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DIVISION OF BUILDING RESEARCH NATIONAL RESEARCH COUNCIL

LETTER OF TRANSMITTAL

Mr. R.G. Robertson,
Chairman,
Advisory Committee on Northern Development,
Dept. of Northern Affairs and National Resouroes,
Ottawa, Ontario.

Dear Mr. Robertson:

ｾ ｦ ｵ ｩ ｴ ･ ｨ ｯ ｲ ｳ s Escarpment

I have pleasurein SUbmitting to you this report fram
the Division of Building Researohof the National Researoh
Counoil on the Whitehorse escarpmentproblem, as requestedby
the Advisory Committee on Northern Developmentat its meeting
on 12 November 1956.

It has been a pleasureto keep you advised of the
progressof our studiesand to have had the opportunity of
bringing before the Advisory Committee our oonolusionsand
reoommendationsat its meeting of 12 January1959. For your
oonvenienoeand that of other readersof this report, our
reoommendationsare presentedon the page immediately following
this letter.

Mr. Johnstonand I have reoeivedevery possible
assistanoefrom those whom we have approaohedand we are most
grateful for this aid. We would record particularly the sense
of our appreciationfor the excellent report from the Forestry
Branoh of your own departmenton the vegetal rehabilitation
measuresand also for the way in which the Departmentof Publio
Works very kindly arrangedto carry out the necessarysupple-
mentary drilling programmeby contract.

It is the hope of my colleague and myself that this
report may provide a sound basis for the complete rehabilitation
of the beautiful Whitehorse escarpmentwhich we have now come
to know well in the course of our studies.

Yours faithfully,

Original Signed by

R.F. Legget,
Director.

(ii)



ｒ ｅ ｃ ｏ ｾ ｬ ｬ ｩ ｎ ｄ ａ ｔ ｉ ｏ ｎ N

If the Advisory Committee on Northern Developmentshould
decide that the escarpmentshould be rehabilitated, then the
authorswould recommendthe following generalprocedures:

(1) Although it would be desirable to have no buildings
anywhere near the crest of the escarpment,it is realized
that this may now be impracticableJ but it is, however,
essentialin the view of the authors that all buildings
to the east of the road which runs near the crest ｯ o the
escarpmentshould be completely removed or moved to 'other
locations.

(2) Correspondingly,arrangementsmust be made to seal
off effectively all connectionsto water mains and the sewers
which now exist betweenthis road and the edge of the escarp-
ment.

(3) Arrangementsmust be made to ensure that under no
circumstanceswhatsoeveris water to be used in any quantity
(such as for the washing of vehicles) anywhere in the area
between the east runway and the crest of the escarpment.

(4) Arrangementsshould be madefor the design and
executionof a complete but relatively simple drainage plan
to trap all surfacewater falling ｯ o the roofs of bUildings,
road-ways, and the runways adjacentto the escarpment,and
using the natural grades to lead this as surface drainage
away from the crest of the escarpment.

(5) A strong protective fence should then be erectedalong
the crest of the escarpmentfor the full length of the
affectedarea and at a suitable distanceback from the edge
as part of the measureswhich must be taken to ensure that
there is no human interferencewhatsoeverwith the escarp-
ment slope once rehabilitationwork commences.

(6) With the fence in position and the buildings moved,
the recommendationsof the ForestryBranch of the
Department of Northern Affairs and National Resources
for the vegetal rehabilitation of the entire escarpment
slope should be implementedas quickly as possible.

(7) Finally, when the rehabilitationwork is complete,
measuresmust be taken to ensure the proper maintenance
of the rehabilitatedslope, with provision for complete
control over any interferencewith drainagearrangements,
water, or sewagepipes, etc., anywhere near the crest of
the affectedpart of the escarpment.

(iii)
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THE WHITEHORSE ESCARPMENT

by

R.F. Legget and G.H. Johnston

PART ONE

INTRODUCTION

Whitehorse, oapital of the Yukon Territory, is fortunate
in having adjaoent to it a most convenientairport which formed
part of the Northwest Staging Route and now constitutesone of
the important air transportationoentresof the Northwest. The
airport is located on a large plateaulocated immediately to the
west of the town but at an elevation of about 200 feet above the
river flats on which Whitehorse itself is located. Between the
airport and the town is a steeply sloped escarpment,once well
wooded. This report is ooncernedwith the damage which has been
done to this escarpmentin the last fifteen years, the report
making oertain reoommendationsregarding the rehabilitationof
this important natural feature.

Damage to the vegetal oover of the esoarpmentappears
to have startedwhen the war emergencyneoessitatedextensive
oonstruotionwork at the airport site and the oonstructionof
a new road on the face of the escarpmentfor accesspurposes.
The first attentiongiven to the escarpmentdamage wasnot until
after the war but nothing was done until very serious sloughing
of the face with consequentdamage to roads and buildings in
Whitehorse, and even to its graveyard, occurred in the spring of
1953.

The damagein 1953 was so serious that a number of
special studieswere made shortly after that time on behalf
of the various FederalGovernmentdepartmentswhich by this
time had an interest in the Whitehorse airport. The senior
author of this report was jointly requestedby Mr. R.G.
Robertson,Deputy Minister of the Departmentof Northern Affairs
and National Resourcesand Major-GeneralH.A. Young, Deputy
Minister of the Department of Public Works, if he would make a
personalexaminationof the escarpmentas representingan
independentagency and in view of his own personalinterest in
soil studiesand geology. A visit was therefore paid to Whitehorse
in July 1954, as a result of which SPX report No. 12 of the
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Division of Building Researchwas preparedand submittedin
August 1954 to Mr. R.G. Robertsonand Major-GeneralH.A. Young.

Climatic conditions at Whitehorse during the next year
or two were such that no further serious trouble took place on
the escarpment. During this period, the Departmentof Public
Works madefurther surveys and gave study to the carrying out of
an extensiveboring program, so that further information might
be obtainedregarding soil conditions beneaththe surface of the
plateau. Before this program was put into effect, the whole
matter was brought up for review before the Advisory Committee
on Northern Development. In view of the fact that several
departmentsof the FederalGovernmentwere interestedin the
problem and concernedabout necessaryremedial action, the
Advisory Committee requestedthe National ResearchCouncil,
through its Division of Building Research,to make a complete
study of the history of the damage to the escarpmentand of other
relevant information with a view to making recommendationsas to
how the escarpmentshould be rehabilitated, if this were considered
to be desirable.

The junior author of this report, a memberof the Northern
Building Section of the Division of BUilding Research,took on
this stUdy as his special responsibility, beginning work in
January1957 and devoting approximatelyfive months to a full"
time study of the problem. He was greatly assistedby being
given free accessto the files of the Departmentof National
Defence, the Departmentof Northern Affairs and National Resources,
the Departmentof Public Works, and the Department of Transport.
In all cases,he receivedmuch helpful assistancefrom members of
the respectivestaffs. In May 1957, he paid a two-week visit to
Whitehorse to study the problem on the site. Here he was assisted
similarly by local officers of the departmentsmentioned.

In order to supplementthe information thus assembled,
the Royal CanadianAirforce through their resident staff at the
Whitehorse airport, kindly carried out a test drilling program
in September1957 to delineatethe surface of the silt which
appearedto exist beneaththe sand which forms most of the eastern
surface of the entire airport area. The information so obtained
was of great assistance•

. When all the assembledinformation was carefully considered,
it was clear that it would be necessaryto carry out two further
field projects before this report could be completedand final
recommendationsmade. A requestwas therefore addressedto the
Deputy Minister of the Department of Northern Affairs and National
Resourceson 28 March 1958 for an investigationby members of the
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staff of the Forestry Branch of his departmentinto the possibility
of successfullyrehabilitating the vegetationon the escarpment,
provided the drainagewas improved, and soliciting some estimate
of cost of such a procedureif practicable.

A secondrequestwas addressedto the Deputy Minister
of the Department of Public Works, asking if a much more detailed
test boring program could be carried out, to determine as accurately
as possible the surface contours of the silt already mentioned,
since qUite clearly this information would confirm or disprove the
opinion then formed that the trouble on the escarpmentface was
due to surface waters falling on the runway area and not to some
deep-seatedsource of water as had been suggested.

Both these requestswere implemented. A report was
preparedby Messrs. W.M. Stiell and P.H. Jones of the Forestry
Branch of the Department of Northern Affairs and National
Resourcesdated August 1958 and entitled "Rehabilitation of the
ｾ ｦ ｵ ｩ ｴ ･ ｨ ｯ ｲ ｳ s Airport Escarpment-- Yukon Territory". The main
sectionsof this paper have been included in this report as
Appendix C. Copies of the complete report, which includes useful
oolouredmaps to illustrate the detailed recommendations,are
available from the Department.

The Department of Public Works arrangedto have the
necessarytest drilling carried out by a contract arrangedfor
through the DevelopmentEngineeringBranch, Mr. G.B. Williams,
Chief Engineer. A contract was awardedto Warnock, Hersey and
Co. Ltd., and G.S. Eldridge and Co. Ltd., jointly in August 1958.
The authors were pleasedto "brief" members of the two firms
concernedon the ｾ ｾ ｩ ｴ ･ ｨ ｯ ｲ ｳ s problems before field operations
started. ｾ ｾ ~ Johnstonvisited the test boring work at Whitehorse
while it was in progressin October 1958, following an earlier
visit by H.B. Dickens, Head of the Northern Building Section of
the Division of Building Research,who was in vVhitehorse in
September1958. The oonsultantssubmitted their report in
November 1958.

This report presentedexactly the information on the
silt contours required by the authors. These recordshave been
carefully plotted and on the basis they provide, much more
detailed contours of the silt surface have been preparedand
are now sbown on Figure 18 accompanyingthis report. The
conclusionsnow included in this report were confirmed by this
additional information. Excerpts from the consultants'report
appearas Appendix D. The report itself went much further than
giving the soil records requestedbut it was this information
which was necessaryfor the completion of this report and the
abstracttherefore relates only to the levels of the silt.
Complete information on the survey and borings program is available
from the DevelopmentEngineeringBranch, Department of Public Works.
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With the information thus kindly made available through
the assistanceof the two departmentsmentioned, the authors
were able to draw their conclusionsand to prepare their
specific recomnlendations. These appearat the end of this
report which gives first a history of the developmentof the
Whitehorse airport and an account of the gradual deterioration
of the escarpmentprior to a detailed study of the many factors
which relate to this damage.
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PART TWO

GENERAL DESCRIPTION-
1. THE TOWN OF WHITEHORSE

Whitehorse is situatedon the west bank of the Yukon
River at latitude 600 43' N and longitude 1350 03' W. The
town was founded about 1900 as a result of the great influx of
people to the Klondike gold country for it is situatedat the
head of the navigable section of the Yukon River. It is now
the terminus of the Vlhite Passand Yukon Railway from Skagway.
During World War II it was a fooal point of great aotivity in
the Yukon with the bUilding of a modern airfield, the construction
of the Alaska Highway, and the Canol oil pipeline and road from
Norman Wells, NoW.T. In 1953 the seat of governmentfor the
Yukon Territory was moved from Dawson City to Vfuitehorso.

The town has a population of about 5,000 approximately
half of w:hich are personnelof the Departmentof National Defence.
A new townsite is being developedacross the river from the
present town. This new developmentwas necessarybecauseof the
growth of the town over the past few years and the lack of room
for expansionon the presentsite. The "oLd" town is located
on a remarkable"river flat", its generalelevation of about
2100 feet being from 10 to 20 feet above river level. The site
is boundedby a swampand the river to the north, a swift-flowing
stretoh of river to the east and the property of the White Pass
and Yukon Railway extendingto the river on the south. To the
west, the level part of the townsite is boundedby an escarpment
which is the subject of this report.

2. THE AIRPORT

The top of this escarpment,which is about 2 miles long
(N-S), half a mile wide and was fairly level in its natural
state, was the obvious choice for an airport site. The flight
of four U.S. Army planes in 1920 from New York State to Nome,
Alaska, marked the advent of aviation in the Yukon Territory.
They landed on a grassymeadowabout the centre of the present
airfield as did the first commercial aircraft operatingin the
Yukon from about 1927 to 1940. It was not until the war, however,
between1941 and Ｑ Ｙ ｌ ｾ ~ that the presentmodern airfield was
constructedby the Departmentof Transport (D.O.T.) and the U.S.
Air Force as part of the "Northwest Sta[':ing Routelt

• Two main
runways were built running N-S, with one short cross runway,
approximatelyNE-SW. The Alaska Highway borders the airfield to
the west.
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With the exception of a short period following the war
when operationswere controlled by tho Department of Transport,
the Royal CanadianAir Force has had jurisdiction over the
field. In July 1958, the operationand maintenanceof the air...
field was turned over to the D.O.T. The hangarn and establishment
of the R.C.A.F. are located on the west side of the ｡ ｩ ｲ ｰ ｯ ｲ ｴ t

ｩ Ｎ ･ Ｎ . adjacent to the Alaska Highway and about holf a mile from
the edge of the escarpment. The offices and residencesof the
D.O.T. weather and radio servicespersonneland the Canadian
National Telegraphspersonnelare located on the east side of the
field, as are buildings used by CanadianPacific Airlines and
Pacific WesternAirlines. CanadianPacific Airlines and Pan
American World Airways use the field for regular domestic service
while Pacific WesternAirlines conductsa charterbusiness.
Severalof the Departmentof Transport and CanadianNational
Telegraphsbuildings are very close to tile edge of the escarpment
overlooking the Town of Whitehorse.

THE ESCARPMENT.
The elevation of the airport is about 2300 feet above sea

level. The rise of 200 feet from the general level of the town
"flat" is effected by means of a steeply sloping bank. This
terrace or escarpmentstretches,as a well-defined topographic
feature, from a point over a mile south·of the town to well over
a mile from the north end; it therefore dominates the local
physiography.

Despite the steep slope, the face of the escarpmentboth
north and south of the town is reasonablyweI] wooded with spruce
and the usual accompanyingunderbrush. There are some exceptions"
one being the section overlooking the railway tracks just south of
the town which is very steepand bare of any vegetation. The
vegetationon that portion of the escarpmentoverlooking the town
has been disrupted for a good part of its length by serious
sloughing and mud flows that have occurred on the face. This
report is concernedwith a study of the damage to this part o£
the escarpment.

