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It must be cautioned that the RDN Water Budget project is a regional study intended as a high 
level water budget assessment for many of the watersheds and aquifers within the six water 
regions on Vancouver Island. As a result, calculations presented herein are conceptual in nature 
and only serve to provide an assessment of the linkages between various water resource 
elements. Local issues may not be fully addressed at the current scale of assessment. However, 
these will be considered in the future as the RDN progresses through each Tier level (OMNR 
2011) from the water region scale (100’s of watersheds), to individual watersheds, and finally to 
the subwatershed scale where more detailed and complex water budget calculations can be 
completed.  
 
Although water budget and stress calculations presented herein may appear quantitative, they 
should only be considered as qualitative. The water budget estimates provide a relative 
comparison from region to region or aquifer to aquifer, rather than actual values of water 
availability or water use which are needed for quantitative land use planning and design. 

1.4 Report Terminology and References 
Wherever possible, Waterline has attempted to use non-technical language in the enclosed 
report.  However, where this may not have been possible, a footnote has been added to the 
bottom of the page to further describe the term and a glossary of terms provided in Appendix A.  
Data and references provided by the RDN and used in the water budget analysis are summarized 
in the bibliography provided in Appendix B.  

2.0 METHODOLOGY AND APPROACH TO WATER BUDGET STUDY 

2.1 ARC-GIS Geodatabase Development 
The first task for the RDN Phase One Water Budget project was to assemble existing surface 
water and groundwater data previously collected across the RDN into a single, centralized 
Geodatabase. The data was compiled in a consistent format that would allow the Waterline team 
to complete water budget assessments. The intent was to develop a “living system” whereby the 
state of knowledge on surface and groundwater systems within the RDN could be expanded with 
every new study. With this tool, data and water management guidelines may be developed to 
elevate the accuracy of water budget estimates that will ultimately be used for making land use 
decisions. 
 
Numerous groundwater-related studies have been completed in each region in relation to the 
existing well fields and mapped aquifers in the region. However, the data existed in various 
formats (mostly paper) and needed to be synthesized and integrated into a consistent electronic 
format by Waterline so that surface and subsurface information could be considered concurrently 
as part of the Phase One Water Budget Project. Files were reviewed by Waterline and data 
extracted as required for use in the analysis (E.g.: aquifer transmissivity/storativity values 
(Carmichael 2012), water levels, information on groundwater flow, etc.).  As a result, individual 
sources of data could not all be referenced in the body of this report but are listed in the attached 
bibliography provided in Appendix B.  
 
The bibliography provides a complete list of reports and files on individual projects completed by 
the RDN, consultants, land developers, and commercial operations over many years. The 
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information was used by Waterline wherever possible to complete the water budget analysis. 
Although Waterline made every effort within the scope of the study to compile the data provided 
in our ARC GIS Geodatabase, it was not always possible to capture all of the data given the 
amount and condition of the information. Waterline’s main focus was to construct the ARC GIS 
Geodatabase so that it could accommodate any future data that should be requested by the RDN 
in a consistent electronic format. The database was then populated with the critical datasets 
needed to complete the conceptual water budget estimates at the current regional scale of 
assessment. 
 
The database developed by Waterline was used to construct two and three dimensional 
hydrological and hydrogeological images so that both scientific and non-scientific readers can 
visualize and understand how surface features and activities relate to subsurface aquifers. The 
compiled data, in conjunction with water use and demand data developed by the RDN, was used 
to assess the level of stress on each of the six water regions and 28 mapped groundwater 
aquifers across the Vancouver Island area of the RDN. The mapped aquifers within the six water 
regions are shown on Figure 2. 
 
The RDN Water Budget project is expected to greatly benefit the people who live and/or work 
within the RDN as it forms the foundation for understanding the present and future availability and 
demand for fresh water. The project outcome allows the RDN to plan for future development in a 
way that contributes to protection and management of groundwater and surface water resources 
not previously available. The Phase 1 project provides the RDN with the ability to electronically 
update hydrologic/hydrogeologic data as it becomes available. Although more work is required to 
make this information available to the general public and water practitioners through an on-line 
secure user interface, the framework has been established and will require the future cooperation 
of all water providers and users to allow for sustainable management of fresh water resources 
within the RDN. 

2.2 Available Information and Concurrent Projects 
 
A significant amount of groundwater and surface water information exists within the six defined 
water regions within the Vancouver Island area of the RDN. However, the data was in various 
formats and needed to be synthesized and integrated into a consistent electronic format so that 
surface and subsurface information could be considered concurrently. Over 750 water-related 
studies/reports/files previously completed by the RDN, consultants, land developers, and 
commercial operations were provided to Waterline as part of the Water Budget project (see list in 
Appendix B).  
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Figure 2: Mapped Aquifers
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The RDN and other groups have undertaken concurrent activities relating to the collection of 
water data through the installation of new observation wells, geological mapping, aquifer 
mapping, monitoring of private wells, and stream flow monitoring as part of an outreach program 
with local stewardship and community groups. Some additional studies that could significantly 
impact the outcome of the water budget project include the following: 
 

• The Geological Survey of Canada (GSC) has initiated an assessment of the groundwater 
resources as part of their Nanaimo Lowlands Project (Metherall, Pers. Comm.  2011). 
This project will update the Parksville area surficial geology mapping (Fyles 1963), 
conduct geophysical surveys to assess subsurface geology, complete a drilling and well 
installation program, and develop a numerical groundwater model of the Quadra Sand 
aquifer(s) in the area extending from the Englishman River to Deep Bay.  

