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[Frontispiece:An opening in the Yukon River prevented the Dawson City ice bridge from being built in the
winter 0f20162017(Jassin Godard/CBC)).

! https://www.cbc.ca/news/canada/northfioadbridge-dawsoncity-yukonriver-1.39805762cmp=rss
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SUMMARY

The Dawson City ice bridge is located at the George Black Eeysging of the Yukon Rivér

theice bridge linksthe district ofWest Dawson to the main partl@awson Cityeast of the river

(acting as a replacement to the ferry during the winter). The ice bridge is 400 m in length and its

width istypically about 60 mThe bridge has beenop&ds i nce t he L®W6E006s by the
Government (YG) It accommodatglight traffic across the riveais well as heavizaulequipment

thatserviceghe mining industryThere is no overlap betwetheice bridge and ferrgperations

i.e. there are time windows during which river crossing is not avail@bteice bridgepening

dates vary considerably, from early November yeeebruary. Bridge closunasuallyoccurs

betweertheend of March andhid- to end of April. A gradual daease of the yearly operational

lifespanhas beemeported, i.e. 1.78ays/year since 1995.

The Yukon Government communicated to the National Research Council (NRC) that in the last

few years there was anpen watetead in the center of the rivérhis occurred in the winters of

201314, 201617 and 2017138. In the winter of 2012014,an alternative route for the bridge

was necessatyecause the ice conditions did not allow it to be built at the usual locktitre

two most recent casaheopen wéer channel prevented the constructiothafice bridge,

thereby cutting off the link betweéflest Dawsorand DawsorCity. The Yukon Government

engagedthe NRCtoe c o mme nd ar eirvastigatbrawv e seaas 06 h whythedet er mi n
river has not beefreezing completely.

Consultation with the local community in Dawson City on the ice bridge operation was organized

by YG. It took the form of an Open House, which was held on Augti$2@28. The purpose of

this event was to gather feedback fromdbexmunityi comments, questions, conceinsn the

ice bridge operation. The discussions centered around eight therBanerpl comment) The

river bottom, 3)ice jams and other ieelated issuest)How o6t o briBbgm t he gapo
5) Alternate roug, 6) Operatioml aspects, 7$afety and 8 Moving forward

Various environmental factors could prevemeizeup. A brief overview ofriver ice dynamicss
provided, pointing outhe importance of w velocity and air temperatuegnongst other factors,
in determining freezep conditionsWhen drifting ice piecesra pushed against each othibey
begin to overlap, anchay occasionally develop into fields of ice blocks or hurmkgace that
couldinducewhat is known a¢ f r -epeice @ansd Pieces of ice which could contribute to ice
bridge initiation are prevented by the jam from drifting further downstream.

The sediment deposit located at the confluence of the Klondike Rigeha Yukon River near
Dawson is characteristic of a channel junction bar and manginaidnel bars can be observed on
the Yukon River upstream of Dawsd@uch @& evolvingriverbedis conceivable, and could
tentativelybelinked with a possible inease in current speatitheGeorge Black Ferrgrossing

Climate change is a complex phenomehent coul d af f ect 4uphbehawoun kon Ri ve
in several waysA number of investigation avenues maydmwisaged, hamely a physicabased

regiona climatemodel Also, it would be helpful in understanding if a change in low flow

regimes is a causative factor. During low flow periods, rivers drany groundwaterlIf winter

low flows are increasing then that will be an indication that warmer walesased from soil

stores is a contributing factarhe influence of human activity, including operations at the

Dawson City wastewater treatment plant (WWTP), may also play a role.
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The Dawson City ice bridge has historically been a relatively succepshdtmn. But these new
circumstances i.e. the existence of an open water léall for new or novel procedures and
techniques. The conventiora@idge buildingmethodsare no longesufficient. New nvestigation
avenuesre therefore proposed, incladi 1) Extending a line across the river chantelact as a
tow line to safely mobilizeguipment across the channel;r@yourse tomiceboom;

3) enhancing freezap with spray ice4) addressing the sand bar;ddressing the influence of
Dawson Cityos WWTP.