Two deepgullies penetrateinto the escarpment,as they
conduct natural drainagefrom the ground above to the river.
Known respectivelyas "Baxter's Gulch" and "Puckett'sGulch" they
provide vivid evidence of the natural processof erosionby water
into the material which constitutesthe escarpment.
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The Town of Whitehorse and the surroundingarea lie in
the major physiographicdivision knovm as the Yukon Plateau
provinoe. This region is characterizedby the remnantsof a
gently undulating upland whioh has been uplifted and dissected.
stroamshave out valleys from 1500 to 4000 feet in depth into
this upland (averageelevation5000 ft). "Rough highland"
would be a more suitable descriptionthan "plateau". Glacial
action has played an important role in shaping the topography
as evidencedby U-shapedand hanging valleys and truncatedspurs
and, in many of the wider valleys, by the knob and kettle topo-
graphy typical of ground moraines. The movement of the ice sheet,
as deducedfrom the grooved and striatedrock surfaces,was in
the dl reo t ton of the modern drainage, bhat Ls , to the northwest.

The depositsof the ice age consist mainly of boulder
clays and silts (with lesseramounts of sand and clay) and are
generally confined to the valleys and lowlands. The old pre-
glaoial valley of the Yukon River at 1;Vhitehorse is about 4 miles
wide from base to base of the enclosinghills. The central
portion of the valley is floored with silts and boulder clays and
through these the river has cut its presentnarrow, winding
secondaryvalley about 200 feet in depth. In the Whitehorse area
these silts overlie the boulder olays or glacial till indicating
that they were depositedafter the retre'at of the ice.

The escarpmentoverlooking the Town of Whitehorse consists,
except for a surfaoe layer of sand from 4 to 30 feet thiok, of
these stratified, light coloured and sometimesalmost pure white,
silts. They are usually stratified in beds from 1 to 3 inches
thick but in most sectionsseem homogeneousthroughout although
oooasionalsoatteredpebblesand thin sand layers do oocur.

These silt depositsrepresentaccmnulationsof the fine
material washeddown by glacial streamsand depositedwhen the
current slaokenedsuffioiently or still water was reached. At
Whitehorse it would seemthat the silts were depositedin a lake
formed as the glaoier retreatedup the valley to the southeast.
The water was ponded behind a dam of glacial debris (perhapsnear
Lake Laberge) whioh was out through by streams,eventuallydraining
the lake. The presentcourse of the Yukon River at Whitehorse
would seem to be along the easternodge of this lake as suggested
by the "knob and kettle topography just east of the river. Just;
west of the airfield, rock outcrops occur here and there and
these, togetherwith the steadily rising ground elevation, suggest
that the westernedge of the lake was just west of the present
location of the airfield. Thus a long, relatively narrow body of
water was formed by melt water from the glaoier in which fine
material settled out in more or less homogeneousstratified layers.
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CLIMATE--
Largely as a result of the increasingheight and breadth

of the mountain systemson the southwestand northeast,the
Yukon Plateauhas a continentalclimate with relativelY low
precipitationand a large range of temperature. The ciimatic
effects of the Pacific Ocean that manage to penetratethe
remarkablyeffective barrier of the high and continuousmountain
rangesalong the coast do so through the depressionwhich includes
the Ｇ ｾ ｩ ｴ t and Taku Passessouth of Vfuitehorse.

Generally speaking, the climate is subarctic, charac-
terized by relatively short ｓ ｔ ｨ ｾ ･ ｲ r and long dry winters. At
Whitehorse, the monthly mean temperatureis below 32°F in the five
months, November to March, but not below 0° in any month. While
extremes to -bOoF and lower have been ｲ ･ ｣ ｯ ｲ ､ ･ ､ d periods of intense
cold do not last long. Sunwer comprises the ｴ ｲ ｾ ･ ･ months, June,
July and August, the monthly mean temperaturereaching56°F in
JUly at Whitehorse. Temperatures of up to 90°F have occurred
during the summer but frost has also been recorded in every month.
The very large variability in temperatureis a remarkablefeature
with the greatestrange (e.g., -60° to +300 F) occurring during
the winter months. The meanannual temperatureat ｜ ｾ ｩ ｴ ･ ｨ ｯ ｲ ｳ s is
31°F.

With the exceptionof the high mountainousareasalong
the coast, the mean annual precipitation, including both rain and
snow, is remarkablyuniform over most of the Yukon Territory.
The meanannual preoipitationfor Whitehorse is 10.3 inches (based
on records from 1941-58) with about two-thirds of the precipitation
falling in the summer and fall months. Almost all rainfall can
be olassedas light rain and drizzle with thunderstormsand heavier
rains occurring infrequently. Snow accountsfor approximatelyone-
third to one-half the total precipitationaveragingabout 4S inches
per year. Significant reoords for Whitehorse are given in Table
I.

In summary, the olimate of the Whitehorse area is milder
than one might expeot, in spite of the high latitude (600 N) and
the extremely low temperaturesrecorded ､ ｵ ｾ ｩ ｮ n the winter months,
and is relatively dry.

6. PERMAFRasT

Climatic condft Lons vsuch as the long cold winters and the
short, relatively dry,coel sumners indicate that the existence
of permafrost is possible in the 1:lhi tehorsearea. The mean annual
temperatureof 31°F (based on records 1941 to 1950) suggeststhat
the area is near the southernextromity of tha pernmfrost region.
None of the physiographicforms usually associatedwith tho
presenceof permafrostwere seen or have been reported in the
Whitehorse area.



... 9 ...

It is reported that permafrostwas encountered(about
3 years ago) in an area near Ice Lake west of the airfield (1)
but its existencecannot be definitely proved. The occurrence
of permafrost on a few isolated sectionsof the Alaskan Highway
south of Whitehorse has been noted (2) but none vas reported
in the immediate vicinity of the tovm. J.L. Robinson (3) states
that permafrostwas found at a depth of 25 feet at the Vfuitehorse
airport; the basis of this observationis ｵ ｮ ｫ ｮ ｯ ｾ ｮ n Several
geological reports refer to areas in the Yukon Plat08u (higher
in altitude than Whitehorse) where difficulty was encountered
in stripping and trenching the frozen soils covering bedrock.

Although it is reasonableto assume that isolated# but
not extensive, small pockots or islands of permanentlyfrozen
ground may occur in the Whitehorse area it is not thought to
be a contributing factor to the slope stability problem at the
airfield. Certainly, had it been present originally at tho air-
field site, the stripping of the veGetationcover togetherwith
the sandy nature of the surface s011 and, in goneral, the human
activity in the area would have depressedthe permafrosttable
below any level of present significance. No permafrostwas
encounteredon the airfield during the recent drill:lng programs
when severalholes were drilled to depths exceeding35 feet.
Seasonallyfrozen ground may persist, however, well into the
summer- (possibly until July) and it is believed that this is a
contributing factor to the instability of the slope.
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ｐ ｾ ｔ ｔ ｾ ｾ

DEVELOPMENT OF THE WHITEHORSE AIRPORT

On 16 August 1920, four aircraft of the U.S. Air Force
landed at Vfuitehorse on their way to Nome, Alaska from Mineola,
New York, marking the advent of aviation in the Yukon Territory.
Earlier in the year, an advance party comprised of representatives
of the U.S. Air Force and the CanadianAir Board had laid out a
landing strip, 550 yards by 125 yards, on top of the escarpment
west of the town which "was consideredideal for aviation purposes".

The landing field was located on a meadowabout 1,500
feet back from the edge of the escarpment. With the exception
of this meadow, which was grass covered, the whole top surface
of the escarpmentwas coveredwith a moderatelydense growth of
pine and spruce and light underbrushthat gave it a park-like
appearance. Preparingthe meadow as a landing strip necessitated
clearing off a few willows and small pine on the approaches. It
is said that in the spring of some years, water lay for short
periods on this meadow. Atrail (known locally as the "bridle
path") had existed since about 1900 up the face of the escarpment
from the town below (Fig. 1). It was very steepand was used
mainly as a footpath although horsescould be ridden up it. At
the top of the escarpment,the trail connectedwith roads leading
to the airfield and to mines and lakes to the west.

It was not until 1927, however, when the Yukon Airways
and Exploration Co. Ltd. was incorporated,that commercial
aviation got its start. Klondike Airways Ltd. began operations
in 1928 initiating air mail service to Mayo. In 1929, it was
announcedby the Hon. Charles Stewart, Minister of the Interior,
that ample land had been set aside (at Whitehorse) for aviation
purposes. Some of the land required for the airfield was donated
by the White Pass and Yukon Route. The sumof $1,000 collected
by subscriptionfrom local residentsat this time was used to
clear some brush and level off parts of the airstrip. Additional
clearing, though not extensive,was carried out adjacentto the
airstrip during 1930 to 1936. Some gravel (decomposedgranite)
obtainednearby was used to leval off bumps and hollows on the
grassymeadow (Figs. 2 and 3) •

. The White Passand Yukon Route beganair operations
from Whitehorse in 1935 flying to Mayo and Dawson City. The
main accessroad to the airfield was by way of Puckett'sGulch.
However, the White PassCompanyconstructeda road about 1937,
on the face of the escarpmentnear the old trail to provide
easieraccessto the airfield (Fig. 4).

In 1935, on recommendationsby Mr. A.D. McLean, Department
of Transport, ｦ ｯ ｬ ｬ ｯ ｷ ｩ ｮ n a survey flight in the Yukon, a ｧ ｯ ｶ ･ ｲ ｮ n

ment appropriationof $1,000 was used to make a survey of the
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airport property (see Plan No. F.B. 21863, Legal Surveys and
Aeronautical Charts Division, Dept. of Mines and Technical
Surveys, Ottawa) and improvementsto the landing strip. Mr.
Jeckell, Controller for the Yukon, reported in 1936 that "the
ridge existing near the centre of the landing strip was removed
and the dip towards the south end of the field was filled.
Minor bumps and hollows were graded to uniform level for a
length of 2,800 feet. The landing strip had been previously
surfacedto a width of forty feet. This was widened to 80 feet.
The surfacing material used was a fine decomposedgranite which
was raked and rolled".

During 1940, the British Yukon Navigation Co. Ｈ ｾ ｨ ｩ ｴ t
Passand Yukon Route subsidiary) had lengthenedthe runway some-
what and improved the gradesby hauling fill material from the
east side of the clearedarea, which was at a higher elevation,
to a low spot about the centre of the runway. They also had
erecteda hangar on the northeastside of the existing cleared
area and one or two small buildings ｾ workshop, office bUildings,
etc. - were located along the east edge of the airstrip.

It was in 1941 that the first major constructionat the
airfield took place. During the winter of 1940-41 the Department
of Transportdrew up plans and made arrangementsfor a relatively
large constructionprogram to be carried out during the summer
of 1941. This work included: .

(1) Constructionof a stab1lizedrunway about 5,900
feet long by 150 feet wide and associatedtaxi
strip east of the runway

(ii) ｃ ｯ ｮ ｳ ｴ ｲ ｵ ｣ ｴ ｩ ｯ o of a road up the face of the
escarpment. The road to the airport by way of
Puckett'sGulch was unoatisfactorybecauseof
steep gradesand tho difficulty of keeping it
open during winter and spring months

(iii) Erection of severalbuildings ｾ residences,
offices, etc., on the east side of the field
(edge of the escarpment). The east side was
chosenas the building area becauseit was close
to the accessroad up the face of the escarpment,
was convenient to a water supply from the YUkon
River and meant a shorter connectionto power
facilities in the town of Whitehorse

(iv) Constructionof a water supply main from a pump
house at the Yukon River, up the face of the
escarpmentto the building area
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(v) Clearing and grubbing of trees and brush fram
the proposedsite except for a fringe along
the edge of the escarpment.

This work was carried out by the White Passand Yukon Route under
contraot to the D.O.T. during 1911-1-42.

Much of the fill required on the runway was borrowed from
the building area to the east. Other fill. material was removed
from cuts along the line of the runway, namely, at the south and
north ends. Difficult working conditions were encounteredover
the whole field owing to the existenceof blow sand which was so
clean and free from humus that it was impossible to fertilize and
got a catch of grass. At a meeting on 17 June 1941, the Department
of National Defence (Air Force), Aerodrome DevelopmentCommittee,
British Commonwealthａ ｩ i Training Plan and Home War Establishment
Plan recommendedthat the runway and taxi strip be hard surfaced
with a bituminous coating. It was consideredadvantageousto do
this becauseItof the arid soil conditions and extreme dust
nuisanceexisting on this sitelt

•

The constructionof the water line up the face of the
escarpmentjust south of where the accessroad struck the crest
of the escarpmentproved to be a very difficult and costly
operationbecauseof the loose soil (sand) that was encountered.
The line was laid about 8 feet deep in an open trench and then
backfilled. This required a very large excavationto prevent
sloughing of the loose mnterial into the trench becauselumber,
which was scarceand expensive, could not be used for shoring
the walls of the trench.

A gravelled cross runway NE-SW was also constructed.
To get suitable grades on this strip a 10. to 15-foot cut was
made through a knoll of silt at the southwestend. A wet swamp
was partially filled at the extreme southwestend to complete
this runway.

With the entry of the United Statesinto the world
conflict and the danger of invasion of Alaska, military air
traffic increasedtremendouslyand early in 1942" the U.S. Ferry
and TransportCommand recommendedadditional expansionof the
existing airport and facilities. The construction,as requested
by the United States,was to be carried out by Canadiancontractors
under D.O.T. supervision. This work consistedmainly of the
erection of hangars" barracks,warehouses,workshops, etc., and
the installation of water services including lines, pumphousesand
a 100,OOO-gallonreservoir at the northwest corner of the field,
with a few buildings, barracks, garages,etc. and a 150,OOO-gallon
reservoir to be erectedon the east side. Water supply for the
American sectionat the northwest corner of the field was obtained
from springs nearby (to the north at, or near Baxter's Gulch)o
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During the sumqer and fall of 1942 open drainageditches
were excavatedto drain that section of the field west of the
asphalt runway and adjacent to the cross runway, the drainage
being direoted to Puckett'sGuloh to the north. Some trouble
had occurred during the spring on the southwestend of the oross
runway where frost action in the saturatedsoil softenedthe
grade through the cut in the silt bank. There had been little
or no airfield drainagework carried out the previous year since
the sand provided a pervious cover over the field allowing any
surfaoe ｷ ｡ ｾ ･ e to soak away.

Septic tanks and tile fields were laid for disposing
of sewage in the east side building area (Canadian). Six units
were installed, four of which were approximately100 feet from
the edge of the esoarpment. Septio tanks and tile fields were
also used in the American seotor at the northwest oorner of the
field.

