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1.0  INTRODUCTION

Golder Associates Ltd. is pleased to present this Groundwater Protection Plan to the
District of Chilliwack. The project was carried out in accordance with the Terms of
Reference outlined in your letter dated January 20, 1997 and our proposal dated
February 11, 1997 (our file number P97-1038).

The District of Chilliwack currently obtains most of its water supply from groundwater
sources and a lessor component (approximately 42 percent) from surface water sources,
With increasing concerns over the quality of surface water supplies due fo siltation,
giardia and cryptosporidium, the District intends to phase out the use of surface water and
rely solely on groundwater to meet the future water supply needs of the District. In
recent years, groundwater supplies in the Fraser Valley, including the District of
Chilliwack, have come under increasing threat of contamination from a variety of
sources, including agricultural activities, land application of wastes, septic systems,
municipal landfills, leaking underground storage tanks and industrial activities. Once
contaminated, groundwater is exceedingly difficult, and sometimes impossible, to restore
and the costs of developing alternative supplies are high.

Given the dependence of the District of Chilliwack on groundwater as a source of water
supply, the intrinsic vulnerability of the local aquifers, and the risk of groundwater
contamination from pressures related to increased development, the District is ideally
suited for the implementation of a Groundwater Protection Plan. Implementation of
groundwater protection measures will not only help to protect public health, but will
protect ecosystems associated with wetlands, streams and lakes that rely on groundwater
as a source of recharge.

In order to achieve the greatest degree of groundwater protection, this Groundwater
Protection Plan was developed by combining the strategies of both wellhead protection
and aquifer protection. Wellhead protection involves the delineation of capture zones of
community wells and the use of protection measures to manage activities within those
zones, while aquifer protection consists of the delineation of entire aquifers and the
implementation of protection measures in more vulnerable areas of those aquifers. While
wellhead protection is considered essential for protection of existing District groundwater
supplies, aquifer-wide protection provides consideration for other areas that are currently
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supplied by private wells and areas where the District may wish to develop additional

groundwater supplies in the future.

The development of this Groundwater Protection Plan included delineation of capture
zones of existing and potential District water supply wells at both current and projected
pumping rates, and groundwater vulnerability mapping to identify sensitive areas outside
of the capture zones. Once the areas requiring protection were delineated, a contaminant
inventory was conducted to identify existing and potential threats to groundwater quality,
Based on the results of these tasks, a number of recommendations were developed for
both wellhead protection of District water supply wells and for regional-level land use
strategies and groundwater protection measures for vulnerable areas located outside of the
capture zones, Groundwater Monitoring and Contingency Plans were also developed as
part of this Groundwater Protection Plan. The purpose of the Groundwater Monitoring
Plan is to provide early warning of impending water quality problems, while the
Contingency Plan identifies measures that should be implemented to protect groundwater
in the event of a spill or an accident.

In accordance with the Terms of Reference, the scope of this Groundwater Protection
Plan is limited to groundwater quality concerns. Issues related to the ability of the local
aquifers to sustain the current and future water supply requirements of the District were
not addressed in this study. Similarly, the potential for well interference between existing
or potential production wells and neighbouring wells was not addressed.
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2.0 HYDROGEOLOGY

Most groundwater supplies within the District of Chilliwack are derived from two major
aquifers: the Chilliwack-Rosedale Aquifer and the Sardis-Vedder Aquifer. A description
of these aquifers is presented below.

2.1  Chilliwack-Rosedale Aquifer

The Chilliwack-Rosedale Aquifer underlies most of the Fraser River flood plain across
the District of Chilliwack (Figure 1). The aquifer is comprised of sand and gravel
deposited by the Fraser River, ranging in thickness from 30 m in the east to 10 m in the
west. The gravel content of the aquifer diminishes towards the west, so that west of
Chilliwack Mountain the sediments are characterized primarily by sand. Most of the
aquifer is overlain by a thin, protective layer of floodplain silts. In the region between
Chilliwack Mountain and the east boundary of the District, north of the Trans Canada
Highway, these silts range in thickness from 1 m to 3 m. South of the highway, the
aquifer is overlain by 2 m to 4 m of silt and peat. Ina 2 km by 5 km area located east of
the Chilliwack urban center, from Vedder Mountain to McGuire Road, surface fines up to
20 m thick have been identified within a large paleochannel. In the area west of
Chilliwack Mountain, the surficial silt unit is on the order of 2 to 3 m thick at the
Trans Canada Highway. The silts thicken to up to 10 m in localized, abandoned channel-
fill deposits in the vicinity of the Lickman interchange, while to the south, silts and clays
up 5 mto 13 m thick have been identified.

The water table within the Chilliwack-Rosedale Aquifer generally lies within 4 m of
ground surface and is often found less than 2 m below ground surface. The aquifer is
recharged by precipitation that falls on the valley floor, runoff from the uplands to the
south and leakage from several small streams along the southern boundary of the valley.
Groundwater flow is directed primarily towards the west, with groundwater discharging
into the Fraser River and small streams and sloughs in the central and northern part of the
aquifer. Hydraulic gradients are relatively low, and in some parts of the aquifer
groundwater flows at velocities on the order of a few meters per year.

Golder Associates




November 4, 1997 -4 - 072-1846

2.2 Sardis-Vedder Aquifer

The Sardis-Vedder Aquifer is located in the areas of Vedder Crossing and Sardis at the
south edge of the District. The aquifer is comprised of a large alluvial fan formed by the
Chilliwack River where the river exits the Cascade Mountains. The proximal portion of
the fan is comprised of gravels more than 60 m thick, overlain by a thin cap of sand and
silty sand. The fan thins towards its margins, where it has prograded over Fraser River
floodplain deposits to the north and lacustrine deposits to the west. The distal portions of
the fan are up to 30 m thick and predominantly characterized by gravel, sand and minor

silt.

In the proximal portion of the fan, the water table ranges from approximately 14 m below
ground surface at the fan apex to approximately 5 m around the edge, with the exception
of the area south of the Vedder River, where water-levels of 1.5 m to 2.5 m below ground
surface have been observed. Other unidentified areas may exist around the edge of the
proximal fan where the water table is shallow. Inthe distal portions of the fan, the water
table ranges from approximately 5 m below ground surface to less than 2 m around the
edges. The Sardis-Vedder Aquifer is likely recharged by the Vedder River, runoff from
the upland areas located to the south, and local precipitation. Groundwater flow within
the aquifer is generally directed from the apex of the fan at the Vedder Bridge outwards
in a radial direction towards the distal portions of the fan. Hydraulic gradients within the
aquifer are relatively high, and groundwater velocities are on the order of tens to
hundreds of meters per year.

2.3 Other Aquifers

In addition to the two major aquifers described above, groundwater supplies are also
derived from bedrock and glaciofluvial sediments in the uplands along the southeast part
of the District and from small alluvial fans located along the edge of the Cascade
Mountains in the eastern part of the District (Figure 1). South of the District boundary,
additional groundwater supplies are derived from the Chilliwack River Aquifer
comprised of sands and gravels deposited by the Chilliwack River.
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3.0 GROUNDWATER USE
3.1 District of Chilliwack

3.1.1 Current Water Supply

The total population of the District of Chilliwack was estimated to be 62,431 (in 1995) in
a report prepared by UMA Environmental entitled “District of Chilliwack Water
Distribution System Upgrade Analysis” (dated 1996). Most of this population is
currently serviced by the District water supply system, the extent of which is shown in
Figure 2. Most of the District’s water supply is derived from groundwater sources and a
lesser component (approximately 42 percent) is derived from surface water sources. The
surface water supplies are derived from intakes at Elk, Dunvill and Nevin Creeks at the
southeast edge of the District (Figure 2). A description of the groundwater supply wells
is presented below.

Wells 1. 2 and 3 (Sardis-Vedder Aquifer)

Over half of the water supply for the District of Chilliwack is currently obtained from
three production wells (Wells 1, 2 and 3) located in the Sardis-Vedder Aquifer. Wells 1
and 2 are located adjacent to each other at the southwest corner of Watson and Tyson
Roads, while Well 3 is located at the west edge of the CFB Chilliwack property
approximately 150 m north of Keith Wilson Road (Figure 2).

Well 1, drilled in 1973, is eight inches (203 mm) in diameter and screened over a depth
interval of 60 ft to 81 ft (18.2 m to 24,7 m), Well 2, drilled in 1977, is 16 inches
(406 mm) in diameter and screened over a depth interval of 60 ft to 98 ft (18.2m to
299 m). According to Mr. Eric Dyck, Well 1 has a maximum pumping rate of 50L/s
while Well 2 has a maximum pump rate of 200 L/s. Collectively, the maximum pumping
rate for Wells 1 and 2 is about 210 L/s. Based on a review of volumes removed from
Wells 1 and 2 over the period of 1991 through 1996 (Appendix I), Wells 1 and 2 were
pumped at a rate equivalent to a continuous pumping rate of 79 L/s over that period

(Table 1).

Well 3, drilled in 1964, is 16 inches (406 mm) in diameter, 112 ft (34.1 m) deep and
screened over an unknown depth interval. The well was initially used as a water supply
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source by CFB Chilliwack and was turned over to the District in the mid 1980s.
According to Mr. Dyck, up until this year the maximum pumping rate of the well was
limited to 50 L/s to 60 L/s due to constraints with the pump and distribution system.
However, we understand that Well 3 has been recently upgraded and is currently capable
of producing about 220 L/s. Based on a review of volumes removed from Well 3 over
the period of 1991 through 1996 (Appendix I), Well 3 was pumped at a rate equivalent to
a continuous pumping rate of 41 L/s over that period (Table 1).

Well logs for Wells 1, 2 and 3, obtained from B.C. Environment’s water well records
database, are provided in Appendix II.

Wells 4 and 5 (Chilliwack-Rosedale Aquifer)

In 1995, a test well drilling program was carried out in the east Chilliwack area under the
supervision of Klohn-Crippen Consultants Ltd. (Klohn). Based on the results of this
program, the District proceeded with the completion of two production wells (Wells 4
and 5) in the Chilliwack-Rosedale Aquifer in 1996. Well 4 (“Rosedale Well”) is located
south of Yale Road just west of Rosedale, while Well 5 (“Annis Road Well”) is located
west of Annis road and south of the Trans Canada Highway (Figure 2).

Well 4 is 20 inches (500 mm) in diameter and Well 5 is 12 inches (300 mm) in diameter.
Both wells are screened over an interval from 60 ft to 80 ft (18.3 m to 24.4 m). Klohn
estimated the “safe yield” of the wells to be on the order of 140 L/s for Well 4 and
102 L/s for Well 5. According to Mr. Dyck, the maximum pumping rates of both wells
are currently limited to 75 L/s due to the existing pumps. Based on a review of the
volumes removed from the wells over a two month period in 1996 (Appendix I), Wells 4
and 5 were pumped at rates equivalent to continuous pumping rates of 37 L/s and 20 L/s,
respectively over that period (Table 1).

Well logs for Wells 4 and 5, obtained from the Klohn report, are provided in Appendix II.

3.1.2 Future Water Supply Requirements

We understand that based on projected population growth, the water supply requirements
for the District of Chilliwack are expected to increase significantly over the next 30 years,
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rising to a maximum daily demand on the order of 192 ML/day (or an equivalent average
pumping rate of 2220 L/s) by the year 2027 (personal communication, Phil Blaker,
April 18, 1997). In order to meet these demands and phase out its reliance on surface
water supplies (due to concerns with siltation, giardia and cryptosporidium), the District
intends to develop additional groundwater supplies. We understand that the District’s
current strategy is to develop additional water supply wells in the Sardis-Vedder Aquifer.
Further development of the Sardis-Vedder Aquifer is preferred over the Chilliwack-
Rosedale Aquifer because groundwater of Sardis-Vedder Aquifer is of good quality
(groundwater sampling results provided in Appendix III) and not characterized by
elevated iron and manganese concentrations.

Sardis-Vedder Aquifer

According to Mr. Shand, of Stanley Associates Engineering Ltd., (Stanley) the District is
considering meeting the water supply requirements of the next 10 years by drawing from
approximately five wells (the three existing wells plus two additional wells) located in the
Sardis-Vedder Aquifer, each with a maximum pumping rate on the order of 100 to
200 L/s.

Existing Water Supply Wells - Wells 1,2 and 3

Although we understand that Well 2 may be capable of a maximum pumping rate of
about 200 L/s with upgrading, Mr. Shand indicated that in future, Wells 1 and 2 will not
likely be pumped at rates in excess of the current rate of 200 L/s to 210 L/s. However,
we understand that in the future, the District may upgrade Well 3 to achieve a maximum
pumping rate of approximately 220 L/s.

Proposed Water Supply Wells - CFB Chilliwack Well and TW95-1

In addition to Wells 1, 2 and 3, there are two other water wells located within the Sardis-
Vedder Aquifer that are under consideration for future use by the District: the
CFB Chilliwack Well and Test Well TW95-1.

The CFB Chilliwack well is located at the southeast comer of the Base in
Building Number 1038 (Figure 2). The well, owned by the Department of National

Defence, has historically serviced the water supply requirements of the Base, The well,
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drilled in 1975, is 16 inches (406 mm) in diameter and screened over a depth interval of
220 ft to 230 ft (67 m to 70 m). According to Mr. Ed Lemee, of the Department of
National Defence, the maximum pumping rate for the well is 65 L/s. Mr. Lemee
estimated that with the reduced population currently present on the Base, the well is
currently pumped for about 5 hours per day. Based on this estimate, the current pumping
rate for the CFB well is estimated to be equivalent to a continuous pumping rate of 13 L/s
(Table 1). Historically, when the Base was fully occupied, Mr. Lemee estimated that the
well pumped for 12 to 13 hours per day, which is equivalent to a continuous pumping rate
of about 30 L/s.

As part of the 1995 test well drilling program, a 12 inch (300 mm) diameter test well
(TW95-1) was completed at the east edge of the CFB Chilliwack Base northwest of the
intersection of Vedder Road with Keith Wilson Rd. (Figure 2). The well was screened
over the interval of 120 ft to 150 ft (36.6 m to 45.7 m). Klohn estimated the “safe yield”
of the well to be on the order of 133 L/s.

Well logs for the CFB Chilliwack well and TW95-1 are provided in Appendix 1.

Proposed Test Well Locations

Due to concerns over Native land claims on the CFB Chilliwack property, the District is
considering other potential test well locations in the Sardis-Vedder Aquifer to meet future
water supply demands. We understand that two proposed test well locations are
currently under consideration. One proposed test well location is 44720 Keith Wilson
Road, east of Peach Road, and the second location is 5290 Vedder Road, just north of the

Vedder River (Figure 2).

Chilliwack-Rosedale Aquifer

Wells 4 and 5

We understand that plans for future use of Wells 4 and 5 are uncertain at this time due to
the presence of elevated levels of iron and manganese in groundwater at those locations
(laboratory reports provided in Appendix III). Treatment would likely be required to
allow continued use of Wells 4 and 5. According to Mr. Shand, should Wells 4 and 5
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continue to be used in the future, pumping rates similar to those estimated by Klohn
could be achieved by upgrading of the pumps,

3.2 Other Groundwater Users

A comprehensive inventory of private water wells other than those owned by the District
was beyond the scope of this study. However, Golder Associates assembled some
information concerning regional groundwater use to assist with the development of the

protection plan.

Within the District of Chilliwack, groundwater is used by several other purveyors besides
the District itself. A search of water well records identified some 500 private water wells
across the District. Some of these wells supply water to property owners located outside
the area serviced by the municipal water supply system (Figure 2), while other wells are
located in areas now supplied by the municipal system and have likely been abandoned.
Presumably, some older wells located in rural areas now serviced by municipal supplies
may be maintained by property owners for watering of gardens. A search of large
capacity wells (wells yielding in excess of 200 Imperial gallons per minute, or 13 L/s)
identified 39 large capacity wells across the District (Figure 3 and Appendix IV). Most
of these are presumed to be used for irrigation; a select number may be used by other

facilities.

According to Mr. George Rice of the Ministry of Health, in addition to the District water
supply system, there are on the order of 10 other smaller waterworks facilities within the
District that service local communities such as trailer parks. Several of these facilities
use groundwater as a water supply source. A request for information concerning the
location, nature and quality of groundwater used by community waterworks was made to
the Ministry of Health; however, the information was not received prior to issuing of this

report.
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4.0  VULNERABILITY MAPPING

4.1 Methodology

Groundwater vulnerability mapping consists of determining the intrinsic sensitivity of a
groundwater resource to contamination through consideration of a number of
hydrogeological variables. Following compilation and review of available
hydrogeological information, a number of existing vulnerability mapping schemes were
evaluated to select the most effective mapping technique for the District of Chilliwack.
The mapping schemes were evaluated for suitability with respect to the following criteria:

° local hydrogeology;

® available data;

J ability of the scheme to discern five categories of relative groundwater
vulnerability in accordance with the guidelines for vulnerability mapping

established by the International Association of Hydrogeologists (IAH); and

ability to employ mapping technique under the existing project budget.

During the review, particular consideration was given to the AVI (Aquifer Vulnerability
Index) vulnerability mapping scheme, a technique favoured by B.C. Environment
following its pilot vulnerability mapping study in the Abbotsford/Aldergrove area (report
entitled “Evaluating Methods of Aquifer Vulnerability Mapping for the Prevention of
Groundwater Contamination in British Columbia”, by K. Ronneseth, M. Wei and
M. Gallo of B.C. Environment, December, 1995). However, the AVI scheme was not
considered sensitive enough for use in the District of Chilliwack because under the
AVI scheme, the entire District falls into one vulnerability category (highly vulnerable).
An alternative mapping scheme that is widely employed in the United States, known as
DRASTIC, was also considered, but was dismissed because the scheme requires a
number of input parameters that were not readily available. In addition, the DRASTIC
mapping scheme could not be employed within the existing project budget.

Following the review of various vulnerability mapping techniques, a method known as

“GOD” (Groundwater occurrence/Overall aquifer class/Depth to Groundwater),
developed by Foster of the British Geological Survey, was selected for use in the
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District of Chilliwack. The “GOD” system is simple to employ, well-suited to the local
hydrogeology and allows some flexibility. “GOD” is a parametric rating system,
whereby a numerical score is assigned to each hydrogeological parameter within a given
area. A total rating for each area is then obtained by multiplying the scores of the
hydrogeological parameters. The final rating is divided into segments (from minimum to
maximum) expressing a relative vulnerability degree. An overview of the GOD scheme
is shown in Figure 4. As shown, the method uses a total of three hydrogeological input
parameters consisting of groundwater occurrence (G), overall aquifer class (O), and depth
to water (D).

The vulnerability mapping was carried out by assigning a score to each of the three
hydrogeological input parameters within each of the near-surface facies units identified in
the “Near Surface Facies Map” (Draft, November 28, 1995) developed by
Monahan, P.A. and V. M. Levson of the British Columbia Geological Survey as part of
the Chilliwack Seismic Microzonation Project.  Appropriate scores for each
hydrogeological parameter were selected on the basis of the facies definitions provided
by Monahan and Levson, a review of information contained within water well and
geotechnical borehole logs from across the District, and geological cross-sections

compiled by Monahan.

For the purpose of this study, the following assumptions were used to categorize
groundwater occurrence (G):

U unconfined - areas where no protective silt, clay or till overburden is present
above the aquifer;

° semi-unconfined - areas where less than 2 m of silt, clay or till overburden is
present above the aquifer;

J semi-confined - areas where 2 to 5 m of silt, clay or till overburden is present
above the aquifer;

) confined - areas where greater than 5 m of silt, clay or till overburden is present
above the aquifer; and
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° artesian confined - areas where greater than 5 m of silt, clay or till overburden is
present and where water wells completed in the underlying aquifer exhibit
flowing artesian conditions.

In cases where low permeability silts and/or clays are interbedded with aquifer materials,
the groundwater occurrence score was reduced to account for some degree of protection
offered by the lower permeability sediments.

For overall aquifer class (O), sediments contained within the Chilliwack-Rosedale
Aquifer and distal portions of the Vedder River Fan were assigned a score of 0.7 in
accordance with the “GOD” scheme. Sediments contained within proximal portions of
the Vedder River fan and alluvial fans located at the southeast edge of the District were
assigned a score of 0.8 to reflect the coarser nature of the sediments in those areas.

After scores were assigned to each of the hydrogeological input parameters, a final rating
for each near-surface facies was determined by multiplying the three scores. Based on
the total rating, each near surface facies was assigned a groundwater vulnerability rating
of negligible, low, moderate, high or extreme. For near-surface facies characterized by
variable hydrogeological parameters, the facies were assigned a range of appropriate
groundwater vulnerabilities. In order to produce the groundwater vulnerability map,
Golder Associates obtained a copy of the near-surface facies map produced by Monahan
and Levson in digital format and assigned an appropriate colour to each facies based on
its vulnerability rating. A final version of the vulnerability map was produced following
review and comment on a draft version of the map by Mr. Patrick Monahan.

4.2 Results

The results of the vulnerability mapping are presented in Figure 5. In general, the
vulnerability of groundwater to contamination from surface sources increases with
increasing aquifer permeability, absence of a protective confining layer above the aquifer,

and shallower water tables.

Based on the results, the Sardis-Vedder Aquifer is classified as the most vulnerable area
of the District. As discussed in Section 2.0, the proximal portion of the Vedder Fan is
comprised of gravel and coarse sand. While these sediments are overlain by a thin layer
of sand and silty sand, the aquifer is considered to be unconfined due to the absence of a
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low permeability layer above the aquifer. Across most of the proximal fan, where the
water table lies at a depth of between 5 m and 14 m below ground surface, the aquifer is
classified as “highly vulnerable”. However, around the edges of the proximal fan and in
the area south of the Vedder River, where water-levels of less than 5m have been
observed, the aquifer is classified as “extremely vulnerable”. At present there is
insufficient data to delineate the boundary between high and extreme areas of
groundwater vulnerability in the proximal fan. Therefore, the entire proximal fan has
been classified as “highly to extremely vulnerable” to reflect the variation in

hydrogeological parameters.

The distal portion of the Vedder Fan is characterized by slightly less permeable sediments
consisting of gravel, sand and minor silt. Similar to the proximal fan, the aquifer is
unconfined in this area. The water table across the distal fan is generally shallower than
in the proximal fan, ranging from approximately 5 m to less than 2 m. Based on these
hydrogeological parameters, the distal portions of the fan are classified as “highly
vulnerable”, with the exception of two areas.

The two portions of the distal fan with differing vulnerability classifications include an
area at the east edge of the distal fan in the vicinity of Bailey Road and a small area
within the western portion of the fan north of Keith Wilson Road between Hopedale and
Lickman Roads. In these areas, the distal fan is overlain by 5 to 18 m of silt, fine sand
and peat. The presence of these confining sediments in these areas results in a lower
vulnerability rating. The area at the east edge of the fan is classified under a vulnerability
rating of “low”, while the small area within the western portion of the fan is classified
under a vulnerability rating of “negligible” based on evidence of flowing artesian
conditions at one location in that facies unit.

The Chilliwack-Rosedale Aquifer is characterized by sand and gravel sediments and a
water table that generally lies within 4 m of ground surface. The aquifer falls into two
vulnerability categories largely as the result of the variability of the silt layer above the
aquifer. While no confining layer can be considered “impermeable”, the presence of a
low-permeability silt layer above much of the Chilliwack-Rosedale Aquifer provides a
degree of protection from surface contamination sources. Across most of the aquifer,
from Chilliwack Mountain to the east boundary of the District in the area north of the
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Trans Canada Highway, the aquifer is overlain by approximately 1 m to 3 m of silt.
Since areas with less than 2 m of confining silt are classified as “moderately vulnerable”
and areas with greater than 2 m of silt are considered to be less vulnerable, the north
portion of the Chilliwack-Rosedale Aquifer has been assigned a rating of “low to
moderate vuinerability” to reflect the variation in hydrogeological parameters. The west
and southern parts of the aquifer have been assigned a rating of “low vulnerability” based
on the presence of greater than 2 m of confining silt in these areas. Broad generalizations
were required in order to assign a score to hydrogeological parameters such as the
thickness of the confining silt layer. In actual fact, the nature of the confining silt layer is
considerably variable. There may be areas across both north and south portions of the
Chilliwack-Rosedale Aquifer where the confining silts are completely absent and the
underlying aquifer is highly vuinerable. In other areas, such as in the vicinity of the
paleochannel described in Section 2.1 and the Lickman interchange, where silts of up to
20 m and 10 m thick (respectively) have been found, the aquifer is considerably less

vulnerable,

A number of small alluvial fans are located along the edge of the Cascade Mountains in
the eastern part of the District (Figure 1). While these fans have not been formally
classified as aquifers, they may serve as sources of groundwater supply. The proximal
portions of these fans are characterized by unconfined silty gravel and diamicton.
Limited water-level information indicates that the water table lies approximately 5 m
below ground surface in the proximal portions of the fans. Based on these
hydrogeological parameters, the proximal portions of the fan are classified as
“moderately vulnerable”. Distal portions of the fan, characterized by finer sediments, are
classified under the category of “low vulnerability”.

