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FROM H.W. Coleman k-,’,
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 in 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
higher 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, lcad 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 dmmawstream.
vp

6. Break-up consolidation and jamming is much leses controllable.
Factors other than power releases can be more important, such as
dev~lopment of intervening flow from snowmelt, effect of
tributaries, and rate of warming of air temperatures.

7. On the Peace River, the procedure on break-up seems to be to
provide high, fluctuating flows as far as possible im 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. PFor 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.

Vigsit 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 ice.
front location and ice conditions in general. When the ice front is l
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. g
Amirault emphasized the importance of the Smoky River, which l
entersr the Peace about 6 km upstream of town. If the Smoky breaks

up prior to the Peace, jamming will occur in town. (Reference 3,

P. 15). This occurred in 1979 and raised ice levels within 0.3 meter4
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 I

they had been raised following a very large summer flood in 1972.
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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 n3/s (about 90Z of
capacity) for the next two weeks, per request of Alberta Environment
(Reference 4, p. 5). On January 20, B.C. Hydro returned to its
normal load following operation, with dissharge varying daily from
as high as 1900 m3/sec to as low as 900 m°/sec (Reference 4,

Figure 1). The gauge reading at Peace River showed almost no
response to the daily flow fluctuation.

Basement flooding in PRT was reported as early as January 9, 1982.
However, because power demand was high, and an attempt was being
made to "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 m’ /s in late
February. In late March, B.C. Hydrc increased flows again and
flooding occurred again in PRT until the river ice broke up in
late April.

Because of the massive amount of ice in the consolidated cover
from the January, 1982 event, break-up was considered a potential
problem in PRT. Mitigative measures included plowed lanes in the
ice with sand and salt to weaken the ice at desired locations and
pre-blasting in jam key areas. The break-up turned out tc 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
notoriously unreliable.
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Visit to B.C. Hydro, Vancouver

On Thursday, April 5, Wayne Dyok and I flew from Edmonton to
Vancouver to discuss winter power operation and enviromental aspects
common to B.C. projects and Susitna.

We met with C.V. Kartha and Les Parmly of the Hydrology Section.
They are in charge of monitoring river 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. 1In 1979, the Peace Canyon Dam, about 20 km
downstream of PMD, with much smaller storage and no reregulation
capacity, was completed.

S

r
The PMD supplies about 352 of the total sytem load and Mica about
252 (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
upstram progression with PMD has been to the town of Taylor, B.C.,
about 125 km downstream of PMD, in 1974 and 1979.

PMD has a2 selective withdrawal intake with two levels. Drawdown is
up to 100 feet. Release temperatures in winter are generally 2-3°C.
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B.C. Hydro has developed a river ice computer model over the years

for use on the Peace and other rivers. Their model is the result of
work done by LaSalle Lab on the Liard and MacKenzie Rivers, and other
improvements based on Syl Petryks work on the Peace. The main concern
of B.C. Hydro on the Peace seems to have been the freeze-up jam
induced flooding around Taylor, B.C. in 1974 and 1979. The event in
1979 was extensively monitored and modelled by B.C. Hydro (Reference 6).

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

Parmly and Kartha confirmed the influence of the Smoky River on PRT
problems. If the Smoky breaks-up first, jams will develop at the
confluence with possible flooding in PRT. B.C. Hydro recognizes that
operation control is necessary at PMD during passage of the ice front
thru sensitive areas during freeze-up. Their approach is to "set"”

the cover in place at relatively high uniform flows. After this, they
can fluctuate load as required with no negative effects.

On break-up, the preferred procedure is to try to induce the Peace
to break-up in PRT prior to the Smoky. To accomplish this, PMD
should be fluctuated as much as possible as long as the ice front is
well upstream of PRT. When the break-up front nears PRT, PMD flow
should be minimized and held steady until the front moves thru PRT.
Following this, PMD 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
flow fluctuations at Peace Canyon over a 6 day period, with
measurements of open-water stage fluctuations, and under-ice stage
fluctuations downstream of the ice front. Results are shown in
Reference 7. These studies demonstrate the following:

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

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, Edmoncon

On April 6, 1984, I visited with Gordon Fonstad of Alberta Environment
in Edmonton. He supplied me with three reports (References 32, /O

and // ) 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 ia January 1982, the
spring break-up was uneventful. In fact, Fonstad indicated that

the ice weakening efforts in PRT probably had little to do with the
mild break-up. It was primarily lack of rapid flow build-up from
smowmelt.

Fonstad also pointed out that the 1983 break-up was different from
previous years. Usually, the Peace breaks-up and moves thru PRT,
followed by the Smoky break-up. 1In 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
stage increases in PRT since 1960. This summary shows a clear increase
in high break-up stage frequency with project 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 (Reference 11). This problem is apparently
unrelated to any hydro operation.

Fonstad also mentioned a problem on the North Saskatchewan River,
downstream of the Trams Alta Utilities Corporationm, 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 canm supply information
on the Nelson River and Churchill River (Rerefence /2 ).

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 portiomn of

the river, will be more difficult since the problem is not localized,
as has been the Canadian experience.

-1, laman

H.W Coleman

HWC/mmg
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analysis are J. D. Allen, L. L. Douglas, C. J. Kopec, and G. M. Pawluk,
This paper is presented with the permission of ARCO Alaska, Inc. and the
Prudhoe Bayv Unit Co-Owners.
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ABSTRACT

Recent studies for hydropower development in northern Canada have
given much attention to the potential effects of flow reguiation on
the winter regime of rivers, including levels and thicknesses of ice
accumulations during freeze-up and breakup. Generally, increased
flows during freeze-up result in higher, thicker ice covers in early
winter. Fluctuating flows may detrimentally affect the stability of
fice covers, particularly in the periocd just after freeze-up.

Abnormally high ice-pack levels occirred at Peace River town in
early January 1982, associated with : particular combination of
weather conditions and fluctuating rel :ases 400 km upstrean. The
water levels resulting from consolidatior of a fresh accumulation type
of ice cover almost overtopped flood dikes that had been constructed
some ten years earlier. Analysis indicates that the phenomena were
assoclated with an unusual combination of a thin ice cover formed
rapidly in late December and a succession of discharge fluctuations
over the Christmas-New Year period. Using field observations of water
levels and ice thicknesses, it has been possible to reconstruct an
approximate history of the chain of events and to analyze the
phenomena in terms of river ice mechanics.

INTRODUCTION

The Town of Peace River is located on the banks of the Peace
River in northern Alberta, approximately 400 km below a hydroelectric
development completed by British Columbia Rydro and Power Authority in
1972 (Figure 1). Regulation of the river by Bennett Dam has increased
winter flows at Feace River town to approximately 4 times previous
natural flows, and has considerably altered ice conditions in the
river. During a late free-e-up period at the beginning of January
1982, coincident with notable fluctuations in power demand and plant
releases over the holiday period, record high freeze-up levels
occurred at the town. The purpose of this paper is to describe the
sequence of events and to analyze the ice levels in terms of present
understanding of river ice hydraulics.
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Pigure 1: Location Map

BACKGROUND

The possibility of flooding due to ice jamming during breakup has
always been present at Peace River town. Since completion of the up-
stream works in 1972, however, freeze-up levels and winter ice levels
have been noticeably higher than before. Also, higher breakup levels
than any previously recorded were exper ienced in 1973, 1974 and 1979.
After the 1979 breakup experience, dikes built to protect the lower
parts of the town against summer floods were raised by approximately
1 m to provide for ice-related floods. Freeze-up levels experienced
in January 1982 were several metres higher than any previously experi-
enced, and almost reached the recurd breakup level of 1979 (Figure 2).



; X+,

Figure 2: View Upstream Towards Highway and
Railway Bridges, February 1983,

Between 1972 and 1982 several studies were made of ice problems
at Peace River (Nuttall, 1974; Andres, 1975, 1978; Acres, 1980; Carson
and Lavender, 1980; Davies et al, 1981). Some of these studies were
directed mainly to breakup conditions; others considered freeze-up and
winter levels associated both with present conditions and with a con-
templated future power project at Dunvegan, approximately 100 km up-
stream (Figure 1). 1In the study by Acres (1980), a computer simula-
tion program was used to predict water and ice levels at Peace River
town for various operating scenarios of the Dunvegan proposal. Field
investigations were conducted in the winter of 1979-80 to assist the
simulations. Another reported study (Keenhan et al, 1982) was
concerned with freeze-up conditions at Taylor, approximately 300 km
upstream of Peace River town.

The question of effects of hydroelectric projects on river ice
conditions has received much attention elsewhere in Canada in recent
years, especially in connection with northern developments like the
Churchill-Nelson system in Manitoba, the James Bay project in Quebec,
and a contemplated development in northern British Columbia which
would impact on the Liard-Mackenzie River system all the way to the
Beaufort Sea. These projects are referred to in papers by Hopper et
al (1978), Michel and Drouin (1981), and Parkinson (1982). Several
organizations have developed computer programs which aim to simulate
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fice formation, transport, freeze-up, thickening, and breakup on a more
or less continuous basis, taking into account both thermal and hydro-
mechanical processes. (Most numerical models originate in part from
the St. Lawrence River studies reported by Pariset et al (1966).)
These models have been applied to assess the impact of future develop-
ments by calibrating with natural data and predicting with altered
hydrologic and thermal regimes. Considerable uncertainty exists, how-
ever, about the formulation of many elements of the ice regime, as
discussed by Clement and Petryk (1980), Calkins (1981) and Michel
(1983). 1t is therefore important to analyze experiences such as that
descr ibed herein.

HYDROLOGIC AND METEOROLOGIC FACTORS

The Peace River has been gauged at Peace River town since 1915,
with a gap from 1932 to 1957. The mean flow is approximately 1800
m3/s. Winter flows under natural conditions were mostly in the
range of 200 to 500 m3/s, but under regulated conditions since 1972
have ranged mostly from 1000 to 2000 m3/s (Figure 3).
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Figure 3: Monthly River Flows Downstream of Peace River
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The river is located at the bottom of a deep postglacial valley
with narrow fragmentary terraces. At bankfull conditions the channel
width is about 550 m and the depth about 8 m. The slope is approxi-
mately 0.35 m/km. The bhed is of gravel, overlying shale at approxi-
mately 5 m depth., Banks are of gravel overlain by silt, with rock
outcrops where the channel abuts the valley walls.

Under natural conditions freeze-up usually occurred in early
November, and breakup in late April. Under recent regulated condi-
tions freeze-up is delayed until December, or even early January as in
1981-82. Mean January temperature is approximately -20°C. As {n
other regulated northern rivers, the ice cover forms by upstream pro-
gression of arrested ice floes in a process involving both juxtaposi-
tion and shoving. In the January 1982 event, a thin ice cover that
had formed through the town only a few days earlier, consolidated
abruptly by shoving from upstream and rose to an abnormally high level.

SEQUENCE OF EVENTS DECEMBER 1981 - JANUARY 1982

An approximate sequence of discharges, water levels and air
temperatures for the period December 15, 1981 tc February 5, 1982 is
illustrated in Figure 4. An ice cover began to form on the lower
river early in December, but because of relatively wmild weather in
mid-December did not reach Peace River town until January 2nd, when
the water level rose abruptly by 2.8 m at a discharge of approximately
1800 m3/s and a temperature of about -30°C. Within the next few
days, the temperature dropped to nearly -40°C and the discharges
dropped to beiow 1000 m3/s as the effect of the New Year holiday on
creservoir releases communicated itself down rciver. A thin cover
therefore progressed upstream very rapidly. By January Sth the head
of the cover had reached a point 88 km upstream, where water levels
rose 3.8 m at a discharge of 1200 m3/s. The head of the cover had
progressed upstream at a more or less constant rate of 0.30 w/s,
regardless of fluctuations in discharge during this period®.

Between Peace River and Dunvegan the average rise {in stage
associated with the ice cover formation was 3.3 m. With an average
channel width of 500 m and a measured celerity of 0.30 m/s, nearly
500 m3/8 of flow was therefore being continuously abstracted into
storage, probably reducing the discharge at Peace River to a minimum
of about 500 m3/s on January 4th. This caused the stage to drop
about 1.1 m (Figure 4) from the peak associated with ice cover forma-
tion,

On January 7th, after the ice cover had progressed some distance
upstream of Dunvegan, rapid increases in discharge resulting from

& Personal Communication, R. Carson, Acres Consulting Services Ltd.
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Figure 4: Sequence of Water Levels, Discharges and
Temperatures, December 1981 to Pebruary 1982

resumption of normal power output at Bennett Dam a day or two earlier
were followed by a massive consolidation and thickening of the new ice
cover. A 9-m high jam formed 14 km below Dunvegan, but failed after
about 2 hours. A surge of ice and water then moved downstream
(Fonstad, 1982), reaching Peace River at 10:30 p.m. (Figure 4). The
stage rose abruptly by about 3.5 m to an elevation of 318.15 m, some
3.4 m above the previocus stable ice cover and only 1.5 m below the top
of the flood protection dikes. Within 2 hours of the peak the stage
had dropped by 0.60 m, and after about 36 hours it had dropped a
further 1.15 m to an elevation of 316.4 m, where it remained more or
less constant for the rest of January. Later aerial inspection indi-
cated that noticeable consolidation ofi the ice surface extended to
about 10 km downstream of Peace River.

