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Groundwater in the region is principally recharged on an annual basis through either direct infiltration of
precipitation and / or infiltration of surface waters along rivers, streams and creeks. Aquifers located along
water courses can be bi-directional. Under this regime, during the wetter periods of the year the aquifer
level is below the water course and flow is from the river or creek to the aquifer. During other, low flow
times in the water course, the aquifer level is above the water elevation in the river or creek and the flow is
from the aquifer to the water course.

The sustainability of the groundwater resource depends upon the amount of recharge, the amount of water
withdrawn and ability of the aquifer to store water. This is measured by the demand versus storage ratio
and the demand versus recharge rate. For the thirteen mapped aquifers, the demand versus storage ratios
range from 0.1 to 28.4 percent. The demand versus recharge ratio ranges from 4.1 to 78.7 percent. In
general, this indicates that overall there is significant potential for further aquifer development. The higher
ratios, however, in some of the aquifers, notably in the Parksville and Errington areas indicate that localized
areas may be near capacity. A comprehensive discussion on groundwater yields is contained in DP 5-1:
Groundwater Supply Evaluation and Aquifer Yield Assessment.

Table 3-1 shows the current well development by the water utilities.

Table 3-1
Existing Groundwater Supply

Service Area Number of Wells | Maximum Well Capacity Annual Well Yield
(ML/d) (million m°)
City of Parksville 16 9.0 1.12
Town of Qualicum Beach 9 20.0 1.87
RDN Nanoose 11 4.8 0.70
RDN French Creek 20 5.2 0.68
Total 56 39.0 4.37

The annual well yield in most cases reflects the customer water demand and not the maximum annual yield
of the well. Based on a review of the groundwater regime in the AWS service area, it is believed that the
sustainable annual well yields are significantly higher than the existing quantities. In other words, it is
believed that, while the maximum withdrawal from each well cannot change, the wells could be used more
frequently throughout the year than they currently are. The increased annual yield as part of the overall
water supply strategy is discussed in Chapter 5.

3.3 ENGLISHMAN RIVER

The Englishman River watershed extends from the alpine area of Mount Arrowsmith at El. 1820 m to
Georgia Strait, draining an area of about 324 km? (Figure 3-1). The primary land uses in the watershed are
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forestry in the headwaters with agriculture and urban development along the lower reaches. The watershed
supports all species of salmon, including steelhead, and has been designated a sensitive stream by the
Province under the Fish Protection Act. The watershed is of significant interest to a number of stakeholders
including local government, senior governments, First Nations, industry and non-governmental

organizations. As such a significant amount of work has gone and continues to go into river stewardship
(see DP 2-1: Watershed Management).

Figure 3-1
Englishman River Watershed
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Of critical importance from both a fisheries and drinking water viewpoint is river hydrology. The watershed
in general is at a low elevation and only the upper areas receive a significant snow pack. As a result, river
flow tends to be strongly influenced by rainfall patterns. Prior to the construction of the AWS dam and
reservoir, there was no storage. This meant that the river could be subject to very low flows in the summer
time and early fall, during drought conditions. This could then change to extreme high flows during the
heavy rains that typically fall in early November.

Studies in the late 1980s concluded that if the Englishman River was to be used as a year-round water
supply, the provision of storage on the river would be required (Chatwin, 1987). This ultimately led to the
planning of the Arrowsmith Dam and the issuance of a Provincial Water Licence (No. 110050) in 1996. The
dam and associated reservoir are located at the upper elevations of the watershed and as such have a
limited catchment area of only 5 km” or 1.5% of the watershed area. With the heavy winter rains and
snowmelt, the reservoir is typically full in the early spring. The reservoir is then drawn down on a controlled
basis, starting in the early summer and extending into the fall.

