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1 SITE AND PROJECT DESCRIPTION 

1.1 Introduction and Background 

WSP Canada Inc. (WSP) was retained by Big White Ski Resort Ltd. (Big White) in June 2025 to complete a 

hydrologic and water quality assessment (the Study) of the proposed Controlled Recreation Area (CRA) 

densification, as presented in the 2020 Big White Ski Resort Master Plan (Master Plan) by Brent Harley and 

Associates (BHA). The proposal was amended in August 22 based on conversations with representatives from 

the BC Ministry of Water, Land and Resource Stewardship (WLRS). 

Big White is located approximately 40 km east-southeast of Kelowna, in the Regional District of Kootenay 

Boundary. The existing CRA, covering approximately 3,140 hectares, has been in place since 1999 (Figure 1). 

 

Figure 1: Big White Controlled Recreation Area, Current Conditions (from BHA 2020 figure 2-4a) 

 

Additional expansion within the CRA is anticipated to support increased parking, bed units, ski trails and terrain, 

and ski lifts, accommodating an expanded range of both winter and summer activities. The BC Government’s 

Mountain Resorts Branch (MRB) has requested that the Study include hydrologic and water quality assessments, 

with consideration of fish and fish habitat, rare and endangered fish species, and potential long-term monitoring 

requirements. Potential future conditions are shown in Figure 2. 

∆ 
N 
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Figure 2: Big White Controlled Recreation Area, Future Conditions (from BHA 2020 figure 4-22, Modified 
Based on Communication with BHA) 

 

1.2 Scope of Work 

The scope of work covered in this report includes the following tasks: 

▪ Review of pertinent background information, including the Master Plan (2020), Water Master Plan (2020), and 

the Cascade Environmental Review (2020). 

▪ Hydraulic modelling to evaluate potential flow and water quality changes under current conditions and 

proposed development scenarios (including climate change impacts). 

▪ Hydrologic assessment of the Study Area and downstream catchments. 

▪ Water quality assessment with a focus on CRA densification activities. 

The scope of work embodied in this report is limited to hydrotechnical and water quality aspects only. It does not 

include specific provisions for geotechnical analysis or investigations, First Nations consultation, archaeology, or 

bioscience services outside the hydrologic and water quality scope described above. 

Recommendations provided in this report apply to the current CRA (Study Area) and not to the full extents of 

adjacent watersheds. Should future development extend beyond the CRA boundaries, further hydrotechnical, 

water quality, and fish habitat assessment would be required. 

∆ 
N 
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2 AVAILABLE DOCUMENTS AND DATA 

A range of datasets were compiled to support the hydrologic assessment. These included planning documents, 

hydrologic and climatic records, spatial datasets, and regulatory information provided by Big White, their 

consultants (BHA, EBA), provincial sources, and WSP’s internal references. 

Key datasets are indicated in Table 1. 

Table 1: Key Data Sources used in Analysis 

Title Source Year Notes 

Provided by Big White 

Big White Ski Resort 
Draft Master Plan 

BHA 2020 Master planning document including current conditions and planned 
future buildout. The final master plan will include an abbreviated affected 
area compared to the 2020 draft. 

Environmental Review: 
Draft Master Plan for 
Expansion Area - 2020 

Cascade 2020 Assessment of existing environmental conditions and identification / 
delineation of environmentally sensitive areas and ecologically significant 
habitats. The final master plan will include an abbreviated affected area 
compared to the 2020 draft. 

Water Master Plan – 
2020 Update 

Agua 2020 Documentation of the existing water supply system and proposed 
upgrades/expansions. The final master plan will include an abbreviated 
affected area compared to the 2020 draft. 

Design Brief for Raising 
the Rhonda Lake Dam 

Golder 1999 Design of the Rhonda Lake dam, including a storage-capacity curve and 
outlet geometry. 

Hydrologic Analysis 
Powder Chair Reservoir 

Golder 2007 Description of Powder Chair hydrology, including a storage-capacity 
curve and outlet geometry. 

Weather and snowpack 
data 

Big White 2002-
2024 

Point measurements of morning and evening snowpack and cumulative 
precipitation, among other parameters. 

Daily Lake Withdrawals Big White 2016-
2025 

Daily reservoir withdrawal data for Rhonda Lake (2016-2025) and 
Powder Basin (2023-2025) 

Ground and Surface 
Water Monitoring Annual 
Program 

WSP  1998 -
2025 

1998-2025 groundwater and surface water quality monitoring program 
data for the Big White Wastewater Treatment Plant (WWTP) annual 
reports. 

Overview EA and CEMP WSP 2023 Environmental Assessment and Construction Environmental 
Management Plan for the Big White Wastewater Treatment Plant 

Digital Elevation Model BHA 2016 Detailed digital elevation model of Big White. 

Water Quality Analyses Norwest Labs 1996 Water quality laboratory reports for Hallam Creek and Trapping Creek 

Environmental Reviews GeoAlpine 
Cascade 

1997 
2008, 
2020 

Environmental reviews for the 1996, 2008, and 2020 Big White Ski 
Resort Master Plans 

Environmental Review 
Big White Resort CRA: 
Fish and Fish Habitat 

Cascade 2025 Assessment of related to fish presence, aquatic habitat conditions, and 
the potential occurrence of rare and endangered fish species within the 
study area and its connected waterways. 

Public Data 

BC Water Resources 
Atlas 

BC 
Government 

Various Spatial data showing water license locations 

Water License Search 
Tool 

BC 
Government 

Various Specific water license text and scanned maps 



January 15, 2026 CA0055784.8319-002-R-Rev1 

 

 

 
 4 

 

Title Source Year Notes 

Freshwater Atlas BC 
Government 

2025 Geospatial information, including watercourses and watersheds. 

Weather Station Data Environment 
Canada 

Various Temperature and precipitation records from local weather stations 

DayMet NASA 2025 Gridded, interpolated temperature and precipitation data, 1980-present 

ClimateBC CFCG 2025 Current and mean GCM future monthly temperature and precipitation 
data for a range of SSPs and time horizons 

Surface Water Quality 
Data 

BC 
Environmental 
Management 
System 

2005, 
2018, 
2025 

Surface water quality data from the BC Environmental Management 
System for Damfino Creek, Kettle River at downstream midway station 
point and at Grano bridge 

Kettle River Watershed 
Management Plan: 
Phase 1 Technical 
Assessment 

Summit  2012 Evaluated the watershed’s hydrology, water quality, and ecological 
health to identify key risks and data gaps. It provides foundational 
science to guide sustainable water use, habitat protection, and future 
planning efforts in the region 

Okanagan Sustainable 
Water Strategy: Action 
Plan 1.0  

OBWB 2008 Provides actionable recommendations for water governance, 
conservation, source protection, and ecosystem health. 
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3 HYDROLOGIC ASSESSMENT 

3.1 Watershed Setting 

Big White is located within the Southern Interior Ecoprovince (Ministry of Environment and Climate Change 

Strategy [MOECCS] 1995) and the Okanagan Highland hydrologic zone (MOECCS 1996a). The area receives 

approximately 969 mm of mean annual precipitation, with about 620 mm falling as snow (University of British 

Columbia [UBC] 2023). This produces an estimated average annual runoff depth of about 300 mm (MOECCS 

1996b). Peak precipitation typically occurs during the months of December and January (UBC 2023). Based on 

available regional hydrologic information, peak flows in nearby watersheds occur primarily in May to June during 

spring melt (freshet), with low flows from August through March. 

According to provincial peak flow isolines, watersheds in this region yield an estimated 20 m³/s per 100 km² during 

the 10-year peak flow event (MOECCS 1996c) and 30 m³/s per 100 km² during the 100-year peak flow event 

(MOECCS 1997). 

 

3.2 Catchments of Interest 

Based on mapping in the Freshwater Atlas (FWA), the CRA overlaps with the watersheds of Hallam and Trapping 

Creeks (tributaries of the West Kettle River), and Copperkettle and Whitefoot Creeks (tributaries of the Kettle 

River). These creeks and their associated catchments are shown in Figure 3, as sourced from the Freshwater 

Atlas. 

 
Figure 3: CRA and Overlapping Catchments, Based on Freshwater Atlas Datasets 
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As only a small percentage of the Whitefoot Creek watershed overlaps the CRA (the proposed Backcountry 

chairlift and associated runs where hydrology is already affected by historic logging), hydrologic modelling of 

Whitefoot Creek has not been included in the hydrologic analysis.  

Conceptually, the Big White CRA and downstream watersheds can be understood as indicated in Figure 4, up to 

where the West Kettle River joins the Kettle River. 

 

Figure 4: Schematic of the Big White CRA Including Key Tributaries, Points of Diversion, and Hydrometric 
Station Locations 

 

3.3 Hydrologic Conditions 

3.3.1 Climate Setting and Station Networks 

The Big White CRA is located in the Monashee Mountains, a high‐elevation environment where orographic effects 

strongly influence local climate. Winters are long and cold, with substantial snowfall accumulation above 1,500 m, 

while summers are short, mild, and marked by convective rainfall events. The elevation gradient, ranging from 

valley bottoms near 1,200 m to ridgelines above 2,300 m, results in pronounced spatial variability in temperature 

and precipitation. Orographic enhancement leads to significantly higher snowfall and annual precipitation at the 

resort plateau compared to nearby valley stations such as Christian Valley and Joe Rich Creek. 
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To capture this variability, multiple climate and snow monitoring stations have been established in and around the 

CRA. These include: 

▪ Environment and Climate Change Canada (ECCC) stations at Christian Valley (~800 m) and Big White 

(mid‐mountain, ~1,800 m), providing long‐term precipitation and temperature records. 

▪ Resort‐operated weather infrastructure, including Rhonda Lake Dam and Stonebridge snow gauge, which 

provide high‐elevation data on snowfall, temperature, and snowpack dynamics. 

▪ Provincial snow survey sites at Big White Mountain and Trapping Creek, contributing manual snow water 

equivalent (SWE) observations used to characterize snow accumulation and melt timing. 

The station network is sparse and discontinuous at higher elevations across the study area, limiting the availability 

of complete, continuous records. To overcome these gaps, gridded climate datasets (i.e., DayMet v4) were 

adopted as the primary forcing dataset for hydrologic modelling, supplemented by observed data for validation. 

DayMet provides continuous, spatially distributed daily temperature and precipitation records from 1980 to 2023 at 

1 km resolution, ensuring full coverage of the CRA and alignment with model calibration and verification periods. 

While DayMet’s station-derived data can underestimate extreme flows, a more detailed, weather-model-enhanced 

dataset (e.g., ERA5-Land or MEERA-2) would likely not contribute to significant improvements in result quality in 

a study focused on average weekly trends. 

This combination of observed climate stations and gridded datasets provided the basis for simulating snowmelt 

and rainfall‐driven hydrologic processes within the CRA. 

 

3.3.2 Flow Regimes  

The hydrology of the Big White CRA is defined by its location within Hydrologic Zone 23 – Okanagan Highlands, a 

high-elevation plateau and mountain terrain in the Monashee Mountains dominated by nival (snowmelt-driven) 

processes. The ecological setting reinforces this regime: mid-elevations are covered by the Engelmann Spruce–

Subalpine Fir dry cold Okanagan variant, transitioning above 2,000 m into the parkland variant, with the highest 

ridges and summit areas extending into the Alpine Tundra (AT) zone. Steep relief and limited groundwater 

storage capacity across these zones produce a highly seasonal streamflow regime characterized by low, stable 

winter flows, a dominant spring freshet, and secondary responses to summer rainfall. Observed records from the 

Trapping Creek gauge (WSC 08NN019) and regional stations on the West Kettle River provide the primary basis 

for quantifying the local flow regime 

From November through March, precipitation is stored almost entirely as snowpack and streamflow is confined to 

small, steady baseflows. Bedrock-dominated slopes and thin surficial deposits provide little aquifer storage, 

resulting in limited groundwater contribution. Flow records from Trapping Creek confirm sustained low winter 

discharges, often near the gauge’s lower measurable threshold, with extended under-ice conditions and minimal 

interannual variability compared to freshet. 

Snowmelt begins at lower elevations in late April or early May and progresses upslope through June. The freshet 

is the defining hydrologic event of the year, with discharges rising by an order of magnitude over the course of 

weeks. Peak flows generally occur between late May and mid-June, depending on snowpack depth and the pace 

of spring warming. Rain-on-snow events can accelerate melt and produce pronounced short-term surges. 

Analysis of Trapping Creek and regional records indicates that freshet peaks account for the majority of annual 

runoff volume, consistent with other alpine, snowmelt-dominated basins in the Okanagan Highlands. 
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After freshet, flows recede through July and August, sustained by residual alpine snowfields, shaded aspects, and 

shallow subsurface drainage. Short-duration convective thunderstorms are frequent in the Okanagan Highlands 

during summer and can generate sharp hydrograph responses in steep, confined tributaries such as Whitefoot 

and Hallam creeks. Although much smaller than spring freshet flows, these storm-driven peaks are important for 

sediment transport and local channel adjustment. 

