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EXECUTIVE SUMMARY

Associated Environmental Consultants Inc. (Associated) was retained by the Government of Yukon, Community
Services Land Development Branch, in May 2022 to conduct a Phase | Environmental Site Assessment (ESA) of two
land parcels located at Lot 520 and Lot 519 in the Copper Ridge Subdivision of the City of Whitehorse, Yukon (the
Subject Site), to support the potential development of the Subject Site.

The Subject Site is in a predominantly residential area. Based on available aerial photographs dating back from 1995 to
the present day, the Subject Site appears densely vegetated with no signs of development. A current and historical
land title search confirmed Lot 519 to be untitled. The registered title owner of Lot 520 since June 2022, is the City of
Whitehorse. At the time of the reconnaissance on June 3, 2022, the Subject Site comprised forested vacant land and is
used by the public as a recreational walking area and thoroughfare.

An on-site groundwater well was observed in the southwest (on Lot 520). Based on discussions with the City of
Whitehorse Water & Waste Services, it is understood that the well is used to assess local groundwater and the
performance of the rock pit on Lot 520, which receives surface drainage from the residential properties to the west of
the Subject Site. The City of Whitehorse advised that any future development on the Subject Site will need to
consider surface water drainage and the incorporation of the monitoring well and rock pit located on Lot 520.

Neighbouring and upgradient land use since 1995 has comprised forested areas up until residential development
began.

A fuel storage tank is located at the Continuing Care Facility (60 Lazulite Road, Whitehorse, YT), approximately 160 m
away. Based on the distance with no reports of spills, the fuel storage tank is not considered an APEC to the Subject
Site.

No on-site or off-site APECs were identified. Based on the Phase | ESA results, there is low potential * that current or
past land use activities at the Subject Site or on neighbouring properties have resulted in contamination of soil and/or
groundwater, alongside vapour risk, at the Subject Site, with respect to Park (PL) and Residential Land Uses (RL)
standards. Further investigation (i.e., Phase |l Environmental Site Assessment) is not warranted.

This executive summary is subject to the limitations presented in the Disclaimer provided in section 12 of this report.

1 High potential means there is either physical or visual/olfactory or very recent factual evidence of contamination on
site. Moderate potential means there is evidence of past or current land uses or infrastructure with potential to
release contaminant/s into the environment. Low potential means there is little or no evidence of sources of
contamination.

/e







































































































































































































Sssessment



I AQUIIUTO Al A 11AllTuvy LUUliIG 1uliniiniy Svuul 1uill widiiiviiiv vvady w i divull WIIVG SQUULUL L VI INVIUT vudl WIHIVG.

MY CUNUUIIUUL VIlY UUHUUY UIVITY | UIVUVIT VY Ul

2022 Page | i



and-alone document. but a summarv of findinas as

2022 Page | ii



V.V NP /WP W I\ L o mw m o s w0 o 0 B NN N NN NN E N NN N NN E N NN AN AN AN AN NN A AN AN AN AN NN AN AN NN NN NN AN NN NN EEEEEEEEEEEEEEEEEEEEEEEEE 6

6.0 STATEMENT OF LIMITATIONS ... s e s s n e e e s e s e s 7

7.0 REFERENGCGES........ it s e s m e s e s s am e s m e s e e same s mn e na e 8

2022 Page | iii



APPENDICES



In performing this work, Hemmera has relied in good faith on information provided by others and has

the Copper Ridge Place Long Term Care Facilities ar
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Hamilton Boulevard. There are also Airport and institutional land dispositions in the area.

restricted residential detached. On the Northern border of the site is Diamond Way and on the Eastern to
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Executive Summary

This report details the results of the heritage resources impact assessment (HRIA) undertaken by
Stantec Consulting Ltd. (Stantec) for Copper Ridge Lots 519 and 520, located within the City of
Whitehorse, Yukon. The study area is within the traditional territory of Kwanlin Din First Nation (KDFN)
and Ta’'an Kwach’an Council (TKC). Stantec undertook the HRIA at the request of Government of Yukon,
Community Services, Land Development Branch, to support planning in advance of proposed residential
development of the lots. The HRIA was carried out under Class 2 Yukon Archaeological Sites Regulation
Permit 22-20ASR.

Fieldwork was conducted on July 7, 2022, by a crew consisting of two Stantec archaeologists and one
KDFN field technician. Pedestrian survey was undertaken throughout the study area to identify heritage
resources or areas of potential (AOPs) for subsurface heritage resources. One AOP was recorded and
assessed through shovel testing. No heritage resources were identified.

No further heritage work is recommended for the study area, which is assessed as low heritage potential.
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1.0 INTRODUCTION

This report details the results of the heritage resources impact assessment (HRIA) undertaken by
Stantec Consulting Ltd. (Stantec) for Copper Ridge Lots 519 and 520, located within the City of
Whitehorse. The study area is within the traditional territory of Kwanlin Diin First Nation (KDFN) and
Ta’an Kwach’an Council (TKC). Stantec undertook the HRIA at the request of Government of Yukon,
Community Services, Land Development Branch. The HRIA was carried out under Class 2 Yukon
Archaeological Sites Regulation Permit 22-20ASR.

Government of Yukon is planning residential development of Lots 519 and 520, located in Copper Ridge.
The HRIA was requested to support planning for the proposed development. No heritage work has taken
place within the proposed development area.

Fieldwork was undertaken on July 7, 2022, by a crew consisting of two Stantec archaeologists and one
KDFN field technician. Pedestrian survey was undertaken throughout the study area to identify heritage
resources or areas of potential (AOPs) for subsurface heritage resources.

The objectives of the HRIA were to identify heritage resources and areas of potential for buried heritage
resources within the study area, assess potential impacts that heritage resources could sustain because
of the proposed development, and to make recommendations concerning the future management of
those resources.

Heritage site location information has been removed from this report so it can be made publicly available
(e.g., through submission to the Yukon Environmental and Socio-economic Assessment Board [YESAB]
Online Registry).
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1.1 LEGISLATIVE REFERENCES

Several acts, agreements, and regulations apply to heritage resources within the study area.

These include the Historic Resources Act (Government of Yukon 2002) and Archaeological Sites
Regulation (Government of Yukon 2003a), the Yukon Territorial Lands Act Land Use Regulations
(Government of Yukon 2003b), the Umbrella Final Agreement (Government of Canada et al. 1993),
and the Yukon Environmental and Socio-economic Assessment Act (Government of Canada 2003).

The Historic Resources Act (Government of Yukon 2002) and Archaeological Sites Regulation
(Government of Yukon 2003a) contain legislation that mandates the management and protection of
Yukon archaeological, historical, and paleontological resources. This legislation applies to heritage
resources on both private and public lands, and archaeological and historical resources that are older
than 45 years. Archaeological, historical, and paleontological resources are protected from unpermitted
surveys, disturbances, alterations, or excavations.

The Yukon Territorial Lands Act Land Use Regulation (Government of Yukon 2003b) contains regulations
regarding operations around, and the discovery of archaeological sites. Section 9(a) of the Regulations
stipulates that “no permittee shall, unless expressly authorized in their permit or expressly authorized in
writing by an inspector, conduct a land use operation within 30 m of a known monument or a known or
suspected archaeological site or burial ground.” Furthermore, section 15 states that “Where, during a land
use operation, a suspected archaeological site or burial ground is unearthed or otherwise discovered, the
permittee shall immediately (a) suspend the land use operation on the site; and (b) notify the engineer or
an inspector of the location of the site and the nature of any unearthed materials, structures, or artifacts.”

Other pertinent legislation includes the Yukon Environmental and Socio-economic Assessment Act
(Government of Canada 2003) which requires that potential effects to heritage resources are considered
during review of proposed projects. The Heritage Resource Information Requirements for Land
Application Proposals Policy (Operational Policy No. 2011-01) developed by the Yukon Environmental
and Socio-Economic Assessment Board outlines the requirement for a heritage resource assessment to
be included with any proposal that includes disposition of land.

1.2 FIRST NATIONS REFERRAL AND CORRESPONDENCE

The study area is within the traditional territory of KDFN and TKC. KDFN and TKC were notified of the
study prior to undertaking the HRIA. Frank Jim (KDFN) participated in the HRIA fieldwork. No TKC field
technicians were available to participate in the HRIA.
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2.0 HERITAGE ASSESSMENT DESCRIPTION

The objective of an HRIA is to identify above-and-below-ground heritage resources (such as pre-contact
or post-contact heritage sites) and to make recommendations concerning the future management of
those resources. The specific objectives of an HRIA are as follows:

¢ |dentify and evaluate heritage resources within the study area.
e |dentify and assess impacts to heritage resources which might result from the proposed development.

e Recommend viable alternatives for managing unavoidable adverse impacts, including a preliminary
program to:

— Implement impact management actions, and where necessary

— Undertake surveillance and/or monitoring

HRIA methods are outlined in Section 4.0, results are discussed in Section 5.0 and displayed on Figure 2.
Management recommendations are included in Section 6.0. Digital files containing relevant spatial data
were provided to the client, Heritage Resources Unit, KDFN, and TKC to facilitate project planning and
heritage resource management.
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3.0 STUDY AREA

3.1 STUDY AREA LOCATION

The study area is in the Southern Lakes region of Yukon, within the City of Whitehorse, in the
Copper Ridge Subdivision. The nearest significant hydrological feature is Mcintyre Creek (1.5 km east).

Terrain within the study area is generally rolling or hummocky. Vegetation in the project area includes
recently thinned (fire-smart) pine and spruce forest with recently planted deciduous and occasional
willow. Ground cover in the area consists of labrador tea, soapberry, kinnikinic, fireweed, sphagnum
moss, lichens, and lupine. Prior ground disturbances within and adjacent to the study area include those
associated with road construction and recreational use of the area, including walking paths and
recreational vehicle (e.g., ATV) trails.

3.2 PALAEOENVIRONMENTAL BACKGROUND

Glaciation and deglaciation, are primary determinants of contemporary Yukon environment throughout
the territory, resulted in complex regionally specific outcomes wherein the environmental and physical
conditions both shaped and were shaped by numerous glacial events and processes. A succession of as
many as six glaciations and deglaciations are known to have occurred in the Whitehorse area throughout
the Late Quaternary (Bond 2004; Duk-Rodkin 2001). Glacial stratigraphy, however, begins with the

Late Wisconsin McConnell Glaciation (approximately 20,000 years ago) and the lack of pre-McConnell
deposits suggests they have been eroded or buried by subsequent glaciations (Wheeler 1961).

The Whitehorse area is defined by the three geophysical sub-regions (City of Whitehorse 2017, 2018)
that were formed by and interacted with the stages of the McConnell Glaciation—the Yukon River valley
bottom, the upland terrace/escarpment, and a complex of post-glacial lakes (CoW 2017, 2018).

These landscape features variably interacted with the dynamic glacial history of southwestern Yukon.

3.2.1 Glacial History

According to radiocarbon and palaeobotanical records, the Late Wisconsin McConnell Glaciation
occurred from approximately 23,900 to 10,700 years before present, at which time the ice had fully
retreated, and vegetation was re-established in the Whitehorse region (Bond 2004). The onset of the
glacial advance is assumed to have initiated with the accumulation of ice in the cirques of the Coast
Mountains. Alpine glaciers then coalesced creating vast glaciers in major river valleys including the
Wheaton River, Bennet Lake, upper Watson River, Takhini River, and Primrose River valleys, which
would later coalesce forming the Coast Mountains lobe (Bond 2004). Simultaneously, ice from the
Cordilleran Ice Sheet was advancing northward from the Cassiar Mountains of south-central Yukon and
northern British Columbia—forming the Cassiar Lobe (Jackson and MacKay 1990).