• The BC Ministry of Agriculture and Lands (MAL) is also working on a project for the RDN 
to establish an agricultural water demand model previously developed for the Okanogan 
Region for use in estimating agricultural water requirements within the RDN. 

• In 2011, BC Ministry of Environment (MOE) retained Worley Parsons (Ronneseth, Pers. 
Comm. 2012), Pers.to update all the aquifer maps across the RDN; however, the updates 
were not released by MOE until late in the fall of 2012.  

• Waterline understands that MOE in partnership with the RDN are also in the process of 
expanding its observation well network across the RDN.  

 
Waterline has made every effort to include available information from these relevant projects into 
the Phase 1 Water Budget project. However, as of the writing of this report, all studies were on-
going and incomplete, or Waterline’s work was too far advanced and not all data could be 
integrated into the project.  However, results of the studies indicated should be incorporated into 
the Waterline Geodatabase once the investigation phase is complete. 
 
Another important project within the RDN is being undertaken by Englishman River Water 
Service (ERWS) who is currently investigating the suitability of an Aquifer Storage and Recovery 
(ASR) concept (Lowen Hydrogeology, 2010). The ASR project involves surface water diversion 
from the Englishman River during high flow periods in the winter, treatment, and re-injected into 
an underlying sand and gravel aquifer (Aquifer # 219) to the east of the Englishman River. The 
intent of the ASR project is to provide temporary storage of fresh water for later recovery and use 
during the drier season when rivers and aquifers may be under greater stress. This study is 
specific to one aquifer and, although important from a water supply perspective, it does not 
significantly affect the outcome of the Phase Water Budget project. The ASR Study results should 
be incorporated into the Waterline Geodatabase once the investigation phase is complete. 
 
For surface water hydrology, several data sources have been used to develop estimates of 
surface water runoff, aquifer recharge and surface water demand including: 
 

• Climate Data from stations operated by Environment Canada; 
• Gridded climate data from the Climate NWA model developed by the UBC Faculty of 

Forestry; 
• Continuous stream flow and water level data from stations operated by Water Survey of 

Canada, and Ministry of Environment; 
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• Discrete summer low-flow stream flow data from Ministry of Environment and BC 
Conservation Foundation; 

• Surface water license information from the BC Ministry of Forest, Lands and Natural 
Resource Operations; 

• Surface water withdrawal data from water license holders including City of Parksville, City 
of Nanaimo, and Harmac; 

• Water Allocation Reports prepared by Ministry of Environment; and 
• Other reports pertaining to surface water hydrology for watersheds within the NRD. 

 
Details of the climate and hydrometric stations for each of the water regions are outlined in each 
of the specific sections below.  A listing of all reports is available in the references section. 

2.3 Data Compilation 
 
A considerable amount of data was compiled to produce the maps needed to complete water 
budget calculations.  It should be noted that any data received and compiled by Waterline as part 
of the present study were assumed to be correct and have not otherwise been verified by for 
quality or accuracy other than what could be assessed as part of the development of conceptual 
models for each region.  There may be a need for further verification of the data used to develop 
the conceptual models if interpretations and analysis conflict with other information, or 
interpretations not considered as part of the study. In addition, as new data becomes available 
and a more comprehensive understanding of surface water and groundwater flow systems is 
developed, the enclosed conceptual models will need to be updated accordingly. 

2.4 Conceptual Water Budget Model Development 
2.4.1 The Water Cycle 

The water cycle is fundamental to the understanding of how water exchange occurs between 
surface water features and subsurface aquifers.  Figure 3 shows the various natural elements of 
the water cycle which must be considered in the water budget analysis.  
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Figure 3: Water Cycle Schematic.

The water or hydrologic cycle illustrates how water moves from the land, to the atmosphere, and 
back to the land. Figure 3 shows how water evaporates from the ocean and other surface water 
bodies (rivers, creeks, lakes, ponds, and ocean) into the atmosphere forming clouds which
eventually condense and fall back to the earth as rain or snow. Sublimation is when solid-phase 
snow or ice evaporate directly to water vapor (gas phase) with no intermediary liquid phase. 
Transpiration is a process whereby plants take up water directly for growth. Rain or snow that 
falls to the earth then moves from one reservoir to another, such as from snow and ice stored in 
the mountains, percolating into the subsurface to become groundwater and then discharges back 
to the surface feeding rivers and lakes and ultimately flows down slope and discharges into the 
ocean. 

The water cycle purifies the water and replenishes freshwater sources on the land, and in the 
process transports nutrients and minerals from one part of a watershed to another which is vital 
for maintenance of natural ecosystems. In the process, water flow over the land reshapes
geological features by processes such as erosion and sediment deposition. Elements of the 
water cycle need to be understood in order to develop water budgets for surface and 
groundwater (aquifer) systems which exist within the RDN.

