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EXECUTIVE SUMMARY

A total of eleven aquifers were mapped as part of this hydrogeological mapping and analysis study of
the Bertrand Creek and Fishtrap Creek watersheds. These aquifers had been mapped previously, but the
interpretation presented herein includes the separation of the previously mapped Abbotsford Aquifer
(#15) into three separate aquifers (Abbotsford Shallow (#15), Abbotsford Shallow West (#1297) and
Northwest of Clearbrook (#28)), and the incorporation of some of the unconfined components of the
Abbotsford Aquifer (#15) and the Hopington AB Aquifer (#35) together with some more widely mapped
unconfined surficial deposits in the area as the Aldergrove Shallow Aquifer (#1296). Boundaries of the
remaining aquifers were refined based on the interpretations conducted as part of this study. The study
area encompasses one of the most dynamic locations in the Lower Mainland with respect to the recent
glacial history and is challenging to interpret in isolation of wider geological data to the west and east.

Of the 11 aquifers, the Abbotsford Shallow Aquifer (#15), Abbotsford Shallow West Aquifer (#1297) and
Aldergrove Shallow Aquifer (#1296) are primarily unconfined and have the highest potential for
hydraulic connection with local surface water features. Even in locations where unconfined aquifers are
not mapped directly at surface, low permeability or poorly-drained soils may actively interface with
surface water features or drainage via small-scale heterogeneous lenses or streamers of permeable
material. Similarly, heterogeneity within low permeability surficial deposits may be adequate to provide
small-scale domestic or irrigation water supply via shallow or dug wells even though these may not be
correlated to a mapped aquifer. Though there are numerous hydraulic connections between the shallow
aquifers identified in the updated aquifer mapping, the connections tend to be relatively minor with
respect to the overall groundwater balance of the aquifers, meaning conjunctive aquifer management of
multiple shallow aquifers may not be necessary at this time. Additional consideration should be given to
unsaturated conditions identified in the West of Aldergrove Aquifer (#33) in the upland area of the
northwest study area to evaluate the potential impact of these conditions on groundwater management
strategies in the area. Overall management efforts should be focused on aquifers that are used for
water supply, aquifers with direct connections to surface water features and which are important for
environmental flow maintenance, and those aquifers that cross administrative boundaries between the
Township of Langley, the City of Abbotsford and the United States.

Recommendations from this work and future work that would improve the understanding of the
hydrogeology of the area include:

e Results of this study have highlighted uncertainty with the interpretation of the deeper confined
aquifers in the western and southern portions of the study area and which extend into areas not
encompassed by the study area. While the expansion of the stratigraphic interpretation beyond
the boundaries of this study area to the west and northwest improved the overall understanding
of these aquifers, further assessment and interpretation of areas outside the current study area
could be undertaken as part of a subsequent phase of this project (Phase 2) and interpretation
may change. Aquifers that are subject to reinterpretation include the Aldergrove Quadra Aquifer
(#1193), West of Aldergrove Aquifer (#33), South of Hopington Aquifer (#50), Langley Upland
Aquifer (#52) and the western portion of the Aldergrove AB Aquifer (#27). While conjunctive
management of shallow aquifers is not recommended at this time, conjunctive management
could be considered for deeper aquifers due to uncertainty in location, distribution, and
hydraulic connections.
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e Unsaturated conditions are indicated in the West of Aldergrove Aquifer (#33), if these
conditions are confirmed, additional consideration should be given as to what potential effects
the unsaturated permeable deposits have on local groundwater flow conditions, groundwater
management, and groundwater quality.

e East of the study area, in Abbotsford, the hydrogeological interpretation was not
completed/published as part of previous efforts in the area. While the geology to the east is less
complex than the western portion of the study area, the interpretation of the eastern region
outside of the study area has the potential to influence the interpretation of the Northwest of
Clearbrook Aquifer (#28). Finalization of the interpretation in east of the study area should be
completed and any influence or impact of that interpretation on the North of Clearbrook
Aquifer (#28) described in this report should be considered.

e Toimprove the understanding of groundwater-surface water interactions and to identify critical
aquifer management areas for baseflow and environmental flow maintenance, a high-resolution
thermal imaging survey could be completed to identify areas or groundwater seepage and
discharge.
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1. BACKGROUND

This report presents the results of hydrogeological mapping and analysis in the Bertrand Creek and
Fishtrap Creek watersheds, located in the southern parts of the Township of Langley and the City of
Abbotsford, respectively (Figure 1, following text).

The purpose of the study was to develop a conceptual model of the aquifers in the study area, update
the boundaries and characteristics (including vulnerability) of previously mapped aquifers, identify and
characterize new aquifers, summarize existing water supply systems in the study area and their source
aquifers, determine groundwater levels/trends and groundwater flow directions, and discuss the
inferred hydraulic connections between confined aquifers, unconfined aquifers and surface water.

This information, together with the correlation of water wells contained within the GWELLS database
with the mapped aquifers, will be used to support the BC Ministry of Water, Land and Resource
Stewardship (WLRS) in the sustainable management of the groundwater resources in the Bertrand Creek
and Fishtrap Creek watersheds, where significant groundwater development and population growth is
underway.