By September and October, stream flows diminish further as temperatures cool and precipitation increasingly falls 

as snow at higher elevations. Discharge stabilizes at low levels until the onset of winter storage, completing the 

annual hydrologic cycle. 

Overall, the Big White CRA exhibits the strongly seasonal nival regime typical of Hydrologic Zone 23, with 

extreme contrasts between freshet peaks and winter lows. The absence of significant groundwater buffering 

accentuates this seasonality, shaping aquatic habitat conditions by alternating between prolonged low flows and 

short high-flow pulses, constraining water licence opportunities to the freshet window, and influencing resort 

operations, where reservoirs such as Powder Basin (a.k.a., Lake Paul) and Rhonda Lake are relied upon to 

capture spring surpluses for use during dry summer and frozen winter conditions. 

 

3.4 Water Usage 

All water licenses within the CRA are managed by Big White Water Utility Ltd. (BWWU). Existing water licenses 

are summarized in Table 2. Water license locations are illustrated in Figure 5, excerpted from the BC Water 

Resources Atlas. 

 

Figure 5: Water License Locations at Big White (BC Water Resources Atlas) 
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Table 2: Current[1] Water Licenses in the CRA (from Water Resources Atlas) 

Watercourse 
License 
Number 

Purpose Licensed Withdrawal Details 

Hallam 
Creek[2] 

C118739 
Waterworks (other than LP) 
Stream Storage: Non-Power 

Current, issued May 20, 2005 

▪ Diversion into storage April 1 to June 30 

▪ Storage of up to 246,696 m3/yr 

▪ Use from storage July 1 and March 31, otherwise may 
withdraw from creek up to 204,574 m3/yr at up to 1,363 m3/day 

Westridge 
Creek[3] 

C112013 Commercial Enterprise 

Current, issued December 21, 1998 

▪ Diversion up to 23 m3/day at up to 0.0003 m3/s for use at a day 
lodge 

Skiing Brook[4] C106250 Waterworks: Local Provider 
Current, issued July 2, 1993 

▪ Diversion up to 49,780 m3/yr at up to 136 m3/day  

Trapping 
Creek[5] 

507672 
Ice & Snow Making: Snow 
Well Drill/Transport 
Management (Dust Control) 

Current, issued January 5, 2000 

▪ Diversion up to 3,100.44 m3/yr for snow making between 
October 1 and March 30 

▪ Diversion up to 600 m3/yr for dust control between June 1 and 
September 30 

Supersedes license 118120 

C103242 
Stream Storage: Non-Power 
Waterworks: Local Provider 

Current, issued September 1, 1992 

▪ Diversion up to 259,031 m3/yr between April 1 and June 30 

▪ Use up to 595 m3/day from storage 

▪ Amended August 6, 1993 to allow use throughout the year, 
with diversion from April 1 to June 30. 

C114970 
Stream Storage: Non-Power 
Waterworks: Local Provider 

Current, issued May 29, 2003 

▪ Diversion into storage between April 1 and June 30 

▪ Storage of up to 92,178 m3/yr 

▪ Use of up to 81,830 m3/yr at up to 546 m3/d  

▪ Any use between July 1 and March 31 must be from storage 

Note: [1] BWWU reports that 3 additional applications have been submitted to provincial authorities, but these are not included in the BC 
Water Resources Atlas “Water License Applications” layer.  
[2] to Powder Basin Reservoir, headwaters of Hallam Creek. [3] Minor tributary of Hallam Creek [4] Minor tributary of Trapping Creek. 
[5] at Rhonda Lake Reservoir, headwaters of Trapping Creek.  

WSP was provided water use data for Rhonda Lake reservoir (2016-2025) and Powder Basin reservoir (2023-

2025, missing 2 months). Overall demand from 1996 to 2020 is summarized in the 2020 Water Master Plan, 

which WSP has assumed applies only to withdrawals from Rhonda Lake and Trapping Creek. Average withdrawal 

data is shown in Figure 6. Years 2016 and 2017 are excluded from monthly average for Rhonda Lake, as it 

appears daily withdrawals are linearly interpolated rather than measured. Overall average demand was calculated 

based on data from years 2013-2020, as the trend demand in data results in significantly lower flows in prior 

years. 

It is understood, based on information from Big White, that flow management at the reservoirs is purely passive by 

way of the overflow weir (i.e., that no fish-flow is maintained during low flow periods), as noted in the assumptions 

listed in the proposal addendum. 
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Figure 6: Water Withdrawal and use patterns from Reservoirs (top) with a focus on Rhonda Lake (bottom)  

 

WSP expects that the 3% annual increase in demand from the two reservoirs identified in the 2020 Water Master 

Plan (Agua 2020) would exceed licensed withdrawals in 2044. As such, WSP will model future conditions 

using the maximum licensed demand, distributed according to Figure 6. Further increases to demand would 

require additional water licenses. 

 

3.5 Hydrologic Modelling 

3.5.1 Software Selection 

The hydrologic model was developed using Raven, an open-source hydrologic modelling framework maintained 

by the Canadian Centre for Water Resources Studies. Raven was selected for its robust support of Canadian 

hydrologic model structures, flexible configuration, and proven compatibility with mountain watershed applications. 

Raven is currently used in the region, including the Okanagan Basin Water Board’s (OBWB) Okanagan Raven 

Hydrology Model. While not part of the current scope, Raven’s flexibility could allow water quality and 

groundwater parameters to be incorporated into future iterations of the model. 

This study employed the HBV-EC (Hydrologiska Byråns Vattenbalansavdelning – Environment Canada) model 

structure, a Canadian adaptation of the original HBV (Hydrologiska Byråns Vattenbalansavdelning) model. HBV-

EC is a semi-distributed, conceptual rainfall–runoff model widely used by Canadian researchers and practitioners 
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for snowmelt-driven watersheds (Hamilton et al. 2000; Brown and Craig 2020). Its process representation aligns 

closely with the dominant hydrologic controls in the Big White CRA, providing a defensible basis for scenario 

evaluation under both historical and projected climate conditions. 

Raven’s implementation of HBV-EC supports the full set of hydrologic components used in Environment Canada 

applications, including: 

▪ Snowpack accumulation and melt via a temperature-index (degree-day) approach. 

▪ Soil moisture accounting using a threshold-based reservoir. 

▪ Evapotranspiration based on temperature-driven potential evapotranspiration (PET) functions. 

▪ Runoff generation through upper and lower zone reservoirs representing fast and slow pathways. 

▪ Baseflow recession and routing using linear and nonlinear reservoir schemes. 

▪ Reservoir water balance and controlled releases, representing Rhonda Lake, Powder Bowl Reservoir 

including their stage–storage–discharge relationships. 

 

3.5.2 Model Conceptualization and Approach 

The model domain included the major watersheds intersecting the Big White CRA, with explicit attention on the four 

named creeks: Hallam, Trapping, and Copperkettle. Each watershed was represented as multiple Hydrologic 

Response Units (HRUs). A hydrological response unit (HRU) is a collection of relatively homogeneous land parcels 

with a unique hydrological signature. Depending on the characteristics of the catchment, HRUs can be defined 

based on physical elements such as land use, soil type, slope, aspect, and/or elevation. An HRU does not have a 

spatial location but is simply a collection of grid cells within the domain which are expected to exhibit a similar 

hydrological response to a rainfall or snowmelt event. Spatial data were used to discretize the basin into HRUs. 

Sub-basins were extracted from the Canadian Lake–River Hydrofabric (CLRH) with predefined catchment 

boundaries and routing connectivity. HRUs were defined by overlaying sub-basin boundaries with land cover, 

soils, slope, elevation, and aspect data. This semi-distributed representation balances computational efficiency 

with the need to represent hydrologic contrasts (e.g., alpine snow accumulation vs. forested mid-slopes vs. 

disturbed resort areas). 

The modelling workflow followed these steps: 

1) Watershed delineation: Outlet points and contributing areas were identified using WhiteboxTools or Raven-

compatible BasinMaker workflows. 

2) HRU setup: Each sub-basin was defined as a single HRU with generalized dominant properties 

(e.g., forested slope, alpine, disturbed/developed). 

3) Snow accumulation and melt: Modelled using HBV-EC’s temperature-index method based on daily minimum 

and maximum temperatures. 

4) Soil moisture accounting: Modelled using HBV-EC’s threshold-driven bucket reservoir controlling percolation, 

capillary rise, and evapotranspiration. 
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5) Runoff generation: Partitioned into fast (upper zone) and slow (lower zone) reservoirs within HBV-EC, 

modelling interflow and baseflow components. 

6) Channel routing: The model uses a triangular unit hydrograph approach for in-catchment routing and a 

diffusive wave algorithm for in-channel routing.  

7) Reservoirs: Modelled using observed water withdraw data or inferred operation conditions. 

 

3.5.3 Input Data 

3.5.3.1 Hydrometric Data 

Hydrometric data were obtained from the Water Survey of Canada (WSC), consistent with the proposal 

requirement to incorporate Trapping Creek and West Kettle River stations. There are three hydrometric stations 

that have operated or are currently operating within the project watersheds.  

▪ 08NN019 – Trapping Creek near the Mouth (145 km²): The station is located entirely within the CRA. It 

captures localized hydrologic response and was selected as the primary calibration station. The model was 

calibrated over 1981–2011 and validated over 2010–2023. This station provides an unregulated, natural 

record representative of CRA hydrology. 

▪ 08NN015 – West Kettle River near McCulloch (233 km²): Data from this station was used to validate the 

transferability of snowmelt and recession parameters throughout the project area. 

▪ 08NN026 – Kettle River near Westbridge (2,140 km²): This station represents a mainstem validation point 

downstream of the CRA. It was included to confirm that flow timing and cumulative basin response under 

scale appropriately based on watershed area.  

These stations collectively provide localized calibration, regional parameter transfer validation, and downstream 

consistency checks, supporting robust performance of the HBV-EC model within Raven across a range of 

hydrologic scales. 

 

3.5.3.2 Climate Data 

3.5.3.2.1 Historic Climate Data 

Historic climate data for the Big White region are available from several ECCC stations at both valley and alpine 

elevations (Table 3). The records vary considerably in length and completeness. While temperature measurements 

are generally well captured (>80% completeness at most stations), precipitation records are sparse and 

discontinuous. As such, the observed climate data is of insufficient quality to support model development. 

Table 3 summarizes key ECCC climate stations within and near the Big White CRA and highlights the strong 

elevation control on climate. At 805–875 m (Christian Valley, Joe Rich Creek), mean daily temperatures are  

4.4–4.5 °C with ~1.4–1.5 mm/day precipitation. Mid-elevation McCulloch (1,250 m) is cooler (2.7 °C) and wetter 

(1.91 mm/day). At ~1,840 m, Big White (1981–1999) is markedly colder (–4.4 °C) and wetter (3.32 mm/day), 

consistent with orographic enhancement. The short Big White Mountain Lodge record (1965–1968) shows 

similarly high precipitation (3.72 mm/day) but an anomalously warm mean temperature (1.2 °C) for its elevation, 

reflecting its brief, non-overlapping period and likely gaps or inconsistencies in the archived record.  
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Table 3: ECCC Climate Station Data 

Station 
Location Period of 

Record 

Record Completeness (%) 

Latitude Longitude Elevation (m) Temperature Precipitation 

Christian Valley 49.65 -118.75 805 1972–1985 99.6 90.4 

Joe Rich Creek 49.86 -119.13 875 1928–2008 76.9 34.4 

McCulloch 49.80 -119.20 1,250 1923–1996 82.7 37.9 

Big White 49.73 -118.93 1,841 1981–1999 99.5 48.1 

 

In addition to the ECCC climate station records, Big White provided an internal dataset spanning three main 

periods (1998–2007, 2008–2012, and 2012–2024). The dataset includes daily and sub-daily temperature and 

snowfall observations at resort elevation, with extensive counts for minimum, maximum, and current temperature 

as well as 12-hour, 24-hour, storm, and year-to-date snowfall totals. Mean daily minimum temperatures range 

from –8.6 °C (2008–2012) to –3.2 °C (2012–2024), while mean daily maximum temperatures range from –3.5 °C 

to +2.6 °C over the same periods, reflecting inter-decadal variability. Snowfall records show considerable totals, 

with 12-hour accumulations exceeding 42 cm (1998–2007) and 24-hour events reaching 144 cm (2012–2024). 

Year-to-date snowfall routinely exceeds 900 mm water equivalent in earlier records, and more than 1.4 m in 

recent years. While not used directly in the model evaluation, the dataset served as a qualitative check on the 

magnitude and timing of snow accumulation events relative to the DayMet and ECCC records. 