The first stage of the McConnell glaciation is the onset of glaciation. This is estimated to have begun in
the Whitehorse Region between 29,000 and 26,000 years ago (Bond 2004). During stage two, the

10
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Glacial Maximum, ice covered all southern and eastern Yukon. The ice sheet covering the

Whitehorse area is estimated to have exceeded 1350 m (Bond 2004). The third stage is Deglaciation, at
which time a series of deglaciations and readvances each effectively formed various landscape features
in the Whitehorse area (Bond 2004). These events significantly affected sediment deposition, particularly
in riverine valleys while also resulting in systems of pro-glacial lakes surrounding the retreating

Cassiar Lobe. The Cassiar re-advance resulted in the development of Glacial Lake Champagne when the
Cassiar Lobe retreated from the Takhini River valley in the east and blockage of the Dezadeash River
drainage by St. Elias ice occurred to the west. Glacial Lake Laberge formed during a subsequent ice
recession in the Yukon Valley, reaching elevations of 716 m (88 m above modern Lake Laberge levels)
(Birdeau et al. 2011).

During the Ibex sub-stage, Glacial Lake Laberge and Glacial Lake Champagne increased in size while
the Ibex River and Fish Lake valleys were dammed creating Glacial Lake Mclntyre and Glacial Lake Ibex
(Bond 2004). A series of smaller pro-glacial lakes also developed in the Wheaton and Watson River
valleys. The subsequent Chadburn sub-stage was another period of stagnation in deglaciation correlating
to the development of Chadburn Lake, Lewes Lake and Annie Lake (Bond 2004). Glacial lakes Champagne
and Laberge joined following the recession of the Cassiar Lobe from the Takhini River Valley. During the
Cowley sub-stage, glacial lake drainages were redirected. Most prominently, Glacial Lake Watson begun
draining into the Yukon River (Bond 2004). The Bennett sub-stage is marked by further retreat of the
Cassiar Lobe, signifying the height of coverage for glacial lakes in the Whitehorse region (Bond 2004).
Lake Laberge was connected with Lake M’Clintock, adding volume and complexity to an already dynamic
glacial lake system. The M’'Clintock sub-stage is the final stage of deglaciation wherein ice retreated from
the Bennett Lake/Windy arm area.

Stage four, the Early Holocene stage is marked by the drainage of the glacial lakes, riverine downcutting
into the glaciolacustrine deposits, and aeolian activity (Bond 2004). First, sediment dams built up and were
repeatedly incised around Glacial Lake Laberge, resulting in the erosion of the Late Wisconsin glacial
deposits in the Yukon River valley bottom (Birdeau et al. 2011). As the Glacial Lake Laberge water level
retreated, the Yukon River downcut the glaciolacustrine and morainal deposits to the south (Bond 2004).
Meanwhile, drainage of Glacial Lake Champagne is hypothesized to have occurred sometime between
12,500 and 9,000 (Heffner 2008). Additionally, the southern shoreline of the Yukon River delta receded
north, depositing deltaic sands over the glaciolacustrine deposits. The Whitehorse dune field,

located north of the city, developed from the reworking of these deltaic sands via aeolian processes
(Wolfe et al. 2011).

3.3 MODERN ENVIRONMENTAL BACKGROUND

3.3.1 Physical Geography

The Whitehorse area can be categorized by the Yukon River valley bottom, the upland
terrace/escarpment, and a complex of post-glacial lakes (CoW 2017 2018). The valley bottom is a fluvial

plane with basal sediments of glaciolacustrine silts sometimes overlain by alluvial sands and gravels.
Bedrock has not been observed throughout much of the valley bottom but, has been encountered at

11
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depths of nearly fifty metres below ground (CoW 2017 2018). Small wetlands are found in the area and
the water table is typically encountered one to two metres below ground. The modern valley bottom was
mostly shaped by deglaciation when significant deposition of glaciolacustrine sands and silts occurred.

The upland terrace is an approximately fifty metres high, glaciolacustrine bluff or escarpment bordering
the river valley. The southern portion of the terrace is a relatively level plain with basal glaciolacustrine
sediments of sands and gravels overlain by silty sand. The terrace was formed simultaneous to the
formation of Glacial Lake Laberge which at its maximum height deposited the sediments in the silt bluffs
(Barnes 1997; Mouget 1997 and 1998). The northern portion of the upper terrace is characterized by
undulating hummocky terrain.

The post-glacial lake complex is composed of glacial outwash sands and gravels forming steep
hummocky terrain characterized by remnant pothole lakes, particularly the Ear Lake complex south of the
city. These lakes are remnant of deglaciation of the area, specifically a period stagnation in the recession
of the Cassiar Lobe.

3.3.2 Climate, Vegetation, and Wildlife

The high mountain ranges surrounding the Whitehorse Region block mild, moist Pacific air from reaching
the Yukon interior, producing a rain shadow effect (Wahl and Goos 1987). Consequently, the climate is
Subarctic continental, being dominated by the cold, dry Arctic air masses for most of the year, with only
occasional intrusions of Pacific air, despite its close proximity to the Pacific coast. Mean annual temperature
lies between -2 and -5°C and mean annual precipitation is only 250-300 mm/year (Smith et al. 2004).
These environmental factors limit the vegetation to those species that can withstand both cold and dry
conditions.

White spruce (Picea glauca) and trembling aspen (Populus tremuloides) are the dominant tree species
and have an understory of various shrubs, herbs, and grasses. Woodland areas are punctuated by sedge
and grass meadows. In many places one can find grass-covered south-facing slopes while northern
exposures are vegetated with closed spruce forests growing on permafrost. Elevation also exerts
considerable influence on vegetation patterns (Murray and Douglas 1980). A montane forest zone can be
found on the valley bottoms extending upslope to a height of 1300 m asl. At this elevation, trees give way
to a subalpine zone of shrubs, which gradually is replaced by an alpine community of low-growing plants
above 1500 m asl.

The southwest Yukon'’s variable environments are mirrored by a diversity of wildlife that is unusual in
northern areas (Hoefs 1980). Most vegetation zones have associated mammal communities. Dall sheep
(Ovis dalli), mountain goats (Oreamnos americanus), grizzly bears (Ursus arctos), cougars (Felis concolor),
marmots (Marmota caligata), and pika (Ochotona collaris) are present in the alpine zone; mule deer
(Odocoileus hemionus) and various rodents live near the forest edge; and moose (Alces alces), caribou
(Rangifer tarandus), black bear (Ursus americanus), and wolves (Canis lupus) inhabit forested areas.
Snowshoe hare (Lepus americanus) and arctic ground squirrels (Citellus parryi) can be found throughout
the region and are the basis for much of the higher food chain (Krebs 1980). Fish species occurring in this
region include lake whitefish (Coregonus clupeaformis), round whitefish (Prosopium cylindraceum),

lake trout (Salvelinus namaycush), northern pike (Esox lucius), and arctic grayling (Thymallus arcticus).

12
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Species found in the territory that occur only in the Yukon River watershed include inconnu

(Stenodus leucichthys), broad whitefish (Coregonus nasus), and least cisco (Coregonus sardinella).
Only two species of salmon can be found in the upper Yukon system and these salmon bearing streams
are located only in the northern reaches of the southwest Yukon (McClellan 1963; Hayes 1892 in
Workman 1978:87). Chinook salmon (Oncorhynchus tshawytscha) are reported to spawn in small
numbers along the lower portion of McIntyre Creek (CPAWS Yukon 2020:26).

3.4 ETHNOGRAPHY

The study area is within the traditional territory of the KDFN and TKC. KDFN and TKC identify
linguistically as Southern Tutchone (KDFN 2021; TKC 2021).

3.4.1 Southern Tutchone Ethnography and Ethnohistory

The following general review of Southern Tutchone ethnography is based on McClellan’s (1964, 1975,
1981a, 1987) extensive research with the Southern Tutchone. Emphasis has been placed on the
seasonal round and subsistence strategies that are most likely to have left physical evidence of past
human use and may have influenced the archaeological record of the study area.

The Southern Tutchone are members of the Athapaskan language family which is broadly distributed
throughout large areas of northwestern North America. The primary social groupings of the Crow and the
Wolf moieties determined patterns of matrilineal descent, marriage, residency and the allocation of
hunting and fishing grounds. The Southern Tutchone did not have a primary political unit, and family
groupings were regionally defined by geographical characteristics, even when families may not have lived
together for the entire year. The leader or “Chief” of this social unit was often determined by knowledge
and hunting ability (McClellan 1975).

The Southern Tutchone seasonal subsistence round involved the summer aggregation of the group at
selected fishing camps chosen for the availability of migrating salmon. The main rivers in the Southern
Tutchone territory are the Alsek and its tributaries, which drain to the Pacific Ocean; and the Takhini,

the upper Yukon, Donjek, Kluane and Nisling, all of which drain into the Bering Sea via the Yukon
drainage basin. The five major lakes of Sekelmun, Aishihik, Kusawa, Laberge, and Kluane, along with
numerous smaller water bodies, feed the Yukon-White River system. Settlement near these locations
involved several families returning to established summer fishing locations each year. A variety of berries
and roots were available and constituted an important food source for harvest and storage while at fishing
stations and summer base camps.

By late summer, groups dispersed into the upland region to supplement and replenish food stores with a
focus on securing game for winter provisions. Meat was generally dried or smoked on racks and stored in
caches near the main dwellings (McClellan 1981a). Caribou, moose, mountain goat, sheep, and bear
were principal sources of both food and clothing, although smaller species such as hare and marten were
also trapped or hunted for their food and fur. In December and January people usually regrouped to share
stored foods but once again dispersed in late winter to find game.
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The Southern Tutchone traditionally built conical or rectangular lean-tos with a tied pole framework, brush
walls and roofs of moss, bark or skin. These structures often housed several families sharing a central
fireplace. By the late nineteenth century, some Southern Tutchone began constructing coastal-style
rectangular houses of logs or split planks (McClellan 1981a). Several smaller structures were typically
erected near the main dwellings, including meat and fish drying racks, racks for boat frames and
toboggans, and frames for skin tanning and smoking, as well as small huts for menstruants and parturients.
No excavation was required for a main foundation, and evidence of postholes and central hearths are the
primary features most likely to be found archaeologically for such structures. Domed tents of caribou or
moose hide stretched over sapling frameworks were used by smaller late winter family groups.

A wide variety of implements were used for hunting, fishing and gathering plant foods. Stone tools such
as projectile points, knives, scrapers, and flaking debris are commonly recovered from archaeological
contexts. The larger suite of implements made of less durable materials including antler, bone, leather,
wood and perishable fiber are not well-represented archaeologically due to poor preservation in acidic sail
conditions. Many kinds of traps, snares, corrals and hunting blinds were used during ethnographic and
historical times and still can be seen on the landscape today. Box and funnel traps were utilized in
conjunction with weirs to catch salmon, trout, pike, and large whitefish. Dip nets, gill nets, leisters, hooks,
gaffs, spears, and lines were also used to catch fish (McClellan 1981a).

Prior to European contact, interior Tutchone people maintained trade networks with Coastal Tlingit of
Alaska and northern BC. Trails and river corridors facilitated the movement of dentalium, copper,
Chilkat blankets, eulachon, seaweed, and cedar baskets to the interior in exchange for meat, goat fur,
and other goods (McClellan 1964). Russian fur traders introduced a new exchange market in the late
1700s and early 1800s, which was readily incorporated into pre-existing trade networks and focused on
sea otter and other fur-bearing mammal pelts. This trade brought kettles, needles, blankets,

and eventually guns to the southwest Yukon.