2. METHODS

2.1 Data Gathering

Well records within the study area were retrieved in October 2023 and December 2024 from GWELLS
and relevant information was compiled into a 3D geological model using Leapfrog Works, including well
tag numbers, well coordinates, lithological descriptions, well classifications and intended uses, well
depths, static water levels, artesian conditions, and well yields. The GWELLS database includes all of the
reported water well records in the area including many older records where the accuracy and resolution
of the spatial coordinates of the well are poor. Horizontal (or XY) coordinates may historically have been
captured using lot and concession number, hand-drawn sketches, or other low accuracy methods.
Unless professionally surveyed, vertical (or Z) coordinates are often not available or very low accuracy
and not suitable for interpretation. To account for the lack of accurate Z coordinates, wells are
“projected” or “georeferenced” to the topographic ground surface elevation of the digital elevation
model (DEM) at their XY location. This method, while the best method available given the data
architecture, has the potential to introduce vertical reference errors in locations of higher topographic
relief if wells with poor XY accuracy are placed further upslope or downslope than actual. To mitigate
the impacts of this, analysts will more strongly consider wells with higher XY accuracy when interpreting
an area. Vertical referencing errors of wells can also be introduced depending on the accuracy and
resolution of the topographic surface used for the projection / georeferencing of the wells. To minimize
the impact of this, the project utilized a high resolution 1 m DEM from LidarBC to define the topography.
Of note, previous unpublished hydrogeological interpretations in the study area (Golder, 2005) and to
the east of the study area (Monahan, 2020) utilized a digital elevation model based on TRIM data for
their well projections (the best data available at the time). This resulted in vertical elevation differences
of up to 7 m in some wells between the present study and the previous work, mostly in areas of higher
topographic relief.

Well and lithology records within the study area from the Land Remediation BC data catalogue, Oil and
Gas Commission BC data catalogue, EcoCat, geophysical/seismic sources, and local water supply systems
were also searched.
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2.2 Stratigraphic Interpretation

In consultation with the WLRS, eight cross-sections were developed in north-south and east-west
orientations to facilitate geological and hydrogeological interpretation. An iterative approach to the
stratigraphic interpretation was employed, whereby a preliminary stratigraphic interpretation was
conducted by Dr. John Clague based on the eight cross-sections to evaluate the local geology and
geological history. Due to the complexity of the area, additional visualization using Leapfrog was
conducted to allow Dr. Clague to refine the interpretation. This information was supplemented by the
stratigraphic interpretation of the Abbotsford group of aquifers that was conducted by Dr. Patrick
Monahan (of Monahan Petroleum Consulting) on behalf of the WLRS in 2020

A visit to the study area was conducted on 26 February 2024 with a WLRS regional hydrogeologist to
observe features of hydrogeological interest (including geomorphology, land use, surface water courses
and surficial sediment exposures) and inform the stratigraphic interpretation.

In March 2024, a draft report was presented to WLRS with the recommendation that the report not to
be published in a final format until the stratigraphic interpretation along the western boundary of the
study area was completed in a subsequent phase. The rationale for the recommendation was that the
watershed-based boundaries of the study area, which are derived from topography, did not correspond
with the boundaries of the underlying subsurface geology. The western portions of the study area
represent one of the most geologically dynamic areas in recent glacial history and an extension of the
interpretation outside of the original study area was required in order to resolve the uncertainty and
complete the interpretation within the study boundaries. This additional interpretation was completed
in the late 2024 to early 2025 and the results were incorporated into the findings of this study. The
additional interpretation was conducted by evaluating portions of a potential future Phase 2 study area
along the western boundary as well as a 2 km buffer along the northwestern boundary. This additional
interpretation helped to resolve some of the uncertainty in this geologically complex area.

2.3 Aquifer — Well Correlations

Aquifer-well correlations for wells in the study area were completed following the stratigraphic
interpretation. Historically, wells within the study area were correlated to aquifers using different
methods by different professionals (Golder 2005, 2014, 2016, 2018; Monahan 2020, Wei and Jackson
2023). For example, Golder’s well-aquifer correlations were conducted by querying the wells against
aquifer volumes in a 3D MODFLOW model that was constructed on the original interpretation by
Monahan from the initial 2005 study. Monahan manually revised some of the aquifer-well correlations
on the western portion of the study area as part of his unpublished work in 2020. Wei and Jackson
(2023) further revised some of the aquifer-well correlations in the Township of Langley area with an
approach that utilized, in part, some unpublished cross-sections from Monahan’s original interpretative
work for Golder (2005, 2014) that were outdated. Challenges for well-aquifer interpretations in the
study area include:

e Only a percentage of the well records in the study area have lithology records to correlate to. A
substantial portion of the well records only have a well depth with no corresponding lithological
information. Historically, these wells were correlated either manually using various assumptions
or by querying their well depth versus the 3D hydrogeological model.

! This work was not published but provided to the WLRS in draft for internal review only.
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Most well records do not indicate the interval and depth of the well screen so wells where the
screen assembly was installed higher up in the borehole are unable to be discerned. Historically,
screens were assumed to be installed at the bottom of the borehole / well as the drillers will
typically stop when a suitably productive horizon is found.

Some domestic wells may intersect small intervals of permeable materials within otherwise
unproductive or low permeability horizons. In this situation, a well would not source water
directly from an aquifer, making an aquifer-well correlation more challenging. Historically, these
wells may have been assigned to the nearest underlying aquifer under the assumption that
water extracted by the well would otherwise have made it to the underlying aquifer. Another
assumption commonly utilized would be to assign the well laterally to a nearby aquifer under
the assumption that smaller-scale formation heterogeneity would provide a connection.
Uncertainty increases for deeper aquifer-well correlations and higher variability in vertical
elevations assigned for each aquifer is observed. Historically, given the depth and the
uncertainty in vertical elevation references and hydrostratigraphic control, aquifer-well
correlations were conducted in a generalized, less-precise fashion, with correlations being more
forgiving on intercept elevations.