(8/w) sBmpng



On January 8th, 12 hours after the peak at Peace River, the head
of the cover was observed to be only 40 km upstream of Peace River,
readvancing upstream at a rate of 0.18 m/sP. This rate wae main-
tained at least until January 10th. Between then and January l4th the
cover advanced very slowly, probably due to warmer temperatures
(Figure 4). On January l4th it resumed progres=zion upstream at a rate
of 0.18 m/s, and the head passed Dunvegan again in the night of
January 15th-16th. With a discharge of about 1700 m3/s and a mean
daily temperature of -25°C, the local stage rise at Dunvegan was
4.7 m.

If a stage rise of say 4.0 m was typical of the second ice front
advance between Peace River and Dunvegan, the diversion of flcw into
storage, for a celerity of 0.18 m/s, would have been about
360 m’/s. The almost constant water level at Peace River from
January 10th to 3lst suggests that the loss to storage was more ot
less constant over that period, since outflows from Bennett Dam were
maintained at about 1700 m3/s. The flow at Peace River wouid then
have been about 1340 m3/s. A water Survey of Canada measurement on
Pebruary 2nd (Figure 4) more or less confirms this interpretation.

MEASUREMENTS OF ICE COVER AND HYDRAULIC CHARACTERISTICS

As soon as possible after the consolidation of January 7th, high-
water marks, water levels, and ice thicknesses were recorded. A high
water profile and the existing water level profile were obtained on
January 13th, and ice thickness measurements were ob ained over the
following week. Due to the very cold conditions and the rough ice, a
full coverage of ice thickness measurements could not be made. How-
ever, these data were later augmented by measuring the thicknesses of
shear walls as revealed during breakup in April 1982 (Figure S).

The winter measurements indicated a relatively consistent thick-
ness below water level of from 3.8 to 4.2 m, although in some loca-
tions the value was as low as 2.3 m. The cover appeared to be formed
primarily from frazil slush in which wzre embedded ice floes originat-
ing from broken border ice and frozen crusts of frazil pans. The
border ice ranged from 0.5 to 1.0 m in thickness and the frozen crusts
were in the order of 0.3 m thick. The maximum ice height alohg the
bank was fram 0.9 to 1.5 m above the January 13th water level and more
or less corresponded to the maximum water level associated with the
ice cover consolidation. The perceived average ice surface on the Jday
of survey was generally from 0.2 to 0.6 m above the water level; where
shear lines were evident, ice had pushed up at least 1.6 m above the
water level.

7

b Personal Communication, R. Carson, Acres Consulting Services Ltd.
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Ice thickness measurements were also made at breakup following
the passage of the ice front, when many of the exposed shear walls
were still intact (Figure 5). Most of the shear walls were about 4 m
thick. The reliability of these measurements is not as great as for
the winter measurements, but they generally substantiate the latter.

Figure 5: Shear Walls Indicating Ice Thickness, April 1982

Open-water hydraullc characteristics were evaluated from thirteen
channel cross sections and thalweg profiles surveyed in the summer of
1982. These indicate that upstream of Bewley Island (Figure 6) the
channel is relatively uniform, Both the hed and water surface have a
mean slope of 0.32 m/km (Figure 7). The water surface slope with lce
cover also parallels the bed slope, as do highwater marks from the
flood wave that accompanied ice cover consolidation. When measured
fce thicknesses are plotted on the profile, the mean line for the
ice/water iInterface also has the same slope. This suggests that more
or less uniform flow prevailed for all three measured conditions.
Average hydraulle characteristics as analyzed for the surveyed
open-water and steady ice cover conditions are summarized in Table 1,
and typical channel cross sections are illustrated in Figure 8.
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Pigure 6:

Study Reach Covered by Measurements
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Table 1: Summary of Surveyed Average Channel Characteristica

Open Channel Ice Cover
Characteristic (Summer 1982) {iate January 1982)
pischarge, Q (m3/s) 1270 2 1340 b
Top width, W (m 520 555
Flow Area, A (m*) 1350 2040 (below ice)
Mean Depth, h (m) 2.9 3.9
Hydraulic Radius, R, Ry (m) 2.9 1.95
Mean Velocity, V (m/s) 0.94 0.62
Submerged Ice Thickness, tg (m) - 4.0 ©
0.032 4 0.043 9 (Composite)

Manning Roughness np, ng

Measured at Peace River, less Smoky River inflow.
Reservoir releases less abstractlons to storage from ice
front progression.

c Mean submerged thickness for treach.

a4 Computed with a water surface slope of 0.32 m/km.

Notes:
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ANALYSIS 1

Discharge Variations

Following the failure of the jam downstream of Dunvegan on
January 7th, approximately 100 km of river ice was consolidated into a
length of about 50 km. Factors contributing to the subsequent high
stage rise at Peace River include the initial surge of water from the
failure of the jam, the increased discharge due to release from
channel storage, and the increased ice thicknesses within the con-
solidated length. It is believed that the major flow increase during
the consolidation was due to release from channel storage as the
length of jce-covered river was shortened. The augmented discharge
also transported the broken ice and was responsible for the increased
thickness of the accumulation.

The extremely rapid stage rise suggests that both the discharge
and ice thickness were increasing during this period. However, with-
out knowing how either variable changed, the exact time of maximum ice
thickness or peak discharge cannot be determined. It seems reasonable
to assume that the maximum thickness was achieved at the peak gauge
height and that this also defines the time of maximum discharge.
Following the peak stage the ice thickness remained constant, and the
reduction in stage was due to a reduction in discharge.

The discharge at the peak stage cannot be determined reliably
from the gauge height records because the thickness and the roughness
of the ice cover are unkown. However, if it is assumed that thickness
and roughness remained constant between the peak of January 7th and
the thickness measurements of late January, then the peak discharge
can be estimated from the measured highwater marks as recorded and the
overall roughness under ice cover as shown in Table 1. Using the same
composite roughness of 0.043 and a measured mean depth of 4.9 m, the
peak discharge of January 7th was estimated to be 2000 m3/s on the
basis of steady uniform flow. This is somewhat larger than the routed
release from Bennett Dpam, estimated at approximately 1600 m3/s
(Figure 4).

A crude approximation of the peak discharge can also be made by
considering the conservation of volume during the consolidation. It
can be estimated that approximately 1 m depth of stored water was
released from the 60 km of river ugﬂtreau of the consolidation,
producing an inflow of 33 x 106 m3 jinto the 40 km immediately
upstream of Peace River. Within this 40 km, the additional roughness
of the thickened ice cover increased the depth of flow by about 0.3 m,
which reduced the additional volume passing Peace River to about 27 x
106 m3, Gauge records suggest it is reasonable to assume that the
flood wave lasted from 8 to 12 hours, corresponding to an increase in
discharge of from 600 to 900 -5/1. This, when added to a
1200 m3/8 base flow, results in a peak discharge estimate of 1800 to
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2100 m3/8, which agrees reasonably well with the maximum discharge
as estimated above from hydraulic considerations.

Ice Cover Stability

Thickening of a river ice cover can occur in two ways: (i) by
hydrodynamic instability at the advancing edge of the cover, whereby
arriving ice floes are carried underneath the edge; and (ii) by
mechanical instability within the cover, whereby hydraulic forces
cause it to consolidate and thicken. From the nature of the events
observed on January 7th, it is apparent that the second case applies.
Various equations have been presented for analysis of this type of
condition. That by Uzuner and Kennedy (1974) can be written in
modified form as:

1 WR{PgS + WEp IS = kpy (1-s)gt2 + 2C4t

where W is the stream width; Ry is the hydraulic radius associated
with the ice cover; P. the density of water; g iz the acceleration of
gravity; 8 is the channel slope; t is the ice thickness; Pi is the
density of |ice, is a dimensionless coefficient of internal
friction*; s; is the specific gravity of ice, and Cy is a cohesion
parameter as discussed below.

The terms on the left-hand side represent the shear force per
unit length on the bottom of the cover plus the downstream component
of the weight of the cover. The terms on the right-hand side repre-
sent the resistance of the cover due to internal friction plus the
resistance due to cohesion.

With regard to the cohesion parameter Ci in Bguation [1j, it is
important to note that the equation was developed for an uncongealed
accumulation of ice floes where Cj represents a "scil mechanics®
type of cohesive strength as in the Coulomb-Mohr relationships, and
not a shear strength of solid ice. The rationales for using Bguation
[1] to analyze the Peace River consolidation is that the thin surface
freezing, estimated from observations to have been about 0.3 m thick,
is assumed to have been effectively destroyed by flexing of the cover
under the action of surges and unsteady flow. If, as suggested by
Beltaos (1978), Cj is taken as approximately 100 Pa, the cohesion
term is then much less than the friction term and can be neglected.
with ﬁa- 1000 kg/m3, Py = 920 kg/md, g = 9.8 m's?, and a; =

0.92, uation [1]) can be reduced to:
12) 4 = 12.5 SW(L + Ry/0.92t)/t
. }A, = Co(l-p) where C, is Uzuner and Kennedy's “shear stress

coefficient” and p ir porosity.
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To apply Equation (2], the hydraulic radius Rj associated with
the ice cover is computed from:

(3 Ri/Rp = (ny/np)3/2
where ice roughness njy = (2ng 3/2 - np 3/2y2/3
and R{ + Rp = 2Ry

Applied to the Peace River consolidation with np = 0.032, ng
= 0.043, and thereforé ny = 0.053, Rj; is found to be 3.3 m. Equa-
tion [2) then gives an internal friction coefficient la- 0.93 for a
total ice thickness of 4.3 m. This is within the normal range of
values of ja computed for breakup jams (Beltaos, 1978), which suggests
that massive consolidations occur so rapidly that the effects of
downward freezing can be neglected in estimating levels and
thicknesses.

CONCLUSIONS

(1) The unusually high ice accumulation stage at Peace River on
January 7-8, 1922 resulted when a rapid increase in discharge
broke up and consolidated a thin new ice cover, that had formed
quickly very late in the season under very low temperatures.

{2) The ice cover consclidation led to accumulation thicknesses of
some 4 m over a considerable length of river, and was accompanied
by a flood wave as water was released from storage in the back-
water zone at the head of the previously advancing cover.

(3) Analysis of steady conditions as observed a week or two after the
abrupt consolidation indicated an overall hydraulic roughness of
0.043, The roughness of the underside of the ice cover was
estimated as approximately 0.053. Applied to the peak stage
conditions of January 7th, this yielded an estimate for the peak
discharge at Peace River of 2000 m3/s, approximately S0 percent
greater than immediately preceding discharges.

(4) aAnalysis of the hydramechanical stability of the consolidated
cover, neglecting cohesion, indicates an internal friction coef-
ficient }Aof approximately 0.9, similar to values reported for
ice jams under breakup conditions.

(5) It is believed that the information presented herein constitutes
an interesting documentation of a severe freeze-up accumulation
associated with strong discharge fluctuations, providing reason-
able definition of hydromechanic parameters without the need for
manipulation of both thickness and roughness.
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ABSTRACT

Phase change produces some of the most dramatic volume and strength
change effects on soils in cold regione. Numerical solution techniques
provide powerful tools for analysis of veal-world heat flow problems. In
our engineering practice, we have found a two-dimensional finite-element
computer program called "DOT" (Determination of Temperature) to be
particularly useful. Capabilities of the program include an ability to
handle transient as well as steady-state problems, arbitrary geometries,
inhomogeneous materials and non-uniform initial temperature distributions.
Example applications of the DOT program described in the paper include
caiculation of thawing around a warw pipeline in permafrost, thawing
around warm oil wells in permafrost (including the influence of a
convection surface), anid frost penetration as a result of placement of
gravel fill in shallow seawater on the arctic coast. Limited data are
presented comparing predicted and measured thaw for one of the examples.

INTRODUC (ON AND BACKGROUND

Phase change produces some of the most dramatic voiume and strength
change effects on soils in cold regions (see Andersland and Anderson 1978;
Johnston 1981). Thawing of initially-frozen soils results from an
inc-=2ase in the soil temperature. This increase can result from (1) a
surface disturbance such as stripping or compression of the tundra
insulating layer, placement of a gravel pad, or concentration of surface
runoff (thermal erosion), or (2) introduction of a heat source such as a
warm pipeline. This thawing 18 accompanied by soil consolidation
(expulsion of excess pore water) and a decrease in soil shear strength.
The amount of soil thaw strain increases with soil ice content and soil
shear strength 1is least before excess pore pressures have had an
opportunity to dissipate.

foundation settlement 1s calculated by integrating the thaw strain
over the depth of thaw. Foundation bearing capacity may be greatly
reduced during permafrost thaw as is available resistance to sliding on
potential failure surfaces in sloping ground.
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ABSTRACT

The report 1is 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 late freeze-up due to a warm
December and severe fluctuations in releases from Bennett
Dam over the Christmas-New Year period. It is considered
that there 1is a potential for high break-up stages
comparable with those of other recent high years, but that
overtopping of the town dikes is unlikely.

(1)
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) INTRODUCTION

1.1 Objectives

In February 1982 River Engineering Branch of Alberta
Environment reguested Northwest Hydraulic Consultants to
investigate and report on river ice conditions at Peace
River, investigations to be done in cooperation with River
Engineering and Al-erta 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 1in 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 1in
the Peace River have been greatly increased, resulting in
delayed freeze-up, higher winter ice 1levels and greater
guantities of ice, and apparently increased freguency of
high levels at break-up. Higher break-up levels than any
previously recorded occurred in 1973, 1974 and 1979.
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Following a high svmmer flood in 1972, dikes were
built to protect the lower parts of the town against open-
water flood events. After the 1979 break-up, the dikes

were raised by approximately 0.9 m.

