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1 BACKGROUND AND OBJECTIVES 

1.1 Background 

GW Solutions has been retained by the District of Highlands to complete groundwater mapping including delineation of 
community aquifers, mapping significant groundwater recharge areas, and identifying highly vulnerable areas. 

1.2 Objectives and Scope 

The objectives of the groundwater mapping are to: 

1) Delineate groundwater “regions” also called community aquifers; 
2) Identify and map areas of groundwater recharge; and  
3) Identify and map vulnerable areas susceptible to surface contamination. 

To reach these objectives, we have: 

• Gathered, analyzed, and spatialized data; 

• Delineated lineaments, faults and geological rock contact features;  

• Extracted information on well yield and depth of fractures from the provincial database, and tabulated this information; 

• Created hydrogeological conceptual models; 

• Delineated groundwater regions; 

• Prepared data inputs such as slope, topography, soil and geology, land cover, lineaments/faults and rock contact, 
topographic wetness index and precipitation; 

• Estimated infiltration coefficients to define groundwater recharge areas and estimate their recharge; and 

• Identified potential sources of contamination. 
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2 DATA COLLECTION AND REVIEW 

GW Solutions has accessed and compiled the information summarized in Table 1.  

Table 1. Data type and source of information  

Data Type Data Source Provided by 

Groundwater levels 

Observation Well Network (water levels) from 
the Province 

BC Ministry of Environment 

Private observation wells District of 
Highlands 

District of Highlands 

Climate 
Pacific Climate Impacts Consortium (gridded 
meteorological information and precipitation 
data) 

Pacific Climate Impacts Consortium 

Watersheds and waterbodies Freshwater Atlas Watershed boundary Data BC catalogue 

Water wells 
Wells database BC Data Catalogue (GWells) 

Previous studies by Golder District of Highlands 

Elevation 

1 m Digital Elevation Model District of Highlands (from GeoBC) 

LiDAR data 1 m resolution District of Highlands (from GeoBC) 

Topography contour _1 m District of Highlands (from City of 
Langford) 
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Data Type Data Source Provided by 

Soil, Land cover BC Soil Information Tool (regional and local 
geology and soils information) 

BC Soil Information Finder Tool and 
Islands Trust 

Geology 

Geology Survey of Canada Department of Energy, Mines and 
Resources 

BC Fault(s) BC Data Catalogue 

Land Cover Habitat Acquisition Trust (HAT) Habitat Acquisition Trust (HAT) 

Lineaments 
Murray Journeay- Natural Resources 
Canada | Natural Resources Canada 
(NRCan) 

Sylvia Barroso -Vancouver Island 
Regional Hydrogeologist 

Potential Risk 

Contaminated sites Environmental Remediation Sites 

Effluent discharge permits (Landfills, 
industry, etc.) 

BC Waste Discharge Authorizations 

Forest loss and gain in the last 10 to 18 
years 

Completed by the University of 
Maryland 

 

We also have reviewed/used some sources of information and previous studies as listed in the References section. 
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3 DELINEATION OF COMMUNITY AQUIFERS 

Delineation of community aquifers, also called groundwater regions, is highly recommended to better manage groundwater 
resources. A groundwater region includes both the surface extent and all subsurface media of water bearing or water storing 
materials. The scale of a groundwater region can differ based on the goal of the study and the resolution of available 
information.  

The groundwater divides or groundwater region boundaries separate adjacent regions. They have been defined using: 

• Watershed/sub-watershed mapping; 

• Topography relief and texture using LiDAR;  

• Surface drainage;  

• Water wells concentration zones as groundwater development areas; 

• Well yields; 

• Subsurface geology including the bedrock type, bedding, and contacts; 

• Structural geology including faults, foliation such as lineaments and their plunge;  

• 3D hydrogeological models; 

• Mapped aquifer; and 

• Mapped groundwater recharge areas. 

3.1 Delineation of Lineaments, Faults and Rock Type Contact 

Main geological structures such as faults and folding, which are created by compressional/depressional stress, are the 
structurally weak points of the bedrock geological formations. Therefore, the faults zones and anticline/syncline plunges have 
high potential to get affected by erosion and weathering and develop fractured zones. Geological bedrock contacts are the 
other weak areas in a bedrock stratigraphy.  
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Previous studies/researches show that the fracture zones are the main pathways which allow infiltration of surface water into 
the ground. Furthermore, these pathways play a role in controlling the groundwater flow direction.  

The potential fracture zones and consequently the water pathways have been delineated using the following sources of 
information: 

1. Bedrock geology map; the map contents, the geology formations’ contact and some large-scale structural geology 
features.  

2. LiDAR with 1m resolutions provided by District of Highlands; the bedrock blocks movement, overturned bedding, 
and foliation can be recognized from LiDAR shadows. 

3. Lineament maps produced by NRCan, which have been reviewed and revised based on the LiDAR-1m. 

Figure 1 presents the NRCan Lineament map on the left and the delineated structural geology features inferred from the 
above-mentioned information sources on the right.  

Figure 2 presents the details of updated lineaments map by GW Solutions. These features could be considered as the 
fractured zones and potential groundwater recharge pathways. 
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Figure 1: Left: NRCan lineaments map; Right: the updated lineaments map inferred from NRCan, LiDAR hillshade and geology 
map  
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Figure 2. Refined structural geology for the District of Highlands (faults, fractures and geological contacts) 
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3.2 Well Yield and Fracture Table Cleaning and Standardization 

The Province maintains the GWELLS database where groundwater well information is stored. The GWELLS database is a 
rich source of information on groundwater and the subsurface, yet it requires expertise and a significant amount of effort to 
extract and restructure when a sizeable population of wells is studied (e.g., hundreds to thousands of wells). The database is 
composed mainly of four tables as shown in Figure 3. The lithology table is designed for unconsolidated (sand and gravel) 
wells. A table defining fractures becomes important when dealing with bedrock wells which is the case for the DoH. 