As a substitute to observed data, reanalysis data have been used to support model development. DayMet 

(Thornton et al. 2021) provided temperature and precipitation time series for four virtual climate stations replacing 

the four corresponding ECCC stations. DayMet is a gridded daily climate product that provides continuous 

estimates of temperature and precipitation across North America at 1-km resolution from 1980 to the present. For 

this study, DayMet offered complete spatial and temporal coverage of the CRA, including alpine elevations where 

direct observations are sparse. The dataset aligns with the hydrometric calibration (1981–2000) and verification 

(2000–2023) periods, eliminating the need for infilling or cross-station scaling. Its high-resolution interpolation 

framework captures elevation-driven climatic gradients that are underrepresented in valley and resort-based 

observations. Station records were therefore used only for quality assurance. A comparison of the mean 

temperature and precipitation for the overlapping period is shown in Table 4.  

Table 4: Comparison of Observed Station Data to Adjusted DayMet Mean Data 

Station 

Location Compared 
data points 

(days) 

Difference between Station and Daymet 

Latitude Longitude 
Elevation 

(m) 
Temperature 

(°C) 
Precipitation 

(mm/day) 

Christian Valley 49.65 -118.75 1853 11.3 0.66 0.41 

Joe Rich Creek 49.86 -119.13 9992 -0.8 0.36 -0.04 

McCulloch 49.8 -119.2 5475 8.3 0.05 -0.05 

Big White 49.73 -118.93 3200 196 -3.98 -0.32 
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Overall, the ECCC station data and DayMet series show strong agreement, with some discrepancies evident at 

the Christian Valley and Big White climate stations. Examination of both monthly summaries and raw records 

indicates that gaps in the ECCC data during winter months explain part of the divergence, while the DayMet grid 

cell elevations are slightly higher than the actual station elevations because of 1-km spatial interpolation, 

introducing a modest elevation-related bias. Over longer comparison periods the agreement between the two 

datasets improves, reinforcing the suitability of DayMet as a continuous forcing dataset for derivation of long-term 

typical weekly precipitation and flow patterns. 

 

3.5.3.2.2 Future Climate Data 

To assess future stream flow conditions within the Big White CRA, WSP scaled the historic climate record 

according to expected monthly changes in Global Climate Model (GCM) ensemble mean temperature and 

precipitation. The high-emissions scenario was selected as a likely conservative condition in this melt-dominated 

system where temperature is expected to have a significant impact on flow. 

Downscaled ensemble climate data (i.e. 8-GCM ensemble maximum temperature, minimum temperature, and 

precipitation) were obtained from ClimateBC v7.30 (UBC 2023) at the centroid of each of the three selected 

hydrometric station watersheds (08NN015, 08NN019, and 08NN026) for baseline (1990-2010) climate conditions 

as well as mid-century (2041-2070) and end-of-century (2071-2100) climate for the SSP 5-8.5 (high-emissions) 

scenario.  

A delta-change method was applied to prepare future climate forcings for the model. Anomalies of monthly 

ensemble averages were calculated between mid- and end-of-century climate conditions and historical baseline 

conditions. These monthly deltas were applied to the observed climate series as follows: 

▪ Temperature: monthly anomalies (ΔT) added to daily Tmin and Tmax 

▪ Precipitation: monthly change factors (f_P) applied as multipliers to daily precipitation 

This approach preserves observed interannual and daily variability while shifting the climatology to reflect 

projected future conditions. Delta-changes are illustrated in Figure 7, which show consistent warming of about 

+3.2 °C by the 2050s and +5.1 °C by the 2080s, with precipitation increases of roughly 5–9% (annual 

average) across the watersheds. There is, however, uncertainty in changes to precipitation and temperature due 

to variation in potential future climate and weather patterns captured in the various GCMs.  
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Figure 7: Monthly Delta-change Factors for Temperature (top) and Precipitation (bottom) 

 

The hydrologic model uses temperature and precipitation time series as inputs. The model partitions precipitation 

into rain or snow based on calibrated temperature thresholds and orographic effects, accounting for elevation 

changes for each HRU.  Figure 8, shows that, for the Rhonda Lake catchment, the model predicts a higher 

proportion of precipitation as rain—instead of snow—during months that currently see snowfall, under analysed 

future climate scenarios. 
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Figure 8: Modelled average monthly precipitation phase distribution for current conditions and future 
climate scenarios in the Rhonda Lake catchment 

   

3.5.4 Hydrological Response Units 

HRUs in the model were defined through the integration of soils, land cover, and topography. Soil characteristics 

were obtained from the BC Soil Survey (Government of British Columbia, 2024), which provided information on 

texture, depth, and drainage properties. These data guided parameterization of infiltration, soil moisture storage, 

and evapotranspiration capacity within the model framework. 

Land cover was represented using the 30-m resolution 2020 Land Cover of Canada dataset (Natural Resources 

Canada, 2022), produced under the federal GeoBase program by the Canada Centre for Mapping and Earth 

Observation (CCMEO). This dataset provides a consistent national classification and was applied to distinguish 

grassland (alpine meadows), shrubland (subalpine vegetation), forested areas, developed terrain, and open 

water. These land cover classes were critical for scaling hydrologic processes in the model, allowing 

differentiation of snow accumulation and melt dynamics in alpine grassland and shrubland, canopy interception 

and evapotranspiration in forests, reduced infiltration and rapid runoff from developed surfaces, and open-water 

evaporation from rivers and lakes. By incorporating land cover explicitly at the HRU level, the model captured 

spatial heterogeneity in hydrologic response across the CRA. 

Catchment delineation and routing information were obtained from the CLRH generated with BasinMaker, which 

includes subbasin boundaries, drainage connectivity, mean elevation, slope, and aspect attributes (Tolson et al. 

2024). These hydrologic attributes, combined with provincial DEM derivatives, provided the topographic basis for 

orographic precipitation gradients and snowmelt timing 

The intersection of soil, land cover, and elevation attributes produced a set of HRUs that captured the spatial 

heterogeneity of the watershed and enabled realistic simulation of runoff generation and water balance dynamics 

across the study areas. 
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3.5.5 Reservoir and Water Withdraws 

Reservoirs at Rhonda Lake and Powder Basin were explicitly represented in the Raven HBV-EC model using 

stage–storage–discharge curves. These curves define the functional relationship between water surface 

elevation, stored volume, surface area, and controlled outflow, and are essential for simulating both reservoir 

filling during freshet and subsequent releases to meet resort demand. Stage-storage-discharge curves were 

derived from bathymetric surveys and design documentation. For Rhonda Lake, surveyed bathymetry provided 

incremental storage volumes and corresponding water surface elevations, while outlet geometry was used to 

derive outlet rating curve (Golder 1999). For Powder Basin, storage and area were estimated from a combination 

of design briefs and hydrologic analysis (Golder 2007).Where design stage-area tables did not extend to the full 

expected operating range (above spillway crest), curves were extrapolated using a polynomial fit for storage–area 

and a trapezoidal weir equation to estimate discharge.  

Licensed water withdrawals were represented as water removed from the storage at the point of interests 

including Rhonda Lake (Trapping Creek), Powder Basin (Hallam Creek), Skiing Brook, and Westridge Creek. For 

current conditions, average monthly demand series were constructed from Big White’s provided records (    –

2025 for Rhonda, 2023–2025 for Powder). For future scenarios, the demand series was scaled to the maximum 

licensed diversion volumes from the BC Water License Database. As summarized in Table 5, Rhonda and 

Powder Basin account for the majority of licensed withdrawals, while Skiing Brook and Westridge contribute 

comparatively small but continuous demands. This setup preserved observed withdrawals for present simulations, 

while maximum allocations were applied for future conditions, with withdrawals only occurring when reservoir 

storage was available and constrained by diversion windows and annual limits. 

Table 5: Monthly withdrawal data applied to hydrologic model (m3/day) 

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

Rhonda – Current 1126 1162 1069 574 233 283 285 281 311 310 498 1010 

Rhonda – Future (licensed) 1573 1624 1493 802 325 396 398 392 434 434 695 1411 

Powder – Current* 171 86 97 58 78 94 95 94 56 111 72 93 

Powder – Future (licensed) 1038 521 588 354 471 574 577 569 339 676 435 566 

Skiing Brook (licensed) 

   

552 534 552 

      

Westridge Creek (licensed) 23 25 23 23 23 23 23 23 23 23 23 23 

*Current condition uses a scaled seasonal pattern based on Rhonda Lake and total withdrawals (Figure 6). 

A key limitation for model calibration is the absence of operational reservoir data (i.e., observed water levels, 

release records, or controlled outflow logs). While stage–storage–discharge curves from previous reports were 

used to simulate reservoir behaviour, these represent theoretical design capacity rather than verified operating 

conditions. Without operational records, it was not possible to calibrate and validate the modelled reservoir 

results, including water levels, discharges, seasonal drawdown, and spillway overflow. The calibration and 

validation of the model relied on downstream flow records, which provide only an indirect check on modelled 

reservoir performance. 
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3.5.6 Calibration and Validation 

Model calibration is the process of adjusting parameters within the model and/or changing process representation 

to produce model outputs that replicate observed data so the model is suitable for application. This is an iterative 

process that can be completed using manual or automated methods, or in this case, a combination of both. With 

many variables that can be adjusted, a manual approach can be a tedious and time-consuming process. In an 

automated calibration approach, the parameters to be adjusted are assigned a range of potential values and the 

calibration tool uses an optimization approach to find a solution that minimizes or maximizes, as appropriate, an 

objective function. The model is tuned based on its intended application. For instance, the calibration of a 

hydrological model to be used for water supply analysis would focus on low flows and/or annual volume whereas 

a model for a flood inundation study would focus on the representation of high flow events. Since the hydrological 

model output will be used primarily to inform water supply analysis, a good overall calibration focusing on low 

flows and annual volume was selected rather than a calibration focusing on peak flows.  

Validation of the hydrological model was evaluated by comparison of calibrated modelled outputs against 

recorded hydrometric data at locations and/or time periods not used during calibration. 

The calibration and validation performance of the model was evaluated based on daily timesteps by comparing 

the recorded and simulated flows visually and based on performance metrics. Model calibration was completed 

using WSC observed daily flows from Trapping Creek near the Mouth (08NN019) for the period 1981–2000, with 

validation conducted over 2000–2023. The calibration results were verified against regional stations at West 

Kettle River near McCulloch (08NN015) and Kettle River near Westbridge (08NN026). 

The calibration period spanned 1980–2000, consistent with the DayMet v4 baseline climate forcing dataset, while 

the subsequent period 2001s–2023 was reserved for independent validation. Streamflow records were pre-

processed for continuity, with interpolation applied where minor gaps occurred. Daily precipitation and 

temperature inputs were drawn exclusively from DayMet v4, which provides continuous coverage at 1-km 

resolution and captures orographic gradients absent in valley-based observations. 

During calibration, parameters were adjusted using automatic methods in Ostrich, an independent model 

optimization tool (Matott 2017), which continually adjusts internal model parameters to optimize a user-specified 

objective functions (Nash Sutcliffe Efficiency [NSE]). Model calibration followed a multi-objective approach using 

the Ostrich DDS optimization algorithm (Matott 2017). The Ostrich algorithm maximizes a specified response 

variable (i.e., performance metric) by adjusting model parameters within specified constraints to determine a 

single solution set. Following automated calibration, selected model parameters were manually fine-tuned to a 

visual assessment of the modelled hydrograph.  

A comprehensive list of the parameters within the HBV-EC model is provided in Appendix C. The model 

calibration placed emphasis on reproducing overall flow behaviour critical for Environmental Flow Needs (EFN) 

assessment while preserving the timing of the spring freshet. In addition to soil moisture, percolation, and 

baseflow parameters, global snow parameters controlling degree-day melt rate, snowfall–rainfall partitioning, and 

cold content storage were optimized to be an accurate representation of both spring freshet and rain-on-snow 

events 

While our hydrologic results were reported at daily timesteps, the outcomes of model performance were assessed 

based on the monthly benchmarks outlined in Moriasi et al. (2007). Typically, model performance is poorer for 

shorter time step comparisons (e.g., daily recorded versus simulated) than longer time step comparisons 
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(e.g., monthly or yearly recorded versus simulated) (Engel et al. 2007). For recorded and simulated flow 

comparisons, the general performance criteria ratings on a monthly timestep are as follows: 

▪ very good model performance 

▪ NSE coefficients greater than or equal to 0.75 

▪ percent bias within ±10% difference 

▪ good model performance 

▪ NSE coefficients between 0.65 and 0.75 

▪ percent bias between ±10% and ±15% difference 

▪ satisfactory model performance 

▪ NSE coefficients between 0.50 and 0.65 

▪ percent bias between ±15% and ±25% difference 

▪ unsatisfactory model performance 

▪ NSE coefficients less than 0.50 

▪ percent bias exceeding ±25% difference 

 

3.5.7 Scenario Selection 

To support water management planning and EFN assessment within the CRA, three hydrologic modelling 

scenarios were developed using the Raven framework. Each scenario was configured using consistent climate 

forcing inputs (DayMet v4, 1980–2011) but varied in terms of land cover (HRUs), infrastructure representation, 

and water abstraction operations. These scenarios reflect progressively more intensive land use and withdrawal 

patterns and were designed to quantify how streamflow timing, magnitude, and seasonal availability may be 

affected by current and future resort development. 

