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Executive Summary
Context and Purpose

The Quartz Creek Community Watershed is a 588-hectare sub-basin located in the Selkirk Mountains
of southeastern British Columbia. It provides the sole source of drinking water to the community of
Ymir, a small unincorporated community within the Regional District of Central Kootenay (RDCK).
This source is critical to public health, community resilience, and cost-effective infrastructure
service delivery. Recognizing the vital role played by the watershed’s natural assets—particularly its
intact forests and high-elevation hydrology—the RDCK commissioned the development of a Natural
Asset Management Plan (NAMP) to assess the condition of these assets, evaluate their replacement
cost, identify associated risks, and recommend strategic management actions.

The NAMP adopts a structured approach modeled on conventional asset management frameworks
used for built infrastructure. By treating the watershed as a service-providing asset, the plan enables
the RDCK decision-makers to assess current performance, quantify financial exposure, and support
long-term planning aligned with ecological integrity and infrastructure reliability.

Natural Asset Inventory Summary

The foundation of the Quartz Creek Natural Asset Management Plan is a spatially explicit natural
asset inventory developed using provincial, regional, and the RDCK geospatial datasets. The
inventory aligns with the national standards and specifications outlined by the Canadian Standards
Association (CSA, 2023) for natural asset inventories.

The inventory treats the entire Quartz Creek Community Watershed as the primary natural asset,
reflecting the fact that drinking water provision is an emergent service derived from the interaction of
multiple interdependent natural processes. Rather than focusing solely on isolated features (e.g.,
riparian buffers, forest stands), the plan recognizes that the watershed functions as a complex,
integrated system of upland forests, soils, stream networks, and microclimatic regulators.

Key features of the inventory include:

e Watershed Size and Cover: The watershed spans approximately 588 hectares and is
dominated by forested land cover, with 99.2% categorized as coniferous forest.

o Forest Attributes: The forest is predominantly mature and old-growth, with limited
disturbance in the past 20 years. Vegetation Resource Inventory (VRI) data was used to
delineate dominant tree species and age classes.

e Disturbance Layers: The inventory integrates 20 years of data on wildfire history, pest
outbreaks, cutblock activity, and other cumulative disturbance measures from the BC
Cumulative Effects Framework. As of 2023, no significant disturbance has occurred within
the watershed boundary.

¢ Access Infrastructure: Only a limited segment (~0.8 km) of forest road enters the northeast
portion of the watershed. There are no major access corridors, limiting anthropogenic
pressure and preserving ecological integrity.



o Asset Attributes: Additional inventory attributes include water licenses, road networks, and
forest tenure designations. These attributes support the condition assessment and inform
risk and management planning.

The spatial structure of the inventory allows for condition assessments and risk scores to be
assigned at both the watershed and sub-watershed (fundamental watershed) levels. This enables
both systems-level planning and finer-scale prioritization of management actions. Importantly, the
inventory is designed to be updated over time, allowing the RDCK and partners to track changes in
asset extent, quality, and stress exposure as part of ongoing natural asset monitoring.

Asset Condition Assessment

The Quartz Creek Community Watershed is currently in excellent ecological health. A desktop
condition assessment evaluated a series of spatial indicators including forest cover, habitat
connectivity, hydrologic integrity, and anthropogenic disturbance. The results show that 100% of the
watershed falls within either “good” or “very good” condition classes. Specifically, over 56% of the
watershed is rated “very good,” reflecting contiguous mature and old forest cover with minimal road
density or structural fragmentation. These findings confirm that the watershed continues to function
effectively as a natural water storage and filtration system—sustaining water quality and quantity
without the need for built treatment infrastructure.

The condition results support not only clean drinking water, but also key ecological functions that
stabilize flow, mitigate fire and erosion risk, and buffer climate variability. The continued delivery of
these services depends on maintaining the current landscape configuration and ecological
processes.

Replacement Cost Assessment

The plan includes a detailed replacement cost analysis to quantify the economic value of drinking
water services provided by the intact watershed. Results show that engineered substitutes for the
drinking water and storage functions provided by Quartz Creek would be prohibitively expensive,
especially for a small community like Ymir.

e Water supply replacement (via bulk-water hauling) would cost an estimated $303,000 to
$601,000 per year.

¢ Built storage replacement (to replicate forest-mediated water retention) would exceed $8.6
million for partial replacement and over $34 million for full capacity, with annualized
operating costs in excess of $600,000.

These figures exclude environmental permitting, system integration, and do not replicate ancillary
benefits such as sediment control, water quality regulation, or wildfire buffering. The analysis
demonstrates that maintaining the existing watershed function is orders of magnitude more cost-
effective than engineered alternatives.

Risk Assessment

While the current ecological condition is strong, the watershed is exposed to several high-
consequence risks. These include:



Wildfire: The highest-rated risk due to potential catastrophic impacts on forest cover, water
quality, and flow regulation.

Climate change: Altered snowpack, precipitation timing, and seasonal flow dynamics
threaten long-term water availability.

Commercial logging and road development: These could degrade canopy cover, increase
sedimentation, and fragment the watershed.

Drought: Increasingly likely under future climate scenarios, with implications for flow
reliability.

Acid rock drainage and mining: Though currently unlikely, the consequences of even minor
contamination would be severe due to the absence of water treatment capacity.

A precautionary lens was applied to risk scoring given the watershed’s irreplaceability and the
absence of viable backup sources. Overall, the risk profile underscores the importance of prevention
and preparedness as the foundation of long-term service delivery.

Strategic Recommendations

To ensure the continued delivery of drinking water and safeguard the watershed’s ecological and
financial value, the following management priorities and actions are recommended:

1.

Protect and Maintain Watershed Integrity: Maintaining the forested watershed inits current
condition is essential. This includes limiting disturbance, prohibiting new road development,
and prioritizing forest retention in critical areas.

Reduce Wildfire Risk: Implement fuel management activities aligned with the Ymir
Community Wildfire Protection Plan. This may include fuel breaks, canopy thinning in
targeted locations, and collaborative planning with tenure holders and emergency services.

Prevent Impacts of Commercial Forestry: Proactively engage with the forest tenure holder
(ATCO Wood Products) and the province of BC to explore deferrals, buyouts, or alternative
harvest areas outside the watershed. Formal agreements should reflect the watershed’s
utility value and the public interest in its preservation.

Develop an Emergency Backup Water Supply: Advance exploratory studies of Aquifer
#0493 beneath the Ymir townsite as a potential partial redundancy. Though not a full
substitute, a groundwater source could provide resilience in the event of temporary
disruption.

Coordinate Watershed Monitoring: Establish a formal monitoring program that includes
both ecological indicators and water quality parameters. Engage community members and
community groups in data collection, and ensure results are shared transparently to build
public trust.

Foster Collaborative Governance and Stewardship: Strengthen partnerships among the
RDCK, tenure holders, provincial ministries, First Nations, and the local community.



Collaborative governance is essential given the split between service delivery and land-use
authority.

Conclusion

The Quartz Creek Community Watershed is not merely a landscape—it is a core component of Ymir’s
public infrastructure. It provides clean, reliable, and effectively free drinking water to the community.
Its replacement is not economically viable, and its degradation would impose significant risks to
public health and financial stability. This NAMP demonstrates that proactive stewardship of the
watershed offers a fiscally prudent, environmentally sound, and socially responsible pathway for
securing Ymir’s long-term water future. Investing in the protection of natural assets today is a
strategic infrastructure decision that will pay dividends for generations to come.
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1. Introduction

Natural assets (e.g., wetlands, forests, grasslands, meadows, watercourses) provide a cost-
effective, resilient, alternative or complement to some built infrastructure. Indeed, when managed
properly, natural assets provide several valuable services, including, for example, the provision of
clean drinking water, improved air quality, carbon storage and sequestration and flood control.
Recognizing natural assets and the range of services they provide, ensures they are effectively
managed and avoids the deterioration of the assets and associated services. Similar to built assets,
ensuring a sustainable long-term supply of ecosystem services is the reason for having a natural
asset management plan (NAMP).

A NAMP is a plan for managing assets to deliver an agreed standard of service. Such plans make
explicit the costs and benefits associated with service delivery and help to manage costs
appropriately, while also addressing relevant risks. Asset management plans have been employed to
inform the management of built assets for decades. More recently, the idea of incorporating natural
assets into a similar type of management framework has been recognized because like built assets,
natural assets represent a critical part of a community’s infrastructure and need to be accounted for
and managed proactively. If natural assets are not managed properly, their value can depreciate and
their ability to provide services diminishes.

Inthe case of the Quartz Creek Community Watershed —the focus of the current study - mismanaging
this asset would have grave consequences for the residents of Ymir who rely on the watershed for
their drinking water. To inform the management of the Quartz Creek Community Watershed for the
continued provision of drinking water to the community of Ymir, the Regional District of Central
Kootenay (RDCK) - the district in which the watershed is based and the entity that owns the built
infrastructure that captures and distributes drinking water to Ymir residents — commissioned the
development of a NAMP for the Quartz Creek Community Watershed.

Figure 1-1 depicts steps in natural asset management that were undertaken to develop a NAMP for
the Quartz Creek Community Watershed. The process draws from the approach typically applied to
built assets. It begins with obtaining spatial data layers that depict the location, extent and type of
the various assets (Step 1). This information is structured into a registry that is a tabular
representation of the assets where each assetis arow in the registry and a series of columns contain
asset attributes, such as land ownership and watershed (Step 2). Using GIS, the amalgamated data
is used to delineate and quantify the type, location and extent of assets (Step 3). The resulting
inventory forms the basis of all subsequent asset management steps. The assets in the inventory are
assessed for condition and rated on a scale from very poor to very good to align with such scales
used for built assets (Step 4). The condition is assessed through a series of indicators that proxy the
ecological health of the assets on the assumption that assets in good ecological health are able to
deliver good ecological services. Paralleling the asset management approach applied to built assets,
replacement costs are assigned to the assets in the inventory (Step 5). The risks that might impair the
ability of assets to deliver priority services are then identified and assessed (Step 6). Next, the focus
is on identifying and assessing management actions (Step 7); which in the case of the Quartz Creek
Community Watershed are intended to ensure or aid in the continued provision of drinking water to
the community of Ymir. The results of the steps are presented in an asset management plan (Step 8).
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Figure 11-1. Overview of steps associated with natural asset management for Quartz Creek Community
Watershed.

The purpose of the current report is to present the results of the asset management approach for the
Quartz Creek Community Watershed. The report is organized as follows:

e Section 2 contains information on community watersheds in BC generally as well as the
Quartz Creek Community Watershed more specifically.

e Section 3 provides an overview of the approach and results of the natural asset inventory.

e Section 4 summarizes the approach and results of the condition assessment.

e Section 5 presents replacement costs for the drinking water provision from Quartz Creek.

e Section 6 contains the results of the risk assessment.

e Section 7 identifies and analyzes management actions intended to support continued
drinking water provision from the watershed.

e Section 8 concludes the NAMP.

e Appendices provide details on water quality and quantity data, the condition assessment,
the risk assessment and the interested parties engagement session .

e References are provided in Section 12.
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2. Quartz Creek Community Watershed

This section provides contextual information for the NAMP; an overview of the significance and
implications of the community watershed designation is provided along with details on the Quartz
Creek Community Watershed.

2.1 Managing Community Watersheds

Water supply systems in BC are regulated under the Drinking Water Protection Act (DWPA) and
overseen by Interior Health. A water supply system consists of the physical infrastructure and
management of the collection, treatment, storage and distribution of drinking water from the
source(s) to the consumers. The physical components of a water supply system include source
waters and their catchment areas (Ministry of Healthy Living and Sport 2010).

A community watershed, as defined under the Forest and Range Practices Act (FRPA), is all or part of
the drainage area that is upslope of the lowest point from which water is diverted for human
consumption by a licensed water purveyor. With 467 community watersheds designated in B.C., the
areas require special management to conserve the quality, quantity and timing of flow and to prevent
cumulative negative hydrological effects having material adverse effects on source water
(Government of British Columbia 2025). The governance of community watersheds includes FRPA,
which oversees forest harvesting and ranching operations on the Crown land portion of a watershed,
but no entity is responsible for the management of the cumulative impacts of all activities in
community watersheds (Forest Practices Board 2025). Many community watersheds encompass
Crown land that may have tenures for recreation (e.g., shooting ranges, off road vehicles), forest
harvesting, livestock grazing, and lease lots. In addition to these permitted activities, it is common
for unsanctioned activities such as camping in nondesignated areas, squatting, or dumping of
unwanted items (e.g., garbage, vehicles, campers, etc.) to also take place within community
watersheds. Both sanctioned and unsanctioned activities can have negative impacts on source
water quality and quantity.

In 2015, it was determined that the Province of BC was not effectively managing for cumulative
effects in community watersheds, and a Supreme Court of BC ruling in 2021 found that the
government lacked the authority under FRPA to link the results of cumulative effects assessments to
their decision-making. The province is now exploring sustainability plans and water objectives to
address cumulative effects on water, but these solutions have yet to be rolled out province-wide
(Forest Practices Board 2022).

In an attempt to improve drinking water supplies, Interior Health commissioned a study to enhance
communications between all stakeholders in the provision of clean drinking water and to develop an
effective long-10e communication strategy that will better position stakeholders to positively
contribute to the safe and effective provision of drinking water (Be the Change Group Inc. 2017).
Similarly, the multiple barrier approach to safe drinking water, is also a collaborative process of not
only treatment using physical and chemical barriers, but it also recognizes the need to maintain and
improve the quality of water from source to tap (Interior Health Authority 2017).

More recently, natural asset management has been explored to more effectively manage and protect
watersheds. A Common Asset Trust model is currently under pilot in the Grindstone Creek
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watershed in Ontario (Natural Assets Initiative & Dark Matter Labs 2024). This, and other
aforementioned strategies, may lead to more effective management of community watersheds in
the future.

2.2 Quartz Creek Community Watershed

The Quartz Creek Community Watershed is located within the RDCK. The watershed provides
drinking water to the 400 residents of Ymir, British Columbia (BC) and is designated as a community
watershed under the FRPA (Figure 2-1). The watershed is located between the communities of Salmo
and Nelson, within the RDCK Electoral Area G in southeastern BC. Elevations of the watershed range
from 780 m at the mouth of Quartz Creek to 1,694 m on the western boundary of the watershed
(Emerman 2020b). The watershed occurs within the greater Salmo Watershed and Quartz Creek is a
tributary to the Salmo River. The historic Fresno mine is located in the watershed near Quartz Creek,
above the water intake (Emerman 2020b).

Quartz Creek Community Watershed Natural Asset Inventory
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Figure 22-1. Quartz Creek Community Watershed located.

Ymir has a population of approximately 400 people and has 108 active water connections (RDCK
2024). The watershed is small, only about 600 hectares, and it relies on rain and snow as source
water, as there are no aquifers or large storage reservoirs. The watershed is relatively intact with only
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a single service road, mountain biking trails, a historic mine site, and a water intake with a recently
replaced 617 m?® storage tank, located on Quartz Creek. In addition to providing drinking water, the
system has the capacity to service 16 fire hydrants in case of a localized fire or wildfire (RDCK 2024).
While the RDCK owns the system that provides drinking water to local residents, neither the district
or the community have control over the activities that take place within the watershed.

The watershed is located within the Timber Operating Area W (Ymir) held by ATCO Wood Products
Ltd. Currently, there is no proposed harvesting, but it was previously considered, when held by BC
Timber Sales. The planned logging was met with wide-ranging concerns from Ymir residents. First
and foremost, that the loss of forest cover could result in a reduction in water supply for domestic
use and fire suppression in the late summer and early fall, when water levels are already notoriously
low, as well as contamination concerns potentially resulting from acid rock drainage and metal
leaching that may occur during forest road construction (pers. comm., Jason Leus, February 18,
2025). The following photo and caption are from a Nelson Star article published on August 24, 2017,
that highlighted the opposition of the Lower Kootenay Band and Ymir residents to the proposed
harvesting.

Lower Kootenay Band councillor Jared Basil drove out to Ymir on Tuesday to pledge his support for the area’s
opposition to BCTS plans to log in their watershed. He's seen here with community spokesperson Jason Leus and
approximately a quarter of the population of the small rural town. Photo: Will Johnson

Table 2-1 provides an overview of significant events related to the Quartz Creek Community
Watershed in chronological order.
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Table 2-1. Notable events related to the Quartz Creek Community Watershed in chronological order.

Time ‘ Event

1890s A mining boom in the late 1800’s resulted in a Quartz Creek Settlement that grew
rapidly (now the unincorporated community of Ymir). Water system first constructed
to supply water to an expanding mine community.

1896 Gold mining occurred between 1896 and 1904 before it shifted south towards the
Village of Salmo.

1979 The water system became a regional district service in 1979 after a cold winter that
froze the entire system and left the community without water for approximately 6
weeks.

2000 Alternate groundwater sources were investigated by the RDCK in the early 2000s but

were unsuccessful due to high levels of contamination thought to be originating
from historic mining (Emerman 2020). There is no alternative water source for the
Ymir community.

2009 A new treatment plant was installed that consists of sand filters and nominal
cartridge filters for turbidity reduction, absolute cartridge filters for oocyst removal,
ultraviolet light for disinfection/inactivation of microbiological components; and,
chlorination for disinfection of bacteria/viruses. A SCADA system allows for remote
monitoring of plant processes.

2017 BC Timber Sales commissioned a watershed assessment for proposed harvesting
in the Quartz Creek watershed (Bates 2017).

2018 A Clean Water & Wastewater Fund grant provided funding to replace the reservoir
with a larger 617 m® tank providing improved emergency and fire water storage.

2018 In response to Ymir resident concerns, BC Timber Sales commissioned a Phase 2

Watershed Assessment of the impact of the initial phase of planned logging in the
watershed. It used streamflow data from Anderson Creek as a proxy for Quartz
Creek, because streamflow data was not available for Quartz Creek.

2018 BC Timber Sales commissioned SNC-Lavalin to investigate the potential for acid
rock drainage and metal leaching. Rock high in sulphide minerals is known as acid
rock. When the rock is exposed to water and air, it creates sulphuric acid that can
damage the natural environment. The study concluded that there was a need for
mitigation and monitoring of adverse impacts of acid rock drainage and metal
leaching (SNC-Lavalin 2020).

2019 Continuous flow monitoring on the mainstem of Quartz Creek above the weir and
on two headwater catchments took place between September 2019 - July 2022. In
addition, air temperature and snow distribution (snow water equivalent) were
investigated at multiple sites across the watershed in the winter/spring of 2020.
Monitoring was initiated by BC Timber Sales and continued by ATCO Wood Products

Ltd.
2019 Installation of a gauging station by the RDCK on Quartz Creek to monitor streamflow.
2019 Ymir Community Watershed Society, representing local residents, commissioned a
critique of the Phase 2 Watershed Assessment (Emerman 2019).
2019 A Section 29 — Investigation of threats to drinking water was requested by the RDCK

in support of Quartz Creek. On April 18, 2019, the RDCK received a response from
Interior Health Authority (IHA) indicating no pursuit and on July 11, 2019, there was
follow up confirming no further action by IHA.

2020 Logging license and related studies were transferred from BC Timber Sales to ATCO
Wood Products Ltd. Proposed logging was deferred to allow for 3-5 years of baseline
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Time ‘ Event

streamflow and water quality data collection (Pers. Comm., Craig Stemmler,
Woodlands Manager, ATCO Wood Products Ltd.).

2023 Issuance of Forest Stewardship Plan #921: Forest Licence: A20193 and A20218,
Term 2024 to 2029 by ATCO Wood Products (ATCO 2023). The RDCK and Ymir
Community Watershed Society included on referral list and will be notified of
proposed development activities as the stand level developments are proposed.

2025 The RDCK commissions the Natural Asset Management Plan.

Future Planned upgrades include reservoir effluent meter installation, water system
control upgrades and UV disinfection replacement.

Appendix A provides some additional details and context associated with the Quartz Creek
Community Watershed. The appendix summarizes existing flow and water quality monitoring
information as well as anticipated regional impacts associated with climate change.
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3. Natural Asset Inventory

As noted above, creating an asset inventory is foundational to all subsequent tasks in a NAMP. The
approach employed to create the inventory for Quartz Creek Community Watershed aligns with
Canada-wide standards and specifications for natural asset inventories (CSA 2023). The inventory is
created in GIS, amalgamating relevant data to compile a complete picture of the type, location, and
extent of assets within the watershed boundary. The first task in creating the inventory is to obtain
and review all possible data sources. This is followed by structuring the asset inventory and then
delineating the assets by type, location and extent. This section of the report provides the approach
and results of these tasks.

3.1 Obtain and Review Data

A number of data sets were obtained and reviewed for the purpose of creating the natural asset
inventory for the Quartz Creek Community Watershed. Data sources ultimately employed in the
inventory are identified in Table 3-1.

Table 33-1. Data sources obtained and employed in the Quartz Creek Community Watershed asset inventory.

Dataset Source

Assessment Watersheds

Province of British Columbia

Fundamental Watersheds

Province of British Columbia

Quartz Creek Community Watershed

Province of British Columbia

Vegetation Resource Inventory (VRI)

Province of British Columbia

Freshwater Atlas — Wetlands

Province of British Columbia

Freshwater Atlas — Water Bodies

Province of British Columbia

Digital Road Atlas

Province of British Columbia

Forest Tenure Roads

Province of British Columbia

Forest Licensee Operating Areas

Province of British Columbia

Drinking Water Sources

Province of British Columbia

Water Rights Licenses

Province of British Columbia

Harvest — Consolidated Cutblocks

Province of British Columbia

Pest Infestation

Province of British Columbia

Historical Fire

Province of British Columbia

Cumulative Effects: Human Disturbance 2023

Province of British Columbia

Wetlands RDCK
Lakes RDCK
Roads RDCK
Streams RDCK
Building Footprints RDCK

3.2 Structure the Asset Registry

For the purposes of this NAMP, the focus is on the natural features (e.g. forests) within the Quartz
Creek Community Watershed. While the watershed provides numerous services, including
stormwater management, carbon storage, and air quality improvements, a key service of the
watershed is the provision of drinking water to the community of Ymir. This NAMP is above all
concerned with the management of the watershed for the continued provision of drinking water
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considering the risks to the watershed. For this reason, the entire community watershed, rather than
the specific natural features within it, is considered the primary asset and is the focus of the NAMP.