2.4.2 Surface Water

Using existing information, the Waterline team developed conceptual models to help describe the 
overall water flow system dynamics for each water region in the RDN. A basin wide approach 
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was taken where the surface and groundwater basins were initially characterized by prominent 
drainage features (watersheds). Figure 1 shows that the actual RDN boundary in the 
northernmost and southernmost water regions (Big Qualicum and Nanaimo River) does not 
extend to the water region boundary. Although the RDN has no jurisdiction over these areas, the 
water budget assessment needed to be completed at the basin scale which extends beyond the 
RDN boundaries in the north and the south. 
 
Using available stream flow and climate data, estimates of monthly and annual runoff from each 
of the major watersheds was completed to assess the seasonality of water availability. Stream 
flow estimates were developed using a regional hydrology approach in which naturalized stream 
flow records were adjusted to account for water withdrawals and/or storage in the watersheds. 
Estimates of stream flows in un-gauged watersheds were developed based on physical 
watershed characteristics. The summer stream flow estimates were verified wherever possible 
using available base flow measurements in creeks and rivers. This approach is similar to the 
approach used to develop the BC MOE Water Allocations Plans (Boom and Bryden, 1994; 
Braybrook et. al., 1995; Bryden et. al., 1994; Pirani and Bryden, 1996; Bryden et. al., 1994; and 
MoELP, 1993) and provides an assessment of surface water availability in the major watersheds 
and allows for completing watershed stress assessment.  
 

2.4.3 Groundwater Aquifers 

Figure 4 shows a cross-section schematic through the earth were various types of subsurface 
aquifers may be developed as the water cycle (Figure 3) replenishes groundwater systems through a 
process known as infiltration either into permeable bedrock or permeable sediment exposed at the 
ground surface. An aquifer is described as a geologic unit that can transmit useable quantities of 
groundwater to a well.  A fractured bedrock aquifer is formed when a series of interconnected 
fractures exists that can store and transmit water. Unconsolidated, sand and gravel aquifers store 
water between the sediment grains (blue color between white sand and gravel, Figure 4) and coarse 
sand and gravel deposits can form high water yield aquifers as is observed across the RDN. The 
unsaturated zone occurs above the water table and aquifers that are in direct contact with the 
atmosphere are known as unconfined aquifers. If a layer of silt or clay (purple layer, Figure 4) covers 
the saturated sand and gravel or fractured bedrock aquifer then the aquifer is considered to be 
confined (or semi-confined) from the atmosphere and referred to as a confined aquifer.  
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Source: RDN 

Figure 4: Cross-Section Schematic Ilustrating Groundwater and Aquifers. 
 
A significant amount of groundwater and surface water information exists within the six defined water 
regions that make up the RDN study area. The RDN has made considerable progress in assembling 
this information into an ARC-GIS system which is now available on-line in the RDN Water Map. 
However, the data had not been full synthesized and integrated, with respect to subsurface geology 
and/hydrogeology and assessment of linkages to surface water resources.  
 
In addition to the numerous individual water-related studies that have been completed, the RDN was 
undertaking concurrent activities relating to collection of water data in partnership with the six local 
stewardship groups, which includes community development and outreach programs. The Geological 
Survey of Canada is also conducting an assessment of the groundwater resources including a 
numerical groundwater model for the area from the Englishman River to Deep Bay which is 
referred to as the Nanaimo Lowlands Aquifer study (Metherall, Pers. Comm., 2011). In addition, 
the Englishman River Water Service (ERWS) is investigating geology in the Nanoose area for an 
Aquifer Storage and Recovery (ASR) project. The BC Ministry of Agriculture and Lands has also 
developed a Water Demand Model similar to the one for the Okanagan Water Supply and 
Demand Project (MAL, 2013). Wherever possible, Waterline attempted to integrate concurrent 
activities being conducted by the RDN, the GSC, ERWS, and BC MAL with the Water Budget Project. 
However; it was not always possible to accomplish this as study schedules and objectives were not 
necessarily aligned by the RDN at the outset.   
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Developing a conceptual hydrogeological model of subsurface aquifers is a complex exercise that 
involves integrating numerous key datasets including, but not limited to, the following existing 
information: 
 

• Topography/digital elevation maps, 
• Climate data, 
• Land cover information, 
• Surficial and bedrock geology maps, 
• Borehole geology and water level information, 
• Aquifer mapping and vulnerability data,  
• Aquifer properties including permeability and storage parameters, 
• Long-term water level monitoring data, and 
• Groundwater use (pumping) data where available. 

 
All of these datasets were processed electronically so they could be entered into Waterline’s 
Geodatabase.  These data were then used to develop other maps and to profile the subsurface 
geology to facilitate an understanding of how the surface features interact with the subsurface 
geology.  Key GIS layers produced as part of the project are presented in Appendix C. Using 
these and other datasets, it was then possible to develop three dimensional views of the 
subsurface, which form the conceptual aquifer models for each region.  As there are 28 mapped 
aquifers across the RDN, over 6,000 water wells, and numerous water levels identified in the BC 
MOE WELLS database (BCGOV ENV Water Protection and Sustainability Branch, 2008), it was 
not possible to develop a continuous model for each water region. However; key areas were 
selected for 3D visualization in order to illustrate some of the more important inter-connections 
between surface water and groundwater systems across the RDN. 
 

