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Introduction

During the week of April 2, 1984, HWC and Wayne Dyok attented the
Third International Specialty Conference on Cold Regions Engineering
in Edmonton, Alberta to add to background design information for
Susitna. My comments regarding the conference papers are included
in a separate memo. In addition to the conference, we gathered
additional information regarding B.C. Hydro's winter power
operation , particularly the Portage Mountain Development (PMD),
and its effect on downstream river ice ~n the vicinity of Peace
River Town (PRT), Alberta. Re ference 1 gives a good summary
description of the freeze-up event of January, 1982, which has
focused attention on the flooding potential of fluctuating power
flows with an ice covered river.

Conclusions

My conclusions regarding the effect of Portage Mountain Development
on Peace River ice conditions, based on discussions with B.C.
Hydro and Alberta Environment personnel, and other ar~ as follows:

1. Freeze-up staging of the order of several meters can result
from consolidation of an ice front following flow fluctuations
from a load following power plant •.

2. This consolidation and associated staging can extend over a
range of 100-150 km.

5. The generally accepted procedure for operation in the vicinity
of a sensitive area, is to maintain steady , high power discharge
while the ice front is passing thru the area. Once the front is
well upstream, and a competent cover has developed, which period

3.

4.

Such consolidations occur naturally to some extent, but are
considerably more frequent and of greater magnitude with the
highe r winter power flows, and particularly if flow is
fluctuated.

The most important aspect of the freeze-up staging is flow
surge from water released from storage under a backwater
profile following consolidation of an ice front, resulting
in unsteady flows which may be 1 .5-2.0 times the steady flow.

I.

"

'.
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7. On the Peace River, the procedure on break-up seems to be to
provide high, fluctuating flows as far as possible in non­
sensitive areas. When approaching a sensitive area, it is
desirable to reduce flow and ho ld s teady until the front is
downstream of the sensitive area.

Visit to Peace River Town

may be 1-2 weeks depending on the air temperatures, load following
operations can resume, The ice front is always subject to
consolidation, but the sensitive area will be safe if the front
is far enough ~stream.

vI'
6. Break-up consolidation and jamming is much less controllable.

Factors other than power releases can be more important, such as
development of intervening flow from snowmelt, effect of
tributaries, and rate of warming of air temperatures.

I visited PRT on April 3, 1984 in order to see the river ice
conditions first-hand and talk to Alberta Environment personnel in
PRT, who monitor the river ice conditions on a daily basis.
Reference 2 shows photos of the river ice conditions in PRT and
for a distance of about 25 km upstream on April 3, 1984. The ice
front on this day was near Dunvegan Bridge, about 100 km upstream
of PRT. The front was retreating gradually with warm air
temperatures and little intervening flow. I talked briefly with
Jim Amirault of Alberta Enviroment in PRT. His staff monitors ice
front location and ice conditions in general. When the ice front is
advancing or retreating thru town, the central office in Edmonton
takes over the monitoring effort. Gordon Fonstad of the Edmonton
office has been in charge of this program in recent years.
Amirault emphasized the importance of the Smoky River, which
enters the Peace about 6 km upstream of town. If the Smoky breaks
up prior to the Peace, jamming will occur in town. (Reference 3,
p. 15). This occurred in 1979 and raised ice levels within 0.3 meter
of the top of dikes at that time. The dikes were subsequently
raised about 1 meter. High break-up stages occurred in 1973 and
1974 also (Reference 3, p. 17), but dikes were not overtopped since
they had been raised following a very large summer flood in 1972.

8. For Sustina, our basic problem is that we don't have a specific
sensitive area, but rather the entire "r i v e r more or less, since
the fishery is the primary environmental concern.
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In fact, all high stageB prior to 1982 resulted from break-up.
The January 1982 event was the first problem which occurred on
freeze-up.

Following the early January, 1982 freeze-up event in PRT, B.C. Hydro
releases were held very. uniform at about 1700 m3/s (about 90% of
capacity) for the next two weeks, per request of Alberta Environment
(Reference 4, p. 5). On January 20, B.C. Hydro returned to its
normal load following operation, with dissharge varying daily from
as high as 1900 m3/sec to as low as 900 m /sec (Reference 4,
Figure 1). The gauge reading at Peace River showed almost no
response to the daily flow fluctuation.

Basement flooding in PRT was reported as early as January 9. 1982.
However, because power demand was high. and an attempt was being
made to " s e t " the ice cover. releases from B.C. Hydro were not
decreased (Reference 4. p. 6). Consequently. groundwater levels
in West PRT maintained at flood levels until ~arly March. after
B.C. Hydro releases were decreased to about 1 00 0 m3/s in late
February. In late March, B.C. Hydro increased flows again and
flooding occurred again in PRT until the river ice broke up in
late April.

Because of the massive amount of ice in the consolidated cover
from the January, 1982 event. break-up was considered a potential
problem in PRT. Mitigative measures included plowed lanes in the
ice with sand and salt to weaken the ice at desired locations and
pre-blasting in jam key areas. The break-up turned out to be very
mild, primarily melt-out in place, because of a dry fall and cool
spring which prevented a build-up of river flow before break-up.
In addition. B.C. Hydro releases were maintained nearly constant
for 1 week prior to break-up in PRT.

After talking with Amirault, I toured the river around town, and
drove up river about 25 km to Shaftsbury Ferry. The river was
ice coverd generally, with a few areas of weak ice and a few
small open leads. The ice level in town appeared to be 5-6 meters
below the top of dikes. The ice was generally rough and broken
up from consolidation. The river at surface level was generally
500-600 meters wide. excluding islands, and of the order of 5 meters
deep. The ice was probably up to 2 meters thick. My general
impression from looking at the river ice cOadition and stage, was
that break-up flooding this year will be no problem. However.
it has been demonstrated many times that break-up predictions are
notoriously unreliable.
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Visit to B.C. Hydro, Vancouver

On Thursday, AprilS, Wayne Dyok and I flew from Edmonton to
Vancouver to discuss winter power operation and enviromental aspects
common to B.C. projects and Susitna.

We met with C.V. Kartha and Les Parmly of the Hydrology Section.
They are in charge of monitoring river conditi ons at the various
B.C. Hydro projects.

Parmly described the Peace River as follows: The river originates
in the Rocky Mountains in B.C. and flows easterly to Peace River Town
Alberta, a distance of about 500 km. From Peace River Town, it
flows north and then east to vicinity of Lake Athabasca in
Northeastern Alberta, another 500-600 k . From here it joins
other rivers, ultimately the Mackenzie Ri ver, and drains to the
Beaufort Sea. The river is generally wide and flat sloped, with
intermittent narrow canyon sections. In 1972, the Portage
Mountain Development (PHD), located about 400 km upstream of
PRT, was completed. In 1979, the Peace Canyon Dam, about 20 km
downstream of PMD, with much smaller storage and no reregulation
capacity, was completed.

S
The PMD supplies about 35% of the total sykem load and Mica about
25% (Reference 5). PHD is the primarily load following plant
because treaty committments to the U.S. preclude Mica from large
flow fluctuations. Therefore, it is critically important to the
B.C. system for PMD to load follow in the winter.

Under pre-project conditions , the ice cover advanced upriver, and
with some intermitttent bridging, eventually covered the entire
river length. With PMD, the ice generally bridges well downstream
of PRT at Fort Vermillion, and advances upriver to vicinity of the
Alberta-B.C. border, about 175 km downstream of PMD. The furthest
upstI~am progression with PMD has been to the town of Taylor, B.C.,
about 125 km downstream of PHD, in 1974 and 1979.

PMD has a selective withdrawal intake with two levels. Drawdown is
up to 100 feet. Release temperatures in winter are generally 2-3°C.
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B:C. Hydro has developed a river ice computer model over the years
for use on the Peace and other rivers. Their model is the result of
work done by LaSalle Lab on the Liard and MacKenzie Rivers, and other
improvements based on Syl Petryks work on the Peace. The main concern
of B.C. Hydro on the Peace seems to have been the freeze-up jam
induced flooding around Taylor, B.C. in 1974 and 1979. The event in
1979 was extensively monitored and modelled by B.C. Hydro (Reference 6).

The freeze-up jams at Taylor, B.C. are induced by the flow fluctuations
at PMD, when the ice front is in the vicinity of Taylor. The situation
is similar at Peace River Town (PRT). The difference is that the
problem at PRT has generally been during break-up, whereas break-up has
not been a problem in B.C.

Parmly and Kartha confirmed the influence of the Smoky River on PRT
problems. If the Smoky breaks-up first, jams will develop at the
confluence with possible flooding in PRT. B.C. Hydro recognizes that
operation control is necessary at PMD during passage of the ice front
thru sensitive areas during freeze-up. Their approach is to "set"
the cover in place at relatively high uniform flows. After this, they
can fluctuate load as required with no negative effects.

On break-up, the preferred procedure is to try to induce the Peace
to break-up in PRT prior to the Smoky. To accomplish this, PHD
should be fluctuated as much as possible as long as the ice front is
well upstream of PRT. When the break-up front nears PRT, PHD flow
should be minimized and held steady until the front moves thru PRT.
Following this, PHD can resume normal operation.

In March, 1982, Acres conducted ice flexure tests on the Peace River
for the Canadian Electrical Association. These test consisted of
~low fluctuations at Peace Canyon over a 6 day period, with
measurements of open-water stage fluctuations, and under-ice stage
fluctuations downstream of the ice front. Results are shown in
Reference 7. These studies demonstrate the following:

1. The open-water stage fluctuations propagate downstream without
significant attenuation.



2. The ice front retreat (meltout) at Clayhurst Ferry was probably
encouraged by the flow fluctuation.

We were also shown photo records taken during river ice reconnaissance
flights for the past 4-5 years. These records are similar to the R&M
documentation for the Susitna. We were supplied with a copy of the
1981-82 and 1982-83 Ice Observation Reports prepared by B.C. Hydro
(References 8 and 9). These reports include observers diaries,
meteorological data, miscellaneous ice/water levels and ice front
progression rates.
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The ice-water surface at Dunvegan and PRT responds to
fluctuation, but the rapid fluctuations are dampened.
cover floats up and down without substantial break-up
areas, except for shore-fast icr.
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Meeting with Alberta Environment, Edmonton

On April 6, 1984, I visited with Gordon Fonstad of Alberta Environment
in Edmonton. He supplied me with three reports (References 3, 10
and II) in addition to the 1981-82 Ice Observation Report he sent
previously (Reference 4). We discusBed the various ice events on
the Peace River since he has been in charge of the Alberta Environment
effort for several years. He was responsible for the mitigative
efforts in preparation for break-up in 1982. It is interesting
that following the severe consolidation event in January 1982, the
spring break-up was uneventful. In fact, Fonstad indicated that
the ice weakening efforts in PRT probably had little to do with the
mild break-up. It was primarily lack of rapid flow build-up from
smowmelt.

Fonstad also pointed out that the 1983 break-up was different from
previous years. Usually, the Peace breaks-up and moves thru PRT,
followed by the Smoky break-up. In a few years, the Smoky broke
up first, causing jams in PRT. However, in 1983, a partial meltout
occurred in PRT, followed by break-up of the Smoky, and then break-up
of the Peace. No significant stage increase occurred in PRT.
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The 1982-83 Alberta Enviroment report includes a summary of break-up
sta6e increases in PRT since .1960. This summary shows a clear increase
in high break-up stage frequency with pro ject compared to pre-project
(3 events to 1). However, it is interesting that all four events
had accompanying high flow rates in the Peace River and 3 out of 4
events had high flow rates in the Smoky during break-up. In other
words, the break-up event in PRT is probably related more to snowmelt
interflow than to PMD operation.

Fonstad also described other rivers in Alberta where monitoring
programs of winter flow conditions are in progress. In particular,
the Athabasca River break-up jams cause flooding in the City of
Fort McMurray, Alberta (Referenc~ 1 1 ) . This problem is apparently
unrelated to any hydro operation.

Fonstad a lso mentioned a problem on the North Saskatchewan River ,
downstream of the Trans Alta Utilities Corporation, Bighorn Dam
and on the Red Deer River downstream of Dickson Dam . He gave me a
reference in Calgary who can probably supply more information.

Fonstad thought that Manitoba Hydro probably can supply information
on t he Nelson River and Churchill River (Rerefence /Z ).

Fonstad confirmed much of the information I already had. He
reiterated that while hydro operation can be a problem in cold
regions, it is being controlled in Canada by careful operation at
critical times. He did mention that our situation on the Susitna,
where the major impact is fisheries over a significant portion of
the river, will be more difficult since the problem is not localized ,
as has been the Canadian experience.

H.W Coleman

HWC/mmg
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Recent studies for hy dropower developcnent in northern Ca na da have
given much a t t en t io n to the po tenti a l effec ts of fl ow regul a t ion o n
the winter regime of r iv ers, Including levels and t h ickneRs e s of ice
accu.ulations during fr eeze-up and breakup. Gene r a l l y , incr eased
flows dur log freeze-up r e euf t In higher, th lcker ice cove r 8 in ear l y
"Intet. Fluctuatlnq nows .... y detrionentaUy affect the stsbllity of
ice covers, part icUlarly in the period just af ter f reeze-up.

Abnormally high ice-pack levels occurred a t Peace River town In
early January 1982, aRsociated with a particular combination of
weather conditions and fluctuating releases 400 km uPfttr eaM. The
vater levels resultlnq from consolidation of II fr e sh accumul ation type
of ice cover almoRt overtopped flo.>d dikes that had been construc t e d
some ten years earlier . Analysis indicates that t he ph enomena were
associated with an unu sual combination of a thin Ice cover formed
rapidly in late December and a sueceae ton of discharge f luctuations
over the ChriatmBs-New Year period. Using fi eld obse r va t i ona of water
levels and ice th ickness es, It has b een poss ible t o r econstruct an
approxl~te history o f the cha i n of events and to analyze the
phenomena in terms of river ice . echanlca .

INTRODUCTION

The Town of Peace River Is located on the banks of the Peace
River In northern Alberta, approll:hnately 400 k. be low a hydroelectric
development c ompl e t ed by British Colu~ l a Hydro aod Power Authori ty I n
1972 (Flqute 1). Requlatlon of the rive t by Denne tt Dam has Incteased
winter flows at Peace River town to approximate ly 4 tiMS previous
natural flows, and has cons iderabl y altered i ce cond i t ion s i n the
river . OU rln9 a late freeze-up period at t he beginning of J a nua r y
1982, coincident with notable fluctuations I n P'Ver dellMnd and plant
ee reeeee over the hollda~· pe r Iod , record high fr e e ze- up l eye ls
occurred at the town. 'm e ~ur po8 e of this paper is t o deBcr ibe Ule
sequence o f e ven t s and t o ana lyze the Ice l ev ela t n t er ms o f pr e s .nt
understanding of river i ce hydraulics .

249
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Fiqure 21 View Upatrea. TOWards Highway and
Railway Bridges, February 1983.
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Figure 1. Location Map

BACKGROUND

The possibility of flooding due to ice ja.-ing during breakup has
always been present at Peace River town. Since COIIpletlon of the up­
atre.a works In 1972, however, freeze-up levels and winter tee levela
have been noticeably higher than before. Also, higher breakup levela
than any previously recorded were experienced In 1911, 1914 and 1979.
After the 1979 breakup experience. dikes built to protect the lower
part. of the town against Bu.-et floods were raised by approxlaab!ly
1 • to provide for lee-related floods. Freeze-up levela experienced
In January 1982 were aeveral aetres higher than any previously experi­
enced, and almost reached the record breakup level of 1919 (Figure 2).

Between 1972 and 1982 several studies were made of ice proble• •
at Peace River (Nuttall. 191 . , Andres, 1915, 1978, Acres, 1980, CarBon
and Lavender, 1980, Davies et aI, 1981). SOme of these studieB were
directed .alnly to breakup conditions, others considered freeze-up and
winter levels aSBociated both with pr e sent conditions and with a con­
templated future power project at. Dunvegan, approxilMtely 100 k. u~
atrea. (Figure 1). In the stUdy by Acres (1980). a COfllputer allllUla­
tion progra. was used to predict water and ice levels at Peace River
tOW'n for various operating Bcenerios of the £Alnvegan proposal. Field
investigationa were conducted in the winter of 1979-80 to aasiat the
ai.uletiona. Another reported study (Keenhan et aI, 1982) wa.
concerned with freeze-up conditions at Taylor, approxiMately 300 k.
upstrea. of Peace River t.own.

The question of .ffects of hydroelectr ic projects on river ice
conditions has received .uch attention elsewhere in Canada in recent
years, especially in connectton with nor thern developments like the
Churchill-NeIBon Byste. in Manitoba, the James Bay project in Quebec,
and a contelDplated developlAent in northern Br itiah Colullbia which
would Impact on the Liard-Mackenzie River syste... all the way to the
Beaufort Sea . These projects are referred to in papers by Hopper et
al (1978). Kichel and Drouin (19811. snd Park Inaon (1982). Beveral
organizations have developed comPJter pr oq r ams which atll to s1J'lUlate
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ice formation, transport, freeze-up, thickening, and breakup on a more
or less continuous basis, taking Into account both thermal and hydro­
Iftechanlcal processes. (Most numerical InOdels originate In part froll
the St. Lawrence River studies reported by Parlset et al (1966).)
theBe models have been applied to assess the impact of future develop­
ments by calibrating with natural data and predicting with altered
hydrologic and thermal regiMeS. Considerable uncertainty exists, how­
ever, about the formulation of lIany eleaenls of the lee regime, as
discussed by Clement and Petryk (19801. Calkins (19811 and Miche l
(1983). It Is therefore l~portant to analyze experiences such a8 that
described herein.

HYDROLOGIC AND Mf:l'EOROLOGIC FACTORS

The Peace River has been gAuged at Peace River town since 1915,
with a gap fro.. 1932 to 1957 . "nle eeen flow Is approximately 1800
m3/s. Winter flows under natural conditions vere mostly in the
range of 200 to 500 ,,3/s • but under regUlated conditions since 1972
have ranged mostly from 1000 to 2000 .. 3/s (Figure 31.

5

The river is located at the bottom of a deep po~tglacial valley
with narrow fragmentary terraces. At bankfull conditions the channel
width Is about 550 .. and the depth about 8... "nle .lope I. approxl­
Ilately 0.35 m/km . The bed f e of gravel, overlying shale at approxi­
Mately 5 IA depth . Banks are of gravel overlain by sUt, with rock
outcrops where the channel abuts the valley walls.

Under natural conditions freeze-up u9ually occurred in early
Novenner, and breakup tn late April. Under recent regulated condi­
tions freeze-up is delayed until December, or even early J anuary as in
1981-82 . Mean January temperature is approximately -20OC. As in
other regulated northern r i ve r s , the ice cover forms by upstream pro­
gression of arrested Ice floes in a process Involv ing both juxtaposi­
tion and shoving. In the January 1982 event, a thin ice cover that
had forlned through the town only a few days ear Iter, consolidated
abruptly by shoving from upstream and rose to an abnormally high level.

Se;)UENCE OF EVENTS DECEMBER 1981 - JANUARY 1982
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An approximate sequence of discharges, water levels and air
temperatures for the period December 15, 1981 to Februar-y 5, 1982 is
illustrated in Figure 4. An ice COYer began to form on the lower
river early in December, but because of relatively mild weather in
.Id-December did not reach Peace River town until January 2nd, when
the water level r oae abruptly by 2 .8 1ft at a discharge of approxhnately
1800 m3/s and a temperature of about -3O"C. Within the next few
days, the temperature dropped to nearly -40OC and the discharges
dropped to below 1000 .,3/s as the effect of the New Year holiday on
reservoir releases communicated itself down river. A thin cOYer
therefore proqressed upstream very rapidly . By January 5th the head
of the cover had reached a point 88 kill upstream, where water levels
rose 3.8 II at a discharge of 1200 .. 3/s • "nle head of the cover had
progressed upstrea", at a fnore or less cooAtant rate of 0.30 III/B,
regardless of fluctuations In discharge during this perioda.

Between Peace River and Dunvegan the average rise In stage
associated with the ice cover forrretion ",as 3.3 rIl. with an average
channel ",idth of 500 • and a measured celerity of 0.30 m/s, nearly
500 .3/B of flow was therefore being continuously abstracted Into
storage, probably reducing the discharge at Peace River to a Minimum
of about 500 .3/s on January 4th . 'Ibis caused the stage to drop
about 1.1 .. (Pigur-e 4) frOM the peak associated vlth ice cover for.a ­
tlon.

On January 7th, after the ice cover had progressed some distance
upstreaJl of Dunvegan, rapid increases in discharge reSUlting fro",

Figure II Monthly River Plows Downatre•• of Peace River

252

a Personal Co~unication, R. CarBon, AcreB Consulting Services Ltd.
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MEASURDIENTS or ICE COlIER AND HYOOAULIC C""RACTERI STICS

If a atage riae of Bay • •0 • was typi ca l o f the s econd i ce fl c~ t

advance be tween Peace Rtver ond Dunvegan, t he d iv ersion of flow into
storaoe, for a celertty of 0.18 11\18, wou ld have been a bout
) 60 .l/s a The a l.ast constant water lev el at Peace River from
January lOth t o lIst suggests that the 109s t o s tor age waa IftOr e or
l ess constant over that period, s i nce out fl ows f roll Bennet t Da. were
a aintained a t about 1700 . l/•. The flow a t Pe ace River would then
have been about 1140 .l/s. A Water survey o f Ca nad a Jl,easu reJnent on
February 2nd (vtgure .) ~re or 1ea8 conf i r ms this interpretation .

Aa soon a. posatble after the consolidation of January 7th, hlgh ­
vater .arks, water levela, and tce th ickne9ges were r ec o rded. A high
water profUe and the extsting water level prof tie eeee obtained on
J a nua r y 11th, and lee thickness measurements were obtained ov er the
following week . Due to the very cold cond i t ions and the rough ice, a
full coverage of tce th tckness _eas ur e ments cou l d no t be .ade. How­
eve r , these data were later augmented by meas ur i ng the thicknes ses of
shea r valla •• revealed during breakup in April 1982 (F igure 5).

On Janua r y 8th, 12 hour s after t.he pea k a t Pea ce River, t ile head
of the cove r was observed t o be o n l y 40 km upstream o f Peacu Riv er,
r eadvan c l ng ups t r ea m at a rate o f Oa18 m/ sb a This rate w•• ma i n­
t a ined at least until January lOth. Bet wee n then and January 14th t he
cover advanced very al~ly, pr ob ably due t o warme r te.l~ratur es

(Figure 4) . On January 14th it res umed progc e8s io n upstrea . at a rate
o f 0.18,;a , and the head pas s ed Dunvegan a ga i n i n the n i']ht o f
J a nua r y 15 t h- 16th. With a d i scharge of a bout 1700 .l/e an ,J a a ea n
daily telllperature of - 25OC , the local stage rIse at Dunvl'gan waa
4.1 ...

'm

om

,om
.om J

i
i

"""
lOOO

,...
....

,...

-· om

Fllbfuefy

"-= W et. L....... , ... IIIl_ lHug4I

JItK*Y 1882

Oo.IIflo... ,,_ ........t 0 _

..... ". L~10..,.,/ \ ,1---.....--------------<,__.." -« ,

\ II \ /---.-- - ----....
\ \~/I \. _ _..- .....

' j V ~e-S, -

~ o.tw,. Y""'I*-',.--- .,_...............

o.clPbef 1981

- t r iii r i I I ii i Ii i I iii i I I i I I i i i I I I i I I I I I I I I I I r rr

./
...• JO•.

..

~
; - 00

J - ~

'",..
'"

! 111· ·

6 '"
j ,..
~ 111 ....

,OJ

'"".

Figur e 4 : Seq uence of Mater Levels, Discharges and
Te.peraturea , December 1981 to February 1982

resumption of nor.al power output at Bennet t om • • day or two earlier
were followed by • a.salve conso l ida t i on and th ickening of the new l e e
cove e , "9-. high j •• (oc lled 14 k. belo" Dunvegan, but failed after
abou t 2 hours. "Burg e of Ice and vater then JIOved downatr e••
(Fon'tad, 1982), reaching Peace River at 10.30 p .... (Figure 4) .. The
stag o r OBe a bruptly by about 3.5 .. to an e l evation of 118.15 a, some ·
1.4 • above the previous s table ice cove r and only 1.5 • below the top
o f the fl ood protect ion d lke8. Within ~ hou ra of the peak t he 8t8qe
hod d r opped by 0.60 .. . and after abou t 36 houra it hod dropped a
f urther 1 . 15 • to an elevation of 116 .4 ., where it r e mained .ore o r
less cons t a nt for the reat of January. Later ae r i a l ins pection in di­
c a ted tha t no t iceab le consol i dation of the l ee sur fa ce ex tended to
about 10 km downstr eam o f Peace Riv er.

b Per sonal Communication, R. Carson, Acr es Cons ult i ng Servtces Ltd .

The 'l inter ...surementa indicated a r e l atively consistent thick ­
neae below. vater level of fro. 1 .8 to 4 . 2 Ill, although in eoee loca­
tions the value waa a. 10'1 all 2.1 "' . Ule cove r appeared to be for Med
p r i .ar i l y fra. fr.ztl slush tn which were embedded ice floes originat­
ing froRl broken border tce and frozen c r usts o f fraztl pan s . The
border ice ranged fro. 0 .5 to 1.0 • in thicknes s and the froze n crus t a
were in the order of 0.3 • th i ck . The maxi mu. i ce height aloog the
bank was frem 0 .9 to 1.5 • above the January 11 th water level and more
or less corresponded to the ..Xi IllUIl wat e r level as soc i a t ed with the
i ce cover conaolidation. The perceived aver age i ce s ur f ace o n t he d ay
of survey was generally from 0.2 to 0 .6 m abov e the water leve l , where
shear Itnes were evident , i ce had pushed up a t l ea st 1.6 ~ a bove the
water leve 1 .

-~55_-------:>u...
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Ic e th i c kn e s s me a sur e ments v e r e also made a t br eaku p f o llowing
the pa s s a ge of the i ce fr ont, when many of the e xpose d a hear walls
wer e Bt ill intac t (Fi g ur e 5). Most of th e eneee wall s were about 4 1ft

thick. The r ellahll ity of t he s e measur ements Is not as gr e a t as f or
the winter meas urements , but they gener a l l y substantiate the la tter .

· ; --'-1
- .I .~~~ =-

Flqu[e 5. Shea[ Walls Indicating Ice Thickness, Ap[ ll 1982

Open-water hydraulic characteristics were eva l ua t ed from thlrt~n

channe l cr089 sect ions a nd t ha l weg profiles s ur ve yed In the Bummer of
1982. These Ind i c ate that u p8t[ eam of BeWley Isla nd (F Igu[e 6) the
c hanne l 18 r ela tive ly unlfor~. Both t he bed and water surface have a
mean slo pe o f 0 .32 m/km (Figure 7). The water Burface s lope with lee
cov e r al s o paralle l s the bed s lope , a. do hlghwater mark s fr OJl the
flood 'l a ve that a c c ompa n i e d Ice cove r consolidation. When RleaBur ed
I ce thic kne s s e s a r e plotted o n the proftle, the .. ean line for t he
Ice/wate r Interfac e a lBo ha s the same slope . thi s Bugge s t B that more
or les s unl form fl ow prevailed for all thr ee mea sured conditions .
~verage hy drau lic c har a c t e r ist ics as analyzed for the s u r veyed
open- water a nd stead y I ce c over cond i t i ons are Bu~rlzed I n Ta b l e 1,
and typica l c hanne l c eoss sections a r e Il lus trated in Figure 8 .
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Table 11 SUmA4ry of Surveyed Average Channe l Characteristics

.~"..