Most of the remainder of the District is classified under the category of low vulnerability.
Regions of low groundwater vulnerability include the area at the west edge of the District
characterized by fine-grained lacustrine sediments; the area at the east edge of the District
characterized by colluvium and Cheam slide debris; and bedrock, pleistocene deposits
and eolian silts associated with the uplands along the southeastern portion of the District.

Active river channels, including the Fraser and Vedder Rivers, have been assigned a
ranking of “extreme vulnerability” based on the relatively permeable nature of the
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sediments within these channels and the presence of the water table at ground surface. In
contrast, semi-active and abandoned river channels and sloughs, most of which are
located across the north half of the Chilliwack-Rosedale Aquifer, were assigned a ranking
of “low vulnerability” because the channels are generally characterized at the surface by
significant thicknesses (2 m to 6 m) of low permeability silt, clay and peat.

4.3  Limitations Associated with Groundwater Vulnerability Mapping

Vulnerability mapping provides an excellent tool to assist planners and regulators make
informed, environmentally sound decisions regarding land use and protection of
groundwater quality. They can also be used as a means of raising public awareness about
groundwater protection. However, it is important that the limitations associated with
vulnerability mapping be fully understood.

Firstly, the groundwater vulnerability map was prepared by generalizing a number of
hydrogeological parameters for each facies unit. In reality, hydrogeological parameters
within a facies unit are subject to considerable variability which has a significant affect
on the groundwater vulnerability. For example, as discussed in Section 4.2, the
vulnerability classification of the Chilliwack-Rosedale is considered to be generalized
because of the variable nature of the silt layer above the aquifer.

Secondly, vulnerability mapping provides a measure of the infrinsic vulnerability of
groundwater to contamination based on the natural aquifer characteristics. It does not
account for areas where existing groundwater contamination is present, or the risk of
contaminant release (the risk of contaminant release is addressed by the contaminant
inventory). In addition, there is no guarantee that areas classified under the “low
vulnerability” category cannot become contaminated. While the risk of groundwater
contamination may be reduced with an increased thickness of surface fines, a deeper
water table and a lower permeability aquifer, contamination is, nevertheless, still possible

under these conditions.

Similarly, the vulnerability map does not account for the characteristics of individual
contaminants that may be released. No distinction is made between contamination
resulting from conservative contaminants, such as nitrate, which will migrate with
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groundwater flow, versus non-conservative contaminants, such as metals, that typically

sorb onto soil particles.

Perhaps the most significant limitation concerning vulnerability mapping is that it only
accounts for the release of contaminants at ground surface; it does not account for the
subsurface release of contaminants. This has significant implications for contamination
resulting from subsurface sources such as improperly abandoned wells, USTs, unlined
lagoons, pipelines and landfill sites. While these sources may be located in an area
classified by low groundwater vulnerability, if releases from these sources occur at some
depth below the protective confining layer, groundwater contamination will likely result.
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50 CAPTURE ZONE ANALYSIS

5.1 General

During the pumping of a water production well, groundwater is removed from a finite
volume of the aquifer. In the initial phases of pumping, the drawdown cone created by
the well expands and groundwater is removed from storage within the aquifer (due to
pore drainage, aquifer matrix compression, and water compressibility). In later stages,
once the drawdown cone attains sufficient dimensions and/or intersects a water body,
groundwater flows radially towards the production well and the aquifer is replenished by
recharge due to precipitation and/or leakage form streams, rivers, and geologic units

bounding the aquifer.

To efficiently manage and protect a groundwater supply, an understanding of the well
“capture zone” and the “time of travel” zones is required. A “capture zone” is the area of
an aquifer from which all groundwater will eventually arrive at the production well, even
after a considerable amount of time. A “time of travel” zone is the area of an aquifer
from which groundwater will be pumped out in a predefined amount of time. For
example, a the contaminant is released within the 1-year time of travel zone, it can be
expected to arrive at the production well in approximately 1 year. Once the capture zone
and time of travel zones are estimated, protective measures can be implemented within

the zones to ensure the safety of the water supply.

Golder Associates carried out an analysis of the capture zones for the water supply wells
operated by the District of Chilliwack. The capture zones were estimated for the existing
water supply Wells 1, 2, 3, 4, 5, and the CFB Well under current pumping rates, and for
all the existing wells and the proposed water supply well TW95-1 under projected
pumping rates. The analysis used a regional groundwater flow model developed for the
District by Emerson Groundwater Consultants Inc. (EGC), and two sub-models
developed by Golder Associates. The following sections outline the methodology used in
the capture zone modelling, the results of the analysis, and the limitations of the

modelling study.
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5.2  Modelling Methodology

Several methods of capture zone analysis exist including: 1) type curves and analytical
expressions for the capture zone extent (e.g. Javandel and Tsang, 1986), 2) analytical
groundwater flow models (e.g. Bonn and Rounds, 1990), and 3) numerical flow and
transport models. The methods vary in their accuracy and applicability, with methods 1
and 2 being restricted to a relatively simple groundwater regimes, and method 3 being
capable of addressing scenarios with more complicated hydrostratigraphy, hydrogeologic
boundaries, and variable pumping scenarios. Because the hydrogeology within the
District is relatively complex, and because a regional groundwater flow model for the
District had already been developed, the latter approach was selected.

Two computer codes developed by the United States Geological Survey were used to
estimate the extent of the capture zones near the pumping wells. MODFLOW
(McDonald and Harbaugh, 1988), which is a 3-D finite-difference transient flow code,
was used to simulate groundwater flow throughout the District. MODPATH (Pollock,
1989), a 3-D particle tracking code supplementing MODFLOW, was employed to
simulate groundwater transport due to advection in the vicinity of the pumping wells.

The regional groundwater flow model developed by EGC provided an overview of the
hydrogeological regime in the Chilliwack-Rosedale Aquifer and Sardis-Vedder Aquifer.
The regional model was subdivided into two smaller scale sub-models and particle
tracking was used to delineate the capture zones and time of travel zones corresponding
to each pumping well. A description of the regional model and two sub-models is

presented below.

5.2.1 Regional Groundwater Flow Model

The regional groundwater flow model for the District of Chilliwack was developed by
Mr. Dan Emerson of EGC. The model, which comprises both the Sardis-Vedder Aquifer
and the Chilliwack-Rosdale Aquifer, was developed to serve as a tool for managing the
groundwater supply for the District. A description of the modelling methodology used to
develop the regional model, including model design, calibration and sensitivity analysis,
was provided to the District by EGC in a separate document.
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5.2.2 Local Groundwater Flow and Particle Tracking Models

The regional groundwater flow model described in the preceding section is capable of
simulating groundwater flow on a relatively coarse scale, which is dictated by the 150 m
spacing of the computer grid. A much finer scale was needed for the delineation of the
capture zones, particularly for wells located within the Chilliwack-Rosdale Aquifer,
where the hydraulic gradients are comparatively high. Consequently, two sub-models
were created within the regional model by Golder Associates to provide sufficient
resolution for the capture zone analysis.

The location of the two sub-models is shown on Figure 6. The sub-model for the Sardis-
Vedder Aquifer was designed to encompass the part of the aquifer in the vicinity of
production Wells 1, 2, 3, the CFB Well, and test well TW95-1. The model extends from
571,900 E to 578,050 E, and from 5,437,000 N to 5,443,000 N. The sub-model for the
Chilliwack-Rosdale Aquifer was constructed to comprise a section of the aquifer near
production Wells 4 and 5, from 583,600 E to 592,899 E, and 5,442,975 N to 5,451,375 N.
When constructing the sub-models, care was taken to ensure that the cone of depression
created by the pumping wells would not intersect the sub-model boundaries.

A variable gridblock size was used in the sub-models. A coarse, 150 m x 150 m grid
spacing was used away from the pumping wells, whereas a 50 m x 50 m grid spacing was
utilized in the vicinity of the wells. This mesh refinement near the pumping wells
provided sufficient resolution for the delineation of the capture zones. All boundary
conditions and hydrogeological parameters used in the regional groundwater model were
preserved in the sub-models. Constant head boundary conditions were used along the
edges of the sub-models, where the sub-model edges did not conform to the regional
model boundaries. Constant heads along these boundaries were set to the heads
computed by the regional model for the corresponding gridblocks. The hydraulic heads
and volumetric budgets computed by the sub-models were compared with the hydraulic
heads and budgets calculated by the regional model for the corresponding sections of the

aquifer, to ensure model consistency.

The sub-models were used to calculate hydraulic heads for both current and future
pumping conditions as discussed in the following section. The hydraulic heads computed
by the sub-models were then used for particle tracking. Between 40 to 50 particles were
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placed around each pumping well and the pathlines were computed in the backward
tracking mode, in the direction opposite to the direction of groundwater flow. This
approach allowed the delineation of the capture zone without the prior knowledge of the
potential location of the contaminant source. In addition, time-dependent backward
tracking was performed to estimate time of travel zones for each well. The time-
dependent particle tracking was performed under the assumption that the effective
porosity of the aquifer material is 0.3 (Maidement, 1992). Travel time zones were

computed for:

° 2 months — approximated time required by biological pathogens moving in
groundwater to degrade (Matthes, et al., 1985);

o 1 year — intermediate time selected based on the hydrogeological conditions
prevailing in the District;

° 5 years — the average time considered necessary to implement groundwater
remedial measures in response to a contamination event according to the
U.S. Environmental Protection Agency; and

° 50 years — minimum travel time between a contaminant source and the receiving
environment, as required by B.C. Environment.

5.3  Results of Capture Zone Analysis

The capture zones and time of travel zones for the District’s production wells were
estimated for both current and future pumping conditions. In general, the capture zones
and time of travel zones are more circular and cover larger areas in the Chilliwack-
Rosdale Aquifer, where the hydraulic gradients are relatively weak. The zones are more
elongated and smaller in the Vedder-Sardis Aquifer, where the hydraulic gradients are

stronger.

The following section presents the rationale for the selection of pumping rates used in the
modelling study, and describes the extent of the zones for each production well.

5.3.1 Current Pumping Conditions

The pumping rates used for the evaluation of the capture zones and time of travel zones
for current pumping conditions are summarized in Table 1. The pumping rates were
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calculated based on the yearly groundwater abstraction volumes recorded between 1991
and 1996. The groundwater abstraction records were provided by the District and are
included in Appendix I.

The calculated pumping rates for each production well are somewhat lower then the
corresponding instantaneous pumping rates. This is because the pumping rates calculated
from the yearly abstraction volumes account for seasonal variation in water supply
demand and for mechanical downtime.

Wells #] and #2 — Vedder-Sardis Aquifer

Wells #1 and #2 are located in close proximity; therefore, for the purposes of the analysis,
they were considered to act a single well. Thus, only one capture zone and one set of
time of travel zones were estimated for both wells, as shown on Figure 13.

The model-predicted capture zone for the Wells #1 and #2 is elongated, with the long axis
oriented in the north-south direction. It extends approximately 110 m to the north and
1.5 km to the south of the wells to the Vedder River. The capture zone embraces the
smaller capture zone calculated for Well #3. The shape of the capture zone indicates that
most of the groundwater extracted from these wells originates at the Vedder River.

The model estimates that all groundwater from within the capture zone for Wells #1 and
#2 will arrive at the wells in a time equivalent to 3.5 years or less. Consequently, only
1-year and 60-day time of travel zones were computed for these wells. The 1-year time
of travel zone extends approximately 110 m north and 800 m south of the wells, whereas
60-day time of travel zone stretches out 90 m north and 250 south of the wells.

Well #3 — Vedder-Sardis Aquifer

The capture zone calcutated for Well #3 for current pumping conditions is elongated in a
north-south direction, as shown on Figure 13. The zone extends across an area from
approximately 70 m north of the well to 900 m south of the well. The model predicts that
all groundwater from within the capture zone will travel to the production well in 2 years
or less. Because of relatively short travel time, only 1-year and 60-day time of travel
zones were estimated. The 1-year time of travel zone extends from approximately 70 m
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north to 700 m south of Well #3. The 60-day time of travel zone extends from
approximately 70 m north to 160 m south of the production well.

CFB Well — Vedder-Sardis Aquifer

The capture zone computed for the CFB Well for current pumping conditions is relatively
small when compared with the capture zone calculated for Wells #1, #2, and #3
(Figure 13). This is because the assumed pumping rate at the CFB Well is lower than
pumping rates assumed for Well #1, #2, and #3, and because the CFB Well is located in
close proximity of Vedder River. The capture zone for the CFB Well is elongated in a
north-south direction and extends from approximately 30 m north to 130 m south of the
well. The capture zone corresponds to a 60-day time of travel zone.

Well #4 — Chilliwack-Rosdale Aquifer

The capture zone estimated for Well #4 for current pumping conditions covers a much
larger area than the capture zones estimated for wells completed in Vedder-Sardis
Aquifer (Figure 17). The zone is more circular, with a long axis oriented a southwest-
northeast direction. It extends from approximately 650 m southwest to 2.4 km northeast
of Well #4, and corresponds to a 50 year travel time zone.

Because groundwater flows at lower velocities in the Chilliwack-Rosdale Aquifer, all
three time of travel zones were calculated for Well #4. The approximate extent of the
time of travel zones upgradient and down-gradient from Well #4 is provided below:

° 5 year ~ from 350 m southwest to 550 m northeast;
o 1 year — from 250 m southwest to 250 m northeast; and
e 60 day —~ from 100 m southwest to 100 m northeast.

Well #5 — Chilliwack-Rosdale Aquifer

The shape of the capture zone calculated for Well #5 is distinctly different from the shape
of the capture zones estimated for the other production wells because of the proximity of
Well #5 to the bedrock outcrop along the south edge of the valley (Figure 19). The long
axis of the capture zone lies parallel to the valley edge and is oriented in a southwest-
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northeast direction. The capture zone extends from approximately 1 km southwest to
2.1 km northeast from Well #5. The zone corresponds to a 20-year time of travel zone.

The approximate dimensions measured for S-year, 1-year, and 60-day time of travel
zones, as measured along their long axis, are outlined below:

. 5 year — from 600 m southwest to 500 m northeast;
. 1 year — from 300 m southwest to 250 m northeast; and
. 60 day — from 100 m southwest to 100 m northeast,

5.3.2 Future Pumping Conditions

Pumping rates used to estimate the capture zone and time of travel zones for the District’s
water supply wells under future pumping conditions are summarized in Table 1. The
pumping rates were selected based on our understanding of the following: 1)the
projected increase in water demand, 2) an anticipated improvement in well capacity due
to proposed upgrades to the pumps and distribution system, 3) current estimates of well
yields for individual production wells, and 4) historical groundwater abstraction records.
Because pumping rates are expected to be higher in the future, the capture zones and time
of travel zones estimated for future pumping conditions are larger than those estimated
for current pumping conditions.

Wells #1 and #2 — Vedder-Sardis Aquifer

The capture zone calculated for Wells #1 and #2 for future pumping conditions is shown
in Figure 14. The capture zone is wider and extends further north (approximately 300 m)
of the production wells than the capture zone estimated for current pumping conditions.
The model predicts that all groundwater from within the capture zones will arrive at
Wells #1 and #2 in less then 5 years. The 1-year time of travel zone stretches from
approximately 300 m north to 900 m south of the wells, whereas the 60-day time of travel
zone extends from approximately 150 m north to 300 south of the wells.
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Well #3 — Vedder-Sardis Aguifer

Similar to the current pumping conditions, the model-predicted capture zone for Well #3
for future pumping conditions is encompassed within the capture zones calculated for
Well #1 and #2, The zone is wider than the zone estimated for current pumping
conditions, and extends 100 m north of the well (Figure 14). The capture zone for Well
#3 corresponds to the 2.5-year time of travel zone. The l-year time of travel zone
extends from approximately 100 m north to 800 m south of the well, and the 60-day time
of travel zone extends from 100 m north to 200 m south of the well.

CFB Well — Vedder-Sardis Aquifer

The capture zone simulated for the CFB Well for future pumping conditions (Figure 14)
is only slightly larger than the zone estimated for current conditions, despite an increase
in pumping rate. This is because the CFB Well is strongly influenced by the proximity of
the Vedder River and by pumping from proposed well TW95-1. The CFB Well capture
zone calculated for future pumping conditions is nearly equal to the 60-day time of travel
zone.

TW95-1 — Vedder-Sardis Aquifer

The capture zone was estimated for the proposed well TW95-1, as shown on Figure 14.
The zone is similar to the zone calculated for Well #3, and extends from approximately
150 north to 800 m south of the well. The southern extent of the capture zone is bounded
by Vedder River. The capture zone simulated for TW95-1 corresponds to the 1.5-year
time of travel zone. The l-year time of travel zone extends from approximately 100 m
north to 750 m south, and the 60-day time of travel zone extends from 100 m north to
200 m south of the proposed well.

Well #4 — Chilliwack-Rosdale Aquifer

The capture zone simulated for Well #4 for future pumping conditions is shown on
Figure 18. The zone extends from approximately 1.1 km southwest to 3.4 m northeast of
the well northeast of the well, the capture zone encompasses several smaller capture
zones created by private water supply wells. The model predicts that all groundwater
from the capture zone will arrive at Well #4 in 50 years or less.
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The approximate dimensions of the travel time zones estimated for Well #4 for future
pumping conditions are outlined below:

° 5 year — 600 m southwest to 700 m northeast;
. 1 year — 300 m southwest to 300 m northeast; and
. 60 day — 150 m southwest to 100 m northeast.

Well #5 — Chilliwack-Rosdale Aquifer

The capture zone calculated for Well #5 for future pumping conditions is shown on
Figure 20. Because of the proximity of the well to the edge of the valley and to several
private water wells, the capture zone is highly irregular. The zone extends from
approximately 1.1 km southwest to 2.5 m northeast from Well #5, and corresponds to a
35-year time of travel zone. The approximate dimensions of time of travel zones of
shorter duration were estimated as:

. 5 year — 900 m southwest to 1,100 m northeast;
° 1 year — 400 m southwest to 450 m northeast; and
. 60 day — 150 m southwest to 150 m northeast.

5.4 Model Limitations

State of the art methods were used to estimate capture zones for the water production
wells operated by the District of Chilliwack. These methods are superior to the analytical
approaches described in Section 5.2, and provide the best representation of the capture
zones given the available hydrogeological data for the District. However, even with the
considerable amount of data available, the capture zones and travel time zones estimated
for the District are subject to the following limitations:

e The analysis of the capture zones for the production wells does not account for
seasonal fluctuations in precipitation, stage in the Fraser and Vedder Rivers, and
recharge from small streams and creeks. Such fluctuations are expected to
influence the hydraulic gradients throughout the District, with gradients being
generally higher in winter and lower during summer. Thus, the production wells
will influence larger sections of the aquifer during the summer and the influence
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will decrease in winter, The groundwater flow and particle tracking models
developed for the District represent average yearly conditions, and therefore the
estimated capture zones reflect these average conditions only. :

J The estimates of time of travel zones neglect the groundwater flow through the
near- surface silts and clays overlying most of the Chilliwack-Rosdale Aquifer,
and pertain exclusively to the movement of groundwater within the aquifer. In
both aquifers, the groundwater flow is expected to be essentially horizontal,
whereas the groundwater flow in the silts and clays is expected to be nearly
vertical. The models developed for the aquifers simulate the groundwater flow
using one layer for the silts and clays, and one layer for the underlying aquifer.
Such models simulate the horizontal flow reasonably well but are incapable of
accurately simulating vertical hydraulic gradients. It will take longer for potential
contaminants to travel from the ground surface to the production wells than
predicted by the model. More field data from the vicinity of the production wells
and more detailed groundwater models would be needed to provide better
estimates of the time of travel zones.

° The models used for the capture zone analysis do not account for dispersion of
contaminants in groundwater. Dispersion is a transport process that causes a
plume of contaminants to arrive at the receptor earlier than the water particle
moving by advection only, and causes the plume to spread at right angles to the
direction of groundwater flow. Thus, it is possible that contaminants originating
from a source located within the capture zone will arrive at the production well
earlier than predicted by the model (but at reduced concentration). It is also likely
that some contaminants from sources located outside (and nearby) the capture
zone boundaries could cross the boundary and migrate towards the pumping well.

o The models developed for the capture zone analysis do not take under
consideration retardation and degradation of contaminants in groundwater.
Retardation is a process that slows down the spreading of contaminants in
groundwater, whereas degradation causes a reduction of the mass that originally
entered the subsurface. Both processes counteract the effects of dispersion
described in the preceding bullet.

-

° The models used for the analysis of the capture zones assume constant pumping
rates at the production wells owned by the District and at other private water
wells. In reality, pumping rates vary on a daily and seasonal basis based on water
supply demand and downtime due to maintenance. The constant pumping rates
used in the models represent average pumping rates that were calculated from the
yearly groundwater withdrawal data, as outlined in Section 5.3, If the existing
groundwater flow model was revised to incorporate seasonal variations in
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groundwater recharge, capture zones could be delineated for both low and high
pumping conditions based on daily groundwater withdrawal data.

® The capture zone estimated for the production wells do not incorporate the
influence of private wells with capacities smaller than 1,000 m*/day (200 Igpm).
Although the influence of such wells is expected to be generally small, they might
influence the capture zones created by the District’s production wells if located in
close vicinity to the production wells in areas where the hydraulic gradients are
relatively weak. A comprehensive inventory of local water wells would be
required,

Golder Associates




November 4, 1997 -28 - 972-1846

6.0 CONTAMINANT INVENTORY

6.1  Methodology

A contaminant inventory was carried out to identify existing and potential sources of
groundwater contamination within the District of Chilliwack. The inventory was

comprised of two components:

1. A regional inventory to identify general environmental concerns across the
District, with particular emphasis on areas of moderate to extreme groundwater

vulnerability; and

2. Comprehensive inventories of each capture zone identified in Section 5.0.

A summary of information sources used to complete the regional and capture zone

contaminant inventories is presented below.

1. A search of databases maintained by B.C. Environment to identify 1) sites
contained within the Contaminated Sites Registry, 2) sites contained within the
WASTE database (used to manage information related to permits and approvals)
and 3) sites contained within the database for spills reported to the Ministry.

2. A meeting with Ms. Beverley Locken, Agricultural Impact Officer with
B.C. Environment, to discuss potential groundwater contamination related to
agricultural activities.

3. Engquiries with Mr. George Rice, Deputy Chief, Ministry of Health regarding
water quality concerns and groundwater use.

4., A visit to CFB Chilliwack to review the draft report on “Environmental Site
Investigation and Comprehensive Study, CFB Chilliwack, Vedder Crossing”, by
Dillon Consulting Ltd., March, 1997; and review of other environmental reports
(listed in Section 6.2.7) provided by the Department of National Defence.

5. Interview with Mr. Wayne Green, Fire Chief conceming the status of
underground storage tanks and fire response plans.

6. Enquiry with Mr. Mark Rowlands, Assistant Manager, Environmental Services,
Fraser Valley Regional District regarding environmental concerns.
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10.

11.

12.

13.

14,

15.

16.

Enquiries with the Ministries of Aboriginal Affairs, Public Works and Health
Canada and with the Sto:lo Nation concerning environmental concerns,
groundwater use and groundwater quality on local Indian Reserves.

