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Abstract

R . : 14 .
This thesis is a case study for which ice jam flooding

is analyzed for a site which contains -complex. morphology.
The site is the Town of .Hay River which is sitpated in the
N + .

A}

delta of the Hay River as igﬂgntefs the south side‘of“Greac

‘Slave Lake. In delta region the river is very non-finirorm,
: : e _
~with the river splitting into a number of sub-channels. The

complex.morphology of the site provides a good test for much
of the-existing ice jam theories. Included in the study‘wan
dn analysis of the severity oiﬁéhe ice jém,flooding‘ptoﬁlem
at Hay River} documentation of the ice regime for the rivef,
use‘of a numerical modellto calculate ice jam water level
profiles, and deQelopment of an ice Jjam flood forecasting
algorithm.

To quantitatively assess the severity of‘flooding'i% H;y_
,:Rivergarprobability»analysfs Qas done=  Because of‘the.lack'
bflstandard hydrometric data and the complex morphoiogy, the 
‘analYéis héd‘toV;ilyeélmost completely'on locai histofical

data. - o R R

”~fhe,documentatiqiwofitwo bréék—ﬁps at Hay Rive:‘pfqvidgqﬂ
the data needeé to caiibrate a'model,GO obtain icg jém,wafﬁp
level profiles.

| Bécause of the very non—uniforh channels and the need o
estimate.waéer levels in the developing pogfions of{the Jam,
the commoniy used models based on eqqilibriuﬁ theory CQ§;G_

not be used. Instead a recently-developed model was usgea than

v



E g

" could calculate the water surface profiles over the entire
léngth of the jam in‘a non-prismatic channel. Although
develoged,for this purpose it had not been applied in such a

channéi before. .The calculated profiles from the model were

S = 1
very close to those measured. .

The results of the model were the basis for the flood

forecasting algorithm. The water levels estimated from the
S . . '

model were further refined to allow for the influence of
, .

‘surges released by ice jam failure upstream. The latter

component was based on an empiriéal analysis of hydrometric

antecedents.
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1 Introduction

\ Ice jamsigre an important feature of hydrology in cold
regions. In many cases water levels produced by ice jams rav
exceed those of extreme open water floods. Ice jam floods

have resulted in a great deal of property damage end, on
occasion, lpss of life. On the Saint John River in New
Brunswick, flood damages due to ice jams 1in 1987 were
estimated to be about $30,000,000. Normall? New Brunswick
averéges ébout $5,000,000 in flood damage per year'and about
70 percent of this can be attributéd to ice related flood
event§ (Humes ahd Dublin, 1988). The above figures only
include a small fractiop of the world's area where ice Jjam
flooding is a problem. -Even.though ice jam flooding,causés a
significant portion of the annual flood damage in Canada,”
much is,stiill to be understood about ice, jam processes.

. In nature ice jam forﬁation is not unusual.  However,

ice Jjams tend to be very brief and their influence quite

- local.. Theérefore if the location is not near a settlement or

an installation, the ice jam often’gdes unnoticed. This has -

resulted in a general lack of quantitative data on ice jam

oehavior, which in turn has held back the development. cf the

| , .

understanding of ice Jjam processes. The lack of
. '.\’ .

understanding and the complexities invoelved in . ice jam

hydraulics has' resulted in ice jam éffects being ignored in
many flood risk assessments. %onséquently flocd risk

7
5

4
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assessments have been produced that ignore the very process
that results in many of the extreme flood events at the site.
ThlS present work is aocase study of ice jad/;rocesses-~
at Hay River, NWT. The site features very complex morphology
and severe flqoéing by ice jams which form at' the mouth of

the river as it enters Great Slave Lake.

1.1 Purpose and Scope

"

®

This study was initiated in response to the severe

d levels

defiﬁdg 1

srevious vyear.

flooding that occurred in Hay River in 1985. F
réﬁ%hed in that year were over 1 m above th
percent flood level that héd been declared the
This promptéd government officials to‘authoriée an in depth
study of ice jam flooding in Hay.River. : i //
As mentioned eér;ier, few past flood risk éssessments
ha&e taken proper account of ice jam floods. This was the
case 1in Hai Rivér. .It was therefore necessary tc develop a
new flood Kisk asseésment. Tﬁe 1985 fiood also.highlighted

the need for a flood'foréqasting~procedure, The development

of these two tasks was the focus of this study.



1.2 Ice Jam Features

s A brief overview of ice jam features islpresénted £o
provide background to the térms used in the description of
ice jams. A more detailed review of ice jam mechgnics is
included in Chapter 6. |

An 1ice Jam can mdst ‘simply . be described éé an
accumulation of ice floes or fragments in a river. They have
been described by Uzuner and'«EEhQS; (1976) as "at best,
chaotic, disorderly, untidy affairs" In éhort, a complex
phenomenon.

“ce Jjams are broadly élassified‘on the basis of uﬁe
circumstance under which they are formed. They can‘form at
‘freeze—up, spring break-up or, in the case of a mid-winter
thaw or rain,:in wintgr. Freeze—-up fams are generally less
severe than winter or break-up jams,_as they are composed of
relatively sﬁall icé floes,fUSuailQ'ffazii slush or pans and
are normally associated‘with low discharges. Mid-winter and
break-up jams can be much more severe'aslthey can be comp od
‘of solid ice floes several metres in dimensions. and c.n e
associated with_high discharge. The remainder oﬁ th%; thezis
is concerned’only'with‘break—up jams.

Break—-up of a river can vary from a fhermal break-up,
where the ice melts in place, to the dramatic' dynamic break-
up. -Severe iée jams are normally associated with the latter.

In the dynamic break-up the still competent ice cover is



“.forqibly broken out by the passage of a surge of water. The
fragmented ice flbes Creéted duriné the dynamic break-up are
transported downstream until the surge in attenuated or they
meet some obstruction . The%obstruction is normally a more-
than-usually resistant portion of solid ice ‘cover. An ice
jam develops. as the floes accumulate .upstream of the
obstrdction. This accumulation will cause a local rise in’
water levels. The rise is partly the result of the increased
roughness of the fragmented ice énd partly due to the draft
.of the submerged ice.

Figure 1.1 details the var}ous components of an
hypotheti¢al'ice jam. The major cémponents are the toe,
which is the downstream §6rtion of ﬁhe jam, the equilibrium
section, which has relativelyACbnstant thickness, and the

head, where the ice floes accumulate. Between each Bf?these

components 1s a transition section.

™~
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- ' 2. THE HAY RIVER AND THE TQWN- ' OF HAY RIVER

S

.

’ . ”
? .

2.1 General description of the Hay River catchment

The Hay River catchment covefs some 48,100 km2, portions

—

of which are located in two proviﬁces (British Columbia and

™. -—

Alberta) and the Nofthwest Ternitog;es_(NWT), as shown in
Figure 2.1. Its approximate orientation iél gqgﬁ%west;?

e [/ : e
northeast, with the source in the southwest and the mouth

discharging on the south-wes$t shore of Great Slave Lake in
y ' {

. the NWT/ "The majority of the basin lies withrn.Alberta,,with
only 19.5 pgrcent in B.C. and 6.5 peréegt in the N.W.T. (/
The entire™basin is located in the ﬁorthwesternoportion

of,the'Greathential Pléins“(Douglas, 1970). It 'lies in the

 soQ£hér5'§Bxﬁign'of the zone of disconflnuous.permafrost with

ghé_southérn-reéioné containing sporadic areas oflpermafrost'
P . .

which begomgS”ﬁore abundan® in ‘the northern regions of the

catchmengz /;he-Town of Hay River 1is situated on'xpérmanently

frozen éround which has been mgasured to be 10m-thick with an

“

active layertbf 2.to0'3 m. - _. o . o0
. Within the catchment there are thfeé\d;stinct regions:“,
Tﬁege are the Cﬂinchaga River Baéin, ﬁhgmUppéf Hay Riﬁer

" basin apd the Lower Hay River basin . lfpe Chinchaéﬁ Rivef
pasin covers 11,000 km2 anq containsxthé higpesp élevations

in the catchment. These are at the far south-east corner of
- R . ot v .
where the Halverson Ridge has an eleéation of 1200

- J . . . N
- » . N
S
—
o

) 6 | \> )
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m, 3s is shown in“Figure 2.2. In the‘Chinchagavba ! over.60
percent=of the total area lies above an elevation of 610 m
(UMA, 1975). This upper area contains vegetatiod of mostly
spruce and lodgépole pine (GNWT, L:°"),~ as shown in Figure
2.3. The lower section of the Chinchaga basin can be
'described as.flat plains, as it 1is part of the.Fort Nelson
Lowlands. This section has a gradual downward slope- to the
‘north, from the upper hills to the confluence with the Hay
River. ' o o N
The Upper Hay River Basin covers about.ZO/OOO km?. This
sub-basin is much lower than the Chinthaga basin as-only 15%
of the basih area lies above‘610 m. The high areas contain
sprucé and lodgepole 'pin¢ but thé majority of this sub-basin’
ié covered with‘blackspruce and aspen. The major feafq;e of
the .lower area 1is Zama»iake which is'}ﬁ a l§w>lying swampy
area @nd the only real;sﬁoragé in the Hay River systemﬁ
The Lower,Hay River Basin covers 17,000 km2. It extendé

northward Letween the Caméron-Hillsv(elevation 750 m) to the

west and the Caribou Mountains (elevation 900 o the eést.

H

The valley is wide and characterized by‘low - uskeg-
;iddem terrain. It has a gradual northward dlope to two
falls at the northern end of the basin. Alexandra Falls (km

1034.95) is the first and largest of the two falls and drops
33 m. Louise Falls (km 1037.12) drops 15 m. The mouth of
the river lies 75 km beyond this on the south shore of Great

Slave'iake.
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There are many tributaries along the river. The most
~prominent is the Chinchaga River (km 709.33), which is abow
the same J1ze as the Hay River at its confluence with the Hay

River. Other major tributaries are the Steen River (kum

880.72) and the Meander River (km B822.84). (To provide
unambiguous and convenient reference to positions along the

S T ) t
river, the distances given are measured from the river souroe
: y
- coordinates UTM 311280 / 6379670 and were calculated from

a digitized plan of the river és described in Appendix A.)

2.2 River morphology

A complete.profile of the Hay River is shown in Fiqure
2.4. The upper portién of the river is relatively steep with
~aJ;average slope of 0.001. At about km 400 this slope
reduces: to abou; 0.00045. Aslthe river progresses downstream
the slope gradually lessenﬁ, wiﬁh ﬁhe averaqe. Slope
decreasing to OROOOI‘%or'the 200 km above the falls (km 400
to km 1000) . In theée areas of lesser slope (ki 400 to km
1000) the river is meandering in a wide valley.

The reach of most interest.inithe study 1is from below
the fallé_to Great Slave Lake. Thi;:includes 78 xm of river
that contains a wide variety of river morphology. Directly
below.Louise Falls the river is confined betwe%n steep andd
high bedrock walls (approxzimately 25 m in heiqght). In thilcz

area the river s very steep with an average slope of 5.002
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for the 10 km directly below the falls. Alexandra Falls and
the river below Louise Falls are shown in Figure 2.5 and 2.o.

"The height” of the river banks Slowly-decréase as the
river épproaches the lake. By km 1095, about 20 km upstream
of the lake, the banks are about 5 to 10 m in height with
gradual slopes to the river. The. banks remain at
approximately this height right t»® .where the river splitf
into two main channels, the East and West Channels, at the
delta. Consequently the ri&er above the split hasv lictle ov
no chance of flooding, even, during severe break-up event:.
Below the split the banks decrease in height substanﬁiaLly)
with many locations héving banks only 1 to 2 m above the
average sﬁmmervflow stage.

The delta, below the split, is a relatively'flat low-
lying area characterized by numerous chanhels, both active
and aggndoned, and can be subject to severe floodinq during
the spring runoff period. As the river enters the delta
region the ;lope decreases dramatically, with the avefagu
slope in the aféa of the split only being 0.0001. The split
of the river into the East énd West Channels forms tne
largest of tﬁe delté islands, called Va;e Island. The dmlng
region of the Hay River in shown in Figures 2.7 and 2.83. The
East Channel is the main channel and normally.carries‘about
two-thirds to three-gquarters of the discharqge. The Hdecrn:
Chagnel can bevthought of as a high level by-pass Toannel al
its thalweg‘is much higher than' that of:  the Easﬁ Channe .

0

The West Channel will actually freeze to the pottom in ing
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eV

Figure 2.5 Alexandra Falls, break-up 1987.

.




Figure 2.7

The Hay River delta, lodking
towards Great Slave Lake.

downstream

¢ -
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upper reaches during the river and during very low flows

107
-

the summer can became dry. The thalweg profiles orf the Jdelta

. channels are given in Figure 2.9.
LY

“

2.3 Discharge

The annual daily mean hydrograph for Hay River at ﬁay

River is giVen”in Figure 2.10. As shbwn the annual variati-n
» ;

in the stream flow is considerable, eg. at the Town of Hay
River the meén lew flow 1is 4‘nﬁ/s andithemmean peak flow ius
.450 m3/s. Much of this variation is Ehe result of the long
winters‘which eliminate almost all sources of water auring
this period. With little_on—stfeam.storage .in the system
flows decrease dramatically by late winter.

The discharée hydrograph'is qharacterized by a rapid
rise in the hydrograph at the commencemént of spring thaw. A
somewhat unique feature of the hydrograph at Hay River iu
that the annu;i peak flow normally coincides with the spring

B3

break—-up process.

At present there are nine Water Survey of Canada
hydrometric gauging stations in the basin. The oldest i Heavy
River at Hay River, which began operation‘yn 1364. Thie
‘newest is that for the Hay River at the Alberta/NWT border,
which bega® in 1987. Table 2.1 listé the hydromenrinc

stations and their drainage areas.

)
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Table 2.1. Hydrometric stations irn

°~

the Hay River Catchment,

-

Water Survey of Canada

Basin Area Year it Began
Hydrometric Stations (square km) Operation

Hay River nr. Hay River - 47900 ' 63
Hay River at Border 46080 86
Hay River near Meander River 36900} 74
Chinchaga River nn, High Level 10800 69
Steen River nr. Steen River 2610 74
Sousa Creek,nr. High Level 818 70
Hutch Lake tributary near High Level 507 75
Lutose Creek nr. Steen River 292

80

20
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"a centre for northern marine  transportation arnd
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2.4 Climate 23
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The basin climate is classified as boreal. As

is characterized by long, severely cold winters and

cool summers. The yearly average temperature for
g .

¢

is- 1.3 ©C. Monthly averages of‘mean‘déily temperatures

Towﬁ‘gf Hay River fall below 0 °C in October, reach

of -21 30 in January and return to zero in April, giving

{12

a

average of 3150 ©°C of frost46ve; th\winter. The

accumulation of degreé_days of frost for Hay River

Level are presented in Figure 2.11. o ®

§ -
!
/

an approximate-average for the total basin ig 400

greatest pfec1p1tatlon occurs in the western re ;ian

/\

)ba51n Figure 2 12 shows the average accumulatlon

such
~

|
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Average annual. precipitation’at Hay River is 340 mm

mm.

mE oo

snowfall over the wintér, for Hay River and High Lewv:l

“~
<

total for both Hay River and High Level is about 195

e

.5 TheVTown,of Hay’RiVer

C

-

mm

The Town of Hay River is located in the delta nf

River. Continuous history in this community da

tes
1894 with the establishment of an'Ahqlican'mission.j
o ]

£

cand



3000 ¢
2500

ACCUMULATED 2000
DEGREE DAYS
OF FROST -
(CDAYS) 1500

HAY RIVER MEAN

1000 — — — HIGH LEVEL MEAN
- , '
500 | P
) - 4 LQ‘
" 0 . . L 'l 1 H i W §
. T LI T L4 T 1
Oct Nov . Dec  Jan Feb  Mar Apr
- DATE ~
- . . f ; s b .
N .~ Figure 2.11+ Average degree_days of £rost for the winter.
- 1600 __
- 140 [ '
120 |
) 100 |
ACCUMULATED
TOTAL 80 '
PRECIPITATION T .
(MM) )
60 | .
HAY RIVER MEAN "-.-’
.
40 — — — - HIGH LEVEL MEAN
. ’
20
4
0. ' + : — )
Oct Nov Dec Jan Feé’ Mar Apr
.’U A
' DATE .
! o . %" ’

B .‘3‘f‘

Figure 2.12 Average accumulted snowfall .over the.@inter




’

commercial fishing industry on Great Slave Lake. Theretfore

its major role is as an inland pbrt.

’

The Town of Hay "River consists of rfour separano
] .

communities, as shown .in- Figure 2.7, The "0ld fown" and
"Fishing Village" are located on Vale Island. On the east
bank of the East Channel 1is the original settlement, now

known as the "Indian Village".
All' three of the communities. mentioned can sutfior
flooding during break-up. After severe flooding in 1963 the

"New Town" was .developed on the mainland, on thenhigh_wﬂw

bank of the river about 6 km from the lake, an area free from

'y

flooding. The original intent was to relocate all activity

in the New Town. Because of convenience much>5f the indusct?,
énd some of thé residents, have remained on Vale Igland,
despite the establishment of the new townsite.
The mariﬁe industry in Hay R;ver has made a number or
y : '

changes to the river in the delta, includipg closing oft o

number of .small channels to. improve docking facilities.

?_.

2.6 Discussion

From the background information it-was evident thar one
of the most significant features of Hay River, in terms of
ice jams, was the complex morphology of the delrfa. The

complex morphology makes the_déterministic analy%}é of the

site difficult. Therefore much information on S®& zive was.

’G/

i



ﬁeeded L_sore any deterfninistic analxsis could be done. Tl
ivnvfc‘)rmation was collected from past studies and reports oo
the area, field surveys of river and lake geornetry, revigw o3
histc;rical inifcﬂjrrlnat:ion,’ and dovcuméntat‘io_n of the ice regi'me

of the river.

NN



3. Past studies } .
3.1 General

Three studies have been done on icevjam flooding in the
‘Town of Hay River. Two of these studies were prepared by
Stanley, Grimble, Roblin Ltd. (1959 and 1963) for the
Dgpartment of Northern Affairs and Nafural Resources. In
1979 Underwood McLellan (1977) Ltd. prepared a report t. b
used in developing flood risk lines for the Town or Iay
River. A number of other small reports on break-up at Hay
River frbm various Public Service Agencies have also -Liecn

prepared. f

3.2 Stanley, Grimble, Roblin Ltd. (1959)"

This report was completed in 1959. .Its>purpose Wil v
bring together all‘available reports, data, opinicns and
obserQations related to the fiboding problem. »with rhio
information a numbef of solutions were proposed to  LIimindite
_or lesseh the severity of.ice Jam floods. At the time or ti.
study there was generél lack of understanding of river o
hydréulids. "As stated in the report: "It i difficul- =
calculate:ﬁhe efféct of floatinq:ice,'but‘i: is oo Le

expected that the ﬁresence of ice,; in.proportion to wa

fal
D
[

5

25



2%

would cause more rise than the water alone.” Never—-the-less
the report provide a good source -0of data on ice'jam flooding

%Ejin Hay River.’

, . ) s . S
The solutions proposed were very*prellmlnary_and 1t was

recommended that a much more in depth analysis was needed
before any of them should be impleménted. fhe splutions
presented could be broadly classed into four gfoups:
al;ering the channel morphology in the delﬁa; diking Vale
Islénd; diversions or reservoirs far upstream to reduce peak
flows; and modifying, weakening the ice in the spring. It is
of interest thaﬁ they estim?ted that diking Vvale Island would
cost approximately $160,000 in 1859. This figure ié much
less than the damage experienced as a result of ice Jjam

flooding in 1963.

3.3 Stanley, Grimble, Roblin Ltd. (1963)

Y

After severe flooding in. 1963 another report was

prepared that reiterated some. of the possible solutions from’

the firsp report.- It also presigﬁéd flood levels that
occurred in Hay River'du%ing’the 1963 flood, from aerial
photographs taken during ﬁﬂ% flood.

| The two  reports by Sténley,.-Grimble, Roblin Ltd.
provided‘§aluable historical ihformation on flooding in the

paét. Included in both studies»was'an appendik which listed



a number of government documents on flooding in Hday River

from 1950 to 1963.

3.4 Underwood McLellan (1977) Ltd.(1979)

[

14

This report was prepared for the Department of Fisherios

and the Environmenté Its purpose was to develop the basig
for flood zone delineation for the Town of Hay River. The

study area extended from Great Slave Lake_ to a point
approximately 30 km south of the Town of Hay River. |
Flood 1levels aiong this'reach were synthesized by
estimating discharges for various return periods from a
“requency anélysis.of the WSC gauge at Hay River. To convert
e discharge‘to water levels along the reach, the HEC-2
nodel QaS"used. The analysis was ca:ried out for both open
water and for a fully~developed ice.jam at each cross—secﬁion
along the river. For this analysis the hydraulic geometry of
the river”and the delta‘channels were needed. Some Cross-
sections were sﬁrveyéd over the reach and further cross-
sectioﬁs,wére interpolated.

" To provide some infofmétidn on‘the'break—up ice regime
in'£he delta for tHe énalysis, the;spring break—up of 1377
was_documentéd és'part of the study. vUnfortUnatelylthis
brgék—up was one of the mildest on record. As stated in the

report: " The extended break—up period and resulting ice Jjams

were not representative of historic ice Jams and werrs:




therefore not too useful in the actual analysis of the ice

“am regime."

3.5 Public Agencies

Various Public Agency memos and reports were found on

28

flooding in Hay River. Two- of the larger sources of memcs -

and documents were the Department of Highways and the Town of

Hay River. Much of the Department 'of Highways information

was for the period 1947 to 1963 when a £fill was in .place-

across the West Channel to provide access to Vale Island.

This fill was washed-out almost yearly during spring break-

up. In many years the Department of Highways monitored this

fill during break-up and recorded the observations in memos.

The majority of the information from -the Town of Hay

[

River came from records of the Town Flood Watch. After

severe flooding in 1963 the Town Flood Watch was set up. Its
- purpose was to monitor break-up ‘to provide some warning of

severe flooding. In most yeafs a recorxd was kept of the

4

observations but the quality of these records seems somewhat

dependent upon the time from the last significaht flood.
After a severe flood very detailéd recofds were kept during
’theAmonitoring, but if no severe flooding took place in the
vyears following the record quality degenerated.

Other sources of informatibn were from’ government

reports. Following theireport from UMA (1979), Envirohment



Canada (1983) set flood risk levels (1 pércent flood levels)
fof the Town.of Hay River. Originally theée floocd levels
were to be based upon the work carried out by UMA. (1079) .
Héwever the 1 percent floqd level presented 1in that report
was less than some of the events that had ocgurred in the
past. Hence flood risk levels_Were set at the higher or
either the historic level or the syntheéized rével from
dischérge estimates. It was found thaﬁ in the area of Vale
Island the historic levels were almost always highér t%an the
synthesized levels. Hence along the East Channel_the flood
risk ‘levels were set at the 1963 flood levels. Along tho
West Channel the levels were set at tbe 1974 flood levels.
The flood risk map for the Town of Ha; River was published

with these levels in 1983.

In 1985 severe flooding occurred in the West d@anneli‘

In some locations the peak water levels were over on;wmetre

above the flood risk lines ,set in 1983. The Departmipt ot
Indian and Northern Affairs contracted Underhill Eﬂ@ineerinq
Ltd. (1985) to document thevhigh water levels caused by thiz

event 1n the Town area.

¢

1

3.6 Other sources of information

Much information on flooding was obtained from recidentsz

of the Town of Hay River. Of special note is the information

provided by long-time-resident 'Red' McBryan, a retlired




superintendent of Highways and former Mayor of Hay River. He
hés taken special interest in flooding at?Hay River  and has
_been therbrganizer bf the Town Flood Watch for many years.
Many of the aerial observations of break-up, undertaken as
part of thevpresentAstudy, were guided by Red McBryan who
shared his experience and identified physical features and
described ﬁhe normal series'of events leading to break—up.
Another resident from whom much information was obtained
is Dr. David HarriSOh, a teacher at Diamond Jenness High
Scﬁool in Hay River. His PhD dissertation’on ﬁhe history of
Hay.River (Harrison, 19§4) provided much ,information on the
early years of ﬁay River. He also provided a-.copy of a high
school class project in which students had gathered detailed
information on the history of ice jam flooding in Hay River.
finallylinfofmation was obtained on flooding frbm the
local Hay Rivef newspapers. The 'TAWPE', from 1961 to 1878,

and the 'Hub' from 1977 to present.

3.7 Discussion

The review of the‘existing information on ice Jjam
flooding in Hay River found that there was a general lack of
qﬁaqtitaﬁive data on the break-up process; & 7
‘'The quantitative data for this study was obtained from

two methods. 'One method was to review available qualitative

historical information and assign quantitative values to.



levels ' and locations described. The second involved

documenting the ice regyme in Hay River over the period ot

the study. This a;_lso involved docum:nting the hyd:au‘r‘xi\“

geometry of the delta. This 1s described in the neuxt

Chapter.

:
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4. Field Data Collection
1.1 General

For the analysis of;flooding in Hay River it was
necessary to d®cument the hydraulic geometrx bf the dglta
region. This was done during summer field work from Juily 6
ﬁo July 22, 1987. Included in this work was hydrographic
surveys of. the river reach and the lake near the mouth, tying
tempbrary benchmarks into Geodetic Survey of. Canada datum,
and tying salient hiétorical featﬁres into geodetic datum for

use in the historical probability analysis described lLater.