During the winter of 1942-43 and early spring, the
requestsfrom the U.S. Government for expansionof the airfield
and oonstructionof additional faoilities increasedto suoh an
extent that an agreementwas madeat a meeting of U.S. and
Canadianrepresentativeson 18 May 1943, whereby U.S. authorities
would assumeresponsibility for any unfinished oonstruction
inoluding oonstruotioninitiated by Canadianauthoritiesas well
as the new oonstructionrequestedby the U.S. Government. Thus,
all major oonstruotionon the airfield and in the surrounding
area was carried out by U.S. military and oivilian agenciesfrom
the spring of 1943 to th e spring of 1945.

This work inoluded the oonstructionof a ooncreteN-S
runway, ooncrete taxi strips, large hangarsand an extensive
developmentof the U.S. base (barraoks, workshops, offices eto.)
all on the west side of the airfield. In addition, drainage of
the airfield area was attemptedwith the installation of perforated
wood and metal pipes and olosed systemsalong the west taxi strip
and oonorete runway, all draining to Puckett'sGulch where the
water spilled out into the gulley. Storm sewerswere also
installed through the west oamp area, partioularly around the
large hangarswhere foundation trouble was enoounteredwith the
saturatedsilt on which the buildings were oonstruoted. These
lines tied into the airfield drainage lines running to Puckett's
Guloh. Domestic sewage from the west oamp was carried in 8
sanitary sewer down Puokett'sGulch to conneot with the sewer
system (construotedby the United States) in the town of Whitehorse.

Inspectionof the sewagedisposal system in the east
building area in 1944 by D.O.T. representativesshowed that the
septio tanks and disposal fields were not satisfactorybecause:

(8) the fine alluvial silt in the airport
building area limited the effectiveness
of soak-awaydispersalbeds



Ｍ ｾ ~

(b) the cold climate resulted in slow bacterial
action in the septic tanks, and

(0) the increasein personnelhad in some
instancesoausedoverloading of the
existing sanitaryfacilities.

Subsequently,a colleoting sewer systemwas designedby
the D.O.T. conneotingby means of a drop manhole and outfall
sewer down the face of the esoarpmentnear the top of the acoess
road to the U.S. systemof sanitary sewers in the Town of Whitehorse.
At the same time, the R.C.A.F. drew up plans for a water distri-
bution systemfor the east side to be oonneotedinto the U.S.
distribution system on the west by means of a water-main skirting
the north end of the airfield. The water line from the Yukon
River up the face of the escarpmentto the east camp and the septio
tanks and tile fields for sewagedisposalwere therefore abandoned.
Some oonfusion existedas to who was to do the work, the D.O.T.
or the R.C.A.F. However, the Bennett and White ConstructionCo.
Ltd. carried out the constructionof both the sewageand water
supply systemsunder contract to the D.O.T. The work was completed
early in 1945.

It was recognizedearly in 1945 by both the D.O.T. and
the R.C.A.F. that existing drainage faoilities on the airfield
were inadequate. Drainage of the airfield during the summer was
satisfactorywhen moisture was able to drain away through the
sand and gravel. During periods of sudden thaw, however, in the
winter and spring months when fairly extensiverunoffs occurred
before the frost was out of the ground, water accumulatedin same
areas,notably betweenthe concretetaxi strip and runway adjaoent
to the cross runway, and icing occurredwhere runoff water found
its way aoross the taxi strip and runways. In addition, where
outs were made through the higher land adjaoent to the ooncrete
taxi strip and the cross runway, seepagewater from these silt
knolls causedfurther icing and also provided ideal conditions for
frost action which heaved concrete slabs as much as 4 inches.

In March 1945, therefore, the North west Air Command,
R.a.A.F., Edmonton, submitteda comprehensiveoutline of
recommendedmajor improvementsto the Whitehorse aerodrome.
This brief included major repairs to runways, taxi strips, etc.,
as well as drainage improvementsat an estimatedtotal oost ot
$2,114,879.

The proposedplans for drainagewere as follows:

(i) advantageto be taken of looal topography
wherever field clearanceswould allow to
install open interceptorditches on the up-
grade side of all traffio carrying areas
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(ii) where field clearanceswere in effect
perforatedpipe was to be installed and
backfilled with porous material at the
bottom of all troughs or low spots so that
surface water could be led to them

(iii) on side slopes a porous drain cover to be
installed on the up-grade side of the
pavementto intercept any flow onto the
pavement

(iv) all pipe to have a minimum cover of 8 feet
to protect against frost damage, and

(v) the existing inadequateAmerican drain along
the concrete taxi strip was to be salvaged
and replacedwith a larger capacityperforated
pipe buried at least 8 feet below ground
level to ensure interceptionof all seepage
water and to protect ｡ ｧ ｡ ｩ ｮ ｳ s frost damage.

The total cost of this drainagewas estimatedto be about
$213,000. Following discussionat previous meetings the Aerodrome
DevelopmentCommittee of the Department of National Defence (Air
Foroe) at a meeting in June 1945 recommendedthat only sealing
operationsto runways and taxi strips plus such drainageas was
required along the concrete taxiway be undertakenby the R.C.A.F.
ConstructionMaintenanceUnit, at a cost of approximately$470,000.
It was not thought feasible to carry out the large construction
program as proposedby North West Air Command since it was not
known whether the airfield would be of continuing value. Specifi-
cally, with regard to drainage, clearanceswere so restrictedon
the field that in many casesopen ditching could not be utilized.
ａ ｴ ｴ ･ ｭ ｾ ｴ t to drain the storm water by off takes along the low side
(east) of the field would also be restrictedby the town of
Whitehorse, the escarpment,accessroad, and railway requiring
extensive, and thus expensive,piping of this water from the field
to existing bridges and culverts on the railroad.

U.S. military traffic was reducedconsiderablywhen the
War ended in 1945 and the American base (west side) was turned
over to Canada. Constructioncarried out during the War on the
airfield and associatedfacilities by American forces and
oonbr-ao'tor-s was on a "piecemeal" basis. When Mr. W.J. Johnston
of the Departmentof Public Works inspectedthe buildings and
servicesat the American base prior to acceptanceby Canadahe
reported,with regard to the water and sewage installations, that
the II situation was very confusedwith no proper plan of complete
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system". Similarly, little was knownregarding construction
of the concrete runways and taxi strips, drainage,etc., i.e.,
the kind of subgradematerial used and location and types of
drain pipe.

The Department of Transport carried out a survey of
water and sewage installationsduring the latter part of 1945
and a plan of the oomplete airfield showing all the installations
was oompletedin February1946 (see Department of Transport,
Civil Aviation Division, Plan No. R-YU-18).

After the withdrawal of American forces from the area
in 1945, the R.C.A.F., who had operatedfrom the east side of the
camp during the War, took over the base on the west side of the
field. Subsequently,in the fall of 1946, the east side area,
with the exoeptionof a few bUildings, was turned over to the
D.O.T. who controlled operationsat the field from that time until
late 1947. From 1947 until July 1958, when the D.O.T. again took
over operationand maintenanceof the airfield, the R.C.A.F. had
jurisdiction over the airport at Whitehorse.

The D.a.T. maintenanoestaff had difficulty in keeping
the water and sewageservicesoperatingduring the winter of
1946-47. With the decreasein personnelat the east side camp,
severalbuildings were not in use - particularly in the southern
end - and consequently,during the severe cold weather many
lines froze. Continuousmaintenanceof service lines was necessary.

Maintenanceof utilities (sewer, water and power) and
roads, eto., was again of concern during 1948-49 for evidently
neither the D.O.T. nor the R.C.A.F. had the staff to carry out
the work which was urgently required. For both organizationsto
set up maintenanceunits and facilities meant duplication of
services. Ultimately, the R.C.A.F. took over maintenanoeof the
airport becausethey were official operatorsof the field.

Plans for drainage improvements, in an attempt to
alleviate serious sloughing on the face of the escarpmentand
generally poor airfield drainage conditions, were submittedby
both R.C.A.F. and D.O.T. staff to their respectiveheadquarters
1.n 1948 and 194.9. The cause of the escarpmentproblem was
attributed to water seepagefrom swampyareaswest of the air-
field and it was proposedto divert this water by deep underground
drains"along the Alaska Highway and on the airfield to a closed
drainage systemto Baxter's Gulch.

A few hand borings made by D.O.T. personnelin 1949 and
a few test pits dug with excavatingequipment by the R.C.A.F.
in 1950 seemedto indicate a "saucer-shaped"depressionunder
the sand layer on the airfield leading water acrossthe field
to the edge of the escarpment.
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No corrective measureswere starteduntil mid summer
of 1950. At that time, existing airfield drainage lines
(constructedby U.S. forces) were cleanedout, subsurface
drains and manholeswere installed along both sides of the
cross runway west of the concrete taxi strip, and a deep ditch
was excavatedalong the Alaska Highway which carried water to
storm sewers through the west camp (R.C.A.Fo). A ditch was
excavateddue south to the edge of the escarpmentfrom the
junction of the concrete taxi strip and runway at the south end
of the field to drain the south half of the west edge of the
taxi strip, and grading of slopesand shouldersalong the
concreterunway and taxi strip to direct surfacerunoff into
the existing drainagechannelswas carried out. This work,
startedin 1950, was completedin 1951 by Poole Construction
Co. under contract to the R.C.A.F. At the same time, the storm
water sewer, previously emptying into Puckett'sGulch, was
reconstructedso that water is now carried north of the airfield
in a buried line to the bottom of Baxter's Gulch.

Considerableleakage of the water lines in the east oamp
was reported in 1950. The whole systemwas testedand leaks
were repairedwith new lengths of pipe by recaulking joints and
by replaoingvalves, etc. Dead end lines were eliminatedwhere
possible. The major water-main leaks were located at the south
end of the camp. The work was carried out by Northern Construction
Co. and J.W. Stewart Ltd. All repairs made and all revamping of
lines carried out are indicated in detail on a "Plan Showing the
Water Distribution Systemand Sewer System on East Side of Whitehorse
Airport" as filed in the Departmentof Transport, Civil Aviation
Division, Architectural Section, under No. F3320.

Since 1951, no major constructionother than routine
maintenancework has been carried out at the R.C.A.F. Station,
Whitehorse.
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PART FOUR

SLOUGHING OF THE ESCARPMENT
;

The accessroad to the airport, constructedin 1941 by
the White Passand Yukon Route under contract to the Department
of Transport, carried heavy traffic, mostly military but some
civilian. Minor sloughing had occurred on the road each year
fo]lowing construction, but was not extensiveenough to warrant
major repairs. It 1s reportedby Whitehorse !told timers" that
mud flows, similar to those that occur now, did not exist on the
slope previous to this time. In the fall of 1944, however, the
road was closed for about one month by the R.C.A.F. to carry out
maintenanceand repair work on "the sandy portion of the east
hill" •

Mr. H.V.G. Wheeler (then Department of Transport airway
engineerat Whitehorse) reportedto D.O.T. district headquarters
at Edmonton in August 1948 that storm water from the airfield
had recently flowed down the face of the escarpment(A, Fig. 17)
through a culvert installed by the R.C.A.F. that spring in the
road around the north end of the field. The culvert was (and
is) located just north of the northeastend of the cross run-
way. Although there was not a large quantity of water it washed
a great deal of material down the slope silting up portions of
the cemetery, some yards, and one basement. Mr. Wheeler also
reported that "this water came from a point at the edge of the
hill where the road around the airport had been washed out
several springs to the writer's knOWledge". At the same time
the storm water sewer emptying at the head of Puckett'sGulch
had undermined itself and the sanitary sewer. The sanitary
sewer consequentlybroke, emptying raw sewage down the slopes and
eroding the head of the gulch. Other minor slides occurredalong
the face of the escarpmentduring this year. Mr. Wheeler's
observationswere passedon to DoO.T. headquartersin Ottawa this
same year.

In a detailed report (July 1949) to the Director of Air
Services,Department of Transport, Ottawa, the occurrenceof two
serious slides was describedby the District Controller of Air
Services,Edmonton, and ｲ ･ ｣ ｯ ｬ ｾ ｮ ･ ｮ ､ ｡ ｴ ｩ ｯ ｮ n suggestedfor corrective
drainage, exploratory field work to determine the profile of the
relatively impermeablestrata underlying the surface sand layer
on the field and the possibility of calling in a consultant.
The most serious slide had occurredadjacent to the n.O.T. garage
(B, Fig. 17) where the top of ehe bank was within 30 feet of
the building with indications (fissures) of further slides. The
secondmajor slide occurredat the point (C, Fig. 17) where the
outfall sewer dropped down the escarpment. Other minor slides
had occurredalong the length of the escarpmentoverlooking the
town.
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Further slides were reported during the summer and fall
of 1949 which blocked the accessroad for short periods. Also,
seepagewater flowing from the interface of the sand and silt
layers causedicing of the road in late fall with the result
that the R.G.A.F. finally closed the road. This createdsome
ill feeling among the local people who cleared the debris off
and traffic continuedto use the road bypassingthe barricades.
The R.G.A.F. recommendedclosing the road permanentlysince
large cracks were opening at the edge indicating further slides
would occur.

In 1950, further sliding of the slope around the outfall
sewer necessitatedcribbing and backfilling to prevent freezing
and further damage to the line. The occurrenceof more slides
(D, Fig_ 17) along the escarpmentwas endangeringseveral
dwellings in the Town of Whitehorse at the base of the slope.
A preliminary engineeringinvestigationby D.O.T. engineers
indicated the need for considerablestUdy of the problem before
remedial measurescould be taken.

Extensive slides occurredalong the escarpmentin 1951.
The accessroad was continually blockAd and continuousmaintenance
by the R.G.A.F. was required to keep it in service. R.G.A.F.
vehicles no longer used this road as they travelled from Whitehorse
to their base by way of the Two Mile Road north of the airfield.

Goncern for the safety of the buildings at the top of the
slope and the condition of the accessroad resulted in an inspection
trip by representativesof the D.O.T. and the R.G.A.F. who submitted
a joint report in September1951. Remedial measuressuch as
trimming the slope were not consideredfeasible becauseof the
proximity of the buildings to the edge of the escarpment. It was
recommendedthat an exploratory program be carried out to determine
the location and contour of the impervious layer Which, it was
thought, was channellingwater to the face of the escarpment.

The most serious slides occurred (A and E, Fig. 17) in
19.53 when large quantities of "soupy" material flowed down into
the Town of ｾ ｦ ｵ ｩ ｴ ･ ｨ ｯ ｲ ｳ s causing considerabledamage to private
property. Light snowfall (and thus deep frost penetration)and
excessiverainfall in the precedingwinter and during the spring
respectivelywere thought to have been a major contributing
factor. Sloughing and mud flows, varying in degree of seriousness,
have occurredeachyear since, on the face of the escarpment(F,
Fig. 17).