GW Solutions has extracted, cleaned and standardized information related to fractures from GWELLS. The standardized 
table is attached in Appendix 2. Over 800 wells are listed with the DoH with over 70% of them providing information on both 
fracture depth and estimated fracture yield. Figure 4 shows the wells for which fracture information has been extracted and 
wells that do not have such information. 

Other important information about groundwater is the estimated yield reported by drillers and/or estimated from pumping 
tests. GW Solutions has also extracted this information using GWELLS, the standardized fracture table, and the well 
database of DoH. Yield information has been extracted for 98% of the wells. Appendix 3 presents the estimated yield table. 
GW Solutions has further classified the estimated yields into six groups as shown in Figure 5. Approximately 50% of the wells 
reported yields less than 5 USgpm (US gallons per minute), nearly 40% of the wells reported yields between 5 to 25 USgpm, 
and 10% were greater than 25 USgpm.  
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Figure 3. BC Well Database (GWELLS) tables 
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Figure 4. Water wells with fracture information 
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Figure 5. Estimated yields 
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3.3 3D Hydrogeological Model 

GW Solutions has built a 3D hydrogeological conceptual model for the study area using Leapfrog (Seequent Ltd.) software, 
and using input from:  

• Topography; 

• Standardized GWELLS; 

• Fracture Table; 

• Yield table; and 

• Bedrock Geology. 

GW Solutions has packaged the Leapfrog model to be accessed using the free Leapfrog viewer. The model has three 
modules/views: a module showing the geology, a module showing groundwater regions, and one showing the recharge 
areas. The model is included in Appendix 4. 

The leapfrog free viewer can be accessed at: http://www.leapfrog3d.com/products/leapfrog-viewer/downloads. 
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Figure 6. Hydrogeological cross-section East-West 
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Figure 7. Hydrogeological cross-section North-South 
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3.4 Groundwater Regions 

Eighteen groundwater regions were delineated using the Qgis platform. The regions are defined as a physiographic, water 
catchment area for groundwater encompassing all or a portion of one or more drainage basins. It should be recognized that 
these regions are not entirely hydrologically isolated. For example, a hypothetical, very large groundwater extraction in one of 
the regions could affect groundwater in and adjacent the region. Subsurface inter-connectivity of groundwater regimes 
between regions may exist in some instances as well. 

The resulting groundwater regions for the DoH are presented in Figure 8. 

The groundwater regions have been defined using different layers of information which can be categorized in three groups: 

1- Surface Features such as information available for watershed/ sub-watershed boundaries, surface drainage (creek, 
stream, lake, pond), topographic relief and texture (using LiDAR); 

2- Subsurface Features such as information available for bedrock type and materials, structural geology (faults, 
foliation’s plunge) and lineaments; and 

3- Developed Groundwater Area Features such as available information for existing water wells (density of wells), the 
estimated yields and other characteristics (depth of well, water table), and observation wells including water table 
fluctuations in these wells. 

To delineate the groundwater regions, watershed boundaries (Surface Features) have been used as a starting point. As the 
groundwater regions should reflect subsurface conditions, the Subsurface Features such as bedrock and structural geology 
have been incorporated and some initial drafts were generated.  During the delineation, professional judgment was used to 
diagnose which features and layers of information have the dominant role in the definition of groundwater regions and 
consequently the initial draft was adjusted. Information from the Developed Groundwater Area Features was then added to 
come up with the proposed regions. 

Figure 9 shows the six watersheds (Source: FWA-Assessment-Watersheds) within DoH. The watershed areas/boundaries 
have been divided/modified based on the role of dominant features relating to groundwater. Figure 8 shows the delineated 
groundwater regions.  Each region has a unique code which was derived from the watershed ID (i.e., the 3-1 code refers to 
the area of this region located within watershed ID 3). Table 2 lists the watersheds IDs and their derived groundwater regions 
codes.  
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Table 2: Watershed IDs and the derived groundwater regions code 

Watershed ID Groundwater 
Region Code 

1 

1-1 
1-2 
1-3 
1-4 
1-5 
1-6 

2 

2-1 
2-2 
2-3 
2-4 
2-5 
2-6 

3 
3-1 
3-2 

4 
4-1 
4-2 

5 5-1 
6 6-1 
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Figure 8. Groundwater regions/community aquifers 
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Figure 9: Watersheds’ extents within DoH 
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4 MAPPING OF GROUNDWATER RECHARGE AREAS 

Groundwater recharge, or deep drainage or deep percolation, is a hydrologic process where water moves downward from 
surface to subsurface where aquifers are reached. Recharge has a significant role in the health of hydrological functions of 
watersheds. 

Groundwater recharge depends on several parameters such as infiltration and climate. The amount of water infiltrating to the 
subsurface is a function of changes in topography, geology, biogeography and land-use/land cover, and precipitation. 

Groundwater recharge to a bedrock aquifer can be classified as diffuse and localized. Diffuse recharge is the widespread 
movement of water from land surface to the water table as a result of precipitation over large areas infiltrating and percolating 
through the unsaturated zone. The percentage of precipitation that becomes diffuse recharge is highly variable due to the 
properties of the surface soils, vegetation, local topography, and the depth to the water table. By contrast, localized recharge 
refers to the movement of water from a point source of surface water. The magnitude of this type of recharge depends on the 
density of existing conduits/fracture or preferential flow paths underground, their transmissivity, and the catchment area which 
contributes water to the fractures. 

GW Solutions has used a GIS approach based on infiltration coefficients described below. 

4.1 Data Inputs 

The following datasets were used for the GIS based methodology: 

4.1.1 Slope and topography 
LiDAR at 1-meter resolution as well as 1-meter Digital Elevation Model (DEM) were made available to GW Solutions through 
the DoH from the LiDAR project inventory for British Columbia. Slope was derived from the 1-meter DEM previously 
processed from LiDAR imagery.  

