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ABSTRACT

The purpose of this study vvas to determ'ine expeilimentaììy, prior to

any actual construction, the optimum location of pt^oposed new

structures at Canadian Forces Station Alert to minimize the dìsruptìve

ef fects of snow drif ting on patterns of c'i rculat'ion w'ithìn the s'ite,

particular'ly in cases of emergency.

The study was conducted by constructìng two moclels of the site; one

model vras tested in a water fl ume us'ing sand to simulate the snovr,

while the other was pìaced outdoors so that actual snow drifting couìd

occur on 'it.

The model tested in the water flume prov'ided satìsfactory results

when compared to actual drì ftì ng. This model was then revi sed and

tested to prov'ide snow drift'ing pat.terns for four alternative s'ite

pl ans. The outdoor morJel , however, provi ded poor resu'lts because of

the extensive snour drifting whìch occurred.

From the test nesults in the water flunre, the report was able to

recommend a specific site layout for Canadìan Forces Stat'ion Aìert, as

well as reconmendat'ions for nevr and existing buì ldi ngs.
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CHAPTER 1

BACKGROUND

1.1 Introcluction

In sìtìng buììdìngs in southern pants of Canacla, sor'ìe emphas'is 'is

gì ven to sol ar ori entation and 'landscap'ing, but very seldorn are snow

d ri fti ng or wì nd di rect'ions consi dered i n the s jte ì ayout.. In

Canada's north, however, snovl drjfting becomes very important because

of the serìous consequences this problem can create such as blocking

physicaì access to buiìdings in emergencies. The purpose of th'is

study wìlì be to determìne experìmentalìy the impact of snow drifting

on the selectìon of new sìtes for facilit'ies at Canada's nost northern

permanent establishment, Canadian Forces Station (CFS) Alert.

Canada's Northwest Territories'is a vast area of land and water

w'ith an area of 3,379,700 square k j lometres. The popuì ation of thi s

region is only 40,000 or iust 7.2 persons per 100 square kiìonetres.

Thìs low density is attributed to the harsh environment of the North

whi ch often makes simp'le tasks, such as del'iveries of suppl ìes, a very

expens'ive and dìfficult undertakìng. The land'is barren, often being

ref erred to as u" ¿ur".t, but high w'inds bl ow snow thousands of

kilometres, driftìng 'in and immob'il izing ent jre communities.

Puhlic interest in this desolate land has been generally ìow over

the years, however, the recent controvers'ial voyage of the Arnerican

Coast Guarcl ship 'Polar Sea' through the Northwest Passage, has

awakened the need for a stronger Canad'ian presence. The region has
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also drawn attentjon because of increasecl dernands for mineraìs, oiì

and gas. Any i ncreased commi tment to thi s reg'ion w'i I I I ì keìy mean

mone miìitary presence in the air w'ith increased aircraft

surveiììance, on the water or ice with sea patroìs, and on the land

with rnore permanent stat'ions being bu'ilt.

The construction or improvement of existing rniìitary stat'ions in

the north w jl I necess'itate clevelopment of adclit jonaì physicaì

faci ì'it'ies requi rìng more pìanning stud'ies into site selection and

'layout for new faci l'ities so that personnel can unclertake essentìal

stat'ion operations w'ith m'injmal disrupt'ion fron the climate.

1.2 The tnvironment

CFS Alert'is located on the northern tjp of Elìesmere Island in

the Northwest Territories as shown 'in Fi gure 1-1. Be'ing the most

northern manned station in the world, the climate pìays a signìficant

rol e i n i ts da i ìy operati on. Temperat une , whi ch is the rnost

sìgnificant factor, has an annual mean of -18.2"c w'ith long periods

when 'it can be below -40.0oC.

l.l jnds in th js northern cl irnate are fai rly modenate with an average

annual speed of 8.1 km/hr. However, at times they can reach over

100 km/hr which, combined w'ith low temperatures, can cause extreme

danger when outdoors. The prevailing wind clirections are frorn the

west f rom Septernben to Aprì ì , mak'ing th'is a critical di rection for

blov¡ing snow. From observations of peopìe on site, however, the more

serìous blowing snow storms come fror.r the southwest. Because of the
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location of the Station on a small pìateau, this funther enhances the

bì owj ng snow prob'lem.

Preci p'itati on at Al ert i s very ì i ght, w jth an average annual

ra'infal I of 17.5 r'rm and average annual snowf al I of 14g.1 crn. Snow is

norma'lìy on the ground from September to June. Because of the

barrenness of the ìandscape, however, bìowing snow can be carried over

thousands of k'ilornetres and becomes a ser.ious prob'lem.

There 'is no sunìight at Alert for 4å months fron about

Oct ober 1lth to Ma rch 1st . The months of l'lay to A ugust , however , have

sunìight for 24 hours a day. Because of the ìong period wjth no

sunì'ight, power supp'ly becomes very crit'ical. The 24 hours of

sunl'ight durìng the wanmer months is a bonus in comparison because it
alIows work, such as outdoon construct'ion, to be done 24 hours a day.

Permafrost, which 'is ever present in the north, aìso câuses

prob'lens with construction at Alert. The active ìayer (depth of so.iì

which nonmalìy thaws each year) is onìy 45 cm, however when pressure,

such as a new buiìding is placed on an'ice ìense, it will cause the

ice to shrink away from the load, resulting ìn sett'lement.

A surrmary of .the cl jrnjtaì og'icaì data for Al ert is provi ded in
Table 1-1.

1.3 Statement of Problem

Construction 'in Aler t in the above cl irnatic condition is not on'ly

physica'lìy d'ifficu'lt, but ìogistica'lìy as weil: constructjon season

is very short and so is the time during which materjals are brought .in



ar Y TD ATD xtormrf,$rt6 tt?I iA m ?n 0¡n{t IrtC¡P¡ PNEt Olr voil¡t If¡ ISOLA ortrlrt ¡ I A;rtat, t
JAI ¡II

JArv . f¡vn
TA¡ APN llAY

¡ ll^ls . IYR . lt^l
.ir ¡rt ¡tE

¡-i,lt ¡,ltt Itott ¡
¡tP

t[Pt ¡
otc
Dtc

I0v
t0v

oc
oc

lxx
ATì

rfllPt¡Alunt( cl
,urlllr{
ílrln r
rlt Ax
trrRtÍt luxllrr{
trrRSXt lllx¡nx

PßtctPlrlrlol
nAt ¡f ALL ( tl{ )

trlnt,lt lL 2$n
¡rolfALL ( CX )

ÍxTnEXt lì eatn
l0r AL ( ll{ }

txr¡[xt l¡ t.l{n

H.r{ID¡1Y
YIPOtn P¡tsgtnt(fPll
DEI POIII( CI
n[LAtlYt ]lr{¡DllY(¡)

PntsStnE
str ttvEl(fPl)

H¡TD
PnEVllLlxG Dl¡EcIloì
sPE tD ( Xll/H )

PtAt( ll¡rD(fnlH)

SWSHl LE
BRIGHI SI'IISH¡TE{H}¡ or PosslBLt

-t?
0

-at

t.t
It.E
tt. t
ll..
lt.t
Ir.t

2.6
It. t
f.t
t.?

t2. I
¡1. t

0.o
0.0
1.2
t.t
ó.tt.r

0.0
0.0
t.5t.r
,.2t.r

.t

.t

.0

.t

I
0.t
?..
t.ó
?.t

10.2

-2t,2 -2).1 -tr.t -t0.¡ -!., ¡..
-t5 -!?.r -t?.0 -¡r.r -la.t -!..

-tr.ó -tt,2 -2{,t -lt.? -1,0t.t -2,2 -o.2 t.3 lt.z{0.0 -rt.. -at.ó -27.e -13.t

0.0
0.0
?.t

¡0.ó
?.ó

lt. t

T
a.t
¡ot

0.0
I

l2.t
14 ,7
10. .
l¡..

0.0
o.0
t.l

It.t
7.t

10. ó

l?.ttr.t
lat. r
25.2

Itr. a
zJ.2

Õ.a
0.7
t.ó

?0.0
-6. ¡

0.0
0.0

ltt,r
t7

r.5
t.6

t
t0. 2

t?

T
),2
6'

l0
t5

.5 a
,5

t.
-t.
0.

It.lt.

6.4 0.,
t7.0 1.5
¡0.t 13.0
22.) 25.2
tt.3 2t.?
2t.{ 25.2

t
1.. t

93

a -?.1
a -tl.?t -t0.,I ?.ó
o -28.2

-¡ó .0
-rl, t
-lt. ?

1.4
-t9. {

-26. I
-t3. r
-t0.0

3.?
-.6. I

-42.t
-t0. t
-26. a

0.ó
-43. t

-t..!
-2¡.ó
-lt. ?
20.0

-50. 0

ItxPta^Ìtnt ( C I
ltjrxtË Lt
Ht xl xAL t
tþYtil.t
,r^xlx^LI txtnExt
xnt¡xALt txTREltt

Pntc I P¡ tll¡oxs
0.0
0.0
t.?
0.t
t.3
t.t

0.0
I

t, .6
¡0. t
t3. 5
20.3

orrrts Dt
EXTNEHT

outts 0r
TTTNEXT

loÌat ( ¡il )

txtRtxt

Prut r 00t )

sun r.l{
tEtct(ct{}
sun 2ôH

¡un ¡ôH

5
3

66
20

tl
ó.ó
D'

0
0.
0.

t
7.4 H

.5
t0

7tl

t?67. ó
3E, ó

o.0
o.0

9
56

!t

lt
5.3
u3

xlll
6.5
ól

l{
t0. 3

93

t
7.2
tt

Hr{tDttE
lllllro! Dr Y^PEUR(xPA IPotIt Dt nostt( ctt{fitD¡tE ntl (r}

Pn E SS tox
TIV IIER(XPA)

Ytxr
DtR tþfitx^xTE
vt rEss t ( xt't/H )
Y¡rESSI t{ x(Kx/H)

I IS0LAlt 0x
lxsoL ErrtcTtYt (x)
FRACTIOX D'lrsol (¡)

T
t. t
It3

0.0
0.0

0 303.t 29e.0 r07.2
a?.2 10.2 2l .t 12. E

ló .2

l":''

:tr:,

la,

5 fl¡TlrtAtLt ¡ r$Ltr¡, 2
IrtAx

EETOIBR otüOYET DJû.RS roccuRRË¡ct sOE HlÉroHElt

a
o
o
0

2
o
0
o

30
a

30
4
o

3l
0

tt
z2
t

t
5¡

sEP oct ¡0Y
scPl . ocl . IOY .

l{^Y J¡t ¡rL ltre
H^l . Ir¡r JUtr[ . aout .

JAT TEI
JATY . FIYR

xAn APR
. xaRs . lYn .

DEc AIX
oEc . lix

2.
a
0
0

2tt
t3
0
0

0

¡t
0

t
I
0
0

0
0¡
¡
,
I

o

ó
2
o

ó
o
0
o

0
o
0
0
a
I

0

t
I
0

t
o
o
0

0
0-,
0
I
3
¡

0

3
t
a

ó
a
I
0

0
o
0
0
2
I

0

t
a
¡

!
t
0
0

0
0
I
0
I
{

15. .o0ot0
5
3
0

7
I
a
0

0
0
I
0
I
7

t2t
a

12¡
I
¡

0
0
I
o
2
?

9
a
a

9
!
a
0

0
0
a
0
t
4

t
3
I

t
0
0
0

0
0
0
0
3
?

t
3
r¡

t
a
0
o

0
0
o
0
5
¡

tl
a5

a

tt
a
a
a

0
0
t
I

2¿
aó

lo¡
¡
o

o
0
2
0
a

10

lEXPERAttnl(x xI) 0c) ttc) 30c) t5c
ItHPERIÌtnt ( X¡r )-0n( 0C) 0c( -2C(-20c(-trc

..?6
00¡
000
000

30 tt 3rr0021
30 3l t(x
29 30 207{13t3

PnECt PttAltot
(RA¡rl

¡ OR ) O.2 ltt(srü)
fnIFlli¡îTrors

- OIJ ) 0.2 l¡{
ITEtGE )¡ dJ ) 0.2 ll{-(Ìr) tcll-dJ) l0Cl{

lH.HDEnSTof,r{s
lt^t t
Fnttz¡)G PcPt
srtoKt on xAzf.
BLOfl¡rc s¡oi
FOG

ORAGE
GNELI
PRIC VEnGLACAXIES
tl'lEt q,, BRrr{t
CHASSE-XE¡GI ELEYEE
IROU¡ LLARD

¡Ol)0.2Cll
-oß) lcH.m) locx

( IoTAL l-on)0.2 lll) lo ¡¡.) 12 tr{) 25llr

lE,{PÉnAtunt ( x^x I) oc) ttc) toc)tc
rExPERAtut(lt¡¡)¡qr( 0c) oc

< -2C(-20c
(-t5c

( lorll )- ot ) 0.2 l0{
)
)
t

l0 rq
12 ll{
25Æ

0.O02ttS
0O0O0O¡
0000000
0 o o o 0 o o, i

312a!tæ3t2aló
0O0O.al5

tt2ttt303t¡!2
tt2E3t2't500tr¡0zz50oo

r':1'

I
tt,

:ì.t

ì
t::'
]].:ll

',,1ì
.''l

:tì:

:',:a

'.),

:::

IABL{. t
ÌA8LE^I 3DEGREE-JcLrRs

DFGRT

t8
ló
t,
l0,
o

+
21
IE
t5
lo
5
0

I

ßEttRExct
c
c
c
c
c
c
c

)
)
)
)
)
)
)

0
0
0
0
0
0
0

o
0
o
o
0
o
0

o
o
0
0
0
o
o

o
o
0
0
0
0
0

0
0
0
0
0
0
7

0
0
0
o
o
o
o

0
0
0
0
0
0
0

0
0
0
o
0
o
o

0
o
0
I

33
201
597

21
IE
t5
l0

5
o

I

C

c
c
c
c
c
c

.tr1
L

I

oct
0ct

APn
AYR

ltY
xAt

DEC
Dtc

lroY
I0Y

JUI
JUIT

AI'|G
AO{JI

SEP
SEPT

SEU¡L
<18(ló
<t5
<10
<5
<0
<-5

,19
c51
826
67t
5r6
3ót
2¡3

I t6?
I r05
1074
919
761
ó09
151

t337
t277
12.1
1097
9{7
797
6{7

57t ô+9 530 E45
51t 3E7 {ó8 ?854lt 356 {37 755331 202 2E2 505It3 67 13ó .55ót I 3t 30ú903167

0000
0000
0000
0100
2 .20 9 030 tlo 59 0L27 253 t86 t2

JA'I
JAXV

l55t
lat9
1456
1303
ll4E
t93
t38

FE3
T EVR

tan
l40l
1373
l23l
l090

9óE
t07

ItR
IrARS

A¡lr
AIx

t5r6
1524
l{93
1338
lt83
lo28
873

L2E5
t225
lt95
t(X5
t95
7a5
595

la8{
1122
¡39r
123ó
to8¡
926
77r

t3tt6
t2a55
12090
10266
ta?0
6Et3
53E2

Table 1-1 CFS Alert Cl i ma to'l og i ca I Data



6

PRINCIPAL STATION DATA _ PSD

Reference Notes

Mo¡t of the dat¿ ¡rc obtained fiom regular hourl¡ wcather observationc. Special obsenations m¡de bel\À'ecn the tlmes of regular hourly
ob¡crvation¡ arc not inc¡udcd, All obrcrrations ¡rc madc ¡t lhe sarnc hourr of local standard time thtou¡ìout the ycrr.