In early January 1982, unprecedented high freeze-up
levels occurred when an initial ice cover only a few days
old consolidated abruptly through the town. The dikes
were not overtopped, but subsurface seepage caused
basement flooding. Releases from Bennett Dam were
subseqguently cut back by agreement in order to reduce
seepage problems, and ice levels fell accordingly.
Cor -n arose over possible overtopping of the dikes

dur . spring break-up in April 1982.

1.3 Previous Studies Reviewed

River 1ice problems at Peace River bhave been the
subject of several studies and reports since completion of
Bennett Dam. In corder to understand and analyze 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 Section 5.

Nuttall, 1974. In March 1974 Dr. J.B. Nuttall of
the University of Alberta analyzed break-up flood
potential and recommended local mitigative measures.
The report, prepared in July 1974, covers pre-
break-up investigations and actual occurrences,
discusses the effectiveness of mitigative measures,

and recommends future measures.
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Andres, 1975. Relatively high freeze-up levels were
experienced in January 1975, and 1local mitigative
measures were again taken, but ©break-up proved
uneventful. The report @analyzes <conditions in
considerable detail and attempts to develop

predictive relationships for maximum break-up stage.

Doyle, 1978. The Peace River ice-jam observations
reported were too far downstream of Peace River town

to be relevant in the present context.

Andres, 1978. The effects of a proposed hydro-
electric peaking plant at Dunvegan were analyzed with
respect to 1ice conditions downstream. The report
predicts likely positions of the ice front, freeze-up
levels as a function of discharge, and fluctuations
in ice cover level. It is concluded that there would
be no adverse effects at break-up at Peace River, and
that the proposed project might be operated so as to
reduce present break-up levels.

Acres, 1980. This study also analyzed effects of
the projected Dunvegan development in detail, and
reported the results of field investigations in the
winter of 1979 - 1980. A computer simulation program
was used to predict water and ice 1levels at Peace

River for various operating scenarios.

Carson and Lavender, 1980. A short paper based on
part of the above-mentioned Acres study presents a
consolidated stage-discharge plot for Peace River
under open water and 1ice conditions, 1including both

freeze-up and break-up data.
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Davies, Deeprose and Hunt, 1981. A Joint
Alberta-B.C. Task Force was formed to observe,
analyze and make recommendations oOn 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 previously released documents,
we reviewed a preliminary draft report by G.D. Fonstad of
River Engineering Branch covering the freeze-up events of

January 1982.

1.4 Consultations With Others

Discussions were held with Mr. G.D. Fonstad of River
Engineering Branch, Mr. D.D. Andres of Alberta Research
Council (formerly of River Engineering Branch), Dr. R.
Gerard of the University of Alberta, and Mr. S.T. 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 guoted here in metres above
Geodetic Datum. For heights above Water Survey of Canada
gauge zero, deduct 304.8 m. Discharges are gquoted 1in
m3/s.
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2.4 Inferred Causes of High Freeze-Up Levels

In

considering the bhydraulic causes of the high

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

following points appear most significant.:

1.

A relatively warm December combined with
relatively higyh releases from Bennett Dam bhad
delayed complete freeze-over at Peace River until

1l January or so.

Very cold weather in the first few days of
January enabled an initial thin accumulation
cover of frazil pans to advance rapidly-upstream
to the vicinity of Dunvesan. In the middle of
this process, discharges arriving from upstream
were suddenly cut in half, then raised again over

a 3-day period.

The most obvious hypothesis 1s that the rapid
increase 1in 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 gquantity of water from storage as levels
dropped from an ice-cover rating to an open-water
rating. This storage release produced a
transient flow and stage peak on the night of
7 - 8 January.

In December 1979, as reported by Acres (1980),
complete freeze-over occurred at Peace River on

24 December, and by 28 December the freeze-over
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front had advanced 44 km upstream. Between 30
December and 3 January, following a rapid
increase in Bennett Dam releases from about 400
to 1200 m3/s a day or two earlier, the ice
front retreated downstream by 12 km; the cover
consolidated over a length of 26 km and thickened
from about 1.0 to 2.4 m where measured at a point
18 km above Peace River. This 1979 experience
appears to have been quite similar to that of
1982, the main difference being that in 1979 the
consolidation did not extend over such a 1long
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 1longer period than 1in
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 circumstances involving flow
and ice conditions in both the Peace and Smoky Rivers
upstream. According to the Joint Task Force (Davies et
al, 1981): "If, for example, it appears that the combined
discharge of the Smoky and Peace Rivers below their
confluence will exceed 90,000 cfs (2500 m°/s) or if the
Smoky River itself may contribute 40,000 cfs (1133 m°/s)
or more, a flood situation is assumed 1likely . . . It
should be noted that a jam downstream . . . does not have
to occur to cause flooding. In 1979, a jam formed at the
mouth of the Smoky and when it broke, a 15-foot high flood
wave resulted in water levels of approximately 1045 feet
(318.5 m) at the Town of Peace River."

Based on data tabulated in the Joint Task Force
report, the three highest break-up floods of record were
as shown in Table 2. Reported maximum levels were 318.6,
(1979), 318.2 (1973) and 317.5 m (1974). The top of the
dike near the Water Survey of Canada gauging station is at
elevation 319.8 m approximately, that is, 1.2 m above the
1979 level.? On a purely statistical | Dbasis, the
probability of attaining top-of-dike levels appears to be

2 The 1979 level was only about 0.3 m below the top of

the dikes as they existed at that time, before tney

were raised.
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guite low, in the order of 1%. In those three highest
years, maximum rises above 5-day pre-break-up levels
ranged from 4.1 to 4.5 m. (On 27 April 1982, with Peace
River ice broken through the town but Smoky River not yet
broken up, water level was reported as 314.2 m.)
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TABLE 2 . DATA FOR THREE HIGHEST BREAK-UP
FLOODS AT PEACE RIVER

Rank Date 5-day Maximum Maximum Approx.
Pre-Breakup Elevation Stage Breakup

Elevation® Rise Above Discharge
Pre-Breakup at Peace

River

m m m m3/s

30/April/79 3141 318.6 85 4,100
12/April/73 313.8 318.2 4.4 2,800
20/April/74 313.4 317.5 4.1 3,600

Extracted from Table 1 of Joint Task Force Report (Davies et al,
1981), and converted to metric units.

Note
On 27 April 1982, with Peace River ice front downstream of the
town but Smoky River not yet broken up, water elevation at the
gauge was reported as 314.2 m. 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 weaken the
ice through the town by plowing lanes, salting, dusting
and blasting; and (ii) upstream measures to reduce Peace
Rivér discharges. Objective evidence that local measures
have been successful is difficult to obtain, nevertheless
these measures are not difficult to conduct and provide
local reassurance that efforts are being made to reduce

danger.

With regard to discharges, Figure 5 shows a
break-up stage-discharge diagram based on Nuttall (1974),
with added data after 1974 from the Joint Task Force
report. On the basis of the scatter band shown in this
diagaram, a discharge of at least 3300 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
River discharge, thLe uncontrolled discharge of the Smoky
River 1is all-important. In the three vyears of highest
break-up levels (1979, 1973 and 1974), Smoky River
discharges at Watino were about 1600, 600 and 2400 m3/s
respectively. For a Smoky River discharge of say 2000
m3/s, upstream Peace River discharge would therefore
have to be restricted to about 1000 m3/s (35,000 cfs).
If P.C. Hydro release was 1000 m3/s, local inflow 500
m3/s, and Smoky River flow 2000 m3/s, the total of
3500 m3/s at Peace River might Jjust reach the top of the

dikes.
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It appears advantageous to induce Peace River
break-up before Smoky River break-up. This implies that
upstream Peace River flows should be kept as high as
possit’e up to say one week before expected Smoky River
break-up.

3.3 Break-up Recommendations

The following summary of recommendations was
contained in our letter of March 22 addressed to Mr.

M.E. Quazi of River Engineering Branch.

Xeo Allow B.C. Hydro to : ume normal operation as soon

as practicable, to encourge break-up progression down

the Peace River. Peaking operation is probably
advantageous.
24 Develop a means of forecasting break-up date and if

possible discharge for the Smoky River.

3. One week before expected Smoky break-up, have hydro
releases cut as low as possible.

4. Keep monitoring break-up front, water temperature,
stages and discharges.

5« Continue local ice weakening measures to provide ice
passage and discourage jamming.
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SUMMARY

This report contains the first draft of the sections of the
'Alberta - B.C. Joint Task Force on Peace River Ice' Repor: which were
the responsibility ot Alberta Environment. Other sections, written by
the B.C. Ministry of the Environment and by B.C. Hydro and Power
Authority, complete the report to the respective Ministers of th:

Environment for the two Provinces.

The report surmarizes the evenis which occurred at freeze-up ¢t
Peace River Town in January of 1982. A presentation is mede of tte
basement flooding problem which occurred in the Vest Peace River
subdivision. An outline of the breakup preparation undertaker,
including ice weakening efforts, is made. The observations of River
Engineering Branch field staff of the breakup of the Heart, Smoky ard

Peace River are presented.

Finally, a proposal for a controlled mode cf operation of B.C.
Hydro's G.M. Shrum generating station at the WAC Bennett Dam durina

freeze-up at Peace River Town is 1ncluded.
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2.0 PEACE RIVER FREEZE-UP

2.1 General

The Peace River at Peace River Town froze up, in the 1981/82
season, in an unusual manner for the river. The initial ice cover
formed normally in early January, Mowever, five days after the initiel
cover formation the river experienced a second staging due to
consolidation of the ice pack. This seccend staging was in the order of
3.5 m, and brought the ice level to within 1.66 m of the top of the
dikes in Peace River Town*. A complete record of hourly water levels at
Peace River, and flow releases, uncorrected for travel time, from B.C.
Hydro and Power Authoritv's (BCHPA) G.M. Shrum (GMS) cenerating station,
for the period 24 December 1981 to 30 April 1982, is shown in Figure(s)

3s

2.2 Sequence of Events

The sequence of events which occurred at Peace River Town during
the 1981/82 freeze-up period has been previously summarized by Northwest
Hvdraulic Consultants Ltd (NHCL) (1)". based on preliminary data and
verbal reports collected by Alberta Environment, Acres Consulting
Engineering Ltd. and others. Copies of this report were distributed to

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

Note: * All reference to dike levels is made with respect to the dike
across the river from the Water Survey of Canada gauging
station.

umbers in parentheses refer toc nurbered
references cited following the tex: c¢f this repeor:



Environment. The following is a slight change to that reported seguence

of events, based on an increased data base.

In its analysis NHCL presented the freeze-up events in terms of
BCHPA's releases from GMS, lagged three days to allow for flow through
time to Peace River Town. Figure 2 shows open water flow trezvel times
from Hudson Hope to Taylor, and fronm Taylor to Pcace River, based on
data provided by the Alberta River Forecast Centre. Figure 3 shows
these times consolidated for flow from Hudson Hope to Pgace Piver.
BCHPA's mean daily releases during the period 24 December 1981 to 7
Januarv 1982 varied from a minimum of 800 m® s ! to a maximum of 1777
m3s !, and had an average of 1347 m3s 1. Flow through times from Figure
3 would thus be 86, 46 and 41.5 hours for the minimum, average and
maximum releases respectively. For this reason the mean daily GMS
releases have been plotted on Figure 4, for the period 25 December to 8
January, laoged 48 hours (instead of the 72 hours used by NHCL). Shown
also are the Peace River gauge heights, based on hourly data, and Water
Survey of Canada's (WSC) preliminary mean daily flows for the gauge
07HAO01, Peace River at Peace River. Figure 4 should be consulted while

reading the followina sequence of events:

a. 25 to 28 December 1981

The river stage at Peace River generally cdecreased due to
decreased releases from the GMS plant in response to lesser
power demand over -the Christmas holiday. It was originally
reported that the upstream progressing ice accumulation had
passed through the Town of Peace River on 28 December. The
ab-ence of a signii..ant rise in water level on this date
indicates that the river was still operating in an open water
mode. The slight rise at approximately 0300 hours of 28
December could be due to a brief stationary period in the
general ice flow, brought on by the reduction in surface z-=a



corresponding to the decrease in flow at Peace Piver from 1500
to 913 m3s” between 26 and 28 December. The preliminery LSC
records for December of 1981 show 'ice conditions' for the
period 16 to 20 December, and 27 and 28 December, but show
normal, or open water, conditions for the remaining time. The
disappearance of ice conditions reflected in the \ISC records can
be explained in .erms of a warm period between 19 and 22
December, as shown in the leveling-off of accurulated
degree-dzys of freezing shown in Figure 5.

. 28 December 1981 to 1 January 1982

---------------------------- T -

The water level at Peace River rose gradually by 0.8 m until
approximately 1700 hours on 1 January, in response to increased
power gencration releases following the Christmas brezk. Air
temperatures, which had been at a mean daily value of -3°C on 21
December, dropped to a mean of -37°C on 1 January, with nightly
lows in the order of -40 to -41°C. This caused 2 dramatic
increase in the accumulation of degree-days of freezino, and
initiated rapid ice production in the open river.

llater levels rose 2.63 m at Peace River while the discharge in
the river was in the order of 2060 to 2170 m3s !, Most of this
increase corresponds to the normal experience of 'staging' et
freeze-up, as the open water rating curve indicates 2 charge of
0.06 m between the two discharges. This staging &lmost
certainly indicates the formation of an ice cover on the river,
with the corresponding increase in hydraulic resistance.

