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Background

The purpose of the project was to identify, delineate, and classify aquifers underlying the
boundary of Teslin and build a foundation for future hydrogeological work in the area. This
report presents the geological setting and relevant background information for the Study
Area, methods used to process and interpret the subsurface hydrogeological data, and
resultant aquifer delineations and classification according to the British Columbia aquifer
classification system.
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Disclaimer:

The data and information provided in this report are provided by the Government of Yukon as
a public service. The Government of Yukon does not guarantee the quality, accuracy,
completeness or timeliness of any of the information provided. Users should verify all
information before acting on it. The Government of Yukon disclaims all warranties,
representations, and conditions regarding use of the report, including all implied warranties
of merchantability and fitness.

The Government of Yukon is not responsible for any direct, indirect, special, incidental,
consequential, or any other damages whatsoever, caused, arising out of or in connection with
the use of the report, or reliance on the information available in the report, including any other
pecuniary loss, whether based on negligence, breach of contract or other cause of action,
even if the Government of Yukon has been informed of the possibility thereof.



Study limitations

This document has been prepared for the purposes of identifying and mapping aquifers in the
vicinity of Teslin and is provided for the exclusive use of the Government of Yukon Water
Resource Branch (WRB).

The scope of work for this study was intended to provide a regional scale overview only and
did not include such items as detailed subsurface investigations or site-specific hydrogeological
assessments. In preparing this document, WSP has relied in good faith on information provided
by sources noted in this document. We accept no responsibility for any deficiency,
misstatements or inaccuracy contained in this document as a result of omissions,
misstatements, or fraudulent acts of others.

The factual information, descriptions, interpretations, comments, conclusions, and
recommendations contained herein are specific to the project described in this document and
do not apply to any other project or site. Plans, electronic files and similar material used to
develop this document are instruments of service, not products. If new information is
discovered in the future, WSP should be requested to re-evaluate the conclusions of this
document and to provide amendments as required prior to any reliance upon the information
presented herein.

The hydrogeological services performed as described in this document were conducted in a
manner consistent with the level of care and skill normally exercised by other members of the
engineering and science professions currently practising under similar conditions, subject to the
quantity and quality of available data, the time limits, and financial and physical constraints
applicable to the services. Unless otherwise specified, the results of previous work provided by
sources other than WSP and quoted and/or used herein are considered as having been
obtained according to recognised and accepted professional rules and practices, and therefore
deemed valid. WSP makes no warranty, expressed or implied, and assumes no liability with
respect to the use of the information contained in this document at the subject area, or any
other site, for other than its intended purpose.

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



Executive summary

The purpose of the project was to identify, delineate, and classify aquifers within the boundary
of Teslin and build a foundation for the development of a conceptual hydrogeological model for
the area. This report presents the geological setting and relevant background information for
the Study Area, methods used to process and interpret the subsurface hydrogeological data
and resulting aquifer delineations and classification according to the BC aquifer classification
system (Bernardinucci and Ronneseth, 2002).

Teslin is located in the Southern Yukon, approximately 130 km east of Whitehorse and
approximately 20 km north of British Columbia border. Teslin is located at km 1244 (mile 804)
of the Alaska Highway and is situated at the confluence of Teslin Lake and Nisutlin Bay Inlet.
Teslin has a population of approximately 300 residents (Statistics Canada, 2021) and is in the
traditional territory of the Teslin Tlingit Council.

Glacial deposits in the Teslin area are generally related to the McConnell glaciation, which
covered the south and central Yukon between 26,500 and 10,000 years ago. During the
McConnell glaciation, ice flowed towards the northwest from the Cassiar Mountains. There was
a glacial lake in the area of Teslin during glacial retreat to the southeast. The glacial lake
lowered slowly over time, leaving paleo-shoreline deposits along upland slopes such as near
the sewage lagoons. Thick glacial lake sediments were deposited in the valley bottom and
glaciolacustrine sediments are widespread at or near surface. Glaciofluvial sands and gravels
were often deposited during stagnating and downwasting of the ice sheet. Moraine or till
deposits occur on mid-elevation slopes and high elevation slopes and summits are covered
with discontinuous colluvium or moraine veneer over bedrock. Alluvial fan deposits, frequently
overlain by organic deposits, occur in the western part of Teslin near the Fox Point subdivision
along with active fluvial deposits associated modern stream activity. Unmapped thin veneers of
organics (10-30 cm) overlie much of Teslin. The surficial deposits in the Teslin area are
described in detail by Palmer et al. (2020).

For the purposes of this report, an “aquifer” in unconsolidated materials (i.e., soil) is considered
to be a geological deposit or formation that has high permeability relative to its surroundings
and which readily transmits water to wells and springs. Bedrock aquifers have not been
delineated in this report due to limited hydrogeological information and high variability in local
permeability, though it is noted that in many cases wells drilled into the bedrock may yield a
small groundwater supply suitable for domestic use.

Two proven aquifers and two potential aquifers were identified within the study area as part of
project.

1. Naghas’é X'ayi tayi hin (Water Under Fox Point): The Glaciofluvial Aquifer is a confined
aquifer and is constrained to the glaciofluvial sand and gravel deposits in the valley.



2. Axh’aka tay! hin (Water Under Teslin): The Deep Sand and Gravel Aquifer is a confined
sand and gravel deposit in the vicinity of Village of Teslin.

3. The Potential Glaciofluvial Aquifer is a confined aquifer west of Fox Creek that has been
truncated from the larger glaciofluvial deposits by fluvial processes and alluvial deposits
associated with Fox Creek.

4. The Potential Fan Aquifer is an unconfined aquifer comprised of alluvial / fan deposits
associated with Fox Creek northwest of the Fox Point subdivision
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Place names and acronyms

Tlingit Place Names
e Naghas’é X'ayi tayf hin (Water Under Fox Point)
e Axh’aka tayl hin (Water Under Teslin)

Acronyms

CDEM Canadian Digital Elevation Model

GCDWQG Government of Canada Drinking Water Guidelines
GW Groundwater

ID Identifier or |dentification number

masl| Metres above sea level

mbgs Metres below ground surface

WRB Water Resources Branch

YOWN Yukon Observation Well Network

YWWR Yukon Water Well Registry

Vii



Study Area location

Teslin is located in the Southern Yukon, approximately 130 km east of Whitehorse and
approximately 20 km north of British Columbia border. Teslin is located at km 1244 (mile 804)
of the Alaska Highway and is situated at the confluence of Teslin Lake and Nisutlin Bay Inlet.
Teslin has a population of approximately 300 residents (Statistics Canada, 2021) and is home
to the Tlingit Community. For the purposes of aquifer mapping, the “Study Area” delimited on
Figure 1 was constrained to the available data covering the Village of Teslin to Fox Point
subdivisions.
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Figure 1. Study Area



Methods

Subsurface geological and hydrogeological data was compiled, preprocessed, standardized,
and imported into Leapfrog Works (v 2022.1.0), a commercially available 3D subsurface
modelling software package, for interpretation and aquifer delineation. The data sources and
workflows for the preprocessing, lithological standardization, 3D visualization and
interpretation are described in the subsections below.

Data Sources

WSP conducted a data gathering exercise to obtain Quaternary geologic and hydrogeologic
information for the Study Area by means of correspondence with the Government of Yukon
Department of Environment, Water Resources Branch (WRB) and on-line searches of publicly
available information sources including the Yukon Water Well Registry (YWWR). The WRB
coordinated the gathering of information from wells associated with Tlingit Community as well
as available geological and subsurface data from other government agencies and consultants.
Table 1 provides a summary of the data that was compiled.

Table 1: Summary of Data Sources

Source

Data Type

Data Coverage

Yukon Water Well Registry
(YWWR)

Well locations and well logs for
public and private water supply
wells, environmental monitoring
wells and industrial, commercial
wells.

51 wells total, 40 wells with
lithology available

1 m resolution bare earth
LiDAR data from Geomatics
Yukon (2015)

Digital elevation data to support
accurate positioning of boreholes

Area of coverage of 24 km?

Canadian Digital Elevation
Model (CDEM)

Digital elevation data to support
accurate positioning of boreholes

Data downloaded to cover Teslin
and up to 18 km of the
surrounding area

Surficial Geology Map
(Palmer, 2020)

Finer scale mapped distribution of
surficial geological units and
descriptions

Regional coverage of Teslin

Yukon Observation Well
Network (YOWN) Subsurface
Investigation

Two stratigraphic boreholes
installed, one monitoring well and
one nested monitoring well

Two locations in Teslin (YOWN-
2206 and YOWN-2207S/D)

Contaminated site
investigation report (ERM
Consultant Canada LTD,
2018)

Additional borehole logs

Five boreholes in the residential
area in Village of Teslin (LM 18-
01 to LM18-06)




Source Data Type Data Coverage

Geotechnical Evaluation Additional borehole logs Five boreholes near the ice arena
(Chilkoot Geological Engineer of Village of Teslin (BH1-19 to
LTD, 2019) BH5-19)

Additional references such as | Geophysical surveys Five Electrical Resistivity

the permafrost study Tomography surveys conducted
(Kryotec Arctic Innovation in Teslin

Inc., 2021)

Data Standardization

Well information and lithological descriptors are variable in terms of documentation and overall
data quality, with substantial variation depending on the age of the well record and drilling
company. Common types of preprocessing that was conducted as part of this study include:

e Conversion from imperial units to metric
e Manual entry of lithological information from the YWWR and well records
e Standardization of lithological descriptors

Given the variability of the raw lithology descriptors, standardization of the lithological dataset
was required for effective interpretation of subsurface stratigraphy and conditions. The method
of standardization primarily consisted of keyword scripts to extract relevant data descriptors
from the lithology field. Once the relevant lithological data were extracted, they were classified
on the basis of sediment texture into groups that were expected to behave in a hydraulically
similar manner. These sediment textural groupings were implemented in the 3D subsurface
model and were used to facilitate the geological and hydrostatigraphic interpretations
described in Sections 3.0 and 4.0, respectively. Table 2, below, presents the main lithological
descriptors and their associated sediment textural grouping.

Table 2: Lithological Descriptor Standardization

Lithological Descriptor Sediment Textural Grouping

Sand and Gravel

Gravelly Sand/ Sandy Gravel Sand and Gravel

Sand with some Gravel

Sand (Fine / Medium / Coarse) Sand
Silty Sand

Sand with Silt Silt / Sand
Sandy Silt

Silt Silt




Lithological Descriptor Sediment Textural Grouping

Clay
Clay with some Silt Clay/Silt
Silty Clay
Till
Till
Silt, Clay, Sand, Gravel
Bedrock Bedrock

It should be noted that these groupings and classifications are methods used only to facilitate
visualization of the data in 3D for the interpreter; the full raw lithologies were still queried by
the interpreter during the aquifer mapping and delineation process to ensure that professional
judgement was applied throughout the process as opposed to being strictly an automated
process.

Three-Dimensional Visualization and Hydrostratigraphic

Interpretation

To conduct the 3D hydrostratigraphic visualization and interpretation, standardized datasets
for lithology, degree of saturation, and groundwater levels / depths to water were imported into
Leapfrog Works (v 2022.1.0) for 3D rendering. Well collar elevations were frequently
unavailable or, where available, were typically low accuracy. In order to vertically reference well
or borehole collars, collars were assigned elevations by projecting them onto the topographic
surface in the 3D model, which was defined by the high-resolution LIDAR mapping. This
allowed for vertical referencing of all associated wells and lithological data within the 3D space
of the subsurface model; however, it also meant that vertical elevation errors could be
introduced where the associated well record has low horizontal accuracy in an area of high
topographic relief. Outside of the LIDAR coverage and at the edge of the low-resolution DEM
vertical walls are sometimes present. These are an artifact of the difference between the LIiDAR
and low-resolution DEM and do not reflect actual near vertical changes in topography.