Scenario 1 – Baseline (Naturalized Conditions) 

This scenario represents pre-development watershed conditions and provides a reference baseline against which 

subsequent development impacts are evaluated. The landscape was assumed to be entirely forested and alpine, 

with no cleared land, impervious surfaces, or infrastructure. No water withdrawals, diversion structures, or 

reservoirs were included. This scenario establishes natural seasonal flow variability and runoff generation prior to 

anthropogenic modifications within the CRA. 

Scenario 2 – Current Conditions 

The current scenario reflects existing development, land clearing, and known water use infrastructure as of the 

latest available data. HRUs were updated using current land use data and the mapped resort footprint to reflect 

ski runs, road networks, and other disturbed areas. Licensed water withdrawals were included based on available 

provincial registry data and client-supplied records. Where specific operational details (e.g., pump curves, intake 

schedules) were unavailable, abstraction rates were estimated on a monthly basis using typical resort demand 

curves scaled by licence volume. If operational reservoirs or storage ponds were identified but lacked full records. 

This scenario provides the foundation for evaluating EFN risk, potential non-compliance periods, and baseline 

licensing adequacy under existing operating conditions. 
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Scenario 3 and 4 – Full Build-Out with Climate Change 

These scenarios incorporate the complete build-out vision for the CRA described in resort master plans, including 

new urbanized areas, ski pods and support facilities. HRUs were revised to represent increased clearing and 

infrastructure corridors, with forest and alpine cover reclassified as disturbed/urban areas. Proposed future water 

licences were included at their full application volumes, and additional abstraction points were added where 

identified. Where planned reservoirs or detention features lacked operational records, synthetic rules or volume-

based constraints were applied. Land use changes associated with this scenario are summarized in Table 6, 

showing the proportional increase in urbanized area for Hallam Creek and Trapping Creek. 

As confirmed with the Province during scope discussions, dedicated climate change scenarios were required to 

extend the assessment beyond current and planned land use conditions. These scenarios apply projected mid- 

and end-century climate forcings to the Full Build-Out configuration to evaluate the combined effects of 

development and climate stress on EFN compliance. Delta-change scaling was used to adjust daily 

meteorological forcings, imposing shifts in temperature and precipitation on the historic record while preserving 

natural variability. Flow results were then extracted at the same points of interest—licensed diversion creeks and 

subbasin outlets—to enable consistent comparison and EFN assessment across scenarios. This approach 

provides both the Province and the resort with a forward-looking basis for understanding hydrologic risk under 

plausible future operating conditions. 

Table 6: Urban Land Use Change Summary – Current vs. Full Build-Out Scenarios 

Creek / Sub-basin 
Existing Area 

(km²) 
Future Area (km²) Change (km²) 

Future Urban % of 
total CRA 

Hallam Creek (Powder 
Basin Reservoir) 

0.40 1.24 0.85 2.7% 

Trapping Creek (Rhonda 
Lake Reservoir) 

1.94 3.55 1.60 5.1% 

 

3.5.8 Hydrologic Modelling Results 

The model was calibrated and validated following the method outlined in Section 3.5.6. This section presents the 

calibration and performance. The performance of the model was evaluated based on the statistical criteria listed in 

Section 3.5.6.  

The HBV-EC model reproduced seasonal and interannual flow variability across the Big White CRA watersheds 

demonstrating satisfactory to very good performance with respect to the performance metrics specified in section 

3.5.6. The results of the calibration and validation performance metrics are presented in Table 7. At the primary 

calibration site, Trapping Creek near the Mouth (08NN019), the model performance was very good and good 

during calibration and validation, respectively.  

The model was validated at West Kettle River near McCulloch (08NN015) and Kettle River near Westbridge 

(08NN026) over the full timeseries (1980-2023). Validation performance at 08NN015 and 08NN026 was 

satisfactory and good, respectively. This confirmed that the calibrated parameter set transfers appropriately 

across regional headwater and mainstem scales, providing confidence in downstream scaling of results. 

Averaged across all three stations and the full timeseries, the model achieves good performance. Validation 

performance at West Kettle River and Kettle River confirmed the robustness of the parameter set, with 

performance suitable for EFN assessment. 
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Table 7: Calibration and Validation Performance Metrics 

Station / Location 

Calibration Period Validation Period Overall Period 

(1981 -2000) (2000-2023) (1980-2023) 

NSE PBIAS NSE PBIAS NSE PBIAS 

Trapping Creek near Big White 
(08NN019) 

0.82  1% 0.68  4.8% 0.74  2.5% 

West Kettle River near McCulloch 
(08NN015) 

- - - - 0.73  -17% 

Kettle River at Westbridge 
(08NN026)* 

- - - - 0.76 7% 

*First water year removed from performance metrics calculation as initial condition 

**Year 2005 -2006 removed from Kettle River at Westbridge due to missing data 

The hydrograph for simulated and observed daily flows at the primary calibration location (08NN019) for the full 

timeseries (1980-2023) is shown in Figure 9. The hydrograph demonstrates that the interflow and baseflow 

performance of the model is generally good. The timing of the spring freshet is well aligned in most years; 

however, the annual maxima (peak flow generated by freshet) tend to be underestimated by the model, which 

could result in underestimation of reservoir filling. The model simulates storm-driven peaks in summer and fall, but 

deviations in annual maxima likely indicate challenges in capturing year-to-year changes in snowpack and melt 

timing, especially during rain-on-snow events. Hydrographs for West Kettle River near McCulloch and Kettle River 

at Westbridge are provided in Appendix D, showing patterns consistent with those previously described.  

The flow duration curve for simulated and observed flows during the full timeseries (1980-2023) is shown in , the 

flow duration curve indicates that the simulated and observed flows are well matched during the entire timeseries 

for exceedance probabilities of approximately 10% to 20% and 50% to 99%. For flows exceeded 0% to 10%, or 

peak flows, the observed flows are generally greater. For exceedance probability of approximately 20% to 50%, 

the modelled flows are generally greater.  
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Figure 9: Trapping Creek Near the Mouth (08NN019) Hydrographs 

calibration validation 
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Figure 10: Observed and Simulated Flow Duration Curve for Trapping Creek near the Mouth (09NN019) 
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3.6 Discussion 

3.6.1 Reservoir Patterns 

While WSP is not aware of existing long-term records of reservoir levels, water levels were extracted from the 

hydrologic model for preliminary comparison. Average reservoir patterns given current and maximum licensed 

withdrawals under mid- and end-of-century climate conditions are shown in Figure 11.The drawdown observed 

during the first 15 weeks of the year for both reservoirs is consistent with heightened winter withdrawal at a time of 

low inflow. Subsequent reservoir refill is due to spring melt releasing water stored in snow.  

 

Figure 11: Average weekly patterns in Reservoir Stage in current and future Climates 
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3.6.2 7-day Low Flow Statistics 

WSP has developed an in-house application of CFA (Consolidated Frequency Analysis) and LFA (Low-flow 

Frequency Analysis) in Microsoft Excel™. This application uses the same multiple parametric probability 

distribution functions as the CFA and LFA, but also incorporates a more user friendly interface, the modern boot 

strapping and least squares minimization methods for parameter estimation, the ability to estimate confidence 

intervals for a frequency estimate of the standard return periods, and a least-squares minimization approach and 

the Anderson-Darling methods to identify the best-fit probability distribution. Consistent distributions were selected 

for small catchments feeding lakes and larger catchments overall. 

WSP calculated annual 7-day low flow statistics for modelled flow outputs using the in-house MS Excel-based 

LFA implementation. Results are summarized in Table 8.  

Table 8: 7-day Low Flow Frequency Analysis based on model outputs (L/s) 

POI Powder Basin 
Hallam Creek before 

West Kettle River 
Rhonda Lake 

Trapping Creek before 
West Kettle River 

Copperkettle Creek 
before Kettle River 

Return 
Period 
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2
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5
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s
* 

2
0

8
0

s
* 

2 1 Likely ephemeral 
at reservoir outlet 
given current flow 

management 
strategy 

11 8 28 18 2 Likely ephemeral 
at reservoir outlet 
given current flow 

management 
strategy 

209 211 241 150 51 51 20 9 

5 <1 4 3 12 6 1 106 103 110 61 23 23 7 3 

10 <1 2 1 7 3 <1 67 62 68 36 15 15 5 2 

Method GEV 3-parameter LN GEV 3-parameter LN 3-parameter LN 

*Includes climate change, full licensed withdrawal volume, and land use changes 

Note that this analysis is based on modelled values, as measured data is not available at all locations. Actual 

values may be lower than those indicated; for example, the 7-day low-flow current-condition estimates calculated 

based on measured data for Trapping Creek (WSC Station 08NN019) are approximately 75 L/s, 46 L/s, and 

35 L/s for the 2, 5, and 10-year return periods using the same fitting method, indicating that, while the model 

captures typical conditions (see section 3.5.6), it may overestimate the lowest low flow values. Further data 

acquisition and future model improvements may allow for improved estimates. 

 

3.6.3 Comparison of Effective Withdrawals to Licensed Withdrawals and Flow 
Controls 

As shown in the bottom figure on each page of Appendix A, current management of Rhonda Lake and Powder 

Basin may not be reflective of licensed management, and existing water license terms may not follow current EFN 

guidelines.  

Further monitoring of stream flows, including flow and level gauging at the reservoirs, may allow for identification 

of natural zero-flow periods, which could change results. If, for instance, winter periods naturally have zero flow 

(rather than low flow), withdrawal from the reservoirs during these periods would be considered differently than 

has been assumed for this analysis. 
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3.6.4 Environmental Flow Needs Policy 

The process used to evaluate water availability for water license applications is governed by the provincial EFN 

policy (MFLNRO and MOECCS 2022). The EFN policy is typically applied when a new water license is being 

sought or when a license holder is challenging a license which has been suspended due to low flows. While not a 

water license application, this study will nonetheless discuss flows in an EFN context. 

The EFN of a stream are defined as the volume and timing of water flow required for proper functioning of the 

aquatic ecosystem in the BC Water Sustainability Act, Section 1 (Government of BC 2016), and must be 

considered when deciding a water license or use approval application on a stream or on an aquifer that is 

hydraulically connected to a stream.  

The EFN Policy includes a risk management framework to characterize environmental risk management level  

(1, 2, 3, or special consideration; Figure 12) and identifies risk management measures to assess or mitigate 

potential effects of withdrawals from a stream. The risk management levels are (MFLNRO and MOECCS 2022): 

▪ Risk Management Level 1. This level indicates that, for the specified flow period (i.e., month), there is 

sufficient water available to provide for EFN as well as for proposed water diversion and use. While not 

indicative of “no risk”, it indicates that supplementary information may not be required unless the presence of 

sensitive species or habitats suggests the need for Special Considerations. 

▪ Risk Management Level 2. This level indicates that the aquatic environment is flow-limited for the withdrawal 

period or that cumulative withdrawals are greater than the threshold of concern. More information is likely 

required prior to the decision to grant or decline an application, and the authorization (if granted) may include 

terms and conditions to limit the potential impacts to EFN.  

▪ Risk Management Level 3. This level indicates that the aquatic environment may be severely flow-limited for 

the proposed period of withdrawal, or that cumulative water withdrawals would be greater than the threshold 

of concern. More extensive analysis for the potential impacts of the proposed application on EFN may be 

appropriate prior to the decision to grant or decline the application, and comprehensive terms and conditions 

may apply to the authorization (if granted).  

▪ Special Consideration. If “sensitive species or habitats” (as defined in the policy) are present within the 

watershed, it is recommended that the application review consider information about these sensitive values in 

addition to relevant risk level information. 

For the purposes of discussion, WSP has assumed that all the analysed watercourses of interest are fish-bearing 

but not of special consideration. 
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Figure 12: Schematic of Environmental Risk Management Framework (MFLNRO and MOECCS 2022) 

 

While EFN is typically applied on a monthly scale, weekly analysis can be appropriate where timing of freshet and 

start and end of low flow periods may experience variability (MFLNRO and MOECCS 2022). Provincial authorities 

have requested that WSP’s discussion be on a weekly timescale. For consistency between years, WSP has 

elected to use week numbering as defined by the International Organization for Standardization (ISO). ISO Week 1 

begins on the first Thursday of the Gregorian year. Weeks generally align to months as follows: January (1-4), 

February (5-9), March (9-13), April (14-17), May (18-22), June (23-26), July (27-30), August (31-35), September 

(36-39), October (40-43), November (44-48), December (49-52). 

Seasonal flow patterns are shown in on an equal-spaced scale in Figure 13 and on a log-flow scale in Appendix A. 

