of Thetis Lake would be beneficial, ideally one that provides remote data capacity that
can be shared by the CRD and the Province.

3) Revisit the rule curves and incorporate stream flows

The rule curves that are used to manage Elk/Beaver Lake and Thetis Lake are based on the
depth of the lakes, whereas the fish depend on water flows in the creeks. Minimum
downstream flow requirements for fish need to be incorporated into adaptive rule curves and
written into water licenses. Adaptive rule curves guided by seasonal trends could meet
environmental flows more effectively than stationary rule curves and should be evaluated in the
context of the Colquitz and Craigflower watersheds. For example, Thetis Lake release should be



started as soon as water stops spilling over the spillway, rather than waiting for the start date
specified in the rule curve document. Reporting dam management as water level in the lake
(Elevation, expressed as metres above sea level), whereas stream management for
environmental flows as water flow (litres/second) is resulting in different stewardship
perspectives (i.e. lake vs stream management). Predictive formulas are needed to link lake
levels with stream flows throughout all reaches.

4) Incorporate community partnerships

Within these watersheds there is a continual need for maintenance, observation, and reporting.
Finding and fostering community stewards to help monitor these systems can facilitate real time
management. There are several active community groups working on Craigflower Creek and
Colquitz River. These groups should be given roles that support the management of these
waterbodies. Proper training, clear goals, and trust between community members is critical to
the success of building community partnerships. As an example, weekly sharing of the staff
gauge readings on lake levels would contribute to community stewardship participation.

5) Water Licenses and Groundwater

An important component of the hydrological cycle is the interaction between groundwater and
surface water. Understanding this relationship within the Craigflower and Colquitz watersheds is
important for long-term planning and short-term decision making. This includes knowledge of
groundwater users, aquifer recharge rates, and aquifer volume, and how these factors are
spatially distributed over the watersheds.

Longer-term initiatives should include:
6) Improving our understanding of fish use and needs

The use of the watersheds by fish needs to be better understood to focus restoration and
management efforts. While we know a fair amount, and currently focus efforts on key habitats
identified by best available knowledge, we still need to have a verifiable understanding of
seasonal fish movement (fish periodicity table) and abundance to see how this is responding to
impacts or improvements. Assistance from provincial hydrologists and biologists on this work
would be very beneficial.

7) Defining Watershed-Specific Flow Needs

While flow requirements set out by EFN are a valuable tool for initiating environmental
conservation and fish protection, they do not necessarily reflect realistic flow patterns in all
systems. Customized flow requirements for the Craigflower Creek and Colquitz River should be
clearly defined, including both maximum and minimum flows. This will help set clear goals for
management plans.

8) Exploring How to Supplement Low Flows



An assessment of potential water storage sites should be conducted. The assessment should be
based on previous work, and clearly explain expected flow needs, environmental and social
losses, financial cost, and liabilities. A V-notch on the McKenzie Lake outflow would improve the
capability to make use of this water. This is a weir device that allows for more accurate flow
measurement and regulation, especially at low flows. Groundwater wells should also be
explored as a means of supplementing low flows.

9) Expand Key Habitats for Conservation

Large floodplains and key riparian areas should remain accessible to flood waters. Methods to
ensure the protection of wetlands include land acquisition, lease arrangements, or other legal
instruments (Buchanan S. et al, 2009). These areas create habitat, increase water storage and
infiltration, and mitigate the risk of downstream flooding. Opportunities to restore degraded or
altered wetlands should be explored, as should the enhancement of non-traditional off-channel
habitats, like ditches and smaller sloughs.

10) Watershed Plans and Regional Integrated Stormwater Plans

Watershed Plans and Integrated Watershed Management (IWM) allows for a holistic and long-
term approach to restoration and conservation. This is a high priority, though longer term
requirement. IWM has the potential to address multiple and interrelated land use issues by
involving various stakeholders and integrating knowledge from multiple disciplines (Townsend
S. et al, 2006). Watershed plans should be created based on IWM principles for both the
Craigflower and Colquitz watersheds, including consideration of water balances (Dumont,
2017). In addition, strategies from successful water management projects, such as the
Cowichan Watershed Board and the Regional District of Nanaimo’s Watershed Strategy, should
be incorporated. Particular attention should be given to what makes a watershed plan
pragmatic and do-able. For example, many recommendations in the 1998 Craigflower Creek
Management Plan have yet to be implemented.

Integrated Stormwater Management Plans are a comprehensive approach to Stormwater
planning that use a multidisciplinary science-based approach to collectively manage
development and watershed hydrology (B.C. MWLAP, 2002). They are designed to protect
property, improve aquatic ecosystems, and accommodate the growth of communities. Within
this framework goals, objectives, and action plans are developed that provide a clear way
forward and a method of evaluation. The municipalities of Victoria, Saanich, View Royal, and
the Highlands are developing regional Integrated Stormwater Management Plans. In
collaboration with the CRD Central Saanich developed an Integrated Stormwater Management
Plan in 2009. This document is a good example of a community taking steps towards a holistic
approach to rainwater management.

7.0 Conclusion

Both Colquitz River and Craigflower Creek have historically supported substantially higher
populations of salmonids, thus have the potential for greater productivity. Water flows are likely one of
the limiting factors, as demonstrated by the trial increased discharge from Thetis Lake (BCCF, 20120).



Nevertheless, discharges of both waterways are currently following a seasonal pattern typical of the
local ecoregion, including months of flows below the threshold considered detrimental to cutthroat
survival and biotic integrity (below 10% Long-term mean annual discharge (LT-MAD)) and months with
very high erosional flow events. More pronounced droughts and extreme peak flows are likely to occur
with climate change. Low flows of both are regulated for purposes other than environmental integrity
and have developed watersheds (particularly the Colquitz).