2.4.4 Regional Geology 

Most of the landscape and landforms observed across the RDN resulted from glacial and 
interglacial processes operating during the last 50,000 years. The latest and largest glaciation 
was the Fraser Glaciation which started approximately 29,000 year before present (BP) due to a 
deteriorating (colder) climate. In southwestern BC, mountain glaciers formed between 19,000 
and 30,000 BP before they advanced, coalesced, and thickened to create the maximum extent of 
the ice sheet that covered Georgia Strait nearly 15,000 BP. At this time, the ice surface was at 
about 2300 mASL and towered over 1000 m above the present-day peak of the Coast Mountain 
Range. After about 14,500 BP, the regional climate began to warm causing ice to melt and 
glaciers to retreat over the next 5,000 years (Clague, 1994).  
 
During the advancement phase, glaciers from Vancouver Island flowed towards and coalesced 
with ice flowing south along the Salish Sea (present day Strait of Georgia), producing a large 
glacier lobe that extended down into the Puget Lowlands in Washington, USA. Quaternary 
sediments up to 300 m thick underlay the lowlands bordering the Strait of Georgia. Throughout 
this region, sediments were deposited during the glacial advance and retreat and in some areas 
during older glacial and intervening interglacial cycles. Loading and unloading of the ice sheet 
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caused significant land rebound and sea level fluctuations. Along the Strait of Georgia, sea level 
rose up to almost 200 m above present-day sea level, leaving various marine deposits observed 
across the Nanaimo Lowlands and the Sunshine Coast at elevations up to 180 mASL 
(McCammon, 1975).  
 
A description of the regional geology based on Fyles (1963) defines the overburden3 geology and 
is shown in Appendix C (Maps C3 and C4). All geology data has been compiled electronically in 
Waterline’s geodatabase and was considered in the construction of the conceptual 
hydrogeological model.   
 
The main unconsolidated4 deposits with the RDN include the following:  
 

1. Salish: Recent shore, deltaic, and fluvial5 deposits laid down by rivers and creeks and by 
wave action along coastal areas. These are colored very light yellow/cream on Fyles 
(1963) map shown in Appendix C (Map C3). The deposits contain gravel, sand, silt, clay 
and form local aquifers along river/creek and lake. 

2. Capilano: Deltaic6, and marine veneer deposits laid down during glacial retreat and 
ocean ingress over the Nanaimo Lowlands and coastal areas. These are colored light 
green and blue on Fyles (1963) map shown in Appendix C (Map C3). The extent of 
marine ingress can be seen across the RDN and generally is below 200 m ASL. The 
deposits contain sand, gravel, clay; and stoney clay, clay and silt and the coarser fractions 
form local unconfined7 aquifers, whereas the finer clays and silts form aquitards8. 

3. Vashon: Glacial9 fluvial material deposited during glaciation by surface and/or subsurface 
rivers and creeks formed with the retreat of ice sheets. The areas are colored orange on 
Fyles (1963) map shown in Appendix C (Map C3). The deposits contain sand, gravel, 
clay; and dense clay till. The coarser fractions form local unconfined aquifers, whereas the 
finer clays and silts form aquitards.  

4. Quadra: Pro-glacial fluvial outwash materials deposited during glacial advance at the 
leading edge of the ice sheet. The areas are colored bright yellow on Fyles (1963) map 
shown in Appendix C (Map C3). The Quadra sand deposits form regionally significant 
aquifers in the Nanaimo Lowland are very important from a water supply perspective 
within the RDN.  

 
Most of Vancouver Island is made up of what is referred to as the Wrangellia Terrane which 
collided with the west coast of North America around 100 million years ago (m.y.a.) (Earle, 2012).  
The Nanaimo Group rocks were deposited on top of the Wrangellia rocks from about 85 to 65 
m.y. ago. 
 
The Vancouver Island mountain range occurs in the western portion of the water region. The 
structural geology in this area is complex and comprises northwest striking10 faults11 that 
                                                
3 Refers to material that lies above bedrock (typically used in mining applications to describe waste above mineral deposit). 
4 A term used when referring to sediment that has not been lithified into a rock (i.e.: not cemented). 
5 Formed or deposited by running water including rivers, creeks, and the ocean. 
6 A fan-like feature where sediments are deposited at mouth of a river. 
7 Having no overlying low permeability confining layer and connected to the atmosphere. 
8 Low permeability geologic unit that cannot easily transmit water 
9 Deposited during glaciation 20,000 to 30,000 years ago. 
10 Geological measurement that indicates orientation from north. 
11 A planar break, fracture or discontinuity in rock which may exhibit displacement or movement. 
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subdivide the different bedrock types into narrow structural and geology units. Within these 
narrow units, the rocks may be folded, and block or thrust faulted. Bedrock geology mapping 
completed by the BC Geological Survey (Muller and Jeletzky, 1970) is provided in Appendix C 
(Map C4). The primary bedrock types within RDN include the following: 
 

1. Nanaimo Group: The Nanaimo Group sedimentary rocks were deposited into the basin 
between Wrangellia and North the American plate. Most of the Nanaimo Group 
sediments were deposited under marine conditions, largely as submarine fans offshore 
from coastal shelf deposits. Comprises clastic12 sedimentary conglomerates, sandstones, 
and mudstones.  The Nanaimo Group rocks are situated along the coastal areas and 
typically are overlain by Quadra or Quadra equivalent sediments.   