Water levels at Peace River dropped 1.22 m from the staging pezk
on 2 January. Power releasgs at GMS had dropped from 1777 m3s 1
on 30 December to 1724 m3s  on 31 December, and further to 798
m3s™) on 1 January as the load demand decreased for the Mew
Year's holiday. W.S.C. records show the discharge at Peace
River dropped from 2170 m3s~! on 2 January to 1010 m3s™! on 4
January, which would have caused a stage reduction of 0.81 m
under open water conditions. The remaining 0.41 m of stage
decrease can probably bk attributed to smoothening out of the
roughness of the under side of the ice cover as the roughness
projections were melted off by the slightly warmer fluid flow
beneath the ice.

Increasing GMS releases, from 798 m3s™! on 1 January to 1695
m3s”! on 5 January, reflecting increased load demand following
New Year's Day, caused an increase in water level at Peace River



of 1.03 m by 2100 hours on 7 January. This brought the stage at
Peace River to within 0.2 m of the peak stage attained during
ice cover formation on 2 January, though the mean daily
discharge at Peace River on 7 January was 160 m3s ! 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 WSC recorder chart for Peace River at Peace River shows an
increase in water level of 0.60 m between 2100 and 2200 hours on
7 Januarv. A report from a Peace River resident indicated that
at approximately 2230 hours on 7 January the ice cover on the
river cracked and the ice began to move downstream. The water
level rose sharply a total of 3.54 m from 2100 hours on 7
January to 0100 hours on 8 January, a rate of 0.8 m hr' !, The
water level reached a stage of 13.35 m (Elevation 318.1% n
Geodetic), which was 1.66 m below the top of dike across from
the WSC gauge (top of dike Elevation is 319.81 m Geodetic).

A couple of hours before the ice cover ruptured at Peace River,
as reported by Messers R. Carson, P. Eng. and K. Baillergeon of
Acres Consulting Services Ltd., who were monitoring the Peace
River freeze-up in the vicinity of Dunvegan, a resident in the
Dunvegan area telephoned Mr. Carson to tell him the ice was
moving at Dunvegan. Mr. Carson reported this to the local RCHP,
and went out to investigate. Later evidence showed that the
lengthening ice cover had progressed upstream of Dunvegan by 7
January, reportedly between 'a few' and 50 km upstream. It was
not known at this time whether the whole of the ice ccver at,
and upstream of, Dunvegan was in motion, through this eventually
proved to be the case.

According to observations by Mr. Carson, and verified later by
Alberta Environment, the moving ice formed a2n ice jam at the
downstream end of Verte Island, some 14 km downstream of
Dunvegan, between 1700 and 1900 hours on 7 January. The jam
attained a height of approximately 9 m, and was only in place
for 2 few hours before it released. The available evidence
indicates that the ice jam released prior to the ice movement at
the Town of Peace River.

Following its rapid rise to peak at 0100 hours on 8 January, the
water level at Peace River receded through the rest of the day,
dropping 1.34 m by midnight. As the mean daily discharge on 8
January was 120 m3s~! higher than that of 7 January, according
to the WSC preliminary records, the decrease in water level rust
be attributed to the smoothening of the underside of the ice
cover.



g.

9 to 20 January 1982

.............. -

Because of the potential for serious flooding of the Town cf
Peace River if the new 1ice accumulation re-ruptured and
reconsolidated, BCHPA was reauested to regulate their releeses
from CHS to a constant value, in order to let the ice
accumulation gain strength by freezing. Accordingly, as can be
seen on Sheet 2 of Figure 1, BCHPA regulated their releases te
an average of 1691 m3s ! over the period of 9 to 20 January. In
this same period the recorded discharges at Peace River had ¢
mean of 1941 m3s™!, while the Smoky River had a mean discharge
of 22 m3s™ !, yielding a local inflow between GIS and Peace Fiver
of 228 m3s™ 1,

The water level at Peace River dropped 2 further 0.41 m on 9
January before it levelled off, with minor fluctuations, until
the middle of February, when a decrease in releases caused the
water level to drop a further 1.33 m (see discussion of llest
Peace River groundwater levels).

wn



3.0 COMMITTEE ACTIVITIES

3.1 \lest Peace River Groundwater Flooding

\lhen the water levels in the Peace River rose on the night of 7/8
January, the groundwater table in the river's floodplain responded by
rising as well. Unfortunately, no data was taken during January.
Groundwater levels in lest Peace River were recorded at a private well
by Mr. Barry Ellis, a Town employee, from 5 February, and were
subsequently tied into Geodetic Bench by the Town of Peace River. The
groundwater level data has been added to Figure(s) 1 in terms of
corresponding gauge heights. No correction was included for river slope
to transfer the levels as elevations to the WSC gauge, however, the cdata

serves to indicate relative effects.

\lhen the river level rose and stabilized by 9/10 January, at &
gauge height between 11.5 and 12 m, the groundwater table in llest Peace
River came up and caused flooding in a number of basements. The
groundwater response iu the change in river levels was reported to be
relatively moderate, as it was a matter of some twelve days before the
Town started to receive flooding complaints. As BCHPA had a fairly high
power demand, and the various authorities were trying to maintain the
river level while the ice cover gained strength through freezing, the
releases from GMS had to be held constant. Hence, little could be done
at that time to alleviate the basement flooding problem in West Peace

River.
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The releases from GMS were held nearly constant for the period 8
to 20 January in order to let the ice accumulation at Peace River gazin
strength by freezing (Figure 1, sheets 2 and 3). Following this, the GMNS
generating station resumed 1its normal operations. However, the
groundwater problem in West Peace River continued, as the attenuated
releases from GNS did not cause a substantial river level change at

Peace River Town.

In February the basement flooding problem was still acute. From the
reported depths of basement flooding it was judged that if the river
level could be drawn dowr in the order of a metre, the flooding problem
would abate, hence BCHPA was requested to reduce its releases. BCIIPA
complied with the request and began stepping down its GMS releases on 16
February. The releases were stepped down from a mean discharge of 1615
m3s~!, for the first half of February, to an average of 1030 m3s ! for
the second half. Sheet 5 of Figure 1 shows the resulting decrease of
1.27 r in stage at Peace River over the period 19 to 25 February. In the
same period the groundwater table in llest Peace River dropped 0.42 m;
end continued to drop a further 0.48 m by mid March. During this period
the basement flooding problem in HWest Peace River appears to have
abated, though one or two homes may still have experienced some mincr

flooding.

An increase in releases from GMS on 16 March caused the river
level to again increase, with a corresponding increase in groundwater
levels. The data shows that the increase in flows from GMS, initiated at

0600 hours on 16 March, caused the river Jlevels at Peace River to



increase 0.39 m starting at 2100 hours on 18 March. This indicates an
jce-covered flow travel time, for the ice concditions which existed, of
63 hours for a discharge of approximately 1250 m3s~1; an increase in

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

The groundwater level increase, over the period 18 to 31 liarch,
which resulted from the 0.39 m increase in river level, was measured to
be 0.34 m. This increase 1in groundwater 1level was sufficient to
reinstate basement flooding in five or six homes in llest Peace River.
The flooding persisted until the river levels decreased following 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 llest Peace River are to be aveided,
the ice-covered river stage at Peace River should not be allowed to
increase above 11.0 m (Elevation 315.80 m, or 1036.09 ft GSC).
Additional data would be required to confirm or alter this value. In
this respect it is recormmended that basement elevations in llest Peace
River be established by the Town for all of the homes in the
subdivision. Additionally, in order to obtain better records of
groundwater levels to determine the maximum river level that would not
cause basement flooding, Alberta Environment has established three
groundwater level recording wells in lest Peace, and will record the

levels daily throughout the ice-covered period.



3.2 DBreakup Preparations

Because of the unusually high level at freeze-up and the perceived
thickness of the ice accumulation in the reach through Peace River Town,
it was thought that the thick ice would prove a barrier or blockage to
the passaoce of the normal spring break-up front. As well, snowpacks in
the river basins tributary to the Peace River above the Town were gauged
as being above normal, which could result in above normal spring runoff.
The combination of a possible blockage to the passage of the breazk-ur
front and possible high spring runoff gave every indication that an ice
jam, if one occurred at Peace River, could result in serious flooding ot
the Town. For this reason preparations for break-up were commenced ir

Februarv of 1982.

The Town of Peace River reviewed and updated its contingency plan
for flooding situations in the Tcwn. On March 3rd, a coordinating
meeting was held in Peace River of most agencies, Government, Police and
the 1ike, which could be involved in providing 2ssistance to the Town in
cese of spring flooding. Following this meeting, and at the
recommendation of the River Engineering Branch, Alberta Environment, the
Town of Peace River undertook to plow a single lane on the surface of
the ice in preparation for other 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 Ice, in Peace River on 25 March. At that time
Alberta Environnent submitted a draft report to the other members of the

Committee, entitled ‘'Status Report and Proposed Ice Jam Mitigation
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Plans, Peace River at Peace River Town‘(z). The report surmarized
preparations by the Town and others towards the anticipated breakup
flooding, outlined a breakup observation plan, provided a2 summery of
mitigative measures conducted in the past at Peace River, and made
aseries of recommendations regarding what should be attempted to this
end in 1982. After due consideration and discussion the members of the
Committee agreed to the adoption of most of the recommendations, which
led to the implementation of a program of pre-break-up mitigative

measures.

3.3 1lce Weakening Effort

Ice weakening measures, in advance of breakup, were conducted as
approved bv the Committee. These included lane clearing and dusting,
plus preblasting in specific areas identified in previous studies as

being ice jam prone.

\lhen the secondary staging occurred on 7/8 January the ice surface
ended up as 2 jagged mass. The ice cover thickness, as measured 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 accumulzted
slush ice beneath. "he jagged surface made access and movement on the
ice, for ice jam mitigation purpcses, virtually impossible. It was
decided to plow lanes on the ice surface, which wo'ld require the use of
bulldozers, from the mouth of the Heart River to a point downstream of
the Town. This would provide dual benefits in that a passable lane would
exist which could be used ic access the river for other mitigative

measures; and the lanes themselves could be dusted with some dark
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4.0 BREAKUP OBSERVATIONS

4.1 Heart River

Breakup of the Heart River was uneventful this year. Few
observations, if any, were carried out prior to April 16. Alberta
Environment carried out aerial inspections of the Heart River from Narpa
to Peace River everyv 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.

A1l observations showed the ice in the Heart River to be virtuzlly
melting in place. By 19 April the river was virtually free of ice

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

The lowest kilometre of the river, between its mouth and tke MNAR
railway bridge which crosses the Heart River just above the 'l12 Foot
Davis' Ballpark retained ice. This reach still contained both solid and
fragmented ice. The ice, hovever, was deteriorating (candling and
melting) rapidly due to solar radiation and thermal erosion due to the
river flcw. Sediments carried in the flow were, at times, being
deposited on top of the ice, which would have accelerated the thermal

deterioration processes.

The cther two reaches wherc a complete ice cover existed were in
areas where bank slides (one major, one minor) had constricted the Heart
River. The minor slide had constricted the channel width by about 507,

and held the rirer ice upstream of the constriction. The ice in this



in place until 28 April, when it moved down and was turned downstream
to occupy the space between the ice in the shear ridge across the mouth
and the right bank of the Peace River. The ice in the gap plowec and
blasted in the shear ridoe across the mouth of the Heart did not go out
at this time, however, it was evident that most of the Heart PRiver

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

The final dislodgement and run of the ice in the lower reach of the
Heart River resulted in a stage decrease, possibly due more to the
lowering of the Peace River 1levels following its breakup, of

approximately 1.5 m.

4.2 Smoky River

Few known observations of the ice conditions on the Smoky River
between its confluence with the Peace River and the lSC Gauge 'Smoky
River at Watino' were carried out prior to 16 April 1982. From 16 to 23
April Alberta Environment carried out aerial observations every secorr
day, and daily observations from 23 to 26 April when the ice on the
Peace River went out. Additional minn- observations were taken on 27

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

More detailed observations were made for the Smoky River than for
the Heart. The following is a summary of the observations made by

Alberta Environment staff over the period 16 to 286 April.

a. 16 April

- .ce on the Smoky River generally darker than on the Peace
River.



m, 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 associated with the entrainment, and passed
beneath the toe of the jam and upstream half of the dam, and
was re-emerging in the fragmented downstream half.

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

- Upon arrival back at the Hanging Dam the river was virtuelly
clear of ice. Only about 0.75 km of the oricinal jam
remained, 2s well as grounded ice along the river banks in
what were the jam's shear walls. Ice continued to be forced
through the Hanging Dam.

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

- The jam at the mouth cf the river was still in place, though
was 2 - 3 km longer. No flood threat was perceived.

- The river was clear of ice to Watino, except for this jar,
the Hanging Dam fragments and grounced ice along the banks.

- Gauge Height was 1.911 m at 0900 hours MST at llatino.

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

- Smoky River clear of ice except for Hangino Dam and grounded
ice along the banks.
The Smoky River breakup was therefore an uneventful occurrence, and
was basically thermal (semi-static) in nature. No flooding was

experienced; and the event which usually causes problems for the Tewn of
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Peace River, that is the Smoky River ice running out before the Peace
River is clear of ice, did not occur. That the ice went out in 2
thermal (melt) mode was attributed to the marked lack of inflow from

snowmelt, as witnessed by the gauge heights recorded at WNatino.

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

on the Hanging Dam, went out.
4.3 . ecace River

Observation of the location of the Peace River Breakup front was
concducted by BCHPA from 17 March 1982, and was taken over (by agreement)
by Alberta Environment when the brezkup front reached the Dunvegan
Bridge, or April 16" in this case. The breakup front position end

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 characterizec
by the fracturing and movement of a still fairly substantial ice cover
under the influence of a flood wave or general rising stage due to an
increase in discharge with the commencement of the spring runoff. The
thermal front was characterized by the following (moving from upstream

to downstream):

2. 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 arount of debris such
as timber 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 1limit of the open lead was a smel)

accumulation of jammed ice and debris, occupying a width roughly
equal to the width of the open lead upstream, and varied in
length from 30 to 100 m (). This small debris jam did not
appear to create a2 significant backwater behind it.