Treating the entire watershed as the primary natural asset in the management plan recognizes that
drinking water provision is an emergent property of complex, interlinked physical, biological, and
hydrological processes. Individual components, such as upland forests, riparian corridors, and
stream channels, do not function in isolation. Collectively, the natural features within the watershed
serve numerous functions:

o Forests regulate infiltration and evapotranspiration

e Forest soils mediate sediment and nutrient flux

e Riparian buffers stabilize banks and attenuate peak flows

e |ntact stream channels support self-purification processes

By regarding the watershed as an integrated unit, the plan preserves these critical
interdependencies, ensuring that actions taken in one sub-area (for example, fuel - treatment or
selective harvesting) do not inadvertently degrade water quality or hydrological regulation
downstream. This system-based perspective also alighs with best practice guidance in natural asset
management, which emphasizes service continuity, resilience to disturbance, and cumulative -
effects mitigation over parcel-by-parcel approaches.

Moreover, the watershed serving the community of Ymir, BC, functions as both the source and
conveyance system for drinking water, meaning that any disruption, whether from wildfire, pest
outbreak, or land-use change, propagates through the entire hydrological network and directly
impacts water security. Framing the watershed as the primary asset allows for unified risk
assessment, monitoring, and investment prioritization, creating a coherent strategy to maintain
service levels under current and future stressors (such as climate variability and increased demand).

Within this context, Figure 3-1 demonstrates the asset hierarchy employed in the Quartz Creek
Community Watershed natural asset inventory. Structuring the natural asset hierarchy in this way
allows for the results (condition and risk assessments) to be measured at the fundamental
watershed level, then aggregated to an overall score for the whole watershed capturing a systems
level perspective. At the same time, the data structure maintains more detailed information on asset
types and sub-types, which is the foundational information needed to measure and assess condition
at the watershed level. Importantly, the inventory is designed to be updated over time, allowing the
RDCK and partners to track changes in asset extent, quality, and stress exposure as part of ongoing
natural asset monitoring.
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Figure 3-1. Asset inventory hierarchy for Quartz Creek Community Watershed.

3.3 Asset Attributes

To provide a robust picture of the primary asset and its associated sub-assets and asset types,
numerous asset attributes were incorporated into the asset inventory. These attributes describe the
asset and the context in which it is situated. Attributes are represented by spatial data layers. Table

3-2 summarizes the various attribute data linked to the natural asset inventory.

Table 33-2. Assets attributes and description.

Attribute ‘ Description

Fundamental Watershed The finer scale watershed unit defined in the BC Freshwater Atlas
Hierarchical Watershed Framework.
Assessment Watershed A broader-scale watershed unit composed of multiple fundamental

watersheds.

Water Rights & POD Licenses

Spatial data identifying authorized surface and groundwater
withdrawals.

Drinking Water Source

Identifies status of assets intersecting drinking water sources.

Forest Tree Species

Derived from the vegetation resources inventory data. Indicates the
dominant tree species.

Forest Age

The estimated age of forest stands.

CEM Human Disturbance 2023

Information on human-induced disturbances and insights into
landscape fragmentation and cumulative land-use pressure.

Roads & Forest Roads

Includes all linear transportation features like roads.

Forest Licensee Operating Area

Illustrates the designated areas where forest companies have legal
rights to manage and harvest timber.

Old Growth

Identifies assets within areas of old growth forest

Cutblocks (Past 20 years)

Areas harvested for timber over the past two decades.

Fire (Past 20 years)

Historical wildfire areas over the past 20 years, indicating areas
affected by natural or human-caused events.
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3.4 Inventory Outputs

This section provides a range of inventory outputs that define and summarize the Quartz Creek
Community Watershed asset.

3.4.1 Asset Delineation

Figure 3-2 and Table 3-3 provide a summary of the Quartz Creek Community Watershed natural
asset. Figure 3-2 shows the community watershed and fundamental watersheds on top of the sub-
type asset classification. The primary asset is dominantly defined by coniferous forest cover. Based
on the dominant species mapping from the BC VRI, 99% of Quartz Creek Community Watershed
asset is comprised of coniferous forest (Table 3-3).

Quartz Creek Community Watershed Natural Asset Inventory
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Figure 3-2. Map of the Quartz Creek Community watershed asset and the asset sub-types in and around the asset.
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Table 33-3. Area of asset by class, type and sub-type within the Quartz Creek Community Watershed.

Asset Class Asset Type Asset Subtype Area (ha) Percent of total area
Natural Forest Treed Coniferous 583.82 99.19%
Treed Mixed 3.85 0.65%
Herb Herb 0.92 0.16%
Total 588.60 100%

3.4.2 Inventory Attributes

This section highlights the attributes incorporated into the asset inventory. These speak to the current
state of the Quartz Creek Community Watershed as well as important context surrounding the
watershed boundary. Figure 3-3 shows the primary forest species within the watershed.

Quartz Creek Community Watershed Natural Asset Inventory
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Figure 3-3. Location and distribution of primary forest species within the Quartz Creek Community Watershed.

Figure 3-4 demonstrates the forest age distribution within the watershed. The forest is primarily
mature and old with small portions of younger age classes.
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Figure 3-4. Forest age distribution within the Quartz Creek Community Watershed.

The British Columbia Cumulative Effects Framework (BC CEF)" is a provincial approach for assessing
and managing the cumulative effects of natural resource activities on environmental, economic,
social and cultural values. It evaluates the condition and trends of specific resources (i.e., fish
habitat, water ) across landscapes over time to inform land-use decisions. BC CEF data is available
for the Quartz Creek Community Watershed. As is evident in Figure 3-5, as of 2023 the watershed
had not been impacted by the disturbances captured within the BC CEF.

" Government of British Columbia. N.d. Cumulative Effects Framework. Accessed at
https://www2.gov.bc.ca/gov/content/environment/natural-resource-stewardship/cumulative-effects-framework/overview
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Figure 3-5. BC Cumulative Effects Framework disturbance measures in the area around the Quartz Creek Community
Watershed.

Roads in and around the Quartz Creek Community Watershed were also considered when layering
relevant asset attributes into the asset inventory. Figure 3-6 demonstrates the distribution of roads
and forestry roads within the asset boundary. As can be seen, there is a section of forestry road that
enters into the watershed on the north-east side of the watershed boundary. Based on the available
data, there are approximately 0.8 kilometres of forest road within the formal boundary of the Quartz
Creek Community Watershed.
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Figure 3-6. Roads and forestry roads in and around the Quartz Creek Community Watershed boundary.

As will be examined further in the risk assessment, there is a possibility of timber harvest taking place
within the Quartz Creek Community Watershed. Figure 3-7 demonstrates the distribution and extent
of forest licensee operating areas in and around the watershed. ATCO Lumber Limited is the exclusive
licensee within the watershed boundary.
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Figure 3-7. Forest licensee operating areas in and around the Quartz Creek Community Watershed.

Related to the image above, Figure 3-8 demonstrates timber harvest cut-blocks surrounding the
Quartz Creek Community Watershed in the last 20 years. It is evident that ATCO has undertaken
harvesting within their licensee operating area to the edge of the south boundary of the watershed.
Harvesting has also taken place in close proximity to the north (by ATCO) and west (by Kalesnikoff)
boundaries of the watershed.
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Figure 3-8. Cutblocks taking place within the last 20 years in proximity to the Quartz Creek Community Watershed.

Figure 3-9 demonstrates the location and extent of fires that have taken place in the area surrounding
the Quartz Creek Community Watershed in the last 20 years. The risk of fire was revisited through the
risk assessment approach (Section 6).
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Figure 3-9. Location and extent of fires that have taken place in the last 20 years in the area surrounding the Quartz Creek
Community Watershed.

The final attribute that was incorporated into the natural asset inventory for Quartz Creek Community
Watershed is the location and extent of pests and disease impacts. Figure 3-10 demonstrates such
impacts for the most prevalent pests and disease in the area over the last 20 years. Like fires, the risk
of pests and diseases was further considered in the risk assessment for the watershed (Section 6).
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Figure 3-10. Location and extent of pests and disease impacts in and around the Quartz Creek Community Watershed
within the last 20 years.
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4. Condition Assessment

This section provides an overview of the condition assessment approach and results (with additional
details contained in Appendix B).

4.1 Approach Overview

A natural asset condition assessment aims to evaluate a natural asset’s ability to provide services at
a high level. This approach uses the cascade model outlined in CSA (2023), which links biophysical
processes, function, ecosystem services, and human benefits (Figure 4-1). For instance, a wetland's
biophysical processes enable water storage, which reduces flood risks and provides human benefits
by minimizing flood damages. Condition indicators capture ecological condition and connect it to
ecosystem services and community value. The assessment assumes that a natural asset in “good”
ecological condition is more likely to deliver a “good” level of ecological services, which, in turn,
benefit the community. In the context of the Quartz Creek Community Watershed, the focus is the
provision of drinking water to the community of Ymir.

Natural asset Human well-being
Biophysical Function Ecosystem service Benefit/value
or structural
process (e.g., flood water (e.g., flood (e.g., avoided
retention) mitigation) damages associated
(e.g., wetland) with flooding)

Figure 4-1. Cascade model upon which the condition assessment is based (CSA 2023).

The process used for the condition assessment aligns with that outlined in the Canada-wide
standards and specifications for natural asset inventories (Figure 4-2) (CSA 2023). The standard
provides guidance on condition assessment criteria, indicators and scoring in the context of natural
assets. The standard identifies three criteria - landscape context, physical context and ecological
condition — to guide the selection of indicators. For each of the indicators, a scoring system is
established to allow the results of the assessment to be positioned within a standardized 5 point
ranking system ranging from very good to very poor.
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Figure 4-2. The natural asset condition assessment process (Source: CSA 2023).

While a specific scoring system is needed for each individualindicator (see Appendix B for details on
the scoring system applied to each indicator employed in Quartz Creek Community Watershed
condition assessment), the scores generally aligh with the condition descriptions presented in Table
4.

Table 44-1. Sample condition rating scale definitions (CSA 2023).

Rating Explanation

Very Good Well maintained, good condition, no signs of deterioration in ecological conditions.
Natural asset service provision is high.
Good Ecological conditions appear to be sufficient; some minor localized (or isolated) impacts

noticeable, which might be a warning sign of possible decline. Natural asset service
provision is acceptable.

Fair Clear signs of deterioration in ecological function and service-influencing factors. Natural
asset service provision, while still functional, is at risk of failing.
Poor Condition is below standard with large portion(s) of the system exhibiting significant

deterioration in ecological function. Natural asset service provision is impacted, and
some services might be non-functioning.

Very Poor Widespread signs of advanced deterioration; unlikely that the natural asset is providing
any functional service.

The first step in the condition assessment for Quartz Creek was to identify a set of relevant condition
indicators. Based on past project experience, Green Analytics identified a preliminary set of potential
indicators. These were vetted with local environmental consultants — Ecoscape — and the RDCK and
revised considering feedback received. The final set of condition indicators are organized into four
categories that reflect the watershed’s hydrological, ecological, and land-use conditions, with an
emphasis on water quality, quantity, and resilience. The indicators focus on land cover and
ecosystem health to establish a foundation for assessing watershed condition. The condition
indicators chosen will be useful for measuring changes in water quality and hydrology in the future.
The assumption behind the indicators is that a healthy resilient watershed is essential to maintaining
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water quality and quantity. While the focus of this assessment is on the condition of the primary
asset, namely the community watershed, it is important to also consider the condition of the source
water derived from that asset. This was further explored in the context of the risks to the community
watershed (Section 6). Table 4-2 summarizes and describes the condition indicators used for the
Quartz Creek Community Watershed condition assessment.

Table 44-2. Condition categories, indicators, and description.

Category CSA Criteria Indicator Description
Forest Cover and Ecological / - Percent (%) forest cover | Evaluates ecosystem complexity,
Composition Landscape biodiversity potential, and overall

resilience. A high percent cover and
mature forest imply greater watershed

condition.
Forest Health and Ecological - Equivalent clearcut Detect stressors that may increase
Disturbance area erosion, alter water yield, or degrade

habitat. Less disturbance, good
regeneration, and low pestimpact
imply greater watershed conditions.
Riparian and Ecological / - Riparian forest integrity | Assesses stream shading, erosion
Canopy Integrity Landscape - Overall canopy closure* | protection, and microclimate

buffering. Higher riparian continuity

and intact canopy implies better

stream protection and microclimate
conditions that support water supply.
Roads and Physical/ - Road density Roads and fragmentation increase
Fragmentation Ecological - Interior forest habitat erosion risk, reduce core habitat and

- Watercourse crossings watershed resilience that could
ultimately impact water supply

quantity and quality.

* Overall canopy closure was not able to be measured with available data and is recommended to be added as a measure
of condition once LIDAR data for the area becomes available. Canopy closure is important for maintaining the necessary
microclimate that helps slow the snowpack melt and maintain a steady water supply into the summer months.

The select condition indicators were applied to the natural assets within the Quartz Creek
Community Watershed boundary through a desktop exercise relying on GIS. Details on the approach
employed for each indicator is provided in Appendix A. While the desktop condition assessment is
grounded in landscape ecology metrics, it is recommended that field-based verification of the
condition of the natural assets be completed over time to support and improve natural asset
condition monitoring. Field-based condition assessments provide details and information on the
condition of assets as well as the factors contributing to the condition results. Observations of
habitat structure and complexities, risks (e.g. invasive species) and factors contributing to service
delivery (e.g. pests and disease) can be obtained through field-based assessments.

4.2 Summary of Condition Results

The results of the condition assessment are summarized in this section while results for individual
indicators are presented in Appendix B. Each indicator is ranked on a scale from very good to very
poor and a corresponding numerical score is assigned to each fundamental watershed: (5) very
good, (4) good, (3) fair, (2) poor, and (1) very poor. These are averaged and rounded to the nearest
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integer to establish overall condition results, which are presented in Figure 4-3 and detailed in Table
4-3.

Quartz Creek Community Watershed Natural Asset Inventory
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Figure 4-3. Overall condition ranking by fundamental watershed.

Table 4-3 shows the overall condition results for all mapped fundamental watersheds. These capture
any watershed that intersects with the community watershed boundary. This broader area has some
watershed area ranked as fair (8.6% of the total area). However, these areas are largely outside the
main Quartz Creek catchment area. Focusing on the fundamental watersheds that are mainly within
the Quartz Creek Community Watershed, the condition ranking ranges between good and very good.
This is not surprising as the watershed has been largely undisturbed and is comprised of mostly
intact mature and old forest cover. Given that the watershed is a key drinking water source, it will be
important to maintain this overall condition to ensure a sustainable supply of clean water for the
community of Ymir.
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Table 44-3. Overall summary of condition results.

Condition

All Mapped Fundamental Watersheds*

Quartz Creek Community

Watershed**

Ranking Area (ha) Perce;:eo; Total Area (ha) Perce;':eo; Total
Very Good 400.28 24.43% 326.45 56.45%
Good 1097.36 66.97% 251.82 43.55%
Fair 141.03 8.61% 0 0%
Poor 0 0% 0 0%
Very Poor 0 0% 0 0%

* All fundamental watershed that intersect with the Quartz Creek Community watershed boundary.
** A subset of the fundamental watershed that have the majority of their area within the Quartz Creek Community
watershed.

Drawing on the condition results by fundamental watershed, an overall condition score was
determined for the Quartz Creek Community Watershed by taking an area weighted average of the
individual fundamental watershed scores. This overall area weighted average is 4.48, which
corresponds to a good condition score (4 is good and 5 is very good).

34



5.Replacement Cost

In traditional asset management, replacement costs represent the estimated expense of restoring
an asset’s function if it fails. These estimates support capital planning, depreciation accounting, and
risk management by making the financial implications of asset failure explicit. For built
infrastructure—such as Ymir’s 617 m® steel storage tank, valued at $800,946 (2024 CAD)—this
calculation is straightforward and forms the basis for lifecycle costing and service planning.

In contrast, natural assets like the Quartz Creek Community Watershed cannot be rebuilt in the same
way. If the watershed is damaged—such as by a major wildfire—it may no longer provide critical
service flows, including water supply and storage. While restoration and reforestation can help
recover natural functions over time, service provision may be significantly disrupted for several years
or even decades.

Given this context, the replacement cost for Quartz Creek must be estimated by identifying
engineered systems that could replicate the key services it provides. In other words, this analysis
estimates the cost of replacing the services provided by the Quartz Creek watershed, not the physical
replacement of the natural assets themselves. This distinction is critical given the unique role the
watershed plays as living infrastructure. Cost estimates represent the most feasible engineered
analogues to replicate service provision (e.g. bulk water delivery, built storage), not ecological
restoration. Specifically, this section focuses on the engineered alternatives for two essential
hydrologic services currently provided by the watershed: (1) the delivery of drinking water and (2) the
storage and regulation of water by forest cover. For each, realistic substitutes are identified — bulk-
water trucking and engineered storage tanks — and the costs of delivering comparable service levels
using built infrastructure are estimated.?

5.1 Replacement of Drinking-Water Supply via Bulk-Water Trucking

Quartz Creek provides approximately 26,625 m® per year of treated drinking water — an average of
73 m® per day — to 108 residential connections in the community of Ymir. According to the
Emergency Preparedness and Response Plan for the Quartz Creek Community Watershed, no readily
available alternate water source currently exists. In the event of a watershed failure that disrupts
water quality or quantity (e.g., from wildfire or slope destabilization), emergency water would need
to be transported into the community via bottled water, portable tanks, or bulk-water tankers until
the original source is restored. Under these conditions, the only feasible near-term replacement is
the delivery of bulk potable water by truck.

Replacing the watershed’s supply function would require establishing a reliable bulk-water hauling
system supported by certified infrastructure. This includes:

e A dedicated potable-water fill station, ideally located in Salmo or Nelson, with pumping,
storage, and certification by Interior Health.

2 The costs presented in this section represent conservative (lower-bound) estimates and do not reflect
contingency, emergency surge premiums, or future inflation. Actual costs during drought or wildfire
emergencies may be significantly higher.
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e Accesstoacommercial fleet of potable-water trucks and certified operators, with minimum
capacity to complete at least four 20 m® round trips per day to meet daily demand.

e An operational plan ensuring water quality standards, regulatory compliance, and
emergency logistics capacity during peak season or wildfire events.

While the trucking approach is technically feasible, it presents significant logistical, financial, and
strategic challenges. Nearby fill stations in Salmo and Nelson offer the most accessible options, but
certified commercial haulers are located in distant communities such as Cranbrook, Vernon, and
Golden. Moreover, regional capacity for bulk potable-water hauling is limited, particularly during
drought or wildfire emergencies when multiple communities may be drawing on the same services
(Janzen et al. 2022).

Bulk water could potentially be sourced from nearby systems such as Nelson or Salmo and
transported by truck to Ymir. This approach assumes that these systems have surplus capacity;
however, Salmo’s system is already constrained, and Nelson’s supply depends on seasonal sources,
meaning water availability during drought or wildfire events is uncertain. Other potential source
communities are located farther away, which would increase trucking distances and costs. For this
reason, the estimates presented here should be considered lower-bound cost scenarios.

Bulk-water rates vary across BC. Table 55-1 summarizes published rates from municipal fill stations
as of May 2024. The mean fill-station water price is approximately $3.50 per m?®, which has been used
in this assessment.

Table 55-1. Bulk Potable Water Rates from Fill Stations in Select British Columbian Communities (2024 CAD).

Community Price ($/m?) Use Source (Accessed May 2024)
West Kelowna $1.57 General Bulk Water Station - City of West
Kelowna
. Bulk Fill Water Stations | Maple
Maple Ridge $1.70 General Ridge, BC
Golden $3.56 General Bulk Water | Town of Golden
i Bulk Wat Wast t
Houston $8.00 Qommgrmal& u . ater and Wastewater
industrial Station
Bulk Wat Wast t
Houston $2.00 Residential . . aterand Wastewater
Station
Dawson Creek $4.54 Domestic Water Sales - City of Dawson
Creek
Kamloops $3.12 General Bulk Water Supply | City of
Kamloops
Mean $3.50

Table 5-2 summarizes the replacement cost of Quartz Creek’s supply function using bulk-water
hauling under 2024 cost assumptions, including trucking costs (per m3), bulk-water purchase fees,
and amortized fill-station costs.
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https://www.westkelownacity.ca/en/our-community/bulk-water-station.aspx#:~:text=Apply%20to%20Use%20the%20Station,Rates%20are%20subject%20to%20change.
https://www.westkelownacity.ca/en/our-community/bulk-water-station.aspx#:~:text=Apply%20to%20Use%20the%20Station,Rates%20are%20subject%20to%20change.
https://www.mapleridge.ca/resident-services/water-sewer/waterworks/bulk-water-fill-stations
https://www.mapleridge.ca/resident-services/water-sewer/waterworks/bulk-water-fill-stations
https://www.golden.ca/town-services/utilities/bulk-water
https://www.houston.ca/water_wastewater
https://www.houston.ca/water_wastewater
https://www.houston.ca/water_wastewater
https://www.houston.ca/water_wastewater
https://www.dawsoncreek.ca/en/Home-Property-Utilities/water-sales.aspx
https://www.dawsoncreek.ca/en/Home-Property-Utilities/water-sales.aspx
https://www.kamloops.ca/city-services/utilities-services/water-waste-services/bulk-water-supply
https://www.kamloops.ca/city-services/utilities-services/water-waste-services/bulk-water-supply

Table 55-2. Annual Cost of Bulk-Water Trucking to Replace Drinking-Water Supply (based on 26,625 m®annual demand; all
values in 2024 CAD).