2. Vancouver Group - Karmutsen Formation: The Karmutsen Formations is part of the 
Vancouver Group and comprises volcanic basalt flows and pillow basalt deposited on the 
sea-floor.  The Karmutsen is the most common rock type exposed on Vancouver Island 
and within the RDN.  

3. Sicker Group - Nitnat Formation: These are the oldest rocks of Vancouver Island and 
are Devonian in age (ca. 370 m.y.). They are composed of calc-alkaline 13volcanic rocks 
and include sea-floor and terrestrial volcanic rocks. 

4. Buttle Lake Group; Mount Mark Formation: Comprises limestone formed as part of an 
ancient reef deposit.  

5. Buttle Lake Group - Fourth Lake Formation: Sedimentary bedrock composed of 
chert,14 siliceous argillite15, silici-clastic rocks. 

6. Island Plutonic Suite: Igneous16 intrusive rocks dominantly quartz diorite17 to 
granodiorite18 but with considerable lithological variation observed across the RDN.  

7. Mount Hall Gabbro: Igneous intrusive rocks composed of gabbroic19 to dioritic.  
 

2.5 Surface Water Assessment and Water Budgets 
 

2.5.1 Regional Hydrological Model 

A regional hydrological model has been developed for the RDN to assess surface water balance 
and estimate contributions to groundwater.  It is a GIS-based distributed conceptual model which 
uses physical parameters of the watersheds to calculate runoff for each one square kilometre 
grid cell.   
 

                                                
12 Composed predominantly of broken pieces or clasts of older weathered and eroded rocks. 
13 Rich in alkaline earths (magnesia and calcium oxide) and alkali metals and make up a major part of the crust of the continents. 
14 Variety of quartz mineral 
15 Fine grained, lithified sedimentary rock composed predominantly of clay. 
16 Igneous rocks form as liquid magma cools, forming crystal structured rocks. 
17 Grey to dark grey intermediate intrusive igneous rock. 
18 Intrusive igneous rock similar to granite. 
19 Refers to a large group of dark, coarse-grained, intrusive mafic igneous rocks chemically equivalent to basalt. 
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Figure 5: Regional Hydrology Model Schematic 
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The physical parameters considered in the water balance for each square kilometre include: 
 

1. Average ground elevation 
2. Surficial Soil Types 
3. Ground Cover; and 
4. Leaf Area Index  

 
Once calculated at a grid-scale, the surface runoff is then routed to watercourses using a flow 
accumulation routine to estimate surface water discharges for entire watershed.  Through the 
surface water balance process the model also estimates groundwater recharge on a 1 sq. km 
grid across the region.  The inputs to the model include gridded average monthly precipitation 
and temperature data from the ClimateBC and Climate NWA models (Wang et. al., 2006 and 
Wang et. al. 2012) and the model calculates average monthly stream flow.  A schematic of the 
model process is shown in Figure 5. 
 
The Climate BC Model down scales climate variables (temperature, precipitation, etc.) from 
larger scale data sources (with grid cells larger than 1 sq. km), such as; historical climate data 
from the PRISM data set as well as forecast future climate from Global Circulation Models 
(GCMs) or Regional Climate Models (RCMs). Climate BC model uses temperature and 
precipitation lapse rates (rate of change of climate with elevation) to adjust the larger scale data 
to take account of topography not captured in the larger grid sizes of the larger scale datasets.   
 
Runoff for each grid-cell is calculated using a water budget which accounts for snowpack 
accumulation and melt, potential and actual evapotranspiration, soil moisture, transfer to ground 
water storage and runoff from the surface and ground water.  The runoff model is based on the 
Monthly Water Balance Model developed by the US Geological Service (McCabe and 
Markstrom, 2007), with some changes to reflect local conditions.  These changes include: 
 

 Adjustments to Potential Evapotranspiration based on land cover data and leaf 
area index; 

 Spatially variable soil infiltration parameters based on surficial soils data; and 
 Adjustment to snow accumulation and melt routine using a temperature range 

(2oC to -2oC) to represent partial rain/snow mix throughout the month. 
 
The model generates monthly runoff for each grid square, which is then used to develop a set of 
gridded runoff data for the entire region. These monthly runoff surfaces are then used to 
generate stream flows using a GIS stream-flow accumulation routine.  The result is an estimate 
of average monthly stream flows along the length of the water courses in the region.  Using 
precipitation and temperature from the Climate BC model for future climate change conditions, an 
estimate of future stream flows have also been made. A detailed outline of the surface water 
assessment methodology is provided in Appendix D. 
 