3.5 POST-CONTACT HISTORY

Early European exploration in the southwest Yukon began with those of Frederick Schwatka, who in
1883 undertook a geological and geographical survey for the Unites States military (Schwatka 1898).
William Ogilvie and George Dawson also travelled along the Yukon River in southwest Yukon during their
explorations for the Geological Survey of Canada in 1887 to 1888 (Dawson 1887).

European settlement began in the region during the Klondike Gold Rush in 1897. The first settlements in
the area included Canyon City, above Miles Canyon, and Closeleigh, which was situated across the river
from where downtown Whitehorse is today (Sack 1970). These settlements were dependent on Norman
Macauley’s tramway which provided the sole means of portage around Miles Canyon and the Whitehorse
rapids. Between 1898 and 1900 the White Pass & Yukon Route Railway was built between Skagway and
Whitehorse. Once the White Pass railroad was built, the settlements surrounding the tramway were
abandoned, with settlement moving to the end of the rail line at Whitehorse. Whitehorse thrived during the
Klondike Gold Rush being situated at the end of the rail line and beginning of the steam ship routes to
Dawson (Sack 1970).
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The next influx of people into the region came with the Second World War and the construction of the
Alaska Highway. The construction of the Alaska Highway altered settlement patterns in the area as people
moved to higher populated areas for access to schools, wage-labour jobs and medical services. The large
influx of military personnel into the Yukon associated with the construction of the highway and the
Whitehorse airport also required considerable development for housing (Sack 1970). Many of these housing
developments and residential areas became the subdivisions seen in and around Whitehorse today.

3.6 PREVIOUS HERITAGE ASSESSMENTS

No prior heritage assessments have been completed within the study area, and few have taken place in
Copper Ridge. There is one previously recorded site nearby the project area, recorded earlier this year
(2022) by Stantec under permit 22-07ASR.

The Whitehorse area hosts several important archaeological occurrences, some of which can be dated to
the early Holocene. Sites commonly occur on elevated and well drained landforms near hydrological
features, such as rivers, lakes, or creeks. Mclntyre Creek is approximately 1.5 km west of the project
area, flowing north and northeast before meeting with the Yukon River near Whitehorse. Numerous pre-
contact heritage sites, including some that have yielded microblades and microblade cores, have been
recorded on along Mcintyre Creek (CPAWS Yukon, personal communication with Ty Heffner, 2020;
Thomas 2005; Rutherford 1997).

3.7 YUKON CULTURE HISTORY

The most comprehensive culture history for the Yukon was compiled by Workman (1978), and the
following description follows his work, except where otherwise cited. Major differences between
Workman’s chronology and that in use today include the conception of a Northern Cordilleran tradition
(Clark 1991, 1983; Clark and Clark 1993; Clark and Morlan 1982; Gotthardt 1990; Hare 1995),

the recognition of the mid-Holocene Annie Lake Complex (Greer 1993; Hare 1995), and the combination
of Workman’s Aishihik and Bennett Lake Phases into the Late Prehistoric Period (Hare 1995).

3.7.1 Northern Cordilleran Tradition (>7,000 BP1)

Increasing evidence for a pre-microblade technological tradition in the Yukon has led many researchers
to adopt the Northern Cordilleran tradition as a viable construct in Yukon archaeology. Clark and Clark
(1993) would classify any interior site older than 7,000-8,000 BP and lacking microblades as Northern
Cordilleran. In many places this technological tradition existed contemporaneously with users of the
microblade technology of the Little Arm Phase, and this appears to have been the case in the southern
Yukon (Hare 1995). Characteristic artifact forms included large bifaces, blades from informal cores,

tools on blades (e.g., transverse notched burins, and burin/scraper/notch combinations), and large,
convex based and side notched or lobate stemmed Kamut points (Gotthardt 1990). To this list can be
added elongate stone knives (Clark 1991) and bipoints (Hare 1995). The basal occupation of the Canyon

' Conventional format for radiocarbon dating, where ‘BP’ means years ‘before present’ and 0 BP is defined as
AD 1950.
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site (JfVg-1), which is radiocarbon dated to 7,195 + 130 BP, as well as Moose Lake (KaVn-2), which is
dated to between 10,670 + 80 BP and 10,130 £+ 50 BP, have both been identified as Northern Cordilleran
occupations (Hare 1995).

3.7.2 Little Arm Phase (8,000-5,000 BP)

After about 8,000 BP a distinctive microblade technology spread to many areas of the Yukon and, while it
was thought that this technology disappeared after around 5,000 BP, reevaluations suggest that it was
present much later (Hare 1995; Hare and Hammer 1997). Clark (1991) accounted for these later microblade
assemblages by suggesting that they resulted from hybridization with subsequent cultures. This phase
was characterized by microblades, tabular and wedge-shaped microcores, burins, geometric round-based
points, and the absence of Taye Lake diagnostics (see below). There were no notched points, and large
bifaces and other heavy implements were very rare or absent. Endscrapers were large and narrow,

but not abundant, and gravers also occurred. Sites probably represented short stays by small groups,

and evidence suggests that the subsistence base was much like the early Taye Lake Phase, and
included bison, caribou, moose, and birds.

3.7.3 Annie Lake Complex (5,100-4,600 BP)

Greer (1993) reviewed evidence of a distinctive technological complex in southwestern Yukon that
consisted of concave based lanceolate projectile points. She noted that these points have morphological
similarities to McKean points on the Plains and Shuswap points from the Plateau and suggested that this
may represent a broad cultural interaction sphere. During initial excavations at the Annie Lake site (JcUr-3)
Greer (1993) could provide bracketing dates of 4,900—-2,000 BP for this complex. With additional work at
the site, Hare (1995) determined that the complex dated between 6,200-2,900 BP and is likely restricted
to 5,100—4,600 BP (Hare 1995: 130), although he feels that this is tentative. Hare (1995) also added the
use of high quality lithic materials and highly curated multipurpose tools as traits of the complex.

3.7.4 Taye Lake Phase (6,000-1,250 BP)

Part of the widespread Northern Archaic Tradition, which Clark (1991) believes developed out of the
Northern Cordilleran tradition, the Taye Lake Phase consists of all archaeological materials that are younger
than 5,000 BP but predate the White River Ash. This phase was characterized by notched or lanceolate
points with straight or slightly concave bases, an abundance of large bifaces, thick unifaces, a variety of
endscrapers, and a developed bone industry. Ground stone was present but native copper was not in
use. Burins were rare, and gravers were only found sporadically. End scrapers were profuse, of either
rounded or angular form, possibly with multiple working edges. This was the only phase where endscrapers
had been prepared for hafting. Workman suggested a division of this phase at 3,000-3,500 BP with late
traits being tabular schist bifaces and stone wedges, and early traits being notched cobbles and shaped,
beveled blades. He saw this division as coincidental with the onset of neoglaciation, the resulting
formation of proglacial lakes, and the probable disappearance of grasslands and bison. Large, rich sites
were suggestive of seasonal return to favourable locations over a long period of time. Trapping, fishing,
and bird hunting likely supplemented big game hunting. On technological grounds, Workman proposed a
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population replacement or absorption at the beginning of this phase to explain the many differences and
very few similarities between it and the Little Arm Phase but, as Hare (1995: 104—-105) noted,
technological traditions are not the equivalent of cultural traditions, so population movements are not
necessary to account for the differences.

The Taye Lake Phase is somewhat arbitrarily separated from the Late Prehistoric Period by the

White River Ash, a useful stratigraphic marker, and, while Workman (1978) saw a great deal of cultural
continuity across this horizon, he also felt that the ashfall had catastrophic effects on the people living in
the southwest Yukon at the time of the eruption. Coincidental with the eruption, people were coping with
other significant changes to the landscape; neoglacial ice had restricted access to the mountains and had
caused flooding of the valleys, while at the same time salmon were prevented from reaching the interior,
and bison, an important resource, may have disappeared (Workman 1973). As a result, he believed that
the area was probably abandoned for several years and people dispersed either north or south, out of the
path of the ash.

This proposed exodus may have caused hostility with neighboring groups, whose territory was restricted
by the newcomers. Workman (1973, 1978, and 1979) also believed that the migrations, which resulted in
the arrival of Athapaskan speakers to the American Pacific Coast and Southwest, were triggered by this
eruption. Moodie et al. (1992) offered corroborating evidence by recording oral traditions among
Mackenzie Dene that tell of a large volcanic eruption, widespread ashfall, and of their coming to the
Mackenzie Valley from over the western mountains. Otherwise, Workman’s arguments for cultural
upheaval because of the volcanic explosion remain circumstantial.

3.7.5 Late Prehistoric Period (1,250-50 BP)

This period postdates the fall of the White River Ash and includes the introduction of European trade
goods near its terminus. It was characterized by native copper implements and flaked stone to a lesser
degree. Characteristic artifact types included endscrapers with rounded outlines and thin working edges,
and bifaces and unifaces with thin working edges. Burins were absent or very rare, and tabular bifaces
and stone wedges (pieces esquillées) reached maximum frequency. Unique traits were native copper,
abraded cobbles, multi-barbed bone points, small stemmed Kavik-like points, small side-notched points,
and slate pieces with thick, flat ground edges. Those types shared with the Taye Lake Phase were
geometric and notched points, multi-barbed bone points, stone wedges, boulder spalls, two endscraper
types, flake blade cores, blunted discoids, tabular bifaces, stemless points, broad, thin endscrapers,
discoidal flake cores, and other general traits. Small sites probably reflected the ethnographic settlement
pattern. Workman (1978) agreed with MacNeish (1964 ) that forest expansion was probably responsible
for the decrease in site size and number but, unlike that author, saw no evidence for increased fishing
and trapping at the expense of large game hunting.

Near the end of the Late Prehistoric Period an elaborate bone industry and a growing significance of
European trade goods were in evidence. Expected characteristics of this phase included the increased
use of metal tools at the expense of stone and native copper, the use of metal pots instead of skin or bark
bags and boiling stones, an increase in axe-chopped bones with fewer calcined fragments, an increased
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emphasis on fur-bearing animals because of the fur trade, and increased sedentism with log cabin
villages being occupied at least seasonally.

4.0 METHODS

The following section describes the methods used for the HRIA. Proposed HRIA methods were outlined
in the Class 2 Archaeologist Permit application submitted for the study. Details of the survey transects,
surface inspection, and heritage resources identified during fieldwork are discussed in Section 5.0.

4.1 PEDESTRIAN SURVEY

Pedestrian survey was conducted by one crew consisting of three people (approximately 10—-15 m apart,
with 30—40 m visibility) across the entire study area.

Field personnel surveyed for historical features, surface exposures (e.g., previously disturbed areas,

tree throws, cut banks, wind exposures, and areas with limited soil development), prominent topographic
features (e.g., saddles, knolls, terraces, and ridge tops), and standing and fallen trees with the potential for
cultural modification, to identify above-ground or exposed subsurface heritage artifacts and features.
Pedestrian survey was undertaken in snow-free conditions and included a surface inspection of exposures
from previously disturbed areas and trails.

Preference was given to stable, well-drained landforms, or sheltered areas situated near water bodies

or with vantages of the surrounding terrain. One location was noted as an AOP, which consisted of a
well-drained, level area, with vantages of surrounding terrain. The AOP, shovel tests, and survey transects
were recorded using GPS and their details were documented in digital notes.