I dcnotc¡ s pcrccntâge value lcss than 0.05 (but not ze¡o) ol at lcasl one obsenation of r specific elemenl during the pcriod of record.

TOTAL OtsS[RVATIO]{S rcfers to ¡ll the hourl¡' wcrther obscrvation¡ regardlesr of whethe¡ the rpeciñc elemcnl was obseryed o¡ not.

ALt HOURS is calcula¡ed fiom all ¡vailablc hourly values fo¡ 00 to 23 houn, inclusive.

Unless otherr.r'isc indicated rll frequenc¡' tables are expressed lo the nca¡est tenth of a pct ccnt snd ¡te obtained by dividing the numbe¡ of
obseryations of r rpecifred condi¡ion for a speciñc pcriod by the total numbcr of observations witlr or w¡thout thal condition ¡nd fo¡ that ¡ame
pe riod.

T¡ble I

Mcans a¡e fo¡ the no¡mal period l95l-1980; ext¡cnles arc selccted $ithout regard to changes in station loc¡tion during lhe fulJ period of
¡ecold to the cnd of 1980. Total precipitation is the total uatcr equivalenl of ¡nowfall and ¡ainfall.

lrlonthly mean values of humidity, pressure, r¡i¡d and sunshine arc calcul¡ted fiom daily values which ¡Je lversges of hourly readings.

Pc¡k u'ind is thc maximum gusr spced on ¡eco¡d observed fiom a dial indicator o¡ ¡bstracted f¡om a conti¡uou! cha¡t tccord.

9ä of POSSIBLE (sunshine) is the ¡atio (exprcssed as a per ccnt) ofthe du¡¡tion ofsunshinc that isobscrved ¡t thst ttation to the duration
of ¡unshine that would bc obsencd if thc tcnain u as lcvcl, no obsl¡uctions existed, and the sky was cleat.

fxl¡clnc ¡ainfall, cxt¡eme cnow'fall and cxt¡cn¡c total prccipitation ¡efe¡ to thc grc¿lett accumulalion in orrc d¡y.

T¡bþ 2

TllUliDIRSTORMS: ¡ dry when thunde¡ is hea¡rl, or r¡hen lightning or h¿il ir seen but thundel is not hea¡d bccau¡c the rmbient noiç ir tootoud.

HAIL: a day n'ith arì occunenæ of precipiution of small balls ot pir.-ces of icc (hailstones) u'ith a diameter of 5 mm or morc.

l'Rt:LZlliG PRtCIP¡ÎATlON: a day with an occrrr¡encc of freezing rain ot fieezing drizzle of rn) quantily, ?ven ¡ ttacc, thal freezes on impact.

Sl'IOKL OR IIAZE: r day whcn the visibility is ¡ertricled to l0 k¡n or less bccause small dr¡ particlcs are suspended in the ¡ir. There parlicles must
bc rufñciently nume¡ous to givc thc air a grccnish.¡'elÌou', litht-B¡eyish ol bluish hue fo¡ smokc, or a milky or pearly huc fol h¡ze.

tsLOWl:\iG SI{OW: a day when the ho¡izont¿l visibility ls ¡estricted lo t0 km ot tess bccaus¡ snow particlcs a¡e ¡aised by the u¡ind lo eye levet.

['OG: ¡ day *hen fog occurs, i.e., *hen the hori¿ontal visibi.lity i! rest¡¡cted to lcss t]ian I km becsuse very rmall w¡tct droplets are suspended in
the ai¡.

Fo¡ I'Sl)¡ printed in 1983, drr¡ r¡c nol ¿vailablc for the meen number of drys wi¡h rn occunencÊ ol hail, rrnokc ol heze, blowing ¡now ¡nd
fog.

T¡ble 3

llonthly means of degrce-days a¡e ¡ounded to the nearest n hole degree, bul arc nol adjustcd to make tÌ¡e ¡um of the montlrly values exactly
equal to thc a¡rnual total.

Source: Envfronment Canada, Prlnci I Statlon Data PSD-70 Alert,
Atnospheric EnvLronmental Se ce.

Tabl e 1-1 CFS Alert - Climatolog'ical Data (Continued)
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by water to Thule, Green'lancl, ìocated 500 km to the south, whence ìt
'is air I iftecl to the s'ite. It is therefore imperative that al I

construct'ion be carried out w'ith a mi nimum of error, for once a

structure is in pìace, there is very l'ittle chance of it being rebuilt

should problems arise from its design or its location.

Hence, the purpose of this study is to determine experimentaì1y,

prior to any actual construction, the optimum location of proposed new

structures on the station to min'imize the d'isrupt'ive effects of snow

drifting on pattenns of c'irculatìon with'in the site, particu'lar'ly'in

cases of emergency. The results of the experìments descrjbed in this

study shall form the bas'is of the recommendatjons contaìned therein.

1.4 Hethodology

This study was carrjed out by the following method:

â. Research was first conductecl by doing a computer search for

'infonprat'ion on snow and snow clrift'ing through The Canaclian Inst'itute

for Scientjfic and Technical Information (CISTI) ìn 0ttawa. Thjs was

followed by a search of unìvers'ity libraries and other sources for

related materials. (A bjbliography and I ist of references wilì be

found on page 136 of thjs report.)

b. A model of the ex'isting site was then built and tested 'in a

water fl une wjth sjmul ated snowfal I to determi ne what clri fti ng

patterns would occur.

c. A similar model, but on a larger scale, was built and p'laced

outside to determìned what drifting pattern would occur in nearìy real
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condi ti ons.

d. The results of model testing were then calibrated by comparing

with actual on-site drìfting. This cornparison was facìl itated by snow

drift readings ìn specific locations at the sìte, and a site vìsit.

ê. 0nce satisfied wìth the cal'ibration, testìng was carried out

on four proposed s'ite ì ayouts. This testing showed the driftìng

patterns for each of these proposals.

The fìnal part of the study was an ana'lysis of the findings and

recommendat'ions were fonmul ated.



CHAPTER 2

CANADIAN FORCTS STATION ALERT

2.I Introduction

In order to apprecìate the present situation at CFS Alert it is

important to look first at'its historic background and at the pìans

for its future. In this chapter the stages of its ear'ly developnent

w'ill first be looked at, followed by exist'ing proposaìs being rrrade for

future development. Present construction technìques at the Stat'ion

wilì then be dìscussed.

The reason fon the present site layout should become apparent from

thi s chapter, âs wel I as the need for the alternat'i ves bei ng

proposed to be subjected to a snow dnift ana'lysis.

2.2 Hi stori c Background

CFS Al ert was f i rst establ'ished i n 1950 as a radio ancl

rneteorologicaì station. The Department of Nat'ional Defence (DND)

presence dates back to 1955, when erectj on of the fi rst Genenal

Purpose (GP) huts took pìace. The ìong terr¡ requi renents for th'is

stat'ion were not confirmed until 1965, so up until that time on'ly

tenrporary GP bui ìdings were constructed. From 1964 to 1971, the

second phase of development took p'face. This saw the construct'ion of

utilidor servìces (encìosecl links between buildings, carry'ing all

ut'iìit'ies) as well as the first penmanent steel buildings. Permanent

bu'ildings constructed during this phase are shown in Figure 2-1.
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The th'ird phase of construct'ion at the station was associated with

project 'Trelar' which init'iaìly provided $4.9 milì ion to upgrade

livìng accommodations. This project was further extended to provide

new operational facilities and to'increase the economjc viabiìity of

the station. It was during this project that a development p'lan was

ordered, the purpose of whjch was to assess the extent and magnitude

of the program. This development plan, which was prepared during 1977

ancl 1978, also recommended a snow drift study to identify probìems

with buiìding access and snow removal that might arise from the

construction of the new fac'il it'ies.

Since 1971, thìs thind phase has seen the construction of the

several perrnanent buildìngs as is'ilìustrated'in Figure 2-1.

2 .3 CFS Al ert - Devel opment P'l an

The first CFS Alert Development Pìan prepared during 1977 and 1978

was a very comprehensive report consisting of three major components,

the buiìding survey, the analysis and the development p'lan. The

purpose of the pìan was to outline deveìopment at the station for the

perìod 1980-2000. The plan was based on the foì'lowìng assunrptions

wh'ich are still val id today:

a. that the existjng roìe of the statjo-n wilì not change;

b. that the ex'istìng personneì strength will not s'ignìfìcantìy

change;

c. that vehi cle establ ishment wil I renain approximateìy the

same;
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d.

Thuì e;

T2

that resuppìy w'iìì contìnue hy cor¡binecl seal1f t/airlift thro¡g¡

€. that equ'iprrent will be more modern providing increased

capabiì'ity, recluced conmun'icatjons, naintenance and manpower per un'it,

but add jtiona'l equipment wi'lì be actded to the inventory; and

f . that Atrnosphenic tnvj ronrnental Serv'ice (AES) dornest'ic funct'ions

wìll be consoliclated with CFS Alert with the ultimate retention of only

operat'ional faciljt'ies at the AES s'ite.

Sìnce 1978, when the pìan vlas comp'leted, CFS Alert has seen the

construction of several buiìdings. These are shorvn in Figure 2-2.

Bui ìd'ings that have been demol'ished .si nce the p'lan was prepared are

shown in Figure 2-3.

A building survey of all exist'ing buildings is provided in

Annex A.

The new buiìd'ings nep'laced older bu'ildinqs wh'ich had exceeded their

I ì f e expectancy. These new bu'i ì d'i ngs prov'i de a much more modenn ,

ef f ic'ient and comfortable env'i ronment for personneì at the station.

!l|ith new bui'ldings be'ing constructed and olden buildings

dernolished each year for the past severaì years, the foot print at the

station has been in almost constant change. Th'is !as made it mone

d'iffìcult to predict what snow drifting patterns will occur each

yea r.

An update of the CFS Alert Development Plan was submitted by

Communjcat'ion Command in llarch 1985, for the period 1986-2000. Thjs

update proposes the constructjon of the fol'lowìng new bujldìngs in the

near future as Per Fìgur"e 2-4.

,t.
..:..
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Planned Year of Const.Use

a. Constructìon Eng'ineering (Ce )/f i rehall

b. Vehìcle Maintenance Bu'ilding Extension

c. Sen'ior Staff lless and Quarters

d. Transi ent 0uarters

e. Trans'ient Quarters

f. Power Pl ant

g. Extensi on to GYmna si um

h. Sewage Plant ('if required)

j. Sol id l^laste I ncineraton (i f required)

Buiìdings slated for demol'ition in this

fol I ows ( see Fi gure 2-5) :

Bui I di nq

I 986

198 7

1988

1989

1990

1 991

1992-2000

I 99 2 -2000

199 2 -2000

updated pl an are as

a. No.

b. No.

c. No.

d. No.

ê. No.

f. No.

g. No.

h. No.

j. No.

k. No.

m. No.

n. No.

t2,

11,

18,

16,

53,

24,

52,

51,

50,

49,

48,

25,

CE Shops

F'ire Hal l
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t'lobi I e Support Equ'ipnent Supply

Senjor Staff Quarters

Trans'ient Quarters

Quarters

Q ua nte rs

Q ua rte rs

All Ranks Lounge

Q ua nte rs

Trans'ient Quarters

Yea r

1986

1986

1987

19BB

1989

1989

1990

1990

199 0

1990

1990

1990
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p. No. 26, Transient Quanters 1991

q . No. 23 , Trans i ent Quarters 199 1

r. No. 2I, I CtU Detachment 1992-2000

The Dìrectorate of Construction Engineerìng Requìrements (DCtR) at

National Defence Headquarters (NDHQ) has looked at this proposaì with

some interest. DCER is concerned about the site ìayout ancJ has stated

that a feasible sìte plan should be developed and validated by a snovr

drift study.

As can be seen frorn previous, and the proposed future developrnent,

Alert 'is presently 'in the rnidst of a ma jor reconstructì on prognamne

which shouìd, when completed, provide a very modern and efficient

envi ronrnent for m'i I itary personnel. Constructi on f or 1986 w'ill be

goìng ahead because the foot'ings have already been pìaced and all the

matenial is on site. Decisions on whether the other proposals w'ill

proceed, must be made soon s'ince some facil'it jes, especia'lly the

Veh'icle Maintenance Building, are already'in the design stage.

In this study, the above proposal wìll be tested to detenmine what

changes will occur to the present. snow drifting patter"ns. Aìthough the

study w'ill look at rninimizing the requ'irernent for snow removal in

generaì , the ma'in concern i s the safety of th'is envi ronment duri ng the

previous'ly I isted developrnenta'l stages, particuìar'ly if a fire broke

out and emergency response were seri ously impai red by snow dri fts

blocking roads and access to bu'iìdìngs.
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2.4 Northern Construction

Because of its isolation, aìì ner^J construction at Alert must be

carrìed out using m'i ìitary labour. 0utside contractors are onìy

brought 'in for techn'ical assistance 'in areas where the mi'l itary do not

have the expertise read'iìy available.

Although permafnost presents many probìems the mi ì itary have

'l earned to cope with it very we'ì'l , as i s evident by the success of new

buiìdìngs beìng bujìt. S'ince the act'ive 'layer is onìy about 45 crn,

most bu'iìding foot'ings are buìlt to a depth of 1 metre on more. For

buì'ldings bu'ilt on sl abs, the floor is f inst insulated and venti lated

to prevent the meìt'ing of the permafrost layer through heat transfer,

before the f ini shed surf ace is p'laced. Other bui'ldings are raised

above the ground provìdìng about a 1-metre space between the bottorn of

the floor and the grouncl to reduce heat transfer to the ground.

Because of the envìronment, construction at the station rnust be

carefu'lìy pìanned and scheduled so that all outs'ide work can be

compìeted during the short summer. Plann'ing must be done well in

aclvance because construction rqaterials ane sent into Thule by sealift

and from there to Alert by airlift. Idealìy, matenial is shipped to

Thul e and then ai rl i fted to Al ert a year before the project is

schedulecl so the work can conrnence as soon as possìb'le the fol ùvring

yea r.

Aìthough CFS Alert's geographical locatjon makes it a desolate site

f or a statìon , DND has I earned to I ì ve with the env'ironment w jth

mìnjmal diffjcu'lty. Studies such as that reported'in this practicum

will help in the future developnent of th'is statìon, as well as future

sites and thus further expand knowledge of the north.



CHAPTER 3

THE I,¡ATTR FLUME MODTL

3.1 Introduction

The study of snow drift patterns at CFS Al ert was conclucted

through two simulat'ion modeìs, one 'in a water f lume and the other

pos'it ioned i n a natural snow envi ronment (outs ide in the open). Th.is

chapter w'il I deal wìth the theoretical concept of snow drift
model ì i ng. It wi I I further descri be the const ruct ion, testi ng ancl

calibratìon of the waten flurne model (1:600 Scaìe). The outdoor moclel

(1:120 Scale) w'i'll be discussed in Chapter 4.