The Water Licence allows for the provision of 9000 ML of annual storage in the reservoir. AWS is allowed
to withdraw an annual volume of 7001 ML and a maximum day quantity of 48 ML at the withdrawal point on
the lower river. The dam is also to be operated to keep the river flows at a minimum of 1.6 m%/s at the
Highway 19A water gauge, below the planned drinking water diversion point. This is termed the Provisional
Operation Rule (MoE, 1997). A recent amendment to the Rule established a reservoir rule curve zone
chart that allows for situations where the flow may be less than the stipulated amount under extreme
drought conditions (MoE, 2009) that are greater than the 1 in 15 year drought return, which the Arrowsmith
Reservoir was designed for. More extreme drought conditions, and the impact of climate change, may
require further review of the Rule.

3.4 AQUIFER STORAGE AND RECOVERY

Aquifer storage and recovery or ASR is defined as the storage of water in a suitable aquifer through a well
when water is available and recovery of the water from the same well during times when it is needed (Pyne,
2005). Although the concept is simple, ASR has only been implemented relatively recently by the water
industry. A typical schematic of an ASR well is shown in Figure 3-2.

3-4

p:\20092356\01_concept_planning\engineering\03.00_conceptual_feasibility_design\summary reportirpt_aws_summary 20110425 _rc.doc



3 - Water Supply Sources

Figure 3-2
Typical ASR Well Schematic
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From Pyne, 2005.

Managed aquifer recharge has been practiced for some time. This involves single purpose recharge or
injection wells that direct water into an existing developed aquifer. Historically, this type of well has been
subject to plugging, requiring periodic redevelopment. This had tended to preclude the cost effectiveness
of aquifer recharge. ASR resolves the inherent operational difficulties of single purpose wells by equipping
each well with a pump and operating it in a dual mode for both recharge and recovery. The pump used for
recovery of the stored water is also used to periodically redevelop the well and therefore maintain its
capacity. Typically the same volume of water stored in an ASR well can be recovered. As of 2005, there
were approximately a 100 ASR systems in production or in the planning stages in the United States and
Canada (Pyne, 2005).

The key to the ability to implement ASR are the right series of conditions. First there needs to be a situation
where surplus water is available part of the year with peak water demands occurring at a different time.
Second, suitable aquifer conditions must exist. Generally, the most favourable site is in a semi-confined
aquifer that exhibits surplus storage capacity. A desirable aquifer has an underlying horizontal confining
layer as well as an overlying layer that prevents contamination from surface infiltration. The aquifer should
also exhibit maderate lateral travel velocities that prevent the loss of water away from the well.
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The AWS region clearly meets the first condition. There is a surplus of surface water in the rainy winter
months that could be captured and storage. There is summer dry period where water demands increase
beyond the annual average. This higher than average demand could be met by pumping water out of ASR
storage. Inregards to the second condition, a preliminary review of the region’s geological and
hydrogeological structure has been carried out by the team to determine if the right conditions exist for ASR
development (see DP 5-2: Aquifer Storage and Recovery). Thirteen aquifer systems were evaluated and
ranked using a series of criteria, with 100 points representing the best potential site. Five of the thirteen
aquifers scored better than 50 points. The answer to the second condition - do suitable aquifer conditions
exist —is, quite likely. The most suitable locations appear to between Parksville and Nanoose. Figure 3-3
shows the potential areas.

ASR appears to be an attractive water management tool for the region. The capacity of an ASR system
depends upon the future water demands and the interaction with future groundwater and surface water
supplies. Initial indications are that the optimum aquifer storage volume would be about 1.0 million m®.
This would be pfovided through a series of ASR wells, either in a single geographic area or over two or
more areas. One of the advantages of ASR as a “third source” is that the ASR wells can be located away
from the other water supply sources. During the peak water demand times, water can then be pumped to
the water distribution grid from different locations, resulting in a more efficient sizing of water distribution
mains.

As the technology is relatively recent and the groundwater regimes not well documented, an extensive
testing program will be required in the early stages of overall water supply program implementation in order
to confirm the feasibility. A testing program and development of a full-scale facility is discussed in

Section 5.
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