4.2 SUBSURFACE TESTING

Judgmentally placed shovel tests were excavated at the AOP and spaced judgmentally at approximately
5 m. The intent of testing was to determine the presence of subsurface heritage resources where none
were visible on the ground surface. Subsurface tests were excavated by shovel and measured
approximately 35 cm by 35 cm. Tests were terminated when glacial till or bedrock was encountered.

A subsurface stratigraphy log was maintained with representative stratigraphy recorded at the AOP.

Sediments were passed through % inch mesh screen. Subsurface test locations were recorded using a
handheld GPS unit.
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5.0 RESULTS

This section presents the results of HRIA, including details of the work undertaken at the identified AOP.

5.1 HRIA RESULTS

HRIA fieldwork focused initially on pedestrian survey of the study area to identify surface heritage
resources (e.g., culturally modified trees, artifacts visible in disturbed or eroding areas) and to record
areas with potential (AOPs) to contain subsurface heritage resources (e.g., buried cultural materials).

One marginal AOP was recorded during pedestrian traverses of the study area, as detailed in Table 1 and
depicted on Figure 2. The AOP (Photo 1 and Photo 2) was fully tested and negative for cultural materials.
A total of 10 shovel tests were excavated during the HRIA. The study area is within Copper Ridge and
there are numerous signs of contemporary use including walking and motorized vehicle trails, vegetation
clearing for fire management (fire-smart), recent tree planting, and push piles associated with adjacent
roads and trails. The remainder of the study area is characterized by level undifferentiated, hummocky
terrain (Photo 3).

Vegetation in the study area includes recently thinned pine and spruce forest with recently planted
deciduous and occasional willow. Ground cover in the area consists of labrador tea, soapberry, kinnikinic,
fireweed, sphagnum moss, lichens, and lupine.

Table 1 HRIA Results
AOP Label Description Results Dimensions
AOP 1 Marginal AOP consisting of a moderately elevated Ten (10) shovel tests 34 m

knoll approximately 2 m above terrain to the southwest
and 3-5 m above terrain to the north and northwest.
The knoll-top slopes west generally 2-5°. Intact sides
of the feature are undefined and slope gradually
toward lower terrain at 5-10°. The eastern edge of the
AOP is cut by Falcon Drive, and likely extended east
prior to the development of the road. There are no
hydrological features in the vicinity of the AOP.

excavated, all negative.

north-south x
16 m east-west

5.2 LIMITATIONS OF THE HERITAGE ASSESSMENT

Although a thorough attempt was made to identify heritage resources within the study area, as with all

archaeological studies the possibility exists that unidentified resources are present. As such,

when viewing the HRIA results it is important to note that low potential does not mean no potential.
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6.0 RECOMMENDATIONS

No further heritage work is recommended for the study area, which is assessed as having low heritage
potential.
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7.0 CLOSURE

Heritage resources are protected from non-permitted alterations or disturbances in the Yukon by the
Historic Resources Act (Government of Yukon 2002) and the Archaeological Sites Regulation
(Government of Yukon 2003a).

To address the discovery of unanticipated heritage resources, it is recommended that, if heritage
resources are encountered, the proponent inform their personnel and contractors that all development
activities near the heritage resources must be suspended immediately. Information on the identification of
commonly encountered heritage resources can be found in the Government of Yukon publication entitled
Handbook for the Identification of Heritage Sites and Features (Gotthardt and Thomas 2005).

This study was an HRIA and was not intended to evaluate or comment on First Nation traditional use of
the study area. The results of this study, therefore, should not be considered valid for that purpose.
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1 INTRODUCTION

1.1 OVERVIEW

The Government of Yukon retained WSP Canada Inc. (WSP) to develop a municipal servicing assessment report for
Copper Ridge Lot 519 & 520. The intent of this report is to determine the maximum additional residential density
achievable with the existing infrastructure and to identify the threshold where feasible infrastructure upgrades would
be required.

The project site is shown in Figure 1-1 and is located in the southwest region of the City of Whitehorse. The site is
bounded by Diamond Way and Copper Ridge Place to the north, Falcon Drive to the east and south, and Tigereye
Crescent to the west. The site is surrounded by existing developments where existing utilities are present, and the
proposed development would tie into these existing utilities.

Figure
1-1 Copper Ridge Lot 519 & 520 (City of Whitehorse, 2022)

1.2 DATA COLLECTION AND BACKGROUND REVIEW

Various information including record drawings, studies, and datasets were provided by the City of Whitehorse,
Yukon Government, ATCO Electric Yukon, and Northwestel, and are presented in Table 1-1.
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Table 1-1 Data Summary

DATA YEAR DESCRIPTION

City of Whitehorse Open Data Portal 2016 Shapefiles containing lines representing road centerlines, road

Sanitary, Storm, and Water Datasets right of ways; sanitary mains, manholes, outfalls, stations,
valves; storm catchbasins, catchbasin manholes, culverts,
ditches, mains, manholes, outfalls, stations; and water
hydrants, mains, manholes, valves in the City of Whitehorse.

City of Whitehorse Open Data Portal LiDAR 2013 Point files of high-accuracy and high-resolution DEM

1-meter data processed into 1-meter post spacing within WH-67, 68, 77 and
78.

City of Whitehorse Servicing Standards 2020 Design criteria for water distribution systems within the City

Manual: Part 2 — Construction Design of Whitehorse.

Criteria: Section 2.3 — Water Distribution

System

City of Whitehorse Servicing Standards 2020 Design criteria for sanitary sewer systems within the City of

Manual: Part 2 — Construction Design
Criteria: Section 2.4 — Sanitary Sewer System

Infrastructure Model

Copper Ridge Lot 519 & 520 Existing Power
Infrastructure CAD Drawing

Whitehorse.

City of Whitehorse Servicing Standards 2020 Design criteria for storm sewer systems within the City of
Manual: Part 2 — Construction Design Whitehorse.
Criteria: Section 2.5 — Storm Drainage
System
Government of Yukon Territory Predesign 1993 The Government of Yukon retained UMA Engineering Ltd. to
Report for Hillcrest Area “D” Subdivision in prepare a detailed conceptual layout plan and pre-design
Whitehorse, Yukon — Final Report engineering plan for the Hillcrest expansion area. The report
discusses existing off-site infrastructure; design criteria for the
proposed water distribution system, sanitary sewer system,
roadways and drainage, shallow utilities; and a cost estimate.
City of Whitehorse Water Model Year not An EPANET model of the water distribution system within the
provided City of Whitehorse.
Copper Ridge AutoCAD Drawing Year not AutoCAD drawing of lot lines, roadwork, sanitary sewer,
provided storm sewer, and watermain infrastructure within the Copper
Ridge subdivision.
Copper Ridge Infill Site Dataset Year not Shapefile containing lines representing the Copper Ridge Infill
provided Site boundary.
Copper Ridge Existing Telecommunications |2022 PDF of existing telecommunications infrastructure within the

Copper Ridge subdivision.

Year not
provided

AutoCAD drawing of existing power infrastructure within the
Copper Ridge subdivision.

COPPER RIDGE LOT 519 & 520 WSP
Project No. 221-05315-00 September 2022
GOVERNMENT OF YUKON Page 2



Copper Ridge Subdivision Phase 2 — Stage 8 | 1998 AutoCAD drawing of lot lines, roadwork, sanitary sewer,
Utilities and Roadworks AutoCAD Drawing storm sewer, watermain, and electrical infrastructure within
Phase 2 Stage 8 of the Copper Ridge subdivision.

Copper Ridge Subdivision Phase 2 — Stage 9 | 2003 AutoCAD drawing of as-builts taken within Phase 2 Stage 9 of
As-builts the Copper Ridge subdivision.

Copper Ridge Subdivision Phase 3 — Utilities | 1998 AutoCAD drawing of lot lines, sanitary sewer, storm sewer,

& Roadworks Predesign AutoCAD Drawing and watermain infrastructure within Phase 3 of the Copper

Ridge subdivision.

Copper Ridge Subdivision Phase 5 AutoCAD 2000 AutoCAD drawing of lot lines within Phase 5 of the Copper
Drawing Ridge subdivision.
Record Drawings 1994-2005 Record drawings of sanitary sewer, storm sewer and

watermain infrastructure along Diamond Way, Falcon Drive,
Grizzly Circle, Lazulite Drive, Tigereye Crescent, and within
the Winze Place Lift Station.

1.3 ASSUMPTIONS AND LIMITATIONS

— All assessments are based on information provided by the City (no field visits or surveys conducted).

— The storm and sanitary sewer capacity will be assessed by analyzing the provided sewer models or flows and
pipe information up to the nearest discharge location or trunk main (whichever is nearest).

— The proposed development will not be restricted to low density residential. If a higher density residential
development on the proposed site is deemed feasible, any servicing restrictions and recommendations on
infrastructure improvements will be provided. Condition assessment of the sanitary and storm sewer pipes is
outside the scope of work. All pipes are assumed to be in good operating condition with no capacity limiting
issues.

— The City’s GIS water infrastructure datasets differed from the City’s water distribution model. The model was
assumed to be accurate.
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2 EXISTING CONDITIONS

The regional topography, existing infrastructure, and existing land use within and surrounding the project site is
illustrated in Figure 2-1, Figure 2-2 to Figure 2-4, and Figure 2-5 respectively.

2.1 TOPOGRAPHY

Ground elevations within the project site range from 789 m in the south to 778 m in the north. This indicates that the
topography within the project site slopes from south to north towards Diamond Way and Copper Ridge Place, a
long-term care facility, then Lazulite Drive.

2.2 SANITARY SEWER SYSTEM

Upstream of the project site, the flows from lots to the south of North Star Drive discharge into the lift station on
Winze Place. Based on the information provided by the City’s Operations Team, the pumps in the lift station run
alternatively after each pump cycle. The flows from the lift station continue north within the forcemain and
discharge into the manhole at the North Star Drive & Drift Drive intersection. The flows from the lift station and the
lots between North Star Drive and Falcon Drive discharge into Manhole S-86 and Manhole S-302 at the North Star
Drive & Falcon Drive intersection and Manhole S-305 at the Iron Horse Drive & Falcon Drive intersection. From
these manholes, the flows continue north along the 300 mm PE sanitary line on Falcon Drive and discharge into
Manhole S-90. A 300 mm PE sanitary line runs northwest along Diamond Way from S-90 to S-92. The flows from
Copper Ridge Place and the lots along Diamond Way discharge into this line. From S-92, a 350 mm PE sanitary
trunk main runs northeast along Lazulite Drive. The contributing area to the lift station and trunk main, and the
sanitary route described are shown in Figure 3-1.

2.3 STORMWATER SEWER SYSTEM

North of the project site, two catchbasins (CB-12A and CB-12B) are installed on each side of Diamond Way. 250
mm concrete CB leads connect the catchbasins to Manhole D-12 and from this manhole, a 300 mm concrete storm
sewer runs northwest along Diamond Way and connects to Manhole D-11 at the Diamond Way & Lazulite Drive
intersection. A 300 mm concrete storm line runs along Lazulite Drive, from Tigereye Crescent to Diamond Way,
connecting to D-11. For Copper Ridge Place, a network of 150 to 250 mm storm sewers connect and discharge into
the 300 mm concrete storm line along Lazulite Drive. A 300 mm CSP storm sewer stub connects to D-11 from the
west. From D-11, a 450 mm HDPE storm trunk main runs northeast along Lazulite Drive.
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2.4 WATER NETWORK

Key water distribution infrastructure in the area includes the Copper Ridge Pump Station, which is east of the
proposed development site (across Falcon Drive). Additional existing infrastructure near the project site includes the
following:

— A 200 mm ductile iron watermain on Diamond Way.

