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HBlA. EJASCfD SUSITNA JOINT VENTURE 

MEMORANDUM 

LOCATION Chicago Office HHC,e 
DATE Apr i 1 2 0 , 1 9 8 4 

TO FGD, AEA, MPS, NUMBER -------------------------

FROM H.W. Coleman 

SUBJECT Winter Power Operations 
B.C. Hydro-Peace River Experience 

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. Reference 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 are 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. 

3. 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. 

4. 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. 

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 
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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. 

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

Factors other than power releases can be more important, suc h as 
dev~lopment of intervening flow from snowmelt, effect of 
tributaries, and rate of warming o f air temperatures. 

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 hold steady until the front is 
downstream of the sensitive area. 

8. For Sustina, our basic problem is that we don't have a specific 
sensitive area, but rather the entire river more or less, since 
the fishery is the primary environmental concern. 

Visit to Peace River Town 

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 ic~ 

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. 
A•irault emphasized the importance of the Smoky River, which 
enter r t he Peace about 6 km upstream of town. If the Smoky breaks 
up pri o r to the Peace, jamming will occur in town. (Reference 3, I 
p. 15). This occurred in 1979 and raised ice levels within 0.3 meter1 
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. 

I 
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In fact, all high stages 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 discharge varying daily from 
as high as 1900 m3/sec to as low as 900 mJ/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 Jauuary 9, 1982. 
However, because power demand was high, and an attempt was being 
made to "set" 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 early March, after 
B.C. Hydro releases were decreased to about 1000 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 massiv~ 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 condition and stage, was 
that break-up flooding this year will be no problem. However, 
it has ~ en demonstrated many times that break-up predictions are 
notoriou s ly unreliable. 
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Visit to B.C. Hydro, Vancouver 

On Thursday, April 5, Wayne Dyok and 1 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 Lea Parmly of the Hydrology Section. 
They are in charge of monitoring river conditions 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 km. From here it joins 
other rivers, ultimately the Mackenzie River, 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 (PMD), 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 sy~em load and Mica about 
25% (Reference 5). PMD 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 
upsttJam progression with PMD has been to the town of Taylor, B.C., 
about 125 km downstream of PMD, 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 i n 
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, PMD 
should be fluctuated as auch as possible as long as the ice front is 
well upstream of PRT. When the break-up front nears PRT, PMD 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 ~ver 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. 
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2. The ice front retreat (meltout) at Clayhurst Ferry was probably 
encouraged by the flow fluctuation. 

3. The ice-water surface at Dunvegan and PRT responds to the flow 
fluctuation, but the rapid fluctuations are dampened. The ice 
cover floats up and down without substantial break-up in these 
areas, except for shore-fast ice. 

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. 

Meeting with Alberta Environment, Edmon,on 

On April 6, 1984, I visited with Gordon Fonstad of Alberta Environment 
in Edmonton. He supplied me with three reports (References 3 , /0 
and // J in addition to the 1981-82 Ice Observation Report he sent 
previously (Reference 4 ). We discussed 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 effort~ 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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FRF.EZ£-UP FLOOD STAGES 
ASSOC IAT£0 WITH FLUCTUATING 
RESERVOIR RELEASES 

C.R. Neill, Northwest Hydraulic Consultants Ltd., 
4823 - 99 Street, Bd.anton, Alberta, T6E 411 

o.o. Andree, Alberta Research Council, 
4445 Calga r y Tr ail South, 
Ed111011ton, Alberta, T6H SR7 

ABSTRACT 

Recent studies for hydropower developMent In northern Canada have 
given .,ch attention to the potential effects of flow regulation on 
the winter regh1e of rivers, including levels and thlcllnesses of lee 
accu.,lationa during freeze-up and breallup. Generally, increaaed 
flowa during freeze-up reeult in higher, thicller lee covera ln early 
winter. Fluctuating tlowa NY detrl-ntally affect the atabllity of 
ice oovera, particularly in the period juat after freeze-up. 

AbnorNlly high ice-pacll levela occ•·rred at Peace Rlver town in 
early January 1982, asaociated with , particular COIIbinat .::ot of 
weather conditione and fluctuating rel ;aaea 400 II• upatrea~. ·11\e 
water levels reaulting fro. conaolidatlor of a freah accu.,la t ion tYl~ 
of ice cover al.aat overtopped flood dillea that had been conatructed 
•~ ten year a ear Her. Analysis incUcatea that the phena.ena were 
asaoclated with an unusual eotlbination of a thin lee cover for-d 
rapidly in late oecellber and a auccesalon of dlacharge fluctu.atlona 
over the ChrlatNs-New Year period. Ulllng field observations of water 
levels and lee thicllneasea, it has been possible to reconatruct an 
a~oxl .. te history of the chaln of events and to analyze the 
phen~na in ter• of r.lver lee •ec:hanlca. 

INTJIOOUCTIOIII 

'l'be Town of Peace River la located on the banlla of the Peace 
River ln northern Alberta, a~oxl .. tely 400 II• below a hydroelectric 
developMent co.pleted by British Colullbla Hydro and Power Authoclty in 
1972 (Figure 1). Regulation of the river by Bennett O.• has increased 
winter flowa at eace River town to appcoxt .. tely 4 tl•• pr .. loua 
natural flows, a1,d has consJderabi y altered ice conditions in the 
river. our lng a late free-:.e-up period at the beginning of January 
1982, coincident with notable fluctuations ln power de.and and plent 
releaaes over the holiday period, record high freeze-up levels 
occurred at the town . 'ftle purpose of thla paper Ia to deacribe the 
aequence of eventa and to analyze the lee levels ln ter .. of present 
underatanding of rlver ce hydraulics. 
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rlpre lt IDeation Map 

IACitGIIOUND 

!be poaalblllty of floodln9 due to lee ja .. ln9 durln9 breakup haa 
alwaya been pceaent at Peace ltlver town. Since COIIpletlon of the up
atrea• worka ln 1972, howaYer, freeae-up level• and winter lea levela 
have bMn notlcaably hl9her than before. Alao, hl9her breakup l"ela 
than any pravlou•ly recorded were experienced ln l97l, 1974 and 1979. 
After the 1979 breakup eaparlanca, dlke• built to pcotect the lower 
parta of the town a.-lnat •u .. ar flood• were ral•ed by approal .. tely 
l • to pcovlde for lee-related flood•. P'I'Mae-11p level• eapar lencad 
in January 1982 were •everal .. trea hi9her than any prevlou•ly eaperl
enced, and al-t reached the rec<.rd breakup l"el of 1979 (Fl9ure 2). 
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Figure 2a View Upatreaa Towards Highway and 
Railway Bridges, February 1983. 

Between 1972 and 1982 several studies were -de of ice probleas 
at Peace River (Nuttall, 19741 Andrea, 1975, l978r Acres, l980J carson 
and Lavender, l980J Davies at al, 1981). So•e of these studies were 
directed aa1nly to breakup conditions, others considered freeze-up and 
winter levels associated both with present conditions and with a con
teaplated future power project at Dunvegan, approxi-tely 100 ka up
streaa (Figure l). In the study by Acres (1980), a c011puter alaula
tlon prograa vas used to predict water and lee levels at Peace River 
town for various operating scenarios of the Dunvegan proposal. Field 
investigations vera conducted ln the winter of 1979-80 to assist the 
slaulatlons. Another reported study (Keenhan et al, 1982) was 
concerned with freeze-up conditions at Taylor, approxlaately 300 ka 
upatreaa of Peace River town. 

'rtle question of effects of hydroe1ectr lc projects on r lver lee 
conditions has received 1111ch attention elsewhere in Canada in recent 
years, especially in connection with northern develop~~~ents like the 
Churchill-Nelson ayatea in Manitoba, the James Bay project in Quebec, 
and a conteaplated develop.ent in northern Br itiah Coluabia vhlch 
would iapact on the Liard-Mackenzie River ayate• all the way to the 
Beaufort Sea. 'rtleae projects are referred to in papera by HOpper et 
a1 (1978), Michel and Dcouin (1981), and Parkinson (1982). Several 
organizations have developed c0111pu ter progr ama wh lch ala to alllllllate 



• 
lee for .. tlon, transport, freeze-up, thlckenln9, and breakup on a .ore 
or leas continuous basis, takln9 into account both ther .. l and hydro
•chanlcal processes. (Moat nu .. rlcal .odela orl9lnate ln part fro• 
the St. Lawrence River atudlea reported by Parlaet et al (1966) .) 
These .adele have been applied to aaaeaa the l~ct of future develop
•enta by callbratln9 wlth natural data and preUctl"9 with altered 
hydrol09lc and ther .. l re9l .. a. Considerable uncertainty exists, how
ever, about the for .. latlon of •any ele•enta of the lee re9l .. , aa 
dlacuaaed by Cle•nt and Petryk (ltiO), Calkins (1981) and Michel 
(1983) . It is there~re l~rtant to analyse experiences such aa that 
described herein. 

HYDROlOGIC AND Mei'BOROLOGIC FACTORS 

The Peace River has been 9au98d at Peace alver town since 1915, 
with a 9ap fro• 19)2 to 1957. The •an flow la approd .. tely 1800 
•3/a . Winter flows under natural conditions were •oatly in the 
ran.- of 200 to 500 •3/a, but under r-.ulated conditions since 1972 
have ran.-d .aatly froa 1000 to 2000 •3/a (Figure 3). 
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'ltle river ill located at the botto• of a deep postCJlacial valley 
with narrow fraCJ.entary terraces. At bankfull conditions the channel 
width is about SSO • and the depth about I •· 'ltle slope is approai
•ately O.lS •lk•. 'ltle bed is of CJUVel, overlylnCJ shale at approal
utely 5 • depth. Banks are of CJravel overlain by silt, with rock 
outcrops where the channel abuts the valley valls. 

Under natural conditions freeae-up usually occurred in early 
llovellber, and breakup in late April. Under recent reCJulated condi
tions freeae-up is delayed until Decellber, or even early January as in 
1981-82. Mean January te•perature is approal .. tely -20~. M in 
other re9ulated northern rivers, the lee cover for•• by upstrea• pro
C)resslon of arrested lee floes ln a process lnvolvinCJ both juataposl
tion and shov inCJ. In the January 1982 event, a thIn ice cover that 
had for .. d throuC)h the town only a few days ear Her, consolldated 
abruptly by shovinCJ fro. upstrea• and rose to an abnorully hiCJh level. 

SI!IQUBII::B OP EVENTS DBCBMBER 1981 - JANUARY 1982 

An approxiute sequence of dlscharCJIIs, water levels and air 
te•peratures for the period Decellber 15, 1981 to Pebruar:y s, 1982 is 
illustrated ln Pi9ure 4. An lee cover be9an to for• on the lover 
river early ln Decellber, but because of relatively •ild weather ln 
•ld-Decellber dld not reach Peace River town until January 2nd, when 
the water level rose abruptly by 2.1 • at a dlacharCJe of approxl .. tely 
1100 •l/a and a te•perature of about -l~. Within the neat few 
days, the tel!l~oerature dropped to nearly -•~ and the discharCJIIa 
dropped to be Olio' 1000 •l/s as the effect of the New Year holiday on 
reservoir releases ~nlcated itself down river. A thin cover 
therefore prOC)ressed upatrea• very rapidly. By January 5th the head 
of the cover had reached a point 81 k• upstrea•, where water levels 
rose 3.1 • at a dillchar9e of 1200 •l/s. 'ltle head of the cover had 
prOC)ressed upatrea• at a .are or less con11tant rate of 0.30 -ts, 
riiC)ardless of fluctuations ln dlscharCJII durinCJ this period8 • 

Between Peace River and Dunvegan the average rise in sta9e 
associated with the lee cover for•tlon vas l.l •· With an averaCJII 
channel width of SOO • and a .. asured celerity of 0.10 -ta, n.early 
500 •3/a of flow vas therefore being continuously abstracted into 
8tocage, probably reduclnCJ the discharge at Peace River to a •ini-• 
of about 500 •3/a on January 4th. 'ltlis caused the ataCJII to drop 
about 1.1 • (Pl9ure 4) fro. the peak associated with ice cover for-
tlon. 

On January 7th, after the ice cover had prOC)ressed so.. distance 
upstrea• of Dunvegan, rapid increases in discharge resulting fro. 

a Personal Ca.MUnlcation, ~. Carson, Acres CoosultinCJ Services Ltd. 
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reeu.aptlon of nor .. 1 p:»wer output at Bennett Daa a day or two earlier 
were followed by a aaeelve conaolldatlon and thickening of the new lee 
cover. A 9-• high ja• for-d U k• below Dunvegan, but failed after 
about 2 houre. A eurge of lee and water then aoved downetrea• 
(f'onatad, 1912), reaching Peace Rlvell' at lOalO p.a. (Figure t). 'ftle 
etage rose abruptly by about 3.5 • to an elevation of 311.15 •• ea.e 
l.t • above the prevloue etable lee cover and only 1.5 • below the top 
of the flood protection dlkee. Nlthln 2 houu of the peM the etage 
had dropped by 0.60 a, and after about 36 houu lt had dropped a 
further 1.15 • to an elevation of ll6.t a, where lt re .. lned aore or 
leee conetant for the reet of January. Liter aerial lnapectlon indi
cated that noticeable conaoUdatlon of the lee eur face extended to 
about 10 ka downetreaa of Peace River. 

i 
i 
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On January lth, 12 hours after the peak at Peace River, the head 
of the cover was observed to be only 40 k• upetrea• of Peace River, 
readvanclng upetrea• at a rate of 0.11 11/sb. Thh rate was .. tn
talned at least until January lOth. Between then and January 14th the 
cover advanced very alovly, probably due to war .. r te~raturea 

(Figure 4). On January 14th lt reau .. d proqres~lon upatrea• at a rate 
of 0.11 11/a, and the head passed Dunveqan again l n the night of 
January 15th-16th. tilth a dlacharge of about 1700 •lta and a •ean 
dally te•perature of -25~, the local atage r lae at Dun•ecJBn waa 
4.7 •• 

If a atage rlae of aay 4.0 a wae typical of the eecond lee front 
advance between Peace at•er and Dunvegan, the dlverelon of flow into 
etorage, for a celerity of 0.11 11/a, would have been about 
160 •lta. fte al-t constant water level at Peace alver froa 
January lOth to Jlat aii9C)eata that the lose to storage waa aore 01 

leaa constant over that period, since outflow• froa 8enMtt Da• were 
•alntalned at about 1100 alta. ftle flow at Peace alver -uld then 
have been about 1340 alta. A tlater Survey of Canada -aaure .. nt on 
February Znd (Figure 4) aoce or le5a conflr•• thla Interpretation. 

MEASUIUIIIBNTS OP ICB COVBa ;.~ HYIJUWLIC CHARACTERISTICS 

Aa aoon aa poaalble after the conaolldatlon of January 7th, high
water Mrka, water lavela, and lee thlckneaaea were recorded. A high 
water profile and the edatlng water level profile -re obtained on 
January 13th, and tee thlcllneaa aeMure .. nta were ob _alned over the 
following week. Due to the very cold condltlona and the rout~' lee, a 
full coverage of lee thlckneaa -aaure .. nta could not be .. de. Row
ever, theae data -r• later augaented by aeaaurlng the thlcllneaaea of 
shear walla aa revealed during br .. kup ln April 1912 (Pi~r• 5). 

The winter .. aaure .. nta indicated a relatively conaiatent thlck
neaa below water level of froa l.l to 4.2 •• although ln aoae loca
tlona the value waa aa low aa Z.J a. The cover appeared to be foraed 
prl .. rlly froa fraall aluah ln which w~ce e~dded lee floea originat
ing froa broken border lee and froaen crueta of fraall pane. fte 
border lee ranged froa 0.5 to 1.0 a ln thlcllneee and the froaen crusta 
were ln the order of O.J a thick. The ..... _ lee height along the 
bank waa fraa 0.9 to 1.5 a above the January ll t h water level and aore 
or leaa correaponded to the Mxlaua water lev•l aaaoclated with the 
lee cover conaolldatlon. ftle perceived averaqe lee aurface on the •ay 
of survey waa generally froa 0.2 to 0.6 • above the water lavel1 _..ere 
shear linea were evident, lee had pushed up at least 1.6 a above the 
water level. 

b Personal Coaaunlcatlon, R. Carson, Acree Coneultlng Services Ltd. 
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Ice thickness ~~~easureonents were also ~aade at breakup following 
the passage of the lee front, vhen 11111ny of the exposed shear walls 
vece still intact (Flguce 5). Most of the shear walls were about 4 m 
thick. The reliability of these ~easuce~nts ts not as great as foe 
the winter .easure~~~ents, but they generally substantiate the latter . 

--~'J - .. .. ~ 

Figure 5: Shear Walls Indicating Ice Thickness, ~prll 1982 

Open-water hydraulic characteristics were evaluated from thlrt~n 
channel cross sections and thalweg profiles surveyed in the summer of 
1982. Theae indicate that upstreaM of Bewley Island (Figure 6) the 
channel is relatively uniform. Both the bed and water surface have a 
.aan slope of 0.32 m/k• (Figure 7). The water surface slope with lee 
cover also parallels the bed slope, as do hlghvater Marks fra. the 
flood wave that accompanied lee cover consolidation. When Measured 
i ce thicknesses are plotted on the profile, the Mean line for the 
ice/vater interface also has the same slope. This suggests that ~re 
or less uniform flow prevailed for all three Measured conditions. 
~verage hydraulic characteristics as analysed for the surveyed 
open-water and steady lee cover conditions are su~rised ln Table 1, 
and typical channel cross sections are illustrated in Figure 8. 
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Table l1 Su..ary of Surveyed Average Channel Characterletlca 

Characterlatlc 

Discharge, 0 (~/a) 
Top width, II (Ill 
Flow Area, A (~) 
Mean Depth, h (11) 
Hydraulic Radlua, R, Ro (11) 
Mean Velocity, V (-fa) 
Sub~rged Ice Thickness, t 8 (11) 
Manning Roughness nb, n0 

Open Channe 1 
(SUIMI<!r 1982) 

1270 a 
520 

1350 
2 . 9 
2.9 
0.94 

0 . 0)2 d 

tee Cover 
(i..ate J11nuary 1982) 

1340 b 
555 

2040 (be low lee) 
).9 
1.95 
0.62 
4.0 c 
0.041 d(co11posltel 

Notea1 a 
b 

Measured at Peace River, l ess Smok y River Inf l ow . 
Reservoir releasee leas abstrac t lons to storage fro11 lee 
front progression. 

c Mean aubiiBrged thlckneae for ceach . 
d CollpUted with a watec surface slope of 0.12 11/kll. 

- -_ ... 
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I 

- ~ - -'-- - -'----' - - - -_..., 

l I .. 
i 

J 
I 

-. ..... 
Figure 81 Selected Ccos s Sections 



12 

A~LYSIS ·-
Discharge Variations 

Following the failure of the ja111 downstrea111 of Dunvegan on 
January 7th, appr.oKimately 100 kill of river ice was consolidated into a 
length of about 50 k•. Factors contr ibutlng to the subsequent high 
stage rise at Peace River include the initial surge of water froM the 
fa ilure of the ja111, the increased dhchareje due to release fro. 
channel storage, and the increased ice thicknesses with in the con
solidated length. It is believed that the aajor flow increase during 
the consolidation was due to release froa channel storage as the 
length of ice-covered river was shortened. The au'iJIIM!nted discharge 
also transported the broken ice and was responsible for the increased 
thickness of the accu.ulatlon. 

The e•tre~~ely rapid stage rise suggests that both the dlscharge 
and lee thickness were increasing during this period. However, with
out knowing how either variable changed, the e•act tlae of maKl.u• lee 
thickness or peak discharge cannot be deter111ined. It seeMs reasonable 
to assuae that the •ad-..• thickness was achieved at the peak gauge 
height and that this also defines the Uae of udMUII discharge. 
Following the peak stage the ice thickness re.alned constant, and the 
reduction in stage was due to a reduction ln discharge. 

The discharge at the peak stage cannot be deter•lned reliably 
froa the gauge height records because the thickness and the roughness 
of the lee cover are unkown. However, if it ls assuaed that thickness 
and roughness re111ained constant between the peak of January 7th and 
the thickness 111easureaents of late January, then the peak dhcharge 
can be esti.ated fro• the aeasured highwater urks as recorded and the 
overall roughness under ice cover as sh~ in Table 1. Using the saae 
c:o~~~posite roughness of 0.041 and a aeasured aean depth of 4.9 11, the 
peak discharge of January 7th was estluted to be 2000 •l/s on the 
basis of steady unifor111 flow. This is so.ewhat larger than the routed 
releafte fro• Bennett Dalll, eatiuted at approxiutely 1600 al/s 
(Figure 4). 

A crude appro•imation of the peak discharge can alao be 111ade by 
consider lng the conservation of voluae during the consolidation. It 
can be estl~~ated that approxiutely 1 • depth of stored water was 
released fro• the 60 k• of river upstrea• of the consolidation, 
producing an inflow of ll x 106 al into the 40 kill iMmediately 
upstreaM of Peace River. Within this 40 kill , the additional roughness 
of the thickened lee cover increased the depth of flow by about O.J 111, 
which reduced the additional voluae passing Peace River to about 27 x 
106 al. Gauge records suggest it h reasonable to assu- that the 
flood wave last~J fro• 8 to 12 hours 1 corresponding to an increase in 
discharge of fro• 600 to 900 •l/s. This, when added to a 
1200 •l/s base flow, results in a peak discharge esti~~~ate of 1800 to 
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2100 m3/s, which agrees reasonably well wi th the ma xilllllM d i s charge 
as estlaated above fro• hydraulic considerations. 

Ice Cover Stability 

Thickening of a river lee cover can occur in t wo ways: til by 
hydrodyna•lc instability at the advancing edge o f the cover, whereby 
arriving lee floes are carried underneath the edge, and (11) by 
mechanical instability within the cover, whereby hydrauli c forces 
c11use it to consolidate and th icken. Fr0111 the nature of the events 
observed on January 7th, it is appar en t that the second case applies. 
Various equaticros have been presented for analysis of this type of 
condition. That by Uzuner and Kennedy (1974) can be written in 
.adified for• as1 

Ill NRti''!S + NtrtgS •rri (l- st)'!t2 + 2Ctt 

where W is the etrea11 width, Ri is the hydraulic r adi us associated 
with the ice cover1 P• the density of water, 9 l e the a ccelerat ion of 
CJravity, S h the channel elope r t is the lee thickness, Pi is th1o1 
density of lee, ,... is a dimensionless eodficlent of interna l 
friction•, si is the specific CJravity of lee, and Ci ls a cohesion 
parameter as discussed below. 

The ten•s on the left-hand side represent the shear force per 
unit length on the botto• of the cover plus the downstreaa ~ent 
of the weight of the cover . The t erms on the right-hand s ide repre
sent the resistance of the cover due to internAl fr l ction plus the 
resistance due to cohesion. 