Severalauger holes were bored on the airfield by D.O.T.
personnel in 19.54 and the results of this investigationwere
reportedby Mr. E.B. Wilkins, District Airways Engineer, Department
of Transport, Edmonton in 19.54. In 19.5.5 a more detailed examination
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of the escarpmentwas carried out by Mr. S.J. Brander of Department
of Public Works, who made a topographic survey of the slope and
put down a number of test borings along the edge of the escarpment.
Both Department of Transport and Public Works engineers,however,
suggestedthat a much more detailed programwas required to establish
definitely the contours and soil types of the material underlying
the whole airport area. As a result, a comprehensiveprogram of
test borings was dravm up by the Department of Public Works to be
carried out during the summer of 1956 by a private contractor.
The work covered the drilling of about 65 holes of which three
would be to a depth of 250 feet as suggestedby personnelof the
Geological Survey of Canada. This program was held in abeyance
pending recommendationsof the ConstructionSubcommitteeof the
Advisory Committee on Northern Development of the Department of
Northern Affairs and National Resources.

At a meeting of the Advisory ｃ ｯ ｾ ｾ ｩ ｴ ｴ ･ ･ on Northern
Development in November, 1956 approval was given for a full-
scale study of the history of the development on the Whitehorse
escarpment. This would include the collection of information on
the condition of the escarpmentprior to constructionand a
review of all developmentsthat had taken place since then.

This stUdy, begun in January1957 by the authors of this
report, pointed out the need for an exploratoryborings program
to determine the extent of the silt deposit over the whole air-
field. In September1957 the R.C.A.F. made a number of borings
(45) at intervals of 500 feet over the airfield. The extent and
depth of the surface sand deposit was thus delineatedand a general
picture of the subsurfaoeelevation of the silt was obtained.
Details of the contours of the upper surfaoe of the silt were,
however, lacking in several oritica1 areas.

To obtain the desired information, a more extensiveborings
program was required. In September1958 the firms of Warnock,
Hersey and CompanyLtd. and G.S. Eldridge and CompanyLtd., together
oarried out, for the Department of Pub1io Works, a study which
consistedof boring ｡ ｰ ｰ ｲ ｯ ｸ ｬ ｭ Ｚ Ｚ ｾ ｴ ･ ｬ l 520 holes on a grid pattern of
200 feet over the airport.

In June 1958 an investigationconcernedwith the feasibility
and cost of reforestationof the escarpmentslope and the obtaining
of a grass oover on the airfield was conductedby Mr. W.M. Stie11
and Ｑ ｾ ｾ P.H. Jones, Forestry Branch, Departmentof Northern Affairs
and National Resouroesat the requestof the authors of this report.
The results of this study are describedin their report dated
August 1958 (included in this report as Appendix C).
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PART FIVE

DISCUSSION

A review of pertinent aspectsof the developmentof the
Whitehorse airport is containedin the following sections.
Observationsmade by the authors during visits to the site,
information collected from several sources,and the results of
tests carried out are included. Finally, the probable causes
of the escarpmentinstability are discussed.

(1) The ｅ ｳ ｯ ｾ ｾ ･ ｾ ｾ

In contrastwith what is shown on old photos (Figs. 1 and
4), whioh show the face of the esoarpmentin a relatively well-
wooded condition, the vegetationtoday (Fig. 5) has been totally
destroyedor at least badly disrupted on that portion from the
southernextremity of the building area on the top of the esoarp-
ment to approximatelya point in line with the oross runway or
about 1,000 feet north of the northern limit of the building
area. The total length of escarpmentinvolved is about 4,000 feet.

It oan be seenfrom Fig. 1 (June 13, 1913) that those
parts of the slope which then had no trees or standing vegetation
had a surfaoe cover of grass, which no doubt, is the same as the
grass cover existing on similar slopes in the vicinity today.
It will also be noted that what appearto be mudflows were even
then taking place on the face of the escarpmentbut were minor and
much less extensive cOTIlpared to those occurring at the present
time.

An examinationof portions of the escarpmentslope, not
covered by mud flows, was made in July 1954 for the Yul{on Forestry
Division, Department of Northern Affairs and National Resources.
This indicated that the area had been cut over and burned just
prior to the establishmentof the present stand of vegetation.
Samplesof the existing tree growth (white spruce and lodgepole
pine) were examinedand found to be betweon fifty and sixty years
of age. A more detailed report of vegetationconditions on the
escarpmentface is given in the report by W.M. Stiel] and P.R.
Jones, Department of Northern Affajrs and National Resources,dated
August"1958 (see Appendix C).

Each year, in the spring, with the melting of the snow
and thawing of the ground, a Itsoupyll mixture of sand and silt
flows down the face of the escarpmentsur-r-oundLng homes at the
base and running as far as 500 to 1,000 feet along the streets
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of the town of Vfuitehorse. A large part of the cemeteryat
the west end of Main Streethas been covered, drainageditches
have been filled, flows have covered the railway Y-yard at
its northern end, and are encroaohingat its southernend, and
two 011 tanks adjacent to the railway Yare surroundedby Itmudn •
The aocessroad on the face of the escarpment(whioh has been
closedfor severalyears) is completely obliteratedat its
upper end and provides a path for the mud flows above its lower
seotion, directing them down onto Main Streetand the adjacent
areasof town.

At the time of the junior writer's visit (29 April to
10 May 1957) sloUghing of the escarpmentwas taking place along
the whole face. Large drifts of snow still remainedat the tops
of two of the large scallopedportions north of the building
area (Fig. 9). The face of the esoarpment,wherever flows were
occurring, was found to be frozen. Melt water from the snow-
drifts and the frozen face picked up material as it trickled
down the slope. The soupy mixture dammedup at obstructionson
its way down the slope until a sufficient quantity accumulated
so that 2 or 3 cubic feet of material would then slide as a mass
increasingin velocity and aided by the slippery surface of the
frozen face. By the time it reachedthe bottom of the slope,
the material was flOWing in a relatively large streamwhich
decreasedin velocity as it spreadout on the flats below. At
night, becauseof cooler air temperatures,the flows diminished
greatly, in some casesceasingaltogether, indicating that this
first sloughing was causedprimarily, if not totally, by melt
water.

The top edge of the terracehas been badly affectedby
erosionnotably near the Departmentof Transport garage at the
northern end of the building area and also for a stretch south
and north of the outfall sewer line down the face of the escarp-
ment. At the garage, gullying has proceededto within 30 feet
of the building, and the edge of the escarpmentbehind the
Department of Transport fire hall and barrackshas sloughed to
within 10 feet of the buildings.

Refuse has been thrO\vn over the edge in two or three
places. Ashes and cinders have been dumped behind the Department
of Transport barracksand waste oil plus other material such as
automobile axles and springs, have been cast over the edgenear
the garage.

Surface run-off from the airfield had causedgullying in
two places adjacent to the east end of the cross runway (one being
opposite the culvert through the road to the west side of the
field). Both had dried up but had evidently carried a good deal
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of material down the slope to the town. A shallow ditch had
beendug (by hand) to the face of the escarpment,at a point
just south of the outfall sewer line, which drained surface
water from a low spoto This, although dry at the time of
inspection, had causedthe bank to erode back 10 to 15 feet
and had also carried a good deal of material down the slope.

The outfall sewer line serving the building area at the
top of the escarpmenthas had to be suspendedabove the face
from steel cables tied to towers - one at the top and one at the
bottom of the slope. Power lines also have been supportedor
strengthenedby steel cables. This has been done in an attempt
to prevent breakageof these lines when caught by materia1
sloughing down the slope.

At two or three placesalong this disturbed section of
the escarpment,the silt and sand layers stand with almost
vertical faces and are bone dry with only minor sloughing of the
dry material taking place. At no place on other escarpmentsin
the Whitehorsearea (down river and across the river from town)
were mud flows evident similar to those on the airfield escarpment,
although dry natural sloughing has taken place on most of the
slopes.

Cracks along the edge of the escarpmentand leaning trees
indicate that further soil movementsare to be expectedat different
locations along the slope.

(2) EscarpmentSoils

The escarpmentconsistsalmost wholly of a very fine sandy
silt or silt which appearsto be well bonded and is quite stable
in the dry state as shown by the almost vertical faces standing
on somesectionsof the slope. It is stratified, as a rule, but
appearsto be homogeneousthroughout. Some of the strata have
undergone some distortion.

Undisturbed samplesof the silty material were obtained
from a borehole put down by the junior writer (May 1957) near the
edge of the escarpmentbehind the Department of Transport residences.
The sampleswere taken just below the intersectionof the silt and
sand layers at a depth of about 11 feet. Examination showed that
fine sand layers (1/16 to 1/4 inch thick) separatedthe silt strata
which were from 1/4 to 1 inch thick. Distortion of a 3-inch section
of the silt and sand strata occurred about 6 inches below the sand
and silt intersection. The junio!' writer also examineda dry,
vertical slope along the railway just south of the Y-yard and
another about half way down the accessroad on the escarpment. At



these points, the stratificationwas seen to be layers of silt,
from 1 to 3 inches or more thick, separatedby very thin layers
of fine sand. No evidence of clay layers or strata was noted
in these sections.

Overlying the silt and extending to the surface of the
airport is a layer of clean, medium to coarse sand which varies
in depth from 4 to 30 feet. In an ｡ ｴ ｴ ･ ｮ ｾ ~ to alleviate the dust
nuisance,gravel was spreadup to 6 inches in depth over virtually
all the infield area as well as on the other ｾ ･ ｣ ｴ ｩ ｯ ｮ n of the field.

No preliminary investigationswere carried out, prior to
constructionof the airport, to determine the extent of this
surface sand layer, and with the grading of the top of the plateau
and moving of soil back and forth, all indications of original
conditions have been obliterated. Portions of the concrete taxi
strip and the west end of the cross runway were constructedin
cuts made through silt knolls on the west sid3 of the field.
Aorial photos taken during the war show this constructiontaking
place and seem to indicate that these knolls taperedoff between
the taxi strip and the concreterunway. It is said that the silt
came to the surfacenear the southernend of the field. Some
material from the cuts on the west side was wasted in the area
south of the runways.

It was thought important that the depth and extent of this
sand layer on the airfield should be determinedso that an intel-
ligent appraisalof possible causesof the slope stability problem
could be made. Therefore, a boring program was initiated during
the summer of 1957 to determine the subsurfacecontours of the
silt. This work was kindly carried out by R.C.A.F. personnelat
the Whitehorsebase during September1957

The results of this explorationwork plus records obtained
from boreholesput down by the junior author in July 1957, by
Departmentof Public Works personnel (S.J. Brander) in May 1955,
and by Department of Transportpersonnel (E.B. Wilkins) in June
1954were then plotted to determine the upper contours of the silt
deposit. The extent of the sand layer was thus defined but more
detailed information was required to define the silt-sand interface.
Subsequently,a more extensiveboring program was carried out in
September1958 by the firms of Warnock, Hersey and Company Limited
and G.S. Eldridge and Company Limited under contract to the
Departmentof Public Works. A contour plan of the silt surface
(Fig. 18) was dravm from the detailed information obtainedfrom
approximately520 holes drilled on the airport. It appearsfrom
an examinationof this plan that the main cause of the escarpment
sloughine is due to surface waters falline on the runway and east
side building areasand not to a deep-seatedsource of water under
the airport as had been suggested. Although ponding of water may
occur on the silt surface at one or two isolated locations, no
direct connectionbetweenthese and the areasof trouble on the
escarpmentface can be established.
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Add! tional interesting information is LnoLuded in the
consultantsr'reportbut only relevant material has been included
in Appendix D which is an aocount of the work carried out.

An undisturbedsample of the silty soil obtainedby Mr.
R.F. Legget in 1954was sent to the EngineeringLaboratories,
Bureau of Reclamation, U.S. Department of the Interior, Denver,
Colorado for microscopic analysis. The sample was found to
slake rapidly in water to a loose silt but when dry was coherent
but weak and pulverulent. Under the microscope, the analysis
revealed: Uthe matrix is composedof angular particles in very
fine sand and silt sizes. Angular particles of fine sand are
distributed sparselythrough the matrix. The grains constituting
the bulk of the matrix are about 0.015 mm. in diameter. The
intersticesare partially or completely filled by clay and clay.
like minerals. The particles of very fine sand and silt are
predominantlycalcite, dolomite, quartz, feldspars, and leucoxene.
Particlesof amphiboles, epidote, Zircon, and miscellaneousother
minerals are present in small amounts. The particles of fine sand
are feldspars, quartz, chalcedoniccherts, shale, limestone, and
granitic rocks. The interstitial material is a mixture of micas,
hydro-micas (illite), and small amounts of a morrnmor-f.Ll.onof.d ,"

Soil classificationtestswere carried out by the
Department of Transport and the Division of Building Research
Soil Mechanics Laboratory on samples obt'af ne d in 1954and 1957.
A summary of the soil test results and curves of grain size
distribution limits are shown in Appendix E. The tests show
the material to be a light grey, inorganic silt, with some (5 to
20 per cent) fine sand and clay and of low to medium compressibility.
The grain-size curve of one sample (XY#2), which deviatessome-
what from the limits of 11 others, is seen to lie almost wholly
within the silt range and consist predominantly (75 per cent) of
coarse size particles.

The layer of clean, medium to coarse sand which covers
the airfield is very permeableand allows water to percolate
downward rapidly. The underlying silt, however, is relatively
impermeable; samples tested in the Division of BUilding Research
Soil Mechanics Laboratory shgwed that the permeability coefficient
of the silt is about 8 x 10- centimetresper second (i.e. almost
impermea[)J.e).

(3) SewageDisposal

Soptic tanks and disposalfields installed in the east
side building area in 1941 did not function properly and were
abandonedin 1944 when a collecting sewer systemwas constructed.
It is not known whether the septic tanks were actually removed.
The collectine sewer system is connectedto the town of ｾ ｾ ｩ ｴ ｯ ｨ ｯ ｲ ｳ s
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sewer by means of an outfall line down the escarpmentnear the
south end of the bUilding area. It was very difficult to
install th is outf'a11 line and sloughing of the slope ha s caused
a great deal of trouble each year since. The pipe, which was
previously buried 8 feet deep is now exposedand is supported
by steel cables from two wood towers, one at the bottom and one
at the top of the slope. The only building at the presentsite
served by a septic tank is a one-family dwelling adjacent to
the guest house at the extreme south end of the area. No
difficulties have been reportedwith the presentsewer system,
other than those encounteredon the outfall line with sloughing
of the slope material; it is believed it has contributed little
to the erosion of the escarpmentface.