Bulk A L Total
Source Wat:r Fee Trucking D:l?:ez:' Fill Station Anonjal Annual Cost per
Location - Cost ($/m°) Y (Amortized) Connection
Salmo $3.50 $7.44 $291,150 $12,000 $303,150 $2,808
Nelson $3.50 $18.60 $588,750 $12,000 $600,750 $5,559

o Bulk-water fee reflects the average bulk water fill rates for municipal potable water from a
selection of BC communities (see Table 5-2).

e Trucking costs are based on a cost model developed by Janzen et al. (2022), escalated to
2024 CAD using BCPI and diesel fuel index adjustments.

e Fill station costs assume a capital investment of $230,000-$350,000, amortized at $7,000
peryear over a 50-year life, with $5,000 annual operations and maintenance. The cost to build
a new filling station in Salmo or Nelson is informed by recent experience in the Capital
Regional District (CRD 2024).

While the Salmo route offers a more cost-effective option, both scenarios result in annual system-
wide costs exceeding $300,000 to $600,000, or $2,800 to $5,600 per connection. These costs do not
include contingencies or environmental risk premiums.

Summary and Implications

o Bulk-water trucking is technically feasible but logistically complex, regionally constrained,
and cost-prohibitive as a sustained water supply strategy.

o The high cost per connection and lack of delivery redundancy make this option suitable only
as a short-term emergency measure, not a permanent replacement.

¢ This reinforces the economic and strategic value of maintaining the integrity of the Quartz
Creek Community Watershed, which provides continuous, gravity-fed, and treatment-
compatible water without the need for hauling, emissions, or third-party supply
dependencies.

5.2 Replacement of Water Storage via Engineered Tanks

In addition to supplying potable water, the intact forest cover of the Quartz Creek Community
Watershed provides a vital natural water storage function. Through canopy interception, forest soils,
and sub-surface flow regulation, the watershed retains and gradually releases water, ensuring more
stable base flows throughout the year.

Forest-mediated storage is not a static volume like a reservoir. Rather, it acts as a distributed,
seasonal sponge, holding back and slowly releasing showmelt and precipitation over time. The
actual annual storage service capacity of the watershed is unknown. However, in the absence of this
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natural buffering function, Ymir could require up to 26,625 m?® of built storage (the equivalent of its
annual water demand) as a theoretical maximum to maintain consistent year-round supply.

If forest cover were substantially lost or degraded, due to wildfire, disease, or clearcutting, this
storage function could be significantly impaired, leading to increased flow variability, sedimentation,
and potential shortages during low-flow periods. In this case, the only feasible engineered
replacement would be to construct sufficient above-ground storage tanks to compensate for the loss
of natural retention and flow regulation.

Ymir’s current 617 m® storage tank, installed in 2018, serves as a useful cost benchmark (RDCK
2023). It was valued at $800,946 in 2024 CAD from the Ymir system’s asset management plan. This
implies a capital cost of $1,298 per m® of capacity. Assuming a conservative 55-year lifespan, the
amortized replacement cost is $23.60 per m® per year.

This unit cost can be used to estimate the financial implications of constructing engineered tanks to
replace different fractions of the watershed’s storage function; up to a maximum of 26,625 m®,
equivalent to Ymir’s annual demand (Table 5-3).

Table 55-3. Estimated Replacement Cost of Forest-Mediated Water Storage (all values in 2024 CAD).

Storage Replacement Volume Capital Annualized Cost per Connection
Scenario Replaced (m®) Cost Cost (Annual)
Full replacement $34,569,750 $5,651
25% replacement 6,656 $8,642,437 $157,084 $1,454
5% replacement 1,331 $1,728,487 $31,730 $294

These estimates assume immediate construction of tanks to offset lost storage function. They do not
include additional costs such as land acquisition, permitting, geotechnical site preparation, or
operations and maintenance. Nor do they account for the co-benefits of natural forest storage,
including filtration, habitat connectivity, and fire-risk mitigation, which cannot be replicated by built
infrastructure.

Summary and Implications

o The forested watershed provides a distributed, passive storage system that requires no
external energy, maintenance, or infrastructure investment.

o Replacing even a small fraction of this natural storage capacity with engineered tanks would
result in substantial capital and annual costs, ranging from $6,000 to over $600,000 per year,
depending on the scale of function loss.

e Theoretical storage needs could reach 26,625 m® (equivalent to Ymir’s annual demand) if
forest-mediated regulation were completely lost.
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These findings underscore the high economic value of forest integrity in the watershed and
the importance of investing in forest protection, monitoring, and post-disturbance recovery
strategies.

5.3 Consideration of Other Alternatives

In the event of a major service disruption in the Quartz Creek Community Watershed, alternative
water sources beyond bulk-water trucking were also considered. These options are constrained by
geography, infrastructure requirements, regulatory complexity, and system limitations. While some
may serve as medium- to long-term solutions with significant investment, none currently offer a
reliable or cost-effective substitute for the watershed’s existing function. Options include:

1.

Connection to Salmo’s water system. Salmo is the nearest community with an established
municipal water supply. However, its system has known capacity constraints and no
confirmed surplus to support emergency exports to Ymir. It is not realistic to think that Salmo
will have sufficient supply to support the community of Ymir. In addition, a connection would
require construction of a pressurized main across very difficult terrain, along with costly
upgrades to Salmo’s treatment and storage infrastructure. The regulatory feasibility of this
alternative is uncertain if not insurmountable. Given these substantial barriers, this option is
not economically viable or technically feasible.

Connection to other regional systems. Beyond Salmo, the most prominent regional system
is Nelson’s. However, Nelson is approximately 30 km away and located at a significantly
higher elevation. Interconnection would require new long-distance transmission
infrastructure, pump stations, and storage facilities. Nelson’s supply is also reliant on high-
elevation, snow-fed creeks and may not have surplus capacity during low-flow periods. No
formal agreements or infrastructure plans currently support such a connection.

Development of a new surface water source. Several alternative watersheds (Porcupine,
Stewart, Oscar, and Ymir Creeks) were noted as potential alternative surface water sources
for Ymir. However, none of these systems currently supply drinking water and would require
full source development from the ground up. This includes hydrologic studies, a watershed
assessment, and the design and construction of new intakes, treatment facilities, and
storage infrastructure. Given the mountainous terrain, land ownership, and environmental
permitting requirements, this approach would be expensive, slow, and technically complex.

Development of a new groundwater source. The most feasible long-term alternative is the
development of a groundwater supply, specifically from Aquifer #0493 — the Salmo River
Bedrock Aquifer. This aquifer lies beneath the Salmo River valley and extends beneath the
Ymir townsite, making it geographically accessible and potentially suitable for community-
scale use. Preliminary mapping identifies it as a bedrock aquifer with moderate productivity.
However, to confirm viability, the community would require detailed hydrogeological studies,
pump testing, and long-term monitoring to assess sustainable yields. If flow volumes prove
adequate, this option offers key advantages: lower exposure to surface contamination,
greater source protection potential, and proximity to existing distribution infrastructure.
Despite its promise, uncertainty around flow volumes remains a critical limitation.
Infrastructure investment would be required to construct wellheads, treatment systems, and
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system connections. More realistically, this option could serve as a partial redundancy to
offset risk and supplement Quartz Creek during times of disturbance. This potential role is
noted as a future management consideration in Section 7.

All alternatives described above would require major capital investment, extended permitting
timelines, and long-term infrastructure development. None are immediately deployable, and none
guarantee adequate supply during periods of peak demand or climate-driven stress. In contrast,
bulk-water trucking, while costly and logistically challenging, is the only immediately accessible
solution. This reinforces the importance of maintaining the integrity and resilience of the existing
watershed.

5.4 Replacement Cost Summary

This replacement cost assessment highlights the substantial financial value of the hydrologic
services provided by the intact Quartz Creek Community Watershed. If these services were lost or
impaired, whether by wildfire, land-use change, or other disturbance, the only viable substitutes
would be costly, engineered interventions. These include bulk-water hauling to replace the drinking-
water supply and above-ground tanks to replicate forest-mediated storage.

The findings are clear:

1. The natural watershed is the least-cost, most reliable service provider. Replacing Quartz
Creek’s drinking-water supply through bulk hauling would cost between $303,000 and
$601,000 annually, or $2,800-$5,600 per connection. These figures are conservative and
exclude costs associated with delivery failures or long-term inflation risks.

2. Built storage is prohibitively expensive at scale. Replacing even 25% of forest-mediated
storage would require more than $8.6 million in tank infrastructure, with annualized costs
exceeding $157,000. A full replacement of up to 26,625 m® (the theoretical maximum
equivalent to Ymir’s annual demand) would cost over $34.5 million to build, with more than
$610,000 in annualized costs.

3. Engineered replacements are not like-for-like. Tanks and trucks replicate only volume, not
the full ecological, hydrologic, or quality-regulating benefits of an intact watershed. Natural
storage also provides fire-risk mitigation, sediment control, and long-term flow stabilization;
services that built infrastructure cannot easily match.

4. Investingin watershed health is fiscally prudent. Proactive protection, forest stewardship,
and post-disturbance recovery offer a far more cost-effective and resilient strategy. These
actions safeguard long-term service delivery and reduce the financial risks of emergency
replacements or service disruption.

By framing natural functions in terms of replacement cost, this analysis equips decision-makers with
a tangible, infrastructure-based comparison. It underscores the critical insight that natural assets
are service assets and that maintaining their integrity is a financially sound, risk-informed, and
operationally reliable approach to long-term water management.
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6. Risk Assessment

This chapter presents the risk assessment for the Quartz Creek Community Watershed, a 588-
hectare, predominantly forested sub-basin that provides the sole source of drinking water to the
nearby community of Ymir. As demonstrated in Section 4, the watershed is currently in a near-pristine
state and functions as a living infrastructure system, providing essential ecosystem services
including water storage, filtration, flow regulation, and quality protection. These natural services are
essential to Ymir’s high-quality and reliable water delivery.

The risk assessment is designed to evaluate two interrelated dimensions:

1. Risks to the natural assets that comprise the source watershed, particularly the forest,
soils, and hydrologic features.

2. Risks to the provision of drinking water at the point of intake, with a specific focus on
hazards that originate from or directly affect the watershed’s condition and function.

This dual lens recognizes that damage or degradation of natural assets can directly reduce the
quality, quantity, or reliability of drinking water. However, some risks may affect drinking water
availability or quality without directly harming the natural asset base (e.g., shifts in snowmelt timing
due to climate change). Importantly, this risk assessment excludes risks associated with built
infrastructure (e.g., treatment facilities, pipes) and focuses strictly on the watershed and its
functions up to the intake point.

A critical contextual factor underpinning this assessment is the absence of feasible alternative water
sources (see Section 5). Given this reality, the integrity and functionality of these natural assets are
paramount to ensuring reliable, safe drinking water provision. Any degradation or disruption to the
watershed's natural systems directly translates to potential impacts on water security for the entire
community.

Table 6-1 summarizes the identified hazards to the watershed and drinking water service, including
their descriptions and relevance.
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Table 66-1. Overview of identified hazards to the Quartz Creek Community Watershed.

Hazard

Description

Compounding Factors

Primary
Relevance

Wildfire Catastrophic loss of forest cover Compounded by drought Natural Assets
leading to reduced water storage conditions, climate change
capacity, increased erosion, patterns, and inappropriate forest
creation of hydrophobic soils, and management practices
potential water quality degradation
from ash and debris
Drought Extended periods of reduced Compounded by climate change, Drinking Water
precipitation resulting in increased consumption, and Provision
diminished water storage, reduced seasonal variations; may increase
groundwater recharge, and wildfire risk
potential ecosystem stress
Erosion Surface soil loss and sediment Vegetation loss, spring snowmelt, Both
delivery from disturbed slopes or unmanaged runoff
bare soils
Landslides Mass wasting events that alter Significantly compounded by loss Both
channels, increase sediment load, | of forest cover (particularly from
and block or redirect flow wildfire), steep terrain, and extreme
precipitation events
Forest Pest Large-scale insect infestations Compounded by climate change Natural Assets
Outbreaks (e.g., mountain pine beetle) creating favorable conditions for
causing widespread tree mortality pest survival and reproduction, and
and altering forest composition by forest monocultures
and hydrological function
Commercial Commercial logging activities May compound wildfire and Natural Assets
Logging resulting in immediate loss of erosion risks by removing
forest cover and disruption to protective vegetation and altering
natural hydrological processes local microclimates
Forest Logging | Construction and maintenance of May compound erosion risks and Natural Assets
Roads logging access roads leading to provide vectors for inappropriate
habitat fragmentation, altered use and contamination
drainage patterns, and potential
contamination sources
Acid Rock Presence of geological formations May be compounded by changes in | Drinking Water
Drainage that may leach minerals or metals groundwater flow patterns, Provision
(e.g., acid rock drainage) into the increased residence time during
water supply drought, or disturbance from
development activities
Mining Exploration or development could Lack of treatment infrastructure, Both
disturb sulfide-bearing rock or sensitive intake location
expose water to toxic materials
Climate Altered timing, intensity, and Compounds drought, wildfire, and Both
Change - distribution of rainfall affecting pest outbreak risks while
Precipitation watershed recharge and seasonal potentially intensifying extreme
Patterns water availability weather events

42




Primary

Hazard Description Compounding Factors Relevance
Climate Changes in snowmelt timing and Compounded by temperature Drinking Water
Change - rates affecting seasonal water increases and altered precipitation | Provision
Snowpack storage and release patterns patterns, potentially leading to
Dynamics earlier spring peaks and summer
water shortages

Seasonal Natural fluctuations in water Compounded by climate change, Drinking Water
Water Volume availability throughout the year increased consumption, and Provision
Variations creating periods of potential altered snowpack dynamics

shortage or excess
Recreation and | Sanctioned and non-sanctioned May be compounded by increased Both
Non-Sanction uses such as dumping, camping, access from road development and
Uses and trail use could introduce lack of enforcement or monitoring

contaminants and disturb

ecosystems.

6.1 Risk Approach

This natural asset risk assessment focuses on how the hazards may affect the health of the
watershed and, by extension, the community’s ability to rely on it for a consistent supply of clean
drinking water. For each hazard, a risk score was developed using two considerations:

1. Likelihood — the expected probability of the hazard occurring within a relevant planning
horizon.

2. Consequence — the severity of impact of the hazard on the watershed’s ecological function
or its capacity to provide clean drinking water if the hazard occurs.

To establish scores, a structured and transparent approach was employed that integrates:
e Local knowledge of watershed conditions and management history
o Empirical evidence from peer-reviewed literature and regional studies
e Historical precedents, where applicable
e Judgment of potential consequences based on expert review and precautionary principles

The scores were applied considering the Quartz Creek system’s unique sensitivity as a small,
snowmelt-dominated, high-elevation catchment with no feasible alternate drinking water sources,
and no infrastructure for treating chemical or heavy metal contamination.

6.1.1 Framework Alignment

The framework used in this assessment is aligned with the Source Water Protection risk assessment
approach outlined in the Source to Tap Assessment Guide (STTAG) (BC Ministry of Health et al.,
2016). It also reflects principles from the BC Ministry of Environment’s environmental risk
characterization guidance and Interior Health’s Drinking Water Source Assessment protocols.
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The tables and terminology used in this report have been adapted to:
1. Reflect the broader ecosystem services context of natural asset management
2. Strengthen the emphasis on long-term service reliability

3. Improve accessibility for integration into land use, watershed, and climate planning
processes

6.1.2 Risk Rating Definitions

Likelihood reflects how probable it is that the hazard will occur over the planning horizon. Table 6-2
contains likelihood rating and definitions.

Table 66-2. Likelihood scoring definitions.

Rating Definition Indicators

Rare Highly unlikely; may occur in extreme or No recent occurrences; low climate
unprecedented conditions. projection alignment.

Unlikely Possible but not expected within planning Isolated cases in similar watersheds.
horizon.

Moderate | Occurs occasionally; could plausibly happenin Past examples, moderate trend
the next 10-20 years. indicators.

Likely Expected to occur intermittently or in certain Recurring regional events; supported by
conditions. projections.

High Very likely to occur within planning horizon. Strong historical precedent or consistent

upward trend.

Consequence reflects the level of disruption or harm that would occur if the hazard materialized.
Table 6-3 contains definitions and ratings for consequences.

Table 66-3. Consequence scoring definitions.

Definition Indicators

Minor Low or negligible impact on service or ecosystem. No Temporary or small-scale
disruption. ecological disturbance.

Moderate | Noticeable but manageable disruption. Temporary loss Short-term degradation, but
of service or decline in asset condition. recoverable.

High Serious damage to natural asset or long-term disruption Requires intervention; significant
to service. user impacts.

Very High | Irreversible or systemic damage. Prolonged or complete Threat to water supply security,
loss of function. ecological collapse.

Table 6-4 demonstrates how likelihood and consequence ratings are combined to establish an
overall risk score. No weighting is assigned to the likelihood or consequence scores implying equal
weighting for both when the scores are combined into an overall risk score.
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Table 66-4. Risk scores associated with combined likelihood and consequence ratings.

Likelihood ¥ / Consequence > i i Very High
Rare Low Low Med High
Unlikely Low Med Med High
Moderate Low Med High Very High
Likely Med High High Very High
High Med High Very High Very High

Table 6-5 provides information on how to interpret the risk scores by summarizing the typical
response associated with each risk rating.

Table 66-5. Response guidance by risk score.

Score Response Guidance

Low Monitor, minimal action required unless conditions change.

Medium Incorporate into ongoing planning and preparedness efforts.

High Prioritize for proactive management and mitigation planning.

Very High / Immediate planning action required. May warrant emergency preparedness or long-
Extreme term adaptation measures.

6.1.3 Precautionary Lens

This risk assessment applies a precautionary lens due to the critical importance of the watershed as
the sole source for drinking water for the community of Ymir. Where uncertainty exists, particularly
for emerging or poorly quantified hazards, risk ratings prioritize consequence over probability,
recognizing that the community has limited capacity to mitigate large-scale failures or secure
alternate supply in the event of system failure (e.g. contamination or loss of flow).

6.2 Risk Assessment Results

6.2.1 Wildfire

Wildfire poses a severe risk to the ecological and hydrological integrity of the watershed. High-
severity wildfires can remove the forest canopy, combust organic soil layers, and leave behind
hydrophobic soils that repel water, resulting in increased surface runoff, peak flows, and sediment
transport (Moody & Martin, 2001). These changes degrade the forest’s ability to store and slowly
release water, reducing the watershed's natural regulation of water quantity and timing.

The Ymir Fire Protection Area Community Wildfire Protection Plan (B.A. Blackwell & Associates Ltd.
2008) identifies the general area as having "high to extreme probability" and "moderate to high
consequence" for wildfire, especially in and near developed areas. The plan noted over 270 fire
events between 1950 and 2005, with 64% caused by lightning, confirming that ignition risk is not
solely anthropogenic and will likely persist or increase under climate change. Although most past
fires have been small (<4 ha), the trend toward larger, more severe events is well documented
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provincially and nationally. Figure 6-1 demonstrates the fire history for the area in and around the
Quartz Creek Community Watershed.

Quartz Creek Community Watershed Natural Asset Inventory

) Quartz Creek Community Watershed
[ Assessment Watershed

Years Since Fire
Bl 75-83
B 84-90
B 91-96
I 97-101
[ 102-108

A 0o 1 2 4 Kilometers g
ANALYTICS

Figure 66-1. Fire history in and around the Quartz Creek Community Watershed.

The Community Wildfire Protection Plan explicitly states that Ymir's water supply is vulnerable to
watershed disturbance, and that a large fire could cause severe infrastructure damage and
contamination of water sources, especially if slope stability is compromised.

Post-fire conditions often result in long-term declines in water quality, including elevated turbidity,
ash, nutrients, and heavy metals, with water treatment systems frequently overwhelmed by
sediment and contaminant pulses (Silins et al., 2009; Emelko et al., 2011). In burned watersheds,
revegetation may take decades, and in severe cases, ecosystem recovery may be incomplete or lead
to permanent shifts in vegetation and hydrologic function.

Likelihood Rating: High

The likelihood of a significant wildfire affecting the watershed is high, based on local fire history,
high-risk fuel types, and increasing climatic volatility.
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Justification:
e The Community Wildfire Protection Plan maps Ymir as high to extreme in fire probability.

e Provincial wildfire data and recent trend analyzes indicate an increase in fire frequency and
severity over the past two decades in the southern interior of BC (e.g., Jordan et al., 2015;
Silins et al., 2009).

e Lightning-caused ignitions are common and beyond human control.
e Regional climate trends suggest longer, drier fire seasons.
e Lackof large-scale recent burns suggests fuel accumulation is significant.

o (C2/C3/C4 fuels dominate the landscape surrounding Ymir and are priority targets for
treatment.

Consequence Rating: Very High

The consequence of wildfire to the watershed's natural assets and their ability to support drinking
water services is very high, due to both ecological degradation and service disruption.

Justification:

e Ymir’'s Community Wildfire Protection Plan confirms the water supply is highly vulnerable to
wildfire disturbance.

o Post-fire effects (e.g., erosion, turbidity, water contamination) would significantly impair
water quality.

e Given no alternative water source, even temporary impairment is critical.

e Recovery from high-severity wildfire can take decades or longer and may not fully restore
original function.

Risk Score: Very High (High Likelihood x Very High Consequence)

6.2.2 Drought

Drought is a significant and growing threat to the reliability of drinking water services in small,
forested, snowmelt-dependent watersheds like the one serving Ymir. The absence of an alternative
water source elevates the importance of drought resilience.

In BC, droughts have become more frequent and severe, particularly in the southern Interior.
According to the BC Drought Information Portal (BC Ministry of Water, Land, and Resource
Stewardship 2025), much of the West Kootenay region has faced Level 3 or higher drought conditions
in recent summers, including Level 4 and 5 (extreme drought) declarations affecting water licensing,
agricultural activity, and fish habitat. These trends are projected to intensify with climate change, as
spring snowmelt occurs earlier and summer precipitation declines.