For the purposes of this report, an “aquifer” in unconsolidated materials (i.e. soil) is considered
to be a geological deposit or formation that has high permeability relative to its surroundings
and which readily transmits water to wells and springs. Bedrock aquifers have not been
delineated in this report due to limited hydrogeological information and high variability in local
permeability, though it is noted that in many cases wells drilled into the bedrock may yield a
small groundwater supply suitable for domestic use. For the purposes of this report, an
“aquitard” is a geological deposit or formation that has low permeability relative to its
surroundings and which impedes or does not readily transmit groundwater to wells or springs.

Aquifers and hydrostratigraphy were interpreted by visualizing the associated datasets in 3D,
cutting cross-sections, manipulating the model, and then by manually selecting and assigning
various intervals to hydrostratigraphic units and aquifers. This method allowed the interpreter
to assess and visualize the different types of hydrogeological data quickly and the ability to



easily and continuously cut cross-sections to investigate areas of interest. Subsurface data,
existing geological mapping, groundwater levels, and landform morphology were all considered
when delineating the aquifer boundaries. Assumptions and notes regarding the delineation of
the aquifers are documented in the associated aquifer description worksheets in Appendix 1.



Overview of Geology

The primary reference for bedrock geology for the Study Area is the Yukon Geological Survey

bedrock compilation (Yukon Geological Survey, 2022) which has been developed from Gordey
and Stevens (1994) in the Teslin map area (105C) (Figure 2). Three bedrock units underlie the
Study Area and, from oldest to youngest, are:

¢ Upper Devonian Snowcap Group Bedrock (PDS1) — metamorphic bedrock unit
underlying the northeast corner of the Study Area consisting of quartzite, psammite,
pelite and marble with minor greenstone and amphibolite.

¢ Upper Devonian Smart River Formation Bedrock (DMF1) — metamorphic bedrock unit
underlying part of the northeast portion of the Study Area and consisting of
intermediate to mafic volcanic and volcaniclastic rocks.

¢ Upper Triassic Shonektaw Formation Bedrock (uTrJS1) — primary bedrock unit
underlying the Study Area and consisting of sandstone and lesser siltstone and
mudstone.

Two northwest/southeast to north-northwest/south-southeast trending faults, part of the
Eastern Teslin fault system, traverse the northeastern portion of the Study Area, dividing the
bedrock units.

Out of the 40 boreholes and wells with lithology descriptors present in the Study Area, only
one well reached bedrock. Well VOT TW10-01 located in Village of Teslin reached bedrock at
129.8 mbgs and is described as chlorite schist which is associated with the Upper Devonian
Smart River Formation.

The surficial geology in the Study Area is described in regional-scale mapping (Klassen, 1978;
Morison et al. 1982; Morrison and Klassen, 1997) and more specifically for the Village of Teslin
in Palmer (2020). Regional glacial history and stratigraphy that includes the Teslin area or
adjacent areas is described in Jackson and Mackay, 1991, Jackson et al., 1991 and Jackson,
1994,

Glacial deposits in the Teslin area are generally related to the McConnell glaciation, which
covered the south and central Yukon between 26,500 and 10,000 years ago. During the
McConnell glaciation, ice flowed towards the northwest from the Cassiar Mountains (Jackson
and Mackay, 1991; Jackson et al., 1991). There was a glacial lake in the area of Teslin during
glacial retreat to the southeast. The glacial lake lowered slowly over time, leaving paleo-
shoreline deposits along upland slopes such as near the sewage lagoons (Morison et al. 1982).
Thick glacial lake sediments were deposited in the valley bottom. Glaciofluvial sands and
gravels were often deposited during stagnating and downwasting of the ice sheet (Jackson,
1994). Moraine or till deposits occur on mid-elevation slopes and high elevation slopes and
summits are covered with discontinuous colluvium or moraine veneer over bedrock.



On a regional scale in the Southern Lakes area, Jackson (1994) found that typical glacial tills
had a wide range of sand content (20-70%) and silt content (20 to 80%) and generally lower
clay content (5 to 30%). In the Teslin area, two common till textures were observed near
surface: coarser-textured till within a weakly defined bench along the lower slopes above the
highway and airstrip and finer textured till in veneers and blankets covering bedrock slopes as
well as in undulating till (Palmer, 2020).

Glaciolacustrine sediments were deposited within a glacial lake and are widespread at or near
surface throughout the study area (Palmer, 2020). Glaciolacustrine sediments in the valley
bottom consists of fine-grained silt and clay deposited in paleo-lake bottoms. On hillsides,
paleo-shoreline deposits are common with textures ranging from sand to pebble sized gravel.
Undulating to hummocky glaciolacustrine deposits associated with deltaic environments occur
in the west portion of the study area and have variable textures ranging from gravel to silt and
clay (Palmer, 2020).

Glaciofluvial materials were not mapped at surface in the Teslin study area (Palmer, 2020) but
glaciofluvial terrace deposits (generally silt, sand and gravel) were mapped nearby, flanking the
valley walls near Johnsons Crossing to the west and extensive glaciofluvial outwash deposits
(generally gravel, sand and silt) occur along the valley of the Teslin River (Morison et al. 1997).

Alluvial fan deposits occur in the western part of the study area near the Fox Point subdivision
along with active fluvial deposits associated modern stream activity (Palmer, 2020). Alluvial fan
deposits generally consist of gravel, sand and silt (Morison et al. 1997). Organic deposits overly
much of the alluvial fan deposit and are also found in the eastern part of the study area to the
northeast of the airport. Unmapped thin veneers of organics (10-30 cm) overlie much of the
study area (Palmer, 2020).
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These maps contain the most current bedrock
geology information in Yukon. All geological data
are from the Yukon Geological Survey and available
free of charge. Data are from recent mapping,
regional compilations and thesis work.

The geological data used to create
these maps can be downloaded at
https://data.geology.gov.yk.ca/Compilation/3.

These maps are subject to periodic updates.
This map was last updated in February 2022.

The Yukon Geological Survey welcomes
any revisions or new geological information.
Any questions or comments can be directed to

geology@gov.yk.ca.

Note: legend contains geological information for the map extent and not the surrounding area.
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SDAZ2: ASKIN: dolostone, silty and sandy
dolostone, limestone

UPPER CAMBRIAN AND ORDOVICIAN

COK1: KECHIKA: thin-bedded, lustrous,
calcareous, grey slate, phyllite, limestone

LOWER CAMBRIAN

ICR: ROSELLA: resistant, thick-bedded to
massive, limestone and argillaceous
limestone

NEOPROTEROZOIC AND PALEOZOIC

PDS5: SNOWCAP: psammite, quartzite and
amphibolite metamorphosed to eclogite,
blueschist

DMF1: FINLAYSON: intermediate to mafic
volcanic and volcaniclastic rocks

PDS2: SNOWCARP: light grey to buff
weathering marble

PDS1: SNOWCAP: quartzite, psammite,
pelite and marble; minor greenstone and
amphibolite

NEOPROTEROZOIC TO LOWER CAMBRIAN

PCI1: SWANNELL/TSAYDIZ: calcareous
sandstone, shale, quartz-eye grit, quartzite



YOWN Stratigraphic Boreholes
Following a review of the available data in the Study Area and a summary of the data gaps for
aquifer mapping, the WRB advanced two stratigraphic boreholes (YOWN-2206 and YOWN-
2207S/D) in May 2022 to provide additional data points, increase the confidence in the
stratigraphic correlations, and to further the understanding of the depositional environment.

YOWN-2206
Borehole YOWN-2206 is located at a roadside pullout along the Alaska Highway, with Teslin
Lake located immediately to the south. YOWN-2206 was subsequently completed as a
monitoring well with a screened interval of 13.7 to 16.8 mbgs. The core from the stratigraphic
borehole was logged by staff from the Yukon Geological Survey (YGS) and WSP. A simplified
version of the borehole log, including the inferred depositional environment and hydraulic
behavior is summarized in Table 3, below.

Table 3: Simplified YOWN-2206 Borehole Log

extracted; crumbly when dry

Start End Material Texture / Structure Depositional Inferred
Depth | Depth Setting Hydraulic
(m) (m) Behavior
0.0 0.9 Gravelly sand | Fine to coarse sand and fine to Ablation till Low
coarse, angular to sub-angular permeability
gravel; <10% fines (~4% each
clay and silt); some iron oxide
staining; poorly sorted diamict,
cemented when dry
0.9 1.2 Silty gravelly Fine sand and fine to coarse, Ablation till Low
sand with angular to rounded gravel; loose permeability
trace clay and powdery when dry
12 24 Gravelly Fine to coarse, angular to sub- Basal till Low
sandy silt rounded gravel; diamict; permeability
with trace cemented when dry
clay
2.4 4.2 Sand and Fine to coarse sand and fine to Basal till Low
gravel with coarse, angular to sub-rounded permeability
trace silt gravel; sand content increases
(fine-medium) from 3.7 to 3.8 m;
loose and crumbles when dry
4.2 5.2 Sand Fine to coarse (mostly fine) sand Till Low
and trace fine gravel; loose when permeability
dry
5.2 9.1 Silty sandy Fine to coarse, subrounded to Till Low
gravel with rounded gravel; moist and permeability
trace clay moderate hardness when




Start End Material Texture / Structure Depositional Inferred
Depth | Depth Setting Hydraulic
(m) (m) Behavior
9.1 11.2 Gravelly sand, | Mostly fine sand and fine to Glaciofluvial Permeable
trace silt coarse, sub-angular to sub- outwash
rounded gravel
11.2 14.8 Sand Fine to coarse sand; fining Glaciofluvial Permeable
upward; gravel content increases | outwash
with depth below 11.9 m; no
gravel from 11.3to0 11.9 m
14.8 17.3 Gravelly sand, | Fine to coarse, sub-angular to Glaciofluvial Permeable
trace to some | rounded gravel; poorly sorted; outwash
silt loose; moist; coarser lens with
more gravel from 14.9 to 15.2 m
17.3 18.3 Sand with Fine to coarse sand (mostly fine); | Glaciofluvial Permeable
some gravel loose; moist; well-sorted outwash
18.3 19.1 Sand and Fine to coarse, sub-angular to Glaciofluvial Permeable
gravel rounded gravel (mostly coarse); outwash
moist; loose
19.1 333 Silty clay Moist; dense Proximal glacial | Low
lake bottom permeability
333 59.4 Clay Moist; dense Distal glacial Low
lake bottom permeability

YOWN-2207 S/D
Borehole YOWN-2207 S/D is located to the north-northeast of YOWN-2206, near the Teslin
sewage lagoons. YOWN-2207 S/D was subsequently completed as a monitoring well with a
shallow (3.4 to 4.9 mbgs) and deep (39.6 to 42.7 mbgs) screened interval (YOWN-2207 S/D).
The core from the stratigraphic borehole was logged by staff from the Yukon Geological Survey
(YGS) and WSP. A simplified version of the borehole log, including the inferred depositional
environment and hydraulic behavior is summarized in Table 4, below.
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Table 4: Simplified YOWN-2207 S/D Borehole Log