Ice Cove r
(Late Janua<y 19821

- . - -- ...
iJ.
J..

i M

L
J

Open Channel
ISu"""", 19821

Measured at Peace River, less Smoky River inflow.
Reservoir releasea leas abstractions to storage fro. lee
front proqres81on •
Mean submerged thickness for reach.
COMputed with a vater Bur face slope of 0.32 _/t_.
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ANALYSIS 2100 m3/s, which aqrees reasonably well with the maximum discharge
as esti.ated above fro~ hydraUlic considerations.

Ice Cover Stability

The terms on the left-hand aide represent the shear force per
unit length on the bottom of the COver plus the downstream cOflponent
of the weight of the cover . The terms on the right-hand side repre­
lent the resistance of the cover due to Internal fr iction plus the
resistance due to cohesion.

III WRlf9S • wtrl9S "f-PI (I-SI)9t2 • 2Clt

where W is the streara width, Ri Is the hydraulic radius associated
with the ice cover, r, the density of water, 9 Is the acceleration of
9 r avlty, S Ie the channel slope, t Ie the Ice thickness, Pi Is the
density of Ice, r- Is a dl"",nsioniess coefficient of Internal
friction·, si is the specific gravity of ice, and Ci is a cohesion
parameter 88 discussed below .

Thickening of a river ice cover can occur in two waysl (1) by
hydrodynarllc instability at the advancing edqe of the cover, Whereby
arriving ice floes are carried underneath the edge, and (1i) by
~chanical instability within the cover, whereby hydraulic forces
cause it to consolidate and thicken. Frol1l the nature of the events
observed on January 7th, it is apparent that the second case applies.
Various equatims have been presented for analysis of this type of
condition. That by Uzuner and Kennedy (19141 can be written In
.odified form aSI

r " 12.5 SW(1 • RI/0.92tl/t

~. Co(1-p) where Co is Uzuner and Itennedy's "enee r stress
coefficient" and p I e porosity.

(21

With re9ard to the cohesion parameter CI In Elquatlon Ill, It 10
important to note that the equation was developed for an uncongealed
Iccullulatlon of ice floes where Ci represents a -soil ru!chanics­
type of cohesive stren9th as In the Coulomb-Mohr relationships, and
not a shear strength of solid ice. The rationale for using Equation
III to analyze the Peace River consoIldation Ie thst the thin surface
freezing, estimated from observations to have been about 0.3 III thick,
Is assumed to have been effectively destroyed by flexinq of the cover
under the action of surges and unsteady flow. If, as Buggested by
Beitaos (19181, Ci 10 taken as approximately 100 Pa, the cohesion
ter. is then Much less than the friction ter_ and can be neglected.
!lIth P> 1000 k9/.J, PI " 920 k9l.J, 9 • 9.8 IO/s 2 , and sl
0.92, ~uatlon III can be reduced tOI

A crude approximation of the peak discharge can also be made by
considering the conservation of volu.. e during the consolidation. It
can be estllnated that appcoximately 1 • depth of stored water was
released frOM the 60 k. of river upstreaM of the consolidation,
producln9 an Inflow of JJ X 10 6 .J Into the 40 km ImmedIately
upetreall of Peace River. Within this 40 k., the additional roughnes8
of the thickened ice cover increased the depth of flow by about 0.3 .,
which reduced the additional volume polIssing Peace River to about 27 x
10 6 .. 3. Gauge records suggest it i. reasonable to assume that the
flood wave lasted from 8 to 12 hoursS corresponding to an increase in
discharge of from 600 to 900. /8. This, when added to a
1200 .J/s base flow, results In a peak discharge eetl .... te of 1800 to

The extremely rapid stage rise suggests that both the discharge
and ice thickness were Increasing during this period. However, with­
out knowing how either variable changed, the exact time of maxi~m ice
thickness or peak discharge cannot be deter.ined. It seems reasonable
to assume that the lIIaxhllU. thickness was achieved at the peak gauge
hel9ht and that this also defines the time of .... xt..u.. dlscharge•
Following . the peak stage the ice thickness remained constant, and the
reduction In stage was due to • reduction In discharge.

The discharge at the peak stage cannot be deteulined reliably
frOll the gauge height records because the thickness and the roughness
of the ice cover are unkown. However, If It 18 assumed that thickness
and roughness rem.lined constant between the peak of January 7th and
the thickness measurements of late January, then the peak diflcharge
can be estimated fro~ the ~a8ured hlghwater ..rks as recorded and the
overall roughness under ice cover a8 8h~ in Table 1. Using the same
composite roughness of 0.043 and a Ifteasured Man depth of 4.9 f1, the
peak dIBcharge of January 7th was esti.... ted to be 2000 mJ/s on the
basl8 of steady uniforM flow. This is somewhat larger than the routed
releaRe from Bennett Dam, esti.ab!d at approxl-.tely 1600 .l/s
(Vl9ure 4).

Discharge vAriations

Following the failure of the ja. downstream of ounvegan on
January 7th, apprOXimately 100 km of river lee WAS conoolldated Into a
length of about 50 kM. Factors caotf Ibutlng to the subsequent high
stAge rise at Peace River include the Initial Burge of water from the
failure of the jam, the increased dlscharge due to e e teeae from
channel storage, and the increased lee thicknesses within the con­
solidated length. It is believed that the aajar flow increase during
the eonsof Ide t Ion was due to release froa channel storage as the
length of Ice-covered r tvee was ance tened. The augmented discharge
a180 transported the broken lee and WAB responsible for the increased
thickness of the accumulation.

260 261



..

14 15

where Ice roughne•• nl - (2n o 3/2 - nb 3/21 2/3

To apply Equati on (21, the hydrauli c r adtu e Ri As sociated with
the ice cover is computed fro.1

Andres, D.O., 1915 . Ice Breakup Obs ervat i on s and Mitigation at
the TOwn of Pe ace RIver, April 1915 . Alberta Environment, Edmonton.

13)

and

RI/~ - (nl/no)3/2

RI + Rb - 2Ro
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'!be unusually high lee accumulation stage at Peace River on
January 7-8, 1!H12 resulted "her. a rapid increase In discharge
broke up and consolidated a thin new lee cover, that had formed
quickly very late in the sea80n under very low te_peratures .

Analysis of steady conditions as observed a week or two after the
abrupt consolidation indicated an overall hydraulic roughness of
0.043. The roughness of the underside of the ice cover vas
estillated as approximate!.1 0.051. Applied to the peak stage
c onditions of January 7th, this yielded an esti.ate for the peak
dischar ;d a t Peace River of 2000 .1/s, approximately 50 percent
greater than immediately preceding discharges.

Th t! t ce cover C' ons o l l da t l on l ed to accufaulation thicknesses of
some 4 ~ over a conaidersble length of river, and was accompanied
by a fl ood wave as water was released from storage in the back­
water zone at the head of the previously advancing cover.

Analysis of the hydronechanical stabUity of the consolidated
cover, neglecting cohesion, indicates an internal frIction coef­
ficient)J. of approxilM tely 0.9, shillar to values reported for
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It is believed that the information p r esented herein constitutea
an interesting documentation of a severe freeze - up accumulation
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able definition of hydromechanic par a ....eters ",lthout the need for
manipulation of both thicknes s and roughness.
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ABSTRACT

Phaae chRoge producea BOllle of the moat dramatic volume and strength
change effects on soils in cold r eg Iona , HumerlcRI se lue Ion techniquee
provide powerful tools for analysis of real-world heat flow problems. In
our engineerlnR practice, we have found a two-dimensional finite-eleNent
computer program called "DOT" (Determination of Temperature) to be
particularly useful. Capabilities of the program Include an ability to
handle transient 8S well as steady-state problems, arbitrary geometries,
inhomogeneous materlala and non-uniform initial temperature dietributione.
Exsmple applicationa of the DOT prollra.. deacribed In the paper include
calculation of thawing around a vam pipeline in permaffoat, thaving
around va~ oil vella in permafrost (Includins the Influence of •
convection surface), an~ froat penetration as 8 result of placement of
gravel fill In shallow aeawater on the arctic coast. Limited data are
presented comparing predicted and measured thaw for one of the examples.

INTRODUCTION AND 8ACKGROUND

Phase change produces some of the most dramatic volume And strength
change effects on soils in cold regions (Ree Andereland and Anderson 1918;
Johnston 1981). Thawing of initially-frozen aolla resulta from an
Increase in the soil temperature. This incfeaAe can result frail (1) •
surface disturbance such 8S .tripping or compression of the tundra
insulating layer, placement of a gravel pad, or concentration of surface
runoff (thermal erosion), or (2) introduction of a heat source such 8S 8

warm pipeline. Thlo thawing ia acco..panied hy ooil conaolidatlon
(expulsion of excess pore water) and a decreaae in 80il shear atrength.
The allount of 80il thaw strain increases vith 8011 fee content and soil
shear strength is least before exceS8 pore pressures have had an
opportunity to diaaipate.

Foundatton settlement
oyer the depth of thaw.
reduced during permafrost
potential failure surfaces

is calculated by integrAting the thaw strain
Foundat ion bearing capac tty may be Rreat ly

thAv ae Is available resistance to alidlna on
In sloping ground.

I ,..
_____ - .._ .~._ • • . ._ . 0"
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ABSTRACT

The report is based on an evaluation of rive r

freeze-up conditions at Peace River in January 1982, when

record high levels were experienced, and on an assessment

of potential high stages during 1982 spring brea~-up,

conducted before the fact.

It is concluded that high freeze-up stages were

caused by a combination .o f late freeze-up due to a warm

December and severe fluctuations in releases from Bennett

Dam over the Christmas-New Year period. It is considered

that there is a potential for high break-up s tages

comparable with those of other recent high years, but that

overtopping of the town dikes is unli~ely.

(i )
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1. INTRODUCTION

1.1 Objectives

In February 1982 River Engineering Branch of Alberta

Environment requested Northwest Hydraulic Consultants to

investigate and report on river ice conditions at Peace

River, investigations to be done in cooperation with River

Engineering and Alberta Research engineers. Specifically,

investigations were to be directed . to causes of high

freeze-up stages, potential break-up problems, and

feasible remedial measures to mitigate the latter.

A brief progress report covering results of freeze­

up investigations was submitted on 10 March, and a letter

report covering break-up projections and recommendations

followed on 22 March. The present report documents more

fully and extends the material in these preliminary
reports. It was submitted in draft form in April and

finalized with minor revisions in May 1982.

1.2 Statement of Problems

The possibility of flooding due to ice-jamming at

break-up has always been present at Peace River town.

Since completion of Bennett Dam and Schrumm hydro­

electric plant by B.C. Hydro in 1972, winter discharges in

the Peace River have been greatly increased, resulting in

delayed freeze-up, higher winter ice levels and greater

quantities of ice, and apparently increased frequency of

high levels at break-up. Higher break-up levels than any

previously recorded occurred in 1973, 1974 and 1979.
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Following a high summer flood in 1972, dikes were

built to protect the lower parts of the town against open­

water flood events. After the 1979 break-up, the dikes

were raised by approximately 0.9 m.

In early January 1982, unprecedented high freeze-up

levels occurred when an initial ice cover only a few days

old consolidated abruptly through the town. The dikes

were not overtopped, but subsurface seepage caused

basement flooding. Releases from Bennett Dam were

subsequently cut back by agreement in order to reduce

seepage problems, and ice levels fell accordingly.

Co~ -n arose over possible overtopping of the dikes

du r , spring break-up in April 1982.

1.3 Previous Studies Rev iewed

River ice problems at Peace River have been the

sUbject of several studies and reports since completion of

Bennett Dam. In order to understand and analyze the

causes of the 1982 conditions, previous documents provided

by River Engineering Branch and others were reviewed.

Brief notes on t he s e are given below in chronological

order: detailed references are given in ~ection 5.

Nuttall, 1974. In March 1974 Dr. J.B. Nuttall of

the University of Alberta analyzed break-up flood

potential and recommended local mitigative measures.

The report, prepared in July 1974, covers pre­

break-up investigations and actual occurrences,

discusses the effectiveness of mitigative measures,

and recommends future measures •
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Andres, 1975. Relatively high freeze-up levels were

experienced in January 1975, and local mitigative

measures were again taken, but break -up proved

uneventful. The report analyzes conditions in

considerable detail and attempts to develop

predictive relationships for maximum break-up stage.

Doyle, 1978. The Peace River ice-jam observations

reported were too far downstream of Peace River town

to be relevant in the present context.

Andres, 1978. The effects of a proposed hydro­

electric peaking plant at Dunvegan were analyzed with

respect to ice conditions downstream. The report

predicts likely positions of the ice front, freeze-up

levels as a function of discharge, and fluctuations

in ice cover level. It is concluded that there would

be no adverse effects at break-up at Peace River, and

that the proposed project might be operated so as to

reduce present break-up levels.

Acres, 1980. This study also analyzed effects of

the projected Dunvegan development in detail, and

reported the results of field investigations in the

winter of 1979 - 1980. A computer simulation program

was used to predict water and ice levels at Peace

River for various operating scenarios.

Carson and Lavender, 1980. A short paper based on

part of the above-mentioned Acres study presents a

consolidated stage-discharge plot for Peace River

under open wa ter and ice conditions, including both

freeze-up and break-up data.



j

J
nort hwest hydraulic consultants ltd .

4

Davies, Deeprose and Hunt, 1981. A Joint

Alberta-B.C. Task Force was formed to observe,

analyze and make recommendations on ice-related

hazards at Peace River and their control by. flow

adjustments at Bennett Dam. The 1981 report,

cover ing the 1978 - 79 season, summarizes observa­

tions, analyzes the high 1979 break-up levels, and

discusses possibilities for ice-jam prediction.

In addition to these previously released documents,

we reviewed a preliminary draft report by G.D. Fonstad of

River Engineering Branch covering the freeze-up events of

January 1982.

1.4 Consultations With Others

Discussions were held with Mr. G.D. Fonstad of River

Engineer ing Branch, Mr. D. D. Andres of Alberta Research

Council (formerly of River Engineering Branch), Dr. R.

Gerard of the University of Alberta, and Mr. S.T. t .avende r

of Acres Consulting Services, to clarify previous

interpretations, compare evaluations and discuss

recommendations. These discussions were of great value in

developing the conclusions and recommendations of this

report.

1.5 Units and Datums

Levels at Peace

Geodetic Datum. For

gauge zero, deduct

m3/s.

River are quoted here in metres above

heights above Water Survey of Canada

304.8 m. Discharges are quoted in
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2.4 Inferred Causes of High Freeze-Up -Levels

In considering the hydraulic causes of

freez _-up water levels of 7 8 January

following points appear most significani::

the

1982,

high

the

1. A relatively

relatively high

delayed complete

1 January or so.

warm December combined with

releases from Bennett Dam had

freeze-over at Peace River until

2. Very cold weather in the first few days of

January enabled an initial thin accumulation

cover of frazil pans to advance rapidly upstream

to the vicinity of Dunvegan. In the middle of

this process, discharges arriving from upstream

were sUddenly cut in half, then raised again over

a 3-day period.

The most obvious hypothesis is that the rapid

increase in discharge between 4 and 7 January

caused break-up and consolidation of a cover

which had formed only a few days earlier and was

therefore quite weak. The resulting telescoping

of the cover over a long length of river released

a large quantity of water from storage as levels

dropped from an ice-cover rating to an open-water

rating. This storage release produced a

transient flow and stage peak on the night of

7 - 8 January.

In December 1979, as reported by Acres (1980),

complete freeze-over occurred at Peace River on

24 December, and by 28 December the freeze-over
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front had advanced 44 km upstream. Between 30

December and 3 January, following a rapid

increase in Bennett Dam releases from about 400

to 1200 m3/s a day or two earlier, the ice

front retreated downstream by 12 km; the cover

consolidated over a length of 26 km and thickened

from about 1.0 to 2.4 m where measured at a point

18 km above Peace River. This 1979 experience

appears to have been quite similar to that of

1982, the main difference being that in 1979 the

consolidation did not extend over such a long

length and did not noticeably affect Peace River

town. By the time the 1979 discharge increases

arrived, the cover in the vicinity of Peace River

had been in place for a longer period than in

1982 and was presumably thick and strong enough

to resist consolidation.
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1
3. PROJECTION OF BREAK-UP CONDITIONS 1982

I

I

1

1

3.1 Past High -Break-Up -Events

Examination of previous studies referred to in

Section 1.3 shows that high break-up wa t e r levels associ­

ated with ice jamming downstream of Peace River can result

from various combinations of ~ircumstances involving flow

and ice conditions in both the Peace and Smoky Rivers

upstream. According to the Joint Task Force (Davies et

al, 1981): RIf, for example, it appears that the combined

discharge of the Smoky and Peace Rivers below their

confluence will exceed 90,000 cfs (2500 m3/s) or if the

Smoky River itself may contribute 40,000 cfs (1133 m3/s)

or more, a flood situation is assumed likely It

should be noted that a jam downstream • does not have

to occur to cause flooding. In 1979, a jam formed at the

mouth of the Smoky and when it broke, a 15-foot high flood

wave resulted in water levels of approximately 1045 feet

(318.5 m) at the Town of Peace River. R

Based on data tabulated in the Joint Task Force

report, the three highest break-up floods of record were

as shown in Table 2. Reported maximum levels were 318.6,

(1979), 318.2 (1973) and 317.5 m (1974). The top of the

dike near the Water Survey of Canada gauging station is at

elevation 319.8 m approximately, that is, 1.2 m above the

1979 level. a On a purely statistical basis, the

probability of attaining top-oi-dike levels appears to be

a The 1979 level was only about 0.3 m below the -t op of

the dikes as they existed at that time, before they

were raised.
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quite low, in the order of 1%. In those three highest

years, maximum rises above 5-day pre-break-up levels

ranged from 4 .1 to 4.5 m. (On 27 April 1982, with Peace

River ice broken through the town but Smoky River not yet

broken up, water level was reported as 314 .2 m.)
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TABLE 2. DATA FOR THREE HIGHEST BREAK-UP

FLOODS AT PEACE RIVER

Rank Date 5-day Maximum Maximum Approx.

Pre-Breakup Elevation Stage Breakup

Elevationa Rise Above Discharge

Pre-Breakup at Peace

River

m m m m3/s

1

2

3

30/Apr il/79

12/Apr il/73

20/Apr il/74

314.1

313.8

313.4

318.6

318.2

317.5

4.5

4.4

4.1

4,100

2,800

3,600

Extracted from Table 1 of Joint Task Force Report (Davies et al,

1981), and converted to metric units.

a Note

On 27 April 1982, with Peace River ice front downstream of the

town but Smoky River not yet broken up, water elevation at the

gauge was reported as 314.2 m. Th is is 1.7 lower than the

elevation of the day before the break-up front passed through,

reflecting the change from ice cover to open water hydraulics.
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3.2 Feasible Mitigative Measures

Mitigative measures which have been used in past

years are of two types: (i) local measures to wea~en the

ice through the town by plowing lanes, salting, dusting

and blasting: and (ii) upstream measures to reduce Peace
I

River discharges. Objective evidence that local measures

have been successful is difficult to obtain, nevertheless

these measures are not difficult to conduct and provide

local reassurance that efforts are being made to reduce

danger.

With regard to discharges, Figure 5 shows a

break -up stage-discharge diagram based on Nuttall (1974),

with added data after 1974 from the Joint Task Force

report. On the basis of the scatter band shown in this

diagaram, a discharge of at least 3300 m3Is is required

to produce an elevation of 319.5 m. To give some margin

of error, it would be desirable to be able to keep

discharge to 3000 m3Is or less: at least 1 m or so of

freeboard should then be available. Use of Acres' diagram

(Figure 2) leads to similar conclusions.

In considering feasible restriction of Peace

River discharge, the uncontrolled discharge of the Smoky

River is all-important. In the three years of highest

break-up levels (1979, 1973 and 1974), Smoky River

discharges at WaUno were about 1600, 600 and 2400 m3Is
respectively. For a Smoky River discharge of say 2000

m3/s,
upstream Peace River discharge would therefore

have to be restricted to about 1000 m3Is (35,000 cfs).

If B.C. Hydro release was 1000 m3Is, local inflow 500

m3/s,
and Smoky River flow 2000 m3/s, the total of

3500 m3Is at Peace River might just reach the top of the

dikes.



no rt hwest hydrau lic co nsu ltants ltd .

19

It appears advantageous to induce Peace River

break-up before Smoky River break-up. This implies that

upstream Peace River flows should be kept as high as

poss i b.;e up to say one week before expected Smoky River

break-up.

3.3 Break-up Recommendations

The following summary of recommendations was

contained in our letter of March 22 addressed to Mr.

M.E. Quazi of River Engineering Branch.

1. Allow B. C. Hydro to .. ume normal operation as soon

as practicable, to encourge break-up progression down

the Peace River. Peaking operation is probably

advantageous.

2. Develop a means of forecasting break-up date and if

possible discharge for the Smoky River.

3. One week before expected Smoky break-up, have hydro

releases cut as low as possible.

4. Keep monitoring break-up front, water temperature,

stages and discharges.

5. Continue local ice weakening measures to provide ice

passage and discourage jamming.

- ......
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SUfU·1ARY

This report contains the first draft of the sections of the

'Alberta - B.C. Joint Task Force on Peace River Ice' Report which were

the respons ibil i ty of Alberta Envi ronment. Other secti ons, wri tten by

the B.C. Ministry of the Environment and by B.C. Hydro and Power

Authority. complete the report to the respective r'1inisters of the

Environment for the two Provinces.

The report sunmar izes the events which occurred at freeze-up at

Peace River Town in January of 1982. A presentation is made of the

basenent flooding problem which occurred in the West Peace River

subdivisicn. An outline of the breakup preparation undertaken,

including ice weakening efforts, is made. The observations of River

Engineering Branch field staff of the breakup of the Heart, Smoky and

Peace River are presented.

Finally, a proposal for a controlled mode of operation of B.C.

Hydro' s G.~1. Shrun generating station at the \~AC Bennett Dam dur i np

freeze-up at Peace River Town is included.

i
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2.0 PEACE RIVER FREEZE-UP

2.1 General

The Peace River at Peace" River Town froze up, in the 1981/82

season, in an unusual manner for the river. The initial ice cover
H

formed normally in early January, )f6wever, five days after the initial

cover fo~ation the river experienced a second staging due to

consol idation of the ice pack. This second staging was in the order of

3.5 m, and brought the ice level to within 1.66 m of the top of t he

dikes in Peace River Town*. A cOMplete record of hourly water levEls at

Peace River, and flow releases, uncorrected for travel time, from B.C.

Hydro and Power Authority's (BCHPA) G.I1. Shrum (GI1S) generating station,

for the period 24 December 1981 to 30 April 1982, is shown in Figure(s)

1.

2.2 Sequence of Events

The sequence of events \'Ihich occurred at Peace River Town during

the 1981/82 freeze-up period has been previously summarized by Northwest

Hydraulic Consultants Ltd (NHCL) (l )**, based on prelioinary data and

verbal reports collected by Alberta Environment, Acres Consulting

Engineering Ltd. and others. Copies of this report were distributed to

BCHPA, the B.C. rlinistry of Environment and Alberta

Note: * All reference to dike level~ is made with respect to the dike
across the river from the Water Survey of Canada gauginl:
station•

.... ~i ur.tbcr s in parentheses refer t o n unb c r e d
references cited following the text 0f t his reper: .
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Environment. The following is a slight change to that reported sequence

of events, based on an increased data base.

In its analysis flllCL presented the freeze-up events in terms of

BCHPA's releases from GMS, lagged three days to allow for flow through

time to Peace River Town. Figure 2 shows open water flow travel times

from Hudson Hope to Taylor, and fron Taylor to Peace Ri ver, based on

data provided by the Alberta River Forecast Centre. Figure 3 ..hows

these tines consol ida ted for fl ow from Hudson Hope to Peace Ri ver.

BCIIPA I S mean daily re1eases duri ng the peri od 24 December 1981 to 7

January 1982 varied from a minimum of 800 m3 S-l to a maximum of 1777

m3s- 1 , and had an average of 1347 m3s- 1 • Flow through times froM Figure

3 would thus be 86, 46 and 41.5 hours for the mtrrimum, average and

naxinum releases respectively. For this reason the mean daily GMS

releases have been plotted on Figure 4, for the period 25 Decemher to 8

January, lagged 48 hours (instead of the 72 hours used by NHCL). Shown

also are the Peace River gauge heights, based on hourly data, and \later

Survey of Canada's (USC) preliminary mean daily flows for the gauge

0711A001, Peace River at Peace Rivcr. Figure 4 should be consulted while

reading the following sequence of events:

a. 25 to 28 December 1981

The river stage at Peace River generally dE'crea5cd due to
decreased releases from the GrlS plant in response to lesser
power demand over · the Christmas hal iday. It was originally
reported that the upstream progressing ice accumulation had
passcd through the Town of Pcace River on 28 December. The
absence of a significant rise in water level on this date
i ndicetes that the river was still operating in an open ,,,ater
mode. The slight rise at approximately 0300 hours of 28
December could be due to a brief stationary period in the
general ice flow, brought on by the reduction in surface ~ ~ea

..
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corresponding to the decrease in flow at Peace P.iver fro~ 1500
to 913 m3s- between 26 and 28 December. The preliminary \:SC
records for December of 19B1 shnw 'i ce conditions' for the
peri od 16 to 20 December, and 27 and 2B December, but show
normal, or open water, conditions for the remaining tine. The
disappearance of ice conditions reflected in the USC records can
be explained in te~s of a warm period between 19 and 22
December, as shown in the leveling-off of accueul ated
degree-d~ys of freezing shown in Figure 5.

b. 28 December 1981 to 1 Januarv 1982
----------------- -----------~-----

The water level at Peace River rose gr~dually by 0.8 m until
approximately 1700 hours on 1 January, in response to increased
power gencl'ation releases follo~Jing the Christmas break. Air
temperatures, which had been at a mean daily value of _3°C on 21
December, dropped to a mean of -37°C on 1 January, with nightly
lows in the order of -40 to -41°C. This caused e dramatic
increase in the accumulation of degree-days of freezing, and
initiated rapid ice production in the open river.

Water levels rose 2.63 m at Peace River while the discharge in
the river was in the order of 2060 to 2170 m3s- j

• Host of this
increase corresponds to the normal experience of I staging' at
freeze-up, as the open water rating curve ind icates a change of
0.06 m between the two discharges. This staging alnost
certainly indicates the formation of an ice cover on the river,
with the corresponding increase in hydraulic resistance.

Water levels at Peace River dropped 1.22 m from the staging peak
on 2 January. Power re leesqs at G~lS had dropped from 1777' m3s- j

on 30 December to 1724 m3s- on 31 December, and further to 798
m3s- j on 1 January as the load demand decreased for the t!ew
Year's holiday. II.S.C. records show the discharge at Peace
River dropped from 2170 m3s- j on 2 January to 1010 m3s- j on 4
January, which would have caused a stage reduct ion of 0 .81 m
under open water conditions. The remaining 0.41 m of stage
decrease can probably b~ attributed to smoothening out of the
roughness of the under side of the ice cover as the roughness
projections were melted off by the slightly warmer fluid flow
beneath the ice.