For small communities relying on natural watersheds, drought can lead to:

e Critically low summer base flows, particularly in late July through September.
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e Higher concentration of contaminants (e.g., naturally occurring metals) due to reduced
dilution.

e Increased stress on vegetation and forest health, which in turn raises fire and pest risks.

Climate models for the Columbia Basin project reduced summer flows, earlier peak runoff, and
increased year-to-year variability in streamflow (PCIC 2020). Quartz Creek, while relatively intact, is
likely vulnerable to these trends due to its small size (588 ha) and dependency on snowpack for
sustained flows. Section 9.2 of Appendix A further documents climate related impacts for the region.

While the 2008 Community Wildfire Protection Plan for the Ymir Fire Protection Area does not
specifically address drought, its emphasis on climate-exacerbated wildfire risk and the vulnerability
of the water supply highlights the compounding impact of hot, dry summers.

Likelihood Rating: Likely
The likelihood of experiencing seasonal or multi-year drought conditions is likely and increasing.
Justification:

o Historical drought levels in the region have reached Levels 4-5 under the BC Drought
Response Plan.

e Climate projections show earlier snowmelt, reduced summer rainfall, and higher
evapotranspiration rates.

e Smallwatersheds can be more sensitive to precipitation anomalies.
Consequence Rating: High

Consequences to drinking water provision are high, particularly because the watershed is the sole
source of water for the community.

Justification:

e Sustained low flows could compromise water quantity and pressure, especially during peak
demand.

e Reduced dilution during low flows could increase the risk of naturally occurring
contaminant concentrations (e.g., acid rock drainage).

o Water treatment capacity may be affected if intake levels drop or turbidity increases due to
drought-induced erosion.

Risk Score: High (Likely Likelihood x High Consequence)

6.2.3 Erosion

Erosion is a persistent hazard in steep forested watersheds, particularly where vegetation is
disturbed or removed. In the Quartz Creek Community Watershed, surface erosion could increase
sediment delivery to streams, raise turbidity at the intake, and degrade the watershed’s filtration and
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flow regulation functions. These effects are most acute during spring snowmelt and storm events,
when peak flows can mobilize soil and debris.

The location of Ymir’s water treatment infrastructure adds sensitivity to this hazard. The intake sits
on an alluvial fan classified with a ‘G’ rating under the RDCK Floodplain Management bylaw,
indicating that it has been mapped by air photo but lacks surveyed limits (E. Senyk, RDCK, pers.
comm., 2025). This fan is geomorphically active and prone to sudden sediment deposition during
runoff events, increasing the intake’s vulnerability to surface erosion. This designation reflects both
geomorphic activity and data uncertainty. In practice, this means that the erosion risk may be higher
than currently quantified.

Forest cover plays a critical role in erosion control by stabilizing soils and intercepting rainfall.
Logging, wildfire, pest outbreaks, or road construction can remove this protection and expose
mineral soils, especially on steep slopes. These disturbances increase the risk of chronic surface
erosion, rill and gully formation, and sediment-laden overland flow.

Given the limited treatment capacity of Ymir’s system and uncertainty around its ability to effectively
filter fine sediments or turbidity, even moderate erosion events could impair drinking water services
temporarily or require intake shutdown.

Likelihood Rating: Moderate

The likelihood of damaging erosion affecting the intake area is currently rated as moderate but
could rise significantly if forest cover is lost or altered.

Justification:
e The watershed is currently intact, with stable soils and no active disturbance.

e The ‘G’ classification of the alluvial fan suggests a geomorphically active area, but without
defined recurrence interval.

e Forest loss due to wildfire or logging could sharply increase sediment yield and debris flow
risk.

e Post-fire erosion is well documented in comparable BC watersheds.
Consequence Rating: Moderate

Consequences to drinking water provision are moderate, especially given the intake’s location on
an alluvial fan, the limited capacity of the existing filtration infrastructure, and the absence of
backup supply.

Justification:
¢ Fine sediment can clog intakes and exceed turbidity thresholds for safe drinking water.
¢ Intake shutdowns would disrupt service to the entire community.
e Geotechnical or hydrological remediation of an active fan is complex and costly.

Risk Score: Medium (Moderate Likelihood x Moderate Consequence)
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6.2.4 Landslide

Landslides pose a distinct and serious hazard in steep, forested headwater catchments like Quartz
Creek. These events can occur suddenly and with high energy, transporting large volumes of soil,
rock, and organic debris downslope. When they intersect watercourses or intakes, landslides can
significantly disrupt both watershed function and drinking water services.

In southern interior BC, landslides have damaged both ecological systems and drinking water
infrastructure, with turbidity and sediment loading among the most common impacts. In extreme
cases, landslides can physically damage or block intakes, contaminate water supplies with fine
sediments and nutrients, and alter hydrologic pathways permanently (Jakob & Weatherly, 2003;
Jordan & Martin, 2004).

The Ymir Fire Protection Area Community Wildfire Protection Plan (B.A. Blackwell & Associates Ltd.
2008) notes that wildfire in this area would likely trigger slope instability, especially where steep
slopes intersect high fuel load areas. The Community Wildfire Protection Plan also emphasizes that
post-fire erosion risk must be considered in rehabilitation planning, especially for watershed
protection. In this region, large storms and rain-on-snow events can rapidly mobilize material—
especially where forest removal has exposed mineral soils or hydrophobic layers.

The consequences of a mass wasting event in this watershed could include:

o Complete or partial blockage of the intake.

e Long-term elevation in turbidity, nutrients, or metal concentrations.

e Physicalredirection of channels or destruction of riparian zones.

o Emergency water service interruptions and expensive mitigation or restoration efforts.
Likelihood Rating: Unlikely

Landslides are not frequent in the current undisturbed state of the watershed, but the potential
increases significantly with fire, vegetation loss, or road development.

Justification:
e Theterrainis steep and known to be susceptible to slope failures.
¢ Climate models project more intense precipitation and rapid melt events.
e Post-fire landslides are well documented in similar BC watersheds.
Consequence Rating: High

The consequences are high for both natural assets and drinking water, particularly due to the lack of
redundancy in supply and the potential for long-term ecological degradation.

Justification:
e Intakes could be blocked or buried, causing service outages.

e Channel structure and flow patterns may be permanently altered.
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o Cleanup and restoration are technically complex and expensive.

Risk Score: High (Unlikely Likelihood x High Consequence)

6.2.5 Forest Pest and Disease Outbreaks

Forest pest outbreaks pose a chronic and escalating risk to the natural integrity of the Quartz Creek
Community Watershed. Insect infestations can cause widespread canopy loss, tree mortality, and
fuel accumulation, reducing forest ecosystem functions related to water retention, snow
interception, transpiration, and slope stability.

In southern interior BC, mountain pine beetle (MPB) has affected millions of hectares over the past
two decades, and while the most extreme outbreaks peaked in the early 2000s, localized infestations
remain a concern. Existing data shows the historical pattern of forest pest outbreaks across the
Quartz Creek Community Watershed (Figure 6-2).

Quartz Creek Community Watershed Natural Asset Inventory

= Quartz Creek Community Watershed
|| Assessment Watershed

TYPE
| Bark Beetle

| Defoliator

Disease

N eoe

A 0051 2 Kilometers green..

ANALYTICS

Figure 66-2. Location and extent of pests and disease impacts in and around the Quartz Creek Community Watershed
within the last 20 years.

Kurz et al. (2008) show that climate change can facilitate pest expansion by:

e Shortening overwinter mortality periods.
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e Increasing outbreak frequency.
e Enabling range expansion into higher elevations.

When pest outbreaks reach a threshold of stand-level mortality, key ecosystem service impacts
include:

¢ Increased peak flows from snowmelt due to loss of canopy interception.

o Higher soil moisture and runoff in the short term, followed by reduced infiltration capacity.
¢ Elevated erosion and sediment risks as dead root systems decay and destabilize slopes.

e Increased wildfire risk, particularly when dead trees are left standing for years.

Studies from BC have shown that MPB-affected watersheds exhibit altered hydrology for up to 15
years post-outbreak (e.g., Winkler et al., 2010), including earlier snowmelt and increased water yield.
While these changes may seem beneficial from a quantity perspective, they increase the risk of flood
pulses, reduce late-summer baseflow, and elevate the risk of slope failure and sediment delivery.

The Ymir Fire Protection Area Community Wildfire Protection Plan (B.A. Blackwell & Associates Ltd.
2008) identifies pest-susceptible stands and recommends selective removal of beetle-prone
species as part of wildfire mitigation, confirming that forest pests are a concern in this watershed’s
fire and fuel dynamics. Although pest outbreaks may not immediately impair water quality, they can
significantly weaken the natural resilience of the forest to other risks (fire, erosion, drought) and
reduce its long-term water regulation functions.

Likelihood Rating: Moderate

The risk of localized pest outbreaks is moderate given current climate trends and forest
composition.

Justification:

¢ Regional data shows recurring pest cycles in southern interior BC forests (BC Ministry of
Forests, Lands and Natural Resource Operations 2012).

e Climate projections suggest that warming winters will continue to support beetle
persistence.

Consequence Rating: Moderate to High

Consequences to natural assets are moderate to high, depending on scale and duration of the
outbreak, and should be interpreted in the context of cumulative risk pathways. This rating reflects
both the direct impacts of pest outbreaks and their role in amplifying other hazards. Widespread tree
mortality weakens the forest’s ability to buffer snowmelt, reduce runoff, and stabilize soils—
functions that are critical in a small, single-source watershed like Quartz Creek. Pest-killed stands
also increase vulnerability to wildfire, erosion, and slope failure, intensifying cumulative risks to
water quality and watershed health.
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Justification:

e Significant loss of forest canopy and evapotranspiration function can alter watershed
hydrology.

o Pest-killed trees lead to increased fuel loads, erosion susceptibility, and fire risk.

e Long-term ecological consequences (e.g., shift in species composition, habitat
degradation) are possible.

e |Impacts to drinking water are indirect but could be significant due to cumulative effects.
Risk Score: Moderate to High (Moderate Likelihood x Moderate to High Consequence)

6.2.6 Commercial Logging

Commercial logging — particularly clear-cutting in snowmelt-dominated headwater catchments like
the Quartz Creek Community Watershed — has well-documented impacts on both water quantity
and quality, though effects vary based on harvest extent, location, and mitigation practices. Figure 6-
3 shows all known historical logging in the area surrounding Quartz Creek Community Watershed.
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Figure 66-3. Logging areas around Quartz Creek Community Watershed in last 20 years.
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Water Quantity Impacts

Clearcutting has been shown to reduce canopy interception and transpiration, which increases snow
accumulation and accelerates melt, leading to (Winkler et al., 2021; Whitaker et al., 2002; Gronsdahl
etal., 2019):

¢ Advanced timing of spring peak flows.
e Increased peak flow magnitude.

e Reduced late-summer low flows, especially when harvest exceeds 50% of the watershed
area.

Simulations in Redfish Creek and studies at Upper Penticton Creek (watersheds similar in size and
elevation to Quartz Creek) show peak flow increases of up to 22% with only 22% of the basin
harvested (Whitaker et al., 2002). With 50% clearcutting, 100-year floods became 5-6.7 times more
frequent and significantly advanced the timing of snowmelt-generated high flows and decreased
late-summer low flows (Winkler et al., 2021). Similarly, Gronsdahl et al. (2019) show that as extent of
logging increased to approximately 50% of the catchment area, reductions in daily summertime low
flows became more significant, and seasonal low-flow yields were significantly lower.

The magnitude of change in streamflow depends on factors such as the annual precipitation,
precipitation in years following cutting, the rate of revegetation, the percentage of the watershed
harvested, the location and elevation of the cut blocks within the watershed, and the time since
harvest (Laird & Cumming, 2001; Whitaker et al. 2002; Winkler et al. 2021).

Water Quality Impacts
Water quality impacts associated with clearcutting include:

e Suspended sediment and turbidity consistently increase post-harvest, particularly when
soils are disturbed (Winkler et al., 2021).

e Colour (True Colour Units) increased from 17 TCU (control) to over 50 TCU in logged
watersheds (Winkler et al. 2021). High colour values can be problematic for downstream
water treatment plants.

e DOC (dissolved organic carbon) storm responses are larger and faster in clear-cut areas,
stressing water treatment (Mistick & Johnson, 2020).

¢ |norganic nitrogen (e.g., nitrate) can increase after harvest but typically remains below health
thresholds (Hope, 2009).

e Temperature has been shown to increase up to 13°C post-harvest without riparian buffers
(Gomi & Dhakal, 2006).

These effects are most severe when riparian zones are logged, harvest occurs in upper-elevation
sSnow zones, or logging occurs on north-facing slopes, which normally function as key seasonal water
storage areas.
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Critical Considerations for Quartz Creek

e The dense, north-facing forest canopy in this watershed likely functions as a natural water
storage and regulation system. Logging in these zones could reduce resilience to climate-
driven low-flow conditions.

o Many of the common water quality issues noted above could be minimized with common
mitigation strategies (e.g. maintaining sufficient riparian buffers). However, there are two key
risks from commercial logging that are less easily mitigated:

1. Increased risk of acid rock drainage, especially where roads expose mineralized
geology. This is addressed separately in Section 6.2.8.

2. Altered seasonal flow timing, which could jeopardize the community’s water
security during the dry season.

Likelihood Rating: Moderate

While no logging is presently occurring and the timber licence holder has expressed they have no
current plans in place to harvest within the watershed, the potential for future commercial activity
remains.

Justification:

e Logging is a permitted land use in many community watersheds in BC unless otherwise
protected.

e The watershed’s forest cover may be viewed as economically attractive.
¢ Without formal restrictions, logging remains a plausible scenario.
Consequence Rating: High

Consequences to natural asset function are high, particularly if harvesting exceeds 30-50% of
watershed area or occurs on critical slope positions.

Justification:
e Proven hydrologic and water quality effects across multiple BC case studies.
e Even with mitigation (e.g., buffers), streamflow timing and peak magnitudes are altered.

¢ In a single-source drinking water system, even temporary increases in turbidity or low-flow
conditions carry service-level risks.

Risk Score: High (Moderate Likelihood x High Consequence)

6.2.7 Forest Logging Roads

Forest logging roads are one of the most persistent and damaging forms of linear disturbance in
headwater catchments. Even when temporary, poorly planned or maintained roads can significantly
alter hydrologic connectivity, destabilize slopes, and mobilize sediment during rainfall or snowmelt
events (Jordan & Martin, 2004).
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In snowmelt-dominated regions like southern interior BC, road surfaces concentrate and accelerate
surface runoff, while culverts or ditches can redirect flows in ways that exceed natural infiltration
capacity, triggering erosion or shallow landslides. This is particularly hazardous on steep, dissected
terrain (such as that surrounding Ymir) where a small road failure can result in long runout debris
flows that overwhelm streams and water intakes.

The BC Ministry of Forests' (2019) provides detailed guidance for forest road planning, construction,
and deactivation, including best practices for drainage design, slope stabilization, buffer zones, and
erosion control. These measures are especially critical in sensitive areas such as community
watersheds. The inclusion of this guidance in official provincial engineering standards reflects the
recognized severity of the risks that forest roads pose to water quality, slope stability, and overall
watershed function—particularly in unprotected or unmanaged catchments.

Empirical studies from BC have shown:

e Forest roads are often the largest contributors of fine sediment to streams following logging
(Reid & Dunne, 1984; Jordan & Martin, 2004).

e Chronic sediment loading can degrade aquatic habitat and exceed turbidity thresholds for
drinking water treatment, especially where intakes are unfiltered or close to road alignments
(Reid & Dunne, 1984; Jordan & Martin, 2004).

e legacy roads or decommissioned routes can continue to erode and contribute sediment
decades after initial use (Jakob & Weatherly, 2003).

The Ymir Fire Protection Area Community Wildfire Protection Plan (B.A. Blackwell & Associates Ltd.
2008) also flags road networks as ignition vectors and notes that roads in steep areas with high fuel
loads may serve as conduits for both wildfire spread and slope destabilization.

Roads also enable human access; raising the risk of fire, unauthorized dumping, camping, or off-
road vehicle use, which can further degrade water quality or disturb wildlife habitat. Figure 6-4
demonstrates the location and extent of roads in the area surrounding Quartz Creek Community
Watershed, including active and pending fire roads.
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Figure 66-4. Roads in the area surrounding Quartz Creek Community Watershed, including active and pending fire roads.
Likelihood Rating: Moderate

No new road development is currently occurring, and the watershed remains largely intact. However,
the potential for road construction exists if commercial logging resumes or expands.

Justification:
e Forestroads are required for timber access in steep terrain.

e The watershed may contain legacy roads or informal access routes, which present ongoing
risks if not properly managed.

Consequence Rating: High

Consequences to the watershed’s natural functions are high, especially if roads intersect riparian
zones or destabilize slopes.

Justification:

¢ While some of the risks can be mitigated using provincial best management practices, in the
absence of enforcement or oversight, their application cannot be guaranteed.
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e Historical precedent in BC shows that even small-scale road construction can lead to
persistent sedimentation and hydrologic disruption if poorly managed.

¢ Road-related sediment is well documented in the literature and is difficult to control once
mobilized.

¢ Sediment mobilization can persist for years or decades.
o Road failures can initiate landslides or divert stream channels.
e Accessroadsincrease non-natural disturbance risk (e.g., fires, dumping, invasive species).

e Drinking water systems relying on single-source surface intakes are especially vulnerable to
suspended sediment and turbidity pulses.

Risk Score: High (Moderate Likelihood x High Consequence)

6.2.8 Acid Rock Drainage

Acid rock drainage occurs when sulfide minerals—particularly pyrite (iron sulfide)—are exposed to
oxygen and water, leading to the production of sulfuric acid. This acidic runoff dissolves toxic metals
such as copper, lead, mercury, and zinc, which can then enter surrounding water bodies. Acid rock
drainage can be triggered by natural erosion, but is commonly associated with mining, road
construction, or other forms of ground disturbance that expose sulfide-bearing rock.

In the Quartz Creek Community Watershed, the potential for acid rock drainage has been explicitly
documented. A 2020 report by SNC-Lavalin, commissioned by BC Timber Sales, identified multiple
potentially acid-generating rock types along planned forest road alignments. This was independently
reviewed and substantiated by Dr. Steven Emerman, who concluded that the risk to the community
water source was credible and under-assessed.

Their static and leachate tests on 16 rock samples confirmed that dacite, latite, and tonalite in the
area are potentially acid-generating. Leach tests found runoff concentrations exceeding BC drinking
water and aquatic life standards for pH, sulfate, and up to 10 metals, including aluminum, cadmium,
copper, iron, mercury, nickel, and zinc.

Emerman (2020a), in atechnicalreview, concluded that the SNC-Lavalin study likely underestimated
the actualrisk:

o |tassessed only a portion of the watershed, limited to the proposed Phase 1 road alignment

e |t lacked kinetic (long-term) tests, which are necessary to understand sustained leaching
potential. Kinetic testing involves extended-duration experiments that simulate real-world
geochemical conditions to evaluate the long-term release rates of acidity and metals from
disturbed rock or soil. These tests are critical in identifying whether acid-generating reactions
will persist, escalate, or taper off over time.

e The mitigation measures were generic and nonspecific, and the proposed monitoring plan
lacked defined response actions.

e The assumption that runoff would not reach surface waters was not supported by evidence
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e Soils in the area were also identified as potentially acid-generating, raising concerns about
cumulative loading.

As Maest et al. (2002) note, predicting the long-term water quality impacts of acid-generating rock
disturbance requires site-specific kinetic testing and careful modelling, both of which were lacking
in the SNC-Lavalin assessment, as was highlighted by Emerman (2020a).

This potential risk is also compounded by the fact that the Quartz Creek Community Watershed has
been identified as having moderate to high terrain sensitivity and shallow soils in several locations
(Uunila, 2018), increasing the likelihood that exposed acid-generating rock could generate surface
runoff with minimal buffering capacity.

Currently, no new road construction is planned, and the watershed remains in excellent condition,
which supports a moderate likelihood rating. However, given the documented presence of potentially
acid-generating materials and the lack of treatment infrastructure, any future disturbance to forest
cover or terrain—particularly road construction—could rapidly elevate this to a high-impact event.

This latentrisk is especially serious given the absence of redundancy in Ymir’s drinking water system.
If acid rock drainage is triggered near the water intake, it could cause sustained contamination,
threaten human health, and require major infrastructure investment to address—potentially beyond
the means of the community.

Likelihood Rating: Moderate

Acid rock drainage potential is confirmed in local geology, and the risk would increase significantly
with additional road construction.

Justification:
e The watershed is currently undisturbed, and no roads are planned.

e However, potential acid rock drainage sources are known to exist, and even limited
disturbance (e.g., test pits, access roads) could trigger exposure:

o Static and leach tests show clear acid-generating potential of exposed rock and
soils.

o Road construction or slope disturbance could rapidly expose these materials to
runoff.

o The community has no water treatment system capable of removing heavy metals
or neutralizing acid.

o Pastand proposed forestry activities increase the likelihood of disturbing potentially
acid-generating rock.

o Runoff modeling suggests exceedances of BC water quality standards even under
conservative assumptions.

e Anynew land use (e.g., commercial logging) would increase the likelihood dramatically.
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Consequence Rating: High

Consequence is high due to the potential for water supply contamination in a system without
mitigation infrastructure.

Justification:

e Drinking water standards would be exceeded for aluminum, fluoride, and mercury under
modeled conditions.

e Acidic water can harm aquatic life, corrode infrastructure, and mobilize additional metals
from sediment.

e |If acid rock drainage occurs near or above the intake, it could render the entire supply
unsafe, with no redundancy or alternate source.

o Remediation costs (e.g., water treatment facilities, containment) would be significant and
unaffordable for a small community.

o Current assessments do not provide sufficient confidence that mitigation can fully prevent
or manage the risk.