Start End Material Texture / Structure Depositional Inferred
Depth | Depth Setting Hydraulic
(m) (m) Behavior
0.0 0.6 No core recovered Fill -
0.6 0.9 Clay with some | Coarse sand and fine gravel Glaciolacustrine | Low
sand and gravel | (grit + small pebbles) veneer Permeability
0.9 4.8 Sand and clayey | Fine to coarse sand and fine Till Low
silt with some gravel; dense fine-grained Permeability
gravel diamict; cemented when dry;
0.6 to 3 m "loose" when
extracted
4.8 7.6 Sandy silty clay | Fine to coarse sub-angular to Till Low
with some rounded gravel; dense sandy Permeability
gravel diamict with more gravel than
unit above
7.6 20.0 Gravelly clay Fine to coarse subangular to Till Low
with trace sand | rounded gravel up to 10 cm; Permeability
and silt dense clayey diamict (till);
cemented when dry
20.0 218 Silty sand with Fine sand with <10% fine to Till Isolated
some gravel coarse gravel; fine sandy Permeability
diamict (till), dense and crumbly
when dry
21.8 22.7 Silty sand Fine sand, no gravel; Till Isolated
dense/compact when dry; fine Permeability
sand lens from 22.6 - 229 m
22.7 23.6 Silty clay with Fine gravel Till Low
trace gravel Permeability
23.6 31.2 Silty sand with Fine sand and <5% fine, Till Permeable
trace gravel angular to sub-angular gravel;
fines upwards; dense diamict
31.2 40.9 Sand with some | Massive fine sand; well sorted; Glaciofluvial/ Permeable
silt no gravel; moderately dense deltaic
40.9 43.9 Silty gravelly Find sand and fine to coarse Glaciofluvial/ Permeable
sand gravel (mostly fine); some clay deltaic
from 42.1-42.4 m (dried hard);
moderately dense
43.9 52.4 Sandy clayey Fine to coarse (mostly coarse), Basal till Low
silt with some sub-angular to rounded gravel; Permeability
gravel dense diamict
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The geological interpretation of the YOWN-2206 and YOWN-2207 S/D stratigraphic boreholes
provide important insight into depositional processes and geological controls on groundwater
movement in parts of the Study Area with otherwise limited stratigraphic information. To
confirm the composition of the permeable units screened by YOWN-2206 and YOWN-2207
S/D, three soil samples were submitted to WSP’s laboratory for grain size and hydrometer
testing. A summary of the grain size analysis results is presented in Table 5 below. Full grain

size analysis results are provided in Appendix 3.

Table 5: Summary of Grain Size Analysis

Percentage Retained of Sample
- YOWN-2206 YOWN-2207 S YOWN-2207 D
Grain Size
Sample Depth Sample Depth Sample Depth
1494 -17.37 m 0.91-488m 41.15-4420 m
Gravel 29.1% 11.2% 22.5%
Sand 66.4% 46.1% 52.4%
Fines (Silt and Clay) 4.5% 42.7% 25.1%

Based on the stratigraphy encountered at YOWN-2206 (located towards the valley bottom,
adjacent to Teslin Lake), and YOWN-2207 S/D (located further upslope), sand and gravel units,
likely of glaciofluvial origin, exist at similar elevations to the shallow glaciofluvial outwash
deposits used by many of the private domestic wells within the main village of Teslin. The
stratigraphy of the YOWN wells supports extending the shallow sand and gravel deposits
laterally across much of the Study Area (except towards the mountain north of Teslin). YOWN-
2206 is screened within this glaciofluvial unit. Grain size analysis of the screened interval
indicates good permeability with materials consisting of less than 5% fines (silt or clay) and
predominantly fine to coarse sand (66%) and gravel (29%). YOWN-2207D is also interpreted
to be screened in this glaciofluvial unit. Grain size analysis of the screened interval of YOWN-
2207D indicates a higher proportion of fines (25%) than in YOWN-2206 (Appendix 3), noting
that this sample was taken in a portion of the unit with higher fines content.

In YOWN-2206, a thick deposit of glaciolacustrine sediments extend from 33.3 mbgs to the
maximum depth of the borehole (59.4 mbgs). The deeper sand and gravel unit observed in the
village of Teslin community well was not encountered in YOWN-2206; however, the hole was
terminated only slightly deeper than the upper elevation of the deep sand and gravel.

YOWN-2206 and YOWN-2207 S/D have an upper till unit above the glaciofluvial deposits.
This till deposit may be associated with re-advancement of the glacier. The till is
heterogeneous, from more permeable gravelly sand to a less permeable sandy, gravelly clay
(Table 3 and Table 4). In YOWN-2207 S/D, the till unit is 30 m thick and overlain by a
glaciolacustrine veneer. Similar till and glaciolacustrine deposits are observed across the study
area. Borehole descriptions make it challenging to distinguish between the glaciolacustrine
deposits (especially paleo-shoreline deposits) and the heterogenous till. YOWN-2207S is
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screened in the till unit. Grain size analysis of the screened interval indicates a high percentage
of silt and clay fines (>40%) and fine sand (27%), indicating low permeability (Appendix 3).

YOWN-2206 and YOWN-2207 S/D did not extend to bedrock. Bedrock was expected to be
shallow at YOWN-2207 S/D based on nearby bedrock outcrops, suggesting bedrock may be
steeply sloped in a localized area around YOWN-2207 S/D.
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Hydrogeology

The hydrostratigraphy of an area is a simplified representation of the geology where the
various geological units are grouped and classified according to the hydraulic characteristics
and expected hydrogeological behaviour (i.e., aquifer or aquitard). Classification of
hydrostratigraphic units as aquifers or aquitards is completed on the basis of their relative
hydraulic conductivity to other units and ability of the hydrostratigraphic unit to provide a
useable source of groundwater. Table 6 presents a summary of the hydrostratigraphic units for
the Study Area with detailed descriptions provided in the subheadings below.

Table 6: Inferred Hydrostratigraphic Units and Classifications

Hydrostratigraphic | Thickness | Elevation Interpreted Hydrostratigraphic
Unit (m) Range Depositional Classification
(masl) Environment

Fan Deposit 40 645 - 705 Alluvial Fan/Delta | Potential Localized Unconfined
Aquifer

Till/Glaciolacustrine | 3 - 40 675-775 Glacial and Local Aquitard / Aquifer

Deposit® Glaciolacustrine

Glaciofluvial 5-30 640 -710 Glaciofluvial Proven Confined Aquifer and

Deposits (Sand Local Potential Confined

and Gravel) @ Aquifer (west of Fox Creek)

Deep Sand and 10-17 585 - 605 Glacial Retreat Potential Localized Confined

Gravel® Outwash Aquifer

Glaciolacustrine 15-125 540 - 700 Glaciolacustrine Aquitard

Deposit (Clay/Silt) (distal)

(@)

Till® 10-20 555 - 690 Glacial Local Aquitard

Bedrock - <740 N/A Aquitard

Footnote

(a): Glacial Deposits (fluvial, lacustrine and till) units are assumed to be McConnell in age

Two confined aquifers were identified and delineated as part of the hydrostratigraphic
interpretation. The aquifers mapped are associated with the Glaciofluvial Deposits (sand and
gravel) and the Deep Sand and Gravel. Water well VOT TW10-02 is the well used to supply all

drinking water of Village of Teslin (Village of Teslin Water Licence, 2020) and is screened in the

Glaciofluvial Deposits. Deep Sand and Gravel was intersected only by two wells, the
Community Well and well VOT TW10-01. Well WTH No. 1-87 may also potentially intersect
the Deep Sand and Gravel, as the well is screened at the same elevation as the Community
Well, but no lithology descriptors were available for confirmation. The Community Well




screened in the Deep Sand and Gravel Deposit was the water supply well of Village of Teslin
prior to 2010 and is no longer used as a drinking water source, but remains active for
unanticipated circumstances (i.e., forest fires) (Village of Teslin Water Licence, 2020). The
well did not produce enough water to meet the water demand of the Village of Teslin

(Tetra Tech, 2017).

Two potential aquifers are identified in this report and are associated with the Fan Deposit and
Glaciofluvial Deposit truncated by the Fan Deposit west of Fox Creek in the northwest of the
Study Area. The two potential aquifers are described as follows:

¢ Fan Deposit — this likely permeable unit was delineated by Palmer (2020) but was not
intersected by any well. At this time, there are no wells that are currently utilizing the
Fan Deposit for water supply purposes and therefore insufficient evidence is present at
this time to classify this permeable deposit as an aquifer (GeoYukon, 2023).

¢ Glaciofluvial Deposits truncated by fluvial processes associated with Fox Creek in the
north-west of the Study Area — this deposit is of same origin as the Glaciofluvial
Deposits near Village of Teslin but was truncated by the Fox Creek. Only one private
domestic well is in this area (i.e., well name is Alaska Highway Mile 807, Fox Point
Subdivision) and the Glaciofluvial Deposits are approximately 4.8 m thick. Insufficient
boreholes/wells are available to definitively map this unit as an aquifer though these
deposits are expected to behave hydraulically similarly to the Glaciofluvial Deposits near
the Village of Teslin.

The proven aquifers, potential aquifers, and other hydrostratigraphic units are described in the
subsections below with aquifer description sheets for the proven aquifers provided in Appendix
1. Hydrostratigraphic cross-sections showing the locations of the hydrostratigraphic units
relative to one another are provided in Appendix 4, and an Aquifer Summary Table in the
format of the BC Aquifer Mapping and Classification System (Bernardinucci and Ronneseth,
2002) is provided in Appendix 5. Aquifer shapefiles are provided in Appendix 6, aquifer-well
correlations are provided in Appendix 7, and a table of the interpreted hydrostratigraphic picks
by well record is provided in Appendix 8. The inferred extents of the two proven aquifers and
the two potential aquifers are provided in Figures 2, 3 and 4.

Bedrock

The unconsolidated deposits in the Study Area are located within the bedrock valleys where
the Cordilleran ice sheet was topographically controlled. Within the Study Area, the majority of
the population resides in the valley bottom where bedrock is relatively deep and the
unconsolidated deposits are thicker. A limited number of water wells have been drilled into
bedrock and therefore the hydrogeological understanding of the bedrock is relatively low. As
described in Section 3, there are three bedrock units as presented in the Yukon Geological
Survey bedrock compilation (Yukon Geological Survey, 2022) that underlie the Study Area.

In general, the hydraulic conductivity of the bedrock is expected to be low in comparison to the
unconsolidated sediments and is classified as an aquitard. Where appreciable groundwater
flow within the bedrock occurs, it is expected to be controlled primarily by faults and fractures.
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Despite the classification as an aquitard, low hydraulic conductivity shallow bedrock is often
exploited for small-scale domestic water supply purposes. It is expected that the bedrock
hydrostratigraphic unit would often be capable of providing a private domestic water supply,
however the potential groundwater quality is unknown.

Till

The Till hydrostratigraphic unit is associated with the McConnell Glaciation and is generally
observed as a thin deposit that directly overlies the bedrock. Three groundwater wells in the
area intersected the till unit at valley bottom and information about the till deposits is limited.
The Till unit is most likely dense at the bedrock contact and is inferred as an aquitard.

The Till unit was intersected by the stratigraphic borehole YOWN-2207 S/D at a depth of 43.9
m (~668 masl) in the base of the valley. At this location, the unit is described as a dense diamict
consisting of sandy clayey silt with some gravel. The unit was not intersected by YOWN-2206.
The unit was also intersected at two other wells in the Study Area — at the Community Well
and well VOT TW10-01 at depths 99.1 m (~588 masl) and 120.4 m (~569 masl), respectively.