In Figure 13, Y-axes are distinct for each watercourse and the naturalized flow line is occasionally fully hidden by 

the current conditions line. 
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Powder Basin Outlet 

 

Hallam Creek Mouth at West Kettle River 

 

Rhonda Lake  

 

Trapping Creek 

 

Copperkettle Creek 

 

 

Figure 13: Median Flow Hydrographs for Naturalized, Current, and Projected Future Conditions 

Comparing the reservoirs to the outlets of their respective watercourses indicates that, while withdrawals and flow 

management at Powder Basin and Rhonda Lake have significant impacts on flow at their locations, the impact 

may be largely beneficial to summer flows by the end of the watercourses. Climate change, however, is expected 

to have a significant impact on water availability at all the analysed locations, with relatively high winter flows, 

lower freshet peak, and very low summer flows. 

Weekly risk levels are characterized in Table 9 through Table 13. Negative withdrawals indicate that additional 

flow is available to the system compared to naturalized conditions due to flow management practices. In 

interpreting these tables, it is important to note that outputs are based on model results and have significant 

uncertainty due to data availability. It is possible that winter months may experience zero flow due to freezing 

conditions, but this is not captured in model outputs due to a lack of calibration data. 

Note that the water licenses in place at Big White were issued prior to the introduction of current EFN regulations. 
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Table 9: Weekly EFN Characterization – Powder Basin (headwater of Hallam Creek) 

Naturalized 
MAD 

(m3/s) 
Parameter 

ISO Week 
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Withdrawals[2] (%) 99 100 99 100 100 100 100 100 100 100 100 98 88 80 78 70 72 65 48 38 43 34 28 26 27 26 21 16 30 38 46 51 65 76 78 81 87 79 79 77 84 87 89 93 94 91 91 93 95 96 98 98 

Weekly Risk Level 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 

Note: [1] “H”igh, “M”oderate, “L”ow; [2] Percentage of mean naturalized flow for the same ISO week  

Table 10: Weekly EFN Characterization – Hallam Creek before West Kettle River 

Naturalized 
MAD 
(m3/s) 

Parameter 
ISO Week 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 
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Withdrawals[2] (%) 9 10 10 14 15 13 9 9 9 5 2 5 2 1 0 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 -2 -2 -2 -6 -8 -5 -4 -2 0 0 0 0 1 2 3 4 4 5 5 6 7 
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Note: [ ] “H”igh, “M”oderate, “L”ow; [ ] Percentage of mean naturalized flow for the same ISO week  

Table 11: Weekly EFN Characterization – Rhonda Lake (headwater of Trapping Creek) 

Naturalize

d MAD 
(m3/s) 

Parameter 
ISO Week 
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Withdrawals[2] (%) 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 98 99 89 87 87 72 48 34 30 33 38 45 50 58 72 67 73 92 92 91 82 72 73 64 70 75 77 86 87 88 90 91 96 99 100 100 

Weekly Risk Level 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 

Note: [ ] “H”igh, “M”oderate, “L”ow; [ ] Percentage of mean naturalized flow for the same ISO week 
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Table 12: Weekly EFN Characterization – Trapping Creek before West Kettle River 

Naturalized 
MAD 
(m3/s) 

Parameter 
ISO Week 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 

1.39 

Mean 
Naturalized 
Flow (m3/s) 

0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.3 0.5 0.7 1.1 1.7 2.6 4.0 4.9 5.2 5.9 5.9 5.6 5.3 4.1 3.6 2.7 2.3 1.7 1.3 1.0 0.8 0.6 0.5 0.4 0.3 0.3 0.2 0.2 0.3 0.3 0.4 0.4 0.4 0.5 0.6 0.6 0.6 0.6 0.6 0.5 0.5 0.4 
0.
4 

Flow 
Sensitivity[1] 

M M M M M M M M M L L L L L L L L L L L L L L L L L L L L L L L L L M M M L L L L L L L L L L L L L L L 

Withdrawals[2] 
(%) 

2 2 1 2 1 1 0 0 0 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -2 -1 -5 -4 -4 -9 -13 -10 -11 -8 -6 -5 -6 -4 -3 -1 0 1 1 1 1 1 1 

Weekly Risk 
Level 

2 2 2 2 2 2 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

Note: [ ] “H”igh, “M”oderate, “L”ow; [ ] Percentage of mean naturalized flow for the same ISO week  

Table 13: Weekly EFN Characterization – Copperkettle Creek before Kettle River 

Naturalized 
MAD 
(m3/s) 

Parameter 
ISO Week 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 

1.16 

Mean 
Naturalized 
Flow (m3/s) 

0.3 0.3 0.3 0.2 0.2 0.2 0.2 0.3 0.3 0.4 0.6 0.9 1.4 2.0 2.9 4.2 5.4 5.7 5.7 5.4 5.0 3.6 2.5 1.8 1.1 0.8 0.6 0.4 0.3 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.3 0.3 0.5 0.5 0.6 0.7 0.7 0.6 0.5 0.4 0.4 

Flow 
Sensitivity[1] 

L L L M M M L L L L L L L L L L L L L L L L L L L L L L L M M H M H H H H M M M L L L L L L L L L L L L 

Withdrawals[2] 
(%) 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Weekly Risk 
Level 

1 1 1 2 2 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 1 1 1 1 1 1 1 1 1 1 1 1 

Note: [ ] “H”igh, “M”oderate, “L”ow; [ ] Percentage of mean naturalized flow for the same ISO week 
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3.7 Hydrologic Analysis Summary 

WSP developed an HBV-EC model in the Raven framework to analyse flows at five Points of Interest (POIs) 

within the Big White CRA and downstream on key watercourses (Hallam Creek, Trapping Creek, and 

Copperkettle Creek). Analysis has been conducted on modelled results rather than measured data, which 

introduces significant uncertainty. Hydrometric monitoring and further model calibration will be required to better 

understand on-site conditions. 

While Big White’s annual withdrawals currently are within licensed quantities, a 3% annual increase in demand 

would exceed licensed quantities by 2044. Additional licenses would be required to support increased demand. 

Total withdrawal volumes are within licensed quantities, zero-flow conditions were identified at the outlets from 

Rhonda Lake and Powder Basin during several months where model results indicate that naturalized flows would 

be present. The water license only permits withdrawal of water into storage (i.e., withdrawal from the watercourse) 

during three months of the year. Planned flow releases from storage would be required to achieve pass-through of 

flow during the remaining months. 

Weekly-based EFN analysis of the five POIs based on hydrologic model outputs shows that: 

▪ Powder Basin outlet is moderately flow sensitive in the months of January, February, August, and September. 

Currently, total effective withdrawals (i.e., difference in flow pattern from the natural system, incorporating 

both storage and withdrawals) result in a risk level of 3 throughout the year (including zero flow December 

through March).  

▪ Hallam Creek Before West Kettle River is highly flow sensitive in the months of December-March and 

moderately flow sensitive in August and September. Currently, total effective withdrawals result in a risk level 

of 3 during the months of January and February and risk level of 2 during the months of March and 

December.  

▪ Rhonda Lake outlet has low flow sensitivity. Currently, total effective withdrawals result in a risk level of 3 

throughout the year (including zero flow August through May).  

▪ Trapping Creek before West Kettle River is moderately flow sensitive in the months of January, February, and 

September. Currently, total effective withdrawals result in a risk level of 2 during the period from January to 

February.  

▪ Copperkettle Creek before Kettle River is highly flow sensitive in the months of August and September, and 

moderately flow sensitive in the months of February and October. Currently, the watercourse is at a risk level 

of 2 during the months of February, August, and September.  

These conclusions are based on model results, not measured flow, calibrated to sites significantly downstream of 

the CRA. Results for Powder Basin and Rhonda Lake may therefore not reflect actual conditions. 

Future-scenario modelling shows that less spring and summer flow will be available mid- and late-century, as 

increased temperatures will decrease the ability for a snowpack to form. Water management at Rhonda Lake and 

Powder Basin may allow for future flows closer to be maintained in some semblance of current naturalized 

condition. 
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3.7.1 Hydrometric Monitoring 

Additional hydrometric monitoring data would help improve and localize hydrologic model calibration and could be 

used to support future water license applications and flow management protocols. In particular, monitoring 

reservoirs could help gain understanding of evaporation, withdrawals, and seasonal filling patterns and will be vital 

to more detailed model calibration. 

WSP recommends that Big White commission the installation and operation of hydrometric stations at up to five 

locations. The five recommended locations, in order of precedence, are Rhonda Lake Reservoir, Powder Basin 

Reservoir, Copperkettle Creek at Trapping Creek FSR, Trapping Creek at 1220 m contour (site of historic gauge 

08NN020), and Hallam Creek north of Gem Lake Base (Figure 14). Of these sites, the most important are those 

at the two reservoirs, as these are the primary points of diversion and flow control for Hallam and Trapping 

Creeks, followed by Copperkettle Creek (which is currently ungauged). 

Indicated locations are approximate; station locations must be selected by a qualified professional based on field 

inspection of likely sites. 

 

Figure 14: Proposed Hydrometric Monitoring Sites 

Controlled Recreation Area 

Trapping Creek 
Watershed 

Hallam Creek 
Watershed 

Whitefoot Creek 
Watershed 

Copperkettle Creek 
Watershed 

 

∆ 

N 

Latitude  Longitude  Station 
49° 44' 54” N  118° 59' 03” W Hallam Creek N of Gem Lake Base 

49° 44' 25” N  118° 55' 38” W Rhonda Lake 

49° 43' 42” N  118° 56' 57” W Powder Basin 

49° 40' 37” N  118° 51' 07” W Copperkettle Creek at Trapping Creek FSR 

49° 40' 02” N  118° 54' 38” W Trapping Creek at 1220 m Contour 

○ Proposed Hydrometric Station 
– Watercourse (FWA) 
● Water body (FWA) 
● Wetland (FWA) 

Kettle River Watershed 
(incl. Whitefoot Creek and 

Copperkettle Creek) 

West Kettle River 
Watershed (incl. 

Hallam Creek and 
Trapping Creek) 
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Upkeep of the hydrometric stations should be to at least Grade C standard following RISC protocols (MOECCS 

2018). This would involve: 

▪ Acquisition and installation of water level gauges (LevelVent 5 or equivalent combination of water level and 

barometric gauges). 

▪ Installation of three or more benchmarks per gauge. 

▪ Checking gauge elevation relative to benchmark elevation at least once per year. 

▪ Measuring flow at least twice per year over an adequate range of stream flows after rating curve 

establishment. 
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4 WATER QUALITY ASSESSMENT 

4.1 Study Area 

Surface water spatial boundaries for the assessment of Project-specific effects to Surface Water Quality are 

represented by the study area (existing CRA) as shown in Figure 15. 

Source: Freshwater Atlas 

Figure 15: Surface Water Quality Spatial Boundaries 

 

4.2 Environmental Setting 

4.2.1 Data Collection Methods  

Existing surface water quality conditions were characterized using data and information compiled for the Big 

White CRA amendment application (BHA 2020, Aqua 2020, Cascade 2020), supplemented by a desktop review 

of publicly available databases and online sources. This summary of water quality conditions accounts for recent 
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▪ Water Master Plan – 2020 Update  (Agua 2020) 

▪ Water Quality Analyses (Norwest Labs, 1996) 

▪ Environmental Reviews (GeoAlpine 1997, Cascade 2008, 2020) 

▪ Environmental Review Big White Resort CRA: Fish and Fish Habitat (Cascade 2025) 

▪ Freshwater Atlas (BC Government 2025) 

▪ Surface Water Quality Data (BC Environmental Monitoring System [EMS] 2005, 2018 and 2025) 

▪ Kettle River Watershed Management Plan: Phase 1 Technical Assessment (Summit Environmental 

Consultants Inc 2012) 

▪ Okanagan Sustainable Water Strategy: Action Plan 1.0 (OBWB 2008)  

▪ Overview Environmental Assessment and Construction Environmental Management Plan (WSP 2023) 

 

4.2.2 Surface Water Quality Existing Conditions  

4.2.2.1 Approach  

The summary of existing water quality conditions is focused on creeks identified to be within the CRA in 

Section 3.2 (i.e., Hallam Creek, Trapping Creek, Whitefoot Creek, and Copperkettle Creek). The approach taken 

to characterize water quality in the four creeks involved the comparison of historical and recent monitoring data 

with applicable water quality guidelines for the protection of relevant water uses for the CRA.  

Water uses associated with the CRA densification include the protection of: 

▪ Aquatic life - such as aquatic plants, invertebrates, and fish. 

▪ Wildlife - as surface waters provide habitat and drinking water sources for wildlife. 

▪ Drinking water source - which requires maintaining water quality suitable for human consumption.  

Applicable guidelines for these water uses were identified from the guidance documents listed below. 