Increasing GMS releases, from 798 m3s- j on I January to 1695
m3s- j on 5 January, reflecting increased load demand following
New Year's Day, caused an increase in water level at Peace River
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of 1.03 rn by 2100 hours 0n 7 January. This brought the stage at
Peace River to within 0.2 m of the peak stage atta ined during
ice cover fo~ation on 2 January, though the mean daily
discharge at Peace River on 7 January was 160 m3s- 1 less than it
had been on the 2nd when the ice first packed in. The mea n
daily discharge cont inued to increase into 8 .January.

The USC recorrier chart for Peace River at Peace River shows an
increase in water level of 0.60 m between. 2100 and 2200 hours on
7 January • . A report from a Peace River resident indicated that
at approximately 2230 hours on 7 January the ice cover on the
river cracked and the ice began to move downstream. The water
level rose sharply a total of 3.54 m from 2100 hours on 7
January to 0100 hours on 8 January, a rate of 0.89 rn hr- 1 • The
water level reached a stage of 13.35 m (Elevation 318.15 n
Geodetic), which was 1.66 m below the top of dike across from
the WSC gauge (top of dike Elevation is 319.81 m Geodetic) .

A couple of hours before the ice cover ruptured at Peace River,
as reported by I·lessers R. Carson, P. Eng. and K. 6sillergeon of
Acres Consulting Services Ltd., who were monitoring the Peace
River freeze-up in the vicinity of Dunvegan, a resident in the
Dunvegan area telephoned Ik. Carson to tell him the ice was
moving at Dunvegan. ~'r. Carson reported this to the 10cs1 RCllP,
and went out to investigate. Later evidence showed that the
lengthening ice cover had progressed upstream of Dunvegan by 7
January, reportedly between 'a few ' and 50 km upstream. It ~as

not known at this time whether the whole of the ice cever at,
and upstream of, Dunvegan was in rnotion, through this eventually
proved to be the case.

According to observations by Mr. Carson, and verifi~d la ter by
Alberta Environment, the moving i ce formed an ice jar.1 at t he
downstream end of Verte Island, some 14 km downstre~ m of
Dunvegan, between 1700 and 1900 hours on 7 January. The .i am
attained a height of approximately 9 m, and was only in place
for a few hours before it released. The available evidence
indicates that the ice jam released prior to the ice movement at
the Town of Peace River.

Following its rapid rise to peak at 0100 hours on 8 .January, the
water level at Peace River receded through the rest of the day,
dropping 1.34 m by ~idnight. As the mean daily discharge on 8
January was 120 m3s 1 higher than that of 7 January, according
to the USC preliminary records, the decrease in water level r.~st

be attributed to the smoothening of the underside of the ice
cover.



Because of the potent i e1 for seri ous fl ood i ng of the Town cf
Peace River if the new ice accumulation re-ruptured and
reconsol idated, BCHPA was requested to regulate their re l ee ses
from GflS to a constant value, in order to let the ice
accumulation gain strength by freezing. Accordingly, as can be
seen on Sheet 2 of FiQure 1, BCHPA regulated their releases to
~n average of 1691 m3s~1 over the period of 9 to 20 January . In
this same period the recorded discharges at Peace River had e
me~n of 1941 m3s- 1, while the Smoky River had a nean disch~rge

of 22 m3s- 1, yielding a local inflow between GlIS and Peace River
of 228 m3s- 1 •

The water level at Peace River dropped a further 0.41 m on 9
January before it levelled off, with minor fluctuations, unti l
the ~iddle of February, when a decrease in releases caused the
water level to drop a further 1.33 m (see discussion of I·Jest
Peace River groundwater levels).

5
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3.0 C0l1l1ITTEE ACTIVITIES

3.1 Ilest Peace River Groundwater Flooding

Ilhen the water levels in the Peace River rose on the night of 7/8

January, the groundwater table in the river's f l oodpl ai n responded by

rising as well. Unfortunately, no data was taken during January.

Groundwater levels in West Peace River were recorded at a private well

by tlr. Barry Ellis, a Town employee, from 5 February, and ~Iere

subsequently tied into Geodetic Bench by the Town of Peace River. The

groundwater level data has been added to Figure(s) 1 in terms of

corresponding gauge heights. No correction was included for r iver slope

to transfer the levels as elevations to the HSC gauge, however, the data

serves to indicate relative effects.

IIhen the river level rose and stabilized by 9/10 January; at a

gauge height between 11.5 and 12 Ill, the groundwater table in lIest Peace

River came up and caused flooding in a number of basements. The

groundwater response to the chanqe in river levels was reported to be

relatively moderate, as it was a matter of some twelve days before the

Town started to receive flooding complaints. As BCIiPA had a fairly high

power demand, and the various authorities were tr)'ing to maintain the

river level while the ice cover gained strength through freezing, the

releases from GIIS had to be held constant. Hence, little could be done

at that time to alleviate the basement flooding problem in West Peace

River.



~

I
I
I

I
I
II

II

n
o
o
g

g

I
m

I
I
I
I

7

The releases from GI1S were held nearly consta nt for t he period 8

to 20 January in order to let the ice accumulat ion at Peace River gain

strength by freezing (Figure 1. sheets 2 and 3). Following this. the Gl1S

generati ng stati on resumed i t s normal operat i ons. However. the

groundwater problem in ~Iest Peace River continued. as the attenuated

releases from GrlS did not cause a substantial river level change at

Peace River Town .

In February the basement flood ing probleM was still acute . Fron the

reported depths of basement flooding it was judged that if the river

level could be drawn down in the order of a metre. the flooding problen

would abate. hence BCHPA was requested to reduce its releases. BCIIPA

complied with the request and began stepping down its GI1S releases on 16

February. The releases were stepped down from a mean discharge of 1615

m3s- 1 • for the first half of February. to an average of 1030 rn3s- 1 f or

the second half. Sheet 5 of Figure 1 shows the resulting decrease of

1.27 m in stage at Peace River over the period 19 to 25 February . In the

sane period the groundwater table i n lIest Peace River dropped 0 .42 m;

and continued to drop a further 0.48 m by mid 'larch. During this period

the basement flooding problem in Yest Peace River appears to have

abated. though one or two hones nay still have experienced sone minor

flooding.

An increase in releases from GHS on 16 '·larch caused the river

level to again increase. ~/ith a corresponding i ncrease in groundwater

levels. The ctata shows that the increase in flows from G'IS. initiated at

0600 hours on 16 tlarch . caused the river 'l evel s at Peace River to
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increase 0.39 m starting at 2100 hours on 18 ttarch, This indi cates an

i ce-covered flow travel ti me, for the ice con~ i t io ns whic h exi sted, of

63 h~u rs f or a discharge of approxima te ly 1250 m3 s- 1 ; an incre ase in

travel time of 15 .5 hou rs over the open water t ravel t ine (Fi gu re 3).

The groundwater level i ncrease , over the per iod 18 to 31 ttar cn,

which resul t ed from the 0.39 m increase in river level, was measured to

be 0.34 m. This increase in groundwater l evel was sufficient t o

reinstate basement flooding in five or six homes in uest Peace Rive r.

The flooding persisted until the r iver levels decreased follC'~ring the

'break-up' of the Peace River in late April.

The data indicates that (as an initial attempt) if f ut ure

occurrences of basement flooding in \lest Peace River are to be avoided,

the ice-covered r i ver stage at Peace River should not be el Ioweo to

increase above 11.0 m (Elevation 315.80 m, or 1036.09 ft GS C).

Additional data would be required to conf i rm or alter t his value. In

th is respect it is recomended that basement elevations i n \lest Pea ce

Ri ver be establ ished by the Town for all of the homes i n the

subdivision. Additionally, in order to obtain better records of

groundwater levels to determine the maximum river level that wou ld not

cause basement flooding, Alberta Environment has established three

groundwater level recording wells ill I/est Peace, and will record the

levels daily throughout the ice-covered period.

._ ,
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3.2 Breakup Preparations

Because of the unusually high level at freeze-up and the perceived

thickness of the ice accumulation in the reach through Peace River Town,

it was thought that the thick ice would prove a barrier or blockage to

the passage of the normal spring break-up front. As we ll, snowpacks i n

t he river basins tributary to the Peace River above the Town were gauged

as being above normal, which could result in above nor~al spring runoff.

The combination of a possible blockage to the passage of the break-up

front and possible high spring runoff gave every indication that an ice

jam, if one occurred at Peace River, could result in serious flooding of

the Town. For this reason preparations for break-up were cormenced in

Februa ry of 1982.

The Town of Peace River reviewed and updated its contingency plan

for flooding situations in the Town. On March 3rd, a coordinating

meeting was held in Peace River of most agencies, Government, Police and

the like , which could be involved in provid ing assistance to the Town i n

case of spring flooding. Following this meeting, and at the

recommendation of the River Engineering Branch, Alberta Environment, the

Town of Peace River undertook to plow a single lane on the surface of

the ice in preparation for otner possible break-up mitigative ~easures.

This aspect is discussed i n more detail in the next section.

A meeting was held between the members of the Alberta - B.C. Joint

Task Force on Peace River Ice , in Peace River on 25 March . At that time

Alberta Environ~ent submitted a draft report to the other members of t he

Committee, entitled ' St at us Report and Proposed Ice Jam r1itigation
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Plans, Peace River at Peace River Town,(2). The report sunmar ized

preparations by the TOIm and others towards the anticipated breakup

flooding, outlined a breakup observation plan, provided a surme ry of

l'Iit igative measures conducted in the past at Peace River, and nade

aseries of recommendations regarding what should be attempted to this

end in 1982. After due consideration and discussion the me~bers of the

Committee agreed to the adoption of most of the recommendations, which

led to the implementation of a program of pre-break-up Mitigative

measures.

3.3 Ice Weakenino Effort

Ice weakening Measures, in advance of breakup, were conducted as

approved by the COmr.Jittee. These included lane clearing and dusting,

plus preblasting in specific areas identified in previous studies as

being ice ja~ prone.

lJhen the secondary staging occurred on 7/8 January the ice surface

ended up as a jagged mass. The ice cover thickness, as l'Ieasured by the

Alberta Research Council in late January, was reported to be in the

order of 1 m of solid ice, with up to 3 m of loose floes and accumulated

slush ice beneath. ~he jagged surface made access and movement on the

ice, for ice jam ~itigation purposes, virtually impossible. It was

decided to plow lanes on the ice surface, which would require the use of

bull dozers, f ron the mouth of the Heart River to a poi nt downst rean of

the Town. This would provide dual benefits in that a passable lane would

exist which could be used to access the river for other mitigative

measures; and the lanes themselves could be dusted with SOr:1e dark
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4.0 BREAKUP OBSERVATIONS

4.1 Heart River

Breakup of the Heart River was uneventful this year. Few

observations, if any, were carried out prior to April 16. Alberta

Environment carried out aerial inspections of the Heart River from Na~pa

to Peace River every second day from 16 April to 23 april, and daily

thereafter until breakup occurred in the Peace River at Peace River Town

on 26 April.

All observations showed the ice in the Heart River to be virtually

melting in place. By 19 April the river was virtually free of ice

between Nampa and the mouth of the river. There were three exceptions.

The lowest kilometre of the river, between its nouth and the tlAR

railway bridge which crosses the Heart River .iust above the '12 Foot

Davis' Ballpark retained ice. This reach still contained both solid and

fragmented ice. The ice, however , wa s deteri ora t i ng (candl i n9 and

nelting) rapidly due to solar radiation and thermal erosion due to the

river flew. Sediments carried in the flow were, at times, being

deposited on top of the ice, which would have accelerated the thermal

deterioration processes.

The ether two reaches where a complete ice cover existed were in

areas where bank slides (one major, one minor) had constricted the Heart

River. The minor slide had constricted the channel width by about 50~,

and held the ri ler ice upstream of the constriction. The ice in this
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in place until 28 April, when it moved down and was turned downstream

to occupy the space between the ice in the shear ridge across the mouth

and the right bank of the Peace River. The ice in the gap plowed and

blasted in the shear ridge across the mouth of the Heart did not go out

at this time, however, it was evident that most of the Heart River

discharge was finding its way through the gap and into the Peace River.

The final dislodgement and run of the ice in the lower reach of the

Heart River resulted in a stage decrease, possibly due more to the

lowering of the Peace River levels following its breakup, of

approxinately 1.5 m.

4.2 Smo ky River

Few known observations of the ice conditi ons on the Smoky Ri ver

between its confl uence wi th the Peace P.i ver and the HSC Gauge I Smoky

River at ~atino' were carried out prior to 16 April 1982. From 16 to 23

April Alberta Envi ronment carried out aeri a1 observati ons every second

day, and dai ly observati ons from 23 to 26 April \'Ihen the ice on the

Peace River went out. Additional minor observations were taken on 27

and 28 April, when the Smoky River was finally clear of ice.

I·lore detailed observations were made for the Smoky River than for

t he Hea rt , The fo11 owi ng is il sunma ry of the observat ions made by

Alberta Environment staff over the period 16 to 28 April.

: ce on the Smoky River generally darker than on the Peace
River.
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~, an~ appeared to be being forced between the chunks of the
ice dam as the latter stayed virtually motionless. At first
we could not tell where the fragmented ice was coming from,
but after waiting for 15 - 20 minutes, it became apparent
that the ice was being entrained into the river flow about 30
- 40 m upstream of the toe of the jam held by the Dam. The
ice was apparently being 'simply' entrained, i.e., little to
no vorticity associatpd with the entrainment, and passed
beneath the toe of the jam and upstrea~ half of the dam, and
was re-emerging in the fragmented downstream half.

- The inspection was carried on up to Watino and back, with no
ice except that grounded on the banks being present.

Upon arrival back at the Hanging Dam the river was virtually
clear of ice . Only about 0.75 km of the ori9inal ja~

rema i ned, as we 11 as grounded ice along the ri ver banks in
what were the jam's shear walls. Ice continued to be forced
through the Hanging Da~ .

- The ice which had flowed through the d~m was small, and well
dispersed, with no indication of reforming another jam.

The jam at the mouth cf the river was still in ~lace, though
was 2 - 3 km longEr. ~o flood threat was perceived.

The r iver was clear of ice to \lat ino, except for this j ar.o ,
the Hanging Da~ fragments and grounded i ce along the banks.

Gauge Height was 1.911 m at 0900 hours MST at Ilatino.

i. ~~_~E~!l

- The ice jam at the mouth of the Smoky had pushed through thE
most right-hand distributary channel (between the islands and
the right bank of the Peace River) last night, leaving the
heavily hunmocked ice between the remaining islands and
shoals intact. .

Smoky River clear of ice except for Hanging Dam and grounded
ice along the banks.

The Smoky River breakup was therefore an uneventful occurrence, and

was basically therne l (semi-static) in nature . No flooding was

experienced; and the event which usually causes problems for the Town of
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Peace River, that is the Smoky River ice running out before the Peace

River is clear of i ce , did not occur. That the ice went out i n a

thermal (melt) mode was attributed to the marked lack of inflow fro m

snowmelt, as witnessed by the gauge heights recorded at \Iatino.

The only event of interest was the manner in which the ice, jammed

on the Hanging Darn, went out.

4.3 Peace River

Observation of the location of the Peace River Breakup front was

conducted by BCHPA from 17 ~Iarch 1982, and was taken over (by agreement)

by Alberta Environment when the breakup front reached the Dunvegan

Bridge, or April 16t h in this case. The breakup front position and

associated information is given in the following Table 1.

The breakup 'front' could be classified as a thermal (semi-static)

phenomenon, as opposed to the more dynamic breakup events characteriz~d

by the fracturing and movement of a still fa irly substantial ice cover

under the influence of a flood wave or general rising stage due to an

increase in discharge with the commencement of the spring runoff. The

thermal front was characterized by the following (moving from upstream

to downst ream}:

a. An open lead in the ice cover, varying in width from an eighth
to a quarter of the width of the river. \{ithin this open lead
were small ice floes broken off of the ~dges of the upstream ice
still attached to the banks, and a sma 11 amount of deb r i s such
as t·imber deadfall. The ice f1 oes and debri s covered the open
lead to less than ten percent of its area.
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b. At the downstream limit of the open lead was a smell
accumulation of jam~ed ice and debris, occupying a width roughly
equa1 to the wi dth of the open 1ead upst reem, and va ri ed in
length from 30 to 100 m (:t). This small debris jam did not
appear to create a significant backwater behind it.

c. Ahead of the 'debris front' the ice cover was mostly intact, or
more properly had not moved yet. A long, narrow area of very
dark ice, i ndicati ng rapi d deteri orati on, preceded the debri s
front, and basically followed the river's thalweg. More often
than not, this 'finger' of dark ice contained a number of small
areas where the ice had melted out in place, and small floes had
been detached by melt.
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TABLE 1
Peace River Breakup

Brea kup Front Position/Timing

Date Time Front (l) Progress ion Comments
at Mile Rate

(miles/day)
17 ~Ia r 88. 1 Mile above Clayhurst

4.5 Ferry
23 1·la r 115 .

2.5
25 1·la r 120.

2.5
29 tlar 130.

1.5
31 Mar 133 . 112 ni upstream of

1.5 Peace R; vpr Town
2 Ap r 136.

0.0
5 Apr 136 .

3.3
8 Ap r 146.

4.8
13 Apr 170. 75 mi upst ream of

2.5 Peace Ri ver Town
16 Apr 0900 177.5

6.53
19 Apr 0840 197.1

5.55
21 Apr 0830 208.2

6.35
23 Apr 0845 220.9

7.00
24 Apr 0820 227.9

8.90
25 Apr 0800 236 .8

6.70
26 Apr 0600 243.5

6.12
26 Ap r 1600 246 . 1 At Bridges in Peace

5.16 River
27 Apr 0830 249.6

4.06
27 Apr 1500 250 .7

9.33
28 Apr 0830 257.5

16.00
3 May 0940 337.5

58.10(2)
7 1·lay 1035 570.0

Notes: See next Page.
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Ice front at Mile 257.5 at 0830 hours, an drea known as '12 ­
1·1il e Flats I.

The front had passed through all known areas of ice jam
initiation.

4.4 General Observations

The 1982 ice breakup on the Peace River was nowhere near as

disastrous as mid-winter data indicators pointed out that it could be.

That the breakup went quietly and smoothly can be attributed, by

priority, to the following :

a. A cool spring which held off the snowmelt runoff until the
breakup was through Peace River Town.

b. A reportedly dry late sumner and fall, such there was l ittle
noisture in the ground at freeze-up. I·lost of the local snowme l t
in spring appeared to be absorbed into the ground.

c. Controlled releases from m1S . And,

d. In some small measure, to the ice weakening efforts carried out
before the arrival of the breakup front.

The first two points are natural phenomena, and hence cannot be

controlled for purposes of ice jam mitigation . These two alone,

however, probably contributed as much as 70 percent of the effective

mitigative circumstances which led to the uneventful breakup.

The controlled releases from Gf.lS by BCHPA likely added another 20

percent to the total effective mitigative effort. The constant, or very

gradually varied flow releases within operating limits, prevented major

stage changes in the river which could have precipitated a more dynamic

breakup. One contingency allowance that was made, but never invoked,



......

....

J
I
I
I
1
l
j

33

was to have the GMS releases cut back as snowmelt runoff increased , in

order to maintain a fairly constant flow through Peace River Town . It

is the constancy of discharge at Peace River Town which is desirable,

both at breakup and at freeze-up.

The remaining 10 percent of the effective mitigative measures goes

to the ice weakening effort. Some corranents should be made concerning

the eff icacy of these efforts due to the costs involved .

a. to Alberta Environment - $ 21,751.14 (less wages etc .)
b. to Peace River Town - $150,385.24
c. to BCHPA -

TOTAL $

Ice thickness measurements made during the preblasting operat ions

showed an average decrease in ice thickness along the plowed lanes of

0.62 m (2.04 , ft) from the measurements made while the lanes were being

plowed, with a maximum decrease of 1.05 m. Even with this reduction,

some ~ce thickness measurements carried out for the preblasting

operation, in the period of 16 to 21 April, were in excess of 2.44 m.

The plowed lanes served a second purpose, being drainage of the

surface melt of the ice cover. Hhen the winter jam (which created the

ice cover) formed in January there was a certain amount of silt

deposited on the ice from the flow, as 'tiel1 as a cer-tain amount of

debris in the form of deadfall timber. As the sun angle increased into

the spring, the exposed faces of the hummocked ice surface began to

melt, aided by radiation absorption due to the deposited silts and

debris. The melt, however, was only of the expnsed ice hummocks, above

the mean ice surface, and did not contribute toward general ice
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weakening . Some of the meltwater found its way into the plowed lanes,

and began to flow downstream. As well, in the numerous holes that

were augered through the ice to test its thickness prior to plowing the

lanes, river flow exchanged with the meltwater flo~/. Dependent upon the

location of the lane surface with respect to the river's hydraulic grade

line i.e ., r?ised above or depressed below, the ice lane flow would drop

down through the auger holes, or river flow would boil up through then

respect i vely. The flow through the holes caused enl argement through

therrae l eros i on, :nany holes becoming large enough for a man to drop

through, and in one or two instances large enough to drop a vehicle

through. With fluid flow on top of the lanes as well as beneath them,

thermal erosion would occur fro~ both sides .

The efficacy of the i ce blasting downstream of Be~/le'y Island and

downstream of Six ~Iile Point was difficult to judge, as the breakup

front passed through both of these areas at night. However, observation

of the resulting craters before the arrival of the breakup front had

shown that most of the blast debris which had fallen back into the

craters had disappeared by the time the breakup front arrived. This can

be attributed to ice floe entrainment by the river flow, and possibly to

melt to a small degree. The craters allowed sediment laden river flow

onto the surface, which in turn created themal erosion around and

between the craters, and possibly some increased heat absorption through

the changed surface albedo.

There is a hint in the data contained in Table 1 that the i ce front

passed through the blasted area slightly quicker than others. See for

instance the progression rates between 1500 hours on 27 April and 0830



J

J

J
j

j

j

· I..
• II..
..
•­i
>I

•I
1•I
1
!

t
I
I
t
l

36

have been located one-lane-spacing (38 m:) further towards Bewley

Island. The breakup front continued to follow the second and third

lanes nll the way down to the end of the lanes near Six Mile Point. In

this respect the thinner ice in the lanes appears to have been

beneficial.

The area where the most·noticeable ef~ects, and possibly the nost

noticeable success in the overall ice weakening effort was achieved, was

the work conducted at the mouth cf the Heart River. There is little

doubt but that the massive ice accumulation in the shear zone across

the nouth of the He'l"~ cUII:;~'tuted an obstruction to both fluid end ice

flow 'from the Heart. A good portion of the ice in the shear zone was

probably grounded to the bed of the Peace River, allowing flow from the

Heart through it by percolation only. Plowing a gap through the shear

zone removed the surcharge load on the nean ice cover. The buoyancy of

the ice reme i ni ng beneath the ice cover caused the ice to 1i f t , nest

probably through the nechanism of plastic creep. This may have opened a

snel l waterway throuqh the ice in the shear zone. Subsequent blasting

of the ice in the gap, with the charges placed at depth, appeared to

cause further heave of the upper surface, and likely caused an

enlargement of the wateniay at the bOttOM of the ice.

~lhen the little ice which remained in the Ilet'rt. Ri\'~r (following

melt) . finally moved out, it was contained against the right bank of the

Peace River by the shear ridge. The Heart River flow, however, lias

observed to be making its way through the gap. The ultimate efficacy of

this work was not tested, as the Heart River neither jammed at the

mouth, nor increased its discharges appreciably.
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TflBU 2
Breakup Data

Peace River at Peace River Town

Year Breakup 5-Day Pre-breakup Dischar9c Ouring Breakup Maximum Ice Jam Maximum Stage Increase
Date Elevation* Peace River Smoky River Elevation Above Pre-breakup Elevation

(Ill) l\bove Smol<J River*2 Above Confluence*3 (m) (m)

1960 Apr 16
1961 Apr 20
1962 Apr 16
1963 Apr 19
1964 Apr 19

1965 Apr 14
1966
1967 Apr 30
1968
1969 Apr 15

1970
1971 Apr 19
1972 Apr 20
1973 Apr 12
1974 apr 20

1975 Apr 17
1976 Apr 11
1977 Mar 12
1978 Apr 15
1979 Apr 30

1980 Apr 18
1981
1982 Apr 26

312.88
311.69
312.30
311.75
312.33

311.90

311.90

311.96

312.48
313.21
313.76
313.36

314.16
313.94
312.72
313.18
314.10

311.81

315.46

883.49
1112.85
866.50

3381.03
897.64

1568.75

291.66

475.72

1260.10
1452.65
2273 .84
2288 .00

2174.73
1676.36
767.39

1333.72
2520.20

651.29

1653.00

365.7.9
104.77
648.46

1093.03
206.15

481.39

1005.25

948.61

203.08
538.02

_515. 37
1308.24

69.94
594.65
66.83

215.77
1589.99

387.94

247.00

313.21
311.81
313.94
316.14
312.15

313.61

313 .40

314.89

313 .06
314.86
318.18
317.51

314.52
314.34
311.90
313.49
318.61

313 .06

315.94

0.33
0.12
1.64
4.39

-0.18

1.71

1.50

2.93

0.58
1.65
4.42
4.15

0.36
0.40

-0.82
0.31
4.51

1.25

0.48

Notes: *1 Average elevation of mean daily discharges at Peace River for 5 dayR prior to breakup. cRtimated from
recorded watcr levels.

*2 Peace River llinchllrge a Dischllrr,e a t Pence River - Smoky River Oll'chnrge at IJntlno

*3 Smoky River nt Yntino.

w
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5.0 PROPOSED I·IODE OF OPERATIOtl FOR 1982/83 FREEZE-UP

Cross sections established during the 1981/82 ice season were

surveyed following breakup ... /rIowever they were not available in time to

conduct any ana lysi s towards the mode of operation of GllS for the

freeze-up period in 1982/83. However, the limited data and observations

available frOM the 1981/82 season suggest a mode of operation which can

be considered a first attempt at controlling the freeze-up level.

First, it was noted that for this past freeze-up the rupturing of

the initial ice cover was caused by increased releases from Gt·1S in

response to an increased load demand following reduction in load over

the Christmas to New Year holiday season (See Figure 1, Sheet 2 of 9 or

Figure 4). Figure 1, Sheet 2 of 9, shows s.omething like a five-fold

increase in releases over the period 1 to 6 January. It is now known

that the release of a moderately sized ice jam, in the vicinity of Verte

Island, created a slug of flow (released from storage) which contributed

to the rupture of the initial cover in Peace River, however, t his

release was also 1ikely due to the stepped up release!' from GrlS.

The poi nt to be made here, and in fact to the operat i on of any

hydro generating station when the freeze-up front is passing through

sensitive areas for winter flooding, is that the discharge should be

held constant, or at least within reasonable limits, until the ice cover

has formed and ga ined some internal strength through freezing. The

question remains as to what would constitute the max imum desirable

freeze-up level ~hrough the Town of Peace River; to allow BCHPA a

· I
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reasonable amount of freedom of operation in response to load demand,

and yet avoid both surface and groundwater floodi ng i n the Town of Peace

River? As groundwater flooding occurs in response to increased rive r

levels, at a lower level than that which would cause overbank flooding,

and stays for the longest time, this should be the pri~ary consideration

for atte~pting to control the freeze-up level. If this criteria is met ,

then there should be no occurrences of surface fl ooding due to di ke

overtopping from stage increases as the ice cover forms.