3.2 llodel ì ing Background

The predìction of snow dri fting patterns anound an 'isol ated

bu'i'l dì ng can be made ea si ]y us i ng mathemat i ca I model s 'if wi nd

dj rection is well defined (see Figure 3-1). However, when ,buìldings
are located'in close prox'imity to one another, the wjnd floyr becomes

much rqore compl ex mak'ing ì t extremeìy di f f i cul t to detenmi ne

mathenaticaì'ly the resu'lting snow drj fting patterns. By constructing

a model of the s'ite, and by simulat'ing wind djrection ancj

precìpitatìon, one can easiìy obtain qua'litat'ive predictjons of

drifting patterns. The model can also easiìy provide clrifting

patterns for various changes to the existing sìte, therefore, heìpìng

to i dentì fy possi bl e futu re probì ems rel ated to devel oprnent

proposal s.
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The snow drifting stucly of CFS Alert was conducted by testing two

models, one in a water fìune, and the other outdoors in natural w.inter

conditions. The use of models in a water flume for the study of snow

drifting, and ìts impact on s'ite selection has been appìied

extens'iveìy. For exanple, one such study hy Intercl'isciplinary

Engineering 0ompany of l.l'inn'ipeg1, looked at snow drifting probìems

for the buildì ngs of the smal I corrmunity of Baker Lake, locatecl

240 krns south of the Arctic circle. The principìe of water flume

sirnulation is as follows: for a certain range of veloc.ities of a

flu'id medium, heavier particles in the denser medium would behave

sìmììar'ly to ìighter particles in the lighter med.iurn, hence fine

silica sand carried by the water current genenated in a hyclraulic

flune behaves in a manner similar to drifting snow in nature. Thus,

through the use of such hydrauì ic models th.is study was able to
determi ne the best orientation for a new recreation complex, b.y

minìmizing the snow driftìng impact on access and snow load on thå

structure. The study also determined the best location ancl design of

res'identjal developnent for the corrnunity.

In the Baker Lake study'it was pointed out that the use of moclels

jn a water fìune could provìde very good quaìitative results jf snow

dri fti ng patterns were known in the fierd. However, since the ratio
of the size of sand panticles to the size of snow is much larger then

that of the ratio of the rnodel to prototype scale, a theoreti cal

sol uti on provi d'ing the same nesul ts .is impossi b'l e.

The United States Army has done extensjve research jnto northenn
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development at its Cold Regions Reseanch ancl tng'ineering Laboratory

(CRREL) in Hanover, New Hampshire. One of these studies involved the

testing of models in a water flume to determine the specìal criteria

that shoul d be fol lowed 'in order to simulate snow dt^ì fting

patterns.2 The tests, whìch were carried out on several moclel

scales and water flow veloc'ities, showed that model scale and flow

velocity had very ìittle impact on the clrifting patterns. These

patterns wene very similar for all models under all velocities of

flow. Since in these tests, the sand rvas p'ìaced down w'ind of 'the

nodel s and not added to the water during fìow, the on'ly restrì ction

was that flow velocìty had to be greater than the threshold veloc'ity

of the sand particle. Threshold velocity'is the speed at whìch sand

particles begin to free themselves from the surface.

In another research report by CRRtL, drifting snow was

investigated us'ing a water flume.3 In this study, various sizes and

types of snow fences were evaluated so that mode'lìng parameters would

be defined such that quantitative correlation between rneasured

prototype drift condjtions and the model would be possible.

Re I evant concl us i ons f rorn th'i s repont were:

a. the use of sand-water anaìogy for nodeìing of driftìng snow

appears usefuì ;

b. s'imulation of the atmospheric boundany layen is very

i nportant ;

c. sjmul ation of the precipitation rate i n the model i s not

essentiaì, and a hìgh rate may be used to reduce the t'irne scale; and

d. the model must be constructed in detail.
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I n an arti cl e i n Uhique, M.A. Kears'ley provi des an ì nteresti ng

look at how 'in the past DND has used rnodels in a water flume to

correct snow clrifting and wind related probì ems.4 Kearsley states

that solut'ions to snow dri fting probìer,rs can be found usìng two

d'ifferent approaches. In t.he first, snow is deflectecl away from the

crit'ical'area, while 'in the seconcl, snow 'is coìlected ìmrnediateìy

upwi nd of the crit'i cal a rea.

In a study of snow drifting around The Canada Bujld'ing jn CalgârJ,

de Krasinski and Anson also have used the water and sand analogy to

concluct tests on a model of the bui'ld'ing.5 I n thei r study they

cluplicated the angle of prec'ipitation and the angle requìred for

saltation to occur on the model, in order to sat'isfy similarìty

criteria. Saltatìon js the process wheneby sancl part'icìes are freed

from the surface by water veìocity and when they strìke the surface

again they cause other sancl partìcìes to free themselves from the

surface, thus making a cont'inttous cycìe.

The inrportance of the angle of fall of the particle being the same

for both model and prototype, 'in onder to have kinemat'ic sjmilarììy,

was also shown ìn another articìe by de Krasjnskì and Szuster.6

In contraSt, a report by R.J. K'ind indjcated that the use of the

sand and water analogy to represent wind and snow, was not recommended

because the saltation process in watelis consìderably djfferent from

saltati on i n ai r.7

As can be seen, there have been numerous reports on snovr drifting

us'i ng model s in a water f I une, al bei t not al I be'ing in agreement. The
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f act that the water f I urne in the Uni versì ty of Ì"lanitoba C'iv'iì

Engineering Department's hydraulic laboratory has been used

extensively i n the past for simi lar testing certai nly supports thi s

approach. Because of prev'ious testing with these facilities, both the

angle of fall of sand part'icles and type of sand used were known anrl

djd not require calibration. Also, the water veìocity used could be

based on previous testing results.

The use of the water flume to determine driftìng patterns ìs

defi n ì teìy a useful approach even though the resul ts are on ìy

qual ì tati ve. The I ow cost and the speed w'ith wh'ich resul ts can be

obtained make it an important tool in any snow drifting study.

3.3 Constructinq the 1:600 Scal e lloclel

For the test'ing in the water flume, a smaìì model to the scale of

l:600 was constructed on a 850 mm cjrcular base made of 16 mm th'ickq

pìywood. The c'ircul ar base was designed to f it 'into the f raming on

the floor of the water flume and would also make it possib'le to test

drjfting for several wind directions by simpìy rotating the base.

The topography of Al ert was nodel I ed by gì uei ng ì ayers of

cardboard on top of one another, each layer be'ing cut at the next

higher contour l'ine. The contours were initiaì'ly determjned frorn

1 Construction tngineerìng Unjt (1 CEU) drawings and a survey of

ground elevatjons near each buììdìng, which was conducted in

August i985. Since the cardboard stock used to bu'ilcl up the contours

was not thjck enorrgh to represent each 1 metre rjse in elevation it
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was necessary to draw the contours at intervals of 0.87 metres. The

contours for which the model was built are shown in Figure 3-2.

After the cardhoard layers had been gluecl onto the base, it r^las

then necessary to srîooth out the ridges on the model. This was done by

using plasticine along the edge of each contour so that there wouJd be

a smoother drop clown to the next contour.

After the pìasticine had been used to make a more natural land

slope, the entire model was pa'inted with a sealer to rrrake ìt
waterproof . Then the surface was coated wìth a brovrn varni sh, aga'in to

protect the surface, but also to s'imulate the ground surface.

Al I the buì'ldìngs 'in the model were constructed using wood.

Dìmensions for the buiìdings were determined from I CEU drawings and

measurenents taken during the site vis'it in August 1985. All present.

buììdings at the site were painted orange so that they wouìd show up

c'learìy duri ng the testing. Buildings not slated for futune demol jtion

were attached to the model with gìue ancl nails, while build'ings slated

for demol'it'ion v^rene only nailed so that they couìd be easily removed.

New buì'ldìngs proposed for the site were pa'inted yeì ìow so that

they could be clearìy identified during testing. All roads or vehicle

parking areas were paìnted gray. Figure 3-3 shows a picture of the

model representing the present site at CFS Alert.

3.4 Test'inq the 1:600 Scale l{odel

The water flume model was tested 'in a 12.8 r,'r long by 908 mm wjde

water fl une in the hydraul ics laborator"y at the uni versìty of
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1 :600 Scal e llodel of CFS Al ert Showi ng Existi ng S'ite Layout

Figure 3-3 CFS Alent - Model
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llan jtoba 's C'iv'il Engi neering Department. The centre of the model was

positionecl 7.47 n f ron the inflow as shown 'in Figure 3-4 (a). The

morlel was oriented so that the water flow would be from the southwest

since this r^tas determ'ined to be the predominant wind di rect'ion when

drifting occurrecl at the site. The determination of the domìnant snow

drìftìng wincl di rection was based on discussions with peopìe farniljar

wjth drifting at the site. The moclel was then screwed to the base

supports with four wood screws for stab'iìity during testing.

Since the model vras bui I t. up to represent the contours, thi s

caused a ridge to be present on the edge when'it was positioned'in the

water f lume. Th'is ridge had to be el inri nated on the f ront side

because it would seriously affect the drifting over the model. Such a

¡idge would cause a great deal of additional turbulent flow thus

compìeteìy changing the drifting pattern. In order to eliminate the

affect of this ridge on the test,'it was necessary to build up the

fnont edge of the model to ensure a smooth flow of water. Thjs was

done by buiìdìng up a graduaì sìope with plast'icine as shown in

F'iqure 3-4 (b) .

The water vras pumped jnto the water flume from a storage tank

located on a lower level. The depth of water was control'lecl hy a gate

located at the out flow end of the water flurne, wh'ich could be raised

or lowered by hand. Ve'locìty was control led by a valve whjch

regulated flow from the storage tank.

The water depth f or the test'ing had to be suf f ic'ient to ensure

un'iform flow over the build'ings with no surface flow ìnterference.
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t.

(a )

l.lodel was positionecl 7.47 n f rorn the water jnflow.
Arrow indicates direction of waten flow.

(b)

Arrow 'ind'icates where model edge was el 'imj nated with p'last'ic'ine.

Figure 3-4 Model in the l,later Flume
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Sìnce the taìlest buììding on the model was less than 20 mm, a depth

of 235 rnrn vras considered suf ficient for the f i rst test.

Velocìty of the water had to be suffic'ientìy strong to ensure that

saltation of the sand particles would occur, but not so fast that they

would wash all the sand away. Based on past tests, a water velocìty

of 0.24 m/s was dee.rned appropriate.* The water velocìty was measured

by'inserting a water velocity meter to a depth of 120 mm 'in the middle

of the water flune, directly in front of the rnodel. F'igure 3-5 shows

the water velocity meter as well as sarnple calculations for the first

test.

The sand used in the model testing was silica size 60-100. This

was selected because of previous satisfactory results.* The sanrJ was

dìspensed through a plexigìass hopper positìoned across the water

flurne and 1.35 m 'in front of the centre of the model . The hopper had

a series of 30 holes, each 4.7 mrn 'in d'iameter at 25.4 mm 'intervaìs,'

which allowecl the sand to flow evenìy out across the width of the

wat.er f I une.

The posit'ion of the sand hopper was crjtical because'if it were

too close or too far away, not enough sancl would reach the model. The

amount of dri ft'ing sand that would cover the rnodel was determi ned by

the quant'ity of sand p'laced in the hopper. Fjgure 3-6 (a) shows the

sand hopper in 'its posi tion rel at j ve to the model and (b) at the ti me

when sand 'is being dìspensed through it during testìng.

*Approprìate water veloc'ity and sancl used for test'ing
extensive testìng wh'ich the techn'ic'ian jn the'laboratory
out ove r a nurnber of yea rs.

was bas ed on
had ca rri ed
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l.loul i net Type 10.152 No. 19270 Date 17 .7 .72

Calculat'ion of water veloc'ity for f i rst test:
X=5
v= (

v=(
v=0

1 rev/60 sec = 0.850 rev/sec (rneasured)
0.7382 x X + 0.151) ttls x .305 m/ft
0.7382 x 0.850 + 0.151) x .305
.24 n/s

F'igu re 3-5 l,,later Velocity Meter
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(a)

Sand hopper rel ative to rnodel .

(b)

Sand hopper dispensing sand during test'ing.

F'igure 3-6 Sand Hopper
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After the sand had been dispensecl through the hopper and allowecl

to dri ft over the mocle'l , the water I evel was sì owly lowerecl so that

the drift'ing pattern formed was not disturbed. þlith the aìd of flood

I jghts and a polarjzed fiìter, photographs were then taken of the

results. It nrust be notecl that no photographs were taken during the

actual test .because turbidity and turbul ence of the watelin the fl ume

woul d not al I or¡r a cl ea r vi ew of the rnoclel .

3.5 I ni ti al Test Resul ts

The first model tested was the present s'ite layout at CFS Alert as

shown in Figure 3-2. For thjs test, the model was positioned so that

wind direction would be from the southwest since this was considered

to be the d'inect'ion from which most clrifting occurred.

For the finst run of the water flume onìy a small amount of sand

was dispensed through the hopper. The results of thjs run are shown

'in Figure 3-7

In the second run, a ìarger quantity of sand was appì'ied 'in orcler

to cause more extensive drifting to occur on the rnodel. The results

of th'is run are shoy¡n 'in F'igure 3-8. An ìnterest'ing observation

du¡ing this testing was the minìmal drifting which occurred around the

fuel storage tanks when compared with drift'ing around the bujldings.

Thìs was because the circular shape of the tanks caused a srnoother

wi ncl fl ovr arouncl them anci thus reducecl the edcJi es that caused

driftinq.

It should also be noted that the heavy drifting, aìthough not
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l,lith lìght driftjng pattern,-the road network js still visible. The
southwest side of all bui'lcl'ings are clear of drifting, while on the
other s'ides dri ft'ing has started to deveìop. Arrow 'ind'icates wind
d i recti on.

(b)

This fi gure prov'ides a closer look at the technical buildings. Lange
drifting is ev'ident at the northeast corner of the new Supp'ly bu'ilding
(A). Drifting is also developìng on the northeast sjde of MSE Supp'ly
(g) and on the northeast side of MSt Garage (C).

Figure 3-7 Light Drifting - Present Site
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(c )

Th'is figure prov'ides a closer look at
the new Multi Purpose Buiìding, Barrack
Blocks and 0perat'ions. Drifting is
occurring hetween the 14ulti Punpose
Bu'ilding and the adiacent Banrack Bìock'
southwest of the linkway (A). A similar
pattern i s a'lso deve'loping between the
other Banrack Blocks and the Openations
Building (g). The northeast sjde of the
ìinkways are also beg'inning to drift
in (c).

Figure 3-7 L'ight Drift'ing - Present Site (Continued)
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(a )

View fronr the Hest. Arrow indìcates wind d'inection.

(b )

View fnom the Nonth. Arrow indicates wind direction.