These mighbe considered in the short term, possibly for the winter of ZI11. Longer term
straegies could include: Xhe design and implementation of a system to ensure this bridge will
opeaate effectvely and safely; 2)o examine all relevantatebaseghat havenot yet been

collected and conduct analyses on those that exist and are availabletadd\83e a field
instrumentation scheme that would target data gaps and provide the required iofotanaelp
optimize adaptation measures and complement the already existing databases.
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1 Introduction 1 Background on NRC involvement

The earliest communication between NRC and YG regarding the ice bridges in the Yukon
Territory occurred in early 2015. NRC wdmengathering information on winter roads in Cdaa
to assess the status of that infrastructune identify outstanding issues impeding these
operationsAt thattime (winter 20142015), the Dawson City operation was performing
satisfactorily.

From January to May 2018 eral discussions took placettveerthe Yukon Government/(G)
andthe National Research CoundiRC) about an issue YG currently hagh their Dawson

City icebridge In the last few yeargpen watein the Yukon Rivehave prevented bridge
construction This occurred in the winters of 2013, 201617 and 201718. In the two most

recent cases, thapen water channel in the center of the river prevented the constructioicef a
bridge, thereby cutting off the link betwearsmall communityf about 15€200, herein referred

to asd \&ist Dawsoa Ipcated on the west side of the river and the main section of Dawson City
located on the east side of the rilarthe winter 020132014,an alternative route for the bridge
was necessary, because the ice dandi did not allow it to be built at the usual location [2, 3].

In May 2018,YG invited NRC toinvestigate whythe riveris not freezing completelyn the
discussionshat wereheldat that time YG has suggested three possible reasons explaining why
the riverremains open throughout the winter

1) warm effluent from a wastewater treatment p@dWTP) outlet;

2) the existence of a sand bar upstream of the bridge; and

3) an ice jam upstream of the bridge.

Moreover,it was determined thadlhe impact of climatehange on the future operationtbé ice
bridge should also be assessé@ alsoaskedf NRC could provide some innovative solutidans
bridge designbased on an informed understanding of river dynamics.

NRC andYG agreed on a preliminadesktopphase to address these concgpoassiblywith an

extension afterward into a folloup phaséf/as need be. Thigport presents the outcome of the
preliminarydesktopphaseconducted irthe summerof 2018. It alsdncludes examples of what

could be consiered in the followup extension later iB018 Thisreports u mmar i zes NRCO s
provisionalstance on the Dawson City ice briddased on limited information that could be
gatherediuring the preliminary phasBlone of its contershould beakenas formal adorsement

for any particular course of actiovithout further investigation and engagement with all

stakeholders

1.1 Objectives of this Desktop Study

The objectives of thidesktop studwre twafold:
1) To conduct a preliminargesktopassessment of the facsgpossibly responsible foreh
river not freezing completely (Sectidi
2) To offer preliminary guidance aimed at making the Dawson City ice bridge operational
this winterat the ferry crossingassuming the river will not freeeempletely(Section5).

1.2 Methodology

In order toassistYG, NRCneeadto first acquire a reasonable understanding of the.issue
Thereforejn this preliminary phase, the authors brouglgether curretty available information,
identified the data that are (or are not) available, and celdustorical information on bridge
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design/construction (imeding information on the spray ice operatiarthe winter of 20172018).
This work will build on that already done elsewhétg.

To address this t u dwp @bpgectives, two distinct streams werandertakenn parallel:

1) NRC completed areliminary assessment of the Yukon R@eznvironmental conditions
and relevant anthropogenic effects at Dawson City, to attempt to understand, at least on
qualitative grounds and in consultation with stakeholders (e.g. YG, thfB
engineering consultants, City of Dawson, local communjtieisy the Yukon Rver
remained opein the recent past amday do so agaim the future.

2) NRC presented tentative optionspepare for the challenge of building the ice bridge
nextwinter, assuming incomplete freezing of the river. This was done in consuiltati
with stakeholders, including a threeurcommunityOpen House held at the Downtown
Hotel in Dawson City on August 222018.