Glaciolacustrine Deposit (Clay/Silt) (Teslin Aquitard)

The Glaciolacustrine Deposit hydrostratigraphic unit directly overlies the Till unit and Bedrock.
The deposit is interpreted to be comprised of clay and silt with some sand and is expected to
have low hydraulic conductivity in relation to the overlying and underlying hydrostratigraphic
units. The clay/silt aquitard is interpreted to be associated with a glacial lake that formed in the
area and is assumed to be distributed relatively contiguously across the Study Area.

This hydrostratigraphic unit is considered to be an aquitard and is herein referred to as the
Teslin Aquitard.

Naghas’é X'ayi tayi hin (water under Fox Point): Deep Sand and
Gravel Aquifer

The Deep Sand and Gravel hydrostratigraphic unit is confined by the Glaciolacustrine Deposit
and generally overlies the Till unit. The Deep Sand and Gravel unit consists mainly of sand and
gravel with trace of clay and silt. The Aquifer is located in Village of Teslin and was intersected
at the Community Well and well VOT TW10-01. Well WTH No. 1-87 may also potentially
intersect the Deep Sand and Gravel, as the well is screened at the same elevation as the
Community Well, but no lithology descriptors were available for confirmation.

The depositional environment of the sand and gravel that comprise this aquifer are uncertain,
but could be associated with the following:

a. Glaciofluvial retreat outwash from a local glacial retreat
b. Depositional processes from the nearby Nisutlin Bay Inlet discharging into Teslin Lake.
c. Subaqueous outwash / ice contact sediments

The Deep Sand and Gravel Aquifer unit is likely more extensive than mapped; however, limited
information constrains the unit’'s mapped extent. One water supply well (Community Well
located in Village of Teslin) is present in the unit. The well, VOT TW10-01 did not encounter
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enough water to meet water demand of Village of Teslin (Tetra Tech, 2017), but did intersect
the Deep Sand and Gravel unit. Additional deep boreholes/wells at similar depths would be
needed in the area to provide more information on the extents of the Deep Sand and Gravel.
The inferred extent of the Deep Sand and Gravel hydrostratigraphic unit is presented in
Figure 3.

This hydrostratigraphic unit is herein referred as the Deep Sand and Gravel Aquifer.

Axh'aka tayi hin (water under Teslin): Glaciofluvial Aquifer and

Potential Glaciofluvial Aquifer

The Glaciofluvial Deposits hydrostratigraphic unit overlies the Glaciolacustrine Deposits
hydrostratigraphic unit and is overlain by the Till/Glaciolacustrine Deposits hydrostratigraphic
unit. Lithological descriptors indicate that the deposits are predominantly sand and gravel with
varying silt content. Most of the wells located in the Study Area intercept these Glaciofluvial
Deposits and are screened in this unit. The Glaciofluvial Deposits extend throughout Teslin and
is inferred to be a confined aquifer. This unit is the main water supply deposit of the Village of
Teslin.

The Glaciofluvial Deposits were intersected by stratigraphic boreholes YOWN-2206 and
YOWN-2207 S/D at a depth of 9.1 m (~677 masl) and 31.2 m (~682 masl), respectively. The
hydrostratigraphic unit is described as a fine sand to gravelly sand.

This hydrostratigraphic unit is herein referred to as the Glaciofluvial Aquifer. Furthermore,
Glaciofluvial Deposits truncated by alluvial processes associated with Fox Creek (the Fan
Deposit) to the north-west of the Study Area is inferred to as a potential glaciofluvial aquifer.
This deposit is of same origin as the Glaciofluvial Deposits near Village of Teslin but was
truncated by fluvial processes and alluvial deposition associated with Fox Creek (the Fan
Deposit). Only one private domestic well is in this area where the unit is approximately 4.8 m
thick. Insufficient boreholes/wells are available to definitively map this unit as an aquifer.

The inferred extent of the Glaciofluvial Deposits hydrostratigraphic unit and the possible extent
of the Glaciofluvial Deposit hydrostratigraphic unit west of Fox Creek is presented in Figure 4.

Till/Glaciolacustrine Deposit

The Till/Glaciolacustrine Deposit hydrostratigraphic unit is comprised of a mix of till and
glaciolacustrine deposits described as silty clay to gravelly sandy silt and gravelly silty sand.
The unit is overlying the Glaciofluvial Deposit and is extensive throughout the Study Area,
except for the Fan Deposit identified near the Fox Point subdivision. The heterogeneity of this
deposit may have localized areas of high permeability; however, it is anticipated that these
portions would be of limited extent, and well yields would likely be limited. The depositional
environment of the Till/Glaciolacustrine Deposit is inferred to be associated with a re-advance
at the McConnell glaciation.

The Till/Glaciolacustrine Deposit was intersected by stratigraphic boreholes YOWN-2206 (at
surface at ~688 masl with a thickness of 9.1 m) and YOWN-2207 S/D (at surface at ~715 masl
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with a thickness of 31.2 m). The Till/Glaciolacustrine Deposit at stratigraphic borehole YOWN-
2206 and YOWN-2207 S/D is described at Section 3.

Fan Deposit (Potential Fan Aquifer)

The Fan Deposit hydrostratigraphic unit is comprised of an alluvial fan deposit located along
the northwestern portion of the Study Area in the vicinity of Fox Point subdivision. The
hydrostratigraphic unit was identified using the surficial mapping of Teslin delineated by
Palmer (2020) and extends from surface to a depth of 40 mbgs. The unit is inferred to overlie
bedrock and is constrained by Teslin Lake to the southwest. Alluvially deposited materials are
assumed to be predominantly coarse and thus permeable. There are no water supply wells or
wells/boreholes present in the unit, and no estimate of yield has been obtained at this time.
Wells would need to be installed in the area to confirm the deposits are permeable as assumed
and to provide more information on the Fan Deposit prior to it being classified as an aquifer.
The possible extent of the Fan Deposit’s hydrostratigraphic unit is presented in Figure 5.

The hydrostratigraphic unit is herein referred to as the Potential Fan aquifer. The potential fan
aquifer is proposed based on the geomorphology and inferred depositional environment.
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Permafrost

Permafrost is defined as ground (soil or rock) that remains at or below 0 °C for two or more
consecutive years. Active layer is defined as the top layer of ground subject to annual thawing
and freezing in areas underlain by permafrost (Harris et al., 1988). Teslin lies within a sporadic
to discontinuous permafrost zone (Bonnaventure et al., 2020; Brabets et al, 2000). To
characterize permafrost in Teslin, Kryotec Arctic Innovation Inc (2021) conducted five electrical
resistivity geophysical surveys in September 2021. The five 100-m surveys are located within
the Study Area and are shown on Figure 5.
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6675200N 6673100N
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6673100N 6671000N

Scale: 1:30,000
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Geophysical surveys (Kryotec Artic Innovation Inc., 2021)

6672400N 6670300N

621000E 623000E 625000E

Figure 6. Approximate locations of the five geophysical surveys TS1, TS2, TS3, TS4 and TSh

Permafrost was identified at surveys TS1, TS2, TS3 and TS5. Landform evidence of degraded
permafrost was observed on-site and agreed with the results of the electrical resistivity surveys
for TS2, near the cleared powerline area, and TS5, near the Alaska Highway. Active layer
thickness is generally greater than one meter in depth, except in degraded permafrost zones. It
is inferred that the permafrost base can extend to approximately 18 m below ground surface.
The coldest and most extensive permafrost zone was observed at survey TS5. Two inferred
taliks were identified at surveys TS2 and TSh. A talik is defined as a layer or body of unfrozen
ground in a permafrost area (Harris et al., 1988).
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Permafrost was not incorporated into the model as limited information on permafrost
conditions in Teslin are available. Although permafrost was not included in the model, the
following should be considered:

* Permafrost has very low permeability and acts as a local confining layer in a context of
discontinuous to sporadic permafrost distribution.

o Taliks are generally a preferential pathway for groundwater and tend to advect heat in
aquifers.

¢ Climate change disrupts permafrost stability inducing its degradation. Permafrost
thawing may increase an aquifers recharge, thus increasing base flow in streams.

Permafrost develops in frost-susceptible materials, predominantly in fine sediments such as silt
and clays. Palmer et al. (2020) mapped surficial soils in Teslin and identified material where
permafrost was most likely to be encountered. Permafrost would be encountered mainly in
organic surficial material (13 % of the mapped area) and in colluvial surficial soils (3% of the
mapped area). These materials are located to the north of the Study Area towards Fox Point
subdivision and east of the airport. Permafrost could also be encountered in glaciolacustrine soil

overlain by organics.
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Data gaps and uncertainty

As part of a data gap assessment for the project, WSP reviewed available data for the Study
Area and prepared a presentation on the Data Coverage and Gap Analysis for the Teslin area
for YG WRB, Teslin Tlinglit Community, YGS, GSC and Yukon University. The primary data gaps
identified during this assessment included:

¢ A limited number of deep boreholes (> 50 m)

¢ Uncertainty associated with the lithological descriptions included in the deeper
boreholes from the Yukon Water Well Registry (descriptions are from well drillers and
not geologists)

o Lack of spatial distribution of deep boreholes which would allow for stratigraphic
correlation of potential deeper aquifers or confining units at depth (primarily below
~670 masl)

¢ Limited or inconsistent description/presence of possible confining units or aquitards (till,
clay, silt) at depth

¢ Limited information outside of the populated area to delineate lateral extent of aquifers

¢ Limited information from borehole logs on the bedrock or depth of bedrock contacts in
the valley

e Limited information on permafrost conditions and distribution in Teslin.

Based on the results of this data gap assessment, the YG WRB drilled the YOWN-2206 and
YOWN-2207 S/D stratigraphic borehole to address some of the data gaps and uncertainties
that were identified. The YOWN-2206 and YOWN-2207 S/D stratigraphic boreholes were
extremely beneficial to the project as it provided the following:

e A deep borehole in a strategically important area that reached the top of bedrock

¢ High quality sediment descriptions, logged and reviewed with local experts at the YGS,
that could be used to correlate lithology descriptions from other water well records and
boreholes

¢ Information on the geological history and depositional environment, which allowed
greater confidence in extrapolating aquifer boundaries in areas of uncertainty and
limited information

¢ Monitoring wells that provide the opportunity for ongoing groundwater monitoring at
these locations
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Outstanding data gaps include the following:

Other than the YOWN-2206 and YOWN-2007 S/D stratigraphic boreholes, limited
information on the deeper hydrostratigraphic units (i.e. Deep Sand and Gravel Aquifer
and Teslin Aquitard) exists to confirm lateral continuity of the units and the
hydrostratigraphic interpretation

Limited subsurface information outside of populated areas and areas of major projects
(i.e. airport, highways).

Limited information on permafrost conditions and distribution in Teslin (Section 4)
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Conclusions and recommendations

Two proven aquifers and two potential aquifers have been delineated in the Teslin area.
Naghas’é X'ayi tayi hin, the Glaciofluvial Aquifer, is a confined sand and gravel aquifer
constrained to the glaciofluvial deposit extending throughout Teslin Study Area and the
majority of the wells are screened in this aquifer. Axh’aka tayt hin, the Deep Sand and Gravel
Aquifer is a confined sand and gravel aquifer located in the vicinity of Village of Teslin. The
Potential Glaciofluvial Aquifer is a confined sand and gravel aquifer with the same depositional
environment as the Glaciofluvial Aquifer but which has been isolated by fluvial processes
associated with Fox Creek. The Potential Fan Aquifer is an unconfined aquifer located to the
northwest of the Study Area near Fox Point subdivision. Additional wells and yields would be
needed to confirm the viability of the Potential Glaciofluvial unit in the Fox Point subdivision
and the Potential Fan unit as proven aquifers.