Given the number of previous interpretations, complexity of the aquifer-well correlations, and overall
number of wells to be correlated (over 2,500), a hybrid approach for correlation was utilized for this
study with the following methodology:

Wells with lithological descriptors available were interpreted manually along cross-sections and
in 3D for stratigraphic purposes and the interpreted stratigraphy was assigned as the aquifer-
well correlation using the screened interval depth (if available) or the lowest aquifer /
permeable unit.

Shallow wells installed in relatively impermeable materials in locations with no directly
attributable aquifer were correlated as “shallow permeable deposits” (see Section 4 for
additional details).

Wells with no lithology available were manually queried against the newly-interpreted
hydrostratigraphy, particularly in locations where there were alterations from previous
interpretations in shallower aquifers. For deeper wells, manual aquifer-well correlations were
also utilized; however, a preference for continuity with previous aquifer-well correlations was
applied to recognize the previous work conducted.

2.4 Assessment of Groundwater Levels, Trends and Flow Directions

The general directions of groundwater flow throughout the Township were determined based on the
static water levels of registered wells recorded in GWELLS. The static water level assigned to each well
generally consists of one measurement that was usually taken during well drilling. Consequently, water
levels assigned to different wells were likely measured in different years (over an estimated period of
50 years) and during different seasons of the year. The static water levels measured at wells with a
depth less than 30 metres from ground surface were excluded from analysis, as they may include
shallow wells dug or screened within perched permeable pockets that are not hydraulically connected to
major aquifers. In total, the static water levels from the period of record at 1,669 registered wells over
the study area were used to generate water level contours using the natural neighbour gridding
method. The natural neighbour gridding method allows for a smooth approximation and generates good
grids for datasets containing dense data in some areas and sparse data in other areas and does not
generate cell values in areas without data, which makes it an interpolator that works well for water level
datasets as they usually distribute unevenly in space. Regional groundwater flow directions were
inferred based on the generated water level contours. Local deflections and variations may not be
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visible in the regional groundwater flow map but are discussed, where relevant, in the individual aquifer
mapping reports.

Long-term and seasonal trends in groundwater levels were assessed based on groundwater levels
recorded by the Provincial Groundwater Observation Well Network (PGOWN). Five observation wells,
consisting of OW#299, 301, 361, 441, and 458, are located within the study area. The monthly average
water level at each well was plotted relative to the monthly precipitation at Abbotsford A Climate
Station (No. 1100030). The water level data were retrieved and plotted from the earliest available date
(1987 for OW#229, 1988 for OW#301, 2005 for OW#361, 2013 for OW#441, and 2014 for OW#458) to
the latest record. Water levels were converted from metres below ground surface to metres above sea
level using well elevations.

2.5 Groundwater Vulnerability Mapping

A map of groundwater vulnerability was developed using the aquifer vulnerability classification approach
identified in Berardinucci and Ronneseth’s (2002) Guide to Using the BC Aquifer Classification Maps.

2.6 Summary of Groundwater Supply Systems

Available information on water supply systems within the study area that are administered by the

BC Ministry of Health was provided by the Fraser Health Authority. These records were cross-checked
against groundwater use license records from the BC Data Catalogue and water well records from
GWELLS to develop a summary of groundwater supply wells within the study area.

3. OVERVIEW OF GEOLOGY

3.1 Regional Quaternary Geology

The upper part of a thick series of Quaternary-aged sediments, deposited in the last 1.6 million years
during alternating glacial and non-glacial periods, formed the primary permeable units in the study area.
The Quaternary Period is subdivided into the Pleistocene, ending at the last glaciation named the Fraser
Glaciation approximately 10,000 years ago, and the Holocene that comprises the last 10,000 years. Most
of the glacial deposits that provide sources of groundwater in the study area were formed during the
Fraser Glaciation at the end of the Pleistocene. The sedimentary record of earlier glaciations, such as the
Semiahmoo Drift, or interglacial periods (i.e., Cowichan Head Formation) are not well preserved due to
subsequent glacial scour and burial except deep in the subsurface of the Lower Mainland.

Quadra Sands and Gravels (colloquially referred to as “Quadra Sand”) represents the lowest

(i.e., earliest) deposits formed during the Fraser Glaciation, which is an extensive deposit of glaciofluvial
outwash deposited in front of the advancing glaciers. Glacial tills were deposited during several ice
advances during the Fraser Glaciation, including the Vashon Drift, which was formed during the
maximum extent of the Fraser Glaciation and includes at least three till units and interbedded
glaciofluvial sands and gravels.

During and after the ice retreat that followed the Fraser Glaciation glacial maximum, deposits of the Fort
Langley Formation, consisting of glaciomarine clays, ice contact, glaciofluvial deltaic sands and gravels,
and till extending from Langley to Clearbrook in Abbotsford with a local thickness of more than

200 metres, were deposited in the Fraser Lowland.

The Sumas Drift, overlying the Fort Langley Formation, was formed during the final glacial advance and
consists of glaciofluvial sands and gravels, ice contact deposits, and till. The Salish Sediments were
deposited during the latest Pleistocene and Holocene after sea level returned to near its current
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position at the end of Fraser Glaciation. It primarily consists of sands and silts deposited by the
Fraser River (north of the study area) and organics deposited in topographic depressions.