The outcome of these two streams are presenttsi repor{Sectiond and Sectiorb,
respectively) On that basis, tommendations to YG on a way forwane made, including some
suggestions in terms of bridge design, planning and constr{&&mtion6). The assumption will
bethat based on recent wintethe Yukon Rivewill not freeze completelypext winter (2018
2019) and special measures will likely have to be devised so as to make this operati@utvork.
prior to this, an overview of the Dawson City ice bridge (Se@joand a brief account of the
challenges faced by that bridge (Sect®mre provided.
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2 The Dawson City ice bridge

The purpose of this section is to present some background information on the Dawson City ice
bridge.The most recent documeson the subject are consultargports]1-3], one of which

includes references to a number of earlier studidsThe information in this section was drawn
from those reports.

2.1 Ice bridge description

The Dawson City ice bridge is located at the George Black Ferry crossing of the Yukoh River
thebridge links West Dawson to the main part of the community east of the(aeéing as a
replacement to the ferry during the wintéfhe ice bridge is 40 in length and its width is

about 60m.

2.2 Ice bridge construction

Once the river has frozemtaely to the regiredthicknessthe snow orthe ice cover is cleared
with ATV s equipped with a front plotv Snowmobiles may at times be used either to first flatten
the ice cover when it is too rough or pack the snoimfwovetrafficability for the ATVs. The

ice is alowed to thicken further until a point whedight vehicles can start ugnt. With an

increase in ice cover thickness, heavier vehicles and equipment can be hauled onto the ice to
flood it so as tdkeep increasings thicknessYG reportedly spends abb$80,000 each winter to
build and maintain the crossihg

Various provincial and territorial guidelines provide information on bearing cagdtitymost

are based formulaproposed. . G §b) 6[d iasel on his research at the National Research
Counci | i n t h e Thégaidebnésecommedded bflpbale dhesof the

Government of the NWT [7Mehicle weight guidelines are provided[in 2]. For instancean

ice thckness 00.46m is recommended fatehicle weightaip to 10,00kg; a thickness of
2.18mis required for loads up to 70,0@0. For very heavy loads, stress analyses are performed
by specializedtonsultantdo determine minimum ice thickness.

2.3 Ice bridge usage

The bridge has been operated since the 196008s by
light traffic across the river as well as hedwaul equipment thatervices the mining industry

across the river in the Yukowe st D a ws where thes Toadf tseoWorid Highway begins,

linking the Klondike Highway with the Alaska Highway, a popular tourist route in the sushmer

It is used extensively by snowmobilers.

There is no overlam time between ice bridgand ferry services. In fact, tearetime windows

in betweerthese servicewhen neither the ferry nor the ice bridge is in operation, such that river
crossing is not availabluringthat transition The shortest service closures on regsnace

1995)in the Fallwere 18 days (2008006),and26 days (1992000) in the Spring. Ae longest
service closurgin the Fall,and116 days and 98ays in the Sprinffl, Table 2.3 The shortest

and longesbperational lifespam any given year are 4¥ays (20082006) and 158ays (2008
2009).

2 Snow acts as an insulator. The purpose of snow clearing is to increase heat exchange between the ice and
the cold air so as to accelerate ice growth.

3 http://www.cbc.ca/news/canada/north/yukiwver-ice-bridge-spraysuspended..4500692

4 http://www.cbc.ca/news/canada/northficadbridge dawsoncity-yukonriver-1.3980576 2cmp=rss
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Bridge opening dates vary consideralitgm early November to early February. Bridge closure
is usually between end of March to mtd end of April.A gradual decrease of the yearly
operational lifespan is reported, i.e. 1d&ys/year since 1993](Figurel).
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Figure 1: Number of days the ice bridge was open from 1995 to 2016 (froft]).
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3 Bridge unable to enter into service

As stated earlier, bridge operations did not run in the winte281%2017 and 2012018 In the
winter 0f20132014, an alternative routing was required because the rareained opeat the
ferry crossing, which is the usual bridge locatiBigure?2 is an aerial view of the Yon River in
April 9, 2018(see alsd-igure3). It shows full ice coveragexcept for a thin sher of open water
condition atthe bridge locatiothat extendedownstreanirom the ferry crossing

Figure3to Figure9 are examples im a number of previous years.