The slope and topography included in the analysis is presented in Figure 10. 

4.1.2 Soil and surficial geology 
Soil related data was retrieved from the British Columbia Soil Information Finder Tool. The BC Soil database includes soil 
composition (mineral or organic), soil texture, coarse fragment content, drainage, soil layer thicknesses and characteristics, 
soil physical and chemical properties, as well as landform and parent material.  
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The available surficial geology mapping was linked to the soil layer and the resulting map is presented in Figure 12. 

4.1.3 Land cover 
GW Solutions used Land Cover mapping completed by Habitat Acquisition Trust (HAT) using 2011 satellite imagery. The data 
set was retrieved to a grid size of 1 m x 1 m and covers the Capital Regional District (excluding the Gulf Islands). The 
resulting land cover raster is presented in Figure 11. 

4.1.4 Bedrock geology and faults, lineaments and rock type contact 
GW Solutions has used the bedrock geology map of Victoria, mapped by J. E. Muller (1970-1980) and published in the 
Geological Survey of Canada. Figure 12 shows the bedrock geology. The majority of the Highlands is underlain by the Wark-
Colquitz Complex which comprises massive and gneissic metadiorite, metagabbro and amphibolite with some quartz-feldspar 
gneiss and localized limestone and crystalline marble. 

Lineament data was provided by Sylvia Barroso (Regional Hydrogeologist). However, this information was completed using 
Landsat Thematic Maper data and Terrain Resource Information Mapping Digital Elevation Model at a scale not suitable for 
the project. GW Solutions further refined the lineament map using a derived hillshade map from the 1-meter LiDAR 
information. The resulting lineament features for the DoH is presented in Figure 12. These lineaments, which at surface may 
resemble a narrow valley or line of isolated hills, are an indication of an underlying structural feature, such as a fault zone. 
Additionally, lineaments are generally considered as areas of higher recharge. 

4.1.5 Topographic Wetness Index 
GW Solutions has generated the Topographic Wetness Index (TWI) using the 1-metrer LiDAR. The TWI is commonly used to 
assess topographic effects on hydrologic processes. TWI is a function of the slope and the upstream contributing area. Figure 
13 shows the resulting TWI map.  Large values of TWI are typically associated with lowlands having a larger contributing 
(catchment) area. 

4.1.6 Precipitation 
Annual total precipitation gridded data shown in Figure 13 were obtained from the Pacific Climate Impact Consortium (PCIC).  
The information corresponds to normal data for the 1981-2010 period. Total annual normal precipitation varies across the 
DoH from 900 to 1130 mm. The gridded precipitation information is presented in Figure 13. 
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Figure 10. Slope and topography 
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Figure 11. Land cover (2011) 
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Figure 12. Soils, surficial geology and Bedrock geology, fine-coarse grained contacts, lineaments 
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Figure 13. Topographic Wetness Index and Precipitation 
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4.2 Estimation of Infiltration Coefficients 

An integrated infiltration coefficient was calculated considering five coefficients: 

1. Land cover;  
2. Soils; 
3. Slope; 
4. Faults, bedrock lineaments and geological contacts; and 
5. Precipitation. 

These independent coefficients are determined based on relevant reference information and the statistical distribution values 
for the study area. A 20 m x 20 m grid cell was used; however, the final results are provided in a 10 m x 10 m grid cell to 
support compatibility with the land use planning mapping of the DoH. 

4.2.1 Land cover infiltration coefficient 
Land cover has significant effects on the groundwater recharge by way of evapotranspiration, interception, and dispersion by 
foliage, which prevents or slows precipitation from reaching the ground leading to longer exposure to the atmosphere and 
increased evaporation. Table 3 summarizes the land cover infiltration coefficients considered for the study area. Figure 15 
shows the land cover infiltration coefficient. 

Table 3. Land Cover Infiltration Coefficients 

Value Land Cover Infiltration 
Factor 

1 shadow 0 
2 ocean 0 
3 lake 1 
4 pond 1 
5 river 1 
6 sand/gravel shoreline 0.9 
7 bedrock shoreline 0.4 
8 exposed soil 0.5 
9 grass 0.65 
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Value Land Cover Infiltration 
Factor 

10 herb 0.7 
11 riparian herb 0.75 
12 tree 0.8 
13 dock 0 
14 pavement/building 0 
15 agricultural fields 0.75 
16 exposed bedrock 0.4 
17 riparian tree 0.9 
18 snow 0.5 

  

4.2.2 Soil infiltration coefficient 
The soil infiltration coefficient relates to three soil characteristics: drainage (weighting coefficient 70%), texture (30%), and 
geology (10%). These three characteristics were weighted to obtain the soil infiltration coefficient. Table 4 lists the drainage, 
texture and geology coefficients considered for the estimation of the soil infiltration coefficient. Figure 14 presents the soil 
infiltration coefficient. 

Table 4. Drainage, texture and geology coefficients 

Group Code Description Coefficient 
Drain P Poorly Drained 0.25 
Drain I Imperfectly Drained 0.375 
Drain MW Moderately Well Drained 0.5 
Drain W Well Drained 0.75 
Drain R Rapidly Drained 1 

Texture SICL Silty Clay Loam 0.25 
Texture SIL Silt Loam 0.375 
Texture SL Sandy Loam 0.5 
Texture L Loam 0.75 
Texture LS Loamy Sand 0.875 
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Group Code Description Coefficient 
Texture S Sand 1 
Geology  Anthropogenic 0.025 
Geology  Bedrock 0.5 
Geology  Colluvium 0.5 
Geology  Fluvial 0.75 
Geology  Glacio Fluvial 1 
Geology  Glacio Marine 0.5 
Geology  Ice 0 
Geology  Lacustrine 0.25 
Geology  Marine 0.25 
Geology  Moraine 0.25 
Geology  Organic 0.25 
Geology  Undefined 0.025 
Geology  Undifferentiated 0.5 

 

4.2.3 Slope infiltration coefficient 
Topography influences the potential for water infiltration to the subsurface. Low slopes promote infiltration whereas steep 
slopes promote runoff and decreased infiltration. Table 5 summarizes the slope infiltration coefficients. Figure 14 shows the 
resulting slope infiltration coefficient map.  