3.2 Local Geology and Hydrogeological Significance

Locally, the study area is located in an area of the Lower Mainland with a particularly dynamic and
complex geological history that influences the location and distribution of the coarser grained,
permeable sediments that define the aquifers in the area. In this section, the regional Quaternary
geology is described in the local context together with the hydrogeological relevance of each different
geological time period from historical to the most recent.

As described in the Regional Quaternary Geology section, most of the sediments observed in the study
area are associated with the most recent glaciation in the area, the Fraser Glaciation. As earlier
described, the inferred sedimentary record of earlier glacial and interglacial periods has been scoured
away or buried. As water well drillers typically stop when a sufficient supply has been obtained, limited
well records and/or data points have been drilled deep enough to intersect permeable deposits that
may be associated with this time period. No age dating of sediments has been completed and
lithological samples and descriptions from the deeper well records are often not detailed enough or high
enough quality to definitively infer an age association. The geological genesis of the deeper aquifers has
primarily been inferred from the historical body of work in the Township of Langley area (Golder, 2005,
2014, 2016 and 2018; Monahan, 2020). This report recognizes that while this interpretation is the best
available at the time, there remains some uncertainty with respect to the geological origin of the deeper
aquifers and units.

The first major deposits of hydrogeological significance from the Fraser Glaciation are the Quadra Sand”.
These sands and gravels represent regional scale glacial outwash deposited in front of the advancing
glaciers and which were broadly deposited at lower elevations across the Lower Mainland and
Vancouver Island. These sands and gravels were subsequently overridden by glaciers during the Vashon
Stade?, often being locally eroded by glacial action. Where they are still present in the Lower Mainland,
the Quadra Sand often represents a larger, productive, regional aquifer that is often observed
stratigraphically beneath glacial till.

Numerous earlier glacial advances are documented as part of the Fraser Glaciation with the Vashon
Stade representing the glacial maximum, during which the entire Lower Mainland would have been
covered in ice. Sediments from this time period are commonly referred to as the Vashon Drift, which is
predominantly glacial till. In the hydrogeological context, glacial tills are commonly understood as low
permeability sediments; however, the glacial environment is complex hydrologically and these tills often
contain interbedded sands and gravels which may be irregularly distributed throughout the till in
association with the glacial hydrology and drainage. Where these coarse-grained deposits, often termed
“inter-till deposits”, are more extensively developed, they can represent productive aquifers and are
used as a groundwater supply. In general, these aquifers would be expected to be thinner and smaller
and often observed stratigraphically with till above and below.

The Fort Langley Formation sediments in the study area were deposited during a geological time when
the glaciers were retreating from the maximum glacial extent of the Vashon Stade. During this time,
local sea levels were higher and the ground surface was rebounding isostatically after being depressed
by the weight of glacial ice (see Figure 2; 13,500 years ago). As the glaciers retreated and the study area
was covered by the sea, thick glaciomarine sediments of the Fort Langley Formation were deposited
proximal to the location of the ice front, with coarser material (i.e., submarine flows) deposited closer to

2 A “stade” is a period of time represented by a glacial deposit.
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the ice front and finer silts and clays deposited in more distal areas with occasional embedded coarse
material dropping from calving icebergs. At locations where either the ice front was stationary for longer
periods of time or where sediment deposition progressed at high rates, thicker sequences of coarse
deposits were able to develop locally and represent aquifers. In general, the thickness of the Fort
Langley Formation roughly corresponds to the duration of time that the ice front was near that location,
allowing for progressively finer grained sediments to accumulate and form lower permeability aquitards
surrounding the aquifers. Based on the thickness of some of the finer-grained deposits in the study area,
it is interpreted that the ice front was positioned in the study area for longer periods of time than
surrounding areas.

The next major group of sediments, known collectively as the Sumas Drift, are sediments associated
with the last major glacial advance of the Fraser Glaciation, the Sumas Stade. Locally, the terminus of
this readvancement occurred in close proximity to the study area, resulting in a complex series of till,
ice-contact deposits, recessional moraines, outwash and meltwater channels across the study area and
nearby vicinity at different elevations as the land surface continued to rebound (see Figures 3 and 4 for
the geomorphological interpretation). Hydrogeologically, these extensive outwash and meltwater
deposits represent productive unconfined aquifers, as they are coarse-grained materials that were
deposited in high-energy environments.

Extensive modern (postglacial Salish Sediment) deposits are not observed in significant enough
guantities to be of hydrogeological interest in the study area.

4. HYDROGEOLOGY

4.1 Hydrostratigraphy

The hydrostratigraphy of an area is a simplified representation of the geology where the various
geological units are grouped and classified according to their hydraulic characteristics and expected
hydrogeological behaviour (i.e., aquifer or aquitard). Classification of hydrostratigraphic units as aquifers
or aquitards was completed on the basis of their hydraulic conductivity relative to adjacent units and the
ability of the hydrostratigraphic unit to yield a useable source of groundwater. Province of British
Columbia guidance recommends that aquifers be of a certain size to be mapped, typically greater than

1 km? (Berardinucci and Ronneseth 2002). This study recognizes that numerous wells are completed in
“shallow permeable deposits” which are small-scale permeable deposits (i.e., sand lenses or streamers)
which, due to heterogeneity, are contained within otherwise low permeability material. These shallow
permeable deposits can be sufficient for domestic supply but are limited and, therefore, not associated
with a mapped aquifer.