*

s

k&x; :

4.2 Cross sections

Cross éections of the Hay River wére §urveyed over a
reach extending from: just upStream of the Water Sﬁrvey af
Canadavgauge site to the mouths,of”bgth the West and East
Channels, as. shown in Figure 4.1. The cross section
locétions were‘chosén to givé good representation of the
channel geometry. A temporary bench mark was established at
each.¢¢oés section,andftied into GSC datum. (Probléms existed

_with some ‘of the GSC bench marks because of the unstable soil

32

in the area. On the basis of ,aA 1983 report on the

reliability of bench marks in the™ area by Underhill and

o

32
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M
Underhill (1383) and converséﬁions with the staff, six G.S.C.
benchmarké weré selected.fo:<use. The benchmarks are listed
on Appendix B.) |
The cross sections were surveyed ﬁsiﬁg'a 14 foot Lund

aluminum boat powered by a 35 HP Johnston outboard motor

fitted with a jet leg to allow use in shallow water. Water

depths were measured using a Ratheon DE-719B Fathometer, with

o
&

the .transducer mounted to. the side of the boat, as shown in
% ' :

Figure 4.2 and 4.3. Distance across the channel was measured
with a 'Topofil'. Bank profiles were surveyed using a
standard rod and level technigue. At each cross 'section an

-estimate of the bed material was made (where possible) and
the type.and height of vegetation on the banks was noted.
The surveyed croéé:seCtions'are presented in Appendix C..

- Typical cross sections of eéch of the East and West Chanhels

and the Main Channel are shown ih Figures 4.4, 4.5 and 4.@.

A longitddinal profile of the thalweg.Was also sounded and

used to develop the thalweg profile.

;
4.3 Lake bathymetry
3

To analyze flow from' the river into the lake,

information is needed on the lake bathymetry in the region' of

the outlets of the two channels. These areas were surveyed
using the same echo sounding equipment used in the. river
e, .. : ‘ _

E

survey. Perpendicular lines"from shore were run with the
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boat being kept on line through use of a transit on shore

and two-way radio communication. Distance from the shore wasy |
‘ . N
. W
determined with the use of the "Topofil". The lines were run

v

out to a depth of about 5 m. Generally this reqdiréd a line

over .e xilometer'long. Lines  -were alse surveyed parallel

to the Tiore, with "the ppsitionvof the boatfagdinvbeing

tracked by transit.

o » R

The bathymetry of the area 5urveyéa;is shown in Figure‘

S

4.7. It can be seen that a bar was found to exist off.shore,’

varying from about. 750 m off shore directly in front or the
West channel to lessxﬁhanfSOO m adjacent to the East Channel.

L

4.4 Discussion

Documentation of the hydraulic'geometry'pfbvided\somé‘of

s ;
the basic data needed for the anmalysis of the ice jam
flooding in . Hay River.ﬂ,The first step-in tﬁis analysis was

to quantify the severity of floodin§ in Hay River. This wac

done by carrying out a probability analysis:bﬁ flodd levels

¢

in the delta region to palce the various historical events

into cbntext.
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5. Probability Analysis

. ] N ';
5.1 Introduction éﬁ
’t’:*, = v

Hydrological phenomena'ere normally analyzed by either

»deterministic or stochastic methods. Deterministic methods

a1

follow from physical laws. However .in natufe the causative
factogs influeneing hydrological phenomena are’so numeroux
that‘determinis;ic methods can not include them all in th.
analjsis. Consequently purely deterministic methods should

only be used under controlled artificial conditions. n

‘nature the majority of hydrolcogical phenomena are stochastic

(or probabilisfic) procesées. On the other hand the use of

only stochastic methods can lead to an analysis of data

without a sound theoretical background. This can give
'results that are physically impossible. Yevievich. (1970)
states:

"The world's }%ﬁggng hydrologists
maintain thatkgg%imnltaneous use of both
deterministic and stochastic (er
'sﬁatisﬁical) methods of analysis and
description of hydrologic processes in
nature is necessary for producing the
best scientific and practical information
. for h;drology" o

Probabilistic analysis of flood data at a site =ar

41
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the formation of hypotheses for deterministic mé;hods. It is

tﬁerefore desirable to ﬁse probabilistic (or stochastic)
méﬁhods to analyze flood data before the use of deterministic
meﬁhods. For these reasons, and to quantifyigﬂe severity of
flooding in Hay River, a probability analysis ;;;&éompleted.

All high water levels in Hay River were associéted with
ice jamé. Unlike open-water conditions where discharges, and
thereby water levels, can be transposed from other locatiohs,
ice jams can be very site specific and very brief, making it
difficult to transpose information to even nearby sites. It
was therefore necessary to use informationvapd methods seldom
considered in more temperaté areas. |

Two apprdaches can be used to ob@@in ice jam flood lgxel
‘data: the direct analysis of historical data and/or ghe
analysis of data synthesized.from discharge estimates and ice
jam mechanics. Synthesizing flood levels for ice Jjam
conq%tgons is much more aiff%cult_ than for open-Wéter
condiiiéns; for Hay River the complex morphology of the

river delta and its influence on ice Jjam formation, and a

~lack of discharge estimates for mdny of the years, made

synthesized levels ‘unreliable. Consequently the - lysis of

historical data was preferred.

S . : ‘ '
Historical data can come from-many sources. These

include the familiar hYdrometric recordé, but also sources

such 'as resident recollections , memoirs, archives,

+

photographs, and envirénmental evidence. If available/‘all.

of the above sources must be utilized in data-poor areas,
. A , ;



such as Hay River. However these sources generally have
varying reliability, overlapping and broken perffods of record

and no well-defined reference lévels.

’

y
5.2 Literature Revieﬁ//

‘ : ' ' g 2oy
When analyzing historical data from many sources therve %g?

: ) » . 8
is some difficulty in tying the records together. A number

of papers have been written on techniques to do thif. The
most familiar is Benson (1950) in which he wuscd thoe
SusQuehanna River atlHérrisburg, Pa., to i1illustrate. hig

technique. Papers by Dalrymple (1360), Coni¥

Band Lee (1982)
and Hirsch (l987)lall expanded on BenSon's ﬁethod. Only o~
paper by Gerard and Karpuk (1979) used a different approach
to the_anélysis of historicél data.

Benson analyzed flood data at Harrisburg for the poeriod
1786—1947. This da£a was comprised of‘historical data tr@n

. one source for the period 1786-1873 and standard hydrometric

wWrecords for the period 1874-1947. The aistorical: data

N

contained information on all floods above the 18 fr (5.4 m
stage, the height of the banks. In the analysis of thlcs
data, all- flood peaks levels over 18 ft (5.6 m) were ranked

and analyzed on the basis of a 162 year record (1786-1947) .

Then, for the period 1874-1947, for which standard
hydrometric reéqrds were available, the flocd pear levelc:

below the 18 ft (5.6 m) were ranked and analyzed with a 7z



o
o

l/‘- )

vear recgord. ,In doing this two years were ignored as high

-

water was caused by ice Jjams rather than open water.

A"
AN

g§§ 18

an, array

¢

- ] ” . '
When these values were afggyzed two distinct curvés,
z

with a discontinuity'at the disc -ig%)cofr@ﬁponding £o.

X ’ . N '\\" ) t'-.‘ = i
ft (5.6 m) stage, were formed. ﬁBensdﬁ—gﬁ“

‘/

. FoO . o "A' . .
obtain consistent results it was necessary to obtal
. § AR AR : o

of peaks properly representative of the'sihglevlong-peni&,wh

To do this Benéon welghted., the flood peaks below the 18 ft
(5.6 m) stage such that they represented tﬁg,longer period.
There were %7 yeéars in the standard hydrcmetric record with

i

stages below 18 ft (5.6 ﬁ}. In the total record of 162 years .

; . o
there were 22 years with stages above 18 ft (5.6 m).

Therefore there were 140 yeéf; with 'stages below 18 ft (5.6
m) . - He weighted the lower stages by assﬁming'that each stage
represented 140/57 or 2.456 years of record. He justified‘
‘this in hislstatement: "The distribution of the fiow during'
these 140 years is not known, but it Can be assumed that the
distribution is the .same as is represented by the 57 years of
khown record whicﬁ are below 18.0 ft." By using this
technique the discohtinuity was remoﬁed_at the 18 ft (5.0 m)
stage and a single curve codld be fitted to,thebfléod peaks."
This method waé latter reiterated and formulated by’
Dalrymple (>11,96O). He estimated the weighted rank for flood .

peaks below the base of the historical record as follows:

(5.1] ) v m, = A +

-



Using m,

oxrder number where the highest is 1, the
second highest 2, for all f.oods, both thoge
for period of record and those from the

historical data;

order number of floods below base of

histonipal’record,'adjusted to the time bage

of the total record;

the number of annual floods equalling or
exceeding the lowest historical flood;
&
£

the length of the historical record in vyears,

and

the total number of items, historical and

recent, in the array

as the order number (or rank) and using the total

record length, a probability estimate 1is obtained fhav

weights the flood peaks below the base of the historical

Condie and Lee (1982) developed a maximum likelihood
method for the analysis of historic data. They consideresd
the histqric floods as a censored. sample, with the base £

the historical record taken as the censor level. Although
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this method differs in approagp from Benson's (1950) the

result is much the same in that the flood‘peaks below the
éénsor stage are weightéd. Also the methcd only considers
twd‘sources of ihformation,~botb with guantitative reference
levels and continﬁous records. |

Tﬁe most recent paper on éhalysis of historical data is
one by Hirsch (1987). This paper considers a ndmber of
plotting position formulae and analyzes ény bias they‘may
have in the analysis of historical data. . Again in this paper
all flood peaks below the censor level ére weighted to;remove
any discontinuity in the distr;;ution and bdly two sources
are considered. |

g Gerard and Karpuk (1979) questioned the technique of
) ,

//weighting‘the flood peaks 4Jpelow the base of the historical
record. In their paper they state weighting these flood
peaks indeed removes the discontinuity at’the censor stagé,:‘
but there seems little justiﬁication for ;onsidering the:
upper group~}a§ absolute and forcing all the ,neqeésary

' stment iﬂéo the' lower group.

~ard and Karpuk (1979) proéosed an alternative, simple
ard sy matic method to analysis historical daﬁa that can
utilize  =zny sources of data. This methpd introduces the
concep:t C: "pefception stage” for ea;h‘source of information,
a von%e'_ similar to a7censorlstage; Eerceptioﬁ stage 1is
defin: as the stage above which it is esﬁimated the source
Joul navé provided information on the flood peak ;h any

.en year. The assessment of the perCeption stage for each

8
N

~
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" source of information is generally a subjective exercise but,
once allocated, it provides an objective means whereby data

from various sources can ke simply merged to estimate the

prgbability distribution.

To obtain a probabillty estimate for a given flood peak
*?e length of record andla rank must be assigned to it.. Using

perception stage method the number of years 0of recor.d
auosociated with eech peak is given by the suﬁ of all the
years with a perception stage at or beldw the level of that.
peak. A rank for the peak is determined by ranking all pgaks
in the group having a perception stage at or below the level

<
.

of the peak of interest.

<

5.3 Analysis ' : o T C T

The data for Hay River comes from multiple sources and

therefonEvhas"more than one censdr stage. This makes
weighting the . valuesi agd suggested. by Benson - and " others
l\ .,5’\ o

difficult, if not impOSSible, even 1if justified. Hence rhe

D
(’)

"method proposedéby Gerard and Karpuk %i979)‘was used in the‘

analYSis _gf Hay River as it;'is the only which allows

considgration of more than ‘two sources and does not involve
i A

. ‘. . J , Lo T .
weighting one section of the record in preference toc another




5.3.1 Sources of Data

Most of the information for the perlod'1893—1950 Qas
obtained from the history of the Town of Hay Riyer prepared
by Harrisonv(1984), rather than from the original sources.
The recorded history of.Haleiver@began inv1868 with the
establishment of\a Hudson's Bay Company post. This'post

lasted 10 years but the only information available about tHe

post dealt with the quantity of fur traded. 1In the fall o=

a8

. x ’ . . .
1893, <-. Peter's Anglican Mission and Residential School was.

established, followed by St. Anne's Catholic Miseion in 1900.
The dairies of~these:misslons are the only records up to
1947. As ootn miseions were located near the mouth on the
east .side of the East Channelb ae shown in Figure 51, the

1nformatlon on roOdgnngnly pertained to that site.

¥

Development starté

discovery of gold in Yellowknlfe An overland route from the

ﬁon vale Island in 1939 after the

2south was needed to dellver supplles to Yellowknife. A winter o

‘\

road was coméletad from Grlmshaw, Alberta, the northern

¢ -;&' -~ o !
terminus of the rallroad to Hay Rlver This road was called
Uz ’
the Grlmshaw Trail “With constructlon of the w1nter road

act1v1ty in Hay River increased, but\TIetle in the way of new

development took place. 5

The outbreak of . World War LI created an increased

'

interest 1n Canada s north The CANOL prOJect was started

with the - entry of the United States 1nto the war effort. 1Its
purpose was to supply Alaska wrth fuel from Norman Wells. In

,
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1942 the United States Armed Forces staﬁted work on a

transportatlon network to move men and supplles to the nort

‘ThlS lncluded upgradlng the Grlmshaw Trall and conStruczio*\

of an alr strip on the south end of Vale Island

%t was not until 1947, when an all weather road was

finally completed te Hay Rlver, that major development was

Fi

triggered on Vale Island. .As the terminus of ‘the road was tc

" “be the northeast corner of the lsland, four earth fills were
constructed across . channels ‘of the river, the most
sidniﬁlcant being the one acros ‘he'West,Channel.

The-completion of the road also greatly increased the
market for‘commercial fishinngn-Great Slave Lake. This was
largely based at the mouth of the West Channel so this wrea
became known as the Fishing Village.

With the deVelopment following completion of the highway

much better records were kept by government departments,.

a

newspapers, and by the Town on flooding in the area.  ‘As a

'
result of the severe flooding in 1963 a Town Flood Watch was

~established. - Its purpose was to monitor the river and warn
residents of any potential flooding. For many. of the years

since then records of the observatlons taken durlng the Watch

are available. These records were a major source of flood
data.

The information obtained from the -above sources was
mostly descriptive in nature and water level elevations had

2

to be assigned on the basis . of the description. For example;

the'following account of the flood.of 1914 is contained in



the.records of the Anglican Mission: "™ay 1, 1914: It‘:amég

into the Mission house, the floors\of the dining room,

o,

kitchen and girls playroom were flooded halfway acros

Water reached the stable and then recqéggwﬂ _To estimate an

elevation for the high water level it was first necessary to
find the location of the places mentioned in the description.

This was determified from the history of Hay River compiled by

Harrison (1984). fﬁThe levels of the salient fea@dros

- described were tied ‘into geodetic datum during the -survey

work carried out in the summer of 1987 or were obtained froem

1:2000 topographic maps. .

5.3.2 Reconstructing the record

o

The separate communities -located on different river
chénnels, the complex.geomorphic gharacteristiqé of the Hay
River delta, and the local ,nature of ice Jjams, dictatéd that
a number of" prabability—stage _relationships: had to bno
develpped to broperly define flooq;levels for the Town‘of Hay
River. As a compromise betweé;'abéiﬁable data and derai o

?

definition of the.levels, three sites were selected, one cac:

-near the mouths vf the East and West Channelé, and one ar rtné

o

.split between the channels, as‘shown in Figure 5.2.

The nature of available record for each of the <hraoo

4

elected

O

sites 1s described below. The basis for the

perception stagg,or level for each source for eacn ymar %

L
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'record' 1s also given. Appendix D contains a brief
description of each. available flood description as well au
the basis for the peak water level estipate.
sk a-
< -
8

i

A

5.3.2.1 Site 1: Near the East Channel mouth

This site has the longest record of the three. Sourvces'
for the flood peak levels at this sife can be broken into twn
broad categories. From 1894 to 1948 almost all rh.

information was obtained (througHAHérrison_(l984))from the

»

diaries of the Anglican or Catholic Mission. Both, were
located on the east side of the East Channel. For . this
pefiod théhperéeption level was chosen as the top of.tge ba;Rfli
at the mission site, a geodetié elevation of,158,41m. ) n |

The settlemént‘of vale _sland began in;l948\éhd Eeﬁl%c&h;'f'

the missions as the community centre. . Fleddeleyels&aﬁtex”f"
1948 could then be obtained from Town flbod;watch ieﬁdnhé,

newspapers, and government recdrds. As the development = or’

Vale Island was directly acrbss the river from'the Mizsiaons,
these records were for the same location on the ri?;r“as thoe

o

. A
Missions. ) : 0

"For the perigd 1948 to 1968 ﬁhe p;rceégiéélstage s
also takén as 158.4 m, as this‘ié the elevation of rthe rbad
which borders thevriver on the west bank of tﬁe Eacst Chanﬁel.
,After 1968 the perception level was lowered to 158;1 as mornc

development occurred between the f%oad  and the river.



However in 1956, 77, and 87, the peak flood levels were

< v

actually measured as part of studies triggered by

considerations independent - of flooding. Hence a zers

preception stage was assignech to these years. Zero stage is
) . Ny .

equai'to lowest possible stage, the bed level at the split
and the lake level at the mouths. In’ 1979 a mention of the
peak level was ﬁound ln<the town flood watch records. As

this Seemed 1ndepende,

L3

v level reached, a zero
perception stage was also assmgned to it.
These perception levels¥and the estimated flood. peak

levels for this site are summarized in Figure 5.3.

hY

5.3.2.1 Site 2: East - West‘ChanneL‘spiit

Records of flooding at this site do not start until 1947

because there was no develobment at’ the site prior to this.
As mentioned earliéi " in 1946 cEmstructlon started on an all-—

weather road from the south, As the termlnus of thlS road

was to be Vale Island, a fill was constructed across the West

-.Channel to‘reach the island. The location of the fill was
. 100 m downstream of the East-West Channel split. As this fill

was frequently over—tepped during break-up, the Department of
. , N e _

Highways monitored water leVels routinely. This provided

flood peak leve}s=for many of the years up to 1863, when the

fill was removed and- replaced with a bridge.
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- * .
The fill was partially completed in- 1947 to an elevation
. ' ~ v
of 158.0 m and finished.to elevation 163.9 m in 1948. It was
lowered to 161.0 m in 1953 because of concerns about its role

in cauSLng the flooding in 1951. It was totally removed in

1963 follow1ng completion. of the West Chanhnel brldge 7A;

44
summary of the fill elevations is given ln Flgure 5.4.

In the spring of 1947 the £ill was only partlalLy

complete and had an estimated.elevation of 158.0 m. This was”

v . . v

therefore chosen as the perception level for that year. For
y . . ‘
1948-49 it is only known that thé water did not flow over the

fill and the perception level is therefore the elevation of

the fill, 163.9 m. From 1950 to 1954 detail'edlreports were

. ¥
made on water le ve during break -up by the Department of.

Highways ' As_these measurements were more .2 matter 0r

A

routlne than a direct response to high water levels 'a

perception stage of zero was allocated to these years. After

1954, water levels were only reported if the fill was washed’
out, so the perception stage was ‘chosen as 161.0 m, the
height of the fill.

‘

After 1963, when the fill was removed, the Department .of

Highways® no longer monitored water levels, but they were

monitored as part of the Town flood-watch. Although

reports were&available from the flood-watch, many of the:

records are missing and in some of the years the records are

§O vague that the peak level cannot be deduced. As the
recordlng of break -yp records are a routlne e<erc1se by the

Town because of the annual flood threat, a zero perception

»
B
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stage was allocated for the years where flood pggk levels
could be est;mated from the toﬁn'§ records.

The perception. stage for the‘years where reCo;ds were
not available, or@ééak.levels could not be e§Fimated,_was

more difficult to define. The river banks at .this site are

very high, as the highest ground in the whole area is located .

there. Using the top of the bank . as tﬁe percep;;on stagé

would be unrealistic, as the whole island would be underwater‘

if water reached this level. ' It is also known that-if major

flooding takes place on the island, high water levels are.

documented by some government agency, or reports-of flooding

wéﬁld appear in the newspaper. Therefore thevpérteption }

stage was selected at a level at which flooding woﬁid occur

' downstream. Analysis of the historical records indiéaﬁed
that any water levels‘éver 163.0 m at the split causes some

flooding in the downstream reaches. This elevation was

therefore chosen as the perception stage fdr the yééfs where

water levelé could not be estimated' from the break-up
gééo;ds, for the periodv1964 to preéent.

?The floodnpeak levels'and perception'stages for, this
location are given in Table- 5.1 andlsﬁmﬁérized”in.Figuréu5.5.

.

" S ' T : _ N

5.3.2.3 Site 3:_Near the West Channel mouth
Y
}iAlthough settlement Of this area begah in 1948, records

of flooding do not start “until 1964, as no flooding occurred

¢ 3
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while a fill was in place across the West Channel. The major
sources of data were Town Flood yatch‘fecords or locel
newspapers. e perception stage'was chosen as 158.5 m, =z—o=
top of the bank \in the West Channel Fishing Village. Tk
flood peak levels and perception stages are given in Tabl-
5.1 and summarized in Fiéure 5.6. As before, the years 197

and 1987 were assigned zero percéption stages.

5.3.3 Rank and recor® length

To obtain an estimate of the exceedence probability of a

given

uievel a rank and record length must be assigned to each
As suggested by Gerard and Karpuk (1979) the sﬁmmary
Figures 5.3, 5.5 and 5.6, allow a rank and record
length}?p be allccated to each peak. .The number of years of
record_éégociated with each peak is givén by the sum of al;
the years with a perception. stage at or below the level of
that peak. A rank for the peak is détermined by ranking all
ééﬁks'in the grdup having a perception stage at or below the
level of the peak of iﬁterest. For example, the peak level
'for‘1987 near the mouth of the East Channel. was‘158.2 m.
This elevation 1is léwér ;han the‘pérception‘stage"fog the
Mission records _(1894?1947) and for 1948-1968 so these
periods cannot be included.in :the record length. 'However,
this peak le&el*is greater than the perception stage for 1856

and for the period 1968—87, SO0 these years included in the

60
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record length.v This giQes a récord length of 20 years to be
aliocaxed to the péak of’1987. ~

To obtain the rank of,theA1987 peak, thé peak musts ce

.;ompared to the other‘peaks‘with a perception st;ge lower

than 158.2 m.‘ Within this. constraint the peak level of 158.2

m has been'exceeded on four occasions—- in 1974, 78,. 85, 86 .

(note the péaks.prior to 1968 are not included). Therefére
‘tﬁe 1§87 peak level has rank 5.

‘This process .can be repéated for the other peaks. Table
S.l summarizes‘the resultihg ranks and‘record'lengths for

each event.

5{3.4’Reference stage and probability distribution

Because of the physical constraints on water levels
produced by ice jams it is unlikely any of the standard
probability distributions used in hydrblogy would‘have‘much
to contribute to thé better definition‘éf the waté;;level
probability»distribution. It was théreforévfélt sufficient

to present the probability estimates éraphically. - The

.simplest distribution that can be expected to at least

represent the lower porticn of the distribution adequately iz

the log normal distribution, with zero-stage being taken as
the minimum water level elevation at each site: ie. the zero-
discharge stage at the East-West Channel split and the lake

level at the two channels mouths. Because of the expectation

-
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Table 5.1 Calculation of cumulative probabilities . for break-

up stages.
;
i T oY OF | s PORCENT -
YEAR HIGH WATER STAGE NXOVE YEARS CF PARNK L ING GFEATER THAN VOt DUNCE LiMit L .
ELEVATION | ZEHO-RLOW STAGE FECOI 0 CREQUAL TO (£%) i
(M) (M) (%) LOWLRUMIT | UPPER LMIT )
EAST CHANNEL NEAR THE MOUTH'® !
1963 160.8 4.2 93 1 967 o 00 233
19ts 159.8 3.2 93 2 1.74° 0 00 4 40
1904 159.1 2.5 913 3 2.82 0 00 618
1947 158.9 2.3 93 ‘4 3 a9 0.00 7 A2
1922 158.8 2.2 93 5 .06 0 %% 937
1934 158.8 2.2 93 . [3 6 03 119 0o |
1951 158.7 2.1 03 © -7 1o ' 88 1213 !
1957 158.7 2.1 93 a 818 261 . 13 08 | -2
1911 158.6 2.0 93 0 925 336 14 ra i
1952 158.6 2.0 03 10 10.32 .ta 16 51 | :
1974 158.6 { 2.0 93 1 1 o1e <4 17 a |
1932 158.5 1.9 ‘93 12 V247 515 19 18 |
1933 158.5 R 93 va 12.54 [T R :
1950 158.5 1.0 93 t4 1354 7 4] 2v 7N ~
1986 158.5 1.0 99 15 15.68 0.29 2y aor :
1985 158.5 1.9 93 16 16.76, NI 2418
1978 158.4 1.8 93 17 17 83 10 05 25 61 I
1987 158.2 1.6 20 b 22 84 8’0 40 0 !
1979 157.9, 1.3 4 2 38,24 6 80 93 co i
1977 156.9 0.3 3 2 50 00 110 9n ‘0
1856 156.8 0.2 3 k| RO 77 9.40 99 09
EAST WEST CHANNEL SPLIT ]
- 1951 164.0 .73 41 0 00 PR
1963 164.0 7.3 o 000 - 9 N9
1985 1835 5.8 4 0 0o 1 Ha
1986 163 4 6.7 41 012 17 4n
1952 162.8 6.1 2 0.00 26 43 .
1979 162.7 6.0 21 097 13 4n
1950 1627 5.0 T 42 10 41
1974 162.2 5.5 21 7 L0 49 34
1987 162.2 5.5 21 11 36 “0 vy
1981 161 9 52 21 15 37 $6 40
1954 161.9 5.2 29 10 L9 6Y
Y1947 161.6 4.9 21 24 Q0 bt Ol
1977 1611 i 21 78 6 7139
1957 1611, 4 2t 33 42 76.00
1956 161.0 4.3 2t 38 1 Al A
1082 160.4 37 12 57 00 oW o0
- 1953 , 158 2 15 12 Lk ¥40 1o .
WESY CHANNEL NEAA THE MQUTH .
L 1985 159.¢ 33 24 1 2.58 0 un ' .
1974 159 3 18 24 2 6 /0 200} 1670
raus 169 0 3 24 3 10 82 090l " RN
1979 158.5 30 24 4 14 95 (Y] 29oM
1972 158 % 10 24 5 19 07 1% Y4ty
1977 158 1 _ 2.6 2. 1 2778 )y PR
1987 158 % 26 2 2 72 22 ] BER 9n 0o
it
5 . A A
_
* t' . : @



of an approximate log normal distribution the probability

estimates were based on the Blom formula, . pr= (m=—
S
3/8)/(N+1/4) where Pr is the estimated probability of zne'

peak breakrup stage being equal to or greater in any year

w f »

than a given stage, m the rank and N the record length:. The
Blom 'formula provides an unbiased estimate of this
probablllty for a:log— normal dlstrlbutlon

The results are presﬁﬂted ln Flgure 5 7. Evidehtly t
c
log normal dlstrlbutlon does prov1de a reasonable descr ption

*

of the data.