Figure 3-8 Heavy Dri ft'ing - Present Site
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Vi ew f rom the northwest at a I ow ang'le. Note
neached the top of most of the smaller buildìngs
side, while the southwest 'is mostly cl ear.

that
0n

drifti ng has
the nontheast

(d)

Note the extensive drifting occurring at the northeast conner of the
Powen Plant, Bldg 20 (A). The power" plants exhaust system is located
'in this corner of the bui ldi ng and a 'lange cover had to be constructed
over the exhaust because of seri ous dri ft'ing prob'lems here ì n the
pa st.

Figure 3-8 Heavy Drjfting - Present Site (Continued)
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Drift'ing on the northeast s'ide of
whìle the southwest side is not as

(e)

the ìinkways is
extens'ive (B).

up to the roof (A),

Drì ft'ing
techni cal

(f )

has been very extensjve a'long the northeast
bui I dìngs , especi al'ly between Bui 1dì ngs No. L 1

s'i de of th e
and 12 (A).

Figure 3-8 Heavy Drift'ing Present Site (Continued)
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(g)

Driftjng around the fuel storage
tanks has been minor since the
circular shape allows the flow to
be more I am'i nar, thus reduc ì ng
edd i es on the I eewa rd s i cle.

Figure 3-8 Heavy Dri fting - Present Site (Continued)
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on sì te,

unlimitedhappen i f

snoþr.

3.6 Cal 'ibrat i on of the I'lodel

In order to validate results in a laboratory it u,as necessary to

show that these results relate to what actua'lly happened at the site.

The rnodel snow drift'ing results for the present site were therefore

compared vrjth actual drifting.

The comparjson between the Iaboratory and actua'l driftìng patterns

was carried out jn three ways:

ô. snovl drift patterns on the model were measured at specific

locat'ions and compared w'ith measurernents taken at the same 'locat'ions

at the actual site;

b. snow drj ft patterns on the model were compared with reports

f rom 'informants who had visited the site or were aware of where

drift'ing occurred in the past; and

c. an on-site survey was carried out during the winter to compare

laboratony results wjth the actual snow drifting that hacl occurred.

In order to compare the snow drift'ing patterns with measured data,

snow stakes were positioned on site jn August 1985 and readìngs wene

collected weekly commencìng jn October. Fìgune 3-9 shows the locatjon

of the snow stakes at the site. The snow stakes had to be positioned

j n areas where they woul d not norrna'lly i nterfere wi th snow cl eari ng.

The snow stakes were 2"x2"s 10 feet long with a coating of white
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prirner. They were marked at l foot'intervals w'ith red tape. They

were spaced w'ith the f irst stake acljacent to or w'ith jn I foot of the

buì ldi ng ancl subsequent stakes at 10 foot 'interval s 'in a cl'irectìon

perpend'icul ar to the side of the bui ìcli ng. Because the grouncl was so

hard, it was necessary to drive angle iron, which had been cut to

5 foot 'lengths and pointed at one encl, into the ground and then tje

the snow stakes to the angìe 'iron with wire. Figure 3-10 shows the

snow stakes positìoned on the east side of Building N0.125, wh'ich is

one of seven locations shown in Figure 3-9.

Arrangements were made, duri ng the August 1985 s'ite vj sit, with

the Alert Weather Stat'ion to have the snow depth at each stake nead on

a weekìy basis, and to provide the information on a monthly basis,

once some precip'itation had fallen. A summar"y of these readings is

prov'ided jn Table 3-1 . ,.,

The depth of drifting on the model was also measured at the same

locations as the stakes, after the heavy drifting had occurred. These

rneasurements are also provided jn Table 3-1. Because of the small

scale of the model, these reaclings are very rough and onìy senve to

'inclicate the general s'lope of the dni fti ng.

Laboratory data was then plotted agaì nst fi eld data. These

results are shovrn in Figune 3-11.

As can be seen from Fìgure 3-11 the conrelatjon between results

obta'ined'in the field and laboratory results'is somewhat inconclus'ive.

One of the reasons for this was the fact that actual driftìng at Alent

was the resul t of w'inds b'lowing f rom a more westerly or nontherìy
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Snow stakes are posit'ioned on east
side of Bu'ild'ing 125, locat'ion "D".

Fì gure 3-10 Snow Stakes Posjtioned



Tabìe 3-1 Snow Stake Data Þ(tl
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úte
n9sllodel Readl

ft

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

0
0
I
4
2

.0

.0

.0

.0

.0

4
4
4
2
2

6
4
4
2
2

0
0
0
2
?

4.0
4.0
4.0
2.0
2.0
4.0
3.0
2.0
6.0
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d'irection ancl not the southwest as was simulated in the ìaboratory.

The other was that there was very I ittle precìpitation 'in 1985-86 on

the basi s of avai lable weather informat'ion. These findings were. not

made until a site v'is jt in February 1986.

Another probì em wjth the snow stakes was that snow clearing

operations greatly reduced the read'ings. This was especìaì ìy evident

'in areas "D" and trGtr on Figure 3-9. Aìso, in area "8", the ç¡round was

not level hecause the bujldings (Nos. 23 and 24) were on berns,

further d'istorting the readings.

The second method of check'ing the accurôcy of the model was to

compare laboratory results with reports from eyewitnesses on present

and prev'ious drìfting patterns. The drawback w'ith this, however, is

the constant change which CFS Alert has been undergoing for the past

severaì years, wjth old buildings being demolished and new buiìdiñ"gs

constructed. Thìs creates new drifting patterns almost every year.

F'igure 3-12 ind'icates where some drifting problem äreas have

ex'isted in previous years, as defined by nCtR - Specjal Projects

0ffìcer Northern. Conrparing thìs with laboratory results (Figure 3-8)

shows that all areas where drifting has been a problem in the past

have shor,rn cons'iderable drifting 'in the ìaboratony.

A nore recent ìndìcation of drifting provided by 1 CtU, as the

nesult of a site v'is'it in Noverrber 1985, ìs shown in Figure 3-13.

Although no extensìve drifting had occurred up to thjs t'ime, aneas

where dri ftìng was 
'noted 

compared favourabìy with 'laboratory resul ts

presented 'in Figure 3-8. 1 CEU's information al so appears to indicate
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that the dri fti ng occurrect f rorn a westerìy to northerly <!'irecti on

sìnce most driftìng occurs on the leeward side of the buiìd'ings.

A site visit of Alert was carried out durìng the period

13-15 February 1986, to compare test results wjth actual dri fting.

F'igure 3-14 shows the drifting pattern at the sjte as recordecl during

this visit. From th'is'informatìon it was ev'ident that the drifting

was occurri ng f ronr a westerìy cl'irect i on and not the southwest as was

ori gi nal]y thought.

As can be seen from these comparisons there'is little correlation

between drift'ing patterns in the'laboratory and actual drifting on

s'ite except for Figure 3-12. The majn reason for this is that

drì fting on s'ite was f rom the west whi I e drì ft'ing jn the l aboratory

vlas based on a southwest wind.

0n cornparing the drifting pattern in the labor"atory w'ith

Figure 3-I2, however, many sim'i larities were evident. Photographs of

'laboratory results whjch were shown to personnel at the Stat'ion during

the site v'is'it also prov'ided confjrmation that drifting patterns

s'im'ilar to the laboratory results had occurred 'in the past.

Basecl prìmari ìy on the site v'isit, 'it was dec jded to conduct al I

further testing fronr the west as well as the southwest. The west was

chosen because this was the preva'iììng wjnd direction (see Table 1-1)

a nd some clri f t'i ng was occurri ng f rom th'is d'i recti on.

Aìthough the present s'ite p'lan was not tested f rom the west,

because bu.'iìdi ngs sl ated f or demol iti on had aì ready been removed, it

was still possib'le to make some comparisons from other tests, with
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actual drifting on site. F'igure 3-I5 (a) shor^rs the drifting pattern

obta'ined when testi ng Proposal B f rom the west. This f igure provi.des

a close look at the dri ftìng on the southeast side of Bui ìdìng

No. 113. Figure 3-15 (b) shows the on site dri fting during the

February s'ite vi s'it. As can be seen f ron Fi gure 3-15, resuìts in the

laboratory are almost identical to actual onsite drifting.

I n Fì gure 3-16 another compari son was made between ì aboratory

resul ts and actual on site dri fting. Here, dri ft'ing ìs shown between

Barrack Block Nos.115 and 116, and the simiìarity of results wjth on

site drifting. Although the pattern is s'ini ìar, some scouring has

occurred on site because the barrack blocks are approximateìy 1 metre

above ground, while on the model the build'ings were not raìsed.

In Figure 3-17 drifting between the barrack blocks is viewed from

the southwest. Aga'in actual driftìng on site, although simiìar to

test resuìts, has been scoured because of the rajsed barrack blocks.

Duri ng the site v'isìt the need was recogn'ized to obtain more

jnfonmat'ion on wind direct'ion when blowing snow occurred. The Alert

Weather Stat'ion was therefore asked to provide maximum wjnd speed ancl

dì rection when bl owi ng snow occurred. From th'is 'information (see

Annex C) frequency of direction was pìotted on a wind rose. Frorn

Figure 3-18 it can be seen that the strongest winds more freqrrently

cone f rom the southvrest when bìowing snor^, occurs, as was originaì ìy

thought. Hence it was apparent that the 1985-86 drifting patterns

were somewhat 'incidental. This further just'if ies the 'importance of

conducting tests from the southwest as well as the west.
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(a)

Drifting from the west (Proposal B). A large drift is formed on the
southeast side of Building No. 113 (A). Arrow ind'icates direction
fnom which photograph belovl was taken.

(b)

Drifting on the southeast side of Bui'lding No. 113. Photo taken
during site visit, 14 February 1986. \

Figure 3-15 Conpari son of Resul ts
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(a )

Dri fti ng f rorn the west (P roPosa I
has occurred between the barrack

c)
bl

. Note the dri f t'ing pattern wh j ch
ocks (A).

(b)

Dri fting ì n anea (R) above clurjng s'ite visit, 1.4 February 1986.

Figure 3-16 Comparison of ResuIts
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Driftjng from the west
banrack bl ocks, especi a

(a )

(Proposal C). Drift'ing is ev'ident between the
l ly on the southeast s'ide (A).

(b )

Drifting in area (A) above during site v'is'it, 14 Februar"y 1986.

Figure 3-17 Conrparison of Results
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For testing of the rnodel in the water f lur',re, a1ì buìlclings were

placed so that there was no space under them, aìthough many of the

buiìd'ings (Buiìdìng Nos.29, 115, 116, 117, 119, 1?2 and 125) are

actually raised approxjmately I metre above the ground. In order to

determine what impact thìs might have on the drifting pattern it was

dec'ided to conduct a test run using four bu'iì dings. These f our

buììding were ident'ical except that two had a gap of approximately

1.5 r'rm under them (see Fìgure 3-19).

The buildings were pìaced'in the water flume on a flat piece of

plywood so that the dri ft i ng would be d'i rectecl to the end of two

bu'i1d'ings (one building raised and one f ìat) whi le the other two

buildings were placed at 45o to the first two (again with one building

raised and one fìat) as per F'igure 3-20. One test run was then

conductecl with the results presented ìn Figure 3-21.

As can be seen fiom these resu'lts, raising the bu'iìdings had

alrnost no 'impact on the drifti ng pattern, when viewed f rom above.

t^lhen looking f nom the side, hov¡ever, one can see that w'ith the

bu'ilding ra'ised the drjfting is moved sì'ightìy away from the s'ide.

From these results it can be seen that rajs'ing the bu'ildings wou'ld

not change the driftìng pattern, but that drifting which is clirectly

aga'inst these bui'ldì ngs would be moved sl ightly away f ron the s'ide

because of scou ri ng.

From the preceecling discuss'ion it can be seen that results

obtainecl with the water flume pnovided an accurate representation of

actual driftìng on site. It ìs, therefore, reasonable to deduce that

the testìng of alternative s'ite proposa'ls w'ill provide a val icl

i ndi cati on of expected dri fti ng patterns.
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Si cle Vi ew End Vi ew

Actual Size

(a )

Ground level buildings.

Side Vi ew End View

Actuaì Si ze

(b)

Rai sed bui ìdi ngs.

Fi gure 3-19 Test Bui ì dings
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(a )

Drifting appears to be very sim'ilar around both pair of buildings.
Ra'ised build'ings are indicated by "X" while ground leveì build'ings are
'ind'icated by "Y". Arrourindicates f 'low di rect'ion.

(b)

Scouring js occurrìng aìong the side of the raised buiìding
the ground I evel bu'ilding has drifting aga'inst the s'ide (Y)

Figur"e 3-21 Drifting on Test Bui'ldings

(X) whì le
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(c )

Driftìng has been scoured along the s'ide of the raised bu'iìding (X).

(d )

Drifting is agajnst the sjde of the ground level buiìdìng (Y),

Figure 3-21 Drj fting on Test Buj ldings (Conti nuecl)
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CHAPTTR 4

THE OUTDOOR HODEL

4.1 Int roducti on

The test'ing of model s for snow drifting by pì acing them outdoors

'is a rel atively new approach with very f ew reports ava'i labl e on

prev'ious testing. Interdìscìpì'inary Engineerìng Ltd. of W'innipeg has

used th'is technique to study a'irport design for buiìding a 1:30 scale

morlel of the s'ite. Us'ing thi s scal e f or CFS Al ert, however, wou'ld

have required a base of approxìmateìy 180 rn2 which was considered

too ìarge given the cost and time ava'ilable to build jt. It was'

therefore, decided to bu'ilding the model at a scaìe of 1:120.

Th'is chapter wììì look at the constructìon, testing and initial

results of the outdoor model.

4.2 Constructinq the 1:120 Scale llodel

At a scale of l:lZ0 the model was approxìrnate]y 9 n?. The ma'in

drawback with this size of model was that ìt had to be cìosely

mon'itored to ensure 'it was not comp'leteìy covered w'ith snow'

notw'ithstancl'ing the handl'ing difficulties.

In orden to construct the model , the site was f irst d'ividecl into

five sect'ions, as shown 'in Figure 4-1. Each section was built

separately 'in the Facuì ty of Architecture workshop at the Uni vers'ity

of l'4an'itoba and then put together in the f i el d.

The sections were built with 1" x 6" and 1" x B" boards for
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Figure 4-1 CFS A'lert - Site Divided Into Sections for Model Construction
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framing and at l6" centres. The depth of these boards þ,ere cut in

proportion to the contours so that when |" aspenìte sheeting was

na'iled to the frame, it would bend to the correct contour. The

sections were coated w'ith a primer and then a brown paìnt to simulate

the ground.

All the build'ings were then constructed, mostly out of wood, with

Bu'ild'inqs No. 11 and 40 constructed usìng 3" PVC pjpe. The build'inç¡s

were coated with a primer and then orange paint so that they could be

seen more clear'ly in the snow. The buildìngs were then attached to

the sections wìth tapp'ing screws from t¡ndernearth.

The final step, before placing the model outdoors, was to paint on

the roads and major park'ing areas, Th'is was, agai n, done with grey

pa'int to show up more clearìy wjth the snow.