Aquifers

Eleven aquifers were identified in the study area, as summarized in the Aquifer Summary Table in
Appendix B. Figures 5-1 through 5-11 illustrate the lateral extent of the aquifers in plan view.

Of the 11 aquifers, the following three are unconfined aquifers:

Abbotsford Shallow (#15)
Abbotsford Shallow West (#1297)
Aldergrove Shallow (#1296)
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The following eight aquifers are confined aquifers:

Northwest of Clearbrook (#28)
Aldergrove AB (#27)

West of Aldergrove (#33)
South of Hopington (#50)
Langley Upland Intertill (#52)
Aldergrove Quadra (#1193)

0 Avenue (#1228)

South of Aldergrove (#1233)

Eight cross-sections of the aquifers identified from geological interpretation were prepared. The
locations of the cross-sections are shown on Figure 6-1 and the cross-sections are presented on
Figures 6-2 through 6-9.

The main revisions to the aquifers resulting from the work conducted in this report include:

e Subdivision and Addition of Unconfined Aquifers — The previous Abbotsford Aquifer (#15) has
been subdivided with components being integrated into the three newly revised unconfined
aquifers based on geology and location / elevation (Abbotsford Shallow Aquifer #15, Abbotsford
Shallow West #1297, and Aldergrove Shallow #1296). Additional unconfined deposits in the
Aldergrove area were lumped with a portion of the previous Abbotsford Aquifer (#15) to form
the newly mapped Aldergrove Shallow Aquifer (#1296). The revised Abbotsford Shallow Aquifer
(#15) is comprised of low elevation outwash deposits. The Abbotsford Shallow West Aquifer
(#1297) is comprised of the higher elevation, terraced glaciofluvial outwash / meltwater
channels. The Aldergrove Shallow Aquifer (#1297) is comprised of isolated higher elevation
deposits in the Aldergrove area.

o Northwest of Clearbrook Aquifer (#28) Expansion — The Northwest of Clearbrook Aquifer (#28)
has been expanded to the south within the study area to incorporate the deeper, confined
deposits underlying the Abbotsford Shallow Aquifer (#15). There is still considerable uncertainty
in the delineation of this aquifer and boundaries may be revised further as the geological
understanding outside of the study area to the east is resolved (see Section 5.3 for discussion).

e  Minor Expansions of Deeper Confined Aquifers Based on Geology — Minor expansions and
revisions to the boundaries of many of the confined aquifers were completed based on geology,
additional available data, and improvements of the vertical referencing.

Aquitards

Less-permeable, finer-grained layers between, above, or beneath the aquifers are known as aquitards.
Applying the concept of hydrostratigraphic units, an aquitard can be comprised of many layers of
different material as long as they are in close proximity and have relatively similar hydrogeologic
properties. In the context of the hydrogeologic regime in the study area, aquitards are comprised of
layers of clays, silts, fine sand, and glacial till.

Shallow Permeable Deposits

Shallow permeable deposits are small-scale permeable deposits that are contained or interbedded
within low permeable material and provide a sufficient amount of groundwater for domestic supply
purposes but are not correlated to a larger aquifer. These deposits are typically associated with small-
scale heterogeneity and their distribution within a larger low permeability material is irregular and
variable, with some shallow wells that utilize such deposits located next to deeper wells that were
installed in a deeper aquifer. Shallow permeable deposits and the wells installed within them are more
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often found in the western portions of the study area, in the upland areas where low permeability
morainal, ice-contact, or glaciomarine silts and clays are frequently observed. While these shallow
permeable deposits are not part of a mapped aquifer system in the formal sense, this classification is
proposed to be able to properly identify and account for the use of groundwater from these shallow
systems and to not ascribe it to underlying aquifers.

4.2 Groundwater Levels, Trends and Flow Directions

Groundwater level contours and overall groundwater flow directions in the aquifers within the study
area are presented on Figure 7. The map provides a regional representation of groundwater flow,
whereby groundwater generally flows from local topographic highs to local topographic lows. It is
generally mounded under upland areas and lower near to discharge areas and creeks and streams.
A downward component of flow provides recharge to the deeper confined aquifers at topographic
highs. At a local level, shallow groundwater flow is more complex, influenced by variations in local
stratigraphy and topography. Several important observations are made with respect to shallow
groundwater flow and its contribution to surface water flows in the Bertrand and Fishtrap Creek
watersheds, notably:

e Different shallow groundwater flow regimes are observed in the study area depending on
whether the surficial soils are well- or poorly-drained; and

e There are indications that portions of the permeable deposits / aquifers underlying the uplands
in the northwest of the study area are unsaturated.

Further details regarding groundwater levels and trends, shallow groundwater flow systems and
groundwater-surface water interactions are discussed in the subsections below.

Groundwater Levels and Trends

The water levels at the five provincial observation wells located within the study area (locations shown
on Figure 1) appear to be primarily influenced by precipitation, as rainwater infiltrating into the
subsurface recharges the underlying aquifers and raises the water table (Figures 8-1 through 8-5).

At observation well OW#299 (completed in the unconfined Abbotsford Shallow Aquifer #15) and
OW#301 (completed in the Aldergrove AB Aquifer #27), the highest groundwater levels were generally
observed from December to March in each year and the lowest water levels were generally observed
from September to October. These trends are coincident with seasonal patterns in precipitation. At
observation wells OW#361 (Aldergrove AB Aquifer #27), OW#441 (Northwest of Clearbrook Aquifer #28)
and OW#458 (Aldergrove AB Aquifer #27), completed in confined aquifers, the highest water levels were
generally observed from March to June and the lowest water levels were generally observed from
August to November. These trends reflect a lag in aquifer recharge following seasonal precipitation due
to longer flow paths to these confined aquifers.