S’F -

A phy51cal upper limit om flood stages should be
considered forsany pﬁobability analysis of ice Jam flood

- levels.: Thig level is particularly vimportant\vif the.

distribution is to be used ‘to estimate eﬁtrehe events at a

site. ‘At a 31te Wlth w1de flood plains, water levels causeé

“

."by an ice jam .can only rlse a llttle abéve the banks hefore
. the water is 'free to flow around the ‘E/nflned ice
accumulatiqh in the river. Calkins (1983} fouhd that lee jam
thltkness'data'suggests'that once bankfullzdepth is reacheo
°further-thickening of'theqcover is minimal'becausezthe'flow:

lfs now diverted into the'floodplaih'- The ladk‘of increase ini

. 2 2

.accumulation thlckness further sugges@s that water, levels do

”not lncrease greatly-ohce,the water leve@'ﬁé above bank
i ) ' ’

o levely, %his would be the.caSe in.Habeiver as the delta

A Aregion is extremely flat: The phy51cal upper llmlts choeen'

'for Hay River were therefore levels abové Wthh 51gn1f1cant

overbank flow around the ice jam'could~be,expected. As

4
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indicated in Figufe 5.7, the water levels!to date have been

o

{ .

below the likelyAphysical upper limit on stégesvat each site.

Confidence limits were ca}culated for each of the three
distributions to provide an} indication of theé weight to
éttaché& #o0 each point when deciding on a'-compromise
disﬁribution ﬁﬁf eacH site. _The method of calculating the
confidence limits ‘differed. fromQ the standard approach
currently used in hydrology. Inr the giandard method,
confidence }imits are calculated from the variarce of the
hydrological parameter of concern (for example, annual

"

maximum -discharge) and the years of record.

N

In the deriving the gformula to calculate confidence

limits the following relatioh (Hald, 1952) is used:
. " s

v

[5.2] O V{ug = VieyEH?

%

where UV { } is the wvariance, u, .is in this case the

hydro;ogical parameter and ‘P- is the exceedence probability
. The: Wé}ue of du/dP is determined from: \
A o ) S )

. 3
7 - -

e A dB . K o

. ‘. T ) I .
y o . 2 > . .

(62

where ¢ (u) is the standard nbrmai‘diétribdgion function.

- L . : . -
From® :[5,21 and [5.3] it 1S possible to calculate the

variance and thereby: the confidenze . limits, for the

‘hydrological data. However, the variable being estimated is



".;'1 L 4
' \
e——
the exceedence probability. It would therefore seem moro

] . .
s appropriate, to present confidence limits for this parameter
s ‘r :

directly rather than to trahépose them into estimates or

confidence 1limits on the hydrological parameter using

k]

Equation 5.2. This is particularly so in the case of water
levels where the use of the above technique will often lead
‘to quite impossible upper limit water levels.

If the exceedence probability is assumed to Lo

approximately normally distributed, the variance V{P} i

given by (Hald, 1952):

P(l-P
[5.4] D{p}=-——(—N——)
| ‘ WA ‘ , [
Fabl s g \ }
‘The 95% confidence interfwal is given by: .4

"~ (5.5] T 196\ V(p}) v
S o o e

" Some problems wére encountered when the confidencs

¥ \

yo-

intervals were calculated for the low stages at each site.

>

’,

O

// _Typically these lévelé'arevbeiow the general pefeeption srage

and therefore are only asfociated with 3 to 9  years, of
. ) . . . i

“record. With such' 3small years-df.record:itpis nunrealistioc
Y A . . ‘ o - . .

;
~ i >

. v

e asé%me the~ exceedence probability estimat®s would hne

- 1imits were calculated.on the assumption .that fhe exceedernce
) - - &‘ .‘. . . ) . ) v <
+. . probability estimates would follow a binomiai,ﬁ;étribution.

Anormally distributed. >For_small'valueé»of M the confidence’
e 8 _ S : .



K

denominator at.each site. = ¢ | C

\

(t%%ﬁ is”there is an even chance of the estimated probability

being above or below the true probability. As the number ci

samples increase the binomial distribution tends to the

normal distribution). For a binomial distribution the 95%
. .

confidence llmits are given by Hald (1852).

-These confidence limit: so calculated are presented in

Table 5.1 and plotted in Figures 5.8 - 5.10. Some of.the

~confidence limits for the lower data extend into the low

probabilities even though they were associated with very low
. ) -~ - i
stages. This is merely indicative of the wvariability
- § :

inherent in only a few years of record.

*
[

, . 4
5.4 Discussion of probability analysis

aAs‘is;evident‘ from Figure 5.7, theuanalysis of the

hietorical data¢ provides"ax reasonabl§ well deflned

"probability distribution for each site. An 1tem of note is

the similarity of ‘the variance at each site. This is{likely\

( -

due to the fact that the discharge is an ipfluential common

>

Another:item‘*of interest ia the apparent lack o=

1

‘

of the delta It 1s commonly held by the re51dents of @ﬁy

River that floo

for dock constructlon, beglnnlng in 1947: HoweVer;this is

ylnfluence oﬁ-the sevenal‘man made changes to the morphologyf

levels have been hlgher‘and more frequent‘

‘31nce varlous sub-hannels'of the East Channel were cut—off""
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not evident 1in theyprobability disgribution for the East

Channel. Desplte SO years of record pricr. to 1947 and close

.- “,

to 40 years of record . after the changes, there is nc

_ perceptible change in the' water level probability

s

‘ distribution. Perhaps the’ communlty has 51mply become more

I

aware of flood levels because of the extensive development
: : |

that has taken place.since 1947. ,
‘ h

As discussed earlier the high water leﬁel at the West

Channel mouth in.l985'exceeded the 1%. flood lerﬂ established
v ' . ‘Ju‘\«'
by Environment Canada (1983) by about 1 m. Consequently the

1985 event is commonly viewed as a most unusual - evenjfreak

- event. However inspection of the historical record eveals
that, even on the basis of data available wup to ldf the
1985 event had a probability of about 1.8% and was*ﬁ ore
somewhat below the 1% event, and is not an outlier.

léeyond its utility'in flood-plain zoning in the delta,

the_probability~analys%sﬁpu$s.the significance of a.given

" water leuel:as.in the case of the 1985 level discussed abope,

into perspectivel - This . .was 1mportant in the analys1s of(t\?'

break- up observation data obtalned as part of this study

72

From the probability dlstrlbutlon it was p0531ble to dlscern

whether the data obtalned representatlve of a mlld year,

: average year or severe year. - . o ; : "‘f

;The.‘other_ 1tem needed to out'.the\,deltar—break—up;t

observations into perspectlve is some understanding of the

‘overall ice regime of the Hay River.



: g . 6. ICE REGIME

6.1 Introduction

5

The nature of the ice regime of the Hay Rrver W
- 7 Q\

determined from resident interviews and from  field
observations during the 1987 break-up, and freeze-up, wintor

and break-up observations in the 87-88 winter.
' ’

6.2 Field Studies

)

A brief description of the observations taken during the

field studies are presented bedow, mostly in graphical form.
. . v -

Detailed results are given in Appendix E.

¥

6.2.1 Freeze-up Observations 1987

Because freeze-up events often have significan:

implications ﬁon ice Dbehavior Aat break—up ,ff“rL:*up

Y

:observatlons were made from November 16 to 18, 1987.. An itemn

of partlcular 1nterest Was to see whetner a pressure rivige:
had "been formed on the lake near the mouth and, 1f 56,
determlne its natur% and p051tlon . The work rnclud;d;qrdund

and aerlal observatlons of 1ce COndlthﬂo and measirem

Ja profr&e of water levels “and ;ce'therness on tne river v

73
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determine if any unusual 1ice thicknesses or <tTypes.. were

established at freeze-up and to provide data for calibraticn-

a varied flow algorithm for the delta reaches.

As shown in Figure 6.1, prior to November 16 Hay River

had experienced 114.3 °C days of frost. The maximum and

minimum temperatures in Hay River over the observation pericd
were as follows: 16th, -13.6 °C and -21.7 °c; 17th, -12.3 °c
and -17.5 °C; 18th ,-9.4 °C and -15.6 °C. The accumulased
snowfall ub to the 16th was 45 cm, with much of it falling
just prior to the field observations as shown in Figure 6.2.
Octobqg experienced apc-e ave%age precipitatibn,‘in Hay River
total precipitation in Qctober was 127% of normal,  while in

High Level it was 424% of normal.‘

At the time of the first flight on November 16, freeze-

up had occurred from the lake up to about km 1066. The
purpose of the flight was dogument ice conditions on the
river. A récent 23 cm snowfall obscured details of tﬁe
freeze—up procesé tha£ wbuld have beén.evideht in a snow-free
ice‘ cover -and likely hastened freeze-up progression.

Neverthéléﬁs lodgement pointé'during freeze—dp could be

observed by the rough ice which was evident through the show}

9
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West Channel the ice lodged just downstream of the split o)

Ice had appérently{lodged at .the upstream end of Island

[0}
L

C-D in the East Channel (kt“1111.0), as shown in Figure

with a 1.0 km pack-of rough ice above this location. In zhs

th

the Rudd and Fishing Village Channels (km 1110.60), forming
a 800 m pack of rough ice upstream. In both cases the‘
lodgement wasulikely againstAsheet ice forméd_over the deep
water at the channel‘mouths:ivUpstream of the heads éf both
packs a smooth solid ice sheet extended to km 1105.45,‘just

2 A

upstream of the high school. Rough ice, shown in Figure 5.4,
extended 1.3 km'above}this location. Above this, smooth
sheet i1ce, containing a number of small open water leads,

extended to km i087.4, just upstream of the golf course,

bk g T B = 4 oL \ . : .
whefe the next accumulation of rough ice occurred. A pack of-

rough ice extended over 21 km from this lodgement dint 'to km

21066.4, just upstream of Paradise Garden. The pack contained

numerous opeh leads, with spme up to 400 m in length and as -

widé»as!a third of the riwef’width.. Upstream of the head of

this paék the river wasxopen to Louise Falls. In this open

. . : 7 o ’ . :
gﬁter section shore ice extended about a quarter of a river

-

. i : . o . )
width into the flpw from each bank and abcout 25% of the open

pbrtion of the river was covered with flowing frazil pans, as

shown in Figure 6.5. . It appeared that the majority of the

o

frazil ice was being produced in the falls and the rapids

L

directly below the falls.

A profile of water levels and ice thickness was surveyecd
B \ o . .
from the lake'tO'the WSC gauge site (km 1095.5), and is shown



ny

(G

r

; ISHING
f VILLAGE

o
OLD
- TOWN

IN
VILLAGE

~ ROUGH TCE 3

ROUGH ICE
-
*
.
: \\;“ o
Al
. I ?
b oAmm—s K
1 o ] LR
Lecdgement points during freeze-up, iy

1987

D|Ar§r\:§" N




) »
) L V4
> .
Figure 6.4 Rough ice lndlcatlng lodgement point dux*;,rg
Lo 4 freeze-up, November, 1987.° - >
) ‘-E‘i‘gﬁ_re 6.5 Frazil’ pans flowing below Louise. Falls,‘ T
* R Ndvember, 1987 P



in Figure 6.6. To obtain each poinl on the profile, holes

 were augured through the ice. The water levels were surveyed

and the solid ice thlckness ahd the depth of frazil 'slush

. accumulated under the solid ice cover were measured at about

'3 9or 4 locations- across the cross-section. ; These
“accUmulations tended to correspond to ‘the rough . ice

flocatlons. The combination of the rough ice accumulatlon and
/’1

the slush: depoSits could be expected to result in thicker
stronger ice at brea%gup.

’ VA complete Cross sectlon was taken in the West Channel
just downstream of the West Chﬂnnel Bridge (km 1107. 89) and

lS shown in Figure 6.7. The channel had not vyet frozen to

'the bottom, but little or no flow was evident

Another objectlve of the freeze-up. observatlons was to

‘ ‘determlne if a pressure rldge had been 1n1t1ated on the lake
‘near the channel mouth thlS early in the season. At the time

yof the field work shorefast ice extended for 700 m out into

)

_-the lake, about the same dlstance offshore as a shoal that

-ywas documented in the summer surveys.': Beyond thlS shorefast
7about l km in horlzontal dlmen51on, w1th open water beyond
Flgure 6 8 shows lce condltlons on the lake in front of the

:,town - The lce sheets were free to move so, dependlng on wind

shore ice and the sheet 1cef' Wlth the lead openlng and?

79

C

‘ulce therejwere large free floatlng ice sheets Wthh were'

'condltlons, an open water lead could develop between the»-

closing, rubble ice would develop along the edge of the shoref$f

e X "

x

‘ice (or the ba- ‘ 2 llkely contrlbutlng to thlS rubble.
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. Figure 6.8 - Lake ice conditions in fron= of Rudd Channel
during.frgeze-up, November, 1987.
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ice was: frozen slush ice belng drlven onto the shoal by wave
t
actlon. It was not p0551ble to get out to this ridge but

from shore 1t appeared to be already close to a metre in

helght in places. - h . s

©.2.2 Pressure Ridge Documentatiog,

G 4 /
-

The pressure ridges were‘documented from March 7-11, ’)
1988. Two rigdges existed on. the lake near- the West Channel
mouth at the tlme of the field trip. The ridge cldsest to
shore was the rubble ice ridge which had been noted at
freeze -up.  This ridge was not active and is shown in Flgure
6 %9, .The second rldge was an -active pressure ridge, shown' in
Figure 6.10, located over a kilometre offshore.

A detalled proflle of the lake lce was determlned ofF
the mouth of the Rudd Channel This p;oflle and the“rldge
locatlon are shown in Flgures 6.11 and 6. 12 The locatlons
were documented by trlangulatlng positions on the rldges from
the shore and from photos taken from the air.. |

- It is clear from Figure 6.12 that the rubble ice formed

on the offshore shoal The helght of thlS rubble lce ln'

March varled from 0.8 m to almosti 'TThe locatlon of t,

actlve rldge was documented but levels were not taken as 1t

.'was Stlll actlve and grow1ng, w1th helghts varylng from

A v,.

nothlngﬂto about 2 m. This location of the‘active pressure

4
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Figure 6.9 Rubble {idge formed in front of West Cha‘nne'l,
‘ March, 1988. . '
' ]
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_ _ Figure 6.10. Actjve pressure ridge off the front of the
- WesteChannel March 1988
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ridge was ‘typical in comparison to other years (Arctec,

»

1980) . . - s $
1The section of the West Channel just below the brﬁﬁge,,
‘was agaln 1nvest1gated. It was;now frozen to the bed across

3
thd whole width.

]

6.2.3 Break-up Observ, ns 1987

iBreak-up obser> ®ions were made from April 25 ro Maytl,
ml987 ' These 1ncluded both ground and aerlal observatlons, as
well as detalled monltorlng of water level variations in the
Town of‘Hay River.

A total of four 'flrghts were taken for aerial
observations, the first on April 25 and the.last’on April 30.
- Two of the flights extended from the mouth of the Hay River
:to the confluence of the' Hay and thlnchaga Rlvers Both of‘
these fllghts were guided by Red McBryan who shared hrs'
expéglence a;d identified physicalAfeatures and~described
5thefnormal series of events leading to break—up A‘third '
fiied- w1nged fllght was conf;ned to the area.of the town51te

One hellcopter fllght was taken to 1nspect the pPressure rldge

on the lake. On all flights photographs were taken- using a

\\

,,h.35mm camera with at leastxbne/ohserver recordlng pecitions of
the slldes and other featuresZon 1:250, 000 maps®,

Extensmve sground observatlons were made from, the

[ghlghway, whlch more or- less follOWs the rlver from Hay Rlver:_

/ s

Vi :

¢ /o
~/



N

to Indian'Cahins.' However because the ‘area of most interest
1s the Town of Hay Rlver/"most ground observatlons werg

conflned to thlS reach : A

In addltlon to visual obs%éyations, break-up water

levels were surveyed at numerous locatiggs and. times in the

"

lower reaches of the river.

The ¥m§§d studles completed as part of thls study were

)

done in coperatlon w1th the government- agencres sponsorlng

-

the work . The most promlnant group was Water Survey of

F

Canada who supplled personnel throughout the two break-ups*®
1observed The personnel remalned 1n Hay Rlver throughout th
"break-up to insure proper operatlon of- the gauge ‘site and

14
take ctual dlscharge measurements where p0531ble

As the
gauge is 17 km upstream of the town,.the river was [open ath
the: gauge for many ‘of the fce‘jam'water‘level rofiles
obtalned allow1ng‘WSC personnel to take actual easurements
‘of discharge. were taken in the-deltai This provide reliable\
discharge values. Normally dlscharge estlmates are obtained
_from the stage ratlng curve at a srte fDuring’break up
constantly changlng ice condltlons on the river make these
estimates unreliable. As personnel are n-t. normally statloned‘

at a site durlng break -up, a major source of troublealn most
.( .
¢ ice jam studies is in the estimation of dlscharge.“ , N
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6.2.3.1‘Meteorological antecedents”of»break—up'1987i

o -

o . . -

The 1986 87 w1nter was relatlvely mlld t Flgure 6 13 d

shows Hay Rlver only experlenced 2406 oc days of frost
8
compared to the mean of 3140 ©¢C days. ngh Level had - only

2243 ©cC days compa*ed to a m=an of 2755. Tbls mlld winteyp '

\

. caused ice thickness in Hay Rlver to be somewhat less than
usual and presumably partly accounts f01 the early break- upy
& .

date of April 30.

Although temperatures were. ‘warmer than usual the

'snowfall in the ba51n was generally above normal As Flgurefs-‘

6. 14 shows, snowfall in ngh Level was well above normal

Kl

Above average snowfall JSi also experlenced l Fort“
Vermilion, where 1t was 127 percent of the medlan The onlynb.

station in the ba31n to show less than norMal values was that

. \ ‘ ‘ “
Vat Hay River itself. ' ”
6.2.3.2 General progression of breakéup 1987 'R;Q T

A . . . o . .

I . & ' v\

Prior tO'break—up considerable/Lork had been carrled out 7

s

on the rlver by Town personnel in the hope of mlnlmlzlng 1ceﬁ

w

'lower ends of both the . East and West Channel to promote

. greater decay and melting of the 1ce In addltlon, a- dltch—

witch was used in. the East Channel Lo cut™ several long

trenches 1n the 1ce. At the mouth of the Rudd Channel\snow

‘Jam floodlng ThlS work 1ncluded clearlng the -snow from the';

~
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dykes were built out onto the lake to constrain the flow in.
the hope that it .would carry the broken ice out into the lake
and prevent jamming at the mouth of the channel These snow
'dykes were approximately 1 5 to 2 m in height and extended
some 500m out into the lake.

When the ~first break—up observation flight was
undertaken, on April 25, the ice cover was 13 place from the
lake to the downstream end of the golf. course (km 1092.5) .
'_Although some open water eXisted in thlS reach it-was very
”1nfrequent and never- extended for more ‘than 30 percent of the
river‘w1dth Upstream of this solid ice _cover open watet
extended for 800m to the toe of an ice jam which in turn
’extended for 23 km to km~lO69 2 near Paradise Gardens.
Beyond this,4open water extended through Louise Falls and
past Alexandra Falls Above Alexandra Falls. numerous iEETng_
jams were present with sections of intact ice cover and small
sections of open water between each Jam. This series’ of jams
'extended to km 834 where the.head of the last jam was
located.a Above this point open water -existed  to the
Qconfluence of the Hay River. and the Chinchaga River ThlS -
was the extent of the flight but since no ice was mOVing in
.the.water at this p01nt it was presumed that no ice existed
in the river upstream ‘A summary of the conditions observed.
on April 25 is given in Figure 6.15 » »

On the evening of the 25th, the jam located by the golf

- course broke, forming a new jam with the. toe at km 1104. 12

&~
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On Aprll 26 two major movements took place in this jem,i'

.93

a'whlch was the only one below Loulse Falls The first,‘

movement occurred at 16:20, at Wthh tlme the toe of the jam
"moved below the East ~West Channel spllt In the West Channe1
the toe was formed 400m from the" mouth of the Rudd Channel
(km 1111.21), while in the East Channel the toe stopped at km

1108.3, just do :tream of the Spllt 'The second movement

-occurred at 17:50 when the toe in the East Channel moved toh

just upstream of Island B (km 1111.14). The toe,reglon of .g

this jam is shown in Figure 6.16. No movement occurred 1n'

the West Channel durlng this. movement in the ‘East Channel

Another flight up the rlver was taken at 19 00 cn Aprll

27. No Jjams other than that in town existed on the river.

However 1t was noted water levels began to increase above-

Alexandra Falls (km 1034 95) and remained hlgh'to Grumbler
Rapids (km 988), beyond Wthh p01nt the levels began to
dlmlnlsh In the area of ‘higher water qulte heavy .ice runs
were also noted. It was thought the hlgh levels and 1ce runs
were probably the result of the breaklng of a large jam at
Indian Cabins (km 920. .6) - earller in the day

Over the next few days little movement occurred at
either toe” of the . jam in the East and West - Channels All
changes that dld occur in the jam were at the head of the
jam? Frgure 6.17 shows a detalled summary of the evolution

.ofkthe jam in the town31te area. Overnlght on Kprll 27 the

ice floes noted durlng Ehe flight reached the jam, bulldlng

the head of the pack to km 1096 39. (At 23:00 thrskwas at a, -

2\

8!
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rate of‘appioximately 3 m per minute.) By noon on April 28
ice floes had' diminished and the head began to move
downstream due to meltlng of the jam by the warm water (water
temperatures of 3 g OC and 4. 5 OC were measured at Pine Point
Brldge at 18:00 on April 29th and at 11:40 on April 30th
respectryely ). .

‘During April 29th\and 30th the head /continued to move
downstream due to melting;‘;Figure 6.18-showslmhat was left
of the East Channel jam at 12:45 on April 30. By 16:00 on
April 30th, the pack in the East Channel was only 1.87 km

long and at 17 00 ice began to move out‘lnto the lake. In

the West Channel the ‘head was l.l km  below the spllt. At

96

18:00 all threats of flooding had ceased and open water:

existed in both the East and West Channels.
' The pressure ridge on the lake played little part in the
break’up. The effects of clearing the snow from the ice(and

cutting the ice with a ditch-witch could not be quantified,

but it was noted that a large lead that developed in front of

the toe of the jam in the East Channel dld not follow any of -

the.cut lines. The snow dykes‘on the West Channel fulfilled
their purpose of carrying the flow out ontd the lake icé, but
jtheir effectiveness in reducingvflooding was not clear.
During the 1987 break—up water levels‘were‘noted at
fvarious locations and times from the mouths gf the East and

/'West channels upetream to km 1089.57. To do this temporary

/ bench marks were established at varlous locatlons along the

reach. These were tied 1nto Geodetic Survey of Canada datum

i
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Figure 6.18 Remaining jam in the East Charinel avt_ 12:45
' ’A_pril 30, 1987.



during the second field trip in July All survey circuit’d

1

were closed to ensure accurac.

Eleven sites were monitored in the East Channe;, 4 ;n
“the West .Channel and 7 in the ‘river above the split."Figures'
6.19, 6.20 and 6.21 show the variation in water level with
dlstance through the East Channel and above the Spllt at
various times. Profiles for the West channel are plotted:
separately in Figu:es 5.22, 6.23, and 6.24.

Discharge variation over the break-up period is given in
Figure 6.25. Thehpeak dischafge occurred on April 28 and was

apout 980 m3/s. Discharge remained above 800 m3/s frdg the

e
o, =7

28th until after the ice went out
N .

“—~

6.2.4 Break-up observations 1988

Break-up observations were made from Apriiv23 to May 2,
N <

1988. As 1in 19877'the5e included both ground and aerial .

obServations, as well as detailed monitoring of water levels

in the Town of Hay River.

6.2.4.1 Meteorological antecedents of break-up 1988
The 1987—88 winter was again relatively mild. Flgure 6.26
shows that Hay River only experlenced 2570 °¢ days of frost

compared to the mean of 3140. In the more southern areas of
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‘the catthment High Level had only 2080 °¢ days comparetho'a
mean‘of 2755. N - |

| In Hay Rlver total prec1p1tat10n from October l was.a

-‘llttle lower than normal asg shown 1n Flgure 6 27 ngh

evel: experlenced somewhat greater than average total

prec1p1tatlon, but much of thlS occurred early in the fall

Snow on the ground on Aprll 1 .was a llttle below normal.