The model was located on the agricultural fieìd at the east side

of the University of Manitoba as per Figure 4-2. This sjte was jdeal

because there were no obstructions near the model that might 'interfere

w.ith the drifting pattern, and the sjte vúas reìatìvely secure with

chain link fencìng on the southwest ancl the Red River on the other

three sides.

¡¡ìth jts f ive sections, the r.rodel was easiìy transf errecl from the

workshop to the field in a å-ton t.ruck. 0nce on site, the rnodel was

levelled using snow, and some sections were connected with hinges to

ensure a proper fit. Hinges were used because the centre pin could be

easììy removed to separate the sect'ions later. Figure 4-3 shows the

model on site.
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E

Ilodel set up f or test ìng.

Fjgure 4-3 CFS Alert 0utdoor Model
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4.3 Testing the 0utdoor Model

The rnodel was initialìy tested wjth the present site plan so that

results cou'ld be compared wìth ì aboratory results using the water

fl ume, and actual site data. The rnain cons'ideration in posìt'ioning

the model then was to ensure that it was oriented so that the drift'ing

would cone from the southwest.

Table 4-1 provìdes wind data for llinnipeg International A'irport.

From th'is table'it can be seen that the predominant wind for each

month is from the south. However, w'inds from the northwest are the

next most frequent for the winter months and are also the strongest.

It was also learned from the l"leteorological Schoo'l at Canadian Forces

Base (CFB) hli nni peg, that dri ft'ing usual ìy occurs when wi nds are f rom

the northwest. Because the di rect'ion of w'ind cannot be controlled as

is done in the water flume, it was decided to orient the model so that

southwest on the rnodel would actually be poìntìng northwest.

Once all the sections had been positioned properìy and connected

with hi nges for stab'il i ty, the edges were then f i I I ed w'ith snow to

form a gradual rise to the model surface.

4.4 Test Results

The finst resuJts us'ing the outdoon model were obtained on

3 February 1986. The weather on the preced'ing two days was bl owing

snow f rom the south w'ith gusts as h'igh as 35 km/hr (see Tabìe 4-2).

!lith respect to the posit'ion of the model then, drifting snow was

occunring from the east. Sjnce 'it was hoped that drifting on the
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Dat e P reci pi tat i on
(nm )

Mean Temp.
(c)

Preva'iì ing !l'ind
(km/h r) (Di rect. )

Pea
(km/hr)

k lli nd
( Dì rect. )

I

2

3

6

7

I
9

10

16

17

18

19

1.8

0

0

?.1

0

0.5

0.4

0

2.2

2.7

0.4

1.8

- 6.6

- 6.?_

- 3.9

- 8.6

-16 .4

-20.8

-r?.t

-24.5

-13.9

-15.7

-22.4
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I
20

6
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T?
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15
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T7

13

s

s

s

N

35

22

39
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18

?2

18

11

37
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20

1B

s

S

S

N

NNl,l

Nl,l Nl,l

Nt/

NI'

SSE

Nl,l

Nlìl

t"l

E

Nr,t

N N

Nld Nl'l

Source: Env'ironment Canada, Atmosphenì c Env'ironmental Servi ce,
l,linn'ipeg.

Table 4-2 Climatological Data During 0utdoor Testing February 1986
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model would occur frorn the west or southwest with respect to it, these

results were only useful in that they showed the type of drifting the

model mìght produce. Figure 4-4 shows the results of thjs test.
After photographs of the results of the first test were taken, the

model was cleaned of all snow. This clearìy ensured that any future

drifting wouìd not be influenced by any past drifting.

Drifting on the mode'l had occurned fron the east (with respect to the
mode'l ). Aìthough- snow drift'ing f rom winds i n this di rectibn i, notcglsjdered a pnoblem, the result illustrates the type of drjftjng
which can occur on the model. Arrow indicates winã'direction.

Fìgure 4-4 Outdoor t'lodel - 3 February 19g6
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Resu'lts v.,ere next obtained on 7 February, after drìfting had

occurred from the north (see Table 4-Z). This meant that, with

respect to the model, drifting was occunring frorn the west. The

results of this test are presented in Fìgure 4-5. As can be seen by

the results, the central part of the station (Buildings 23 through 26)

'i s compìeteìy drjfted in. Aìthough the drifting appears to be

excess'ive, there are aìso several sÍm'ilarities with the actual

drifting on sìte, as noted in the Figure.

The nrodel was again cleaned of snow to ensune that the next

dri ft i ng was not 'inf I uenced by present dri fti ng.

View from the southwest.

Drifting on the mo

rnoclel ). Although
southeast side of
the water fl ume an

del
dri
Bu'i
da

has occurned from the west (with respect to the
fting is quite extensive, the pattern on the'
lding 113'is similar to laboratory results with
ctual on site data (A). Drifting jn other areas

is too extensive to rnake any correlations, however. Arrow indicates
wi nd di recti on.

Figure 4-5 Outcloor Model - 7 Febnuary 1986
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The third set of results was obtained on 10 February, after

drifting had occurred from the northwest. }ljth respec! to the model,

this drifting t.tas from the "southwest". As can be seen from the

results (figure 4-6), many of the buiìdings have been completely

covered with drifting snow, rnaking it impossìble to determine drifting

patterns. Because of the extent of snow coverage, it was not possible

to rnke any correlation with resu'lts obtained'in the water flume on

actual drifting on site.

The model r^ras agaìn c'leaned off in preparation for, further

dri ftj ng snow.

V'iew from the southwest.

Dri fti ng on the model has occurred from the southwest. As can be
seen, the drjfting has completeìy covered many of the bujìdings rrraking
any comparison w'ith other data very difficult. Arrovr indicates wind
di recti on.

Figure 4-6 Outdoor Model - 10 February 1986
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The fourth ancJ final set of results were obtained on 19 February,

after drifting had occurred from the north and northwest or west and

southwest with respect to the model. These results were similar to

the previ ous in that many of the bui ìdìngs were again ' crornpìeteìy

covered, making 'it impossible to make any reasonabl e conre'lad j ons (see

Fi gu re 4-7.

View from the southwest. :ì\

Drift'in
the mod
any coFr
indicat

g on the rnodel was from the west and southwest (wjth respect to
el ). The extensìve snow covering rnade 'it 'impossible to rnake
pari son w'ith other test'ing or actual dni fti ng on site.r Anrow
es wind direction.

Fi gure 4-7 0utcloor Model - 19 February 1986 tl
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4.5 D'iscussion of Results

The outcloor model did not provide results which were suitabìe for

conparison w'ith the tests conducted in the water fìume or actual on

sjte data collection. This was because most of the snow drifting

which occurred was too extensive to determ'ine the actual initial
drì fting patterns.

One i llustration the moclel did make, however, v{as the large arnount

of drifting which can occur with very little or no actual

precipitation. The snovl whìch had accumulated 'in this large open

field probabìy contributecl to most of the snow drifting whìch occurred

on the model. S'ince CFS Alert is located 'in a similar environrnent,

with barren land and nothing to stop the hlowing snow, the same type

of drifting occurs. Instead of blowing across an open field of

500 metnes, whjch was the case with the model, snow drifts at Alert

can be formed from snow that has blown for thousands of kilometres.

In retrospect it can be concluded that an outdoor model does not

provide the controlled cond'ition possible in a hydraulic flume

simulation. The on'ly vaìidity this modeì rnìght have is when:

a. it'is set up on the actual site, prìor to construction, to

experi ence 'ident i ca I met eorol ogi ca I cond'it j ons ; and

b. i t i s constantìy moni tored fon the proper amount of

precìpìtat'ion, i.e. proportional to the actual amounts.

The main proh'lens w'ith the outdoor model appeared to be that the

hìgh natunal wind ve'ìocity was too great for the s'ize of the

build'ings.



CHAPTTR 5

l,lATER FLUME TIST RTSULTS

5.1 Introcluction

The results obtainecl from an extendecJ series of tests carried out

in the water fl ume are surìmarized in thi s chapter. There 'is a sect'ion

whi ch pnesents ancl di scusses the nesul ts of each proposa'l , as we'll as

a concluding section which cornpares the overall resu'lts.

Four alternative site proposals were tested. These jncl ude the

present proposaì, as per Figure 5-1, as well as three variat'ions to

this proposal. The first three development proposaìs for CFS Alert

were tested with two wind directìons, namely west and southwest, whiìe

the fourth proposa'l was only tested from the west because of the

physical limitations of the model. Table 5-:1 summarizes the water

vel oc'ity and depth duri ng test'ing of each proposal .

5 .2 Proposa ì A

As a startìng point for the study of alternative proposaìs for

developnent at cFS Aìert, the presently exìstìng proposal was tested

first (see Figure 5-1). It was felt that by testing the 'initial

proposal, the results would assist 'identifying other pìans that should

be looked at. Figure 5-2 shows the bas'ic model revjsed to show

Proposal A which 'includes the demolition of all buildings identified

in Figure 2-5. A more detailed descrìption of the bu'ildings proposed

ìs provided in Annex B.



J

m
,::i\_.\"@

lto

I.EGEIfD

l5
l7
20
29
35
39
/00

90
110
113
11{
tls
116
117
119
r22
L25
L27
129
13r

POL DAY INqXS
HSE GÀRAGE
POI{ER PI.AITI 2
PO{ER PI.ÀNÎ I
ELECI. SPLIEE EUT
Gv.¡tNÀslutl
CI'RLING CLT'B
CE PLAHT.ÍABLE SÎORES
XII{O¡¡O BLDG
I'EFTCLE SÎORÂGE
IIATIR TREÀîÌ'€NI Pl,^lfr
8.8.1(eßr¡ro)
8.8.2(tÀDWER)
8.8.3 (WHI"EHORSE)
OPERÀÎI@¡S
FURRIEÀNE SPLTEE FUr
EAPS BLDG(EFUREEILL EALL}
T¡¡CI¡ÍERA?OR
POL SÎORÀGE
SI'PPLY TíAREEOUSE

o
a

çJ
i

I

I

til

À cB¿lFlREnAI,L
B I'EHICLE HAr}rr?tfÀNCE
c SENTOR SÎÀPP HESS/QnAFISRS
D QUARÎERS (IRANSIEITI)
E QUÀRÎERS (ÎRA¡IStE¡'")
F POI|ER PT.Alrr
G GI.l{nÀSItnt ErrEr¡slotc

20

N PROPOSAL A

SCALE: l:2000

t ta

@o

r13

t t7

rt9

t15

t16

r25
r31

17

Figure 5-1 llarch 1985 Development P'lan Update - proposal A
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P roposal l,l'ind
Di rect i on

Dri ft'ing
Ouant ity

Water Veì ocity
l'leter Readì ng

rev/min

Water
Velocity

m/s

Hater
Depth

mm

Present Site 235
235

A 240
240
?40
240

B 240
240
240
240

C 240
240
250
250

D 240
240

Test Run 240

l^l

l,l

t,l/sl.l

t.l.

l^,

sli
ShJ

Sl.l

st,l

l.,

hl

svt
s}^l

l^,

l^l

Sl"l

sl^l

Light
Heavy

Light
Hea vy
Light
Heavy

Light
Heavy
Light
Hea vy

Heavy

Li ght
Hea vy
Lisht
Hea vy

Lìght
Hea vy

t:r

43
43
42
44

41

51
51

37
44
43
43

41
41
43
43

45
45

0.20

0.24
0.25

0. l8
0.21
0.2r
0.2r

0.21
0.?r
0.20
o.2r

0 .20
0 .20
0.21
0.?L

0.2r
0.2r

Tabl e 5-1 Test Data
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v j ew of proposed site pl an f rom the west. New bu'ildings are -yel'low,
wn il e .ii st i trg bu'i 'ld'i ngs are orange. The road network wi I I al so

ióquire realig-nment with the new buildjngs proposed'

Figune 5-2 Model of ProPosal A

Fon th'is test, the model was first oriented so that direction of

flow would be from the southwest. As'in the previous test, two runs

were conducted, the fjrst w'ith a small amount of sand and the latter

wjth a'larger amount. Test results from the first and second run are

shown in F'igures 5-3 and 5-4 respect'ive'ly'

The model ¡las then rotated so that wind cl'irecti on would be frorn

the west and two t!ìone runs s jmi lar to the previous testing' t'/ene

conducted. The results obtained from these tests are presented in

Figures 5-5 and 5-6 resPectivelY.
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(a )

View fnom the north. Anrow indicates wind direction.

(b )

View frorn the north at. a lower angìe to the horjzon.

Figure 5-3 Pt'oposal A - L.ight Drifting from the Southv¡est
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(c )

Note the drift'ing occurring on both sides of the l'inkway to the Senjor
Staff Mess and Quartens (A). Driftìng is also occurring on the east
s'ide of the new power pl ant ( n ) .

(d)

Drìfting has started on the nonthwest side of the new firehall (A).
D¡ifting between the new tnansient quarters'is also developing (B).

Figure 5-3 Proposa'l A - Light Drift'ing fron the Southwest (Continued)
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(b)

V'ievr from the north. Note the large drifts formed on the northeast
sjdes of the new firehall (A) and the suppìy bui'lcling (B). Extensive
clrift'ing can also be seen on the northeast side of the new power p'lant
(c ).

Fìgure 5-4 Pr"oposal A - Heavy Dri f ting f rom the Sout.hwest
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(c)

V'iev{ from the northeast. txtensjve clrifting has occurred aìong the
linkway to the new Senìor Staff Mess and Quarters (A). txtens'ive
drifting can also be seen between the transient quartens (B) and the
north corner of the new power pìant (C).

ff *

(d)

Vjew fnom the southeast. Note the large drifts that have fornred on

the east side of the new Senior Staff Mess and Quarters (A). Drìftìng
can also be seen near the l'inkways to the new trans'ient quarters (B).

Fì gure 5-4 Pnoposa'l A - Heavy Dni ftì ng f ron the Sout.hwest (Cont'inued )
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View frorn the north. Arrow inclicates wind di rection.
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(b)

Ihe nel power plant is rnostìy clear of snow to southwest and northwest
(A). Drì fting, however, has developed on both sides of the I inkway
and on the southeast s'icle (B).

Fìgur"e 5-5 Proposal A - Lìght Dnifting f rom the l,lest
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(c )

The Sen'ior Staff Mess has drifting along the linkway (A) and on the
east s'ide (g). t'lrifting is also noticeable on the southeast side of
the trans'ient quarters (c).

Top v'i ew aga i n
above.

(d)

showing the dri fting patterns as ment'ioned jn (c)

F'igure 5-5 Proposaì A - Light Drj fting f rom the l,lest (Continued)



Y
89

l¡r -Et

a.- "

"1:" ' ' 1:.

{t|Ë,,

,'¡S,
(e)

Drì ftì ng
f i rehal I

i s evi dent northeast of
(A) and MSt Supp'ly (B).

the ì i nkway and adjacent to the

(f)

shovring the driftìng patterns as mentioned in (e)

,;

i Á'

t

tli.

,"il¡

Top v'iew aga'in
above.

Figure 5-5 Proposal A - L'ight Dni fting from the l,lest (Cont.'inued)
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(a )

View from the north. Arrow indicates wind direction.