Risk Score: High (Moderate Likelihood x High Consequence)

6.2.9 Climate Change — Precipitation Patterns

Precipitation patterns in southern interior BC are becoming less predictable and more extreme, a
trend expected to continue or intensify under future climate scenarios. In snowmelt-dominated
watersheds like the one serving Ymir, the seasonal shift from snow to rain has profound implications
for both the functioning of natural assets and the provision of drinking water. Section 9.2 of Appendix
A further documents climate related impacts for the region.

The Pacific Climate Impacts Consortium (PCIC) projects the following for this region over the coming
decades:

e More winter precipitation falling as rain rather than snow
e Shorter snow-covered season, with earlier and faster melt
e Increased frequency of high-intensity rainfall events, especially in fall and spring
e Longer summer dry periods, contributing to drought risk
These trends could interact with the watershed in multiple ways:

o Earlier spring runoff can lead to increased spring flooding and reduced water availability later
in the year

o More frequent heavy rainfall events increase the risk of landslides and erosion, particularly if
areas of the watershed are disturbed and steep

e The combination of greater peak flows and reduced late-season base flows reduces the
watershed’s natural regulation capacity
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o Water quality may decline during intense storms due to sediment mobilization, turbidity
spikes, and contaminant flushing

In forested watersheds, intact vegetation helps buffer extreme precipitation, but this capacity is
diminished by logging, fire, or pests. The watershed’s ability to maintain stable flow and filtration
services will therefore be increasingly reliant on maintaining canopy cover, soil structure, and slope
stability.

For the community of Ymir, these changes raise serious concerns given the absence of alternate
water sources and the high dependence on natural flow regulation to sustain drinking water supply
through the summer and fall.

Likelihood Rating: Likely

Based on regional climate model projections and observed trends in BC, significant changes in
precipitation timing and intensity are likely over the next 10-30 years.

Justification:

e PCIC (2020) and Columbia Basin Trust (2021) both project greater hydrologic volatility,
including increased rainfall intensity and reduced snowpack.

o Recentyears have already shown more frequent rain-on-snow events, dry summers, and
early meltin nearby areas.

e These changes are consistent across multiple emissions scenarios (RCP 4.5 and 8.5).
Consequence Rating: High

Consequences to watershed function and drinking water provision are high, especially given the
lack of engineered storage or backup supplies.

Justification:

e Increased precipitation variability will lead to less predictable water supply and greater
turbidity risks.

e Without natural or engineered buffering capacity, both flood and drought risks will increase.

o Watershed integrity may degrade if compounded by other stressors (e.g., fire, logging,
pests), reducing resilience to precipitation extremes.

o Drinking water intakes may be exposed to seasonal water shortages or quality degradation.
Risk Score: High (Likely Likelihood x High Consequence)

6.2.10 Climate Change — Snowpack Dynamics

The Quartz Creek Community Watershed supplying Ymir is in a snowmelt-dominated hydroclimatic
region, where seasonal snow accumulation and gradual spring melt are key to maintaining summer
and fall base flows. However, climate change is rapidly altering snowpack dynamics across southern
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interior British Columbia. Section 9.2 of Appendix A further documents climate related impacts for
the region.

Key regional projections from the Pacific Climate Impacts Consortium (PCIC) and other studies
show:

¢ Significant reductions in April 1 snow water equivalent (SWE) across most elevations.
o Earlier onset of snowmelt, with peak streamflows shifting weeks earlier in the spring.
e Faster melt rates, particularly during warm, high-radiation spring periods.

e Increased rain-on-snow events, which contribute to flashier hydrographs and slope
instability.

These changes affect watershed function and water supply in several critical ways (Hamlet &
Lettenmaier, 1999; Whitaker et al., 2002; Stewart, 2009):

e Spring runoff may be more concentrated, increasing early-season flood risk and reducing
water availability later in the year.

e Late summer low flows may be lower and longer, increasing vulnerability during droughts

e The watershed’s natural water storage function is diminished, especially if forest cover is
compromised.

e Stream temperature and water quality may deteriorate, particularly in shallow, low-flow
conditions.

The implications for drinking water provision are serious:

e Theintake system may experience longer dry-season stress, with declining reliability during
peak demand.

¢ Without artificial storage, the community may face shortages, restrictions, or degraded
water quality.

e Therisk is magnified by the fact that Ymir has no alternative water source.
Likelihood Rating: Likely

Changes in snowpack dynamics are already being observed and are projected to intensify under all
future climate scenarios.

Justification:

e PCIC (2020) and other provincial studies show consistent trends of declining snowpack and
earlier melt.

e These trends are likely to continue and worsen in the next 10-30 years.

Consequence Rating: High
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Consequences to drinking water provision are high, especially during the summer and fall when
demand is high and flows are lowest.

Justification:
o Earlier melt and reduced storage lead to longer late-season low flow periods.

e Without supplemental infrastructure, drought resilience depends entirely on snowpack
timing.

e Small headwater systems like Quartz Creek are especially sensitive to interannual
snowpack variability.

e Changes in snowpack also interact with other hazards (e.g., wildfire, pest outbreaks) that
further impair watershed health.

Risk Score: High (Likely Likelihood x High Consequence)

6.2.11 Seasonal Water Volume

Watersheds in south-central BC commonly experience strong seasonal streamflow variability, driven
by snow accumulation in winter and melt in spring. Peak flows typically occur in April to June, while
low flows persist through late summer into early fall. This pattern is well document in the existing
monitoring data summarized in Section 9.1.1 of Appendix A. In small catchments like Quartz Creek
(~600 ha), the limited storage capacity of soils and subsurface systems means there is little buffering
once snowmelt ends.

This seasonal pattern creates a well-documented risk to communities that rely on unregulated
surface sources, particularly:

e Water shortages in August-September, when base flows are lowest and demand may be
highest.

o Turbidity or water quality issues during spring runoff, especially if high flows mobilize
sediment or debris.

The absence of supplemental storage or alternate sources makes the Ymir community highly
vulnerable to intra-annual variability, particularly in dry years or after years with low snowpack. The
BC Drought Information Portal (BC Ministry of Water, Land, and Resource Stewardship 2025) has
documented increasing frequency of late-summer Level 3-5 drought conditions in this region,
reducing streamflow and prompting water use restrictions in similar communities. Anticipated
changes in climate could further amplify this hazard (see Section 9.2 of Appendix A).

Research in Upper Penticton Creek and Redfish Creek (Winkler et al., 2021; Whitaker et al., 2002)
demonstrates that in small, snowmelt-dominated headwater catchments:

e Low flows can become critically low during dry years, even without disturbance.

e Clearcutting or other forms of canopy loss could further alter seasonal flow timing, often
increasing spring runoff at the expense of summer baseflow.
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e Hydrologic recovery can take decades, particularly in high-elevation, slow-growing forests.

Thus, while seasonalvariability is a natural feature of the hydrologic cycle, its interaction with climate
trends and land use changes elevates it to a service-level risk in single-source systems.

Likelihood Rating: Likely

Seasonal water volume variability is a perennial feature of the watershed and is becoming more
pronounced due to climate change.

Justification:

e All snowmelt-dominated catchments in southern BC exhibit predictable seasonal highs and
lows.

e Earlier snowmelt and longer dry periods are already being observed (PCIC, 2020).

e Summer low flows are getting lower, increasing the likelihood of stress in late-season
months?®.

Consequence Rating: High
Consequences to water service are high, particularly during prolonged low-flow periods.
Justification:

¢ Without sufficient late-season flows, intake volumes could fall below operational
thresholds.

e Low flows reduce dilution capacity, potentially increasing concentrations of naturally
occurring contaminants (e.g., metals).

¢ Dry-season shortages may require rationing, emergency water sourcing, or infrastructure
adaptation.

e Ecosystem health may also be affected, compounding long-term resilience.

Risk Score: High (Likely Likelihood x High Consequence)

6.2.12 Mining

Mining is not currently occurring within the Quartz Creek Community Watershed, but the region is
considered geologically prospective, and mineral exploration interest has persisted intermittently
over the past several decades. While no active claims overlap the watershed boundary as of 2025,
nearby areas have experienced historical mining activity, and Quartz Creek remains within a zone of
potential future interest for precious metals.

Mining activities—particularly exploration drilling, bulk sampling, or mine development—can expose
acid-generating rock, disturb hydrologically sensitive terrain, and introduce contaminants or

3Timing & Volume of River Flow - Environmental Reporting BC
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sedimentinto watercourses. In unfiltered, single-source drinking water systems like Ymir’s, even low-
level disturbance can pose a service-critical risk.

Potential pathways of impact include:
o Exposure of acid-generating rock and subsequent metal leaching.
e Construction of access roads that fragment slopes and increase erosion.
e Spills or discharges from exploration or development equipment.
o |legacy site reactivation or incidental disturbance of contaminated zones.

The community’s vulnerability is heightened by its lack of engineered treatment capacity for heavy
metals or acidic water, as well as the absence of alternate supply sources. In such settings, even
early-stage exploration activities may require precautionary evaluation.

Likelihood Rating: Unlikely

No mining activity is currently occurring, and no active tenure overlaps the watershed. However,
regional geological interest and historical precedent indicate that proposals may emerge in the
future.

Justification:
e The areais known to be mineralized and is within a broader zone of exploration interest.

e Mineraltenure can be acquired without community consultation under current provincial
legislation.

Consequence Rating: High

Consequences to drinking water provision are high due to the potential for long-term contamination
and the lack of adaptive capacity.

Justification:

e Even minor disturbance in mineralized terrain could introduce toxic metals into the water
supply.

e The community has no treatment infrastructure for heavy metals or pH adjustment.

e Any contamination near the intake would require extensive remediation or complete water
source replacement.

Risk Score: Medium (Unlikely Likelihood x High Consequence)

6.2.13 Recreation and Non-Sanctioned Uses

Both sanctioned and non-sanctioned recreational uses present a growing source of pressure on
sensitive drinking water source areas across British Columbia. While the Quartz Creek Community
Watershed currently lacks formal road access and has no sanctioned trail infrastructure within its
boundary, several sanctioned trails—including the "Quartz Climb" and "Descent" mountain biking
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trails—are located adjacent to the watershed. These routes signal growing recreationalinterestin the
area and could drive increased human presence in or near the community’s drinking water source.

Non-sanctioned uses—including illegal dumping, unauthorized camping, and off-road vehicle
activity—can introduce a range of contaminants and disturbances. These include:

e Leachate from dumped waste (e.g., oil containers, garbage).

e Pathogens or nutrients from human waste.

e Soil compaction, riparian disturbance, and sedimentation from off-road traffic.
e Unauthorized fires, which can elevate wildfire risk and leave chemical residues.

Even sanctioned trail networks can contribute to cumulative risk if use increases significantly or if
off-trail activity and fire starts become more frequent. The Ymir Fire Protection Area Community
Wildfire Protection Plan (B.A. Blackwell & Associates Ltd. 2008) specifically flags unmanaged public
access as a wildfire ignition risk and recommends limiting access to sensitive areas. These concerns
extend to watershed protection given the close link between fire, erosion, and drinking water quality.

Likelihood Rating: Unlikely

While current access is limited, sanctioned trails nearby and regional recreation trends suggest the
likelihood of increased pressure in future years.

Justification:
o Limited public access exists within the watershed.
e Existing trails in adjacent areas attract users and increase landscape exposure.
e Human-caused ignitions and waste accumulation are increasing regionally in rural areas.
o New accessroutes (e.g., for logging) would likely raise the likelihood to moderate.
Consequence Rating: Minor

Impacts are expected to be localized or low-intensity under current use levels but could escalate
with greater visitation or unmanaged access.

Justification:

¢ Small contamination inputs can have outsized effects in a single-source drinking water
system.

e |nappropriate fires and off-trail erosion could cause temporary water quality degradation.
e Trail networks may act as disturbance corridors if unmanaged.

Risk Score: Low (Unlikely Likelihood x Minor Consequence)
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6.3 Risk Assessment Summary

This risk assessment identifies and evaluates hazards that could impact the health of the Quartz
Creek Community Watershed and the continued provision of drinking water to the community of
Ymir. Table 6-6 organizes the hazards by overall risk rating and identifies considerations for potential

response actions.
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Table 6-6. Risk score by hazard with potential response considerations.

Primary Likelihood Consequence Risk Potential Response Considerations
Relevance
Wildfire Natural Assets High Very High Very High | Maintain mature canopy; develop fuel breaks; coordinate
with Community Wildfire Protection Plan
recommendations.
Drought Drinking Water Likely High High Promote water conservation; monitor flow thresholds;
Provision explore contingency planning.
Climate Change — Both Likely High High Use climate-informed forest practices; maintain slope
Precipitation Patterns stability; manage flood pathways.
Climate Change — Drinking Water Likely High High Protect high-elevation canopy; monitor snowmelt timing;
Snowpack Dynamics Provision assess dry-season flow risks.
Seasonal Water Drinking Water Likely High High Plan for seasonal flow gaps; quantify minimum flow
Volume Variations Provision thresholds; develop storage options or supplemental
groundwater supply source.
Commercial Logging Natural Assets Moderate High High Restrict logging; retain canopy in key areas; assess
cumulative watershed impacts.
Forest Logging Roads Natural Assets Moderate High High Prohibit new roads unless critical; follow BMPs rigorously;
deactivate legacy roads.
Acid Rock Drainage Drinking Water Moderate High High Prohibit excavation in potentially acid-generating areas;
Provision conduct kinetic testing; monitor drainage chemistry.
Landslides Both Unlikely High High Avoid slope disturbance; prioritize forest retention;
monitor post-disturbance areas.
Forest Pest Outbreaks Natural Assets Moderate Moderate to Medium Maintain species diversity; monitor pest conditions;
High to High | promote structural heterogeneity.
Erosion Drinking Water Moderate Moderate Medium Maintain canopy cover, avoid ground disturbance, stabilize
Provision high-risk slopes
Mining Both Unlikely High Medium Monitor for mining interest in the area and initiate
consultation with any potential mining organization as
soon as possible.
Recreation and Non- Both Unlikely Minor Low Limit access; implement public education and signage;
Sanctioned Uses monitor known entry points.
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A large proportion of the risks identified in this assessment are rated high, particularly in relation to
consequence. This reflects a deliberate application of the precautionary principle given the unique
characteristics of this watershed:

e Quartz Creek is the sole drinking water source for the community of Ymir.

e The watershed is small, showmelt-dominated, and highly sensitive to hydrologic and
ecological disruption.

e Degradation of water quality or flow could result in service disruption, public health risks, or
long-term ecological damage.

Hazards were assessed based on their relevance either to the natural assets of the watershed (e.g.,
forest health, slope stability) or to the provision of drinking water (e.g., flow reliability, contamination
risk). In some cases, risks affect both domains simultaneously, particularly where natural processes
and human wellbeing are tightly coupled (e.g., wildfire, road construction, climate change impacts).

While the likelihood of certain hazards remains low or moderate in the current pristine state of the
watershed (e.g., Acid Rock Drainage, Landslides), the potential consequences of exposure are high,
warranting proactive prevention strategies. This is particularly true in scenarios where land use
change or climate-driven variability could amplify underlying vulnerabilities.

The risk ratings presented here are grounded in:
o Peer-reviewed and jurisdictional studies (e.g., Winkler et al., 2021; PCIC, 2020),
e Localassessments (e.g., SNC-Lavalin 2020; B.A. Blackwell & Associates Ltd. 2008), and
o Watershed-specific geological and hydrological data.

Together, this analysis highlights the need for active watershed stewardship, protection, and scrutiny
of future land use proposals that could compromise the long-term health and resilience of the source
water system.
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7.Management Implications and Recommendations

The Quartz Creek Community Watershed is a vital natural asset that provides the community of Ymir
with clean, reliable drinking water—an essential service with no viable alternative. Its intact forest
ecosystem performs critical hydrological and filtration functions, sustaining water quality and
quantity at no operational cost. These ecological services are effectively irreplaceable; engineered
solutions such as treatment infrastructure or alternate water sources would be prohibitively
expensive, technically challenging, and likely less reliable. However, the watershed lies on Crown
land outside the jurisdiction of the RDCK, which owns the water system but lacks authority over the
land itself. Forest tenure in the watershed is held by a private licensee (ATCO Wood Products),
creating a governance gap between the entity responsible for water delivery and the entity with rights
to alter the land that supplies it.

Compounding this governance challenge is a high wildfire risk profile. The Community Wildfire
Protection Plan for the Ymir Fire Protection Area identifies high to extreme wildfire probability in areas
surrounding the community—including Quartz Creek. Wildfire or logging-induced disturbance could
rapidly degrade water quality through sedimentation, altered flow regimes, or loss of forest cover.
Given the RDCK'’s limited ability to directly control land-based threats, safeguarding drinking water
services depends on proactive collaboration with the tenure holder, targeted mitigation efforts, and
sustained recognition of the watershed as a critical public utility. This section outlines the
management priorities and strategic options needed to protect the long-term integrity of the Quartz
Creek Community Watershed and the essential drinking water service it provides.

7.1 Management Priorities

Safeguarding the long-term provision of clean drinking water to the community of Ymir requires clear
and defensible management priorities for the Quartz Creek Community Watershed. These priorities
must recognize both the ecological dynamics of the watershed and the institutional limitations of the
RDCK, which operates the water system but has no jurisdiction over the land base that sustainsiit. In
this context, strategic focus is essential: limited capacity must be aligned with high-leverage
interventions. The priorities outlined below reflect this approach, linking the most critical risks to the
most actionable points of influence.

Protect and Maintain Watershed Integrity

e The overarching management priority should be to protect and maintain the ecological
integrity and functional resilience of the Quartz Creek Community Watershed. This priority
underpins all others.

o Theforested catchment acts as a naturalfiltration system and flow regulator, sustaining high-
quality water at virtually no cost to the community.

e Its continued health is essential not only for water quality, but also for reducing the
watershed’s vulnerability to fire, erosion, and runoff events.

o All other management actions—whether focused on risk mitigation or adaptive planning—
derive their effectiveness from the preservation of this foundational integrity.
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Acknowledge and Plan for Unmanageable Risks

e Some risks to the watershed cannot be prevented or controlled through local action.

e Lightning-caused wildfires, climate-induced hydrologic shifts, landslides, and invasive
species may all affect the watershed despite the best efforts of planners and stewards.

¢ Management must acknowledge these limitations and incorporate resilience strategies such
asredundancy (e.g., emergency water supply), ecological buffering (e.g., maintaining mature
forest cover), and emergency response planning, to ensure that service provision can
continue even in the face of acute disturbance.

Foster Collaborative Governance and Stewardship

e Maintaining the condition and managing the risks associated with the Quartz Creek
Community Watershed demands a strong commitment to partnership among all relevant
stakeholders.

e The RDCK, as the water system operator, relies heavily on productive relationships with key
parties such as ATCO and the Government of BC, which oversees the Vegetation Resource
Inventory and regulates land use.

e Meaningful engagement with local community members, watershed users, First Nations,
and non-governmental organizations like the Ymir Community Watershed Society can enrich
monitoring efforts, ensure diverse perspectives are considered, and build shared
responsibility for land and water stewardship.

e Open communication, joint planning, and transparent data sharing should form the
backbone of a resilient, adaptive governance structure that can effectively address evolving
challenges within the watershed.

e The engagement process of interested parties completed as part of this project and NAMP
has provided an initial touch point from which the RDCK can continue to develop and foster
collaborative stewardship. See Appendix D for more information on the engagement process
and Appendix E for additional guidance on collaborative watershed governance.

7.2 Possible Management Actions

The management priorities outlined in Section 7.1 establish the protection and long-term
sustainability of the Quartz Creek watershed as the central objective of this Natural Asset
Management Plan. Ensuring the continued provision of clean, reliable drinking water to the
community of Ymir depends on maintaining the watershed’s ecological integrity and minimizing
exposure to high-consequence risks. This section identifies four specific, implementable actions
that align with these priorities and address the most pressing threats to watershed function.

7.2.1 Reduce Wildfire Risk
Description

Efforts to reduce wildfire risk in the watershed include implementing targeted fuel treatments and
establishing defensible corridors around vulnerable areas. These actions should be guided by the
Community Wildfire Protection Plan, which identified much of the landscape surrounding Quartz
Creek as being at high or extreme risk for wildfire. By prioritizing these areas and regularly refining

71



readiness plans, management can protect not only the watershed’s water quality but also the safety
and resilience of the broader community. Ongoing collaboration among local stakeholders will be
needed to ensure the approach remains adaptive and effective in addressing this pressing threat.

Current Status

Targeted fuel treatments, the creation of defensible corridors, and readiness coordination is already
underway but must be continuously refined and spatially aligned with drinking water values at risk.

Valuation

Treating forests to reduce wildfire risk comes with substantial costs that vary depending on the
chosen method and whether timber harvesting is involved. According to data from the Forest
Enhancement Society of BC reported by LM Forest Resource Solutions Ltd (2020), manual thinning
and debris disposal without timber harvesting averages about $3,839 per hectare (2020 CAD),
increasing to roughly $4,556 in 2024 dollars. Mechanical thinning in the absence of harvesting is
somewhat less expensive, averaging $1,853 per hectare (2020 CAD), or approximately $2,199in 2024
dollars. When forest fuel treatments are combined with timber harvesting, average costs can
decrease by 30 to 60 percent.