N

6.3.4.2 General Progression of the 1988 Break-up ~ -

Prlor to break up considerable work had agaln beeniﬂfg .
o . . i L

carried out on the river by Town personnel to mlnlmlze ice

[

Jjam floodlng All of thlS work was done on the West Channel
where snow dykes were agaln bUllt out onto the lane to~
constrain the flow in the hope that it would carry the broxen
lce.out into the lake and" prevent Jjamming 1t the mouth. .
E’Figure 5.28 shows the location‘of the dykes and -also the
locatlon of ice bridges that ex1sted just prlor to break-up.
The snow dykes dlffered from those in l98¥§lthe first year
they.-were used) 'in that one dyke was carried completelv
. aCross the Fishing Village Channel . _
\ At IS:OO on:April 23 the Chinchaga River atvthe’Highway
,5% crossing (km 612.48) was open and the” water temperat;re
was 2.3 ©C. At the Meander Rlver brldge the rlver ice was -

broken but llttle movement had taken place. Solid ice was

\ : - .
présent both upstream and down;fream'of the bridge. .Although
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ICE BRIDGE

NEW TOWN

‘Figure 6._45. Location of snow dykes and

ice bridges in Hay
River, Spring 1588 .
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increased dischargevfrom spfing melt had caused stages to
rise, in Hay River solid ice -existed through the Town except \
in the West Channel: the increased stage had caused water to
flew over ﬁhe bottom-fast ice in the West Channel to the
lake: The depth.of flow over the ice at the West Channel
bridge was estimated to be 0.5 d.
N The ice conditions observeg?in the reach eelow the falls
from the ground and their development over the break-up
period are summarized in Figure 6.29. On April 24 the
bottom-fast ice in the West Channel began to release from the
bed and float to the top. ‘Thié created a juxtabosed iee
accuﬁulation in the West Channel. The river upstream of'thew
town was open between Alexandra and Louise Falls and for
about 7 km upstream of Alexandra Falls. 'Below Louiee Falls a
small 2.8 km long jam %as present; Below this jam a solid
ice sheet covered the river. Small open water leade existed
-at Pine Point bridge (km 1098.26) and at the WSC gauge siﬁe
(km 1095.50) .. : ‘ : v
During the n@ght of April 24-25 ice moved below Lcuise
Falls. By 09:30 the river was open for 4.1 km below the
falls.-’An ice jam existed below the open water section, with
its.head just dowastream of Enterprise (km'lO4l.38). The jamv
was 14.0 km long with the toe at km 1055:42. Directly below
the toe a 400 m lead had developed. There was no,chaage
evident 'in ice condltlons below thls jam. These.condit;ons

remalned constant durlng the day
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By the mornlng of the 26th the head of the jam had moved
downstream 1. 33 'km so that- open water ex1sted from Louise
Falls to km 1042.65. The tQe of this jam had moved 4.1 km to.

o

km 1059.52. There was again anjopen water-lead of about 500
m downstream of the toe. ) . Some movement had occurred
overnlght in rhe ice - »~ver downstream of this jam. A short
jam 2.2 km had formed w1th its head at km 1063. 02 and 1ts toe-
at kh 1065 27. At km 1066.97, just upstream of Paradise
Gardens, there was 1. 08 km of open water. Below thlS a solid
ice sheet existed to km+1095.39, near the WSE,gauge,site,
where there. was another s;retch ofNopen water 2.25 km in
length. Downstream of this open-Watervwas another short jam
500£)long with'its;toe against-solid ioe. The solid ice
~extended .to the lake.

A large soale'movement began early on the morning. of. the
é7th. Ice in the town began to break -up at 07:00. Ice broke
down the East Channel to the dpstream end of Island c-D (km
lllO 9), where the toe of a jamPformed : Ih ‘the West Channel
ice moved through the Rudd Channel and out lnto the dake w1th
the run breaklng through%the lake lce along the shore for
about 2 km to the west of the channel'.‘ As shown in Figure
6.30 and Figure 6.31, at the end Of the run ice had fanned
out on and through the lake ice for a dlstance of about 1 km
from shore. In the Flshlng Vlllage Channel the toe of the
jam had formed at the mouth of the channel The head.of.the
jam was located at km 1098.40, close to Pine Point-Bridde.

Above this jam the river was open all the way to the falls.
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Figure 6.31 Ice fanned out on the lake in front of the
' Rudd Channel, break-up 1988.



111

There vas'no change .on April 28. Air temperatures
decreased auch that thelmean daily_temperature for the'28th
was below zero. With the cold temperatures the discharge in
the river decreased causmng water levels in the town to fall
steadlly Over the night of 28th-29th the head of the jam
moved upstream to km 1097.6. Although air temperatures were
cold in Hay River, they seemed to be the result of cold north
w1nds off the lake. In the upper catchment air temperatures
remained above zero This caused water temperatures to
increased a-little from 0.0 °C to 0.3 °¢c at- the head of the
jam. Due to melt caused by the above zero water temperatures
the head began to move downstream during the aky and by 22:00
the head was at km 1098.46. At 07:30 on April 30th the head
’
was at km 1098.46 and by 22:00 Was at km 1104.46.

. The jam contlnued to melt overnight and by the morning
of may 1 the head was below the East-West Channel split. The
toes had still not moved in either channel .but a large open
water le\&\about 700 m long and 150 m w1de had formed in
front of theé|toe in the East Channel. At 22:45 the toe in
the East Channel moved, filling this open water lead. It
stopped when (it hit the solid ice at the front of the lead.
By this time,.wlth the warm water continuing to melt the ice,
the ice Jjam in‘ the Eastjchannel Was less than 500 m in
length. ‘ ‘. ] |

'By the morning of the May 2 the ice jam in the East ,’(’“
Channel was almost completely melted with just a SOlld ice .

4

cover from the downstream end af Island C-D to the lake. In

.
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the West Channel there was still a short jam on the Rudd
Channel and the Fishing Village Channel.
The discharge variation over the break-up period is

‘plotted in Figure 6.32, where the normal rapid rise in the

hydrograph is evident. The peak.dischaggé, 750 m3/s, was
' Fa

reached late on April 27. Discharges could have risen higher

than this had air temperatures remained warm. ‘As 1t _was

daily méan temperatﬁres dropped to just above 0 °C from the
27th to May 1. This colder\weather élerd dan the melting
process and hence thg discharge. If “temperatureg had
remained warm theré would have beén a significantly greater
‘chance of flooding. |

Water levels were again surveyed and are shown in Figure

6.33.

6.2 General ice regime

With only one year of observations it was important to
collect all other available information on ice processes at

,H%y hRiver. The field studies provided the perspective
. J . : T .

réqulred for interpreting the. hl\storical data, which was

mostly qualitative. From the historbcal data, information on

normal ice processes as well as extkeme event ice processes

s

' was obtained. The,h%;torical data in combination with the -~

field data provided a good . understanding of the mechanisms.
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involved in the ice reglme of Hay Rlver.‘

The lower reaches of ‘the Hay River typically freeze over
“in early November. .Areas of relatively mild slope above thg\}
falls and in the delta regions are the first to freeze w1th
the steeper sections between the falls and bélow Louise Falls

v

freezing some time latef.
By late winter ice thiekneSS'Will reach an average of
1.0 m on the river and 1.3 m on the lake. The West Channel,
being much shallower than the East Channel,‘freezes to the
‘bed except over the deep sections in the two arms near the
mouth.
Freeze-up processes of-_the Hay .River seem not to
‘influence events at break-up as much as has been noted at
other sites. The majority of ice jam studies have been 'done
along relatlvely contlnuous rivers (e.gqg. Dawson, Yukon and
. :
Fort McMurray, Alberta). In such circumstances any
abnormalltles in the ice cover caused by freeze-up and frazil
Lce dep051tlon can have implications at break-up. However,
in Hay River the governing factor in break- up behavior is the
rapid change in the river morphology as it enters the delta
reglon. The effect of this rapid change in morphology seems *
to out- welgh any abnormalltles that occur. durlng freeze-up on
the river.
‘The freeze-up proceSs that may have the greatest effect
on break-up processes is the freeze- -up of Great Slave Lake at

the mouth of the river. Freeze- -up beglns on the lake about

the same tlme as the river but 1t 1s not until mid-Decembet

3
9. . .
;

q



that the lake'completely freezes over. Past studies (UMA,

1979 and Arctec, 1980) and residents have made reference to

ridges that form on the lake just offshore from the mouth of

the river and the obstruction they may pose to passage of

water and ice from the river at break-up. " This tends to be a

more serious problem in the West Channel as the flow movesg

out of this channel on top of the ice.

With only one year of observations it was not possible
to carry out an in-depth appraisal of the Pressure ridge
regime in the vicinity of Hay Rimer, but two mechanisms of
rldge formation were documented guring freeze—up a "frozen
slush/rubble ridge forms along the outer, edge of,tbe bar off
the West -Channel mocth. In the 1987-88 winter it varied -in
height from 0.8 to 1.5 m high. It seems to have been caused
by the action of waves and large[ but thin, ice floes on the
bar at freeze-up. The indications are‘that in late winter
the lake ice is bottom-fast over much of the bar.

The second mechanism forms a true active pressure ridge

and is the result of thermal forces in the lake ice. This

active ridge ls further offshore than the rubble ice ridge.
Break-up begins on the Hay Rivervbetween,mid~April and
early May as the discharge begins to increase as a resul} of
snowmelt The reach of the rlver below the falls breaks -up
first. This run usually stalls and sets up a ﬁam with the
toe in or near the shallows of the East Channel, opposite
Island C—D (km 1111), with the pack extending well upstream

of the ktown. The water level increases at the split (km

N
N

[
o
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116

Nuv



~, . 117

y 1108.3) as the.break—up front passes, so diverting water. and
\ much of the ice down the West Channel; which acts as a 'hi
level by-pass' channel. Generally the flew moves down over
the bottom-fast ice in the West Channel to flow out‘ont; the
lake ice and stall, forming a jam that extends back-up to,
and into, the main channel above the split. {As mentloned it
is commomly believed.that*the run stalls against the rubble
and/or pressure ridges. - However after obsefving the ice
going out onto the lake during the break-up observations it
is believed that, while the ridges no doubt exacerbate the
lprobleﬁ, it is 1likely the run would stall in abeut this
location whether a ridbe was present or not, as the Water
spreads out over the lake'ice ond the pack grounds.) vAs the

run passes the West‘Channel split it can move into the east

arm past the Fishing Village. 'If it moves far enough into

the east arm it can cause a rapid and substantial increase in
water level at the Flshlng Vlllage The observations and
hlstorlcal data suggest thlS is not the norm however, with a
jam forming at the mouth of the east arm of the West Channel

only approx1mately 20% of the time.

jam after lnltlal‘break—up in ghevtown. Although water
levels may be quite high at this time, discharges are usually

A still relatlvely low and no serious floodlng normally takes .
place. = '

The jam toes in the East and West Channels typically

remaln .in place over the next few days. . However the
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discharge continues to increase if temperatures remain warm
and break -up begins on the river anove the falls .
Whether serious flooding d:curs in the Town depends of
the conditions and conflguration of the Jams in the town when
the peak discharge arrives and the magnltude of the peak
The peak discharge at Hay River normally occurs 4-8 days
after the original break -up in the town. After the. original

break-up up to 50 km of river can be open.. With warm spring‘

-temperatures this water will warm and begin to melt the jam4

in the delta. If 'the peak discharge is high and arrives

'before Signlficant meltlng of the jam has taken place,

»

P

serious flooding in Hay River can be expected Additional

varlables that can "be 1nvolved 1n the flooding are surges_

released by ice. jam failure upstream, and. rainfall both'of

which can increase the peak dlscharge

119 -

In the-East Channel uhe most severe flooding OCCurS when. -

the peak discharge arrives and has enough force to dislodge

the toe of the jam at - Island C-D (km‘llll) while the Jjam is*

Stlll reasonably developed “The resulting ice run w1ll then

stall against the Stlll competent lake ice at the mouth of

the East Channel. This - combination of Circumstances only

- happens infrequently, with the only recorded instances being

-

1914 and 1963. ' : .
Typically the toe of the jam will remaiL at Island C-D

if the ice lS Stlll competent - For example, the

| discharge was equal to ‘about the 100 year disch rge yet the

toe remained at TIsland C-D. It seems,this toe will‘not

.
[
1104

e




120

Hnormally move until the.head of "the pack has progressed
downstream'enough (by melting from warm water) that warm -
water reaches the toe of the jam and begins to deterlorate'
it. Once the toe has deterlorated-enough the jam will move‘

T downstream. At this point the jam is nermally-quite’short.
Despite this the jam at this stage is still a threat when it
moves to the mouth. The characterlstlc sharp 1ncrease in’
vwater level across the toe reglon of the jam can. be

- suff1c1ent to flood the low lylng land near the mouth if the‘
discharge 'is high enough This process w1ll produce flood
stages in the East Chahnel but not near the stz es that occur
when the jam moves down suddenly when Stlll fully developed

C .aLd accompanled by a "hlgh dlscharge"’

| In the West Channel the most 51gh1f1cant floodlng occurS'

- when high’ dlscharge occurs after a jam has formed on the east
arm of the West Channél. This occurred in 1985,
| Ih;many years,‘the jams, and the ‘ice inbfront of
the toes of the jams, are;sufficiently deteriorated by the
tlme the peak dlscharge arrives that they Smely washout into

the lake

e

6.5 Discussion of Ice.Regifie

‘\‘7 Field studles are an essentlal part of any 1ce Jjam- flood
analy81s.~ Ice processes are not well enough understood that

an assessment of break- -up processes can be made from a
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physical descriotion of the site. Break-ups must be
monitored by the study personnel at least “ace 1if any
understandlng of - the ‘break-up process is to k= developed.
Historical data can Ye very useful, but in retrospect much of
rthe data for hlstorlcal sources would have been of little
value without the perspectlve gained from the field work

Although no serious flooding took pPlace in these years,
condltlons were such that many of the features evident in
extreme flood years ‘were present, only on a lesser scale
The field work prov1ded much insite into the ice reglme at
Hay River.

With the understanding of many of the ice .jam processes
‘and the ice jam profiles obtalned from the fleld work it was
poss1ble to callbrate a tomputer model to predict water
levels in the delta.‘ The calibration tﬁf this model 1is

1

presented in the following chapter.



7. Ice Jam %rofile Mmodel
7.1 Introduction

In the deterministic approach, one of the major
obstacles is the calculation of the water surface profile
broduced by an ice jam. ‘Much work has been done”on the
calculation of water surface profiles in open water
situations, but because of the complexities involved, little
"in comparison has been done for the ice jam case. The
calculation”of the water surface profile of an’ice jam-was
necessary to produce rating curves which were used 'in the
forecasting procedure.

A typical profile of an ice jam mas discussed'briefly in
Chapter 1. In mild channels the profile is a result 'of the
change in roughness from the smooth downstream ice to the
rougher fragmented ice, resulting in a gradually varied flow
orofile of the M2 type. This M2 curve extends through'the
'downstream transition; section of.tne jam. lf the. jam is
>long enough, in a relatively prismatic channel the jam will
contain an equilibrium section

-An ice jam must 'sustain the downslope component of its
‘L own weight and the drag of the flow: moving underneath
Therefore lf the jam is .to be stable it must be strong enough_
to transfer these loads to the obstruction downstream'(the
solid ice sheet) or, by shear, to the banks. 'In a break-up

jam little or no cohesion exists betwéen the ice*fragments.

122
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The jam must therefore rely only on'intel-partlcle friction

for its 1nternal strength and some confining stress must ba "™~
present, much like a granular soil. ~In a jam the conflnlng ’
stress is due to the opposing actions of the buoyancy of the
'submerged ice and the weight of the unsubmerged ice. To
increase the conflnlng Stress and- thereby, the internal
strength the jam must thicken. In a jam, the increase in
thlckness ‘is the result of 'shoving'. At some sectlon in tHe
jam the . load will became too large and cause this sectlon to

‘

collapse, generatlng a new larger thickness that 1is

‘

sufficient to resist the applied force. This increase 1in
thickness will also allow more load to be transferred to the
'banks, by shear.

The ’majority of work on ice jam water levels has
followed from the early work of Pariset and Hausser (1961) -
"and Pariset, Hausser and Gagnon (1966) . This!work was based
on the analogy between ice blocks confined between banks 6f a
brlver and a granular material confined between silo walls
' The latter was formulated by Janssen (1895f. Following
closely the work of Pariset and others, more'recent wirk

4

(Uzuner and Kennnedy, 1976) “has developed a more - complete
'derlvatlon of the equations governlng lce jams. Thispwork has
lead to the development -0f the differential equation
describing the variation Of.'the,'-thickneié of the

accumulation:
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17.1] %C' _B%5 , _m Kytand ‘
: CEO2KY, T2tKgY, B
where t = thickness
‘ p' = ice density
g = acceleration due to gravity
S, = slope of phreatic surface
K, =passive pressure coefficient
Ye = %‘p’g(l—%i)(l—e), a measure of the
~average confining stress at a section
T = shear stress appliéd to jam underside
by flow:of water
K,y = lateral stress transfer cocefficient =
G, /0, |
¢ =,angle of'shearing resistance
. ‘B - = channel width
g, - = thickness-average ﬁorﬁal streés at bank
g, = bhickhess-average-and width-average
‘ longitudinéi stress
o X, Y = streamwise and transverse coordinates
respeétively.
Under uniform flow conditiohs dt/dx = 0 and S, = S, = S.

'Follcwing Be;ﬁaos (1984) subgtitution of these relation into
Equation [7.1] and some algebra yields an expression for the

equilibrium jam thickness:

o
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rt

- 6.25 : ,/ R )
-—_sg. __ D.<9o —te
[7.2] - _. m (1 + 1+0.35uSB

where: teq = equilibrium accumulation thickness

1 = Ky K, tand(l-e)

The hydraullc radlus of the ice lnfluenced portion of
the flow in a wide channel can be approximated as (Gerard and

Andres, 1982):

: _ h
[7.‘3] Ri = ki -p
14—
(kb)
where: h = depth of flow under the jam
k;= hydraulic roughness of jam underside

ky= hydraulic roughness of the bed

P = coefficient based of power law
expression for average velocity (1/4 for

Manning equation equivalent)

With Equation (7.2), an approximate value of U, and
appllcatlon of standard hydrallcs to flnd R, an estimate of

the jam thickness in an equilibrium reach can be made ~ The

%

water level can then be calculated from d = h + Pp'/p)t.

Normally ice jam. water levels are calculated asSumihg
the jam at the section of 1nterest is fully developed and has .

an equilibrium thickness (constant‘th_ckness and uniform
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flow).. This assumption 'is deemed conservative as the
equilibrium stage is the highest than can be attained by a
jam. Although Equation (7?2] assumes  the channel 1is
prismatic it is often used to obtain jam related water
{profiles in natural channels. Such channels are.séldom
w@rismatic, so it 1is assumed that the equilibrium thickness
is applicable at any cross-section and can be calculated from
local channel geometry and flow conditions.

The- need to assume equilbrium thickness can limit the
'validity of this method in certain instaqges In many cases
the channel may be too non-uniform to assume the thickness
can fully adjust to the equilibrium thickrness from cross-
section to cross;Section. In other cases it may not be wvalid
to assume that equilibrium thickness has been reached at all
either because the jam is too short or the area of interest
may be in the developing toe region of the jam. .

The features of the Hay River delta are such that to use.
equilibrium assumption to calculate ice jam water level
profiles would be questionable The river morphology changes
dramatlcally in the delta .region- making the channel very non-
~uniform. Also the jam tends to stall at the mouth of the
river where much of the '0Old Town' is situated. It would be
unrealistically conservative to:assune theAjam has reached
eouilibrium thickness at this location.

1o obtain realistic results‘in the'Hay River delta it
was necessary to use a computer model which was capable of

calculatJng the thickness and water surface profiles of an
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ice jam over its entlre length in a non-uniform channel A
rev1ew of the literature found that three models exist Wthh
calculate a water surface profile over the entire length of
the ‘jam. It ;s known thatvother models have been developed
by consulting firms, but these(?me not available for use or
- evaluation. Only the results of Uzuner and Kennedy
(1974,1976{, Beltaos and Wong (1986) and Flato and Gerard
(1986) have been published. All three of these models make
use of the differential thickness (Equatlon [7.1]) and varied
flow equations. Both Uzuner and Kennedy (1974, 1976)'and
Beltaos and Wongt(l986) use equilibrium COHdlthnS as a
boundary condition from which the calculatlons proceed and
therefore both presume the. existence of an equlllbrlum
‘section. By assumlng the equilibrium condition exists these
two models limit themselves for practical use. Unless‘the
channel is prlsmatlc, there is no p0551blllty for an
equilibrium -section to develop and even in a prlsmatlc
channel, the accumulation length required for the dam to
become fully-developed may not be achieved.

Flato and Gerard (19é6j,4do :nct use equilibrium
conditions‘as a boundary condition. ThlS makes their model
(ICEJAMdver. 1.5) much more flexible over a broad range »f
situationsm Their scheme allows a complete mater lev:=1
" profile of a jam to be calculated regardless of jam length or
channel geOmetry It was the only published model suitable'

for Hay River.
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7.2 ICEJAM ver. 1.5 : _ \

- This is a numerical algorithw {that iteratively:solves

the varied flow equations upstream, a3 is usually done in a

mild channel, and then solves the ifferential‘thickness

equation ([7.1] downstream with th waterway depth profile
just computed; This viterative cycle contindes until
convergence is attained. The main elements of the algorithm
are shown in the flow chart of Eigure 7.1. | N
| The program starts by eading constant data - like
discharge,‘poroeitj{ depéityj&ind jam;Strength parameters.
Next, data for each cFéss—section ie'read, as-well as ice and
bed roughness. The solution begins by calculating the normal
depth at each cross—section aesuming an ice cove;'exists.
Using this flow profile, a first.estimate of the ice jam
_thickness profile is obtained. Using the thickness profile 5
new water‘surface profile le calculated. With the new water‘
surface profile a new thickness profile can ?e calculated and
so on until a spec1f1ed tolerance is obtalned

The downstream boundary condition for the depth
calculation is provided by the unlform flow depth-under'the
solid ice sheet. However this downstream boundary condltlon
requlred modlflcatlon for use of the model in Hay Rlver
‘Because the toe of the jam can form near the mouth of the
river the depth of flow in the river at the toe is not the

normal depth but that controlled by the lake level.: The

model was therefore altered such that the downstream boundary
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from
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condition (depth.of flow at the downstreamteﬁd of the toe of
the jam) could_be_arbitrarily‘set. _ :

Another feature of this model is the 'floating toe'.
During the thickness calculation the accunulation thickness
is allowed to become as thiek as neCessary for 'éeotechnical'
stability. During the gradually~varied~flow sweep the
average velocityvin the'w£EErway under the‘ice is“balculated
and checked againstia specified erosion velocity‘for the
accumulation. If the calculated velocity is greater than the
erosion velocity, the accumulation thickness is:reduced to
simultaneously satisfy the graduallyivaried flow constraint
- and the erOSion velGCity constraint ."™It. is presumed that
the reduction in accumulation strength caused by this
reduction in accumulation thickness can be provided by the
solid ice sheet (ie. ‘the force applied directly to the
upstream vertical face of the solid ice sheet, and the shear
between the accumulation and the underside of the solid ice)
(Flato and Gerard,-l986)." Based on this assumption the
solid ice must extend up to the section where no reduction in
accumulation‘thickness is required to satisfy the erosion
constraint. It is further assumed that the#eroded ice is
Carried downstream to depOSlt under the solid ice This
forms a hanging dam accumulation under which is a waterway
constant area. The assumed- sequence of development'of an ice

v

jam pack is shown in figure 7.2.

o
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D ad

(a)

(b)

(c)

— Vi,

(d) -

jam toe (modified from Flato,

Development of

1986)

Figure 7.2

-
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7.3 Calibration of the Model
<

. . . ¢ ' ’
The ‘above model was calibri¥ed using profiles obtained

from‘the observations of Yoreak-up in 87 and 88. The model
was only used for jams in \the East Channel. In the West

) -
Channel ice fans out onto the lake ic= and there is no

" defined toe'of the jam. R
The flrst obstacle in using the model was estimating the
discharge in the East Channel. As mentioned qulte reliable

discharge estlmates were avallable fc' the gauge at Hay River

for both 1987 and~88- " The problem was aSsessing the

o apportlonment between the East and West Channels. ) '

Because a fully developed lce'jam existed at the split
in the cases for Wthh the proflles were determlned ~standard
hydraullc calculatlons and equlllbrlum ice jam thickness
equations Were used at the. channel Spllt to develop a
relationship for flow down the West Channel based on the
elevatlon of water at the spllt.‘nDlscharge estlmates were
calculated for both thL Sl%fég‘ﬁ€ %S a jam in the West
Channel and open water " 1n'theim§§r$Channel The resulting

ratlng Curves' are glven in Flgure 7;3

: a
Only one cet of measurements of discharge down the West
Channel could be found. These were done by WSC in 1985, and
are shown in Figure 7.3. Two measurements were taken on

different days but the measured discharge - he same.

During these measurements the river was open at tres spl.t but

-
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the head of a jam was about 500 m downstream of the'brldge.
The measured value should therefore fall somewhere between
the two curves because,‘altnough ‘the ‘:hannel was open the
flow at the split would be 1nfluenced by the backwater of theu
downstream jam. As is evident in Flgure 7. i/the measured
discharge and water level elevation at the‘Spllt indeed plots
between the two curves. |

From the discharge at the WSC gauge and-Figure 7.3 the
discharge in the East Channel can be'calbulated. iﬁ both 87
and 88 a fully developed jam was present in both channels at
theAsplit so discharges in.the WestﬁChannel were slmply read.
from the ice jam curve in Figure 7.3. ‘

The roughness of the underside cf the jam ‘was used to

-calibrate water levels. It was found that an ice roughness;t'
of 1.1 m was needed to match the measured proflles ‘ Thls ice
roughness 1is reasonable as k; (ice roughness) should be

somewhere in the region of 1 to 3 times the average heightfof
the ice projections on the underside of the jam . (Rivard,
i . : Ny B

1985). Field observations noted that the'projections'on'too
of the jam were. about 0.5 m in helght (see Flgure 6. 1&
Presumably the bottom of the is not unlike the top
In callbratlng the model lt was also found that to
obtain the location of -the toe (the uostream of the solid ice
cower) as measured in 87 and 88 an erosion velocity of 1. 6.
. , \

'm/s’ was needed.. This seems reasonable although there are no

’fleld or laboratory measurements to confirm or deny it.
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The bed roughness used'was 0.18 m and was obtained from
open water profiles'taken in the summer 'of 1987. All other
parameter values used in the model are given in Table 7.
The pack Strength parameters used were such as to give the:
commonly used value fu of 1. f

As seen”in Figures 7 4 and 7.5 the model results were
very close to,the measured Nalues It was found that the
streamw1se step size used in calculatlons in the toe reYion
had to be quite small (50 m) to achieve stability.

T With the model satisfactorily . calibrated for two
different discharges;'ice jam‘rating curveslwere developed
for the delta'region. These rating curves could then be used

in developing‘the flooding forecasting procedure.