A number ofpossibilitieswere raisedy YG and stakeholdees to why the river did not freeze

across its full width in these years: a change in flattgons and current velocitgebris

accumulation upstream, an ice jannther upstream, a new sand bar, the effluent of a nearby
wastewater treatment plant and a change in climate. The possible impacts of these factors will be
discussed in Section 4.

Figure 2: Satellite image of the Yukon River icecover at Dawson City, April 9 2018 (ESA
Sentinet2) > River flow is northward. The dashed red line is wherghe bridge is usually
locatedi that winter, however, there was no sanctioned ice bridge

5 https://apps.sentindlub.com/eebrowser/?lat=64.06676&Ing%39.44629&z0om=14&time=20184-
09&preset=1_TRUE_COLOR&datasource=Sentia@&20L1C
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Lat: 63.987, Lon: -139.415, Scale: 1:144K

Figure 3: The Yukon River, April 12 2018 (Landsat). The ice cover is light blue. Dark
narr ow bands in the river areopen water. Becaus¢hese formed at the bridge location,
indicated with a yellowdotted line (upper right), that bridge could not be built that winter
(20172018).
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Lat: 64.080, Lon: -139.628, Scale: 1:144K

Figure 4: The Yukon River, April 16 2017 (Landsat). Dak narrows bands in the river are
open water. The ice bridge was not built that winte(2016:2017)i its usual location is
indicated with a yellow dotted line (upper right).
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Lat 64.103, Lon: -139.401, Scale: 1:144K

Figure 5: The Yukon River, March 17 2015 (Landsat). D& narrows bands in the river are
open water. Bridge location is indicated (upper right) According to stakeholder
consultation, the bridge was operational but requied more work than usual.
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Lat: 64.045, Lon: -139.431, Scale: 1:144K

Figure 6: The Yukon River, March 30 2014 (Landsat). D& narrows bands in the river are
open water. Thatyear, an alternative route (yellowline, upper right) for the bridge was
necessary, becauste ice conditions did not allow it to be built at the usual locatiofl, 3].
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Lat: 64.092, Lon: -139.421, Scale: 1:144K
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Figure 7: The Yukon River, April 2 2013 (Landsat). There are vey few signs ofopen
water. Bridge location is indicated (upper right).
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Lat: 64.091, Lon: -139.357, Scale: 1:144K

0 1 2km
1le

Figure 8: The Yukon River, April 10 2012 (Landsat).Bridge location is indicated (upper
right). A dark narrow band in the river downstream from the bridge is an open water lead
The black stripes aredue to a sensor failee on the satellite.
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Lat: 64.080, Lon: -139.317, Scale: 1:144K
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Figure 9: The Yukon River, March 23 2011 (from USGS LandsatLook)Bridge location is
indicated (upper right). A few open water leads in the river can be seen on that imagéhe
black stripes are due to a sensdailure on the satellite.
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3.1 The spray ice operation in 2017-2018

Spray ice is produced by spraying water into the cold air to induce préoipitéice crystals

onto the water surfacehis technique has been used extensiéigure10)[8-12] and

commercial operations are reportedly usind]t. YG hired Tetra Tech over the last few years to
look at the icéoridge[1-3] T that organization has becorf@miliar with it and with the river at

that location.

Figure 10: Example of a spray ice operatioh

In late 217, a decision was made W to have Tetra Tech attemptfithin the open water
channel, using spray ice. This operatiwhich ended up costing $125,806nly lasted one
week.Factors that played agairtbe operatiorinclude:

1 The contract was set up relatively late (Decemiggv)ng the consultants lie time to
plan.

1 The operation began with a favorabl#5’C to-20°C) air temperature, but it was
followed two days later with a warm spell and rain (the consultant relied-dayl4
weather forecasys

1 The plan was initially for the consultant to eagturce e spray operation tospecialist
Instead, they did the work themselves with a spray ice unit they procured from the

6 See also httpiigice.ca/products/
" http://bigice.cal/gallery/
8 http://www.cbc.ca/news/canada/north/yukiwver-ice-bridge-spraysuspended..4500692































































































































