Relevant Parties

Reducing wildfire risk in the Quartz Creek community watershed requires the involvement of multiple
stakeholders. These stakeholders need not be directly involved in the watershed’s management
since wildfire may spread from beyond its boundaries if it is ignited nearby.

e Asthe landowner, the Government of BC, has a direct role to play in mitigating wildfires in or
near the watershed. The government also regulates forest harvest operations, and their
ministries or agencies coordinate and respond to wildfires. Further, the Forest Enhancement
Society of BC is a Crown agency involved in mitigating wildfire risk by funding actions to
reduce fuel loads in the province’s forests.

e The RDCK has engaged in fuel management in the region, for example in Selous Creek near
the City of Nelson (Kalesnikoff 2021). The RDCK has also developed a Community Wildfire
Protection Plan for Area G, which includes Ymir (Cathro Consulting Ltd and B.A. Blackwell &
Associates Ltd 2017).

e Forestlicensees, such as ATCO, play a key role in wildfire risk reduction by conducting timber
harvesting operations that can strategically reshape forest structure and lower fuel loads,
thereby aiding fire management in and around Quartz Creek Community Watershed (LM
Forest Resource Solutions Ltd 2020). As noted above, the RDCK partnered with Kalesnikoff
Lumber Co. Ltd to manage fuel loads in Selous Creek near the City of Nelson. Licensees also
have a role to play by taking actions to reduce the risk of wildfire stemming from their forest
harvest operations in the area and reporting wildfire ignition as early as possible.

e The local community, including residents, community groups such as the Ymir Community
Watershed Society, and those engaging in recreation in the watershed can reduce the
likelihood of wildfire through their actions, such as reducing fuel loads on private property, or
raising awareness about how to mitigate the risk of wildfire. They have a stake in ensuring the
watershed remains undisturbed given that it is the source of their drinking water. Local
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community members can also report signs of wildlife in the region ensuring fire suppression
activities start as early as possible.

e First Nations in the region are key partners and should be consulted during the assessment
and development of fuel treatments and before any fuel reduction treatments proceed
(Cathro Consulting Ltd and B.A. Blackwell & Associates Ltd 2017).

7.2.2 Prevent Degradation from Commercial Forestry

Description

Preventing the degradation of the Quartz Creek Community Watershed from commercial forestry
requires proactive collaboration with forest tenure holders and a commitment to safeguarding the
region’s vital water resources. While the RDCK lacks direct jurisdiction over the land, engaging with
licensees such as ATCO Wood Products is essential to promote practices that protect water quality
and maintain forest ecosystem integrity. Preserving no-harvest buffer zones around drinking water
supply areas remains the preferred strategy, but other mechanisms—such as negotiating harvest
deferrals or exploring the purchase of timber rights—can also be effective tools. By aligning forestry
activities with watershed protection priorities, it is possible to minimize the risks of sedimentation,
slope destabilization, and water contamination that can arise from logging and related operations.
Two specific actions for consideration are descried below:

1. Leverage the Forest Landscape Planning (FLP) process. The FLP process is a modernized
approach to forest governance in BC, replacing traditional forest stewardship plans.* FLPs
operate at a tactical scale, bridging the gap between broad, strategic land use priorities and
on-the-ground operational planning, such as road and cutblock placement.® Developed in
partnership with Indigenous groups and in collaboration with license holders, FLPs are
designed to engage local governments and stakeholders more effectively. By evaluating and
mitigating environmental impacts, applying scenario modelling, and considering cumulative
effects, FLPs respond to changing conditions like climate change and wildfire threats.
Although they cover larger areas than individual watersheds such as Quartz Creek and may
take several years to develop, FLPs may provide a long-term opportunity to secure Ymir’s
drinking water supply by enabling agreements that balance timber access with the protection
of community watersheds. For instance, given the larger spatial scale, the FLP process could
offset any reduction in ATCO’s timber supply resulting from prioritizing the Quartz Creek
Community Watershed’s drinking water use by allowing access to timber from other Crown
lands with lower non-timber values.

2. Purchase of Timber Rights. Acquiring timber rights can serve to safeguard community
watersheds and the drinking water they supply. By purchasing or leasing these rights, local
governments, regional districts, or community organizations are able to directly manage the
forested lands allowing them to prioritize water quality and environmental stewardship. For
example, the Capital Regional District’s fee simple purchase of its drinking watershed lands
protects its water supply (Haddock 1999). Fee simple land ownership may not always be
possible due to Crown land status. In these cases it may be possible to secure timber rights

4 Forest landscape plans - Province of British Columbia
5 https://www?2.gov.bc.ca/assets/gov/farming-natural-resources-and-industry/forestry/forest-landscape-
plans/flnrord_forest_landscape_planning_bulletin.pdf
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as with Metro Vancouver’s 999-year lease for the three watersheds supplying its drinking
water. Smaller communities have also secured these leases including Enderby, Fernie, and
Vernon (Haddock 1999). Another related option is Community Forest Agreements (CFAs)
which are forest licenses granted to local communities or First Nations allowing them to
manage nearby Crown lands. These communities may prioritize several management
objectives, including water supply. For example, the Creston Community Forest’s tenure
overlaps with multiple community and domestic watersheds and a primary management
objective is to maintain drinking water supply.®

Current Status

Forest harvest operations are currently not occurring in the watershed and the licensee, ATCO Wood
Products, has no firm plans for timber harvest. However, the potential for commercial logging
remains. Harvesting within the Quartz Creek Community Watershed is permitted provided
operations adhere to regulations designed to protect local drinking water supplies. Governed by
legislation such as the FRPA and its related regulations, timber harvest activities must demonstrate
thatthey do not adversely impact water quality, quantity, or flow timing for licensed community water
systems. A strict 100-metre no-harvest buffer is enforced upslope of water intakes, except in cases
where it can be shown that sediment delivery will not increase. Within this buffer, tree removal is
highly restricted and allowed only for essential access or maintenance. All harvesting plans require
thorough risk assessments, including hydrological or terrain stability analyzes, to mitigate any threats
to water resources, and licensees must submit and comply with approved Forest Stewardship Plans
that detail the measures taken to safeguard water values during operations.

Valuation

The value of timber can be assessed as the net revenue—calculated by subtracting harvesting costs
from the revenue generated by selling the timber. This figure reflects the profit a licensee would forgo
if harvesting does not occur, providing a useful indication of the potential costinvolved in purchasing
timber rights. Since ATCO Wood Products has no current harvest plans, detailed information about
cutblock locations or specific forest operations is unavailable. Therefore, the estimated net revenue
is calculated for the licensee’s entire portion of the watershed, though, in practice, harvesting would
not encompass the whole area. Any negotiations to defer harvesting or acquire timber rights would
require further analysis. These estimates are based on species-specific timber volumes (m®), prices
(per m®), and harvest costs (per m®).

Timber volumes by species for Quartz Creek were estimated from the Vegetation Resource Inventory
(VRI) using data on volumes per hectare for live trees at a 17.5 cm utilization threshold.” 8 These fields
represent the net live volume per hectare since they subtract decay, waste, and breakage from the
gross volume. As part of estimating revenue a weighted average price was calculated using data from

8 https://www.crestoncommunityforest.com/

7Volume fields included ‘live_vol_per_ha_spp1_175’, ‘live_vol_per_ha_spp2_175’, ‘live_vol_per_ha_spp3_175’,
‘live_vol_per_ha_spp4_175’, ‘live_vol_per_ha_spp5_175’, and ‘live_vol_per_ha_spp6_175’.

8The VRI data also contained volumes for 12.5 cm and 22.5 cm utilization thresholds. A 12.5 cm utilization
threshold yields similar results and the fields for a 22.5 cm threshold were all zero.
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the Interior Log Market Values Reports covering June 2024 to May 2025.° Prices and volumes from
transactions in BC’s Interior are reported in $/m? based on the intended use of the harvested wood
(e.g., sawlogs, peelers, or pulpwood). The weighted average prices were estimated for spruce-pine-
fir (SPF), Douglas-fir/larch, hemlock-balsam fir (hem-bal), cedar, and other species across all
product types by weighting by volume of intended use. As such prices represent the distribution of
intended product types for the whole Interior Region (sawlogs account for 79% of volume, peelers
account for 5%, and pulpwood 16%). Due to data limitations, no prices were assigned to deciduous
species. The cost of harvesting a m® of coniferous or deciduous wood in the Southern Interior region
was taken from Xu et al. (2018). These costs include expenses related to tree-to-truck operations,
hauling, stumpage fees, forest planning and administration, road development and maintenance,
and silviculture activities.

The VRI data indicates the presence of eleven species with Interior Douglas fir, Engelmann spruce,
Western hemlock, and alpine fir account for 83% of live net volume (Table 77-1). Given assumed
prices, the estimated total revenue amounts to $23 million, total costs near $13.5 million, and net
revenue $9.6 million. Considering the size of ATCO’s lease area in the watershed, this works out to a
net revenue of over $16,500 per hectare.

Table 77-1: Volume, Revenue, Costs, and Net Revenue of Timber Harvests in Quartz Creek (2024 CAD).

$/m?3 Total $/m? Total ota

Alpine fir (BL) 24,118 $107.07 $2,582,167 $66.76 $1,610,037 $972,131
Western hemlock (HW) 33,393 $96.92 $3,236,356 $66.76 $2,229,262 $1,007,094
Interior Douglas fir (FDI) 68,464 $124.15 $8,500,040 $66.76 $4,570,498 $3,929,542
Engelmann spruce (SE) 41,003 $107.07 $4,389,962 $66.76 $2,737,236 $1,652,727
Grand fir (BG) 11,282 $107.07 $1,207,907 $66.76 $753,156 $454,751
Aspen (AT) 331 No data - - - -
Common paper birch (EP) 13 No data - - - -
Interior lodgepole pine 5,083 $107.07 $544,243 $66.76 $339,347 $204,896
(PLI)

Western red cedar (CW) 5,085 $187.02 $950,912 $66.76 $339,435 $611,477
Western larch (LW) 10,706 $124.15 $1,329,210 $66.76 $714,720 $614,490
Western white pine (PW) 2,823 $107.07 $302,227 $66.76 $188,445 $113,782
Total 202,300 $23,043,024 $13,482,135 $9,560,889
Per Hectare 352 $40,112 $23,469 $16,643

2 Prices were assigned to each species as follows: SPF (BL, SE, BG, PLI, and PW), Douglas fir / Larch (FDI and LW), Hem-Bal
(HW), and cedar (CW).

While this analysis provides a rough snapshot of the current timber value on the land base, it does
not account for longer-term revenue streams from future harvests. A more thorough analysis of
harvest volumes would be based on a proper timber supply model. The cost estimates are based on
data from Xu et al. (2018), which may not fully reflect present-day operational expenses, especially
given the requirements for maintaining water quality and environmental standards in a community
watershed would likely increase harvest costs. Furthermore, the pricing data reflects intended
product uses for the entire Interior Forest region over the past year, which may differ from the actual
distribution intended uses for wood harvested in the Quartz Creek Community Watershed. ATCO’s

® Interior Log Market Values - Province of British Columbia
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manufacturing operations are focused on veneer production using peelers as inputs but they also
market logs and manufacture other wood products.' The absence of detailed cutblock location data
means the analysis represents the overall license area overlapping with Quartz Creek rather than the
areas likely to be harvested.

Relevant Parties

Preventing the degradation of the Quartz Creek Community Watershed’s forest due to timber harvest
involves several stakeholders.

e Asthe main licensee of the watershed’s area ATCO Wood Products holds the rights to nearly
allthe timber. As such, they are a key player in avoiding impacts on the watershed from timber
harvests. Licensees may forgo harvest altogether which eliminates any risk to the water
supply although doing so likely impacts their finances. If harvest operations proceed, the
licensee, along with any contractors they engage, have direct roles to play by taking actions
to mitigate the harvest’s impact on drinking water quality.

e The Government of BC has a direct role as the landowner and licensor of timber harvest
rights. In doing so they collect fees related to forest tenure agreements as well as stumpage
from timber harvested. Importantly, the Province also governs forestry via legislation,
planning, or other avenues with legislation requiring actions to minimize harvest operation
impacts in community watersheds. Finally, the government may also have a role to play in
funding any timber rights buyout, deferrals, or allowing access to timber elsewhere to offset
forgone harvest in Quartz Creek.

e Asthe water utility operator, the RDCK also has a role to play in avoiding negative impacts on
drinking water stemming from harvest operations, monitoring for any impacts on raw water,
and dealing with any negative outcomes. They may also be involved in negotiations required
for timber licensee buyouts.

e The local community, including residents and community groups, is also directly involved as
they must deal with any real or perceived negative impacts on drinking water quality
stemming from forest operations. They can also play a role in monitoring for these negative
impacts. Water utility ratepayers would also be directly impacted by any outcome of
negotiations involving a license buyout—they may need to cover at least part of these costs.

e As partners in forest management, First Nations are also relevant to avoiding impacts of
forest operations on drinking water quality in Quartz Creek. For instance, the new FLP
process involves First Nations as a partner in forest management in British Columbia.

e Assuming the licensee forgoes timber harvests in Quartz Creek, they still require timber to
supply their downstream operations (e.g., ATCO’s veneer mill). In this case, timber harvests
may be increased elsewhere to compensate for the reduction in timber from Quartz Creek.
This introduces a new set of parties and stakeholders in the area from which this timber is
harvested.

10 ATCO Wood Products
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7.2.3 Develop Emergency Backup Water Supply

Description

In response to the pressing need for a reliable backup to the primary water source at Quartz Creek,
the community should prioritize the development of an emergency water supply system. Recognizing
that wildfires or other disturbances could temporarily render the creek unsuitable for use, local
leaders should focus on establishing a groundwater-based solution. This system could be designed
notto replace Quartz Creek entirely, but to provide a dependable source of safe drinking water during
periods of disruption. By investing in this backup infrastructure, the community could enhance its
resilience, enabling more flexible emergency response planning, and reducing its vulnerability to
unexpected environmental events.

Current Status

The community does not have an established backup water supply although groundwater has been
recognized as a viable long-term solution. A test well was drilled in Ymir in 2003, however, it was
neither properly completed nor tested for water yield (Golder Associates 2003). Theoretical water
yields suggest that there is enough water to supply Ymir’s daily needs. This groundwork highlights
both the need and the potential for developing a dependable emergency water source to ensure
resilience against disruptions to the main supply from Quartz Creek.

Valuation

The projected costs for establishing a backup groundwater supply system in Ymir include several
critical components. Drilling costs are based on the assumption that wells will be constructed in
aquifer #0493 (Salmo Bedrock Aquifer): the less vulnerable and higher quality source (Lengyel et al.
2024). Given yield data per well from existing registered wells, at least two new wells would need to
be drilled to meet Ymir’s daily water demand.' Cost estimates are based on pricing from other RDCK
projects and staff experience and assume a 40 m depth per well. Shared costs (two wells) include
mobilization/demobilization ($6,000), site clearing and access ($10,000), hydrology ($18,000) and
engineering ($12,000), surveying and permitting ($3,500) for a subtotal shared cost of $49,500. Per-
well costs (x2) include bedrock drilling and completion, testing, pad, bollards, signage and casing
($36,222); wellhead, isolation valving, pump, electrical and SCADA ($32,000) for a subtotal of
$136,444 for 2 wells and a grand total of $185,944. This estimate does not include land acquisition
costs, ongoing operations and maintenance costs, which depend on usage, nor does it cover the
expenses associated with connecting the wells to the existing water supply system.

Relevant Parties
Developing a groundwater-based emergency backup water source involves several stakeholders.

e The Government of BCis directly involved in governing aquifers and licensing access via wells
including issuing permits. Further, if a well is drilled on Crown land, then the Province is
required to grant access. Their agencies, such as Interior Health, are also involved in
permitting regulating new drinking water sources."’

" https://www.interiorhealth.ca/information-for/businesses/drinking-water-providers-and-
operators#emergency-response-plans
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o The RDCK operates Ymir’s water utility and as such has a direct role to play in developing and
operating any new backup water system.

e Members of the local community, notably water utility ratepayers, are also impacted by any
new emergency backup water source as they may need to cover related costs. Water users,
both drinking and fire suppression, will also be affected as the backup source ensures the
availability of water if the supply from Quartz Creek is compromised.

o Yields from existing wells drilled nearby into aquifer #0493 may be influenced by any new
backup well system which may influence water availability to certain private well users. For
instance, the new wells may reduce supply to existing users and as such, assessments
should be made to ensure that drawing additional water from this aquifer does not negatively
impact existing users.

7.2.4 Implement Coordinated Watershed Monitoring

Description

Implementing watershed monitoring involves a collaborative approach, drawing on the efforts
already underway by multiple stakeholders, including the RDCK, government agencies, and local
resource licensees. To ensure comprehensive and reliable data collection, agreements should be
established with all parties involved to facilitate regular sharing and review of monitoring information,
such as turbidity, flow rates, temperature, and land use changes. Coordination among tenure holders
and agencies helps to minimize duplication of effort while promoting shared stewardship of data. By
prioritizing these key parameters and fostering cooperative data management, the monitoring
program should aim to provide a clear and consistent picture of watershed health, equipping the
community to respond adaptively to changing conditions based on robust evidence.

Current Status

A variety of organizations are actively engaged in data collection efforts within the Quartz Creek
Community Watershed to safeguard water quality and monitor environmental changes. The RDCK
regularly gathers water quantity and quality data at their intake weir, focusing on indicators such as
raw water pH, turbidity, bacteriology, and volume. Much of this information is reported the RDCK’s
annualyear end flow and water quality reporting, which is currently being funded by BC Timber Sales
and Ymir Water Service.'? ATCO, and previously BC Timber Sales, have enlisted Saso Consulting to
monitor water flows in Quartz Creek, maintaining a current measuring station approximately 200
metres upstream from the RDCK intake. The Government of BC tracks land use changes in the region
through its Vegetation Resources Inventories, employing satellite imagery, aerial surveys, and GPS
data to monitor shifts in the landscape.™

2 https://www.rdck.ca/environmental-service/environmental-services/water/rdck-water-systems/ymir-

water-system/
3 https://www2.gov.bc.ca/gov/content/industry/forestry/managing-our-forest-resources/forest-inventory
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Valuation

Monetary estimates for establishing agreements with the different groups and coordinating its use
and review are largely unknown. Based on conversations with ATCO and the RDCK, water quality
monitoring efforts are estimated to cost roughly $7,000 per year.

Relevant Parties

Implementing coordinated watershed monitoring involves several stakeholders, including those
involved in existing monitoring activities.

e Groups currently collecting data include the RDCK since they monitor the water system,
ATCO Wood Products who engage Saso Consulting to monitor water quality, as well as the
Government of BC who monitors land use change.

e Theforestlicense holder, in this case ATCO, has arole to play in any initiative that coordinates
data collection and sharing beyond their current work with Saso Consulting focusing on
water supply such as changes in land cover.

e Community members, such as Ymir residents or those using the watershed for recreation,
and the Ymir Community Watershed Society could contribute to monitoring changes in land
use, water quality, or water supply.

e Alead agency or organization could lead the coordination of watershed monitoring. This may
be a government agency, the RDCK, or a local NGO such as the Ymir Community Watershed
Society.

7.3 Prioritized Recommendations

This section presents a phased roadmap for safeguarding the drinking water services of the Quartz
Creek watershed. Recommendations are structured to address priority risks—wildfire, drought, and
logging—within the context of governance and operational constraints. In addition to phased timing,
each action is prioritized according to its urgency and potential impact on drinking water services.

Actions are prioritized according to the following definitions:
o Top Priority: Essential for protecting the watershed’s most at-risk services.
o High Priority: Significant importance that follows or depends on top-priority work.
e Supporting Priority: Valuable but less time-sensitive or contingent on earlier outcomes.

7.3.1 Short-Term (Years 1-2) Planning, Scoping, Engagement

In the short-term, focus should be on building the knowledge base, fostering relationships, and
developing feasible plans before implementation.

Top Priority Actions:
e Collaborative Wildfire Risk Planning

o Engage BC Wildfire Service, ATCO Wood Products, and local experts on explicitly
building the Quartz Creek community watershed into existing wildfire management
plans.
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o Scope appropriate treatment areas, methods, and objectives.
o Assess wildfire risk reduction benefits and potential timber value implications.
e Backup Groundwater Supply Feasibility
o Commission a hydro-geological review of Aquifer #0493.
o ldentify potential drill sites, permitting needs, and technical constraints.
o Develop preliminary feasibility and costing report.
High Priority Actions:
e Stakeholder Dialogue on Timber Rights
o Initiate structured discussions with ATCO, the Province, and local First Nations.

o Explore options including voluntary deferrals, conditional harvests, and partial
buyouts.

Supporting Priority Actions:
e Coordinated Watershed Monitoring Framework
o Align water quality, hydrology, and forest health monitoring across stakeholders.
o Establish data sharing and joint reporting protocols.

7.3.2 Medium-Term (Years 3-5) Targeted Field Implementation and Testing

In the medium term, focus should be on initiating physical works based on completed planning and
engagement (i.e. outcomes of the short-term actions).

Top Priority Actions:
e Priority Wildfire Fuel Treatments
o Implement collaboratively agreed treatments in high-risk zones.
o Balance water protection with timber considerations.
¢ Backup Groundwater Test Wells and Design
o Drilland test production wells to confirm capacity and quality.
o Develop construction and integration plan for connection to Ymir system.
High Priority Actions:
e Conditional Timber Valuation Study

o Commission detailed valuation of timber resources within Quartz Creek Community
Watershed to support negotiations (if deemed necessary from initial dialogue).
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7.3.3 Long-Term (Years 6-10) Adaptive Management

In the long-term focus should be on maintaining gains, securing long-term control, and adapting to

changing conditions.
Top Priority Actions:
¢ Maintain Fuel Breaks
o Scheduled maintenance cycles for agreed upon wildfire management controls.
e Backup Water Supply Integration
o Construct and connect backup groundwater system.
o Ensure operational readiness for drought or emergencies.
High Priority Actions:
e Advance Governance and Tenure Security Plans

o Execute easements, tenure adjustments, or acquisition plans for long-term
watershed protection (See Appendix E for a description of collaborate watershed

governance).
Supporting Priority Actions:
¢ Adaptive Management and Climate Readiness
o Use monitoring data to adjust practices as necessary

o Respond to evolving wildfire, hydrologic, and climate risks.
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9. Conclusion

The Quartz Creek Community Watershed represents a critical component of Ymir’'s public
infrastructure, providing high-quality drinking water to the community through naturally regulated
hydrological and ecological processes. This NAMP has involved a comprehensive assessment of the
watershed’s condition, service provision, replacement cost, and associated risks to support long-
term service reliability and informed decision-making. This information is contained within an
inventory that is designed to be updated over time, allowing the RDCK and partners to track changes
in asset extent, quality, and stress exposure as part of ongoing natural asset monitoring.