7.5 Ice jam rating. curves ‘

A ratlng curve ‘was developed for the East- West ChanneT

Spllt for dlscharges in the maln channel upstream of thev
split from 200 to 1400 m3/s. - This was dgne for a jam with lLS

: 'Y
toe at Island C—D the normal occurrence, and the 'pacx

Va e

extendlng well past the spllt The ratlng curve is;given in

Figure 7. 6. :
Serious floodlng occurs ” when the toe of the jam‘sets .up

at the mouth of" the East Channel. The model was‘therefore

also applled to thlS 31tuatlon and a ratlng curve developed

2

for the East -West Channel split and for a pblnt opp051te
Sy
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Intial thickness

Thickness at toe of jam

Tan_ (¢)

Icé‘Qe5§ity

Porosity

S#?ar‘coefficient

ngsive presSufe coefficient

Tolerance

Maximum velocity

.

Ice roughness

g Bed %oughness

“

1.

0.

1.

Table 7.1 Parameters used in ICEJAM model.

50 m
80 m

190

920.0 Kg/m3

0

0.

.40

240
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‘which gives a mild slope.

. . 139

Island A (km 1113). Flgure 7.7 gives ‘a typlcal calcﬁlated

‘. [

proflle through such a jam for Q = 1000 m3/s From the Flgure
it is evident that the- pack thins ]ust upstream of the toe.
This is caused by the very large waterway area this region,

f

It was found that the ratlng curve at the Spllt was the*

o,
same as the one developed for the toe at Island C—D.

Obviously the East-West Channel split must be in Or near the

fully developed portion of the,jam)when the‘toe is at Island

C-D.

The rating curve for the East Channel ‘at Island A 1is
given in Figure 7.8. Water levels for the 1963 flood ~when
the toe was at the mouth, are known; Although no,discharge
measurements are available UMA (1979) - estlmated that the

dlscharge was 900 m?/s in the East Channel during thlS event .

" This estlmated peak discharge and the correspondrng flood

level are very close to the rating curve.

An interesting feature occurred when the model was
applied to a jam with its toe set between Island C;D and the
mouth of the East Channel No matter what locatlon was trled
it was found that the toe was unstable in thlS region. It
was only at elther the mouth or Island C-D that both the

geotechnlcal' stablllty and erosion velocity crlterla could

be met.' Therefore only jams with' the toe at the mouth or at

‘Island C -D were compatlble with the model, and indeed, no
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/

instances of a jam forming with its toe between Island C-D
and the mouth could be found in the available historical

data.

As mentioned earlier,’ice in the ﬁest.Channel'tends to
flow out onto the ‘lake. There i; therefore no.defined toe.
However the water level profiles taken alono the‘jam at this
location in 1988 (given in Figure 6.33)'indicated that under
these circumstances there is a constant slope in the West
Channel near the mouth. ThlS su%%ests the jam in this area
‘may be close to fully developed. |

A rating curve was therefore developed for the West
Channel just upstream of the split of the West Channel
assuming the pack is fully-developed at this section. The
result is shown in Fioure 7.9.  The analyels was calibrated
using d&ta from 1987 and 88. Above an elevation%pf 160 m two
curves are shown in Figure 7.9. The top line is from the
above analysis.- However 51gn1f1cant overbank flow around the
Jjam can occur at this site once the stage is over 160 m. The
amount of this overbank flow is difficult to estimate. The
peak water level at this site in 1985 was about 160.9 m
(Underhill, 1985). Form the'description~of the surge event
in the historical records and the' Water Survey measurement of
a d*scharge of 480 m3/s in the-West . Channel it is estimated
the peak dlscharge was between_GOO and 670 m3/s. This suggests
an approprlate ratlng curve for thlS 31te that allows .for

‘overbalk ‘flow is that of the lower curve in I'igure 7.9.

Values for the West Channel are for the upstream'end of the
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i

Fishing V;llage (downstream end of'éiiport). The field.

surveys of 1988 suggest this level can be’t;ansferred along

the F . .ng Village Ghannei'assuming'a water surface slope of
2z .

about (.9 m/km.

v

 7.6 Discussic
jpe next task.is to utilize these rating cur&§s~in
d&veloping an ice jam flood foreéasting procedure for Hay
i

River. This development is described in the next chapter.



8. Flood Forecasting Procedure for Hay River
8.1 Introduction

‘Ice j;m flooding 1is characterized by a suddén. and
sometimes catastrophic increase in-water leévels. Because of
the complexities involved in the break—up proé%sses even -
experienced and knowledgeable personnel have dlfflculty
determlnlng 1f flooding is a p0551blllty at any given tlme
‘during the break- up. ThlS was highlighted in Hay Rlver in:
l98§ Town personnel monltorlng break up felt part way
through the break-ug hat little’ chance existed of flooding
occurrlng and monltorlng of the rlver curtalled Soon after
this the most severe floodlng ever experlenced in the West L
Channel occurred ' Because of the tlmlng of the flooding

(2:00 am) and the severity of*the floodang, most residents

agree that it was simply luck thatithere-ﬁés no loss of life.
It was this‘event that indicated themneedffor a systematic
‘procedure Lo predict impending ice Jjam flooding at. Hay River.
Any advance knowledge of the’ severlty of break-up can be used
to 1mplement defensive strategge g ., |
Break-up is a complex prpcess 1nvolv1ng the 1nteraption
oy
of physical features of the §1te, and meteorologlcal and
hydrologlcal anuts. The phy51cal features remain relatlvely
constant vyear to year ' The variability in the break up
process is prlmarlly related to the meteorologlcal and
hydrologlcal factors.v Hence, for a'glven slte\rt'may be -

AR | 145 _ S
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possible to develop a relationship between the variable

hydrometeorological antecedents and the severity of break-up. .

3

.8.2 Past Studies

Much  of the early werk relatlng hydrometeorologwca‘
antecedent§ to break-up processes seems to have Deen done in
the Soviet Union. This work was documented by Shulyakovskii
(1963). Shulyakovskll uses what he calls a. "heat input" e
at the site to develop relatlonshlps for the severity and
tlmlng of,breakjgp. The relationship between the reguired

SR

"heat input” at”break~qp and hreak—up*paremeters was 1in

general assumed to be given as folloWs;

' B
5.1 - S ZE = f(ty, t, @ v, v, AY,V%‘_'E‘b)
where;'ﬁ/// ty = ice-thickness, | ;
t = snow depth. | ‘
s D = paramater of stream merphology
v = flow velocity at hreak—dp N
Y, = stage prior to break—ué
CAY - =einereasefin stage at break-up
2E, = heat input to the ice by warm water

S

He suggests, however, ‘that not all” of the above parameters

would necessarily be involved at each site: He describes a

\A
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'number of prediction techniques developed‘from hlstorlcal
break-up 1nformatlon that 1nvolved various comblnatlons of
the above parameters.

For example, to predlct break up stages on the Tom River
at the town of Tomsk, he reports an empirical qugtion
involving 4 parameters., These were ice thickness, depth of
snow on the lce; the ratio.of heat input- at the, jam srte to
heat 1nput 1n the basin that supplles dlscharge to ‘the site,
and the® onset oganegatlve air temperatures in the break- up
‘perlod These were all used to calculate his ZE and predlct
severity of break -up. Slmllar relatlons were developed for
other sites and other rlvers They wire all emplrlcally
derived from hlstorlcal data and normally contained 3 to 4 of
-the parameters

Beltaos and Lane (1982) also developed a relation for
stage durlng break -up for some Canadlan rivers. The work
followed closely that descrlbed by Shulyakovskll . In
calculatlng 2XE for the site they used air temperatur hours
of bright sunshlne, w1nd.speed ‘and vapour pressure ;The
final result of thlS wo;k was a relatlonshlp between JYE and
the stage 1ncrease above %he .maximum freeze- up Stage (a
measure of" Ay). \ One: of. the llmltatlons of this study was
that no allowance was made for varlabll1ty in the dlscharge
at break up |

White"l984) developed a model for ‘peak stage during

break —up for the Red Deer River at Red Deer, Alberta. Its .

development was based on the statlstlcal analysis‘of‘48'
. .



>

hydrometeorological . factors. A number of multiple -egression

‘models were developed with the best version _nc_uding

. parameters such as chinook wind in the upper reaches of the

catchment. This approach was highly empirical and little
attention was paid to the physics of river ice processes.
Gerard and Stanley (1986) investigated the relation

between hydrometeorological antecedents and break-up severity

on the Yukon‘River at Dawson, Yukon. They speculated that-

the main factors governing break-up severity ‘at this site
were discharge and ice competence; Accumulated degree’days
of thaw was wused as a measure for ice strength A

ksa
relatlonshlp was then developed between degree days of thaw,

dlscharge and expected water levels. This study was only‘

prellmlnary in nature and was llmlted somewhat by the lack of

meteorol@glcal data. - No radiation or bright sunshlne data,

which is a nmch better parameter for ice strength, was

avallable for the.site. Even so the developed relationship

- 4

has worked well in predicting break-up waFer levels at.Dawson
over the last two.years (R. Janowitz, lndian and Northern
Affairs Canada, Whltehorse, personal communlcatlon).

Doyle (1986) carrled out a similar study that related
dlscharge and bright sunshlne to break up severlty for the
MAthabasca Rlver, at Fort McMurray, Alberta This Study
demonstrated the much better agreement found . 1f bright

sunshine data is available and used. s fl?f%“'

A number of other studies have been completed. which

relate synoptic meteorological patterns and - break-up.

148
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se&erity. These 1nclude McMullen (1961), Savchenkova (1972),
Fogara31 f1985) and Doyle (1986). All had “only li@ited
snccess,at,doingvthia. | A

The rev1ew of the literature on forecasting ice jan
floodsvrevealed that past work has been almost totally
emplmlcalvand 31te spec1f1c In many cases the work is

t

Lvllmrted by the avallablllty of hydrometeorologlcal data, a

o2
\-:'i

o common problem in cold regions. Therefore only a few factors

R

effecting break—up can normally be considered Consquently
Epe relatlonshlps deveJoped feature a great deal of scatter,
+but. even so the warnlnguof impending severe floodlng can be
'vextremely valuable, - |
Because of the xnore complex‘situation) a somewhat
- different approach was used toudevelop a flood forecasting
algorithm for Hay River in.this study. Based on the
inderstanding of the .break-up ice processes in the reach
gathered from the field observatidns Znc the review .of the
hlstorical record, a much larger deterministic component
could be built into the forecast algorithm.
~
“8:3 Development of an Ice Jam Flood Forecasting Algorithm -\\\\

. fBr Hay River.

8.3.1 Introduction
The procedure developed for the town of Hay River

assumes a joint effort will be maintained between the Town



and appropriate Government agencies such as Indian and

Northern Affairs Canada, Water Survey of Canada, Atmospheric

Environment. Service and the GNWT Emergency Measures -

Organization. To make the procedure practical it presumes

-only currently available hydrometeoroiogioal:faeilitieer

&

; : Sk e

regular aerial reconnaissance of spring ice conditi%ns»by
experienced observers, and provision by the'T?&n of flood
watch personnel.

Thebfundamental parameter that‘drives break-up events in
the delta is the discharge. The algorithm developed assumes
real-time, one to two-day, forecasts of this parameter at Hay
River will be available from WSC. This'is felt obtai%able

from a'newly developed'WSC gauge at the Aiberta—NWT border.

Because of the geography of the catchment onlyhg percent of

the basin lies below' this gauge station. Most oﬁ&thls area .

1s low lying and covered with muskeg and adds little t the

‘overall dlscharge of the river. Therefore discharge data

1

from the border Should be very representatlve of dlscharges3

that can be expected some two days later :n the qun of Hay,“

5

River.

In developing the'algorithm informationlfrom'ail ﬁgrts
of the study has been utilized. This includes historical?

data,’break—up Observations and resultsdfrom the‘computer

model for ice jam profiles.

8.3.2'Timing of Break-up -

150
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The timing of break-up Was:looked at briefly inbthis
study. Hydrometeorological antecedents were analyzed to
1nvestigate their relation to the first movement of ice in
Hay River. It was found that the governing factor was a
rapid increase in discharge,,over a period of about a day, at
the beginning of the break-up period-t No relationship could
be found that predicted the onset of break- -up more than one

"day in advance. Any relationships developed With a longer

l
»

lead time contained a great deal of scatgqrn

b &l data and the

*5' v ,,7

break- -up observations it became obVious that the.onset of

However,'from the review of h%ﬁt,

break-yp is not of critical importance for flood forecasting
~at Hay River. At most other sites (eg. Daw;on, Yukon) the
onset of break-up 1is followed'closely by the peak'stage

Therefore any predictive technique at these sites must be
able to predict the onset of break- “up accurately. At Hay
River, as explained earlier, break-up occurs first below the

falls. It is not until 4 to 8 days latter-thatfthe peak

discharge, which is usually responSible for'the flooding,

y g
arrives. For example it lS normal gractice by the Town Flood

Watch to mobilize only after the initial break-up occurs
below the falls. It was ev1dent that wvisual inspection of
the river below the falls was the best method for determining

the commencement of break -up.

PAEEIN
J
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8.3.3pFlood’Forecasting Algorithm

'An overview of the procedure‘developed to predict the
lmaXimum expected break-up stages is presented in the 'flow
chart’ given 1in Figure 8.1. ° The algorithm has been
calibrated using as much data as could be procured, except
for 1988. The events of that year*were'used to provide
preliminary evaluation of the algorithm's ntility. '}§3

The procedure centres around predicting water levels at
the East- West Channel split. This site was chosen as water -
levels there are.imdicative of whether flooding occurs in the
East or West Channels. If high water occurs at the split,
flooding can be expected'aﬂopg one or other of the delta
channels | |

The Simplest relationship for water levels at the split
would be the rating curve developed for this location as
~described in Section 7.5. This is presented in Figure §. 2,
‘along Wlth the actual peak levels at the split. and their
corresponding mean daily discharges, for all years With data
It is evident that many of the points lie somewhat. above the
rating curve. This is likely due to the effect of surges
that occur during the break- -up period These are caused by
failure of ice jams upstream‘of the falls. The short lived,
but important( discharge increase they cause is not
represented by the mean' daily discharge. This was
substantiated in the break- up observations of 198ﬁ? The

ﬁ"
water levels from this year,_which were used to calibrate the
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rating curves, were under steady conditions. -If the surveyed:
high water mark and the correspondlng mean dally discharge is
plotted on the graph, the point is above the rating curve.
Using the rating curve with no allowance‘for the surges
could give substantially lower values for the'expected stage.
Little data was available from[ﬁéc_records to quantify these?
surges, so an empirical relationshipwwas developed to tryito
quantify the surge effect. .
As the surges are the result of the formationfand
subsequent failure of ice jams/ the'more cpnduclve the
situation is for the formation of jams, presumably the
greater the chance'that surges will occurf_ Almost-all of the
Aliterature on ice jams agree-that, for a given diScharge, the
more competentmthe ice the greater thejchance for jam
formation. The competence -of ice is dependent upon a humber
of factors These 1nclude freeze -up processes, winter
regime, and energy 1nput to the 1ce in the spring.  As llttle,.
1nformatlon normally exists on the freeze-up processes they
are usually ignored or assumed to remain relatively constant
from year to vyear. ' The latter was assumed in this study
Although temperatures vary somewhat over the winter from year .
to year, 1ce growth is proportional to the square root of
degree days of frost. In northern areas where values for
degree days of frost are high, the dlfference 1n ice thlcknes
between a relatlvely mlld winter and a severe winter are
qulte small. Therefore it was assumed that the ice thickness

3

was 31mllar from year to year
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The major remaining parameter%effectlng ice sheet
R .
1 .
strength is the energy input ;n the*gprlng. This energy

input is a result of - solar radiatidn g;r temperature and

‘seems to have the greatest effect on ”gh (Bulatov

(1972), Ashton (1988)) .

This radiation is absorbed within the ice sﬁgégsand, if this
occurs at a higher rate than the resultentmheat‘can be
conducted away, the temperature will increase and eventually
melt will occur. This This melt gccurs‘first at the crystal
" boundaries, where the presence bfbimpurities lowers the
melting point, and will therefore occur for temperature below
freezing. .This selective melt causes a rapid reduction in
strength; Bulatov (1972) reports thet ice can lose almost
all of_its strength by candling while only losing 10 - 15

percent of its thickness. On the Peace River Andres found

.that neiting of ice from radiation Can'occnr when mean daily
vtemperatures.rise above -5 °C, Doyle 1986 also used this
.temperature for the commencement of melt.
fAnother factor effecting ice strength is the ‘snow cover
~on the ice. Because of thefnigh albedo of snow, even a thin
vcover will reflect most of the intoming solar radiation.

As snow depth on the ice and incoming radiation ‘seem to
have the most profound effect on ice strength they were used

for parameters to represent ice strength vAs little snow

depth data exists for Hay River, accumulated snowfall was
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‘usgd.instead. No radiation’ measurements were avallable ‘but
brlght sunshine data was available for nearby Fort Smlth
Brlght sunshlne was accumulated for mean daily
temperatures above -5 oC Up\to the date of the peak level at
the split for each year. As snow depth on the ice limits the
radiation that can enter the ice, it was assumed that a

suitable surrogate for actual energy input into the ice 1is

given by: v ~
[8.1] E =S - a*sn
where S is the hours of bright sunshine accumulated at Ft,

Smith after the mean daily temperature rises -above -5 °C, Sn

is the accumulated ﬁnowfall at Hay Rlver and "a" is an

emplrlcal coeff1c1ent :c be determined.

FAYIEN

brlght sunshlne, and the.lncrease in stage at the split
caused by the surges (erpressed as the ratio of the actual

peak stages at the split to the ratlng curve stage) for all

yYyears with data. A table of the Values used 1is given in
Appendix D. The resulting empirical relatlon 1s presented in
Figure: 8.3, A second order polynomial Ry= b+cE2 where R is

the ratio of the stages and b and C are coefficients to be
determined from the regression, was fit'through the data.

The assumed form of the relation is the slmplest that would

satisfy‘the requirement that there should be little influence



of’@??or low values but that this should increase at hlgher

-

E. The resulting formula for the relation is given by:

b

(8.2] R = 1.201 - 2.40*10-S*E2

Whe¥e E = S - 1.2Sn and is shown in Figure 8.3. The low
value on the figure is from 1982 when one c¢f the infrequentA
thermal break-up occurred. Therefore in -this year no jam was
formed in the delta and hence the less than one value.

A more explicit presentation is given in Figure 8.4 for
E £ 0. It is of interest that because of the snow‘on the ice
the relatlon implies that the bright sunshine does not modlfy
the stage until after about 100 hours of bright sunshine has
accumulated . Indeed 1988 it was notlced that after about,
125 hours of bright sunshine most of the snow on the ice had
disappeared.

It can'be seen fromhthese figures that the largest error
~about 0.05. Eor the highest stage experienced at the spiit

which is 7.3 m, this would represent an error in predlcted

water level of about 0.4 m.

Using Figures 8.2 and 8&% it 1is possible to predict

water levels at the split if the discharge, accumulated

. brlght sunshine and - accumulated snowfall are known ' or can be
forecast A 2-3 day forecasf is normally avallable for/phf'
meteorolglcal variables. If values of dlscharge'are obtalned“
from the border staticn a 2 day forecast of‘mean'daily

discharge in Hay River is available. Hence Figures 8.2 and

Q
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8.4 should allow at least®a 2 day warning of possible high -

water at the split. ~ ‘ ks - ‘

," \

Flooding in Hay River is usually caused. by cne of two

. i )
.Possible scenario=. Either a jam is formed in the Fishing

Village branch of the West Channel (eg 1985) or the jam that

is nearly always present at Island C D in the East Channel

. moves down ,early to the‘mouth of the East Channel With a

predicted water level at the Spllt it is p0531ble to estimate
{he llkely high water levels that would occur at the mouths

of the East and West Channel for each of these eventualltles

Y

The flrst Step is to determlne the dlscharge in each &f the

respective channels. This can be determlné%%us1ng Flgure 7.3

and the forecast dlscharge in the maln channel

4

Levels for the .mouths of the East ‘and West Channels can

be obtained using . the rating ‘curves developed in the
preceeding' Chapter. Using . Flgure ki .3 to estlmate the

dlscharge in the two Channels, Figure 7 9 estlmates the stage

‘in“the West dhannel ' The estimated level from this flgur%~

A

is at the West Channel spllt. 'Therefore thlS should be a

\worst case' levél

In the East Channel the level can Be estlmated for

lslan& A us1ng Figure - 7 8. The level obtalned from thlS

curve should correspond to the "worst case” stage at _the

-

Fupstream end of Island A The actual water levels may- be

.

.

.

somewhat less if  the 'gam length has been Shortened'

P
e

,suff1c1ently§when the Jam moves down to the mouth

A

\

-y

]

lel

cooresponds to the s1tuatlon when a fully dev}@oped lce jam :

v

4

PR
V—

&
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From the above figyres " lt should be p0331ble to estimate

L]

expected peak stages for the East -West Channel split,. and the
mouths of the East - and West Channels with}aboutva 2 day
warning. However, it would also be helpful for the town to
have an indication of floodlng potential early in the spring.
ThlS would give some lead tlme for initiation of any flood

mltlgatlon procedures judged worthwhile under the

14

circumstances. ., What is needed for this 1is an early

{
'

1nd1catlon of the pOSSlble peak dlscharge With this the

above procegure could be used to give an indication of what

{

flood levels,could occur.
Discharge“during break-up at Hay River is almost always
the result. of snowmelt. It should therefore be pos51ble to

estlmate the max1mum likely peak discharge during bPeak- up

\

from the snowpack depth in late March ~ As ‘actual
measurements of snowpack depth were only avallable for a few

years, accumulated snowfall was used to represent the

-snowpack‘ias many more years g data L_was ‘available for this
>parameter . To obtaln a welghted average for the ba51n, data

‘three long term meteorologlcal stations - Hay River, High

q

"Level and Fort Nelson - were used. ,U51ng Thiessen polygons,

the welghted average’.accumulated snowfall for_the catchment
‘Qs glven by | R ; ' L Y

D. . ,‘\ . . . ) ‘_ .
[8.3] Acgumulated snowfall = 0.10 =* Snwaall Hathiver +

[
‘

}".s'}ii R . 0.34 % Snowfall Fort Nelson +

: _ - 0.56 * Snowfall ngh Level
BT q . 4
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*

The values of this weighted Snowfall and the related peak
discharges are plotted in Figure 8.5 for years for which data
was'available « The upper envelope provides an 1nd1catlon of:
the p0331ble maximum dlscharge Although use of this
dlscharge will indicate some flooding potential 1n most
.years, there have Lbeen several vyears when use &of this
approach would have lndlcated no risk of floodlng unless
substantlal rainfall fell. a RS

From Flgure 8.5 it is evident that the data® from 1985
was ignored in. drawing the upper bound This is because it
is believed substantial rain fell during the qu&ng break-up
.1n that year. Although somé rain was recorded at each of the
meteorologlcal statrons*durlng the 1985 break up, ‘it was not
'enough to explain the very hlgh dlschar%e Wedel (l988)
belleves that a severe storm in the Camerpn HlllS area was
respon31ble for the dlsparlty ..As no meteorologlcal stations-
exist 1n the Cameron Hllls,yand the two WSC gauges on the~‘
streams dralnlng these hills are not operatlve 1n spring,
thlS was deduced from general weather patterns 1n the area‘
"However dlscu351on w1th various people 1nvolved 1nd1cated
‘that thlS conclu31on is somewhat contentlous ¥

As thls 1s an” important con31deratlon for the study,
t ]

1nvest1gate thlS further a 81mple water balance was done for ,

N
.

that year Over 20 years of hydrographs were analyzed fory
"'the WSC gauge at"Hay Rlver .o From the analys1s, rece351oan“

'constants, K were calculated for each snowmelt ‘peak u51ng

N 4
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[:.4] Q, = Q, K-at -
where: ' Q, = instantaneous discharge rate at time t,
o QL = instantaneous]discharée rate at time t,
K- = recession constant, and
At = elapsed time interval (t,-ty) ¢

N

These recession constants were remarkably consistent from
year to year. ' The average for At =1 day was K=1.044, it
is then poss1ble to integrate under the snowmelt hydrograph

to obtaln the total volume of water associated w1th the

t

spr;ng melt. The rising section of the hydrograph was

1gnored as it accounts for a very small percentage of the

total volume of runoff Integra n:.jiquatlonl[8.4]_givee:
R : ’ j- u o '. 'J
- QD . Lj{f_ T \} K ‘,,
(8.51 . . :S = "Tn K CT
J
where: T s = total volume of water under the "f
: Fa )
hydrograph L
Qp = peak disoharge ¢ .’; | !
K = recession oonstant >
¢ ' - ’ R B .
The measuredgpeak dlscharge in 1985 wagrl350 m3/s - This

(

wiuh K = 1 044 glves,a totaT runoff 9olume of about 2 7 km3:

- ' Tf et -

The average snonack on the ground ]ust.prlor to break up was

]
-
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10 cm of water equivalent (INAC 1985) . Assuming no losses
‘in the system this represents a volume of 4, 8 km3 of water

This glves a loss ceff1c1ent of about 0. 56 a value about 0.2

~y

hlgher ﬁhan any gdf the 2l other years analysed . This

. suggests the hlgh dlscharge was likely caused by rain.

8.3.4‘Overview of Flood Forecast Procedure

This section describes the recommended ice jam flood
forecastlng procedure in detail and outlines how it might be

; 1mplemented It follows the procedure shown in Flgure 8.1.

i ?

Detalls of the s}eps are as follows: ¢

" Step l. Mobilize first level flood watch in midfMarch'and
assess Spring flood potential. g This would just-involve
government officialsvand.the head of the Town Flood Watch.

At this time the - reported snowfall accumulatlons for Hay,
A
River, Fort Nelson and ngh Level, can be used to calculate
(N
\the welghted average accumulated snowfall for the catchment

us1ng equatlon '8.3. ‘Then an estlmate of the possrble

v

‘maximum peak discharge in the sprlng can be made from -

Flgure 8 5. U51ng thlS dlscharge, the expected peak water

o ~
cor

“ level at the West Channel brldge can be estimated using

-

T Flgure 8 2. , From thlshlt can be deC1ded whether floodf

o+
TN

k"mltlgjtlon act1v1t1es shouldwbe inltlated The flrst level

' ;/ﬁlQQd watich shouid contlnuepto monltor water levels at the :

S A
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o

Chinchaga, border and Hay River WSC stations, andlthe
precipitation in the catchment; and modify actions
accordingly. When the mean.daily;air temperature at Hay
River rises above -5 °C the above estimate can be refined
-using Figure 8.2 and 8.4, weather forecasts ‘and the
discharge at the border WSC station. At the first sign of
significant Water level increase at the WSC gauge at Hay

River gauge the 'ISecondflevel ‘flood watch should be

-

mobilized,‘

»

. above aﬂd below the falls,” but partlcularly the latter).