View from the
southeast sides
the firehall (C)

(b)

northwest. Extens'i ve dri f t i ng ca n be seen
of the trans'ient quarters (A) , the llSE Supply

on the
(B) and

F i gu re 5 -6 P roposa'l A Heavy Dri ft'ing f nom the West



Top v ì ew of tech ni ca'l bu ì 'l d'i ngs
southeast sides of MSE Supply (A)

91

(c)

aga'in shol the drifting on the
and the f irehall (B).

(d )

Extensive driftìng can be seen on the southeast side of the linkway to
the Senjor Staff Mess (A) and on the southeast sjde of the transient
quarters (B). Drifting between the barrack blocks js' al so extensive
(c ).

Figure 5-6 Proposal A - Heavy Drifting fronr the West (Continued)
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The results 'indicate more serious drifting around the ìinkway and

Senior Staff Mess when wÍnd d'irection 'is f rom the southwest. llhi ìe

winds frorn the west keep the west side clear driftìng is still eviclent

aìong the linkway and on the east side of the buiìding.

The l'inkways to the transient quarters are dri fted 'in when winds

are from both the west and southwest. Drifting between the transient

quarters is less serious with a westerly wind than a southwest wind,

however. The barrack blocks, wh'ich the transient quarters are

attached to, experience more drifting between them than between other

barrack blocks or buildings.

l^linds from both the west and southwest cause clrifting on northeast

s'ide of the linkways between the technical bu'ildings (Supply/Firehall/

M.SE). Drifting f rorn the west appears less serious, horvever.

To summarize, jn testìng Proposal A several snow driftìng problenr

areas were'identjfied, as shown in Figure 5-7. These'include:

a. along both s'ides of the I inkways join'ing the transjent

quarters to the existing barrack blocks;

b. between the transient quarters;

c. on both s'ides of the ì ìnkway to the Sen'ion Staf f l4ess; and

d. on the northeast side of the linkways connectìng the techn'ical

buildings.

The driftìng aìong the linkways are crjtìcal because access cloors

a re be'ing proposed on these. Drì f t'ing here woul d not only cause a

snow clearing problem, but would also prevent emergency access.

Driftìng between the transjent quarters would also prevent emergency
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access between the adio'inìng barrack blocks.

The dri ftìng wh'i ch could occur on the northeast side of the

I ì nkways connect i ng the techni cal huì ì d'i ngs woul d not only cause a

snow clearing problem, but would aìso prevent emergency veh'icles from

getting out of the new firehaìì, since overheacl doors are located on

the northwest and southeast sìdes of this building.

5.3 Proposal B

0n the basis of the results obtained when testing Proposaì A, tfe

1 ì nkways between the transient qtrarters and the exist'ing barraçk,

blocks were removed, making them a djrect extension to the exìst'ingl

barrack blocks. A second change, aìthough not actually related to the

previous results, was the retention of Bu'i1d'ing No. 16 (llsE Suppìy)

and the construction of a new llSE Bu'ild'ing with a'linkway to Building

No. 17 (t"tSf e arage). The reasons for th'is change are as fol lows:

a. there is pr"esently some uncertaìnty as to whether Build'ing

No.16 should be demolished because it is believed to be structuralìy

sound; and

b. the requ'i rement for additional MSE storage space has been

'identified.

The new llSE building would be approximateìy 325 m2 and desÍgnecl to

accornmodate the i nc reased requ'irements of MSt .

The CtlF'irehal I build'ing was not changed because it ìs schedulecJ

to be constructed i n 1986.

Fiqure 5-B shows the site plan for Proposa'l B.
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Sìmiìarly to the previous proposaì, Proposal B was tested from

both the west and southwest, w'ith both ììght and heavy drifting for

each d'irection. The results f or drift'ing from the southwest, wìth

fight and heavy drift'ing, are shown in Figure5-9 to5-10

respectiveìy, whì1e Figures 5-11 and 5-12 respectiveìy contain the

results for 'light and heavy drjfting from the west.
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(a)

View f rom the north. Arrow incli cates w'ind di rect'ion.

(b)

View from the Ìrest. txtensive dnifting is occurring between the new

MSE Building and Bu'ilding N0.16 (A) and on the northwest side of the
linkway and 'in front of Bui'lding No. 17 (B).

Figure 5-9 Proposal B - Light Drifting from the Southwest



(c )

Top vi ew of technical bui'ldings. Large d.¡i ft jng
guìl¿ing No. 16 and the new l'lSE Bu'i1d'ing (A) and

Ganage (B).

98

'is evi dent between
i n f ront of the I1SE

Mess (A),
transient

l)r'ifting is
however, ño
quarters.

(d)

event around the ì'inkway to the Senior Staff
se ri ous clri ft i ng j s occu nri ng a round the

Figure 5-9 Proposal B - Light tlrifting from the Southwest (Continued)
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' (a )

V'iew f rom the north. Arrow incli cates wincl d'irection.

(b)

Extensive drift'ing has occurred on the nontheast s'ide of the linkways
joining the technìcal buiìdings (A) w'ith Bui'ld'ing No. 16 almost buriecl
(g). Drifting is also heavy along the ìinkway to the Senior Staff
Mess (c).

F'igure 5-10 Proposa'l B - Heavy Drj fting from the Southwest



100

(a )

v'iew from the northeast. Arrow indicates wind d.irection.

( b)

View fror.ì the southeast. Drifting is developing
of the tnansi ent quarters (A) and the f .irehai 1 (

on the southeast side
B).

Fi qure 5-11 Proposal B - Light Dri ft jng f rom the l,lest



t0I

(c)

Top view of the techn'ical buildings. A Iarge drift has formed between
Build'ing No. 16 and t.he new llSE Bu'ild'ing (A).

(d)

Large long drifts on the southeast sides of barrack blocks No.115 and
116 have ionmed as a result of the new transient quarters (A).

F'igure 5-11 Proposa'l B - Light Driftjng frorn the l'lest (Contìnued)
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View frorn the north.
technical buildjngs with

102

Extensive drifting has occurred around the
Bujldjng No. 16 almost buried (A).

(a)

V'iew from the northeast. Arnow indi cates wind d'irection.

(b )

F'igure 5-12 Proposa'l B Hea vy D ri ft i ng f rom the l^lest



(c)

View from the northeast. The northwest sides of
quarters are almost clear of drifting (A). Heavy
occurred on the east s'ide of the Senìor Staff Mess (B).

103

the transient
dri fti ng has

(d )

The southeast side of barrack blocks Nos. 115
drifting as a result of the transìent quarters

and 116 have extensive
(A) .

F'igure 5-12 Proposa'l B - Heavy Drjfting fron the I'lest (contjnued)
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The tests showed that in Proposal B the clrifting has worsened

between barrack block Nos.115 and 116, and between Nos. ll6 and 117

when drifting occurred from the west. Th'is was because of the new

siting for the transient quarters. Buì'ldìngs No. l6 and the new MSE

Bu'i 'ldì ng experi enced serì ous dri f t i ng probì ems when wi nds wene f rom

both the west and southwest. Drìft'ing around hoth the technical

buildìngs and the transient quarters appeared to be more extensive

than in Proposal A.

As was evident from the results obtajned when testing Proposal B

serious drìfting was ident'ifjed jn several areas as shovrn in

F'igure 5-13. These'included:

a. between the transient quarters;

b. between the barrack bìocks;

c. between Building No. 16 and the new MSE Building;

d. 'in front of the overhead door to Bujldìnq No. 17 (MSE

Garage);

e. northeast of the linkway connecting the technical buildings;

and

f . on both s'ides of the 'lìnkway to the Senior Staff t'less.

5.4 Proposaì C

To avoid the probìem areas'identified when testing Proposal B the

follow'ing changes were rnade:

a. location of the transient quarters and the Senior Staff Mess

'i n a new I ine northeast of the barrack blocks and connected by
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ì ì nkways; and

b. removal of Buiìding No. 16 and the add'ition of a new ¡tst

Bui lding as orìg'inaì ìy proposed in Proposaì A.

The s'ite layout for thìs proposaì is presented in Figure S-14.

The model, w'ith the modif ications for Proposal c, js shown in

Fi gure 5-15. Test results w'ith ì ight and heavy drì fting f rorn the

southwest are shown i n Fi qures 5-16 ancl 5-17 respecti vely, wh'i 'le I i ght

and heavy drift'ing from the west are shown in Fìgures 5-18 and 5-19

respect'iveìy.
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0range is existing buildings, whi'le
yel'low repnesents new buildìngs

Figure 5-15 Proposaì C Site Layout
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(a )

View f rorn the west. Arrow 'indicates wind dì rection.

(b)

Vj ew frorn the north. Drifting 'is start'ing to occur on the northeast
side of the linkways between the technical buìldings (A).

Figure 5-16 Proposa'l C - Light Drifting from the Southwest
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(c)

A smaìl drift has formed between the Senior Staff Hess and the first
transj ent quarters (A).

(d )

V'iew from the southwest. Very l'ittle drifting is ev'ident around the
Senior Staff Mess and transient quarters.

Figune 5-16 Proposal
(Contj nued)

c Light Dri fting from the Southwest
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(a )

V'iew from the west. Arrow indi cates wincJ d'irection.

Dri fti ng i s vet'y 1i ght around the Senior Staff Mess and transient
quarters.

Fi gure 5-17 Proposaì C - Heavy Dt^ift'ing f rom the Southwest
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(c)

Drifting'is extensive northeast of the linkways jo'ining the techn'ical
bu'ildings (A).

Top
(A).

(d )

view of technical bui ldi ngs showing dni fting nontheast of I inkways

Figure 5-17 Proposaì C

( Cont i nued )

Heavy Dri ft'ing f rom the Southvrest
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(c)

Dri fti ng js extens'ive northeast of the I ì nkways io'ining the technica'l
bu'i ì d'i ngs (A ) .

Top
(A).

(d )

view of technical buildings showìng drifting northeast of Ijnkways

Fìgure 5-17 Proposaì C

(Continued)
Heavy Dri fti ng from the Southt,rest



il3

(a )

view frorn the northeast. Arrow ìndicates w.ind di rection.

(b )

Drifting around the technical buiìdings is
sor¡theast sicles (A) than the northwest side.

mone extensi ve on the

Figune 5-18 Proposal c - Light Dri ftìng f rorn the llest
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(c )

View from the southwest. Drifting is 'occurring hetween the new

buiìdings (A) and on the southeast s'ide of the Senior Staff Mess (B).

View from the northeast. Drifting pattern is shown around buildings
and I inkways.

F'igure 5-18 Proposal C - Light Drifting f rom the I'lest (Continued)
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(a )

View from the north. Arrow indjcates wincl d'irection.

(b)

Extens'ive drifting has occurred on the
Buiìding (A) and between the Suppìy and

southeast side of the new l4SE

Fi nehal I Buil d'ings (g).

Figune 5-19 Proposal C - Heavy Dri fting f rom the l.lest
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View from the southwest. Drjfting can be seen between the bui'ldings
(A) and on the southeast side of the Senior Staff Mess (B).

View f rorn the north.
is extensive (A).

(d )

Drifting on the northeast side of the ìinkways

Figure 5-19 Proposa'l C - Heavy Drifting from the l^lest (Continued)
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From the tests it was observed that the Sen'ior Staff Mess and

transient quarters have caused a mìnimal amount of drifting in

comparison w'ith the other proposals. The worst dri ftìng for this site

layout appears to occur from westerly wìnds. The techn'ical buiìdings

have extensive drifting on the southeast s'ide, espec'ial'ly wìth a west

wind. The extent of this drìfting 'is furthelilìustrated 'in

Figure 5-20.

5.5 Pro osal D

0n the bas'is of these results it was dec'ided to further attempt to

irnprove on Proposaì C by:

â. rearranging the Senior Staff Mess and transìent quarters so

that the Sen'ior Staff Mess was at the northwest end of the row;

b. rnove the linkways between the transient quarters and Senior

Staff Mess so that they connect at the southwest ends of the

bui ì di ngs ; and

c. install a skywaìk connect'ing the middle building (transient

quarters) to Ru'ilding No. I25.

1 CttJ was also int.erested ìn the s'iting of a new

pìant southeast of the proposed power plant. The nev\,

thermaì power

plant was, therefore, also added aìong with a linkway to

thermal power

the proposed

power plant. A more detailed descri ption of the new therrnal power

pì ant i s shown i n Fì gune 5-21. Beca use the new power pì ant was

constructed on a large berm, it was also necessary to rnake a road

connection to the buiìding. In the model this was done using
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Top View Side Vi ew

Scale 1:lOOO

Figure 5-21 Proposed Therrnal Povrer Pl ant
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pìasticine and a l0% sìope was created. The s'ite ìayout for

Proposaì D is shown in F'igure 5-22, while the model revised for this

p roposa I 'i s shown i n F i gu re 5-23 .

Since the new power pìant was on the edge of the modeì, it was

on'ly mean'ingf ul to test 'it f rom one clì recti on, name'ly the west. I f

the model had been tested from the southwest, the new power pìant

would have been clìrectìy against the side of the water flume, thus

givìng very poor results because of the slower veìocity of the water

near the sides. However, experience gained wìth other tests provide a

reasonable assurrption as to the pnobab'le results. Test results for

l'ight and heavy drìft'ing from the west are shown in Figures 5-24 and

5-25 respecti ve'ly
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S'ite ìayout showing new bui'ldings in yeìlow and existing bui ìdings in
orange for Proposa'l D.

Fi gure 5-23 Proposaì D - Sìte Layout
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(a )

v'iew from the north. Arrow indicates wind di nection.

(b)

View from the south. Drifting is minimal on the southwest side of the
Sen'ior Staff Mess and transient quarters (A). The skywalk is alsoclean of drifting (B).

Figure 5-24 Proposal D - Light Drifting fr"om the t,test
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(a )

A'large drift has formed on the southeast side of the Senior Staff
Mess (A). Dri fting appears to be a'lso extens'ive between the transient
quarters (B ) .

(b)

Drì ft'ing around the new therma ì power pl ant 'is extensi ve between the
road ancl t.he 'lì nkway (A) with ì arge dri fti ng southeast of the new
power plant (B).

Figure 5-25 Proposal D - L'ight Drift'ing from the llest
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In Proposaì D, drifting appears to be more extensive around the

Senior Staf f Mess and trans'ient quarters than jn Proposa'l C as shown

'in Figure 5-26. The skywaìk, however, appeared to cause very little
drjft.ing.

tJriftìng anouncl the new thermal povrer pìant was extensive between

the new road and the ì'inkway. The structure, however, appeared to

have littìe effect on drìfting around other near^by build'ings.

5.6 Summary of Results

The preced'ing sect.'ions have provided the results of L4 tests in

the water flume. These tests were conducted at an almost uniform

water velocity and depth 'in order to obtain comparative results. Fron

these results 'it was shown that Proposaì C appearecl to cause the

mjnimurn snow drifting probìem. Drifting arouncl the Senior Staff Mess

and transient quarters was small compared with the other alternatives,

while drì fting around the technical bu'i1ding, aìthough be'ing

extensìve, djd not appear to be as severe as'in Proposaì B. Although

there was extens'ive driftìng in many areas, it was onìy cons'idered

s'ignìficant if it occupìed a position of a doorway, path or road.