Overall increasing trends in groundwater levels were observed at OW#361 from 2010 to 2023 and in
OW#458 from 2014 to 2023, both of which are completed in the Aldergrove AB Aquifer (#27). In
contrast, an overall declining trend in groundwater levels was observed at OW#441 (completed in the
Northwest of Clearbrook Aquifer (#28)) from 2015 to 2023.

Shallow Groundwater Flow

Shallow groundwater flow systems differ markedly across the study area depending on location. In the
southern and eastern parts of the study area, dominated by the outwash and meltwater deposits of the
unconfined Abbotsford Shallow (#15), Abbotsford Shallow West (#1297), and Aldergrove Shallow
(#1296) aquifers, surficial or near-surface soils are coarse and well-drained with good hydraulic
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connections with local watercourses. Conversely, in the western and northern parts of the study area,
poorly drained, low permeability soils are more prevalent and tile drains, drainage ditches, and small
ponds and wetlands are frequently observed. Figure 9, presents images showing example landscapes in
both poorly- and well-drained locations in the study area. The difference is relevant for groundwater
management, as the poorly-drained soils may have reduced groundwater recharge, be more prone to
runoff, and have an active shallow interflow system whereas well-drained soils would be more likely to
have groundwater infiltrate directly into unconfined aquifers and have increased direct aquifer — surface
water interactions. In poorly-drained soils, increased recharge may be observed where permeable
“windows” through the low permeability soils are present.

In some locations in the study area, poorly-drained, low permeability soils may restrict vertical
groundwater recharge enough that underlying permeable soils / aquifers may become locally
unsaturated if they are adjacent to a topographic low or valley. In these situations, the permeable
deposit or aquifer has a high enough hydraulic conductivity that groundwater flows laterally and
discharges at low points on the topographic slope or valley. In contrast, the hydraulic conductivity of the
overlying poorly-drained, low conductivity deposits is relatively low and limits infiltration of
groundwater vertically to keep the permeable soils / aquifer saturated. This results in an “underdrained”
condition where the portions of the underlying permeable soils or aquifer are partially or totally
unsaturated, particularly close to the topographic slope or valley wall that functions as the hydraulic
control. Evidence and indications of this situation are observed in water well records on the edges of the
poorly-drained uplands located in the northwestern portions of the study area. In these locations,
laterally contiguous intercepts of “dry gravel”, “dry sand and gravel”, or “cemented gravel” are
frequently described in the lithology records. Wells often continue through these “dry” deposits until
they become saturated or, alternatively, the well is advanced deeper into an entirely different deeper
aquifer due to the lack of saturation in the overlying deposits. Further evidence is that “dry” or
“cemented” soils are rarely observed at elevations below the local topographic or hydrogeological low.
A conceptual diagram of this situation is presented on Figure 10, together with a plan view figure of
where these unsaturated deposits are noted within the study area, notably by the West of Aldergrove
Aquifer (#33). The presence of laterally extensive unsaturated permeable deposits underdraining the
uplands in the northwest of the study area has implications for local groundwater flow and quality.

A persistent unsaturated area would provide a degree of “hydraulic separation” between the partially
saturated aquifer and the overlying shallow groundwater flow system. This “hydraulic separation” would
have the effect of making groundwater flow preferentially more lateral in the partially saturated aquifer
and underlying units as the overlying shallow groundwater would already be “leaking” downwards at its
maximum rate (i.e., unit gradient). Focused recharge through permeable “windows” may also occur,
leading to challenges in interpretation. Interpretation of unsaturated permeable materials is subject to
uncertainty due to the quality of lithological descriptors from water well records.

Groundwater-Surface Water Interactions and Hydraulic Connections

Groundwater-surface water interaction occurs mostly between local surface water bodies (i.e., streams
and creeks) and the shallow unconfined aquifers. Some interaction occurs between streams and
underlying aquitards to a lesser extent due to the low permeability of the aquitards. Where
watercourses cut down through the aquitards, they might be locally hydraulically connected to shallow
confined aquifers and interaction might occur at these locations, leading to recharge of the aquifer
when hydraulic head differences permit.

Hydraulic connections are inferred between the Abbotsford Shallow Aquifer (#15) and Fishtrap Creek, its
tributaries (Waechter Creek and East Fishtrap Creek) and Nathan Creek, the Abbotsford Shallow West
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Aquifer (#1297) and Pepin Creek and Bertrand Creek, and the Aldergrove Shallow Aquifer (#1296) and
Bertrand Creek and Howes Creek.

4.3 Groundwater Vulnerability

A map of groundwater vulnerability, based on the BC aquifer classification scheme, is presented on
Figure 11. As expected, the areas of highest groundwater vulnerability are those underlain by
unconfined aquifers. Land use in these areas is primarily characterized by rural residential development,
including lots serviced by septic systems, together with hobby farms, and agriculture, all of which can
represent potential risks to shallow groundwater quality.