The second level flood Jwatch should then be moblllzed This

will include all membeBs of bhe Town Fld%@ Watch. 1If

v - \
51gn1f1cant floodlng is antrc1pated it might also include
EMO personnel T ‘
Frequent reconnalssance of the development of break up

e

,and 1ce jams‘ ﬁgr a- lonéﬂreach upstream should now be

A

'undertakén, together 'w1th ‘ground reconnalssance“ of

. developments below the falls, con31deratlon of varlatlons 1n

°

‘dlscharge at the three WSC gauglng statlons, partlcularly

-

_the border statlon, and meteorologlcal developments at the.”

various meteorologlcal statlons 111 the catchment ) From“'

these varlous observatlons a contlnually updated estlmate

LA ©
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'can be made of" the pbeak dlscharge to be expected in Hay
.Rlver a day or:so ahéad u31ng Flgures 8.2, 8.4, 7.8, andl
7.9, ‘and of the p0531ble peak water levels at the West
Channel brldge and mouth. If the East Channel jam moves
to the mouth before significant melt has taken place and/or
the dlscharge from upstream has decreased‘51gn;f1cantly, a
flood stage may be possible near the mouth oﬁ\the East

Channel. The maximum llkely water level to then be ehpected

at Island A can be estimated from Flgure 8.5.

As mentioned the error at the split can be in the order of
0.4 m. ) The split is the Centre of the flood forecastlng
procedure‘therefore this error would be carried through the
calculatlons for the estlmated levels in the twe channels. No

doubt new errors will introduced ln the calculation of the

S 5

levels in the two channels, but palc1ng a,value on these are
'dlfflC 1t because of the lack of* avallable data In the Eastpu
Channel predlcted levels w1ll be in  many cases much higher than
what is actually experlenced because it is assumed tHat jam.
Amoves to. the mouth of the channel. o In the West Channel
predlcted values w1ll also he hlgh for many years as it ls
assumed that the jam in this channel ‘is fully developed ﬂlni
'general the errors associated with the chfnnel should. be in the

order of O 5 m.

'/
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/IThe results‘of the 1988 break*up observatlons, were not
used in development of the above algorlthm . Instead they will
be used to. provide a prellmlnary evaluatlon of the algorithm's
utility. This example is presented below ‘

' 8, ,- o | ,P,v ’ -

) ' }
In mid-March, 1988 the welghted accumulated snowfall for the
catchment was 114 cm o
From Figure“8;8'
Expected worst case' dlscharge =,950 m3/s
From Flgure 8.2: |
At this discharge the’llkely
! water level = 162.25 m at the West Channel
bridge, or a readlng on the bridge pgﬁr @S

1&".
15.5 ft (Town Flood Watch marks) . '

This. is more than sufficient/to/cause concern.,
Any flood mitioatlon’plansltnét require_long
lead tlmed(e.g. snow clearing,'snow banki
constructionil.):Should be initiated if
considered worthwhile.‘ Members of the first- -~
level flood watch w1ll begln to monltor water
levels daily and obtaln daily readlngs of

-

preclpltatlon, temperature and brlght sanshlne
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April 22 ‘ On this date a 31gn1f1cant 1ncrease in water
level was noted at the Hay River WSC diuge
Break- -up should therefore occur w1th1n a few
days if warm weather contlnues The second—
level, flood watch should be moblllzed The
first task 1s an initial aerial reconnalssance

'\fllght at .least as far as the bdrder to

determine ice condltlons A ground reconnaissandé

to the falls should also be undertaken at this
time to establlsh the 31tuatlon at access sites. ”
The ground reconnalssance.should be repeated
daily and aerial reconnalssance undertaken as’

often as condltlons 1nd1cated

April 24 On this date ground reconnaissance revealed that
break—up had begun below the falls. Aan aerial
reconnaissance at thlS stage would llkely have
been worthwhlle. ‘ :hfg}u

Aoril 26 _ Break ~up appears 1mm1nent in the town.

| | An aerlal reconnalssance would be undertaken as

far upstream as approprlate |

h »: N At thlS time.the dlscharge at the border station

TR e would llkely have been about 700 m3/s ‘(Nou

i

actual values for dlscharge at the border were‘

avallable ln 1988 but they Were p0351ble tc
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estimate from measurements at Hay River at Hay
River,.allowing.for travel time.) The
acctmulated bright sunshine at Fort Smith - .r
mean daily temperatures > -5°C was 190.4 hr
(forecasting two days in advance)

The accumulated snowfall at Hay River was 114.°
cm. There was no rainfall in the catchment.
Fron Figures 8.2 and 8.4 the pOssibleFQFak water
level at the West Channel bridge in two
days if break-up occurs would be 162.08’m# From
Figure 7.3 the expectedrdischarge down‘tne West
Channel under these conditions would be 280 m3/s
so that, from Figure 7.9, the expected'water
level at the West Channel split would be 159.6
'm, or 1 m,above the West Channelbdocks

- The expected discharge down the East Chanmel -
would be 700 - 280 = 420 m¥/s. _ Hence, from\jl

' Figure 7.8, if the toe of the East Channel

:jam moved“to the‘mouthﬁ the expected water level

at Island A would be 158.4 m, or 0.15 m above
the East Channel docke without the influence of
surges associated with jam formation at this

site. : ~ e

'

Break —-up occurred in the town On thlS date.

L

April 27

Ground reconnalssance should be undertaken in

0



the delta to locate jam toes and water levels at -
salient locations to check with'expectationsf
The reason for any dispaiity should be
'determined for‘consideration in future
assessments as appropriate. An aerial
reconnaissance shouid then be carried oac,as far
upstream as required to check the state of the
ice cover upstream of the falls. This would
provide an indication if surges should be
expected (are there any ice jams above the
falls) The dlscharge at the border should

| contihue‘to be monitored and the calculations of

~ the previous day repeate. .

and so on.

Following the above procedure, at about 18:00h on April 26th it
would have been predlcted that the hlghest levels for thlS
sprlng %ould occur in about two days (1e. 1p-the late afternocn

2

of 28aAprll), and would be as follows:

B s

3 ‘x_\." -Jt‘" ¢ - . ' "‘, l -
,;At the East-West Channel Split: 161.75 m. The actual peak

Q

. at thlS meatlon was 16; 68 m and occurred at 16:00 h oh 28*h

[
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At Island A':q the East Channel- 158.4 m. The actual peak

'of 156.7 m occurred at 12 00 h on 28th April.

R
e r,

8.4 lSQDSSlon

-

From the above exaMple it seeme the algorithm performs
quite well. The expected high water at the West Channel bridge
and at the Fishing Village predicted with about 2 day-warning,

were both within about 10 cm of the actual peak water levels.

(

As 1nd1cated in the earlier dlscdéslon of the likely accuracy
Y

1

of the water. level forecasts, such accuracy should not be .
. 4 1)

expected eVery year. At Island A ﬂﬂe peak water level was 1.7

.4

m ~ess than predicted because the ihltial jam at Isladd C-D
more or less melted in ‘place and did notqmove to the mouth.

"In the example the dlscharge at the border was ectlm@ted
from the dlscharge at Hay River allowlng for,an estlmated
travel’tlme of 26 hours. They were used to highlight-the fact
that with discharge estimates from the border, a 2 day notice
'of high water is possible; It is presumed a ratlng curve for

4

‘the border station w1ll be avallable soon.

Y

Although the above procedure seems to perform quite well,

{
it'%g% a number of llmltatlons. The algorithﬁ is based on the

assumptlon that dlscharge estlmates for Hay River will be
avallable from the.border statlon ,'However, durlng break- -up
dlscharge estlmates are dlfflcult to obtain because of the

»

constantly changing ice conditions. To optimize the procedure



_ desirable. ' | e

o

a snowmelt-rainfall~runoff model for the Hay River catchment is

'

Another llmltatlon is that the procbdure is based on mean

dally dlscharge, with only 1nd1rect account taken of surges

173

through the use of Figure 8.4. It is apparent from Figure 8.2

that surges can account for an increase in water level of over“
@ metre above that expected for the mean dally discharge.
Purthermore, it is such surges that are responsible for the
dramatlc rates of water level- lncrease (e g. in l985) If an
estlmate of the increase in dlscharge caused by a surge is
avallable (from monltorlng one of the upstream WSC gauges, for
edample) explicit account can be taken of the surge through thsa
use of Flgure 8.2 with the surge dlscharge Alternatively, if‘
the surge height is known (from a WSC gauge.or from aerial
r@cgnnalssan@e%;fits effect ¢an be estimated by simply addlng,
it to the mean dally stage at the Spllt and' thereby to- the
levels expected for the two delta channels. - Ultimately it
. v

would be useful to develop a unsteady flow model that would
allow the routlng of surges down througb/fhe delta/ based on
observed ice jams and their time of release, and ice/conditions
over the 1nterveA1ng reach. o | . ©

/

After the 1n1t1al break up and settlng ‘of the jams in the

delta, subsequent anreases in water level‘depend on an

1ncrease in 'discharge However,' before thls occurs,

" significant melt of the pack can take place due to an lncrease

in water temperature If the pack 1s reduced sufflcwently

i

before the ipeak discharge-arrlves the peak stage will be
- : . ;\ .
~

/\ﬂ_
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somewhat “less. No account;is taken of this in the above

algorithm. ThlS con51deratlon 1is most 1mpo!tant for the mouth

of the East Channel If there is a-rea§bnable discharge and

the East Channel jam still has a reasonable length when the toe-

moves to the vicinity of the mouth, flooding may'occur It
Seems that floodlng in the~East Channel rs avoided most years
because the toe remains near the Island Cp site untll the ice

below the 1‘oe has weakeneﬁ&Substantlally By this. time the pack
| is short and ‘tHe discharge has decréased Indeed, 1t could Dbe
that the weakening of the ice'cover is ‘primarily:ﬁ%e to the
pack being held in nlace until'it is short enough that the,

water. mov1ng under the jam from- upstream has not cooled to zero

oefore 1t moves under the downstream ice cover. It was noted

in 1987 that el ' ; med downstream not long after above Zero

7

" water tem t : \ measured belOW‘ the toe. It may
.:. -

%\ﬁ‘these thermal aspects,of the East

L

¢L'further refinement of the above

%

A



e B : e
9. CONCLUSIONS AND RE%QMMENDATIONS ,

. - as
N e

9.1 Conclusions ' d

This investlgatiﬁh has described the field.documentatidn

£

-.and presented an analysis of ice jam flooding at the Town of

Hay River. The analysis has. quantified the sé%erity of the
ice jam flooding problem in Hay River ¢through a probability

analysis and developedé§ flood forecastingvprocedureﬁfor'then

site. ‘The complex morphology of the site dlctated that

speCial technlqueS»ln the analysis o¢f ice djam floods were

-

necessary. ' This included the need probability analyses to be

o . a* . - . .
; .. .done at three different sites to properly define ‘flood water

N

‘Jlevels in 'the delta, the use ﬂof eﬁémodel veapable of

'calculatlng the tth%@ESS and water surface proflle of. an ice

‘-

jam over 1ts entlre length 1n a- non unlform channel and that
the flood forecastlng procedurer,oonta;ned a‘ lafgey
deterministlchcomponent. )
\" ’ '

Hlstorlcal data was used in the probablllty analy81s

,The analy51s found that the 1985 event in the West Channel

I %',
was below the 1% event and not an outller It -was also found
‘)

that the many man—made changes in ghe delta of the rive%(seem
to had little influence'on‘flOOd levels;‘- L

An ex1st1ng numerical model was used §x>t5ynthesi2éﬂ )

lcomplete ice jam water level proflles Even w1thithe complex
morphology of the site the model was able to_produoedprofilee__

very close to the measured data. It was foundAtomobtalnfvti

175
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resuits‘close to the measured data invthe toe region an
er051on veloc1ty of l 6 m/s uas needed. fhis model was used
to produce an ice jam ratlng curve near the mouth of the East
Channel for use in the flood ﬁoreoastrng'procedure. V .
A flood. forecasting prooedure‘was”developed for the ®own i
- of Hay River that giveskat least‘a two’day'£§rning_of‘high .
water. The brodedure Waskapplied to the 1988 break—ué witHd
oonsiderabie suCcess. Tﬂe procedure was limited)somewhat
from the ava ability of'sa;ient quantative data: Even-with
the thist l}%itation the iprocedure should . give Hgood’

estimates of possible peﬁk watér levels in any given yea

b‘

S.Z-Recommendations for future &ork
. \
The recOmmeddations for further study‘are as follows:
1. Contlnued documentatlon of break Tup processes on
L the Hay Rlver ' Areas that espec1ally need further
'*;; vfi'study are formatlon and subse;uent breaklng of ice’
jams above the falls,;and meltlng of tle jam in ‘the
»delta reglon : Attentlon should also be pald to thed»

processes that dlctate whether floodlng occurs‘

along the East or West Channels
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2. The development of a snowmelt-rainfall-rupoff

model for the catchment . This wbﬁld_provide a

longer leadktimé for the forecas¥ procedure.

3. Development of an unsteady flow model that would

allowlthe'routing %f surges through the delta.

1 - *

Y
4. The installation of radiation measurement °
instrumentation in;Hay River. THis would allow a

P

much more rational proéedure. to bé developed to

.

, ) '
estimate ice strength.

» T 4

v

5. Further investigatidn of_the'thérhal aspects of

the East Channel jam to allow further refinement of '

the water level. forecast for the East Channei;

.’
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APPENDIX A -~ - .

DIGITIZATION OF HAY RIVER - . :
) : S

W . : !

The Hay'ﬁiver was digitized from 1:50,000 NTS maps to

@

prov1de an accurate reference of distances along the river.
Phy31cal features such as tributaries, settlements along- the
river,rand wherg topographic contours crossed the river were

noted during the digitization. All distances are from the
: : _ .
.source of the fiver, located at UTM 311280 / 6379670.

Although it lies on the Chinchaga watershed this point was

«chosen as the source since lt is the greatest distance from

AR |

the mouth of the river. In total this. distance from the

source to Great Slave Lake is 1114.24 km, |

The digitizer used was . an_ Intergraph Graphics
Workstation, linked to a Digital Equipmeng‘Corporation VAX
11/730 with 400 megabytes of disk storage. UTM cOo:dinates

were used as the reference. . Table Al is a 1ist of features

digitized and théir distance from the source. . L

s

D

'182.

‘
(]

I



TABLE Al .

LOCATION OF PHYSICAL FEATURES FROM DIGITIZATION

e ) ' . £

_East - West Channel split
‘ﬁPine Point Bridge

Louise Falls

Alexandra Falls

Grumbler Rapids

NWT-Alberta Border

Indian Cabins

James Creek

Steen River Settlement

Dizzy Creek '

Steen River.

Little Rapids Creek
- Lutose Creek

Roe River

Slavey Creek

Melvin River

Meander River Bridge Crossing
Adair Creek

Meander river

Hefiderson Creek

Negu's Creek »
.Hay and Chinéhaga River Confluence
'Highway 58 Bridge Crossing
Faria Creek o R
Haro River » |
Waniandy Creek
Tanghe Creék
Lennard C;eekf

/

b

Diﬁ;angg_izgﬁ_ﬁguzia )

,1098.26

1037.12
} N

(km)

1107.40

~

1034.95
988.Q2
945.17
920.63
911.78
888.48
887.47 .
880.,772
862.19 .

855.24
828.52
824.96

822.84 -

814.73
803.84
799.10 7
781.07
716.33
709.33
612.48.
514.68
426.96
363.78
1102.65

96.41

e
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RELIABILITY OF GEODETIC BENCHMARKS IN HAY RIVER 4 2

hal

R

’As in many nofthern areas the reriab#irty of geodetdc

} benchmarks must bezconsidered. Because of soil cohd@tionslinx

R the north,rmai y permafrost, movement in benchmarks can
g ‘occur regularlyj71 To have a con31stent datum for survey work
-bench marks were chosen whlcﬁ were con51dered rellable
These bench marks were chosen on the ba51s of a 1983 report

derhill, "Establlshment of Bench Marks,'

by Underhlll a

Hay Rlver,‘ and conversatlons w1th the staff in Hay.

River.

L

In total five bench marks were chosen and all survey

- Fl

work was tied 1nto at least two of these bench marks A
descrlptlon and elevation -for each of these bench marks, 7
taken from Geodetic Survey of Canada, Vertical Control Data,

Quad No. 60115, February, 1985 revision is as follows.

82T109........... e e e I 170.024.m
Lat. 60-47.2 Long. 115-49.3
Northwest Land Forest Service, tablet in north concrete .
foundatlon of kltchen quarters, about 100 m southeast of ‘7
hlghway, 67 cm from east edge, 36 cm below wood 51drng

67TO19. . . .. e e i 167.728 m
Lat. 60-48. é Long. 115-47,. 3 \ . | )
Post office, Hay River, tablet in. west concrete foundatlon,
1.8 m from southwesqxcorner, 24 cm below siding.

- - < ) - !
. s

184 . N
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BTTO22 .+ e e e e e e e P S .¥68.017 m
Lat. 60-49.4  Long. 115-46.7 | @ .
Steel truss bridge over West Channel 2.5 km norrhfof posﬁ-
offlce, tablet in top of north end of: curve ag;northwest
corner of bridde, 78 on_soutn of north end‘of steel railing,
21l cm east of west edge, 18 cm above deck level. : ‘
3 g .4 .....159.369 m
Lat. 60-51.6 Long. 115-44.2 .. -0
,' N.T.C.L. Marlne Malntence Bulldlng and é;nirollft 1.6 km'
north of Hay River Hotel, tabfgg\ln qPrth concrete

ﬂoundatlon, 108 m-from east corner, 1.30 m below alumlnlum

siding. 'F" . - ) -
82T043. ... . e PR i iie......197.376 m

Lat. 60-40.5 Long 115-583 s 1
Deep bench mark in manhole along nghway No 2, 14.1 km
southwest; of junctron with Highway No. 122 m northeasé\of
'centre line of road to saw‘nill Patperson Enterprlse, 23.0m
southeast of centre line of hiqﬁway, 5.0 m south of power
ole No. 26, 1 m below highway level-.

This was used to tie in TBM used in sprlng
saw mill. A nail in poplar tree left bank 8 m
‘road. Elevation 170.737 m. -

Patterson
orth of
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" . /
CROSS SECTIONS OF HAY RIVER = o -

! 4

2 ~-
7

All cross sectlons were surveyed in the summer of, 1987
.

are contained in thlS appendlx. Included w1t% each cross.

sectlon are a descrlptlon of the site and a table of surveyed

p01nts used to construct the cross section The s1te
description contains a v1sual estlmate of bed materlal 51ze,

composition of banks (Wegetation, etc.), . location and

elevation of temporary bench mark used, and any other

observations rade curi~g the survey. 'All cress sections are
‘l . . .‘

referenced by distance from the source.

*
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" ELEVATION
16
(M) >
158

DISTANCE FROM | ELEVATION
LEFT BANK
.My, My
-
] 1718
20 121:2
305S 170.12
. 51 167 29
" 53 166 7.1
83 S 18569
69| 163 9
845 S 1615
91 159 S4
105 159 24
125 158 1.3
S 130 187 78
148 158 94
153 159 04
163} . 160.3%
169 S 164§
128 162 39
. 179 164 34
182 6 164 91
88l - 165 e
©. 190 166 69|
P
N
f'igure C
. N
EEA

’

50

100

.cross section, Elevation 17250 m. ~ i

5 section km 1094.43

150 200 250 300 .. 350 400
DISTANCE FROM LEFT BANK (M) :
~

.'CROSSSECTDNKM109443 e »'f.

»

DESCRIPTION This cross section is 1.1 km ws o( the
Water Survey gauge site. The left bank is covered by )
poplar up 1o 51 m, after which the cover is willows to
the waler level; *:The right bank is  assed from {he

“water level to 185 m, beyond which the trees start.

The bed material had a-Dsg of 130 mm. Water leve! on’
the day.of survey. July 18, 1987, was 161.50. m.

TBM: . Spike in tree, lo_p.o( taft ba_ok,_'o.o m.on fhe«




175 7
|
i
ELEVATION :
165
(M) : / , ,
\ / ' .
. .Y g
155 .
A 0 50 ~100 " 150 200 250 300 350 400
e DISTANCE FROM LEFT BANK (M)
\
% ' [DSTANCE FROM| ELEVATION i
‘”‘(’:”‘ " CROSS SECTION KM 1095.12 N
- 7 22 :; ' DESCRIPTION:  This cross section is just U/S from the
V7 V66 01 WSC gauge site. The left bank is treed to 23 m and
:: = ‘:: from there willows extend to 37 m, with grass beyond
a2 62 41 to the water level. The right bank is grassed from the
e water level to 167 m, beyond which it is treed. The
) 160,11 bed material has a Dsg of 130 mm and the waler level
(L] 59
04 T5e :: on the day of survey, July 18, 1987, was 161.33 m.
S 124 159 09 T o
Nir T TBM:. Spike in tree top of 18ft'bank, at S m on the cross
e 1829 section. Elevition 168.588 m.
169 164 0B

cigure C.2.

Cross section km 1095.¥2




ELEVATION

(M) 165 \

M‘Xm ELEVATION
LEFT BANK
(M) (M)
’ - ’

0 175
10) ¢ 174 14
20 172.96
32 168 41
a8 185 19.
405 : 164 45
57 162,38
64 2 161.22
72 158.78
s 159 79
80 159 8
84 158 S8
94 158 47
105 159 08
123, 15919

145 160 3 <
150 8 181 22
153 162 27
1614 164 04
187 164.71%
174 166 01

/’ 196 166 25

Figure C.3.

100 i50 200 250 300 © 350 400

DISTANCE FROM LEFT BANK (M)

CROSS SECTION KM 1095.95

DESCRIPTION: This cross section is 450 m D/S of the
Water Survey gauge. The left bank is treed 1o 33 m--

after which it is gravet to the water level. The right o

bank is grassed from the water level to 160 m, at
which point the trees bégin. The bed material has a Dsg

- of 125 mm with some stones having a diameter up to

400 mm. Water level on the day of survey, July 18,
© 1987, wa®161.22 m.

TBM: Spike in tree on the left bank at 35 m on cross
section. Elevation - 168.564 m.

}
\

4

Cross section km 1095,95
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ELEVATION . \ .
w1 TN AT
\\// | \
. \\.
155 ,\ ‘
0 50 100 150 200 . 250 300 350 400
DISTANCE FROM LEFT BANK (M%‘ ‘\
A
4
\‘\
ORTANCE FROM, EI.L\.lAYm
T CROSS SECTION KM 1096.47
0 171.83 . ! B .
[T 71 86 DESCRIPTION: This cross section is 1 km D/S of the
25‘; ::.’:: Walter Survey gauge. The left bank is cavered with
3 168 33 poplar_ up to 35 m. From 35 m to the water levet 1th3
2 TrET bank is gravel with no vegetation. The right bank °
53 629 consists of a gravel surface from the water to 180 m
:: ::“,:f where willows start, with the lrees slarting at 200 m.
i 139 06 The bed malerial had a Dsqg of 125 - 175 mm. The
e s watsr level on the day of survey, July 18, 1987,
124 158 15 160.84;
13% 15906
145 159 57 . -
135 1e00r TBM: Hub in ground on left bank at 60 m on cross
T T section. Elevation - 1€2.006 m.
193 163 38 ~ :
200 164 0] ~
208 164 7
218 165 4 .7

Figure C:4.

Cross sectlon km 1096.4
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1

CELEVATION . , .-

1851
M / '
‘._\_“\\\_J/) 1.’ co)
155 } 4 + -
0 50 100 150 200 250 300 350" 4
- N DISTANCE FROM LEFT BANK (M)
TN ‘ ¥
\ OISTANCE FROM | ELEVATION o
- L"T:,“"‘ w --CROSS SECTJQN_-KM 1098.46 -
BT ' DESCRIPTION: ' This cross sectian is'located 200 m /S
BT 1es o8] of Pine Point bridge. The left bank is treed with'poplar -
"’; ';:”3 from 0.0 m to 15 m; from there to 30 m the bank Is
? - 04l __1ez207 covered . with willows afier. which. it is grassed to the
S ete water level. The right bank is grassed from the water
N 140,82 level 1o 150 m where small poplars bagin and at 180 m
e large spruce start. The bed material had a D5 of 100
:2 120-57 mm to 120 mm On the day of survey, July 18 /1987,
© 158 -
12 ,5“‘,; the* water level wi 159.69 m.
100 158 74 . ) ) )
::: :::;: : TBM: Spike in tree, top of left bank, directly O/S of
n‘:: . :2: :; Pine Point bridge, 180 m U/S of tross saction.
1e0 160 Elevation - 167.980 m. :
= \) 147 8 161 84 A .
) < o
::o . 12:2022' 4 ; B "
167 165 96 K2 % '}x
- N 167,12 AW
i 179 168 23 LT
190 169 96 .