Discussions with District of Chilliwack staff Kirsti Domay (Environmental
Services Technician), Leonard Stein (Utilities Superintendent) and Phil Blaker
(Utilities Engineer) regarding potential environmental concerns.

Search of business licenses database maintained by the District of Chilliwack.

Review of historical fire insurance maps for Chilliwack (1953), Yarrow (1946),
Rosedale (1942) and Sardis (1945).

Review of 1:20,000 TRIM maps, 1:50,000 topographic maps and 1:20,000
community map.

Review of orthophotos.

Review of District maps showing the extent of sanitary sewers, drainage and
water distribution systems.

Review of the District of Chilliwack Official Community Plan (1990 - 2001),
Zoning Bylaw 1993 No. 1841, Highway and Traffic Bylaw 1996, No. 2344, and
zoning map.

Review of environmental reports (listed in Section 6.2.6) concerning the Bailey
Landfill.

Review of groundwater quality data from the following sources:

° Groundwater monitoring of Wells 1, 2, 3, 4 and 5 by the District;

° Groundwater monitoring of monitoring well MW3 by the District;

® Groundwater monitoring of CFB Well by the Department of National
Defence;

o Groundwater monitoring of B.C. Environment observation well #255

(Yarrow) by B.C. Environment;
® Results of the “Fraser Valley Groundwater Monitoring Program, Final

Report” (October, 1995), by the Ministry of Health, Ministry of
Environment and Ministry of Agriculture, Fisheries and Food; and
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o Results of the “Fraser Valley Groundwater Monitoring Program, Phase I
Report” (April, 1993) and “Drinking Water Study” (March, 1992), by
Gartner Lee Ltd.

17.  Site reconnaissance of capture zones.

62  Results of Regional Contaminant Inventory

The results of the regional contaminant inventory are presented below.

6.2.1 Search of B.C. Environment Databases

In response to a request from Golder Associates, B.C. Environment conducted a search of
its databases to identify sites located within the District of Chilliwack. A total of three
databases maintained by B.C. Environment were searched; the Contaminated Sites
Registry, the WASTE database and the Spills database.

Contaminated Sites Registry

The Contaminated Sites Registry identifies those sites for which the Ministry holds
environmental information. These records are limited to information obtained since
approximately 1989. The existence of a site within the Contaminated Sites Registry does
not necessarily imply that the site is contaminated because under the existing
Contaminated Sites Regulation, the site registration process can be triggered by a number
of mechanisms including property transactions and facility upgrades. Similarly, there
may be a number of contaminated sites within the District that have not been identified
by the site registry. A summary of sites contained within the registry and the status of
those sites is provided in Table 2 and site locations are illustrated in Figure 4. Of the
38 sites identified, the majority are located in the Chilliwack urban center. Only one site
(the CFB Chilliwack property) is located within an identified capture zone (a detailed
description of the CFB Chilliwack property is presented in Appendix V). Three sites
(Site Registry Numbers 15, 24 and 37) were identified within high groundwater

vulnerability areas.
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WASTE Database

The WASTE database is used by the Ministry to manage information related to permits
and approvals for effluent discharge, refuse or storage of special waste, and pollution
abatement and pollution prevention orders. A total of 29 sites were identified from the
WASTE database as shown in Table 28, The locations of these sites are shown in
Figure 9. The majority of property owners identified by the WASTE database hold
permits for the discharge of effluent. Two property owners, Cattermole Timber and the
District of Chilliwack (Bailey Landfill), hold permits for the disposal of refuse material (a
discussion of the Bailey Landfill is presented in Section 6.2.6). Three property owners
hold permits for the storage of special waste materials. At the time of the database
search, pollution abatement/prevention orders had been filed against three property
owners at Waste Database Numbers 9, 15 and 16. All of these sites are located within
high groundwater vulnerability areas. Since the search was conducted we understand that
an order has been filed against the DeGroot farm, as discussed in Section 6.6.2.

Spills Database

A limited database has been maintained by B.C. Environment since 1995 for spills
reported to the Ministry’s Lower Mainland Region. Minor spills have been reported at
40 locations across the District over the past two and a half years. Materials spilled
included hydrocarbons, solvents, pesticides and manures. Presumably, many other spills
may have occurred that were not reported to B.C. Environment. The sites are listed in
Table 2C and illustrated in Figure 9. No spills were reported within the capture zones;
however, six spills were reported in high groundwater vulnerability areas (Spills Database
Numbers 13, 20, 24, 27, 39 and 40). Environmental emergency response officers with
B.C. Environment did not recall the occurrence of any major spills in the District
of Chilliwack over the past few years.

6.2.2 Agricultural Issues

Environmental Concerns Related to the Agriculture Industry

As part of the contaminant inventory, Golder Associates met with Beverly Locken,
Agricultural Impact Officer with B.C. Environment’s Environmental Impact Section in
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Surrey, B.C. Ms. Locken is responsible for environmental issues related to the
agricultural industry across the Lower Mainland, including the District of Chilliwack.

Environmental issues related to agriculture are regulated according to the Code of
Agricultural Practice (“the Code™) by the recently established Agricultural Waste
Control Regulations under the Waste Management Act. Other regulations applicable to
the agricultural industry include the Pesticide Control Act, which regulates the use of
pesticides, and the Farm Practices Protection (Right to Farm) Act, which regulates issues
related to noise, odour and dust. A number of environmental guidelines have also been
issued, including the Manure Management Guidelines for the Lower Fraser Valley and
guidelines for individual commodity groups such as the Environmental Guidelines for
Dairy Producers in British Columbia.

The intent of the Code is that farmers who comply with the Code do not require a permit
for livestock waste disposal. However, operations involved in activities that fall outside
of normal farming practices, such as processing facilities, require permits. There are two
such operations requiring permits within the District of Chilliwack. Of these, one
operation (Fraser Valley Duck and Goose Ltd., located south of Yarrow) is currently
under a pollution prevention abatement order for inappropriate discharge of effluent to
the ground (Agricultural Property Number 2, Figure 9).

We understand that in the Chilliwack area, agriculture is dominated by the dairy industry,
with an increasing trend towards larger, industrial-style farm operations. When asked
about environmental concerns related to the farming industry within the
District of Chilliwack, Ms. Locken estimated that about 80 percent of the farming
operations are out of compliance with the Code. Specific agricultural properties where
B.C. Environment has identified potential environmental concerns are summarized in
Figure 9. The primary environmental concerns related to agriculture are listed below in

order of decreasing priority:

poor manure spreading practices;

uncovered manure stockpiles;

unlined lagoons used for storage of liquid manure; and
milk parlour discharge.

el
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The greatest environmental concerns in the District of Chilliwack appear to be related to
the storage and use of animal wastes. Problems are caused by poor management
practices and the fact that for many farms, the available land base is not adequate to
accommodate the wastes generated by the current livestock and poultry densities, The
following presents a brief description of each of the issues listed above:

Poor Manure Spreading Practices

Poor manure spreading practices observed in the District of Chilliwack include both
over-application of manures and spreading of manures during the winter months. Manure
spread during the rainy, winter season is carried by run-off into surface water bodies and
leached into groundwater. The spreading of manure during the winter months is in
violation of the Code, since the Code requires that manure be applied to land only as a
fertilizer or soil conditioner.

Uncovered Manure Stockpiles

Uncovered manure stockpiles represent another key environmental concern within the
District, Precipitation falling on uncovered manure stockpiles carries runoff from the
wastes into surface water bodies and groundwater. The Code requires that manure
stockpiles be covered over the period of October 1 to April 1.

Unlined Lagoons Used for Storage of Liquid Manure

The discharge of liquid manures into unlined, earthen lagoons represents a significant risk
to groundwater, particularly in areas where the protective silt layer overlying the
Chilliwack-Rosedale Aquifer is thin or absent, or where the lagoons have been excavated
through the silt into the permeable aquifer below. In such cases, the lagoons provide a
direct conduit for the transmission of contaminants to groundwater. According to
Ms. Locken, the highest densities of earthen lagoons are observed along Prairie Central
Road.

An unlined pit that has reportedly been receiving discharge of liquid manures for the past
seven years has been identified on the property located immediately north of the District
water supply Wells #1 and #2 (Agricultural Property Number 1, Figure 9). A pollution
prevention order has been issued to the current land owner, Mr. DeGroot.
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B.C. Environment has conducted groundwater sampling for total metals, bacteriological
parameters and nitrates/nitrites on the property of concemn and water wells on three
adjacent properties. Total metals were within the acceptable levels and no bacteriological
parameters were identified. Nitrates/nitrites were found at concentrations ranging from
1.7 mg/L to 2.5 mg/L, which are below the drinking water guideline of 10 mg/L but
above background levels (ambient nitrate/nitrite concentrations are estimated to be below
0.5 mg/L), indicating groundwater in this area has been influenced by anthropogenic
activities.

Milk Parlour Discharge

Discharges from milk parlours represent another environmental concern. Equipment in
milk parlours is reportedly washed down using acids. The resultant discharge cannot be
released to septic tile fields because the acids and fats contained within the discharge
cause the fields to fail, and there is a reluctance to discharge to lagoons due to limited
storage capacities. As a result, milk parlour discharges are occasionally discharged to
ditches, representing a potential source of surface water and groundwater contamination.

Impact of Agricultural Activities on Groundwater Quality

Contamination of groundwater by animal wastes results in elevated levels of nitrates,
fecal coliform and biological pathogens. Agricultural activities have been implicated as
the primary cause of elevated nitrate concentrations in Lower Fraser Valley groundwater
sources. The presence of nitrates in groundwater poses a health risk to infants,
particularly those under six months of age. When infants consume too much nitrate they
develop a blood disorder called methaemoglobinaemia, also known as “blue-baby
syndrome”. For this reason, the Canadian drinking water guideline for nitrates has been
established at 10 mg/L nitrate (expressed as nitrogen). In addition to nitrates, bacteria
and biological pathogens, in discharges of animal waste to surface water can lead to
eutrophication (introduction of excess nutrients resulting in excessive algae growth) and
depletion of dissolved oxygen, thereby posing a risk to aquatic organisms.

To date, little information is available concerning the groundwater quality across the

District of Chilliwack. The most recent data is available from the “Fraser Valley
Groundwater Monitoring Program” carried out by the Ministry of Health, Ministry of

Golder Associates




November 4, 1997 -35- 972-1846

¢

Environment, Lands and Parks and Ministry of Agriculture, Fisheries and Food (final
report issued October, 1995). The study involved groundwater sampling of
192 community wells and 75 private wells across the Fraser Valley between 1992 and
1993. A total of 14 wells within the District of Chilliwack were sampled as part of this
program, including District Wells 1, 2 and 3. Groundwater from the 14 wells met the
drinking water criteria for nitrates. Nitrate concentrations were below 1 mg/L at all
locations except a shallow, dug well near Promotory Heights, where an elevated nitrate
concentration of 3 mg/L was identified (the source of nitrate at this location was not
likely related to agricultural activity).

The Fraser Valley Groundwater Monitoring Program also involved a review of historical
groundwater chemistry data collected over the period of 1981 to 1988 under the
Water Quality Check Program (WQCP) managed by B.C. Environment. Based on the
review (which was outlined in a report prepared by Gartner Lee Ltd. entitled
“Fraser Valley Groundwater Drinking Water Study™), 22 water wells were identified in
the Chilliwack area with nitrate concentrations above I mg/L. Concentrations of nitrates
in those wells ranged from 1 to 8.5 mg/L, which are below the drinking water guideline
of 10 mg/L, but at levels that reflect contamination from anthropogenic sources.

Based on this limited data, a significant regional deterioration of groundwater quality
related to animal wastes is not apparent in the District of Chilliwack. However, localized
areas, such as the groundwater in the vicinity of the waste pit near Wells 1 and 2, and the
22 wells contained within the WQCP database, have been identified where groundwater
degradation has occurred. Given the trend of increasing nitrate concentrations in
groundwater observed in other parts of the Fraser Valley such as Abbotsford, (report on
“Nitrates and Pesticides in the Abbotsford Aquifer”, by Environment Canada, July 1992),
continued degradation of groundwater is likely unless measures are implemented to

protect groundwater.

In addition to animal manures, application of chemical fertilizers and pesticides by the
agricultural industry can represent a significant threat to groundwater quality. In
discussions with Ms. Joanne Edwards, Pesticidle Management Officer with
B.C. Environment, Ms. Edwards indicated that insufficient information is available to
assess the magnitude of problems, if any, related to the use of chemical fertilizers and
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pesticides in the District of Chilliwack. Sampling for pesticides was not carried out at the
14 wells as part of the Fraser Valley Groundwater Monitoring Program.

6.2.3 Septic Systems

Acbording to Mr. George Rice, Deputy Chief, Ministry of Health, there are on the order
of 10,000 permits for septic system disposal within the District of Chilliwack. Private
septic systems are located in areas not serviced by the District sanitary system, the extent
of which is shown in Figure 10.

Septic systems are common sources of groundwater contamination, contributing bacteria,
viruses, nitrates, detergents, oils and chemicals to groundwater, A discussion regarding
the implications of nitrate contamination is presented in Section 6.2.2. Groundwater
contamination from septic systems resuits in cases where systems are poorly sited,
designed or constructed, where systems are poorly maintained, or where septic system
densities are too high to allow sufficient renovation. A request was made of the
Ministry of Health to provide documentation on areas within the District where
groundwater contamination related to septic systems have been observed. However, this
information was not received prior to preparation of this report. Some of the elevated
nitrates concentrations identified in groundwater across the District (discussed in
Section 6.2.2) may be partly related to septic system disposal.

6.2.4 Soak-Away-Pits/Exfiltration Wells

We understand that the District uses soak-away-pits/exfiltration wells in many areas for
discharge of storm water. Specifically, we understand that in the area west of
Tyson Road (located within a high groundwater vulnerability area), storm water is
discharged to exfiltration wells constructed in the Sardis-Vedder Aquifer. While we
understand that the exfiltration wells are constructed with provisions for sediment
entrapment, storm water runoff commonly contains contaminants such as oils, antifreeze
and biological constituents which could potentially be transmitted directly to the aquifer

by the exfiltration wells.
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6.2.5 Existing and Abandoned Water Supply Wells

As discussed in Section 3.2, there are likely many properties with abandoned water wells
that were once supplied by wells and are now connected to the municipal water system.
Improperly abandoned wells provide direct conduits for the migration of surface
contaminants to the underlying aquifer. In some cases, abandoned wells are used for the
disposal of wastes such as motor oil. Because improperly abandoned wells provide direct
pathways to underlying aquifers, their presence represents a threat to groundwater
regardless of the vulnerability classification of the area.

In addition to abandoned wells, groundwater contamination can result from active
drinking water supply wells that are poorly constructed or poorly sited. Similar to
improperly abandoned wells, active wells with corroded casings or improper surface seals
can provide conduits for the migration of surface runoff or septic effluent to the aquifer.
Mr. Rice sited cases in the District where water wells have inadvertently been drilled
through the middie of septic tile fields.

Mr. Rice also raised concerns over the potential for active wells to contaminate the
District water distribution system. Mr. Rice indicated that in some areas now serviced by
the municipal system, such as Rosedale, property owners continue to use old sand points
that are cross-connected with the main water distribution line for watering of gardens.
The quality of groundwater from these shallow sand points is somewhat suspect due to
the impact of septic systems and other near-surface sources of contamination. Under low
pressure conditions there is the danger of backflow from the sand points into the main
water distribution line. While backflow regulators are required at property boundaries,
Mr. Rice stated that these do not exist in all areas.

6.2.6 Landfilling and Dumping

Bailey Landfill

The District disposes of its solid waste at the permitted Bailey Landfill site, located east
of Matheson Road (Waste Database Number 5, Figure 9). The landfill site is located on
the valley floor at the edge of the uplands, just east of the Sardis-Vedder Aquifer.
According to a report entitled “Closed Landfill Water Quality Survey, Lower Mainland
Region”, by B.C. Environment, dated June 1993, the landfill has received residential,
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commercial, industrial and some garden waste since 1974. According to an “Operations
and Closure Plan for the Bailey Landfill’ prepared by UMA Engineering Ltd. and
Gartner Lee Ltd. in September, 1993, a toe drain collection system was installed around
the north and west sides of the landfill in 1986 which conveys leachate to municipal
sewer lines. A dilute leachate plume extending northward from the landfill has been
identified. Ongoing groundwater monitoring at five locations by the District indicates
that the plume is characterized by elevated levels of iron and ammonia (“Bailey Road
Sanitary Landfill Review of Leachate Monitoring Data”, dated November 17, 1995 by
Thurber Environmental Consultants Ltd.). The on-going groundwater monitoring
program does not appear to include sampling for volatile organic compounds (VOCs),
which are commonly associated with landfill leachate.

Wolfe Road Dump

The Wolfe Road Dump is located south of Wolfe Road in a wetland area west of the
Chilliwack urban center (Dumping Site Number 1, Figure 9).  According to
Ms. Kirsti Domay, Environmental Services Technician with the District of Chilliwack,
the site was used as an uncontrolled dump from about 1964 to 1979. From 1979 until
1986, when it was closed, the site was permitted for solid waste disposal by the District.

Tzeachten Indian Reserve

According to District staff, there are anectodal reports of dumping on the Tzeachten
Indian Reserve in an area west of Vedder Road (Dump Site Number 2, Figure 9). A pit
was reportedly excavated to a depth below the water table and filled with 50 truckloads of
material including gypsum wallboard, tar paper and household waste. While this area is
outside of the capture zones for the District wells, it is located in the vulnerable Sardis
Aquifer and may be within the capture zone of another large capacity private water well

identified in Figure 3.

Grige Road Dum

According to District staff, a small, uncontrolled dump is located at the end of Grigg
Road north of the Hope Slough (Dump Site Number 3, Figure 9).
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Wotypka and Unger Properties

During our review of information regarding the CFB Chilliwack site, Golder Associates
was provided with a copy of Phase I and II investigations of six land parcels located west
of CFB Chilliwack that were once considered for acquisition by the Department of
National Defence (DND). One of these land parcels (the English property) is currently
under consideration as a proposed test well location by the District. The reports are listed
below:

o “Phase 1 Investigation of Six Land Parcels Adjacent to CFB Chilliwack”
Prepared for Base Environmental Officer by Environmental Services, Public
Works Canada, November 10, 1994; and

® “Phase 2 Investigation of Six Land Parcels Adjacent to CFB Chilliwack”
Prepared for Base Environmental Officer by Environmental Services, Public
Works Canada, March 26, 1995,

The reports identified two properties located southwest of the proposed test well location
at 44720 Keith Wilson Road, where former gravel pits were used for the disposal of
municipal and DND wastes or surplus material (Dump Sites Numbers 4 and 5, Figure 9).
These properties included the Webster property located at 5396 Webster Rd. and the
Unger property located at 44554 Keith Wilson Rd. A subsequent field investigation
identified metallic contamination at depth in soils in the vicinity of the buried waste.
Groundwater sampling at 10 monitoring well locations identified elevated levels of
metals in groundwater. No hydrocarbon or volatile organic compounds were found. The
Webster and Unger properties may or may not lie within the capture zone of the proposed

test well.
Former Land{ill at CFB Chilliwack

A former landfill was identified at the south edge of the CFB Chilliwack property. A
description of the landfill is provided in Appendix V.
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6.2.7 CFB Chilliwack

Background

CFB Chilliwack is located in Vedder Crossing north of the Vedder River and west of
Vedder Road. Established in 1942, the Base has served as a training center for officer
cadets and military trades, a support and administrative center for militia units located in
the lower mainland and interior of B.C. and home to the 1 Combat Engineer Regiment.
CFB Chilliwack consists of a 62-hectare residential site located north of Keith Wilson
Road with recreational facilities and married quarters and a 132-hectare commercial
industrial site located primarily south of Keith Wilson Road with military schools, single
quarters, heavy equipment maintenance facilities and training facilities. We understand
that the Base is currently being decommissioned in preparation for its closure in 1998 and
that plans for the re-development of the site are uncertain at this time.

Summary of Previous Studies

A number of environmental investigations have been carried out at CFB Chilliwack on
behalf of the Department of National Defence (DND) over the past six years. Currently,
an environmental site investigation (ESI) is being conducted by Dillon Consulting Ltd.
(Dillon) to identify environmental issues that should be addressed as part of the site
decommissioning. The preliminary results of the ESI are presented in the following

report:

° Draft Report on “Environmental Site Investigation and Comprehensive Study,
CFB Chilliwack, Vedder Crossing" by Dillon Consulting Ltd., March 1997.

Because the above report has not been finalized or reviewed by regulatory authorities,
DND would not release a copy of the report to Golder Associates. However, in support
of the District of Chilliwack’s groundwater protection plan, Golder Associates was
permitted to visit CFB Chilliwack to carry out a review of the report in-house. The ESI
carried out by Dillon consisted of a historical review (Phase I); geophysical surveys,
limited subsurface investigation and an archeological overview (Phase II); additional
subsurface investigation of selected areas (Phase IIf), and analysis and reporting
(Phase IV). In addition, a “Comprehensive Study” was carried out to identify
environmental impacts related to site decommissioning. During their Phase I and II

Golder Associates




November 4, 1997 ~4]1 - 972-1846

investigations, Dillon identified 34 areas of potential environmental concern for
investigation (Figure 11). Two additional areas of potential concern (the “Electrical
Switching Station” and the “Former Medical Depot™) were identified during the Phase III
investigation (Figure 11).

In addition to the Dillon ESI, an investigation of the former Canex Service Station
(referred to as Area 29 in the Dillon report) was carried out by O’Connor Associates
Environmental Inc. (O’Connor) in 1996, and an investigation of the former landfill site
(referred to as Area 23 in the Dillon report) and soakage pits (referred to as Area 3 in the
Dillon report) was carried out by Stanley Associates Engineering (Stanley) in 1990.
Golder Associates was provided with copies of each of these reports for review:

. “Subsurface Environmental Investigation, Former Canex Service Station, CFB
Chilliwack, British Columbia, Location No. C00090” Submitted to Shell Canada
Products Ltd., Prepared by O’Connor Associates Environmental Inc., February
1997; and

° “CFB Chilliwack Environmental Assessment” by Stanley Associates Engineering
Ltd., May 1991.

We understand that an environmental investigation of the Base was also carried out by
Soilcon Laboratories Ltd. (Soilcon) in 1993, Golder Associates did not receive a copy of
that report. During our review of available information, Golder Associates also identified
references to previous studies conducted by Laidlaw Environmental Services and Morrow
and Associates Engineering Inc. Golder Associates did not obtain a copy of these reports.

In addition to the environmental investigations outlined above, an investigation into
waste management practices employed while the Base was in operation was conducted by
Moneco Consultants Ltd. (Moneco) over the period of 1990 to 1991. The results of the
study were presented in the following report, which was provided to Golder Associates

for review:

e “Environmental Baseline Study CFB Chilliwack” (Volume 1 - Executive
Summary; Volume II - Environmental Setting, Land-Use and Legislation;
Volume III - Site Characteristics and Activities, and Volume IV - Conclusions
and Recommendations) by Monenco Consultants Ltd., February, 1992.
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Environmental Concerns

As outlined above, Dillon identified 36 areas of potential environmental concern across
the Base. The location of these areas is shown in Figure 11 and an index to the sites is
provided in Table 3. As part of Dillon’s ESI, limited soil sampling was carried out at 16
of these locations and groundwater sampling was carried out at nine locations. A detailed
description of the environmental concerns identified at the CFB site based on a review of
the investigations carried out by Dillon and others is presented in Appendix V. A
summary and discussion of the results of is presented below.