4.4 Water Supply Systems

In total, 17 water supply systems utilizing groundwater were identified within the study area (Figure 12).
Among these wells, 16 wells were registered in GWELLS and only four wells were licenced for
groundwater use. Table 1 summarizes the groundwater supply wells within the study area, their source
aquifers, the source aquifer vulnerability, and licencing status. Of note, some of these systems may have
applications in the queue and existing use applicants are permitted to continue using water.
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Table 1. Groundwater Supply Wells within the Study Area

Water Supply System Town WTN # Li;te:tij:g Source Aquifer s\(;:;::r:::ii:sr

Aldergrove Lake Regional Park Langley 98568 Unlicensed ﬁ‘g?ﬁiﬁg:yjﬂ:gﬁlgeﬁ (#1297, High
Camp Elkgrove-Aldergrove Children's Camp Abbotsford 98567 504024 Abbotsford Shallow (#15) High
Campbell's Gold Honey Farm & Meadery Abbotsford 113067 503744 Aldergrove Shallow (#1296) High
Clearbrook Waterworks District Abbotsford 76208 Unlicensed Northwest of Clearbrook (#28) Low
Fraser Common Farm COOP Langley 113980 503928 Abbotsford Shallow West (#1297) High
Great Fraser Valley Wine Ltd Langley 5790 Unlicensed Shallow Permeable Deposits NA
La Rosa de Matsqui Abbotsford 117234 Unlicensed Abbotsford Shallow West (#1297) High
Loft Country Farms Inc Langley 51870 Unlicensed West of Aldergrove (#33) Low
Peardonville House Abbotsford 85219 14950 Abbotsford Shallow West (#1297) High
Strata Plan NW 154 WS Langley NA3 NA
Township of Langley Aldergrove Well #3 Langley 25909* Unlicensed Aldergrove AB (#27)
Township of Langley Aldergrove Well #4 Langley 36530 Unlicensed Aldergrove Quadra (#1193) Low
Township of Langley Aldergrove Well #6 Aldergrove 67683 Unlicensed Aldergrove AB (#27)
Township of Langley Aldergrove Well #7 Aldergrove 36528 Unlicensed Aldergrove AB (#27)
Township of Langley Aldergrove Well #8 Aldergrove 54317 Unlicensed Aldergrove AB (#27)
Township of Langley Aldergrove Well #9 Langley 89628 Unlicensed Aldergrove AB (#27)
Township of Langley Aldergrove Well #10 Langley 89629 Unlicensed Aldergrove AB (#27)

3 This well cannot be found in the GWELLS database based on available information.

4 GWELLS database categorizes this well as closed.
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5. DATA GAPS AND UNCERTAINTY

The study area is located in a region of the Lower Mainland with a highly dynamic and complex glacial
history. Complex deposits of till, thick sequences of glaciomarine sediments, reworked deposits from the
Sumas advance, and complex glacial outwash and other landforms associated with the glacial retreat are
some of the complicating factors associated with the geological and hydrostratigraphic interpretation in
this area. Interpretation of this diverse subsurface is further complicated by the typical challenge of
using lithology descriptions from water well records which, although they are widespread and available
throughout the study area, have highly variable descriptions and variable data quality from record to
record. Regardless, when the many well records are viewed as a whole, in a probabilistic sense, rather
than a small-scale deterministic sense, a general concept of the subsurface can be ascertained when the
geological history and local geological processes of the area are considered. Confidence is much higher
in the interpretation of shallow aquifers, as the recent geological history is better understood,
geomorphological interpretation can be conducted to support interpretation, and there are more well
records to provide information. Interpretation of deeper aquifers is subject to greater uncertainty as
there are fewer data points and well records, and the geological understanding decreases with greater
depth.

In the past, the hydrostratigraphy of the study area in the Township of Langley and City of Abbotsford
have been interpreted by numerous individuals and organizations, with each subsequent interpretation
adding additional knowledge as the geological and hydrogeological understanding of the subsurface
evolves, and visualization and interpretative tools improve to facilitate subsurface insight (Golder, 2005,
2014, 2016 and 2018; Monahan, 2020, and Wei and Jackson 2023). Data gaps and uncertainty for this
project are primarily associated with the lack of high-quality geological descriptions in the available
subsurface data as well as the uncertainty associated with interpreting a portion of the geology /
hydrostratigraphy (i.e., the study area) without also considering the geological processes to the west
and east with the same level of detail. These two concepts are described in greater detail below
together with a summary of the main areas of uncertainty.

5.1 High Quality Geological Data

The challenges in utilizing variable quality lithological descriptors from water well records to develop a
complex geological and hydrostratigraphic interpretation is well documented from previous aquifer
mapping projects across the province. In areas of complex geology, as well as areas where the number
of data points are limited, interpreters often rely on knowledge of the geological history of the area to
make assumptions on the size and distribution of hydrostratigraphic units or to “fill in the blanks” in
areas of uncertainty. Boreholes or wells that are logged by consultants typically provide more detailed
lithological descriptions but usually do not associate the observed lithologies to the geological history of
the area. Geological boreholes or boreholes otherwise drilled for the specific purpose of setting the local
geological history of the area, and logged by an appropriate geologist, can be particularly valuable for
aquifer mapping studies as they provide both high quality data at a specific point, but also strengthen
the interpretation of the lower quality water well lithological data once the geological context is better
understood. Given the dynamic geological history in the study area and how the depositional
environment influenced the distribution and orientation of hydrostratigraphic units, the lack of high-
quality geological data points represents an important data gap and source of uncertainty. This
uncertainty is greater for deeper aquifers, as there are fewer overall water well records and control
points.
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5.2 Consideration of Nearby Geological Processes