Cross section km 1098.46
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*
175 :
ELEVATION - .
(M) 165 T i
» /
' 155 i
0 .50 100 . 150 200 250 300 350
‘ 7/ DISTANCE FROM LEFT BANK (M)
»' *.
\
{
DISTANGE FROM] ELEVATION ¢ )
LEFT BAN ' CROSS SECTION KM 1100.23 -
(MY v (M)
o 1707 DESCRIPTION‘: This cross section is 2 km D/S of the
= 1o Pine Point Bridge. The left bank is treed to 5 m from
39 [TTRD « which point the bank is-covered by tall grass until 25
el m. Beyond this little vegetation exists on the bank to
52 1579 the water level. The right bank has littie vegetation
58 56 91 H
= :S”, from the water ievel 10 154 m where grass !?egms.
° e 156 48 Tree growth starts at 170 m. The bed matsrial has &
83 158 3 -
o0 TSe Te Dsg of 100 mm and the water level on the day of
109 5663 ﬁ\ survey, July 10, 1987, was 159.41 m.
127 156 78
134 157.2 )
L3 159 41 TBM: Hub in ground on left bank at 23 m on cross
a8 160 21 . B
[EY) |:' section. Elevation - 164.984 m.
166 164 .65
171 166 51 T
186 149
o
Figure C.56. Cross section km 1100.23 .
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155
0 50 \'IOO 150 200 250 300 350 400
N DISTANCE FROM LEFT BANK (M) '
CISTANCE FROM | BLEVATION .
Sivatall I Co CROSS SECTION KM 1101.82
‘: ,5',7: DESCRIPTION: "This cross section is 1.5 km U/S of the
. a2 - Caboose.  The left bank is lreed from 0.0 m 10 8 m.
5] K - From 8 m to 15 m the bank has willows beyond which it
:; 1;:9‘: ’ is grassed to the water level. The right bank is gravel
« 56 2 from the water level to 141 m after which the bank is
:: ::;; ' grassed, with some small willows. The trees start at
m 57a 175 m. . The bed material had a Dsg of about 100 to
1z e 120 mm with larger boulders present. the water level
a1 1576 J‘\ on the day of survey July 10, 1987, was 159.16 m.
151 159 16 . )
1587 161 72 . - .
173 165 21 " TBM: Spike in-tree on the top lo the lelt bank, at 3 m .
182 1e8 2! on the cross section. Elevation - 169.351 m.
§ | 1
Figure C.7. " Cross. section'km 1101.82
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ANCE FROM  ELEVATION
LEFT BANK
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0 169 ¢
[3 18912
12, 147 97
26 167 76
345 164 81
40 5 163 46
47 162 €2
- $3 181.54
44 ¢ 159.75
68 2 158 92
78 187.29
4 157 &}
48 158 99
108 156 79
120, 156 38
128 158 89
~ 132 156 9f
148 155 97
168 157 S
178 158 92
182 159 91
189 161 29
199 162 5
204 165 33
07 165 97.
213 166 83
Figure C.8.

50

100 150 200 250 300 350 400
DISTANCE FROM LEFT BANK (M)

CROSS SECTION KM 1103.32
DESCRIPTION: This cross section is direclly across f/
from the se. The left bank is grassed from 0.0 m
0 35 m. From 35 m to the water level the bank is
gravel with little growth on it. The right bank was
gravel, but with much more grass growth. At 195 m
small willows began and at 207 m poplars started. The

" bed material had a Dsg of 100 mm. On the day of

survey, July 10, 1987, the water level was 158.92 m.
.TBM: Cut off post, norh side of trail to river, at

approximately 26 m on cross section. Elsvation -
166.016 m.

Cross section km 1103.32 . &

mn
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A

[OTANCE FROM ELEVATION -
LEFT Barex CROSS SECTION KM 1104.05 i
(M) N
o TN ' DESCRIPTION: This cross section is-f00 m D/S of the
] 164 3¢} Caboosse. The left bank contains popldy up 1o 14.5 m,
1 . . . .
s T¥T after which the bank is covered with“willows up to 24
D2 16181 ' m. The bank is then grassed 16 the water level.. The
u;: I§2§§ . right bank is grassed from the water level to 190 m, at
s 15977 which point the trees start. The eslimated Dsg of the
A 159 48
376 15868 . bed material is 100 mm. The water level on the day of
= 15778 ’ survey, July 10, 1987, was 158.68 m.
52 157.68
58 156.85 - B
:: :::’ :: - TBM: Spike in tree on the top of the left bank, at 0.0 m
119 15675 on the cross section. Elevation - 165.56 m.
128 B 156 85 C o
137 157 08 .
157 157.06
162 157 1 . . J
168 158.69 N - '
168 5 159 26 ’
172 160.9
178 162 15
190 165 49
20% 16% S
-
’

Figure C.9. Cross section km 1104.05
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[ 16) 08
T ST DESCRIPTION: This cross section is 1.4 km D/S of the
23 ey Caboose. From 0.0 m to 11 m, the left bank is covered
ST YT . by poplar. Willows extend from 11 m ta 38 m. The
——%: L.:::’ﬂ N right bank is grassed from the water level up to 195 m
YY) ST Y o 9 whare some willows .start and at 198 m poplar growth
R ST begins. The bed material had a DS0 of 70 -80 mm and a
120 156 42 number of larger rocks were present, up to 500 mm in -
o . diameter. The watsr lavei on lhe day on survey, July
T STYR T 10, 1987, was 158.68 .m. ~
1779 158 «§
&
::;; :n?:: TBM: Spike in tree on top of left bank, at 0.0 on the
o e cross section. Elevalion - 163.585 m.
196§ 164 0%, .
T ieel 166 09
L—— 208 166 So

Figure C.10. Cross section km 1104.71‘
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lranall B CROSS SECTION KM 1105.17
TR DESCRIPTION: This cross section'is 2.7 km U/S of the -
351 __ee 28 East - We { split.The‘ left bank is a steep slope
;; ::3 :: with gravel and soma~gras esent. The right bank is
75 150 35 grassed with patches.bf gravel from the water level
::: 1?: :: until 202 m at which point poplars begin. The bed
12 26 material was estimated to have a Dgg of 70 - 80 mm.
34 15¢ 24
102 156 is Water level on the day of survey, July 9, 1987, was
o seas {58.38.
120 156 &5
132 5619
Bt TBM: Hub in ground at 25 m on cross: section.
T3] BERTYEY) Elevation 160.440 m. '
168 158 38 =
169 1508
102 160 94
109 162 22
202 165 48 -
208 168 46
Figure C.11. Cross section k&kkllOS.m
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CROSS SECTION KM1105.82

DESCRIPTION: This cross section is directly across
from the tennis courts in New Town. The left bank is
clear from 0.0 m to 32 m? beyond which tall grass and
small willows extend to the water level. The right bank
has a small cut bank at the water level after which the
bank is grassed with small willows until 243 m, where
poplar growth begins. The bed material is a gravel with
a-Ds5g of about 75 mm. On the day ol survey, July.9,
1987, the water level was 158.15 m. »

TBM: Hub in ground at 29 m on cross section.
Elevation 162.604 m.

Cross section km 1105.82 -
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e . . DESCRIPTION: This cross section is 1.4 km U/S of the
2 16223 East - West Channel split. The left bank. is treed from
”:: 15:;:: . 0.0 m 1o 13 m. From there to the water level the bank
35 e 157 39 'supponts high grass with some small willows. The right
;: ::: :; : . baok is gravel, with seme grass extending from the
72 155 77 : water level to 198 m, where there is a cut bank.
TN . Above this the bank is treed. The bed material was
Lz ::5 s gravel with a D50 of 75 mm. The water level on the
14 .
63 “:L day of survey, July 9, 1987, was 158.00 m.
175 157 OB » Tl . - - \.‘9
o — ' TBM: Hub in ground.at 10°'m on the cross section. h
193 AL Elevation - 165,312 m. - b
1955 168 96)
198 61 52 ’ :
200 164 47
208 164 5%
. >

Figure C.13.

Cross section km 1106.54
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figure C.14.
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CROSS SECTIONKM 1107.57 . _

DESCRIPTION: This cross section is just WS of the ,
East - West Channel split. The far left bank is tha edge
__of Riverview Drive. From 7 m (o 43 M the lagd is”
covered by large trees and the steep portion of the left
bank (43 m to 54 m) is grassed with a_few small
willows. The right bank is grassed from the water
level to 265 (m). Al this point a cutbank exists, above -
which tree growth begins. The bed material had a.Dgp
-of 75 'mm. Water level on ‘the day of survey, July 9,
1987, was 157.88 m. ’ : .

!

R

TBM: Hub ia ground at 42 m on cross spctidn.
\ Ss Elevation -163.943 m. . — . i
/

Cross section km 1107.57
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4 164 49 . o )
 EEEITED - DESCRIPTION: This cross section is of the East Channel -
233 160 87 just D/S of the East-West Channe! split. The left bank
o E——TTEY (0.0 m to 65 m) contains willows, tall grass, and a few o
o e »smail. poplar. The right bank is quite steep-wi‘m‘-griéss: S A
T from 255 m to 281 m and popiar beyond. . The beu’ 7
80§ ETHEI " material was-gravel with a Dsg:¢f 70 mm.  Water level:’
s 156 81 . Lo : .
s 156 5 '+ on thé day of survaey. July 10, 1987, was .157.62.
108'5 156.3]. ) : . (- ’ .
- 128.5 1563 . - . . - R 3 : .
) [T y TBM: Spike in.ree on top of leit bank, at 020 m_on the
15% 156.71 H H .
T T - cross section. Elevation - 164_21 m -
182 158 09 I
188 158 5! < ~
209 156.4 e
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. 249] 15681 -
254 S| 15762 - N
. 25717 158 5
“a 266 5 160 22
274 5 16219
281 5 164 89 ~ ‘
289 1850t
[ .
: . A
o figure C.15. Cross section km 1108.30 East Channel
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Figure C.16.
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CROSS SECTION KM 1109.04 EAST CHANNEL

DESCRIPTION: This cross section is of the East

. Channel, 1.1 km D/S of the East - West Channel split_
The far left of the section is the edge of the highway. A
narrow band of poplar exists from 15 m to 21 m,
beyond which willows and tall grass extend to the " -
water level at 70 m. Tha right bank supports willows
from the water to 266 m, beyond which poplar growth
begins. The estimated bed material is gravel with a
D50 of. 50 to 70 mm. The water level én the day of
survey, July 10, 1987, was 157.15 m.

TBM: Spike in telephone post on the left bank at 3 m orf
cross section. Elevation - 164.206 m.

O

Cross section km 1109.04 East Channel
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c 163 03 . R
3 vezs7 DESCRIPTION: This cross section is of the East
- S Channel. The far left of the section (0.0 m} is the edge
37 s 60 31 of the highway. A narrow. strip of poplars are present
T from 48 m to 52 m and from 52 m to-the waler level
52 162,04 the bank contains willows. Tall grass and willows
e we i extend from the wator level to 309 m on the right bank
X 158 14 with poplar beyond. Estimated bed material was gravel!
Lo a2 with a Dso of 50 - 70 mm. The water level was
2 15€ 14 156.95 on the day of survey, July 11, 1987.
115 158 14
124 154 15
::3 ::2 ;: TBM: Spike in telephone post #31 on aast side of
194 155 04 nighway, left bank, at 2 m on the cross section.
139] 13562 Elevation - 163.001 m. v
b 215 156 44 X B .
228 B 156 4
230] 15593
2 196 24 =
265 156 14
276 156 S4 .
28¢ 156 95
284 % 1571 3]
. 291 158 82 h
296 160 25
300 161 09
305 161 87
209 162 71
\ 119 16303
[ 129 163 02 i .
Figure C.17. Cross
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Figure C.18.

50 100
i
}
4
A
Cross

150 200 250 300 350 400
DISTANCE FROM LEFT BANK (M}

¥
CROSS SECTION KM 1109.98 EAST CHANNEL

DESCRIPTION: This cross section is of the East Channel
UsS of Island C-D. The far left bank (0.0 m) is the edge
of the hugf way. Willows extend from the highway lo
the wazter lavel (50 m). Wiilows also extend from the
water levol (282 m) to 303 m on the right bank, with
poplar beyond. The be/d material is gravel , but the Dsg
was not determined. Qn the day of survey, July 11,
1987, the water level was 156.79 m.

T8M: Spike in third telephone: post zouth of the railway

crossing of the road, at 2 m on the cross section.
Elevation - 162.193 m.

section km 1109.98 East Channel
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0 161 7] ’
= iy DESCRIPTION: This cross section is’of the East
21 9] 157 91 Channel, about at the middie of Island C-D. The left
::; ::; ;; bank is the grassy man made berm,, that surrounds
713 Vse 73 Island C-D. A high cut bank is present on the right bank )
2 2 (355 m). The top of the cut bahk is a grassed area
173 134 29| which contains a number of houses. The bed material is
—2 252 gravel but a Dsg was not determined. Water level of,
221 154 39 lhe day of survey, July t1, 1987, was 156.73 m
218 © 154 09
N 770 131 58 ’ '
::: ::: ;: TBM: Spike in tree on the left bank on the west side of
343 V56 73 the berm, at -5 m on the cross section. Elevation -
— il 156 92 160.391 m.
388 160 49
59 160 %2, -
Figure C.19 Cro ‘

s5 Wsection km 1111.01 East Channel
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Figqure C.20.
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CROSS SECTION KM 1111.22 EAST CHANNEL

DESCRIPTION: This cross sectidn is of the East Channel
betwean the D/S end of Isiand C-D and the U/S end of.
Island B. The left bank consists of a man-made berm
which is grassed. Thae right bank is Island B and has a
high cut bank gi*180 m. The top of the cut bank is
heavily reed. Estimated bed material was a gravel
with a Dgp of 50 - 70 mm. Water level was 156.74 m

on the day of survey, July 11, 1987.

TBM: Spike in tree on the left bank, at -6 m on the
cross section. Elevation - 161.003 m.

Cross section km 1111.22 Eastc Channel
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() ™ CROSS SECTION KM 1111.55 EAST CHANNEL
0 160 1% ° .
" 160 08 A : DESCRIPTION: This cross saction is of the East Channel
s an the U/S end of Island B. The left bank is the east
s 158 21 ’ side of Island B which has a high cut bank at 13 m. The
e Ry o t6p of the left bank is treed with poplar. The right bank
65 15¢6] has a small cut bank above which it is heavily treed.
:: ‘;f“; The bed material was gravgl' but the Dsgp-of the
:“’; ‘?;“’: material was not determined, Water level was 156.73
34 15455 ‘ m on the day of survey, July 11, 1987 )
161 153 48 .
174 15) 98 . . .
179 1549 : . ¥BM: Spike in tree directly on top of the cut barnk on
:;: H“’; ‘ the left bank, at 1 m on the cross seclion. ‘Elevation -
251 155 1 161.01 m. - )
263 156 73
264 157 8
WS 1389
269 159 14 . ' -
278 159 2 !
290 15915
Figure C.21. Cross section km 1111.55 East Channel
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Figure C.22.

CROSS SECTION KM 1111.61 EAST CHANNEL

DESCRIPTION: This cross section is of the East
Channel, immediately D/S: of the Shell Bulk Station.

- The left bank is a graveled industrial area with' a )
.. number of buildings along it. The right bank is the west
Y} side of Istand B, which has a cut bank just above the

/| water level (170 m). Above the cut bank is treed with
! large poplar. The estimated bed malerial was gravel
with a Dgg of 50 mm. Water level on tha day of
survaey, July 11, 1987, was 156.68 m.

TBM: East-most angle iron on back of abandoned large
boat on left bank, at 15 m on the cross section.
'Elevation - 161,043 m.

Cross section km 1111.61 East Channel
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Figure C.23.
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CROSS SECTION KM 1112.20 EAST CHANNEL

DESCRIPTION: This cross section is of the East Channel
at the D/S end of Island B and cuts across the lip of the
island. The left bank consists of a dock with its edge at
30 m, with a gravel yard lo the left of the dock. The
island at this section is covered with high grass. The
far right bank is heavily treed from the water ‘level
(350 m) on upward. The bed material is gravel but the
Dsg of the material was not determined. On July 12,
1987, the water level was 156.68 m.’

TBM: Top of bolflard #7 on the left bank, at 29 m on the
cross section. Elevation - 158.373 m.

Cross section km 1112.20 East CRannel
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Figure C.24.
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CROSS SECTION KM 1112.36 EAST CHANNEL

_DESCRIPTION: This cross section is of the East Channel

at the U/S end of Island A, just crossing the tip of the
island. The left bank consists of a dock with its edge at

50 m, with a large graveled yard 1o the lelt of it. The
island is heavily treed and the far right bank of the
section is also heavily treed. The trees start almost
immediately at the water (412 m). The Dsg of the bed” -
material wds not determinad but it was noted that it

was gravel. Water level on July 12, 1987, the day of
survey was 156.68 m. )

TBM: Lip of dock on the SE corner of the dock, at 50 m
on the cross seclion.  Elevation - 158.092 m.

Cross section km 1112.36 . East Channel
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Figure C.25.
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CROSS SECTION KM 1113.22 EAST CHANNEL

DESCRIPTION: This cross section is of the East Channel
at the O/S end of Island A, just crossing the tip of the
island. The left bank is at the ATL yards and consists
of gravel, with no dock present. The island is heavily
treed. The far right bank (420 m) is a cut bank with a
large grassed area on the top. The bottom was rocky
with an estimated Dgp of 50 mm. On the day of '
survey, July 12, 1987, the water level was 156.70.

“TBM: Top of bollard on the NE corner of Department of
Public Works dock, at 40 m on the cross section and 40
m upstreamof the cross section. Elevation - 158.350
m. .

Cross section km 1113.22 East Channel
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Figure C.26.
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CROSS SECTION KM 1113.61 EAST CHANNEL

.-DESCRIPTION: This cross section is of the East Channsl
" at the NTCL syncro-lift. The edge of the NTCL docks
~ ’ are at 39.9 m across the saection with a flat gravel
yard to the laft of the docks . The right.bank.is just
- north of the Roman Catholic Mission in the Indian Village
and is composed of sand. Small willows extend from
the water level 1o 276 m, with poplar beyond. The bed
material is gravel but because of the difficulty in
obtaining a sample the Dsg was not determined. Water
level on tha day of sﬂdrvey, July 12, 1987, was 156.70
m.

TBM: Top of bdllard on the SE corner Bf syncro-lift, on
lhe left bank, at 35 m on the cross saction. Elevation -
158.369 m. -

Cross section km 111351 . East Channel
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faiim R , CROSS SECTION KM 1107.73 WEST CHANNEL
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o] iccozs DESCRIPTION: This cross soction is of the West )

3 “:::; Crannel, just U/S of the West Channel bridge. The far
[EX) TSER) . loft of the section (0.0 m) is the edge of Riverview

= e iWp. The left bank is coverad with willows and small
101 159 91 ars from 10 m.to the water level. The right bank is
= e _ grassed from the water leval to 215 m after wﬁiEh RN
T3 ver . willows start. The top of the right bank (306 m) is a)
= 13 2 graveled parking area. The bed materiat is gravql/bql‘)
=) e tho Dsp was not determined. The water level on the
e :%g day of survey, July 10, 1987, was 157.79 m.
181 155 86

",‘oz ::‘, ',: TBM: Hub in ground very 10p of left bank, at 1 mon

« 218 160 63 \he cross section. Elevation 166.098 m.

229 161 07

243 4 V61 68 ’
261 16Y 79

286 2 162 48

296 ¢ 143 €Y =

106 J 165 97

309 4 164 44

- 113 166 b1

— ~e i o . .
Tigure C.27. Cross section km 1107.72 West Channel
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oy (M} - . \\
. . DESCRIPTION: This cross section is of the West
e ' Changpel, 1.8 km D/S of the East - West Channel split.
;: 10 83 . The left bank is treed from 0.0 m to 20 m, with grass
38 ::: :: from there to the water. level. The right bank is
"‘; i "::;: grassed from the water level ail the way up. No lrees
72 [ are present on this bank since the top is the airport
2 12629 runway. The bed material is gravel but the DS0 was’
TT) 158 09 not determined. Water level on the day of survey, July
173 135 38 : 16, 1987, was 156.70 m.
133 155 58
149 156 09 .
Y BT TBM: Spike in tree on the top of the left bank at NE
169 16019 edge of the clearing, at 0.0 m on the cross section.
177 160 . i
" ey : Elevation - 163.745 m. :
crgure C.28. o Cross section km 1109.74 West Channel
3
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DESCRIPTION. This cross section is of the West )
Channel. Il is just downstream af the split of the Rudd

Channel. Thg eft bank is treed up ta 10°m, at which -

point a high vyt bank exsists. The island contains high
grass and sQme smail willow at “his section, The far
right bank i5 3 grassed field which is part of the
airport. The hed material is gravel with a Dsg of 100
mm. Water [gvel on the da{y of survey, July 16, 1987

‘was, 156.70 ny.

N
TBM: Spike in tree top of left bank, at 0.0 m on the
cross seclioy Elevation - 161.89 m.
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Cross section XKm 1110.75 West Channel
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DESCRIPTION: This cross section is of the West
Channel, 200 m from the mouth of the Rudd Channel.
The left bank is grassed alil the way down to the water
level. The island is treed~with small poplar from 125 m
to 275 m after which it is grassed with a few small
willows persisting up to 490 m. The far right bank is
an earth bank-with-no vegetat:on on it. The bed

material is gravel, but a Dsg.was not determined. The
water level on the day of survey, July 16, 1987 was
156.68 m.
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CROSS SECTION KM 1112.07 WEST CHANNEL

DESCRIPTION: This cross section is of the West

(@}
o

Channel just before it enters Great Slave Lake. The lelt '

bank is a marshy section of the island. The right-bank-

1S a grassy area which contains a number of re‘sj’dén‘c’eg“

The bed material is gravel but the D50 was not,

determined. The water level on.the day of surve?,

July 16, 1987, was 156.68 m. \
. 4

TBM: Hub on right bank at 200 m on cross section.

Elevation - 158.294 m. : N "

~ : i .
“TosSs 'section km 1112.07 West Channel



APPENDIX D

1HASTCR,”F £LOOD DATA

AVATLABLE DATA

Prior to 1950 little flood daﬁa is availablé on Hay
River, with the only’sogrces being the diaries of the St.
Peters Anglican and St. Anne's Roman Catholic Missions; This
vdata is descriptive in nature, with only significant flood
years warranting mﬁch hore'than a mention of the ‘date that
the river broke-up. Although the recorded history of Hay.
River dates back to 1868 there is no mentioniof flooding in
the time period from 1868 to 1878.” From 1894, when St.
Peter's Mission began, a felatively cbntinuous record of at
least the dateé'of break-up exists for the East Channel.
After 1950, spring break-up data is much moregdetailéd with
a number of years having a complete desc;iption of the break-
up. | |

The available historical data indicates that significant
flooding has occurred in: 1904, 11, 14, .34, 47, 51, 63, 4,
and 1985. , . -
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CHRONOLOGICAL SUMMARY OF FLOOD OECURRENCES

jf894 - 1903
/ ~ Records mention the dates of break-up but no significant

- flooding was recorded.

1904

lOn April 27 the‘ice began to break-up in front of St .
Peter's Mission: |

April 28 "By a.m. both banks-and a gfeat part of the
mission clearing were under water and most of the Vi;lage...
But by two o'clock' in Gods Goodness the water began to
subside". |

From St. Anne's Mission: ‘

"Break-up 27th - 28th May, great flood, broke fence,
covered field to a fewvsteps Ffrom house, but some water in
;ellaf; The point'flooded to cemétexy". '

. High water elevation was taken as 159.1 m, the elevation
of the ground in front of the steps of the house at St.

" Anne's Mission. .

1905 - 1910 - L ' RN

Records only contain dates of break-up.

1911 ' ' ' % -,

At St. Peter's Anglican Mission
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May 3: "At.10:30 p.m. the’ice in the river began to show
signs of going out. Later, it broke up and caused us'a good
dea! of anxiety as it overflowed the bank in some places
causing some of our siiffs to‘float..."

High water elevation at Mission was taken as 158.6 m,

the elevation of the banks.

1912 - 1913
Both "of these years were recorded as especially mild .

with descriptions indicating a thermal break-up.

‘1914 \
Ice begaﬁ to push on Apfil 30th, with break—up starting
early May 1st. At the Anglican mission:

"May 1: It came into the Mission house,vthe floors of
the dining room, kitchen and g;rls play room were flooded
halfway acrbss... Water reached ﬁhe stable énd then
receded. Water in a ménacing'cdﬁaition all day.

May 2: Ice moved out this p.m. and all danger is now

=3t." |

vAt.thé Catholic Mission:

- " Church full of water to above floor, water and ice
round house.”

The high water eléQation was estimated at an elevation

.of 159;8vm, based on the elevation of‘the floor of the
‘Cétthic floor and the ground elevatiqh of the stable area at

the Anglican Mission.
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11915-1922

No flooding was recorded in this period! In 1918, there
is a mention in the Catholic MissionrDiary of ice going‘out
on the West Channel. "Ice block upstream of the island, May
7th and icevwent ouf from West Channel... Ice went out

pea:efullylat Mission on 9th May"

1923
At the Aﬁglican Mission:
"April 29: Hunters report ice gbhe out of other branch’
of ri&er.
May 1: About 4vp;m.‘ice broke up in the river and
water overflowéd the banks... Watef remains'over the
banks on potato grounds. |
'May 4: River still up even with the banks.
May 7: River has dropoed thié p.m. and all danger of

’

the flood is past.”

-

High water elevation was taken as 158.8 m, baéed on the

ground elevation of the potato field.

1924-1931

No flooding was recorded in this period.

1932

At the Anglican Mission:
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Gﬁay 25' The ,ice began to move in the rivef. It blocked
just above barracks.‘ )
May 3:sThe water rose to the top of our banks here today
due to a jam at the mouth... The main river is nearly
cleared now by 10 p.m.." | ' ‘ E
High wéter elevation estimated at 158.5 m, the top of

t
the banks at the Mission.

1933

"At the Angiican Mission:

"May 9: The ice in this river began to move from above N
Mission Island sometime before 4 p.m.;.. The river rose
over two feet so that Mission Island and Vale Island S

were partly covered."

High water elevation estimated at 158.5 m, the elevation

that would cause Mission Island to be partly covered.