Summary and Discussion

The results of the environmental investigations carried out at the Base indicate that in
most areas where groundwater sampling was carried out, groundwater was charactetized
by levels of some metals (aluminum, arsenic, chromium, iron, lead and manganese) in
excess of drinking water standards. In addition, groundwater from the vicinity of the
soakage pits in “Area 3” contained oil and grease and levels of methyl ethyl keytone
(MEK) at a concentration below the limit for chronic exposure established by the
U.S. EPA. Groundwater associated with the underground storage tank (UST) removed
from the petroleum, oil and lubricant (POL) Training Facility in “Area 20” contained
detectable levels of extractable hydrocarbons, and groundwater associated with UST’s
removed from the former Canex Service Station (Area 29) contained detectable levels of
ethyl benzene above the drinking water standard, xylenes just below the drinking water
standard, 2,4-dimethylphenol (for which no drinking water standards are available) and
petroleum hydrocarbons. Groundwater downgradient of the former landfill site (Area 23)
contained detectable levels of oil and grease and pentachlorophenol below drinking water

standards.

To date, the level of groundwater contamination identified at the Base is relatively low.
However, while a level of groundwater contamination may be permissible for industrial
and commercial land use, strictly speaking, even low levels of groundwater
contamination may not be acceptable for municipal water supply wells. In addition, there
are a number of areas of potential environmental concern at the Base for which limited or
no groundwater quality information is available. These areas include the four existing
UST’s that are known or suspected to be leaking, the former bunker C above ground
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storage tanks (AGT’s) located in “Area 16” where groundwater sampling for polycyclic
aromatic hydrocarbons (PAHs) has not been carried out, the POL storage areas, the areas
of historical waste disposal, particularly the former medical depot, and the storm water
retention pond (Area 21). These areas may contribute additional sources of metals,
hydrocarbons, PAHs or volatile organic compounds (VOCs) to local groundwater.

6.2.8 Proposed Land Use

Sections 6.2.1 through 6.2.7 provide a description of groundwater contamination sources
identified during the regional contaminant inventory. While several areas posing an
existing threat to groundwater have been identified, it should be recognized that any land
use activities involving the storage, use or handling of hazardous materials represent a
potential threat to groundwater quality. To address this issue, Golder Associates has
provided a rating of the relative risk that the proposed land use categories outlined in the
Official Community Plan (1990-2001) pose to groundwater (Table 4). In Figure 12 the
proposed land use for the area above the Sardis-Vedder Aquifer has been coloured to
reflect the relative risk to groundwater.

In general, lands occupied by commercial and industrial properties pose the greatest
threat to groundwater. Typical sources of groundwater contamination resulting from
commercial facilities include gasoline and diesel from gas stations, solvents from
drycleaning facilities, oils and solvents from auto repair shops and scrap yards, and
countless others. Typical sources of groundwater contamination from industrial facilities
include metals and solvents from machine and metal working shops, wood waste and
solvents from sawmills, and various other chemicals from manufacturing facilities.
Generally, agricultural land use poses a moderate threat to groundwater, except in the
cases of inappropriate waste disposal described in Section 6.2.2, where agriculture
represents a greater threat. Generally, residential land use poses a relatively low risk to
groundwater; however, groundwater contamination can result from septic systems
(nitrates), lawn chemicals (fertilizers and pesticides) and inappropriate handling of

hazardous household products.
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6.3  Results of Contaminant Inventories for Capture Zones

Contaminant inventories of the capture zones were conducted by means of field
reconnaissance and supplemented by data from other information sources outlined in
Section 6.1. The inventory did not include interviews with private property owners or
site-specific inspections. Other than the information contained within historical fire
insurance maps and available reports outlined in Section 6.1, the inventory did not
include a review of historical site activities.

6.3.1 Wells1and2

Capture zones delineated for Wells 1 and 2 under current and projected pumping
conditions are illustrated in Figures 13 and 14, respectively. These same capture zones
are illustrated relative to the CFB Chilliwack site plan in Figures 15 and 16. A
description of the land use activities within the 60-day and one-year time of travel zones
and the total capture zones is presented below.

60 - Day Time of Travel Zone

Wellhead

Wells 1 and 2 are located in separate pump houses and surrounded by a fence to restrict
public access. At the time of the site visit, two cars, and a tractor with a trailer possibly
containing lawn chemicals, were parked on the grass immediately outside the fence.
Spills resulting from these vehicles could represent a potential risk to groundwater.

Tyson Road

We understand that the District does not have a designated route for the transportation of
dangerous goods. However, a number of highways have been designated as municipal
truck routes, including Tyson Road from Keith Wilson Road to Evans Road. Spills or
accidents resulting in the release of hazardous materials in the vicinity of the wellhead
could represent a serious threat to groundwater.
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Neighbourhood Commercial Centre

A neighbourhood commercial center is located adjacent to the wells on the east side of
Tyson Road (5960 Tyson Rd.). Businesses located within this center consist of
Esquires Coffee, Sardis Dental Center, All Star Pizza, Watson Medical Clinic,
Thumbs Up Video, and Flemings Corner Store. Small quantities of medical wastes are
likely generated by the dental and medical clinics. At the time of the site visit, two
dumpsters were located in a paved laneway at the south end of the center. In general, the
property appeared to be well-kept and activities conducted at the site do not appear to
represent a significant threat to groundwater.

Mount Slesse Middle School

Mount Slesse Middle School is located south of Wells 1 and 2 at 5871 Tyson Rd. The
school building is located at the south end of the property and a large playing field is
located at the north end adjacent to the wells. In general, the school does not likely
represent a significant risk to the water supply wells; however, potential contaminants
associated with the school property may include the use of lawn care chemicals on the
playing fields, chemicals associated with building maintenance (such as waste oils and
solvents) and general building wastes.

Residential Properties

The remainder of the area within the 60-day time of travel is characterized by one and
two family residential land use. Sources of groundwater contamination potentially
associated with these properties include lawn care chemicals, common household
products, and wastes related to property maintenance and automotive repair. These
properties are serviced by the municipal sewer (Figure 10).

One-Year Time of Travel Zone

Stormwater Exfiltration Area

The stormwater exfiltration area located north of Keith Wilson Road is considered to
represent one of the most significant threats to the groundwater quality at Wells 1 and 2.
Storm water runoff is commonly characterized by contaminants such as oils, antifreeze,
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gasoline, other petroleum products and biological constituents. Groundwater monitoring
carried out by the District at monitoring well MW3, located at the northeast edge of the
stormwater exfiltration area in May, 1996 indicated that at that time, no detectable levels
of VOCs, pesticides, herbicides or mineral oil and grease were present in groundwater at
that location and dissolved metals were within drinking water guidelines. To a lesser
degree, lawn care chemicals used on the playing fields above the stormwater exfiltration
area may also pose a potential threat to groundwater.

DeGroot Farm

The DeGroot farm is located immediately north of Wells 1 and 2 at 6167 Tyson Road.
As discussed in Section 6.2.2, an unlined pit that has reportedly been receiving discharge
of liquid manures is located on this property. Under current pumping conditions, it does
not appear that the pit area lies within the existing capture zone of the wells (Figure 13);
however, in future when continuous pumping rates are higher, the capture zone may be
expanded to encompass the pit area (Figure 14). The potential impact of animal wastes
on groundwater quality was discussed in Section 6.2.2.

Twin Rinks Arena

The Twin Rinks arena is located south of Wells 1 and 2 at 5745 Tyson Rd. The building
is surrounded by a large, paved parking lot. Maintenance materials appear to be stored at
the south end of the building. Potential contaminants associated with the facility include
de-icing chemicals, chemicals associated with building maintenance (such as solvents,
waste oils and machinery servicing wastes) and general building wastes. A recycling
depot operated by the District, where solid waste materials are dropped off, is located at
the east edge of the parking lot.

Watson Glen Park

Watson Glen Park is located between Twin Rinks arena and Mount Slesse Middle
School. The park consists of a grassed playing area. Other than the potential for use of
lawn care chemicals, the park does not likely represent a threat to groundwater.
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Total Capture Zone

The total capture zone for Wells 1 and 2 is equivalent to a 3.5-year travel time under
current pumping conditions and 5-year travel time under future pumping conditions.

CFB Chilliwack

Under current pumping conditions, the capture zone for Wells 1 and 2 encompasses most
areas of environmental concern identified on the CFB Chilliwack property (Figure 15),
including “Areas” 9, 10, 11, 12, 19, 20, 21, 22, 23, 27 and 30 and seven of the eight
existing underground storage tanks. Under future pumping conditions, the capture zone
would likely be expanded to encompass “Areas” 1, 3, 5, 13, 14, 15, 16, 28 and 29
(Figure 16). A detailed description of these areas, and the potential risk they pose to
groundwater, is outlined in Appendix V.

Vedder River

Under both current and future pumping conditions, the Vedder River acts a source of
recharge to groundwater supplying Wells 1 and 2. Therefore, surface water degradation
or contamination of the Vedder River poses a risk to the groundwater quality at Wells 1
and 2. Gravel mining activities conducted along the river bed represent one of many
potential sources of contamination in the Vedder River. Urban runoff and effluent
discharges may also impact surface water quality.

Rural Properties

Under future pumping conditions, the capture zone for Wells 1 and 2 would be expanded
to include the rural properties located west of CFB Chilliwack. Since these properties are
not serviced by municipal water or sewer, septic systems and/or poorly constructed wells
associated with these properties could represent potential sources of groundwater
contamination (as described in Sections 6.2.3 and 6.2.5 of the regional contaminant
inventory, respectively); however, the risk of groundwater contamination from these
sources is considered to be low in this area due to the relatively low population density.

Information concerning six of the rural properties within the expanded capture zone was
obtained from a Phase I and Il environmental site investigation provided to Golder
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Associates by DND. The results of investigations of buried refuse material at
5396 Webster Rd. and 44554 Keith Wilson Rd. were discussed in Section 6.2.6 of the
regional contaminant inventory. In addition to buried refuse, isolated surface
contamination by metals was identified on the Besler property at 5373 Peach Rd.

Agricultural Land Use

Under future pumping conditions, the capture zone of Wells 1 and 2 would be expanded
to include the agricultural properties located west of Peach Road. The potential for
groundwater contamination resulting from agricultural land use is described in the
regional contaminant inventory in Section 6.2.2.

632 Well3

The capture zones delineated for Well 3 under current and projected pumping conditions
are illustrated in Figures 13 and 14, respectively. These same capture zones are
illustrated relative to the CFB Chilliwack site plan in Figures 15 and 16. A description of
land use within the 60-day and one-year time of travel zones and the total capture zones is

presented below.

60 - Day Time of Travel Zone

CFB Chilliwack

Well 3 is located in a pump house on the CFB Chilliwack Base adjacent to a laneway.
There are two small buildings located east of the pump house: Building number 1012A is
used for storage of unknown materials and Building 147 is reportedly used for storage of
petroleum hydrocarbons, oils and lubricants. Release of these materials by means of a
spill or fire could pose a serious threat to groundwater at Well 3.

The former medical depot (Building 1012) is located south of Well 3 within the 60-day
time of travel. Dillon’s environmental site investigation indicated that medical wastes
may have been buried north of the building, immediately south of the wellhead. Medical
wastes were not found in three test pits excavated in that area; however, some debris
(wood and steel pipe) was encountered. No soil or groundwater sampling was conducted.
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Under future pumping conditions, the 60-day time of travel zone for Well 3 would be
expanded to encompass Building 1056 to the east and the Electrical Switch Station to the
southwest. No information is available concerning the nature of activities carried out at
Building 1056 (the CFB Chilliwack site plan refers to the building as 3 PPCLI
Headquarters, BCPO, BGSO, Mountaineer). The electrical switching station was
identified as an area of concern in Dillon’s environmental site investigation. Two test
pits were excavated in the area to investigate reports of buried electrical material. Some
debris (paint cans and porcelain) was identified in the test pits; however, no soil or
groundwater sampling was conducted.

Residential Properties

The west half of the area within the 60-day time of travel is characterized by one and two
family residential land use. Sources of groundwater contamination potentially associated
with these properties include lawn care chemicals, common household products, and
wastes related to property maintenance and automotive repair. These properties are
serviced by the municipal sewer (Figure 10).

Keith Wilson Road

Keith Wilson Road has been designated as a municipal truck route from Boundary to
Vedder Roads. Spills or accidents resulting in the release of hazardous materials in the
vicinity of the wellhead could represent a serious threat to groundwater.

One-Year Time of Travel Zone

CFB Chilliwack

Under current pumping conditions, the one-year time of travel zone for Well 3
encompasses one area of environmental concern (Area 6) identified by Dillon, while
under future pumping conditions, it encompasses several areas of concern (Areas 6, 9, 10,
17, 19, 20, 21, 22 and 25 and six UST’s). A detailed description of these areas, and the
potential risk they pose to groundwater, is outlined in Appendix V,
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Total Capture Zone

The total capture zone for Well 3 is equivalent to a 2-year travel time under current
pumping conditions and a 2.5-year travel time under future conditions.

CFB Chilliwack

Under current pumping conditions, the total capture zone for Well 3 encompasses two
additional areas of environmental concern identified by Dillon (Areas 17 and 18). Under
future pumping conditions, the total capture zone also encompasses the former landfill
site at “Area” 23. A detailed description of these areas, and the potential risk they pose to
groundwater, is outlined in Appendix V.

Vedder River

Under both current and future pumping conditions, the Vedder River acts a source of
recharge to groundwater supplying Well 3. Therefore, as described for Wells 1 and 2,
surface water degradation or contamination of the Vedder River poses a risk to the

groundwater quality at Well 3.

6.3.3 CFB Chilliwack Well

The capture zones delineated for the CFB Chilliwack Well under current and projected
pumping conditions are illustrated in Figures 13 and 14, respectively. These same
capture zones are illustrated relative to the CFB Chilliwack site plan in Figures 15 and
16. For the CFB Well, the total capture zone is equivalent to a 60-day travel time under
both current and future pumping conditions. A description of land use within that zone is

presented below.

Total Capture Zone (60-Day Time of Travel)

CFB Chilliwack

Because the CFB Chilliwack Well is located close to the Vedder River, which acts as a
source of groundwater recharge, the total capture zone for the well is relatively small
under both current and future pumping conditions. Under current pumping conditions,
the capture zone does not encompass any of the areas of environmental concern identified
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by Dillon. Under future pumping conditions, the capture zone encompasses one UST,
located east of Building Number 1008, which was installed in 1994 as part of the
wastewater system. The UST is reportedly constructed of fibreglass and contains a
membrane liner and therefore does not likely represent a significant threat to

groundwater.

VYedder River

Degradation of surface water quality in the Vedder River poses a greater risk to the
CFB Chilliwack Well than Wells 1, 2 and 3 (described above) because the time of travel
from the Vedder River to the CFB Well is only 60 days.

6.3.4 TW95-1

The capture zone for test well TW95-1 under projected pumping conditions is illustrated
relative to the District address map in Figure 14 and relative to the CFB Chilliwack site
plan in Figure 16. A description of land use within the 60-day and one-year time of travel
zones and the total capture zone is presented below.

60 - Day time of Travel Zone

Commercial District

In general, the risk of groundwater contamination at TW95-1 is considered to be high due
to the proximity of the well to the commercial district along Vedder Road. Many of the
businesses along this strip appear to have been in operation for a long period of time and
a number of potential contaminants may be associated with them. Of particular concern
are two properties located within the 60-day time of travel zone: a gas station and motor
vehicle repair shop located north of the well and a laundromat located south of the well

(Figure 14).

The major concern associated the gas station is the potential for leakage from
underground storage tanks containing gasoline and diesel. Due to the immiscible nature
of these products, the release of even small quantities of these chemicals could have
serious consequences. Additional contaminants potentially associated with both the gas
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station and the auto repair shop include waste oils, solvents, acids, paints, automotive

wastes and cutting oils.

The concern associated with the laundromat is the chemicals that may be employed in the
drycleaning operation. Drycleaning operations employ solvents such as
perchloroethylene, petroleum solvents and Freon, and spotting chemicals such as
trichloroethane, ammonia, peroxides, hydrochloric acid, rust removers and amyl acetate.
Of these, perchloroethylene (PCE), Freon and trichloroethane represent particular
concerns because they are dense, non-aqueous phase liquids (DNAPLs). Because
DNAPLs are denser than water, when product is released to the environment it sinks to
the base of the aquifer and slowly dissolves into the groundwater. PCE and
trichloroethane degrade sequentially through a series of transformation products,
ultimately degrading to vinyl chloride, a known carcinogen.

CFB Chilliwack

TW95-1 is located in a grass field on the east edge of the CFB Chilliwack property east
of the Base dental clinic (Building 1064). The dental clinic was not identified as an area
of potential concern by Dillon; some medical wastes may be generated at that facility.

Vedder Road

Vedder Road has been designated as a municipal truck route from the Vedder River to
Highway 1. Spills or accidents resulting in the release of hazardous materials in the
vicinity of the wellhead could represent a serious threat to groundwater.

Total capture Zone (One -Year Time of Travel)

The total capture zone for TW95-1 corresponds to a travel time of just over one year.
Hence, the aerial extent of the one-year time of travel zone and the total capture zone are

similar and are discussed under the same section.

Commercial District

Several additional commercial properties are encompassed within the total capture zone
for TW95-1, including a gas station located south of TW95-1 along Vedder Road just
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north of Morton Road (Figure 14). The concerns related to this facility are the same as
those described for the gas station within the 60-day time of travel zone.

CFB Chilliwack

Two areas of concern (Areas 7 and 8) were identified by Dillon within the capture zone
of TW95-1. A detailed description of these areas, and the potential risk they pose to
groundwater, is outlined in Appendix V.

Vedder River

The Vedder River would serve as a source of recharge to groundwater supplying
TW95-1. Therefore, as described for Wells 1, 2, 3 and the CFB Well, surface water
degradation or contamination of the Vedder River poses a risk to the groundwater quality

at TW95-1.

Area Qutside of Total Capture Zone

Commercial District

There are two other properties located just north of the capture zone of TW95-1 that
warrant mention. A large gas station is located at the corner of Vedder and Thomas Road
and a drycleaning facility is located in the Vedder Village Mall. Although these facilities
are located outside the projected capture zone, due to their close proximities to TW95-1,
substances released at these facilities could still conceivably reach the wellhead through

the mechanism of lateral dispersion.

The potential impact of substances associated with gas stations and drycleaners has
already been described above. According to the District Fire Chief, Mr. Wayne Green,
the oil company that operates the large gas station is the only major oil company in the
District of Chilliwack that does not employ double-walled USTs in accordance with the
“Environmental Code of Practice for Underground Storage tank Systems Containing
Petroleum Products and Allied Petroleum Products”. No enquiries were made regarding

the status of USTs at this particular facility.
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In addition to vehicle fueling, the gas station property contains a car wash, drop-off depot
for waste oil recycling and an AGT containing propane, Soaps, detergents and oils
resulting from the car wash facility are presumably discharged to the municipal storm

drains.
6.3.5 Well4

The capture zones delineated for Well 4 under current and projected pumping conditions
are illustrated in Figures 17 and 18, respectively. Land use activities within the 60-day,
one-year and five-year time of travel zones and the total capture zones are described
below in the context of current pumping conditions.

60 - Day Time of Travel Zone

Rosedale Middle School

Well 4 is located in a pump house at the northeast corner of the grounds of Rosedale
Middle School on Yale Road. The school building is located southwest of the well, while
sports fields associated with the school are located at the south end of the property.
Potential contaminants of concern associated with the school property are the same as
those outlined for Mount Slesse Middle School in Section 6.3.1. In addition, we
understand from Mr. Rice that an old septic disposal field is located within 30 m of the
wellhead. Potential contaminants associated with septic disposal were outlined in
Section 6.2.3. of the regional contaminant inventory.

Residential Properties

There are a number of residential properties located within the 60-day time of travel zone
east of Well 4. Potential contaminants associated with residential properties were
outlined in Section 6.3.1. The residential properties are serviced by private septic
systems, which represent a concern given the close proximity of the properties to the
wellhead (the closest residential property is approximately 3 m away). In addition,
during the site reconnaissance, burn piles consisting of garden and building debris were
observed in the backyards of the two residences located immediately adjacent to the well.
The use of accelerants such as gasoline or diesel by property owners to ignite the burn
piles would represent a significant threat to groundwater. Finally, although the local
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residences are serviced by the municipal water system, there may or may not be
abandoned wells located on those properties that may serve as conduits for the subsurface

migration of contaminants.

Hope Slough

The Hope Slough is located north of Well 4 on the north side of Yale Road. Since water
transmitted by the slough may serve as a source of recharge to groundwater in the vicinity
of Well 4, degradation of this surface water body could have an adverse impact on
Well 4. No information is available concerning the water quality in the Hope Slough.

Yale Road

Yale Road has been designated as a municipal truck route from Highway 1 to the east
boundary of the District. Spills or accidents resulting in the release of hazardous
materials in the vicinity of the wellhead could represent a serious threat to groundwater.

One - Year Time of Travel Zone

Agricultural Land Use

The one-year time of travel zone encompasses the agricultural properties located north of
Yale Road. The potential for groundwater contamination resulting from agricultural land
use is described in the regional contaminant inventory in Section 6.2.2.

CN Rail Line

The CN Rail line is located southeast of Well 4 within the one - year time of travel zone.
Potential contaminants associated with the railway include diesel, herbicides applied to
the right- of-way, creosote used to preserve the railway ties, and release of materials

transported by rail.

Five - Year Time of Travel Zone

The five-year time of travel zone encompasses additional residential and agricultural

properties as shown in Figure 17.
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Total Capture Zone

The total capture zone for Well 4 corresponds to a 50-year time of travel under both
existing and future pumping conditions.

The total capture zone of Well 4 encompasses a large area characterized mainly by
agricultural land use. In addition, the capture zone includes commercial and industrial
properties located in Rosedale. Contaminants released in this area would require on the
order of 10 years or more to reach the welfhead.

Commercial Properties

The total capture zone encompasses the commercial district of Rosedale. A number of
potential contaminants may be associated with the businesses in this area. Properties of
particular concern include a gas station and two auto maintenance garages (Figure 17)
located on Yale Road. Based on a review of historical fire insurance maps, service
stations have been associated with these properties since at least the early 1950s. Another
property of concern is a maintenance yard located on Ford Road. Two fuel pumps were
observed on this property, indicating the presence of UST’s. A discussion of potential
contaminant sources resulting from gas stations and auto maintenance facilities was

presented in Section 6.3.1.

Industrial Properties

The total capture zone also encompasses an area of Rosedale that has been zoned for
industrial land use. It appears that all of the industrial land is currently occupied by one
manufacturing company. We understand that the company manufactures agricultural
implements and equipment related to the transport industry. Potential contaminants

associated with this facility include paints, metals and solvents.

Oil and Gas Pipelines

Oil and gas pipelines are located at some distance to the south and north of Well 4,

respectively, within the total capture zone.
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6.3.6 Well5

The capture zones delineated for Well 5 under current and projected pumping conditions
are illustrated in Figures 19 and 20, respectively. Land use activities within the 60-day,
one-year and five-year time of travel zones and the total capture zones are described
below in the context of current pumping conditions.

60 - Day Time of Travel Zone

Wellhead

Well 5 is located in a pump house and surrounded by a fence to restrict public access. A
gravel parking lot and corn market is located north of the well, while agricultural fields
are located to the south and west. Potential contamination resulting from incidental spills
from parked vehicles and is considered to be low.

One - Year Time of Travel Zone

Maintenance Area - The Falls Golf Course

A maintenance area for the Falls Golf Course is located northeast of Well 5 east of
Annis Road. General housekeeping practices at the property appear to be poor, and as a
result, the maintenance area may pose a significant risk to groundwater at Well 5. At the
time of the site visit, two AGT’s were observed in the yard, one containing diesel and the
other gasoline. The area beneath the tanks was not paved, and there was obvious soil
staining where drips and leakage had occurred. Several 45 gallon drums and 20 gallon
pails (possibly containing substances such as waste oils) were observed outside one of the
two sheds on the property, and the ground beneath the drums was visibly stained. In
addition, a small pit, approximately 1 m in diameter and 0.5 m deep, was observed on the
property where liquids (possibly fertilizer) had obviously been discharged.

Agricultural and Rural Properties

The remainder of the properties within the one-year time of travel zone are characterized
by agricultural and rural land use. The potential for groundwater contamination resulting
from agricultural activities was described in the regional contaminant inventory in
Section 6.2.2. Although both rural and agricultural properties in this area are serviced by
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private septic systems, given the low population density the contamination resulting from
septage effluent is expected to be relatively low.