The 1imited groundwater level data available shows that a Peace

River ice-covered stage, for the particular cover thickness attained in

1982, of between 11 and 12 m (Elevation 315.8 to 316.8 m; 1036 .1 to

1039.4 ft) ma i nts tned the basement flooding condition in \Jest Peace

River until mid-February. BCHPA's releases during th is period were in

the order of 1690 m3s- 1 (59,689 cfs) over the period 9 to 20 Januar~ to

provide a constant discharge to let the cover gain strength; and vnried

from 1930 to 880 m3s- 1 (68,160 to 31,080 cfs) until 16 February when the

releases were cut to in the order of 1000 m3s- 1 (35,320 cfs) in order to

lessen the groundwater flooding i n West Peace River.

\Jhen the GfIS releases were reduced following 16 February the

ground~later table dropped over a period of. 12 days so that it

corresponded to a gauge height at the \JSC gauge of approximately 11.0 n.

The corresponding groundwater level was in the order of 10.4 m (See

March 1 levels, Figure 1, Sheet 5 of 9) . The basenent flooding problem

abated wi th t hi s decrease, with the except i on of perhaps fi ve homes.

This suggests that the maximum allowable Peace River stage following

freeze-up should be in the order of 10.0 to 10.4 m; or Elevation 314.8
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to 315.2 JTI, say 315.0 m (1033.46 f t ) is the ma ximum desirable river

elevation. If all the basement elevations in \Jest Peace River were

known, it would be a simple matter to determine the maximum aTlowabl e

river level, but they are not.

The emphasis placed earlier on the particular ice cover thickness

for 1982 should be noted. Different cover thicknesses, generated by the

manner of freeze-up, for a constant discharge will yield different

~axinum ice levels. However, as the freeze-up in January of 1982 was so

unique, possibly giving an upper bound to ultiMate initial cover

thickness, use of the 1982 data should prove conservative. Observations

from future years, hence different initial ice thicknesses, ~ay refine

this rather crude analysis and allow BCHPA a little more flexibility i r.

operations at freeze-up.

An interesting, and rather unique analysis of the Peace P. i ver

freeze-up levels by Carson and Lavender (1980)(8) - of Acres Consul t inq

Services Ltd., gives an indication of the allowable GrlS releases,

attenuated to Peace River, that would produce the maximum desirable ice

covered level of 315.0 m. It should be noted that while their analysis

vas based upon 1eadi ng edge stabi 1i ty cri teri a for i nit iali ce cover

formation, the figure they produced described completely (with only

minor assumptions~ the entire event at Peace River last year, including

the secondary staging due to telescoping of the ice cover. From their

- figure (see Figure 2 of Ref 1) for the above allowable river stage, the

maximum value of the parameter (Q/8)2/3 should be 2, which corresponds

to a discharge at Peace River Town of about 1350 m3s- 1 (47,675 cfs). At
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this point in time it is not known how much the releases from GflS

attenuate before reaching Peace River Town, therefore it is suggested

that 1345 m3s-) (47,500 cfs) be the maximum constant discharge released

from GtlS to arrive at Peace River with the ice front.

Figure 3 shows an open water flow travel time, for a discharge of

1345 m3s-), of approximately 42 hours. Therefore the following mode

of operation for GMS for the 1982/83 freeze-up period is recommended:

1. f1onitor the rate of advance of the freeze-up front towards the
Town of Peace River, paying attention to changes in the rate
brought on by changes in atmospheric conditions, in order to be
able to forecast when the freeze-up front will reach Peace River
Town within 48 hours. For this purpose, it is reco~ended thet
flile 255 (Birch Island, just downstream of Six fIne Point) be
considered as the ' ar r i val ' location, as the area is ice jam
prone and could affect the Town. During th is period allow BCHPA
to operate GMS as load demand requires.

2. IIhen the ice front i s ca1cul ated to reach Ilil e 255 in 48 hou rs ,
restrict GllS releases to a maximum of 1345 1'13 S - 1 to al l ow the
discharge releases to arrive at Peace River coincident with the
ice front. A smaller release, to conserve ~linter storage in
Williston Lake and for conservatism due to the rough nature of
the guidelines through which this estimate was made, would be
acceptable, but not less than 1000 m3s- 1• The discharge should
preferably be held constant, or at most be allowed to fluctuate
42 m3s- 1 (1500 cfs), providing a release of 1345 m3s- 1 is not
exceeded•

3. Closely monitor the groundwater levels in Vest Peace River
(Alberta Environment has established three recording wells -for
this purpose), and if basement flooding becomes ir.lr.Janent, reduce
the releases from GI1S fully realizing that it will take 48 hours
to have any effect at Peace River Town.

4. As was initiated in January 1982, the ice cover fornation
discharge should be held constant for awh,le, to allow the ice
cover to 9ain strength by freezing. Twelve days were allowed in
January 1982, and it is recommended that a similar time be
allowed this year.

5. Following the 12 day ice cover strengthening period, slowly step
up base flows and peaking to norna l operations in response to
load demand. Peaking releases should -not exceed base flows by
too great an amount, though there is insufficient data to
recommend limits at this time. If basement flooding begins to
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be a problem, revert back to the operation on the day before the
releases which brought on the problem, and consider that the
maximum releases until breakup.

The above proposal is not as conservative as it could be,

considering this will be a first attempt at setting the ice level and

it aims for the maximum allowable level identified at this time. Data

taken from this event should be able to refine the analysis, perhaps

imposing further restrictions, or perhaps lifting some.

Er.1ergency power generation requi rements through the formation and

12 day period should be made up fron other sources if possible. The

Committee will have to discuss, before the need arises, the advisability

of large sustained releases after the 12 day period.

...
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South Interior live line instructor John
Zu cco, changing insulators on SOO k V
transmission line.

Resident ial 7612 2.8
General 9 136 3.9
Bulk 9 229 0.9
Other systems 226 4.2---

26203 2.5
---

On Vancouver Island , the regional
peak of I 256000 kW was on ly slightly
higher than the previous winter 's peak
despite the addi tion of 4 500 new
customers, most of whom installed
electric space heat ing. This peak would
have been much higher withou t the
positive respon se by Vancou ver Island
customers to our appeal to reduce use
of electricity at peak hours .

Sales of electricity in British
Colum bia by category of customer and
percentage changes from the previous
year were:

070 increase
from previous

year

Year ended
31 March 1980

kw-h in
mill io ns

The following table shows total
requirements for electricity and sources
of supply for the year under review:

kW'h in 070 of
millions total

Requ irements:
Sales in British

Columbia 26 203 84.4
Expo rt 1077 3.5
Line loss and
system usage 3770 -!b1.

31 050 100.0--- --
Sources 'of supply:

Hydro generation
Gordon M. Shrum 12 182 39.2
Mica 7 524 24.2
Other 9140 29.5

'T hermal generation
Burrard 624 2.0
Ot her 141 0.5

Purchases 1439 --±:.§
31 050 100.0
--- --

s



Review of Operations
Year ended a;o increase

March 31, 1982 (decrease) from
kW'h in millions previous year

Residential 8755 8.0

General 9990 3.6

Transmission rate 9305 (3.2)

Other systems 245 6.3

28 295 2.6

Total requirements for
electricity and sources of
supply were:

kW'h in rlJo of
millions total

Requirements:
Sales in B.C. 28295 72.1
Export 6984 17.8
Line loss and system use 3971 10.1

39250 100.0
Sources of supply:

Hydroelectric generation
13317Gordon M. Shrum 33.9

Mica 7149 18.2
Kootenay Canal 3491 8.9
Peace Canyon 3343 8.5
Seven Mile 2943 7.5
Other 7596 19.4

Thermal generation
Burrard 26 0.1
Other 166 <l.4

Purchases and other
transactions 1219 3.1

39250 100.0

There were no major
additions to Hydro's
generating capacity during
the year. The total generating
capacity of Hydro's plants at
March 31, 1982, was as follows:

Electric
Service

Revenues from electric
service exceeded $1 billion for
the first time, increasing 27rlJo
from the previous year to
$1,124 million. The increase
resulted primarily from
$233 million in sales of
surplus interruptible electri­
city to the United States.

Sales of electricity in
B.C . totalled 28295 million
kW'h, an increase of 2.6rlJo.
The highest one-hour demand
ever recorded on the
integrated electric system -
5902()()() kW - occurred on
January 6, 1982, up 7.8rlJo
from the previous year's
high .

At March 31, 1982,
Hydro was serving I 076926
electricity customers, an in­
crease of 30780 during the
year . Average annual con­
sumption per residential
customer was 9413 kW'h,
compared with 9001 kW·h
tht year before.

Approximately 7200 cus­
tomers were added on Van­
couver Island, about 95rlJo of
whom installed electric space
heating. The Vancouver
Island electric load reached a
new peak of 1341 ()()() kW,
up 53 ()()() kW from the year
before. Reduction in demand
from transmission rate power
customers, coupled with
positive customer response to
Hydro's appeal to cunail
non-essential use of electricity
during early evening hours,
kept the peak load within the

8

capacity of existing resources .
Additional capacity to serve
the Island will be available in
fall 1983, when the mainland­
Vancouver Island 500 kV
transmission connection now
under construction is
scheduled to start operation.

A high volume of sur­
plus electricity sales to the
United States resulted from
fortuitous water conditions
and favourable markets.
Additional revenues were
realized from storage
arrangements with other
utilities. Surplus sales in
February and March 1982
were restricted because of
heavy snowpacks in the U.S.
Pacific Northwest.

Runoff into major
Hydro reservoirs during the
year was above normal, pro­
viding adequate hydroelectric
power for supplying domestic
needs in B.C . as well as sales
to the U.S . As a result,
system generating require­
ments from the gas-fired Bur­
rard thermal station near
Vancouver were negligible.

The Burrard plant's role
is to make up shortages of
energy in low water years and
to provide electricity during
major emergencies or if
major new projects are
delayed. It is a relatively
expensive source of energy
which is used as little as
possible. Hydro is continuing
to collect emission dispersion
information to support appli­
cation for permits under the
provincial Pollution Control
Act.

Sales of electricity in
B.C. by category of customer
and percentage changes from
the previous year were:

Hydroelectric plants
Gordon M. Shrum
Mica
Peace Canyon
Seven Mile
Kootenay Canal
Bridge River
Other

Total hydroelectric

Thermal plants
Burrard
Port Mann
Keogh
Georgia
Prince Rupert
Other

Total thermal

Total generating capacity

Installed nameplate
generating capacity
(kW in thousands)

2416
1736

700
608
529
428

1074
7491

912
100
100
75
46

114
1347

8838
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OBSERVATION AND ANALYSIS OF FREEZE-UP ICE JAMS
ON THE PEACE RIVER NEAR TAYLOR
123T. Keenhan • U.S. Panu and V.C. Kertha

ABSTRACT

Since the const ruction of the W.A.C. Bennett Da~ on the Peace River i n
BritiSh Columbia. the temperature of flo~ releases has been O.SoC or
higher during winter months. As a result. a long reach of ice-free
r iver persists below the da~ throughout the winter . Since 1972, wnen
the eighth of the ten generating units was installed at G,y.1 Snr~ (G~~)

Generating Station. raising the release capacity to 1.580 Ir."'/sec . the
ice cover has advanced upstream to the Village of Taylor. located 120
kilometres downstream. in only two winters. 197( and 1979. Extensive
ice measurements were carried out in 1979 .

Belo~ no~~l air teffiperature~ persisted in thE aree for the month of
February 1979 and tne ice cover advanced to a winter maximurr uostreaffi
Iocat tor. 1£ kilometres above tne lOater Surv",)' of Canad. (\<ISC) gaugE at
Teylor . Tne stagE in:reases re~ulti n~ at. anc up~tream of lay ior due t~

t hE presence of thE iCE cover prodace: levels wi,ich approached the
rr~~lrr~r. historic summer f lood l eVEls.

Tnt r,\a L staces resulted fro~ tnE net ure of thE ice cover proaress ior.
w~,;ct, wa. typified by' the formatio r o~ fre~ze-u~· iCE jal"'.l.. Sever ja l".
wert ot.·$ervec ir, tne 19· •. ilometre reac', rle~" ";~ \·io". tht Bverao: c; !lt.an::£
betweer jil~, bE in~ <'7 I.ilometre.. . .

Tr,t ja rr.. werE observed tc fo~ threugr, snove; ir,.·:·lv in. collapSE o' tht
uostrul" Ener,t of the ice cover. Forn,n ior, of tr,e large!. t Jar. wltr.ir.
the reac t involved the col lapse of f r i lomf:r". p' ite cover intt 1 . (
r.il O"IE: ,..e. and produced ri vel" stage 1eVE 15 w',i cr, ove~to;;ped tht liar",!. .

uurin. the three-weel, period frorr 17 februar') t~ ~ ' :i1rcr. 1~7~ tt.at t hE
ice cover extended upstream of the laylDr gaugE, thE adviln:e and retrea t
cf thE cover and ice/water elevation~ werE dP:u~~ted by t.e . Hyar~

personne'. By monitoring the ice movement!. et iO/l0' and cor.trcllir.~

tnE fia~ re ieese~ frorr G"~ Generatins Sta:l0r., il:lt~.i1te frEfO:'i1rc we !.
ensured ...itt,ir, la)·lor.

Tne date or, ice level! Ind ice jlrol!. wtorE aat ne"toe an:, i.te r, usee tr
assess tne applicabil ity of tt,ree nu~rice i itE j. :', • •pdei s tC ~ea=E
Rive!. Tr,is paper pre~ents I) oescrip: ion of t tl~ ; : t j anr:; ,.; rn:-~nbrl'S r.

obse"vet' cur inc tne ice cover Idvan:E. ~ne leve", ! reccreec c ~ tr,e ice
ja~~ anc t~e reiw it! of t ht ane iy! i ~ t ~rCugp ~s~ u~ t ne rnJoe l!.

Sr . r.",orute= nr.i c~ ·i En;i r1eer, Cr ; t' ~£" t . C~~ 1. lJ ~to n:.!.;

t-:.~ o "'" i oS/ En;i neer , E.. C. nJorc , \'ar.: tJ;.. "er,
Su;·er\,; s o!". H_"'GrC109., Sect; or., E. ~ . ....,·Ort, \·l: n~oJ\·er.
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INTRODUCTI ON

B.C. Hydro has monitored ice conditions on the Peace River downstream of
W.A.C. Bennett Dam since 1973 to 9ather data for planning and operation
of hydroelectric plants. Data on river stage at freeze-up. break-up and
during mid-winter have been collected annually over this period at a
number of locations in British Columbia and Alberta.

During February-March 1979. a series of ice jams formed in the vic inity
of Tayl or . producing high water levels. lce movements were closely
monitored and extensive data were collected by B.C. Hydro. The data
provided an opportunity to examine various river ice simulation models
and assess their applicability to Peace River.

After the eighth of the ten generating units was installed3at G.~. Shrum
Generating Station. raising the release capacity to 1580 m Isec in 1972.
the ice cover has advanced to Taylor only twice . in 1974 and 1979 .
Unlike i n 1979. the observations carried out during 197' were of a
qualitat ive nature and. therefore, were not included in the analysis .

DESCRIPTIO:; OF THE 1979 ICE JAMS AND THE STUDY REACH

Be lo~ norma l air temperatures persisted in the area for the mont~ of
F e ~rua ry 197 ~ and the ice cover advanced to the Water Survey of Ca~adc

(WS: ) gaugE at Taylor on 17 February. Wit h the cont inuation of cold
wea~ "er, t~E front progressed fur ther upstrearr. to i t s max i mu!', point of
advar,ce 1(; ki lometres above the IISC eeuee on 1 March 1979 ; the n " itt. t he
onset cf mil der weather, the fron~ retreated downstrea~ to the gaugE o~
E ~~ rc ~ 1579. Durin9 this perioc thE discharge rerr~ined relat ive ly
con s :c~~ . jne f lows were i n the order of 1450 rr~/sec.

The s ~age i ncreases resulting at and u;:,strear.. of Taylor due to t he
prese nCE of tne ice cover produced levels whic t. were exceeded only t wi ce
aurin; the 35-year period of record. The open water floods of 1948 and
1 9~' produ,ed water levels which were 1.5 and O.E metres hiaher, respec Ively ,
at iaylor . Tne rr~ximurr freeze-up levels observed d~rins February-~arch
197~ are g ive~ in Tabie 1.

TnE hig ~ stages resulted frorr the nature of the ice cover progression
~ic~ wos ty pified by the formation of freeze-uy ice jams.

u~ r inc tne tnreE-weel. oer iod fro m 17 February to e March 1979 tnat the
ice cover was ups~rea" of the Taylor gauge , t he advance and retreat of
t~E cover anc i ce/ ,;i>ter elevat ions were docllTlleroted b)' e. C. hydro perscnne1.
cy m~ni t or i n. t he i ce movements at Taylor and contro l l ing the f io...
re leases fror G~! Genera ting Station. adequate freeboard was ensured
" itn,n Taylor .

~ata on ice rr~ .emen~ was co,lectec b~tween the IISC gauge and the upstrearr
tenr.inus of tne ice cever estaolished i n February 1979. Tne analys is of
ice data ,;as limited to th is reacn . The general location and the detai i ~d

loyou: of tne stud. reac~ are s~owr, or. Figures 1 and 2. respect ively.
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Including the jam located just downstream of the gauge. a total of seven
freeze-up jams were observed in a 19-kilometre reach at an average
spacing of one every 2.7 kilometres . The locations and lengths of the
jams are shown on Figure 2. The jams are numbered for reference . The
lengths of the ice jams were typically 0.5 kilo~tres with attendant
increases in stage upstream of the jam between 0.6 and O.g metres . Jam
5 differed in magnitude with length of 1.S kilometres and stage increase
of 2.5 metres . Formation conditions for Jam 5 differed from the others
and are described liter in the text . The locations of jam toes were at
constricted channel sections where bed forms became prominent or the top
width was suddenly narrowed . The toes were f requent ly located at the
downstream ends of islands.

Based on the spacing of the jams observed downstream of Jam 3. aer ial
Observations of the channel and general knowledge of the riverbed. the
locations of the jam toes upstream of Jam 3 were predicted in the f ield
with reasonable accuracy.

The regularity of the spacing of the toe locations indicated a relationship
between naturally occurring Changes in local bed geometry. the nature of
the i~e cover (i.e. strength). and back~ater regime .

The freeze-up profile based on stage levels observed i n the study reach .
the bed prof ile and the open water prof ile are shown i n Figure 3. Tne
loca tions of the ice measurement points are shoWl'. on Figure 2.

The average s lope of the water surface th rough t he study reach , based on
open water prof iles. i s 0. 00040 downstrear., of Jam ~ and 0.000£3 upst reee..

Surveyed cross sect ions were available withi n the stud.l' ruct, fro n, prior
studies or; oper. water prof i le s and tne locat ions are showr, i t, Flgure <,
Several of t he study reacr, cross sections are plot.tec i r, Figure (.

1CE JA~: FORMhTlUI. O~ THE PEACE RI VER

,ne ice regime on the ~eace River has been altered by hydroe lectri~ ,

develop',ent. The regulatec ...inter flows Ire in the oroer of 11;2" n,~ / se~ .

about five times the natural winter flo..-. The i nput of heat tc tne
r iver frorr. the reservoir has resulted in a reach of year-round open
water belo..- the dam.

Detween t ne ~.A.C. Dennett Dam and the Town of Peace River. located i n
Alberta 40~ ki l ome t res downstrearr,. the fl()ol velocities witnir, the Peace
Ri ver are toe, higr, to all00.' fonr.ation of banI; to banI. i ce cover by freeze-over
or oro~~n of shore ice. Defore the development . a cont inuous ice cover usec
to fo rr., bJ the i ni ti al establishment of i nt ermi t t ent i ce covers whic h permi tted
locali zed upStrearr. progression and eventual forrr.ation of a cont inuous cover .
Since hyd r~e i e ctri e development, the ice cover is establ isned by the upstrean,
progression of a single ice front or leading edge wnic~ progresses from downstrean
of the Towr. of ~eace R,ver to a point of maximun, advar,ce. or upstrear:: terrr" nus
prior t o tne onset of milder spring weather.
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The location of the upstream terminus during a winter is dependent on
the winter severity and flow conditions . In the eight-year observation
period s ince the winter of 1972/1973. the location of the terminus has
varied between 327 and 97 kilometres below the dam.

The mechanism of advance of the ice front at Taylor during 1979. as
observed. is described below.

The ice cover progresses through an initial consolidation or packing of
the floating ice pans until it collapses as a result of the force exerted
by the flow and the gravitational effect of its own weight. The collapse
of the cover or "shove" produces an ice jam which bridges the river.
The ja~ produces additional backwater and permits the progression of the
cover upstream through continued packing of the incoming ice floes. The
cover advances further upstrea~ than previously due to the additional
backwater until it collapses in another shove which creates a second jam
upstrea~ . The process repeats as long as there is sufficient ice supply
in the ~iver . Tne average spacing between the jams in the vicinity of
Taylor. as noted previously. is 2.7 kilometres . All the jams within the
study reach except Jam 5 were formed in this manner.

The col lapse of t he loosely consolidated cover of frazil pans. required
to increase internal strenoth. also initiates the movement of the more
consoliDated cover downstrea~ . Durinc the shoves the mess of ice moves
i~ a~ accordion-l ike manner until sufficient resistance fro~ the channe l
bant~ and bottor., is encountered to halt the movement of the floe . The
ice Shoves are observed to ground on gravel bars and sides of the c~anne l

to fom, ice jams .

The movement of the ice cover fartner downstrear. durin; the shoves, i f
extensive, ca~ move an existing ja~ dowr.strea~. Large ice volumes are
tnen released, or mobil ized, in the ShOVE, resulting i~ a ~~ssive ja~

fur ther do~~strea~. Jam 5 was formed in th is manner ~hen a jaw at the
location of Ja~ 6 collapsed during a shove. Five kilometres of ice
collapsed into 1.8 kilometres prODucing a stage increese of 2.5 metres .
Ice ridges 3 to ~ metres in height were observed in the middle of the
cnannel. This l arge shove created an ice jar. wnic ~ appeared tL have
partially clogged the channel.

Durin; February-KarCh 1979. ice cover progressed through sUlcessive
freeze-up jams on the Peace River near Taylor. Freeze-u~ ja~s were also
otlserved or. reccnnei ssence flights betweer, Ta.-'lor and the Tt-.", of Peace
R'ver in 1975. Tnouoh no detailed measurements were available. tne
me~han is~ Of ice cover progression is considered to be the same as
oescr iDec eDove.

Ice jams ere ;a:egorized bj ~ariset et a1 (196£) into either "wi de" or
"~a rro~' cnanne: :C ams . In e "wide" channei the strea~ise thrust or. the
cover i ncreeses ..i tr. dis :a"l;e downstrear. frOl'· the fron t edge of the
cover an: reaches • li~iting value. ThE iCE cover thic~ens through
successivE shove. unti l itS lnternal resistance is equal to the sum of
the etterr.ai ftl' ;es . For · · r. a rro~'" jams the thrust i s meximuw, at the
fro nt eopE of t he Ct' .e' anc snoves of tne cover do not occur .
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IOWAICE MODEL

(1 )

of t"e~£zoiQa l

D i! tt,~ t,,!,raoe
tfle tri!;Je: oi Gc ~

tnE tot.l nu~~er

~.\" t, .. ~ peints ;
~ i~ t~! er~a of

16£

I.

2
i • 1

i • 1Err, •

The theory describing wide river jams has been presented by Pari set et
al (1961, 1966) and Uzuner and Kennedy (1974). Based on this theory,
there are several computer programs for predicting the equilibrium
th ickness of fragmented or consolidated ice covers. In this paper,
three computer programs are considered to be capable of simulating the
ice ja~ process on the Peace River. Brief but relevant details of each
of the programs (models) are given below.

For the purpose of identification, the programs are referred to as
IOWAICE, HECleE, and LGLICE, each denoting the source and availability
of the program.

The freeze-up jams within the study reach were formed through internal
collapse of the cover, and, thus, correspond to jams in a "wide " channel.

The mode l has beer. developed f~r • rectangular ct,annel o~ consvam bee
slope . Since tne Peace River cress sections are noro-rectangular ...i t l,
changin. geometry and bed sleDe . ion~ t ne r iver , ,~! analysis recuires a
metnoc v' transfor;.,ino the ~e.ce ~i ve ' inp", and for interpreTin: prDora~

re~ u it~ . iOf f,, 11o,,:inc tran~forr.,c:: ,o ' . wr.icr i ~ L:Sec i r. secimer,t· cor.::J~tttl0f!~
~IJCh as H~C-€ prograr. to account for tnt infiLlerl:~ of non-rectangL:iar
crDS~ sectior snapes on transport capacity wa~ usec:

A computer program dealing with both wide and narrow river ice ja~s has
been developed at Iowa University. Tne progra~ incorporates the theory
of jams within "narrow'" and "wide" channels. Calculations arE carried
out for the "narrow'" conditions (Tatinclau~ 1977) anc the interr,~l

strength of the ja~ is tested by • f~rce-balance . If the jar. strengt'
is insufficient to withstand the forces of thE flow, then the final
so1ution is obtili ned b}' "widE' channe ~ ja n· tneory (Uzuner an: I:enr,ecy
197Q .

"1,erE EFLi is tht effectiH depU" ~ is
elements ir e cro~! section dete~jned

deptn of thE traoEzoid.l elemerts; anc
ele:nent .



HECI cr HODEL

or-! ice prof ile is obtained by solving for suti iit.' at cress sections ir,
~ r r ': t..t. i ':. rt'ar. . directiorlo

(2 )

1&7

>. •

The variation of bed geometry along the river within the Peace River
limits analysis to a single cross section. The critical cross section
within the reach of interest, which is considered to produce highest jam
levels, is selected by trial and error for analysis . Backwater conditions
fro~ downstream are incorporated through adjustments to bed slope at the
cross section. The model does not differentiate between the bed and
water surface slopes.

~ ~ ~ irc ~~p~ter m~d!i was obtained fror. LalonoE , Gi~o~a~G. Lrtendre anc
~ sso:iates Lt d. ine progra~ calculates hydraulic ice conditions for
t i ~< inter"a1s tc sl~u1ate ice conditions durin : the ~ir.ter frop freeze-
~ ; , t ~ t,"ec t:·u~ . Tnf prC'9r!rr. in:-orporate~ separate mo:~'e$ for de~trmination
c' ice stat;lit}, bac,water. anc ice generation anc deoo.ition . Tne model
re=.ires meteor~iocic6 1 an~ cress se~tion date . Tne proora ~ whicr. has
OH', rr,c: ~ fi eo for use or, tne Feace River is describec ir'- oetail by Fetryl:
an~ f,ois,'ert n,n j anc Petry~ et oi (1960 ) .

Whe"e ( i s tne discharOE at the section; C is the CheZ) coe&flcient; E is
t he s t reer widtn; and ~, is the upstreal' open o;eter dectt..

The results obtained from the model are transferred to the natural
channel sections by locating the underside of the cover. This is done
by equating the flow area, below the ice cover, of the rectangular
section to the natural section. The elevation of the ice underside in
the natural section is obtained from stage-area curyes. The simulated
thickness is retained for the natural section.