Table 5. Slope infiltration coefficients 

Groundwater recharge potential Slope degree Infiltration coefficient 

Lowest > 24 0.03 
Very poor 8.5 - 24 0.07 

Poor 4.5 - 8.5 0.17 
Moderate 2.7 - 4.5 0.33 

Good 1.8 - 2.7 0.50 
Very good 0.2 - 1.8 0.67 

High < 0.2 1.00 
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4.2.4 Bedrock Contact/Lineament infiltration coefficient 
Lineaments greatly influence the recharge potential. In order to determine the localized recharge potential in the bedrock, the 
Topographic Wetness Index (TWI) and bedrock contacts/lineaments were integrated. Values with high TWI suggest a higher 
possibility for groundwater recharge. Additionally, a weighting coefficient of 1, 0.7, and 0.5 were assigned to faults, geo-
contact and lineaments, respectively, to take into account the difference in potential to recharge. 

The recharge potential values corresponding to the combined TWI and bedrock contacts/lineament zones are listed in Table 
6. Figure 16 presents the combined bedrock contacts/lineaments and TWI for the DoH. 

Table 6. TWI/Bedrock Contact/Lineament/Fault recharge potential 

Groundwater recharge 
potential TWI -BR range Infiltration 

coefficient 
Low < 2 0.25 

Moderate 2.0 - 3.5 0.5 
High 3.5 - 5.0 0.75 

Very High 5.0 - 11.6 1 

 

4.2.5 Precipitation infiltration coefficient 
Precipitation plays a key role in groundwater recharge as it is the primary source of recharge. The amount of precipitation will 
be the dominant coefficient when identifying recharge areas. The precipitation index is shown in Figure 15 and summarized in 
Table 7. 

Table 7. Precipitation recharge potential 

Groundwater recharge potential Precipitation 
range (mm) 

Infiltration 
coefficient 

Low < 960 0.4 
Poor 960 - 1010 0.55 

Moderate 1010 - 1060 0.7 
Good 1060- 1110 0.85 

Very good > 1110 1 
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Figure 14. Slope and soil infiltration coefficient 
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Figure 15. Land Cover infiltration coefficient and Precipitation infiltration coefficient 
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Figure 16. Topographic Wetness Index and bedrock contact/lineament infiltration coefficient 
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4.3 Recharge Potential Areas 

In most systems, the sum of slope, soil and land cover, and precipitation coefficients will determine the areas of high potential 
groundwater recharge. However, in a bedrock dominant environment, the faults, geologic contacts and lineaments will also 
play an important role. GW Solutions used the following equation to estimate the groundwater recharge potential: 

RP=30%*(IFsoil)+ 15%*( (IFlandcover)+ 15%*( (IFslope)+25%*(IFfaults)+ 15%*(IFprecip) 

Where: 

RP= Recharge potential (0.0 - 0.84) 

IFsoil = Soil infiltration coefficient (0.0 – 1.0) 

IFlandcover = Land cover infiltration coefficient (0.0 – 1.0) 

IFslope = slope infiltration coefficient (0.03 – 1.0) 

IFfaults = bedrock contacts/lineaments infiltration coefficient (0.25 - 1.0) 

IFprecip = precipitation infiltration coefficient (0.4 - 1.0) 

The resulting recharge potential map is presented in Figure 17 taking into account the aquifer subregions presented in 
Section 3. A map was also produced (Figure 18) showing the estimated yields in water wells within DoH. 

Table 8 summarizes the average groundwater amplitude for the observation wells with water level information. Based on the 
assumption that the amplitude of the piezometric fluctuation is related to aquifer recharge, we observe a correlation between 
the observed amplitude and the groundwater recharge potential. However, the fractures encountered in the wells might be 
linked to a nearby recharge area. The location of the active observation wells within the DoH is shown in Figure 19. 
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Table 8. Relationship between recharge potential and groundwater amplitude 

Obs Well 
ID 

Well Tag 
Number 

Well depth 
(m) 

Average 
Groundwater 
Amplitude (m) 

Recharge Potential 
Group 

OW372 83045 149.35 8 High 
DOH-09A 79583 45.72 4.5 Poor-moderate 
DOH-07B 69716 152.4 5.2 Moderate-good 
DOH-04B 48812 53.34 6.5 Good-very good 
DOH-03 79581 91.44 3 Moderate 

DOH-02A 85719 56.39 14 Moderate-good 
DOH-01 79405 152.4 3 Moderate 
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Figure 17. Recharge potential map and groundwater regions 
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Figure 18. Recharge potential map, groundwater regions and water wells 
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Figure 19. Active observation wells within DoH 
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5 MAPPING OF HIGHLY VULNERABLE AREAS 

Vancouver Island University (VIU) in collaboration with the Province, Natural Resources Canada, and Island Health (IH) 
completed the vulnerability mapping for Vancouver Island using the DRASTIC methodology. This methodology identifies 
seven parameters that influence groundwater vulnerability, each represented by a letter in the DRASTIC acronym (D: Depth 
to water; R: net Recharge; A: Aquifer medium; S: Soil medium; T: Topography; I: Impact of the vadose zone; and C: Hydraulic 
Conductivity). All parameters are combined using an equation to determine areas of high, moderate, and low aquifer 
vulnerability. The resulting vulnerability map is presented on the left of Figure 20. 

Groundwater vulnerability is directly related to the recharge potential, described in the previous section; therefore, the 
recharge potential map (shown on the right of Figure 20) represents an updated version of the groundwater vulnerability.   