Five Year Time of Travel Zone

The five-year time of travel zone encompasses additional rural and agricultural properties

as shown in Figure 19.

Total Capture Zone

The total capture zone for Well 5 corresponds to a 20-year time of travel under current
pumping conditions and a 35-year time of travel under future pumping conditions.

The Falls Golf Course

The total capture zone for Well 5 encompasses much of the Falls Golf Course, located
east of Annis Road. In addition to the maintenance yard already described, there is the
potential for groundwater contamination related to the use of fertilizers and pesticides.

Properties along Hack Brown Road

Three other properties are located east of Well 5 along Hack Brown Road, just south of
the Trans Canada Highway. Contaminants released at these properties would require on
the order of 10 years or more to reach the wellhead. Johnston and Milne Contracting own
the property located at 50700 Hack Brown Road. The property was largely vacant other
than some heavy equipment (a backhoe, tractor and some trailers) and a small pile of
demolition material.  The Chilliwack Campsite and RV site is located at
50850 Hack Brown Road. Possible contaminants associated with this site include
septage, gasoline and household hazardous wastes from recreational vehicles. A
construction yard is located at 50950 Hack Brown Road. It appears that activities carried
out at the site include gravel sorting. Piles of sand and gravel, demolition fill (possibly
including old railway ties), old tires and trucks and trailers were observed on site,
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6.3.7 Proposed Test Well Locations

A contaminant inventory of the two proposed test well locations was beyond the scope of
this study. However, based on available information, we offer the following comments
concerning land use activities in the vicinity of the proposed test well locations.

Similar to the other wells completed in the Sardis-Vedder Aquifer, the ultimate source of
recharge for the two test wells would be the Vedder River. Therefore, degradation of
water quality in the Vedder River would pose a risk to groundwater quality at both test

well locations.

For the test well proposed at the corner of Peach and Keith Wilson Roads, a Phase I
environmental site investigation of that property was conducted on behalf of DND
(referenced in Section 6.2.6). The report identified a small mounded area at the northeast
corner of the property that may contain waste material. An investigation of the mound
was not carried out. As discussed in Section 6.2.6, Phase I and II investigations of
properties to the southwest of the proposed test well location identified areas where
municipal and DND wastes or surplus material was dumped. These properties may or
may not lie within the capture zone of the test well. In addition, the reports identified the
presence of isolated surface contamination by metals on the Besler property located
southwest of the test well at 5373 Peach Road. Much of the capture zone for the
proposed test well location is expected to encompass the CFB Chilliwack Base to the
south. Potential concerns associated with the Base were outlined in Appendix V.
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7.0 RECOMMENDATIONS FOR GROUNDWATER PROTECTION

While the development and implementation of groundwater protection measures will
require some effort and expense on behalf of the District, these costs are considered
relatively minor in comparison with costs associated with the loss of District water
supplies as the result of contamination. In the next section (Section 7.1), a number of
specific recommendations are presented for wellhead protection within the capture zones
of the District production wells. A proposed strategy to achieve some degree of
groundwater protection at the CFB Chilliwack property is presented in Section 7.2.
Section 7.3 presents recommendations for aquifer protection by means of regional land
use planning and general protection measures.

7.1  Recommendations for Protection of Capture Zones

7.1.1 General Approach

In our opinion, the best means of achieving groundwater protection within both capture
zones and vulnerable parts of the aquifers is through public education. Public education
involves informing the public about the location of capture zones and other areas of high
groundwater vulnerability, raising awareness of the threats various activities pose to
groundwater in those areas, and educating the public about what steps they can take to
protect the resource. Consideration should be given to a public education campaign to

achieve these objectives.

The contaminant inventory identified properties within the capture zones that may
represent some level of risk to groundwater (Section 6.3). In the next sections, a number
of protection measures for these properties are presented for consideration. It should be
noted that the contaminant inventory did not include interviews with the property owners,
inspections of the properties, or quantification of the types and amounts of materials
handled at these sites. Consideration should be given to assembling this site-specific
information and evaluating the data in the context of the local hydrogeological
conditions. Based on the results of this analysis, the District may then wish to proceed
with the implementation of some of the protection measures outlined below using an

incremental approach.

Golder Associates




November 4, 1997 -61- 972-1846

7.1.2 Recommendations for Groundwater Protection at all Well Locations

. Consideration should be given to launching a public education campaign on
groundwater protection using the media (newspaper articles, television and radio).
The campaign would identify the capture zones, threats to groundwater supplies in
those zones, and the measures individuals can take to protect the resource.
Consideration could be given to using the local Chamber of Commerce to help
disseminate information. In our experience, the use of a maps to show areas
requiring protection is highly effective,

. Signage could be placed at regular intervals around the total capture zones for
Wells 1, 2 and 3 and around the five-year time of travel zone for Wells 4 and 5.
The signs would inform the public that they are entering a “Groundwater
Protection Zone” and would provide a phone number to call to report spills or
dumping. The use of signage was found to be successful in Amherst, New
Brunswick, where signs were placed at 50 m intervals around their groundwater
protection zone.

° Flyers could be distributed to households and businesses located within the
capture zones (and other vulnerable parts of the aquifer) providing information
concerning measures property owners can take to protect groundwater. The flyers
could include information concerning proper handling and disposal of hazardous
household waste, proper use of lawn chemicals, and ways of restricting impacts
related to automotive and household repair. Some examples of information
brochures developed for other communities are provided in Appendix VI.

® Consideration should be given to arranging for a hazardous waste collection day
once or several times each year or establishing drop-off stations outside of the
high groundwater vulnerability area for generators of small quantities of
hazardous waste. These measures would provide property owners with a
convenient way of disposing of hazardous materials.

° For residences located in capture zones that are serviced by private septic systems
(Wells 4 and 5), flyers providing information on septic system maintenance could
be distributed. The flyers should include recommendations such as pumping of
septic tanks every two to three years. The Township of Langley has developed a
brochure on septic system maintenance that could be adapted for use in the
District of Chilliwack (Appendix VI). In addition, Environment Canada has
produced an information brochure (Appendix VI) and video on septic system
maintenance that have been well received.

o Consideration should be given to conducting an inventory of private water wells
located in the capture zones, Once these wells are identified, an analysis should
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be conducted to determine the potential for interference between those wells and
the pumping wells. Consideration should be given to distributing information
brochures concerning wellhead protection to private well owners. An example of
an information brochure prepared by the Newfoundland Department of
Environment is presented in Appendix VI. Inactive wells identified by the survey
should be properly decommissioned.

. The presence of three schools (Mount Slesse Middle School, Watson Elementary
School and Rosedale Middle School) within capture zones of the wells presents
an ideal opportunity to educate school children about groundwater protection. A
number of educational tools are available to raise awareness for groundwater
protection, including Project “WET” (Water Education for Teachers) in Idaho (an
interdisciplinary water education program for Idaho educators and young people)
and Project WILD, developed by the Canadian Federation of Wildlife.

. In addition to the general public, District employees should be educated about
requirements for groundwater protection. Handling of lawn care and other
chemicals in the vicinity of the wellheads should not be permitted. Vehicle
parking on unpaved areas adjacent to the wellheads should be prohibited. The use
of lawn care chemicals in the areas of Watson Glen Park and the playing fields
above the stormwater exfiltration area should be restricted.

J The use of road-side herbicides within capture zones should be prohibited.

) As outlined in Section 6.3, since the Vedder River acts as a source of recharge for
groundwater in the Sardis-Vedder Aquifer, including Wells 1, 2, 3, the
CFB Chilliwack Well and TW95-1, provisions should be made for protection of
the river. Gravel extraction activities along the river bed should be carried out in
accordance with best management practices. Stormwater and effluent discharge
to the river should be minimized. A spill response plan should be adopted to
address contamination events.

° In the capture zones of Wells 4 and 5 where the protective layer of surface silt is
relatively thin (1 to 4 m), consideration could be given to restricting the depths of
excavations in these areas. Such excavations should not be permitted to remain

open for extended periods of time.

o A number of recommendations to protect groundwater from activities related to
the agricultural industry are presented in Section 7.3.2.
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7.1.3 Recommendations for Groundwater Protection at Wells 1 and 2

e Tyson Road - consideration should be given to restricting municipal truck
transportation along Tyson Road from Keith Wilson to Watson Road.
Alternatively, a spill response plan should be adapted to address contamination
events along the roadway.

® Neighbourhood Commercial Center - education flyers such as those discussed in
Section 7.1.2 should be distributed to businesses located at 5960 Tyson Road. If,
in future, existing businesses move from this area and new businesses are
developed, high risk businesses such as drycleaners or gas stations should be
prohibited in this area,

° Mount Slesse Middle School - the District should consider assisting
Mount Slesse School with the development of a best management plan that
addresses hazardous materials handled by the school. The plan should include
restrictions on the use of lawn care chemicals on the school playing fields and
provide provisions for the proper storage, handling and disposal of building
maintenance chemicals.

. Stormwater Exfiltration Area - the District should continue ongoing monitoring of
groundwater quality at monitoring well MW3 to ensure that stormwater
discharged to the exfiltration area does not impact local groundwater. Because
the travel time from the exfiltration area to the wellheads is estimated to be on the
order of 4 to 6 months, groundwater sampling should be carried out at MW3
every three months for physical parameters, dissolved anions and metals, VOCs,
total extractable hydrocarbons (TEH) and biological constituents. Analysis for
pesticides and herbicides should be carried out at MW3 every six months.

° DeGroot Farm - we understand that the Ministry of Environment has imposed a
pollution prevention order on the DeGroot property to cease the discharge of
liquid manures into the unlined pit. It is recommended that the District continue
to work with the Ministry to resolve this issue.

° Twin Rinks Arena - consideration should be given to making enquiries regarding
the de-icing chemicals used by the arena and assessing their suitability for use in
the groundwater protection area. The District may also wish to assist the
Twin Rinks Arena with the development of a best management plan to addresses
hazardous materials handled by the facility, including de-icing chemicals and
building maintenance chemicals.

° CFB Chilliwack - at one time, a monitoring well (MW2) was located north of the
CFB Chilliwack Base just south of Keith Wilson Road (Figure 13). Groundwater
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7.1.4

7.1.5

7.1.6

monitoring should be carried out at MW2 on an annual basis for physical
parameters, dissolved anions and metals, VOCs, TEH and PAHs to monitor
groundwater quality downgradient from the Base. Should MW2 no longer exist, a
new monitoring well should be installed in that same area. Other strategies for
groundwater protection at the CFB Chilliwack Base are presented in Section 7.2.

Recommendations for Groundwater Protection at Well 3

CFB Chilliwack - consideration should be given to requesting that DND remove
any hazardous materials currently stored in DBuildings 1012A and 147.
Consideration should also be given to conducting additional field investigations to
investigate the possibility of buried bio-medical wastes adjacent to the wellhead.
At a minimum, groundwater from Well 3 should be tested for VOCs and
biological pathogens. To monitor groundwater quality downgradient from the
remainder of the Base, consideration should be given to installation of a
monitoring well (MW4) near Keith Wilson Road (Figure 13). The monitoring
well should be sampled for physical parameters, dissolved metals and anions and
TEH every three months and for VOCs and PAHs every six months. Other
strategies for groundwater protection at the CFB Chilliwack Base are presented in
Section 7.2.

Keith Wilson Road - consideration should be given to restricting municipal truck
transportation along Keith Wilson Road from Tyson to Vedder Road.
Alternatively, a spill response plan should be adopted to address contamination
events along the roadway.

Recommendations for Groundwater Protection at CFB Chilliwack Well

Wellhead - because the CFB Chilliwack Well is located on DND property, a site
reconnaissance of the wellhead was not carried out. Should the CFB Well be
adopted for use by the District, public access to the wellhead should restricted.

CFB Chilliwack - periodic pressure testing of the UST located east of
Building Number 1008 should be conducted to ensure the tank remains in good
working order. Other general strategies for groundwater protection at the
CFB Chilliwack Base are presented in Section 7.2,

Recommendations for Groundwater Protection at TW935-1
Due to the close proximity of TW95-1 to the commercial district along Vedder
Road, the location of TW95-1 does not afford a great degree of groundwater -

protection. Consideration could be given to not proceeding with the development
of this water supply source. Should the District wish to proceed with the
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development of TW95-1, considerable efforts will be required to achieve a level
of groundwater protection. At a minimum, information flyers such as those
described in Section 7.1.2 should be distributed to the businesses located in this
area. Additional provisions for groundwater protection are outlined below.

o Dry Cleaning Establishments - due to the serious health implications related to
drycleaning chemicals and the presence of a drycleaning establishment within the
60-day time of travel zone, consideration should be given to requiring the
laundromat located within the 60-day time of travel zone discontinue drycleaning
operations at that site. Because the other drycleaning facility is located just
beyond the capture zone, that facility could be permitted to remain; however, to
ensure that drycleaning chemicals are being handled in an appropriate manner, the
District may wish to assist the facility with the development of a best management
plan. The best management plan should include provisions for appropriate
handling, storage and disposal of drycleaning and spotting chemicals. In addition,
at least one monitoring well (MW35; Figure 14) should be installed at the north
edge of the capture zone south of the drycleaners and monitored on a semi-annual
basis for VOCs.

° Gas Stations and Auto Repair Shop - at the present there are no regulations
governing USTs; however, a number of guidelines (such as requirements for
secondary containment) for USTs are outlined in the “Environmental Code of
Practice for Underground Storage Tank Systems Containing Petroleum Products
and Allied Petroleum Products” issued by the Canadian Council of Ministers of
the Environment, 1993. It is recommended that the District engage in dialogue
with the owners of the nearby gas stations and auto repair shop to inform the
property owners that they are located in a groundwater protection area and
educate them about the potential risks (and liabilities) their properties pose to
groundwater. The District should consider requesting that these facilities
implement the measures outlined in the Code of Practice. At a minimum, the
District should consider requesting that USTs located on these properties be
subjected to pressure testing to determine whether the existing tanks are leaking.
In addition, the District should consider assisting the property owners, particularly
those located within the 60-day time of travel zone, to develop best management
plans, The best management plans should include provisions for appropriate
handling, storage and disposal of waste oils, solvents, acids, paints, and
automotive wastes. Finally, at least three monitoring wells (MW6, MW7 and
MW8) should be installed to monitor for potential contaminant migration from
these sites (Figure 14). Monitoring wells MW6 and MW7 would be located
within the 60-day time of travel zone between TW95-1 and gas station to the
north, while MW8 would be located at the edge of the 60-day time of travel zone
between TW95-1 and the gas station to the south. Monitoring wells MW6 and
MW7 should be sampled monthly for total extractable hydrocarbons and BTEX
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1.1.7

(benzene, toluene, ethylbenzene and xylene) and every three months for VOCs
and dissolved metals. Monitoring well MW8 should be sampled every three
months for total extractable hydrocarbons and BTEX and every six months for
VOCs and dissolved metals.

Zoning Modifications - to ensure a level groundwater protection is maintained
with future development, consideration should be given to making zoning
modifications within the one-year time of travel zone to prohibit gas stations, auto
repair shops, drycleaning establishments, and any other businesses that handle
significant quantities of hazardous materials. The existing businesses identified in
the above bullet would be grandfathered in place provided they meet the
requirements outlined above.

Vedder Road - consideration should be given to restricting municipal truck
transportation along Vedder Road from the Vedder River to Thomas Road.
Alternatively, a spill response plan should be adopted to address contamination
events along the roadway.

CFB Chilliwack - General strategies for groundwater protection at the
CFB Chilliwack Base are presented in Section 7.2.

Recommendations for Groundwater Protection at Well 4

Rosedale Middle School - the District should consider assisting
Rosedale Middle School with the development of a best management plan that
addresses hazardous materials handled by the school. The plan should include
restrictions on the use of lawn care chemicals on the school playing fields and
provide provisions for the proper storage, handling and disposal of building
maintenance chemicals. In addition, the District should seek assurances that the
septic tile field servicing the school is being properly maintained. It is
recommended that groundwater monitoring for physical parameters, dissolved
anions and biological constituents be carried out every three months at some
location between the septic tile field and the welthead. Monitoring for VOCs and
dissolved metals should be carried out at this location an annual basis. If the
existing observation well (OW95-2) is appropriately situated, the monitoring
could be carried out at that location.

Residential properties - the District should consider approaching the individual
property owners of residences located within the 60-day time of travel to advise
them about proper handling of household waste, the use of lawn care chemicals,
automotive and household repair, and maintenance of septic systems. In
particular, homeowners should be prohibited from buring garden and other

household wastes.
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7.1.8

Hope Slough - efforts should be made to protect the water quality of the
Hope Slough by prohibiting the stormwater and other discharges.

Yale Road and CN Rail Line - a spill response plan should be adopted to address
contamination events along these right-of-ways.

Commercial and Industrial Properties - owners of the maintenance yard, gas
station, two auto repair shops and the manufacturing company located in Rosedale
should be informed about their positions within the capture zone and encouraged
to develop best management plans with assistance from the District. In particular,
these businesses should be encouraged to implement the “Environmental Code of
Practice for Underground Storage Tank Systems Containing Petroleum Products
and Allied Petroleum Products”. In addition, at least one monitoring well (MW9)
should be installed between the commercial/industrial area of Rosedale and Well
4 at the outer boundary of the five-year time of travel zone. The well should be
monitored on an annual basis for VOCs, total extractable hydrocarbons and
dissolved metals;

Recommendations for Groundwater Protection at Well 5

Wellhead - consideration should be given to paving the gravel parking lot
immediately north of the wellhead to provide protection from contaminants that
may be associated with spills from parked vehicles.

The Falls Golf Course - the District should assist the Falls Golf course with the
development of a best management plan. Specifically, the plan should include
provisions for the proper handling, use and disposal of fertilizers, pesticides and
herbicides and substances associated with vehicle and property maintenance such
as gasoline, diesel, waste oils, paint and solvents. The District should consider
requesting that the Falls Golf course move their maintenance facility to another
part of their property away from the 60-day time of travel zone. Alternatively,
AGTs containing diesel and gasoline should be subject to secondary containment
in accordance with the “Environmental Code of Practice for Aboveground
Storage Tank Systems Containing Petroleum Products™ , developed by the
Canadian Council of Ministers, August, 1994, Other hazardous materials such as
those outlined above should be limited to small quantities and should be stored on
a concrete pads. The discharge of fertilizers or other hazardous materials to the
ground via pits or ditches should be prohibited. Stained soils should be removed
from the site and disposed of at an appropriate facility. In addition, observation
well OW95-3 should be monitored every three months for physical parameters,
dissolved anions, total extractable hydrocarbons, dissolved metals and VOCs and
on an annual basis for herbicides and pesticides.
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o Properties along Hack Brown Road - the properties located along Hack Brown
Road should be informed about their positions within the capture zones and
encouraged to adopt best management practices.

7.2 Recommendations for Groundwater Protection - CFEB Chilliwack

As discussed in Section 2.0, groundwater flow in the Sardis-Vedder Aquifer is generally
directed in a radial pattern from the apex of the fan towards the distal portions of the
aquifer (Figure 6). The CFB Chilliwack property is located near the apex of the fan and
is therefore situated near the source of recharge for the production wells and much of the
aquifer (which has been classified as highly vulnerable). Because the Base lies within the
capture zones of existing production Wells 1, 2, 3 and the Chilliwack well, the proposed
production well (TW95-1), and the test well proposed for the comer of Peach and
Keith Wilson Roads, proper management of historical contamination and future land use
activities at the site is critical to the success of the groundwater protection plan.,

With regards to the historical contamination, the District should seek assurances from
DND that adequate steps have been taken to characterize and remediate contaminated
soils and groundwater associated with the Base during site decommissioning. DND
should be provided with the results of the capture zone analysis, and should contaminated
soils and groundwater be permitted to remain on the Base following decommissioning,
the District may wish to request that an environmental risk assessment be commissioned
by DND to assess the potential impact of this contamination on District water supplies.
In addition, the District should consider monitoring of groundwater quality downgradient
of the Base at the two locations (MW2 and MW4) as described in Sections 7.1.2 and

7.1.3.

Because of the critical position of the Base relative to groundwater flow and the high
valnerability of the area to groundwater contamination, it is recommended that future
land uses within the CFB Chilliwack property be restricted to those that pose a low risk to
groundwater in accordance with the rating scheme illustrated in Table 4. Land uses
considered appropriate for this area include recreation, civic use, low-density residential,
rural, rural residential, and suburban residential. Should moderate to very high risk land
uses be considered for this area, a significant number of controls would be required to
provide some degree of groundwater protectidn. Some examples of such controls are
presented in Section 7.3.1. At a minimum, gas stations, dry cleaning establishments, and
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other facilities that use hazardous substances should be prohibited from the
CFB Chilliwack property within areas corresponding to the one-year time of travel for the

production wells.

73  Recommendations for Aquifer Protection

7.3.1 Regional Land Use Strategies

Table 4 provides a rating of the relative risk various land use activities pose to
groundwater, The District may wish to consider these ratings relative to the results of the
vulnerability mapping (Figure 5) when developing proposed land use for the Future Plan,
Land uses that pose a low to moderate risk to groundwater (Table 4) are most appropriate
fur high vulnerability areas such as the Sardis-Vedder Aquifer. As shown in Figure 12,
based on the Official Community Plan (1990-2001) (OCP), a considerable proportion of
the proposed land use over the Sardis-Vedder Aguifer is considered of high risk to
groundwater. High risk land uses such as commercial and industrial development are
more suited to areas characterized by low groundwater vulnerability.

Given the intention of the District to develop additional drinking water supplies within
the Sardis-Vedder Aquifer and the high vulnerability of the aquifer to contamination,
further industrial development in the area of the Sardis-Vedder Aquifer is not advised.
Golder Associates concurs with the strategy of the OCP which called for promotion of
future industrial development in the Village West area. Based on our vulnerability
mapping, groundwater in the vicinity of Village West is considered to be relatively well-
protected from contamination due to the presence of relatively thick surface fines above
the Chilliwack-Rosedale Aquifer in that area. Further industrial development in the
Yarrow and Rosedale areas; however, as discussed in the OCP, should be subject to strict
controls due to the high and moderate groundwater vulnerability ratings (respectively) of
these areas. Provisions for the protection of existing, private community water wells in
the Yarrow area should also be considered when evaluating future industrial development
in that area. Should industrial development be considered for areas of high groundwater
vulnerability such as the Sardis Vedder Aquifer, the District may wish to conduct an
assessment to identify types of industry that pose a lower risk to groundwater. Permitted
industry should then be subject to design and operational controls (such as provisions for
closed systems) that reduce the potential for contaminant release to the environment.
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Further commercial development in the Sardis and Vedder areas should also be subject to
controls. For example, gas stations, drycleaning establishments and other facilities that
use hazardous substances should be required to develop best management plans with
provisions for secondary containment, monitoring and reporting.

Regardless of the controls that may be placed on industry and commercial facilities, the
presence of these operations in areas of high groundwater vulnerability would represent
some degree of risk. As an alternative, consideration could be given to relocating the
well field to another area (for example, closer to the Vedder River) where the capture
zones would not encompass areas of high-risk land use. The District may wish to
conduct a cost-benefit analysis to evaluate these two options.

Golder Associates concurs with the strategy of the OCP to encourage growth in the
uplands areas of the District rather than on the valley floor. As shown in Figure 5, the
uplands are characterized by relatively low groundwater vulnerability.

We understand that the District is expanding its sewer lines as additional resources
become available. The results of the vulnerability mapping should be considered when

identifying new areas for expansion.

7.3.2 Agricultural Issues

The regional contaminant inventory identified a number of potential environmental
concerns related to agricultural activities (Section 6.2.2). In the next section, several
protection measures are presented for consideration, most of which are aimed at limiting
the level of nitrate loading to the aquifers. It should be noted that to date, no information
is available conceming current levels of nutrient loading in the District of Chilliwack, or
the levels of nutrient loading that can be safely sustained without impacting groundwater.
The District may wish to conduct an assessment of nutrient loading to assist with the
development of groundwater protection strategies for agricultural land use.