Recommendations for continuing study include:

Digitization of YWWR well records into a database format to facilitate future mapping
efforts or modifications as additional data become available.

Surveying of newly installed YOWN-2206 and YOWN-2207 S/D monitoring wells to
establish a groundwater elevation, and an on-going groundwater monitoring program
at these wells.

While high resolution LIiDAR significantly reduces vertical uncertainty in comparison to
the Canadian Digital Elevation Model (CDEM), further reduction in spatial uncertainty
and errors associated with the well records could be accomplished with a well survey.
Well survey data of important stratigraphic wells would increase the accuracy in the
horizontal (XY) dimension as well as the vertical (Z) dimension, providing additional
confidence and stratigraphic control on the interpretation.

Areas with limited subsurface information are candidate locations where surficial
geophysical methods (electric resistivity imaging, electromagnetic methods, or seismic
surveys) could be employed to better understand stratigraphy. Ideally, to interpret the
geophysical data, the data should be calibrated to the stratigraphy logged from a test
borehole or at the very least a competent water well log.

Uncertainties with respect to items such as lateral extents of aquifer borders, spatial
uncertainty and interconnectivity of permeable units are highlighted both in this report
and in the aquifer classification worksheets. Subsurface data continues to be generated
that can address gaps in the current conceptual understanding. Consideration should be
given to mechanisms where newly generated data that has the potential to improve the
current interpretation of the subsurface is integrated and disseminated to the publicin a
timely manner.

Assumptions concerning the extrapolation of aquifer boundaries using geological
rationale to areas where there is limited to no subsurface lithological data are outlined
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on the aquifer description sheets. The implications of these assumptions should be
considered within the context of the Territorial aquifer mapping and water allocation
strategies. For example, is it more desirable to have a situation where an aquifer is
intersected where an aquifer has not been mapped as a result of conservative
delineation or to have a situation where an aquifer is not intersected in an area where it
is anticipated to be as a result of hydrostratigraphic extrapolation?

Additional deep boreholes or wells located away from the YOWN-2206 and YOWN-
2207 S/D stratigraphic borehole would be useful to confirm the bedrock topography
and the presence and lateral continuity of the Potential Deep Sand and Gravel Aquifer.

Additional deep boreholes or wells located to confirm the presence and lateral
continuity of the Potential Glaciofluvial Aquifer as well as to reduce uncertainty in the
hydrostratigraphic interpretation.
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Appendices

Appendix 1. Aquifer Description Sheets

Aquifer Description for Glaciofluvial Aquifer
1. Conceptual Understanding of Hydrostratigraphy

Aguifer Extents
The Glaciofluvial Aquifer is a confined sand and gravel aquifer located throughout Teslin.

Geologic Formation (Overlying Materials)
The aquifer is confined and overlain by till/glaciolacustrine deposits.

Geologic Formation (Aquifer)

The aquifer consists of sand and gravel with varying silt content. The aquifer is inferred to be
associated with glacial outwash during the glacial retreat to the south of the Study Area. The
YOWN-2206 stratigraphic borehole completed by the YG WRB suggests that the unit is up to
9 m thick and is described as a sand with some gravel to gravelly sand. The YOWN-2207 S/D
stratigraphic borehole completed by the YG WRB suggests that the unit is up to 13 m thick in
this area and is described as a fine sand with some silt to gravelly sand.

Vulnerability

Moderate — the aquifer is confined, and the water table is typically deep (> 10 m below surface).
The aquifer is hydraulically connected to Teslin Lake along the southern edge of the aquifer.
Some local areas of the overlying material may thin, coarse or discontinuous and not provide
full confinement.

2. Conceptual Understanding of Flow Dynamics

GCroundwater levels and flow direction

Groundwater levels for wells inferred to be screened in the aquifer unit are between 11 m and
40 m below ground with an average depth of 25.5 mbgs. Regional groundwater flow directions
are expected to be towards Teslin Lake.

Recharge
Recharge occurs from infiltration from the overlying deposits, Teslin Lake and precipitation from
the highlands.

Potential for hydraulic connection
The aquifer is assumed to be hydraulically connected to Teslin Lake.

3. Water Management

Additional information on water use and management
Wells screened in the Glaciofluvial Aquifer are used for public supply purposes, private
domestic purposes, commercial/industrial purposes and environmental monitoring purposes.
Well yield estimates for this aquifer obtained from airlifting or bailing range from 0.50 to
3.15 L/s (8 to 50 USGPM) with a geomean of 1.40 L/s (22.1 USGPM). Several small public
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supply wells are inferred to be screened in this aquifer based on wells depths, however detailed
lithological well logs were not available for a number of these wells.

Additional Assessments or Management Actions

A water supply well (TTC-01-20) near the Teslin Tlingit Council was completed and tested in
2020 by Morrison Hershfield (Morrison Hershfield, 2021). Chloride concentrations in
groundwater samples varied between 977 to 989 mg/L and exceeds the Guideline for
Canadian Drinking Water Quality (GCDWQ) Aesthetic Objective (AO)of 250 mg/L.
Correspondingly, total dissolved solids is high (2000 to 3000 mg/L) and exceeds the GCDWQ
AO of 500 mg/L. Measured hardness values ranged between 1920 and 1980 mg/L, which
classify the groundwater as “extremely hard”. Finally, groundwater samples from TTC-01-20
were found to significantly exceed both GCDWQ Maximum Allowable Concentration (MAC)
(0.12 mg/L) and AO (0.02 mg/L) for total manganese (0.715 — 0.783 mg/L), while total iron
concentrations (5.04 — 6.92 mg/L) were found to exceed GCDWQ AO (0.3 mg/L).

4. Aquifer references

Berardinucci, J. and Ronneseth, K., 2002. Guide to Using the BC Aquifer Classification Maps for
the Protection and Management of Groundwater. BC Ministry of Water, Land and Air
Protection, Water Air and Climate Change Branch, Water Protection Section.

Palmer. 2020. Teslin Terrain and Physical Development Constraints Mapping. Memorandum
submitted June 20, 2022, p. 1-18.

Tetra Tech, 2017. Yukon Source Water Supply Protection Study — Village of Teslin Water
Supply System. WTR.GWTR03022-04.

Wei, M., D. M. Allen, A. P. Kohut, S. Grasby, K. Ronneseth, and B. Turner. 2009. Understanding
the Types of Aquifers in the Canadian Cordillera Hydrogeologic Region to Better Manage
and Protect Groundwater. Streamline Watershed Management Bulletin, FORREX Forum for
Research and Extension in Natural Resources.

5. Revision history

Date Version Revision Comments Author
Class
20230410 | 001 Major Initial mapping of WSP
aquifer
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Aquifer Description for the Deep Sand and Gravel Aquifer

Aquifer Extents

The Deep Sand and Gravel is a confined sand and gravel aquifer. The aquifer is located in
Village of Teslin. It is most likely the unit is more extensive than mapped, but limited information
constrains the aquifer’s extent.

Geologic Formation (Overlying Materials)
The aquifer is confined by the Glaciolacustrine Deposit and generally overlies glaciolacustrine
materials or till.

Geologic Formation (Aquifer)

The aquifer consists mainly of sand and gravel with trace of clay and silt. The origin of the
aquifer is uncertain by may be associated with glaciofluvial retreat outwash from a local glacial
retreat, depositional processes from the nearby Nisutlin Bay Inlet discharging into Teslin Lake,
or subaqueous outwash or ice contact deposits. The aquifer is likely more extensive than
mapped; however limited information constrains the aquifer’s extent.

Vulnerability

Low — the aquifer is confined, and the water table is typically deep (> 10 m below surface). The
aquifer is indirectly hydraulically connected to Teslin Lake via the surrounding glaciolacustrine
materials.

1. Conceptual Understanding of Flow Dynamics

Groundwater levels and flow direction

Lack of information on this unit does not allow to know groundwater levels for wells inferred to
be screened in the aquifer unit. Regional groundwater flow directions are expected to be
towards Teslin Lake.

Recharge
Recharge occurs from infiltration from the overlying Teslin Lake and regional groundwater
movement from the highlands.

Potential for hydraulic connection
The aquifer is assumed to be indirectly hydraulically connected to Teslin Lake via the
surrounding glaciolacustrine deposits.

2. Water Management

Additional information on water use and management

A limited number of wells (< 10 wells) in the Teslin area are inferred to be screened in the Deep
Sand and Gravel aquifer and are used for public supply purposes only. Lack of well information
does not allow an evaluation of the aquifer’s yield.

Additional Assessments or Management Actions
Not available
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3. Aquifer references

Berardinucci, J. and Ronneseth, K., 2002. Guide to Using the BC Aquifer Classification Maps for
the Protection and Management of Groundwater. BC Ministry of Water, Land and Air
Protection, Water Air and Climate Change Branch, Water Protection Section.

Palmer. 2020. Teslin Terrain and Physical Development Constraints Mapping. Memorandum

submitted June 20, 2022, p. 1-18.

Village of Teslin Water Licence, 2020. Village of Teslin Water Licence MN99-025-1-1 Renewal
Application.

Tetra Tech, 2017. Yukon Source Water Supply Protection Study — Village of Teslin Water
Supply System. WTR.GWTR03022-04.

Wei, M., D. M. Allen, A. P. Kohut, S. Grasby, K. Ronneseth, and B. Turner. 2009. Understanding
the Types of Aquifers in the Canadian Cordillera Hydrogeologic Region to Better Manage
and Protect Groundwater. Streamline Watershed Management Bulletin, FORREX Forum for
Research and Extension in Natural Resources.

4. Revision history

Date Version Revision Comments Author
Class
20230410 | 001 Major Initial mapping of WSP

aquifer
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Appendix 2. Geological Mapping
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the Teskin with the most recent

d

Seismicity

There are five recorded selsmic events within the map area, All of the recorded
events 1

illeran iers, believed to
central Yukon between 26,500 and 10,000 years ago. Most of the map sheet was
covered by the Casslar lobe which flowed westward and

X fess In magnitude,

Casslar Mountalns (Jackson, 1994),

In thls area follows High

tuf, dlorkte, gabbro, dunlte and pyroxente.

Northeast of Stiine and Quesnel Terrane are rocks of the Kootenay Terrane
(Nisutln )

y depost o
are covered with colluvlal or moralnal veneer over bedrock. In most
cases, at elevations of 1200 metres and above, the bedrock is weathered, frost
shattered or covered by colluvium.

maps are intended as a

valley, Kootenay Terrane Is

tool; the legend on the maps describes
(also see below) and assoclated Th

composed of very old (300 milllon years to greater than one billon years old)

and Igneous rock packages.

)
features, such as bulldings, roads, phts, etc.