The skywa'lk which was tested in Proposal D also had satìsfactory

results and may be another opt'ion which can be added to Proposal C.

The thermal power pìant tested in Proposa'l D also appeared to cause

minimal drjfting problems with nearby buiìd'ings and couìd be

consjdered as a reasonable option for the future.
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CHAPTTR 6

FINDINGS AND RECOI¡IMENDATIONS

6.1 Introduction

In conducting thìs study there were many fjnd'ings, both related to

specific buiìdìngs and to the site as a whole. Thìs chapter will

sr¡mmarize the signifìcant findings and make recommencJations based on

t h ese.

6.? Findings

From both testing'in the flune and the site visit, it was found

that drìft'ing near bu'i'ldings which vrere raised rvas great'ly reduced.

The scouring effect of the wjnd around t.he rajsed buiìd'ings kept

dri fts ðway frorn the sides of the buil di ngs, thus neduci ng thei r

magnìtude. This was especìaì'ly evident where it was more open such as

near Bu'iìding No. 119, 0perations.

In contrast, bu'ildìngs built on grade had large drìfts forming on

the leeward side. Tests in the water flume as well as the site visit

showed that the more extensjve driftjng occurred on the southeast of

these bui ldì ngs,.

Another signìficant finding was the tunnel effect between the

barrack blocks and the 0perations and HAPS buildìngs. Dnifts which

f onnecl between these bu'il d'ings were 'larger the cl oser one was to the

'lìnkrvay joining them. Althouqh thjs was observed dtrring the sjte

vi sit, it was ampì i fied i n the 1 aboratory when the new transient
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quarters were connectecl to the existìng barrack blocks. Drifting was

much more extens'ive between the ajoin'ing barrack blocks because the

w'ind was channel I ed over a longer d'istance.

The l'inkway between the proposed technical buildings was found to

cause extensive drìftìng on the northeast side, howeven, dlift'ing on

the sjde of the technical buììdings was reduced the further clistance

fron the I inkway.

The skywaìk tested in Proposaì D had almost no impact on snow

d rì ftì ng. I n compari son , the grouncl I evel ì ìnkway connecti ng the

Sen'ior Staff Mess in Proposals A and B had extens'ive clrjfting.

From the test'ing and site v'is'it, spacing of buildings clid not

appear to contribute to the drift'ing. The 50-foot spacing wh'ich is

presentìy fol lowed for fi re protect'ion, therefore, appears to be

adequate.

From the site visit, it was also found that snow clearing, in some

cases, contributed to the snow driftìng probìern. This was especiaìly

evident at the southwest end of Building N0.113 where snow is

regul arly pu shed away f rom the ove rhead doors and p i I ed as sh or,rn i n

Figure 6-1.

Another find'ing, durjng the site visit, was that snow accumulation

was heavy on the road fron Buildi ng Nos. 20 to 53 as shown ìn

F i gu re 6-2 , whi I e a reas to the northwest and southeast had very 'l 'itt I e

accumul at'ion.
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Figure 6-1 Snow Piled at Southwest tnd of Building No. 113

.J
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6 .3 Recommenclat i ons

0n the basi s of testing results and the above f i ndi ngs it is

reconrnended that the site plan as shown in Figure 6-3 be folìowed for

future devel oprnent at CFS Al ert . Thi s pl an i ncorporates the

satisfactory results frorn both Proposal c and Proposal D.

In relation to new bu'ildings proposed at CFS Alert it is ftrrther

recommended that:

a. bu'iìdings should be ra'ised approxìmately l metre, where

possible, to reduce snow accumuìatìon;

b. no further additions shoulcl be rnade to the ends of the barnack

blocks, or the 0perat'ions or HAPS buildings because it would increase

snow accurnulation near the'l'inkways connecting these bujld'ings;

c. access doors to build'ings should be located on the northwest

si de where possi bì e;

d. access doors on the proposed CElFi rehall and MSE Bu'ilding

should be as far away from the lìnkway as poss'ible; and

e. where possible, all ìinkways should be above ground a minimurn

of 1 rnetre.

Based on the fìndings relatecl to the existìng site, it is also

recornmended that:

a. snow should not be piled to the west or southwest of roads,

parking areas or buj'lding access po'ints to m'inimize drift'ing;

b. roads should be relocated to minimize the requirements for

snow cl earì ng;

c. equipment or material should not be stored outside vrhere they
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mì ght 'increase snow dri fti ng; and

d. access points to bu'ildìngs should be reìocated, where

possible, to rninimize the requirement for snow c'learing.
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CHAPTER 7

CONCLU S I ON

7 .1 I nt roducti on

The use of a water flume, to sìmulate drifting patterns for future

development at cFS Aìert, has been very successful in this study.

Less than sati sfactory results were obtai ned, however, from the

outdoor model. This chapter will summarize the findings from both the

outdoor model and the water flume model as to the actual results.

Technical probìems encountered while dojng the testing are summarized

i n Annex D. Thi s chapter wi I I concl ude wjth recommendat.ì ons for

furthen study,

7 "2 The Outdoor Model

The outdoor model was unsuccessful in providing useful results on

snow drift'ing patterns at CFS Alert because when the wincl was blow'ing

from the proper djrection it would cause excess'ive drifting. As a

result many of the nuilàings were completeìy bunied with snor,l, mak'ing

it 'impossible to identify the drj ftjng patterns.

The ma i n drarvback with the outcloor model was t.hat w j nd d'i recti on,

velocity and snow precipitation could not be controlled. Achieving

results r"equired a considerable measure of luck since the model could

onìy be positioned in one direction.

7 .3 The þlater Flume Model

The results in the waten flume wene satisfactory'in that it was
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possible to reproduce the exjstìng clrifting patterns at CFS Alert on a

moclel. The four proposals whjch were exam'inecl, therefone, are

believed to provide a reliable ind'ication of the expected snovl

driftÍng patterns with new buildings at CFS Alert.

7 .4 Recornmendat i ons

The findings of this study 'illustrate the value of conductÍng a

snow drift study when new development is proposed in areas susceptible

to serious drifting. However, snow clrifting is onìy one of many

factors, includìng function and cost, which rnust be consjdered when

selectjng sites for facìljties. It often becomes the case, thenefore,

when some other criteria governs the s'ite selection, the considerat.ion

of snow drifting js left to be dealt wit.h after the facilities have

been constnucted.

Aìthough it'is recommended that a composite with the inclusion of

a skywaì k be sel ected as the fut.ure si te for new faci I it i es at

CFS Al ert, other resti'ictions may I eacl to the selection of an

alternat'ive site pìan. If this is the case, it is recommencled that

the s'ite proposaì sel ected be subjected to a study to determine snow

dnl'ft'ing areas and changes to bu'ild'ing design, such as the add jtion of

w'ind def lectors, to reduce and control the dri fti ng.

The cleared areas around the fuel stonage tanks also'indjcated

that cyl i ndri cal bu'i ì di ngs have much reduced snow dri fti nçJ. Further

studjes shou'ld, therefone, be conclucted to determ'ine the optìmaì

design and form of bui'ldings to further reduce such effects.
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ANNEX A

CFS ALTRT - SURVTY OF IXISTING BUILDINGS

This annex provides a summary of the existìng buììdings at the

main site of CFS Alert. The 'information provided was obtained fron

the 1978 development plan, the March 1985 deveìopment plan update and

1 CtU drawings.

The buììdìngs coverecl in th'is annex are as follows:

B'ldg No. Use

Fi rehall

Ct Secti on

POL Pumphouse

MSE Suppìy

MSt Garage

Lumber Storage

Power Plant 2

l CEU Detachrnent

Qua nters

Qua rters

Qua rters

Quarters

Power Plant 1

Electrical Spì'ice Hut

Gymnas i um

Curlìng Club

Pa ge

A-3

A-4

A-5

A-6

A-7

A-8

A-9

A- 10

A-11

A-12

A- 13

A-14

A- 15

A-16

A-1 7

A-18

â.

b.

C.

d.

ê.

f.
g.

h.

j.

k.

lJì .

fì.

p.

q.

l.

S.

11

T2

15

16

T7

18

20

2I

23

24

25

26

29

35

39

40



A-2
.::

t.
U.

v.

w.

X.

y.

Z.

aa.

ab.

ac.

acl .

ae.

af.

ag.

ah.

aj.

ak.

am.

an.

48

49

50

51

5?

53

90

110

113

114

115

116

117

119

122

I25

127

r29

131

ATC0 Trai lers (Quarters)

Al I Ranks Lounge (Al i ces I I )

Qua rte rs

Quarters (VIP)

Qua rters

Senior Staff Quarters

CE Flammable Stores

Kimono (Storage)

Vehicle Storage

l,later Treatment Plant

Barrack Block t (Chimo)

Barrack Block 2 (Ladner)

Ba rrack Bl ock 3 (Wh'itehorse)

0perati ons

Hurri cane SPI i ce Hut

HAPS Bìds (Churchil I Hal I )

Inc'inerator

POL Storage

Suppìy Ì,larehouse

A-19

A-20

A-21

A-?2

A-23

A-?4

A- 25

A-26

A-27

A-28

A-29

A- 30

A- 31

A-32

A-33

A-34

A-35

A-36

A-37



A-3

BUILDING SURVEY - PRESENT BUILDINGS

Bulldlng No. : 11 Use: Flrehall

Top Vlew End View

Scal-e: 1 :600

Date Constructed: 1961
Gross Area: 32L n2
General Condltlon: Poor
Estfrnated Llfe Expectancy: Less than 2 years
Recommendatlons: Dernolltion
Reference: 1978 DeveloPment Plan



^-4

BUILDlNG SURVEY - PRESEM BUILDINGS

Bull.dlng No.: 12 Use: CE Sectlon

Top View End Vlew

Scale: 1:600

Date Constructed: 1960

Cross Area: 442 m2

General Condltlon: Poor
Estfunated Llfe Expectancy: Less than 2 years

Recommendatlons: Denolition
Reference z L978 DeveloPment Plan



A-5

BUILDING SURVEY - PRESENT BUILDINGS

Bull-dtng No. : 15 Use: Fuel Otl Pumphouse

Top Vlew End View

Scale: 1:100

Date Constructed: 1969
Gross Area: L3.4 m2

General Condltion: Good
EstinaÈed Ltfe Expectancy: 10-20 years
Recommendatl-ons: Retaln for present use
Reference ¿ L978 Development Pl-an



A-6

BUILDI¡¡G SURVEY - PRESENT BUILDINGS

Bull-dlng No. : 16 Use: MSE Supply

Top Vlew End Vlew

Scale: 1:600

Date Constructed z 1969
Gross Area: 287 n2
General CondlËlon: Fair (has exposed asbestos lnsulation)
Estfmated Life Expectancy: 10-20 years
¡sgemmendatlons: Denolitfon
Reference: March 1985 Devel-opment P1an Update
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BUILDING SURVEY - PRESEMT BUILDINGS

Bulldtng No.: L7 Use: MSE Garage

Top View End View

Scale: 1:600

Date Constructed: 1969
Gross Area: 716 n2
General Condltlon: Good

Estfinated Llfe Expectancy: GreaÈer than 20 years
Recommendations: Retain for present use
Reference: 1978 DeveloPnent Plan
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BUILDING SURVEY - PRESENT BUILDINGS

Buildtng No.: 18 Use: Lurober Storage

Top Vlew End Vlew

Scale: 1:100

Date Constructed: Unknown
Gross Area: 46.5 n2
General- Condltlon: Poor
Estftnated Llfe Expectancy: Less than 2 years
Recommendatlons: Demolltion
Reference: March 1985 Development PIan Update



A-9

BUILDING SURVEY - PRESEM BUILDINGS

Butldlng No.: 20 Use: Power Plant

Top View End View

Scale: 1:600

Date Constructed: 1965
Gross Area: 357 n2
General Condition: Good
Estluated Life Expectancy: Greater than 20 years
Recommendatlons: Retaln for present use
Reference: 1978 DeveloPment Plan
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BUILDING SURVEY - PRESEM BUILDINGS

Bulldlng No.: 2L Use: I CEU Detachment

Top View End Vfew

Scal-e: 1 :600

Date ConstrucÈed: 1960
Gross Area: 150 n2
General Condltlon: Poor
Estfnated Llfe Expectancy: Less than 5 years
RecomnendatLons : Demolltlon
Reference z 1978 Development Plan



A-1 I

BUILDING SURVEY - PRESENT BUILDINGS

Bulldfng No.: 23 Use: Quarters

Top View End View

Scale: 1:600

Date Constructed: l-959
Gross Area: 156 n2
General Condltlon: Poor
EstinaÈed Life Expectancy: Less than 5 years
Recommendatlons: Demolition
Reference: 1978 Development PIan



A-L2

BUILDING SURVEY - PRESENT BUILDINGS

Buildtng No.: 24 Use: QuarÈers

Top Vfew End View

Scale: l:600

Date Constructed t L959
Gross Area: 156 m2

General Conditlon: Poor
Estimated Llfe Expectancy: Less than 5 years
Recommendatlons: Denolltlon
Reference z 1978 DeveloPnent Plan
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BUILDING SURVEY - PRESENT BUILDINGS

Bullding No.: 25 Use: Quarters

Top View End Víew

Scal-e : I :600

Date Constructed: 1959
Gross Area: 195 n2
General Condltlon: Poor
Estlnated Llfe Expectancy: Less than 5 years
ftss6mmendations: Demolltlon
Reference z L978 Developroent Plan



A-14

BUILDING SURVEY - PRESENT BUILDTNGS

Bulldlng No.: 26 Use: Quarters

Top View End View

Scal-e: I :600

Date Constructed: 1959
Gross Area: 195 n2
General Conditlon: Poor
Estlnated Llfe Expectancy: Less than 5 years
Recomrnendations : Denolition
Reference t 1978 Developroent Plan



A-15

BUILDING SURVEY . PRESEM BUILDTNGS

Bulldtng No.: 29 Use: Power Plant

Top View End Vlew

Scal-e: 1:600

Date Constructed z L966
Gross Area: 2L9 m2

General Condltlon: Good
EstlnaÈed Llfe Expectancy: Greater than 20 years
Recommendations: Retafn for present use
Reference: 1978 Developroent Plan
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BUILDING SURVEY - PRESENT BUILDINGS

Butldlng No. : 35 Use: Electrlcal Spllce Hut

Top View End View

Scale: 1 :100

Date Constructed: Unknown
Gross Area: 9.0 n2
General Condition: Good
Estlnated Life Expectancy: Greater Èhan 20 years
Recomnendations: Retain for present use
Reference: March 1985 Development Plan Update
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BUILDING SURVEY - PRESEIfI BUILDINGS

Bulldtng No.: 39 Use: Gymnaslun

Top Vlew End View

Scale: 1:600

Date Constructed z L967
Gross Area: LrL72 m2

General- Conditlon: Good
Esttpated Llfe Expectancy: Greater than 20 years
Recommendatl-ons: Retaln for present use
Reference: 1978 Development Plan