Enforcement of the Code of Agricultural Practice

It appears that agricultural activities that pose the greatest risk to groundwater are those
that contravene the Code of Agricultural Practice. A significant degree of groundwater
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protection could be achieved by more effective enforcement of the Agriculture Waste
Control Regulation, The Code is currently enforced through a “peer inspection system”.
Due to staffing limitations, B.C. Environment does not carry out ongoing field
inspections but simply relies upon complaints from neighbouring farmers to enforce the
Code. The District of Chilliwack may wish to consider becoming invoived in field
inspection at a reconnaissance level to identify agricultural properties of potential
concern, with particular emphasis on properties located within capture zones and
vulnerable areas. The District could then work with peer advisory groups such as the
Agricultural Peer Advisory Service, the Horticultural Coalition, or Envirolert (operated
by the B.C. Cattleman’s Association) to resolve the concems. If the concerns cannot be
resolved by these agencies, the properties of concern could be reported to
B.C. Environment for enforcement of the Code in support of the Groundwater Protection
Plan.

Aerial Surveys

In the Abbotsford area, B.C. Environment has conducted aerial surveys during the winter
months to identify uncovered manure stockpiles. We understand that no further flights
are scheduled due to government cut backs. The District may wish to consider financing
an aerial survey, perhaps on an annual basis, to identify sites of concern.

Control of Livestock Densities/Removal of Wastes

In addition to working with peer advisory groups and B.C. Environment to assist with
enforcement of the Code, there are a number of other protection measures related to
agricultural land use the District may wish to implement. Consideration could be given
to controlling livestock densities on new and expanding farms to ensure that the available
land base is adequate to accommodate the resultant wastes. In cases where the existing
land base is insufficient to accommodate the wastes, consideration should be given to
trucking excess wastes off-site, particularly from capture zones and vulnerable areas of
the aquifer. We understand that in the Abbotsford area, where significant groundwater
contamination due to nitrates been identified, approximately 10 % of animal wastes are
trucked off the aquifer and used to supplement nutrient-deficient soils in Delta.
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Waste [.agoons and Pits

Consideration should also be given to the prohibition of earthen lagoons and pits. A
building permit should be required for construction of waste lagoons, with requirements
that the lagoons be propetly engineered, lined, and have a storage capacity of at least six
months.

Waste Management Plans

Consideration could also be given to requiring all new and expanding farms to prepare a
Waste Management Plan. Farmers on existing farms should also be encouraged to
develop such a plan. According to a report on the “Management of Agricultural Wastes
in the Lower Fraser Valley” issued by the Management of Agricultural Wastes in the
Lower Fraser Valley Program Steering Committee in March, 1997, a Waste Management
Plan should consist of the following elements:

nutrient handling nutrient handling and utilization;
manure storage;

off-farm movement of manure if required;
reduction of manure nutrients on the farm;
riparian area management; and

conservation farming techniques.

Education and Awareness

One of the most important means of groundwater protection related to the agricultural
industry is education and awareness. Farmers should be made aware of the risk that
improper farm practices pose to groundwater quality, the relative vulnerability of the
aquifer beneath their properties, best management practices and alternative technologies.

Prior to implementation of the protection measures outlined above, the District may wish
to engage in dialogue with the appropriate regulatory authorities (FVRD,
B.C. Environment, the B.C. Ministry of Agriculture), the Agricultural Peer Advisory
Council, the Horticultural  Coalition, Envirolert — (managed by the
Cattleman’s Association) and stakeholder groups such as the East Chilliwack Dairy
Association, and the Poultry and Hog Associations.
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7.3.3 Public Education/Septic System Maintenance/Hazardous Waste Collection

Several of the recommendations presented for wellhead protection in Section 7.1 could be
implemented in areas of high vulnerability or across the entire District to achieve some
level of aquifer protection. Specifically, the recommendations regarding public
education, septic system maintenance and hazardous waste collection could be

implemented across the entire District.

7.3.4 Soak-Away-Pits/Exfiltration Wells

Concerns over the use of soak-away-pits/exfiltration wells in the Sardis-Vedder aquifer
were raised in Section 6.2.4. Consideration could be given to the incorporation of passive
treatment systems (wetlands/swales) for metal and oil removal prior to discharge.

7.3.5 Private Water Wells

Consideration should be given to conducting a comprehensive water well inventory of the
District to identify active and inactive wells. In particular, the inventory should identify
community water wells (servicing private waterworks facilities and Indian Reserves) and
large capacity wells that may require protection. Consideration should be given to
distributing information brochures concerning wellhead protection to private well owners
as discussed in Section 7.1.2. Based on the results of the inventory, improperly
abandoned water wells should be grouted to prevent them from serving as conduits for
the subsurface migration of contaminants.

7.3.6 Landfilling and Dumping

Continued groundwater monitoring and assessment should be carried out at the
Bailey Landfill to monitor the effectiveness of the leachate collection system. - The
District may wish to consider engaging in dialogue with the Tzeachten Indian Reserve to
inform them that their reserve is located in an area of high vulnerability and to seek
assurances that no further dumping in this area will occur.
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74  Implementation

The District may wish to consider forming a groundwater protection committee to assist
with the development and implement of the Groundwater Protection Plan. The
committee may consist of District staff, provincial and federal government
representatives and stakeholder groups such as private water purveyors, Because
groundwater protection involves a range of issues such as USTs, septic systems,
agriculture and contaminated sites, cooperation and commitment amongst the various
regulatory authorities is essential to the success of the plan.

Requests for information concerning groundwater use by community waterworks
facilities located outside of the area serviced by the District were made to the
Ministry of Health; however, this information was not received prior to issuing of this
report. Once these water purveyors are identified, consideration should be given to
inviting them to participate in the development of the Groundwater Protection Plan.

Because the development of groundwater supplies by the District will be ongoing over
the next few years, the Groundwater Protection Plan must be adapted to address changing
conditions. Specifically, capture zones for production wells should be re-evaluated once
future pumping rates are confirmed and additional production wells are developed.
Consideration should be given in the future to revising the groundwater flow model to
incorporate seasonal variations in recharge, precipitation and stage of the Fraser River
and Vedder River. Based on this revised groundwater flow model, capture zones could
be delineated for both high and low seasonal pumping conditions. Similarly, a re-
inventory should be conducted every two years to identify new contaminant sources.

As part of the Groundwater Protection Plan, provisions should be also made for
groundwater monitoring and contingency planning. Groundwater monitoring
(Section 8.0) provides early warning of impending water quality problems and a means of
assessing the success of the plan. A contingency plan (Section 9.0) identifies measures
that should be implemented to protect groundwater in the event of a spill or an accident
and identifies alternative water supplies in the event of a short-term or long-term

interruption in the supply.
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8.0 GROUNDWATER MONITORING PLAN
8.1 Introduction

Groundwater monitoring represents an essential part of groundwater protection. It
provides early warning of impending water quality problems and a means of assessing the
success of the Groundwater Protection Plan. We understand that groundwater monitoring
currently conducted by the District consists of sampling of Wells 1, 2, 3,4 and S on a
regular basis for physical parameters, dissolved anions, selected total and dissolved
metals and bacteriological parameters, Sampling for volatile organic compounds
(VOCs), total extractable hydrocarbons (TEH), herbicides, pesticides and a
comprehensive suite of metals is conducted on an occasional basis at the water supply

wells and one monitoring well (MW3),
8.2  Groundwater Monitoring at Existing and Proposed Monitoring Wells

Based on the results of the contaminant inventory, a number of recommendations were
made for groundwater monitoring in the vicinity of the District wells (Section 7.1).
Where possible, existing groundwater monitoring wells were recommended for use.
However, in some areas, the installation of additional groundwater monitoring wells was
recommended. Locations of proposed and existing groundwater monitoring wells are
shown for each capture zone in Figures 13, 17 and 19 and summarized for the District in
Figure 21. A summary of the proposed sampling program for the monitoring wells is
provided below:
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District Water Monitoring Analysis Sampling
Well Well Frequency
Wells 1 &2 MW2 physical parameters annual
(existing) dissolved anions
dissolved metals
VOCs
TEH
PAHs
Wells 1 &2 MW3 physical parameters 3 months
(existing) dissolved anions
dissolved metals
VOCs
TEH
biological constituents
pesticides & herbicides 6 months
Well 3 MW4 physical parameters 3 months
(proposed) dissolved anions
dissolved metals
TEH
VOCs 6 months
PAHs
TW95-1 MW5 VOCs 6 months
(proposed)
TW95-1 MW6, MW7 TEH monthly
(proposed) BTEX
dissolved metals 3 months
VOCs
TW95-1 MW8 TEH 3 months
(proposed) BTEX
dissolved metals 6 months
VOCs
Well 4 OW95-2 physical parameters 3 months
(existing) dissolved anions
biological constituents
dissolved metals annual
VOCs

Golder Associates




November 4, 1997 -77 - 972-1846

District Water Monitoring Analysis Sampling
Well Well Frequency
Well 4 MW9 dissolved metals annual
(proposed) VOCs
TEH
Well 5 OW95-3 physical parameters 3 months
(existing) dissolved anions
dissolved metals
VOCs
TEH
pesticides & herbicides annual

Note:  VOCs = volatile organic compounds
TEH = total extractable hydrocarbons
PAH = polycyclic aromatic hydrocarbons

A list of chemical constituents for each type of analysis is presented in Table 5.

8.3  Groundwater Monitoring at District Water Supply Wells

In addition to sampling at the monitoring well locations, a proposed groundwater
monitoring program for the District water supply Wells 1, 2, 3, 4, 5 along with the CFB
well and TW95-1 has been developed. In summary, the following groundwater
monitoring program is proposed:

1. Quarterly monitoring for the following constituents:
J physical parameters
° dissolved anions
J total and dissolved metals
o biological constituents

2. Annual monitoring the following parameters:
° TEH
VOCs
o pesticides and herbicides
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In addition, as discussed in Section 7.1, consideration should be given to sampling of
Well 3 for a comprehensive suite of biological pathogens to assess the potential impact of
buried bio-medical waste (if present) near the wellhead.

8.4 Recommended Sampling Procedures

8.4.1 Groundwater Monitoring Wells

Well Purging

Groundwater monitoring wells should be purged prior to sampling to remove stagnant
water and ensure the collection of a representative groundwater sample. At each
monitoring well location, both purging and sampling should be carried out using
dedicated Waterra™ foot valves and dedicated lengths of polyethylene tubing.

At least three well volumes should be removed prior to sampling. A well volume is
defined as the total amount of water within the monitoring well pipe from the static water
level to the bottom of the well pipe. One well volume can thus be calculated based on the
following formula:

7 x P X (B-W) x 1000 = volume of water in well (litres)

Where B = depth to bottom of casing (m), W = depth to water in casing (m), and r = the
internal radius of the well (m). The well volume should be calculated prior to each
sampling event by measuring the depth of the water level in the well using an electronic
water level probe. Care must be taken to clean the water level probe between monitoring
wells to ensure cross-contamination does not occur. Cleaning consists of washing the
probe and tape with soapy water, rinsing with warm water and a final rinsing with

distilled water.

Field measurements of pH, specific conductivity and temperature should be taken
periodically during the purging process to monitor the groundwater chemistry. Purging
should be continued until the field indicator parameters appear to stabilize or until a total
of 10 well volumes have been removed (which ever comes first).
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Care must be taken to ensure the Waterra™ foot valves and polyethylene tubing do not
come into contact with the ground surface or other potential sources of contamination
during purging and sampling. Latex gloves must be worn at all times when handling the
tubing and replaced between sampling locations. Should the tubing be temporarily
removed from the well, a clean ground sheet should be used to ensure the tubing does not
contact the ground surface. Water samples should not be exposed to tobacco smoke or
vehicle exhaust.

Groundwater Sampling

Groundwater samples should be collected in clean containers provided by the analytical
laboratory. The type and number of sampling containers and preservatives (if required)
for each set of analysis will be specified by the laboratory.

For monitoring wells where VOC sampling is required, VOC samples should be collected
in duplicate prior to other the constituents. VOC samples are collected in glass vials
fitted with Teflon-coated rubber septas. The vials should be filled until the water mounds
on top of the rim and then the cap should be placed on gently. After collection, vials
should be carefully examined for the presence of trapped air bubbles. Any samples found
to contain trapped air should be re-collected.

Water samples for dissolved metals analysis should be passed through a disposable, in-
line 0.45 um filter and pumped directly into laboratory-supplied plastic bottles containing
nitric acid preservative. A new filter should be used for each sampling location.

In order to assess and validate the quality of the laboratory analysis, one duplicate sample
should be collected for every ten samples and submitted to the laboratory as a blind
duplicate. In addition, a travel blank consisting of deionized water (prepared by the
laboratory) should be submitted for quality assurance for VOC analyses.

Sample Storage and Shipping

Groundwater samples should be labelled clearly with an indelible marker. Labels should
include sample identification, date and time collected, sampler, project descriptor,
parameter to be analyzed and preservative (if added). Immediately following collection,
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sample bottles should be transferred to a cooler containing freezer gel packs and
maintained at 4 degrees Celsius. Samples should be shipped to the laboratory under
chain of custody (forms provided by the laboratory upon request) within 24 hours
collection. The analytical laboratory should be advised of the sample delivery in advance
to ensure analysis within the allowed holding time.

8.4.2 District Water Supply Wells

Groundwater samples should be collected from the District water supply wells using the
same protocols outlined above. To assess the water quality of the individual wells, the
groundwater samples should be taken at the well heads rather than at some location down
the distribution line. The samples should be taken after a period of sustained pumping to

ensure collection of representative samples.
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9.0 CONTINGENCY PLAN

9.1 Introduction

The goal of wellhead protection is to prevent the contamination of underground drinking
water supplies. Even under the best prevention plans, contamination may occur. When
this happens, a contingency plan directing a coordinated and timely response is an
effective tool for assuring a continued supply of potable water.

Periodic emergencies or disruptions may occur due to natural disasters, chemical
contamination, and physical disruption. These threaten the supply and distribution of
public drinking water supplies to some degree; ranging from a few hours of disruption to
contamination of an entire water supply source. The objective of this contingency plan is
to minimize the impact of disruption, primarily related to chemical contamination of
groundwater, on the public, and restore the water supply service to the District through
improved response capabilities and enhanced public education.

The objectives of the Contingency Plan include:

o Document existing well capacities;
. Consider potential conditions resulting in loss of the water supply;
® Describe prevention and emergency procedures for response to aquifer

contamination in the capture zone; and

® Identify potential alternate water sources to meet Chilliwack’s needs if one or
more wells are contaminated or otherwise removed from service.

9.1.1 Existing Emergency Plans

The Chilliwack Emergency Plan, last revised in March 1997, has a stated purpose to
assign responsibilities for the preparation for, response to, and recovery from emergencies
and disasters. The Emergency Plan does not address specific utilities concerns such as
loss of water supply. The Emergency Plan sets up a general Incident Command Structure
with assigned responsibilities but does not consider incident scenarios.
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The District of Chilliwack has a Waterworks Emergency Response Plan (the
“Waterworks ERP™), prepared March 1995 and last revised August 1995, both by Stanley
Associates Engineering Ltd. The Waterworks ERP primarily considers the downstream
portion of the water supply system, that portion which follows pumping or collection:
disinfection with chlorine gas for surface water; contamination of the distribution system;
loss of a source; watermain breaks; major fire flow conditions; and terrorist threat. The
Waterworks ERP also provides a brief consideration of the potential for chemical
contamination of the groundwater near one or more of the wells or of the surface water in
one of the lake sources.

9.1.2 Existing Well Conditions

The existing well conditions and water supply rates are described in Section 3 of this
report. In summary, the capacity of each water source is:

Well or Surface Present Average | Ultimate Capacity | Depth to Water
Water Source Capacity (L/s) (L/s) Table (m)
Wells #1 & #2 79 150 8

Well #3 41 100 11
Well #4 37 70 less than 4
Well #5 20 70 less than 4
Dunville-Nevin 70 70 Surface
Intakes
Elk Creek Intake 40 40 Surface
Total 287 L/s 500 L/s

9.2  Potential Conditions Resulting in Loss of Water Supply

There are a number of conditions that potentially could lead to the loss or contamination
of the water supply. Some of the most likely conditions include:

° Earthquake - power loss, distribution line breaks (especially at crossings), well
house building damage, reservoir damage, efc.;

° Power outage — loss of regional power or local power supply disruption;
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) Flooding — Fraser River or Vedder River inundation of well house and loss of
power or contamination of water supply;

° Fire — at well house;

® Chlorine leak - for surface water sources only;

. Contaminated source (chemical) — spills, leaks from underground or aboveground
storage tanks, leaks from processes, infiltration of nitrates from agricultural
fertilization practices;

. Contaminated source (biological) —~ contamination of surface water by persons or
animals, contamination of groundwater from septic fields, agricultural manure
spreading operations;

® Water main break — due to corrosion, impact, earthquake;

) Vandalism; and

. Explosion/bomb — terrorist activity, build-up of methane from natural sources,
accident,

Where the condition is physical (e.g., water main break) the corrective action is both
straightforward and part of the normal activities of the Public Works crews, Where other
conditions are present, such as contamination due to a leaking underground storage tank
at a gas station, a greater variety of approaches is possible with some being significantly
more costly and risky than others. In those cases a planned approach is required and may
require involvement from contaminant hydrogeologists.

A further consideration with respect to events such as earthquakes is that a number of
incidents may occur simultaneously. The responsibility of the Emergency Operations
personnel is to rank the incidents in terms of priority. For the purposes of this plan, when
contamination of soil or groundwater is being ranked, the Capture Zones should be the

first priority.
Contaminated Groundwater Response (Unknown Source)

Contamination may be detected in the groundwater without knowledge of a spill or
source. In the event that contamination is detected in the groundwater, the initial

Golder Associates




November 4, 1997 -84 . 972.1846

response will be to shut down all wells until the water supply that is the source of the
contaminants is isolated. At that time, the contaminated well can be shut down and the
other wells can be reactivated to flush the water system. The response, once the source
well is known, is to investigate the cause and make the necessary remedial actions as

discussed below.

9.3  Preventing Contamination - First Response
9.3.1 Spill Responsibility

The Chilliwack Fire Department has the lead role for response to a spill involving an
accident, associated with a fire, or similar incidents. Where material is spilled in the
course of business, the commercial or industrial party responsible for care and control of
the material prior to the spill has responsibility for reporting and remedying the spill
under the B.C. Waste Management Act, Spill Reporting Regulation'. However, the
Chilliwack Fire Department would likely be called to the site of a large spill at a business.
Responsibility for remediation of historical releases of contaminants is described in the
Contaminated Sites Regulation® and generally falls to the person who caused the release.

9.3.2 Recognition of Spill in Capture Zone

The Capture Zone for each groundwater well is indicated in Figure 7. There are four
Capture Zone lines on the map, indicating the 60-day, one year, five year and total
capture zone. The zones represent the time it takes water to get to the well under average
hydraulic and pumping conditions. All parties potentially involved in a spill clean-up
within a Capture Zone, must recognize that a spill in the Capture Zone may not only
represent an immediate danger to persons in the area, but also an immediate danger to
persons consuming water. The Capture Zones for each water source should be noted on
the Fire Department reference maps and the Chilliwack Emergency Plan. For spills in the
Capture Zones of the wells, response personnel must consider that there is a unseen
receptor beneath the ground surface that must also be protected. Withoutr specific
education on the need to protect the groundwater resource, it is unlikely that response

personnel will take the necessary steps to protect it adequately.

! Spill Reporting Regulation, B.C. Reg. 263/90 pursuant to the Waste Management Act.
? Contaminated Sites Regulation, B.C. Reg. 375/96, pursuant to the Waste Management Act.
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At Wells #1, #2, and #3, the surficial geology from the ground surface to the top of the
groundwater consists primarily of sands and gravels. There is little impediment to a spill
reaching the groundwater within a relatively short time and a spill, once in the soil, would
be difficult to contain. Wells #4 and #5 have some protection due to the presence of silty
soils above the groundwater level, but this only provides a slightly longer time allowance
for remediation, not contaminant protection. In addition, the hydraulic conditions near
Wells #4 and #5 result in a much larger capture zone.

9.3.3 Spill Response Inside Capture Zones

Spill response within a Capture Zone requires recognition that use of material that is
mobile or increases the mobility of the spilled material in the ground (e.g., water), will
increase the risk of groundwater contamination. Where possible, every effort should be
made to contain and collect a spill, not disperse it. Spill response depends on a number of
factors relating to site-specific conditions, the material spilled, weather, available
resources, etc. For groundwater protection, the most significant difference is between
liquid and solid materials and these are discussed separately below.

Liguids

If a liquid spill of a Dangerous Good’ in quantities greater than about 5,000 litres occurs
within a 60-day Capture Zone, the associated groundwater well(s) should be shut down
immediately, pending further assessment of the conditions and the adequacy of the spill
response. A spill of a Dangerous Good within 10 metres of the wellhead with a volume
greater than about 100 litres should also result in a shut down of the well.

If the product spilled is either flammable or immediately dangerous to life or health, it is
preferable to use foam to decrease the immediate risk, if appropriate. The foam can
reduce the fire risk and the mixture of spilled product and foam can then be vacuumed up
with a suction truck. Certain fire fighting foams contain toxic chemicals that may
contaminate the groundwater supply if allowed to disperse in the ground. The Fire
Department should evaluate their foam used and consider non-toxic alternatives if toxic
foams are used. When foam is used within a Capture Zone it should be vacuumed up to

limit the risk of groundwater impact.

3 A Dangerous Good is defined in the Canadian Transport of Dangerous Goods Act and Regulation.
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If the product spilled is non-flammable, not immediately dangerous to life and health, and
provided an exclusion zone can be maintained around the area, then other recovery
methods should be considered. Because of the nature of the soils in the well areas, action
to contain the material is likely required within hours if the groundwater supply is to be

preserved.

Some of the methods for recovery of liquids spilled to the ground include the following.
Other methods are available and the Fire Department personnel in charge of Hazardous
Materials response should have a copy of a HazMat response manual to aid with selection

of a response method.

Berming and pumping — berms of soil, absorbent, or other material are placed around the
spill to limit its lateral spread on the ground surface. The liquid is pumped from the
containment area into tankage as soon as possible,

Requires berm material, pump with screen, and drums or other containers.

Interception trenches — a trench dug through and around the spill area to below the liquid
level in the soil. A pump or pumper truck is used to pump the recovered liquid into a

suitable storage vessel.

Requires an excavator, sump pump with screen, and tankage. Note, in the area near
Wells #4 and #5, a silt layer overlies the aquifer, a trench should not be dug through this
layer without first consulting 2 Contaminant Hydrogeologist.

Product recovery wells — well points advanced into and around the spill zone to capture
the liquid contaminant and pump it to suitable containers. Beneficial when the product

has reached depths not readily accessible by an excavator.
Requires a groundwater drill rig, groundwater well supplies, pump, and tankage. Note,

in the area near Wells #4 and #35, a silt layer overlies the aquifer, a well should not be
drilled through this layer without first consulting a Contaminant Hydrogeologist.
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Mass excavation — the entire spill area is excavated using characteristics of the
contaminant (e.g., odour, colour, pH) to guide the extent of the excavation. Appropriate
when the spill volume is not very large and the excavation can proceed faster than the
infiltration of the liguid.

Requires an excavator, liner material for placement of excavated soil, dump trucks for
soil removal, location to take the soil, sorbents and other liquid collection equipment for

liquid draining from soil.

When the majority of the spilled liquid has been recovered, the soil that is contaminated
with the liquid will require treatment. The type of treatment will depend on a number of
factors. If there is no significant contaminant mobilization condition likely to occur in
the near future (e.g., heavy rainfall, fire suppression water intrusion), the treatment of
contaminated soil does not need to proceed immediately and should await expert advice.

The Chilliwack Emergency Plan requires an update to include the names of equipment
operators for spill response. In addition, the names of companies specializing in
hazardous materials handling should be included. The equipment types should include,
as a minimum, excavators, drillers, pump/vacuum trucks, dump trucks, potable water
tankers, well suppliers, absorbent suppliers, portable water treatment plants, etc.