Bedrock Geology Summaries

Each 1:250 000 N.T. i

greenstone, marble, metagabbro, metadlorlte, amphibolte, homblendite,
tonallte, graphitic phyllite and quartzlte (In other areas of the Yukon these rocks

I most the base of
mixed moralne blankets and colluvil fans or aprons. Large portions of the map
surface are covered by moralnal deposts or . Til, or

‘Snow and rock avalanches Involving potentially large volumes of boulders and debrls
‘could occur on steep bedrock slopes. 3
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Permafrost

The withi Permafrost

(Brown, 1967).
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boulder, with a matrix of clay, silt and sand. The general composition of the tll matrix
Douider, it b &

are known as the Nasina and Ni o
Terrane). Casslar Terrane Is composed of varlably metamorphosed, 345325

i _ .
belts and terranes deflned by Gabrlelse et l. (1991) and Wheeler et al. (1991).
Bedrock geology tructure) and briefly

milllon year old volcaniclastics and flows, limestone, phyllte, quartzite and
package of shale, chert, sandstone, chert

rgely 3

ith from Wheel ly (1891),
and Yukon MINFILE (1993). A summary paper (*A Geological Frame
% dix A of jide provides a

vework for
Yukon*) in contextfor

year old Ing
dolostone, schist, a
overlai

. grt, slistone, limestone,

. Casslar

tobe nll
deposits In most landforms, such as terraces, fans, eskers, kames, as well as In

recent slldes. loe content In moralnal and colluvl deposits Is expected to be low to
moderate. Moralnal and located thic

1070%), Bt (20 y ). y
Is reflected by the low plastitty and high permeabllty of the matrix. Morainal

ly i i Permafrostis
often detected by the presence of thick organlc mats In poorly dralned sies,

deposits can base, If there Is no

of lee-ich d at

i its are p . Many of the
il covered slopes are channeled or gullied.

y y i the
sllde Mountaln Terrane which Includes perkdotte, pyroxenlte, serpentinte,
greywacke, X

each of the bedrock summarkes.

‘The level of knowledge and understanding of Yukon geology Is constantly
i

Fourfelslc Intrusive sultes ranging In age from 188 to 80 millon years form
numerous plutons that cut the varl 3

mapplng
Names, ages and of rock unkts on 1250 000

110 milllon year quartz
plutons of the Casslar Sute.

geologlcal maps may, In some cases, now be consldered Incorrect. Thus
g ! sy 30 60 A -

outof date. the time

has been Inserted

the Information
map was published,

whenever user In merging
geologlcal maps, concepts and understanding. The age ranges for simlar
packages of rocks may also vary between map areas since the actual rocks, or
atleast ints on their age, may vary

NOTE: A

There are 60 known mineral prospects listed In Yukon MINFILE for the Teslln
map area, of which 22 host mineralization, Desplte the smal number of
occurrences, there Is a large diversliy of types of minerallzation, Most
occurrences are veln-type, malnly lead-sliver, copper plus or minus gold-siver,
and gold sliver. Tin and tungsten skams are assoclated with the 110
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, benches d and gr
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level, I slly to clayey ediments
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LEGEND

NATURE OF MATERIAL
AND ESTIMATED THICKNESS

GENETIC DESCRIPTION

MORPHOLOGIC EXPRESSION

COMMENTS

Peat and muck, 1 to 2 m thick

Organic deposits

Flat areas of bog and fen; distinctive features such as
paisen and peat plateaus are rare

Bog and fen are of limited extent. Unmapped patches
occur along the bottoms of some alpine valleys

Mixture of material derived from glacial deposits and
bedrock; thickness is variable

Slope debris resulting from number of mass wasting
processes; includes landslides, earth flows and
solifluction

Irregufar or hummocky surfaces

Mappable units are rare and restricted to the
mountainous terrain between the Nisutlin River and
Red River

Rock rubble and/or reworked glacial deposits

Colluvium consists mostly of weathered bedrock
redeposited by downslope movement

Surface reflects morphology of underlying material,
commonly occurs on bedrock slopes in mountainous
terrain

Colluvium is widespread over mountain slopes,
particularly in the zone between the lower parts of

the slopes and the extensive bedrock exposures in the
upper parts

Gravel, sand, and silt; 5 to 20 m thick

Alluvial valley bottom deposits

Gently irreguiar to nearly flat surfaces that include
mostly floodplains of modern streams; smail features
such as stream terraces and alluvial fans may be
present; abandoned channels and point bars are the
most prominent features on these surfaces

Most of the deposils are mapped as compound units in
valleys where modern streams are incised in older
alluvium (At) or glaciofluvial deposits (Gt);

aggregate source

At

Gravel, sand, and silt; 5 to 20 m thick

Alluvial terraces

Gently irregular or nearly flat, low level terraces
bordering alluvial plains

Most terraces were formed by modern stream activity,
they are separated from older terraces of glaciofluvial
origin (Gt) on the basis of their close association

with modern strearns and by the absence of pitted
ice-contact features; aggregate source

Ad

Gravel, sand. and silt; 5 to 20 m thick

Alluvial deltas

Gently irregular or nearly flat surfaces

Features mapped as deltas are not unlike alluvial fans,
except for the relatively low gradients common io
alluvial deltas; aggregate source

Af

Gently irregular, channelled surfaces with

Fans are common along the sides of steep-walled,

Gravel, sand, and silt; 5 to 20 m thick Alluvial fans glaciated valleys; most are small features and were not
marked slope towards valley bottom
mapped, aggregate source
Gently irregular or nearly flat surfaces along the bottoms Exisnane QiscomaLsl e depamts Doour WD
Clay, silt, and sand; 5 to 10 m thick Glaciolacustrine deposits yireg 4 9 Nisuthin River and Red River Valleys; thermokarst
and lower slopes of large vaileys : _ 3
ponds are commonly developed in the silly sediments
; i Extensive oultwash occurs along the valley of
Gently irreqular or nearly fiat terrain marked by shallow
Gravel, sand, and silt; 5 to 20 m thick Outwash plains iy iseg 4 Y Teslin River, glaciolacustrine deposits are included

channel patterns or locally pitted surfaces

in places; aggregate source

Silt, sand., and gravel; 5 to 50 m thick

Terraces underiain by glaciofiuvial and/or
glaciolacustrine deposits

Nearly flat to irregular, pifted surfaces

Terraces occur within abandoned meltwater
channels and meltwater channels occupied by
modern streams; aggregate source

Sand and gravel; 5 to 30 m thick

lce-contact glaciofluvial deposits

Strongly irregular, ridged, and kettled terrain with local
relief to 30 m

Surfaces consist mainly of prominent esker-like,
anastomosing ridges; aggregate source

Silt, sand, and gravel; 5 to 30 m thick

lce-contact glaciofiuvial deposits

Strongly irregular, pitted, or hummocky terrain with local
reliefto 30 m

Mainly knob-and-ketftle to topography, aggregate source

Gravel, sand, silt and till; 1 to 20 m thick

Meltwater channel and glaciofluvial complexes

Gently irreguilar or hummocky glaciofluvial deposits
along with minor patches of till and bedrock; surfaces
are in part marked by braided channels

These complexes occur in broad valleys where
meltwater activity resulted in closely spaced channels
and depositional features too numerous and small to
be mapped

Gravel, sand, silt, and till; thickness is variable

Valley bottom complex of alluvial, colluvial and glacial
deposits

Nearly flat to strongly irregular terrain with relief to 30 m

These complexes are mapped within mountain valleys
where different units are not separated because of
mapping scale or because they cannot be recognized
on airphotos

Till, boulders, gravel, sand, and silt; 5 to 30 m thick

Ablation till and ice-contact glaciofluvial deposit

Strongly irregular or hummocky terrain with local relief
to 30m

These features formed as end and lateral moraines of
glacial and neoglacial alpine valley glaciers

Till; sifty to sandy matrix; 1 to 30 m thick

Lodgment and ablation till

Gently irregular to strongly irregular bedrock controlled
topography blanketed by till

Till forms a nearly continuous blanket over
benches along the sides of large valleys and
gentle mountain slopes

Till; silty to sandy matrix: bouldery,; generally less than
1 m thick

Ablation and lodgment till

Gently irreguiar to strongly irregular bedrock terrain

Till and colluvium form a discontinuous veneer
over bedrock

Bedrock and bedrock rubble

Bedrock outcrop and shattered bedrock

Mountainous terrain and low hills and ridges adjacent
to mountain fronts or within broad mountain valleys

Rock rubble veneer is common on the slopes of the
higher parts of mountainous terrain

EXPLANATION OF LETTER NOTATION COMPOSITIONAL - GENETIC CATEGORY MORPHOLOGICAL CATEGORY OTHER MODIFIERS
A combination of letters is used to designate a map unit, e.g. Mv, or O- organic: peat and muck p - plain, floodplain ¢ - channelled
a component of a compound map unit, e.g. Mv/Cb. The upper case lefter © - colluvium: vanous materials h- hummocky g - gullied
indictes the broad compositional-genetic class; the lower case letters in- luvial: : liflucted
dicate the morphology. A - alluvial: gravel, sand, and silt t - terraced s - solifluct
= 2 L - glaciolacustrine: clay, silt, and sand f - fan k - thermokarst
Occurrence of numerous erosional or other post-depositional fea- G- glaciofluvial: silt d. and | —
tures within a map unit is indicated by the addition of a dash and a lower = (GACIOTVIAL I, Sand, and grave r - ridge
case letter, to the first letter designation, e.g., Mv-c. M- morainal: till d- delta
Compound map units are used for areas of more than one compo- b - blanket
nent that could be separated at the scale of mapping. The first compo- V.= veneer
nent, which is the dominant one, is separated by a diagonal line from the x - complex
second component, e.g. R/Mv.
: Vi 4
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LEGEND

NATURE OF MATERIAL
AND ESTIMATED THICKNESS

GENETIC DESCRIPTION

MORPHOLOGIC EXPRESSION

COMMENTS

Peat and muck; 1 to 2 m thick

Organic deposits

Flat areas of bog and fen; distinctive features such as
palsen and peat plateaus are rare

Bog and fen are of limited extent. Unmapped patches
occur along the bottoms of some alpine valleys

Mixture of material derived from glacial deposits and
bedrock; thickness is variable

Slope debris resulting from number of mass wasting
processes; includes landslides, earth flows and
solifluction

Irreguiar or hummocky surfaces

Mappable units are rare and restricted to the
mountainous terrain between the Nisutlin River and
Red River

Rock rubble and/or reworked glacial deposits

Colluvium consists mostly of weathered bedrock
redeposited by downslope movement

Surface reflects morphology of underlying material;
commonly occurs on bedrock slopes in mountainous
terrain

Colluvium is widespread over mountain slopes,
particularly in the zone between the lower parts of

the slopes and the extensive bedrock exposures in the
upper parts

Gravel, sand, and silt; 5 to 20 m thick

Alluvial valley bottom deposits

Gently irreqular to nearly flat surfaces that include
mostly floodplains of modern streams; small features
such as stream terraces and alluvial fans may be
present; abandoned channels and point bars are the
most prominent features on these surfaces

Most of the deposits are mapped as compound units in
valleys where modern streams are incised in older
alluvium (At) or glaciofiuvial deposits (Gt),

aggregate source

Gravel, sand, and silt; 5 to 20 m thick

Alluvial terraces

Gently irregular or nearly flat, low level terraces
bordering alluvial plains

Most terraces were formed by modern stream activity;
they are separated from older terraces of glaciofluvial
origin (Gt) on the basis of their close association

with modern streams and by the absence of pitted
ice-contact features; aggregate source

Gravel, sand, and silt; 5 to 20 m thick

Alluvial deltas

Gently irreqular or nearly flat surfaces

Features mapped as deltas are not unlike alluvial fans,
except for the relatively low gradients common to
alluvial deltas; aggregate source

Gravel, sand, and silt; 5 to 20 m thick

Alluvial fans

Gently irregular, channelled surfaces with
marked slope towards valley bottom

Fans are common along the sides of steep-walled,
glaciated valleys; most are small features and were not
mapped; aggregate source