'l
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BUILDING SURVEY - PRESEM BUILDINGS

Bull-dlng No. : 40 Use: Curllng Club

Top Vfew End View

Scale: 1:600

Date Constructed z 1962
Gross Area: 464 n2
General Condltlon: Good
Estlnated Llfe Expectancy: GreaÈer than 10 years
Recommendatlons: ReÈaln for present use
Reference: 1978 Developnent Plan

I



A- I9

BUILDING SURVEY - PRESENT BUILDINGS

Butldlng No. : 48 Use: Quarters

Top View End Vfew

Scale: 1:600

Date Constructed: 1961
Gross Area: 295 m2

General Condltlon: Poor
Estimated Llfe Expectancy: Less than 5 years
Recommendations: Denolltlon
Reference z L978 DeveloPnent Plan
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BUILDING SURVEY - PRESENT BUILDINGS

Buildfng No.: 49 Use: All Ranks Lounge

Top View End Vlew

Scale: 1:600

Date Constructed z 1967
Gross Area: 163 mZ

General Condftlon: Poor
Estimated Life Expectancy: Less than 5 years
Recommendations: Deroolltlon
Reference: 1978 Developrnent Plan
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BUILDING SURVEY - PRESENT BUILDINGS

Bullding No. : 50 Use: Quarters

Top View End Vlew

Scal-e: 1 :600

Date Constructed z 1967
Gross Area: ]r94 m2

General Condftion: Poor
Estfunated Llfe Expectancy: Less than 5 years
Recommendatlons: Denolition
Reference: 1978 Developnent Plan

)
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BUILDING SURVEY - PRESENT BUILDINGS

Bulldlng No. : 51 Use: Quarters (VIP)

End VlewTop Vlew

Scale: 1:600

Date Constructed z L964
Gross Area: 156 n2
General Condltion: Poor
Estl¡nated Lffe Expectancy: Less than 5 years
Recommendations: Dernolltion
Reference z L978 DeveloPment Plan



A-23

BUILDING SURVEY - PRESENT BUILDINGS

Bulldlng No. : 52 Use: Quarters

Top View End Vlew

Scale: 1:600

Date ConsÈructed: L967
Gross Area: 156 n2
General Condition: Poor
Estlmated Llfe Expectancy: Less than 5 years
Recommendatlons: DemollËLon
Reference: 1978 Development Plan

l
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BUILDING SURVEY - PRESEM BUILDTNGS

Bull.ding No. : 53 Use: Senlor Staff Mess/QuarÈere

Top View End View

Scale: 1:600

Date Constructed ¿ 1967
Gross Area: 399 n2
General Conditlon: Poor
Estlmated Llfe Expectancy: Less than 5 years
Recommendations: Demolltion
Reference: March 1985 Developroent Plan UpdaEe

)
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BUILDING SURVEY - PRESEM BUI LDINGS

Butldlng No. : 90 Use: CE Flamnable Stores

Top View End Vlew

Scale: 1:100

Date Constructed: 1969
Gross Area: 46.8 n2
General Condltfon: Good
Estinated Llfe Expectancy: Greater than 20 years
Recommendations: Retaln for present use
Reference: 1978 DeveloPment Plan
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BUILDING SURVEY . PRESENT BUILDINGS

Bull.dlng No.: f 10 Use: Storage

Top Vlew End View

Scale: 1:600

Dare Constructed z L973
Gross Area: 234 m2

General Condltlon: Falr
Estlnated Llfe Expectancy: Greater than 10 years
Recommendatl-ons: Retafn for present use
Reference: March 1985 Development Plan Update

l
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BUILDING SURVEY - PRESENT BUILDINGS

Bulldfng No. : 113 Use: Vehlcle Storage

Top View End Vlew

Scale: 1:600

Date Constructed z ]-977
Gross Area: 923 n2
General Conditlon: Good

Estlmated Llfe Expectancy: Greater than 20 years
RecommendaÈlons: ReÈain for present use

Reference: 1978 Devel-oPment Plan
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BUILDING SURVEY - PRESENT BUTTIT¡Ics

Bulldlng No.: 114 Use: l{ater Treatment PLant

Top View End Vlew

Scale: 1:600

Date ConstrucÈed z I979
Gross Area: 379 n2
General Condltlon: Good
Estlnated Llfe ExpecÈancy: Greater than 20 years
Recommendations: Retaln for present use
Reference: l'larch 1985 Developrnent Plan Update
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BUILDING SURVEY - PRESENT BUILDINGS

Bulldlng No.: 115 Use: Barrack Block

Top Vfew End Vfew

Scale: 1:600

Date Constructed z L975
Gross Area: 11627 m2

General Conditlon: Good
Esttrnated Life Expectancy: Greater than 20 years
Recommendations: ReÈain for present use
Reference: 1978 Developnent Plan
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BUILDING SURVEY - PRESEM BUILDINCS

Bulldlng No.: 116 Use: Barrack Block

Top View End View

Scale: 1:600

Date ConsÈructed: 1976
Gross Area: I1499 m2

General Condition: Good
Estlnated Llfe Expectancy: GreaÈer than 20 years
Recommendations: Retain for presenÈ use
Reference: 1978 DeveloPment Plan
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BUILDING SURVEY - PRESEM BUILDINGS

Butldlng No.: LL7 Use: Barrack Block

Top Vfew End View

Scale: l. :600

Date Constructed ¿ L979
Gross Area: Lr499 m2

General Condltlon: Good
Estlmated Life Expectancy: Greater than 20 years
Recornmendatlons: Retain for present use
Reference: 1978 Development Plan



A-32

BUILDING SURVEY - PRESENT BUILDINGS

Bullding No.: 119 Use: Operatlons

Top Vlew End Vle¡¿

Scale: 1:600

Date Constructed: 1980
Gross Area: 21793 m2

General Condltlon: Good
Estftnated Lffe Expectancy: Greater than 20 years
Recomrnendations: Retaln for present use
Reference: March 1985 Developnent Plan Update

')
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BUILDING SURVEY - PRESENT BUILDINGS

Bulldfng No.: L22 Use: Hurrl,cane Spllce Hut

Top Vlew End View

Scale: 1:100

DaÈe Constructed: 1981
Gross Area: 9,3 m2

General Conditlon: Good

Estimated Life Expectancy: Greater than 20 years

Recommendatlons: RetaÍn for present use

Reference: March 1985 Development Plan Update



A-34

BUILDING SURVEY - PRESEM BUILDINGS

Bultding No.: 125 Use: Multl-Purpose Bldg (HAPS)

Top Vlew End View

Scale: 1:600

Date Constructed: 1!84
Cross Area: 31626 nz
General Conditlon: Good

Estlnated Life Expectancy: Greater than 20 years

Recommendations: Retafn for present use

Reference: March 1985 Development Plan Update
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BUILDING SURVEY . PRESENT BUILDINGS

Bullding No.: L27 Use: Inclncerator

Top Vlew End View

Scale: 1:100

DaÈe Constructed z L982
Gross Area: 13 ro2

General Condltlon: Good

Estlnated Life Expectancy: GreaÈer than 20 years

Recommendatl,ons: Retain for presenf use
Reference: l"farch 1985 Developruent Plan Update

.l



A-36

BUILDING SURVEY - PRESEM BUILDINGS

Bulldlng No.: L29 Use: POL Storage

Top View End View

Scale: 1:6OO

Date Constructed: 1985 (Rebutlt)
Gross Area: 161 n2
General Condition: Good
Estlrnated Llfe Expectancy: Greater than 20 years
Recommendatlons: Retaln for present use
Reference: March 1985 Developnent PIan Update

l
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BUILDING SURVEY - PRESENT BUILDINGS

Bullding No.: 131 Use: Supply l^Iarehouse

Top Vfew End Vlew

Scale: 1:600

Date Constructed: 1985
Gross Area: 905 ro2

General Condltlon: Good

Estimated Lffe Expectancy: Greater than 20 years

Recommendatlons: Retain for presenf use
Reference: March 1985 Developnent Plan Update

"l



ANNTX B

BUILDING SURVEY OF PROPOSED BU ILDINGS

Thjs annex provìdes a summary of the build'ings presently proposed

for construction at CFS Alert. The buildings are I isted as fol lows:

Bui I d'inq

â. Ct/Fi rehal l

b. Veh i cl e Ma'intenance

c. Senior Staff Mess/0uarters

d. Ouarters (Transient)

e. Power Pl ant

f. Gymnasì um Extens i on

Page

B-2

B-3

B-4

B-5

B-6

B-7

l



B-2

Top Vì ew End Vi ew

Scale 1:600

"l

Reference: 1 CEU Draw'ings

CtlFi rehal ì
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B-6

Top Vi ew End View

Scale 1:600

Reference: I CtU Drawings

Power Plant



B-7

GYMNASII.JM

EXTENSION

Top View

Scal e 1 :600

Reference: 1978 Devel opment Pl an (Est'imated)

tnd V'iew

Gyr,rnas i unr Extens'i on



ANNEX C

BLOI,II NG SNOl.l SUMMARY

ALtRT, N.ll.T.

JANUARY 1983-FEBRUARY 1986



c-1

Blowine Snow Sunrnarv January 198) - February 1986

AI.ERT N.W.T.

Notes

1. Data is presented in the following forrnat'

Date - DD/¡4vl DaY/Month

Accurnulated Snow - centimetres and tenths of snowfall since Ìast period of

blowing snow. tr = trace = less than 0.2 centimetres

of accr-lnmLated snowfa]l-.

In some special cases onJ-y recent snowfall amounts were

used (eg. first period of blowing snow after suqrner, after

a period of melting. )

Wind Direction/Speed - direction is degrees true norfh. Speed is in knots the

greatest wind speed recoreded for the day in question.

Mean Vrlind Speed - Mean wind speed is defined as a period of two minutes or

more where the wind meets or exceeds the threshold values

of 28 knots and 34 knots used as benchmark val-ues' (denoted

by t'x" 
)

Btowing snow - A period of btowing snow is defined as a period where

prevailing visibility is reduced at eye level to six

miles or Less due to the effect of snow being blown up

by the wind.

All data has been exLracted from official weather records as observed at Alert

ì¡rleather station for the time period specified above.

Data compiled by,

I

,).,,(

Ted Gresiuk

Atmospheric Environment Service

Alert Weather Station N.W.T.

lr

"_1t-".-.k
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34 kts.DATE

198)

01/01

02/or

03/ot

t7 /or

18/01

L9/OL

23/ot

o8/02

09/02

to/02

TI/02

17/o2

r8/02

19/oz

27/02

22/02

26/02

27/O2

28/02

01/03

o)/03

Ot+/03

05/o)

IB/O)

19/03

26/03

0.6

1. ¿+

1.4

0.6

0.0

0.0

2.0

5.I

0.0

lr
0.4

u.b

0.0

0.0

tr
tr
o.2

tr
u.o

0.0

8.0

0.0

0.0

4.¿

1.8

1.0

ACCUIVIULATED SNOW

MND
DIRECT]OÑ-/SPEED

nnrn/25

320/î3

)50/)5

2)o/37

220/t+6

2L0/50

330/ t+6

230/62

2)0/7)

250/3?

2)o/50

22O/)I+

220/52

230/ 50

220/)6

220/76

220/29

330/27

)30/27

2ro/)g

2L0/ 53

2ro/ 58

2r0/ 59

330/3L

330/3t

2ro/51

MEAN WIND SPEED
28 kts.

x

X

X

x

X

X

x

X

x

X

x

X

X

x

X

X

x

X

x

X

L
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34 kts.¡[TE

27 /o3

28/0)

29/o)

30/03

09/ot+

r0/0t+

rr/ot+

r)/ot+

t9/05

Ot+/06

05/06

a9/ro

2I/IO

2)/to

U/tt
2L/IL

29/tt

30/17

OI/12

02/L2

20/r2

27/r2

22/12

23/L2

3r/12

0.0

0.0

0.0

0.0

l+.6

0.0

0.0

0.0

2.0

to.2

0.2

5.r

6.8

0.6

l+.6

2.1+

3.1+

tr
tr
tr
4.0

7.1+

tr
'I-n

an

ACCUMULATED SNOW

WIND
D]RECTTOMSPBED

790/3)

220/39

230/ t+5

240/ t+5

230/ t+3

270/)5

220/)7

240/ 47

zLO/t+5

320/23

320/26

2)O/2)

ZLO/t+j

2)o/3)

200/ 50

Zt+O/))

360/22

330/)5

320/29

2ro/)2

220/ 5r

zt+O/6I

220/32

230/37

2O0/t+7

MEAN V\IIND SPEED
28 kts.

X

x

x

X

X

x

X

X

fa

X

x

X

X

'ta
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3¿+. kts.DATE

rg8,t+

2)/ot

2t+/oI

r8/03

19/03

23/03

05/09

$/w
08/10

W/to
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ANNEX D

TECHNICAL PROBLEMS RILATED TO MODEL TEST ll
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This Annex will summarize some of the probìem areas relat.ed to

both the outdoor model and the water fì ume model .

The main prob'lem w'ith the outdoor model appeared to be its sjze.

The construction of a larger scaled model may have provided better

resuìts, however, one still had to re'ly on chance to get the correct

w'ind a precìpitat'ion. The increased tirne ancl noney required to

construct a larger model also weighed against it.
A mod'ification to the outdoor model, which would increase the

possibiìity of v'iable results, would be to put jt on a rotat'ing base.

Then, when weather forecasts are made, the model could be rotated to

the expected w'ind direction. Depending on the actual size of the

outside model, however, this may not be a feasible alternative.

Another proposaì for the outdoor model would be to locate it at

the actual s'ite. This woulcl ensure correct meteorol ogicaì conclitions

for testi ng.

Although extensive testing was done in the water flume, it was not

without ìts problems. One of the main problems was water scouring the

drjfting pattern as it was being drained off the model after testing.

Sjnce this scouring usuaì'ly took place on the lower part of the morlel

(the southeast), however, it had l'ittle affect on the results. This

prob'len could have been el'im'inated'if a release valve was located'in

f ront of the model. l,l'ith the exi sting setup, water above the rnodel

must flow over it'in order to be drained from the water flume. The

only other alternat'ive was to dra'in the water flune very slow'ly'

The other major problem was w'ith the actual model' After the

:
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first test, the model was left in the water flume for two days. When

the model was removed, ìt was noticed that several of the carboand

layers hacl cone apart around the edges. These layers requi red

reg'luing and cìamping and r¡ost of the surface required more varnish to

seal cracks whjch had developed. In order to ensure that the edge

would not separate aga'in, this was coated with s'il icone. A'lso, af ter

a'll subsequent testing, the model was imnediateìy removed from the

water flume to reduce to a rninimum any future water damage.

Subsequent to this, the model was close'ly examinecl after each test

and any add'itional cracks that had formed were fjlled and revarnìshed

before testing again took pìace.

The veloc'ity w'ith which the water entered the flume also created

prob'lerns because it lifted loose materials off the sides of the flume.

These partic'les would settle over the model disruptìng the drìfting

pattern. l,l'ith proper maintenance to the fìume, this problem could

have been avoided.
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