With rega r d to the cohesion para--ter Ct in flq uat ion I l l, 1 t h 
i•portant to note that the equation was developed for an uncongealed 
accu11ulation of ice floes where Ci represents a • soil •echanics• 
type of cohesive strength as in the Coul081b-l't:lhr reh t.lonl'lh lpa , nd 
not a shear strength of solid lee. The rational e for u ali'ICJ flquation 
Ill to analyze the Peace River consolidation is that the thin surface 
freezing, estlaated fra. observations to have been about 0.3 • thick, 
is assuMed to have been effectively destroyed by f lexing of the cover 
under the action of surges and unsteady flow. If, as sugges ted by 
Beltaos (1978), Ct is taken as approd1111tely 100 Pa, the cohe·don 
ter• is then •uch less than the fclctlon tera and c an be neoC)lected. 
With p • 1000 kg/a3, r i • 9 20 kCJI•3, g 9.8 ll/s2, and s1 
0.92, equation Ill can be reduced to1 

121 j4 • 12.S SW(l + Ri/0.92t)/t 

)"- • CoCl-p) where c 0 is uzuner and Kennedy's •shear atre • 
coefficient• and p it porosity. 
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To apply Equation Ill, the hydraulic radius Ri associated with 
the ice cover is co.puted froas 

Ill 

where ice rouqhness ni • 12n0 l/2 - nb l/2)2/l 

Applied to the Peace River c<>nsolidatlon with nb • O.Oll, n 0 
• 0.043, and therefore ni • 0.051, Ri is found to be l.l •· Equa
tion Ill then qives an internal friction coefficient )A• 0.9) for a 
total ice thickness of 4.1 •· 'nlis is within the noraal ranqe of 
values of y. coaputed for breakup jaas (Beltaos, 1978), which suqqeste 
that aassive consolidations occur so rapidly that the effects of 
downward freeainq can be neqlected in estiaatinq levels and 
thicknesses. 

CONCWSIONS 

(1) 'nle unusually hiqh ioe accuaulation staqe at Peace River on 
January 7-8, 1!1:2 resulted wher. a rapid increase in discharqe 
broke up and consolidated a thin new ice cover, that had for~~ed 

quickly very late in the season under very low teaperatures. 

(2) 'nle ic• cover consolidation led to accuaulation thicknesses of 
soae 4 • over a oonside~able lenqth of river, and was accoapanied 
by a flood wave as water was released froa storage in the back
water aone at the head of the previously advancinq cover. 

(lJ Analysis of steady conditions as observed a week or two after the 
abrupt consolidation indicated an overall hydraulic rouqhness of 
0.041. 'nle rouqhness of the underside of the ice cover was 
estimated as approxiaately 0.051. Applied to the peak staqe 
conditions of January 7th, this yielded an estiaate foe the peak 
dischar;e at Peace River of 2000 alta, approxiaately 50 percent 
qreater than ia.ediately precedinq discharqes. 

(4) Analysis of the hydraaechanical stability of the consolidated 
cover, neqlectinq cohesion, indicates an internal friction coef
ficient )A of approxiiiBtely 0.9, siailar to values reported for 
ice ja•s under breakup conditions. 

(51 It is believed that the infoc.ation presented herein constitutes 
an interestinq docu11entation of a severe freeze-up accuaulat ion 
aasociated with stronq discharqe fluctuations, providinq reason
able definition of hydroaechanic para-.ters without the need for 
aanipulation of both thickness and rouqhnesa. 

- - -
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ABSTRACT 

Phase change produces some of the aost draaatic volu•e and s trength 
change effects on sotls in cold regions. Numerical solution t echniques 
provide powerful tools for analysh of 1·eal-orld heat flow proble•a. In 
our engineering practice, we have found a tvo-di•ena ional finite-ele111ent 
co111puter program called "DOT" (Deter•ination of Temperature) to be 
particularly useful. Capabil it ies of the progra111 include an abtl ity to 
handle transient aa well aa ateady- atate problema , arbitrary geoMetries , 
inhomogeneoui materials and non-unifor• initial temperature distributiona. 
Eumple applications of the DOT proRra111 desc ribed in the paper include 
caicullltion of thawing around a van. pipeline in permafrost, thawi ng 
around vara oil vella in permafrost (including the influence of a 
convection surface), an~ frost penetration aa a result of place•ent of 
gravel fill in shallow seawater on the arc t i c coast. Limited data are 
presented co111paring predicted and •easured thav for one of the e•&~~~plea. 

lNTRODUC ON AND BAC~GROUND 

Phase change produces some of the moat dramatic volume and strength 
change effects on soils in cold region& (aee Anderaland and Anderson 1978; 
Johnston 1981). Thawing of initi a lly-f r ozen ao f la results fro• an 
inc~~aae in the aoil temperature. Thla i ncreaae can result fro• (l) a 
surface disturbance such sa strippi ng or co•preasion of the tundra 
i nsulating layer, placement of a gravel pad, or concentration of aurfaca 
runoff (thermftl erosion), or (2) introduction of a heat source such aa a 
wa rm pipeline. This thawing Ia acco•panied hy so i l consolidation 
(expulsion of excess pore water) and a decrease in soi l shear strength. 
The a111ount of aoil thav strs in increases with soil ice content and soil 
shesr strength is least before excess por e preaaurea have had an 
opportunity to disaipste. 

f oundstion settlement 
over the depth of thaw. 
r educed dur i ng pennsfroat 
potentisl failu r e surfaces 

fa calcuhted by integreting t he thav s train 
Foundat i on besr fng capacity may be greatly 

thaw as fa availsble resistance to sUdin& on 
in sloping ground . 
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ABSTRACT 

The report is based on an evaluation of river 

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 break-up, 

conducted before the fact. 

It is concluded that high freeze- up stages were 

caused by a combination of la te 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 stages 

comparable with those of other recent high years, but that 

overtopping of the town dikes is unlikely. 

( 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 wi th River 

Engineering and Al herta 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 ard 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 g r eater 

quantities of ice, and apparently increased frequency of 

hig h 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 p rotec t 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 198 2, unprecedented high free'Ze -up 

levels occurred when an initial ice cover only a few days 

old consolidated abruptly through the town. The dikes 

were n t 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 

dur _ spring break-up in April 1982. 

1.3 Previous Studies Reviewed 

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 analy'Ze the 

causes of the 1982 conditions, previous documents provided 

by River Engineering Branch and others were reviewed. 

Brief notes on these 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 analy'Zed 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 

uneventful. 

considerable 

again taken, but break -up proved 

The report analyzes conditions in 

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 leve . 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 , 1 9 8 0 • 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 

co nsolidated stage-discharge plot for Peace River 

under open water and ice conditions, including both 

fre e ze-up and break-up data. 
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Davies, Deeprose and Hunt, 1981. A Joint 

A1 berta-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, 

covering 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 previous ly released documents, 

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

River Engineering Branch covering he freeze-up events of 

January 1982. 

1.4 Consultations With Others 

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

Engineering Branch, Mr. D. D. Andres of Alberta Research 

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

Gerard of the Unive~sity of Alberta, and Mr. S.T . Lavender 

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 River are quoted here in metres above 

Geodetic Datum. For heights above Water Survey of Canada 

gauge zero, deduct 304.8 m. Discharges are quoted in 

m3; s. 
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2.4 Inferred Causes of High Freeze-Up Levels 

In considering the hydraulic causes of the high 

freez~ -up water levels of 7 8 January 1982, the 

following points appear mos t significant : 

1. A relatively warm December combined with 

relatively high releases from Bennett Dam had 

delayed complete freeze-over at Peace River until 

1 January or so. 

2. Very cold weather in the first few days of 

January enabled an initial thin accumulation 

cover of frazil pans to ~dvance rapidly upstream 

to the vicinity of Dunve;an. In the middle of 

this process, discharges arriving from upstream 

were sudden l y 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 4 00 

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 abo~t 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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3. PROJECTION OF BREAK-UP CONDITIONS 1982 

3.1 Past High Break-Up Events 

Examination of previous studies referred to in 

Section 1.3 shows that high break-up water 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 nd Smoky Rivers 

upstream. According to the Joint Task Force (Davies et 

al, 19 81) : "If, 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 

Smol<y 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 104 5 feet 

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

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 maxiuaum level~ were 318. 6, 

(1979), 318.2 (1973) and 317.5 m ll974). 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-of-dike levels appears to be 

a The 1979 level was only about 0. 3 m below the top of 

the dikes as they existed at that time, befo . e tn y 

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

years, maxim~m rises above 5-day pre-break-up levels 

ranged from 4.1 to 4.5 m. (On 27 April 1982, with Peace 

Ri ver ice broken through the town but Smoky River not yet 

broken up, water level was reported as 314.2 m.) 
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Rank 

1 

2 

3 

TABLE 2 , DATA FOR THREE HIGHEST BREAK-UP 

FLOODS AT PEACE RIVER 

Date 

30/April/79 

12/April/73 

20/April/74 

5-day 

Pre-Breakup 

Elevation 

m 

314.1 

3 3.8 

313.4 

a 

Maximum 

Elevation 

m 

318.6 

318.2 

317. 5 

Maximum 

Stage 

Rise Above 

Pre-Breakup 

m 

4.5 

4.4 

4.1 

17 

Approx. 

Breakup 

Discharge 

at Peace 

River 

m3;s 

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 bu t Smoky River not yet broken up, water elevation at the 

gauge was reported as 314.2 m. This 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 
' 

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, 

break-up s tage-discharge diagram based 

with added data after 1974 from the 

Figure 5 shows a 

on Nuttall (1974), 

Joint Task Force 

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

diagaram, a discharge of at least 3300 m3 /s 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 m3 /s 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 

Ri ver discharge, tt.e 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 Watino were about 1600, 600 and 400 m3 /s 

respectively. For a Smoky River discharge of say 2000 
3 m /s, upstream Peace River discharge would therefore 

have to be restricted to about 1000 m3 js (35,000 cfs). 

If c . Hydro re lease was 1000 m3 /s, local inflow 500 

m3/3, and Smoky Rive r flow 2000 m3;s, the total of 

3500 m3 /s at Peace River might just reach the top of the 

dikes. 
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It appears advantageous to induce Peace Ri v e r 

b reak-up before Smoky River break-up. Th i s implies that 

upstream Peace River flows should be kept as hi g h as 

possib -_e up to say one week before expected Smoky River 

break-up. 

3. 3 Break-up Reconur.endations 

The following summary of recommendations was 

contained i n our letter o f March 22 addressed to Mr . 

M.E. Quazi of River Engineering Branch. 

1. Allow B. c. Hydro to : ume normal ope r at i o n a s soon 

as practicable, to encourge break-up p rog r e ssi on down 

the Peace River. Peaking operat i on is probably 

a dvantageous. 

2 . Develop a means of forecast i ng b rea k-up date and if 

possible discharge for the Smoky Ri ver. 

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

releases cut as low as possible. 

4. Keep monitoring break-up front, water tempera ture, 

stages and discharges. 

5. Continue local ice weak ening measures to provide ice 

passage and discourage j amming. 
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SU111·1ARY 

This report contains the first draft of the sections of the 

'Alberta - B.C. Joint Task Force on Peace River Ice' Repor·: \'l hich we re 

the responsibility ot Alberta Environment. Other sections, written b) 

the B.C. Ministry of the Environment and by B.C. Hydro and Po\'1e1· 

Authority, complete the report to the respective Ministers of th? 

Environment for the two Provinces. 

he report sumar zes the even t s which occurred at freeze-up c:t 

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

basenent flooding problem which occurred in the West Peace RivEr 

subd i ision. An outline of the breakup preparation undertaker, 

including ice weakening efforts, is made. The observat ions of Rivt ·r 

Engineering Branch field staff of the breakup of the Heart, SfTloky ard 

Peace River are presented. 

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

Hydro's G.~. Shru generating station at the \4AC Bennett Oar.~ durin9 

freeze-up at Peace Ri ver Town is 1ncluded. 

; 
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2 . 0 PEAC E RIVER FREEZE - UP 

2.1 Gene r al 

The Peace River at Peace Ri er Town froze up, i n the 1981/82 

season , in an unusual manner for the river. The i nit i a l ice cover 
H 

formed normall y in early January , )<bwever, five days after the i niti a l 

cover f o r~at i o n the r i ve r expe ri enced a second sta ging du e t o 

cons oli dat i on of the ice pack . This seccnd staging was in the order of 

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

d ikes in Peace Ri ver Town• . A co~plete record of hour ly water l evEls at 

Pea ce Ri ver, and flow releases, uncorrected for travel ti me , fro~ B.C. 

Hydro and Pov1er Authority's (BCHPA) G.tL Shrum (Gt1S ) generat ing station, 

fo r th e per i od 24 December 1981 to 30 April 1982, is shown in Figure ( s ) 

1. 

2.2 Sequ e nce of Events 

The sequence of events \·lhi ch occurred at Peace Ri ve r Tovm during 

th e 1981/82 freeze-up period has been previously sui'Tlr.larized by Northwes t 

Hydraulic Consultants Ltd (NHCL) (1 )••, based on prelininary da t a and 

verbal reports collected by Alberta Environment, Acres Consult i ng 

En gi neering Ltd. and others. Co pies of t hi s report were di stri buted to 

BCHPA, the B.C. t1 i nistry of Environr.1ent and Alberta 

Note: * All reference to dike level~ is mad e with re s pec t t o the dike 
across the rive r fr om the ~at er Su rvey o f Cana da gau~;in~ 

station. 

** ::~.;'-lb crs in parenthe ses refer t" nu:-bc :- ed 
re ferences cit ed following the tcx : ~~ :his r e ?~~= 



Environment. The following is a slight change to that reporte d sequence 

of events, based on an i ncreased data base. 

In its analysis flHCL presented the freeze-up events in tenns of 

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

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

from Hu dson Hope to Taylor, and fron Taylor to P ~ace River, based on 

data provided by the Alberta River Forecast Centre. Figure 3 shO\'/S 

these tines consolidated for flow from Hudson Hope to Peace P.iver. 

BCHPA's mean daily releases during the period 24 Decef'lber 1981 to 7 

January 1982 varied from a minimum of 800 m3 s- 1 to a maximum of 177 7 

m3s -l, and had an aver~ge of 1347 m3s-l. Flow throug h t imes frof'l Figure 

3 w0u l d thus be 86, 46 and 41.5 hours for the minimum, average and 

Maxi~um releases respectively. For this reason the mean daily GMS 

releases have been plotted on Figure 4, fer the per iod 25 Decemher to 8 

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

also are the Pea ce River gauge heights, based on hourly data, and Uater 

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

07HA001, Peace River at Peace River. Figure 4 should be consulted while 

read i ng the followinQ sequence of events: 

a. 25 to 28 December 1981 

The r iver stage at Peace River generally cecre~~cd due to 
decr£>ased releases from the Gt1S plant in response to lesser 
power demand over · the Christmas ho li day. It was originally 
reported that the upstream progressing ice accumulation had 
passed through the Town of Peace River on 28 December. The 
ab · cnce of a signi 1-; ~..ant rise in water level on this date 
indicates that the river was still operating in an open \"nter 
mode . The sli9ht rise at approxi mately 0300 hours of 28 
December could be due to a brief stationary period in · he 
general ice flow, brought on by the reduction in surface 2~ea 
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cor responding to the decrease in f l0w at Peace Pi ver f ro~ 1500 
to 913 m3 s- between 26 and 28 December . The pre1iminc ry :sc 
re cords f o r Dec ember of 1981 s how ' ice conditions' for the 
per i od 16 to 20 December, a nd 27 and 28 De cember, but show 
normal, or open water, condit i ons for the remaining t ine. The 
d i sappearance of ice conditions reflec ted i n the \ISC r ecords can 
be explained in . ems of a warm period between 19 and 22 
December, as sho\'tn in the leveling-off of accunulated 
degreP-~~y s of freezing shown in Fi gure 5. 

b. 28 December 1981 to 1 Ja nuarv 1982 
----------------------- -- - --~-----

The water level at Peace Ri ver rose gradually by 0.8 m unt il 
approxinately 1700 hours on 1 January, in response to i ncrEased 
pm'ler gef'lcration releases fo1l0wing the Christma s break. Ai r 
te~peratures, 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 a dranatic 
increase in the accumulation of de9ree-days of freez ing , and 
i nitiated rapid ice production in the open river. 

Uater levels rose 2.63 m at Peace River while the di scharge in 
the river was in the order of 2060 to 2170 m3 s- 1. Most of this 
i ncrease corresponds to the normal experience of 'sta ging ' at 
freeze-up, as the open water rating curve indicates a char.ge of 
0.06 m between the two discharges. This stag i f'l£ a l nost 
certainly indicates the formation of an ice covpr on the r ive r , 
with the corresponding increase in hydraulic resistance. 

Water levels at Peace Rivpr dropped 1.22 m from the staging pPa k 
on 2 January. Power releas~s at G~1S had dropptd fror.1 1777" m3 s- 1 

on 30 December to 1724 m3 s- on 31 December, lind furthet· to 798 
mls-1 on 1 January as the load demand decreased for the ~ ! ew 

Year's holiday. \LS.C. records show the discharge at Peace 
River dropped from 2170 mls-1 on 2 January to 1010 m3 s- 1 on 4 
January, which would have caused a stt~ge reduction of 0.81 m 
under open water conditions. The remaining 0.41 n of stage 
decrease can probably be attributed to s~oothening out of the 
roughness of the under side of the ice cover as the roughnPss 
projections were melted off by the slightly warmer fluid flow 
beneath the ice. 

Increasing GMS releases, from 798 mJs-1 on 1 January to 1695 
m3 s- 1 on 5 January, reflecting increased load demand following 
New Year's Day, caused an increase in water level a t Peace Ri ver 



of 1.03 M by 2100 hours on 7 January. This brought the stage at 
Peace River to within 0.2 r.1 of the peak stage attained during 
ice cover fornation on 2 January, though the r.~ean d~ily 

discharge at Peace River on 7 January was 160 m3 s- 1 less than it 
had been on the 2nd when the ice first packed in. The mean 
daily discharge continued to increase into 8 .January. 

The USC recorMer chart for Peace River at Peace River shows an 
i ncrease in wate r l evel 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 downstre an. 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 rn (Elevation 318.15 n 
Geodetic), wh i ch was 1.66 m below the top of dike across fron 
the WSC gauge (top of dike Elevation is 319.81 m Geodetic). 

A coupl e of hours before the ice cover ruptured at Peace River, 
as reported by f·1essers R. Carson, P. Eng. and K. Scillergeon of 
Acres Consulting Services Ltd., who were monitor ing the re~ce 

River freeze-up in the vicinity of Dunvegan, a resident in the 
Dunvegan a rea te 1 ephoned 1·1r. Carson to te 11 him the ice was 
moving at Dunvegan. ~1r. Carson reported this to the local RCt1P, 
and went out to investigate. Later evidence shm·Jcd that the 
l engthening ice cover had progressed upstrea m of Dunvegan by 7 
\lanuary, reportedly beb1een 'a few' and 50 km upstrean. It \las 
not known at this tir.~e whether the whole of the ice ccver at, 
and upstream of, Dunvegan was in notion, through this eventually 
proved to be the case. 

Acc ording to observations by Mr. Carson, and verif i~d later by 
Alberta Environnent, the moving ice fomed an ice jar.~ at the 
downstream end of Verte Island, some 14 km downst re?M of 
Dunvegan, between 1700 and 1900 hours on 7 January. The jar.1 
attained a height of approximately 9 m, and was only in place 
for a few hours before it released. The availab l e evidence 
indicates that the ice jam released prior to the ice moveMent at 
the To\'m 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 ~ ay , 

dropping 1.34 m by !lidnight. As the mean daily discharge on 8 
January \~as 120 mls 1 higher than that of 7 January, accord ing 
to the HSC preliminary records, the decrease in water level r.L!st 
be attributed to the smoothening of the unders i de of the ice 
cover. 



Because of the potent it> l for serious flooding of the Town cf 
Peace River if the new ice accumulation re-ruptured and 
reconsolidated, BCHPA was requested to regulate the i r relccses 
from Ct\S to a constant value, in order to let the ice 
accumulation gai n strength by freezing. Accordingly, as can be 
seen on Sheet 2 of FiqurP 1, BCHPA regu1ated thtlr releases to 
~n average of 1691 m3 s~ 1 over the period of 9 to 20 January. In 
th i s same period the recorded discharges at Peace P.iver had 2 

mean of 1941 m3 s- 1 , wh ile the Smoky r.iver had a ne~n discharge 
of 22 m3 s- 1 • yielding a local i nfl0\'1 bet\o1een GI1S and Peace P.iver 
of 228 m3 s- 1 

The water level at Peace River dropped a further 0.41 m on 9 
January before it levelled off, with r.1inor fluct uations. until 
the fTl i ddle of February. \'lhen a decrease in releases caused the 
water level to drop a further 1.33 rn (see discuss ion of Hest 
Peace River groundwater levels} . 
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3.0 COfUIITTEE ACTIVITIES 

3. 1 \/es t Peace River G round1o~ate r Flooding 

llhen t he water levels i n the Peace Ri ver rose on the night of 7/8 

January, the groundwater t able i n the river ' s f l oodpl a in responded by 

rising as well. Unfortunately, no data was ta ken during January. 

Grou ndwater levels in West Peace River were recorded at a private well 

by t1r. ~arry Ellis, a Town employee, from 5 Februa ry, and ~tere 

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

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

corresponding gauge heights. No correction was inc l uded f or r iver slope 

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

serves to ind i cate relative effects. 

\lhen the river level rose and stabilizt:!d by 9/10 ,J anua ry, at e. 

gauge height between 11.5 and 12 m, the groundwater table i n \lest Pea ce 

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

groundwater response t:, the ch11nge in river levels was reported to be 

relatively moderate, as it was a matter of some b1elve days before the 

Town started to receive flooding complaints. As BCHPA had a fairl y hi gh 

power demand, and the various authorities were trying to maintain the 

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

releases from Gf1S had to be held constant. Hence, little could be done 

at that time to alleviate the basement flooding problem in West Pea ce 

River. 
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The releases from Gt·1S were held nearly constant for t he period 8 

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

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

generating station resumed its nomal operations. However, the 

groundwater problem in ~Jest Peace River continued, as the attenuated 

releases from GI1S did not cause a substantial river l evel change at 

Peace River Town. 

In February the basement flooding probleM \-laS st ill acute. Fron the 

reported depths of basement flooding it was judged that if the rive r 

level could be drawn dO\~r. in the order of a metre, the flooding proble . 

would abate, hence BC HPA Wi'IS requested to reduce its re l eases. BC IIPA 

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

February. The releases were stepped dm·m from a mean discharge of 1615 

rnls-1, for the first half of February, to an average of 1030 rn 3 s- 1 for 

the second half. Sheet 5 of Figure 1 shows the result ing decreas e Clf 

1.27 r. in stage at Peace River over the period 19 to 25 February. ln the 

sane period the groundwater table in \Jest Peace River dropped 0.42 m; 

end continued to drop a further 0.48 rn by mid f1arch. During th i s per iod 

the basement flooding problem in West Peace River appears to ha\'e 

abated, though one or two hor.~es nay still have experienced sene rnincr 

flooding. 