2.5.2 Surface Water Budgets and Stress Analysis 

Surface Water Budgets for each of the major watersheds has been completed as part of the 
assessment.  A water budget is used to assess the relative stress of each of the watersheds by 
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comparing water availability with water demand.  The water budget considers all inflows and 
discharges from the surface water component of the water cycle including rainfall and snowmelt 
as inflow; evaporation/evapotranspiration, canopy storage and human consumption as losses; 
transfer to and from soil moisture storage, surface storage in lakes and reservoirs; and ground 
water recharge and exfiltration.  It should be noted that some amount of water extracted for 
human consumption returns can return to the surface water or ground water components of the 
water cycle either through treated waste-water effluent, septic fields or irrigation runoff.  However, 
the larger municipal and industrial users on Vancouver Island discharge treated effluent directly 
to the ocean and is therefore lost to the surface and ground water budgets.  For this study, we 
have considered all consumptive water demands as a permanent loss to the surface and ground 
water budgets which is considered to be a conservative assumption.  A diagram of the surface 
water budget is shown in Figure 6. 
  

 
Figure 6: Surface Water Budget Components 

 
Each parameter is described as follows: 
 

1. Inflow to the surface water budget comes from either precipitation in the form of rainfall 
or from snowmelt from snow pack 
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2. Losses from the surface water budget include evapotranspiration from vegetated areas 
and evaporation from lake and other open water surface which is calculated using 
average monthly temperatures and the Hamon (1961) equation; 

3. Surface water extraction amount have been assumed to be equal to the volumes 
allocated under water license unless recorded values are available.  The licenses have 
been classified based on water use including municipal water supply which is assumed 
to follow an annual cycle with lower winter indoor water use base demands, and higher 
summer demands which includes irrigation and outdoor water use, agricultural 
demands which are assumed to only occur during the summer months for irrigation, 
except for stock watering which occurs year-round, and other demands such as 
industrial or institutional demands which are considered to be constant year round; 

4. Surface water storage is considered to be lakes and managed reservoirs which capture 
winter and spring runoff to release during the summer and the early fall low flow period.  
Surface water storage within a watershed is assumed to be the total of the licensed 
storage volume for managed reservoirs and 0.5 m of storage on natural lakes and 
wetlands (the assumed average natural water level variation).  To simplify the water 
balance, water release from surface water storage is assumed to only occur between 
July to September, unless specific operating rules are provided for the reservoir which 
provide different criteria; 

5. Soil and ground water storage are accounted for within the water balance using the 
USGS water balance model which is based on the Thorntwaite (1948) method  and 
linear reservoir for ground water storage; 

6. Finally, surface water runoff is assumed to be the remaining component of the water 
balance not accounted for in the components outlined above which is calculated based 
on mass balance equation such that inflow minus outflow is equal to the change in 
storage over the time period.        

 
During most of the year, the availability of surface water far exceeds demands.  However, during 
the summer dry period water demand increases and water availability decreases to a point where 
water stress may occur.  Therefore, the stress analysis has been carried out for the summer 
months which typically extend from July to September each year. 
 
The surface water stress is calculated using the following formula: 
 

100 x 
Storage Supply  Water Natural

Flowon Conservati Minimum  Demand eConsumptiv(%) Stress Water Surface
+

+=  

 
Consumptive Demand is the total allocated or licensed demand for all consumptive water uses 
including industrial, municipal waterworks, domestic, agricultural, etc.  Where appropriate, the 
annual average licenced amounts have been adjusted to account for seasonal variation in 
demand such as agricultural, domestic and municipal waterworks demands.  Where records of 
surface water demands are available, they have been used to estimate actual demands to 
prepare a recorded Water Stress Analysis.  This provides a current snapshot of water stress for 
certain watersheds. 
 
The Minimum Conservation Flow is assumed to be 10% of Mean Annual Discharge (MAD).  This 
is the current FLNRO Policy for water licencing on the east coast of Vancouver Island as outlined 
in the BC MOE Water Allocation Plans (Boom and Bryden, 1994; Braybrook et. al., 1995; Bryden 
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et. al., 1994; Pirani and Bryden, 1996; Bryden et. al., 1994; and MoELP, 1993).  Any new water 
licence which results in residual flows in the river being less than 10% MAD on a monthly basis, 
requires storage to support the demand. 
 
The natural water supply is either the recorded flows where available or the results of the 
regional hydrological model in ungauged watersheds.  It is considered to be the unregulated 
natural flow available in the river.  Finally, storage includes all licenced storage in the watershed 
including conservation storage and land improvement storage.   
 
The results of the Surface Water Stress Analysis have been assigned a relative stress scale and 
aquifer color code as follows: 
 

• 0-25% = Low Stress Blue 
• 25-50% = Low to Moderate Stress Green 
• 50-75% = Moderate Stress Yellow 
• 75-100% = Moderate to High Stress Brown 
• 100-150% = High Stress  Red 
• >150 % = Very High Stress Red 

 
It should be noted that the water stress analysis is based on average monthly water availability 
and demands and does not take into account inter-annual variations in stream flow or demand, in 
particular drought periods.  It assumes that water licences reflect actual water demands and that 
all storage in the watershed is available to support the consumptive demands and minimum 
conservation flow requirements for the 90 day period through July to September.  The water 
stress has been assessed on a watershed scale and does not consider relative stress within sub-
watersheds or river reaches.    