. Ahead of the 'debris front' the ice cover was mostly intact, or
more properly had not moved yet. A long, narrow area of very
derk ice, indicating rapid deterioration, preceded the debris
front, and basically followed the river's thalweg. More often
than not, this 'finger' of dark ice contained a number of small
arees where the ice had melted out in place, and smell floes had
been detached by melt.
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TABLE 1
Peace River Breakup
Breakup Front Position/Timing

Date Time Front(l) Progression Comments
at Mile Rate
(miles/day)
17 Mar 88. 1 mile above Clayhurst
4.5 Ferry
23 Mar 115.
..
25 Mar 120.
. 2.5
29 Mar 130.
1.5
31 Mar 133. 112 mi upstream of
1.5 Peace River 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
21 Apr 0830 208.2
6.35
23 Apr 0845 220.9
7.00
24 Apr 0820 227.9
8.90
25 Apr 0800 236.8
6.70
26 Apr 0600 243.5
6.12
26 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 (2)
58.10
7 May 1035 570.0
Notes: See next Page.



- lce front at Mile 257.5 at OB30 hours, an area known as '12 -
Mile Flats'.

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

4.4 (General Observations

The 1982 ice breakup on the Peace River was nowhere near as
disastrous as mid-winter data indicators pointed out that it could be.
That the breakup went quietly and smoothly can be attributed, by
priority. to the following:

a. A cool spring which held off the snowmelt runoff until the

breakup was through Peace River Town.

b. A rcportedly dry late summer and fall, such therc was little
moisture in the ground at freeze-up. Most of the local snowmelt
in spring appeared to be absorbed into the ground.

c. Controlled releases from GMS. And,

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

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

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

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

mitigative circumstances which led to the uneventful breakup.

The controlled relcases from GMS by BCHPA 1likely 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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was to have the GMS releases cut back as snowmelt runoff increased, in
order to maintain a fairly constant flow through Peace River Town. It
is the constancy of discharge at Peace River Town which is desirable,

both at breakup and at freeze-up.

The remaining 10 percent of the effective mitigative measures goes
to the ice weakening effort. Some 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 3

Ice thickness measurements made 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 ice 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 drairage of the
surface melt of the ice cover. Vhen 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 well as a certain amount of
debris in the form of deadfall timber. As the sun angle increased into
the spring, the expesed faces of the hummocked ice surface began to
melt, aided by radiation absorption due to the deposited silts and
debris. The melt, however, was only of the expnsed ice hummocks, above

the mean ice surface, and did not contribute toward generé] ice
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weakening. Some of the meltwater found its way into the plowed lanes,
and began to flow downstream. As weil, in the numerous holes that
were augered through the ice to test its thickness prior to plowing the

lanes, river flow exchanaed with the meltwater flow. Dependent upon the
locaticn of the lane surface with respect to the river's hydraulic grade
line i.e., raised above or depressed “elow, the ice lane flow would dro»
dowr through the auger holes, or river flow would boil up through then
respectively. The flow through the holes caused enlargement throug-
thermal erosion, many holes becoming large enough for a man to dro>
through, and in one or two instances large enough to drop 2 vehicl:
through. With fluid flow on top of the lanes as well as beneath them,

thermal erosion would occur from both sides.

The efficacy of the ice blasting downstream of Bewley Island ant
downstream of Six Mile Point was difficult te judge, as the breakuf
front passec through both of these areas at night. However, observation
of the resulting craters before the arrival of the breakup front had
shown that most of the blast debris which had fallen back into the
craters had disappeared by the time the breakup front arrived. This can
be attributed to ice floe entrainment by the -iver flow, and possibly to
melt to a smell degree. The craters allowed sediment laden river flow
onto the surface, which in turn created thermal 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 CE30
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have been located one-lane-spacing (38 m:) further towards Bewley
Island. The breakup front continued to follow the second and third
lanes all the way down to the end of the lanes near Six Mile Point. In
this respect the thinner ice in the 1lanes appears to have been

beneficial.

The area where the most.noticeable effects, and possibly the most
noticeable tuccess in the overall ice weakening effert was achieved, was
the work conducted st the mouth cf the Heart River. There is little
doubt but that the massive ice accumulation in the shear zone across
the nouth of the Hear: Couz*ituted an obstruction teo both fluid cna ice
flow from the Heart. A good portion of the ice in the shear zone was
probably grounded to the bed of the Peace River, allowing flow from the
Heart through it by percolaticn only. Plowing a gap thrcugh the shear
zone removed the surcharge l1oad on the mean ice cover. The buoyancy of
the 1ce remaining beneath the ice cover caused the ice to 1ift, most
probably through the mechanism of plastic creep. This may have opened 2
small waterway throuah the ice in the shear zone. Subsequent blastinc
of the ice in the gap, with the charges placed at depth, appeared to
cause further heave of the upper surface, and 1likely caused an

enlargement of the waterway at the bottom of the ice.

When tne little ice which remained in the leart River (following
melt) finally moved out, it was contained against the right ban. of the
Peace River by the shear ridge. The Heart River flow, however, was
observed to be making its way through the gap. The ultimate efficacy of
this work was not tested, as the Heart River neither jammed at the

mouth, nor increased its discharges appreciably.



TABLE 2
Breakup Data
Peace River at Peace River Town

Year Breakup 5-Day Pre-breakup Discharge During Breakup Maximum Ice Jam Maximum Stage Increase
Date Elevation* Peace River Smoky River Elevation Above Pre-breakup Elevation
(m) Above Smoky River*? Above Conflu.nce*? (m) (m)
1960  Apr 16 312.88 883.49 365.29 313.21 0.33
1961  Apr 20 311.69 1112.85 104.77 J11.81 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
71968
1969 Apr 15 311.96 475.72 948.61 314.89 2.93
11970
1971  Apr 19 312.48 1260.10 203.88 313.06 0.58
-1972  Apr 20 313.21 1452 .65 538.02 314.86 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 18 311.81 651.29 387.94 313.06 1:.25
1981
1982 Apr 26 315.46 1653.00 247.00 315.94 0.48

Notes: *! Average elevation of mean daily discharges at Pcace River for 5 days prior to breakup, estimated from
recorded water levels.

8¢

*2  Ppeace River Discharge = Discharge at Peace River - Smoky River Discharge at Watine

*3  Smoky River at Watino.
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5.0 PROPOSED MODE OF OPERATION FOR 1982/83 FREEZE-UP

Cross sections established during the 1981/82 ice season were
surveyed following breakup, M)wever they were not available in time to
conduct any analysis towards the mode of operation of GMS for the
freeze-up period in 1982/83. However, the limited date &nd observatiens
available from the 1981/82 season suggest a mode of operation which can

be conc<idered a first attempt at controlling the freeze-up level.

First, it was noted that for this past freeze-up the rupturing of
the initial ice cover was c~used by increased releases from GMS in
response to an increased load demand following reduction in load over
the Christmas to New Year holiday season (See Figure 1, Sheet 2 of 9 or
Figure 4). Figure 1, Sheet 2 of 9, shows something like a five-fcld
increase in releases over the period 1 to 6 January. It is now known
that the relezse of a moderately sized ice jam, in the vicinity of Verte
Island, created a slug of flow (released from storage) which contributed
to the rupture of the initial cover in Peace River, however, this

release was also likely due to the stepped up releases from GIIS.

The point to be made here, and in fact to the operation of any
hydro generating station when the freeze-up front is passing through
sensitive areas for winter flooding, is that the discharge should be
held constant, or at least within reasonable limits, until the ice cover
has formed and gained some internal strength through freezing. 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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to 315.2 m, say 315.0 m (1033.46 ft) is the maximum desirable river
elevation. If all the basement elevations in llest Peace River were
known, it would be a simple matter to determine the maximum allowable

river level, but they are not.

The emphasis placed earlier on the particular ice cover thickness
for 1982 should be noted. Different cover thicknesses, generatec by the
manner of freeze-up, for a constant discharge will yield different
maximum ice levels. However, as the freeze-up in January of 198Z was so
unique, possibly giving an upper bound to vultimate initial cover
thickness, use of the 1982 data should prove conservative. Observations
from future years, hence different initial ice thicknesses, may refine
this rather crude analysis and allow BCHPA a little more flexibility ir

operations at freeze-up.

An interesting, and rather unique analysis of the Peace RNiver

)

freeze-up levels by Carson and Lavender (1980)(8 of Acres Consulting
Services Ltd., gives an indication of the allowable GHS releases,
ettenuated to Peace River, that would produce the maximum desirable ice
covered level of 315.0 m. It should be noted that while their analysis
was based upon leading edge stability criteria for initial ice cover
formation, the figure they produced described completely (with only
minor assumptions) the entire event at Peace River last year, including
the secondary staging due to telescoping of the ice cover. From their
figure (see Figure 2 of Ref 1) for the above allowable river stage, the

)2/3

maximum value of the parameter (Q/B should be 2, which corresponds

to a discharge at Peace River Town of about 1350 m3s™! (47,675 cfs). At
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this point in time it is not known how much the releases from GIS
attenuate before reaching Peace River Town, therefore it is suggested
that 1345 m3s™! (47,500 cfs) be the maximum constant discharge released

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

Figure 3 shows an open water flow travel time, for a discharge of
1345 m3s™!, of approximately 42 hours. Therefore the following mode

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

1. Monitor 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 recommended thet
Mile 255 (Birch Island, just downstream of Six Mile Point) be
considered as the ‘'arrival' location, as the area is ice Jiam
prone and could affect the Town. During this period 21low BCHPA
to operate GMS as load demand requires.

2. \lnen the ice front is calculated to reach MNile 255 in 48 hours,
restrict GMS releases to a maximum of 1345 m3s™! to allow the
discharge releases to arrive at Peace River coincident with the
ice front. A smaller release, to conserve winter storage in
I!illiston Lake and for conservatism due to the rough nature of
the guidelines through which this estimate was made, would be
acceptable, but not less than 1000 m3s”!. The discharge sheould
preferably be held constant, or at most be allowed to fluctuate
42 m3s”! (1500 cfs), providing a release of 1345 m3s™! is not
exceeced.

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

4. As was initiated in January 1982, the ice cover formation
discharge should be held constant for awhile, to allow the ice
cover to gain strength by freezing. Twelve days were allowed in
January 1982, and it is reccmmended that a similar time be
allowed this year.

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

maximum releases until breakup.
The above proposal 1is not as conservative as it could be,
considering this will be a first attempt at setting the ice level and
it 2ims 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 1ifting some.

Emergency power generztion requirements through the formetion and
12 day period should be made up ‘ron other sources if possible. The
Committee will have to discuss, before the need arises, the advisability

0¢ large sustained releases after the 12 day period.
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On Vancouver Island, the regional
peak of 1 256 000 kW was only slightly
higher than the previous winter’s peak
despite the addition of 4 S00 new
customers, most of whom installed
electric space heating. This peak would
have been 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:

Year ended
31 March 1980 % increase
kW:h in from previous
milhions year
Residenual 7 612 2.8
General 9136 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 supply for the year under review:

kW:-h in % of

millions total
Requirements:
Sales in British
Columbia 26 203 84.4
Export 1 077 3.5
Line loss and
system usage 3770 12.1
31 050 100.0

|

Sources of supply:
Hydro generation

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

Thermal generation
Burrard 624 20
Other 141 0.5
Purchases 1 439 4.6
31 050 100.0

|
|

South Interior live line instructor John
Zucco, changing insulators on 500 k }
transmission line.




Review of Operations

Electric
Service

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

Sales of electricity in
B.C. totalled 28 295 million
kW-h, an increase of 2.6%.
The highest one-hour demand
ever recorded on the
integrated electric system —
5$902000 kW — occurred on
January 6, 1982, up 7.8%
from the previous year’s
high.

At March 31, 1982,
Hydro was serving 1076926
electncity customers, an in-
crease of 30780 during the
year. Average annual con-
sumpuon per residental
customer was 9413 kW-h,
compared with 9001 kW-h
the year before.

Approximately 7200 cus-
tomers were added on Van-
couver Island, about 95% of
whom installed electric space
heating. The Vancouver
Island electnc load reached a
new peak of 1341000 kW,
up 53000 kW from the year
before. Reduction in demand
from transmission rate power
customers, coupled with
positive customer response to
Hydro's appeal to curtail
non-essential use of electricity
during early evening hours,
kep! the peak !oad within the

Burrard thermal generating plant.