An increase in releases from GHS on 16 Harch caused the river 

l eve l to aga in inc rease, ~lith a correspond i ng increase in groundwater 

levels. The data shows that the increase in flows froM G1S, initiated at 

0600 hours on 16 f1arch, caused the river ·levels at Peace River to 
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increase 0.39 m starting at 2100 hours on 18 11arch. This indicates an 

ice-covered flow travel time, for the ice concitions which existed, of 

63 hC?urs for a discharge of approximately 1250 m3s- 1 ; an increase in 

travel time of 15.5 hours over the open water travel tine (Figure 3) . 

The groundwater level increase, over the period 18 to 31 narch, 

which resulted from the 0.39 m increase in river level, was neasured to 

be 0.34 m. This increase in groundwater level was sufficient to 

reinstate basement flooding in five or six homes in Hest Peace River. 

The flooding persisted until the river levels decreased follC'\'Iing the 

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

The data indicates that (as an initial attempt) if future 

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

the ice-covered riv~r stage at Peace River should not be allO\'Ied to 

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

Additional data would be required to confim or alter this value. In 

this respect it is reconnended that basement elevations in \Jest Peace 

River be established by the Town for all of the homes in the 

subdivision. Additionally, in order to obtain better records of 

groundv1ater levels to detemine the maximun river level that would not 

cause basement flooding, Alberta Environment has established three 

groundwater level recording wells in Uest Peace, and will record the 

levels daily throughout the ice-covered period. 
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3.2 Oreakup Preparations 

Because of the unusually high level at freeze-u p 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 bl ockage to 

the passage of the normal spring break-up front. As we11, snowpa cks in 

the river basins tributary to the Peace River above the Town \otere gauged 

as being above norma l , which could result in above nonmal sp ring ru noff. 

The combination of a possible blockage to the passagE> of t he bre a k - u ~ 

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

j am, if one occurred at Peace River, could result in serious flooding o1 

the Town. For this reason preparations for break-up were cor.r.~enced ir 

February of 1982. 

The Town of Peace River reviewed and updated its contingency pl an 

for flooding situations in the Tcwn. On narch 3rd, a coord i nati ng 

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

the like, which could be involved in providing 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 pr~o: paration f or ottter possible break-up mitigative measures. 

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

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

Task Force on Peace River l ee, in Peace River on 25 Harch. At that t i me 

Alberta Environment submitted a draft report to the other members of the 

Coi'!ITiitt ee, entitled 'Status Report and Proposed Ice Jam f1itigation 
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Plans, Peace River at Peace River Town ' (Z). The report sunmarized 

preparations by the Town and others towards t he anticipated brea up 

flooding, outlined a brea ku p observation plan, provided a sumary of 

Mitigative measures conducted in the past at Peace River, and nade 

aseries of recoliiTlendations regarding what should be attempt d to this 

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

Co~ittee agreed to the adoption of most of th( recommendations, wh ich 

led to the implementation of a program of pre-break-up ~itigative 

measures. 

3.3 I ce Weakenino Effort 

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

approved b~ the Comittee. These included lane clearing and dust ing . 

plus preblasting in specific areas ide tified in previous studies as 

being ice ja~ prone. 

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

ended up as a jagged mass. The ice cover thickness, as neasured 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 rnitig - tion purposes, virtually impossible. It was 

decided to plow lanes on the ice surface, which wo •ld require the use of 

bulldozers, fron the mouth of the Heart River to a point downstrean of 

t he Town. This would provide dual benefits in that a passable l ane would 

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

measures; and the lanes themselves could be dusted with sone dark 



18 

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 

Environr.~ent carried out aerial inspections of the Heart River fro r.1 tla r"pa 

to Pe~ce River ever_v 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 virtu~lly 

r.~elting in place. By 19 April the river was virtually free of ice 

between Nar~pa and the mouth cf the river. There were three exceptions. 

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

railway bridge which crosses the Heart River just above the '1 2 Foot 

Davis' Ballpark retained ice. This reach still cont~ined both sol id and 

fragmented ice. The ice, hO\o:ever, was deteriorating (candling end 

nelting) rapidly due to solar radiation and the~l 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 themal 

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 constrirted the channel width by about 50~ , 

and held the ri 1er ice upstrear.1 oi the constriction. The ice in this 
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i n place until 28 April, when it moved down and was turned do~mstream 

to occupy the space between the ice in the shear ri dge across ~he mouth 

and the right bank of the Peace River. The ice in the gap p 1 owed 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 P.i ver 

di scharge was finding its way through the gap and into the Peace Rive r. 

The final dislodge~nt and run of the ice in the lower reach of the 

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

lowering of the Peace River levels following its breakup, of 

approxinatPly 1.5 m. 

4.2 Smoky River 

Few known observat i ens of the ice conditions or. the Smoky River 

between its confluence with the Peace r.i ver and the HSC Gauge 'Snoky 

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

April Alberta Environment carried out aerial observations every secor r' 

day. and daily observations fror.1 23 to 26 April \'!hen the ice on the 

Pface River wE'nt out. Aci<Aitional mint); ubservations were taken on 27 

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

f.1ore detailed observations were made for the Smoky River than for 

t~e Hea""t. The following is ,. sunmary of the observ~tions made by 

Alberta Environnent staff over the period 16 to 26 April. 

:ce on the Smoky River generally darker than on the Peace 
River. 
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n, and 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 thp jam and upstreaM half of the daM, and 
\·las re-emerging in the fragmented do~mstream half. 

- The inspection was carried on up to Wetino and back, ~1ith no 
ice except that grounded on the b~nks being present. 

Upon arrival back at the Hanging Dam the river was virtuelly 
clear of ice. Only about 0.75 km of the ori9inal jaM 
remained, as well as grounded ice along the river banks in 
what were the jam's shear walls. lee continued to be forced 
through the Hanging DaM. 

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

The jam at the mouth cf the river was still in ~lace, though 
was 2 - 3 km long£r. No flood threat was perceived. 

The river was clear of ice to Uatino. except for this ja~. 

the Hanging Dan fragments and grounded ice along the banks. 

Gauge Height was 1.911 m at 0900 hours MST at \Jatino. 

i. ~~-~E!'!! 

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

Smoky River clear of ice except for Hangin9 Dam and grounded 
ice along the banks. 

The Smoky River breakup was therefore an uneventful occurrence, and 

was basically themal (semi-static) in nature. N~ flooding was 

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

River is clear of ice, did not occur. That the ice went out in a 

therr.1al (melt) mode was attributed to the marked lack of inflow from 

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

The only event of interest was the manner in which the ice, ja~ed 

on the Hanging Dam, went out. 

4.3 , ~ace River 

Observation of the location of the Peace River Breakup front was 

cor~ cucted by BCHPA from 17 !1arch 1982, and was ta~en over (by agreement) 

by Alberta Environment when the breakup front reached the Dunvegan 

Bridge, or April 16th 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 characterize~ 

by the fracturing and movement of a still fairly substantial ice cover 

under the influence of a flood wave or genera 1 rising stage due t o an 

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

thermal front was characterized by the following (moving from upstream 

to do"mstrean): 

l. An open lead in the ice cover, varying in width from an eighth 
to a quarter of the width of the river. Within this open lead 
were small ice floes broken off of the edges of the upstreaM ice 
still attached to the banks, and a small ar1ount of debris such 
as t ·imber deadfall. The ice floes and debris 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 ja~d ice and debris, occupying a width roughly 
equal to the width of the open lead upstrear.~, and varied in 
length from 30 to 100m(:). 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 1 ong, narrow a rea of very 
dark ice, indicating rapid deterioration, preceded the debris 
front, and basic!lly 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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TABL E 1 
Pe~ce River Breakup 

Breakup Front Position/Timi ng 

Date Time Front (1) Progression Corments 
at Mile Rate 

(miles/ day) 
17 ~1a r 88. 1 r.li 1 e above Clayhurs t 

4.5 Ferry 
23 f·1a r 115. 

2.5 
25 t·1a r 120 . 

2.5 
29 ~1a r 130. 

1.5 
31 Mar 133 . 112 i ups t ream of 

1.5 Peace RivPr Town 
2 Apr 136. 

0.0 
5 Apr 136. 

3.3 
8 Apr 146. 

4.8 
13 Apr 170. 75 mi upstreaM of 

2.5 Peace River Town 
16 Apr 0900 177.5 

6.53 
19 Apr 0840 197.1 

5.55 
il 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 Apr 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 f.1ay 1035 570 .0 

Notes : See next Page. 
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let front at Milt 257.5 at 0830 hours, an drta known as '12-
tH 1 e F1 ats'. 

Tht front had passed through a 11 kno~m arus of ice j am 
i nit i at i on • 

4.4 General Observations 

The 1982 ice breakup on the Peace River w~s nowhere near as 

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

That the breakup w£nt quietly r.nd 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 sunraer and fall, such ther was little 
noisture in the ground at freeze-up. nest of the local snowm~lt 

in spring appeared to be absorbed into the ground. 

c. Con!!"olled releases from Gr1S. And, 

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

The first two points are natura 1 phenomena, 11nd 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 circu~stances which led to the uneventful breakup. 

The controlled releases from Gf.1S 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, 
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\'las 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 comments should be made concerning 

the efficacy 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 nade during the preblasting operations 

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. ~!hen 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 ~1ell as a ce1·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 exposed ice hummocks, above 

the mean ice surface, and did not contribute toward general ice 
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\oleakening . Some of the melh1ater found its way into t ;:>l0\'1 d hn s , 

and began to flow downstream. As we 1, in the numerous holes t hat 

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

lanes, river flow exchan~ed with the meltwater fl0\'1. Dependent upon tht! 

locaticn of the lane surface with respect to the river's hydraulic grad•! 

line i.e., r~ised above or depressed ~~low, the ice lane flow ~ould dro l 

dowr tt,rough the auger holes, or river flow \oiCuld boil up through the 1 

res re:.: tively. The flow througt. the holes caused enlargement ~hroug1 

themal erosio~. ~any holes becoming large enough for a man to dro) 

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

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

thermal erosion would occur fron both sides. 

The efficacy of the ice blasting downstream of Be~1ley Island ant' 

do\'mstream of Six ~,ile Point was difficult tc judge, as the breaku~ 

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

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

sho\om that most of ttte blast debris which had fallen back into the 

craters had disappeared by the time the breakup front arrived. This ca n 

be attributed to ice floe entrainnent by the ~iver flow, and possibly to 

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

onto the surface, which in turn created theri.ial 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 ice front 

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

instance the progression rates between 1500 hours on 27 April and CS30 
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have been located one-lane-spacing (38 m!) further towards Bewley 

Island. The brea ~ up front continued to follow the second and third 

lanes ~11 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 e~fects, and possibly th~ ~0~t 

noticeable !uccess in the overall ice weakening effort was achieved , was 

the work conducted est the mout~ cf the Heart r.iver. There is little 

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

the nouth of the He~""! .:u11:~'tuted an obstruction to tloth fluid t:.nd i ce 

f1 ow from thE Heart. A good portion of the ice in the she a r zone was 

probably grounded to th~ bed of the Peace River, allowing flo~ from the 

Heart through it by percolaticn only. Plowing a gap thrcugh the shear 

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

t he ice r~r:1a in i ng beneath the ice cover caused the ice to 1 ift, nos t 

~robably through the ncchanism of plastic creep. This may have opened a 

snall watrrway through the ice in the shear zone. Subsequent bl astins 

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

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

en l argement of the waterway at the botton of the ice. 

wJ hen t little ice which rema i ned in thf l!ec-rt River {following 

melt) . fi nal ly mo ved out, it was contained against the right ban ~ of the 

Peace Ri ver by the shear ridge. The Heart Ri ver flow, howeve r , wa s 

observed t o be making i ts way t hrough t he gap. The ulti mate eff icacy of 

t hi s work was not tested, as the Heart River neither janmed at the 

mouth, nor i ncreased i ts discharges appreciably. 



Year Breakup 5-Day Pre-breakup 
Date Elevation• 

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 

(m) 

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 

TMU 2 
Breakup Data 

PP.~ce niver at P~ace Piver Town 

Discharge Ouring Rrea~up 
Peace River Smoky River 

Above Smoky River* 2 Above Confl~ : nce•3 

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 

307.94 

247.00 

~1a xi mum ICE' Jam 
Elevation 

(m) 

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 

Maximum Stage Increase 
Above PrP.-breakup Elevation 

(m) 

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 

flotes: • 1 Av~rAr,e elev~tion of mean daily disch~rges at Peace River for S day~ prior to breakup, e~timated from 
recorded water levels. 

*2 Peace Riv e r IHnclt;4rge • Disclt;~rr,e nt Pt":1ce River - SmClky Rlvcr 01 sc ltnrge at \J;"'t in r 

*l Smoky River at Wnttno. 

w 
(J) 
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5.0 PROPOSED MODE OF OPERATIC~ FO R 1982/83 FREEZE-UP 

Cross sections established during the 1981/82 ice season were 

surveyed following breakup. However they were not ~vailable i n t ime t o 

conduct any analysis towards the mode of operation of Gf1S for the 

freeze-up period in 1982/83. However, the limited data ~nd observat ions 

available fron the 1981 / 82 season suggest a mode of operat i on whi ch can 

be con ~i dered a first attempt at controlling the freeze-up leve l. 

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

the initial ice cover was cJ used by increased releases fro r.1 Gt·1S in 

response to an increased load denand following reduction in load over 

the Christmas to New Year holiday season (Se~ Figure 1. Sheet 2 of 9 or 

Figure 4). Figure 1, Sheet 2 of 9, shows s.omething like a five- fr:l d 

increase in releases over the period 1 to 6 January. It is now k n0wn 

thet the release of a rnoder~tely sized ice jam, in the vicin i ty of Verte 

Island, created a slug of flow (released from storage) which contrib~ted 

to the rupture of the initial cover in Peace River, however, this 

release was also likely due to the stepped up release~ from G!1S. 

The point to be made here, and in fact to the ('lperation 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 co ver 

has forr~ed and gained some internal strength through f reezing . The 

question remains as to what would constitute the maximuM desirable 

freeze-up level through the Town of Peace River; to allow BCHPA a 
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!.o 315.2 1'1 , say 315.0 m (1033. 46 f t ) is the maximun desirab1 r i ver 

elevation. lf all the basement elevations in lJest Peace River were 

known, it would be a simple matter to determine the maximum a llo~1able 

river level, but they are not. 

The enphasis placed earlier on the particular ice cover th i cknes s 

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

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

naxinum ice levels. However, as the freeze-up in January of 1982 ~1as so 

unique, possibly giving an upper bound to ultil'late in i t i al cover 

thickness, use of the 1982 data should prove conservative. Observat ions 

frCim future years, hence different initial ice thicknesses, may refine 

t his rather crude analysis and allow BCHPA a little more flex i bil ity i r 

operations at freeze-up. 

An interesting, and rather unique analysis of the Peace f!iver 

freeze-up levels by Carson and Lavender (1980)( 8 ) of Acres Consulting 

Services Ltd., gives an indication of the allowable Gr1S releases, 

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

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

uas based upon leading edge stability criteria for initial ice cover 

formation, the figure they produced described completely (with onl y 

minor a s sunptions~ the entire event at Peace River last year, including 

the secondary staging due to telescoping of the ice cover. Fran thei r 

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

maxinun value of the paraneter (Q/8) 2/ 3 should be 2, which corresponds 

to a discharge at Peace River Town of about 1350 mls- 1 (47,675 cfs). At 
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this ~oint in time it is not known how much the releases from Gf1S 

attenuate before reaching Peace River Town, therefore it is suggested 

that 1345 m3 s-1 (47,500 cfs) be the maximun constant discharge released 

from Gt1S to arrive at Peace River with the ice front. 

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

1345 mls- 1, of approximately 42 hours. Therefore the following mode 

of operation for Gt·1S for the 1982/83 freeze-up period is recor:1Tlended: 

1. flonitor 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 thct 
11ile 255 (Birch Island, just downstream of Six f1ile Point ) be 
considered as the 'arrival' location, as the area is ice jan 
prone and could affect the Town. During this period allow BCHPA 
to operate Gl·tS as load denanc requires. 

2. \Jhen the ice front is calculated to reach llile 255 in 48 hour~. 

restrict Gt1S releases to a maximum of 1345 n 3 s-1 to all0\'1 the 
discharge releases to arrive at Peace River coincident with the 
ice front. A snaller release, to conserve winter storage in 
l!i 11 i ston 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 m3 s-1. The discharge sh~uld 
preferably be held constant, or at most be allowed to fluctuate 
42 mls-1 (1500 cfs), providing a release of 1345 mJs- 1 is not 
exceeded. 

3. Closely monitor the groundwater levels in West Peace River 
(Alberta Environment has established three recording wells for 
this purpose), and if basement flooding becones innanent, reduce 
the releases from Q1S fully realizing that it will take 48 hours 
to have any effect at Peace River Town. 

4. f..s was initiated in January 1982, the ice cover fotTlation 
discharge should be held con;tant for awh1le, to allow the ice 
cover to gain strength by freezing. Twelve days were allo\·Jed in 
January 1982, and it is recciTITiended that a similar time be 
allowed this year. 

5. Following the 12 day ice cover strengthening period, slowly step 
up base flows and pea king t o nornal operations in t·esponse t o 
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 attefT'Ipt 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. 

Energency pov1er generation requi refT'Ients through the fo rmation and 

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

Commi ttee will have to di scuss, before the need arises, the ~dvisabil i ty 

o~ large sustained releases after the 12 day period. 
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On Vancouver Island, the: regional 
peak of I 256 (XX) k W was only slightly 
higher than the: previous winter's peak 
despite: the: addition of 4 500 new 
customers, most of whom installed 
electric space: heating . This peak would 
have: bec:n much higher without the 
positive response by Vancouver Island 
customers to our appeal to reduce use 
of electricity at peak hours . 

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

\ 'ear rnded 
31 March 1980 

kW ·h in 
milhon.s 

'lo inc~ 
from prrvious 

year 

Residential 7 612 2.8 
General 9 136 3.9 
Bulk 9 229 0.9 
Other systems 226 4.2 

26 203 2.5 
--

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

kW ·h in 'lo of 
million.s Iota! 

Requirements : 
Sales in British 

Columb1a 26 203 84 .4 
Export I 077 3.5 
Line loss and 
system usage 3 770 ..lbl 

31 050 100.0 
--- --

Sources of supply: 
Hydro generation 
Gordon M . Shrum 12 182 39.2 
Mica 7 524 24.2 
Other 9 140 29.5 

·Thermal generation 
Burrard 624 2.0 
Other 141 0.5 

Purchases I 439 4.6 
31 050 100.0 
--- - -

South lntrrior liv~ lin~ instructor John 
Zucco, changing insuliltors on 5(){) k V 
transmissi()ll lin~. 



Review of Operations 
Electric 
Service 

Revenues from electric 
service exceeded Sl billion for 
the first time, increasing 27f1Jo 
from the previous year to 
S1,12A million. The increase 
resulted primarily from 
S233 million in sales of 
surplus interruptible electri
city to the United States . 

Sales of electricity in 
B.C. totalled 28 295 million 
kW·h, ar. increase of 2.611Jo . 
The highest one-hour demand 
ever recorded on the 
integrated electric system -
5 902 000 k W - occurred on 
January 6, 1982, up 7.8f1Jo 
from the previous year's 
high . 

At March 31, 1982, 
Hydro was servin I 076 926 
electricitv customers , an in
crease of 30 780 during the 
year . Average annual con
sumption per residential 
customer was 9413 kW·h, 
compared with 9001 kW·h 
the_ year before. 

Approximately 200 cus
tomers were added on van
couver Island, about 95 11Jo of 
whom installed electric space 
heating . The Vancouver 
Island electric load reached a 
new peak of I 341000 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 eve.ning hours, 
kept the peak ~oad within the 

8 

capaci t 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 
utilit ies. 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 .ear 
Vane uver were negligJble. 

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 . 11 is a relati vely 
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: 

Year ended f1Jo incruse 
March 31. 1982 (decrease) from 

kW·h in millions previous yesr 

Residential 

General 

Transmission rate 

Other systems 

Total requirements for 
electricity and sources of 
supply were: 

Requirements: 
Sales in B.C. 
Export 
Line loss and system use 

Sources of supply: 
Hydroelectric generation 

Gordon M. Shrum 
Mica 
Kootenay Canal 
Peace Canyon 
Seven Mile 
Other 

Thermal generation 

8 755 

9990 

9305 

2A5 

28 295 

kW·h in 
millions 

2 295 
6984 
3 971 

39250 

13 317 
7 149 
3491 
3 343 
2943 
7 596 

8.0 

H 
(3 .;) 

6.: 

2.11 

f1Jo of 
totHI ;___ __ 
721 
17 8 
10 I ---

100 0 ---

33 9 
18 2 
89 
8 5 
7 5 

19 4 

Burrard 26 0 I 
Other 166 0 4 

Purchases and o ner 
transaction.< I 219 I ---------------------------
There were no major 

additions to Hydro's 
generating capacity during 
the year . The total generating 
-=apacity of Hydro ·~ plants at 
March 31, 1982, was as follows : 

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

Total hydroelectric 

Thermal plants 
Burrard 
Port Mann 
Keogh 
Georgia 
Prince Rupert 
Other 

Total thermal 

Total generating capacity 

39250 100 0 

Installed nan eplate 
genen~ting a paci~· 

(k\\ in thou! ands) 

2416 
1736 

700 
608 
529 
428 

I 074 
7491 

912 
100 
I 
75 
46 

114 

1347 

8838 





ABSTRACT 

OBSERVATION AND ANALYSIS OF FREEZE-UP ICE JAMS 
ON THE PEACE RIVER NEAR TAYLOR 

T. Keenhan1 , U. S. Panu2 and V.C . Ka rtha 3 

Since the construction of the W.A . C. Bennett Da~ on the PEace Rive r in 
Brit i s h Columbia, the temperature of fl o"' re l eases has bee n 0 . 5°C or 
hi gher during winter months . As a result , a long reac h of ice-f ree 
r i ver persists belo"" the darr throughout the winter . Si nce 1972, wnen 
the eighth of the ten generating units was installed at G. Y-

3 
S nru~ ( G~5 ) 

Generating Station, rais i ng the release capacity to l,SeO ~/sec, the 
ice cover has advanced upstream to the Vil lage of Taylor , l ocated 12Q 
kilometres downstrearr., in only two wint ers, 197.: and 1979 . Extensi ve 
ice measurements were carried out in 1979 . 

Belo~oo· nonr.al air terr.perature~ persisted in the area for the month of 
February 1979 and the ice cover 110vanced tc a "'inter ma ximurr uostrea rr. 
1 oca t i or. 1£ I. i 1 omet res above tne l'ate r SurvE} of Canadc ( ~S C) gauge ct 
l a vlor. Tne staoe increase ~ re~ult i nc a~. enc upstrea rr. of lay! or due t 0 
t hE presencE- of the ice cover pr odJce2 1 eve 1 ~ which approacned the 
ma>-1 rr.;J r. ni storic sunrner flood lP \· Ei~ . 