Clay, silt, and sand; 5 to 10 m thick

Glaciolacustrine deposits

Gently irreguilar or nearly flat surfaces along the bottoms
and lower slopes of large valleys

Extensive glaciolacustrine deposits occur within
Nisutlin River and Red River Valleys; thermokarst
ponds are commonly developed in the silty sediments

Gravel, sand, and sift; 5 to 20 m thick

Outwash plains

Gently irregular or nearly flat terrain marked by shallow
channel patterns or locally pitted surfaces

Extensive outwash occurs along the valley of
Teslin River; glaciolacustrine deposits are included
in places; aggregate source

Silt, sand, and gravel; 5 to 50 m thick

Terraces underlain by glaciofluvial and/or
glaciolacustrine deposits

Nearly flat to irregular, pitted surfaces

Terraces occur within abandoned meltwater
channels and meltwater channels occupied by
modern streams; aggregate source

Sand and gravel; 5 to 30 m thick

Ice-contact glaciofluvial deposits

Strongly irregular, ridged, and kettled terrain with local
relief to 30 m

Surfaces consist mainly of prominent esker-like,
anastomosing ridges; aggregate source

Silt, sand, and gravel; 5 to 30 m thick

Ice-contact glaciofluvial deposits

Strongly irregular, pitted, or hummocky terrain with local
relief to 30 m

Mainly knob-and-kettle to topography,; aggregate source

Gravel, sand, silt and till; 1 to 20 m thick

Meltwater channel and glaciofiuvial complexes

Gently irregular or hummocky glaciofluvial deposits
along with minor patches of till and bedrock; surfaces
are in part marked by braided channels

These complexes occur in broad valleys where
meltwater activity resulted in closely spaced channels
and depositional features too numerous and small to
be mapped

Gravel, sand, silt, and till; thickness is variable

Valley bottom complex of alluvial, colluvial and glacial
deposits

Nearly flat to strongly irregular terrain with relief to 30 m

These complexes are mapped within mountain valleys
where different units are not separated because of
mapping scale or because they cannot be recognized
on airphotos

Till, boulders, gravel, sand, and silt; 5 to 30 m thick

Ablation till and ice-contact glaciofiuvial deposit

Strongly irregular or hummocky terrain with local relief
to30m

These features formed as end and lateral moraines of
glacial and neoglacial alpine valley glaciers

Till; sifty to sandy matrix; 1 to 30 m thick

Lodgment and ablation till

Gently irregular to strongly irregular bedrock controlled
topography blanketed by till

Till forms a nearly continuous blanket over
benches along the sides of large valleys and
gentle mountain slopes

Till; sifty to sandy matrix; bouldery; generally less than
1 m thick

Ablation and lodgment till

Gently irregular to strongly irregular bedrock terrain

Till and colluvium form a discontinuous veneer
over bedrock

Bedrock and bedrock rubble

Bedrock outcrop and shattered bedrock

Mountainous terrain and low hills and ridges adjacent
to mountain fronts or within broad mountain valleys

Rock rubble veneer is common on the slopes of the
higher parts of mountainous terrain

EXPLANATION OF LETTER NOTATION COMPOSITIONAL - GENETIC CATEGORY MORPHOLOGICAL CATEGORY OTHER MODIFIERS
A combination of letters is used to designate a map unit, e.g. Mv, or O- organic: peat and muck p - plain, floodplain ¢ - channelled
gcpmponent ofa compouqq T o9, My/CH. The upper case Iet!er C - colluvium: various materials h - hummocky g - gullied
indictes the broad compositional-genetic class; the lower case letters in- A o« AN Sl sand. sl t = oraced o - solfucied
dicate the morphology.  ERANHEL L EVON, DEINS, L S
. s L - glaciolacustrine: clay, silt, and sand f - fan k - thermokarst
Occurrence of numerous erosional or other post-depositional fea- @ Siaciolhivia St d. and | kad
tures within a map unit is indicated by the addition of a dash and a lower i i i e r =ndag
case letter, to the first letter designation, e.g., Mv-c. M- morainal: till d - delta
Compound map units are used for areas of more than one compo- b - blanket
nent that could be separated at the scale of mapping. The first compo- v = veneer
nent, which is the dominant one, is separated by a diagonal line from the X - complex
second component, e.g. R/Mv.
. e
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Appendix 3. Grainsize Analyses
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PARTICLE SIZE DISTRIBUTION

ASTM D6913
Method B
Test Request # B23-062 Project Number: 22513913
Client: Yukon Government Water Resources Branch Project Location: Teslin, Yukon
Project Name: Teslin Aquifer Mapping Sample Location: YOWN 2206
Source: Sample No.: 10272-1
Type: GS
Soil Description: P
Depth (m): 14.94 - 17.37
Specimen Specimen
Reference NA Depth (m): NA Date of Test 2/28/2023
Specw_ne‘n NA
Description
Sieve Hy'dromet«'er
Grain Size Sedimentation
o 29.1 66.4 4.5 . i . i .
Distribution (%) Sieve No. Eartlcle % Passing Eartlcle % Passing
Size mm Size mm
GRAVEL "
BOULDER COBBLE SAND FINES (Silt, Clay) 2 50 100.0
Coarse I Fine Coarsel Medium | Fine 11/2" 37.5 97.7
1" 25 92.5
100 \ 3/4" 19 89.6
90 1/2" 12.5 84.0
\ 3/8" 9.5 80.2
80 #4 4.75 70.9
#10 2 62.3
w 0 \ #20 0.85 46.3
]
©
< 60 #40 0.425 26.2
2 #60 0.25 13.5
@ 50 #100 0.15 7.5
7 \ #140 0.106 5.5
& 40 \ #200 0.075 45
X
30 0.005 mm
\ 0.002 mm
20 D60 1.77
\\ D30 0.49
10 D10 0.19
0 \~ Cu 9.50
1000 100 10 1 0.1 0.01 0.001 Ce 0.72
—e— Sieve Particle Size (mm) —¥— Hydrometer
Notes: Disclaimer:
The laboratory testing services reported herein have been performed in accordance with the terms of a contract with WSP’s client,
and with the recognized standards indicated in this report, or local industry practice. This laboratory testing services report is for the
sole use of WSP’s client, relates only to the sample(s) tested and does not represent any (actual or implied) interpretation or opinion
regarding specification compliance or materials suitability for any specific purpose.
Tested by:  KScribner Date: 28-Feb-23 Checked by: JPandez Date: 2-Mar-23 Reviewed by: SJohn Date: 8-Mar-23

WSP Canada Inc.

Unit 300 - 3811 North Fraser Way, Burnaby, British Columbia, V5J 5J2,

Canada
[+1] 604 412 6899 Rev57-27022023
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PARTICLE SIZE DISTRIBUTION

ASTM D6913
Method B
Test Request # B23-062 Project Number: 22513913
Client: Yukon Government Water Resources Branch Project Location: Teslin, Yukon
Project Name: Teslin Aquifer Mapping Sample Location: YOWN 2207
Source: Sample No.: 10272-2
. - Type: GS
Soil Description:
P Depth (m): 0.91 - 4.88
Specimen Specimen
Reference NA Depth (m): NA Date of Test 3/2/2023
Specnpep NA
Description
Sieve Hygrometgr
Grain Size Sedimentation
S 11.2 46.1 42.7 i i
Distribution (%) Sieve No. F?arncle % Passing F"arncle % Passing
Size mm Size mm
GRAVEL "
BOULDER COBBLE SAND FINES (Silt, Clay) 11/2 37.5 100.0
Coarse I Fine Coarse Medium | Fine 1" 25 98.3
100 3/4" 19 96.9
'\ 1/2" 12.5 95.2
90 N 38" 9.5 93.9
\\ #4 4.75 88.8
80 ~ #10 2 84.0
\ #20 0.85 78.0
g \ #40 0.425 695
©
) #60 0.25 60.1
> \ #100 0.15 517
CE» 50 N\ #140 0.106 46.8
a N #200 0.075 42.7
S 40
X
30 0.005 mm
0.002 mm
20 D60 0.25
D30
10 D10
Cu
0 Ci
1000 100 10 1 0.1 0.01 0.001 ¢
—e—Sieve Particle Size (mm) —— Hydrometer
Notes: Disclaimer:
The laboratory testing services reported herein have been performed in accordance with the terms of a contract with WSP’s client, and
with the recognized standards indicated in this report, or local industry practice. This laboratory testing services report is for the sole
use of WSP's client, relates only to the sample(s) tested and does not represent any (actual or implied) interpretation or opinion
regarding specification compliance or materials suitability for any specific purpose.
Tested by:  JPandez Date: 2-Mar-23 Checked by: JPandez Date: 6-Mar-23 Reviewed by: SJohn Date: 8-Mar-23

WSP Canada Inc.
Unit 300 - 3811 North Fraser Way, Burnaby, British Columbia, V5J 5J2,
Canada

[+1] 604 412 6899 Rev57-27022023
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PARTICLE SIZE DISTRIBUTION

ASTM D6913
Method B
Test Request # B23-062 Project Number: 22513913
Client: Yukon Government Water Resources Branch Project Location: Teslin, Yukon
Project Name: Teslin Aquifer Mapping Sample Location: YOWN 2207
Source: Sample No.: 10272-3
Type: GS
Soil Description: P
Depth (m): 41.15 - 44.20
Specimen Specimen
Reference NA Depth (m): NA Date of Test 3/2/2023
Specw_ne‘n NA
Description
Sieve Hy'dromet«'er
Grain Size Sedimentation
o 225 52.4 25.1 . i . i .
Distribution (%) Sieve No. Eartlcle % Passing Eartlcle % Passing
Size mm Size mm
GRAVEL "
BOULDER COBBLE SAND FINES (Silt, Clay) 3 75 100.0
Coarse I Fine Coarsel Medium | Fine 2" 50 94.1
11/2" 37.5 94.1
100 1" 25 89.1
90 3/4" 19 87.5
Y 12" 125 84.7
80 "~ 38" 95 82.7
\\ #4 4.75 77.5
70 - S
» \‘\\ #10 2 73.8
]
©
< 60 #20 0.85 70.7
> \ #40 0.425 68.2
@ 50 #60 0.25 65.2
@ \ #100 0.15 50.9
& 40 \ #140 0.106 36.0
ES 30 N #200 0.075 25.1 0.005 mm
N 0.002 mm
20 D60 0.21
D30 0.09
10 D10
Cu
0 C
1000 100 1Q 1 0.1 0.01 0.001 ¢
—e— Sieve Particle Size (mm) —¥— Hydrometer
Notes: Disclaimer:
The laboratory testing services reported herein have been performed in accordance with the terms of a contract with WSP’s client,
and with the recognized standards indicated in this report, or local industry practice. This laboratory testing services report is for the
sole use of WSP’s client, relates only to the sample(s) tested and does not represent any (actual or implied) interpretation or opinion
regarding specification compliance or materials suitability for any specific purpose.
Tested by:  JPandez Date: 2-Mar-23 Checked by: JPandez Date: 6-Mar-23 Reviewed by: SJohn Date: 8-Mar-23

WSP Canada Inc.
Unit 300 - 3811 North Fraser Way, Burnaby, British Columbia, V5J 5J2,
Canada
[+1] 604 412 6899 Rev57-27022023
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Appendix 4. Hydrostratigraphic Cross Sections
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Plan View
623000E 625000E

Model Extent

621000E 623000E

Hydrostratigraphic contacts in cross-section are inferred.
Teslin lake bathymetry is conceptual. No accurate bathymetry data was available to better reproduce the lake
bottom and shoreline.