▪ BC Approved Water Quality Guidelines (BC MWLRS 2025) 

▪ BC Source Drinking Water Quality Guidelines (MOECCS 2023) 

▪ CCME Guidance Manual for Developing Nutrient Guidelines for Rivers and Streams (CCME 2016) 

Key parameters relevant to the characterization of existing conditions within the study area are described below. 

pH 

pH is an environmental factor that affects physiological processes in aquatic biota, the speciation (chemical form) 

of substances present in water, and the bioavailability and toxicity of metals and nutrients. In freshwater systems, 

pH is typically in the range of 6.5 to 9. High pH (> 9) can disrupt the waste excretion processes across the 

epithelium of fish gills, whereas low pH can result in behavioural effects on fish and can result in a reduced 

oxygen uptake from the gills. 
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Conductivity 

Conductivity provides an estimate of the total dissolved salts or the level of dissolved ions in the water. It can be 

correlated with the concentration of total dissolved solids (TDS). Dissolved solids are naturally present in water, 

and the concentration and relative composition of individual components are determined by natural factors, such 

as the geology and soil in the watershed, atmospheric precipitation and the evaporation-precipitation water 

balance (Weber-Scannell and Duffy 2007). However, exposure to conductivity or TDS levels higher than those 

naturally encountered in a particular freshwater environment can result in osmotic stress and specific ion toxicity.  

Turbidity  

Turbidity is the degree of clarity in the water column and can be used as a surrogate measure of the amount of 

suspended particulate matter in a waterbody from both abiotic and biological sources. There are several reviews 

on the effects of total suspended sediments (TSS) in freshwater ecosystems (Birtwell 1999; EIFAC 1964; 

Newcombe and Jensen 1996; Newcombe and MacDonald 1991; MOECCS 2021). Suspended solids are not 

usually associated with lethal effects on fish except when the TSS concentration is very high at concentrations not 

commonly encountered in waterbodies. However, suspended sediment can also cause changes in behaviour 

such as avoidance, which has been observed at turbidity levels on the order of 35 to 70 Nephelometric Turbidity 

Units (NTUs) (Bisson and Bilby 1982; Robertson et al. 2006), and physiological trauma such as gill damage, 

which has been observed at TSS concentrations on the order of hundreds to thousands of mg/L (Servizi and 

Martens 1987; Birtwell 1999; Muck 2010). 

Dissolved Oxygen 

Dissolved oxygen (DO) is the concentration of oxygen dissolved in water expressed in mg/L. Aquatic biota like 

fish and invertebrates require a minimum concentration of DO to continue normal metabolic function. Salmonids 

are typically more sensitive to declines in DO compared to other fish species and invertebrates. Declines in DO 

can have numerous physiological and behavioural effects on salmonid species, such as poor development, 

avoidance behaviour, reduced feeding, reduced swimming capacity, susceptibility to disease, and mortality 

(Canadian Council of Ministers of the Environment [CCME] 1999). 

Water Temperature  

Water temperature changes affect both aquatic biota and wildlife, but given that most aquatic biota are not able to 

internally regulate their core body temperature, they are most susceptible to changes in water temperature. Both 

aquatic biota and wildlife have preferred temperature ranges they have adapted to through evolutionary 

processes (BC Ministry of Environment [BC MOE] 2001). Outside of those ranges, the organisms can suffer 

thermal stress. Higher or lower temperatures within the preferred range can also affect growth, productivity, and 

behavioural activity. 

Nutrients 

Nitrogen and Phosphorus 

Nitrogen and Phosphorus are the two primary nutrients required for plant growth. In freshwater systems, plant 

productivity and associated biomass accumulation are first to respond to an increase in phosphorus and nitrogen 

water concentrations (Environment Canada 2004). When nitrogen and phosphorus concentrations increase, 

aquatic plants and algae respond by increasing productivity (i.e., growth of biomass). Productivity in freshwater 

systems is primarily limited by phosphorus (CCME 2004). Some nutrient enrichment can improve the productivity 

of a waterbody by increasing the availability of food; however, beyond a certain point, excess nutrient input can 

lead to a process called eutrophication, with resultant effects on fish and fish habitat such as decreased DO and 

food-web changes (Nordin 1985). Phosphorus is not toxic to aquatic biota, whereas, at elevated concentrations, 

the nitrogen forms can adversely affect fish and wildlife. 
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Nitrate, Nitrite, and Ammonia 

Nitrate, Nitrite, and Ammonia are the forms of inorganic nitrogen that predominantly occur naturally in an aquatic 

environment (CCME 2012). The relative concentrations of these three forms depend on biotic processes within 

the nitrogen cycle, the rates of which are mediated by pH, temperature, and DO levels (CCME 2012). Exposure to 

elevated concentrations of these nitrogen forms can adversely affect fish and fish habitat and wildlife. 

The following water quality summaries by creek provide an overview of the setting for the water quality effects 

assessment. Applicable guidelines are highlighted where available. For TSS, due to the absence of background 

TSS data, it can not be determined if the TSS value recorded was above the BC guideline. 

 

4.2.2.1.1 Hallam Creek 

Hallam creek is approximately 9.5 km in length and flows in a northward direction from the study area. The creek 

is frequently confined by valley walls with proportionally more run habitat than riffle and pool habitats. According to 

a field assessment in July 1996, which was documented in subsequent Environmental Reviews for the Big White 

Resort (i.e., GeoApline 1997, Cascade 2008, Cascade 2020), there were some small log jams causing small falls, 

ranging in height from 0.3 to 0.5 m. Total stream cover was estimated at 20%, consisting predominantly of boulder 

cover, and deep pool, with lesser amounts of large woody debris (LWD), overhanging vegetation and cutbank. 

The tree canopy closure was about 10%, consisting of subalpine fir (Abies lasiocarpa) and Engelmann spruce 

(Picea engelmannii).  

The main stem of the creek has a mean gradient of 3.5% between its confluence with the West Kettle River and 

the upper crossing of the Big White access road (at approximately 1,615 m elevation level). The headwaters of 

this system consist of two ephemeral drainages, flowing westward into the main stem, at gradients of 

approximately 15%. GeoApline (1997) measured a shallower gradient downstream, and the creek had a mean 

wetted width of 4 m and a channel width of 5 m.  

The following more specific stream habitat observations were made in July 1996 by GeoApline (1997): 

▪ The mean maximum riffle depth was 16 cm, while the mean maximum pool depth was 35 cm.  

▪ The substrate composed of 40% cobbles and boulders, 40% gravels and 20% fines.  

▪ The discharge at the sampling site was 0.35 cubic metres per second (m3/s). 

With respect to field water quality, the water temperature in the July 1996 field survey was 9 °C, with a 

conductivity of 32 microsiemens per centimeter (µS/cm) A pH measurement of 7.19 was within the BC WQG 

range of 6.5 – 9.0 (BC MWLRS 2025) and the BC SDWQG range ([7.0 - 10.5], MOECCS 2023, Figure 16). Total 

suspended solids (TSS) was 7 mg/L as shown in Figure 18). 

Nutrient concentrations with respect to nitrogen forms were generally low or undetectable in Hallam Creek and 

well below current water quality guidelines (Figure 17).  

▪ Nitrate (0.006 mg/L N): below BC WQG (3 mg/L N chronic) and BC SDWQG (10.0 mg/L N) 

The total phosphorus concentration of 0.066 mg/L indicated a mesotrophic condition based on the CCME trophic 

classification (0.025-0.075 mg/L) (CCME 2016). 
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4.2.2.1.2 Trapping Creek 

Trapping Creek generally has a mean gradient of 3.9% over its overall length of 23.25 km. Tributaries to Trapping 

Creek that lie within the project area are ephemeral in nature, likely flowing only during snow melt. Tributary 

drainages in this area are also steeper than the main stem, with gradients ranging from 8 to 15%. According to a 

field assessment in July 1996, which was documented in subsequent Environmental Reviews for the Big White 

Resort (i.e., GeoApline 1997, Cascade 2008, Cascade 2020), the shrub layer was fairly dense and accounted for 

50% of the total stream cover (estimated at 15 % of the stream area). The majority of the remainder of the stream 

cover consisted of LWD from past logging activity and there was less canopy cover.  

The highest flow during the July 1996 survey was characterized as 10% pool, averaging 47 cm deep, 70% riffle, 

with mean depths of 9 cm, and 50% run. Stream substrates were reasonably coarse and consisted of 25% fines, 

60% gravels, and 20% large boulders. The highest discharge at the time of sampling was 0.25 m3/s. Water 

temperature was 15 °C and conductivity was 16 µS/cm (GeoAlpine 1997).  

More recently, WSP has been conducting annual water quality monitoring in Trapping Creek (Station ID: Trapping 

Creek Sa1) linked to operations at the Big White WWTP from 1998 to date, with data available for 27 years. The 

most recent sampling events were in September 2024, and January and June 2025 (WSP 2025). Water quality in 

Trapping Creek was characterized by calculating mean values from the following date sources: 

▪ Trapping Creek location sampled in 1996 (GeoAlpine 1997)  

▪ Trapping Creek Sa1 location sampled in 1998 to 2025 (WSP 2025) 

The Trapping Creek Sa1 location is west and adjacent to the rapid infiltration basin of the WWTP and was 

selected due to its proximity to the study area (WSP 2025).  

The mean pH was 6.48 which was slightly below the BC WQG range for the protection of aquatic life and the BC 

SDWQG range (Figure 16). 

Therefore, some pH measurements were below the BC WQG range for the protection of aquatic life and the BC 

SDWQG range. Mean TSS value was 6.15 mg/L and mean conductivity was 13.42 µS/cm (WSP 2025, GeoApline 

1997, Figure 18). 

Nutrient concentrations with respect to nitrogen forms were generally low or not detected in Trapping Creek, and 

well below current water quality guidelines (Figure 17). 

▪ Mean Total Nitrogen was 0.172 mg/L 

▪ Mean Nitrate: 0.026 mg/L N: below BC WQG (3 mg/L N chronic) and BC SDWQG (10.0 mg/L N) 

▪ Mean Nitrite: <0.010 mg/L N: below BC WQG (0.02 mg/L N chronic) and BC SDWQG (1.0 mg/L N) 

The mean total phosphorus concentration of 0.015 mg/L indicated a mesotrophic condition based on CCME 

trophic classification (0.025–0.075 mg/L). 
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4.2.2.1.3 Whitefoot Creek 

Whitefoot Creek is a third order stream, and it originates on the eastern flank of the study area and tends 

eastward to its confluence with Damfino Creek at the 1,010 m elevation. Damfino Creek, in turn, flows into the 

Kettle River. The creek has an overall length of 10.4 km, with a mean gradient of 9.8%. Whitefoot Creek is 

confined within a broad, well-defined gully with moderate to very steep sidewalls. Based on terrain resource 

information mapping (TRIM), the channel gradient averages 10% for the approximately 6 km downstream to the 

confluence with Damfino Creek (GeoAlpine 1997, Cascade 2008, 2020, Sitkum 2018). 

Because surface water quality data for Whitefoot Creek were not available in the initial CRA amendment 

documents (GeoAlpine 1997, Cascade 2008, 2020, Sitkum 2020), this assessment summarized data from the 

EMS for Damfino Creek and Kettle River—both of which are hydrologically connected to Whitefoot Creek—as 

representative sources. Damfino Creek joins Whitefoot Creek before it flows into Kettle River, making these 

datasets relevant for characterizing water quality in the area. 

With respect to field water quality, there were more recent data from the EMS for 2005, 2014 and 2025 

(Government of BC, 2005, 2014, 2025) from which mean values could be calculated for pH and conductivity. The 

mean pH of 7.59 and was within the BC WQG range for the protection of aquatic life and the BC SDWQG range 

(Figure 16). Mean conductivity was 39.8 µS/cm and TSS measurements were below the detection limit (<4.0 

mg/L, Figure 19). 

Nutrient concentrations with respect to nitrogen forms (Figure 17) were generally low or not detected in Whitefoot 

Creek, and well below current water quality guidelines.  

a) Mean Total Nitrogen: 0.122 mg/L  

▪ Mean Nitrate: 0.036 mg/L N: below BC WQG (3 mg/L N chronic) and BC SDWQG (10.0 mg/L N) 

The total phosphorus concentration of 0.0067 mg/L indicated an oligotrophic condition based on CCME trophic 

classification (<0.025 mg/L). 

 

4.2.2.1.4 Copperkettle Creek 

Copperkettle Creek is a third order stream and has a total length of 23.7 km and a drainage area of 156 km2. The 

creek originates on the eastern flank of Big White and tends to flow southeast to its confluence with the Kettle 

River at approximately 780 m elevation. The creek has a mean gradient of 9% and a sinuous pattern composed of 

riffle-pool morphology.  