— Two (parallel) 250 mm ductile iron watermains on Falcon Drive between Iron Horse Drive and the Copper
Ridge Pump Station (Figure 2-2A). The watermain nearest to the north/west end of Falcon Drive services the
Tigereye Crescent and Ruby Lane area and includes one service (‘Servicing Point 1°) to the proposed
development site approximately 15 m east of [ron Horse Drive. The other watermain (south/west end of Falcon
Drive) services the area generally south of Falcon Drive (refer to Section 3.3 for information on potential
‘Servicing Point 3”).

— A 250 mm ductile iron watermain on Falcon Drive approximately between the Copper Ridge Pump Station and
Diamond Way. This watermain includes three services (considered as one service or ‘Servicing Point 2”) to the
proposed development site, two of which are within 30 m of the Copper Ridge Pump Station and the final one,
about 30 m south of Diamond Way.

Figure 2-2A Existing watermains on Falcon Drive (between Iron Horse Drive and North Star Drive)
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The City provided the current water distribution model for assessing the impact of the proposed development on the
existing system. Model results for typical water demand scenarios (scenarios and design criteria explained in
Section 3) under existing conditions are summarized in Table 2-1. Model screenshots showing results are also
provided Appendix C.

Table 2-1 Existing conditions model results

SIMULATED PRESSURES (KPA)

MODEL APPROXIMATE 'MDD+100 MDD+180 NFD-  NFD-
NODE LOCATION ADD MDD USFF' USFF' PHD FILLING  THERMAL
20700 |lron Horse Drive and 369.3 364.2 177.7 <0 358.8 371.6 373.3

Falcon Drive (south/east
250 mm watermain)

20510 |lron Horse Drive and 405.2 385.6 111.7 <0 367.2 413.4 419.7
Falcon Drive (north/west
250 mm watermain)

20010 |Falcon Drive and Diamond |322.3 290.1 <0 <0 259.7 335.8 346.3
Way (200 mm watermain)

Notes:

1 A fire flow of 100 or 180 L/s was applied at each model node evaluated.

The existing conditions model results indicate that the water distribution system could support up to a low-density
residential development in the project site (subject to finished ground elevations within the project site). The 250
mm watermain on the south/east end of Falcon Drive provides the best alternative to service the project site (based
on fire flow scenario results).

2.5 POWER

Figure 2-3 shows the existing power infrastructure in the surrounding neighborhood. Power is currently supplied by
ATCO Electric Yukon in the surrounding neighborhood. The siteis located in an overhead rear lot serviced area.
Services are not currently provided to the project site.

North of the project site, 25 kV numbered underground lines run along Lazulite Drive, and 14 kV underground lines
and secondary underground lines run along Diamond Way. West of the project site, 25 kV underground lines and
secondary underground lines run along Tigereye Crescent. East and south of the project site, 14 kV underground
lines and secondary underground lines run along Grizzly Circle, Iron Horse Drive, Keewenaw Drive, and the
southern portion of Falcon Drive. 25 kV underground lines and secondary underground lines run along North Star
Drive and the northern portion of Falcon Drive.

Copper Ridge Place and the lots surrounding the project site are serviced by service drop underground lines.

2.6 TELECOMMUNICATIONS

Figure 2-4 shows the existing telecommunications infrastructure in the surrounding neighorhood.
Telecommunications is currently supplied by Northwestel in the surrounding neighborhood. The existing
infrastructure in the surrounding neighborhood is underground. Services are not currently provided to the project
site.
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3 ASSESSMENT

3.1 SANITARY SEWER SYSTEM

3.1.1 DESIGN CRITERIA

The scope of the sanitary sewer system assessment extends from upstream of the project site and up to the nearest
downstream trunk main which is assumed to be the 350 mm PE sanitary sewer running along Lazulite Drive from S-
108. It is assumed that the Copper Ridge Lot 519 & 520 sanitary sewer system will tie into S-91, and that the
sanitary sewer system downstream of S-108 has the capacity to handle additional flows from the post-development
condition of the project site. Flow monitoring can be conducted downstream of Manhole S-108 to confirm flow rates
within the downstream system in order to validate this assumption.

The following parameters were used in the assessment and sourced from Section 2.3 and Section 2.4 of the City of
Whitehorse Servicing Standards Manual:

— Capacity of Winze Place Lift Station Sewage Pump 15L/s

— Population Density (Residential) 40 persons/ha
— Average Flow (90% of water consumption rate) 450 L/c/d

— Peaking Factor (Residential) 4.0

— Peaking Factor (Commercial, Industrial, Institutional) 3.0

— Infiltration Allowance 6000 L/ha/d

As per Kishchuk (2018), the average number of persons per dwelling within the City of Whitehorse averaged 2.34
persons in 2016. We used a conservative population density of 3 persons/home to determine the flows contributed
by the existing residential lots.

3.1.2 RESULTS

Detailed calculations for the sanitary sewer system capacity can be found in Appendix A. Capacity calculations
were completed for two downstream pipes: the 300 mm PE sanitary sewer running from S-91 to S-92 and the 300
mm PE sanitary sewer running from S-92 to S-108 (Table 3-1).

As per the Winze Place Lift Station record drawing and based on the assumption that one pump is running at a time,
the capacity of the lift station equates the capacity of the sewage pump which discharges at a rate of 15 L/s.
Therefore, the capacity of the lift station is considered to be 15 L/s which is below the calculated peak inflow rate of
17.22 L/s. To be conservative, 17.22 L/s was used in the calculations. The City’s Operations Team noted that the
pump at the lift station is running at capacity. The pump outflow rate could not be confirmed with the City’s
Operations Team as the flow is not monitored at the lift station. It is recommended that the City’s Operations Team
install temporary flow monitoring to determine the peak outflow rate prior to development of the project site.

The flows discharging from the residential lots downstream of the lift station and upstream of the project site, and
contributing to the downstream pipes was considered (referred to as the Downstream Pipe Basin Boundary in
Figure 3-1). Peak flows and inflow & infiltration were accounted for in the calculations. The total peak flow
contributed by the lots is 18.20 L/s.

The flows discharging from Copper Ridge Place and contributing to the pipe section from S-92 to S-108 was also
considered. As per the Government of Yukon (2022), there are 96 service beds in Copper Ridge Place. A maximum
capacity of 96 persons was assumed and an allowance of 20 persons was included for staffing. Peak flows and
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inflow & infiltration were accounted for in the calculations. The total peak flow contributed by Copper Ridge Place
is 5.05 L/s.

The capacity of the pipe section from S-91 to S-92 was determined using the Manning Equation. The full flow
capacity of the downstream pipe is 174.58 L/s. The remaining capacity in the downstream pipe was determined by
subtracting the flows contributed by the lift station and residential lots from the capacity of the downstream pipe.
The remaining capacity in the downstream pipe is 139.16 L/s which yields a population potential of 6,659 persons
for Copper Ridge Lot 519 & 520.

The capacity of the pipe section from S-92 to S-108 was determined using the Manning Equation. The full flow
capacity of the downstream pipe is 166.30 L/s. The remaining capacity in the downstream pipe was determined by
subtracting the flows contributed by the lift station, residential lots, and Copper Ridge Place from the capacity of the
downstream pipe. The remaining capacity in the downstream pipe is 125.83 L/s which yields a population potential
of 6,019 persons for Copper Ridge Lot 519 & 520.

Table 3-1 Summary of Downstream Pipe Capacities

PIPE SECTION FULL FLOW CONTRIBUTING REMAINING
: SIZE SLOPE  CAPACITY FLOW CAPACITY  POPULATION POTENTIAL
FROMMH TOMH  (MM) (%) (L/S) (L/S) (L/S) (PERSONS)
S-91 S-92 | 300 3.78 174.58 35.42 139.16 6,659
S-92 | S-108 | 300 3.43 166.30 40.47 125.83 6,019

The pipe section from S-92 to S-108 is the limiting pipe as it has a lower slope and a higher contributing flow,
resulting in lower capacity. Therefore, the population potential of Copper Ridge Lot 519 & 520 is 6,019 persons
based on the available pipe capacities calculated. This does not mean that the site or the downstream trunk sewer
system can accommodate a population of 6,019 people. It more identifies that the existing sanitary sewer system
from Manhole S-91 to the 375 mm trunk sewer is not the limiting factor for the site development potential.

The total capacity of the limiting pipe section from Manhole S-92 to S-108 is 166.30 L/s. The pre-design flow is
40.47 L/s, which results in a remaining capacity of 125.83 L/s. Based on a population density of 40 persons/ha and
an area of 6.20 ha, Copper Ridge Lot 519 & 520 could accommodate a population of 248 persons. The 248 persons
would contribute an additional flow of 5.59 L/s to the downstream pipe, resulting in a post-design flow of 46.07 L/s
and a remaining capacity of 120.23 L/s.

As Copper Ridge Lot 519 & 520 is sloping towards Diamond Way, the implementation of an on-site gravity sanitary
sewer system will be required and will tie into Manhole S-91. The implementation of a new lift station on the project
site will likely not be required.

3.2 STORMWATER SEWER SYSTEM

3.2.1 DESIGN CRITERIA

The scope of the storm sewer system assessment extends from the project site and up to the nearest trunk main
which is assumed to be the 450 mm HDPE storm sewer on Lazulite Drive running from D-11. It is assumed that the
storm sewer system currently handles runoff from the pre-development condition of the project site during a 1:5 year
rainfall event.

The following parameters were used in the assessment and sourced from the City of Whitehorse Rainfall Intensity
Duration Data and Section 2.5 of the City of Whitehorse Servicing Standards Manual:

— Land Use of Copper Ridge Lot 519 & 520 Open Space

— Runoff Coefficient 0.15

— Time of Concentration (Inlet Time) 15 min
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— Intensity 19.41 mm/h

3.2.2 RESULTS

Detailed calculations for the storm sewer system capacity can be found in Appendix B.

From the LiDAR data, runoff from the site will flow towards Diamond Way, and will enter the storm sewer system
via CB-12A. It is assumed that there is no cross-lot drainage so that the stormwater runoff from Copper Ridge Lot
519 & 520 will not flow into the Copper Ridge Place lot. The implementation of a swale between Lot 519 & the
Copper Ridge Place lot may be required to direct the runoff from the project site to Diamond Way.

It is assumed that the post-development release rate will be required to match the pre-development flow rate for the
1:5 year rainfall event. The pre-development flow rate of the project site runoff was determined using the Rational
Method. The pre-development flow rate for Copper Ridge Lot 519 & 520 is calculated at 50 L/s; therefore, the post-
development release rate for Copper Ridge Lot 519 & 520 will need to be restricted to 50 L/s. Onsite stormwater
sewer infrastructure, including stormwater management and storage, will likely be required in order to maintain pre-
development flow rates. The implementation of an onsite sewer and storage system will likely require a storm sewer
main extension along Diamond Way from Manhole D-11 to the project site. These sewer infrastructure upgrades
may eliminate or lessen the need for the swale between Lot 519 & the Copper Ridge Place lot. Specific stormwater
management and storm sewer extension requirements should be reviewed and confirmed to meet the post-
development release rate during detailed design of the site.