Areas of high vulnerability offer less natural protection than areas of low or moderate vulnerability. The release of 
contaminants on land classified has highly vulnerable will have a high likelihood of impacting the quality of the groundwater.  
Therefore, activities which present a high risk of contamination should be discouraged from these areas or require much more 
stringent land and groundwater protection measures. They may include detailed hydrogeological assessments, best 
management practices, local monitoring, etc.  

Potential sources of contamination (or hazards) in the District of Highlands have been identified and described in the following 
sections. 

Page 46



District of Highlands Groundwater Mapping  June 23, 2020 
___________________________________________________________________________________________________________________________________________________________________________________________________ 

____________________________________________________________________________________________________________________________________________________________________________________________________ 

Page 38   Project No.19-11 

 

 

Figure 20. Vulnerability map completed by VIU (Drastic) and vulnerability map (GW Solutions) 
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5.1 Identification of Potential Sources of Contamination 

5.1.1.1 Contaminated sites and Discharge authorizations 
- Contaminated Sites 

“In British Columbia, a contaminated site is defined as an area of land in which the soil or underlying groundwater or sediment 
contains a hazardous waste or substance in an amount or concentration that exceeds provincial environmental quality 
standards1”. Based on this definition, a specific area is considered as a contaminated site if it is inappropriate for a certain 
use of land, water and its soils.   

Based on the Ministry of Environment and Climate Change Strategy Database, there are five sites within the study area which 
have become contaminated due to past or current industrial or commercial activities. Three of the sites are located within the 
industrial park and one of the sites is the Bear Mountain Resort and Golf Course.  

Appendix 5 provides the list (common name) of registered contaminated sites along with their types, addresses, geographic 
locations and file numbers. 

- Waste Discharges 

Waste Discharge is regulated by the Province. The regulation defines what industries, activities and operations require 
authorizations to discharge or release waste to the air, water, and land under the Environmental Management Act in BC. 
Waste discharge (e.g. factories effluents, hazardous sewage and wastewater discharge) is a potential source of 
contamination which could have an adverse impact on groundwater through seepage, or on surface water bodies through 
runoff to water ways. 

There are six waste discharges authorizations within the District of Highlands. All of them are located within the Industrial 
Park. Five of them are related to waste treatment and disposal facilities and includes the municipal landfill. The remaining one 
is linked to cement and concrete production. 

Appendix 6 presents the list of the discharge types, their facilities, permit status and other properties. 

 

1 https://www2.gov.bc.ca/assets/gov/environment/air-land-water/site-remediation 
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Figure 21 illustrates the existing contaminated sites based on the Ministry of Environment and Climate Change Strategy 
Database and BC Wastewater Discharge Licences within the study area.  

The major activities of potential concern for groundwater within the DoH include: 

• The Highwest/Coast Environmental Waste Management Facility (landfill); 

• The former lagoons and refuse disposal within the Millstream Meadows; 

• The REM5 Millstream Road Site (former localized dumping); and 

• The industrial park carrying concrete production activities, automotive recycling, heating oil supplier and formerly oil 
recycling facility. 

The above mention activities are all located in the southern portion of the DoH. 

5.1.1.2 Septic systems 
There is no public water and wastewater service within DoH.  Most of the liquid wastes are disposed of via individual septic 
systems, except for the Hanington Creek Estates Subdivision that has a water and wastewater system servicing about 50 
residences. 

It follows that large quantities of partially treated sewage are discharged from residences, commercial or industrial buildings 
directly into the ground. Even though bacteria and viruses are normally removed by the soil system and even though 
phosphorous is generally retained by the soil, significant quantities of nitrogen or pharmaceutical products can be added to 
groundwater. In reality, leakage of waste water into the ground is a common occurrence, especially from old or poorly 
maintained systems. 

5.1.1.3 Borehole leakage 
Because wells form highly permeable vertical connections between aquifers, they can serve as pathways for groundwater 
pollution in particular where inadequate attention has been given to the proper construction, sealing, or abandonment of wells. 
Although governmental regulations require proper maintenance of active wells and plugging of abandoned wells, many wells 
might remain unplugged and be hazardous to aquifers. 

5.1.1.4 Forest Loss 
As shown on Figure 22, the District of Highlands has experienced minimal forest loss, mostly within its southern part.  
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The potential effects of forest loss on water quality are: 

• Contamination of water by nitrate, phosphate and/or bacteria in heavily logged watersheds before forest is re-
established and/or where harvesting or pile burning occur too close to surface water bodies (Neary et al., 2005, 
Hubbert et al., 2013, Rouquet et al. 2016). 

• In streams directly receiving urban drainage, various contaminants can be present depending on the type of land use 
(refer to Table 9 for potential contaminants). Generally, forests act as a buffer to contamination; they protect water 
resources. 

The actual impacts of forest loss on water quality within the DoH have not been studied and are out of the scope of this study. 
Although there might be some of the effects described above at a local scale, the impact of forest loss on water quality is 
likely minimal at the watershed scale. 

If forest harvesting is contemplated within the DoH, it is strongly recommended that the DoH implement Best Management 
Practices for forestry. 

5.1.1.5 Other potential sources of contamination 
Transportation corridors, farming and gas stations/fuel tanks can be sources of water contamination. Associated potential 
contaminants are listed in Table 9. 

Contamination from transportation corridors (e.g. roads) can result from the application of de-icing salts in winter, roadsides 
maintenance, stormwater runoff or accidental spills. 

Agricultural activity is minimal within the DoH according to the land use information. However, residential properties and the 
Golf Course may apply fertilizers, pesticides or herbicides, which can contaminate groundwater if their use is excessive and 
depending of the time of year they are applied and the hydrogeological setting. 