(4) Water Supply

A water main constructedin 1941 from a pumphouse at the
Yukon River up the face of the escarpmentat the location
of the present outfall sewer line suppliedwater to the east camp.
In Ｑ Ｙ ｾ Ｎ . a line from the American base on the west side, which
is suppliedby a pumphouseon McIntyre Creek, was constructed
around the north end of the field and the main from the Yukon
River was abandoned(pieces of ｴ ｢ b 2 1/2-inch pipe can be seen on
the slope).

Minor leaks have occurred in the systemnearly every year
due mainly to freezing of lines, but these have generallybeen
repairedwithout delay. A large maintenanceprogramwas carried
out in 1950 when many leaks were reported. The whole systemwas
thoroughly checked and sectionsof the line excavatedand replaced
with new pipe. The most serious leakage occurred in the mains
just west of the top of the accessroad where pipes had frozen
and cracked (see Plan No. F3320 Department of Transport, Civil
Aviation Division, Architectural Section). The existenceof a
valve on the water supply main to the east side at the northeast
corner of the cross runway bas been noted on this plan. From
this valve a 2-inch diameter drain line leads to the edge of the
escarpmentimmediately above Main Street in the town of Whitehorse.
The location of this valve and drain line should be verified and
precautionstaken to ensure no water loss occurs at this point.
Had water leaked or been allowed to flow from this valve to the
side of the escarpment,then it would account for much of the
trouble-at this most critical point.

An 8-inch main which ran to the guest house at the south
limit of the east camp generally froze up each year (reportedto
G.H. Johnstonby R.C.A.F. plumbers who have been at the airbase
since the end of the war), becausebuildings in that area were
used only occasionellyo This line, in ｰ ｡ ｲ ｴ t was reduced to 2 1/2-
inch pipe during 19560 The RoCoAoF. carry out maintenanceand
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repair work on the water and sewer main8
dependingon the nature of the repairso
1950 was carried out by a contractorfor
Transport.

and also house lines
The repair work in
tbe Departmentof

According to DoO.T. personnelat Whitehorse, freezing of
house connectionsbas occurredbut breaks are repairedalmost
immediately (matter of hours) and are generally of a minor nature.
Maintenancecrews of the R.C.A.Fe reported that any leaks in the
water mains are repairedas soon as possible. The large Ｑ Ｕ Ｐ Ｌ ｏ ｏ ｏ O

gallon concretereservoir situated in the east side area has never
leaked. It is kept full at all times for fire protection and the
water level remains unchangedexcept for natural evaporation.

The breaks that have occurred in the water lines through
the years have certainly contributed, in varying degrees, to the
slope problem but are not a major source of the water appearing
on the escarpmentface.

Water sampleswere taken by the junior writer (May ｬ ｏ O

1957) in an ｡ ｴ ｴ ･ ｮ ｾ ~ to determine a possible source of the ceepage
water on the face of the escarpment. Three sampleswere obtained:
(i) from the face of the slope at the east end of the cross run-
way; (ii) from a swampwest of the Alaska Highway; and (iii) from
the domestic water supply. No conclusive results were obtained
following analysis of the samples (by the Industrial Waters ｓ ･ ｣ ｴ ｩ ｯ ｮ n

Mines Br-anch; Departmentof Mines and Te'cOOical Surveys) to show .
whether the seepagewater was from any of the sourcesor a mixture
of a 11 three.

(5) Airfield Drainage....-
No large-scaledrainage systemhas been installed on the

airfield. The whole airfield area has little or no vegetation
cover; the grassygrowth that does exist is very sparse. Because
it was virtually impossible to get vegetationto ｧ ｲ ｯ ｷ w gravel was
spreadover the surface in an attempt to keep down the dust.
During the summer, normal light rainfall soaks away quickly through
the sand and gravel surface cover. R.C.AoF. personnelat the
base report that they have never known ponding of water to occur
during the summer. At the time of the junior writer's visit (1 May
1957) surfacemelt-water was running into the undergrounddrain
betweenthe concreterunway and taxi strip, although some minor
ponding'was occurring in the area along th0 south side of the
cross runway, betweenthe concreterunway and taxi stripl because
of poor gradientson the groundG

Surfacewater from the very occasionalheavier rains in
the summer and the melting snow in tho spring, which accmnulates
on the west side of the field, drains off tlwough the airfield
drainage system (Figo 17) between the r-unways to Baxter's GulchG
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Surface water which accumulateson the east side of the field
near the end of the cross runway is directed to the edge of
the escarpmentby the ground contours through culverts.
Perforatedsubsurfacedrains which were installed 8 to 10 feet
deep west of the concrete taxi strip and along the west end of
the cross runway to catch seepagewater, do not perform satis-
factorily, if at all, as they silt up quickly and also freeze
during the winter. A large drainage ditch excavatedon the
west side of the Alaska Highway to intercept water from the
swampsto the west is not effective.

Considerableseepagewater, particularly during the
spring, has flowed from the silt knolls along the west taxi
strip, to such an extent that sectionsof the subgradeunder the
pavement have been badly eroded in some years north and south of
the cross runway and that a great deal of difficulty has been
causedwith foundations for the hangarsand adjacentbuildings
on the west side.

Between the time of constructionof the airport and 1948,
the water level of Ice Lake (southwest of the airport), which
has no visible inlet or ｯ ｵ ｴ ｾ ~ and presumablyis fed only by ｲ ｵ ｮ n

off from adjacenthills, dropped about 2 feet. Since 1948, the
lake has been used as a water supply for a nearbyR.C.A.F.
installation. In JUly 1957 it was reportedthat the water level
was approximately10 feet below its original mark and was steadily'
dropping. Adjacent areashave been tappedby connectingditches
in an attempt to maintain the water level, but with little success.
Smaller lakes in the area have exhibited the same effect. It is
thought by some that this whole area is providing a source for the
water appearingon the face of the escarpnlent. It is reported
that a little further west small streamsdisappearinto the ground
and that they too may provide a source for some of the water.
Springs flow in Baxter's Gulch and were also encounteredin road
constructionon the Two Mile Hill in 1956.
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PART SIX

CONCLUSIONS AND ｒ ｅ ｃ ｏ ｍ ｲ ｾ ａ ｔ ｉ ｏ ｎ N

Conclusions

1) Following the detailed study of the escarpmentproblem
at Whitehorse by the authors of this report, aided by their
study of all other reports dealing with the problem, and in
the light of the information recently revealedthrough the
extensivedrilling program kindly carried out by the Department
of Public Works, it appearsthat the damage which has been done
to the face of the Whitehorse escarpmenthas been causedby
lack of control of water in the vioinity of the orest of the
esoarpmentand that it is not due to some undergroundstream
or ponding, as has been suggested.

2) Accordingly, it should be possible to rehabilitate the
esoarpmentand, in the oourse of time, to restore it to its
state prior to the constructionof the air field if appropriate
measuresare taken to ensureabsolutecontrol over all operations
in the vioinity of the crest of the affected section of the
escarpment.

3) The cost of this rehabilitationprocedureoannot be
estimatedaccuratelyuntil it is known which of the buildings
must be removed, cannot be abandoned,or must be moved to other
locations. Assuming, however, that the total estimate of cost
includes only the moving or removal of existing buildings and not
their replacement,the authors see no reasonwhy the total oost
should exceed$250,000.

Recommendations

If the Advisory Committee on Northern Development should
decide that the escarpmentshould be rehabilitated, then the
authors would recommendthe following general procedures:

1) Although it would be desirable to have no buildings any-
where near the crest of the escarpment,it is realized that this
may now be impracticable, but it is, however, essentialin the
view of the authors that all buildings to the east of the road
which runs near the crest of the escarpmentshould be completely
removed or moved to other locations.
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2) Correspondingly,arrangementsmust be made to seal off
effeotively all oonneotionsto water mains and sewerswhioh now
exist betweenthis road and the edge of the esoarpment.

3> Arrangementsmust be made to ensure that under no
oiroumstanceswhatsoeveris water to be used in any quantity
(suoh as for the washing of vehioles) anywhere in the area
betweenthe east runway and the orest of the esoarpment.

4> Arrangementsshould be madefor the design and exeoution
of a complete but relatively simple drainageplan to trap all
surfaoe water falling on the roofs of bUildings, road-ways, and
the runways adjaoent to the esoarpment,and using the natural
grades to lead this as surfaoe drainageaway from the crest of
the esoarpment.

5> A strong proteotive fenoe should then be ereotedalong
the orest of the esoarpmentfor the full length of the affeoted
area and at a suitable distancebaok from the edge as part of
the measureswhioh must be taken to ensure that there is no
human interferenoeWhatsoeverwith the escarpmentslope onoe
rehabilitationwork begins.

6) With the fenoe in position and the buildings moved, the
recommendationsof the Forestry Branch of the Department of
Northern Affairs and National Resourcesfor the vegetal rehabili-
tation of the entire esoarpmentslope should be implementedas
quickly as possible.

7) Finally, when the rehabilitationwork is oomplete,
measuresmust be taken to ensure the proper maintenanceof the
rehabilitatedslope, with provision for complete oontrol over
any interferencewith drainagearrangements,water, or sewage
pipes, etc., anywhore near the crest of the affectedpart of
the escarpment.
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Totals

TABLE I

Whitehorse, ｾ ~ T"
Recordsof Monthly Precipitation(in inches)

- -Rain
JAN. FEB. MAR. APRIL MAY JUNE JULY AUG. SEPT. OCT. NOV. DEC. Year *

Snow
Ib.bO

1941 0.31 0.08 1.55 0.03 0.9C 0.81 1.07 0.73 2.94 1.27 0090 O.SS 44.8 n.:J.l.J
6.07

1942 0.3, 1.13 0.10 0.12 0.51 1.58 2.24 0.75 1.38 0.42 1.09 0.60 42.0 10.27

1943 0.14 0.35 0.76 0.:J.l.J 2.58 1.63
B.U

n.421.07 1.33 0.66 1.11 0.77 0.88 32.6

1944 0.66 0.36 0.20 1.06 1.98 2.18 2.03
8.04

13.610.91 0.31 1.68 1.60 0.64 5507

0.46 0.86 1.45
4.72

9.471945 0.48 0.79 0.13 1.12 0.05 1.56 0.91 0.99 0.67 47.5

1946 0.18 0.22 0.39 0.50 0.h2 2.84 1.67 1.62 Ｖ ｾ ｾ ~ n.140.77 0.70 0.27 1.56 44.

1947 0.51 0.28 0.12 0.71 0.56 1.24 0.68 0.h8 Ｔ Ｚ ｾ ~ 6.700.37 1.07 0.06 0.62 26.

1948 0.97 0.92 1.431.18 0.99 0.531.92 2.821.67 o.oh 1.11) 0.22 ｉ ｨ h Ｎ ｾ ~ 13.84

1949 0.61 0.36 0.18 0.68 0.78 7.03 10.200.10 0.91 3.33 0.61 0.91 1.22 0.51111.7

1950 1.5, 0.61 0.060.32 0.27 0.401061 0.90 0.55 1.47 Ｓ ﾷ Ｗ 7 8.900.10 1.06 Ie:, ,.

1951 0.45 0.33 0.700.16 0.63 1.040038 0.67 0.36 0.71 , .1'3 0.70 Ｑ Ｑ ｾ ｾ ｾ Ｈ ( 1.26

1952 1.51 0.68 0.851.49 0.41 1.32 1.18 1.52 1.42 o.h? 0.73
5.95

12.751.05 168 .0

1953 0.65 0.52 3.621.89 2.54 0.4I! 1.111.1 o.hR 0083 Ｙ ｾ ｾ ~ 13.340.31 0.13 0.23 Ｑ ｾ ~

1954 0.52 0.68 0.69 0.65 0.63 1.35 1.38
4.97

9.030.22 0.32 1.27 0.52 0.80140.6

0.55 0.h2
3.25

7.hl1955 0.75 0.75 0.02 0.10 1.32 1.100.46 0.26 1.02 0.66Ihl.6

1956 0.84 0.39o.lli 0.14 1.29 0.96 0.95
4.15

10.210.77 0.93 1.71 0.92 1.17 60.6
u.oe

8.171957 0.51 1.46 0.17 0.43 0.52 0.84 1.280.93 0.55 0.41 0.2t) 0.82Iho.9

1958 0.73 0.50 0.2'1 0.70 0.18 0.34 0.50 1.15 0.59

1ean nnua • 1003 "

* 10 inches snou = 1 inch pr-ecLpi.t.at.Lon



Figure 1. Whitehorse - June 11, 1913. Note "bridle path"
on faoe of esoarpment. (Photo taken by E.J.
Hamaoher; original print loaned by W.D. McBride,
Whitehorse.)



Figure 2. WhitehorseAirfield. 1939. looking
east. (Gaol. Survey of Canada
photo No. 86836)

Figure 3. Vertical air view of Whitehorse
ａ ｩ ｲ ｦ ｩ ･ ｬ ､ d 1939. (north on right side
of photo). (Geol. Survey of Canada
photo No. 86838)



Figure 4. Town of Whitehorseand esoarpment,
1938. (Note "bridle path" and Whitepass
and Yukon route aooessroad-t o airfield.)
(Geo1. Survey of Canadaphoto No. 84601)
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Figure 6.

Figure 7.

Figure 8.

Mud flows on esoarpment,
east end of oross runway,
May 1957. (Note snow
drift at top of soalloped
portion (DBR photo
BR 6762)

Sloughing on slope at DOT
garage (at top of bank),
May 1957 (DBR ｰ ｨ ｯ ｾ ~
BR 6763)

Sloughing near DOT garage,
May 1957. (DBR photo
BR 6764)



Figure 9.

Figure 10.

Figure 11.