Tnt ~ ~ o r s t ao~ s re~ulte~ fro~ tne nature of the i ce cove r proor e ssio ~ 

w•·i ct. ;..,H t ypi fi ec bJ thf> forma: i or· o~ freeu·- u ~ i ce ja r.~. Sever jaT"S 
we re o ~· s e,. v ec H . t nt- 19- l. i lo~tre rea c•. nea~ '7ih i o• , the ave ri!o ~ d 1~ tan : e 

b=tweer J CI ':':" be i n~ L:. 7 l.i lometres . · · 

Trre- j arr.s were observec tD fonr t hrouc!, sh:we: H.•:·l vi m: cc l1 a ::> ~ e D~ t nt. 
uostrea .. e n errt cf t he ice cover. Fornr~t ior. c ~ tne- l a~ge ~~ ,:~ a r. w1tt.ir 
thf reacr involved thf co l lapse of E rilo~:re ; ~~ itt- cove r i ntt 1. £ 
i:i lo"'!E: res anc' produced river stege levels wrri cr, ove ,.. tc ;:.oed thf t.a rrr ~ . 

uur i n~ the ttrree-weel. period frorr 17 ret::ruar.) t0 c ~:;,rcr. 1 ~ 7 £- tt·a < t hf 
ict- cover ext ended upstrearr. of the leylDr geuge, the lldvan:e an d re t re e~ 

cf the cover and ice / water e l eva t ion~ were o ~cu~nted by t . ~ . hyor0 
personneL By monitorin!'i tile i ce rr.ovrm:nt~ t•. ii: .. ·1o• ano cor.trc. ll ir.c 
tnf fio~oo re i eese~ frorr G11.5 Gener atin; S ~a:1o r. , o:l~:;~e::e frf:'eb::.crc: we ~ 

en s~re~ ~ithi ~ lllylor. 

lne Gate o~ ice level~ and ice j an~ ~pre o~ :ne ~f:' ~ a n~ . l ate r , usee t c 
e!.sess t'le apP l ica bility of ttrree nu:t'lfrica ·l Ht j o:·. r..C;de i !. t c "t-a::E: 
R i ve ~ . Trois paper pre!.ents a oescrip: i on of t lr: i :f ~ ;, m-i r r ~ m:-~ n~r r 1 s r 

observEc' cur i ne the icf cover edvan:e, :.nto 1eve 'r! rt- c0 roec c: t •rt lCE 

j am! anc t~e r~; ~1 t! of t he arre 1y! i£ t n rc~p · ~ s e 0~ tne mooe l ~. 

Sr . ~jor0te:n~ i c 2 ~ En;i~ee r , C r ~ t> ~P - c~~ s u . to n:~; 

t-, _v o,.ui0S.•' Engi neer, E.C. hyorc , \ar. ~C; ~ • er , 

s ~; .ern sor, h_vurc.log_. Secti or., t.~. h•or t , \'cn::QJve r. 
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INTRODUCTION 

B.C. Hydro has monitored ice conditions on the Peace River downstream of 
II'.A.C. Bennett Dam since 1973 to gather 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 vicinity 
of Taylor, producing high water levels. Ice 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 /sec in 1972, 
the ice cover has advanced to Taylor only twice, in 1974 and 1979. 
Unlikt: in 1979, the observations carried out during 1974 were of a 
qualitat ive nature and, therefore, were not included in thf analysis. 

O::SC~lPTIQ:, OF THE 1979 ICE JAMS AND THE STUDY REACH 

&elo .. norma~ air temperatures persisted in the area for thf montt. of 
tet"·ua ry 197So and the ice cover advanced to the ..,ater Survey of Car.adc 
!loiS~) gaugf at Taylor on 17 February. ..,ith the continuation of cold 
wea"..ner, til!: front progressed furthe,. upstrearr. to its maximurr point of 
advarocf H:. ki iometres above the WSC aauoe on 1 March 1979; then ..-itr. the 
onse: cf milde:-- weather, the fron".. retreated downstrearr. to the gaug~ or. 
E ~crcr. 1 579. During this perioc th!: discharge remained relativelJ 
con5ta~: . TnE: flows wert in thf order of 1450 ~~/sec. 

The stage in~rease~ resulting at and u;:.ost.-ear. . of 1aylo!'" due to the 
P'"e!.en::t of tne ice cover produced levels whict. wert exceeded only twicf 
aurin~ th£ 3:.-year period of record. The oper: water flood~ of 1946 and 
19t·L produc.ed water levels which were 1.5 and O.E. metres higher, respectively, 
at it.:; 1 or. Tne Jr.axirr,urr· freeze-up levels observed duri ns February-l'larch 
197: are given in Table 1. 

Tne hi gt. stapes resulted frorr. the nature of the ice cover progress ion 
~icr. we:s typified by tne formation of freeze-u~ icE: jams. 

uJrin~ tne tnree-weel. period from 17 February to E !'larch 1979 that the 
icE cove!'" was u;:.ostrt:a~ of the Taylor gauge, the advance and retreat of 
tn!: cover anc ic~ / .,;ote,. elevation~ were documeroted by e.c. Hydro personnel. 
c." m:mitorin; the ice movements a: Taylor and controlling the flo.., 
release~ fro; G~S Gene,.ating Station, aoequate freeboard was ensured 
w·i !nH, Taylor. 

~ate or: icE: I!"IO•e~rot was coi 1ectec b~?tween the WSC gauge and the upstream 
terrr.inus of tnt: ict ccv!r es~oo1ished in February 1979. Tne anal . is of 
lC£- ~ita ~oa!. lirr.iteG to this reacn . Th~ general location and the detai ·L~ d 

1o.~ou: of tnt stud,~ rto::t. art: st.owr, oro figures i an~ 2, respectivel.v. 
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Including the jam located just downstream of the gauge, a total of seven 
freeze-up j ams were observed in a 19-kflometre reach at an average 
spac ·ng of one every 2.7 kilometres . The locations and lengths of th 
jams are shown on Figure 2. The jams are numbered for reference . The 
lengths of the fee jams were typically 0.5 kil~tres with attendant 
increases in stage upstream of the j am between 0.6 and 0.9 metres . Jam 
~differed 1n ~ gnitude with length of 1.8 kilomet res and stage increase 
of 2.5 metres. Fon.atinn conditions for Jam 5 differed from the others 
and are described later in the text. The locat i ons of j am toes were at 
constricted channel sections where bed forms became prominent or the top 
width was suddenly narrowed . The toes were freq uently located at the 
downstream ends of islands . 

Based on the spacing of the jams observed downstream of Jam 3, aerial 
observations of the channel and genera l knowledge of the riverbed, the 
locations of the jam toes upstream of Jam 3 were predicted in the field 
with reasonable accuracy. 

The regularity of the spacing of the toe locations indicated a re lationship 
between naturally occurring changes in local bed geometry , the nature of 
the ice cover (i.e. strength), and backwater regimt . 

The freeze-up profile based on stage levels observed in the stud ~ reach, 
the bed profile and the open water profile are showr, in Figure 3. ht 
locations of the ice me~surement points IrE showr. oro Figure 2. 

The average slope of the w~ter surface through the study reach, ba~ed on 
open water profiles, is 0. 0004:::> downstrear.. of Jarr. ~ anc 0. 000f.3 u~strean .. 

Surveyeci cross sections were available within the study rucr. fron pr ior 
studies or. oper. wcter prof i les and th£- locat i on!. an showr. iro Figure" 
Severa l of the stud) reac~ eros~ sections are plottec i~ Figure ~ -

ICE JA~~ FORI'V.TJQr. 0" THt: PEACE RIVER 

'Tne ice regime on the ~Pace River hes been al terec by hyciroe 1 ec t ri t ., 
cievelop;r1ent. The regulated .,.·inter flows are in t he oroer of 1'20 n."'/set, 
about five times the natural winter .flOtoi. The input of heat u. tht 
river from the reservoir has resulted in a reach of year-round open 
water belo .. · the dam. 

&etween tnt ~.A.t. Sennett Darr. and the lown of Peace River, lo,ate~ in 
Albert~ 40G kilometres downstrealT., the flow velo:ities wi tnir, the Peace 
Rive!' are toe. higr. to a1101oo· formation of bani: to ban~. ice cover by freezto-ove r 
or 9rowtn of shore ice. Before the development, e continuous ict' cover usee 
to torn· b.> he initial establishment of intermittent. ice covers which permi tte~ 

localized upstrearr. progression and eventual forrr.atior. of e continuous cover. 
Since hydroEie,tric development, the ice cover i~ esteblishec by the upstrean. 
progreHior, 0 1 c ~ingle ice front or leading edge wnict. progresses from downs treaJT 
of the lowr. o~ f-ea:e R1ver to a point of maximurr advance, or upstrear.. tern.1nu~ 
prior to tne onset of ~ilder spring weather. 



The location of the upstream terminus during a winter is dependent on 
the winter severity and flow conditions. In the eight-year observation 
period since 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 
upstrearr.. Tne process repeats as long as there is sufficient ice supply 
in the river. The 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. 

Tne collapse of the loosely consolidated cover of frazil pans, required 
to increase internal strenath, also initiates the movement of the more 
consolioatec cover downstrea~. Durinc the shoves the m~ss of ice move~ 
ir. ar. accordioro-1 ike manner until sufficient resistance frorr. the channe i 
ban~~ anc botto~ is encountered to halt the movement of the floe . Tne 
ice shoves are otserved to ground on gravel bars and sides of the ct.annel 
to forrr: ice ja~ . 

The mo·. emerot of th~ ice cover farther downstrearr durin; the shove~, if 
exte'lsive, car. move ar. existing jarr. dowr.strear... Largt- ice volulll!!s are 
tnH releast-d, or mobilized, in tht shovt, resuiting i r. a ~essive jarr. 
further do~oo-nstrearr; . Jam 5 was formed in this manner loo'ner. a jarr at the 
locatior: of Jarr. 6 collapsed during a shove. Five kilometres of ice 
collapsed into 1.8 kilometres prociucins a stage iroc re!se of 2.5 metres. 
lee ridges 3 to 4 metres ir. height were observed in the middle of the 
cr.annel. Thi!. large shove created 1n ice jarr ~t~h'ict: appeareC: tc. have 
partially cloggec the channel. 

During February-Karen 1979, ice cover progressed througt. sut.cessive 
freeze-ur jam~ or. the Peace River near Taylo,., Freeze-u~· jarr.~ ~t~ere also 
ot·served or. reconn!issance flights betw~er· Ta,ylo!' and tht- Tc.m of Peace 
R:vt-r in 1975. inouo~ no detailed measurements were eva~lablt, tne 
mt~hanis~ of ice cove,. prog~ession is considered to bt tne same as 
oescrioec !DOvE. 

Ice jams ere ~aago .. ~zed b.Y ~ariset et ai (196£) intc either "~t~ide'· or 
"iiarro .. ' cr.annt~ ;am:.. ln ! "wide" channei thE streaiiM'iSt thrust or. the 
cover in::!"'eHes ~oitr. ciis:II"'CE d0101nstrea:r frorr the front edge of the 
co~er anc ~e!ches ~ li~itinc value. The ite cover thic~ens through 
s~ccessive ~hovE! un:i~ it~-lnter~al resistance is equal to the sum of 
tr.t eJCterr.ai fo,.::e~. Fo!' •·r.arro .. ," jam~ the thrust is maxil!kJII'o at the 
front e~9~ of t~e c~~er anc snoves of tnt cover do not occur. 
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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 theory describing wide river jams has been presented by Pariset et 
al (1961, 1966) and Uzuner and Kennedy 1974). Based on this theory, 
there are several computer programs for predicting the equilibrium 
thickness of fragmented or consolidated ice covers. In this paper, 
three computer programs are considered to be capable of simu l ating the 
ice jarr. 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 
IOWAJCE, HECICE, and LGLICE, each denoting the source and ava~lability 
of the program. 

IOWAICE MODEL 

A computer program dealing l>!ith both wide and narro11• river ice jams has 
been developed at Iowa University. Tne progra~ incorporates tne theory 
of jams "'ithin "narro~">" and "wide'' channels. Calculations are carried 
out for the "narra..·" conditions (Tatinclaul'. 1977) anc: the interr.al 
strength of the jarr. is tested by a fCirce-t.e1ance. If the jar. strenotr 
is insufficient to withstand the forces of the flol<i, then the final-
so 1 uti on is obto i ned b.)· ""'ide' ct;annE- ~ jar.· tneory { Uzuner anc t:enr.E-ci.Y 
197.:;). 

The mode 1 t.as beer. de vel oped fCir c rH tancu 1 a!" c.t.annt 1 of cor.s -:.ar,;. bee 
slopE. Since tnf: Peace River eros! sections an ro::Jr,-rectangular 111it r. 
c~.angin£ geometry and beC: slcoe a·lon~ tne river, ;·,~ ar.alysis reo~.<ires c 
ITI€1.r•OC c/ trar.sforr..i no the FE-oCE Fiver inpJ~ anc for interpret inc proora:
result~. Tne fc.1lor:ing transfcrr.oc:1o~ wr,i cr h L;SeC: ir. seC:imer.t-cor.::~~tat10r! ~ 
s~:n as H~C-e progra~ tCI account fo!" tne 1nf1~en:t of non-recteng ~,; lar 

cro~! sectior snapes on transport capacity "'a! usee: : 

t\ 

-=:::::::: (o . ~ . o2/3) L.. , , 
; c 1 rrr. ~ _,;,.-+-------,, 
2 
i a: 1 

( 1 ) 

"'t,ere Ef'LJ is tht effective deptt'., t.. is troE total nu-.t>er c'f t .. e:>ezoica i 
elements ir. c cro!~ section deterr.: ~ ne-d t-y t, • ~ pcints ; [; i! -:.t·· ': e:veraoe 
deptn of tM tra::>:zoicial elerrtel"t.S; anc J. i~ tro! ert:a of troe tra;;ezoiGa~ 
element. 
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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~ downstreare are incorporated through adjustments to bed slope at the 
cross section. The model does not differentiate between the bed and 
water surface slopes. 

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 curves. The simulated 
thickness is retained for the natural section. 

HE'CI CE l«lDEL 

The Hydrologic Engineering Centre has modified t~e HEC-2 backwater model 
tc· incorporate the "wide" river jam stability criteria as developed by 
Pariset et al . The backwater capability of the progra~ permits the 
H io 1uation of ice cover stability. while incorporatins downstrear.. condition!.. 
;.,,, advanta9e of this model over the previously discussed model is that 
H~CIC~ car. use natural river cross sections "'ithout tne need for transfonr.ation . 

f.. ' dimensionless ·· stability diagrarr. is employe~ to analyze the stability 
of c ja~ e ~ c gi ver. sec~ion . Tne stab il i ~y diagre~ is for cohesioniess 
cover anc incorporates ice characteristic~ a~ deveioped on tnt S~ . lawrenct 
~ iver an~ tne Beau~arnoi~ Canal . A stability functior. i!. comput~~ at 
a ere!.!. se:tior. for a giver, flo" d!!ptt. anc an as!.urne~ ict cove!" thickness. 
Trr: ve·,u~ tm;~ obtained h COl'lt.are~ tc· tnt correspcn:!ing 11alue fror. the 

· : ll'!r~r .!. ·: or; le!! ' St<jility diagn1n. tc. establish whether the ice cover at 
tn~ cr::~s s.eaiorr H Stobie or not . The- stability fun:tior. h : 

(2 ) 

wnere (: is tnt- dhcharoe at the section; C i$ the Chez.> coe~ficier.t; E h 
tnt strea~ widtr.; anc: ~ is the upstrea~ open ~ater dect~ . 

i~t profile is obtained by solving for statiiit.~ at cru!.~ se:.tions i r. 
~~strea~ dire:tion. 

,. -., r.-; rc ~OI'Iputer mc,de~ was obtained fror: Lalonoe, liiro~oarc:. Letendre an~ 
~ !. ~o:iate: Ltd . ine prograrr calculates hydrauiic ice conciti ons. for 
ti~~ inte!"~al! tc st~ulate ice conditions durino the "'ir.ter fron freeze-
:.;. t~ t .. H '. -u;,. Tnf prc.grarr. incorporates separit~ moo~les for de~e-rmination 
c" i c~ ~;.acil ity, bac~<.water , arrc ice generatior· and depo;,ition. The model 
re:: ~ ~ rel meteorC>iocita1 anc cress sectiorr date . Tne- proora:-. whict. has 
tiH•. rr.c:! ~ fled for ~se or. tne Ft-ace F.i ver is descri bee ir," c!eta i1 by Fetryl: 
arrc f;o•s,· e!"~ (1;7c ) anc Petry!- et 6i (1980) . 

117 



The mode l empl oys the di mensionles s stabili ty di agram described ear li e r . 
However . s tabi l i t y i s a l so a ssessed fo r juxtaposi t i on of floating ice 
blocks (Pariset e t a l ) and by the use of limit ing fl ow velocities belo-.· 
the cover. Add i t i ona lly . ice cover is established on sections with very 
low velocities. 

All three models used in the study reach assume tha t the ice jam is 
floating and does not ground; there is no cohesi on within the jam; a 
semi-steady state flow cond ' tion ex i sts; and t hat the unifonr. flow 
equation is adequate. 

PREPARATION OF INPUT DATA 

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 i s wi de and 
shallop; p;ith gravel bars and secondary channels around the is l and s. 
Under ice conditions. a significant portion of the cross secti ona l area 
be l o-. the water surface is filled wit~ floating ice or ca rri es only a 
small percer.tage of the flow. The cross sec t ions and flo p; were adjusted 
so that only the main channel was represented in the i ce anal ysis. 

I n order to simulate river stages i n the study reac t, due to i ce j arm;ing, 
ice t ~ ic k nes ~ and roug hness of t he bed and ice cover were reQ~ire d . 

Measurements of thickness of i ce cover or. the river cou 1 o not be madt 
curi ng the ice-jar period . Obser vation of ice strandec al ong tne banr~. 

however, revec l ed ice thic knes :. general l y vary ing betweer. 1.5 anc 2.0 
metres in the study react. e xcept a t Jar.-. 5 . Ice s trandec at Jar.~ wa s 
about si>. me t re:. tnicl.. Since the i ce cover rer..:inec ~o•it nir. the ~ udy 
reac ~ fo r Ohly ~ short period of time, tne c~served t n ic~ne~se ! we r t no: 
cons i oered to na \ ' E beer. a 1 terec by tt'1erwe I gro .. ;t t: or eros i or.. Howev e•, 
tnt indirect detemir.atior. of ice thic knesse ;, by o~:.ervc ".. lO r:> c l on ; tn~ 

ban~, wa s no t considered precise and tne ob:.e~ve d tn i c r nesse !; c rt , 
tnerefort. considered t~ be onl y an indicator of tnt ice t~ i c ~ ne ss e : 1~ 

tne s tudj reach . 

Tne detern.inatio~ of the ice thickness anc hycrau l i c roughness or t nt 
cover and bed was made by c methoc presented b) beltao~ (1979 ). Tne 
method requires water surface elevati on. bed geometry and thE' re l ationst.i;: 
of bee roug'lness "'ith suge for the cross section to be ana·:yzed . Tnt 
sc l ~.tior: relie~ or. values of ice roughness vE-rsu!. tn ic:knes~ ob :~ i nec by 
NezhH.novSk.)· (1960: ) fo~ jar.:~ created by ic:£: fice~ an:· ad.1usted by oE: l ti!C! 
for v~ryin9 bed sr.ape. 

Tne rela~ionsh1 ~ of bed rouohnes~ tc stao~ we~ de ~e~ine~ L\ bcckwcte r 
ar.elysis wi tnout ice c:over ~etween the ~~[ ge upt et 1ayl or ~nc t L.C. 
Hydrc gauge loca~ec ~-1/2 kilometres do.,..nstrE-an:. Opt>r. water stege~ a t 
vHious flo""s were awailabie at thE: twc. gauge;. fror. prior co. l ibration 
work or. oper . ... ater bed roughness . 

The roughness rf l at i onship developed i~ 

( 3 ) 
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where nb is the Manning's value for bed roughness; and Rb is tne hydraulic 
radius for open water cond iti ons . 

The above method was appl ied at five cross sections in the study reach . 
Of the five sections , cross sections 117 and 121 were located in thP 
middle of a jam, cross section 115 was i ocated at the head of a jam, and 
cross sections 119 and 124 were located between j ams. 

The cross sect ions are plotted in Figure 4. The adjustments made to 
the i r area for ice conditions, as noted earlier, are also shown . 

The roughness values were calculated using two slopes; the one obtained 
from the open water profile; the other obtained from the ice/water 
profiles observed during the 1979 ice conditions . The latter was ava il able 
only at cross sections located within jams. The resu lts of the ana lysis 
are shown in Table 2. Based on the results, the roughness values obtai ned 
for the observed ice/water slope at those sections within the jams were 
cons i dered more applicable to the present study. 

Roug hness at ja~ and non-jam cross sections differed consisten tly. The 
rougnnes~ of both the ice cover and the bed are higher for the sections located 
wi tnin a j a~ or at the head of a ja~ . 

Me a~ roughness values for ja~ sections were 0.05~ and 0.092 fo r tne bed 
and ice cover, respectively . Similarl.>. mEar. rougr.ness value~ for non
.la,. se c~i ons wen: 0.045 and 0.06E· for tne bed and ice cover, respectivel y. 
Tne j ar. and non-jam roughness values were weighted by their respective 
1 eng :n ~ to obtai r. mean roughness va 1 ue fo:- the study reach. The mean 
ro~gnness Ja l ues for the study reach were O.OCf and 0.072 for the bed 
end i=e cover, respectively. Tnese va lue~ were input t HECJCE and 
~G~; c: m: dels. For the IOWAICE simulation~. the roughness values at the 
re~pect1ve se::ions ~ere e~ 1 oyed. 

R~SJ~TS A~u CISCUSSJONS 

~in • ..,1 atiO!'\S of ice/water 13vels within the stuo~ reach were made for the 
single oischarge of 1450 m /sec, s1nce flo~o vanat1ons were small. 

Tne sirr.o.~1ated ice/water levels and thicknesse~ by the IOWAJCE and HECJCE 
progra~s. em;~oy 1ns the calculated roughnes~ values, are comparable to 
t r.e 197~ ooserved ·IPveh as shown on Figo.~re 5. ine LG:..JCE pr·ograr.. 
re~rod v :ec tne 157~ pro=re~sion and retreat of tne ice cover at Taylor 
fror ttoe o:Js erve~ ci in.a:ic condition~ . The ice leveh simulated by thr 
LG~JCE pro9r~- ex:eedet tnose observed in 1575. 7ne prograrr is bein9 
mod 1f1et accordin; :J an~ the result~ are no: availa~le for presentatior 
o: tr. i ~ t i ITIE: • 

:ne ice ; ..,.cte r levei~ co~;H.;~ec. at the meas.urement 1ocations. by IO~AJCE 

and ~~ CJ C~ rr~~ra~~ are c1cs.e t0 the observed values except at Ja~ 5. 
in!: s i r · ~ 1a:et ;,ages o~ Ja r. : s ~ ver by batt, progra~s are consistently 
l~wer t~ar tne c~~erve: ~t1ue~ . Tni5 suggests that the "floating • ja~ 
tr· e~ r_\ , e•·=- ; cyec c.r b~t'' pr0g"e~!.. is not applicab1e to Jarr ~. and u ,a·. 
~ar 5 ~i gnt have beer 9round~t a5 inferred frorr tnE: observations . 
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IOWAICE simulations wer~ made at cross sections located at the head of, 
or within, the ice jams . Simulations were carried out for the rouahnes s 
values previously determined and the somewhat lower values sugg~sted by 
Tatinclaux (1978). The simulations were made at the cross sect1ons 
using the water surface slopes frorr' the open water profile for 1450 rr 3/f.et. 
Between cross sections located within the jams (117 and 121), the ice/ 
water surface slopes obtained from observations were also used in the 
analysis. The results of the simulations are shown in Table 3. Tne 
ice/water levels obtained by using the calculated roughness values were 
close to the observed levels. The use of different slopes (Ta ble 3) at 
the ja~ sect ions did not appre:iably alter the results. Force balance 
calculations indicated co l lapse of narrow channels and that the ja~~ 
were of the wide channel type . 