2.6 Groundwater Assessment and Aquifer Water Budgets 
The following describes the overall rationale for Waterline’s approach to aquifer water budget 
calculations. A more technical discussion of the methodology is presented in Appendix D.  
 

2.6.1 Approach Used For Water Budget Calculations 

Waterline used aquifer mapping layers available from the BC Water Resources Atlas at the time 
of data compilation in February of 2012 (BCGOV ENV Water Protection and Sustainability 
Branch 2012). As previously indicated, aquifer mapping updates were made available from the 
MOE in late 2012. The RDN should consider updating the project to reflect the newer map 
boundaries/areas in conjunction with the work completed by Waterline.  
 
As indicated, all fresh water resources in rivers/creek/lakes and water supply aquifers originate as 
rain or snow melt. As shown in Figure 3, a portion of precipitation returns to the atmosphere by 
direct evaporation20 from the ocean and lakes and streams, or is taken up by trees and 
vegetation (evapotranspiration21). Some portion will runoff the land as a function of land cover, 
                                                
20 Vaporization of liquid from a surface to the atmosphere. 
21 Loss of water as vapor from plant leaves to the atmosphere, 
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soil texture (fine clay, silt, or coarse sand and gravel, or fractured bedrock) and slope, and a small 
portion (about 10%) will percolate into the subsurface and recharge the aquifers.   
 
The RDN is bounded to the west by mountains and to the east by Georgia Strait. Surface water 
and groundwater drain from high to low elevations, thus the steep coastal profile creates a 
natural gravity-driven system with relatively high hydraulic gradients to the ocean. Fresh water 
resources that do not evaporate or transpire will eventually flow to the ocean, unless intercepted 
by wells or surface intakes for water supply use.  The groundwater flow paths in aquifers across 
the RDN tend to mimic the topography of the land (Appendix C, Maps C8 and C9).  
 
Surface water and groundwater systems are dynamic systems and constantly in a state of flux in 
accordance to the changing seasons and longer term climate variability on the Pacific Coast of 
North America. Both surface and groundwater systems in the RDN are expected to have short 
residence times resulting in relatively young groundwater (10’s to 100’s of years old) from the 
point of recharge at higher elevations to discharge points in local creeks, or near the coast. 
Rivers and creeks exchange water with shallow aquifers through the watershed. Over time, rivers 
and creeks erode away surficial materials and cut down into underlying aquifers causing direct 
exchange between the surface water and groundwater systems. As groundwater flows from 
areas of high topographic elevation to areas of lower elevation, aquifers can also receive lateral 
recharge from adjacent, up gradient aquifers, or from bedrock fractures in contact at higher 
elevations on the coastal mountains, also termed ‘mountain block recharge’.   
 
Aquifer recharge characteristics and groundwater extraction practices in a region will significantly 
affect groundwater levels in and availability in RDN aquifers. Therefore, it is important that 
properly located observation wells are monitored over the long term in order to gauge the aquifer 
performance and response to pumping. Monitoring therefore provides an early-warning system 
which allows private and public users to maintain a balance between aquifer recharge and 
groundwater use. These data are critical to help determine if groundwater extraction activities are 
negatively impacting aquifers and whether such practices can be sustained into the future. At 
present, the level of groundwater monitoring being conducted in many aquifers across the RDN 
is insufficient to allow for proper aquifer and watershed management. It should be noted that the 
RDN in partnership with the MOE and GSC have recently added several additional observation 
wells to the network (Donnelly, Pers. Comm., 2013) within the RDN which will to develop a better 
understanding of aquifer response to environmental and human impacts in those areas.  
 
The following generalized equation shown in Figure 7 was used to assess aquifer water budgets 
and the groundwater demand (stress) on each mapped aquifer: 
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Figure 7: Aquifer Water Budget Components. 

 
Each parameter is described as follows: 
 

1. Precipitation and vertical leakage is rainwater or snowmelt that recharges the 
subsurface or water that moves from an overlying aquifer to an underlying aquifer 
through vertical leakage, 

2. Lateral through-flow and mountain block recharge is an important source of aquifer 
recharge. Aquifers that have been mapped at the higher elevations tend to receive 
recharge directly from the upgradient mountain block and will also then feed aquifers at 
lower elevation located near the coast and is referred as lateral recharge from 
upgradient; 

3. Some of the creeks are in direct hydraulic communication with the various creeks and 
rivers within each water region.  There is a certain amount of groundwater that 
discharges to these creeks and it is important that this is maintained in an effort to 
preserve a healthy ecosystem. This volume of groundwater was estimated for aquifers 
that were considered to be connected to a local creek or river and factored into the 
aquifer water budget analysis; 