Snow drift on scalloped
area east of cross run-
way. Gully causedby
surface runoff from
airfield can be seen
at edge of slope in line
with gUllying on face,
May 1957 (DBR photo
BR 6765)

"Mud" streamsflowing
down lower sections
of/ abandonedaccess
road, May 1957 (DBR
photo BR 676b)

Erosion of bank behind
DOT residences(at top
of slope), May 1957
(DBR photo BR 6767)



Figure 12. Dry face of escarpment
immediately behind DOT
residences(at top of
slope), May 1957
(DBR photo 6768)

Figure 13. Another view of dry
face of escarpment,
Mal 1957 (DBR photo
6769)

Figure 14. "Mud f1 runs flowing
around oil storagetanks
and down into town over
railway Y tracks, May
1957 (DBR photo BR 6770)



Figure 15. Extensive sloughing on slope
has oompletely obliterated
aooessroad at its upper end,
May 1951 (DBR photo BR 6171)

Figure 16. Steep, dry slope adjaoentto
railway south of Whitehorse,
May 1951. Note ooourrenoeof
same gullying on faoe and also
soil stratifioation on right
side of photo (DBR photo
BR 6112)
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APPENDIX A

DEPARThffiNTAL FILES REVIEWED (pTTAWA)

1. Department of Transport,
Air Services,ConstructionBran<?h

(a) 5158-702 - Constructionand Maintenance,
Aerodrome Development

(b) 5168-702 - Sites

(c) 5173-702 - Roads

(d) 5176-702 - Drainage and Sewerage

(e) ｾ ｢ ｩ ｴ ･ ｨ ｯ ｲ ｳ s Soils File

(f) WhitehorseMiscellaneousContraot
and Specifications,etc.

2. Departmentof National Defenoe (Air),
Constructionand Property Section

(a) Whitehorse Escarpment

3. R.C.A.F.... ConstructionEngineeringBranoh

(a) H.Q.IS File Noo -087-5/70-10- Investigation
into landslide at R.C.A.F. Station, Whitehorse, Y.T.

(b) Flimsy folder - vVhitehorse ConstructionProjeots.

4. De:e.artmentof Publio Works

(a) 752-896-1 - Building Construction,Development
of TO'Vllsite, Whitehorse, Y.T.

5. Department of Northern Affairs and National Resources

(a) 301-1/2 ... Floods in Yukon Territory

(b) 331-2/200 ... Conditions at ｾ ｾ ｩ ｴ ･ ｨ ｯ ｲ ｡ a - Water
Supply, Sanltation, Sewage, Fire Pr-otieot ion.

(0) 333-3/200 - Sanitation,Whitehorse, Y.T.

(d) 1000/200- Whitehorse General

(e) 1000/200-1 ... Townsite Expansion... Whitehorse, Y.T •

( f) 332-1-3 ... Hydro-Eloctric Power Project, Yukon River.

(g) 352-2/200 - Airport - Whitehorse, Y.T. (including acoessroads)
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APPENDIX B

REPORTS SUBMITTED ON WHITEHORSE SLOPE STABILITY PROBLEM

Representativesof various governmentdepartmentshave
investigatedthe slope stability problem at Whitehorse and have
submittedreports dealing with possible causesand recommendations
for remedial measures. Those carrying out the investigations
are noted in the following list:

1. 1948 - H.V.G. Wheeler, Airway Engineer, Departmentof
Transport, Whitehorse

2. 1948 - J.R.K. Main, District Controller of Air Services,
Department of Transport, Edmonton

3. 1949 - J.R.K. Main, District Controller of Air Services,
Department of Transport, Edmonton

4. 1951 - O. Kelly, District Airways Engineer, Departmentot
Transport, Edmonton,

and
SIL E. Hurry, Tactical Air Group, R.C.A.F.,
Edmonton

5. 1953 - C.V.F. Weir, Chief, Engineeringand Architectural
Division, Departmentof Public Works, Ottawa

6. 1953 - Dr. J.O. Wheeler, Geological Survey of Canada,
Ottawa

: "
Col. B.B. Campbell, Special Advisor on Properties,
Department of National Defence (Air) Ottawa;
Capt. S. Thomson, R.C.E., N.W.H.S. Whitehorse;
FIL A.G. Hoyt, R.C.A.F.;
and Flo H.W. Cameron, R.C.A.F.

8. 1954 - E.B. Wilkins, District Airway Engineer, Department
of Transport,Edmonton

9. 1954 - R.F. Legget, Director, Division of Building Research,
National ResearchCouncil, Ottawa

10. 1955 - S.J. Brander, Engineer, Department of Public Works,
Vancouver, and

11. 1955 - R.B. Campbell, Resident Geologist, Geological
Survey of Canada,Whitehorse,Y.T.



APPENDIX C

EXTRACTS FROM

REPORT ON REHABILITATION OF THE WHITE:HORSE AIRPORT

ESCARPMENT, YUKON TERRITORY

by

VI.M. Stiell
Forest ResearchDivision

and

P.H. Jones
Forest Economics Section

of the

Forestry Branch, Canada, Department or
Northern Affairs and National Resouroes

Ottawa

August 1958

PREFACE

This report deals with the problem of restoring a forest
cover to the eroded slopes of the ｾ ｨ ｩ ｴ ･ ｨ ｯ ｲ ｳ s airport esoarpment.
It includes estimatesof cost for the reforestationwork, and
while the problem of bringing a grass cover to the airport did
not strictly fall within the scope of this investigation, same
attention is devoted to the methods and probableoosts of bringing
this about.

This investigationwas prompted by a letter fram the
Director, Division of Building Research,National ResearchCouncil,
to the Deputy Minister of Northern Affairs and National Resouroes.
The letter stated in part that almost all seriouserosion of the
slopes could be checkedby Impr-ovfng the airport drsinage system
and that, since this alone could not be expectedto restore the
escarpmentto its original condition, it should be followed by
a reforestationprogramme. The Forestry Branch was asked to study
the problem and to estimate the costs of such an operation.
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The investigationincluded a study of the relevant
documentsavailable to us, of wh I ch the most useful were reports
by R.F. Legget (1) and by GoM. Wilson (2) and a large-scale
topographic map of the escarpmentpreparedby S.J. Brander (3).
First-hand information was obtainedduring a 10-day visit to
Whitehorse in June, 1958, when a thorough examinationwas made
of soil and vegetationconditions on the escarpmentand airfield,
plant spe cLme ns were collected, and the location of eroded areas
and the distribution of vegetativecover were mapped in detall.
At the same time interestedand experiencedparties were ｉ ｮ ｴ ･ ｲ r

viewed concerning various aspectsof the problem. Thanks are
due to Colonel F.R. Collins, Commissionerof the Territory, and
his staff for transport and facilities for work at Whitehorse;
to Mr. G.M. Wilson, Yukon ForestryDivision, for the loan of maps
and equipment and for a preliminary tour of the escarpment;to
Mr. J.Y. TSUkamoto, Agronomist, WhitehorseExperimentalFarm, for
advice on seeding the airfield; and to Mr. McBride, White Pass
and Yukon Rallway, for the loan of an old photographof the
escarpmentfrom the Whitehorse Museum,

THE NATURE OF THE PROBLEM--------- .---
Introduction
Ｍ Ｍ Ｍ Ｍ ｾ ~

Vlliitehorse is located on a broad terrace on the west bank
of the Yukon River. The airport is situated on a plateauimmediately
to the west of the tovm, and about 200 feet above it at the top of
a steep escarpment. The erosion problern is causedby springtime
mud flows which originating in the face of the escarpment,cause
damageby undermining standIng trees, undercutting the bank above,
burying part of the old ｾ ｩ ｲ ｰ ｯ ｲ r road, and depositing layers of silt
at the foot of the slopee

ａ ｩ ｾ ~ or ｾ ｾ ｾ Ｌ Ｎ ｊ J s Ｎ ｾ ｅ Ａ Ａ Ａ ･ ｮ n

The elevation of tho plateau is about 2,280 feet above sea
level. It is aLLgned approximatelynorth and south and is about
two miles long. Tho esearpment,while following a somewhat sinuous
course and thus forming a number- of shouldersand re-entrants,
trends generallynor-bhwest.-frouuheast wi th an average slope of 36
degreese Used periodically as an airstrip since the early 1930's
the plateaubecame t ho 31to of a Lar-ge airport with paved runways,
hangars,and admtnf etr-at Lve buildings in 1942 as part of the
Northwest Staging Route"



C-3

Soils and ｖ ･ ｧ ･ ｴ ｡ ｴ ｩ ｯ o

The body of the plateauappearsto be a remnant of a
very extensive lacustrine deposit composedof fine silt with
occasionalnarrow bands of silty clay. This deposit is capped
with uniformly stratified sand, varying in thickness from about
2 to 15 feet, at least along the escarpmentface. The sand 1s
mainly fine textured, and some layers are firmly compacted.
Whereas the sand cap which forms the surface of the airfield is
of uneven thickness, the aur-f'a ce of the underlying silt may well
be level along the ontire length of the escarpmentface.

In its natura1 atate the surface of the pLa teau appears
to have supportedstandscomposedpredominantlyof lodgepole pine
(Pinus contorta Dougl. var. latifolia Engelm.) with small amounts
of whIte spruce (Picea glauca (Moenen) Voss), trembling aspen
(Populus tremuloidesMichX.), and balsampoplar (POrUIUS balsamifera
t.), interspersedwIth grassy openings. Remnants 0 this cover
still occur at the north end of the plateaubeyond the airfield.
Today, the surface of the airfield, apart from the paved runways,
is composedchiefly of bare sand or fine gravel. Scatteredherbs
and grass, with occasionalsmall aspenand willow (Salix sPp.) occur
sporadically, but except for local areasthere is no€hfng approaching
a continuous cover. The most successfuland aggressivespecies
present, and the one showing the best tendencyto colonize and
spread, is smooth brome grass Ｈ ｂ ｲ ｯ ｭ ｵ u inermis Leyss.).

The escarpmentformerly supportedforest standscomposed
chiefly of white spruce with lesseramounts of the other tree
specieslisted above. It is not believed that this cover was
continuousthroughout the length of the slope, however, but was
confined to north, northeast,and east exposures. Slopes facing
the south or southeastwere generally devoid of vegetation, or
supportedonly sparsegrasses. This is the presentdistribution
of vegetationon the non-erodedportions of the escarpment,and on
similar slopes in the vioinity of Whitehorse. That this situation
prevailed in the past is confirmed by an old photographof the
escarpmenttaken in 1900. Shouldersand faces of the slope devoid
of vegetationoan easily be discerned,and match exactly with the
same areas in a 1958 photograph. Denudedareas in the latter are
much more extensive, however, owing to slide action. The residual
spruce stands on the slope are well-stocked, about 60 feet tall,
and with an averageage which exceeds70 years. There is little
underbrush.

The total annual precipitationat Whitehorseaverages10.6
inches, of which only 6.3 inches fall as rain. It is this dry
climate that prevents the establishmentof vegetationon steep
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southerly exposures,and also permits unvegetatedslopes of such
a readily erodible material as silt to remain firm and stable ..
there appearsto be little surface erosion from direct precipita-
tion although there is obviously some damage causedby prolonged
wet weathero

ｾ ｂ ｉ ｌ ｉ ｔ ａ ｔ ｉ ｏ O

Interrelation of Erosion and Vegetation

Veget,ationand Slides

Surface erosion has been shown to be a relatively minor
factor comparedto the subterraneanmovement of water and its
damaging effects on tho ｾ ｾ ｩ ｴ ･ ｨ ｯ ｲ ｳ s escarpment. Hence it must
follow that the restorationof vegetationalone cannot be relied
on to prevent further erosion of the slope. We have only to look
at the remaining climax forest stands (usually consideredthe
ultimate in soil protection value) to see that they are being
underminedand destroyed. Thus there would be little value in
restoring vegetationbefore the erosionhas been brought under
control by other measures.

This has been clearly statedby Legget (1954) who recommended
that control be achievedby (a) capturingall airport drainage in
a closed systembefore it reachesthe escarpment,and diverting it
for dischargeelsewhere;and (b) seeding the airfield between the
runways, to provide a grass cover for delaying and reducing infil-
tration of water into the soil. These complementarymeasuresseem
very reasonableto us, and the questionof seeding the airfield is
referred to later.

When the drainagehas been placed under control, and the
water and silt dischargefrom the escarpmentchecked, attontion
can be turned to restoring vegetationto the slopes. The sand cap,
which is easily shifted and may be subject to mechanicaldisturbance,
will be most in need of stabilization. Apart from this thin layer
at the top of the slope, however, the escarpmentis composedof
silt, which is comparativelystable under the prevailing climate.

Problems of Vegetal Rehabilitation

The appearanceof some vegetationon the less active slides
has been mentioned. Eventually a good deal of the erodedarea
might be coverednaturally in this manner, but it would be an
extremely lengthy process,and distribution would be patohy.
Further, the cover would be composedalmost entirely of grasses
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and herbs, shrubs, and deciduous tree species; the appearance
of any quantity of coniferous seedlingswould be deferredeven
longer. Therefore artificial means would be required to establish
a uniform plant cover on the escarpmentwithin a reasonabletime.

We believe that conifers can be establishedon the
escarpment,but only with difficulty, and not in a single planting
operation. The sites are too dry and exposedfor the direct
establishmentof spruce seedlings. Rather, a preliminary cover
of willow and poplar should be provided first, and the spruce
planted several years later under the protection of these pioneer
species. This is the natural plant successionfor these sites,
and most likely the way in which the spruce became established
originally. In addition, specialmeasureswould be required to
stabilize some of the sandierslopes, and to protect the edge of
the escarpment.

The total area to be treatedis about 18 acres, and this
includes only the eroded slopes which at one time supporteda
forest cover. We do not recommendplanting trees on the southerly
exposures(totalling about 12 acres) where trees did not grow
before. As indicated above, treatmentwill vary with conditions
on the slope.

Site and location combine to give unique growing conditions
on the escarpment,and we admit that there are a number of points
on which we would like more definite information. We believe that
experimentalwork on the more stable slopes, to test planting
methods and early survival and performanceon various slope
positions and aspects,could be carried out to great advantage
before the planting program begins. There should be plenty of
time for this since it appearsthat engineeringmeasuresto control
airport drainagewill not be completedbefore 1959. Even if
immediate slope stability results, this fact could not be deter"
mined until late spring of the following yearo Thus planting could
not begin before the spring of 1961 at the earliest. Applied
researchcarried out in the 1959 and 1960 growing seasonscould
provide important data to guide the main operation.

In the section dealing with rehabilitation costs it was
thought necessaryto work out estimatesfor two alternative
measureSwhich could be used to reforest the affected portions
of the escarpmentedge and slope. These are presentedas Alter-
natives I and II.

Briefly, Alternative I assumesthat hardwood shrUbs, grovm
from poplar and willow cuttings, togetherwith a shelterbeltof
lodgepole pine (planted on the edge of the escarpment)will offer
adequateprotection to the slope.
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Alternative II goes a step further and assumesthat
conifers will be planted to replace the initial cover of hard"
wood shrubs.

The protectionvalue of either type of cover would be
comparable in the short run, although the restorationof a
coniferous cover would assurelong-term protection. A primary
advantageof a coniferous cover would be the more effective
interceptionof rain during the critical period in the spring
when erosion is at its height, and before the hardwood leaves
emerged.