Durino the HECICE simulation!, 1t wa~ found that the ice thickn~s s a~ 

some of the downstrea~ cross sections had to be increased above ~ ne 
minimur stable thickness to provide sufficient backwater to attain 
stabilit.> at tne section of interest. The ice cover thu~ tr.ickened rr.ay 
be considered to re;>resent an ice jarr.. Tne HECICE freeze-u iJ t:rofile and 
locotion of jams an presented ir. Table 4. 

;.ltnougt the r::CICE sim:.; latior. produced a corn;.arable fre£ze-u~ prtJf ile 
to tr • .:: c::-se!"ved ...-itt.ir. the stud~· rec~t., it dlC:: nc.~ indicate t•r~ P'"e~ence: 

of tne jam~ belo~ ere!~ section ~1~ . lee ja~~ w~re simw1cte~ up~:rec~ 
cf crcs~ se:tior. 11:. wr.ert crc~s se::t i on~ were av.:~l.:t."r t at c.io~er 

intervals t~a n lt tnt o~wnstree~ r~act. 

"7ct•iE ~ sur.o..:r~:!e~ tr.: ic~/~cter ie·vels anc i c:t tr:i~i~ ne~! (c ·.-.~l ,:e:: bJ 
H~ClC.i: ar. c' J:J,; ;,J:::~ rro9ram~ . Tr-E- ict / ... eter l~vt~~ ~ i::-.. ,'; c,:e: t,_. t:.~ 

~~ :~::: pru;"c- wert c'ros~~ tl tr·: o::::.e r ve::· i eveh S~"' i ·,~ier~ c:Jre~ : ~.::·. : 

o: 1Ct: tr .·,ct. r'lf~~e~ i!. r; ~: o:..:c ~ r!: b. tr1-: vcri~u~ p,·r.crc- : er.: ~ ...... !. 

c~r·~:: reqJirt:! fur~h~r iro\·t~·-~ ga:io!,. · 

co:.: uJ~1 o:;s 

~=~e:: or tht res~lu o~ tne: ~G!..lCL IO~o: .:.IC£ ar.: H::~Jcr pro?"a~~. i • i~ 

ttm~iuoe~ tr.ct : 

1 ) 

3\ 

Tnt. cro~~ s~ctior.e: 1 soacing em~· loye: in the P.~U:r an~ i.G_lCi: [lr~;:rc; · ~ 

is irr::Jortent fo!" !.irr,.;lctior. of ioc: ~ tior. an~ ~en;:t• · C'" 1Cl _iar.,. 

Tn~ roug•: rre~~ of tn~ ice cover ar,c· be~ ft· ~ c c:ivf'r, se:: ~ rr !>r•:.~ ~ c 

!:>~ O~~err· i ne: b1 u!.in:: tn: _.,ate .. !.Urfc:€ ~lc,~.~ a; OtSf'l"l'"::; ur•Of• 
i::e ::on::ii:ior:£ \c: e~:.urt !>c~is'fa:t~"'J re!>u ~ ~~-

H£:IC~ anc JQ;.;!. :~: rroorar..; 1re ao~~icet.ie tt· tn~ u,::'ov:1 o c. ~ 

i::e :..-c::er levels or. tr,; f-H:t F-ivE-r, e.;ct:: i: t'lE cas~ c'!' ·,c;rg~ 
sr:oves a~ ~x~er i ~r,: e: a: ~!~ ~ - LG_!CE ~rt :Yt~ rf:;1re~ ~~t i ; 1 :a: 1 o~ ~ 

"-'!"i1:r wou·c i;.:;rov£ i~~ c.:,:.·· ic.e:t. i~i ~y tt =-· e-a~t E·,".£:-'" . 

"';nc e:~sis:cn:~ p ... ~_, ~ de: t _. ".r. ha .. :~r \cr~ o~rt .. raa" ~ t'"'£ ~ .~· c"' : ·o£:· 
S:-:~~0:'" . . t.t. h."·orc,, ir tr,~ c.c"'"•t ~· .. ·~~ ... r cr ~r1 : -;c~ c.c. -.t re~· :.··!e ~ ,, t~ · i ~ 

~i~Er 1s a~~re~ietec. 
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TABLE 1 

~XIMUM FREEZE-UP LEVELS OBSERVED DURING 
FEBRUARY - MARCH 1979 

DeSERVED IN THE ~~XIM~ WATER/ICE 
VICINITY OF LEVEL (GSC) (rr,) 

lo.'SC gauge 406 . 7 
B!~ 9 • 407 . 58 
81-'. 10 not available 

B~ 11 40S. 77 
B~·~ 12 (1 0. 3C. 

s~· 11, (12.0( 
e• .. i; '13 . '!. 

s• .. 1 ~ 1,13 . E 

s~· 1 s ' 1:, .6c 
B' .. 21 415. n. 
B"' 20 '15 . 7{ 

• Loc.ni on ~ of B~~ ar-e !.nowr. or. r;gu~ 2. 
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Jo .., ... 

I /IIIII ' 

llflllr.llrll So; MIO trr fill (I'll(<; <; V/11111 > 

f. l!fl ';'; ';ltliiiH HllflllfP. ll'i 117 11CJ 121 124 
fll~f h·1PI<' IJ(1n:l/ ~ ) I t1 •;n 14!;0 lt1 50 780 • 1450 

t; I "I'" ~~ ~ "'' OITN (111\NIIf I. Orl H Cllllrtllf I. WITIIJr:£ orr II CIIIINNEL OrEN CHI\NNEL WI Til ICE OPEN CIIIINN£l 

Willi II r, lllll/11:1 f i i VIIIIIIN , 1.1. fl 

llw· •·,,, ,,, hvrtr.,., 1 I r w ( m) r;r,1.0 
,,,, .. ,.,..,trr~ rnr ''f1"" II ( nt) 10 .64 w.1 1"r flnw llf• <. t r"i1"' 
nf crno;t;. t;f'Ct. •on v (nt/t;) 0.33R 

s 0 .000647 
(m) 3.4 

W (m) 5~fi. 

r.~t lmrll.ed 11vr.r11q~ A I (111) 3 .117. hyrlr.1•1l I c 1111 rt1111r. t,.r., 
111111 roti•JhnPSt; Ice nh (m) 1. Slit 
rov"r"d Sl'C tlon<; h (nt) 4.626 

v (m/~) 0. 5R40 

" t 0.09051 

nh 0.05fi47 
n 0.07490 

0 

• rJ ow rrthlr. t. ion rrl"fll I rPd flu,. to 
td furr.r1t.lnn nf rhr1nnr1 i'lrnuncf 
l~lr1nrl . 

cnvrn COVER 
417.4 lf17 . ~ 410 .5 410.:18 410.38 406.7 
Jfi!l , f\ :1"1' .6 J'if\ . Q 29Q . J 299.1 490.7 

12 .9 17.9 9.4 8.4 8.4 8.3 
0. 43 0.43 O. SR 0.41 0.41 0. 48 

0.0002QO 0.001!iR2 0.000449 0.001025 0.001220 0.000363 
2.0(; 4.00 1.73 2.55 2.90 1.48 

~67..:1 :14'i .A J'i5 .5 287.2 287.3 477.8 
4. Zfl] :1.707 3. 571 2.464 2. 485 3.124 
J,QOR 1. 47Q 1. 905 1.452 I ,449 1. 87.3 
6 . 195 4. fiR7 5 .542 3.917 3.934 4.942 

.Mr.O'i .R9573 . 71f45 .6946 0.6908 0 .6149 
o.ofinr.R 0.09!i57 0.06650 0.0850 0.0890 O.Oti61 9 
0.04169 0.05800 0.04373 0.05917 0.05992 0.04605 
0.05fi01 0.07892 0.05571 0.07236 0.07432 0.05662 

NOTE : W • chi'lnnel width, H • r nw depth, Y • flow velocity, S • water surface 
slnrP, t • Ice cover thi c knf'S~. R1 • hydraulic radius due to Ice cover, 
R • hy!lrr1ul tc ra!llu~ dur bed, h - flow depth under fee cover, v = flow 
vktor.lly under Ice covrr, n1 • Manning's roughne ss for underside of fee 
covP.r, "b • i1i1nn loq'c; rougMess for bed, and n

0 
" Composite Manning's 

rouqhnes~ for bed 11nd Ice. 



Location/ 
Cross-Section 
Number 

122 

121 

12C 

117 

11: 

11' 

TABLE 3 

ICE/WATER LEVELS (m) SIMULATED BY IOw~ICE PROGRA~ 

Observed 
levels 
GSC 
(rr.) 

409.5 

409.8 

410 .4 

412 .1 

413.8 

415.2 

Slope From Open Water Frofil~ Slo~E Observed Dur1n9 
lee Cond i t1ons 

Roughness Rouohness Rouohness Rouo~ness 

(Tlltinclaux, 1978) (1abl~ 2) (Tctinclau> (~a~· le tl 
1978 ) 

408.24 408 .83 

409.08 409 . 16 409.25 405' . 11 

4Q;. 71 41C.l9 

411.24 411.77 

412.00 4i2.3u 

~14 . 60 ~H . 7i ' 

17C 



.. ...., ... 

...... , ..... , 
tl•l· ·· 

,,. "'''' 
1)1 '""' 

11 : ,n.,., 
l .' l.f'""" 

·~" · """ 

,, .. ....., 
,,. ·~., 
,,. "'In 

I 141 . ""l't 

114 ""'" 

II tl ""'' 

'' ' ·' ttfW'I 

'''' ·""" 
II 1 nn't 

'''·'·""" 
"~'-
111 nnn 

11"4.'""" 

''"'·"""., 
tl"7.rM 

''"' llf'tl't 
,, , , ftn" 

..... ftn"'t 

...... , .. , .... , .. , , .... 

....... , 
'"''· ... 
tn•·· . tn 

:'"'·' '" 
IUtt :-n ... ,.., ...• 
If'' · '"" 

.,."·'"' 
'·""' ·"" ,.., "" 
'·4" .nn 

' '·"' ·'.., 
'"'·"'' 
''•" '"' 
'"'·"" 
' 1" ."" 
u .n .nn 

•'·" "'' 
""'' ·"" 
''"·'"' 
''"·"" ...... "'" 

.. ... .. " .. 
I•H ' •• 

14 ' "·""' 

t4•.n , ,n 

If' 't , un 

l'lf' ."' 

1 4' u . nn 

I t • " · '"' 

tf• ,n ''" 

14 ' " "'"' 

tt·n . N't 

14' '' · ""' 

····"·""' 
14'·"·"" ...... "'" 
u ·.n . wt 

, .. .. ,. 1111 

tf •,n nn 

, .. ~.n . "'f' 

"'·' ·"" 
.,, t ,..,.. 

f'lr. r ,nn 

., ' "" 
"'·' ·"" 

····"·"'' 

,..,. ,., .,.1 .. 
• It• I 

.. "· 
"'·· "' 
.. . n ... ., . "· ) ..... 
,, .... 
7 . • , 

l, n 

' ·"" 
'·""· 
' '·' 

t• .n 

'·""'· 
"·'"' 
'·"" ... 
.. . ttl ... , 
.. ., 
"· '' J . ,. 

··"· .. ... 
.. ·'' 

,,.,.. .. 
:······· t•: ' ,_,, 

..... ,. 
'" '"·'· .......... 
... ., ... 
.,., , .. 
•• 1.11 

1 ' 1.1· ~ 

•1~ . 11 

41 ': . ... 

" '·"'· 
411 ..... ........ 
., ' .,. .... ,, ...... , ...... 
...... ..... 
11'· .11 ...... ... ........ 
···· ...... 
''"·· ,, 
Ct ' ., lt 

..... "" 

.. " . ?« 

. ,. 

"' .. t 

.,.,,, '' ·' 
4" , _,. 

'''"· .. , 
'"" · ..... .. ,. _ .... 
ttl . :- • 

41 I . •" 

fi1 . J' .. '·"' .. ' · :',. 
tlt41 .. '·'·" .. ... ., 
••• "'il 

414 , .. , 

·····"' ........ ..... .. 
.. .... .. , . ... _, ... 
•···. ,, ···· . .,, 
•• ,. • . ft. 

··~ · ,, 

,,,,., , . 
• , . • , ,., , . , , ••• , •• , 1• 1 '"'''"' .... 

I ' " " '':' ... , . 

·· .... ''" 
••• . , ., .. . ' . .. .. . ' . . .. fh•l"""' 

1 . • 1 • 1 1,. t• 1 • • r ' • • . , ,, , .,,, 11 

· f • · · ,,....,, , , • • • . , ' "' ' 

'"'" 1 "·" n ,• l IJn 

1 • n . •. 111 " . 4ft 

f"tl ) , 44 (' ,. " · ' ' 

t" ' ' •I ' . 44 I , IM'I I. 7~ . 

' " " · .. , I •. :- " · ' · t " · 14 

,,.., , .' . . .. ' " · ' ·' 1t1 , ft1 

,,, f ' · ~ . •• " "' • . ,,. 

"" ·· ·· t . n n . f·1 11.'1 
ttn . r• 1 . 11 n . .. 7 4 , ,'i 

411 . · .:- .. , " ft, "II I ft . ;;. 

tl.' u I . "' • n.u. 11 . ft\ 

411." . . ... "-'·· . . ... 

t11 , rtl', . ., ..... 
417 . tn 
417 , t1 .., . •.·. 
41:' . .... 

4t1 , 11 

411 , 111 .;" ... ,. .. . '" .. '·'·" ...... · . .... ~·· 

.. , .. 
J . '" 
J . 74 

J . ,. 

:- .... 
'· , .. 
'. , . 
1 , flt 

I..,. 
1 . 44 ,,., 
) , ,. 
':' . 74 

1.11 

n . fll 

"··· "·'" 
n, ''· 
n.•• 
"·"' 
ft . l't 

" · r. " .. ,. 
0~,.., 

"·"' 
n.r.J 

-··· ··"' 
10.11 

11.<·• . .... 
10 . 11 .... .. ,. 

7 . •• 

fl ." 
7. lf .... 
'· ,, 

. ..... . ,. .. ... , . .....,. 
..... ., ....... . ..... ... . 
, ..... . ,. 
tr.n . w .. , .... 
~ ..... 
7ttl.\1 

.... , . ~ 

.... .. o 
774 , t'M'I 

'""·"' 
4\\ . IM 

U>. 111 

~~·· 11 ,.\," 
9M.I4 

'"·"" ,.,_ ,M 
~l"t .M 

Uf . l1 

'"'·" ,,._,\ 

~toh111ty 

C'IIIC"l.l-'t""' C'~ 

T~l I I 

11 . 11 J .U J .U 

o.u .... 1.15 

n.1• l.t• J . U 

fll . 11 J .~· 1 .1.\ 

n. l' l.J• I.H 

• • •• 1. 511 .... 

n.n J . \1 J . \01 

o.M o. ,. o.n 
O. JJ 1. " .... 

l . U 1 . 11 1.11 

1 . 10 ft . A\ C. «. 1 

~ . 11 J . ll\ J . O> 

n.1• ,,,. 
o.n 

"·" 
~ -" 
o.n 
0 , )1 

n.JJ 

II.J~ 

"·" o.n 
n.n 

"· .. 

l.n 

'·" o.•• 
0." 
o.u 
1.11 

1 . ~. 

n.n 
1.,. 
o.u 
I.'K 

• ••• 
1 . ,. 

t .\o 
1.11 

' · " 1 

' ·"' ' J.n1 1 

J." 
J . A1 

.. ., 1 

1 . 40 

J.U 1 

1 . n 1 

J , \, 1 

J . 'K 



TABLE 5 

COMPARISO~ OF SIMULATED 
ICE/WATER LEVELS AND THICKNESSES (m) 

LOCATION OBSERVED ICE THICKNESS IOWAICE HECICE 
(CROSS SECTIOt-.) ICE/WATER (Table 2) Ice/~ater lee Ice/~ater Ice 

LEVEL Level Thickness Level Thickness 
GSC (m) GSC (m) 
(m) (m) 

12~ 406 . 7 1.48 406.7 .. 2.59 

12£ 40? .5 408.33 2.25 4De . s7 2.4( 

121 40;.f; 2.90 409.16 2.97 4:l9 . 75 2.4~ 

120 ~1 (J . ~ 410.19 2.02 410.3( 1. 52 

11~ ~1 L. ~ 1. 73 ~11.11 1. 83 

1i7 ~12 . 1 4. 00 4il.77 2. 0E· ( 12 .11 1 . 3i 

115 ~13.S 3.4::J 4~2.30 3.52 412. 8S 2. 1 ~ 

112 41~.2 ~14.71 3.54 41:..21 2 .7l. 
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DISTAIIC[ U/S rROP-1 TAYLOR GIIUG£ IN kiLOMETRES 
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S Y ~ 0 P S I S 

Field observations of icing conditions on the Peace 
River were carried out by B.C. Hydro personnel during the 
winter of 1981-S2. 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.l044.3 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. 

Tne 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. 



- 2 -

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, 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 47p-121 

Revision 1, dated 28 February 1977, the Hydroelectric 

Design Division was requested to: 

"Provide engineering services related to ice studies 

and other .hyqrological studies consistent with the 

long-range System Plan in effe=t 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 Albert~. 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. 



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 a~ the Town of 
Peace River, Alberta. The objective of t is 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 

Th~ Peact~ River freeze-up front was approaching the 

B.C.-Alberta border. Weather conditions were sirniliar 
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 
.,;ere measured in order to simulate 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 rnake 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 AU·erta Environment for 

mitigating problems expected 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 February, in Peace 

River on the 25 of March and in Edmonton on the 1 of 
~une to discuss the ways of controlling ice jams a t 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 

Fiel d observati ons of ice conditions along the Peace River f rom 
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 con t i nuation of t he ice observation program ini t iated in 1972. 

Ice conditions were observed during five helicopter t rips. The 
quali ty and extent of ice formation were noted and water and/or i ce 
levels and water temperatu res were measured at selected locati ons including 
a tes t 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 t he ice on the river reach upstream of TPR became competen t , norma l 
outfl ow fluctuations were resumed . 

Regardless of the relatively low accumulated freeze degree -day for 
t he winter of 1982-83, the very low GMS/PCN outflows during th i s peri od 
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 si nce 
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 Apr i l 
21. The Peace Ri ver 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 Ass ·ignment 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 i1 
effect as follows: 

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

. 2 STUDY FROGRAM FOR 1982-83 

A joint B.C. Alberta Task Force was formed in 1974 to co-ordinate 
i ce 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 
al l 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 tf.~st reach from the B. C./Alberta border to Site C 
in order to collect data throu~~out 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 Field Trips 

During the winter of 1982-83, five_field trips were made to the 
Peace River. The diaries of the f1eld observer are appended ~o 
this text. In addition a breakup diary was completed to comp1le 
the 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 
field trip was cancelled. A brief discussion of the field t rips 
and diaries is given below. 

2.2 12 January 1983 Ice Ob servations 

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./Alberta border. Field reconnaissance indicated 
that ice levels would not reach 1979 maximum freeze-up leve l s. Da t a 
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 Observ?tions 

The Peace River freeze-up front had advanced just upstream of the 
Moberly River and Site C (mile 66). Ice/water le,·els at the 
darr.:ii te 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 
110~0 cfs (311 m3/sec) to 35,000 cfs (1000 m3/sec.) for a 2-day 
per1od. The observer undertook a field trip to the ice front 
location to determi ne whether the increase might have some effect 
on ac~elerating the rate of retreat and also to obtain open water 
data 1n the Taylor area . The increase flow was not sufficient to 
have_any noticeable effect on the rate of erosion or break-up of 
the 1ce cover. 



2.7 Breakup Diary 

The events prior to and during breakup at TPR are summarized. 

The Peace River at TPR broke up without incident on 21 April . 

PR / rt 

Attach. 

£'~I • ! ,.- It-· , 
/· /'.Y./'.-

..,/ -· 
P. Rocchetti 
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SYNOPSIS 

This report contains a su~Tr.~ary of the 1982/83 ice fonr.ation and 

breakup on the Peace River at the Town of Peace River. lt conta ins a 

record of the freeze-up advance rate on the Peace R i ver~ a reco rd of the 

mean dai ly temperature at the Town; as well as a record of BC Hydrc and 

Power Authority's flow releases from the Peace Canyo r. facil i ty in 

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

groundwater levels in the West Pe · ~ e 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 on 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 fonr.ation 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 rive r 

from the Water Survey of Canada gauging stltion 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 



At breakup, an as yet undocumented breakup sequence o~curred, w i c 

is described herein. Breakup at the Town effect i vely occurred on 2t. 

April, 1983. No ice jamming ~roblems were experien ce~. be sice1 1y 

because breakup was a thermal process rather than a dynamic hydra u1ic 

process. 

The experiment to control freeze-up levels was considered tc be 2 

success. 

;; 
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SUM~ARY REPORT 

PEACE RIVER ICE OBSERVATIONS 
1982!83 ICE SEASON 

by: 

* Gor·don 0. Fonstad, P.Eng. 
and * 

Larry A. Garner, CET 

1. Introduction 

When the Peace River at the Town of Peace River formed i t s ice 
cover in the 1981/82 ice season, extremely high river levels resu lted. 
Therefore, recommendations were made to the Alberta-Be Join~ Task Force 
on Peace River Ice to attempt to control the freeze-up 1 eve 1 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 j uring the 1982/83 ice fo rmation 
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 Vennilion, 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 December, 
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 progression, 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 contac~ed. 

* River Engineering Branch, Technical Services Division, 
Alberta Environment 

1 
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BC Hydro was requested by the Joint Task Force to ho l d their 
dis~harge releases from PCN relatively steady in the range 1486 to 1401 
cubic metres per second (m3 /sec; or 52,500 to 49,500 cubic fee t per 
second (cfs)), with a target mean of 1444 m3 /sec (51,00C cfs ) . Hydro 
comenced this operation on 12 Decerr.ber, 1982, and with only oc ces i or.c 1 
variation, maintained releases within the reque~ '.ed range. Thi s \-Jes 
carried out in spite of the fact that they did not have a powe r load o~ 

export demand to justify these high releases. 