Improperly maintained fuels tanks can lead to the release of hydrocarbons into the environment. 
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5.2 Assessment of Sources of Contamination 

Table 9 summarizes identified elements that could potentially affect the water quality within the DoH. Septic systems, 
borehole leakage, waste treatment and storage facilities within the industrial park, landfill, Highwest/Coast Environmental 
Waste Management Facility and former Millstream Meadows are all rated as high concern, based on professional opinion. 

It is recommended that the DoH implement Best Management Practices to minimize the risk of contamination from these 
sources, such as: 

1. Septic systems: for private septic fields, promote and implement maintenance and inspections (e.g., every 5 years). 
For septic systems (Hannington Creek estates), monitoring of treated wastewater before discharge into the 
environment. 

2. Borehole leakage: implement a well inventory and inspection program (field survey) to eventually close abandoned 
wells and upgrade active wells if needed (surface seal, cap, cover, stick-up, pit). 

3. Industrial activities (Highwest/Coast Environmental Waste Management Facility, former lagoons of Millstream 
Meadows, REM5 Millstream Road Site, Industrial Park): proper containment of stockpiles, water quality monitoring 
program (monitoring wells, sampling) to be implemented. 
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Table 9. Water quality concerns identified within DoH and hazard rating 

Hazard Type (based on land use, 
discharges authorizations, contaminated 

sites) 
Hazard Rating Comments Major Potential Contaminants 

Borehole leakage High  All wells within DoH. Pathway for 
contaminants 

Various, originating from surface (fertilizers, 
pesticides, herbicides, pathogens) 

Landfills, dumps High 

Highwest/ Coast Environmental landfill, 
Millstream Meadows (former), REM5-
Millstream Rd (former), Industrial Park 
(auto recycling) 

Nitrogen compounds, metals, hydrocarbons, 
phenols 

Industrial effluent / liquid waste High 
If not treated or inadequately treated. 
Highwest/ Coast Environmental landfill, 
Industrial Park industries 

Depends on type of industry, but can include TDS, 
nitrogen, chloride, heavy metals and emerging 
contaminants, hydrocarbons, cyanides, PCBs, 
radionuclides 

Sewage/septic system (commercial or 
residential) Moderate - High 

Residential and commercial properties 
within DoH. Depending on septic density, 
septic system type and condition 

Pathogens, phosphorous, nitrogen, BOD, emerging 
contaminants (e.g. pharmaceuticals). 

Recycling facilities (e.g. automotive) Moderate  Industrial Park (one active discharge 
authorization) 

Solid waste residues, incl. heavy metals, organic 
and inorganic chemicals 

Concrete plant Moderate Within Industrial Park hydrocarbons, pH 

Fuel storage (gas stations / fuel tanks) Moderate Where improperly maintained Hydrocarbons 

Transportation Corridors Moderate Road salting and road sides maintenance, 
urban runoff, accidental releases Hydrocarbons, road salt, herbicides 

Quarry operation Low Within Industrial Park Hydrocarbons, metals 

Farming and residential use of pesticides, 
herbicides and fertilizers Low 

Depending on type of 
pesticides/fertilizers/herbicides, amount 
and time of year used.  

Nitrogen compounds, phosphorus, potassium, 
other pesticides, herbicides, phenols, chloride, 
hydrocarbons from machinery 

Forestry (wood waste and logging sites) Low Low for groundwater and moderate for 
surface water Turbidity, NO3, phosphate, bacteria, hydrocarbons 
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Figure 21. Contaminated sites and discharge authorizations within DoH 
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Figure 22. Forest loss and gain 
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6 CONCLUSIONS  

Based on the completed work, GW Solutions draws the following conclusions: 

1. Lineament, fault and geo-contact map has been completed for the DoH. 

2. The DoH well database was further refined in terms of fractures and estimated yields. 

3. A 3D hydrogeological conceptual model has been created to understand the groundwater regime as well as assist in 
planning development. 

4. Eighteen groundwater regions (community aquifers) have been delineated based on available information including 
drainage areas, DEM, wells, structural geology, water wells (location and yields), and the 3D hydrogeological 
conceptual model. 

5. A new approach has been developed to determine the groundwater recharge areas. It considers the spatial variability 
of precipitation, land cover, soil and geology, slope, and faults and contacts between bedrock strata. 

6. The total annual precipitation varies from 960 to 1110 mm/year. 

7. The soil properties have the largest effect on the aquifer recharge potential. 

8. Faults/bedrock contacts dominate the recharge mechanism at the scale of DoH; however, their effect is more locally, at 
the groundwater region scale.  

9. The recharge potential across DoH has been mapped. It clearly shows a high contrast between areas across DoH with 
high recharge potential (north central) to low recharge potential (south east). 

10. Aquifer recharge systems are complex and vary greatly across the DoH. 

11. The amplitude of the piezometric fluctuation observed in the observation wells correlates with the qualitative 
groundwater recharge within the groundwater region scale.  

12. Potential sources of contaminations have been identified and assessed. Septic systems, borehole leakage and waste 
treatment and storage facilities within the industrial park, landfill Highwest/Coast Environmental Waste Management 
Facility and former Millstream Meadows are rated as high concern, based on professional opinion. 
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7 RECOMMENDATIONS 

GW Solutions makes the following recommendations: 

1. Groundwater level information is only available from one provincial observation well and six local DoH wells. Adding 
more wells with continuous water level monitoring would improve our understanding of the dynamics of the 
groundwater within DoH and assist in supporting (and adjusting) the recharge potential mapping. 

2. A detailed water budget study is recommended to properly manage the water resource. The scale at which the water 
budget should be completed must be selected based on the large variability in groundwater recharge observed across 
DoH. Estimating a water budget at the groundwater subregion scale is recommended for DoH. 

3. The groundwater recharge map provides insights on understanding mountain block recharge for lowland areas; 
however, it does not estimate volumes. This could be achieved by completing a water budget study. 