4. All aquifers mapped in each water region will discharge to an adjacent down gradient 
aquifer which maintains the health and water balance in the system. The volume of 
groundwater moving out of one aquifer (discharge) and into a down gradient aquifer 
(recharge) was also considered in the aquifer water budget assessment; 
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5. Human extraction of groundwater by pumping was also considered wherever data was 
available. Annual extraction from large municipal wells that service communities such 
as Parksville and Qualicum Beach were consider in the Aquifer Water budget 
assessment; 

6. Similarly, RDN has a number of water service wells located in various aquifers and 
locales across the RDN.  Annual water abstraction data for each system was used to 
assess aquifer water budgets in each respective area; 

7. In areas not serviced by a community system, the water use was estimated by 
assigning water use parcels based on zoning and land use.  For instance, agricultural 
parcels were assign a groundwater use based on the BC Ministry of Agriculture and 
Lands water demand model previously developed for the RDN. Other land use parcels 
such as residential, commercial, and industrial were assigned water use values in 
accordance to estimates provided by the RDN for water service areas where the water 
use was metered.  The estimates were applied to non-service areas where 
groundwater was thought to be in use based on the existence of water wells in those 
respective areas.  

8. The final aquifer water budget (surplus or deficit) was determined by adding the 
summing the recharge components (inputs) and subtracting the sum of all discharge 
components (outputs). A negative number would indicate that there is less water 
recharging the aquifer than is discharging from the aquifer in which case one would 
expect declining water levels in the aquifer. Where available, the long-term water levels 
trends were considered in the final aquifer stress assessment.        

 
Detailed water budget calculations are provided in Appendix D. 
 

2.6.2 Aquifer Stress Assessment – Relative Ranking 

A stress assessment for an aquifer is a function of the amount of water available versus that 
which is needed to maintain lateral recharge to down-gradient aquifers, to maintain baseflow to 
creeks/rivers, and to service the existing demand for groundwater supply.  Although aquifer 
stress analysis may only consider the anthropogenic stress on an aquifer, for the purpose of the 
RDN Phase One project the final stress ranking factors in both natural stressors on water 
availability (reduced precipitation and recharge, the need to maintain groundwater discharges to 
creeks and rivers, etc.) and anthropogenic stressors (groundwater abstraction, land development 
and its effects on aquifer recharge, etc..).      
 
The following simplified equation was used to assign a relative stress ranking to each aquifer 
mapped within the RDN: 
 

100 x 
GWin
GWout(%) StressAquifer =  

 
Where: 
 

• GWout is the calculated discharge to down-gradient aquifers plus discharge to any 
creek/rivers based on the geological model and measured or estimated groundwater 
pumping for water supply purposes.  
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• GWin is the estimated recharge to aquifers either directly from precipitation in the case of 
unconfined aquifers, or from vertical leakage in the case of confined aquifers plus any 
lateral recharge from adjacent upgradient aquifers, or mountain block recharge.  

 
The final calculations were then assigned a relative stress scale and aquifer color code as 
follows: 
 

• 0-25% = Low Stress Blue 
• 25-50% = Low to Moderate Stress Green 
• 50-75% = Moderate Stress Yellow 
• 75-100% = Moderate to High Stress Brown 
• 100-150% = High Stress  Red 
• >150 % = Very High Stress Red 

 
The analytical method used provides a crude approximation of stress to a particular aquifer. It 
should be noted that by using this method of assessment it is possible for an aquifer to be 
classified as being under some level of stress even though there is no significant anthropogenic 
use (i.e.: groundwater pumping). In this case the aquifer stress is natural and it may mean that 
the aquifer is vulnerable to pumping and development resulting from generally reduced recharge 
due to assessed ground/soil conditions or perhaps due to natural climate variability causing 
declining precipitation and recharge. The following section briefly discusses climate variability 
and potential implications to the assessment and prediction of aquifer recharge.      
 
More detailed aquifer data and complex computer simulations (numerical modelling) would be 
required to fully couple surface and groundwater systems, which would allow for a more accurate 
and quantitative assessment.  As indicated previously, the stress assessment provided herein 
should be used for comparison purposes only and should not be considered as a quantitative 
assessment for design or detailed watershed management purposes. 
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2.6.3 Climate Variability Indicator and Implications for Aquifer Recharge 

The Pacific Decadal Oscillation (PDO) is a long-lived El Niño-like pattern of Pacific climate 
variability. It is a measure of the variability of sea surface temperature (SST) in the North Pacific 
Ocean (Figure 8). Combined with an understanding of atmospheric circulation patterns has been 
used to assess the regional/global effects on weather patterns along the coast of North America.  
 

Warm phase       Cool phase   

 
Source: University of Washington (Mantua and Hare 1997) 

Figure 8: Pacific Decadal Oscillation Schematic and Graph 

It has been recognized by researchers that the SST oscillation causes warming and cooling 
trends with periods ranging from 15 to 25 years, and 50-75 years (Minobe 1997) which can 
dramatically affect weather patterns along the north pacific coast. The current PDO trend over 
the last 35 years appears to be in a warm phase, which generally means drier climate along the 
coast and less water available for recharging water supply aquifers. Water level hydrographs in 
wells completed in aquifers along the BC coast tend to follow the PDO pattern/trend and have 
generally shown declining water levels over the same period.  