The suocess of planting will depend to some extent on
the effectivenessof the drainage improvementmeasures. It is
unlikely that the original moisture regime of ｴ ｬ ｾ ~ undisturbed
slope will again prevail. However it is assumedthat the moisture
escapingthe drainage systemtogetherwith the normal precipitation
will be sufficient to maintain satisfactorytree growth on the
escarpment.

Planting Procedures

Supervision

Planting and similar operationsshould be directed by a
professionalforester. The efficient organizationof labour
crews and the proper handling of plant materialswill be essential
for optimum results. Since much of the following deals with
standardproceduresfamiliar to a forester, technical directions
have been kept to a minimum.

Sequenceof Operations

The tentative program is as follows:

1959 or 1960 - autumn - collect and processconifer seed.
1961 - spring - (a) collect and plant willow and

poplar cuttings on escarpment,
- (b) place wattles on loose sand,
- (c) erect escarpmentfence,
- (d) sow conifer seed in nursery.

1963 - spring - transplant2-0 conifer seedlings.
1965 - spring - lift 2-2 conifers and plant on

escarpment.
1966 - spring - refill conifer failures.

The above dates depend on how soon and how effectively the airport
drainage is placed under control, and also on the occurrenceof
the next seed crop.
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The various operationsare describedbelow.

Planting Cuttings

About 17,500 cuttings of willow and 7,000 of balsampoplar
will be required for planting on the silt and sand portions of
the escarpmentrespectively. The willow already growing on the
slopes can be used to provide some of the material, but not more
than half of the stems in a clump should be utilized for this
purpose. Otherwise, there is plenty of willow brush available
locally - specifically there is a good supply source, sufficient
for the entire project, growing immediately to the west of the
Alaska Highway at a point 1.6 miles north of the Whitehorse traffic
circle. While glaucouswillow is to be preferred, any speciesof
willow occurring on well-drained sites will be satisfactory. A
supply of balsampoplar was noted to the east of the Highway, 3.6
miles north of the traffic circle.

Cuttings should be obtained in the early spring of the
year in which they will be planted, well before growth begins.
A cutting should be not less than 12 inches long or one-half an
inch in diameter. The butt ends should be pointed to facilitate
inserting them into the ground and the tops should be trimmed about
an inch above a bud. Cuttings should be tied up in bundles, and
buried in moist soil until required; they must not dry out.

Cuttings should be planted by inserting almost their full
length into the ground with the buds pointing upwards, and only
about two inches protruding. If the soil is sufficiently moist,
the cuttings can be driven or pushed in without difficulty.
However, if the ground is hard enough to strip the bark or cause
splitting, holes should be preparedwith a pick or planting bar.
During planting, cuttings can be carried with the butt ends in
water. Spacing should be fairly regular, averaging5x5 feet
(1,742 cuttings per acre).

Wattling

In several placesat the top of the slope where the sand
cap is thickest, the sand tends to run down over the silt.
Wattles of coniferous brush will have to be stakedalong the
slope in these locations to prevent movement of the dry sand until
the cuttings have rooted.

Wattles should be laid out in two rows, one just above
the sand-silt interface, and the other about half way betweenthe
first row and the top of the slope. Wattles should consist of
a double layer of young, long-crowned lodgepole pine, 7 or 8 feet
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tall. Each tree should overlap the next one by about half its
length, and should be settledwell down into the sand. If these
rows are supportedabout every three feet on the downhill side
by stakes three and one-half feet long by one and one-half inches
in diameter, driven about two feet into the slope, they will
provide an effective barrier to sliding sand. Cuttings should be
planted above and between the rows of wattles in the normal
manner. It is stressedthat successof the wattling operation
will depend on the treatedareasremaining free from mechanical
disturbanoe.

EscarpmentFence

If the escarpmentedge, wattled areas, and young trees
are to be protected, trespassingand the disposal of rubbish on
the slope must be discouraged. For this purpose a fence should
be erectedalong the edge of the airport from the R.C.A.F. guest
house to Puckett'sGulch. The fence will serve also as an excellent
windbreak for the young seedlingsof the shelterbeltwhich is
referred to later. The fence should be located as far from the
escarpmentedge as the location of the existing buildings and air-
port road permit. Ordinary 48-inch snow fencing, with posts at
l6-foot intervals, should be suitable.

Planting Conifers

Both of the alternativessuggestedto rehabilitate the
escarpmentwill involve the planting of conifers. Under Alternative
I the shelterbelt ｾ Ｚ ｬ ｬ require approximately10,000 lodgepole pine
seedlings,while Alternative II will require, in addition to the
seedlingsfor the shelterbelt, the planting of approximately
33,000 spruce seedlings.

The establishmentof young conifers involves a number
of steps. The first of these is the collection of seed in the
vicini ty of Vllhi tehorse or in the southernportion of the same
forest region, to ensure a suitable provenance. In order to
obtain the 1.5 pounds of white spruce seedand 0.7 pounds of
lodgepole pine seedrequired, it will be necessaryto collect
about 100 pounds of spruce cones and 25 pounds of pine cones.
Collection should be completed in a few days by felling the cone-
bearing trees. The cones should then be shipped in sacks to the
Forest Nursery Station, Indian Head,Saskatchewan(or the Petawawa
Forest Experiment Station, Chalk River, Ontario), for extraction,
dewinging, cleaning, and gerndnationtests.
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The raising of planting stock from seed should be under-
taken a s close to t.he planting site a 3 possible. The most suitable
locntion, by reason of available fac111ties and trained personnel,
would be the ｗ ｨ ｩ ｴ ･ ｨ ｯ ｲ ｾ ~ ｅ ｸ ｰ ･ ｲ ｩ ｾ ･ ｮ ｴ ｑ Q Farm, Haines Junction, Yukon
Territory. If possible, ar-r-angeme rrt s 311ou1<1 he made with the
Department of Agriculture for production of t.he planting stock at
the Farm. Failing this, a small nursery should be set up at
Whitehorse.

Seed should be sown to pr-oduce about 120 spruce seedlings
per square foot and 75 pine seedlingsper square foot. At the
end of the second year the 2-0 seedlingsshould be transplanted
to a density of about 10 ae edLl.ng aper squarefoot. Two year's
later the Ｒ Ｍ - stock shrnlld be re8dy for planting In the field.
or the 33,000 spruce and 10,000 pine transplantsr'equired, two-
thirds of each should. be planted out as 2-2 stock, and the remainder
held over one year for refilling failures.

At the planting sl te the stock should be he e Led in, shaded,
and watered. During planting the trees can be carried in pails
with their roots in water. It is suggestedthat plantIng be carried
out by 2-man crews, with one mancarrying the trees and the other
digging the holes with a grub hoe. Trees should be plantedat
5x5 feet, the spruce in the silt and the pine in the upper sandy
portion.

Shelterbe,lt

A belt of 5 or 6 rows of lodgepole pine 3hou11 be planted
along the top of the escarpmentto reinforce the edge, limit wind
erosion, and discouragehmnan activity in its vicinity. The
sheltarbeltwould occupy the space betwgen the escarpmentedge and
the proposedfence or buildings. The trees should be set out at
5x5 feet, at the same time as the escarpmentplanting. No pro-
liminary cover of cuttings will be required.

ｾ ｲ ｦ ｬ ･ ｬ ､ Ｎ ｓ ･ ･ ､ ｩ ｮ n

This operation is closely rel!)ted to the reforestation
of the escarpmenb. According to the agronomist at the ｾ ｖ ｨ ｩ ｴ ･ ｨ ｯ ｲ ｳ s

Experimental Farm, ｩ ｮ ｾ ･ ｲ ｭ ･ ､ ｬ ｡ ｴ t wheat grass (Agr0E,lro.n intermediurn)
in the speciesbest suited to conrl.ltions on the a1rfielo. This
grass ｨ ｡ a ｢ ｾ Ｓ 3 testedat Haines Junction and found both hardy and
drought-resistantunder the prevailing climate. The seedmay be
sown in the spring or the fall. If in the spring it should be
s own at least hefore July, at the rate of 10 to 15 pounds per acre.
With a tractor-drawndrill, 20 to 30 acrescould be covered in a
day. It might be possible to borrow a drill from the Farm.
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It was thought advisable, but not essential,to apply a
nitrogen fertilizer (16-20-0 or 33.5-0-0) at a rate of 100 pounds
per acreo

REHABILITNl'ION COSTS

ThiR discussionof the costs of reforesting the Whitehorse
airport escarpmentis at once conditioned by the methods used,
the timing of the many operations,and the possible economies
which could be made through the loan of equipment by various govern-
ment departmentsin Whitehorse to the group undertaking the work.

ｾ ｶ v Alternative Measures.
It has been statedearlier that the forest cover which

might grow from hardwood cuttings would probably afford sufficient
protection to the escarpment,particularly if supplementedby a
shelterbeltand a fence, both of which would run the entire length
of the airport escarpment. This measurewe have called Alternative
I. Its long-term function of stabilizing the slope and its useful-
ness in providing a suitable envirorunent for coniferous growth,
either natural or artificial, have beenmentioned.

Alternative II goes a step further than Alternative I and
is the method which could be used to restore a coniferous cover
to the escarpment. The costs of the two Alternatives are given
below according to the items involved.

Schedule I - Nursery at Whitehorse

Cost Item Alternative I Alternative II

1. Cone collection and shipment $ 50 $ 100
2. Nursery work at ｾ ｖ ｨ h tehorse 1050 3100

ｾ ~
Planting cuttings 2100 2100
Wattling 250 250

5. Escarpmentfence Ｑ ｾ Ｐ Ｐ 14°°6. Pine shelterbe1t 00 00
7. Spruce planting 2250

$5150 $9500

Schedule I for Alternative II is broken down in further
detaIl in Appendix C-l showing the expectedyearly expendituresfor
the slx years required to carry out the project, under the assumption
that the nursery work would be done at Whitohorse. It will be noted



C-Il

that Item 2 of ScheduleI for the nursery work represents a large
proportion of the over-all cost for either Alternative. The cost
of producing this relatively small number of seedlingsat Whitehorse
including the collection of cones and the establishmentand care
of a small nursery, would amount to something over $100 per M
seedlingsfor Alternative I and $70 per M for Alternative II.
These figures appearparticularly high when comparedwith the charge
made by the Ontario Departmentof Lands and Forestsof $15 per M
seedlingsfor four-year-old planting stock. This would strongly
indicate that considerablesavings could be made byhaving the
stock grown at an establishednursery or experimentalfarm outside
Whitehorse. In this context it has already been suggestedthat
the Departmentof Agriculture Experimental Farm at Haines Junction,
Y.T., could probably be r-e LLed upon to take on this work. Assuming,
then, that the departmentor agency which undertook to raise the
seedlingschargedthem to the project at $30 per M seedlingsfor
both pine and spruce, including shipping costs, the estimatesin
ScheduleI, Item 2, could be reduced to $300 and $1300 bringing
the total costs down to $4400 and $7700 for Alternatives I and II
respeotivelyas shown below.

Schedule II - Nursery outside Whitehorse

Cost Item Alternative I Al ternat ive II.
1. Cone oollection, eto. $ 50 $ 100
2. Seedlingpurchaseat $30/M 300 1300

4:
Planting cuttings 2100 2100
Wattling 250 250

5. Escarpmentfenoe 1
4°0 l4gg6. Pine shelterbelt 00

7. Spruce planting 2250

Ｄ Ｔ Ｑ ｾ Ｐ Ｐ $7700

Each item for Alternative II has been broken down into labour and
materials, including freight, in ａ ｾ ｮ ､ ｬ ｬ C-I. The cost of the
planting operationsis largely comprisedof labour costs while
the major portion of Item 5, the escarpmentfence, is made up of
the purchaseprice of the fence. It should be remembered,too,
that planting costs, i.e. Items 3, 5 and 6, include truck rental
costs for moving personneland equipment. This is important when
oonsidering the possible economieswhich could be made through
the loan of equipment and supplies.
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Timing of ｏ ｰ ･ ｲ ｾ ｮ n - Costs

The costs of either alternative measurewill be spread
over six or seven years from the time the project begins. It
has been mentioned that the forestry rehabilitationmeasures
should be held up until the airport has been seededwith grass,
and a successfulcover obtained, and the drainage improvements
made. This is important from the standpoint of costs just as it
is in assuringthe successof the whole operation.

The cost outlays, by years, are presentedbelow, 1n
Schedule III, for both alternatives. It will be seen that the
costs over the first three years for either alternativeare
almost identical. The major differences, of course, occur in
the sixth and seventhyears where under A1ternat.(.. ve I there is
only the she1terbe1tto be planted whereas, in Alternative II,
in addition to the shelterbelt, there is the planting of spruce
on 14 acres of the escarpment,where presumably the hardwood
cuttings are now well established. In addition, replanting of
conifers will have to be carried out in the seventhyear under
both alternativesto allow for failures. And again this is a
large item for Alternative II.

Schedule III - Cost Summary - By Years

Year AIt ernat i ve I Alternative II

1st Seed collection, etc. $ 50 $ 100
2nd Planting cuttings and

erectingfence 3450 3450

6r d Replantingcutting failures 330 330
th Seedling purchaseand shelterbe1t

planting (I and II), and spruce
380 2550planting (only II)

7th Seedling purchaseand replanting
failures 190 1270

$4400 $7700

The above scheduleassumes,of course, that the seedlings
will be grown at a nursery outside Whitehorse.

Labour Supply and Wages

No difficulty is foreseen in hiring labour at Whitehorse.
In the early spring of 1958 there were 500 unemployedpersons
registeredfor unemployment insurancebenefits. By June the
number had been reducedby only 200. The reforestationof the
escarpmentcould in no sensebe considereda project to relieve
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any future unemployment in Wbitehorse. Perhapsthe measures
designedto improve the drainage system could do this. However,
it is suggestedthat becausethis surplus labour situation
exists, no attempt should be made to enlist the free services
of the Boy Scouts or similar bodies. At no time would the
project require more than 12 workers on the escarpment,and
this would be for a period of three weeks at most, for any
specific operation.

The base rate in the Whitehorse district is governedby
the D.N.D. Army rate of $1.48 + 30 cents Northern Living Allowance,
or at present, $1.78 per hour. In the estimatesfor the labour
costs of each operationan averagerate of $2.00 per hour has
been allowed. This is expected to be the averagehourly rate for
the whole project at today's rates to allow for the higher wages
paid for supervision. For instance, the planting of cuttings
will require three two-man crews and a foreman over the whole
operation. The averagehourly wages paid in this instancewould
closely approximate$2.00 per hour. An adjustment,according to
wage increasesin the Army rate, would serve as a basis for
extimating the labour costs at the time the project begins. In
other words, a 5 per cent increasein wages would increasethe
cost of labour under Alternative I, excluding nursery work at
ｾ ｾ ｩ ｴ ･ ｨ ｯ ｲ ｳ ･ e by $100 and increaseit under Alternative II by about
$200.