Figure 1, attached, shows the progress of the recorded freeze- up 
ice front location on the Peace River, in terms of river mi les be l o\o.· t he 
WAC Bennett Dam, as well as mean daily temperature at the Town of Peace 
River. (These latter were determined by averagins the daily ~ax i mum anc 
minimum temperatures recorded at the Peace River Airport. Subsequen: 
analysis has shown that this mean can be considerably di fferent fro~ a 
mean calculated using hou r1y temperature data , which would more 
accurately reflect the true mean.) Figure 2 (10 sheets ) records the 
3-hourly releases from PCN; the recorded hourly water surface eleva ti or. 
as a gauge height at the Water Survey of Canada (WSC) gauge at Peace 
River; and, recorded mid-day groundwater elevations (in te rms of 
equivalent gauge he i ght) from a recording well established in West Peace 
River by Alberta Env ironmen t . 

Unfortunately, once the steady discharge releas e prog ram was 
established, a moderating trend in the weather sl owed the ice 
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 fe\o. 
more years of record will be required to determine whether th i s was i n 
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 o~ 
Figure 2. The mean PCN release over the period 1 to 5 January, 19E3 , 
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 PC~: was 3.40 m fror.: 26 
December 1982 to 5 January 1983. The duration of th ·is 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. 



3 

BC Hydro had been balancing power production due to the continuec 
high releases from PCN by cutting back on releases from the i r Colum~ia 

River plants. As they had to maintain certain riparian flows on the 
Col urnbia. t ;'ey asked the Joint Task Force if they could cut ba ck on 
their PCN releases to allow higher flows in the Columbia. The Jo1n: 
Task Force members agreed on 6 January. and the cutback to a me an 
release of about 1050 m3 /sec (37,000 cfs) occurred on 7 January. 

Figure 2 shows the PCN releases, river levels and groundwater 
levels at Peace River for the balance of the ice season. Noth i ng 
untoward occurred for the balance of the winter. 

It was judged that the first attempt at controlli ng the freez e-up 
level at TPR was successful. 

3. Groundwater Levels in West Peace River 

During the 1981/82 ice observation period, it was ascertained tha t 
groundwater seepage problems in basements in ~Jest Peace River occurred 
when the stage in the river exceeded 11.0 m ••• for the ice condi t ions 
prevalent that year. By contrast, the highest recorded groundr1ater 
level for 19G2/83 (of three observation wells established by Alberta 
Environment) was 8.0 m (Figure 2, Sheet 3, and Note to Accompany Figure 
2). 

The data shown in Sheets 2 and 3 of Figure 2 indicates that the 
groundwater table began responding to the increase in river stages 
within about 40 hours, and when the net increase in river stage was only 
in the order of 0.65 m. The groundwater level raised approximately 1.73 
m in the 19 day period from 29 December 1982 to 16 January 1983. The 
data indicates that the groundwater level appeared to remain in the 
order of 1.0 to 1.5 m below the adjacent river level for the balance of 
the winter*. 

During the initial river staging, the rate of rise of the 
groundwater level increased on about 2 January, 1983, when the river 
level was about 2. 4 m higher than the groundwater level. The 
groundwater level continued to rise after the river staging was 
cor.tplete (and even as the river stage dropped follor,oing the lowering of 
PCN releases on 7 January}, driven by the differential head between the 
river level and the groundwater table. The groundwater level reached an 
initial peak on 16 January as a result of the staging, and a second 
slightly higher peak on 22 January in response to a short duration 
increase in the river level. 

The recorded groundwater elevation on 22 January, 1983, was 
Elevation 314 . 20 m (1030.84 ft). According to the TPR Town Engineer, 
the lowest basement elevation in West Peace River is Elevation 315.25 rr. 
(1034.30 ft). Thus it should be possible to set the Peace River ice 

*Note : These levels are subject to correction as outlined on the 'Note 
to Accompany Figure 2' 
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levels at TPR approximately a r.letre higher than in 1982/83, though t hi s 
would leave little margin for groundwater level f ' uctuation throughout 
the balance of the winter. This metre increase sho 1ld be take r. fror. the 
gauge height following the levelling off and slig~ t reduction in river 
stage 'aused by the roughness of the underside of the ice cover 
smoothening out. 

Because the discharge releases from PCN were teduced or. 7 Januar.y, 
the above maximum groundwater levels are likely · ess than they wol;lc 
have been had the release of 1398.4 mJ/se (49.38( cfs) continued for 
another week or more. As the discharges were reduced, caus i ng a 
reduction in river stage commencing in the mid-aft~rnoon of 9 January, 
there was insufficient data to ascertain whether or not groundwater 
seepage problems would have occurred for the partic1 lar PCN releases. 

4. Winter Releases and River Levels 

From 21 January to 24 February, BC Hydro's pow~r releases frorr: PCN 
were low, being in t~!." order of 500 to 600 m3 /se: (17 ,660 to 21,190 
cfs). These were further reduced to about 450 m3/S!C (15,890 cf s) over 
the period 25 February to 25 t·1arch, with only a fEw instances of peak 
releases in the order of 700 m3 /sec or lower. PCt' releases were ac:;air. 
reduced on 25/26 February to in the order of 320 tc 250 m3 /sec (1 1:300 
to 12,360 cfs) until 11 April 1983, again with isola · .ed peak releases. 

Throughout this period, the water water level . at the I·!SC gauge 
tended to drop with the reduced releases. Beginning ~ith a gauge he i gh: 
of about 8.5 m, the river level dropped with succe~sive reductions i n 
discharge to in the order of 8.0 m, then to about 7.5 m. On 6 April the 
river level began to rise, with no corresponding increa se in P C~ 

releases, hence likely reflects stepped up local infl ,,ws from snowmelt. 
BC Hydro stepped up their releases for 12, 18 and 6 hturs 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 move~ the period 6 to 
12 April. 

S. Breakup Observations 

On 11 April, BC Hydro increased the PCN release~ to about 1000 
m3 /sec (35,315 cfs) for a 51 hour period. This increa;e followed the 
philosophy set out by the Joint Task Force during the 1.981/82 breakup 
period, to try and initiate breakup in the Peace River b ?fore the Smoky 
River broke up, as experience had shown that if the Smoky broke f i rst it 
would tend to cause ice jamming problems for TPR. 

During the 1983 breakup, a breakup sequence occurreo which, to the 
best of our knowledge, had not happened in the years sin:e ice studies 
f i rst corrmenced at TPR. In previous years, either o · two b:·eakup 
sequences had been noted at Peace River. One sequence was that the 
Smoky River has broken up first, e.g., 1979, forcing its ice into the 
Peace River. When this occurs, high water levels have be, n experienced 
at TPR, caused by jamming of the excessive ice in · he river. In 
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most years, however, the Peace River has broken up first, e.g . , 1962. 
In th i s sequence a main breakup front travelled down the Peace River i n 
an orderly fashion, causing breakup in either a thermal or dyr.arr ic 
manner. The Peace River ice at TPR has been cleared out throuar troi s 
sequence before the Smoky River broke up. · 

In 1983, however, the Peace River opened up a narrow lead in the 
ice through the TPR reach, by thermal processes, before the Smok) 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 fron! 
passed through TPR. In the intervening time it grew in both length and 
width, such that by 24 April upwards of 80~ of the- \l:idth of the- river 
was clear of ice. 

The following sunmarizes 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-ice-hinge-lines filled 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 April this lead had 
extended upstream, co·1ering 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, 
retreating 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 River ice. Presumably the floes 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 
80~ 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 main 
breakup front was located at Mile 229.2, about one mile upstream f the 
Shaftsbury Ferry. The ice cover between Mile 229.2 and t he mouth of the 
Smoky River was, however, still in place. 

At 1100 hours on 23 April, the ice front was located at Mile 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 janmed ice 
f1 oes behind it. 

On 24 April at 1000 hours the ice front was at the MacKenzie Cairn 
observation point (Mile 235.30), and conmenced moving at 1015 hours. 
Progression of the front was in a similar 'manner as had occurred in 
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1982, with leads melting out ahead of the front, then the jarraned ice 
moving down into these leads and coming to rest. The breakup front 
passed Mile 236.89 (Correctional Institute pumphouse) at 1340 hours, and 
passed Mile 240.18 at 15?5 hours, with jammed ice extending upstrearr. to 
Mile 237.79. The ice thickness was estimated to be in the order of 0.6 
to 0. 7 m. 

Upon reaching the open lead below the mouth of the Smoky River, the 
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 April at 1500 hours, the 
breakup front had progressed downstream to Mile 270, some 24 miles be 1 o~• 

the Highway 2 bridge at TPR. 

A breakup surrmary 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 this can be 
readily seen in Sheet 9 of 10 of Figure 2. The local lowering of weter 
levels on 22 April was likely due to the enlargement of the open lead 
through TPR. From 23 to 24 April a rise in stage of about 1. 07 m 
accompanied the passage of the breakup front, however, to be consisten~ 

with reporting criteria from previous years, the peak on 24 April was 
0.35 m higher than the previous five-day average level. 

6. Sumnary 

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 in 
basements in West Peace River. The manner in which the ice cover built 
in indicates a successful attempt at controlling freeze-up at TPR (for 
the meteorological conditions experienced that year). 

While the ice cover was built in at a fairly high discharge, in 
order to allow BC Hydro some leeway in their release operations for the 
balance of the winter, this leeway was not fully tested . Due to a low 
power demand throughout the ba 1 ance of the winter, BC Hydro cut their 
releases to well below average. 

The data indicates that it may be possible to increase the level at 
which the ice was set in, by approximately a metre. 

Breakup was uneventful in 1983, the dominant pr cess 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. 



TMLE 1 
Breakup Data 

Peace River at Peace River Town 

Year Breakup 5-Day Pre-breakup Discharge During Oreakup Maximum Ice Jam naximum Stage Increase 
Date E levation• 1 Peace River Smoky River Elevation Above Pre-breakup Elevation 

(m) Above Smokl R1ver*2 Above Confluence*l {m) (m) 

1960 Apr 16 312.88 883.49 365 . 29 313.21 0.33 
1961 Apr 20 311.69 1112.85 104.77 311.81 0.12 
1962 Apr 16 312.30 866.50 648.46 313.94 1.64 
1963 Apr 19 311.75 3381.03 1093 .03 316.14 4.39 
1964 Apr 19 312.33 897.64 206 . 15 312 . 15 -0.18 

1965 Apr 14 311.90 1568.75 481.39 313 .61 1. 71 
1966 
1967 Apr 30 311.90 291 .66 1005.25 313.40 1.50 
1968 
1969 Apr 15 311.96 475.72 948.61 314.89 2.93 

1970 
1971 Apr 19 312 .48 1260.10 203.88 313.06 0. 58 
1972 Apr 20 313.21 1452.65 538.02 314.06 1.65 
1973 Apr 12 313.76 2273.84 515.37 318.18 4.42 
1974 Apr 20 313.36 2288.00 1308.24 317 .51 4. 15 

1975 Apr 17 314.16 2174 .73 69.94 314.52 0 .36 
1976 Apr 11 313.94 1676.36 594.65 314.34 0.40 
1977 Mar 12 312.72 767.39 66.83 311.90 -0.82 
1978 Apr 15 313.18 1333.72 215.77 313.49 0.31 
1979 Apr 30 314.10 2520.20 1589.99 318.61 4.51 

1980 Apr 18 311.81 651.29 307.94 313.06 1.25 
1981 
1982 Apr 26 315.46 1653.00 247.00 315.94 0.48 
1983 Apr 24 313.38 1340 .00 400.40 313.73 0.35 

Notes: *1 Average elevation of mP.an daily di scharges at Peace River for 5 days prior to breakup, es timatP.d from 
recorded water levels . 

·~ Peace Rivr.r Discharge : Discharge at Peace River - Smoky River Di scharge at Watino 

*l ~mn~V nivDr ~t w~tinn 
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Note to Accompany Figure 2 

A note should be made before any reader attempts to compare 
groundwater levels recorded in 1982/83 with those recorded in 
1981/82. The data for 1981/82 was plotted by subtracting the ~SC 
gauge zero elevation from the groundwater elevations to obtain an 
equivalent gauge height. However, this then did not include 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 river. This resulted in a plot which showed 
the groundwater level higher than the river· level, which was 
found not to be the case. The 1982/83 data has been corrected to 
incorporate 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 verifiea through a more detailed calculation 
procedure involving the river levels recorded by Water Survey of 
Canada at their gauge at Peace River, plus those · recorded by 
Alberta Environment at the Peace River Correctional Institute. 
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FORHIARD 

The following report, which describes the 1982 spring breakup event 

at Fort Mcr-turray, 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, u~der the auspices of the Alberta Co-operative Research 

Program in Transportation & Surface Water Engineering. The prime intent 

of this report is to document the 1982 breakup in order to facilitate 

future comparisons. 

The Athabasca River in the vicinity of Fort ,cl-1urray 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_ving areas within the City of Fort f.tcf1urray. 

In 1982, breakup at Fort ~1c~1urray occurred on April 26. fit the 

f1acEwan 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 Rapids to Fort Mc,urray. \later 

levels were taken between Little Fishery River and Poplar Island, and 

miscellaneous velocity measurements were taken at the f·1acEwan Bri dge. 

Temporary jamming was observed at five separate locations upstream of 

the MacEwan Bridge, and a jam lasting for approximately 3.5 hrs occurred 

between the f·1acEwan 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 mrn film and newspaper accounts of the 

breakup available from the various co-operating agencies. 

i 
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INTRODUCTION 

Based on 24 years of recorded data (1958-81) the average breakup 

date of the Athabasca River in the vicin i ty of Fort Mct1urray 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 dP1iates from the usual pattern that foll ows the 

warming trend which is typical of the area upst ream of the Town of 

Athabas pa and the more southern portions of the Athabasca River ~rainage 

basin. Often, the fourteen rapid sections between Athabasca and Fort 

McMurray break up when there is only a sl i ght increase in discharge . In 

this reach, the high chanr.el slope gives rise to larger velociti es and 

shear stresses, which can initiate breakup well in advance of other 

sections of the river. When the ice in the rapid sect i ons deteriorates, 

~it mo ves downstream , accumulating in areas of low velocity. As the 

discharge increases and the ice deteriorates further, s r.~all jams move 

dm·mstream, compound and alternately r.Jove, jam, and buildup again . In 

most years these small jams have compounded into a severe jam which can 

cause stage increases of 2-10 m above normal summer water levels 

In 1982, breakup on the Athabasca River at Fort McMurray 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 

t> etween Cascade Rapids and the MacEwan Bridge. A jam lasting for 

approximatel y 3.5 hrs occurred just downstream of MacEwan Bridge. 

Doyle (1977), Doyle and Andres (1978) and Doyle and Andres (1979) 

provide the most recent references which document the more significant 

1 
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ice jamming that has occu rred in the pa st decade. References are also 

provided in earlier repo rts wh i ch document major ice jams which occurred 

in the Fort McMurray vicinity prior to 1970. 
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PRE- BREAKUP COilD!T JONS AND SUI~I~ARY 

The following section of this report is a summary of the 

information collected from various agencies prior to the 1982 breakup. 

This informat ion can be compared to that from previous years, and may 

have application towards the prediction of futur~ brea ku p or other ice 

related phenomena associated with the Athabasca River. 

A sur.rnary of the relationships among dischar-ge, air temperature, 

and degree days of thaw during breakup for the Athabasca River at Fort 

~1cMurray are provided in Figures 2 - 3. Additional data collected pr i r 

to breakup was recorded as outlined below: 

t~arch 9-10 (photos 1 & 2) -A ground and aerial reconnaissance flight of 
the of the Athabasca River 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 
McMurray. 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 monitoring and an observation program was set-up with WSC and 
ARFC. 

t·~arch 25 - Air temper-ature and prec i pitation were monitored for Slave 
Lake, Athabasca and Fort McMurray. 

As of March 26 - solid ice cover remained on both Athabasca and 
Clearwater channels . 

- minimum daily temperatures remained below 0°C during the night - mean 
daily telilperature between t\arch 19-23 = 5.5 ° C. 
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- 4 mm of addit i ona 1 preci pi tati on s i nee March 10, and snow on ground 
( SOG) = 32 em. 

April 1 - Based on available snow pa ... k data, 1700-2266 m3 /sec wa s 
predicted as the maximum flow for breakup (1:2 year flood Q = 2200 
m3 I sec). 

As of April 5 - solid ice cover remained 
- between March 26 - April 5 there was 16 hrs of thaw (0°C) 

- heavy snowfall between March 28 and ~1arch 31 resulted in an additiona l 
26.2 mm of precipitation 

- snow on ground = 52 em 

- mitigative measures to induce thermal weakening of the ice cover were 
discussed with the City of Fort McMurray 

April 8: - Daily monitoring commenced on W.S.C. gauging stat i on for the 
Pembina River at Jarvie, Athabasca River at Windfa l l and Athabasca River 
at Athabasca. There is no telemark reporting daily for the Athabasca 
Rive~ at Fort McMurray, therefore, lead times 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 the 
Athabasca River at Athabasca {Andres -1981) were monitored closely to 
assist in predicting the breakup event at Fort McMurray (Photo #'s 3 & 
4). 

April 14: - There were open leads developing in the rapid sections. 

- An additional 84 hrs of thaw (0°C) occurred since April 5 total = 124 
hrs. 

- There was 24 hrs of continuous thaw (0°c) between April 12-14 

April 16 (Photos 3-17) - Aerial reconnaissance was made from the 
Athabasca - Pembina Con 1 uence to Fort t1ct1urray. 

- open lead~ in the rapid sections were enlarging and there was only a 
sl i ght breakup of the ice cover surrounding the leads. 
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April 19 - An addit i onal 82 hrs of thaw {0°c) occurred since April 
to t a 1 = 224 hrs. 

- continuous thaw was recorded between 0700 hrs, April 17 o 0200 hrs, 
April 19 . 

-additional precipitation since April 15 = 7.5 rrm. Tota l ·precipitat ion 
since Nove~ber = 93% of the normal. 

- snow on ground was reduced t o 15 en •• 

- aerial reconnaissance was planned for April 26 or sooner if the 
warming trend continued. 

April 25: - Blasting materials were transported and available in Fort 
f·1ct1urray 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 McMurray. 

- 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 ~ade from 

Fort McMurray upstream to Grand Rapids. The toe of the main ice run had 

proceeded to Long Rapids by 0857 hrs (Photo 22). There was runn ing 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 

tir.Je, 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 Mountain 

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 tempora ry jamming had occurred prior to April 26, (Temporary 

Ja~ing Location #1, P.otos 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 Mountain Rapids {refer to Figure 4-5 and Photos 28-35). Between 

1330 and 1504 hrs another temporary jam developed t.hrough ~1ountain 

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 3hear 

walls at Locations .4 & 5, it is estimated there was temporary jamming 

between 1504 and 1640 hrs (refer to Figure 6 and Photos 35-36). 
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At 1640 hrs (Photo 37) the running ice had reached the 11acEwan 

Bridge piers. Additional jamming took place through the br idge and 

immediately upstream of the C"learwater Confluence for 3.5 hrs until it 

released and moved past the confluence at approximately 2030 hrs (Photo 

41) . 



JAf111ING AND RELEASE DOWNSTREAf1 OF f1acE\IAN BRIDGE 

(between 16:40 hrs and 20:30 hrs - April 26, 19 2) 

8 

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 buildi ng 

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 Clean1ater channel wh ile the 

Clearwater flow was still passing the downstream side. 

Slight Movement occurred in the main Athabasca channe l and at 2000 

hrs a spillover or release channel developed downstream of the f1acEwa n 

Bridge, directly opposite the Clearwater Confluence (refer to Figure 7 

and Photo 40). At 2030 hrs movement comMenced immediately downstream of 

the !1acEwan Bridge. The first spill over channel became blocked with 

competent ice in the far left channel immediately downstream of t he 

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 do\'mst.ream, and f rom 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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r unn ·,ng ice was still present t.'lwnstream to Tar Island and past the 

t1cKay Bridge. Competent ice remained in the Athabasca Channel at the 

Clearwater confluence. The flow from the Clearwater River continuE~d to 

pass with only a slight increase in stage and no overbank flooding 3long 

the Clearwater channel was observed. 



CLEARHATER BREAKUP AND SU~trtARY 

(between April 27 & 29) 

10 

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 Clean1ater channel 

were collected by the City of Fort t1c~1urray (Figures 10- 11). 

Based on historical data for the H.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 \~aterways 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 Clean~ater drainage basin upstream of Fort ~1d1urray. 

On April 28, an aerial reconnaissance was made of the Clean1ater 

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 Hill Creek, which is a 

tributary to the Clean~ater 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 

Island resulting in an open channel and thereby reducing the danger of 

possible flooding. _ 
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CONCLUSIONS AND DISCUSSIONS OF THE 1982 BREAKUP 

The below normal temperatures and additional snowfall just prior to 

the normal time of breakup, combined with an above average snow pack in 

the upper Athabasca basin, created a concern for a potentially high and 

rapid runoff. As well, the slo~1ly deteriorating strength and thickness 

of the ice cover, with the poss i bi 1 i ty of a sudden return to be 1 ow 

normal temperatures, placed an additional concern towards having 

abnormal ice conditions. With these concerns, spring breakup on the 

Athabasta River near Fort Mcrturray was closely monitored. 

In comparison to previous years, Fort McHurray experienced an 

uneventful breakup in 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 

~1acEwan Bridge, was estimated between 3.5 - 4. 5 m/sec. 

The fact that a stable jam di d not occur upstream prior to the ice 

run reaching Fort McHurray, could have been the main reason for an 

uneventful breakup. Another reason could have been the temporary 

jamming that did occur between the ttacEwan 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 JCE AT THE LJ"ESTDNE SJTE 

BY II.. Ill. CARSOIP 

1. l~TRODUCTJOK 

Limestone Gener~t1ng Station lt1l1 be the f1fth hydroelectr'1c site to be 
developed by ..,ot:-;itolla %'dro on the Nelson River in Northern Ml 1toba. Its 
loation 1s sho~ on Figure 1. Jt lt111 1\ave a head of approximately 29 m 
and ten units of 126 M'.O capacity each. First power 1s currently plenned for 
the fall of 198£. The general arrangement of the car.pleted structures 1s 
shown or. Figure 2. 

The ~e~uence of construction act1v1t1es and heights of cof f erdams are 
o:>vtrnec b1· rive~ fee conC:itions w':oich are more severe than at any of the 
~~eviously. develc~d Nelson River sites. 

it~i s paper is il'te:~deC: to fonr en update of two previous papers 1 •2 on 
tl'le project, ~tt concer.tratio" on the description of the ice conditions ex
p~·,ence~ sin:e :.~e co~struction of tht first stage cofferca~. 