The Hydroiogic Engineering Centre has modified t~e HEC-2 backwater model
tc incorporate the "wide" river jam stability criteria as developed by
Pari set et al. The backwater capability of the progra~ permits the
e, . luation of ice cover stability, while incorporatins downstrea~ conditions.
Ar. ad"ar,tage of this model over the previously discussed model is ttlat
H:CICc can use natura l river cross sections ~ithout tne need for transformat ion.

~ ' di mensi onless ' stabi lity diagra~ is employe~ to analyze the stability
of < ja~ at < giver. section. Tne stap i1ity dia gra" i s for conesioniess
cover anc incorporates ice characteristics as deve ioped on tne St . Lawrence
',i . er enc the 6eaur.arnoh Cana L ;.. stability functior. h computec at
• cre ss section for a given flo~ dept~ and an assume: i CE cover thic kness.
Tr," vi: i u~ t', .S obti:inec is cO:-ltoarec re the correspon:ing value f ror the
" C l r. '~ I . s·; o r, l es s ' SUjil ity diagrar, tc. establisr. whether the ice cove, at
t ne crcs s ~e~t iorl 1 $ staoie or not. Th£o sta~ilit,)' fun:tior. 1~ :

( .:
"
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The model employs the dimensionless stability diagram described earlier .
However. stability is also assessed for juxtaposition of floating ice
blocks (Pari set et all and by the use of limiting flow velocities below
the cover. Additionally. ice cover is established on sections with very
low velocities.

In order to simulate river stages ir, the study react, due to ice janrr.ing,
ice t~icknes~ and roughness of the bed and ice cover were req~ired.

Measurements of thickness of ice cover on the river coulc not be made
during the ice-jar period . Observatioh of ice strandec alon9 the ban~~,

however, revealed ice thickness generally varying between 1. 5 and 2.0
metres in the study reac~ except at Jar 5. lee stranded at Jar ~ was
about sh metres tmct. . Since the ice cover remained ...ithir, the Hud)'
reecr, for onl)' a short period of time, tne ctlserved th;c~.ne~se : were no;
consi cerec to nave beer. altered by tt,err~, gro~'th or eros i or.. However,
tne indirect deten:;iniltior, of ice thicknesses by o!lsery"tlon; .10n; t ne
ban k~ was not considered precise and the observed tniclnesse5 are,
tneref ore , considered to be only an indicator of the ice tr.jcknesse; ir,
the study reaen .

All three models used in the study reach assume that the ice jam is
floating and does not ground; there is no cohesion within the jam; a
semi-steady state flow condition exists; and that the uniform flow
equation is adequate.

PREPARATION OF INPUT DATA

The roughness relationship developed is

Tne deterntination of the ice thickness ant: hydraulic roughne~s of tnE
cover and bed was made by 6 method presented by' De 1tao~ (1979). Tne
method requires water surface elevation. bed geometry and the relations~ip

of bed roughness ...ith stage for the cross section to be analyzed . Tne
solwtion relies on values of ice roughness versu~ tnickness obtained by
NezhH,hOYSky- (196~ l for jar.'~ created by ice ' fioes ane' ad~usted by- Deltao5
for varying bed Shape.

The relationship 'of bed roughness to stage wa~ de'.e.-r::ined C,I' backwater
analysis witnout ice cover between the ~SC gaugE at layior and a b.t.
Hydro gauge located ~-112 kilometres downstrear,. .Oper, water stages at
various floll/~ were available at the twC' gauges fror. prior cclibratior.
wor. on open water bed roughness.

The cross sections measured in the study reach and used in the anaiysis
are shown on Figure 2. The Peace River in the study reach is wide and
shallow with gravel bars and secondary channels around the islands .
Under ice conditions. a significant portion of the cross sectional area
belo~ the water surface is filled wit~ floating ice or carries only a
small percentage of the flow. The cross sections and flow were adjusted
so that only the main channel was represented in the ice analysis.

::.:~

If
~~·";'i

§f~i~~~~t-~d&§\;];i\~~t:t~~~~~~:::::ft:t~~-;~0?~y. ·;}:;'5~~i2ir~{:r~tr~:~~~:{t~': ':~ 1



(.-

where nb is the Manning's value for bed roughness; and Rb is the hydraulic
radius for open water conditions.

The above method was applied at five cross sections in the study reach.
Of the five sections. cross sections 117 and 121 were located in the
middle of a jam. cross section 115 was located at the head of a jam. and
cross sections 119 and 124 were located between jams.

The cross sections are plotted in Figure 4. The adjustments made to
their area for ice conditions. as noted earlier. are also shown.

The roughness values were calculated using two slopes; the one obtained
f rom the open water profile; the other obtained from the ice/water
profiles observed during the 1979 i ce conditions . The latter was available
only at cross sections located within jams. The results of the analysis
are shown i n Table 2. Based on the results. the roughness values obtained
for the observed ice/water slope at those sections within the jams were
considered more applicable to the present study .

Roughness at jam and non-jam cross sect ions differed consistently. The
roughnes~ of both the ice cover and the bed are higher for the sections located
witn in a ja~ or at the head of a ja~ .

Mear. roughnes s values for jam sections were O.OSe and 0.092 for the bed
and ice cover, respectively . Similarly. mear. roughness va1ue~ for non­
j a~ sections were 0.045 and 0.066 for tne bed and ice cover. respectively.
Tne j ar. ane non-jam roughness values were we ighted by their respective
1en9t n~ to obtein mean roughness value for the study reach. The mean
rougnness va lues for the study reach were 0.04<' and 0.072 for the bed
ane ice cover, respect ively . Tnese vo1ue ~ were input to HEClCr and
~G c ;C: m~dels . for the lOWAlCE simulations, the rouohness values at t he
respect ive sections ~ere e~loyed. -

RES u~TS A~u ClSC~SSlONS

Sin'wla tions of ice/water levels within the stuOy reach were made for the
sin91e oischarge of 1450 mj/sec. since flo. variations were small.

Tne simJlated ice/water levels and thicknesses by the lOWAlCE and HEClCE
pr~grams . em; ;oyinS the calculated roughnes~ values. are comparable to
tr,e 1;79 Deserved jevels as Shown on figJre 5. Tne lGUCE Iwogram
rep~od"ce : t ne 197> progreHion and retreat of tne ice cover at Taylor
fro r t ne ODserve~ ci ima : ic conditions. The i ce level s simulated by the
l Gc lC, progra- exceedet t nose observed ir. 1979. jne program is being
m"d,fiec a~cord in: ; ) anc the result~ are not avai1a~le for presentat ion
0: trl ; ~ tilTlF;.

:ne i c e i ",~ :e r l e ve i ~ com~u:eo at the measurement locations by lOWAICE
ond I'E C]CL pr,,~ra m~ are cicse to the obsHvec values except at Jarr. 5.
jne sir ,.latet sages at Jar. : si ver by bott, progra::!! are consistently
I~wer t r.a r tne c~ser,ec ~a l ue~ . Tnis suggests that the "floating " jam
t r. e~ ~.\ . eT:",:,;c}'ec oJ bCit~; p"v9rc~!.. i s not applicable to Jarr :., and tria:
~ar. 5 r,l i gnt rl~\I~ b'?er. 9"'OundE:-c as in ferred fron: tnt observations .
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T n~ ro"c'; ne~ i oo! t n!: i CE- cover anc beC= f(.r c ~ i vf'r, ~E: ~ ~ c r ~ rl:' ..~ C

~t: oE:' t.e rrd ne:' b..\ USi n ~ t tl: W~ tep !» ur~c:e- s 1Ci:'lt t ! O~ s. !,r,,~ :. ur.oe t

i:e- cOfl~i:i or:! 't c er. ~ urt: s.e ! isfa: 't t !'"i re ~ u ; t l .

Tnl cros s se;t io r,. l soacing em~. loye:: in t IlE Po,C::£ and u;~ : cr Dr~:r", "

i s ir.'.:Jor~ent fo~ !.irr..:le : ior, of loca t ior. anc ~i t'n;!' , ('" lel j ar.~ . 0

H£:: l ( : an: ] Or::'.: C: r roorar.'.! art aD::1 0

, cab1t t t , tnt erl::01v:H c.':
;: f' :..:c:~ e r l ev e l s or, trl~ Pe-t: £- ~iV E-r , e .(c~ : ~ i t. t '1': ce~~ co! 'l i' r gf
s. ~~ ves e ~ f ~~er i~rl:e: e: ~a~ ~ . L G_~ Cr ~rL g·e~ r~: ; ire! ~~~ i !l : ~ : ' O ~ ~

.". ~ ,:r _ WO IJ ~C i r:-.:rOlJE i,: ~ i.:. : 1 i c.c:' iii~ .... t t :-'E"e: Ct F. ·i \· ~ " .

l\.,

Altnougr. the Po, CICE simu1at ior. produced a corn~ara b1e freEzf-u~ prof i le
t o t net ceservec "..i t t'; ,. the s tud ", re ecr.; it di e nCt~ irldica *.t- Vlt pre~enct

of t ht- j em~ be io~ cres s. sec t ior. il :·. let: j a!!!~ w~ rt: s ir.-JlJ1 c .... e c up~t rt:cr.·
of eros ; sec t t or, 11:' WherE: cres s sect ions were ava'ilc t.it: at closer
; r,te-"\'a 150 t rllu . 1 r, t n: d :>r:rls trce'"' rt:ii C", .

~nt c:! sis: ~ n: ~ p~o i i de: t . ~r o ~£ ~ : ~ r \~r.derKr aar : ~ t~~ ~ ~=~ : ~ o £>

5 f: : ~~Cl:'. 0 tot. "yo re.. i,. t rl€ c.c~ j E:- ~: i :.' r c..r : rlf ~c.~ G,,·..= rf' :"""'~E= ,r, tf· ~!.

~c ~E r , ~ a;~re:ia tec.

3)

IOWAICE s imula t ions were rr~de at cross sect ions located at the head of .
or wi t hi n. t he i ce j ams . Simu la t io ns were carr ied out fo r t he rouahness
values previo usly determined and t he somewhat lower val ues sugg~sted by
Tatinc 1aux (1978). The si mu lat io ns were made at the cross SectlOns
usin g the water surface slopes from t he open wa ter prof ile for 1450 rr.3/ sec.
Between cross sections l ocated within the jams (117 and 121). t he i ce/
water surface slopes obtained from observations were also used in the
analys is . The results of the simulations are shown in Table 3. The
ice/wate r leve ls obta ined by using the calculated roughness values were
cl ose to the observed l evel s . The use of different slopes (Tabl e 3) at
the j a~ sect ions did not appre~ iably alter the resul ts . Force bala nce
cal cula tions i ndi cat ed collapse of nar row channels and t hat t he ja ms
we re of t he wide channel t ype .

!.= ~e :: 0 1 tnt:: "e~ L: l t! of tnt :.. GL ICr , I Ol-:~IC~ iJrt: H:~lCr prtJ? ~a :--~, i t ; c
ttJnc iu ae~ t r.e t :

Du r ino the HE CICE simula ti ons . it was found that the i ce thic kness a..
some of the downstrear cross sections had to be increased above t ne
rnin imur stable t hickness t o provide sufficient backwater t o atta i n
stabi l i t y at t he section of i nt erest . The ice cover thus t hic kened may
be considered t o re~resent an ice jam. The HECICE free ze -u ~ profile and
loca t io n of jams are presented ir. Table 4.

,.. .

i ot,i e ~ s Ur.;:'lad :es ~ rl = iC £:/"-'c t er i evels an:: i ct: tr: ;:. ;:nf; ~~ t~ ~ ~l. l(;:e-~ cy
H~ (l~ l alit l~,:~lC~ proorafil1 . Trtf i C f;/~a te r l E- Y E:1 ~ ~ i ::-; ."'Ie- ~ e: t,., t r. ~

H ~ :! :: ~ p "'CJ:!"a~ werE: ci os!r u, tr:~ O~ ::' E:' r V E ~ i E\'fl s . S..;~ i i :' i£:'r : - a :Jr£:'~ : :-..cr.:
0: l Ct t r . i~ lre~ ~e! it ~~: o~:~ ~ nf: b. tfl5 vb riou ~ pr~ct ~- : ~r.= t ~ ~ ~
C!. [J~: : r tq ;;irt! fur~h~ r irl\.t~: igG:i orl. 0



REFE RE NC ES

Bel t aos. S. (1979) : Flow Res istance of Fragmented Ice Covers (Ice Jams)
Proceedings; Canad ian Hydrology Sympos ium, October 1979. Vancouver .

hezni khovskiy . R.A. (1964): Coeffic ie nts of roughness of bott~ surface
of Slus h· ice cover. Soviet Hydrology, Wash in9ton .

Pa rhet, E., and Ha usser, R. (1961): Formation and evolut ion of i ce
covers on rivers. Trans. EIC. Vol . 5, No .1 .

Par1 set . E. , Hausser , R. and Gagnon, A. (1966 ): Formation of ice covers
a ~o i ce j ams in r ivers , J . Hyd . Div .• Proc. ASCE. Vol . 92, No . HY6.

Petry • • S. • and Bc isve r t . R. (197C ): Simulat ion of Ice Conditions i n
Cnanne l s , Proceedings of t ne CSCE Spec ia lty Confe rence on Computer
~p p l ic ati ons 1n Hyd ro tecn~i ca 1 and Mun ic ipa l Eng ineerin9 . ~~y 197E.
~ o"onto .

;·e: -.... r , S., Pa n• • U.S. , and Cle ment, F. (1980): Rec'ent Improvements ir,
t,. n,!!nc. i Mooelli nc c~ River I CE . Proc. Wor ~.sho p or. Hydrauli c
Me~istanc e of P1 ver ICE, ec r. Burl ington, Ontario , 23 · 2' Septe mbe r
l ~c J .

: . ·. i n:1a:;. , c.c. (l Si7 ): EqJil ibr iun. tmc kness of i ce jams, " . Hyd. Di v. ,
h~ : . /,SC E, vol. 10:;, flc. HYS.

: "t; n: 1a." J .e. (1Sle :: ~ Snor t CourSE ir. Ice EnQineer inc, R1 ver Ice
Ja".: . LJr.iVE"Sl ty of lowe , 16 • 17 OctOber 197L .

t : :J ner . ~: .~ . • and Kennedy • .: . ~ . (19i : j : Hydra ul ;c~ and Me: nanics cf ~i ve!"

l CE Jil",S, I1H. MEPor: I.e. . i 61. Ur,ivers i t y of 10... . Iowil.

17 1c
~.-

. (;'~~[f~¥~~~~lYtt~;:itf{~l~iii~~{~iJ



TABLE 1

MhXIMUMFREEZE-UP LEVELS OBSERVED DURING
FEBRUARY- MARCH 1979

DeSERVED IN THE ~~XIM~ W~TER /I CE

VI CINITY OF LEVEL (GSCJ (",J

"'SC gauge 406.7
B!~ 9 • 407.56
B'·: 10 not available
Br~ 11 40;.77

B!~ 12 (1 0.3<-

BI·~ 1( 412. DC
8',: 13 41 3.4£

B" 1 ~ ( 13.<

S': 19 ( 15.6E.
B'~ 21 4 1~ .7L

B~ 20 (15 .7l

• LO~4t i on~ of B~ are showr. or. Fi9urE 2.
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111111 I .'

n01l1;1I111 55 11110 In JlII Cr.fIISS VIIIII! :;

f.nn:;:; SI (;1 InN NI IIUIIP. li S 117 119 121 124
IIi ",Io., r'," 11( 11I.

1/
. I W ;O 1 4 ~0 1450 780 • 1450

~ Inp" 110;,..,1 OfTN W/lN"1I. OrOI ( II/1 lmn WIT" ICE nrtu CII/lIIN[ l OrEN CHANN£l WI TIl IC[ OPEN CII/INNH
co vI n COVER

Willi I! ~. I IIl I /lt: I . F.lIV/llIlltl 41.1 ./1 41 7.4 41 2.4 410.5 410. 38 410.38 406 .7
I\vPt','fl,l hyrlr.llli i r If (III) 5'> 1.0 J/j". '; 3"r. .6 356. '1 29'1 .1 299 .1 490.7
1 , .1r .' I.." t f'r~ rnr flr,..n II (II') 10.64 12.9 17.9 ".4 8.4 8.4 8.3w,l l.Ilr rlow 111' \ t.rl'iun
of cn" ' · ' ''clion Y (Ill/') 0.33R 0.43 0.43 0.58 0.41 0.41 0.48

S 0.000647 0.0002QO 0.001582 0.000449 0.001025 O.OOlllO 0.000363
t (m) 3.4 2.0'; 4.00 1. 73 2.55 2.90 1. 48

~ W(m) 536. 367.3 345.8 J55. 5 287 .2 287 .3 477.8... r..t lmaled avp. ra Q~...
", (m) 3.11? 4.20J J . 707 3. 571 2.464 2.485 3.124hvdr,,,.11 ( rar"""!t,,r ,

and rnll'lhn..s, Ice "" (m) 1.514 l .QnR 1. 47'1 1.905 1.452 1.449 1.823
rnvP. r"d spct lnn, h (. ,) 4.626 6.195 4./j87 5.542 3.917 3.934 4.942

v (m/s) 0. 5R40 •64/j05 .R9573 . 7445 .6946 0.6908 0.6149
nl 0.09051 0.06Rli8 0.09557 0.06650 0.0850 0.0890 0.06619
nh 0.05M7 0.04169 0.05800 0.04373 0.05917 0.05992 0.04605
n 0.07490 0.05601 0.07R92 0.05571 0.07236 0.07432 0.05662
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NOT£ : If · chaonel width . II • flow depth. Y • flow velocity . S • water surface
slor'" t • Ice cover th lckoP.s" Rl • hydraulic radius due to Ice cover.
R • hydrauli c radlu , du.. bed. h ! flow depth under tce cover. v • fl ow
vklocl t v und"r Ice cov" r , nl • Hanning's roughness for unders ide of Ice
covp.r, nb • ilannlng' , rougMess for bed, and no ' Composite Hanning 's
rouqhne,S for bed and tce .
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TABLE 3

ICE/ WATER LEVELS (m) SIMULATED BY 10,,1<1 CE PROGRAW.

Locat ion/ Observed Slope From Open Wate r Profil e SlOPE Observed During
Cross-Section Levels Ice Condi t iom
Number GSC Roughness Rouohness Rouohness Rouohness(m) (Tat inclaux . 1978) (T able 2) (Ta ti ncl au, (~abl e 21

1978)

122 409.5 40B .24 40B.83

121 409.8 409.0B 409.16 409.25 409.11

120 410 . ~ ~09 . 71 ~lC .19

117 41 2.1 411 .24 41 1. 77

I E 413.8 412.00 4i 2. 30

11< 415.< ~K60 ~ 14 .71
\
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TABLE 5

COMPARISON OF SIMULATED
ICE/WATER LEVELS AN DTH I C~iESSE S (m)

LOCATION OBSERVED ICE THI CKNESS 10WAI CE HE CICE
(CROSS SECTION) ICE/WkTER (Table 2) Ice/Water Ice Ice/Water Ice

LEVEL Level Thi ckness Level Thi ckness
GSC (m) GSC (m)
(m) (m)

12~ 406. 7 1.48 406 .7· 2.59

122 40: .5 40e. 33 2.25 40e.57 2 . 4~

121 40' . E: 2.90 409.16 2.97 4 ~9 . 75 2 . 4~

120 ~ l u .~ 410.19 2.02 ~ 1 0.3~ 1.52

11. ~ 1 (;. ~ 1.73 ~ 11 . 11 1 . E3

li 7 ~ 1 2 .1 ~.oo ~i 1. 77 2. 0E ( 12. 11 1.37

115 ~ 13 . E: 3.40 412. 30 3.52 " 2. 6~ 2_13

11 2 ~ 1 ~ . 2 1;1 ~ . 7 1 3.5( 4 1 ~ . 2 1 2.7L
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2 .1.

S Y ~ 0 PSI S

Field observations of icing conditions on the Peace

River were carried out by B.C. Hydro personnel during the

winter of 1981-82. This work is a continuation of the ice

observation program initiated in 1972.

The field conditions of the Peace River from Fort St.

John B.C. to Peace River Alberta were observed on four

helicopter trips. During these trips the quality and extent

of the ice formation were noted and water and/or ice levels

and water temperature were measured at selected locations.

A combination of low flows and extremely cold air

temperatures from January 1 to 4, 1982 resulted in a rapid

upstream progression of the ice cover. Initial freeze-up at

the Town of Peace River Alberta occurred on 2 January and

the ice front reached Dunvegan by 6 January. An increase in

flows after 4 January caused a rupture of approximately 100

miles of river ice which then consolidated into 60 miles of

rough broken ice. As a result, ice/water levels at the town

of Peace River rose to El.1044.3 ft. i.e. within 4 feet of

overtopping the town dykes. With the continuing cold weather
the ice sheet stabilized and progressed upstream to mile 86

(measured downstream from GMS), 20 miles upstream of the
B.C./Alberta Border by 4 March.

The breakup as in many of the previous years was uneventful

and consisted mainly of thermal erosion of the ice cover.

Tne ice broke up at the town of Peace River on 26 April.

Various Provincial agencies and Engineering Consultants

were also in the area to observe, study and make recommendations

with respect to ice jam flooding hazards at the Town of

Peace River. References have been made to those reports in

the text.
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In addition, the Peace River Ice Task Force consisting

of members from B.C. Ministry of Environment, B.C. Hydro and

Alberta Environment met twice before breakup and recommended

measures to control ice jam flooding at Peace River.

A detailed description of freeze-up , i ce cover progress ion

and breakup on the Peace River is given in the diaries of

the field observers, presented in this report.
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SECTION 1.0 - INTRODUCTION

1. 1 AUTHORITY

Under terms of Item 1 of Assignment Number 47p-12l
Revision 1, dated 28 February 1977, the Hydroelectric
Design Division was requested to:

"Provide engineering services related to ice studies

and other .hyqr ol ogi ca l studies consistent with the
long-range System Plan in effect as follows:

(a) Study, observe and compile data on ice regimes of
the Peace River ........•..... ".

1.2 STUDY PROGRAM FOR 1981-82

A joint B.C. Alberta Task Force was formed in 1974 to
co-ordinate ice observations on the Peace River System
in the Provinces of B.C. and Alberta. B.C. Hydro as a
member of this Task Force has continued to make observations
of freeze-up and break-up in the Peace River in each
winter since 1974. The overall objectives for 1981-82,
as for all previous years from 1974 to 1981, were as
follows:

1. Continue to identify existing and potential hazards
to life and property that are the results of ice
conditions on the lower Peace River.

2. Continue to investigate the ice regime of the
lower Peace River.

a) Extent and production of ice cover

b) Timing of freeze';up and break-up
c) Maximum river stages.



p

SECTION 2.0 1981-82 FIELD OBSERVATIONS

2.1 FIELD TRIPS

During the winter of 1981-82, four trips were made to
the Peace River. The diaries of the field observer are
appended to this text. A brief discussion ·of the field
trips and the duration of the trips are given below.

2.2 9-11 JANUARY 1982 ICE OBSERVATIONS

The Peace River ice broke-up unexpectedly on 8 January
1982 in the reach between mile 184 and mile 285. This
resulted in rising ice/water levels at the Town of
Peace River, Alberta. The objective of this trip was

to observe and record this event. The observer was
also to maintain liaison with Hydro's Operation's staff
at the G.M. Shrum Generating Station (GMS).

2.3 8-11 FEBRUARY 1982 ICE OBSERVATIONS

The Peace River freeze-up front was approaching the
B.C.-Alberta border. Weather conditions were similiar
to those of 1979 when flooding and property damage
resulted in the vicinity of Taylor, B.C. The objective
of this trip was to monitor the ice/water levels at
selected stations established during the· 1979 Survey.
Ice thickness, ice jam locations and water temperatures

. were measured in order to ·s imul a t e the field conditions
using a mathematical river ice model.

2.4 15-23 MARCH 1982 ICE OBSERVATIONS

Canadian Electrical Association (CEA) had commissioned

Acres Consulting Services Ltd. to carry out a study on

the behaviour of ice covers subject to large daily flow

and ~evel fluctuations. Some of the field observations



for this study were carried out on the Peace River,

and, to assist in the study, B.C. Hydro Operations were
requested to make large reductions in outflows from
Peace Canyon Project over a seven-day period - March
16-22. In view of the year's high ice/water level and
potential hazards it was decided that B.C. Hydro staff

should monitor the ice conditions during the test
period.

2.5 23-27 APRIL 1982 ICE OBSERVATIONS

As in previous years a trip was scheduled to observe
the break-up conditions. The breakup at the Town of

Peace River occurred on the 27 April without any incident.



SECTION 3.0 1981-82 ICE OBSERVATIONS BY OTHER AGENCIES

3.1 ANCILLARY STUDIES

Besides B.C. Hydro, during the winter of 1981-82, the

following groups carried out ice studies on the Peace
River in the Province of Alberta, in particular, at
the Town of Peace River.

3.2 ACRES CONSULTING SERVICES LIMITED

Acres studied the effect of flow fluctuations on an ice

sheet for the CEA.

3.3 NORTHWEST HYDRAULIC CONSULTANTS LIMITED

Mr. C.R. Neill assessed the pre-breakup ice conditions

and made recommendations to Alberta Environment for

mitigating problems .e xpec t ed during break-up at the

Town of Peace River.

3.4 ALBERTA ENVIRONMENT

Mr. G. Fonstad of the River Engineering Branch prepared
a status report and proposed ice jam mitigation plans

for the break-up at the Town of Peace River.

3 . 5 PEACE RIVER TASK FORCE

The above agencies maintained close liason with the

Task Force and exchanged data. The members of the Task
Force met in Victoria on the 15 of Fe~ruary, in Peace
River on the 25 of March and in Edmonton on the 1 of

June to discuss the ways of controlling ice jams at the

Town of Peace River. The members are to compile a

report on River Ice Conditions in the Peace River Basin
during 1981-82.
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Synopsis

Field observations of ice conditions along the Peace River from
W.A.C. Bennett Dam to the Town of Peace River (TPR), Alberta, were
carried out by B.C. Hydro personnel during the winter of 1982-83. This
work is a continuation of the ice observation program initiated in 1972.

Ice conditions were observed during five helicopter trips. The
quality and extent of ice formation were noted and water and/or ice
levels and water temperatures were measured at selected locations including
a test reach between Site C and the BC/Alberta border.

As the ice front approached TPR, B.C. Hydro's Operations Control
Department maintained outflows at or close to 47500 cfs (1345 m3/s)
which resulted in a freeze-up level of 1034.25 feet (315 .3m) G.S .C.
Once the ice on the r iver reach upstream of TPR became competent, norma l
outflow fluctuations were resumed.

Regardless of the relatively low accumulated freeze degree-day for
the winter of 1982-83, the very low GMS/PCN outflows during this period
permitted the ice front to progress to mile 63 (2 miles u/s of Site C)
by March 7, the furthest upstream the ice front has progressed since
regulation started in 1968. .

An uneventful breakup of the Peace River ice at TPR occurred when
the Smoky River broke up and opened a channel past the townsite on April
21. The Peace River ice above the Smoky River broke up and passed
through TPR on April 24.

A detailed description of freeze-up, ice cover progression and
breakup on the Peace River is given in the diaries of the field observers,
presented in this report.