1934 C : : . '
At the Anglidén Mission: \
'"May 2: The main river began to move after midnighﬁ.x\
the water was rushing like a.rapid over the bank into'
the -field. The water at the corral division was knee k
high."‘
The elevation of the high water was estimated at 158.8

\ .
m, which would correspond with knee high water at the corral.
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1935 - 1946 N
No flooding was recorded.
éf
1947

Fills "A"™, "B",'"C", and "D" were placed in the fall’qf
1946 at<the locations shown in Figure D.1. it was not uncil
the summer of 1947 that they were raised to their design
heights. "It will be understood that these fills were rerely
buithtO’a height and width sufficient to allow machinery an:z
motor ;;hicles to cfoss and were in all cases much lower than
they were finally built" (Douglas,1954)

Water levels over-topped these fills early in the ‘break—
up. Water levels were high during break-up ‘but no
significant flooding took place as po permanent building
received any flood damage (Douglas, 1954). o

At the Catholic Mission: . | |

" Moderate scare at Mission, with water halfway to

houée... No noteworthy damage'at Mission_however, and

the break-up was relatively uneventful."

A profile.of high’water’levels are included in Figure D.l 
This figure inciudes profiles for 1947, 1951, 1956 and 1963.
These profiles were obtained from the[reports by Stanley
Grimble and Roblin (1959 and i963). Peak levels at the East-
West Channel split were 161.6 m and at the mouth of the East

Channel 158.9 m.
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1948-1949

No flooding was experienced in these periods. Fil; "D"
’(across the West Channel) was at an elevatlon,of 163.9 m and
was not eyeitopped at any time in tﬁese years. In this
period b{esting of the ice was done to minimize flooding.
‘ Exact ;oeation of the blasting in 1948®was not“recorded, but
}ih 1949 th% ige was blasted from km 1108.8 te.kmlllll.O in

“he East Channel (Douglas, 1954). ' -

* e

1950 o ‘

* No. 31gn1%{cant floodlng took place in this year but a
detalled account of break -up was'gecorded in a "Memorandum
F3r the Chief" by Bruce Douglas (1951)-. Blastlng' operatic:
began on April 21 and contlnued to Aprll 25 when flow
increased con51derably A double row of blast holes ‘were

completed from km 1108.8 (near Fill "C") to km 1111.0 (close

~ to the upStream end of Island B).

At mldnlght May 2 the first rush of ice came, breaking
ice to km llll 0, where the tee of thewjam was formed. Fl%l
"p" had a 4" free board (water elevation 162.68'm), aea et
Fill "B" the water level was 160.99 m. The jam remained in
place until- early May 7‘whenvtﬁe ri&er opened right through»
t@;the lake, '‘but ice jammed again' for about one hour at the
mouth causing'the water to rise and flood that section of the

town between the mainstreet and the rive: (elevation 158.5

m) . . ,(”
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© .
The report also states that runoff was probably more

than that of 1947.

1951

In 1951 no blasting prior to break-up was done. Break-
up commenced on May 3rd, with ice breaking down to km 1110.7
Q . H

«

(upstream of Island\Dﬁl Water began to flow ovéfltﬁe West
Channel Fill "D". late May 4th. 'This was about the peak fléod
level in the airport vicinity. Water was flqwing to a depth
of 1.22 m over runway.(Douglas,.l951). ~

By early morning on the 5th water was flowing over '‘both
river banks aiong the whole East Channel} from the Easr-West
Channelbsplit tobthe.mouth of.theiEasﬁ Channel. Water gping
over the airport was‘then flowing ovér th road.éo the
Eishihg Village over a lengtﬁ of séme 3 km. FjLally at about
3:30 a.m. May 6th- a new rush of ice and water came down the
river and it broke throuéh'to the lake and the river cleaged.

figuré D.1 shows the profile of the high water levels.
It can be seen in Figure D.1 that the toe was located some
distance upsﬂream of the mouth. As pointed out by Douglas
(1951), this probably limited somewhat the floo&ing that
could have occﬁ?red in the town: "This last move was the

feared one aé in other years the ice has always jammed at the

lake. This was'thé\jam‘which we wished the R.C.A.F. to stand

e

} B : _
by for and very lgcky it did not happen. I believe every

'building in the settlement would have been flooded”

-
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D

The peak water level at the East ~West Channel split was
.taken as 164. 0 m and that at the mouth of the. East' Channel to
be 158.7 m. These were ‘obtained from the profile from

Stanley, Grimble, Roblin (1959). , : ;

1952

After the flooding of 1951 an extensive blasting program
was undertaken in the spring of 1852 The East Channel was
blasted right from km 1108.8 to the mouth almost S km. -lveA
pound charges were placed in 3 lines across the channel, with
75 feet from line to llne and the holes éO feet apartvon each
line. ét was found as work.progressed upstream that only 2.5
pound charges were needed. 1In total 700 holes were blasted

. 9The river began to break up on April, 25th. .On April 27
the toe of the jam was just upstream of Island A (km 1112.4).
At the East—West Channel split (Fill "D") the Qater reached a
level of 162.8 m and at Flll nen water reached an- elevatlon
”of 161. 6 m. _

On Aprll 28th thls‘jam broke and the toe moved to the
mouth of the East Channel. ThlS caused minor flooding at the.
Hay River/Hotel and Ménzies Fish Company (near the mouth of
thelEasg/éhannel) From the comment about minor floodlng at
‘ Men21es‘Flsh Company it was estimated the water rose to 158.6

m. By the afternopn of the 28th the ice was completely out

of the East Channel.
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”1957

_ Break;up in 1953 was very'quiet. ‘'From the descriptions
availab;e it was probably a thermal break-up (EMOe?ile):
"April 29: River very low and rot*ed out clearing through

‘this late evening” ‘

- The West Channel Fill "D" was lowered in the fall of
1952 as shownhin Figure 4. . Even at ‘this low level water did
hot over flow it. The peak water levei at the.East—West.
Channel split\ias notgzjto be 5.5 ft (1.7 m).below‘the i1l
(MacQuarrie, 195<), This is‘eqUivalent to an elevation of
158.2 m. \ / X , <
1954

Prior to hreak—up the Eaét_Chanhel'was blasted from theﬁ.
'upstream end of Island B (km 111;.5) to the mouth. Break-up
began-dn'the’night of Ma 11-12 when the'stage at the West
Channel fill increased by 2.75 m (Ross, 1954). This increaee
in stage broke the icevup to the upstream ehd of Island B (km
1111 5), where the toe of a jam formed Durlng the nlght of
May 12-13 the rlver rose another 2.4 m at Flll "D" and
reached a peak ofv161.9’m, at which point 2.1 m of water Wwas
flowing ever the fill. "This water level remained relatively
constant to May 15. Durlng this perlod the toe of the Jjam .
remained in the éast Ch@pnel On the 16th the river'began to

o g g
clear; "the 1cé wﬁeﬁﬁkﬂA@engn volume by breaking and meltlng
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The West Channel fill was completely washed out. The

1

first rush of water‘after the' fill was over-topped fanneﬁ ice
agg waterxover the lake ice at the mouth of the West Channel,

due to the latter belng frozen to the shore and bottom (Ross,
.1954) . A cross section was taken on the West Channel
approximately 400 m downstream of the fill on May 14.
éurfaoe fioats were placed on, the water and were oggerved
travelling at 1.9'm/s. Ross (1954) estimated a disoharge of
453 m3/s in the West Channel by assuming actual yelocity was
80% of surface velocity, allowing for dead water and using
the measnrediarea'of the channe{; Heé also estimated the
discharge in the East ghannel.waS‘at'least 700 m3/s and could
be as high as 1400 m3/s:' No'aotual measurements were done in
the Easﬁ%Channei. ‘No flooding ocaurred at the mouth of the

East Channel.

1955

A
Little‘infOrmation cOUld'be'fOund on break-up for this
‘year: ‘The only account was a letter’ by MlSS E. Ramsey
y(1955) a school teacher at St Peter s MlSSlon "The water -

€

went over the fill on May lst and ‘washed the hlghway out
taklng most the 1ce out the West Channel The ice broke at
the ‘mouth in front of the MlSSlOn May 5th and was»all clear
by the next mornlng . There was no,flood weter at all on the
‘Island® & -

Water levels at the‘f/ll must have been hlgher than-

159 8 m, the helght of the £i11.
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1956

In 1956 a blastiﬁg program was started in late April.
The East ChanneL wasiblaSCed from the downstream tip of
Island B (km 111212) to the DPW docks'gﬂm 1113.3) . Because
of warm weather'blasting of the-resﬁ Qf the channél‘to the
mouth could not be completed but the lake ice was blasted iA
a fan sﬁape at the mouth (Harriot, 1956).

During the night of May 2-3 river ice. broke up to km
1108.9. It was observed that on May 3 no ice was left. on the
?iver from Alexandra Falls to the.jam in the town. On the
4§h‘and 5th little change occurred in the conditions. On May
6 the jam pushed and a néw toe was formed at tﬁe middle on
Island D (km 1111.0) . With the toé moving downstream the
WestAChannel'fill "D" was over tépped andireached a maximum
of 160.9 m. The toe of the jam remained at km 1111.0 with
the pack slowly me}ting.in'place. It was not until May 13
that ﬁhe river was completely free of fce. A profile of'peak
'flood levels were contained in the'Staniay, Grimble} Robiin
Ltd (1959) and are shown in Figure D.1. ﬁ

From this :profile peak levels were obtained fqr_the-
East-West Channei split and near the ﬁouth, of the :East

Channel and are 161.0 m and 156.8 m respectively.'

[}

&
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1957
| Water began to flow over Fill "D"vearly April 29. Icevl
broke in the Eaet Chahnelrdown to the downstream end of
Island D‘whete‘the toe of the jam formed. -On May 3 blasting
was‘do%e on thelsolid ice below the toe,.from km 1112.4 tox

) | v . :
‘thefmdath of*the channel. Water levels at Fill "D" reached a

"peakfon}May 3 .with a level of 161.1 m . This elevation was

P Yoo

obtained ftomvthéidesctiptioh,thatewater was flowing over the
fill at  a depth.of appro#imately 8 ft (A.4 m) (Report fot
Spring Break-up, 1957 (Department of Highways)) . W

On May 5 some minor flooding occurred in the West
Channel; Late on May 6 the”jam'in.the East Channel began to
move down stream ' Water just reached the’ road at Royal
Canadian Corp. Of Slgnals corner (km 1112.4), an e}evation of

158.7., By May 7 the river was clear.

1958 S
. J

 Much work was done in- 1958 prior to Dbreak-up. = A
pressure ridge had formed 800 m to 1200 m offshore opposite

the West Channel. _ThlS rldge was about 3 7 m high and ran

parallel to the shore (Harrlot 1958) . . It was blasted along
) . R
: with the East Channel. 1In the East Channel a 9 m wide strip

o Y

was blasted from (km 1111. O) to the mouth

On’ Aprll 22 water began to Llse and by mldnlght a Jjam
”had formed at the mouth of the West Channel but no floodlng
oocurred in that area. Early on the 23rd the - dlscharge
dropped, probably because.of aqgﬁpstream Jam (Harriot, 1958).

=N

d
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In the afterno~- a large surge of ice and water arrived .in
Hay River, breaking the jam in the Wesg Channel and moving
the ice oQt into the lake. . This surge gléo broke ub the Easqﬂ
Channel to the downétreém end of Island D where a jam formed.

The toe stayed in this location until‘April 30 when the ice .

moved out into the lake. No flooding occurred in East
' e I S
Channel. ’ : DR T T
. * . N ri
1959
Br: 1p was very mild w1th no water 901ng over the West

Channel f£ill (EMO Flles) The blastlng program was apparently

qulte “extensive but llttle specific lnformatlon could. be

found (Stanley, Grlmble, Roblin Ltd, 1959) C o

B

1960

Break-up started on April 24 with the water levels going

over Fill "D". The river was completelchlear by May 1 (EMO

. : . . ‘ ° a . ) ‘ : '
File). No mention of significant flooding could be found.
1961

Ice and water began to Splll over Fill "D" on’ May 8 By

May 12 the river was clear of ice (EMO Fll&

1962
v

Little information available on break-up. River clear.

of ice between May 16-18 (EMO File).
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1963
' £

thtle lnformatlon could be found on the progression of
break#up, most records concentrated on the effects of the
flooding of the Town. On April 27. water levels began to
1ncrease with water running over Fill "D" at 1930 hours. A
Jjam formed in the East Channel in the area of Island D.
Flood}ng started early on April 30’ when the jam moved
downstream_and»the toe lodged at\the mouth of the East
Channél. At 4:00 pm on April 30 a jam 35 km upstream broke
.sendlng a surge downstream This surge hit Hay River about
7: 40 am on May 1 creating the peak levels. .The high water
level profile from Stanley Grimble Roblin Ltd. (1963) is
.shomg lh Figure D.1. This profile was .used for-flood levels

PR

at the three sites. Peak levels for the East—West'Channel

split and near the mouth of the East .Channel were 164.0 m and

160.8 m respectively.
':Although Fill "D" was washed out, little flooding

OCCurred in the West Channel

Cd%ea I

| Break—up was relativelytqwiet in 1964. 7Elood control
rmeasures were taken prior to break-up and included plowing
snow off the‘river ice and blasting. The West Channel fill
was also removed as the bridge was now: complete across the
chanhel. Break—up began on April 28 and by April 30 ice had

pushed out the West Channel and into the lake. It was not

untll May 10 that the ‘river was completely clear of ice (EMO
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v

Files).' Most accounts attribute the lack of problems to the

lower than normai\run—off.

1965

Blasting was done prior to break-up along the river and
for 500 m out into the lake. A reconnaissance fliéht on
April 24 revealed that the:river was still frozen south of
the Dborder althOugthgﬁEh»of the Dborder thevriver was
beginning to break-up (gg;ﬁ'Flood Watch, 1965). 0On April ?3

the river began to break—up‘jJ1§§he town and push down the

West Channel, where it stalled at the moﬁth. - In the East
gﬁ%hannel a jam formed at km 1111.15 (downstream of Island D).
This Jjam® moved downstream on May 2, forming a toe at
approximately in the middle of Island B, km 1112.2 . Ice
completely clearéd the river on the evening of May 4. No

significant flooding was reported.

1966 .
Break-up was extremely gquiet. "Warm spring weather,
with temperatures in the mid seventies helped to disintegrate

the thin, rotten ice that remained on the surface of ‘the

river. (TAWPE, 1966)

Discaarge was répor@§§bfo be very low and ice was

R

.

- completely clear of the river by May 12.
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1967 ? | ‘
Early break-up patterns indicated that flooding was a
good possibility (TAWPE, 1967). Above average snow depths

Ned

existed in the basin, and the river and déké’ice'was thick

”
L

- with a heavy snow cover. Flood control'm;ééﬁres included
plowing the snow off theﬁriver and for a distance out into
the, lake. Blasting of the ice was also done in the East
Channel from km 1110.0 out into the lake for a:ﬁistance of

o

500 m.

&

COYE RS

&,

By May 8 levels at Indian Cabins %ére feported to be up
to the 1963 levels (TAWPE, 1967) . Although dischafge was
very high in Hay River; the ice had deteriorated greatlygby
the time it arrived, So no flooding occurred. - The river was

-completely clear by May 13.

1968

- The East Channel was blasted prior to breék—up as part
of the flood'control measures (TAWPE, 1968). ‘By April 20 iR
was reported_ that the fiver was open fo; a distance below tﬁ:;
Louise Fallg; It was not until May 4 that the river was
completely out. The .ice at the mouth of the»East Channel was
the last to go as no push of water and‘ice came from

upstreamr. ' The ice that did come was so slﬁshy it simply ran

- under the intact ice at the mouth (TAWPE, 1968).'
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1969
. " \ -
The ice was very rotten by the time discharges started
‘ € :
to increase. A Jjam formed in the East Channel on April 26-

27, but the discharge was low so no high: water was

experienced (TAWPE, 1969). No blasting was done prior to -

" break-up, but blasting was done in front/bf the Jjam that

/ ,ﬁﬁ

formed in the East Channel as high water was reported to the
far south of the basin. The. river went out on April 29,
before any dramatic increase in discharge was experienced.

L3

1970

o

No blasting was carried out this year. Instead the ice-

was perforated with 20" diameter holes put down on 203foot

centres (Town Flood Watch records, 1970). From, the

description it is believed that this was just done in the

middle section of the East Channel. Break-up was very mild(
with levels below normal;* The river was clear by May 7

g, :
(TAWPE, 1970)-. o 3

1971
P
McBryan reported levels were the lowest since 1959
(TAWPE, 1971). Some sections of the East Channel s%mply
rotted in place. The river was clear of ice- by April 30

&LAWPE, 1971).
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1972

Discharge was reported toc be ;bove normal at break-up
(TAWPE, 1872). On May}5—6 both channels broke with some
jammjlé occurring. This created some concern since: a

greater than normal/discharge was reported in the south. By
May 7 most of the jammed ice had moved out into the lake from
both cha;nels,'so little flooding was experienced when the
flood crest arrived on May 10. ﬂ&is crest carried some {ce
but as the 1ce was very deterio q it %%? not jam? ome‘

minor floodlng took place as wateriwent que@'f”

West Channel, an elevatlon dﬁ 158.6 m.
. * N & Q'

1973

No information.could be found on ther-1973 break-up,
neither in the town flood reports nor the newspapers. \

) ' N

1974

In 1974 a number of flood reduction: measures were
undertaken. - These included plowing and berforating the East
and_West Chabnels. A pressure ridge was present at the mouth
of the West Channel and was closer to the shore than normal,
w1th about 600 m of rough ice in front of it (Town Flood
Watch records, 1974) . Sections through the‘pressure ridge
were cleared bu bulldozer to try to allow water to flow
through lt | '

On April 27’ice’étarted'to move through the Wéét Channel

and jammed at the mouth. In the East Channel ice broke up to
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Island D where the toe of the jam formed. A largé Jam was
reported at Indian Cabins on the 28th. This jam broke on
April 29 at 3:00 pm and a surge was sent downstream. On
April 30 ﬁhe surge hit Hay River, sending water ovér ~he
banks at the New Indian.Village on the East Channel (km
lllO.é). This surge moved the toe’of the jam downstream in
the East Channel to about km 1112.25 (the downstrearn end,off
" Island B) with wéter flowing over the’Govefnment Docks kkm
1112.1) and reaching the highway at km 1112.2. Ice stérted
to move in the West Channel on May 1 and flooding started to
occur there. Despité the cleared sections ice and water
‘could not get past the rough ice and the p%essurevridge. On
‘May 2 it was decided t%iblast the 'pressure ridge opn the West
Cﬂannel as water levels reached a peak of 159.3 m. This was
a surveyéd high water mérk. 'The level was obtained from the
1:2000 flood risk map for Hay River. A peak water level of

162.2 m was also obtained at the East-West Channel split from

v

the UMA (1979) report. After thegblasting, water levels
receded (TAWPE, 1974). In the East Channel the toe of the
,jam_began to move downstream on May 3. As it moved water

levels rose to the ‘railroad track (elevation 158.6 m) at
Carter's Float Plane Base (km 1112.5) (Town .Flood Watch

records, 1974). By May 4 at 7:00 am both channels were clear

of ice.

1975
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%& Break-up for this year was one of the quietest on record

(TAWPE, 1975). The ice was completely out on May 1.

1976

The ice in both chénnels were perforated pribr to break-
up. With above normal temperatures, flooding‘yas feared and
so the ice was also blasted at thé%%outh of the West -Channel
(wag Flood Watch records, 1976). Break-up was complete by

April 27 with no flooding occurring.

P

1977

Break-up in 1977 was very mild with the river all glear
by May 4 (Hub, 1977). Thié break-up was monitored by UMA
(1979) . Watef le&els were.recorded{aé part of this s%ydy.

Water levels near the mouth of the East and West Channel were

156.9 m .and 158.1 m respectively. "+ the East- West Channel

split the peak ievel recorded was 161.1 m.

-«

1978
The first push occurred on May 3 in both the East and
"vWest Channe;s. By May 4 the toe of the jam was at. the
upstream end‘ofhlsland B Kkm 1111.5) (Town Flood Watch
records, 1978). This caused water in the New Indian Village

(kr 17110.8) to over top the road. Later on the 4th the toe
mo.ed “stream tb km 1112.2, sending water over the

>Gove11ment o2cks (km 1112.1) . The water went up to the
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-

railroad’at-the docks (Hub, 1978), an elevation of 158.4'm.

The:riyer‘was completely clear of ice by May 7.
; /

.
'S

1979
Prior to break—up ithé ice‘ on both channels was: .-

‘perforated (Town Flood Watch records, 1979). By May 10 the

 river had‘broken up to the NWT;Albefta border (Hub[ 1979) .

~On May 11 the West Channel broke and plugged at the mouth and
o on May” 12 the East Channel broke to the upstream end of
i;IsIaga B (km 1111.5). A jam phat haa formed at Indian Cabins

gﬁogévon May-13. The surge from the IndianJCabins Jam

C 1 the West Channel oh the 14th but not untii}water went

o, T ov the banks at an elevation of 158.8 m. No flooding

T
£

occurred_in the East Channei although water levels reach to
within 0;15 m of the‘docks (Town Flood Watch records, 1979)
(elevation 157.9 m). A peak flood level at the East-West
Channel split was estimated from a report in the TAWPE (1979)
that water levels peaked at the West Ch;nnel bridge 16 £t

(4.9 m) above the original ice 1level..  The river was

completely clear by the 15th. o T

1980

4.

Break-up was mild with the river being clear by Agril 29

8
(Hub, 1980).
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1981
. et -
Prior to break-up ice was reported to be thinner than
normal (Hub, 1981). Fgr the most part water levels were low

with some minor flooding taking place at the New Indian
Village (km 1110.8), an elevation of 160 m. A peak level was
estimated at the East-West Channel split (elevation 161.9)

from a photo in the Hub (1981).. Ice was out by May 6.

1982
No flooding occurred in 1982 as flows were very low. ,
Ice was out by May 11. A peak déter&level was estimated

(elevation 160.4) from a photo in the Hub (1982).

1983 . | ' »

Ice broke at the West ~East Channel split on April 28.

-

Water leve 35 were very low with ice going out May 3-5 (Hub

1983).

1984 .
Break-up again@Was very mild with ice being thinner than

normal (Hub, 1984). iéhéhggié wére.all clear by April 24.

1985

-

Over the 1984 -85 ‘w1nter a pressure ridge was formed on

l

the lake off theﬁﬁ@ugﬁ of ‘the. West Channel This ridge was
closer to the mouih than normal belng about 400 m: foshore,

‘and ‘was reported to be 2 to-4 m hlgh (Wedel, 1988): No

.:.”'\ » ) . . ‘?~
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s
blasting or gradidg was done on this pressure ridge as had
been done in past yéars.v |

Break-up began on April 28 at the W3C gauge site Rl
April 29, ice in the West Channel began to break-up, with 1ot
much otcurring from then to May ﬁ. During this time it was
reported that ice and water was flowing ovef the bottom-fast

ice at the mouth of the West Channel and was ponding at’ the

3

base of the pressure ridge. ‘ - | ‘
h large jam that had formed at Inaian Cabins (kmv920.é3)
was'reported to have broken on May 5. The next day the ice
on the East Channél beganvto move.and a jam-wa; formed at the
downstream end of Island C-D. This jém caused extensiYé
fiooding of Island C-D. Early on May 7 a hugé surge of water
and ice was feported méving down the West Chanhel. This
surge was thought to be the result ‘of the Indian Cablms jam.
Within 15 mlnutes the Fishinhg Village was flooded, w1th water_
reaching a depth of over 1 m on the roadway (an elevation of
159.9 m) (Underhill Engineering Ltd, 1985) During this
floodinglit was reported that ice and water was jamming
égaihst th? pressure ridge at th&bmouth-of‘the West Channel.
By early May-8, water levels had lowered ihtthe West Channel,
L//éater on the'%th the toe of the_jéh in thétEast Channel moved
to the mouth, but water levels downstream of Island C-D did
not reach flood level. Ice was completely éut by 4;00 a .

May 9. . [f =

underhill Engineering was contracted to document hig

water marks in Héy River. From this work peak flood level -

# . ( \\
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were obtained for the mouth of the East Channel and East-West
‘ . + . ‘
Channel split. These were 1158.5 m and 163.5 m respectively,

1986

Prior to break-up it was reported that lake and rlver
dice was thlcker than normal Because.of the_thick ice,
blasting was done on the West Channel.
™ fce began to move in the West Channel on May 2. In the
East Channel the ice broke to the downstream end of Island C—A
D on the 4th. Later in the day the toe moved downstream a
few hundred metres, ‘stopping behind the Hay River Hotel ( km
1111.7) ‘ o

On May 5 a jam that had fOrmed at Indian Cabins broke
On May 6 some flooding was reported at the New Indlan Village
(km 1111) .as water reaclied the road.  May 7 water levels
,.reached‘a peak of 163.4 m at the West. Channel Bridge and
water went over,the banks at the Fishing Villagev(elevation
158.95.m).. In the East Channel some minor .flooding occurred
at km 1112 4, as water went over the docks, an elevation of‘
158.5 m (Town Flood Watch records, 1986) . ’

McBryan summarized -the 1986 break-up as "a smaller

version of 1985, the difference beind/a lower discharge. The

-

river was completely clear by May 8..

t
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1987
‘Prior‘to break-up considerable flcod control works were v
dqne.on the river. This included cl ar-ng the snow from E@g,’ |
iower portions éf the East and West Channels and a-qggéﬁ
witch was used to cut icé in the East Channel. In th§‘W§stf

: s
Channel snow dykes were built out ‘onto the lake to constfgin

flow in the hope it would carry ice and water out away fﬁé%ﬁ

thé mouth.

N

Ice began to break-up at the 'townsite on April 26. A

jam was formed in the West Channel just upstream of the mouth .

and in the East Channel ice jamﬁed at the downstream end of | ‘\
Island C-D. Afﬁarge'jam at Inaian Cabins gave Wéy on the /
27th. | |

Over the next few dafé little movémént occﬁrred. Ice

from the jam at Indian Cabins (km 920.63) arrived' on the

28th. This caused the head of the jam to grow upstream with
little movement occurring at the toes. On the 29th a~d 30th

the jam began to mélt'in'place due to warm water coming from

upstream. Ice began to move out into the lake, on the 30th

-and- by May lst the river was free of ice.

Peak water levels at the. mouths of the East and West
Channels and the East-West Channel split were 158.2 m} 158.1

m and 162.2 m, respectively.

-

1988 o o Vi

?

Refer to Section 6.34 of the thesis.

v
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