1-.s desc~ioed ir s:r.r•e c;;:tail ir. tn~ ~~eviOLl~ :;tPers 1• 01 , ice l!:cumulatio .. 
or. the lowe~ he!~:;· River i! ~ p·'):es~ o• itt- je"" t:~og .. ess1o~. u~rive· frcr. 
tne 1\e··sor. >.stue·., fe~ b1· icf t•t:r.t~a:.e:; ir· th! S~<'1 ft o;:;en river. ln:rePses 
ir. •c:ter leveh C.le to the ice "accw..ula:ior. ere tn·icall.)' aoout 10 rr., ~th 
scr..e a~ets es mu:~ a! 11. r: a~ovt nor-me~ s.r.rrr.e~ levels. 

oe•c~t th• cc-~s:~~:tior of I:.Ett : e Generttin!; Stet1or., ice 9~nere:in: poten
tu~ er'ste: fro- Gull i..BI:t to hu:lsor. fs!y, 1 distan:E of some 230 ltrr .• Thf 
prociu:t,o~ c• e~.c:-rnous volLT.!IeS of frezil ice fr~ thi s oper. weter eree 
ceusec tilt ice je· tt' P""og·ess I! 111uct. es 2~ k.1r. upstrea::-. of the Kettle s1te 
t-) .. -:nte~·~ enG, c· e total o~ 517!1!- 175 11:11 frOITI tiudsor. Bay . 

. . 
;.~:e• :nt ir:.ou·.:-·ent o~ t::ealr Geroe~etir~c Stetion's fore~ar in !PC. t 
:!.t-::-.r· itr c:>~f· •!s fe~e~ o-. tnt ~servcir ~:erly every ~nter e~: : .. :.~~ 
t ~ , .. ~ n::e: t.,i~ :-::· . ..-::e• ertt ·~or: cor.tributinc ice to ttt. ioWE-r r!:c.~"l!> 

c• t~t r~··e~. 1-~ t ~~:..lt, tnt ice jetT !Jro;o~ess{on slowe: col'lsicier~t,~.' e•o: 
:_,·r ~ :e ~l) f~. :le: .-.~: :: : .. ~s:rur c~ ':'1!- '-on: Sp~uct S1tt- (Si7"•f 01: c~ 

c:o .. ~s:rH· C·' It:: ·~ t.:· ~ ·~: ·. ··~ S:ctior. j, tnf ye:ilrS 1970 to 1S7i. 

~ ... -, ~ t~~ t-c- .. ·" : l .. . "•.: ::z-:1!~ o~ tn£ l~~.:s~o:"'l~ c~ ···! : c.~a:':-,..: · ~~-.: tc 
1~ : r ;·. co !:~. :'~..:::.'\:· , .. .. -:·; ~=--:.:=~ :,.: ~~~i- : "; n; !,:~:~o .. ~! ;· ·:: -: .. ~ . ~._- : 
. • .: :--:~~·~coo;~ ~.c: -~: .•-:·. :..~~~ i:--:.-~:.:~:.~:. ir.: '.;:u,..~ E~'ft-:~ c · :-~ -! : r• 
";~f ~=· · -:·c-: ·. :-.; c- :: .. : · ~ ·. ·~~- C'" ~~n; ~:-u:t. : L c~t:~c~: r ~ : ._ ~ >~ - : : - :< ~< . 

- ~~ - ~~: :""':.:,-::· ·. : ···!: · :· •:!. ~- ::~!· ~· n:: t.'l~ ~ :.~ :~ c- :- . ~- = : : .. 
t ~ ~-: · · ~ = ~: ~ .:· :!: :: :·:.f:'~: 1 ~ : ... ;:r -:::~ ~. n~ :..,! .. . -~ ; ·.: · · ~ - ·, ~ ~ , 



designed for open water levels (s0111e 12 111 lower tMn for 1ce conditi ons), 
and river diversion through 1 partly c0111pl eted sp111Wiy or powerhouse would 
not have tc cope with pessage of large volumes of solid 1ce. 

Early 1n the st udies, engineering judgement based on approxi~aate ulcull
t i ons of ~n water areas, i ce generation rates, etc, indicated tMt )'elr 
round ope~ water conditions could not be e&pected at the limestone site 
after the ii:':~Oundment at Lon; Sp,.uc~. This wes confirmed by the rtsults of 
a detailee computer model which simulated 

the generation of ice u 1 function of open water areas and daily mean 
air te·.;e,.atures durin; the winter 

the rt~u:t1on of open water areas by border 1ce gro~t: IS · 1 function of 
river vel ocity and deg,.ee-days of freezing 

the accU!!Iuht 1or. and stlbil ity of slush 1ce at tilt lead1n~ !09! of the 
ice jar 

tht so~7-e:-cen:e of ice at tile leadin9 edge 1f tne e::roa'-hin; ~locities 
l~'£ ex:ess i vt, enC: t!'lt deposition of this ice: OOW!\Strn~ cy,, tilt unciersi de 
of th! c:~ve~ 

t.,E sno .-~ns e'l:: t r:i :r.enin; c'!" the itf cove· ~.de • the c:r.:;:a::' h.ycreu1 ic. 
fc~:!! trf~:e: o~ 1: 

t!'lt t:.~=··!~er p~c~nt ir. :nt i:t cc-e~e:: anc tnt c:~e~. rea:nes ur.oer 
n u:_\·. 

Tn~ de:is i o· w~s rr.ecie thet rive· ci ve~s1o•, durin~ ca,st .. uctior. m:Jst be dt· 
v~sec tc tO:l~ .. ~ tt. ve•, severt ice cond ~ti O:!S . Oetlile~ hvdraul it mooel 
S~;;CleS C1 tnt rive• ict co,:i:ic~S C:J,.in; tnt r~ant'! tonstructior. ~rt 
t ne~. unc.e·tHe:-. at uu: lt l'_v:•eu1 ic Le:>ortt:> .. ~ ir k:>rotru1. 

Cor.itr..::ti:: .. of tne Suce c.offtrGa:: ..r.icr. e'l~icses thi area of the COl'· 
crete str:.::tures (see Fi-gure ~) be;;ar. ir. l97f, ir preo.a,.atio!' for car.pletior. 
of tl'l! fi,.st uniU ir 19~3. Tnt cons~ruct i or. p~o:ee:~e~ ove~ three s:r.:r..e· 
!-t~SC"' ~ • t!'le t::-s::-u:- le;: i!'l l!:H, tl'l! r i vpr le~ ir !S77, •~·= th! dowr .• 
s-.~t-er le; in l9i~. 7n~ tt:"st·.:ctior o! tnt r-es: (11 !nt ;·:j e:t he! bee~ 

s!>~ ~, ~~ t!-·:.:~ra·ii y, dut tc th! s~o..e· 9•"•-:t c~ e~~!l= 'fo• e: e::::ritity tt.ar. 
-.e ~ t-lJ!-,!··:.r:' ;.-. ttt~ t-l"'i~ tt r.i1t-!S.7C's. 

i · :·: ~·i rs~ -.-: !"':e· i~:!· t:"l! C':'""~:~"'c~i or. ~~ tn~ c:'!:•et .. lp;, Lc..·; 
: :·v:; · ~ ~! :.. t·v: i • "'•l~ ":: ~!'~r i:-.;:o~~~t:. ;~,£ lC£ ~-o~: rcc.:~t :" ~"·~ 

~ ~ :-::: ':"":f s : ~!- E~·:y i r :"~ .,-: r~t· fr:: ~-~:.-~::!f': ~.: : · !·.~t!-. t,~:.au~t 

:•,t - • t• !'' :·~·: ~:- · f: . ... :f·! cr t ~4:1_, ~,z!~!.. ·.r.~ ~ :!; ~-:.~.: rt:t~t:e:-
~ : ;-::•;.;: .. c:- rc: •:: _, : .. ·-: .-.; : ·:r-·e! o' ~:;. r . c.·: r:· ·. fill&. ... -~\ - · -· · . .. -c. 

, - : • ~ ·~·:! :~.: •! :· ~-:.-!: ~t:.t •-·! · ~ ";: ... -,t; r -~ . ... ·.,.!;·- ·c~;: 
t ... • ~ c: - . ·-. · . . .. 
• .- .J!e 



Ou .·ing thh tfme. 1n est im1ted vol~~~~e of 70 000 000 .,3 of fee passed 
through the 360 111 wide diversion ch1nnel between the end of the 
coffere11m 1nd the south river blnk. Only 11inor da:ro~ge due to ice 
gouging It the corner of the cofferd1m -as incurred. The resistance of 
the cofferdam to damage WIS attrf buted N i nly to the surface freezing 
which ~d occurred prior to the arriv1l of the fee j1m. 

Later. the ice front resumed 1ts upstream progression 1nd eventu1l ly 
reached within 2 km of the Long Spruce cofferdam before the arrival of 
5pring. The IToaximum water level recorded that lll'inter at the Limestone 
cofferdell' wes el 70.5 11:, ~ich correllted well IIIith the hydraulic model 
simulation of el 70.0 11, for compareble flow conditions. 

Jr. the spring, the ice behind the cofferd1rr. be-.ame groul'lded as predict
e~ by the hydr1ul fc ~~~:~del studies. 1nd there were large a:-us of 
stranded ice S to 10 11 thick. Fortunately, the strons flow of -ater 
pest the end of the upstru~r. les cleered the 1ru ~e:-e construction of 
t n~ river les W!S to resume, 1nd work was 1ble to start late fn June. 

1977 - 157£ 

lr tnE fa11 o• l~i7, the Lon~ Sp:-uce restrvoi r ~s i::;:>::unded, en~ es 
exr~cte:, tht ict fron~ progression ir. tht ensuin~ -."in:er wu markedly 
s,owt>~ t:-.an ir p:-evio~:s years. The ..-inte:- liP-S very ~r.ild, and the itt 
' r :>n~ tr>~y rte:nec: tht foot of tht r&pids belc; .. the Limestont c:offerdarr 
tl'lC cic no~ pro9res! throu9h the diversion ctoennel. ThE rr.uimw. -.~ter 

1eve1 lli!S e;:op,.oxirr.ete1.) el 65 11:, or only ebout 5 11: of stagin~ ebove 
c:Je ~ ..-!:t~ con~itiors. 

Jr tl'l~ s::•in; cf !~7E:, ..-e~. thoug~ tne ice die! no: rea:t. its ITouirr.w 
~. :;:er.~it 1 tr:iclr.eH, c.onsiOH&bie vol &r.~es WO?r£ left strencie~ ir. thf 
t•E! wne·t w::>:-1 w!~ to resu101t o• the do~streer. lee o~ tM coffe:-oe::. 
~nt ict Ct~eyt~ tilt resu::-.ptior· of work until earl.)' ·July. Fortur.Hel.), 
tnt ccrstructior. s:ht':l;;1t • ·H ree">onablJ flexible in that fir.e1 .vter 
er.: tn£ c:-...-:s~rtefl. 1es ..-H still t01l'p1ete~ before tilt or:~et of winte~. 

t-:· ~97E, tM de:isior tc t'~S~co~.e tOI'lStructiOI'l o~ tl'lf ~;--~~one t;~ent 

r.t: t;.:.~~ ~~::a D.' lw'c.r , ~c::.: ~ ·."~,_t., l~~ tht ~!"!Suir.; .tor.:~~~"!! th~ f ;,. s~ 

c• r:;sny t-:ro;..;;. w-.i:r. tht tt· ~~e~.::e~ -.:.s tc- re:-.tir •• 

:~·-:"~ ~'·t c.~ ... st~u:~ior o' ~~! CC·1 'trWt!:'. , t nE cres': 1t.-f' •?! ;:J:..:·tt~· Sf· 

. ' :-::.·:!'· tc !tt !P;,..oxi~.!:t 1.' t r ~c,.-c-- tt.er tl'l!' rrcs~:~r:.- )f'\·!·· 'ir,:: ·. cf: .. 
t: ~~ :"!: "' .. "· ort ~,.1 i\: "•:· jf~ :!!~ 5.. :~! ·1o;~: b~~. i n: tn .. !- · ·! :· ~~ fc ·· ·· o•·: 

• .... ,: ~ ·: - ~ ~ : : .. ~ !. ~ : ~ : .. - . : - ~ : . : : ~ .. ~ •• !' .. 1 : . l - f ~ : ! · .. : :·- ~. -.;• .. 

.... "if ~·- : ~ • .. ·~-:- :: • -
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overtopping by a ~netre or so before construction of the plant began 
would not likely cause any significant damage 

topping up by 1 to 2 m could be done later prior to the start of 
construction if it wes proven necessary. Thus, tf tt .as not neces
sary, there would be s'"'e saving tn cost of the cofferdam construc
tion. 

The llfinter of 1978-1979 was colder than normal. and the tee front pro
gression more rapid than in the previous year. River flows ~re also 
quite high, averaging some £,000 m3ts in late February. By early 
~arch, the 1eading edge of the ice cover had progressed some 8 to 10 km 
~:pstrea11: of the site, and the resulting janrning of tee cause:! water 
levels to excee~ the u~stream crest of the cofferdarr. by about . 1.6 m. 
T~~ area insidt the cofferdan: rapidly fflled with water, anc eventually 
ovtrtoppec tne d:lwnstrear.< leg. Flow ove~ the cofferdam continued for 
srvertl ozys until the river leve1 gra~ually subsided. 

There wzs 
top;:>in;. 

n~ significar.t caru~ done tt the co~fer-ca .. during the over
:n~ s gooc pe '"fonr.an::e w!s att ri !luted tc· 

t'H .,·ztf• ir.itizlly no.,e: eve· the cres: ir. t thin S~•te: ~"G cree~

e:: t r-e~;s:lr. : coatin; o~ icE, ove· w-.:~r th~ s;~:se!:;JP~t fie• ~HS· 
ec 

·r.t ~::lie•· ' ~~ s;,~;n;, the a:-ee llfit'lin the co~ferd~.,. lollS le~t to crzir. 
t.•· r .. ~:..,rz ~ee;.age, ar.d toot ur.til tne followin; win;.e.- tc recedE to 
Gi:'e' •ete• ':eve 1 s o" the river. 

E.ctt tneH .. ·int.ers hac e::~ove nCI~.al tr::>e•6twres, an:: trw ic~ fron~ 

p:-o;re~~ior· sto;:>peG downstrur. o~ the co~fe:-oa~, ceusin9 o~. ly r.1no~ 

~n:~eese~ ir •=~e:- lttvel. 

::-. ~ --·-:tf' c' ~SE! • 1222 W!~ co1Qer tt,t" tht ta'C o•eov~c:.:~ Vf~rs t!"'C 
:'1t ·:! f·~~: r·o: .. eHior ft11o-.= t".a~ c• !SiS V!:'"V :::csel ;, r.'v~~ 
' ·· ~· ·: .-! .. ~ s=-~····t·~ ~e!! ~~.l~ l~,~. B"\::' t ; .~ tTt• -c.:~: it\·t" ~s r~lct ... 
fo': c· ~..:·:· ~. z c :> ~~ ~.: r a:.·o,·£ t~! u:-!.~re-c!- c:-~!:. # tr:~r shet: cf 
·=~~· ,. .. C'•?: ("\.· ~· !.""! ~=· ~:r-t:~~ c-es: fc:- S£\!~l.1 ... :- .:~~. Tn! \·c1u~ o( 
::-~ :;..-~·' ·; ~ .. •!!- :_·:tt s-.:~ ~ e.,: o~-. " t.l !..'!-!-:. ~~tt , ... ~ .. ~f -.?te~ i~vel tCJ 
"r::rc ~SE ~~· ! 4 :""6:: ~o r C4 t ~~:,..t. . 

t c·f:.r.)ct· 
::7.~t- .. ~4~ i ~ 
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5. SUK'«RT 

Mathernattcal and physical models -ere used to phn the concept of river ice 
management for the construction period of the Limestone pllnt. The predic
tions of both 1110de1s relative to the first stage of river dhersion have 
been verified by the observations of the river behaviour since the ccrnple
t; on of the cofferdam. Topping up of the cofferdam by 2 m .n 11 be required 
before resumption of the plant construction, which may be as early as the 
s unrner of 1982. 
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DISCUSSION 

S. Petryt, Ro~sse1u, Stuve 1nd Warren Int. 

The author has presented 1 very interesting and useful paper canparing can
puled ana hydraulic 1110del results lrith f'ield dlta. 

During the workshop preuntation, tt liltS ~~enttoned that stable ice cover 
conaitions were observed in the cofferdam opening even thOugh the corres
ponding ~•n velocities were relatively high. Also the headlosses between 
the upstrear.: and doomstreilll sides of the cofferdam were generally higher 
then ooserved in the hydraulic 1110del - probably due to the cohesiveness in 
the pec~ted ice. lt would be appreciated 1f the authOr woulCI ~i ve 1 qwnti
tetive description of flow conditions in the opening when the nea~loss wes a 
muimum ~t~oo·een upstrear.. anc: downstrearr. of tM cofferdarr.. Specifically Wl'll t 
aB the di s:herge, •ean depth incl udi ns ice tower in the o;Jeni "S, ll'ld the 
hea::1 os s bet :·een tne upstru:: ane dOotnstre~~r. sides of the cof fe rGem? 

Reply bv R;_ C:trson 

:ne ~~xi~~ ne~~ioss be:ween the u~s:ree:: an: d~stre~~ cofferGa~ le~~ (see 
F'i;:.:rt: :i,' occu·re:: ourin; tne overtc;:;~in; o~ tne cofferdam Ho .-..!rcr. 1S75. 
'!' ne upstree::- •ner level -es el 73.E 11., the aownnrearr . ..eter leve i e i 
!.!:.. 5 rr., •11tr. e river flo~oo esti~r,6:ec at 4,00:i tt· ~.300 1!'3/s. The riverbec 
tieoetlor. ir: tn! diversion ct.11nnel aro:.mr:: tne cofferGarr· is approxirr.ete1.) e l 
::..~· IT: , .. - tr. v!ry little variat1on e ~ :h!r lHerelly or longituoinally. Tl'le 
r.-H· :e ;, t~• 11'\:.iuding ice cover at tht u;:.-strer.. corl'ler o~ tl'le co~feraar.: rt:~ulCI 

~r,e·e ·: ;,r~ lic\'1: ::>e!r. a~prc.ximetely :E..6 "' • an: et tilt C:Ooi~strer. corne~ a; .• 
::-:J) ~ ~.::~ ·: : ;:, .. ! "·· 

.! tr.t- ict ac:.u-:::..latior. tn1clness C.~l.!se:: p .. i~r.orily by sho>in~ or s1rr.;>it: fra
; i : a::::~..: ~ t: i c~. frcr U'l:i~rnH:h? 

":'r:~ r:ol :·· ~-:-.t:i:a ~ nooel o' tnt i::e p·;,:e~ses S'loots tt.~: • ·:r :rr~ s:rton:tn 
: ::·:: ~.":!~~en: •. -v;~:.~e~ L'S~::. tnt f -; nt ~ 1:t tr.,c.•nes~ i s c.:r ~ •· l:~ ir rn:st 
C~ ~~!: r ; \t• t·.~ s~~~\o·•s. h=v~~:·t ·· es~. tnt Si :r. 1.:·iet;C'~~ C!C s~:., .. ~!-~~~,:icr C~ 

• -,: -. ·i -::t , , ,.: : o:c .., ~t at t'"S:,n:: c~~S~ !'" l::~c~~ 1r. t~·~ ~,~~ .. ,en: .r.:1ct1 
-:· ·· ~:~~i ~ n:..,!: -~"'~;:,e• ~~.s.t•t-ar- t.t:!~St C1 tn!: in:.~ce~1n; t.."·:1roul i c 
~· c·:.e : ~!-~'!: :>: :nt ~-c,~,r.; f r e:i : :~~C'S~ts. 

- ~ · :~ ~-,= '- :--: ~ :~ :t-!- ;,.,._\·s -: :t ': ~~f ~ c.~ :_!".r :..~ ... · ~!': :; ~ . :. -t-e: !" ~ .. ~ =· •E-c !·•t: 
·.· : · ~ .. ~ :. ~ - ; · 

4· :c r ·. ~~:· \ · ·.·. ; ~:: .. ···. ~~. ~..;: ~r- :: :r,!: 't "~! l ·· ~~ ~ :.H· t :-:!'r:: 0 4 

:~ : ., - -. :. ·; ~S : r ~ r~~ " . o. :, ~ ~:::• :!'".£ : :; .e~. :: .,:, • . : ~~ :az ~ ~ t: S.C..' t :-.:.: 
t- : ·~ : - :., · r:; t: :- : : .. > c.;· ·· c!" :, :'"·:. -. .. : :-. · :: !~~e! c:--: ·. :-, ~, :~ ·.:e~ · .. ~ 



S. Beltaos, Canada Centre for Inland Waters 

You mentioned that the ice "'.anning coefficient hid to be 1ncreesed .nth ice 
cover thickness in order to •match• the observations. Did you have observa
tions on ice cover thickness as well as st19e or simply stage? 

Reply by R. Carson 

The majority of the observations were sta9es at some 18 lo::ations along a 
120 km length of the lower ~lson River. Ho~ver, in the ~tinters lllhen ex
ploratory drilling of the foundations at potential dill! sites were done, ice 
thicknesses wtre obtained at those sites. Unfortunately, l!leasure:'!lent of an 
overal 1 average itt thickness ~ich could permit 1 rigurou! cor:~;;arison to 
the r.-,!the:oatical simulation could not be otlta1ned t>to::~n:se tne location of 
tnt ice/.a:er interfice could not be distinctly discerned. hevertheless, 
~1\e r-ou9t; estimates of ice tnickness, basel! o~ these JMasur"'ents did sup
;;or: th~ calculate~ nlues. For example, the calcuhtel! tnickn~ss a: the 
~ imes~c.,~ si te -.~s about S rr.. ine best interpretation o~ the ari 1l ins done 
t, , "~·. i to::.~ !oi~orc ir 197~ suOC!'!S:td t tt;;ckness of 7.5 r.:. Tnis d:-i11irc: ~s 
=~· "\~ 'r r ~ c:--·i~. :er a: itHt si7 ~!'P. S t~te- tnt ice cover foMTie:. Cor.sicer
~ .,~ ~re ccove• r.a~ conso·, io~~eC' to S:l"'•E e1~!'l~ a:~::: fl'o!Y ~vf bee•. t~:>ce:: o· 
s· : ::-:r . ~: !.~"'!•·.~: fro:- t.,f f1 D•• t •!!'"o!o!:l-l 1t, tnt CO'"jjc~ i sor l;:DE:l!"~ retS:lr·
!~ ·: t. !• tr· s l-E:<, tnt bes: es:•r-et! C1 

"·•l~ u! 0 1 thE i::.t tc. ro:~t:~ tnt 
c:!-t·\'e: s:tF~ ·"!~ C..C'~. 

: • t•;t i oo-:· rt::re! c" th~ ,.h·e~, .,..,rrt tl'l~ ~1 c:!' ;s lii.J:t: ies! ((;. Q:J:::,; vep
~u! t- . ::. 2 ~ t: i.. ~ .. H:c-n~: :: a'"'C: velc:i~,e! a:-t low:r, tht o~servec: s:a9~s .-e~e 

:>!S~ si :: . .,:etrC' .-n~. t• r.-vt1:Jt C. 1 tilt 'ict e~ 0.0!5 tc C.C2~. Here, t'lf Sl!T·
~ ~z: r: ,~~ t~ ·. :,.,e~! '-H nH• { ~, !l~;: n: itt tn1c~:nes~ lll!esur~er.ts 1111!-!"t 
r c:~ : ,. ~ ;:te •. ~~c · Cf• S ~ :E : . "':: . .,;.vf'P, ~: IIi!~ ObVlOUS frcr tnt IOPf!lranct 
c' t~·t ·c~ ::eve· (re ·- t:·. vf i ~ s:-. ~:~ ~ - ~o..-~fec~, n::. largt preHurt ridges) that 

..-n ~..::r · v- ~~ne• ~ner H tilt s:rt::l'!r rte::.hes upstrem. 