All spill response must be conducted by appropriately trained and equipped personnel or
contractors. Knowledge of the appropriate level of person protective equipment is
essential. Hazards associated with Dangerous Goods are compiled in the North American

Emergency Response Guidebook.

Solids or Sludges

Spilled solids do not normally pose an immediate risk to the groundwater supply,
provided there is no mobilization condition present (e.g., heavy rainfall, fire suppression
water intrusion). Spilled solids or sludges should be removed as soon as possible, before
a mobilizing condition is present. In the interim, the material should be covered with a
waterproof cover to limit rainwater infiltration. If the material is fine grained, wet or very
hazardous, the upper layer of soil beneath the spill area should also be removed. The
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extent of removal of such soils can be assessed in consultation with environmental

professionals.
Requires an excavator or loader, containers or dump trucks, and a disposal location.

Contaminated Groundwater Response (Unknown Source)

Contamination may be detected in the groundwater without knowledge of a spill or
source. In the event that contamination is detected in the groundwater, the initial
response will be to shut down all wells until the water supply that is the source of the
contaminants is isolated. At that time, the contaminated well can be shut down and the
other wells can be reactivated to flush the water system. The response, once the source
well is known, is to investigate the cause and make the necessary remedial actions as

discussed below.
9.3.4 Spill Response Outside of Capture Zones

Normal spill clean-up can be used when spills occur outside of a Capture Zone and
remediation can be planned for a longer term than for spills within a Capture Zone.
Because of the cost of remediating contaminated soil, all efforts should be made at
recovery as soon as possible after the spill. However, due to biological and physical
attenuation of hydrocarbons (e.g., gasoline, diesel) dispersion methods of fire control of
highly flammable substances are less likely to result in contamination of existing wells if
it is introduced beyond the capture zone. The impacts of any spill and the response to it
should be assessed in the follow-up phase.

9.4  Preventing Contamination - follow-up phase

Once a spill has occurred and initial clean-up completed or a historical spill has been
determined, an evaluation of the safety of the water supply needs to be initiated. If the
water supply is potentially jeopardized, additional mitigation measures may be required.

9.4.1 Ongoing Incident Assessment

After initial response procedures have begun, evaluation of the situation for short-term
and long-term impacts must commence. Those questions requiring answers may be:
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° What is the current status of the water supply?

o What is the current status of the response effort?

° How long and what will it take to return the system to normal operations?

® Do the response efforts need to be changed or should new activities be initiated?

The District should be considering these questions and including the Chief Medical
Health Officer in assessing the status of the water supply. The answers may change
throughout the response effort; therefore, these questions should be asked periodically.
Depending on the answer, the District may wish to develop alternative response

strategies, such as:

® Is there a need to implement water restrictions? To advance to the next stage of
restrictions?
o Do the residents need to boil water before drinking? Should the existing boil

water requirements be lifted?

9.4.2 Assessment of Time-To-Impact

Where a spill has occurred within a Total Capture Zone, monitoring of the spill and its
effect on the well should be commenced. A minimum of three groundwater monitoring
wells should also be installed and monitored: two (to be installed after the spill) at the
spill site between the wellhead and the spill; and one at the 60 day Capture Zone line
between the spill site and the welthead. The monitoring frequency should be assessed in
consultation with a contaminant hydrogeologist. The wells are recommended at the 60-
day line, as analyses for most parameters require a minimum of one week and certain
parameters may require four weeks. Typically, a confirmatory sample would be desirable
prior to discontinuing use of the well; hence the need for 8 weeks for analyses, plus

decision time.

9.4.3 Mitigation Measures

If contaminants are detected in the groundwater within a Total Capture Zone, some
mitigation measures are possible, as described below. The selection of a mitigation
measure will depend on the specific contaminant and the nature and extent of the release.
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To ensure the most appropriate measure is selected, a contaminant hydrogeologist and/or
a remediation engineer should be consulted.

Stop pumping from the well head - this will change the hydraulic gradient and, therefore,
the groundwater velocity. Both the speed of groundwater movement and the direction
will change if the pump is stopped. This will provide additional time for treatment or
removal of the contaminants before they reach the well head.

Install groundwater pump and treat wells between the source and the well head — these
wells would extract the water in their vicinity, upgradient of the well head. The water
pumped from the recovery wells would be run through an appropriate treatment train to
remove the contaminants and, likely, reinjected into the ground. Groundwater pump and
treat systems typically have very long terms of operation and it may be more cost

effective to drill a new well.

In situ treatment of contaminated soil and groundwater — depending on the contaminant,
it may be possible to install an in situ treatment technology that removes the
contaminants from the water without having to pump water. For example, for a gasoline
spill, air sparging into the groundwater and soil vapour extraction of the overlying soils is

a proven method of removing the hydrocarbons.

Well head treatment — may be used as a polishing step or as the treatment method if
significant assurance of treatment can be provided. A typical polishing step would be to
pass the groundwater through a series of activated carbon filters to remove traces of
hydrocarbons. Significant safeguards are required in such a system as a failure in the
system could lead to contamination of all the water in the reservoirs and the distribution

network.
944 Procedures for Non-Contamination Events

Natural causes, ranging from lightning and storms to floods, volcanic eruptions, and
earthquakes, may result in telephone or power outages, structural failure of facilities, or
pipeline breaks. These events are likely to affect supply for individual wells but the
solutions to the issues relating to an individual well are relatively straightforward. For
example, if power is lost to the wellhead due to an earthquake (the well itself is likely to
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survive but the power to the well or the building at surface may be damaged), resumption
of power can be readily facilitated by bringing a generator to the site. Well #3 is already
equipped with a stand-by generator but provisions for fuelling of the generator following
a seismic event should be considered.

An earthquake could also damage distribution lines and water trucks would be required to
haul water from the well head to the users, provided roads were useable. The District
may consider methods of installing temporary water supply lines for emergency water
supply around damaged areas.

Following a seismic event, there may be multiple breaks in water lines. To respond to
this type of event, the District must have the facilities and plan in place to allow isolation
of critical water lines for their expeditious repair. Less critical lines will require
inspection and repair and should be isolated from the main lines until this can be
completed. Leaking lines are potential sources of bacteriological contamination,
especially if the pressure through the system is not at optimum due to numerous leaks.
The District, as part of Emergency Planning must develop a ranking of critical water
distribution lines to assess the repair priority.

In the event of an earthquake or similar event that disrupts distribution lines, the surface
water sources may become more important. It is easier to establish portable, self-
powered equipment at a lake for surface water removal than it is to fix a distribution line,
If Chilliwack removes the surface water intakes from use, the facilities should be
mothballed, not decommissioned, to allow faster reactivation during an emergency.

Acts of terrorism or vandalism could affect any part of the system. While physical
damage to a system will likely be detectable, an act of terrorism involving contamination
of the water supply may be difficult to detect — either the presence in the water or the
location of the contaminant source. In such cases, upon detection, immediate
discontinuance of pumping and provision of an alternative water supply may be required.

Flooding may affect a well by introduction of flood water contaminants into the well
casing. Flood protection should be provided for each well house and provisions for
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groundwater chlorination should be available. At present, groundwater is not chlorinated
in the District.

9.4.5 Spill Recording

Because Chilliwack’s water supply requirements are expected to increase over time,
additional wells will likely be required. Therefore, a record of all spills to the ground
should be maintained, preferably in a GIS format with the information on the spill
included in the GIS database. When a new well is considered, the surrounding area can be
evaluated for potential contaminant sources including the spill history provided in the
GIS database and the BC Environment Site Registry*.

9.4.6 Resources

Emergency Response Plan

The District of Chilliwack Emergency Plan should include a map showing the capture
zone for each drinking water well. Because of the long-term risk of damage, special
procedures should be included for incident response in the Capture Zones. The activation
of the Emergency Plan will likely include requirements on the water system.

Logistical Support Resources

Key to the contingency planning process is assuring that proper personnel, equipment,
and technical resources are available in case of a water supply disruption. The call-out
roster in the Waterworks Emergency Plan needs to explicitly identify personnel who can
facilitate securing of required equipment in a timely fashion, co-ordination, financial

approvals, efc.
Personnel and Technical Resources

The Waterworks Plan should contain an Emergency Call Rosier, Personnel List and
Employee Experience Table. These need to be updated quarterly and distributed to

4 The Site Registry is a database maintained by BC Environment for the purposes of listing sites that have
been assessed with respect to contamination status. Access to the Site Registry is available through BC

Online.
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Emergency Dispatch, Police, Fire and Parks Departments, and all divisions of Chilliwack
Public Works.

Equipment and Materials Resources

In the event of an emergency, the District has a Mutual Aid agreement with the City of
Abbotsford for emergency assistance. Available water treatment equipment by location,
rolling stock and rental equipment at nearby suppliers should be kept on a database at the
District. Name and phone number of qualified operators of the respective equipment
should be placed in an Employee Experience Table.

Other Resources

The District maintains a complete spare parts inventory for the ongoing maintenance and
operation of the water system. In the event of a disruption the District has no water
wagons in their fleet and external contractors would be required. For hazardous
conditions and spill response, the Fire Department will be called upon to respond. Due to
the agricultural and light industrial nature of the District, there are nearby machine shops,
pump repair and electrical repair facilities within the District and in the adjoining

communities,
Financial Resources

Procuring alternative water supplies, especially on an emergency basis, can be costly.
The level of funding necessary to meet these needs must be reviewed not only for
response to specific incidents, but also with the costs attributed to maintaining and
updating the District’s Contingency Plan.

Public Communications/Community Relations

It is important for the District to maintain effective communication with the public before
and after a supply disruption incident. This will minimize confusion and frustration and
potentially lead to the public’s cooperation in response implementation. An individual or
position needs to be identified as the Public Communications Officer.
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For day-to-day incidents the Administration Office will contact the media. For
emergency or accidents, the Director of Public Works may delegate incident response to
the appropriate division heads. The persons to be contacted are listed in the Waterworks

Plan.
9.5  Water Supply loss impact and Replacement Alternatives

The two major issues with respect to loss of a supply source are alternate supplies — both
short and long-term — and delivery method. In tandem with these supply alternatives,
imposed conservation measures are the most common method of reducing demand. The
following sections provide alternatives and considerations for short and long-term supply,
alternate water delivery systems, and conservation.

9.5.1 Short Term Supply

In general, the categories of short term alternative water supplies are:

. Supply from within the system;
° Supply from outside the system; and

. Water supply treatment.

More than one of these options may be employed depending on the nature of the
disruption and the specific characteristics of the water supply system. Not all options
work for each situation. It is also important to point out that the option may also be
dependent upon the season in which the disruption occurs. For example, tank trucks may
not be viable in the winter due to freezing conditions. These options are discussed in

more detail below.

Supply From Within The Svstem

There are a variety of methods of obtaining additional supply from the system should one

or more wells need to be removed from service.

Additional wellhead capacity — as indicated in the Introduction to the Contingency Plan,
each of the wells can produce more water than at present by increasing the pumping
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frequency. While a significant increase in short term capacity is known to be available,
the duration that higher flow rates can be sustained requires additional investigation. It is
important to consider that if a well is contaminated and, therefore shut down but other
wells in the vicinity are drawn down at a faster rate, this will affect the hydraulic
gradients and the capture zones. This is especially important to consider in the Sardis

area.

Additional surface water and treatment plant capacity — at the surface water intakes, there

may be additional water available (possibly depending on the season) and treatment
capacity to increase the flow from these sources. Consideration must be given to the
maximum amount of water that may be drawn from these sources under the terms of the

Water License.

Excess capacity — the present system is designed to maintain a certain residual volume of
water in the reservoirs for fire water. In extreme circumstances, this supply could be

drawn down.

Supply From Outside The System

Alternate Groundwater Sources - within the District are a number of established wells
that are not part of the existing water supply system. These wells could be connected to
the system to provide additional capacity. The CFB Chilliwack production well is
already tied into the water distribution system and can provide additional supply on
demand. There are a number of concerns that need to be addressed prior to connecting a

different well to the system and may include:

® Presence of nitrates and/or faecal coliforms in many areas, primarily associated
with intensive agriculture;

° High levels of iron in wells near the Fraser River (e.g., Wells #4 and #5) may
impart either objectionable levels of iron to the water or may require treatment for

iron removal; and

e Potential presence of hydrocarbons and other contaminants in wells at and
adjacent to CFB Chilliwack.
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Interties with other Districts or Municipalities — in the course of extending the water
distribution network, connections with other water supply districts should be considered.
These connections can be used to increase the water supply in the District.

Bottled Water — may be used to deliver clean drinking water to a wide variety of
locations. Recent bacteriological outbreaks in community water systems have led to
increased use (and therefore availability) of commercially bottled water. Where the entire
water supply system is contaminated, bottled water may be the only viable method of
distributing clean drinking water.

Treated Wastewater — may be made available for outside irrigation of parks, schools, golf
courses and other land application uses of water. Contamination of an aquifer may not
only affect the District’s water supply, but also agricultural users who draw water from
the same aquifer. Provision of treated water, delivered by tanker truck may provide the
necessary water supply to ensure a crop is not lost. Application of wastewater to food
crops should only be conducted in consultation with the Chief Medical Health Officer.

Water Supply Treatment

Where a water supply source has been contaminated, a short-term method of restoring the
supply may be to add a package water treatment unit at the wellhead, reservoir, or point
of use. For certain contaminants this is a reasonable alternative but there may be
significant delays in establishing a reliable water treatment system at the wellhead or
reservoir, given the volume of water to be treated. The only point-of-use treatment

normally considered is boiling of water.

9.5.2 Long-Term Replacement Alternatives

Long-term water replacement is different from emergency and short-term options in two
ways: 1) the amount of time to evaluate is longer allowing for more analysis and future
needs evaluation prior to a decision being made; and 2) the viable alternative range is
larger. Once the District has implemented an interim source, they may evaluate
replacement options that are more capital intensive and take longer to implement.

The following actions would be required in implementation of a long-term solution.
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e Intensive investigation to determine the type, extent and source of the
contamination. The expected duration of the contamination event should be
estimated.

® Develop remediation alternatives for type, extent and expected duration of the

contamination. Remediation alternatives may include: additional treatment in-
system for removal of the contamination; or complete abandonment of the wells
and commissioning of wells in new areas or expansion of surface water uses.

. Investigate interconnections with the surrounding communities as interim
solutions to providing additional domestic water supply.

. Identify sources of financial funds to be used in implementation of the selected
remediation alternative.

° Minimize the period required for construction of the selected remediation
alternative through consideration of the following:

. design/build selection of consultant/contractor;

. pre-purchase equipment;

° time and material contractor selection; and/or

° initiate construction prior to consultant completing design.

9.5.3 Water Distribution

In addition to the supply sources, the delivery method may need consideration if either
the source is remote to the system or the distribution system is damaged in an area.
Alternative delivery methods include the following:

© Tanker trucks;

° Bottled water; and

° Temporary pipelines.
Tanker Trucks

Although tanker trucks may be units specifically designed for hauling water, a larger
supply of appropriate tankers may be available in the area through use of milk tankers.
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These units would require cleaning prior to use but would provide a food grade container
for hauling relatively large volumes of water, During the course of use for potable water
supply, the tankers should not be used for any other purpose unless they can be
demonstrated, to the satisfaction of the Chief Medical Health Officer, to be free of
contaminants.

Tanker trucks may be particularly well suited to:

. Provide delivery of domestic water at sites of industrial or commercial
consumption which have been limited in allowable consumption.

. Provide delivery of domestic water to potable water stations where residents can
obtain drinking water, To maximize the use of the mobile tanker, stationary tanks
should be used at such stations into which the tanker discharges,

° Provide delivery of treated wastewater for irrigation use,

Bottled Water

Bottled water is likely the most effective manner to deliver, in a controlled manner, a set
amount of drinking water to residential users, The water can be delivered from remote
sources to individual addresses or to a central staging area.

Temporary Pipelines

Temporary pipelines can be used to bypass a failed section of pipe or to deliver water
from a source not normally used. The District should maintain a stock of fittings to allow
rapid retrofits of failed pipeline sections. For some water supply requirements,
agricultural irrigation pipe may be one of the most versatile temporary pipelines for long
distance water transport. Because of the nature of agricultural irrigation pipe, no specific
skills are required to connect pipes and sections can be largely completed independent of

other sections.

9.5.4 Conservation Activities

The most effective method of meeting the supply requirements is to implement
conservation measures, While some water use restrictions would be enacted by bylaw or
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emergency order, the District can take steps at present to reduce the overall water demand
and thereby increase or maintain the excess capacity in the system.

Water Use Restrictions

During water supply shortages, it is normal and generally expected that water use
restrictions will be imposed. If a curtailment in water supply is required, the following
facilities should be considered priority water users and should be provided with an
uninterrupted water supply:

. Hospital;

. Emergency facilities;

. Fire fighting systems; and

. Public drinking water supplies.

A variety of stages of water use restriction may be considered and imposed. However,
the success of the restrictions in a District the size of Chilliwack will more likely be due

to education than enforcement.

Educating the Community

Community confidence in the water system is fundamental to a successful response to a
water supply disruption incident. Without the community’s help in whatever the
circumstance, even the most prepared system may fail. By continuing to educate the
public ahead of time about their role in conservation, the District greatly improves the
community’s ability to actively cooperate with the District during an emergency. It is
also essential that the District’s message be clear and defensible, people who have cause
to disbelieve the urgency of a conservation measure are less likely to follow the District’s

request.

Building community confidence is a continuous action requiring periodic reminders as to
the role of the customers for ensuring their water supply. The District can achieve this
confidence through continued outreach to the community through their various programs
— sewer pretreatment, business outreach, moderate risk waste program, household
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hazardous waste management, wellhead protection, etc. Building plan approval, bylaws,
and sewer use restrictions can lead to the increased use of such measures as low water
flow devices (e.g. lavatory fixtures), use of water recycle equipment (e.g., in car washes),
installation of optimum landscape irrigation equipment, etc. Chilliwack can decrease the
water supply requirement (or maintain the requirement during growth) by proactively

planning for conservation.

9.6  Reviewing and Updating the Plan

Contingency planning is not a one-step process. It is the District’s Response Plan for
incidents that may disrupt the community’s water supply. Any changes to this plan —
response agency telephone numbers, shifts in land use, turnover in personnel — all may
affect the plan's timeliness. It is essential that the District establish a regular review
period, every six months or annually. For critical components, such as emergency
notification phone numbers, lists should be updated on a more frequent basis.

The District should test the plan using tabletop scenarios annually, followed by a
debriefing session to identify deficiencies in the plan. Also, after significant
modifications or improvements to the system, the District may wish to review the plan to
ensure conformity with the modifications or to update the plan in response to

deficiencies.

9.7 Recommendations

The Waterworks Emergency Response Plan, last revised August 1995, should be
amended into the District’s Emergency Response Plan. Certain aspects of the
Waterworks Plan can be stand-alone, such as the failure of a watermain, but many of the
aspects discussed in the Waterworks Plan may require a co-ordinated effort by emergency
response personnel and, as such, should be in the overall ERP. The ERP should consider
that a threat to the water supply, if not responded to correctly, could be as devastating as

many other disasters.

The Emergency Response Plan needs to be reviewed, upgraded, and updated to include
scenario management. In addition, a list of suppliers of typical construction equipment
and hazardous materials response equipment needs to be included in the Plan.
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In the event of an earthquake or similar event that disrupts distribution lines, the surface
water sources may become more important. It is easier to establish portable, self-
powered equipment at a lake for surface water removal than it is to fix a distribution line.
If Chilliwack removes the surface water intakes from use, the facilities should be
mothballed, not decommissioned, to allow faster reactivation during an emergency.
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10.0 LIMITATIONS AND USE OF REPORT

This report was prepared for the exclusive use of the District of Chilliwack. In evaluating
the requirements for groundwater protection, Golder Associates Ltd. has relied in good
faith on information provided by sources noted in this report. We accept no
responsibility for any deficiency, misstatements or inaccuracy contained in this report as
a result of omissions, misstatements or fraudulent acts of othets.

Any use which a third party makes of this report, or any reliance on or decisions to be
made based on it, are the responsibility of such third parties. Golder Associates Litd.
accepts no responsibility for damages, if any, suffered by any third party as a result of
decisions made or actions based on this report.
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11.0 CLOSURE

We trust that this report meets your current requirements. Should you have any questions
or comments please do not hesitate to call.

Yours very truly,

GOLDER ASSOCIATES LTD.

95@ ’
Jillianl P. Sacre, P.Geo.