4. Design and implement a groundwater monitoring program adapted to the newly defined groundwater regions. 

5. The DoH should implement Best Management Practices to minimize the risk of contamination from: 

• Septic systems: for private septic fields, promote and implement maintenance and inspections (e.g. every 5 years). 
For septic systems (Hannington Creek Estates), monitoring of treated wastewater before discharge into the 
environment. 

• Borehole leakage: implement a well inventory and inspection program (field survey) to eventually close abandoned 
wells and upgrade active wells if needed (surface seal, cap, cover, stick-up, pit). 

• Industrial activities (Highwest/Coast Environmental Waste Management Facility, former lagoons of Millstream 
Meadows, REM5 Millstream Road Site, Industrial Park): proper containment of stockpiles, water quality monitoring 
program (monitoring wells, sampling) to be implemented. 
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8 STUDY LIMITATIONS 

This document was prepared for the exclusive use of the District of Highlands (the client).  The inferences concerning the 
data, site and receiving environment conditions contained in this document are based on information obtained during 
investigations conducted at the site by GW Solutions and others and are based solely on the condition of the site at the time 
of the site studies.  Soil, surface water and groundwater conditions may vary with location, depth, time, sampling 
methodology, analytical techniques and other coefficients.  

In evaluating the subject study area and water data, GW Solutions has relied in good faith on information provided.  The 
factual data, interpretations and recommendations pertain to a specific project as described in this document, based on the 
information obtained during the assessment by GW Solutions on the dates cited in the document, and are not applicable to 
any other project or site location.  GW Solutions accepts no responsibility for any deficiency or inaccuracy contained in this 
document as a result of reliance on the aforementioned information.  

The findings and conclusions documented in this document have been prepared for the specific application to this project and 
have been developed in a manner consistent with that level of care normally exercised by hydrogeologists currently practicing 
under similar conditions in the jurisdiction.   

GW Solutions makes no other warranty, expressed or implied and assumes no liability with respect to the use of the 
information contained in this document at the subject site, or any other site, for other than its intended purpose.  Any use 
which a third party makes of this document, or any reliance on or decisions to be made based on it, are the responsibility of 
such third parties.  GW Solutions accepts no responsibility for damages, if any, suffered by any third party as a result of 
decisions made or action based on this document.  All third parties relying on this document do so at their own risk.  
Electronic media is susceptible to unauthorized modification, deterioration and incompatibility and therefore no party can rely 
upon the electronic media versions of GW Solutions’ document or other work product.  GW Solutions is not responsible for 
any unauthorized use or modifications of this document.  

GW Solutions makes no other representation whatsoever, including those concerning the legal significance of its findings, or 
as to other legal matters touched on in this document, including, but not limited to, ownership of any property, or the 
application of any law to the facts set forth herein.  

If new information is discovered during future work, including excavations, sampling, soil boring, water sampling and 
monitoring, predictive geochemistry or other investigations, GW Solutions should be requested to re-evaluate the conclusions 
of this document and to provide amendments, as required, prior to any reliance upon the information presented herein. The 
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validity of this document is affected by any change of site conditions, purpose, development plans or significant delay from 
the date of this document in initiating or completing the project.  

The produced graphs, images, and maps have been generated to visualize results and assist in presenting information in a 
spatial and temporal context.  The conclusions and recommendations presented in this document are based on the review of 
information available at the time the work was completed, and within the time and budget limitations of the scope of work. 

The District of Highlands may rely on the information contained in this report subject to the above limitations. 

9 CLOSURE 

Conclusions and recommendations presented herein are based on available information at the time of the study. The work 
has been carried out in accordance with generally accepted engineering practice. No other warranty is made, either 
expressed or implied. Engineering judgement has been applied in producing this letter-report.  
This letter report was prepared by personnel with professional experience in the fields covered. Reference should be made to 
the General Conditions and Limitations attached in Appendix 1. 
GW Solutions was pleased to produce this document. If you have any questions, please contact us.  
 
Yours truly, 
GW Solutions Inc.        
     

  

 

 

 
 Antonio Barroso, M.Sc, P.Eng 

Project Hydrogeologist 
Shiva Farjadian, Msc 
Project Hydrogeologist 

Matt Vardal, M.Sc. 
Geologist and GIS 
 

 Gilles Wendling, Ph.D., P.Eng. 
Senior Hydrogeologist 
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This report incorporates and is subject to these “General Conditions 
and Limitations”. 

1.0 USE OF REPORT 
This report pertains to a specific area, a specific site, a specific 
development, and a specific scope of work. It is not applicable to any 
other sites, nor should it be relied upon for types of development 
other than those to which it refers. Any variation from the site or 
proposed development would necessitate a supplementary 
investigation and assessment.  This report and the assessments and 
recommendations contained in it are intended for the sole use of GW 
SOLUTIONS’s client. GW SOLUTIONS does not accept any 
responsibility for the accuracy of any of the data, the analysis or the 
recommendations contained or referenced in the report when the 
report is used or relied upon by any party other than GW 
SOLUTIONS’s client unless otherwise authorized in writing by GW 
SOLUTIONS. Any unauthorized use of the report is at the sole risk of 
the user.  This report is subject to copyright and shall not be 
reproduced either wholly or in part without the prior, written 
permission of GW SOLUTIONS. Additional copies of the report, if 
required, may be obtained upon request. 

2.0 LIMITATIONS OF REPORT 
This report is based solely on the conditions which existed within the 
study area or on site at the time of GW SOLUTIONS’s investigation.  
The client, and any other parties using this report with the express 
written consent of the client and GW SOLUTIONS, acknowledge that 
conditions affecting the environmental assessment of the site can 
vary with time and that the conclusions and recommendations set out 
in this report are time sensitive.  The client, and any other party using 
this report with the express written consent of the client and GW 
SOLUTIONS, also acknowledge that the conclusions and 
recommendations set out in this report are based on limited 
observations and testing on the area or subject site and that 
conditions may vary across the site which, in turn, could affect the 
conclusions and recommendations made.  The client acknowledges 
that GW SOLUTIONS is neither qualified to, nor is it making, any 
recommendations with respect to the purchase, sale, investment or 
development of the property, the decisions on which are the sole 
responsibility of the client. 