1500 2000 2500 3000 3500 4000 4500 5000 5500
Hydrostratigraphic units
627000E \ |:| POTENTIAL FAN AQUIFER - GLACIOFLUVIAL AQUIFER
6673800N - TESLIN LAKE - TESLIN AQUITARD
- BEDROCK - TILL
|:| DEEP SAND AND |:| TILL/GLACIOLACUSTRINE DEPOSIT
6673100N GRAVEL AQUIFER
Topography
6672400N
- . Screened Interval
6671700N v  Groundwater Head (at time of drilling)
6671000N Cross-Section coordinates Scale
R Scale: 1:23,000
om 1000m A: 622013, 6673906
A 627318 6671855 Vertical exaggeration: 4x
6670300N ’ ’
Om 1000m
625000E
NOTE(S) CLIENT PROJECT
YUKON GOVERNMENT TESLIN AQUIFER MAPPING
WATER RESOURCE BRANCH
REFERENCE CONSULTANT YYYY-MM-DD 2023-04-06 TITLE
WELL COMPLETION DATA, AND WATER LEVELS OBTAINED FROM —— ;- HYDROSTRATIGRAPHIC CROSS-SECTION A-A’
YUKON WELL REGISTRY
DESIGN JP
REVIEW NG PROJECT No. PHASE Rev. FIGURE
APPROVED 22513913 4000 A App 4-2

IF THIS MEASUREMENT DOES NOT MATCH WHAT IS SHOWN, THE SHEET SZEHAS BEEN MODIFIED FROM: ANSI B




Reporting

12\Aurora High Wall

191191

Y\ComplexD:

\\golder.

750
690 W10 [TF
630
570
510
450 : : ; ;
0 500 1000 1500 2000
Plan View . . .
623000E 625000E 627000E \ Hydrostratlgraphlc units
5673800 - TESLIN LAKE - TESLIN AQUITARD
- BEDROCK - TILL
et DEEP SAND AND GRAVEL AQUIFER
Lo . |:| |:| TILL/GLACIOLACUSTRINE DEPOSIT
- GLACIOFLUVIAL AQUIFER
6674500N 6672400N
I  screened Interval
6673800N 6671700N Topography
v Groundwater Head (at time of drilling)
6673100N 6671000N
. . Scale
Scale: 1:66,000 Cross-Section coordinates
i i Scale: 1:9,000
B: 626201, 6671476
6672400N 6670300N Vertical exaggeration: 2x
621000E 623000E 625000E B 626617, 6673683
Om 500m
Notes | | | |
Hydrostratigraphic contacts in cross-section are inferred.
Teslin lake bathymetry is conceptual. No accurate bathymetry data was available to better reproduce the
lake bottom and shoreline.
NOTE(S) CLIENT PROJECT
YUKON GOVERNMENT TESLIN AQUIFER MAPPING
WATER RESOURCE BRANCH
REFERENCE CONSULTANT YYYY-MM-DD 2023-04-06 TITLE
WELL COMPLETION DATA, AND WATER LEVELS OBTAINED FROM —— ;- HYDROSTRATIGRAPHIC CROSS-SECTION B-B’
YUKON WELL REGISTRY
DESIGN JP
REVIEW NG PROJECT No. PHASE Rev.
APPROVED 22513913 4000 A

FIGURE

App 4-3

IF THIS MEASUREMENT DOES NOT MATCH WHAT IS SHOWN, THE SHEET SZEHAS BEEN MODIFIED FROM: ANSI B




Reporting

12\Aurora High Wall

191191

Y\ComplexD:

\\golder.

750
700
650
600
550
500
450
I I I I I I I
0 500 1000 1500 2000 2500 3000 3500
Plan View \ Hydrostratigraphic units
623000E 625000E 627000E
POTENTIAL FAN - GLACIOFLUVIAL AQUIFER AND POTENTIAL GLACIOFLUVIAL AQUIFER
X 6673800N AQUIFER
P vtesuniake  [[]  TESUNAQUITARD
Model Extent
- BEDROCK |:| TILL/GLACIOLACUSTRINE DEPOSIT
6675200N 6673100N
- Screened Interval
6674500N 6672400N
Topography
6673800N 6671700N
Cross-Section coordinates Scale
6673100N 6671000N C: 622073, 6674959 Scale: 1:15,000
- Vertical exaggeration: 3x
Scale: 1:65,000 C: 624128, 6671879 g9
Om 1000m Om 1000m
6672400N 6670300N
621000E 623000E 625000E
Notes
Hydrostratigraphic contacts in cross-section are inferred.
Teslin lake bathymetry is conceptual. No accurate bathymetry data was available to better reproduce the
lake bottom and shoreline.
NOTE(S) CLIENT PROJECT
YUKON GOVERNMENT TESLIN AQUIFER MAPPING
WATER RESOURCE BRANCH
REFERENCE CONSULTANT YYYY-MM-DD 2023-04-06 TITLE
WELL COMPLETION DATA, AND WATER LEVELS OBTAINED FROM —— ;- HYDROSTRATIGRAPHIC CROSS-SECTION C-C’
YUKON WELL REGISTRY
DESIGN JP
REVIEW NG PROJECT No. PHASE Rev. FIGURE
APPROVED 22513913 4000 A App 4-4

IF THIS MEASUREMENT DOES NOT MATCH WHAT IS SHOWN, THE SHEET SZEHAS BEEN MODIFIED FROM: ANSI B




Reporting

12\Aurora High Wall

191191

Y\ComplexD:

\\golder.

795
745
695
645
595
545
495
445 | | | | |
0 1000 2000 3000 4000 5000
Plan View Hydrostratigraphic units
623000E 625000E 627000E \ - TESLIN LAKE - TESLIN AQUITARD
\ 6673800N
- BEDROCK - TILL
s [ ] DeEP SAND AND GRAVEL AQUIFER [ ] mwotacioLacusTRINE DepoSIT
6675200N 6673100N
- GLACIOFLUVIAL AQUIFER
6674500N 6672400N
- Screened Interval
6673800N 6671700N
Topography
6673100N 6671000N v  Groundwater Head (at time of drilling)
Scale: 1:62,000
o i Cross-Section coordinates Scale
6672400N 6670300N 4.
D: 621883, 6673333 Scale: 1:23,000
621000E 623000E 625000E Vertical exaggeration' 4X
D 627365, 6671872 ’
Notes Om 1000m
Hydrostratigraphic contacts in cross-section are inferred. | | | | |
Teslin lake bathymetry is conceptual. No accurate bathymetry data was available to better reproduce the lake
bottom and shoreline.
NOTE(S) CLIENT PROJECT
YUKON GOVERNMENT TESLIN AQUIFER MAPPING
WATER RESOURCE BRANCH
REFERENCE CONSULTANT YYYY-MM-DD 2023-04-06 TITLE
WELL COMPLETION DATA, AND WATER LEVELS OBTAINED FROM —— ;- HYDROSTRATIGRAPHIC CROSS-SECTION D-D’
YUKON WELL REGISTRY
DESIGN JP
REVIEW NG PROJECT No PHASE Rev.
APPROVED 22513913 4000 A

FIGURE

App 4-5

IF THIS MEASUREMENT DOES NOT MATCH WHAT IS SHOWN, THE SHEET SZEHAS BEEN MODIFIED FROM: ANSI B




Reporting

12\Aurora High Wall

191191

Y\ComplexD:

\\golder.

757

707

657

607

557

507

457

757

707

657

607

557

507

457

Plan View
623000E 625000E

Model Extent

6675200N

6674500N

6673800N

6673100N

6672400N

621000E 623000E

Notes
Hydrostratigraphic contacts in cross-section are inferred.

lake bottom and shoreline.

500

625000E

627000E

Scale: 1:68,000
(1]3] 1000m

|
1000

\

6673800N
6673100N
6672400N
6671700N

6671000N

6670300N

Teslin lake bathymetry is conceptual. No accurate bathymetry data was available to better reproduce the

i i
1500 2000

Hydrostratigraphic units

- TESLIN LAKE
- BEDROCK

- GLACIOFLUVIAL AQUIFER

- Screened Interval

Topography

V¥  Groundwater Head (at time of drilling, except for YOWN
wells - Measurements collected in June 2022)

Cross-Section coordinates

E: 623879, 6671869
E": 624310, 6674484

|
2500

- TESLIN AQUITARD

—_ Rt

|:| TILL/GLACIOLACUSTRINE DEPOSIT

Scale
Scale: 1:13,000

Vertical exaggeration: 3x

Om 1000m
NOTE(S) CLIENT PROJECT
YUKON GOVERNMENT TESLIN AQUIFER MAPPING
WATER RESOURCE BRANCH
REFERENCE CONSULTANT YYYY-MM-DD 2023-04-06 TITLE
WELL COMPLETION DATA, AND WATER LEVELS OBTAINED FROM —— ;- HYDROSTRATIGRAPHIC CROSS-SECTION E-FE’
YUKON WELL REGISTRY
DESIGN JP
REVIEW NG PROJECT No PHASE Rev. FIGURE
APPROVED 22513913 4000 A App 4-6

IF THIS MEASUREMENT DOES NOT MATCH WHAT IS SHOWN, THE SHEET SZEHAS BEEN MODIFIED FROM: ANSI B




Appendix 5. Aquifer Summary

Aquifer Summary Table

i Artesian
Lithostrati hi D ipti li Size Ob. ti
# Name : -os ratigraphic escr.lp ve Vulnerability Subtype Material Quality Productivity Demand Conditions servation
Unit Location Concerns km?2 Wells
(km?) Noted
1 . . o Sand YOWN-2206
Glaciofl | Within th N
o> | Glaciofluvial calien S | Moderate 4b and Chloride 48 Moderate/ Low o g | and YOWN-
g v Gravel High 2207 D
2 | Deep Sand Vicinity of Sand
M N
and Gravel Glaciofluvial Village of Low 4b and None 0.45 .oderate/ Low one None
. . High documented
Aquifer Teslin Gravel

The aquifer classifications in the above table are based on the BC aquifer classification system is outlined in the Guide to Using the BC Aquifer
Classification Maps for the Protection and Management of Groundwater, issued by the BC Ministry of Water Land and Air Protection, June 2002
(Bernardinucci and Ronneseth, 2002).

Aquifer subtypes are described in Wei, M., D. Allen, A. Kohut, S. Grasby, K. Ronneseth and B. Turner, 2009. Understanding the Types of Aquifers in
the Canadian Cordillera Hydrogeological Region to Better Manage and Protect Groundwater. Streamline Watershed Management Bulletin Vol. 13,
No.1, Fall 2009.

= 4b: Confined glaciofluvial sand and gravel aquifers underneath till, in between till layers, or underlying glaciolacustrine deposits.
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Appendix 6. Aquifer Shapefiles

Shapefiles for the Glaciofluvial Aquifer, Deep Sand and Gravel Aquifer, Potential Fan
Aquifer, Potential Glaciofluvial Aquifer and Study Area are provided digitally in an attached
folder entitled “Aquifer_Shapefiles_Teslin_May2023".

App 6-1



Appendix 7. Aquifer Well-Correlation
For Aquifer-Well correlation sheet of the Teslin area, reference the attached csv file entitled
“Aquifer_Well_Correlation_Teslin_May2023.csv".
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Appendix 8. Interpreted Hydrostratigraphy
For a summary of the hydrostratigraphic contacts for each well, reference the attached csv
file entitled “Interpreted_Hydrostratigraphic_Units_Teslin_May2023.csv".
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