Hydrogeologist

U il
Willy Zawadzki
Hydrogeologist

{1 Don Livingstone, P.Eng.
Environmental Engineer

Revnewcd by:
r/ /o /
iy
;Yo
Don Chorley, P.Geo.
Associate/Hydrogeologist
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Date Printed: 11/4/97 TABLE 1 972-1846/5110

Groundwater Extraction Volumes (mJ)

Well #1 and #2 Well #3 Well #4* Well #5**
1991 1,387,370 1,684,153 - -
1992 1,893,421 1,201,234 - -
1993 1,229,826 2,216,129 - -
1994 2,620,082 1,772,873 - -
1995 3,699,406 839,373 - -
1996 4,081,067 89,894 193,302 206,880
Yearly Average 2,485,195 1,300,609 193,302 206,880
Average Yearly
Pumping Rate (I/s) 7 4 37 20

* records for Jul and Aug of 96 only
** records for Sep to Dec of 96 only

Current and Future Pumping Rates

Current Conditions Future Conditions
Instantaneous Average Instantaneous Average
Well Number Pumping Rate | Pumping Rate | Pumping Rate* | Pumping Rate**
(Vs) (i/s) {V/s) {I/s}
Well #1 and #2 210 79 210 150
Well #3 160 41 200 100
Well #4 75 37 140 70
Well #5 75 20 100 70
CFB Well 63.5 13 200 100
TW95-1 currently not in use 130 100

* as estimated by the District
** estimated based on the future water supply demand and historical pumping records

RAEnviros\97\972-1846\Wells\P_rates.xIs\Table | Golder Associates Page | of |




August 15/97

Table 2A

Sites Contained Within BC Environments' Contaminated Sites Registry

972-1846

GOLDER 1D | SITE ID COMMON NAME ADDRESS CITY STATUS NOTES
1 79 |ESSO SERVICE STATION (FORMERLY TEXACO) 45996 YALE ROAD CHILLIWACK [ACTIVE - UNDER REMEDIATION
TR 91  |45682-45696 YALE ROAD WEST 45696 YALE ROAD WEST CHILLIWACK [ACTIVE - ASSESSMENT COMPLETE
ST 176 |EAST CHILLIWACK CONSUMERS COOP 46255 CHILLIWACK CENTRAL ROAD [CHIELIWACK |ACTIVE - UNDER REMEDIATION
3 203 |[FORMER SHELL BULK PLANT %390 SCHOOL STREET CHILLIWACK |ACTIVE - UNDER REMEDIATION
"""" 5 25346017 YALE ROAD _|46017 YALEROAD o |CHILLIWACK [ACTIVE - UNDER REMEDIATION ]
6 254 |TURBO SERVICE STATION # 8517 45740 YALE ROAD WEST 7 |[CHILLIWACK [ACTIVE - UNDER REMEDIATION
T3 299 |CHEVRON STATION-45864 OLD YALE RD. 45264 YALE ROAD CHILLIWACK [ACTIVE - ASSESSMENT COMPLETE
8 371 |FORMER PETRO CANADA BULK PLANT 44580 OLD YALE ROAD CHILLIWACK |ACTIVE - UNDER REMEDIATION
T 430 |CHEVRON CANADA - 45456 YALE ROAD 45456 YALE ROAD WEST CHILLIWACK [INACTIVE - NO FURTHER ACTION
"""" 10 514 |SHELL CANADA 46299 YALE ROAD EAST 46299 YALE ROAD EAST CHILLIWACK]ACTIVE - UNDER ASSESSMENT
1 1064 |CHEVRON CHILLIWACK BULK PLANT YALE ROAD CHILLIWACKJACTIVE - UNDER REMEDIATION
12| 1243 |YARROW METER STATION NO 14 5260 BOUNDARY ROAD CHILLIWACK |ACTIVE - ASSESSMENT COMPLETE
137 | 71265 |BROADWAY MOTORS - CHILLIWACK 46605 1ST AVENUE CHILLIWACK |ACTIVE - UNDER ASSESSMENT
RT 1268 [PETRO-CANADA SERVICE STATION #02602 46372 YALE ROAD CHILLIWACK [ACTIVE - REMEDIATION COMPLETE
15 | 1339 |[YARRGWESSO 42170 YARROW CENTRAL ROAD CHILLIWACK [INACTIVE - NO FURTHER ACTION T
16 1357 |FORD MOUNTAIN CORRECTIONAL INSTITUTE 57657 CHILLIWACK ROAD CHILLIWACK |ACTIVE - UNDER ASSESSMENT t
T 1380 |BC TEL - CHILLIWACK PLANT CENTRE 46167 STH AVENUE CHILLIWACK |ACTIVE - UNDER REMEDIATION ’
BT 1414 |MOUNT THURSTON CORRECTIONS FACILITY 53033 CHILLIWACK LAKE ROAD CHILLIWACK [ACTIVE - UNDER ASSESSMENT 1
T e 1422 |INDEPENDENT SUPER SAVE - CHILLIWACK 46909 YALE ROAD CHILLIWACK |ACTIVE - UNDER ASSESSMENT
20 1462 |CHERRY FORD SALES - YALE ROAD 45681 YALE ROAD CHILLIWACK [INACTIVE - NO FURTHER ACTION
T 1538 |FORMER THRIFTY GAS - YALE ROAD WEST 45922 YALE ROAD WEST CHILLIWACK {INACTIVE - REMEDIATION COMPLETE
T 2318 |FORMER TOOL BOX SITE 45589 YALE ROAD WEST CHILLIWACK JACTIVE - UNDER ASSESSMENT
! 2656 |SHELL CARD LOCK - CHILLIWACK 7970 LICKMAN ROAD CHILLIWACK [ACTIVE - UNDER REMEDIATION
24 3166 |PETRO-CANADA STATION 7591 VEDDER CHILLIWACK [ACTIVE - UNDER ASSESSMENT
25 3327 |MAPLE GENERAL STORE 48920 YALE ROAD EAST CHILLIWACK [ACTIVE - UNDER ASSESSMENT
T 3404 (45680 YALE ROAD WEST 45680 YALE ROAD WEST CHILLIWACK |ACTIVE - UNDER ASSESSMENT
27 3405 45674 & 45678 YALE ROAD WEST 45674 & 45678 YALE ROAD WEST CHILLIWACK [ACTIVE - UNDER ASSESSMENT
T 3590 |CHEVRON SERVICE STATION - LICKMAN ROAD LICKMAN ROAD AND HIGHWAY | |CHILLIWACK [INACTIVE - NO FURTHER ACTION
T 3771 |[CHEAM GOLF CENTRE 44610 LUCKAKUCK WAY CHILLIWACK [UNKNOWN STATUS
30 3866 |CFB CHILLIWACK KEITH WILSON ROAD CHILLIWACK [ACTIVE - UNDER ASSESSMENT
3l 3933 {43615 YALE ROAD WEST, CHILLIWACK 43615 YALE ROAD WEST CHILLIWACK [SITE PROFILE RECEIVED
32 3996 IPETRO-CANADA - 45632 YALE ROAD WEST 45632 YALE ROAD WEST CHILLIWACKJACTIVE - UNDER REMEDIATION
3 3997 [PETRO-CANADA - 8850 SCHOOL STREET 8850 SCHOOL STREET CHILLIWACK [UNKNOWN STATUS
34 289 [PETRO CANADA STATION BRIDAL FALLS TRAVEL [53560 BRIDAL FALLS ROAD ROSEDALE |ACTIVE - UNDER REMEDIATION 1
5 1254 |49473 YALE ROAD 49473 YALE ROAD ROSEDALE |ACT1VE - UNDER ASSESSMENT
36 E1§7 |FORMER DAIRYLAND SITE 45450 SPRUCE DRIVE SARDIS INACTIVE - NO FURTHER ACTION
37 3298|7163 VEDDER ROAD 7163 VEDDER ROAD SARDIS ACTIVE - UNDER ASSESSMENT
38 3828|7062 SUMAS PRAIRIE ROAD, SARDIS 7062 SUMAS PRAIRIE ROAD SARDIS SITE PROFILE RECEIVED
Notes [. Outside district boundaries

2. Lecalion of site unknown; site not shown on figure

3. Site locations shown on Figure 9

r\enviros\97\972-1 846\inventonlocation:sites
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Table 2B

August 15/97 972-1846
Sites Contained Within BC Environmeats' Waste Data Base
EQF:DER 1D CLIENT NAME GENERAL_LOCATION CITY |FILE_TYPE| TYPE | FILE NO. STATUS SECTION NOTES
1 BCG, ENVIRONMENT AND PARKS CHILLIWACK, CULTUS LAKE CHIL |  Pemit | Efflent| 7507 Active MUNICIPAL )
2 |CATTERMOLETIMBER  |CHILLIWACK, 10KM WEST _ i CHIL | Pemit | Refuse | 2530 Active INDUSTRIAL
3 CHEAM VIEW TROUTFARMS  [CHILLIWACK, UPPER PRAIRIE ROAD CHIL |  Permit | Efflaent| 7386 Suspended  |INDUSTRIAL __ 2
4 CHILLIVACK GOLF & COUNTRY CLUB ___|SARDIS, 41894 YALE ROAD WEST _ CHiL | Permit | Effuemt| 12010 Active MuNCIPAL -
5 |omiiwack,iSTRICTOF |CHILLINACK-MATHESON ROAD CHIL |  Permit | Refuse 122 Active MUNICIPAL
6 CULTUSLAKEPARKSBOARD  |CULTUSLAKE e[ permit | Ewemt | 472 Adive |MUNICIPAL N 1
7 DARGATZMINKRANCHLTD.  |CHILLIWACK, 10282 REEVES ROAD CHIL |  Permit | EfMuent| 5899 Active INDUSTRIAL T
e ELK CREEK FEEDCOMPANY LTD,  |CHILLIWACK, 49760 CHILLIWACK CENTRAL ROAD CHIL | Permit | Effuent | 14524 Active INDUSTRIAL
9 |PRASERVALLEYDUCK&GOOSELTD. |CHILLIWACK, 4340 AND 4535 SIMMONS ROAD CHIL | Oder | Efftuent| 14448 Active ENVIRONMENTAL ASSESSMENT
10 |FRASER VALLEY DUCK AND GOOSE LTD. _[CHILLIWACK, 42915 YEDDER MOUNTAIN ROAD CHIL |  Approval [ Effucnt| 1612 Active INDUSTRIAL
1 |FRASER VALLEY DUCK AND GOOSELTD. _|YARROW, SIMMONS ROAD CHIL |  Pemit | Effuent| 6428 | Amendin Progress JINDUSTRIAL
12 |GORDAMIAESTATESLIMITED ROSEDALE, 52324 YALE ROAD EAST CHIL |  Penmit | EMuem| 2400 Active MUNICIPAL !
13 |GRACE-MAR DAIRY INC. _ [CHILLIWACK, 47582 YALE ROAD CHIL |  Permit | Effuemt| 10503 Active INDUSTRIAL
T KILCOINDUSTRIESLTD.  |ROSEDALE, 53560 BRIDAL FALLS ROAD, VOX 1X0 CHIL |  Pemit | Effuent| 13426 |  Active  |MUNICIPAL !
15 |KIM.YONGWAN&HYESOOK _ |CHILLIWACK, 7163 VEDDER ROAD CHL | _Oder  |[Effuemt| 14871 Active  [SPECIAL WASTE
16 KLOOT, ALFRED J. ANDRITAH. CHILLIWACK, 678 PREST ROAD CHIL |  Order | EfMuent| 14894 Active  |ENVIRONMENTAL ASSESSMENT .
17 MAW]I, MADATALIE. ROSEDALE, 49473 YALE ROAD CHIL | Approval | Storage | 14320 Active SPECIAL WASTE
18 MAZATECSERVICESLTD. ICHILLIWACK, 44335 YALE ROAD WEST CHIL | Restictive | Storage | 13342 Active [SPECIAL WASTE
T MUXLOW,HARVEYLEN SARDIS, 43386 ADAMS ROAD CHIL | Pemit | Effuent| 12246 Active MUNICIPAL
T OK JO, BUNG - YARROW, 41844 NO. 3 ROAD CHIL |  Pemit | Effluent] 12025 Active MUNICIPAL
21 |PILLSBURY CANADA LIMITED  |sARDIS CRIL | Permit | Effiwent|  l684 Active INDUSTRIAL 2
» PROUSE, NORMANDANIEL CHILLIWACK, 8220 PREST ROAD CHIL | Permit | EfMuent| 13077 Active MUNICIPAL
n REMPEL BROS. CONCRETE LTD. _|cHiLLIwACK-TOWER ROAD CHIL | permit | Efloent | 4849 Active INDUSTRIAL N o
24 |REMPELBROS.CONCRETELTD.  |CHRLLIWACK-TOWERROAD CHIL |  Penmit | EfMuemt | 1982 Active INDUSTRIAL
25 SCHOOL DISTRICT NO. 33 (CHILLIWACK) _[CHILLIWACK, 46361 YALE ROAD CHIL |  Permit | Storage | 13598 Active SPECIAL WASTE
26 SCOTTPAPERLIMITED CHILLIWACK, NORTH EAST CHIL |  Permit | EMuemt| 12733 Active  |MUNICIPAL 2
27 THE OWNERS STRATA PLAN NW-540 _[SARDIS, CHILLIWACK LAKE ROAD CHIL |  Permit | Effuent| 4219 Active MUNICIPAL 2
28 VALLEY RITE MIXLTD. CHILLIWACK, BRINX ROAD CHIL | Permit | Effuent| 5516 Active INDUSTRIAL
2 WESTCOAST ENERGY INC. ROSEDALE, 52138 DYKE ROAD CHIL | Permit | Effemt| 2234 Active INDUSTRIAL 2
Notes 1. Outside district boundaries .
2. Location of site unknown; site not shown on figure
3, Site locations shown on Figure

renviros\91972.1848\inventorlocation:permits Golder Associates Page 1 of |




August 15/97

Table 2C

Spills Reported to BC Environment

GOLDER ID| EEIR | DATE LOCATYION AREA MATERIAL AMOUNT  [UNITS| NOTES
1 80845 | 97/06/20 | O Hwy # 1 across from Bridal Falls Bridal Falls |bumning of garbage unknown 1
2 80102 | 57/04/10 [44025 Old Yale Rd Chillwack  |diesel fue! about 200 fitras
3 80074 | 97/04/07 |Cana Rd Off Old Yale Rd Chitiwack  [liquid manure unknown 2
4 80074 | 97/04/07 |Cana Rd Chiiiwack off Oid Yale Rd Chilliwack Iliquld manure unknown 2
5 73836 | 07/03/28 |75 Forest Cr Chiiwack _|falling trees unknown RE:
6 |73847] o7/03428 [9200 Block Pres Rd Chillwack  |diasal & motor ol 20 litres & 10 fires
7| 73781] 97/03/23 [a4610 Luckskuck Way T Sardis  |gasoline 80 gals o
8 73728 | 97/03/18 |Property W of Bell Crk N of Chiliwack LakeRd  [Chilwack  [petrolewn producls unknown - .2
T T8 |'7ar2e| o703119 | (45091 Chithwack Lake Rd) Chillwack |petroleum producls unknown 1
" 73660 | 97703113 |Shell Chilwack Card Lock Lickman Rd Chitiwack  |diesel 10 litres
11 173493 97/02/23 [Cross Alrport Rd/Creek Cres behind 8435 PlperCres _ |Chiliwack _ |oll slick wkoown | -
12 | 73427 970215 Chillwack_ oil unknown 2 |
13 | 72843 | 96/12/27 6336 Vedder Rd & Tzaachte Sardls  |gasidiesel 40 ires |
14 72804 | 9611219 - Chilfwack |Phenoal _ 2
15 | 72804 | 96112719 [Hwy #1 and 9 o Chillwack _[phenol un 2312 no spill N
i6 72620 | 96/11/20 |45970 First Ave - Chilliwack |gas 2030 litras
17 72480 | 96/11/16 [Yale Rd /Chapman Rd/Jurior Schoa! Chiltwack  |slick unknown
""" 18 | 72470 | 96/11/15 [Matheson Road T Chiliwack  |landfif leachate 7080 ft
" 19 | 72359 | 96/10/27 [Tank fam Chilwack |gas (potentiat spit) unknown 2
20 71839 | 96/09/19 4950 Bergman Rd, Yarmow Chilliwack {diesel 20-30 ) litras
21 71640 | 96/08/27 | 45340 Creekside Drive ____|Chifiwack pesticide (insecticide?) junknown .
22 | 71489 96/08/14 |Rosedale Hwys T Rosedale |diesel 20.30 lires | 2
23 74920 | 96/07/12 7970 Lickman Rd Chitiwack |diesel 10-20 litres
iy 71130 | 96/07/42 [45610 Lukakuk Way ] Chitiwack |gasoline (regular) <20 iitres
25 71149 | 96/07/12 |Shell 5tn 7970 Lickman Rd Cardlock Chiliwack  |diesel 7-10 iitres
26 70989 | 56/05/30 [Cultas Lake off Columbia Valley Hwy near iakesids Chilliwack igasoline unknown 1
27 70813 | 96/06/16 | Tratter #53 Ungsworth Rd Sardis [rormace oi unknown
28 70797 | 96106114 {Owner of Riverside 45530 Vedder Mount Rd Chitiwack  |diese! 50-100 gal
28 70989 | 96/06/03 ;Culias Lake off of Columbia Val Hwy Chiliwack  jgas/olt unknown 1
30 70472 | 9605410 Chifiwack ot unknown 2
31 70069 | 96/04/09 {48051 Sheldon Rd Chiliwack |horse manure unknown 2
32 63641 | 96/03/29 | Too! Booth Hwy 5 Chilliwack  {diese! unknown 1
13 63461 | 96/03/10 [Annacis Rd & Hack Brown Rd Chifiwack |gasolina D 2
34 63126 | 96/02/28 {8992 Nowall Street Chilliwack |solvents varous
35 63164 | 96/02/11 {Chifliwack Leke Road Chilliwack  |silt and sand completely filled 1
36 63043 | 96/02/01 ioff Lickman Rd on Industial Way Chiffiwack  iused ofl 5 litre:s
37 63023 | 96/01/30 {Bridai Falis Rosedale  idiese! 7 1
a8 62274 | 95/11/13 Chiliwack |sheen 2 2
39 95/11/07 [Chiliwack @ Viedder River Crossing Chitiwack fcrude of 7
4D 9511/01 Chiiwack  |hydrolic o 90 ] 2
Notes 1. Oulsid district boundaries N
o 2. Location of site unknown; site not shown on figure .
' 3. Sita locations shown on Figure 9 B )
r\enviros\97\972-1846Vinventorocation.xls:Spills Golder Assoclates
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Table 3

Index to Areas of Potential Environmental Concern at

CFB Chilliwack as shown on Figure 11.

Area Description Nature of Potential
Environmental Concern
1 Building 122 ~ Former Base Transport Storage Area »  former UST
e  vehicle maintenance
2 Building 1054 — RC Chapel e former UST
3 3 PPCLI Compound o  soakage pits
4 Building 37 — Former Hospital and Dental Clinic e discharge to sanitary
5 CFOCS - Former Base Maintenance Area o former UST
s  vehicle maintenance
6 CFOCS Training Building 1118 Industrial Site o vehicle storage
e POL storage
7 Building 41A — Old Carpentry Shop s waste disposal
8 Building 4 - Base Photo »  discharge to sanitary
s former UST
9 CE Compound s PCBs
¢ POL storage
s former UST
10 POL Area s former USTs
il Former Hazardous Storage Area + hazardous materials
storage
12 | Site of Transformer Spill ¢ PCBs
i3 Training Area o use of hydrocarbons
14 | Historical Maintenance s  vehicle maintenance
15 | Training Area ¢  hazardous materials
storage
16 | Building 1016 — Steam Plant o former AGTs
17 | Building 1031 — Qutdoor Range ¢ metals
18 | Fire Fighter Training Area o use of hydrocarbons
19 § Sandblasting Area s  metals
e soakage pit
20 Sewage Drying Beds and POL Training Facility o former USTs
¢ sanitary waste
21 Stormwater Retention Pond e  stormwater
22 Historical POL Facility + former USTs
23 Former Landfill Site s waste disposal
24 Base Vehicle Washracks (7) ®  stormwater
25 Soakage Pits (44) ¢ soakage pits
26 POL Storage Areas (27) ¢ POL storage
27 Acid Bath Dilution Chambers (13} e discharge to soakage
pits and sanitary
28 | Old Bumn Site »  waste disposal
29 Shell / Canex Station o former USTs
30 Base Training Areas (18) o metals
L) PCBs

Golder Associates




Table 3 (cont’d)

Area Deseription Nature of Potential
Environmental Concern
31 Qil Water Separators (12) o discharge to sanitary
32 POL Storage Tanks (50) s AGTs
e USTs
33 Heating Oil UST Removal Program for PMQs and other Buildings { # USTs
(185)
34 | Vandell Property s vehicle storage
- Former Medicat Depot ¢ waste disposal
- Electrical Switching Station waste disposal
Notes:

Areas of potential concern identified by Dillon Consulting Ltd. in their Draft Report on “Environmental
Site Investigation and Comprehensive Study, CFB Chilliwack, Vedder Crossing”, March 1997,

UST = underground storage tank
AGT = above ground storage tank
POL = petroleurn, oil and lubricants
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Table 4

Relative Risk of Proposed Land Use to Groundwater

Proposed Land Use Categories

Relative Risk to Groundwater

AGR Agricultural Moderate

AP Alrport Very High

CPR Community Park and Recreation Range from Low to High

CSROAD Comprehensive Suburban Residential Moderate
Outdoor Recreational Development

DD Downtown Development Range from High to Very High

ER Environmental Reserve Very Low

GC General Commercial Range from High to Very High

GCMDR General Commercial Medium Density Range from High to Very High
Residential

GI General Industrial Very High

usI Heavy and Special Industrial Very High

ICU Institutional and Civic Use Range from Low to High

IR Indian Reserve Range from Low to Very High

LDR Low Density Residential Low

MDR Medium Density Residential Moderate

HDR High Density Residential High

OR Qutdoor Recreation Moderate

R Rural Low

RSC Regional Shopping Center Range from High to Very High

RM Resource Management (Forestry) Moderate

RR Rural Residential Low

SR Suburban Residential Low

TC Thoroughfare Commercial Range from High to Very High

TCGI Thoroughfare Commercial Low Density Range from High to Very High
Residential

VRMA Vedder River Management Area Range from High to Very High

Notes:

1. Proposed land use categories are defined in District of Chilliwack Official Community Plan, 1990-

2001,

2. Relative risk assigned based on ratings provided in U.S. EPA Seminar Publication entitled “ Wellhead

Protection: A Guide for Small Communities, February, 1993.

RAEnviros\97\972-1 84G\inventor\plu.doc
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TABLE 5

Groundwater Monitoring Plan — List of Chemical Constituents

Physical Tests
Colour

Conductivity
Dissolved Solids
Total Hardness
pH

Turbidity

Dissolved Anions (mg/L)
Alkalinity

Chloride

Fluoride

Suifate

Nitrate Nitrogen

Nitrite Nitrogen

Nitrate & Nitrite

Metals (mg/L)

Aluminum
Arsenic
Barium
Boron
Cadmium
Calcium
Chromium
Copper
Iron

Lead
Magnesium
Manganese
Mercury
Potassium
Selenium
Sodium
Zinc

Biological Constituents
Fecal & Total Coliform

YOCs

Benzene

Ethylbenzene

Styrene

Toluene

o-Xylene

m,p-Xylene
Bromodichloromethane
Bromoform

Carbon Tetrachloride
Chlorobenzene
Chloroethane

Chloroform
Chloromethane
Dibromochioromethane
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
1,1-Dichloroethane
1,2-Dichloroethane
1,1-Dichloroethylene
cis-1,2-Dichlorapropylene
trans-1,2-Dichloroethylene
Dichloromethane
1,2-Dichloropropane
cis-1,3-Dichloropropylene
trans-1,3-Dichloropropylene
1,1,1,2-Tetrachloroethane
1,1,2,2-Tetrachloroethane
Tetrachloroethylene
1,1,1-Trichloroethane
1,1,2-Trichloroethane
Trichloroethylene
Trichlorofluoromethane
Vinyl Chloride

Golder Associates

PAH
Acenaphthylene
Acenaphthene

Acridine

Anthracene
Benzo(a)pyrene
Benzo(a)anthracene
Benzo(b)fluoranthene
Benzo(ghi)perylene
Benzo(k)fluoranthene
Chrysene
Dibenzo(a,h)anthracene
Dibenzo{ah)pyrene
Fluoranthene

Fluorene
Indeno(1,2,3-cd)pyrene
Naphthalene
Phenanthrene

Pyrene

TEH
total extractable hydrocarbons C10-C30




Pesticides and Herbicides

A routine analysis should be conducted for each of the following types of pesticides and herbicides (the list
of constituents covered under the routine analysis may vary slightly between laboratories).

Organochloride Pesticides (OCP)
Organophosphate Pesticides (OPP)
Carbonate Pesticides

Sterilants

Acid — Extractable Herbicides
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Layout: "Groundwater Layout”

Technician: DKM

Date: 21 August 1997

Methodology

Using the "GOD" vulnerability mapping scheme, vulnerability classifications were assigned
to quaternary sedimentary facies defined in the Near Surface Facies Map (Draft, November
28, 1995) developed by Monahan, P.A. and V.M. Levson of the British Columbia Geological
Survey as part of the Chilliwack Seismic Microzonation Project. Groundwater vulnerability
was determined based on the facies definitions provided by Monahan and Levson,

areview of information contained within water well and geotechnical borehole logs from
across the District of Chilliwack, and geological cross-sections compiled by Monahan.
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I & ; van Waegeningh, eds.), TNO Committee on
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ETo e NOTE:

= This vulnerability map was developed for general planning purposes only. Local hydrogeological conditions were
generalized to fit the map scale and therefore the map should not be used for site-specific purposes. Detailed studies

of individual areas may be necessary when specific information is required. The map shows the intrinsic vulnerability

of groundwater to contamination based on the natural aquifer characteristics. It does not show areas that have been or will

be contaminatzd, or areas that cannot be contaminated. Similarly, the map does not account for characteristics of individual

contaminants or the likelihood of contaminant release. The map shows groundwater vulnerability assuming a contaminant

is released at the ground surface; it does not reflect vulnerability to subsurface sources.
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APPENDIX I

SUMMARY OF WATER PRODUCTION FOR THE
DISTRICT OF CHILLIWACK, 1991-1996



Water Production by Source { m3)

1991-1995

1981
Location Elk Creek Dunvill/Nevin Reservoir Well#1&2 Well#3 Well#5 TOTAL
Jan 5,460 252,787 -14,436 88,562 198,024 530,396
Feb 421 205,431 -2,843 84,881 151,508 439,399
Mar 395 257,570 -5,894 62,569 184,118 498,757
Apr 66,807 218,887 -587 87,479 138,584 511,170
May 104,955 245,601 -3,946 96,567 04 879 538,055
Jun 105,840 233,832 -2,205 188,098 1,587 527,152
Jul 156,386 246,512 -3,413 181,645 82,847 663,877
Aug 40,920 237,878 -4,860 151,845 232,307 658,090
Sep 20,174 216,352 1,584 139,546 178,701 556,353
Oct 0 218,369 2,226 132,029 190,420 543,044
Nov 85,432 141,806 -3,864 76,537 186,019 485,929
Dec 170,680 191,529 1,078 g7.,614 45,161 506,062
1991 TOTAL 757,472 2,666,553 -37,161 1,387,370 1,684,153 6,458,385
1982
DATE El