According to a field assessment in September 2022, which was documented in a subsequent overview 

Environmental Assessment (EA) and in a construction environmental management plan (CEMP) for the Big White 

Resort (WSP 2023), the creek water temperature was 6.7 °C and dissolved oxygen was 9.6 mg/L. Substrate was 

predominantly fines, abundance of cover was provided predominantly by small woody debris and overhanging 

vegetation. Sloping banks were vegetated with Mountain Alder (Alnus incana), Willow spp., Oak Fern 

(Gymnocarpium dryopteris), Clasping Twisted Stalk (Streptopus amplexifolius) and mature forest beyond the 

banks consisting of Hemlock, Engelman Spruce and Sub-alpine Fir. The mean channel width was 0.99 m and 

wetted width was 1 m; the mean bankfull depth was 0.28 m. The water level was low at the time of the survey and 

some areas lacked a defined channel with the stream flowing overland.  
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More recently, WSP has been conducting annual water quality monitoring in Copperkettle Creek (Station ID: 

Copperkettle Creek Sa1) linked to operations at the Big White WWTP from 1998 to date, with data available for 

27 years. The most recent sampling events were in September 2024, and January and June 2025. The 

Copperkettle Creek Sa1 location (WSP 2025) is southeast and downstream of the rapid infiltration basin of the 

WWTP and was selected due to its proximity to the study area (WSP 2025). 

Water quality in Copperkettle Creek was characterized by calculating mean values from available data for the 

Copperkettle Creek Sa1 station from 1998 to 2025. The mean pH was 6.64 which is just within the range for BC 

WQG for the protection of aquatic life but below the BC SDWQG range (7.0 to 10.5, Figure 16). Therefore, some 

pH measurements were below the BC WQG range for the protection of aquatic life and the BC SDWQG range. 

The mean TSS value was 14.5 mg/L and mean conductivity was 21.23 µS/cm (WSP 2023, 2025, Figure 18). 

Nutrient concentrations with respect to nitrogen forms (Figure 17) were generally low or undetectable in 

Copperkettle Creek and well below current water quality guidelines.  

▪ Mean Total Nitrogen: 0.306 mg/L  

▪ Mean Nitrate: 0.023 mg/L N: below BC WQG (3 mg/L N chronic) and BC SDWQG (10.0 mg/L N) 

▪ Nitrite: <0.010 mg/L N: below BC WQG (0.02 mg/L N chronic) and BC SDWQG (1.0 mg/L N) 

The mean total phosphorus concentration of 0.014 mg/L indicated an oligotrophic range under CCME trophic 

classification (<0.025 mg/L). 

 

 

Note: Graph shows mean values and standard deviation, where applicable. For Trapping Creek, data were compiled from Trapping Creek Sa1 
station (1998 to 2025). For Copperkettle Creek data were compiled from Copperkettle Creek Sa1 station (1998 to 2025). 

Figure 16: Surface Water pH in Study Area Creeks 
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Note: Graph shows mean values and standard deviation, where applicable. No nitrogen data was available for Hallam Creek. For Trapping 
Creek, data were compiled from the Trapping Creek Sa1 station (1998 to 2025). For Copperkettle Creek data were compiled from 
Copperkettle Creek Sa1 station (1998 to 2025). 

Figure 17: Total Nitrogen Concentrations in Study Area Creeks 

 

 

Note: Graph shows mean values and standard deviation, where applicable. TSS data for Whitefoot Creek were below the detection limit 
(<4.0 mg/L). For Trapping Creek, data were compiled from Trapping Creek Sa1 station (1998 to 2025). For Copperkettle Creek data were 
compiled from Copperkettle Creek Sa1 station (1998 to 2025). 

Figure 18: Total Suspended Solids in Study Area Creeks 
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4.2.3 Effects Assessment 

4.2.3.1 Approach 

A qualitative assessment was conducted to assess the potential effects of the CRA densification on surface water 

quality. The assessment of potential effects of the Project (CRA densification Project) on surface water quality 

followed the methodology outlined below and was informed by the characterization of existing conditions in 

Section 4.2.2. 

 

4.2.3.1.1 Project Effects Assessment, Mitigation and Predicted Residual Effects 

The effects assessment evaluated the effects on surface water quality due to the CRA densification (Figure 1 and 

Figure 2). The following steps were used to assess the potential effects of the CRA densification on surface water 

quality:  

▪ Assess potential surface water quality effects. 

▪ Identify and recommend technically and economically feasible mitigation measures. 

▪ Risk determination of effects following implementation of recommended mitigation measures. 

The effects assessment considered potential interactions (i.e., direct and indirect) between the Project activities 

and surface water quality within the identified spatial and temporal boundaries. The spatial boundary was the 

study area (existing CRA) shown on Figure 15 and the temporal boundary was the construction period associated 

with the Project. An effect is considered to occur where anticipated future conditions resulting from a Project differ 

from the existing surface water conditions otherwise expected from naturally occurring change. 

Potential adverse effects that are predicted to be eliminated, or otherwise considered unlikely after mitigation are 

not considered further.  

The importance of the predicted effect and the anticipated effectiveness of associated recommended mitigation 

and monitoring are assessed to provide a conclusion statement using the rating system provided in Table 14. 

Table 14: Surface Water Quality Conclusion Statement Ratings 

Negligible Low Moderate High 

No or minor adverse effects 
will likely occur, but standard 
mitigation measures are 
expected to be generally 
effective. Effects may result 
in a change in surface water 
quality but is unlikely to be 
detectable or measurable. 

Adverse effects may occur 
with standard mitigation 
measures. 

The effect may result in a 
detectable change in surface 
water quality, but it is 
expected to be within the 
range of natural variability. 
Research, monitoring, or 
recovery initiatives would not 
normally be considered. 

Potential for significant 
adverse effects with 
implementation of standard 
mitigation measures. 

The effect is predicted to 
result in a detectable change 
in surface water quality 
beyond the range of natural 
variability but is unlikely 
expected to threaten its 
status or integrity.  

Significant adverse effects 
are anticipated even with 
implementation of standard 
mitigation measures. 

The effect is predicted to 
result in a detectable change 
that could threaten the status 
or integrity of surface water 
quality and should be 
considered a management 
concern.  
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4.2.3.1.2 Potential Effects  

Interactions between the Project and Surface Water Quality relate primarily to the proposed CRA densification 

activities: 

▪ Resort expansion 

▪ Big White Village expansion 

▪ Lower Base Village development  

▪ Golf course development 

▪ Water park opportunities 

▪ Ice rink opportunities 

▪ Happy Valley expansion 

▪ Real estate opportunities 

▪ Employee housing 

▪ Upgrades to the Nordic skiing 

▪ Snowmobile trails 

▪ Summer use expansion 

▪ New Fire Hall opportunities  

▪ Expansion of the Horsefly Road industrial park 

These activities are anticipated to include removal of riparian vegetation and watercourse crossing. For the 

purpose of this assessment, the riparian area is considered to extend 30 m from the top of bank of the four (4) 

creeks, based on the assumption that these creeks are fish-bearing (Cascade 2020), and 15 m from the top of 

bank of the tributaries in the study area (as they are assumed to flow in fish-bearing watercourse).  

The following potential effects are anticipated due to alteration of riparian habitat or operation of machinery within 

riparian areas or within the watercourse. Each potential effect is described below: 

▪ Change in water temperature 

▪ Increase in suspended sediments 

▪ Change in pH 

▪ Increase in nutrients 

▪ Deposition of deleterious substances to surface water 
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4.2.3.1.2.1 CRA Densification Activities 

Potential construction-related effects on surface water quality related to changes in water temperature, increased 

suspended sediments, increased nutrient concentrations, change in pH, and the deposition of deleterious 

substances, are described below.  

Change in Water Temperature  

Various segments of the four creeks and their tributaries are spread throughout the study area (Figure 15). 

Removal or modification of riparian habitat is anticipated to occur as part of CRA densification activities. 

Alteration of riparian habitat can adversely affect surface water quality within the study area and downstream of 

work areas through changes in water temperature (Fisheries and Oceans Canada [DFO] 2024). Removal of 

vegetation along watercourses allows the water to be exposed to more sunlight which can raise water 

temperatures in the work area and in downstream areas. Elevated water temperatures can also enable microbes 

to break down organic matter causing dissolved oxygen levels to fall. Higher temperatures would be anticipated to 

persist until riparian cover returns to pre-disturbance levels, although increases in temperatures would mostly be 

within the study area. Any downstream effect would be lower due to temperature moderation from adjacent water 

flows. 

The potential effects of a change in water temperature during the CRA densification activities have been 

considered for further mitigation. 

Increase in Suspended Sediments  

Increased suspended solids or erosion and mobilization of fine-grained material in surface runoff, can affect 

surface water and sediment quality by degrading water quality and aquatic habitat through increased suspended 

sediment and deposition. There are several reviews on the effects of suspended sediments in freshwater 

ecosystems (Durston & Hatfield 2022; Newcombe & Jensen, 1996; Newcombe & MacDonald, 1991). Increasing 

TSS concentrations above background levels can adversely affect aquatic environments (such as physiological, 

behavioural and habitat effects), although potential effects on aquatic life are dependent on many site-specific 

factors, such as water velocity, particle size and angularity, habitat characteristics, and particulate composition. 

Suspended solids are not usually associated with lethal effects on fish except when the TSS concentration is very 

high and these concentrations are not commonly encountered in waterbodies except under extreme 

circumstances. 

Current provincial water quality guidelines (BC WQG 2025) for the protection of aquatic life for TSS in freshwater 

environment stipulate that TSS concentrations should not: 

▪ Increase 25 mg/L above background levels for a duration of 24 hours in clear water (i.e., <25 mg/L TSS). 

▪ Increase 5 mg/L above background levels for a duration of 30 days in clear water (i.e., <25 mg/L TSS). 

▪ Increase 10 mg/L above background levels at any time when background levels are between 25 and 

100 mg L during high flow or in waters that are turbid (i.e., ≥   mg L). 

▪ Increase 10% above background at any time when background is >100 mg/L either during high flows or when 

waters are turbid (i.e., ≥    mg L). 

An increase in suspended sediment concentrations in the study area and downstream surface water may result 

from equipment operations within the riparian especially during rain events. Any potential increase in suspended 

sediment concentrations (measured as TSS and turbidity [water cloudiness]) in surface water are anticipated to 
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be primarily localized to the study area and would be expected to dissipate following completion of the 

construction activities. However, there is some potential for an increase in sediment levels beyond the study area 

during heavy rain events. The potential effects of increased suspended sediments on surface water quality during 

the CRA densification activities have been considered for further mitigation. 

Increased Nutrient Concentrations  

Construction activities in and around watercourses can lead to an increase in nutrient concentrations 

(i.e., nitrogen compounds and phosphorus), through increased soil disturbance and runoff. Exposed soils, 

stockpiled materials, and disturbed vegetation can accelerate erosion, allowing fine sediments to enter adjacent 

streams. These sediments often carry adsorbed nutrients and organic matter, while construction-related spills or 

improper waste management can introduce additional nutrient loads.  

An increase in nutrient concentrations in the study area and downstream surface water may result from 

equipment operations within the riparian area, especially during heavy rain events. Any potential increase in 

nutrient concentrations in surface water are anticipated to be primarily localized to the study area and would be 

expected to dissipate following completion of the construction activities. The potential effects of increased 

nutrients on surface water quality during the CRA densification activities have been considered for further 

mitigation. 

Change in pH 

Concrete, cement, mortars, grouts, and other construction materials containing Portland cement or lime are highly 

alkaline. There could be potential adverse effects to downstream surface water quality in the event of a release of 

concrete wash water or runoff from uncured concrete into the surface drainage. This is primarily because contact 

with water may result in changes to the water pH that exceed the BC WQG range for the protection of aquatic life 

(i.e., 6.5 to 9.0 pH) and BC SDWQG range for drinking water (i.e., 7.0 to 10.5 pH), if mitigation measures and best 

management practices (BMPs) are not implemented. Concrete works associated the CRA densification activities 

listed in Section 4.2.3.1.2 have the potential to increase pH concentrations in nearby drainages and watercourses. 

The potential effects of a change in surface water pH during the CRA densification activities have been 

considered for further mitigation. 

Deposition of Deleterious Substances to Surface Water 

CRA densification activities may increase the risk of the unintentional release and deposition of deleterious 

substances into surface watercourses through potential spills of fuels, lubricants, engine oils, and other hazardous 

materials used during Project activities. These scenarios may be caused by errors during handling of hazardous 

materials, or from a fuel or hydraulic line leak or rupture from a construction vehicle, or from other accidents. The 

potential effects of spills or the unintentional release of deleterious substances on surface water quality during 

construction have been considered for further mitigation.  
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4.2.4 Mitigation Measures 

This section describes effects management approaches for Surface Water Quality, including approaches to avoid, 

reduce, or otherwise address potential negative effects and enhance positive effects.  

The following best management practices (BMPs) and guidance materials have been used to recommend 

mitigation measures to help reduce, control, and/or avoid potential adverse environmental effects associated with 

each of the three projects on Surface Water Quality, where applicable:  

▪ Requirements and Best Management Practices for Making Changes in and About a Stream in British 

Columbia (Government of BC 2022). 