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

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

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

The Burrard plant’s role
1s to make up shortages of
energy in low water years and
to provide electricity during
major emergencies or if
major new projects are
delayed. 1t is a relatively
expensive source of energy
which 1s 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
March 31, 1982 (decrease) from

kW-h in millions

% increase

previous year

Residential 8755 8.0
General 9990 3.€
Transmission rate 9305 3.2)
Other systems 245 6.
28 295 2.0
Total requirements for
electricity and sources of
supply were:
kW-h in % of
millions touul
Requirements:
Sales in B.C. 28295 721
Export 6984 17 8
Line loss and system use 3971 10 1
39250 100 0
Sources of supply:
Hydroelectnic generation
Gordon M. Shrum 13317 339
Mica 7149 18 2
Kootenay Canal 349] 89
Peace Canyon 3343 85
Seven Mile 2943 75
Other 7596 194
Thermal generation
Burrard 26 01
Other 166 04
Purchases and ciher
transactions 1219 31
39250 100.0

There were no major
additions to Hydro’s
generating capacity during

the year. The total generating

capacity of Hydro's plants at

March 31, 1982, was as follows:

Installed nan eplate
generating cs pacity
(kW in thou: ands)

Hydroelectric plants

Gordon M. Shrum 2416

Mica 1736

Peace Canycn 700

Seven Mile 608

Kootenay Canal 529

Bridge River 428

Other 1074
Total hydroelectric 7491

Thermal plants

Burrard 912

Port Mann 100

Keogh 100

Georgia 75

Prince Rupernt 46

Other 114 .
Total thermal 1347 _
Total generating capacity 8838
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OBSERVATION AND ANALYSIS OF FREEZE-UP ICE JAMS
ON THE PEACE RIVER NEAR TAYLOR

1 2 3

T. Keenhan , U.S. Panu® and V.C. Kartha

ABSTRACT

Since the construction of the W.A.C. Bennett Dam on the Peace River in
British Columbia, the temperature of flow releases has been 0.5°C or
higher during winter months. As a result, a long reach of ice-free
river persists below the dam throughout the winter. Since 1972, wnen
the eighth of the ten generatino units was installed at G.M, Snrum (G¥3)
Generating Station, raising the release capacity to 1,580 m3/sec. the
ice cover has advanced upstream to the Village of Taylor, located 12C
kilometres downstream, in only two winters, 1974 and 1872. Extensive
ice measurements were carried out in 1979.

Below normal air temperaturec persisted in the area for the month of
February 1579 and the ice cover advanced tc & winter maximur upstream
locatior. 1€ hilometres above the hater Survey of Canade (WSC) gauvoe &t
Tevlor. Tne stage increases resultinc 2t, anc upstream of Tayicr due to
the presence of the ice cover producec levels which approached the
meximur historic summer flooc levels.

Tne rigt stapes resulted from the neture of the ice cover progressior
wrichk wa: typifiec by the formaiior 0f frecze-up ice jams. Sever jarms
were pbeervec 1 the 18-Lilometre reacr. near T2,10", thne averao:s Crsianie
betweer Jam: beinc Z.7 hilometres.

Tne jame were observec to form throucr shove: irviiving celiepse of the
upstrear extent cf the ice cover. Formztion ©f tne largest Jer withir
the react involvec the collapse of € kilometire: 0f ice cover intc 1.¢
¥ilometre: anc produced river stage levels wnicr overicpped the varnve.

Durinc the three-weeh period from 17 February to & Mercr 1579 trat the
ice cover exiended upstream of the Tayler geuoe, the advance and reireet
cf the cover anc¢ ice/water elevation: were documented by E.C. hyore
personnel. By monitorinc the ice movement: &t Teyior anc controllirnc
tne fiow reieases from G¥S Generating Sta:10r., e32iuzle freeblarc wai
ensurec within Taylor.

Tne date or ice levels and ice jame were gaine-el anc, iater, user 1c
2ssecs tne applicability of three numericai ce Jer medeis o Peace
River. Tnis paper presents & oescripiion of the iZe Zerrint melnanisr
observer curinc tne ice cover advenze, Ine 1Evei: recoroec &l the 1CE
jams anc tne resuite of the aneiysi:z tnrcugr use of tne mooelc.

Sr. kyvorotecnrice. Engcineer, [rippe- Concultenie;
kyaroiogy tngineer, E.C. hyorc, \aniouver,
Suj-ervisor, hyarolog, Section, £.0. kvare, Vencouver.
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INTRODUCTION

B.C. Hydro has monitored ice conditions on the Peace River downstream of
W.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 installed.at G.M. 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.
Unlike in 1979, the observations carried out during 1974 were of 2
qualitative nature and, therefore, were not included in the analysis.

DzSCKIPTION OF THE 1979 ICE JAMS AND THE STUDY REACH

Below normz} air temperatures persisted in the area for the month of
fepruary 1972 and the ice cover advanced to the water Survey of Canade
'WSC) gauge 2t Taylor on 17 February. With the continuation of cold
weainer, the front progressed further upstream to its maximur point of
advance 1¢ kilometres above the WSC gauge on 1 March 1979; then witn the
onset ¢f milder weather, the front retreated downstream to the gauge on
€ Marcr 167¢. During this perioc¢ the discharge remained relatively
constari. Tne flows were in the order of 1450 m~/sec.

The stage increases resulting at and upstrear. of Tavior due to the

presence of tne ice cover produced levels which were exceeded only twice
durinc the 35-year period of record. The oper water fioods of 194E and

19¢L producec water levels which were 1.5 and 0. metres higher, respectively,
ai Teylor. Tne maximur freeze-up levels observed during February-March

197¢ are given in Tabie 1.

* The high staoes resulted from the nature of the ice cover progression
which wes typified by the formation of freeze-up ice jams.

Durinc tne tnree-weel. period from 17 February to € March 1979 tnat the

ice cover w2s upsirear of the Taylor gauge, the advance and retreat of

tne cover anc i1ce/water elevations were documerited by B.C. Hydro personnel.
By monitoring the ice movements a: Taylor and controlling the fiow
releases fror GMS Generating Station, acequate freeboard was ensured
witnin Taylor.

Uate or. ice movemert was coilectec batween the WSC gauge and the upstream
terminus of the ice cover estaplished in February 1979. Tne analy. is of
1ce Cata mas limitec 1o this reacn. The general location and the detail:zd
lavou: 0f the stud, reach are showr. on Figures 1 and 2, respectively.
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Including the jam located just downstream of the gauge, a2 total of seven
freeze-up jams were observed in a 19-kilometre reach at an average
spacing of one every 2.7 kilometres. The locations and lengths of the
Jams are shown on Figure 2. The jams are numbered for reference. The
lengths of the ice jams were typically 0.5 kilowetres with attendant
increases in stage upstream of the jam between 0.6 and 0.9 metres. Jam
£ differed in magnitude with length of 1.8 kilometres and stage increase
of 2.5 metres. Formatinn conditions for Jam 5 differed from the others
and are described later in the text. The locations of jam toes were at
constricted channel sections where bed forms became prominent or the top
width was suddenly narrowed. The toes were frequently 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 general knowledge of the riverbed, the
locations of the jam toes upstream of Jam 3 were predicted in the fieid
with reasonable accuracy.

The regularity of the spacing of the toe locations indicated 2 relationship
between naturally occurring changes in local bec geometry, the nature of
the ice cover (i.e. strength), and backwater regime.

The freeze-up profile based on stage levels observed in the studv reach,
the bed profile and the open water profile are showr in Figure 3. The
locations of the ice measurement pcints are showr. on Figure 2.

The average slope of the water surface through the study reach, based on
open water profiles, is 0.00040 downstrear of Jam £ anc 0.000€3 upstrean.

Surveyed cross sectiont were available within the study reacr from prior
studies or. oper water profiles and the locations are shown in Figure Z.
Several of tnhe study reacr cross sections are plotiec in Figure 4.

1CE JAN FORMATICN ON THE PEACE RIVER

Tne ice regime on the Peace River has been alterec by hvaroelectric.
cevelopment. The regulatec winter flows are in the oraer of 1420 n”/sec,
about five times the natural winter flow. The input of heal toc the
river from the reservoir has resulted in 2 reach of year-rouncd open
water below the dam.

between tne W.A.C. Bennett Dam and the Town of Peace River, locatec in

Albertz 40C kilometres downstream, the flow velocities within the Peace

River are toc higr to allow formation of bank to bank ice cover by freeze-over

or growtn of shore ice. Before the development, & continuous iCe COver useo

to forr by the initial establishment of intermittent ice covers which permittec
localized upstream progression and eventual formation of a2 continuous cover.

Since hydrosiectric development, the ice cover is estzblishec by the upstrean
progressior 0 & single ice front or leadinc edoe wnict progresses from downstrear
of the Towr of Peaze River to 2 point of maximur advance, or upstrear terminus
prior to tne onset of milder spring weather.
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The location of the upstream terminus during 2 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 jam produces additional backwater and permits the progression of the
cover upstream through continued packing of the incoming ice floes. The
cover advances further upstream than previously due to the additional
backwater until it collapses in another shove which creates a second jam
upstream. The 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. A1l the jams within the
study reach except Jam 5 were formed in this manner.

The collapse of the loosely consolidated cover of frazil pans, required
to increase internal strength, also initiates the movement of the more
consolidatec cover downstream. During the shoves the mass of ice moves
in an accordion-1ike manner until sufficient resistance from the channel
banks anc bottor is encountered to halt the movement of the floe. The
ice shoves are otserved to ground on gravel bars and sides of the channel
to form ice jams.

The mo.ement of the ice cover farther downstrear during the shoves, if
extensive, carn move an existing jam downstrear. Large ice volume:s are
tnen releasec, or mobilized, in the shove, resuiting in a8 massive jam
further downstream. Jam 5 was formec in this manner whern 2 jam at the
locatior. of Jam 6 collapsed during @ shove. Five kilometres of ice
ccllapsed into 1.8 kilometres prooucing a8 stage increase of 2.5 metres.
Ice ridoes 3 to & metres ir height were observed in the middle of the
crannel. This large shove created an ice jar which appearec tc have
partially cloggec the channel.

During February-March 1979, ice cover progressec through successive
freeze-up jams on the Peace River near Taylor. Freeze-up jams were also
otserved or. reconnaissance flights betweer Taylor anc the Tcwn of Peace
River in 1975. Tnough no detailed measurements were available, tne
me_hanist of ice cover progression is considered to be tne same at
oescribec 2DOVE.

MIDILLING OF 1CE JAME

Ice jams are categorized by Pariset et a1l (196€) intc either "wide" or
"harrow' crannel jams. In 2 "wide" channei the streamwise thrust on the
cover increases witr. distance downstrear from the front edge of the
cover anc reache: & limitinc value. The ice cover thickens tnrough
successive shove: until ite internal resistance is equal to the sum of
tne external forces. For 'narrow” jams the thrust is maximum at the
fron: edge of trne cover anc shoves of the 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 simulating the
ice jam process on the Peace River. Brief but relevant details of each
of the programs (models) are given below.

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

JOWAICE MODZL

A computer program dealing with both wide and narrow river ice jams has
been developed at lowa University. Tne program incorporates the theory
of jams within “nparrow" and "wide" channels. Calculations are cerried
out for the "narrow" conditions (Tatinclaux 1577) anc the internzl
strength of the jam is tested by & force-bzlance. If the jar strengtr
is insufficient to withstand the forces of the flow, ther the final
so]ugion is obtained by "wide' channei jar theory (Uzuner anc kennedy
1974).

The model has beer. developed for & rectenguiar channel of constani bec

slope. Since tne Peace River crose sections are nor-rectangular with
chenging geometry and bec slcpe sionc tne river, ine anélysis recuires &
metnoc o° transforning the FPeace Fiver input and for interpreting prograr
resuite.  Tne following transfermetior wrict ic usec in seciment comuutations
such es Hi{-€ prograr to account for the infiuence of non-rectanguiar

crose sectior shapes on transport capacity was usec:

£ v 2] )

where EFD is the effective depth, N is tne 1ote) number ©7 1reDezoigs!
e€lements ir. & cross section determined by h < 5 pcints: [ ¢ the everage
deptn of the trapzzoidal elements; anc F ic tne grea of tne trapezcids’
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
from downstream 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.

HECICE MODEL

The Hydroiogic Engineering Centre has modified the HEC-2 backwater model

tc incorporate the "wide" river jam stability criteria as developed by

Pariset et al. Tne backwater capability of the prograr permits the

evcluation of ice cover stability, while incorporatinc downstrear conditions.

A advantage of this model over the previously discussed model is that

HZCICI can use natural river cross sections without tne need for transformation.

F 'dimensionless' stability diagram is employed tc analyze the stability

of ¢ ja- et & giver section. Tne stability diagrar is for conesioniess
cover anc incorporates ice characteristice as deveioped on tne St. Lawrence
fiver anc the Beauharnois Canai. A stability functior it computec a:

& cress section for 2 given flow depth anc an assumed ice cover thickmess.
Tn: veiue thus obteined it compares te the correspending velue fror the
Zwmens.orless' stéSility diagran. to establish whether the ice cover at

tne cress section 15 stabie or not. The stability function is:

- - (2)
C™BH

wnere G is tne discharge at the section; C is the Chezy coe‘ficient; E it
tne strear widtn; and £ is the upstre2r open water decth.

Tre ice profile is obtained by sclving for staciiity at cross seciions ir
ine Lpsirear. direction.

L5160 MODEL

~ irirc computer mode) was obtained fror Lalonoe, Girouarc. Letendre anc
kespziate: itd. Tne program czlculates hydrauiic ice concitions for

tir: intervels tc simulate ice conditions during the winter fror freeze-

u; 12 breév-ur. Tne procrar incorporates separéte mocules for determination
¢ ice siability, backwater, anc ice generation @nc depesition. The model
res.ire: meteoroiocical! anc cross section date. Tne prograr which nas

beer. modifiec for use or. tne Feace River is descridec ir cetzil by Petryk
anc Eoisvert (1572) anc Petryh et a1 (1980).
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The model employs the dimensionless stability diagram described earlier.
However, stability is also assessed for juxtaposition of floating ice
blocks (Pariset et al) and by the use of limiting flow velocities below
the cover. Additionally, ice cover is established on sections with very
low velocities.

A1l three models used in the study reach assume that the ice jam is
floating and does not ground; there is no cohesion within the jam; a
semi-steady state flow condition exists; and that the uniform flow
equation is adequate.