SECTION 1.0 INTRODUCTION

1.1 AUTHORITY

Under terms of Item 1 of Assignment Number 482-083, dated 28 July
1982 the Hydroelectric Generation Projects Division was requested
to:

"Provide engineering services related to ice studies and other
hydrological studies consistent with the long-range System Plan i~

effect as follows:

(a) Study, observe and compile data on ice regimes of the Peace
River 11.

1.2 STUDY PROGRAM FOR 1982-83

A joint B.C. Alberta Task Force was formed in 1974 to co-ordinate
ice observations on the Peace River System in the Provinces of B.C.
and Alberta. B.C. Hydro as a member of this Task Force has continued
to make observations of freeze-up and break-up in the Peace River
each winter since 1974. The overall objectives for 1982-83, as for
all previous years from 1974 to 1982, were as follows:

1. Continue to identify existing and potential hazards to life
and property that are the results of ice conditions on the
lower Peace River.

2. Continue to investigate the ice regime of the lower Peace
River, including:

a) Extent and production of ice cover

b) Timing of freeze-up and break-up

c) Maximum river stages.

3. Establish a test reach from the B.C./Alberta border to Site C
in order to collect data throughout the winter for the calibration
of a river ice computer model being developed by the Hydrology
Section.



SECTION 2.0 1982-83 FIELD OBSERVATIONS

2. 1 Fie ld Trips

During the winter of 1982-83, five field trips were made to the
Peace River . The diaries of the fie ld observer are appended ~o
this text. In addition a breakup diary was completed to compl 1e
t he data gathered by phone from the Town of Peace River, Alberta
Environment, B.C. Hydro Operations and Acres Consulting Services
Ltd. and from office memorandum, because the sCheduled breakup
f ie ld trip was cancelled. A brief discussion of the field trips
and diaries is given below.

2.2 12 January 1983 Ice Observations

This trip was scheduled to observe and record any adverse effects
that might occur to the newly formed ice cover at TPR by flow
reductions at GMS/PCN generation stations. Ice conditions of the
Peace River from Fort St. John (mile 65) to TPR (mile 245) were
noted. . Except for lower ice/water levels. flow reductions did not
appear to have any adverse effects on the ice cover.

2.3 31 January - 4 February 1983 Ice Observations

The Peace River ice conditions were monitored once the ice front
crossed the B.C./A1berta border . Field reconnaissance indicated
that ice levels would not reach 1979 maximum freeze-up levels. Data
collected included the rate of progression of the ice cover and
will be used to calibrate a river ice computer model being developed
by the Hydrology Section.

2.4 17-18 February 1983 Ice Observations

The Peace River freeze-up front had advanced upstream of the Taylor
bridge to the Old Fort area (mile 68). Ice/water levels were
measured at selected stations established during the 1979 Survey.
Ice thickness, ice jam locations and water temperatures were also
measured for use in the calibration of the river ice computer
model.

2.5 7-8 March 1983 Ice Observations

The Peace River freeze-up front had advanced just upstream of the
Moberly River and Site C (mile 66). Ice/water levels at the
damsite area were measured.

2.6 11-13 April 1983 Ice Observation

Acres Consulting Services Ltd. (ACSL) as consultants to the Canadian
Electrical Association continued their study on the behaviour of
ice covers subject to large daily flow and level fluctuations. At
the request of ACSL, B.C. Hydro agreed to increase outflows from
11090 cfs (311 m3/sec) to 35,000 cfs (1000 m3/sec.) for a 2-day
perlod. The observer undertook a field trip to the ice front
location to determine whether the increase might have some effect
on accelerating the rate of retreat and also to obtain open water
data in the Taylor area. The increase flow was not sufficient to
have.any noticeable effect on the rate of erosion or break-up of
the lce cover.



2.7 Breakup Di ary

The events pri or to and duri ng breakup at TPR are summarize d.

The Peace River at TPR broke up without i ncident on 21 Apr i l .

PR/rt
P. Rocchettl

Attach.
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SYfWPSIS

This report contains a sUllr.lary of the 1982/83 ice format ion and

brea kup on the Peace Ri ver at the Town of Pea ce Ri ver. It conta i ns a

record of the freeze-up advance rate on the Peace River; a record of the

mean daily temperature at the Town; as well as a record of BC Hydru and

Power Authority's flow releases from the Peace Canyor. facility in

British Columbia; a record of river levels at the Town, and a record of

groundwater levels in the West Peace River subdivision.

Because of the very high freeze-up levels in the previous year, an

attempt was made in 1982/83 to control the freeze-up level by

controlling flow releases from Peace Canyon.

The ice pack (In the Peace River at Peace River formed during the

night of 4/5 January, 1983, at a steady discharge release from Peace

Canyon of 1398.4 cubic metres per second. The approach and formation of

the ice cover caused a stage increase at the Town of Peace River of 3.40

metres, reaching a maximum elevation of 315.35 metres GSC (103~.61 feet )

at about 1000 hours on 5 January. The dike elevation across the river

from the Water Survey of Canada gauging station is 319.8 metres.

The increase in the river level caused an increase in the

groundwater table level in the West Peace River subdivision. This

attained a maximum elevation of 314.20 metres (1030.84 feet), which was

about one metre below the lowest basement elevation in the subdivision.

i
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At breakup, an as yet undocumented brea kup sequence occurred, whic h

is described herein. Breakup at the Town effectively occurred on 2'

April, 1983. No ice jamming ~roblems were experiencec, bcs ic~ l i y

because breakup wcs a thermal process rather than a dynami c hyd raul i c

process.

The experiment to control freeze-up levels wcs considerec tc be c

success .

ii
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SUM.."ARY REPORT

PEACE RIVER ICE OBSERVATIONS
1962/83 ICE SEASON

by:
..

Gordon D. Fonstad, P.Eng.
and ..

Larry A. Garner, CET

1. Introduction

When the Peace Ri ver at the Town of Peace Ri ver formed its ice
cover in the 1981/82 ice season, extremely high river levels resulted.
Therefore, recommendations were made to the Alberta-BC Join~ Task Force
on Peace River lee to attempt to control the freeze-up level at Peace
River during the 1982/83 ice formation period. This control would be
effected through manipulation of flow releases from BC Hydro and Power
Authority's Peace Canyon (PCN) facility.

Such an attempt was conducted duri ng the 1982/83 ice formation
period. This report summarizes the major observations and data
collected, throughout the 1982/83 ice season, for the Peace River at the
Town of Peace River.

2. Freeze-up Observations

The first observation of the freeze-up process was provided by the
RCMP Detachment in Fort Vermilion, wherein it was reported that the
Peace River was frozen over there by 23 November, 1982. Alberta
Environment commenced observations of the freeze-up front on 6 Decem~er,

1982.

Observations on 6 and 9 December, 1982, showed an advance rate of
22.8 miles per day, which triggered the realization that at that
rate of pr09ression, the ice front would be at the Town of Peace River
(TPR) in 3.2 days. As the procedure recommended by the Joint Task Force
following the 1981/82 ice season was to have BC Hydro hold their
discharges steady once the ice was forecasted to reach TPR within 48
hours, BC Hydro was contacted.

River Engineering Branch, Technical Services Division,
Alberta Environment

1
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BC Hydro was requested by the Joi nt Task Force to ho l d the i r
discharge releases from PCN relatively steady in the range 1486 to 1401
cubic metres per second {m3/seci or 52,500 to 49,500 cubic feet per
second (cfs)), with a target mean of 1444 m3/sec (51,000 crs ). Hydro
co~enced th is operation on 12 Deceffiber, 1982, and with on ly occasional
variation, maintained releases within the requested range. Th is wes
carried out in spite of the fact that they did not have a powe r load or
export demand to justify these high releases.

Fi gure 1, attached, shows the progress of the recorded freeze-up
ice front location on the Peace River, in terms of river miles below the
WAC 8ennett Dam, as well as mean daily temperature at the Town of Peace
River. (These latter were determined by averaging the daily ~aximu~ and
mi nimum temperatures recorded at the Peace River Ai rport. Subsequent
analysis has shown that this mean can be considerably different from a
mean calculated using hourly temperature data, which would more
accurately reflect the true mean.) Figure 2 (l0 sheets ) records the
3-hourly releases from PCN; the recorded hourly water surface elevatior.
as a gauge height at the Water Survey of Canada (WSC) gauge at Peace
River; and, recorded mid-day groundwater elevat ions (in terms of
equivalent gauge height) from a recording well established in West Peace
River by Alberta Environment.

Unfortunately, once the steady discharge release program was
established, a moderating trend in the weather slowed the i ce
progression rate to an average of 2.63 miles/day, as shown in Figure 1.
Alternately, the slow-down might have been due to a change i n the
hydraulic characteristics in the river between different reaches . A few
more years of record will be required to determine whether th is was in
fact the case. Local variations in advance rate, however, dictated that
the steady PCN releases should remain in effect. Figure 1 shows that
the ice front passed through TPR on 4/5 January, 1983, which is
substantiated by the recorded water levels at TPR, shown in Sheet 2 of
Figure 2. The mean PCN release over the period 1 to 5 January, 1963 ,
for which the ice cover would have set in at, was 1398.4 m3/sec (49,380
cfs) .

As can be seen on Sheet 2 of Figure 2, the net stage increase at
TPR for a relatively constant release from PCN was 3.40 IT! f rorn 26
December 1982 to 5 January 1983 . The duration of this increase reflects
the approach of the ice-staged water levels, felt at TPR because of the
backwater effect from the ice covered river downstream. The effects of
the approaching ice cover were first felt when it was in the order of
17.5 miles below the bridges at TPR.

The peak stage attained was gauge height 10.55 m (to Elevation
315.35 m), which was about 0.5 m higher than that attained during the
corresponding initial staging on 2 January 1982 (10.0 m); but was 2.80 m
lower than the highest stage attained in January, 1982. This higher
staging level in 1981/82 had been caused by secondary staging
accompanying the telescoping of the ice cover on 7/8 January.
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BC Hydro had been balancing power product ion due to t he cont i nuec
hi gh releases from PCN by cutt ing back on re leases f rom the ir Colum~ ia

River plants. As they had to ma inta i n certa in r iparia n flows on the
Columbia, they asked the Joint Task Force i f they could cut back on
their PCN releases to allow higher flows i n the Columbia. The J o in~

Task Force members agreed on 6 January, and the cutback to a mean
releasE of about 1050 m3/sec (37,000 cfs) occurred on 7 January.

Figure 2 shows the PCN releases, r iver leve ls and groundwa te r
1eve1s at Peace Ri ver fo r t he ba1ance of t he i ce season. Noth i ng
untoward occur red for the balance of the winter.

It was judged that the firs t attempt at controlling the freeze-u p
level at TPR was successful.

3. Groundwate r Levels i n West Peace River

During the 19B1/82 i ce observat ion period, it was ascerta ined tha t
groundwater seepage problems in basements in West Peace River occurred
when the stage in the river exceeded 11 .0 m ••. for the i ce conditions
prevalent that year . By contrast, the highest recorded ground~late r

level fo r 1982/83 (of t hree observation wells established by Albert a
Envi ronment ) was 8.0 m (Fig ure 2, Sheet 3, and Note to Accompany Figure
2) •

The data shown i n Sheets 2 and 3 of Figure 2 indicates that the
groundwater table began responding to the increase in river stages
withi n about 40 hours, and when the net increase i n river stage was only
in t he order of 0.65 m. The groundwa ter level raised approximate ly 1.73
m in t he 19 day per iod from 29 December 1982 to 16 January 1983 . The
data indi cat es that the groundwater level appea red to rema in in th e
order of 1.0 to 1.5 m below the adjacent river level fo r the balance of
the wi nter* •

During the initial river staging, t he rate of r ise of the
groundwater l evel i ncreased on about 2 January, 1983, when the r i ver
l evel was about 2.4 m higher than t he groundwater l evel . The
groundwa ter level cont inued to r ise after the r ive r staging was
complete (and even as the river stage dropped follow ing the l oweri ng of
PCN releases on 7 January), driven by the differential head between the
river level and the groundwater table. The groundwater level reached an
in itial pea k on 16 January as a result of the staging, and a second
sl ight ly higher peak on 22 January in response to a short du rat io n
i ncrease in the r iver level.

The recorded groundwater eleva t ion on 22 January, 1983, wa s
Elevat ion 314 .20 m (1030.B4 f t). According to the TPR Town Eng ineer,
t he lowest basement elevation in West Peace River is Elevation 315 .25 IT.

(1034 .30 ft). Thus it should be possible to set the Peace River i ce

*Note : These levels are subject to correction as outlined on the 'Not e
to Accompany Figure 2'
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levels at TPR approximately a ~etre higher than in 1982/83, though th is
would leave little margin for groundwater level fluctuation throughout
the balance of the winter. This metre increase should be taken fro r. the
gauge height following the levelling off and sl ight reduction in river
stage caused by the roughness of the underside of the ice cover
smoothening out .

Because the discharge releases from PCN were reduced on 7 January,
the above maximum groundwater levels are likely less than they would
have been had the release of 139B.4 mJ/se (49.380 cf s ) continued for
another week or more . As the discharges were reduced, causing a
reduction in river stage commencing in the mid-afternoon of 9 January,
there was insuffi cient data to ascerta i n whether or not groundwaer
seepage problems would have occurred for the particular PCN releases .

4. Winter Releases and River Levels

From 21 January to 24 February, BC Hydro's power releases from PCN
were low, being in the order of 500 to 600 mJ/sec (17,660 to 21,190
cfs). These were further reduced to about 450 mJ/sec (15,890 cfs) over
the period 25 February to 25 I·larch, with only a few instances of peak
releases in the order of 700 mJ/sec or lower. PCN releases were agai n
reduced on 25/26 February to in the order of 320 to 250 mJ /sec (11,300
to 12,360 cfs) until 11 April 1983, again with isolated peak releases.

Throughout this period, the water water levels at the \o!SC gauge
tended to drop with the reduced releases . Beginning with a gauge height
of about 8.5 m, the ri ver 1eve1 dropped wi th success i ve reduct i ons in
discharge to in the order of B.O m, then to about 7.5 m. On 6 April the
ri ver 1eve1 began to ri se , wi th no correspondi ng increase in pcr;
releases, hence likely reflects stepped up local inflows from snowmelt.
BC Hydro stepped up their releases for 12, 18 and 6 hours on 7, 8 and 9
April, respectively, however these were after the river level at TPR
began to rise . The total increase was about 0.75 m over the period 6 to
12 April.

5. Breakup Observations

On 11 Apri 1, BC Hydro increased the PCN releases to about 1000
mJ/sec (35,315 cfs) for a 51 hour period. This increase followed the
philosophy set out by the Joint Task Force during the 1981/82 breakup
period, to try and initiate breakup in the Peace River before the Smoky
River broke up, as experience had shown that if the Smoky broke first it
would tend to cause ice jamming problems for TPR.

During the 1983 breakup, a breakup sequence occurred which, to the
best of our knowledge, had not happened in the years since ice studies
first commenced at TPR. In previous years, either of two breakup
sequences had been noted at Peace Ri ver. One sequence was tha t the
Smoky River has broken up first, e.g., 1979, forcing its ice into the
Peace River. When this occurs, high water levels have been experienced
at TPR , caused by jamming of the excess ive ice in the river. In
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most years , however, the Peace Ri ver has broken up f i rs t , e. g., 1952 .
In this sequence a main breakup front travelled down the Peace Rive r in
an orderly fashi on, causi ng breakup in ei ther a therma 1 or dyna!!'i c
manner. The Peace River ice at TPR has been cleared out throuo h t r,is
sequence before the Smoky River broke up. -

In 1983, however, the Peace River opened up a narrow lead in the
i ce through the TPR reach, by thermal processes, before the SmO K) River
broke up and before the main breakup front was anywhere near TPF.. The
lead opened up on 14 april, some ten days before the main breakup front
passed through TPR. In the intervening time it gre~ in both length and
wi dth , such that by 24 April upwa rds of 8o~ of the ",i dth of the ri ver
was clear of ice.

The following summarizes the major observations made during 1983 .

Rising stages at TPR on 14 April, in response to the increased
releases from PCN on 11 April, caused the ice cover to flex, and areas
along the lower bank-i ce-hi nge-l ines f i l l ed with water. Concurrently,
an open lead developed just below Lee Island in the right hand channel
around Bewely Island. The main breakup front was still well upstream,
being in the order of 120 miles away. By 22 Apri1 thi s 1ead had
extended upstream, covering a reach from just above the mouth of the
Heart River to just below Lee Island, and occupying the right hand
channel around Bewely Island.

The main breakup front was reported to be at Mile 12~ on 12 April ,
retrea ting about 3 miles per day. By 20 April breakup had occurred at
Dunvegan (Mile 182.8), with all ice floes in the river clearing Dunvegan
that evening.

On 21 April the lower 2.5 km of the Smoky River ice was gone, but
had not shoved into the Peace Ri ver ice. Presumably the fl oes were
entrained into the Peace River flow and carried away. Flow was breaking
out onto the Peace River ice. The remainder of the Smoky River ice
melted in place.

A later report on 22 April had the open lead at TPR developed about
8o~ of the way up to the mouth of the Smoky River, and extending
downstream to about Mile 250.5. At 2000 hours that day, the ma in
breakup front was located at Mile 229.2, about one mile upstream of the
Shaftsbury Ferry. The ice cover between Mile 229.2 and the mouth of the
Smoky River was, however, still in place .

At 1100 hours on 23 April, the ice front was located at nile 232.5
(2 .5 miles downstream of the Shaftsbury Ferry), and had about 1.9 miles
of broken ice jammed in the river upstream of it. By 2100 hours the
front had moved down to Mile 233.4, and had 1.1 miles of jammed ice
floes behind i t .

On 24 April at 1000 hours the ice front was at the MacKenzie Cairn
observation point (Mile 235.30), and commenced moving at 1015 hours.
Progression of the front was in a similar 'manner ~s had occurred in
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1962, with leads me lting out ahead of the front, then t he jammed ice
moving down into these leads and coming to rest. The breakup fro nt
passed Mile 236 .89 (Cor rect ional Institute pumphouse) at 1340 hours, anc
passed Mile 240.18 at 1535 hours, with jammed ice extending upstrea~ to
Mile 237.79 . The ice thickness was esti ..ated to be in the order of 0.6
too.7 m.

Upon reaching the open lead below the mouth of the Smoky Rive r, t he
front progressed quickly. A local peak in the Peace River stage
occurred at 1720 hours on 24 April, reaching a local maximum gaugE
height of 8.940 m at the WSC gauge. By 25 Apri1 at 1500 hours, t hE
breakup front had progressed downstream to Mile 270, some 24 miles belo~

the Highway 2 bridge at TPR.

A breakup sunrnary table, including the data for 1983, is included
as Table 1. As can be seen in the table, the peak river stage at
'breakup' on the Peace River at TPR on 24 April was only 0.35 m higher
than the five-day average pre-breakup stage. The reason for th is can be
readily seen in Sheet 9 of 10 of Figure 2. The local lowering of water
levels on 22 April was likely due to the enlargement of the open lead
through TPR. From 23 to 24 April a ri se in stage of about 1. 07 m
accompanied the passage of the breakup front, however, to be consistent
wi th reporti ng cri teri a from previ ous year-s , the peak on 24 April wa s
0.35 m higher than the previous five-day average level.

6. Summary

The 1982/83 ice season on the Peace River at TPR was uneventful.
The ice pack built in at a level that did not cause seepage problems i n
basements in West Peace River. The manner in which the ice cover bui lt
in ind icates a successful attempt at controlling freeze-up at TPR (fo r
the meteorological conditions experienced that year).

While the ice cover was built in at a fairly high discharge, i n
order to allow BC Hydro some leeway in the ir release operat ions for the
balance of the winter, this leeway was not f ully tested. Due to a low
power demand throughout the balance of the winter, BC Hydro cut the ir
releases to well below average.

The data indicates that it may be possible to increase the leve l at
which the ice was set in, by approximately a metre.

Breakup was uneventful in 1983, the dominant process being thermal
deterioration of the ice accompanied by a 'melt front' rather than a
dynamic breakup front. A new breakup sequence was observed at TPR in
1983, being the melting of a substantial open lead at TPR well in
advance of the approaching 'melt front'.

A comprehensive set of data were collected through the 1982/83 ice
season, which should greatly assist future analyses .
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TIIIJLE 1
Breakup Data

Peace River at Pea ce River Town

Year Breakup 5-Day Pre-breakup Dischilrge During nreakup Maximum Ice Jam flaximum Stage Increase
Date Elevation·' Peace River Smoky River Elevation Above Pre-breakup Elevation

(m) Above Smoky Rlver*2 Above Confluence·] (mL_ __ _ (m)

1960 Apr 16
1961 Apr 20
1962 Apr 16
1963 Apr 19
1964 Apr 19

1965 Apr 14
1966
1967 Apr 30
1968
1969 Apr 15

1970
1971 Apr 19
1972 Apr 20
1973 Apr 12
1974 Apr 20

1975 Apr 17
1976 Apr 11
1977 Mar 12
1978 Apr 15
1979 Apr 30

1980 Apr 18
1981
1982 Apr 26
1983 Apr 24

312.88
311.69
312 .30
311.75
312.33

311.90

311.90

311.96

312 .48
313.21
313.76
313 .36

314.16
313.94
312.72
313.18
314 .10

311.81

315 .46
313 .38

883.49
1112 .85
866.50

3381.03
897 .64

1568.75

291 .66

475.72

1260.10
1452.65
2273.84
2288 .00

2174.73
1676.36
767.39

1333.72
2520.20

651.29

1653.00
1340 .00

365 .29
104.77
648.46

1093 .03
206.15

481.39

1005 .25

948.61

203.88
538.02
515.37

1308.24

.69.94
594.65
66.83

215.77
1589 .99

387.94

247.00
400.40

313.21
311.81
313.94
316.14
312.15

313.61

313.40

314.B9

313 .06
314.06
318.18
317.51

314.52
314.34
311.90
313.49
318.61

313.06

315.94
313.73

0.33
0.12
1.64
4.39

-0 .18

1. 71

1.50

2.93

0.58
1.65
4.42
4.15

0.36
0.40

-0.82
0. 31
4.51

1.25

0.48
0.35

Notes: ., Average elevation of mean daily dl~chilrqes ilt Peace River for 5 dilys prior to breakup, est imated from
record ed wilter levels .

• 2 Peace River Discharge : Discharge ilt Peilce River - Smoky River Discharge at Watlno

.] ~mn~v D;vpr ~t W~tlnn
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Note to Accompany Figure 2

A note should be made before any reader attempts to compa re
groundwater levels recorded in 1982/83 with those recorded in
1981/82 . The data for 1981/82 was plotted by subtracting the WSC
gauge zero elevation from the groundwater elevations to obtain an
equivalent gauge height. However, this then did not inc lude an
allowance for the fact that the water levels in the river
adjacent to the groundwater wells was in the order of 0.97 m
higher than the river level at the WSC gauge, due to the distance
between the wells and the gauge and the final longitudinal slope
of the ice covered ri ver , This resul ted ina plot whi ch showed
the groundwater level higher than the r iver level, which was
found not to be the case . The 1982/83 data has been corrected to
i ncorporat e this difference, hence make the river
level/groundwater level data more compatible .

The River Engineering Branch considers that it might have
made an error of up to 0.4 m in adjusting the groundwater
elevations to equivalent gauge height. Thus the plotted points
in Figure 2 may be 0.4 m lower than they should be. This error
will have to be ver ifieD through a more detailed calculation
procedure involving the river levels recorded by Water Survey of
Canada at thei r gauge at Peace Ri ver , plus thcse : recorded by
Alberta Environment at the Peace River Correctional Institute.
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FORWARD

The following report, which describes the 1982 spring breakup event

at Fort HcHurray, is part of a continuing research pro~ram to study

breakup and other ice-related phenomena on Alberta rivers. This program

is carried out by the Civil Engineering Departnent of Alberta Research

Council in co-operation with Alberta Environment and Alberta

Transportation, under the auspices of the Alberta Co-operative Research

Program in Transportation &Surface Water Eng ineering. The prime intent

of this report is to document the 1982 breakup in order to facilitate

future comparisons.

The Athabasca Ri ver in the vi ci ni ty of Fort r'cHurray normally

produces ice jamming during breakup. In some years severe ice jams have

caused high water levels which resulted in extensive flooding of the

lowl ying areas within the City of Fort Hcllurray.

In 1982, breakup at Fort 11cHurray occurred on April 26. At the

lIacEwan Bridge gauge a 5.25 m increase in stage was recorded above a

pre-breakup ice surface elevation of 241.5 m G.S.C. The progression of

the breakup was observed from Grand Rapi ds to Fort Mcr'urray. \later

levels were taken between Little Fishery River and Poplar Island, and

miscellaneous velocity measurements were taken at the r·'acEwan Bridge.

Temporary jamming was observed at five separate locations upstream of

the r'acEwan Bridge, and a jam lasting for approximately 3.5 hrs occurred

between the nacEwan Bridge and the confluence of the Clearwater River.

In addition to the data presented herein, there are numerous 35 mm color

slides, additional color prints, 8 mm film and newspaper accounts of the

breakup available from the various co-operating agencies.

i
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INTRODUCTI ON

Based on 24 years of recorded data (1958-81) the average breakup

date of the Athabasca River in the vicinity of Fort Mctlurray is April

28. Ice jamming during the breakup event is not uncommon.

Between Fort McMurray and the mouth of the La Biche River (Figure

1) the time of breakup dev iates from the usual pattern that fo llows the

warming trend which is typical of the area upstream of the Town of

Athabasca and the more southern portions of the Athabasca River -drai nage

basin. Often, the fourteen rapid sections between Athabasca and Fort

McMurray break up when there is only a slight increase in discharge. In

this reach, the high channel slope gives rise to larger velocit ies and

shear stresses , wh ich can in itiate breakup well in advance of other

sections of the river. When the ice in the rapid sections deteriorates,

~ it moves downstream, accumulating in areas of low velocity. As the

discharge increases and the ice deteriorates further, smal l j ams move

downs t reem, compound and alternately move, jam, and buildup agai n. In

most years these small jams have compounded into a severe jam wh ich can

cause stage increases of 2-10 m above normal summer water levels

In 1982, breakup on the Athabasca River at Fort tlcMurray occurred

on April 26 and a maximum increase in stage of 5~25 m from a pre-breakup

ice surface elevation of 241.5 m G.S.C. was recorded at the MacEwan

Bridge. Temporary jamming was observed at five separate locations

between Cascade Rap ids and the MacEwan Bridge. A jam lasting for

approximately 3.5 hrs occurred just downstream of r-lacEwan Bridge.

Doyle (1977) , Doyle and Andres (1978) and Doyle and Andres (1979)

prov ide the - most recent references which document the more significant

1
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ice jamming that has occurred i n the past decade. Refere nces are also

provided in earl ier reports which document maj or ice jams which occurred

in the Fort r'1cMur ray vi ci ni t y prior to 1970.
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PRE- BREAKUP COUDITIONS AND SUr1HARY

The following section of this report is a summary of the

information collected from various agencies prior to the 1982 breakup.

This information can be compared to that from previous years. and may

have application towards the prediction of future breakup or other ice

related phenomena associated with the Athabasca River.