The study area for this project was delineated based on the watershed boundaries for Bertrand Creek
and Fishtrap Creek, with a subsequent phase of the project (Phase 2; not yet completed) planned to
focus on the Little Campbell River watershed to the west. In addition, preliminary unpublished aquifer
mapping and hydrostratigraphic interpretation was conducted by another consultant in the Abbotsford
area both partially in the study area and more broadly in Abbotsford to the east. No additional
interpretation had been conducted or planned along the northwestern boundary at the time of the start
of this study where the geological history was very dynamic. Due to the delineation of the study area by
watershed, the near-surface recent geological processes and geomorphological expression are well
contained within the study area boundaries. However, older geological deposits and their aquifers are
not well contained within the study area boundaries, often extending across them. In addition, the
geological processes and depositional environments that influence the distribution of the older
sediments occur at a larger spatial scale than that of the study area boundaries. As a result, the
interpretation of these deeper hydrostratigraphic units is better facilitated by understanding the
broader geological context that controlled their deposition. The extended interpretation conducted in
late 2024 / early 2025 to support this report was designed to address some of this uncertainty. As Phase
2 of the project proceeds, it is possible that the geological and hydrostratigraphic interpretation of the
deeper aquifers on the western portion of the current study area will change as the geological
understanding of the area to the west is better understood. Similarly, if the geological and
hydrostratigraphic interpretation of the greater Abbotsford area to the east progresses and is finalized
in the future, it is likely that the deeper aquifers on the eastern portion of the study area will change as
a more holistic geological understanding evolves. Deeper aquifers on the western and eastern portions
of the study area are subject to higher degrees of uncertainty and should be re-evaluated as future work
proximal to these areas progresses.

5.3 Summary of Main Areas of Uncertainty

A summary of the main areas of uncertainty includes the following:

e Deep Confined Aquifers in the Western and Southern Portion of the Study Area — The
interpretation of the deeper confined aquifers on the western and southern portions of the
study area is uncertain due to limited data points and relatively large differences in elevation
where these aquifers are intersected in wells. These aquifers include the Aldergrove Quadra
Aquifer (#1193), the West of Aldergrove Aquifer (#33), the Langley Upland Intertill Aquifer (#52),
the South of Hopington Aquifer (#50), and the South of Aldergrove Aquifer (#1233). It is
recognized that some or most of this uncertainty may not be able to be resolved with the
current amount of data and information.

e Presence of Deeper Abbotsford Shallow West Aquifer (#1297) Units — The presence of small,
deeper permeable hydrostratigraphic units underlying the western portions of the Abbotsford
Shallow West Aquifer (#1297) was postulated as part of the preliminary, unpublished aquifer
mapping the Abbotsford area. At this time, insufficient evidence exists to support the
subdivision of these units as separate aquifers and they have been included within the
Abbotsford Shallow West Aquifer (#1297) due to their close vertical proximity and inferred
hydraulic connection.

e Interpretation of the Northwest of Clearbrook Aquifer (#28) — The interpretation of the
Northwest of Clearbrook Aquifer (#28) is subject to uncertainty and re-evaluation as the
geological understanding and hydrostratigraphic interpretation to the east is finalized and the
geological history and controls are better understood.
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6. CONCLUSIONS AND RECOMMENDATIONS

Appendix B provides a summary of the updated aquifer mapping completed as part of this
hydrogeological mapping and analysis study. A total of eleven aquifers were mapped. All of these
aquifers had been mapped previously, but the interpretation presented herein includes the separation
of the previously mapped Abbotsford Aquifer (#15) into three separate aquifers (Abbotsford Shallow
(#15), Abbotsford Shallow West (#1297) and Northwest of Clearbrook (#28)), and the incorporation of
some of the unconfined components of the Abbotsford Aquifer (#15) and the Hopington AB Aquifer
(#35) together with some more widely mapped unconfined surficial deposits in the area as the
Aldergrove Shallow Aquifer (#1296). Boundaries of the remaining aquifers were refined based on the
interpretations conducted as part of this study. The study area encompasses one of the most dynamic
locations in the Lower Mainland with respect to the recent glacial history and is challenging to interpret
in isolation of wider geological data to the west and east. Interpretations contained in this report are
likely to evolve as additional information continually becomes available and if subsequent phases of this
overall project are approved and completed.

Of the 11 aquifers, the Abbotsford Shallow Aquifer (#15), Abbotsford Shallow West Aquifer (#1297) and
Aldergrove Shallow Aquifer (#1296) are primarily unconfined and have the highest potential for direct
hydraulic connection with local surface water features. Even in locations where unconfined aquifers are
not mapped directly at surface, low permeability or poorly-drained soils may actively interface with
surface water features or drainage via small-scale heterogeneous lenses or streamers of permeable
material or shallow groundwater interflow. Similarly, heterogeneity within low permeability surficial
deposits may be adequate to provide small-scale domestic or irrigation water supply via shallow or dug
wells even though these shallow permeable deposits may not be correlated to a mapped aquifer.
Though there are numerous hydraulic connections between the shallow aquifers identified in the
updated aquifer mapping, the connections tend to be relatively minor with respect to the overall
groundwater balance of the aquifers, meaning conjunctive aquifer management of multiple shallow
aquifers may not be necessary at this time. Additional consideration should be given to unsaturated
conditions identified in the West of Aldergrove Aquifer (#33) in the upland area of the northwest study
area to evaluate the potential impact of these conditions on groundwater management 