Improvement to watersheds management could include modifying dam management, assessing
water licences, finding new water storage areas, enhanced stormwater management infrastructure,
supplementing low flows with groundwater, and development of water balance equations. Integrated
Stormwater Management Plans could mitigate peak flows events by protecting biological function and
reducing flood risks. Infrastructure modifications and watershed improvements, such as reducing
impermeable surfaces with permeable alternatives, ecological drainage, raingardens, groundwater
reservoirs to compensate for reduced infiltration, and improved wetlands. We are promoting improved
integrated watershed management of both watersheds that incorporates these elements as well as
considering and monitoring the positive and negative biological implications of inaction and remediatory
initiatives. While likely relevant to all small creeks, these two watersheds are exceptional models for
urban streams in the ecoregion to inform more widely focussed management in the region.
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APPENDIX 1: MAP OF PORTAGE INLET WATERSHEDS
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APPENDIX 2. SCHEMATIC FLOW DIAGRAMS OF WATERSHEDS

Colquitz River Watershed “Flow Diagram”

Name of Watershed | Total Area Length of Creek
(ha) Main Stream (km)
Colquitz River
Watershed 5007* 153
*includes storm drain k drainage area

e

Making 3 difference...together

RBC
Blue Wate
Project”

CRD flow diagram of Colquitz River. Retrieved from the CRD Colquitz Watershed webpage.




Craigflower Creek Watershed “Flow Diagram”
Name of Watershed | Total Area Length of Creek

(ha) Main Stream (km) CED
Craigflower Creek

Watershed 2416* 123

Making a difference...together
*includes storm drain network drainage area

RBC
Blue Water
Project”

CRD flow diagram of Craigflower Creek. Retrieved from the CRD Craigflower Watershed webpage.

Environmental Flow Needs decision tree (MFLNRO & MoE, 2016).CRD flow diagram of Craigflower Creek. Retrieved from the CRD Craigflower
Watershed webpage.



APPENDIX 3. WATER LEVELS AND RULE CURVES OF DAMS

Beaver Lake Dam Elevations by Year
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Thetis Lake Levels vs. Water License Minimums & 2013 Rule Band
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APPENDIX 4: ENVIRONMENTAL FLOW DECISION TREE

Environmental Flow Needs decision tree (MFLNRO & MoE, 2016).



The above measures may be required of applicants or licensees (as a licence condition) or may be
implemented by government. (MFLNRO & MoE, 2016)

Level 1
Measures to assess or mitigate potential effects on low sensitivity flow periods:
1) Assess veracity of information and ensure appropriate methods are used, (e.g., RISC,
//www .for.gov.bc.ca/hts/risc/index.html)
2) Consider downstream users and species/habitats

Level 2
Measures to assess or mitigate potential effects on moderate sensitivity flow periods:
In addition to Level 1 measures:
1) Establish adequate baseline hydrological data before withdrawals
2) Prepare reconnaissance-level fish and fish habitat impact assessment (e.g., Section 4.1.10.1 in
Lewis et al. 2004)
3) Issue seasonal licence, or restrictions during low flow periods
4) Development of off-stream storage
5) Inclusion of a daily maximum or inst. withdrawal e.g., greater consideration of instantaneous
demand over averages
6) Limit pump intake size
7) Monitor and report water use during higher risk flow periods, e.g., install flow gauge
8) Monitor low flows and limit withdrawals when flows drop below a certain level
9) Ministry staff to conduct audit of basin use/beneficial use review
10) Refuse application to withdraw water

Level 3

Measures to assess or mitigate potential effects on highly sensitive flow periods:

In addition to Level 2 measures:
1) Issue limited licence term, allowing for review and potential adjustment (e.g., 5 years)
2) Prepare detailed habitat assessment (e.g., Lewis et al. 2004; Hatfield et al. 2007)

Special consideration
Measures to assess or mitigate potential effects on streams/periods with high value species or habitats



APPENDIX 5: DATA AVAILABILITY TABLE

This table provides a summary of daily data availability for the CRD station.

Year | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct ‘ Nov | Dec
012,/ [ [/ [/ /[ / [/ [/ 19 19 |15
2013 C C C C C c Cc cC c C C C
2014 C C C C c 29 Cc C 29 C 29 30
2015 | C C C C C 28 C C C C C C
2006 C C 3 29 30 [/ [ [/ 7 / / /
2017/ [ [/ [/ /L /L
2018/ / / / 15 Cc C Cc C Cc cCc c
2019 € C C C C cC Cc C c C C C

C = Complete monthly dataset
Numbers = the number of days of data area available
/ = No data available

Included in analysis

Excluded from analysis

This table provides a summary of daily data availability for the Esquimalt Anglers station.

Year | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sept | Oct | Nov | Dec
2012 / |/ |/ |/ | 7 | C|29| Cc| C|C]|]C]|C
2012 | C C C C C C C C C C C C
2013 | C C C C C C C C C C C C
204 / |/ | / |18 c |Cc|c|Cc| cCc|Cc|]C]|cC
2015 | 17 | 15 C 20 C 6 (24| C C 5 / /
2016 | C C C 4 4 6 3 8 15 28 C C
2017 | 13 | 21 27 C 30 C C C C C C C
2018 | C C C C C C C C C C C C
2019 | C C C C C C |17 | 29 C C C 27

C = Complete monthly dataset
Numbers = the number of days of data area available
/ = No data available

Included in analysis

Excluded from analysis