It is not recommended to tie a portion of the onsite storm sewer system to the existing infrastructure in Grizzly
Circle as the natural drainage patterns of the Copper Ridge site flow towards the Copper Ridge Place lot and
Diamond Way. By tying a portion of the system to Grizzly Circle, an increase of flows would be introduced to the
infrastructure along Grizzly Circle which were likely not accounted for in its original design. Additionally, as the
site currently has significant crossfall to the northwest, a large amount of grading revisions would be required to
redirect flow to Grizzly Place and would lead to challenges with pipe inverts.

The City noted that there is a history of drainage issues in the Copper Ridge Lot 519 & 520 area. The
implementation of onsite storm sewer infrastructure will need to be reviewed during detailed design to ensure that
the area is protected from flooding.

The City’s Operations Team also noted that two rock pits are located along the west side of the development and
that it receives runoff from dwellings along this side. The implementation or modification of storm services will
need to be reviewed during detailed design to ensure that the dwellings are protected from flooding. It was also
noted that there is a monitoring well used for groundwater surveillance located at the southwest corner of the site
and that this well needs to be kept post-development.

3.3 WATER NETWORK

3.3.1 DESIGN CRITERIA

Section 2.3 of the City of Whitehorse Servicing Standards Manual was referenced for evaluating the impact of the
proposed development on the existing water distribution system. The City standards require that analyses are

conducted for Average Day Demand (ADD), Maximum Day Demand (MDD), Peak Hour Demand (PHD), MDD
plus fire flow and Night Filling Demand (NFD). Relevant design criteria from the City standards are listed below:

— Average Daily Demand (ADD) 500 L/c/d

— Maximum Daily Demand (MDD) 2 x ADD

— Peak Hour Demand (PHD) 3x ADD

— Fire Flow Low Density Residential (Single 100 L/s

COPPER RIDGE LOT 519 & 520 WSP

Project No. 221-05315-00 September 2022
GOVERNMENT OF YUKON Page 14



Family, Duplex and Triplex)

— Fire Flow Medium Density Residential 180 L/s
(Multiple Housing)

— Fire Flow High Density Residential 225 L/s
(Multiple Housing — 50 or more units)

— Minimum Allowable Velocity 0.15 m/s

— Maximum Allowable Velocity 3.50 m/s

— Maximum Allowable Operating Pressure 550 kPa

— Minimum Residual Pressure (PHD) 280 kPa

— Minimum Residual Pressure (MDD + FF) 140 kPa

The NFD scenarios represent the lowest system demand period (highest system pressures) and are usually simulated
to analyze reservoir filling capabilities and flow circulation. These scenarios were configured based on Stantec
Consulting Ltd. (2005) and are summarized below:

— NFD — Reservoir Filling 0.6 x ADD

— NFD — Thermal Analysis 0.3 x ADD

3.3.2 APPROACH

The impact of the proposed development on the existing system was evaluated using the City’s current model, last
updated on January 25, 2022. The model was used without modification except for splitting pipes at the approximate
servicing points (described in Section 2.4) to add the water demands for the proposed development. In addition to
the existing water services to the project site, a new servicing point (‘Servicing Point 3’ in Figure 2-2A) from the
250 mm watermain on the south/east end of Falcon Drive was also evaluated. A new watermain (also 250 mm) was
added between the 250 mm watermains on Falcon Drive to assess the impact of looping the system through the
project site. Parameters for the proposed infrastructure were based on the existing topography, model scale (for pipe
lengths) and an assumed pipe roughness (Hazen-Williams C factor) of 150 (typical for PVC and HDPE pipe).

Water consumption areas, population values, and demands for the proposed development under various scenarios
are summarized in Table 3-2. The assumed finished ground elevation in the project site was 789 m, about the same
elevations at the south end of Falcon Drive and up to 9 m higher than at Falcon Drive and Diamond Way.

Table 3-2 Water Demands for the proposed development

AREA POP’N ADD MDD  PHD  NFD—FILLING NFD-
ZONING (HA) (PEOPLE)' sy (US)  (S) (LS THERMAL (L/S)
R ‘6.20 ‘248 ‘ 1.435 ‘2.870 ‘4.305 10.861 0.431 ‘

Notes:

1 Based on a population density of 40 persons/ha as outlined in Section 2.4 of the City of Whitehorse Servicing Standards.

3.3.3 MODEL RESULTS

Table 3-3 presents the model results for each servicing point evaluated for the proposed development. Screenshots
of the model results are provided in Appendix C, and a digital file of the water model, including the new watermain
and development demands, will be provided separately.
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Table 3-3 Model results

SIMULATED PRESSURES (KPA)
'MDD+100 MDD+180  MDD+225 'NFD — 'NFD —

SERVICING POINT ADD MDD L/S FF? L/S FF? L/S FF? PHD FILLING THERMAL'
1 409.0 |387.2 |115.8 <0 <0 366.4 418.2 425.3
2 2304 [193.1 |<0 <0 <0 159.4 2459 258.3
3 372.0 [364.7 |169.2 <0 <0 356.9 374.9 377.3
3 & south/east 250 mm 394.3 (3851 |288.4 160.73 70.4 375.6 398.04 400.74
watermain on Falcon Drive

Notes:

1 Pipe velocities for the NFD — Thermal Analysis scenario were greater than 0.15 m/s near the proposed development site.

2 Pipe velocities were below 3.5 m/s near the proposed development site.

3 A model node (20010) near Falcon Drive and Diamond Way experienced pressures less than 140 kPa under this scenario.

4 Looping the system through the site leads to the areas generally around Valerie Crescent, Grizzly Circle and North Star Drive, now

experiencing pipe velocities less than 0.15 m/s in low-demand scenarios.

Based on the model results, a medium-density residential development could be supported by the existing network
by looping the system between Servicing Point 3 (south/end 250 mm watermain on Falcon Drive) and the north/west
250 mm watermain also on Falcon Drive. Although under the 180 L/s fire flow demand scenario, the system
experiences pressures under 140 kPa at Falcon Drive and Diamond Way. The existing system can supply
approximately up to about 170 L/s of fire flow at the project site such that pressures elsewhere are above 140 kPa.
Looping the system through the project site does lead to pipe velocities less than 0.15 m/s around Valerie Crescent,
Grizzly Circle and North Star Drive under low-demand scenarios.

A high-density residential development fire flow demand of 225 L/s was also evaluated with the new system loop.
However, the existing system could not supply the required flows.

Model results should be updated when the proposed development zoning, road and lot layout, and rough grading are
in more advanced stages. Fire hydrant flow testing is recommended to confirm model results.

3.3.4 EXISTING SYSTEM IMPROVEMENTS

System pressures and minimum pipe velocities could be improved if the Copper Ridge Pumphouse infrastructure is
reconfigured or a direct feed from the station is provided to the project site. The system could also support a high-
density residential development if these updates were implemented. However, changes to the pumphouse
infrastructure were not evaluated as it requires a detailed review of the existing facility and coordination with City
operations staff. Reconfiguration of the pumphouse infrastructure should be evaluated in future stages depending on
the preferred type of residential development at the project site.

3.4 POWER

Based on a population density of 40 persons/ha and an area of 6.20 ha, Copper Ridge Lot 519 & 520 could
accommodate a population of 248 persons. Assuming a population of 248 persons, an average of 3 residents per
building, and zoning of single family, duplex or triplex lots, ATCO Electric Yukon would be able to service the site
with front lot underground servicing. This servicing would include, but would not be limited to the installation of
new single phase padmount transformers, single phase pedestals, street lights, switch cubicles, primary underground
wires, and secondary underground wires. This work would not include individual servicing to each building. ATCO
Electric Yukon would provide a single conduit stub to each lot that has the potential to be serviced with secondary
voltage (120/240V single phase) from new pedestals in the area. This servicing would be consistent with the
surrounding existing development and would require a utility corridor in the road right of way before any
infrastructure is installed.
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The required upgrades for a higher density residential development cannot be confirmed until specific details of the
proposed development have been established and provided to ATCO Electric Yukon. This would depend on the
proposed lot layout and if the utility corridor supplied meets the requirements for the servicing styles described in
the previous paragraph.

3.5 TELECOMMUNICATIONS

Based on a population density of 40 persons/ha and an area of 6.20 ha, Copper Ridge Lot 519 & 520 could
accommodate a population of 248 persons. Assuming a population of 248 persons, there is currently no capacity to
service the project site at a low density residential development. To service the site at a low density, utility
extensions and upgrades would be required for the existing telecommunications infrastructure. This may include a
conduit fiber build which consists of ground level duct pedestals, as well as the addition of electronic equipment and
joint trench shallow utilities to service the lots. The conduit system would tie into the existing infrastructure along
Falcon Drive.

The required upgrades for a higher density residential development cannot be confirmed until specific details of the
proposed development have been established and provided to Northwestel.

3.6 TRANSPORTATION

Figure 3-2 and Figure 3-3 shows the proposed access points for Copper Ridge Lot 519 & 520. There are potentially
two layouts for the access points.

The first layout would shift the existing intersections along Falcon Drive from three-legged to four-legged, both of
which are generally preferred. The proposed four-legged intersections along Falcon Drive would meet the typical
minimum spacing of 60 m between adjacent intersections along a collector road (i.e. Falcon Drive), a road on which
traffic movement and access have similar importance.

The second option includes the implementation of three-legged intersections along Falcon Drive. The proposed
intersections along Falcon Drive would meet the typical minimum spacing of 60 m between adjacent intersections
along a collector road (i.e. Falcon Drive).

Both options include an access point along Diamond Way. This three-legged intersection meets the typical
minimum spacing of 60 m between adjacent intersections along a collector road (i.e. Diamond Way).

A minimum of two points of ingress and egress should be provided in order to meet emergency servicing
requirements. The City’s Fire Department also requires that National Building Code of Canada and National Fire
Code of Canada considerations and minimum are factored into the development.

At the time of application, the development will be assessed for compliance through a Development Review Process
lead by the City’s Land and Building Services Division. As part of this process, consultation with the City’s
Transportation Maintenance team will be required to ensure that access and street maintenance (if public) is
captured with their operational envelope.

Basic data related to location, user volumes (e.g., vehicular, cyclist, and pedestrian), design speed, and posted speed
should be assembled, and function characteristics should be determined prior to detailed design (Transportation
Association of Canada, 2017). The feasibility of the access points will need to be further reviewed against the City
of Whitehorse policies and confirmed during detailed design of the site.

3.7 COST ESTIMATE

An order of magnitude cost estimate was completed for the development of Copper Ridge Lot 519 & 520 and is
summarized in Table 3-4. Due to the level of information provided, a few assumptions were made:

COPPER RIDGE LOT 519 & 520 WSP
Project No. 221-05315-00 September 2022
GOVERNMENT OF YUKON Page 17



Approximately 500m of sewermain, watermain, and road would be installed across the project site. This is
assuming a low density residential development.

The extended price for sanitary sewer infrastructure is all inclusive (pipes, service pipes, tie-in to existing,
manbholes).

The extended price for storm sewer infrastructure is all inclusive (pipes, service pipes, tie-in to existing,
catchbasins, catchbasin manholes, manholes).

The extended price for water infrastructure is all inclusive (pipes, service pipe, tie-in to existing, gate valves,
curb stops, fire hydrants).

The extended price for road infrastructure is all inclusive (excavation, reshaping, subbase, base, asphalt)

The unit prices used for the cost estimate were taken from a City of Whitehorse project completed in 2021, and
a 50% contingency was provided for the recent rise in material pricing.