▪ DFO Standards and Codes of Practice (DFO 2024).  

▪ Measures to Protect Fish and Fish Habitat (DFO 2025). 

▪ Scope-specific Best Management Practices for Changes In and About a Stream under the Water 

Sustainability Act (BC MFLNRO 2022). 

▪ Develop with Care: Environmental guidelines for urban and rural land development in British Columbia (BC 

MOE 2006). 

▪ Concrete Code of Practice (Government of BC 2007). 

▪ Okanagan Sustainable Water Strategy: Action Plan 1.0 (OBWB, 2008).  

▪ National Best Management Practices: Works In and Around Waterbodies (Parks Canada 2017). 

Based on these BMPs and guidance documents, the following additional mitigation measures are recommended 

during the CRA densification activities: 

▪ M1: Watercourse Crossings Protocol: DFO Code of Practice: Temporary Fords (DFO 2024) for all work in 

water and Scope-specific Best Management Practices for Changes In and About a Stream under the Water 

Sustainability Act (BC MFLNRO 2022). 

▪ M2: Spill Prevention and Emergency Response Plan: Update and adapt existing Spill Prevention and 

Emergency Response section in the CEMP to account for proposed construction activities associated with the 

new equipment and related infrastructure, as well as decommissioning activities. This should include 

considerations for work near aquatic environments. The CEMP should also include specific considerations for 

vegetation clearing and instream works. 

▪ M3: Erosion and Sediment Control Plan: Prepare and implement an Erosion and Sediment Control Plan 

tailored for the site-specific conditions at each of the Project area prior to construction as a component of the 

CEMP. 

▪ M4: Limit Clearing Footprint: Limit clearing to the amount required to accommodate the CRA densification, 

create construction laydowns, or site access. 

▪ M5: Debris Management: Plan vegetation removal and/or tree felling to avoid woody debris falling into or 

entering watercourses or waterbodies. Remove debris that enters the watercourse or waterbody. 

▪ M6: Aquatic and Riparian Restoration: Revegetate temporarily disturbed areas as soon as practical using 

native plant species and grass seed mix appropriate to the conditions.  
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▪ M7: Ditch Design and Construction Procedures: Maintain natural drainage patterns and control 

sedimentation. Maintain structures regularly and remove accumulated sediment. 

▪ M8: Mobile Equipment Procedures: Inspect equipment to confirm that it is clean and free of leaks, and 

operates from top of bank or non-wetted areas where possible. Use biodegradable hydraulic fluids if entering 

water. 

▪ M9: Concrete Works Procedures: Prevent concrete placement, freshly curing concrete, wash water from 

concrete mixing equipment and finishing tools, or cementitious materials from directly or indirectly entering a 

waterbody. 

▪ M10: Waste Management: Prepare and implement a Waste Management Plan as a component of the 

CEMP. Construction wastes, excavation wastes, overburden, or other substances potentially deleterious to 

aquatic life will be placed in such a manner to prevent their entry into the aquatic environment and disposed 

of offsite in accordance with regulatory requirements. The CEMP will include procedures for the safe 

handling, management, transportation, and disposal of solid, liquid, and hazardous wastes to minimize entry 

into the aquatic environment and maintain compliance with the Environmental Management Act and the 

Hazardous Waste Regulation (Government of BC 1988).  

▪ M11: Riparian Vegetation Clearing and Grubbing Procedures: In areas where riparian vegetation may be 

affected. When in riparian areas, use hand clearing or alternative non-mechanical methods and retain low-

growing trees, shrubs, herbs, and grasses compatible with the area. Operate machinery above the high-water 

mark where machinery is required to complete work. Rehabilitate disturbance to stream banks as soon as 

practical. 

▪ M12: Water Quality Monitoring: Prepare a water quality monitoring plan as a component of the CEMP for 

implementation during construction activities, focusing on turbidity and other relevant parameters.  

Recommended construction mitigation requirements will be incorporated into the CEMP which will be finalized 

prior to commencement of the construction/clearing. In addition to the CEMP, contractors should be required to 

prepare site-specific environmental protection plans (EPPs) prior to commencing work. The CEMP should detail 

the permitting requirements, proposed mitigation measures, and BMPs to be implemented during Project 

construction. 

 

4.2.5 Effects Conclusion Statement 

After the successful implementation of mitigation and monitoring measures, as outlined in Section 4.2.4, Project-

related effects relating to surface water quality are anticipated to be negligible. No or minor adverse effects will 

likely occur, but standard mitigation measures are expected to be generally effective. Effects may result in a 

change in surface water quality, but it is unlikely to be detectable or measurable. Therefore, after the successful 

implementation of mitigation and monitoring measures, CRA densification activities during construction are not 

anticipated to result in adverse effects on aquatic life or the impairment of other applicable water uses 

(i.e., wildlife, drinking water sources). The effectiveness of the applied mitigation measures will be verified through 

water quality monitoring, as per the CEMP. 
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5 FISH AND FISH HABITAT, RARE AND ENDANGERED FISH SPECIES 

The section is a summary based on the document titled "Environmental Review Big White Resort CRA: Fish and 

Fish Habitat" (dated October 2, 2025), prepared by Cascade Environmental Resource Group Ltd. for Big White 

Ski Resort (Appendix B) The memo outlines findings related to fish presence, aquatic habitat conditions, and the 

potential occurrence of rare and endangered fish species within the existing CRA and its connected waterways.  

 

5.1 Fish and Fish Habitat 

The Big White existing CRA encompasses three main drainage systems: Hallam Creek, Trapping Creek, and 

Copperkettle Creek. These creeks ultimately feed into the Kettle River, part of the Columbia River watershed. Fish 

species observed in these systems include rainbow trout, sculpin, and sucker, with rainbow trout being the only 

species captured during field assessments (Cascade 2025). 

Hallam Creek flows north for approximately 9.5 km and was assessed near the Gem Lake development area.  

The stream features a mix of riffles, pools, and runs, with a substrate of cobbles, gravels, and fines. Electrofishing 

captured seven rainbow trout of varying life stages, indicating the creek supports spawning, rearing, and 

incubation. The habitat includes moderate stream cover and a diverse riparian vegetation community. 

Trapping Creek is 23.25 km long with ephemeral tributaries. Field assessments at three sites revealed limited fish 

presence, with only five rainbow trout captured. The creek has been affected by past logging, with some culverts 

potentially acting as velocity barriers to fish movement. Habitat conditions vary along the creek, with differences in 

canopy cover, substrate composition, and stream morphology. 

Copperkettle Creek is a 23.7 km long fourth-order stream originating from Big White’s eastern flank. Although the 

upper reaches within the CRA were not directly assessed, previous studies downstream confirmed the presence 

of adult and juvenile rainbow trout. The creek likely supports fish populations up to at least the 1600 m elevation, 

assuming adequate flow conditions. 

Additional details of these creeks can be found in Section 4.2.2 and Appendix B. 

 

5.2 Rare and Endangered Fish Species  

Four rare and endangered fish species are known to inhabit the Kettle and West Kettle Rivers downstream of the 

CRA and are detailed in Table 15. These fish species face threats from habitat degradation, low water flows, and 

sedimentation. 

Table 15: Rare and Endangered Fish Species Downstream of the CRA 

Common Name Scientific Name BC List COSEWIC SARA 

Speckled dace Rhinichthys osculus Blue Endangered Endangered 

Shorthead sculpin Cottus confusus Blue Special concern Special concern 

Umatilla dace Rhinichthys umatilla Red Threatened Special concern 

Westslope cutthroat trout Oncorhynchus clarkii lewisi Blue Special concern Special concern 

Source: B.C. Conservation Data Centre. 2025  

Note: COSEWIC – Committee on the status of endangered species; SARA – Species at Risk Act 
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Speckled dace, listed as endangered under the federal Species at Risk Act (SARA), is endemic to the Kettle River 

system. It prefers shallow, slow-moving waters with coarse substrates. Critical habitat for Speckled dace has been 

identified in the Kettle River, West Kettle River and Granby River (DFO 2018). Although found in the upper Kettle 

River, recent studies by the Okanagan Nation Alliance (ONA) did not detect this species near the Big White CRA, 

including at the Hallam Creek confluence. Therefore, direct impacts from resort activities are expected to be 

minimal if best practices are followed (Cascade 2025). 

Umatilla dace, westslope cutthroat trout, and shorthead sculpin are all restricted to the lower Kettle River below 

Cascade Falls, over 100 km downstream of the CRA. The Cascade Falls act as a natural fish barrier, preventing 

upstream migration. Consequently, these species are not expected to occur within or near the CRA, and direct or 

indirect impacts from resort development are considered negligible. 

To minimize potential indirect impacts, particularly on speckled dace, it is recommended that Big White Resort 

adheres to best management practices for water use and sediment control. This will help maintain flow regimes 

and water quality (WQ) in the tributaries feeding into the Kettle River system. 
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6 CONCLUSIONS AND RECOMMENDATIONS 

6.1 Hydrology 

This report includes the following findings related to hydrology: 

▪ Water license terms may not adhere to current EFN standards. 

▪ 3% growth in demand will require additional water withdrawals beyond the currently licensed quantities. 

▪ Modelling indicates that Trapping Creek and Hallam Creek may be ephemeral at the outlets of Rhonda Lake 

and Powder Basin given current management practices. 

▪ Model outputs indicate that climate change is likely to result in lower high flow periods which occur earlier in 

the year and lower low-flow periods in the 2050- and 2080-time horizons compared to current naturalized 

conditions. Consideration should be given to potential future conditions in long-term planning, with 

adjustments as new or improved analysis becomes available,  

▪ Limited historical reservoir data prevented calibration and validation of reservoir performance within the 

model, introducing uncertainty in simulating storage–release dynamics and associated flow attenuation. 

▪ The HBV-EC model is suitable for evaluating long-term water-supply and seasonal flow conditions but not for 

extreme peak-flow estimation; recalibration and higher-resolution data would be required for flood 

infrastructure design or inflow assessment applications. 

WSP recommends: 

▪ Collection of reservoir stage and release data for Rhonda Lake and Powder Basin to enable future calibration 

or validation of modelled reservoir behaviour once data become available. 

▪ Long-term hydrometric monitoring at 2 to 5 locations to support water management, water license 

applications, and hydrologic modelling refinement. 

▪ Planned flow release from Rhonda Lake and Powder Basin be considered to support environmental flows of 

Trapping Creek and Hallam Creek, respectively. 

 

6.2 Water Quality 

The proposed CRA densification activities have the potential to impact surface water quality both within the CRA 

and downstream. However, with the implementation of appropriate mitigation measures, these effects can be 

effectively managed. Accordingly, WSP recommends the following actions: 

▪ Adhere to applicable BMPs and guidance documents throughout the construction phase. 

▪ Prepare a CEMP for the project prior to construction. 

▪ Retain a qualified environmental professional to conduct watercourse and water quality monitoring during 

construction. 

▪ Where relevant, utilize the existing groundwater and surface water quality monitoring program for the Big 

White Wastewater Treatment Plant (WWTP)—with emphasis on data from Trapping Creek and Copperkettle 

Creek—to inform the development of a Water Quality Monitoring Plan as a component of the CEMP. 
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6.3 Fish and Fish Habitat, Rare and Endangered Fish Species 

In addition to applicable recommendations in Sections 6.1 and 6.2, to minimize potential indirect impacts, 

particularly on speckled dace, it is recommended that Big White Resort adheres to BMPs for water use and 

sediment control. This will help maintain flow regimes and WQ in the tributaries feeding into the Kettle River 

system. 
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7 CLOSURE 

We trust that this memorandum meets your current requirements. If you have any questions or concerns, please 

contact the undersigned. 

 

WSP Canada Inc. 

Prepared by: 

 

 

 

  

Richard Cunningham, MASc, PEng 
Water Resources Engineer, Project Manager 
QP for Sections 1, 2, 3, 6 (exclusive of Section 3.5) 

 

 

Reviewed and Approved by: 

 

 

 

 

 

  

Jim Wang, PEng 
Sr Water Resources Engineer 

QP for Section 3.5 

Mik Lewicki, PhD 
Principal Geomorphic Specialist 

Reviewer: Hydrology, EFN 
 

Janya Kelly, PhD 
Climate Scientist 

Reviewer/Approver: Climate Data 
 

 

 

 

 

 

 

Elaine Irving, PhD, RPBio 
Principal Environmental Scientist, Project Director 

QP for Section 4 and Section 5 

 

 

 

 

 

Chris Coles, MASc, PEng 
Senior Principal Water Resources Engineer 

Approver: Hydrology, EFN 

 

WSP acknowledges the efforts of the following individuals in the production of this report: 

▪ Eric Zhu, PEng – Hydrologic Modeller 

▪ Arinze Uche, RPBio – Task lead: Water Quality and Fish Habitat 

▪ Michael Engelsjord, RPBio – Reviewer: Fish and Fish Habitat 
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