The condition assessment confirms that the watershed is currently in excellent ecological health.
Indicators such as forest cover, riparian integrity, and habitat continuity reflect a largely undisturbed
system with strong capacity to support water quality and quantity regulation. The intact forest
landscape and low levels of fragmentation contribute to a high degree of natural resilience.

Despite its current condition, the risk assessment identified several high-consequence hazards to
both the natural assets and the drinking water service they provide. These include wildfire, drought,
climate-induced shifts in snowpack and precipitation patterns, and potential future commercial
logging or road development. Many of these hazards are likely to increase in frequency or intensity
under projected climate conditions. Given that the watershed is the sole source of drinking water for
Ymir and that no feasible alternative supply currently exists, any degradation of its condition would
pose immediate and significant service-level risks.

The replacement cost analysis illustrates the substantial financial value of the ecosystem services
provided by the watershed. Replicating the water supply and natural storage functions through
engineered infrastructure—such as bulk-water delivery or above-ground reservoirs—would result in
prohibitively high capital and operational costs, while offering only partial functionality. Moreover,
engineered alternatives do not provide the ancillary benefits of the intact forested watershed, such
as sediment control, fire-risk mitigation, and long-term flow regulation.

In light of these findings, the principal conclusion of the NAMP is that maintaining the ecological
integrity of the Quartz Creek Community Watershed is the most reliable and cost-effective strategy
to ensure the continued provision of drinking water to the Ymir community. This conclusion
underscores the importance of proactive management, including wildfire risk reduction, forest
health monitoring, and engagement with land tenure holders and regulatory agencies to prevent
land-use activities that could compromise watershed function.

Finally, this plan positions the watershed as a vital service-providing asset, aligning its management
with best practices in infrastructure planning and risk mitigation. Ensuring service continuity will
require sustained collaboration among the RDCK, tenure holders, provincial regulators, First
Nations, and local residents. The outcomes of this NAMP provide the technical foundation and
strategic direction necessary to support that ongoing stewardship.
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10. Appendix A: Existing Flow, Water Quality and Climate
Change Data for Quartz Creek

This appendix provides supporting data on hydrological and water quality monitoring within the
Quartz Creek Community Watershed. Its purpose is to establish a baseline understanding of current
watershed function, particularly in relation to flow variability, water quality parameters, and early
climate-related changes that may influence service delivery. This data contributes essential context
for interpreting the risk assessment presented in Section 6 and strengthens the overall condition
assessment of the watershed.

Monitoring data has been compiled to capture flow volumes, turbidity, and temperature over multiple
years. These datasets inform the plan’s evaluation of service reliability, potential climate stressors,
and the likelihood of future disruptions in water availability or quality.

Appendix A is intended to provide transparency around the current empirical record and highlight
emerging trends that may affect the long-term provision of drinking water to Ymir. It also supports
future monitoring design and provides a baseline for evaluating management effectiveness and
adaptive responses to climate change or land-use pressures.

10.1 Quartz Creek Flow and Water Quality Monitoring

Land use activities, such as forest harvesting, can alter the vegetative cover and modify hydrologic
and vegetative processes, especially in watersheds with snow-melt-dominated peak flows. Those
changes may be amplified by the effects of climate change (Smith et al. 2024), so the maintenance
of a properly functioning watershed can increase resilience to those effects (Forest Practices Board
2022). Risks to watershed values of relevance to the Quartz Creek Community Watershed arise from
changes in timing, magnitude, and frequency of stream flows and increases or decreases in fine and
coarse sediment in streams (Joint Professional Practice Guidelines 2020). Recent flow volumes and
consumption patterns are summarized herein to establish a baseline characterization of the current
state of the watershed for comparison to possible future climate scenarios.

10.1.1 Flow Volume

In 2019, a flow monitoring weir was installed on Quartz Creek at the intake of the Ymir water system
with funding from BC Timber Sales. Funding for monitoring and reporting from January 2021 to
present was provided by ATCO Wood Products Ltd. Since installation, the RDCK has issued five
annual reports that summarize Quartz Creek flow and water quality monitoring (RDCK 2021 - 2025).
Data throughout the monitoring period was intermittent and/or inaccurate due to a failed transmitter,
level sensor malfunctions, icing that interfered with water level readings, and an overflow calculation
error. Data types include daily average weir flow level (mm), creek flows (L/s), 15-min turbidity (NTU)
readings, weekly testing of treated water bacteriological, bi-weekly raw water bacteriological,
quarterly chemical and biological parameters based on Guidelines for Canadian Drinking Water
Quality, quarterly treated water trihalomethanes (THMs) and haloacetic acids (HAAs) and pH when
a technician was on site.

Secondary flow monitoring was undertaken by Saso Consulting above the Ymir water system intake
by calculating flows through a natural creek section. This secondary monitoring, along with visual
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level readings taken weekly, allowed for flow monitoring comparisons. Control upgrades took place
in February 2024 substantially improving data reliability (RDCK 2024).

Flow measurements were provided by Eileen Senyk <esenyk@rdck.bc.ca> via email on April 7™ and
April 17", Observation dates in that dataset span from January 2022 to January 2025. Flow
observations in that dataset are sourced from both a logger instrument (primarily in 2022) and from
visual level readings. Flow measurements ranged from near zero L/s to a maximum of around 690
L/s. See Table 9-1 for minimum / maximum flow measurements and the dates upon which those
measurements were observed. Maximum flow volumes recorded for 2022-2024 were substantially
lower than maximum flow volume recorded in 2020, in which a maximum flow of 1,699 L/s was
recorded, orin 2021, in which a maximum flow of 1,057 L/s was recorded (Regional District of Central
Kootenay 2021, 2022).

Table 10-1. Minimum and maximum flow values in Quartz Creek from 2022-2024.

Minimum Flow Maximum Flow

Date '(:t‘/’:;' Date Flow (L/s)

2022 Sep 26, 2022 10.46" May6,2022 | 1,758.342
May 16,
2023 Sep 19, 2023, Nov 13, 2023 5.00 ay 526.49
2023
Apr 30,
2024 Sep 9, 2024, Sep 16, 2024, Sep 23, 2024 7.56 oo 418.02

'Lower flow levels were recorded visually when the intake pond was frozen on November 21 and
November 29 2022. Those values are not considered accurate (RDCK 2023).

2Peak flow level was automatically recorded when Quartz Creek was above overflow weir height- it is not
considered accurate (RDCK 2023).

Flow volumes in 2022-2024 peaked on May 6tht in 2022, May 16™ in 2023, and April 30" in 2024.
These peak flow dates are in line with those in earlier reports; maximum flows occurred on May 22"
in 2020 and on April 30" in 2021 (Regional District of Central Kootenay 2021, 2022). In 2022-2024,
flow volumes decreased from the peak to below 100 L/s in July (see Figure 9-1). This also appears to
be consistent with the pattern of flow volumes in 2020 and 2021, although there is a gap in flow data
from June to August in 2020 (Regional District of Central Kootenay, 2021).
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Figure 10-1. Flows in 2022-2024 in Quartz Creek, based on a combination of logger instrument records and visual level
readings. Translucent lines and points indicate individual flow measurements and opaque lines and points indicate
monthly average flow. Measurement from when the intake pond was frozen in 2022 (February 19" to March 2", November
215, November 29™) are omitted.

10.1.2 Water Consumption

Water consumption values were provided by Eileen Senyk <esenyk@rdck.bc.ca> via email on
February 7, 2025. These consumption values detail m® of treated water recorded weekly, from
December 23" 2019 to January 6" 2025. To determine the daily and monthly consumption volumes,
the average consumption per day from a given weekly measurement was backfilled to each
preceding date between weekly recordings and these consumption values were summed for each
month. See Table 9-2 for a summary of consumption metrics. Total yearly consumption was highest
in 2021 and decreased to be consistently around 26,000 m® per year in 2022, 2023, and 2024.
Monthly consumption volumes were lowest in the fall and winter months, with the highest
consumption totals in July, August, and September (Figure 9-2).
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Table 10-2. Minimum and maximum consumption values in Quartz Creek from 2022-2024.

Metric
Days in Year 366 365 365 365 366
Total Consumption (m°) 34934 42610 26052 26133 25729
Maximum Daily Demand (m®) 332 210 146 118 114
Average Daily Demand (m3) 95 117 71 72 70
Consumption per Connection (m?®) 323 395 241 242 238
Consumption per Connection per Day (L) 884 1081 661 663 651
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Figure 10-2. Total consumption volume by month from 2020 to 2024.
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10.1.3 Available Water Volume and Water Consumption

To explore the relationship between available water volume flowing through Quartz Creek and water
consumption, the average flow (as volume per second) was used to estimate the total volume of
water that flowed through Quartz Creek for each month in 2022 to 2024 (see Equation 1).

Total Monthly Volume = Average Flow Measured in Monthx 60 x 60 X 24 x Count of Days in Month 1
These total volumes were compared to the corresponding volume of water consumed in that month
to determine the ratio of volume available to volume consumed (see Table 9-3). In general, volume
available as flow greatly exceeded the volume consumed; flow volumes ranged from one to three
orders of magnitude higher than corresponding consumption volumes. In the spring and early
summer, monthly volumes available were typically many times higher than the relevant volume
consumed. In fall months, those ratios decreased; for example, in September of 2023 and 2024,
roughly one tenth of the water flowing through Quartz Creek was extracted from the creek through
the community water license. Generally, peak consumption months in 2022 through 2024 appear to
coincide with the end of the falling limb of freshet (see Figure 9-3).

Table 10-3. Total flow volume (“Flow Vol. (m®)”) compared to volume consumed (“Vol. Consumed (m®?”) from 2022-2024.
“Flow / Consumed” indicates the ratio between flow volume and volume consumed.

2024

Vol. Flow / Vol. Flow / Vol.
Flow Vol. Flow Vol.
(m?) Consume Consume (m°) Consumed Consume Consume
(m®) C} d(m’)

d(m°) d

January 151,197 1,742 87 24,127 1,746 14 352‘61 2,142 167
February 85,906 1,704 50 29,844 1,615 18 37%05 1,729 219
March 233,213 2,092 111 70,437 1,961 36 4921‘19 1,919 256
April 530,515 1,797 295 53,088 2,115 2 86‘;’73 1,058 442
May 1,995,172 1,910 1,044 1’0676’70 2,355 453 78%’51 1,912 408
June 1,406,543 2,204 613 195,574 2,301 85 4057‘57 1,918 211
July 242,561 3,244 75 85,685 3,147 27 12;’49 2,889 44
August 91,124 3,852 24 34,799 2,942 12 50,811 2,589 20
Sept‘:mbe 62,827 2,561 25 21,880 2,073 1 25,786 2,320 1
October 54,782 1,698 32 28,890 1,880 15 36,556 2,078 18
November 35,377 1,420 25 96,720 2,173 45 65,387 1,883 35
December 30,342 1,736 17 339,187 1,825 186 61,677 2,391 26
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Figure 10-3. Comparison of total flow volume by month (based on average monthly flow / second) and total monthly
consumption. Y axis (volume in m® is log-transformed to enable comparison between flow volume values and
consumption volume values.

10.2 Regional Impacts of Climate Change

A Climate Projection Report was developed for the Kootenay Region to align with goals set out by the
British Columbia Climate Action Charter and includes climate projections for both 2050 and 2080.
The Kootenay Region is expected to experience significantly warmer summers with a potential
decrease in precipitation. Other seasons may see increased precipitation in the form of rain rather
than snow due to warmer temperatures. These changes are likely to resultin an increased frequency
and severity of wildfires, a shift in the growing season and changing crop suitability, and the potential
for spring flooding risk (PCIC 2012).

10.2.1 Predicted Changes in Climate Variables

To explore the potential effects of climate change on water availability in the Quartz Creek
Community Watershed, locally downscaled climate variables were obtained for the watershed using
ClimateBC (Wang et al. 2016). Variables based on historical climate normals from 1991 to 2020 were
compared to variables predicted for four future time spans: 2021-2040, 2041-2060, 2061-2080, and
2081-2100 (Mahony et al. 2022). Four different Shared Socioeconomic Pathways (SSPs) based on
different greenhouse gas emission scenarios were included for comparison: SSP1-2.6 (low), SSP2-
4.5 (intermediate), SSP3-7.0 (high), and SSP5-8.5 (very high) (IPCC 2023). These different SSPs
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encompass a range of possible future climate scenarios. For each of these SSPs, ClimateBC'’s eight
Global Circulation Model (BGCM) ensemble was used to predict future climate variables (Mahoney
et al. 2022). All predicted values sampled from the historical climate normal or from the SSPs are
representative of a typical year in each scenario; predicted values do not represent abnormal or
extreme individual years from neither the historical dataset nor any future predicted years.

Consistentwith general global climate change models, mean yearly temperature in the Quartz Creek
Community Watershed is predicted to increase under all four included SSPs (Figure 9-4-A), although
mean yearly temperature under SSP1-2.6 is predicted to level off and decrease in 2061-2080 to 2081-
2100. At the same yearly scale, precipitation is also generally predicted to increase, with a deviation
from that trend in SSP3-7.0 in 2061-2080 (Figure 9-4-B). Although precipitation overall is expected to
increase, precipitation as snow is predicted to decrease (Figure 9-4-C), which is in line with the
expected increase in overall temperature in the watershed.
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Figure 10-4. Historical and predicted yearly mean temperature, yearly mean precipitation, and yearly mean precipitation
as snow based on locally downscaled climate variables in the Quartz Creek Community Watershed.

Hydrology in Quartz Creek is subject to seasonal effects; yearly averages are useful for the
establishment of overall trends, but annual aggregation can obscure within-year variation. Monthly
predictions of climate variables can provide additional insight into the likely effect of climate change
on flow volumes and water availability.
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Total precipitation is predicted to increase across all four SSPs (Figure 9-4-B), but the timing of that
precipitation will likely affect flow volumes throughout the year. Across all four SSPs, increased
precipitation is predicted to occur primarily in the winter, spring, and fall months (Figure 9-5), which
may increase flow volumes in those months or affect the timing of peak flow. However, precipitation
is predicted to decrease in the summer months (July and August). Since those months are typically
when flows in Quartz Creek are low (Figure 9-1, Regional District of Central Kootenay 2021, 2022,
2023, 2024), the reduced precipitation in those months may further decrease the flow in Quartz
Creek.
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Figure 10-5. Historical and predicted monthly precipitation based on locally downscaled climate variables.

Although precipitation by month is predicted to increase in some cases and decrease in others, both
precipitation as snow and average monthly temperatures are predicted to shift in the same direction
across all months. Precipitation as snow predicted under all four SSPs is expected to decrease; the
key difference between scenarios is the magnitude of the decrease (Figure 9-6). This predicted
change would lead to a reduced overall snowpack.
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Figure 10-6. Historical and predicted precipitation as snow based on locally downscaled climate variables.

As with precipitation as snow, temperatures across all four SSPs are predicted to increase across all
months (Figure 9-7). In the least extreme climate scenario evaluated (SSP 1-2.6), temperatures are
expected to increase by a few degrees for the first twenty-year period (2021-2040), but then change
little beyond that in the following three time spans. In the three other SSPs evaluated, the average
monthly temperature is expected to increase incrementally at each timestep. With each more
extreme SSP, the number of months with an average temperature below zero degrees decreases over
time. For example, SSP 5-8.5 predicts that in the time span of 2081-2100, only December and January
will have average monthly temperatures below zero degrees.
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Figure 10-7. Historical and predicted average monthly temperature based on locally downscaled climate variables.

In the Quartz Creek Community Watershed, average monthly temperatures are predicted to
increase, and precipitation as snow is predicted to decrease. The degree of impact from these
changes will depend on the actual climate scenario that occurs, but in all cases evaluated herein it
appears that climate change may cause a reduction in snow accumulation over winter in future
years, which would decrease the total volume of water released in the spring melt. In addition, future
snowpack may be subject to earlier melting which would lead to a corresponding change to the
timing and duration of peak flow. As the snowpack influence on hydrological processes decreases,
the predicted increase in precipitation as rain (Figure 9-5) would mean a shift towards higher
importance of rainfall runoff on the flow patterns in the watershed.

These predicted changes are in line with findings from a model of a similar montane catchment,
which showed that flow regime, including changes to the timing of peak flow, will be impacted (Smith
et al. 2024) by climate change. However, there are interactions between climate change and stand-
replacing disturbance such as forest fire or harvest that further complicate predictions of flow; Smith
et al. (2024) found some cases where stand replacing disturbance effects offset the effects of
climate change. If it is necessary to quantify the interactions between climate change and potential
disturbance for Quartz Creek Community Watershed, it may be worth exploring a similar
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comprehensive hydrological modelling approach to simulate different climate scenarios and / or
different levels of stand-replacing disturbance.

10.2.2 Historical Showpack

To contextualize the predicted decrease in precipitation as snow (see Figure 9-2, Figure 9-6) relative
to the historical snowpack, data from the nearest Provincial Snow Survey Program stations were
extracted from the BC Ministry of Environment Real-time water data tool (Ministry of Environment
and Climate Change Strategy 2025). These two stations are Nelson (930 m elevation, 13.6 km from
Quartz Creek Community Watershed) and Char Creek (1310 m elevation, 20.0 km from Quartz Creek
Community Watershed). These sites are not directly adjacent to Quartz Creek Community
Watershed, but their proximity is reasonable, each is in a Biogeoclimatic Ecosystem Zone also found
in the community watershed (Nelson: Interior Cedar — Hemlock, Char Creek: Englemann Spruce -
Subalpine Fir), and their elevations fall within the lower and upper elevation limits (780 m to 1694 m)
of the community watershed (See Section 9.1). Snow water equivalent (SWE) values (the amount of
water stored as snow, White et al. 2016) for each month were extracted and grouped into time spans
of a maximum of ten years for comparison (see Figure 9-3). A qualitative assessment of those
groupings suggests a general trend of decreasing SWE in the winter months. The predicted trend of
decreasing precipitation as snow may represent a continuation of the apparent decreasing trend in
SWE at both the Char Creek and Nelson survey stations.
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Figure 10-8. Snow water equivalent (SWE) based on snow depth observations at Char Creek and Nelson
snow monitoring stations. Colour-filled boxplots summarize the SWE by decade. Solid points indicate
outlier values for a given decade. Note that the earliest data available from Char Creek are from 1965.
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11. Appendix B: Condition Assessment Approach and
Detailed Results

This appendix summarizes the specific rational, approach, and results for each condition indicator
measured for the Quartz Creek Community watershed.

Table 1011-1. Category and descriptions for condition indicator.

Category Indicator Description

Forest Cover and - Percent (%) forest cover Evaluates ecosystem complexity, biodiversity

Composition potential, and overall resilience. A high percent
cover and mature forest imply greater watershed
condition.

Forest Health and | - Equivalent clearcut area Detect stressors that may increase erosion, alter

Disturbance water yield, or degrade habitat. Less

disturbance, good regeneration, and low pest
impact imply greater watershed conditions.
Riparian and - Continuity of riparian forest Assesses stream shading, erosion protection,
Canopy Integrity - Overall canopy closure* and microclimate buffering. Higher riparian
continuity and intact canopy implies better
stream protection and microclimate conditions
that support water supply.

Roads and - Road density Roads and fragmentation increase erosion risk,
Fragmentation - Interior forest habitat reduce core habitat and watershed resilience
- Watercourse crossings that could ultimately impact water supply

quantity and quality.

* QOverall canopy closure was not able to be measured with available data and is recommended to be added as a measure
of condition once LIDAR data for the area becomes available. Canopy closure is important for maintaining the necessary
microclimate that helps slow the snowpack melt and maintain a steady water supply into the summer months.

11.1 Forest Cover and Composition

Forests regulate water yield, stabilize soil, and filter pollutants. Disturbances (e.g., logging, wildfire)
can alter water flows and increase sedimentation. The type and extent of forest cover influence
evapotranspiration, canopy interception, and soil infiltration, all of which affect streamflow
regulation. Diverse, continuous forest cover also supports long-term watershed stability and
resilience.

11.1.1 Percent of Forest Cover within Watersheds

INDICATOR: Percentage of watersheds covered by forest with higher forest cover ranking more
favorably.

RATIONALE: According to Environment Canada (2013) research, it is recommended that between
30-50% of watersheds be forested. The greater the percent of forest cover, the greater the
conservation and habitat quality of the watershed. From a management perspective, any forest
asset within a watershed with a high degree of forest cover will generally require less management
intervention.
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APPROACH: Watershed boundaries were overlayed on the natural asset inventory. The total area of
all forest assets was estimated and compared against the total watershed area to establish the
percent of forest cover within the watershed. All individual forest assets within the watershed were
allocated the same condition rating based on the scoring thresholds noted below.

RANKING: The area of forest assets within each watershed area was estimated as a percent
of the watershed’s area. Watersheds, and by extension the forest assets within them, were rated as
follows:

o Very Good: watersheds with > 50% forest cover
e Good: watersheds with 41 to 50% forest cover
e Fair: watersheds with 31 to 40% forest cover

e Poor: watersheds with 16 to 30% forest cover

e Very poor: watersheds with <16% forest cover

RESULTS:

Quartz Creek Community Watershed Natural Asset Inventory

| Quartz Creek Community Watershed

% Forest Cover Condition
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Figure 1011-1. Quartz Creek Community Watershed Forest Cover Condition.
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Table 1011-2. Summary table of Quartz Creek Community Watershed forest cover condition.