Table 3-4 Cost Estimate for Copper Ridge Lot 519 & 520 Development

ITEM DESCRIPTION EXTENDED PRICE
Mobilization $300,000
Sanitary Sewer $1,000,000
Storm Sewer $1,000,000
Watermain $1,000,000
Roads $500,000
SUB-TOTAL $3,800,000
50% Contingency $1,900,000
TOTAL $5,700,000
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4 SUMMARY

The following section provides a summary of the results of the assessment completed for Copper Ridge Lot 519 &
520.

4.1 SANITARY SEWER SYSTEM

— The site is limited by the 300 mm PE sanitary sewer from S-92 to S-108. The remaining capacity of this pipe
section yields a population potential of 6,019 persons for Copper Ridge Lot 519 & 520. While it is highly
unlikely that the physical site or the larger downstream trunk sewer system can accommodate a population of
6,019 people, it does confirm that the existing sanitary sewer system from S-91 to the 375 mm trunk sewer main
is not the limiting factor for site development potential.

— As Copper Ridge Lot 519 & 520 is sloping towards Diamond Way, the implementation of an on-site gravity
sanitary sewer system will be required and will tie into Manhole S-91. The implementation of a new lift station
on the project site will likely not be required.

4.2 STORMWATER SEWER SYSTEM

— There is currently no stormwater sewer system on the project site.

— The implementation of onsite stormwater sewer infrastructure, including a stormwater management/storage
system, will be required to address the likely increase in post development runoff rate. This will also likely
require a storm sewer main extension along Diamond Way from Manhole D-11 to the project site.

4.3 WATER NETWORK

— The City’s current water model was used for the water network assessment based on design criteria outlined in
the standards.

— Based on the model results, the existing water distribution system can support up to a low-density residential
development (fire flow demand of 100 L/s) on the project site.

— A new watermain was assumed to be required through the project site with connections to both watermains on
Falcon Drive. A 250 mm watermain can provide the required fire flows for a medium-density residential
development at the project site. However, this leads to residual pressures of less than 140 kPa near Falcon Drive
and Diamond Way. Furthermore, under low-demand scenarios, pipe velocities are less than 0.15 m/s around
Valerie Crescent, Grizzly Circle and North Star Drive. Model results should be updated when the proposed
development zoning and population, road and lot layout, and rough grading are in more advanced stages. Fire
hydrant flow testing is recommended to confirm model results.

— System pressures and pipe velocities could be improved By reconfiguring the Copper Ridge Pumphouse
infrastructure or providing a direct feed from the station to the project site. The system could also support a
high-density residential development if these updates were implemented. Changes to the pumphouse
infrastructure were not evaluated as this requires a detailed review of the existing facility and coordination with
City operations staff.

4.4 POWER

— WSP did not assess power servicing at the project site but liaised with ATCO Electric Yukon to seek the
necessary information and confirm requirements.
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— Based on a population of 248 persons, an average of 3 residents per building, and zoning of single family,
duplex or triplex lots, ATCO Electric Yukon would be able to service the site with front lot underground
servicing and provide a single conduit stub to each lot that has the potential to be serviced with secondary
voltage.

— The required upgrades for a higher density cannot be confirmed until specific details of the proposed
development have been established and provided to ATCO Electric Yukon.

4.5 TELECOMMUNICATIONS

— WSP did not access telecommunications servicing at the project site but liaised with Northwestel to seek the
necessary information and confirm requirements.

— Utility extensions and upgrades would be required such as a conduit fiber build and joint trench shallow
utilities.

— The required upgrades for a higher density cannot be confirmed until specific details of the proposed
development have been established and provided to Northwestel.

4.6 TRANSPORTATION

— Two options were considered for the proposed access points. The first option considers four-legged
intersections along Falcon Drive, and the second option considers three-legged intersections along Falcon
Drive.

— A minimum of two points of ingress and egress should be provided to the site in order to meet emergency
servicing requirements.

— The City’s Fire Department requires that National Building Code of Canada and National Fire Code of Canada

considerations and minimums are factored into the development.

4.7 COST ESTIMATE

— The total of the cost estimate for the development of Copper Ridge Lot 519 & 520 is $5,700,000.

4.8 CONCLUSION

Based on the assessments completed for the sanitary, storm, and water system, the limiting factor for the site is the
water network and the availability of fire flows. The site would be limited to low density residential development as

the existing system is not be able to provide the fire flow demand of 180 L/s for medium density residential

development without improvements (or lowering of the fire flow requirements). Based on a population density of 40

persons/ha for a low density residential development, and an area of 6.20 ha, Copper Ridge Lot 519 & 520 could
accommodate a population of 248 persons.
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APPENDIX

A SANITARY
SEWER
CALCULATIONS



SANITARY SEWER CAPACITY SAMPLE CALCULATIONS (S-92 TO S-108)

FLOW FROM GUNS AND ROLLERS PAINTING COMPANY

Assuming a maximum service capacity of 25 persons based on the parking stalls in Google Maps, the Population of
Guns and Rollers Painting Company is 25 persons, and the Average Flow is 450 L/c/d ! which is 90% of the water
consumption rate of 500 L/c/d 2. To determine the Average Sewage Flow:

25 persons X 450 L/c/d
24 x 60 x 60

The Peaking Factor is 3.0 !. To determine Peak Sewage Flow (Peak Dry Weather Flow):

Average Sewage Flow = Population X Average Flow = =0.13L/s

Peak Sewage Flow = Peaking Factor X Average Sewage Flow = 3.0 X 0.13L/s =0.39L/s

The Area of the Guns and Rollers Painting Company lot is 0.37 ha, and the Infiltration Allowance is 6000 L/ha/d '.
To determine Inflow/Infiltration (I/T):

0.37 ha x 6000 L/ha/d
24 X 60 x 60

1/1 = Area X 6000 L/ha/d = =0.03L/s

To determine Total Peak Flow (Peak Wet Weather Flow):
Total Peak Flow = Peak Sewage Flow + 1/ =0.39L/s + 0.03L/s = 0.42L/s
FLOW FROM LOTS (LIFT STATION BASIN BOUNDARY)

The Number of Homes contributing flow to the lift station is 249 (within the lift station basin boundary in Figure
2-4) and the Population Density is assumed to be 3 persons/home. To determine Population:

Population = Number of Homes X Population Density = 249 homes X 3 persons/home = 747 persons

The Average Flow is 450 L/c/d ! which is 90% of the water consumption rate of 500 L/c/d 2. To determine the

Average Sewage Flow:

747 persons X 450 L/c/d
24 x 60 x 60

The Peaking Factor is 4.0 !. To determine Peak Sewage Flow (Peak Dry Weather Flow):

Average Sewage Flow = Population X Average Flow = =3.89L/s

Peak Sewage Flow = Peaking Factor X Average Sewage Flow = 4.0 X 3.89L/s = 15.56 L/s
The Area of the lots contributing flow to the downstream pipe is 17.91 ha. The Infiltration Allowance is 6000
L/ha/d '. To determine Inflow/Infiltration (I/1):

17.91 ha X 6000 L/ha/d

1/1 = Area x 6000 L/ha/d = 24 x 60 x 60

=1.24L/s

To determine Total Peak Flow (Peak Wet Weather Flow):
Total Peak Flow = Peak Sewage Flow + 1/ = 15.56 L/s + 1.24 L/s = 16.81 L/s
FLOW FROM WINZE PLACE LIFT STATION

As per the Winze Place Lift Station record drawing and based on the assumption that one pump is running at a time,
the capacity of the lift station equates the capacity of the sewage pump which discharges at a rate of 15 L/s 3. The
capacity of the lift station is considered to be 15 L/s and the calculated peak inflow rate is 17.22 L/s (sum of Flow
from Lots and Flow from Guns and Rollers Painting Company). To be conservative, 17.22 L/s was used for
Flow from Winze Place Lift Station.

' City of Whitehorse (2020). City of Whitehorse Servicing Standards Manual: Part 2 — Construction
Design Criteria: Section 2.4 — Sanitary Sewer System.

2 City of Whitehorse (2020). City of Whitehorse Servicing Standards Manual: Part 2 — Construction
Design Criteria: Section 2.3 — Water Distribution System.

3 Quest Engineering Group Inc. (2006). Copper Ridge Subdivision Phase 2 — Stage 11 Lift Station &
Standby Generator.



FLOW FROM COPPER RIDGE PLACE

Assuming a maximum service capacity of 96 persons and an allowance of 20 persons for staffing, the Population of
Copper Ridge Place is 116 persons, and the Average Flow is 450 L/c/d ! which is 90% of the water consumption
rate of 500 L/c/d 2. To determine the Average Sewage Flow:

116 persons X 450 L/c/d
24 x 60 x 60

The Peaking Factor is 4.0 !. To determine Peak Sewage Flow (Peak Dry Weather Flow):

Average Sewage Flow = Population X Average Flow = =0.60L/s

Peak Sewage Flow = Peaking Factor X Average Sewage Flow = 4.0 X 0.60 L/s = 2.42 L/s

The Area of the Copper Ridge Place lot is 37.93 ha, and the Infiltration Allowance is 6000 L/ha/d !. To determine
Inflow/Infiltration (I/I):
37.93 ha x 6000 L/ha/d

1/1 = Area x 6000 L/ha/d = 24 x 60 x 60

=263L/s

To determine Total Peak Flow (Peak Wet Weather Flow):
Total Peak Flow = Peak Sewage Flow + 1/l = 242 L/s+ 2.63L/s =5.05L/s
FLOW FROM LOTS (DOWNSTREAM PIPE BASIN BOUNDARY)

The Number of Homes contributing flow to the downstream pipe is 269 (within the downstream pipe basin
boundary in Figure 2-4) and the Population Density is assumed to be 3 persons/home. To determine Population:

Population = Number of Homes X Population Density = 269 homes X 3 persons/home = 807 persons

The Average Flow is 450 L/c/d ! which is 90% of the water consumption rate of 500 L/c/d 2. To determine the

Average Sewage Flow:

807 persons x 450 L/c/d
24 x 60 x 60

The Peaking Factor is 4.0 |. To determine Peak Sewage Flow (Peak Dry Weather Flow):

Average Sewage Flow = Population X Average Flow = =420L/s

Peak Sewage Flow = Peaking Factor X Average Sewage Flow = 4.0 x 4.20L/s = 16.81L/s

The Area of the lots contributing flow to the downstream pipe is 19.93 ha. The Infiltration Allowance is 6000
L/ha/d '. To determine Inflow/Infiltration (I/1):

19.93 ha X 6000 L/ha/d

I/I = Area x 6000 L/ha/d = 24 x 60 x 60

=1.38L/s

To determine Total Peak Flow (Peak Wet Weather Flow):

Total Peak Flow = Peak Sewage Flow + 1/ =16.81L/s+ 1.38L/s = 18.20 L/s
DOWNSTREAM PIPE CAPACITY (FROM S-92 TO S-108)
The Diameter of the downstream pipe is 300 mm “. To determine the Area of the pipe:

m X Diameter?  m x (0.300 m)?
4 B 4

It is assumed that the pipe is flowing at full capacity, meaning that 8 is 180 degrees and 260 is 360 degrees. To
determine the Wetted Perimeter of the pipe:

= 0.071m?