~ . :~~ ~ rv, l::res tonsultin: Ser~it~! ltd. 

r~ .. ~:r ::·~~~,. .itt: t"! i r.v~~: ' cet ~ or dr~:·,~•: ir tfl! 1r~~ :'!:'!!"' \ U!~6r: 

c·: L ·: ~~:~ a~ yo;; ~n:ior: .r.t:· "tn9r C1 ro;~~. ,es~ vt ~ ues ~"t: su:::ts~fu ' 
~ • .• '- • - r-,;: r . .,-.!: ' ca ~ moe; t i 1 ' n; • 

... . : ~ - : -:. .,.- .. :· c.:~p-:-:: :~ r: -!~ i :.t t""'~ ~ .... ~~r~!s: c• t• a:c ~~- ~ ?·. ~ =·, f'!!-:~ 

~ -~ = ~.:-, '~ ~. ·-, ~=·--= .... ='., -: ~:;'~ c" ::-. ~ .. o~ c, ;.-. !'!!- o• tn~ c:--w.-· ar: : t.r•t ~~:.~- ~. e ~ 

!':'"' :- · ;·. · · ' :· -: :. r ... f·. '- "-= ... 1~ _\·:. c.c-,! r,: ~; !~~ v! -, .;!! c~ ~~:r C1 t~.:s~ 
. , .. l- -:. ·.~- = ~:. ! ~ , , :.: =i ~~e .. , r.r ~t'\! r.-: :, ~~ ~ t~ · w.: ::• :;: · !o f- :. '::. -.::~- :f.;e"!. 

-· · : · !: "'~· c.r :-:- r...: ~r, '!-·:: i :.z ·, - =-=~ -~: ,.-·.· ·., ~ :.. ~ · c• · :~ t. ~ 
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RetCh 1 km 
Reach 2 llll 

Retch 3 km 
R•ach 4 km 
Reach s km 

With regards 
used. wt:ere 

'U 

~1 

tan e 
~ 1 ·un ~ 
Kz 

0 to 12.5 o.os local steep re""ch near estuary 
12.5 to 52.7 0.015 t ni nnest iu cover. mildest slope of 

the river 
52.7 to 60 0.025 
60 to 71.7 0.06 
71.7 to 120 0.09 thickest ice cover. steepest slope 

to 

• 
• 

• 

of the river. inclueles Limestone 
site 

ice strength. I Pari set ancl Hausser -u· -value of 1.5 wes 

K1•Kz tan~ • l.S 
ratio of lateral stress in tne ice cover to the stre~r.~

~~ti se stress 
coefficient of friction of the ice 
0.18 
coefficient of internal strength of the ice cover (rela
tec to aevt 1o;>ment of pusive resistance of the fragmented 
itt r:iHS) 

I n c<.lcu 1otin; tn~ i rr:. t·~otl s:.re'l:tn o• tht-ice cover tne matlleroet ical moelel 
uses 

..-r.€. ~ t- F, tE: 

'·f
:>• 

rrt!x ir. :J~ lC.f stren~~t. 

0£ ~·. r o t: z;,_ OVt 

ict o~r.~ ~ •.• 

:_. •ctt• o~n~~t.v (c' fc: C.52) 
~ ecceieretion o~ ;ravity 
~ ict tnicKn~ss 
-. .. ·\cr..r: of r ' ve~ H tr.e: loe~:ion 

f :.an• 

. ~ ... 

'orct trt'lSftr•e: 
st~tt~· .. "' st s:':.·~~~ 

lCf tt. lCL""!~ ! 

~; \ ' !' r 

c ::>-·! ~ 

~ !" r. ~: r"l ~~ ·,r.:·e· ! .. "" r1.e:o- { i r tnt :-'t:::~ : 

:-:::~~:-. ~ r ~ ; ~::: ·. ~~~ ; 
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D. Calkins , CRREL 

Would you feel confident to apply the mathematical model to the next down
stream powe,. plant without doing a physical ~Ddel also? 

Reply by R. Carson 

No. While r:llthel'latical modelling of ice processes is stu::i 1.)· i11.p~ovi ns, I 
do not believe 1t h quite IS good as pnysical model in;, llllicn, "-len 
P"opel"ly constructed, operat@C! and i nterpret@C!, can address t n~ee di rr.ens i or.
al fiow cM-actel"iStics. Tne enonnous costs of construction of tnE large 
co~!e:-Ga~s and structures on tht: Nelson River gives an e:ontr.ic ir.cen:iYe to 
use al l of tilE bes~ te:hniqV!s avi!ilable. 



HANGING DA.~S 1~ THE MANITOBA HYDRO SYSTEM 

H.R. Hopperl and K.R. Raban2 

Abstract 

The Hani toba Hydro syste~r, is primarily hydro-e 1 ec t ric with iu peak demand 
ir. the coldest par~ of the ... ·ir.ter Feason. Unfortunately this time or the 
yur if characterized b~· s~veral hydraulically relitrictive types of ice 
fo~a~ion includinJ litatic ice, juxtaposition ice covers, ice jams, and 
t-.a:'lll!inr dams. 

Tr.i~ poper discusse6 han~in~ ic~ dams ir. the Manitoba Syste~ and the col
Je:: ion o! dua relevant to th~ analy!'ir of their re~i5tance to river 
!]Oio.' . 

;.. ~!"ief deHript ion i! present e~ on ict> cover develo~'!nt 

J; t- : ~o:-. 1\iver "•hid. if. at ainecl by th~ fonr.atior. o! ice jam~ 

Ca- ! . 

or. thf' Lower 
anc! hanrinr 

~- r•a~r:t i~ pre!~ntf'~ ~~ ~ucce~!!~l ~~as~ref taken tc v i rtuslly ~:i~inatP 
' - ' ~ ~~:-:; cr fc- rr..c~ior: o:- ' r;e:Hitiv£ rea~h o! th~ E..::-r.:•:~- =-~ F i ,·t-r no;~ 

·-:--:. :-so~- . ~:anitobo: , .,.;-,ert tht p::-~~r.: iel f'ta~inr c:-oulc! nr : ~ tcJe~a~f'c!. 

!O'Hi~i~ r.onJ:inr car. H thf rp;>~~ );e}son Rivu a:-:: it! effe-ct 0!: tht 
:- : v-~ ~'·~:er i~ Oiscus!t- :. 

~ . • := po~rrr. uncit.r:ai-.e~ t .- c~:int an: mon i tor han~i:'IF cr.: fo=.r: ; or. if 
: : J- : z ~c. Tht- methC'C!- :--~ c~~ tc~r.ln; ci•ta, tht- t-OL;ir-~r. : u~t-.:. c,~ :!"lP 

:- ~:- ~ . :~ · · t-ncl'untered ert· preL£r.t~c for c!iscu<;rior· st tht ...-:.r~: 5hr; . 

. . . 
: r : .. 

~ - ... . t 7 . 



Introduction 

The intent of this paper ia to promote diacuasion on hanging ice dams and 
the collection of data which are relevant to the analysis of resistance to 
river flo"·· 

~anitoba Hydro is monitorint and/or obaerving the proceu of freeze-up and 
break-up over a large river system which could aerve as a prototype for t he 
study of the resistance of ice to river flow. 

The collection of field data is expensive, so it is euent ial that we 
obtain and/or develop efficient ways of collectinJ! relevant dau for the 
analysis and understandinE of the various phenomena ;:of ice forma: ion and 
break-up. 

We, at Manitoba Hydro, are not research scien: ists nor i! the corpora: ion 
structured for research. However, in our day-lo-d~y operation we encounter 
ice proble:t! and the better our understandinJ! is, the more successful our 
ope rat ion becomes. Thus we invite sugJtest ions on data collect ion and i ~ s 
interprPtation, and are prepared to freely share for 111utu~l bene~ i r the 
re~ult£ o~ o~r work. 

lr. l9bt wher. the ciedsior. \:a! made to proceed "·ith the hydr .... -E-lf'~tn ~ 

devclop~.en~ ~f the Churrhill 1\elsor river s~Uem! (~iJ.>ure l ), ..,., ha ' ~""'' 

/ 

I .· 

/ 

/ 
/ 

/ 



appreciation of the potential problems that •i1ht reault from ice formation 
an~ bre•k-up but had no: undertaken a comprehensive analysis of potential 
ice proble'lls. 

TtH! concept of developa~ent visualized ten sites on the Nelson River and 
four sites along the Burntwood River plus the regulation of Lake Winnipe& 
and the diveraion of a substantial flow from the Churchill River to the 
~e:son ~i• the Rat-Burntwood river system. This development complex 
i:1:lude:l many different ice re~imes, each with unique problems. 

tower ~e:son River 

The towe~ ~elson river contains a 140km reach that is an ex~ple of a wide 
(J (I~~) rela:ively shallow river vhere frazil ice is senerated alona its 
en:ir~ ~enrth (fi,~o:re 2). lee cover is attained by the formation of ice 
_H!~• a~ : 1-.anFinf: dams , their subsequent failure and reforming, with the 
r1ver ; ' :;;:'lnoe-! eventuAlly bec0t11ing filled with ice accumulations 6m to 12m 
r :, i r;.. . 7n~r .. ar~ !our n:ajor power sites in this reach, two o! which have 
bee.>, h;;: !t anc ::·~ cofferdam constructed for the third. River handling 
1'!!.::"1:-:j: :C'InHru;:~ior. of the Kettle Cenerarin(: St•!ior. is describec in a 
;:>a;'F:- ~~- ' 1acci:mc; ]:: a:-:::! H_,proer 1 • lee proce!se! at the lim~none s:it~ ar~ 
dPs:-:~.~ :~ a ?~~-~ ~- - S!m~:-:~en anc Car•or.2. 

~-~-:".- '"'": F.i•t-r 1• • '· e>: r.?~ple 

,,.·: .. ,t .=. r :to'"'"!' 1~ th~ O !"" ci~r o! 20 - ~ 

~~~'!!"" ~:vc-r~iC'\r.. lt w•!- imrera:ive
~!" ;-:!· . . ~ a: ~rr; of t :--.~ C.,ii •• ,·i!)r o~ tnt
.-~ . ~!=J~ ·: .. CC"':.;]~ b ... til i.. ~· . . 

o~ c r:&rro-.· river which experiencec 
rr3 / ~ prior to d:iver&ion anc 950 r:.3/s 
tha: hcf~r~ a:,,.ersion we F•ir: some 

w•:er .. ·•y sc tha: adequate ttitip1:ior: 

~:1.:~: .. • ._,r:.::er~a-.· er. b~· ~Ar:iroh• J;ydro an:! can!<ul~antsl* icien:i!ie~ proLler.> 
a~c· ~~ ;.·'.i ~I-. art- dc-c:-u:nen! e:! in unpubl ish~c! reports. The Dl:l!'t de: ai 1 ed uudy 
~3· thi : carrie~ out by Crippe~ Acres tn~:n~erinF for M~nitob~ Hydrc an~ is 
~r·~r i ~t~ i~ 6 pa J · ~r ~y ~~pper, Sim:l~!'t!r and Poulier3 . 

• - . ... ~ t . ~;,t· ar~a~ r:- ~ cnnc~rn .:a~ ti".+- r~a:t. c.f thf rivf'T !"lC'a·inr past the 
t : i'io:>~;:-~~;or. (~i~;.~rt- 3). lt ... ,..~ predicte: u·,•t a rr.cjor hanFin~ da'C' 

-..· ·. ~ -" :.-rr rau£in;: ri"er e;:a,~f that \Oere •~=irt.ly ura:cer-table . The 
· · .: · .. • ~.;Y.u: t.:- fC'Ir~ c:c · tr.i~ pwten~ia l can,:-e: induct- th~ cons:ruction o~ 

. . ~:rJc~ ·: r.- •:-. .' ~~e ::"IHc:!a:ior c~ ar ice booC'. a~ ~anasan Fall~ 

. · ··: -,,~ c~ 7: .. ~-~~c-. . !ht. !:Tuc:-t l.lr~ ~or:!istt of two rock an:' 
·. ~ -: _ .. . ~r• • i r:~. l ~! ouroa•f' 1 F te> in: reate the uprtrearr. water level 
& _ ·:: - . 'c~~:~ tc p~:.r.!ote ~ur~a::io:"" c! a s:able.ict cover l-£hinc! the upstrer. 
. : • ~ - :-- a:-:: r~u~ e : ir.- in<ltt thf' oc· t Fer.era:int: reach c! oper. "·ater tse~ 

: . · . : ~t - . . 1-. C:e!:rir.: io~ of ~:.~ de!irr· a!'l~ cor.struction of the co~t ro: 

:· r : :: ;~~ ~~ r.•r. :a : :-:~c :.~. l ;.1;:..Er ::rt:>c:-e-: !:y Jar.zer: anC: Kulu}~ l.. 

; :. ~ ~ . • '"t :- 1 n; 
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;c;-: ~ ce:::?arc th~ rf's~l~ir.~ \o:c~er s~.:r!'actc a!'l: 1c~ p~c!ile! fo-r 
;9e-:· "·inter seasor. tc- thcst pre-cict~~. he~ prf'\'er.~c~ive mea!'urf'~ 

r.- ~ e-:. Tht results to Gatf' have beer totall:; suc-:f'!'S!u! "'ith 
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Tht: C-r:i r.a;:ir. b~·pas~ char.nt:l ~·u constructed to aupplement tht: capacity of 
the K::~c-: . Rh•f':-- throuJ:!• thf' Kisipache .. 'l:l: , Me:chanais anc! natura~ Oa:ina,...in 
~!-.c r.r-~ : ~ : ; -r.-~t-~ 7 l. E). Its incorp!)ratio~ into thE ~yHe=. ha! rf'~...ltec! 

: r r. ~ :r ~ : : i rc:-.: ' n:Tf"CEt ir: fj"'" ar.: su~.Fe:qu~nt han~inr ~-~ forr:tG: i o~. ir. 
tr,t- L:J!'~ :- ~- ! ::e,::.~ c~cr:nEl. iortun£tt:!y tht- T~F;u!!inr lo!>!= in t:po~r 

~.- : r. o•·~:-. ~•;.· ,~ ~ :~· i ~ ~c~~}~ cor:;:te-n!'ctec! by th~ a£ f'C\.:i•~•G incT~•sf= ir. flo,.· 
:!.r :.~r.' t :·f P'.~:cha~1h an: l: i EipachE~-..~1· chan~t:l!.. 

l:t i ::,--.e : : o~ i:-: tl'.! C'!!:r.a;:ir. rf'~oc! ha~ hf'f'r. e,;:trf'-::>f'l~· va::--iable over thf' 
Il\'~ :-·a:" ;>t:"ir>:: C'·; !..at:~ l.:in:~ipes: rep:1a: 1or.. ;, han(:i!'lf ear form~ each 
ytc~ ; ~c: it~ :o~a:ior. an: ri&f' chl!'lf~~ r•:r. l."ln:t':-. J.. t~·pical example , 
o·r~:--if'.,a: c ::r i !'; j:" the !979/ 1980 ~-inte!' HU:>n if fho .. -r. o:--. fiJ!ure 9. It 
=•:·· be~:>~ ~ a~·.- a:-::a;t:t':.:f to incorporate ict: cor.~r:.l fa:ilitie~ O!' operatin£ 
: t- : i · r: l c:~t-• tr rt- d u~~ 1-.a:o;::inr cir.:. foraa:ior, i~ tr. i .t r~a::~. 

~: ;oni te!'.c F.y::rc• foi ! . ;m;--1e:r.~nr ec! th• fol;o~·inr fieJC rroJ:rat: for thf" p;;!'p:>H 
c ! c f: : :. i :".< r.o:!'!;:: : n, ~·~! •lonr tht Churchill Jc:'\·e:- r.h·ersior route 

' . ~; :c ..... :- : 
: .. (:: . : : : ':'':'" : c. ... - · .. · -··- C f ! ~ : !- r : : ~ :_ - !- C. • ~ ~ ' • : : C. : : : • : ! : :- ; f- c:.-



. ·. ..... :: ~ ··~--~.---~::--t~~:r.~.~;~-~::~ ~·-·.- ~ '· :· · 
.·.:· . 

.... ·. :• 

'" 

. . .... 
; :tz:.~· -- r: - - -,rr· - -;-;: - : :... -·-::-;.: "i; 

.,,, ... ! 

ICI 

215·~.=.=.,=,.========~~=-= .. = ... =.=.= ... =_=. ~~;=~~~- .. =.~!----~----~ 
c-~ .... J ~ ;, .. · ' "- Cl 

~:: \ ._>,~ ~~~~. 
~. "00: .·____., \ .. ··.· r -..,..! . \ 

r 
I 

; ':~5 

---~-----"1"-- ___ c ___ _ 
I I l (' r,• l : I' 1: S 

c 



The •easure.ent~ required at each teat hole are: 

Consolidated ice thickness, 
- Heavy slush ice thickness, 
- Li&ht slush ice thickness, 
- Snow cover thickness, 
- Depth of ~ater, 

Static water level and ice level, 
- ~ater velocity profiles under the ice accumulation . 

-ater surface profiles are required from a point upstream to a point do~~
stre- of each apparent constriction . Heasure.ents should be spa::ed at 
15~ to 500m intervals. tlevations should be taken at each of the selected 
ice survey sections. 

Test li c ct ions shoull! ~ accurately Teferenced to exist in(! cross sect ions 
and (!au,es . Bench~r.arkl' should be es:ablished where profiles cannot be Te
latec to known Faures. 

Honitorinr Problems 

\.'~ have not been a~le tc o~tair. meaninrful meas uremenu of slush ice den
sity anc p:-rcs it~· . 'iucceSE is li~r;itt-c ~Uinly becauu of tht- difficul ty in 
o~t•inin;: unc i r: :urbe~ ~<~plet. >rner: • SE"J'lt iF extractel! its pToper:ies 
chan,f altros : ir.~m~:iateiy ir. the ch;,racteristic su~zero wea:her . 'J ranF
ferrinr tC> i nsu:ate: cor.~6~ nen !:.nthH diFturb~ th~ sam~les and mak er: a 
aa!is:ic e:oaiv!is ci i ff i culL. Suc::ess ir. o":!Laininr cienr: i t y anc! porc.-s ity 
~~a~ureotn:s i; further l i ~i te~ t y tn~ f a ct tha: onl y the to~ l i ye r o! t h t 
sluFh ciepC>si : car: ~~ sa~?led . 

Fer pn;c: i c~o ) T£0111~::! cief ~ r.l:io:. t·! lC': c~ns ity hu been divided intC' thE 
follo;.;ir.i t hrf>f c£:e:~:orie~ . 

"C::-:-~f'o l icatec! lee" iF ident ifi e o! a ! tht- Folic ~<urfa::t layer , ur• t o ro::-
1f•P: re! :.h ict: . t.:~.i c P. e..:s: bt pe-nt: r•te: ~·i~ !. e·, ir• a;Jrer . "ri'tt ; t i c n:- ~!' '!! < 

\:<i : Er in thir h:ver. [Fui!l~ t h iF t :.;:-f•ct !5yer i f rou~:- • !".c i :r :-f"r~:•~ 

~i:t silt- lik! i~puritie£ th~: tenG t~ cul ! a urt:r b~ ~;e! . 

i: ,_. l t!" i' 10 p~ :; 4 ; St~e : ~Toht t !-•c: 
F:e-: 1 i!":!~dt f c -:- i~pact (!ir\!~t- l C ) . 
! •"iJr:c~~ ~~ :ht h Ea '\·y r 2u s h be: :t 

1-.a!- ,:·:-i n : t- ~ en:! "::it;. 1 ~f'!"'!- f :Oc!' ':·~ 

!: i~ cl i!ficul : t c ic t' r::"i~:· t i> ·. :~•·n 

i t- Gft!irtt-C a! t hr t>c ~ r.: £: \o,·~. :c., t!'-! 

:· :~ . ::· .. - . 
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'rne!"t i~ o!:e:- c ~rol. :e::: :"f':rif'\' inJ: tnt probt t::rouJ!' ::-.~ tl':ici<n deposits 
c! ict- bt.:au~t' i~ tt-l"'cif t " !re-t:%4= i~.. ln ma:'ly ca!'e! tb~ 3=.- eir::-cf: cablt: 
US t: C tc f:.l!pen~ th~ prObf' t;·~ h:Jed ir. ten!ior. C:.J'!"inJ: retrieve! •:tempts . 

Sno~· CC\'f'!" thickneFF me•&urements art strai11ht fon;a:-c .. ·itt: or:ly tr.1nor cotr.
pli:A~ic~~ intr~duce~ by driftinr. anc irrerularity of thf' ice Furfact. 

;;c.:E:- C:~~:h~ ATP ot-:c.::::e:: ~Y lo;.·e!"inf t h<- r:-c~.~ t c. thf channel bot tcr.: anc 
~:lun.:: ~r i~ th f C"O!"' ':(·~: l :'lna: :r.a!"'ner . TjciC: e~ar i~ f•!!. '-"Gtf':" Sf'Ction~ 

~·=1 ~ t~:-.: .... p\,;}j tht \.'"2i ~:-, : Co-.·:"''!=tTt-C: 2n: ,,..-)j~ ! Oi:'l~:i ::o:e!' T4!!0'-l lt in exar

~ P:-o :~: C!pt~ 1T•£ Gs::.: : ~~~!'::~. t su&11y t r,:~ i1- =·-: ly c pr r !: : e:: ir. r,zrro"'· dee ;; 
~f-7"! ~ ('!; ! 1oo·i :~. ~C!'f.._ l Ct :;,f?~!it! 1 2:"!= :-.i;._ Vf :Cl:iti~~. ':'"h£ frfl't- •att'T 

C:-!;:\. a.:'"". = ~~ thf ict G!-F~!i: i! f~:~:!=,f-~ C:~flc\!1: tr Ge!in-:- bt-cau~E:: :hf" 
. ! , .. -:-:-- t.~ ·-n:a::· o! tht 1 i(tt ~ s jc!f. rlf;::· ~i~ i~ r.~: rzs:l·• !cie!"'!5fl f't . 

:.:c: : t ·~:e~ 1~\.· c: a>~: icf- lev£: r.:fe:~ ·.;~~r:e~:~ •~t ~~:'"ei,:h: !o:-warc t c 
.:"'~: c:. -:,· : ,. tJ! \. .. ~1£;" :.f. ~Tt i~ b;.:i 1t U! t ·Tt- f ~..; !"'t" un:\e~ t. Tt~ ice anc a "blo~· 
(' .. • : . .. . ! ' C\:. e>: :!':! . ··:- ! :,-.· (\\,; : .. i !' t ~· ': ~ 
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