PREPARATION OF INPUT DATA

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

In order to simulate river stages ir. the study reach due to ice jamming,
ice tnicknes: and roughness of the bed and ice cover were reguired.
Measurements of thickness of ice cover orn the river coulc not be made
during the ice-jar period. Observation of ice strandec zlonc tnhe banke,
however, revezled ice thickness generally varyinc betweer 1.5 anc 2.0
metres in the study reach except at Jarm 5. lce strandec at Jar © was
about six metres tnick. Since the ice cover remzined within the Stuc)
reacr. for ornly & short period of time, tne cbservec thicknecse: were not
corsiderec to have beer alterec by thermei growth or erosior.. However,
tne indirect determination of ice thicknesses by observeilors elonc tne
banks was not considered precise anc the observec thicknesses are,
tnerefore, considerec to be only an indicator of tne ice trnicknesser r
the study reach.

Tne determination of the ice thickness anc hyvoraulic rougnness of ine
cover and bed was made by & methoc presented by beltaos (1979). Tne
method requires water surface elevation, bed geometry and the relationshtip
of bec roughness with stage for the cross section toc be anziyzed. The
scivtior relies or values of ice roughness versus trnickness obisinec by
Nezhinnovsky (1964) for jam: created by ice fices anc adyusted by beltacs
for varying bec shape.

The relationship of bec roughness to staps we: determined by backwater
an2lysis witnout ice cover between the WS{ gauoe 2t layior anc & E.C.

Hydrc gauoe iocetec $-1/Z kilometres downstrear.. Oper water stages at
various flows were availabie &t tne twc gauvges fror prior celibration

work on oper. water bed roughness.

The roughness relationsnip developed it

. s & = T4
n, = 0.0896 F
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where n, 1s the Manning's value for bed roughness; and R, is the hydraulic
radius ?or open water conditions.

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

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

The roughness values were calculated using two slopes; the one obtained
from the open water profile; the other obtained from the ice/water

profiles observed during the 1979 ice conditions. The latter was available
only at cross sections located within jams. The results of the analysis
are shown in Table 2. Based on the results, the roughness values obtained
for the observed ice/water slope at those sections within the jams were
considered more applicable to the present study.

Roughness at jam anc¢ non-jam cross sections differed consistently. The
roughnes? of both the ice cover and the bed are higher for the sections located
within & jar or at the head of a jam.

Mear. rouanness values for jam sections were 0.05¢ and 0.092 for the bed
and ice cover, respectively. Similarly, mear rougnness values for non-
Jjar sections were 0.045 and 0.06€ for tne bec¢ and ice cover, respectively.
Tne ;an anc non-jam roughness values were weighted by their respective
lenctne to obtein mean roughness value for the study reach. The mean
rougnness vaiues for the study reach were 0.04¢ anc 0.072 for the bed

énc ice cover, respectively. Tnese velue: were input tu HECICE ancd

LGLICE mooels.  For the IOWAICE simulation:, the roughness values at tne
respective sections were employed.

RZSULTS AND CISCUSSIONS

Simylations of ice/water lsve]s within the study reach were made for the
single aischarge of 1450 m>/sec, since flow variations were small.

Tne simulatec ice/water levels and thicknesses by the IOWAICE and HECICE
programs, emzioyinc the calculated roughness velues, are comparable to
tne 187% opservecd ievels 2s shown on Figure 5. Tne LGLICE program
reprod.cec tne 197¢ progcression anc retreat of tne ice cover at Taylor
fror tne opserveZ ciimatic conditions. The ice levels simulated by the
LG_ICt procre~ exceedec tnose observed in 157S%. Tne program is being
mocifiec accordingty anc the results are not availatle for presentatior
6T 1nis time.

Tne ice/weter leveis computec at the measurement locations by IOWAICE
anc FILICL procrems 2re CicSe to the observec velues except at Jar 5.
Tne sim.leiec s180es &t Jar & civer by both programs are consistently
lower tner tne cbservec veiues. Tnis suggests that the "floatinc" jam
trecry, erpicyec by botr progreme, is not applicable to Jam £, and that
Jer S migni neve beesr. groundec 2t inferrecd from the observetions.



IOWAICE simulations were made at cross sections located at the head of,
or within, the ice jams. Simulations were carried out for the roughness
values previously determined and the somewhat lower values suggested by
Tatinclaux (1978). The simulations were made at the cross sections 3
using the water surface slopes from the open water profiie for 1450 m
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. The
ice/water levels obtained by using the calculated roughness values were
close to the observed levels. The use of different slopes (Table 3) &
the jar sections did not appreciably alter the results. Force bzlance
calculations indicated collapse of narrow channels and that the jams
were of the wide channel type.

/sec.

Durino the HECICE simulations, 1t was found that the ice thickness &t
some of the downstrear Cross sections had to be increased above ine
mirimur stable thickness to provide sufficient backwater to attain
stability at tne section of interest. The ice cover thus thickened may
be considered to represent an ice jam. Tne HECICE freeze-up profile and
locaetion of jams are presented in Table 4.

‘
Altnougr the RICICE simulatior. procucec & comparable freeze-ur profiie
tc thet chserved withir the study rezch, it €i1c not indicate the presence
of tne jame beiow cress section 1185, Jce jame were Simuieiec upsireer
of cress sectior 115 wnere cross sections were aveiletie @t closer
intervals tnan 11 tnz gownstrear react.

Tebie L summarizes tne ice/weter ievels anc ice trnilrmelt CLéilulclel b
Hi(I1Ct anc JOmAlCZ proorams. Tre ice/weter levels simuietes b, tne
#1100 procres were CI0Ser 1L tre ODs€rvers Jevels  Sufiaciert soreencrs
C: YCe trackmesses ¢ not OLietrec b. tne varioul progreTi enc tnit
gcpest requires further investigation.

zsec or the resulits of tne LGLICD, IOWAICE and HICZICE prograre, it it
ontiugec tnet:

1) Tne cros: sectione? spacing emnloyes in the HECICE and LGLICL procren:
is imooriant for simcigtior of locatior. anc “enctr of 1ce Ger..

~y

Tne rougnnes: of tne ice cover anc bec for & civer Seciicr sno.ic
be oeterrined by using th: weter surfece £1one &3 OLSErves unodsr
ice congition: Lc ensure s&tisfacicr, result:.

3)  HEZICD anc JOwkICE propram: :re applicabie 1o tne enzivit: o

ice ‘weter levels or trne Pezze Piver, eu:e:z i1 tne cese cf ieres
stoves gt erveriencec &1 o2t I. LG.ICE progres rezoarer mofifacelron:
wWRICr wOu € ImIrove iTe enciiceliiity te feece Fver.
"\s.' n:'l-- ::;:"AE"-
Tne efsistence provides b, Mr. Me-iir \enderhrear ¢©° tne s 0w OC:
Seczison. E.l. hvare, ir tns c:‘.e-.ur cf Tne Ce Gine TELO™IE: IF 1ris

peDEr 3 agprecistec.
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TABLE 1

MAXIMUM FREEZE-UP LEVELS OBSERVED DURING
FEBRUARY - MARCH 1979

OBSERVED IN THE MAXIMUM WATER/ICE
VICINITY OF LEVEL (BSC) (m)
WSC gauge 406.7 "
BY 9 * 407.58

B* 10 not available
Br N 405.77

B¥ 12 410.3¢

B¥ 14 412.0¢

Bv 13 413.4¢

i § 413.¢E

B¥ 18 415 6t

B¥ 21 415,72

Bv 20 415,72

* Loc2tions of B are snowr or Figure 2.
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£l

CROSS STCTION Nt p
Mecharge l)(m"/r.)

Slape Heed

WAL P

Average hydranlic
paramoters for open
walor (low upstream
of cross-section

lstimated averaqe
hydraulic parameters
and rounhness ice
covered sections

SURTACE ELIVATION

W (m)
" (m)

vV (m/s)

S

t (m)
W (m)
R, (m)

Ry

(m)

h (m)

v (m/s)

n

"

n
o

Ay D

ROUGHNESS AND 1CF THICYNESS VALITS

15
1150

0PN CHANNF |

a11.8
551.0
10.64
0.3318

0.000647
3.4

536,
3.n2
1.514
4.626
0.5R40
0.09051
0.05647
0.07490

* MNow reduction required due to
bifurcation of channel around

feland,

17 19 121 124
1450 1450 780 * 1450
OPEN CHANNTL  WITH ICE  OPCH CHANNEL OPEN CHANNEL WITH ICE OPEN CHANNEL
COVER COVER
412 .4 412.1 410.5 410.38 410.38 406.7
369.6 6.6 156.9 299.1 299.1 490.7
12.9 12.9 9.4 8.4 8.4 8.3
0.43 0.43 0.58 0.41 0.41 0.48
0.000290 0.001582 0.000449 0.001025 0.001220 0.000363
2.06 1.00 1.73 2.55 2.90 1.48
3162.1 5 .R 355.5 287.2 287.3 477.8
4,20} 3.207 3.sn 2.464 2.485 J.124
1.90R 1.479 1.905 1.452 .449 1.823
6.195 4.6R7 5.542 3.917 3.934 4,942
.64605 .R9573 . 7445 .6946 0.6908 0.6149
0.06868 0.09557 0.06650 0.0850 0.0890 0.06619
0.04169 0.05800 0.04373 0.05917 0.05992 0.04605
0.05601 0.07892 0.05571 0.07236 0.07432 0.05662
NOTE: W = channel width, H = flow depth, V = flow velocity, S = water surface

slope, t = ice cover thickness, R, = hydraulic radius due to ice cover,
R, = hydraulic radius due bed, h i flow depth under ice cover, v = flow
vklocitv under ice cover, n, = Manning's roughness for underside of ice
cover, n_ = fanninq's routhess for bed, and n, " Composite Manning's

rouqhnesg for bed and ice.



TABLE 3

ICE/WATER LEVELS (m) SIMULATED BY IOWAICE PROGRA

Location/ Observed Slope From Open Water Frofile Slope Observed Durinc

Cross-Section Levels Jce Conditions

Number ?ig Roughness Roughness Roughness  Roughness
) (Tatinclaux, 1978) (Table 2) (Jatinclaw (Tatle 2!

197¢)

122 408.5 408.24 40€ .83 - -

121 400 .8 405.08 409.16 40°.25 40¢. 1

12C 410.4 409.7 410.1¢ - -

117 412.1 411.24 411.77 - -

11 413.¢ 412.00 43z.30 - -

¥ 415.2 214.60 £14.71 . ? .
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TABLE 5

COMPARISON OF SIMULATED
1CE/WATER LEVELS AND THICKNESSES (m)

LOCATION OBSERVED 1CE THICKNESS TI0OWAICE HECICE
(CROSS SECTION) ICE/WATER (Table 2) Ice/Water lce Ice/wWater Ice
LEVEL Level Thickness Level Thickness
GSC (m) GSC (m)
(m) (m)
124 406.7 1.48 - : - 406.7 * 2.59
12z 402.5 - 40E.33 2.25 40p.57 2.44
121 40%.¢ 2.90 409.16 2.97 402,75 2.44
120 §10.4 - 410.1¢ .02 410.34 1.52
11¢ &1L.5 iy 4 - - 411.1 1.83
117 £1z.1 £.00 411.77 2.0& £12.11 137
115 413.¢ 3.40 412.30 3.5z Liz.82 213
112 415.2 - L14. 7N 3.5¢ 415.21 2.7¢
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SYWNOPSTIS

Field observations of icing conditions on the Peace
River were carried out by B.C. Hydro personnel during the
winter of 1981-82. This work is a continuation of the ice
observation program initiated in 1972.

The field conditions of the Peace River from Fort St.
John B.C. to Peace River Alberta were observed on four
helicopter trips. During these trips the guality 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. 1Initial 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 E1.1044.3 ft. i.e. within 4 feet of
overtopping the town dykes. With the continuing cold weather
the ice sheet stabilized and progressed upstream to mile 86
(measured downstream from GMS), 20 miles upstreem of the
B.C./Alberta Border by 4 March.

The breakup as in many of the previous years was uneventful
and consisted mainly of thermal erosion of the ice cover.
Tne ice broke up at the town of Peace River on 26 April.

Various Provincial agencies and Engineering Consultants
were also in the area to observe, study and make recommendations
with respect to ice jam flooding hazards at the Town of
Peace River. References have been made to those reports in
the text.



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.



1.1

1.2

SECTION 1.0 - INTRODUCTION

AUTHORITY

Under terms of Item 1 of Assignment Number 476-121
Revision 1, dated 28 February 1977, the Hydroelectric
Design Division was requested to:

"Provide engineering services related to ice studies
and other -hydrological studies consistent with the

long-range System Plan in effect as follows:

(a) Study, observe and compile data on ice regimes of
the Peace RiIVEr .osswsessansnn’ =

STUDY PROGRAM FOR 1981-82

A joint B.C. Alberta Task Force was formed in 1974 to
co-ordinate ice observations on the Peace River System
in the Provinces of B.C. and Alberta. B.C. Hydro as a

member of this Task Force has continued to make observations

of freeze-up and break-up in the Peace River in each
winter since 1974. The overall objectives for 1981-82,
as for all previous years from 1974 to 1981, were as
follows:

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

24 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.
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2.2

2.3

2.4

SECTION 2.0 1981-82 FIELD OBSERVATIONS

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.

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

8-11 FEBRUARY 1982 ICE OBSERVATIONS

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

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 level fluctuations. Some of the field observations
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for this study were carried out on the Peace River,
and, to assist in the study, B.C. Hydro Operations were
requested to make large reductions in outflows from
Peace Canyon Project over a seven-day period - March
16~22. In view of the year's high ice/water level and
potential hazards it was decided that B.C. Hydro staff
should monitor the ice conditions during the test
period.