Condition Ranking

All Mapped Fundamental

Quartz Creek Community

Area (ha) Percent of Total Area Area (ha) Percent of Total Area
Very Good 1638.67 100% 577.80 100%
Good 0 0% 0 0%
Fair 0 0% 0 0%
Poor 0 0% 0 0%
Very Poor 0 0% 0 0%

* All fundamental watershed that intersect with the Quartz Creek Community watershed boundary.

** A subset of the fundamental watershed that have the majority of their area within the Quartz Creek Community
watershed.

11.2 Forest Health and Disturbance

Healthy forests filter precipitation, retain soil, and moderate runoff. Disturbances such as insect
outbreaks, fire, or logging can increase erosion, nutrient loading, and sedimentation, leading to
degraded water quality and altered flow regimes.

11.2.1 Equivalent Clearcut Area (ECA)

INDICATOR: Equivalent clearcut area (percent of area) within a watershed unit.

RATIONALE: Watersheds are highly sensitive to disturbances such as clear-cutting, fire scars,
logging and pest outbreaks. Ecological and hydrological impacts can increase non-linearly with the
amount of land disturbed. To assess the impact and the risk of forest disturbance, the concept of
Equivalent Clearcut Area, or ECA, is a commonly used indicator. ECA is defined as the “area that has
been clearcut, with a reduction factor to account for the hydrological recovery due to forest
regeneration and subsequent growth” (BC Forest Practice Board n.d). According to Zhang and Wei
(2012), ECA measures can be used to represent the forest disturbance, factoring in hydrological
recovery after different types of disturbance (such as wildlife, logging and Mountain Pine Beetle
infestations), accumulated across both space and time within the watershed. By measuring
disturbances across time and space, ECA provides an indication of how cumulative land
disturbances impact water, land, and overall ecological health.

APPROACH: ECA% was measured by first calculating the ECA and then dividing the ECA by the area
of disturbance. Davidson et al. (2018) used the ECA metric to assess BC aquatic ecosystem
cumulative effects, and calculated ECA using the following equation:

ECA =Area * (1 - Hydrological Recovery Rate)

Forexample, an area of 100 ha that was disturbed 66 years ago would be assigned a 90% hydrological
recovery. ECA in this case would be equal to 10 ha, calculated as 100*(1-0.9) = 10 ha. The following
table, adapted from Davidson et al. (2018), provides an easy reference of hydrological recovery rate
based ontheyear since disturbance. Itindicates that, as more time passes after a forest disturbance,
hydrological recovery improves reflecting greater forest regeneration and growth, and results in a
lower ECA estimate.
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Table 1011-3. Hydrological recovery rate based on year since disturbance.

Time since disturbance ECA Hydrologic Recovery
24 0%

39 25%

48 50%

60 75%

66 90%

After the ECA was calculated, the ECA% was calculated by dividing the ECA values by the area of
disturbance, to yield the ECA%.

RANKING: Adapted from Davidson et al. (2018), the following 5-point scale was applied:

Very good: ECA% < 10%

Good: ECA% between 10 -25%
Fair: ECA% between 25 -45%
Poor: ECA% between 45 - 65%
Ver poor: ECA% >65%
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RESULTS:

Quartz Creek Community Watershed Natural Asset Inventory
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Figure 1011-2. Quartz Creek Community Watershed ECA condition.

Table 1011-4. Summary table of Quartz Creek Community Watershed ECA condition.

Condition
Ranking

All Mapped Fundamental Watersheds* Quartz Creek Community

Watershed**

Area (ha) Percent of Total Area Area (ha) Percent of Total Area
Very Good 669.93 40.88% 0 0%
Good 408.92 24.95% 164.83 28.53%
Fair 205.39 12.53% 161.14 27.89%
Poor 128.84 7.86% 86.91 15.04%
Very Poor 225.58 13.77% 164.91 28.54%

* All fundamental watershed that intersect with the Quartz Creek Community watershed boundary.

** A subset of the fundamental watershed that have the majority of their area within the Quartz Creek Community

watershed.
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11.3 Riparian and Canopy Integrity

Forested riparian zones buffer streams from upland impacts by stabilizing banks, filtering pollutants,
and providing critical shade to regulate water temperature. Maintaining riparian integrity is essential
for protecting aquatic habitat and maintaining drinking water quality. Overall canopy closure through
the watershed is also important for maintaining the necessary microclimate that helps slow the
snowpack melt and maintain a steady water supply into the summer months. This was not able to be
measured with available data and is recommended to be added as a measure of condition once
LIDAR data for the area becomes available.

11.3.1 Riparian Forest Integrity
INDICATOR: Percent Riparian Forest Cover

RATIONALE: Riparian zones are the transitional areas between terrestrial and aquatic ecosystems
and are ecologically vital. Forested riparian areas filter sediments and nutrients, moderate stream
temperatures through shading, stabilize streambanks, and provide habitat connectivity for both
aquatic and terrestrial species. These functions are especially critical in watersheds that supply
drinking water, such as the Ymir watershed, where maintaining water quality and hydrological
stability is a high priority.

Percent riparian forest cover is a practical and effective indicator of riparian integrity. High forest
cover within the riparian buffer suggests intact ecological function, while low cover indicates
potential degradation due to logging, roads, or other disturbances.

APPROACH: This indicator measures the percent of riparian area that is currently forested. To
estimate this, the following steps were taken:

e Generate a 100 m buffer on each side of all mapped streams within the relevant fundamental
watersheds (200 m total width).

e Overlay forest cover data onto the buffer and calculate the proportion of the riparian buffer
areathat is classified as forested.

RANKING: The scoring thresholds are based on ecological research showing that most riparian
functions — such as temperature regulation, sediment retention, and habitat connectivity — require
at least 70-80% continuous forest cover within the buffer (Rex et al. 2012; Sweeny and Newbold
2014). The top score reflects near-natural conditions, while the lower scores correspond to
increasing risk of water quality degradation, loss of biodiversity, and reduced system resilience.

e Very good: Percent (%) of riparian area forest > 90%
e Good: Percent (%) of riparian area forest 80 to 90%
e Fair: Percent (%) of riparian area forest 65 to 79%

e Poor: Percent (%) of riparian area forest 50 to 64%
e Ver poor: Percent (%) of riparian area forest < 50%
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RESULTS:

Quartz Creek Community Watershed Natural Asset Inventory
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Figure 1011-3. Quartz Creek Community Watershed riparian forest Integrity condition.

Table 1011-5. Summary table of Quartz Creek Community Watershed riparian integrity condition.

Condition All Mapped Fundamental Watersheds* Quartz Creek Community
Ranking Watershed**

Area (ha) Percent of Total Area Area (ha) Percent of Total Area
Very Good 1078.61 66% 577.80 100%
Good 560.06 34% 0 0%
Fair 0 0% 0 0%
Poor 0 0% 0 0%
Very Poor 0 0% 0 0%

* All fundamental watershed that intersect with the Quartz Creek Community watershed boundary.
** A subset of the fundamental watershed that have the majority of their area within the Quartz Creek Community
watershed.
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11.4 Roads and Fragmentation

Road networks fragment landscapes and disrupt natural hydrology by increasing surface runoff,
altering drainage patterns, and contributing to sediment and contaminant loading. Minimizing
fragmentation helps preserve infiltration capacity and watershed connectivity.

11.4.1 Interior Forest Habitat

INDICATOR: The percent of interior forest habitat within each fundamental watershed.

RATIONALE: Interior forest habitat refers to areas of contiguous forest located far enough from
human-induced or natural edges (such as roads, clearcuts, or openings) to maintain ecological
conditions that are relatively undisturbed. These areas provide essential habitat for forest interior-
dependent species, promote microclimate stability, and support processes such as nutrient cycling,
hydrological buffering, and resistance to invasive species.

In the context of a drinking water supply watershed, interior forests also play a protective role by:

¢ Minimizing temperature fluctuations in soil and streams.

¢ Reducing sedimentation and erosion risk by maintaining canopy and ground cover continuity.

e Sustaining long-term forest health and resilience in the face of pests, disease, and climate
stressors.

Measuring percent interior forest is a simple, spatially explicit way to assess fragmentation and
habitat quality. It allows comparison over time and between watersheds.

APPROACH: The percent of interior forest habitat within each fundamental watershed was
determined using the following steps:

e |dentify all edge-generating features (roads, cutblocks, openings).
o All edge-generating features were buffered by 100 metres to define edge-affected zones.
e Edge buffers were subtracted from total forested area to delineate interior forest area.
e For each fundamental watershed the proportion of the watershed’s forested area that
qualifies as interior forest was calculated.
o PercentInterior Forest = (Interior Forest Area / Total Forest Area) x 100

RANKING: Recognizing the landscape ecology principle, large “blocks” of habitat generally provide
a greater range of better- quality habitats and imply less fragmentation, a scoring system was applied
as follows:

e Very Good: Watersheds with > 80% interior forest
e Good: Watersheds with 65 to 80% interior forest

e Fair: Watersheds with 45 to 64% interior forest

e Poor: Watersheds with 25 to 44% interior forest

e VeryPoor: Watersheds with <25% interior forest
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RESULTS:

Quartz Creek Community Watershed Natural Asset Inventory
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Figure 1011-4. Quartz Creek Community Watershed interior habitat condition.

Table 1011-6. Summary table of Quartz Creek Community Watershed interior habitat condition.

Quartz Creek Community
Watershed**

Condition
Ranking

All Mapped Fundamental Watersheds*

Area (ha) Percent of Total Area Area (ha) Percent of Total Area
Very Good 890.60 54.35% 499.19 86.39%
Good 78.61 4.80% 78.61 13.61%
Fair 206.18 12.58% 0 0%
Poor 463.28 28.27% 0 0%
Very Poor 0 0% 0 0%

* All fundamental watershed that intersect with the Quartz Creek Community watershed boundary.
** A subset of the fundamental watershed that have the majority of their area within the Quartz Creek Community

watershed.
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11.4.2 Watercourse Crossings

INDICATOR: Density of watercourse crossing (crossings per km?) within a watershed management
unit.

RATIONALE: The density of water crossings within a watershed can be a useful measure of
watershed condition as it provides insight into human impacts to the watershed's hydrology, ecology,
and overall health. For instance, water crossings such as roads, bridges, and culverts can disrupt the
natural flow of water within a watershed. A higher density of crossings can indicate increased
alteration of stream networks, potentially leading to changes in stream hydrology. This can affect the
timing and magnitude of water flow, contributing to increased erosion, sedimentation, and flooding
downstream. Healthy watersheds rely on the connectivity of their ecosystems, and water crossings
can fragment aquatic habitats by creating barriers that hinder the movement of aquatic life, such as
fish and amphibians. Culverts and other crossings that are improperly designed or maintained may
block species migration, reducing genetic diversity. Roads and crossings can contribute to sediment
runoff and introduce pollutants into waterways, including oils, heavy metals, and road salts.

By analyzing the density of water crossings, areas can be prioritized for restoration. For instance,
areas with high crossing densities but significant ecological value may be targeted for rehabilitation
projects, such as improving or replacing problematic culverts, reestablishing natural flow regimes,
or restoring connectivity for aquatic species.

APPROACH: Density of watercourse crossings (crossings per km?) was estimated by intersecting
relevant linear features (e.g. roads and pipelines) housed in the geospatial database with the linear
features representing the watercourses. Density of crossings per unit area of the watershed was
measured as follows:

Crossing Density = count of crossings / watershed areas (km?)

RANKING: Thresholds are based on scoring used by the BC Cumulative Effects Framework (BC CEF)
(British Columbia 2020a) as outlined in Table 10-7.

Table 1011-7: Metrics used to rank watercourse crossing density.

Impact Ranking Threshold Criteria

Low Crossing density < 0.24 crossings/km”
Moderate Crossing density between 0.24 and 0.6 crossings/km?®
High Crossing density > 0.6 crossings/km”

Drawing on the threshold scoring used by the BC CEF, the scoring for watercourse crossing was
adapted to establish a consistent five-point ranking scale (Table 10-8).
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Table 1011-8: Watercourse crossing density ranking.

Impact Condition Threshold Criteria

Ranking Ranking

Very Low Very Good Crossing density =0

Low Good Crossing density < 0.24 crossings/km2

Moderate Moderate Crossing density between 0.24 and 0.6 crossings/km2
High Poor Crossing density between 0.6 and 1 crossings/km2
Very High Very Poor Crossing density > 1 crossings/km2

* All fundamental watershed that intersect with the Quartz Creek Community watershed boundary.
** A subset of the fundamental watershed that have the majority of their area within the Quartz Creek Community
watershed.

RESULTS:

Quartz Creek Community Watershed Natural Asset Inventory
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Figure 1011-5. Quartz Creek Community Watershed watercourse crossing condition.
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Table 1011-9. Summary table of Quartz Creek Community Watershed watercourse crossing condition.

Condition All Mapped Fundamental Watersheds* Quartz Creek Community

Ranking Watershed**

Area (ha) Percent of Total Area Area (ha) Percent of Total Area
Very Good 1273.75 77.73% 577.80 100%
Good 0 0% 0 0%
Fair 0 0% 0 0%
Poor 206.18 12.58% 0 0%
Very Poor 158.75 9.69% 0 0%

* All fundamental watershed that intersect with the Quartz Creek Community watershed boundary.

** A subset of the fundamental watershed that have the majority of their area within the Quartz Creek Community
watershed.

11.4.3 Road Density

INDICATOR: Road density (km/km?) within each fundamental watershed management unit.

RATIONALE: Road density is a useful metric for assessing watershed condition since roads have
significant environmental impacts and provide an indication of human disturbance in a watershed.
Roads, especially unpaved ones, increase soil erosion, which can degrade water quality, harm
aquatic habitats, and fill in stream beds. Roads can alter the natural flow of water in a watershed
changing drainage patterns, increasing runoff, and reducing groundwater recharge. High road density
can fragment natural habitats, limit or modify wildlife movement or behaviours and increase the
likelihood of wildlife-vehicle collisions. Higher road density often correlates with more intensive land
use, which can lead to further degradation of watershed health.™

APPROACH: Road density by fundamental watershed management unit was calculated by
combining the length of all roads within the watershed and dividing by the watershed area.

RANKING: The BC CEF provides scoring criteria options which vary depending on the context in
which they are applied. Forinstance, separate criteria are used when applied as a water quality (Table
10-10 and Table 10-11) metric versus a metric for grizzly bears (Table 10-12).

Table 10-10 describes the thresholds based on water quality metric applied to sensitive watershed
as defined by BC CEF (British Columbia 2020a).

Table 1011-10: Metrics used to rank water quality for sensitive watersheds.

Impact Ranking Threshold Criteria

Low Road density < 0.6 km/km?
Moderate Road density between 0.6 and 1.2 km/km?
High Road density > 1.2 km/km?

“While road density and stream crossing densities are highly correlated, the BC CEF uses both.
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Table 10-11 describes an alternative (or secondary) water quality metric used by the BC CEF that is
aligned with Watershed Assessment Procedure (WAP) benchmarks and was applied to all non-
sensitive watersheds (British Columbia 2020a).

Table 1011-11: Metrics used to rank water quality for non-sensitive watersheds.

Impact Ranking Threshold Criteria

Low Road density < 1.5 km/km?
Moderate Road density between 1.5 and 2.1 km/km?
High Road density > 2.1 km/km?

Table 10-12 defines the threshold criteria based on biodiversity metric used for Grizzly Bears by BC
CEF (British Columbia 2020b).

Table 1011-12: Metrics used to rank impacts to grizzly bear biodiversity.

Impact Ranking Threshold Criteria

Low Road density >0 — 0.3 km/km?

Moderate Road density between 0.31 and 0.6 km/km?
High Road density between 0.61 - 0.75 km/km?
Very High Road density > 0.75 km/km?

Given the highly sensitive nature of the watershed, the chosen road density criteria was a
combination of the biodiversity metric used for Grizzly Bears by BC CEF (British Columbia 2020b) and
the water quality rates for sensitive watersheds (British Columbia 2020a). The specific thresholds
applied to the fundamental watersheds are defined below and were adapted to establish a
consistent five-point ranking scale across all indicators.

Table 1011-13: Road density ranking criteria.

Impact Condition Threshold Criteria
Ranking Ranking

Very Low Very Good Road density =0

Low Good Road density >0 - 0.3 km/km2

Moderate Moderate Road density between 0.31 and 0.6 km/km2
High Poor Road density between 0.61 - 1.2 km/km2
Very High Very Poor Road density > 1.2 km/km2
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RESULTS:

Quartz Creek Community Watershed Natural Asset Inventory
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Figure 1011-6. Quartz Creek Community Watershed road density condition.

Table 1011-14. Summary table of Quartz Creek Community Watershed road density condition.

Quartz Creek Community
Watershed**

Condition
Ranking

All Mapped Fundamental Watersheds*

Area (ha) Percent of Total Area Area (ha) Percent of Total Area
Very Good 658.38 40.18% 499.19 86.39%
Good 0 0% 0 0%
Fair 65.10 3.97% 47.39 8.20%
Poor 0 0% 0 0%
Very Poor 915.19 55.85% 31.22 5.40%

* All fundamental watershed that intersect with the Quartz Creek Community watershed boundary.
** A subset of the fundamental watershed that have the majority of their area within the Quartz Creek Community

watershed.
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12. Appendix D: Interested Parties Engagement
Engagement Process

As part of the Natural Asset Management Plan process, the consulting team assembled a list of
interested parties including First Nations, government agencies (provincial, regional, municipal) and
watershed users and interests. An email was sent on March 4, 2025, that introduced the project and
goals of the Natural Asset Management Plan. The email also included a watershed information
request, with particular interest in watershed activities (historic, current and proposed), existing data
and/or reports and any available mapping layers (digital or hard copies).

Responses and information were received from Apex Geoscience Consultants Ltd., ATCO Wood
Products Ltd., Interior Health, Malach Consulting, Ministry of Forests, Ministry of Water, Land and
Resource Stewardship, Okanagan Nation Alliance, Regional District of Central Kootenay, Salmo
Valley Trails Society, Saso Consulting, and the Ymir Watershed Action Team.

Engagement with Individual Parties

Following the request for information, multiple on-line meetings and phone calls were scheduled
with individual organizations to gather additional information and to further understand watershed
concerns. Individual meetings occurred between March and June 2025 with the following
organizations: ATCO Wood Products Ltd., Ministry of Forests, Ministry of Water, Land and Resource
Stewardship, Okanagan Nation Alliance, Regional District of Central Kootenay, Salmo Valley Trails
Society, Saso Consulting and the Ymir Watershed Action Team.

Interested Parties Meeting

When the Natural Asset Management Plan was in draft, an on-line Teams meeting was held on June
13, 2025 from 9-10:30 am, to provide a summary of the report and to garner feedback and discussion
with Interested Parties. Twenty-four attendees representing thirteen organizations participated in the
meeting. The presentation of the draft Natural Asset Management Plan included a summary of the
watershed content, risk assessment and asset replacement options. Discussion centered around
watershed jurisdiction, the history of proposed harvesting, recreation as a potential hazard, a
changing climate with enhanced wildfire potential and reduced snowpack, pine beetle and pest
management, and the future of harvesting and potential alternatives. Participating Organizations
included:

ATCO Wood Products Okanagan Nation Alliance

City of Nelson Regional District of Central Kootenay
Interior Health Authority Salmo Trails Society

Ktunaxa/Yagan Nukiy Sinixt Confederacy

Ministry of Forests Ymir Watershed Action Team (YWAT)

Ministry of Water, Land and Resource Stewardship Green Analytics
Ecoscape Environmental Consultants Ltd.
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13. Appendix E: Collaborative Watershed Governance

Collaborative Watershed Governance refers to a cooperative approach to managing and protecting
watersheds that involves multiple stakeholders such as governments, Indigenous communities,
local residents, environmental organizations, industry, and scientists, working together to make
decisions and implement actions. Successful watershed governance typically incudes:

o Shared Decision-making — Collaborative governance encourages inclusive participation to
develop goals, policies and strategies for watershed management.

o Trust and Relationship Building — Effective collaboration is built upon transparency, trust-
building and development of long-term relationships.

¢ Integration of Knowledge Systems -Including scientific, local and Indigenous knowledge,
recognizing that each offers unique insights into watershed health.

e Science-based Monitoring and Adaptive Management — Decisions should be regularly
revisited and revised based on monitoring results and changing conditions.

e AFocusonEcosystem Health-The goalis to maintain and/or restore the ecologicalintegrity
of the watershed, including water quality, biodiversity and natural hydrological processes.

e Education and Community Engagement - Public education on the importance of source
drinking water and watershed health is a key component to watershed protection and
management.

e Legal and Institutional Support - Truly effective collaborative governance often requires
supportive polices, legislation and provincial staff and resource support.

To ensure a successful collaborative watershed governance for the Quartz Creek Watershed,
prioritized recommendations outlined in this report (Section 7.3) should be pursued within the
following framework:

o Identify and Engage All Interested Organizations/Parties — As part of the Natural Asset
Management Plan process, interested organizations/parties have already been identified
(see Appendix D). Contact information of engaged individuals will be provided to RDCK
separately.

o Meet Regularly - Schedule regular meetings (ideally in-person) to develop relationships and
trust, to discuss watershed concerns, to determine watershed priorities and to identify and
secure funding to implement priorities. Annual or bi-annual meetings are recommended,
with a walking tour of the watershed to facilitate connection of participants to each other and
to the land.

o Develop a Watershed Collaborative Governance Terms of Reference - To specify conduct
and application of rules/ procedures and to outline the purpose, scope, defined
responsibilities, composition of participants, meeting expectations and reporting
requirements.

e Establish Working Committees — To focus on individual priorities and funding securement.
Committee progress should be reported at the larger annual or bi-annual meeting.

e Encourage Communications Between Watershed Partners - If there are no privacy
concerns, consider sharing contact information of the watershed partners with each other,
and/or establishing an effective communications strategy (i.e., list serve, Teams chat, etc.).
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Additional information and strategies for effective watershed protection and governance can be
accessed within the Source Water Protection Toolkit and through pre-recorded webinars at
https://sourcewaterprotectiontoolkit.ca/.
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