A sur.rnary of the relationships among discharge. air temperature,

and degree days of thaw during breakup for the Athabasca River at Fort

McMurray are provided in Figures 2 - 3. Additional data collected pr ior

to breakup was recorded as outlined below:

rlarch 9-10 (photos 1 & 2) - A ground and aerial reconnaissance fl ight of
the of the Athabasca Rlver from Crooked Rapids downstream to Suncor was
made with D. Andres, Alberta Research Council. The primary purpose of
the flight was to establish a series of geodetic bench marks to aid in
monitoring future breakup and ice jam flooding in the area of Fort
HcMurray. The following conditions were noted at that time:

solid ice cover from Crooked Rapids downstream to Suncor.

accumulated precipitation since November was 78~ of the normal.

- average temperatures were 1.4°C above normal. and

- a mon itoring and an observation program was set-up with WSC and
ARFC.

I·larch 25 - Air temper:ature and precipitation were monitored for Slave
La ke, Athabasca and Fort McMurray.

As of March 26 - solid i ce cover remained on both Athabasca and
Clearwater channels.

- minimum daily temperatures rema ined below DoC during the night - mea n
daily temperature between narch 19-23 = 5.5 ° C.
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- 4 mm of addi ti onal precipitat ion since March 10, and snow on ground
(SOG) = 32 cm.

Apri 1 1 - Based on avail ab1e snow pack data, 1700-2266 m3 / sec was
predicted as the ma ximum fl ow for breakup (1:2 year flood Q = 2200
m3/ sec) .

As of April 5 - solid ice cover remained
- between March 26 - April 5 there was 16 hrs of thaw (O°c)

- heavy snowfall between March 28 and March 31 resulted in an additional
26.2 mm of precipitation

- snow on ground = 52 cm

- mitigative measures to induce thermal weakening of the ice cover were
discussed with the City of Fort McMurray

Apri l 8: - Dai ly monitoring commenced on W.S .C. gauging stat ion fo r the
Pemb ina River at Jarvie, Athabasca Ri ver at Windfall and Athabasca River
at At habasca. There is no telemark reporting daily for t he Athabasca
River at Fort McMurray , therefore, l ead t imes of 7 days on the average
between breakup of the Pembina River at Jarvie and the Athabasca River
at Hondo and 2 days between the Athabasca River at Hondo and t he
Athabasca River at Athabasca (Andres -1981) were moni tored closely to
assist in predicting the breakup event at Fort McMurray (Photo #' s 3 &
4) •

Apr i l 14: - There were open leads developing in the rapid sections .

- An add itional 84 hrs of thaw (O°C) occurred since April 5 total = 124
hrs .

- There was 24 hrs of continuous thaw (O°c) between April 12-14

April 16 {Phot os 3-17J - Aerial reconnaissance was made from the
At habasca - Pemb i na Con 1uence to Fort '1c'1urray.

- open leads in t he rapid sections were enlarging and there was only a
slight breakup of the ice cover surrounding the leads.
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April 19 - An additional 82 hrs of thaw (O°c) occurred since April
to ta 1 = 224 hrs.

- continuous thaw was recorded between 0700 hrs, April 17 to 0200 hrs,
April 19 .

- additional precipitation since April 15 = 7.5 nIn. Total 'prectpt tettcn
since Novenber = 93~ of the normal.

- snow on ground was reduced to 15 cm.

- aerial reconnaissance was planned for April 26 or sooner if the
warming trend continued.

April 25: - Blasting materials were transported and available in Fort
"'ct1urray as of April 25, 1982. Blaster waiting in Peace River to be
placed on stand-by in the event of a serious jam that could cause
flooding to Fort "'cMurray.

there was continuous melt since April 19.

- last report of snow on ground April 21, 6 em, additional precipitation
= nil.

- Athabasca River at Athabasca stage increased 1.2 m from April 19, 1982

- April 25, 1982.

- breakup for the Athabasca River at Athabasca occurred between 1530 ­
1800 hrs on April 24, 1982 .
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BREAKUP

(April 26 - Photos 19-34, 37, 38,40)

On the morning of April 26, an aerial reconn~issance was made from

Fort "cHurray upstream to Grand Rapids. The toe of the main ice run had

proceeded to Long Rapids by 0857 hrs (Photo 22). There was running ice

from Long Rapids upstream past Grand Rapids and then as far upstream

from Grand Rapids as could be observed from the air (Photo 19). At that

tine, from the area of the toe of the main ice run to a location

described as the cabin site (Photos 26 & 27), which is downstream of

Cascade Rapids, the channel was free of running ice (Photos 23 & 24) .

From the cabin site, (Photo 25), a consolidating weak ice cover extended

to a point just upstream of Mountain Rapids. From upstream of "ountain

Rapids, there was competent ice which extended downstream through Fort

McMurray and past Tar Island •

The toe of the main ice run met the head of the consolidating ice

at approximately 1200 hrs. At the cabin site there were signs that

previous temporary jamming had occurred prior to April 26, (Temporary

Ja~ing Location #1, Photos 25-27). Between 1200 and 1330 hrs temporary

jamming was observed at Locations 2 & 3 before the impact of the main

ice run pushed into the head of the competent ice immediately upstream

of ~Iountain Rapids (refer to Figure 4-5 and Photos 28-35). Between

1330 and 1504 hrs another temporary jam developed 1:hrough Hountain

Rapids as a large solid ice sheet, which covered the entire width of the

channel, moved and pushed its way through the rapids (Photos 28-29).

Additional jamming was not observed but from measurements of the shear

walls at Locations .4 & 5, it is estimated there was temporary jamming

between 1504 and 1640 hrs (refer to Fig~re 6 and Photos 35-36)•
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At 1640 hrs (Photo 37) the running ice had reached the r1acEwan

Bridge piers. Additional janvning took place through the bridge and

immediately upstream of the Clearwater Confluence for 3.5 hrs until it

released and moved past the confluence at approximately 2030 hrs (PhDto

41).
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JAI1IlING AND RELEASE DOWNSTREAII OF IlacEUAN BRIDGE

(between 16:40 hrs and 20:30 hrs - April 26, 1982)

The maximum gauge height recorded at the MacEwan Bridge during

breakup was 246.75 m G.S.C. (refer to Figure 8).

As previously mentioned, the moving ice reached the MacEwan Bridge

at 1640 hrs and spent approximately 3.5 hrs consolidating and building

head behind it. At 1700 hrs reverse flow was observed along the left

bank of the Clearwater channel at Roche Islands. The Athabasca flow was

entering the upstream side of the Cleanlater channel while the

Clearwater flow was still passing the downstream side.

Slight movement occurred in the main Athabasca channel and at 2000

hrs a spillover or release channel developed downstream of the IIacEwan

Bridge, directly opposite the Clearwater Confluence (refer to Figure 7

and Photo 40). At 2030 hrs movement commenced immediately downstream of

the r1acEwan Bridge . The first spill over channel became blocked with

competent ice in the far left channel immediately downst ream of the

MacEwan Bridge.

Between 2030 and 2055 hrs the entire left side of the channel

released with a flow velocity of " approximately 3.5-4.5 m/sec. There

were solid ice sheets tossed against one another, with water spouting

and the flow turned a dark chocolate brown indicating the bed was

eroding . The running ice proceeded downst ream, and from the observed

shear walls, evident in Photos 61-62, there could have been temporary

jamming just upstream of Poplar Island sometime after 2055 hrs.

At 0800 hrs the next morning the stage had dropped approximately

1.5 m at the MacEwan Bridge. The Athabasca channel was open, but
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running ice was still present downstream to Tar Island and past the

rlcKay Bridge. Competent ice remained in the Athabasca Channel at the

Clearwater confluence. The flow from the Clearwater River continued to

pass with only a slight increase in stage and no overbank flooding along

the Clearwater channel was observed.
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CLEARHATER BREAKUP AND SU~UtARY

(between April 27 &29)

Monitoring of the Clearwater River was continued after the

Athabasca breakup, because of the remaining competent Athabasca ice at

the confluence. This ice did not move during the breakup and the ice

cover on the Clearwater remained intact (Photos 51-53 &55-56). Gauge

readings for three established gauging sites on the Clea~/ater channel

were co11 ected by the Ci ty of Fort 'lc~turray (Fi gures 10 - 11) •

Based on historical data for the W.S.C. gauging station, Clearwater

River at Draper (Sta. 07CD001), the Clearwater at that particular

location normally breaks up on the same day as the Athabasca River.

On April 27, between 1500 and 1800 hrs, the stage on the Clearwater

at the Waterways gauging station increased approximately 1.0 m. At that

time, there was an additional accumulation of ice downstream from

Haterways to the confluence, indicating that breakup had occurred

somewhere in the Clearwater drainage basin upstream of Fort f.ldlurray.

On April 28, an aerial reconnaissance ' was made of the Clea~later

and it was observed that the Christina River had peaked. The Christina

and the Clearwater channel downstream of the Christina confluence was

free of a solid ice cover. Breakup of High Hi" Creek, which is a

tributary to the Clearwater River located upstream of the Clearwater ­

Christina confluence, assisted in consolidating the accumulated

Clearwater ice against the competent Athabasca ice at the confluence.

During the night of April 29, the consolidated Clearwater ice which had

blocked the confluence, was released along the far right side of Roche

Islan1 resulting in an open channel and thereby reducing the danger of

possible flooding. ,
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CONCLUS IONS AND DISCUSSIONS OF THE 1982 BREAKUP

The below normal temperatures and additional snowfall just prior to

the normal time of breakup. combined wi th an above average snow pack in

the upper Athabasca basin, created a concern for a potentially high and

rapid runoff. As well, the slowly deteriorat ing strength and thickness

of the ice cover. wi th the possi bi 1i ty of a sudden return to below

normal temperatures, placed an additional concern towards hav ing

abnormal ice conditions. With these concerns. spring breakup on the

Athabasta River near Fort Mcllurray was closely monitored.

In comparison to previous years. Fort McMurray experienced an

uneventful breakup i n 1982. A 5.25 m increase i n stage resulted in a

maximum gauge height of 246.75 m G.S.C. at the HacEwan Bridge. The

ma ximum velocity, upon release of a temporary jam just downstream of the

IlacEwan Bridge, was estimated between 3.5 - 4.5 m/sec,

The fact that a stable jam did not occur upstream prior to the ice

run reaching Fort McMurray, could have been the main reason for an

uneventful breakup. Another reason could have been the temporary

jamming that did occur between the IlacEwan Bridge and the Clearwater

confluence may have assisted in preventing a jam from occurring

downstream of the Clearwater confluence.
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EXPERIENCE WITH RIVER ICE AT THE ll"ESTONE SITE

8T R. W. CARSOIP

1. IhiROOUCTI~

_ Dn

II ;,.

limestone Generl':ln~ Stltlon "'11 be the fifth hydroelecVlc site to be
developed by I'•.,ltobl I\Ydro on the "'15on River In Northern ""nHobl. Its
loat lon 15 sho"", on FIgure 1. It "'11 hive I held of Ipprollm1tely 29 II
Ind ten units of 126 KO clplclty elch. First power Is currently pllnned for
the fill of 198£. The generll Irrlngement of the c...,leted structures 15
shOotn or. FIgure 2.

Tne se~uence of construction Ictlvltles Ind h.lghts of cofferdlms Ire
g~v.rn.d by rive' Ice conditions ot!llch Ir. IIlOr. $fvere thin It Iny of the
, • • vl ousl y d.v.lc~d h.lson River sites.

;nls piper 15 lr.te"d.d to foMl' In updlt. of totO previous Plpers1•2 on
tn. pro ject. witt eone.rotrlt lor. on the description of thE Ie. conditions el·
pt ~ , ~nte~ sin:e ~~t CD~stru~t;on of thE. first stage coffer~.~.

,..S de~c hbed ir s:r.r.f! Ci~':.a ;l ir. tnt :"ev;ol.!~ ~lPersl.2, itt a:cumiJ1atior
or, the lo....e~ hei!::' ~;Yf''' ; ! ~ p· O::f'S~ o~ itt- jeT" E:'~o9~ess,o !"l Uf,lr;ve:- frer..
tne he! se ra tS -:'Ul:".:. fe:~ b,f ;::, Qtr. H·I ~e :: ir, the 50 ....·' f: o:;!'n r; vet. ]n:ieeses
i r. _,1oer levels C.lf t o thE. 'ice a:CLmUllt ioli a re ty r:·icll')' 'bott: 10 tr., with
SD"M I :"ees es mu: :-. I ~ l ' t . A~Ovt n:."·::'it ~ s~,e :" level s ,

DE#C..t th'- ee-st ... ;;: :; or, ef KEtt 1e Generat ; n~ Stet ior. I itt O!nert:; ne poten­
t >a ~ e" st.: frer Gull LI~E t o Hud ~o r. flo)' •• dlstln:e of s.... 230 k:... The
pr oou:: l or c~ e:~C~DUS volU'Tle s of frtz~ l iCE frDr'. this opef, wtter aret
ca us!~ th~ iCE je- to Pf"og-~ss IS ll'Iuct'. es 2!. kit \I~strelr:. of the lettl. sitt
~) ..i nt ~ .. "s ~', C'" t tota l o~ 5O'!t!" 175 til" from tiudsor. Bay-

:'~~ e p ~ hf i r :;.ouoo: : -·ent of' KettlE Gene:arti"s Stttiol"l',s fore~IJ "" H·7C. l
~ !,t.-:":".l ~ i t.t :.~ ..e ... _"!s fc:-me~ ~, tnf r-eostrvcir ~. r'y every W'intef" I !'I: '; ..~~
f : "I ::":. n ! ~t': ~ ~;s : : ! .... _=.:r p ertf ~!"~ tD,.,t,. ibu~ i"~ ite to tht iOWf'f ,,~c ;. !'\~s

c ~ t~t h ,'!!' . "..s L "'!'~ ~ l t. thf i t t j err ~ro~~ess;on sloW!'e: tons idereb ~.\ l '1:

~.\·r -;:l ~ '~ f':'. ~ e = . ... ... : :, . - s:" E- er. o~ ':"t! i..O": Sp~ute s,tt fSO"if 2: I'!'
C Op ~.s :rfl~ oJ' H. :: '!, ~ .' ~ "'!: ~ !,, : Stct l or. j ,r· tn! yters 1970 to lS7;.

" ' .

l.
-,

:.-:• Ie •

~ ': - '\r- :- :~ : £- P ·; .' : · l -. ·· ~'~ !t l =~ ~ o~ thE- l~i",:S: :';) :'l~ c~ ,,·~ ic. : ,,; :-": . ~ ~ : : t e
n : f L ~C!i !· : " U :: ':' · c. ~ _': ~ : ~ : - :.: : ~ ~~f :"l: ~ n; !.: t:":o~ ~ ! ; . ~ : ~.< ..; . t':::
~ ~ l ~ :'~P V: ; ~ :-.c: . : : .": : :..:' ~~ i ~ ,;., :):;!';:;e:.. ir.: f ": \l I"" ~ E H~:~ c" : " ! ' ,:" s ~ c·

~~;: ~~ ~~ .. ~ ~ ~~: ~ : ::.~:: ...:~~;...::.~~.:~~ ;~~;~:: ~~:~::~r,~~: ~f~: ;t~.~ ~::. , : :-~ ; : ~ .:- :~ ~ ~;
:.!: ~ ·:· .t: s; r, :. e; : : :.:. !:',. : ~ : ~ " :r "= : :. ~ ~n: ::'l!' .. ', . :: : : : " ! ' :!. . -. ,II

,.
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designed for open water le.els (some 12 ft\ lo""r than for Ice conditions).
and river diversion through a partly completed spillway or po""rhouse would
not ha.e to cope with passage of large .olumes of solid Ice.

Early In the studies. engineering judgement based on approllmate alcula­
tions of OJ!n water ereas, ice generation rites, etc, indicated that year
round ope' water conditions could not be elpected at the limestone site
after the ir:poundment at Lon; se -uee , This was confirmed by the results of
a detailed c~puter model which simulated

the generation of lce as a function of open W2ter areas and daily mean
air te·.;~~atures durin; the winter

the re~u:tlon of open water areas by border Ice growtt. as · a function of
ri.er .eloc lty and degree.days of freezing

the aoc"",u1ltlo," and stabil1ty of slush Ice at th~ lead lns ec~! of the
it! j ar"

th£ s,,~arsen:e of ice at the If:adin~ edge if tne a::roa:hin; ..l oci t i es
!r£ rl:esS ;yt. Int t~E deposltior. of this ict QO~5trea~ or. th~ u~ders;de

of tM c ~ve"

thE Sh: "": ~~ !~~ t !': ;:r!nin; c'! th! itE COYE~ w,de" tht coo::;,r:ec ~~·craLi 1;c.

! , ·:e! E7Erte: D~ 1:

t!'lt bct:I.!~e !' ~·"f~lt H, tnf ;,:! cc.!:-e~ an' -:nt o::>e:'· rr:a : hes UriO! !"
s t l: :.\-..

Tn!' de: ;s io· w~s tr.!de : r.l:: r iye" c;ve--s1op
, dlJrlnC co'S!puc-:;or. r.l:Jst be dE­

V '!SP ~ t c :Otl~ ...~ t !". yp- ) severt iCE cond~t io~s. De-:! ile~ h,yC:ra:.r11t moo~ '

S~ ;;C: 'l!S c" t"£ rive " lC~ co,,: i : io~s c~roin;: tnt r; ar.: ' s constructic!i werE;
t~~ :". U!'lG!-:u:e ~ at L!Si::h "'.v:'"'! l,,: 1ic It::o!''I:::a~: ir. kJrlt!"f! l.

CO!i:a-:'rt:: t i=~ co! tne Stlce c.D'ff t rG, ::- ""'.i cr. !'~ :. i eses thi l!"'e, of :hf cor> ...
c r et e s,:rl,,::~ur!s (set r{cure 2) be;,r. ir. 1976 , ir pretf,roa:ior' fo r c.c:r.: ~let i or.
of tn! fi"st units i r 12E3. Til! cons -:.ruc-:;or, p"D:e~ot'~ o...e :" thre~ S:.r.:r.".~ -
!-t! sC'~ ! • t !'!!' I: :, s t ~e t:- 'eo';. 1:'1 l~H:, th!. r ive' !" lp~ ; t; IS77, I:".: til! dowr ...
S ':. :-~l! r le ; i n lS if-. in!, tC"s t "'r.:::tior o~ tnt r"'fs t ('I" :"t: ;~:je:t he! ~!' ...

S ~~ ~ \!': ~~-:, orb ~ ii,)'. du!' t c t l':;!. S ~oWf'" ;:.." ..~t c ~ ~~!: ~: to'" t:!'~:.ric;t)· t l"IIH.
• ! ! t'l~~· 'f:· · :P~ ;~ tn f t'!r i~ tt ~i: - 1 S ~ C · $ .

j " .. . : ~ "' !'" s:. . -: !"' ':t .. t 4 : E" t:"i! c.': ... !:,.",c:ior. e' t "f C:"!:"'fe'"' lp; I i.to ;
:: " ,, :f ' ~ l"f H ' - \-: ; ' I',l ::' P\: : ~!oe" i~, ~o ..:": :' t :.. '!: ,£ lCE.: ~-O~ : rU.::" t:::" ·f

~ :';:~:~~:,f:~:~ ,;l;-}: :)~~:~~:t-~; ~~L ~~E~'~~;/!::;~~~~:. r~.~;~~ ~~;
~~- : • :-.!'"':! ! :"'. : .. ~ :. ~ .. : ..~: t:,,~:'. ~... ! .. -:, ...: "", ~" "..; ~. ",'H ~ l :f~

.:. ~ : .~ :.. e , : •• ~ '.' : :: ~ · :"I :~!" -::.!. ~ " : '.~ _ : : f ~''' a: : :.- : : '"' r.! " t r : ..,!

. ... : : . ~ : 0: ; -: ~ J- .. .. . . :. ~ : ';"! : - C ~~ .. . ::. c" ; :" : .... :" . t": .. ~ •
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Du,'Ing this t ime. an estlllited val..- of 70 000 000 113 of Ice passed
th,au9h the 360 " wide dhe'S Ian channel between the end of the
caffe,cam and the south ,her bant. Only 1I1na, da~..ge due to Ice
gau9in9 at the ca'ner of the caffe,dlm .es Incu"eC. Th. ~slstance of
the ccffe,dam to dl mlge was IU,Ibllted IlIl!Inly to the su,hce f,eez lng
which ..d accu"ed p,Ia, to the I"hal of the Ice jim.

liter, the Ice f,ant ~sumed Its upsVeam p-a9 ,esslan and eventuilly
, .. 'hed '<1 t Mn 2 t m of the Lang Sp'uce cofferdlm befa'e t he I,dvi l of
sp ring. The .... Imum watu level ~ca,ded t hlt .nnte, It the LImestone
caffe,dl~ was el 70.5 II, ""'Ich ca"ehted ..ell .nth the hyd'iulic model
s lmullt ian of el 70.0 II . fa' clllllpulb1e flow cond it ions.

I .. tho sp, Ing. the I,e beh ind the caffe'CI'" beclme grounded as p,edlct.
ed by the hyd'iulic madel studies. Ind th.'e .'He luge I reas of
sUlnded ice 5 to 10 II tMct. Fa,tunltely . the st,ang flaw of .eter
post thO end of t he upst,elm leg clel ,ed the a'eo ""'e re canst,uct ian of
th. , h.r leg ... s to ~sumo. Ind wort ... s able to start late In June.

1977 • 157£

1r t nE fa l l 0" 1Si7. the Lon~ Sy~UC! rest'~vo;r ""!'$ ; ::'l:>: undeC:. In~ is
ex;:,t:.te: . tht iC t fron~ progress ion i r. thE: f'n!. lJ in ~ ..i n: " r was markedl y
510-,," :" t:-.,n i r. p~e ,, ;c l.: S years . The .n ntf':" .es ~r'y rr.i l d . and t hE i ct
" :-:mt cr. ~ J n-e:het t hE fo ot of t he n~ids bEla"" t he Li~stont c.offf'rC:arr.
l flC: ci t: no: pr0 9re s! t hrou9h the dive rs ion cnenne t , ThE rrllximu::-. ..~ttr
1t V' el ..e s .;:,p"oli rr,l.t e l,. el 65 If. , Dr only about ~ It. of s~'9in~ above
Cje~ W! ~E: ~ con~ ; t;D~S .

lr t n! s:"; n; cf ~ So 7 ~. P,"!:", thou g!': trap i CE: did no~ rea :t. i t.s mu ;n",r.:
r:.:: er"~ ; l ! t~ i Ct r.es!., cens i Ot jebi r vol U::Ies ~r£ l~ft st renoe:' i r. thE
l rte Wl'le ..t IIt':) r l W~ ~ t c re su",* Dr, :'hr dO.ms tr'Ear.- It't o~ t ht cof fr :",oa::.•
:n, iCt O' :.YE ~ t hE ~s u::lPt iar· a~ -or l unt il elrly -J ul y , Fartur.otel),
t l'lt c:.r.st ruc:t ;or. s: h!":;;le ..es l"E!sonably flexible in t hat f ir,e' .'lter
c r'! : ttlE c~~,S ~rE ll'r. l rp W!! stil l tDr." pie:'e~ before thE onse t 01 ltirater,

: ; ~ ~ 7e, t.tl! C)e : ;s. ior t e t'":' s~to~.r t o'ls t r utti ol'\ o~ thE i.;""! !. ~on! t;~. rat

r.t: tt~ ~ ~~t t>: "c :" , ~ c:;' ! ,,";~~ ..c , e "l~ t hE e!'!~u ;r:; .,.;r....~ ~ ..~! tht f -;r s-:
c " r.;5"J t ",: "o..;:r: .r.i : r. Utt tc, ~ ! e :":;;t .. .al S t.(' ~I;r••

: ·.. ..: !"I C ~r,t c:.:-"s t :"'u: -:;or 0" ~~t cC'· · ~ e r':'l;" . tnt c~s~ I t..-,' ~'! ! , :;"PC5f ·
. _ :'-:; 5e" tc :.t !:- ; rcx.i ~.! ~t 1 ." , r :c,wt " t t.ar t hf I:I!I X ~ :"'. :r l to\,! ', ;',e"o c,-:. ..
£: :t.~ :M l'l••·or za..1i ,: ".::::t ~ :~ ~ : s. . ; :'1£ i ~; ~ : ~ ;'i n= t"' ~ ~ •.= ~ e!. fc : i o,,·:
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!o"':~ tr.". 0·, F'. ; ;,;-~ t ,

n:: s ignif icant carnal}! done to the co~ferca~ dur ing the over.
:n~5 goae pe~forw,a n:E W!$ a:tr1~uted t~

The"f wtS
to ppinS.

'7r,f ~:l1 o.."~ " ~ s~~;n~. the arEl w":thin thE- co~ftrda ~ WlS lp~t to dr-a i r.
rv r.l':ur"a: S!E ~aa£ t and toot. ur.: i 1 the fall ow1 n; .; n'Le~ te re-:edf: to
Ci~er' _l tt P : f ve1s· c~ the r iver.

topping up by 1 to 2 II could be don~ later prior to the stlrt of
construction If it w.S pro.en necesslry. Thus, If it was not neces­
sary, there would be so:ne saving in cost of the cofferdlm construc­
t ion.

The winter of 1978-1979 was colder thin nOrllll, Ind the Ice front pro­
gression IIl()re rapid thin in the previous year. River nows -ere Ilso
quite hig h, I.erlgins sorne ',ODD m3/s in late Februlry. By elrly
~.rch. the leldin; edge of the ice co.er hid progressed some B to 10 km
upstream of the site, Ind the resulting jllmling of Ice Clused water
le.els to exceed the upstream crest of the cofferdlm by Ibout . 1.6 II.
Th! Ire. ins i de the cofferdlm rlpidly filled with Niter, Ind e.entuilly
overtcpp~~ : ne d~lItf\str"el r.'! lp9_ Flo.. oye~ the cof ferdlm continued for
se.er. l d.ys until the ri.er level grldUllly subsided.

o.ertopp ing by I ...tre or so before construct ion of the plant begin
would not likely Cluse Iny slgniflclnt dlmlge

t !'lf ...z~e " ird : ; l 11y fl o" e : o\'e ~ thE cres ': ir: l thin S !i~E~ I" C: C"'Eit.
e:: ~ re s ~s:! r.,: cOlt in; of iC.E, Dve'"' w--, ~c,.- thf $;J:,se:;Je:-;: fio" ~ l S S ­

e C

19: : • 19£~

E.c-:. t tnrsf . in'Ltr!. haC:: !Oovt nor:u1 t~:>era~ i.Ires . an:: trw ;c!: front
:::""c;res.s;cr. sto~peG' do.ms:rtlr:" 01' thE' cQ'!'ftrda.... 'IUS i n9 0:':1y r.: ino~

i n:~ r ! s t s i :, ""~-:e~ lpvel.

t C·l : ;-,i~l"

~:: 7·f : "";;4:'" t s

::-.!: -r -.te' c~ :9E ; .. 19EZ wet colder tt,!'" tnt t,,:t o-e v'c:,: !. Vtars e~~

-: ~ f: ":!' f" ~:": r"o~"'e!!o iDt f C. ll D~~ t !".a : c" 1575 We"Y cics!';. r.iYe~
' 0,,:,,,.: ~ ..t S :~:t'.~,l-: l t ~~ ~'",l :" l ~ ' ~. 1-'" t t,£- t'?t l -e.~ t' . i t "' f~ W!~ r~ec l", ..
..= c· !"",.; " : ' :. l C:l :J: C.: r a ~o,,·! t "l! u :- !. ~rf~~ , :- £~ ~ . 'tr: ir snee~ c(
. ~ :-? .. '~ C'. f: C"'\'t:. :!'I!, L:' S "''''~ ~ '' c-es~ fc :, sh !t"l.l ..:-;,; -~ . Tn! ,,·c'u~ oo!"
: ~~ :) ,,! " " ':~ . .. ~~ : ;,; "ite 5-:: : : ,., :: o~ i,,' t! L'!- ! : -:'~l t ;": ~ ~f lI..?:' e :- i evel t tl
~r:: "" c ~ s E. ~..;. ! ~ r ! ::~ D" c ~ C r:!~rL . ..

i
i



• • -~ . .... . ;',._~ ; o •

Mathl!Ol.tlc.l .nd ph,Slc.1 models were used to plan the concept of river Ice
m.n.gl!Olent for the construction per iod of the limestone plant. The pred ic­
t ions of both lIlOdels ..,lIthe to the f irst st.ge of river divers ion IIIve
been ver ified bl the o!>serv.t lons of the river bO!h.vlour since the comple­
ti on of t he cofferd.... Topping up of the cofferd.m bl 2 II will bO! ..,qul..,d
befo re ..,sumpt lon of the plant construction. ot1 lch Nl bO! .s e.rl, IS the
sumner of 1982.
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DISCUSSION

S. P.tryk, Roosse.u, Souv••nd W.rren Inc.

The . ut hor hIS presented I very int e r es ti ng Ind use fu l pi pe r cClllporing CCIII­
put ed I nc hydro uli < oode l r.sults with f ield GlU.