2.1 INFORMATION PROVIDED TO GW SOLUTIONS BY OTHERS 
During the performance of the work and the preparation of this 
report, GW SOLUTIONS may have relied on information provided by 
persons other than the client.  While GW SOLUTIONS endeavours to 
verify the accuracy of such information when instructed to do so by 
the client, GW SOLUTIONS accepts no responsibility for the 
accuracy or the reliability of such information which may affect the 
report. 

3.0 LIMITATION OF LIABILITY 
The client recognizes that property containing contaminants and 
hazardous wastes creates a high risk of claims brought by third 
parties arising out of the presence of those materials.  In 
consideration of these risks, and in consideration of GW 
SOLUTIONS providing the services requested, the client agrees that 
GW SOLUTIONS’s liability to the client, with respect to any issues 
relating to contaminants or other hazardous wastes located on the 
subject site shall be limited as follows: 

(1) With respect to any claims brought against GW SOLUTIONS by 
the client arising out of the provision or failure to provide services 
hereunder shall be limited to $10,000, whether the action is based on 
breach of contract or tort; 

(2) With respect to claims brought by third parties arising out of the 
presence of contaminants or hazardous wastes on the subject site, 
the client agrees to indemnify, defend and hold harmless GW 
SOLUTIONS from and against any and all claim or claims, action or 
actions, demands, damages, penalties, fines, losses, costs and 
expenses of every nature and kind whatsoever, including solicitor-
client costs, arising or alleged to arise either in whole or part out of 
services provided by GW SOLUTIONS, whether the claim be brought 
against GW SOLUTIONS for breach of contract or tort. 

4.0 JOB SITE SAFETY 
GW SOLUTIONS is only responsible for the activities of its 
employees on the job site and is not responsible for the supervision 
of any other persons whatsoever. The presence of GW SOLUTIONS 
personnel on site shall not be construed in any way to relieve the 
client or any other persons on site from their responsibility for job site 
safety. 
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5.0 DISCLOSURE OF INFORMATION BY CLIENT 
The client agrees to fully cooperate with GW SOLUTIONS with 
respect to the provision of all available information on the past, 
present, and proposed conditions on the site, including historical 
information respecting the use of the site. The client acknowledges 
that in order for GW SOLUTIONS to properly provide the service, 
GW SOLUTIONS is relying upon the full disclosure and accuracy of 
any such information. 

6.0 STANDARD OF CARE 
Services performed by GW SOLUTIONS for this report have been 
conducted in a manner consistent with the level of skill ordinarily 
exercised by members of the profession currently practicing under 
similar conditions in the jurisdiction in which the services are 
provided. Engineering judgement has been applied in developing the 
conclusions and/or recommendations provided in this report. No 
warranty or guarantee, express or implied, is made concerning the 
test results, comments, recommendations, or any other portion of 
this report. 

7.0 EMERGENCY PROCEDURES 
The client undertakes to inform GW SOLUTIONS of all hazardous 
conditions, or possible hazardous conditions which are known to it. 
The client recognizes that the activities of GW SOLUTIONS may 
uncover previously unknown hazardous materials or conditions and 
that such discovery may result in the necessity to undertake 
emergency procedures to protect GW SOLUTIONS employees, 
other persons and the environment. These procedures may involve 
additional costs outside of any budgets previously agreed upon. The 
client agrees to pay GW SOLUTIONS for any expenses incurred as 
a result of such discoveries and to compensate GW SOLUTIONS 
through payment of additional fees and expenses for time spent by 
GW SOLUTIONS to deal with the consequences of such discoveries. 

8.0 NOTIFICATION OF AUTHORITIES 
The client acknowledges that in certain instances the discovery of 
hazardous substances or conditions and materials may require that 
regulatory agencies and other persons be informed and the client 
agrees that notification to such bodies or persons as required may be 
done by GW SOLUTIONS in its reasonably exercised discretion. 

9.0 OWNERSHIP OF INSTRUMENTS OF SERVICE 
The client acknowledges that all reports, plans, and data generated 
by GW SOLUTIONS during the performance of the work and other 
documents prepared by GW SOLUTIONS are considered its 
professional work product and shall remain the copyright property of 
GW SOLUTIONS. 

10.0 ALTERNATE REPORT FORMAT 
Where GW SOLUTIONS submits both electronic file and hard copy 
versions of reports, drawings and other project-related documents 
and deliverables (collectively termed GW SOLUTIONS’s instruments 
of professional service), the Client agrees that only the signed and 
sealed hard copy versions shall be considered final and legally 
binding. The hard copy versions submitted by GW SOLUTIONS shall 
be the original documents for record and working purposes, and, in 
the event of a dispute or discrepancies, the hard copy versions shall 
govern over the electronic versions. Furthermore, the Client agrees 
and waives all future right of dispute that the original hard copy 
signed version archived by GW SOLUTIONS shall be deemed to be 
the overall original for the Project.  The Client agrees that both 
electronic file and hard copy versions of GW SOLUTIONS’s 
instruments of professional service shall not, under any 
circumstances, no matter who owns or uses them, be altered by any 
party except GW SOLUTIONS. The Client warrants that GW 
SOLUTIONS’s instruments of professional service will be used only 
and exactly as submitted by GW SOLUTIONS.  The Client 
recognizes and agrees that electronic files submitted by GW 
SOLUTIONS have been prepared and submitted using specific 
software and hardware systems. GW SOLUTIONS makes no 
representation about the compatibility of these files with the Client’s 
current or future software and hardware systems.  
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