Productivitz

Productivity rates for the major operationswere based
on experience,taking into considerationthe difficult terrain,
the variation in soil hardness,and inexperiencedlabour. The
productivity rates used in the estimatesare Bet out below:

Item

Major ｏ ｰ ｾ ﾣ ｡ ｴ ｩ ｯ ｮ ｳ Ｍ - Productivity Rates

Rate per rnan...hour

Making and bundling cuttings
Willow cuttings (no.)
Poplar cuttings (no.)

Planting cuttings (no.)
Wattling (lineal feet)
Cutting, pointing and loading fence posts (no.)
Erecting fence, driving posts (lineal feet)
Planting conifers ｾ

Spruce seedlings (no.)
Pine seedlings (no.)

250
200
81
82
4

20

SO
75
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Man-Days and Total Labour Costs

It is estimated that a total of 231 man days will be
required to complete the entire project of coniferousrehabili-
tation, assumingthe nursery work can be done outside Whitehorse.
This will amount to approximately$3,700 spreadover sevenyears
at the straight time rate of $16 per day for labour with no
allowancesfor an increasein wages during that period. This
total representsthe labour cost for Alternative II with the
nursery outside ｾ ｾ ｩ ｴ ･ ｨ ｯ ｲ ｳ ･ e With a nurseryat Whitehorse, under
Alternative II, the total man-daysrequired would be 344 at a
cost of $5,400.

For Alternative I the man-daysrequired would be 132 at
a cost of $2,110, with the nursery outside Whitehorse, or 166
man-daysat a cost of $2,660 with the nursery at Whitehorseas
shown in ScheduleIV.

Schedule IV - Labour Costs and Man-Days

Alt. I - Hardwood Alt. II - Coniferous
Rehabilitation Rehabilitation

Man-Days --l.- Man-Days 1.-
Nursery at Whitehorse 166 2660 344 5400
Nursery elsewhere 132 2110 231 3700

It may be seen from the table that there would be an obvious
saving in the labour element to have the seedlingsgrown at a
nursery outside Whitehorse. '

Cost of Materials

The costs of material and equipment, as with other
commoditiesand services,are comparativelyhigh in Whitehorse.
This is largely due to the location of Whitehorse and the fact
that it is not connectedwith the transcontinentalrailway system.
It is served insteadby the White Pass and Yukon Railway which
runs from Skagway, Alaska, on the Pacific coast, and also by the
Alaska Highway, and, as may be imagined, freights are high. This
haa beon taken into account in tho estimates; the assumptionbeing
made that materialswill be purchasedat Edmonton and also that
they will include the road freight from that city to Vfuitehorse.
Such items as lumber could probably be obtainedmore cheaply
locally.
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The cost 01' materials for either alternative will not
differ appreciablyaocording to whetber the nursery is located
at, or outside, Whi tehorse; however there j s a significant
difference betweenAlternatives I and II as ｳ ｨ ｣ ｾ ｾ below in
SoheduleV as 1'ar as the over-all oosts are conoerned.

Sohedule V - Cost of Materials

Alternative I Alternative II

Nursery at Whitehorse
Nursery outside Whitehorse

$ 2490
2290

$ 4100
4000

The reasonwhy these costs do not differ appreoiablybetweenthe
two possibilities of having the nurseryat Whitehorse, or outside
:J.t, is becausethe costs of purchasingseedlingsis more or less
equivalent to the cost of materials required to set up a nursery
at Whitehorse.

The cost of materials includes such items as tools, freight,
truck rental, snow fencing and materials to construct a storage
tank for seedlingsprior to planting and a shed for the nursery.
The estimatesare basedon prices of material in various Canadian
and U.S. price oatalogueswhich would apply to Edmonton with
appropriateallowance for freight to Whitehorse.

PossibleEconomies

Referencehas already been made to the possible economies
which could be made through the loan of equipment and supplies by
various government departmentsto the group conducting the work.
It is not possible to mDke an accurateest:Imate of these savings
as it will depend largely upon the effioienoy of the co-ordinating
body. It is suggestedhowever that these may amount to $1,000
for Alternative I and almost ｾ ｾ Ｒ Ｌ Ｐ Ｐ Ｐ for Alternative II, assuming
the nursery is located outside Whitehorse.

The major items wbere economiesare poss:J.ble are in the
loan of truoks for transportingmen and equipment, the loan of
tools by the Yukon Forestry Division and the loan of snow fence
not presently in use.

Airport Seeding

At the end of the section dealing with rehabilitation some
informati on waa presented which related to the possible means of
establishinga grass cover on the airport using fertilizer.
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In est.imating the costs of such an operation, which we
believe vital to the rehabilitation of the escarpment,the
following data were used.

Area requiring treatment
Delivered cost of seed
Delivered cost of fertilizer

575 acres
70 cents per pound

$140 per ton

(2) Wilson, G.M.

(I) Legget, R.F.

The total cost of this operation, excluding the machine rental for
fertilizer and seeder (which presumablycould be borrowed from
the Haines Junction Farm) would be almost $10,500. In discussing
this problem with personnelof the DepartmerlG of Agriculture in
ottawa, it was mentionedthat the speciesrecommendedwould probably
be suitable but that the supply of the required 9,000 lbs. may be
a problem.

The methods used by the Ontario Department of Highways to
"fix" soil by spraying a mixture of mineral oil, seed, straw and
fertilizer were investigated. It was found, however, that the
costs of this method would be far in excessof those referred to
above.

REFERENCES. .
1954. Slope stability at Whitehorse, Y.T.
Special Report No. 12 of the Division of
Building Research,National ResearohCouncil.

1958. Memorandumfor F.H. Collins, Commissioner,
re: Whitehorse escarpmentproblem. March 26.

(3) Brander, J.S. 1956. Topographicplan of airport escarpment,
Whitehorse, Yukon Territory, sheet1 of 1,
scale 1 inch to 50 feet. Public Works of Canada.
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APPENDIX C-l

WHITEHORSE AIRPORT ｅ ｓ ｃ ａ ｒ ｐ ｾ ｭ ｎ N REHABILITATION

SUMMARY OF ESTIMATES ... ALTERNATIVE II
(Witn NurDory at Wlirtellorse)

Man Sub-
da:y:s Labour Materials tot!!1s Total

1. Cone collection 3 1/2 $ 56 $ 10 $ 66
2. Cone shipment ... - 20 20

a: Seed extraction, etc. not available
Nursery establishment 3 48 1200 12I.,.8

FIRST YEAR TOTAL 1334

5. Nursery establishmentand

6.
care. etc. 27 432

994-
437

Planting cuttings 58 928 1922
7. Wattling 14 224 ... 22t
8. Escarpmentfence 30 480 826 .!J.Q£

SECOND YEAR TOTAL 3889

9. Replanting cutting failures 10 160 170 330
10. Nursery-Transplantbeds 24 384 207 ill

THIRD YEAR TOTAL 921

11. Nursery-Seedlingsto Trsp.
beds 27 432 ... l!E

FOURTH YEAR TOTAL 432

12. Nursery-Careand Maintenance 12 192 ... 192

FIFTH YEAR TOTAL 192

13- Nursery-Seedlingsto
Escarpment 13 208 "'" 208

14. Conifers Planting Escarpment 67 1072 600 1672
15. Conifers Planting Shelterbe1t14 224 100 324
16. ReplantingConifers failures 33 528 60 588

SIXTH YEAR TOTAL 2792

TOTALS 5368 4192 9560

SupplementarlEstimates

17. Airport Graas Seeding 12 192 10248 10440 10440

GRAND TOTALS $5560 ｾ ｾ Ｑ Ｔ Ｑ ｾ Ｍ ｾ ~ $20000



APPENDIX D

PERTINENT EXTRACTS FROM THE REPORT ON

W1iITEHOHSE AIRFIELD SLIDES INVESTIGATION

YUKON TERRITORY

NOVEMBER,

Warnock, Hersey and Company Ltd.,
Montreal, P.Qo

INTRODUCTION

1958

G.S. Eldridge and Company Ltd.,
Vancouver, B.C.

In August 1958, the two firms of G.S. Eldridge and Company
of Vancouver, and Warnock, Hersey and Company of Montreal were
called in to carry out a comprehensiveexploratory survey of the
airfield on behalf of the Departmentof Public Works. The appended
report summarizesthe conclusionsto be drawn from thoir findings.
The evidence revealedis much wider than was available to the
Division of BUilding Researchin 1954. The general conclusionsin
the earlier report, however, appear to be substantiallycorrect,
the main rl.ifference being that Mr. Legget'sreport approachesthe
problem as being one of slope stability, whereas, in the following
report, the standpointhas been taken that the problem is mainly
one of internal erosion cf the silt surface.

DRILLDJG PROGRAM

A total of 517 auger-holeswere sunk on the airfield in
accordancewith a 100 ft grid staked out by the Departroont of
Public Works, who gave ground elevationsfor each grid point. Some
difference between (these ground) contours and those of the original
drawing, R·..YU-18, is evident. As it is out of the questionfOl' the
entire airfield surface to have been 10we1>e<1 to t.he ext.errt that this
difference would indicate, it must be assumedthat there is a
difference in the bench mark used. Drain elevationsshould there-
fore be referred to the same bench mark as used in the setting out
of the gr:i.d. To sink these auger-holes,a 6-inch power-auger,
mounted on a bombardier' chassiswas employed. Drilling startedon
25 August, and the program was finished on ｾ ｉ I Octobor, averaging
approximately11. halos per day.

To interfere as little as possiblewith air traffic, a
rig with limited headroomhad to be employed, and 5 ft flights
of spiral auger war-e used wi th the short rnast on the rig. Changing
flights frequently made dr:iJ l:i.ng slower t han wouLd have been
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possiblehad a rig with a tall ｾ ｡ ｳ s been used. Occasionsldi3turbed
Gsmples of Dand were extractedfor field lnboratory mechanical
analysis and mojsture content determination. Three hundred and
sixty one disturbedsilt samplesfor the same purpose were also
taken, as well as four undisturbedShelby tube samplesfor more
elaboratelaboratory study in Viotoria laboratory. Depth of sand
could be loggod with fair accuracyas soon as the silt was reaohed,
enabling spot levels of the silt surface to be plotted and silt
contours drawn in.

As dr:illing progressed,in order to establishwhere closer
detail was needed, a plot was made of aiLt moisture contentsat
the oontact with the sand, and isopleths of moisture oontent drawn
in. This served the additional purpose of giVing a lead on the
source of moisture reaching the silt surfaoe and engenderingthe
mud-rlIDs during the oritical thaw period.

In no case were silt lensesencounteredin the sand layer,
and although the holes were carried down into the silt for a depth
of approximately5 to 10 feet, no sand lenseswere encounteredin
the latter. The silt, therefore, appearsto be consistently
homogeneous,although the grading curves show slight differences
in grain size.
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ｓ ｕ ｗ ｾ ｒ R OF SOIL TEST RESULTS

SolI samplesof the silt in the ｾ ｢ ｩ ｴ ･ ｨ ｯ ｲ ｳ s Escarpment
were obtainod during the course of various investigations
carried out by the Departmentof Transport (19.54), the
Departmentof Public Works (19.55) and the Division of Building
Research,National ResearchCouncil (1954 and 19.57). The
results of classificationtests on these samplesare summarized
in Figs. E-1 and E-2.

Soil sampleswere also obtainedand testedby the
consultantsfor the Whitehorseairfield borings program
completed in 19.58. The results of the various tests carried
out by them are included in their report entitled "Whitehorse
Airfield Slides Investigation".



SOIL TE.ST SUMMARY RE.CORD CLASSIFICATION
PROJE.C.T: p-158 RoE-MARKS:

LOCAT'ON: Hhitehorse Airport

SAMPLE. SOIL Df5C.RIPT/Ot./ DE.PTH
L;tOI'UIC ｉ ｬ ａ ｔ ｕ U L.L. P. L. P.1. 'RAIN SIZE. PE.RC.f.NTAGE..S

G R.E.MARK'S
f.Lf.V. w/c.

N° (FEET) (rH.!) (%) (%) (rJ (%) 'IUVf.L SAND SILT CLAY Testing By

XY-l Ligh t greys1lt 11.6 27.3 28.6 22.5 6.1 - 7 88 5 OCT 1954

XY-2 do 12.0 28.4 28.4 23.( 4.5 - 4 91 5 do

XY-3 do 9.0 28.4 30.1 23.'": 6.4 - 6 87 7 do

XY-ll do 7.5 27.5 29.2 24•., 5.1 - 5 83 12 do

!'!16 do 15 26.2 27.2 20.c 6.6 DP\-/ 1955

52-2 do 1.0 26.3 19.;: 7.1 - 15 68 17 2.74 DBR-NHC 1954

52-h. do 2.5 23.3 18.4 4.9 - 26 60 14 do

52-5 do 3.5 19.4 16.c 2.9 - 21 65 14 2.13 do

1:)2-6 do 6.0 26.0 20.9 5.1 - 9 75 16 do

52-7 do 10.5 32.6 22.010.6 - 15 71 14 DBR-NRC 1957

ｾ Ｎ ﾷ Ａ ｉ ｐ Ｍ Ｒ 2 do 28 11..6 21.. r::: 9.7 do

• TU 21 Lc do 18 27.7 21.8 5.9 do....." -J..

-331-4 do 4.Q 34.3 23.8b.0.5 - 4 75 21 do

ﾷ Ｎ Ｑ ｾ ｲ ｊ Ｗ Ｍ Ｑ 1
rJ do Ｑ Ｐ Ｎ . 30.8 23.1 7.7 13 70 17 doｾ ［ ; -

.""-1), 31,,\ ••c 3 do 9.3 34.3 24.5 9.8 - 2 81 17 do....J."'+' ｾ /

. ｾ ｾ ｉ ｾ ｟ ＿ ｾ ｾ do 26.0 32.2 19.213.( do' • __ ｾ ｊ J t-<\..J

DIVISION OF BUILDING Rf.SE.ARCH 0 NATIONAL Rc..SE..ARCH COUNCIL • OTT A \vA, CAN A DA

Figure E-l Soil Test Record Summary, Whitehorse Airport
Bp, 1881.



MECHANICAL ANALYSIS or SOILS
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