Du r ing t he workshop present.t ion. I t s ..,nt ioned th.t sUb le i ce coye r
<onoi: ions ""re obseNeC i n the cofferC opening even t hough the corres-
pond;ng ..,.n velocit ies ""re rellt ively high. Also the heodlOS5es betw.en
the u?s t reor.: .nO doomstr.arr. s ides of the cofford.m ""r. gen. r.lly highe r
t nan obse rved ;n the hyCr.u lic ma.l - problbly due to the c"" esive neu i n
t ne pac<ed ice. It would b• • ppr.c i.ted if tn••ut hor wou lc give I qlolnt i .
tat ; y£ oes c. ~i ;;t ion of f low cond it ions in t he open ing when t he nea~ loss wtS I
mllimu~ b!:~een u pst re~ InG downstream of t he cof ferdl~. Sp!~;f icl l 1y Whit
" '5 t he OIS:hlrg. , ....n depth i ncl udi ng i ce coyor in t he O? nins, .nc the
hel~ los s bet.een t ne ups t r.," .na downstrea.. s iaes of the cof fe r'.m?

":'''(1 r.exl Jr.W nt~~i QSs. be:._eer. the ut's:rE:! ::: I n: d Ow"'1st~ta.lI c Df fe r~l r.- le~s (s!'e
F'I;:,;r t' 3 ,' o:.c. u ~re:::: Qu ~ ; n ; tnt ove rtC';:;:i n; of the c.of fer~1t i ii t'c rtr; lS7S .
: ne upstrtt.i _lo t.e r leve l wes e1 73.6 II., the ccwnstre.,.. .e te!" l eve i e1
!.t..: It. . ..' 'tr. a r tv e r n o.. es t i l'T,b:'ec I t ~,OOC t e ',300 rr-3/ s . The ri vErbe::
E1e " !~ 1 0r. i r: tM diversion ct.anne1 a r O'J !'lC tne c.o~fe rGa rr, is epprox ;m! te1,) e l
: :.. ~. ft" ..rt r, v!or, li ttl E' var i a-;l on e ~:h! !" ltteral ly or longitue i nal 1J. Tne
"'!"l " :-e:.t !'l ,,, :. i ud ~ n9 itE cove r a':. thE: u;'S t rt~. corn er D~ t n~ cD~ 'ferQar.: w:Jula
~hE "£ : ,:) ·t ti i-\·t :>eer. i;iP:-c.:d",ltfly ::.• 6 e. , an: a':. t ne C: Ott,,:,,:s t rt'1lt':" cor"E!" l:·..

• ~ tne l C.t o':': u'::Jlati or, t n l c l nen c. t L!se:: p·imori l,y b.\' sho~' i n; 0:- Sl tr.j)it fr a·
: i : o ~ : :.:~.: ~t':. lc !". f r rr u"", :i~"ni:l: t1?

: r. ~ ~~ : "· f'"~. i. : i : a ~ r.ooe l o~ ~nt ''- E p" o:.esses s~oW's tt.l.: .... :' ~ r~ s ~,.t'n;tt\

~ : . =:;.~ : ! .~ cn:: ,.·..y :. ~ u ~ s L'S! :' . t nt f ·.nt ~ ' :' t tr,'l: , " eH ; 5 C.:r ~ '· l:'" i t ne st
c ! ~!':~ ,. ~\!: ~ t ·: S !'"I ::'I\"" ~S.. ,,=\' ~ :""':.:. t ~ e s!. . tnt si :':"L: i!t 'i C'~~ c! c s~:,. :·t:~slti c' D~

~ "' a: :; ~ : : ~, ' : :" O: CJ' -l at ("' 5t ' n:: c {,~s~ ~ ':: ~e"\ :. t r, t!"l~ ~'h t " . i n: "",, : r.
~P " ~ ~-S s ~:. ..es ,! ",- ; :.e p ::::~,st ..t r t1E : !;,; St r ' ~ I" !: ~ n : rt fSln: fly::Jr. ul'i c
~ c .;'! ~ : !. se: 0." : ne S"t-, r.; f:- b: i '; : !: ~c s. ~t s .

... ~ " : : ~ ., !: : ~! .... :r.!' :. ......5~ : t ~ ~ :f : :.~ : :-. f :' ·_'~ ! ::':'.i ""t-t: !'" ~ ...=,. f" !iil:

: , ; .... ~ : ~ . ; ' ' ":' H". S "' :.· \· ~·· ; ~ : : ;' P "~ "':;' . ::..:: ~ ,..: ~. :r,t ·O t .. ~! t ~ !- ~ :'"' :"" ~ ::~ r. : o·
. , :., . : -,:. : ~: : ' : r,!: " '. 0 .. :'f ~ H' : ' : l".! ::: .E!' . ; : " :' . :: :-~ i l ~ !' t :: So,.' ~ ~' :. :
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S. Belt,os, Can,d, Cent~e fo~ Inl,nd W'te~

You ~nt loned that the Ice ".. nnlng coefficient had to be Inc~eued .nth Ice
co.er thickness In order to "m.tch" the obse~.'tlons. Old you h••e obse~.,­

tions on Ice co.er thickness as ..11 as st,ge or simply st,g.?

ReplY by R. Ca~o.

The majority of the obse~.'tlons were st.ges ,t scme 18 lo:,tlons along ,
120 k~, length of the lower IItlson River. Ho.....~, In the .nnt.~s ..... ea­
plor.to~y drilling of th. foundatlons It pot.nthl d... sites ...~e done, Ic.
th1ckn.sse~ were O:>Uln.d It those slt.s. Unfortun.t.ly, fleasur.",.nt of ,n
o.er.ll ••er.ge Ice thlckn.ss ~ich could po"",lt • rI90~ou! ccn;;arison to
t h" ",. : h""'atl c.l slmulltlon could not be ot-t.ln.d be:.use th. location of
tno ;ce /•• t er int . r fa c. could not be diStinctly disc.~n.d. hevertne l es s ,
~ f\e ro u9h es-:. i r.ta:es of ice th ickness, bese~ 0:'\ these 2nel!su!"pments did sup­
;>o r: th" c. lcu1ate~ •• Iues , For ...",ple, the calcul.t.~ t hickness at th.
~~r.'les: c"~ site ..-as abou~ 9 rr... ihe best interpretation at thE cr-illinS done
:. \ ..~ r. ~ t o~ :. t; ...er-e i F" 197' s uo~e5'a'c! t tr,i c ltne s s of 7.5 r:. Tr.;s c:-i "il"lc IIil!S
=~ .,t: -r . i~~ ... lJI·i :"'.:e r l: ie!5t sir ~!' ~.s t~te~ tht i ce COot'! !' fom:e: . COl":s icer.
~ ., ; t"f cove" r.a= cor-soi ; c:! l!te r: :0 s=r.-.f' eJ':.! "t a~= ..-o!y hevf ~e". e r':):e ~ C·
S- :: : !,·~ : ~:''''~ ..-.t: tee- t " t f1 o ~" t·! !",! !:: '" , : . tt!t cer ;'c!'iso:- l;· D~l!"~ ,.~! sor·­

!~ ";f. ! "- t rr-s l-H . tnt: t>e s: e !: ': ~~!: f c". "'- . l ~U! 0' t ne ; t. t t c f"\:t :~ t ne­
::':H "'ve:. S:l~ ~ - '! S : . C's.

~ . :'''i( io.~ · rf:! :"~!. col' tn~ r h ·! ;. W".t!"t t"~ !l c : !' ;S rrlJ: h i es! ( ~ . OJ O::' ve· ...
SU!. O. ~:2~ z': i.~ "', f s : C'n ~ ) I !'I ~ y~ i C' : 1t '! !. a:-t l :)wtr , thE o~s! rw~:: s:.a9!s ..e ~e

='!s': S ~ ::.... ~ l t eoe' _1t !'. l :"', r._vz 1lJt: c.' ':,.nt. i c. e: l!~ C.C!5 t e C.CZ~. "ere, tnf S;IT'·­
L" l: e: ':'~ ! ~ i : r"'le!~ ...es nt ," ( '!, tHo:: nt i e t tnici:.n!s s fhl!l!5Ur!'"!'ler.:! W!' !"E
r c:O ':. ~ I" ~ :: te!'.~ ~~ : Ct- s,,: t,t : . ",::.ft !' o;p "" , ~ ,,, .i! ~ obvious frcr tne a::tpearanct
c# : ~t · t ~ c.tV!" (rf:t: iw f 1) s~: :: ~ . ~ ~·flC~, n~ 1ar9t p~e!SUrE ridges) that
":: - B ~..;:' " t "· ~ r: ne~ :nl! ~ ir :nf. s':.eo! :l-:r r!:t':hes upstre.m.

ft. . ~:;- :: " '50" ..~ :. t; tn~ 'r.v e !' :' C l:~ or C!!t :"' l t"~ : ;r th! l ~s: ~!~~!" { ~~ " . r :

e·,:' L";: "' ~ ~ :! ~ '10:': r"!n: ;o!": ....t:· r z. ncp c" rOJ C ".~e: s: s vz: ues ~ ..t: su::.rs s ! L: ~
~ ~ j:. . : ~,:.:r.~-, ! :lC! 1 rnoc:t i h n;. - -

=.. :.' : ;~ ! . : ~:-~ ~l ~eSE!·c: t. too: r.: f1-_.._---
... ~: : - :.~ . : ..- ' :" ,.':,t,t"~ : : ::: r - t:' ; :: ~ ~~ ~ ~,~.: r"l!5 : c· t · a: : :,;!'": ..~ ~: ~ : ·. • "~"": :t

~ •• : ; -: t P':":' . · - i :.:.-~ c ~ :"" ~P: ~~ Col : r.! !"o:.:c;.:"'....!ts.. 0 ... tn-: C:O wf''' ! r:: Vlt ~:-':.t ..~.c~
~ : ..=.. ;:- :" : " ~ : C. f - . '-- ~.le ..": .. CC"'T'! r,: O· ~~~ t'! ",..; !:! c '" ~~: t e" t ~: S i'
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In calc u'6t in; : n!' i n~ t '"' :-.e: l s:"'t'\;~ n 04' tht ..i te cove r tn! lU~ht!":',ttit ll moOe:.1
e ses

• ·r·.- ,- .

ice cover, steepest slope
rher, Includes Limestone

l oci l stHl' reach nea r estill ry
t ni nnest ice cover, lin dest slope of
t ne river

th ic lest
of the
s ite

0.05
0.015

0.025
0.06
O.Og

12.5
52.7

~1'K2 tan' • 1.5
rati o of ln er.l st ress i n tne ic e cover to tne stre..,,­
wi St stres s
coeff ic ient of fr iction of t ne ice
0.18
coeffic ient of i nt e rnal strength of tne i ce cover (reli­
t ee to O.vt lD~ment of pushe res ;sunce 01 tne fr.g",. nt rc
; Ct ..... ss)

r:'.!.x ~ r., ~ l CE s t re nc-:, t.
O ( ~ ~ 'l t : l :"Ovt -
it t o~ r.~ i t,

. ft , · Dt nS-; t y (c ' !c C.S 2)
l!:ceie r l': lon o'! ~" avi:~'

i"t tr. it r:n~s s

,,·i cr.. r: o! r i ye:- zt tria: l o:6: ; on

~.. 0 to
~. 12.5 to

~ m 52. 7 to 60
l m 60 to 71.7
I II 71.7 to 120

:..

\J

~1

tan e
~l· tln e
~2

~UCh 1
Reach 2

RU Cn 3
RUCh •
R.ach 5

W1th r.gards to i ce s trength, I Pariset Ind Hiusser ",,"-value of 1.5 ..as
usee , wt.ere
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D. Cilkins, CRREL

1I0uld you fee l confident to I~pll the ... ther.at icil nodel to tne next do-n­
strel~ powe- plant without doin9 I physicil IOdel Ilso?

. " - "

~. _:~~;:\.f~\~1~~~;:}j,;.~i;;:;' ~,:~ ~-'. :_".~~~";' ~:: .;...'-'<':.' , .: .:;. : .•'i

~~~~:
r "\~, .

Reply by R. tlr-son

xc , l/IIile OIIther>aticlI model11n9 of tce processes is stu~i1y i , .p' O'I i ns. I
do not believe it Is quite IS good as physicil model 1in. , >«licn, ~en
p-operly constructed. operated Ind tnurprete<:, Cln address tn'ee di ..ens t en­
al fiow Che'lcuristics. lne enOnllous costs of construct i on of the la'1'e
tO~~e~Gl~$ in( str~ctures an tht Nelson River gives In e:an~'c ;~cen:1ve to
use al l of t he bes t te:hn,q~s aVltlable •
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HANCINC D....'lS II' TIl!: IlANITOBA HYDRO SYSTDl

H.l. Hopper) and ~.l. aaban2

or. the Lower
aN! hanp: i n{

develop:~nt

o! i ceo jamf

The Man itoba Hydro .yst~ is pri••r ily hydro-electric with itl peak demand
ir. the coldest part. of the ..-inter ,eason. Unfortunateh- th is ti.e of the
:"o••r if characterized b~' I~Yer.) hydraulically re.tri~tive types of ice
fo:-m..:ion includin" Itatic ice. juxtaposition ice eeveee , ice jam,_ and
.... i1'inr dams .

Ti';, i!- paper discusses hanFinJ: ice dams i r: the .....nitob. S-ystu-. and the col­
l e:: i on o f data relevant to thtl' anal,"l i, of their re,ill.nce to river
:10..·.

! ;.'!' ~.: r r (l~ T&"T. unaE.r : . ... e t t.- ee Li nc ~~ moni tor h. n; j !'l~ e e- !o:-:::i : ; o r. i e
t : .. - : : ,;0 ': . Tn.. 1l'le : hC"c ~ :"! c.~. :.& ;r. j n ; c.t&. thf' f'oL:i r t-r:: u !"f'= . a "~ : !'Ip

:- ::- :- :- : ~~ . ~ tonc ("l untered e s-e Dreur;t~c fOT dist.u'uior: a t t he "' "" r ~shr • .

'. ... f" );~~. r ~ t i s nre s e nt ed o! Jl.:ucce"!'!:J~ r.""::25urer ta'ken t e ~' ~T tu,11~' fo ~i 'r".ir•• t e
;,i; :-:d :':. ; cr. fC·rr..E ~iDr. 0:" Ii sens i t i ve rea:h o! thf to.l'!'r:~"'·:,,; :" :: f' h'e- ::- ne ar
~"":~.~s .:"~. • ~:an :tobc: • ...rae r e t he p:-:'f' %".: iai IC tarinr eec Ie e e- t bt t c l eret .. e .

-. ~:-O Fci! j ':. t.an~inr ~al':' i r rhe r p? f::'" "elSDf'l RiVET . :':~ it! .. ifE'e r cor. t ht
:- : vo..:- " y !: ~er if e i seu s se e .

It. ~!' ief de $cription if preaenle~ em ice cover
';t-:'"O~ x i ve r ...hie1-. i .. attAined by tht- font.t ion
c r'! .

~. -. ':

• e r : : - :. f: \" .' ~ :- :

: . H t -~- .. ..•.e : ;. i.:E... r . . , e r ,
· '.' : :-;,

:-': ;;- " '. : . :

• " ' " . '!' :' .
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Jntroductioa

The intent of this paper i. to promote diacu••ion on banzinE ice dams and
th~ collect ion of data which are relevant to th~ analy. i. of resiltance to
r i ver flo",' .

~.nitob. Hvdro i. mon itoring and/or ob.ervin, the proce.1 of freeze-up and
break-up over a large r iver system which could IeI've as • prototype f or t he
s t udy o! th e re s istance of ice to river flov .

The collection o f f ield data i . expensive, 10 it is el.enti.l that we
obt ain and lor develop efficient way. of col1ect in, r elevant data f or t he
ana l ys is and u nde r . t a nd ini' o f the var ious phenOf!lena of i ce !orma: ion anc!
break-up.

We, at Manitoba Hydro, are not research .c ien: i s t s nor is the corpora : i on
s truc tured for r~learch. Hov ev e r . in our day-to-dey oprrat ion W~ encounter
i ce prc b Iees and t he better ou r underltand in, i i , the more lucces sf ul our
operation beeeees • Thus we invite lug,eltionl on da ta collection a nd i ts
i nu:r pr f" t a : i on. aM art prepared to f r-ee I y Ihare for ftlu tuel bene ~ i [ the
re ~u ltt o! oar wor k.

Jr. 19bt whe .. th t- e e e i s i o r. ~..a f madE' t o proce e d 1II' i t h the hVl:h :o- t-1.. r t r i ~

de ve Jopee nt c f t he ChUTt'h i l l " t ) I Of" riv e r I y~ t ~! (Fi ,.ur e ]) . ~.*, h . '" ..~,.
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a ppr eci. t ion of the pot ential problems that .iaht re.ult fra. ice formation
..nc! br~a1c -up but had no: undert ak en • comprehensive ana l y. i . o f po ten t i a l
i ce p r ob l e"'a l .

The concept o f d eve l o pmen t visualized t en .itel on the Nel l on River and
f our lit es alan, the Bur nt vood River plus t he refu tat i on o f Lake Wi nn i pe&
.nc t he d iver . i on o f • aublt a nt i .I fl ow fr01ll the Church i l l River t o t he
~. :Ion ~i. the Rat-!urnt vood ri ver IYltem. This deve lop-ent complex
i ~ : l ud .~ ~.ny different ice re,imes. each vith unique pr eble-I.

tower Sellon River

Thr i..nwe:- N:ellon river contains. 140km reach that is an example of • vide
{l ('I :lCr.: ) re la: ivel}" shallow r iver where frazil ice is l eaer.ted .101\& its
e n: i r e i e nr t h (f i,ure 2>' t ee cover i. attained by the f ormation of ice
5a-:c . ~ : ".an,inr dPls. their lublequent failure and reform ing. with the
r i ve r : ::.a:'t!li'! eventu.. l 1 ~' becOftlin@: filled with ice accumulations 6m to 12m
to i e v . 7n-:r.. ,IT o!' four no,aj or power lit es in this reach. t ve o! wh ich h ave
be e ... h;;: 1:. anc : : 1 ~ co f fe rd am cons t ruc t e d f or the thi rd. River handli ng
l'h::-i :-: ;: :'c'lflS tru : :ior. of th. Kettle Cener. tint s t at Lcn is d... e r i bee i n 8

?a~f ! ~y ~acd~n~:~ a~~ H op~er). lee procpsse s a t tht li~~rt one sitt are
~~ ! :~ i ~ ~ i i~ ~ p~ ~. : ~ .. S jm~~s e~ .n~ Car.o~2 .

~ ~ : -: : ~· ....o~ g i ve r j - ,11:-. e);rJIple o~ I. r.!:':"rcr..· river wh ich f'xpe riencec:
...· : ... t e r : i.o\o· !l i :"1 tn ~ o:-ci~ r o! 20 - ).:. rr3 / f f'!"ior to d ivers ion anC: 950 r:.3 / s
Jf~~~ :- c i ve r-s i on . 1: 10:'.10 imrera:i ve that h(.f~re d:h.. ees i en we ,ai r. lome
<iII:" ;: ! ~ . : a : H' :":: o! t !'",!' r..-= I. , \·i ~r o ~ tnt' wa:er~'2Y I e' tha t adequate' 1titif.:.io~

..... . I ~ J ~ ~ .; C't';Jlr. b.. til .....~ ... .

S: t.:~:, ,,, , ".J~~e r :. a ;· e r. !:~. Xar.i r obi Hydro an:! con~u]:..nts)* icipn: i! ie~ prohler:"
a :-C" ,, ~ ;".".: :-t-. are dc, C' u:':'l-en:e ~ in unpub l ishtoc! reports . The m~!'=t de:.ilec Uud,.·
~~ ~ t h.: c. T~ iec out by Crippen A:re f En~ intoe ~inf for ~.nitobl Hy~rc .n~ is
"'t- "-:-ri :-t ,! i :; .. ~a T · '! !' ~y f.C' pper. S i m:»r.!'=!' r. ,Inc Pou l ier3

. I ~ ~ .. : :.;' t · a r-ea e r:- ! con cer!) w.a ~ t r.t- rl!'a :t. c.t t hf r i ve r !'lC"~': nr past the
: : ::' c. : jh~~;- !I; or. ( 't"i t OJ !' t" 3 >' I t ....." prp~ icte: t~.at _ If.e jor h."~inr dar
~' -,· ~ f : ~ · !'r r~ ufi:'l; r i ver s :., ef t ha t ve r e e nr i r e Ly uns cee p t eb l e • The

. ~ ..: " "' C :';;' ~ E r: :. c f (1rf" ~ c, tr. if p=ten: ii1 cii nre: in : luct" t he construction o ~

'. !l: "' .J(: : '~ !, ,!,, i:-. .': :' ~f: :~H il: l ;ti o~ o! ar. i ce boot:'. at !'illna'a" Fe Ll s
- . .. : - ~...V' c ! 1 ;....-;-,:"... . 'Tht. e t r cc t c r e cees Ls ee of two r od· .n~

·_;, · : . f . . : . i:' ::" " i n s . l ~ !' DlJr Dn~ f" if to I wer e e ee the uprtre&t! wa t e r I eve l
- . ' : ; : .~:,, : : ~ t e p!";:)eol-e !orr:a : io:-. co! a I :.h lf: .ice e ever toE-h in:! ehe ups t rf: a!="
.~ : . : .~- a:: : t"' t.: ~ f ~ i!:" inu:f' : h ..- i ee fe :-.e :'a ':in ~ reach c ! oper. ""ater ( $o f&.

: . •· .: :' t - . . ,,_ ' f'f : ,:"i r- :. j o~. of :il~ ded,r. a :"l:! eees t rue t j e e of the c e n t r e ;
s : r ; : :' ; : oi- ~ !- c"'''' ~I. ~ :: ~C: i :-: I. ~1;"Er :: r i ~~ :' e e =:", Jar.ze r. ani ~u lul.L.

.: :' :" f '
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accuratel,· r efeeeeeee t o e :l'i s l i nr c r o ss sect ion s
sho ul d b~ e s tab ] i s h ed whe r e prof i le. cannot be Te- -

, . ... . ~

Honitorinr Prob l ems

Test ee c t i on! shou l~ bf.
and laur e l . Benchmar k F
l a tee tc known fau~es.

\:f ne ve no! been a b le t c obtair. 1nean i nrful me aS UTe1fte nU o! slush i ce- eee­
s il y anc P~TC!: t y . ~U CC~$~ is l i~it~c ~in ly beC.U6~ of th~ di ffi cult y in
ob t ,;;ininL unc it::~ ut"be:.! ~~plf'£. ....ne r. ,;; 's a" r h if extr.cte~ its pr ope r-t i es
choll n'f .hI" C6: ir.rn~': i~ t t' i.:,· it: t he eb e r a e r e r i s t i e l ub- z e r C' we a t he r . 1ranF­
f e:"r i nr :("1 in s \: ~ . t e: eeet e i ee r r !01Ttht'T ciHurb~ t h fo "ampl e ! a nd ena keF e
r e e Li s t i c a:oaj,'!i! diff icul t . SUC: E' ! ! ir. o~lein inr cien Fi : :,' anc! par o s i t y
e.e e svr ee..e n t s if. !urt hfl :" 1ir.it~c t' :: [:',,. fae :: t ha: onl ~' t h f' t cr- Le ye r C' ! t be

f er PT6C: il:c ! ft." ,:,:':.! d e f ~ r. i :: io: . (·1
fo ll o.· ir. ; l bTf'f ee t er e e i e s .

Consol idated i ce th ickne l s,
Hea vy slush ice thickness,
Liaht slush ice thi ckness ,

- Sn~ cover th ickness.
Deopth o f ~ater.

Static vater level and i ce level .
~at e r velocity profiles under the i ce ac cumulation .

: . r ::~ ;.. "': :t. : : :.c :

• ater surface pro f i leJ are r equired f r om a po in t up s t ream t o a po int do~~­

& t re~ co! ea ch apparent con& tri c t ion . Measurements I h ou l d be I pa: ed a t
150: t o 500m inte rvals . Eleva t ion s shou ld bto t ak en a t each of th ~ .~le:ted

i c~ &u rv~y se:ti ons .
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i : ...· n t i $r' '' : ~6 . st ee ; ~Toht t ~ ; l: : t.Z ! f·: ~ n :f":! en :!! ...·i t " E ~('l :"' H :Ocr :.!
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j -r cbe n: l ,.~ ~e :" h a! U' ;"ot ~olJn': e- :: :' h T ':. ;'; ;: ~ t nr 6 :' :' l:~:; jl: i:" :..

"c. :' :"I F C' l i t a l e~ Lee" i ll iden: if ie.:! a ! t hf- Foli~ llurfa:e; Laye r ,
e-e t res : n ic t. . .. ~.i c'" ~.:s: b( pi"nE: : T. ~4!': ~' i t t 2 00;; I ee a~r f' r . I ' I! :-t
. ' ';;: E: :- in : h i, ] . :,,~r . r F u c: :l~ t hi l , :,;:- f"tt- :" 'er i f T Pl.'!~ ~ . !".:
~i : ~ sil t- l i ~~ i~pur itief th,, : l en~ t~ t u l : aur~r b:.~ f' l.
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~"~~£ i ~ o!:e r ~ ~Tot :P= re:rj~~in~ th~ pT~bt t~TOU~~ th~ th ic~Fr depos its
c : i n :' t : a U f: fo i : t e r-d s t~ f r eeee ira . l~ m,a :'1 ~' c as e s t h ~ 3~ . ircrat~ eac h
us~~ tc s ~!pent Lil~ prab~ ha! fa !l~d i~ ten~ io~ ~ ur i n~ r~ t r iev~ ! at tempt s .

Sno~ ccve~ thjckne~f rn~~5~rements art s trai,ht forwarc ~ith or.l y ~inoT co~­

p : i :,a~jC'!,: ~ intrC"lcuce~ by drif:inr. and irrefulliri t y of the i ee s ur-f ae e ,
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