Area =

T
Wetted Perimeter = Diameter X 8 = 0.300 m X 180 X 180 =0.942m

4 Yukon Government Engineering & Development (1995). Plan/Profile Diamond Way STA. 0-011.25 to
STA 0+227.691.



Figure 1 Manning's Equation Full Pipe 5

To determine the Hydraulic Radius of the pipe:
Area _ 0.071m?
Wetted Perimeter ~ 0.942m

The Slope and Manning’s n of the downstream pipe is 3.43% 4 and 0.014 !, respectively. To determine the Velocity
through the pipe:

= 0.075m

Hydraulic Radius =

Hydraulic Radius®/ x Slope'/>  (0.075 m?)?/3 x (0.0343 m/m)"/?
n B 0.014
To determine the Discharge through the pipe:

Velocity = = 2.353m/s

1000 L
Discharge = Velocity X Area = 2.353 m/s x 0.071 m? x T 166.30 L/s

POPULATION POTENTIAL OF COPPER RIDGE LOT 519 & 520
To determine the Remaining Capacity in the downstream pipe:

Remaining Capacity
= Downstream Pipe Capacity — Flow from Winze Place Lift Station
— Flow from Copper Ridge Place
— Flow from Lots (Downstream Pipe Basin Boundary)
=166.30L/s —17.22L/s —5.05L/s —18.20 L/s = 125.83 L/s

The Area of Copper Ridge Lot 519 & 520 is 6.20 ha, and the Infiltration Allowance is 6000 L/ha/d !. To determine
Inflow/Infiltration (I/T):

6.20 ha x 6000 L/ha/d
24 x 60 X 60

To determine Peak Sewage Flow (Peak Dry Weather Flow):
Peak Sewage Flow = Remaining Capacity — 1/l = 125.83 L/s —0.43 L/s = 125.40 L/s

1/1 = Area x 6000 L/ha/d = =043L/s

The Peaking Factor is 4.0 '. To determine Average Sewage Flow:

Peak Sewage Flow 125.40L/s
Peaking Factor 4.0

Average Sewage Flow = =31.35L/s

The Average Flow is 450 L/c/d ! which is 90% of the water consumption rate of 500 L/c/d 2. To determine the
Population Potential:

5 Dwivedi, Dhaval (2020). Flow through a circular channel using Manning’s formula.
https://www.youtube.com/watch?v=Rcnr8ghtvMs.



Povulation Potential = Average Sewage Flow 31.35L/s X 24 x 60 x 60 6019
opulation Potential = Average Flow = 450L/c/d =6, persons

FLOW FROM COPPER RIDGE LOT 519 & 520

Based on a population density of 40 persons/ha and an area of 6.20 ha, the Population is:
Population = Area X Population Density = 6.20 ha X 40 persons/ha = 248 persons

The Average Flow is 450 L/c/d ! which is 90% of the water consumption rate of 500 L/c/d 2. To determine the
Average Sewage Flow:

248 persons X 450 L/c/d
24 x 60 x 60
The Peaking Factor is 4.0 '. To determine Peak Sewage Flow (Peak Dry Weather Flow):

Average Sewage Flow = Population X Average Flow = =129L/s

Peak Sewage Flow = Peaking Factor X Average Sewage Flow = 4.0 X 1.29L/s =5.16 L/s

The Area of Copper Ridge Lot 519 & 520 is 6.20 ha. The Infiltration Allowance is 6000 L/ha/d !. To determine
Inflow/Infiltration (I/T):

6.20 ha x 6000 L/ha/d
24 x 60 X 60

1/1 = Area x 6000 L/ha/d = =043L/s

To determine Total Peak Flow (Peak Wet Weather Flow):
Total Peak Flow = Peak Sewage Flow + 1/ =5.16 L/s + 0.43 L/s = 5.59L/s
To determine Total Post-Design Flow:

Total Post Design Flow
= Flow from Winze Place Lift Station + Flow from Copper Ridge Place
+ Flow from CopperRidge Lot 519 & 520 = 17.22 L/s + 5.05L/s + 5.59 L/s = 46.07 L/s

To determine Remaining Capacity:

Remaining Capacity = Downstream Pipe Capacity — Total Post Design Flow = 166.30 L/s — 46.07 L/s
=120.23L/s



Table A-1 Copper Ridge Lot 519 & 520 Sanitary Sewer Capacity (S-91 to S-92)

FLOW FROM GUNS AND ROLLERS PAINTING COMPANY

Population 25 Persons
Average Flow 450 L/c/d
Average Sewage Flow 0.13 L/s
Peaking Factor 3.0

Peak Sewage Flow (PDWF) 0.39 L/s
Area 0.37 ha
Inflow / Infiltration @ 6000 L/ha/d 0.03 L/s
Total Peak Flow (PWWF) 0.42 L/s

FLOW FROM LOTS (LIFT STATION BASIN BOUNDARY)

Number of Homes 249 Homes
Population Density 3 Persons/home
Population 747 Persons
Average Flow 450 L/c/d
Average Sewage Flow 3.89 L/s
Peaking Factor 4.0
Peak Sewage Flow (PDWF) 15.56 L/s
Area 17.91 ha
Inflow / Infiltration @ 6000 L/ha/d 1.24 L/s
Total Peak Flow (PWWF) 16.81 L/s
FLOW FROM WINZE PLACE LIFT STATION

Capacity (Given) | 15.00 |Ls
Capacity (Calculated) | 17.22 IL/s

FLOW FROM LOTS (DOWNSTREAM PIPE BASIN BOUNDARY)
Number of Homes 269 Homes
Population Density 3 Persons/home
Population 807 Persons
Average Flow 450 L/c/d
Average Sewage Flow 4.20 L/s
Peaking Factor 4.0
Peak Sewage Flow (PDWF) 16.81 L/s
Area 19.93 ha
Inflow / Infiltration @ 6000 L/ha/d 1.38 L/s
Total Peak Flow (PWWF) 18.20 L/s

DOWNSTREAM PIPE CAPACITY (FROM S-91 TO S-92)

Diameter 0.300 m

Area 0.071 m?

0 3.142 radians

\Wetted Perimeter 0.942 m

Hydraulic Radius 0.075 m

Slope 0.0378 m/m
ing's n 0.014

Velocity 2.470 m/s

Discharge 0.175 m¥/s

Discharge 174.58 L/s

POPULATION POTENTIAL OF COPPER RIDGE LOT 519 & 520

Remaining Capacity 139.16 L/s
Area 6.20 ha
Inflow / Infiltration @ 6000 L/ha/d 0.43 L/s
Peak Sewage Flow (PDWF) 138.73 L/s
Peaking Factor 4.0

Average Sewage Flow 34.68 L/s
Average Flow 450 L/c/d

Population Potential 6659 Persons




Table A-2 Copper Ridge Lot 519 & 520 Sanitary Sewer Capacity (S-92 to S-108)

FLOW FROM GUNS AND ROLLERS PAINTING COMPANY

Population 25 Persons
Average Flow 450 L/c/d
Average Sewage Flow 0.13 Lis
Peaking Factor 3.0

Peak Sewage Flow (PDWF) 0.39 Lis
Area 0.37 ha
Inflow / Infiltration @ 6000 L/ha/d 0.03 L/s
Total Peak Flow (PWWF) 0.42 L/s

FLOW FROM LOTS (LIFT STATION BASIN BOUNDARY)

Number of Homes 249 Homes
Population Density 3 Persons/home
Population 747 Persons
Average Flow 450 L/c/d
Average Sewage Flow 3.89 Lis
Peaking Factor 4.0
Peak Sewage Flow (PDWF) 15.56 Lis
Area 17.91 ha
Inflow / Infiltration @ 6000 L/ha/d 1.24 L/s
Total Peak Flow (PWWF) 16.81 L/s
FLOW FROM WINZE PLACE LIFT STATION
Capacity (given) | 15.00 |Us
Capacity (calculated) | 17.22 IL/s
FLOW FROM COPPER RIDGE PLACE
Population 116 Persons
Average Flow 450 L/c/d
Average Sewage Flow 0.60 Lis
Peaking Factor 4.0
Peak Sewage Flow (PDWF) 2.42 Lis
Area 37.93 ha
Inflow / Infiltration @ 6000 L/ha/d 2.63 L/s
Total Peak Flow (PWWF) 5.05 L/s

FLOW FROM LOTS (DOWNSTREAM PIPE BASIN BOUNDARY)

Number of Homes 269 Homes
Population Density 3 Persons/home
Population 807 Persons
Average Flow 450 L/c/d
Average Sewage Flow 4.20 Lis
Peaking Factor 4.0
Peak Sewage Flow (PDWF) 16.81 Lis
Area 19.93 ha
Inflow / Infiltration @ 6000 L/ha/d 1.38 L/s
Total Peak Flow (PWWF) 18.20 L/s
DOWNSTREAM PIPE CAPACITY (FROM S-92 TO S-108)
Diameter 0.300 m
Area 0.071 m?
0 3.142 radians
Wetted Perimeter 0.942 m
Hydraulic Radius 0.075 m
Slope 0.0343 m/m
Manning's n 0.014
Velocity 2.353 m/s
Discharge 0.166 mils
Discharge 166.30 Lis

POPULATION POTENTIAL OF COPPER RIDGE LOT 519 & 520

R ining Capacity 125.83 Lis
Area 6.20 ha
Inflow / Infiltration @ 6000 L/ha/d 0.43 L/s
Peak Sewage Flow (PDWF) 125.40 Lis
Peaking Factor 4.0

Average Sewage Flow 31.35 Lis
Average Flow 450 L/c/d
Population Potential 6019 Persons

FLOW FROM COPPER RIDGE LOT 519 & 520

Area 6.20 ha
Population Density 40 Persons/ha
Population 248 Persons
Average Flow 450 L/c/d
Average Sewage Flow 1.29 Lis
Peaking Factor 4.0

Peak Sewage Flow (PDWF) 5.16 Lis

Inflow / Infiltration @ 6000 L/ha/d 0.43 L/s

Total Peak Flow (PWWF) 5.59 L/s

Total Post-Design Flow 46.07 L/s

R ining Capacity 120.23 L/s
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STORM SEWER CAPACITY SAMPLE CALCULATIONS

The Land Use, Area (A), and Runoff Coefficient (C) of Copper Ridge Lot 519 & 520 is Open Space, 6.20 ha, and
0.15, respectively !. To determine AxC:

AXC =6.20ha x0.15=0.93 ha
To determine Sum AxC:
SumA X C =0.93 ha

The Time of Concentration at CB-12A is the inlet time of 15 minutes !. The Intensity was selected when the
corresponding value for the Duration (i.e., Time of Concentration) lands on the line for the 5-year return period.
Therefore, an Intensity of 19.41 mm/h was determined from Figure 1.

Short Duration Rainfall Intensity=Duration-Frequency Data

2019002127
Données sur l'intensité, la durée et la fréquence des chutes de pluie de courte durée

2000 ] | —HHH -
400.0 i i \h:t.rm'r!uonauum
e | | | 211310
200,6 I ——— i | {camposite)

‘ ‘ 1960 - 2018
. _ . | 44 years [ ans
i | | [ e
60.0 | LengHude
60.6 ] 18" e'wW
40,0

Elevation | Alitude
7] T0Tm

Intensity(mm/h) / Intensité(mm/h)

80
5.0
Raturn Fario
- P de ?Ifuu r
3o Yaars ! ans
2.0 Eﬂlﬂ

Figure 1 Short Duration Rainfall IDF Data 2

To determine the Pre-development Flow Rate (Q):

_ (SumAx(C)xi 093 x1941mm/h
Q= 360 B 360

=0.050m3/s =50L/s

' City of Whitehorse (2020). City of Whitehorse Servicing Standards Manual: Part 2 — Construction
Design Criteria: Section 2.5 — Storm Drainage System.
2 City of Whitehorse (2020). Rainfall Intensity — Duration Data. Whitehorse, Yukon.
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APPENDIX

C WATER MODEL
RESULTS
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