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

kP §

3.3

3.4

3.5

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.

ACRES CONSULTING SERVICES LIMITED

Acres studied the effect of flow fluctuations on an ice
sheet for the CEA.

NORTHWEST HYDRAULIC CONSULTANTS LIMITED

Mr. C.R. Neill assessed the pre-breakup ice conditions
and made recommendations to Alierta Environment for
mitigating problems expected during break-up at the
Town of Peace River.

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.

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
Cune to discuss the ways of controlling ice jams at the
Town of Peace River. The members are to compile a
report on River Ice Conditions in the Peace River Basin
during 1981-82.
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Synopsis

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

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

As the ice front approached TPR, B.C. Hydro's Operations Control
Department maintained outflows at or close to 47500 cfs (1345 m3/s)
which resulted in a freeze-up level of 1034.25 feet (315.3m) G.S.C.

Once the ice on the river reach upstream of TPR became competent, normal
outflow fluctuations were resumed.

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

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

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



1.4

SECTION 1.0 INTRODUCTION

AUTHORITY

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

"Provide engineering services related to ice studies and other ‘
hydrological studies consistent with the long-range System Plan in
effect as follows:

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

RIVEY .veivnnnnsn .

STUDY FROGRAM FOR 1982-83

A joint B.C. Alberta Task Force was formed in 1974 to co-ordinate

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

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

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

a) Extent and production of ice cover
b) Timing of freeze-up and break-up
c) Maximum river stages.
3. Establish a test reach from the B.C./Alberta border to Site C
in order to collect data througi.out the winter for the calibration

of a river ice computer model being developed by the Hydrology
Section.



2.1

2.2

"

2.4

2.8

2.6

SECTION 2.0 1982-83 FIELD OBSERVATIONS

Field Trips

i he winter of 1982-83, five field trips were made to the
g:;lggRgver. The diaries of the field observer are appended to
this text. In addition a breakup diary was comp]etgd to compile
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 trips
and diaries is given below.

12 January 1983 Ice Observations

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

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 levels. Data
collected included the rate of progression of the ice cover and

will be used to calibrate a river ice computer model being developed
by the Hydrology Section.

17-18 February 1983 Ice Observations

The Peace River freeze-up front had advanced upstream of the Taylor
bridge to the 01d 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.

7-8 March 1983 Ice Observations

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

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 tc large daily flow and level fluctuations. At
the request of ACSL, B.C. Hydro agreed to increase outflows from
11000 cfs (311 m3/sec) to 35,000 cfs (1000 m3/sec.) for a 2 -day
per1oq. The observer undertook a field trip to the ice front
Tocation to determine whether the increase might have some effect

on ac;e]erating the rate of retreat and also to obtain open water
data in the Taylor area. The increase flow was not sufficient to

have_any noticeable effect on the rate of erosion or break-up of
the ice 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.

i

P. Rocchetti

PR/rt

Attach.
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SYNOPSIS

This report contains & summary of the 1982/8B3 ice formetion anc
breakup on the Peace River at the Town of Peace River. It contzins a
record of the freeze-up advance rate on the Peace River; a record of the
mean daily temperature at the Town; as well as & record of BC Hydrc anc
Power Authority's flow releases from the Peace Canyorn facility in
British Columbia; a record of river levels 2t the Town, and & record of
groundwater levels in the West Pezce 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 1level 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 formation of
the ice cover caused a stage increase at the Town of Peace River of 3.40
metres, reaching a maximum elevation of 315.35 metres GSC (1034.61 feet)
at about 1000 hours on 5 January. The dike elevation across the river
from the Water Survey of Canada gauging station is 319.8 metres.

The increase 1in the river Jlevel caused an increase 1in the
groundwater table level in the West Peace River subdivision. This
attained 2 maximum elevation of 314.20 metres (1030.84 feet), which weas

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



At breakup, an as yet undocumented breakup sequence occurred, which
is described herein. Breakup at the Town effectively occurred on 2¢
April, 1983. No idice Jjamming problems were experiencec, besiceliy
because breakup was a thermal process rather than a dynamic hydraulic
process.

The experiment to control freeze-up levels was considerec tc be &

success.

ii
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SUMMARY REPORT

PEACE RIVER ICE OBSERVATION
1982/83 1CE SEASON

by:

Gordon D. Fonstad, P.Eng.*
and ”
Larry A. Garner, CET

1. Introduction

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

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

pa Freeze-up Observations

The first observation of the freeze-up process was provided by the
RCHMP Detachment in Fort Vermilion, wherein it was reported that the
Peace River was frozen over there by 23 November, 1982. Alberte
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 wes forecasted to reach TPR within 48
hours, BC Hydro was contac*ed.

*
River Engineering Branch, Technical Services Division,
Alberta Environment
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BC Hydro was requested by the Joint Task Force to hold their
discharge releases from PCN relatively steady in the range 148€ to 140]
cubic metres per second (m?/sec; or 52,500 to 49,500 cubic feet per
second (cfs)), with 2 target mean of 1444 m3/sec (51,000 cfs). Hydro
cormenced this operation on 12 December, 1982, and with only occeciornel
variation, maintained releases within the requesed range. This wes
carried out in spite of the fact that they did not have a power lo0ac cor
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 miles below the
WAC Bennett Dam, as well as mean daily temperature at the Town of Peace
River. (These latter were determined by averaging the daily maximum anc
minimum temperatures recorded at the Peace River Airport. Subsequen:
analysis has shown that this mean can be considerably different from &
mean calculated using hourly temperature data, which would more
accurately reflect the true mean.) Figure 2 {10 sheets) records the
3-hourly releases from PCM; the recorded hourly water surface elevatior
as a gauge height at the Water Survey of Canada (WSC) gauge &t Peace
River; and, recorded mid-day groundwater elevaticns (in terms of
equivalent gauge height) from 2 recording well established in West Peace
River by Alberta Environment.

Unfortunately, once the steady discharge release program was
established, a moderating trend 1in the weather slowed 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 in the
hydraulic characteristics in the river between different reaches. A few
more years of record will be required to determine whether this was in
fact the case. Local variations in advance rate, however, dictated that
the steady PCN releases should remain in effect. Figure 1 shows that
the ice front passed through TPR on 4/5 January, 1983, which is
substantiated by the recorded water levels at TPR, shown in Sheet 2 of
Figure 2. The mean PCN release over the period 1 to 5 January, 19€3,
for)which the ice cover would have set in at, was 1398.4 m3/sec (4¢,38C
cfs).

As can be seen on Sheet 2 of Figure 2, the net stage increase et
TPR for a relatively constant release from PCN was 3.40 m from 2E
December 1982 to 5 January 1983. The duration of this increase refiects
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.



BC Hydro had been balancing power production due to the continuec
high releases from PCN by cutting back on relezses from their Columbia
River plants. As they had to maintain certain riparian flows on the
Columbia, they asked the Joint Task Force if they could cut back on
their PCN releases to allow higher flows in the Columbia. The Join*
Task Force members agreed on 6 January, and the cutback to a mean
release of about 1050 m?/sec (37,000 cfs) occurred on 7 January.

Figure 2 shows the PCN releases, river levels and groundwzter
levels at Peace River for the balance of the ice season. Nothing
untoward occurred for the balance of the winter.

It was judged that the first attempt at controlling the freeze-up
level at TPR was successful.

i Groundwater Levels in West Peace River

During the 1981/82 ice observation period, it was ascertained that
groundwater seepage problems in basements in West Peace River occurred
when the stage in the river exceeded 11.0 m ... for the ice conditions
prevalent that year. By contrast, the highest recorded groundwater
level for 1902/83 (of three observation wells established by Alberte
E?vironment) was 8.0 m (Figure 2, Sheet 3, and Note to Accompany Figure
2)s

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 25 December 1982 to 16 January 1983. The
data indicates that the groundwater level appeared to remzin in the
order of 1.0 to 1.5 m below the adjacent river level for the balance of
the winter*,

During the 1initial 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 1level. The
groundwater level continued to rise after the river staging was
complete (and even as the river stage dropped following the lowering of

CN 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 m
(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'



levels at TPR approximately a metre higher than in 1982/83, though this
would leave little margin for groundwater level f uctuation throughout
the balance of the winter. This metre increase sho:1d be taker fror the
gauge height following the levelling off and sligrt reduction in river
stage ceused by the roughness of the underside of the ice cover
smoothening out.

Because the discharge releases from PCN were i1educed on 7 Jenuary,
the above maximum groundwater levels are likely "ess than they would
have been had the release of 1398.4 m3/se (49.38( cfs) continuec 4or
another week or more. As the discharges were reduced, causing &
reduction in river stage commencing in the mid-aftarnoon of 9 January,
there was insufficient data to ascertain whether or not groundwzter
seepage problems would have occurred for the partici 12r PCN releases.

4. Minter Releases and River Levels

From 21 January to 24 February, BC Hydro's pow2r releases from PCN
were low, being in the order of 500 to 600 m3/se:z (17,660 to 21,190
cfs). These were further reduced to about 450 m3/s:c (15,890 cfs) over
the period 25 February to 25 March, with only a few instances of peak
releases in the order of 700 m3®/sec or lower. PCN releases were again
reduced on 25/26 February to in the order of 320 tc 250 m?/sec (11,30C
to 12,360 cfs) until 11 April 1983, again with isola .ed peak releases.

Throughout this period, the water water level. at the ¥SC gauge
tended to drop with the reduced releases. Beginning w~ith a gauge height
of about 8.5 m, the river level dropped with successive reductions in
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 increase in PCh
releases, hence likely reflects stepped up local inflows from snowmelt.
BC Hydro stepped up their releases for 12, 18 and 6 hcurs on 7, 8 and 9
April, respectively, however these were after the river level at TPR
began to rise. The total increase was about 0.75 m ove- the perioc 6 to
12 April.

5. 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 '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 first it
would tend to cause ice jamming problems for TPR.

During the 1983 breakup, a breakup sequence occurrec which, to the
best of our knowledge, had not happened in the years sin:e ice studies
first commenced at TPR. In previous years, either o two breakup
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 1in ' he river. 1In



most years, however, the Peace River has broken up first, e.g., 1982.
In this sequence a main breakup front travelled down the Peace River in
an orderly fashion, causing breakup in either 2 thermz]l or dynamic
manner. The Peace River ice at TPR has been cleared out through thnis
sequence before the Smoky River broke up.

In 1983, however, the Peace River opened up a8 narrow lead in the
ice through the TPR reach, by thermal processes, before the Smoky River
broke up and before the main breakup front was anywhere near TPE. The
lead opened up on 14 april, some ten days before the main breakup front
passed through TPR. In the intervening time it grew in both length and
width, such that by 24 April upwards of B0% of the width of the river
was clear of ice.

The following summarizes the major observations made during 1982.

Rising stages at TPR on 14 April, in response to the increesed
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 hanc 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, covering a reach from just above the mouth of the
Heart River to just below Lee Island, and occupying the right hand
channel around Bewely Island.

The main breakup front was reported to be at Mile 124 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 ¢ the
Shaftsbury Ferry. The ice cover between Mile 229.2 and the mouth of the
Smoky River was, however, still in place.

At 1100 hours on 23 April, the ice front was located at 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 Jjammed ice
floes behind it.

On 24 April at 1000 hours the ice front was at the MacKenzie Cairn
observation point (Mile 235.30), and commenced moving at 1015 hours.
Progression of the front was in a similar manner as had occurred in



1982, with leads melting out ahead of the front, then the jammed ice
moving down into these leads and coming to rest. The breakup front
passed Mile 236.89 (Correctional Institute pumphouse) a2t 1340 hours, and
passed Mile 240.18 at 1525 hours, with jammed ice extending upstream to
Mile 237.79. The ice thickness was estimated to be in the order of 0.€
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 150C hours, the
breakup front had progressed downstream to Mile 270, some 24 miles below
the Highway 2 bridge at TPR.

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

6. Summary

The 1982/83 ice season on the Peace River at TPR was uneventful.
The ice pack built in at a level that did not cause seepage problems in
basements in West Peace River. The manner in which the ice cover built
in indicates a successful attempt at controlliing 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 a2 low
power demand throughout the balance 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 prncess 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.



TABLE 1
Breakup Data
Peace River at Peace River Town

Year Breakup 5-Day Pre-breakup Discharge During Breakup Maximum Ice Jam Maximum Stage Increase

Date Elevation*! Peace River Smoky River Elevation Above Pre-breakup Elevation
(m) Above Smoky River*? Above Confluence*? (m) (m)

1960 Apr 16 J12.88 883.49 365.29 J13.21 0.33
1961 Apr 20 J11.69 1112.85 104.77 Ji1.81 0.12
1962 Apr 16 312.30 866.50 648.46 313.94 1.64
1963 Apr 19 311.75 3381.03 1093.03 J16.14 4.39
1964  Apr 19 312.33 897.64 206.15 J12.15 -0.18
1965 Apr 14 311.90 1568.75 481.39 J13.61 1.71
1966

1967 Apr 30 J11.90 291.66 1005.25 313.40 1.50
1968

1969 Apr 15 311.96 475.72 948.61 J14.89 2.93
1970

1971  Apr 19 Jl2.48 1260.10 203.88 313.06 0.58
1972 Apr 20 313.21 1452 .65 538.02 314.86 1.65
1973  Apr 12 313.76 2273.84 515.37 jis.18 4,42
1974  Apr 20 313.36 22688.00 1308.24 317.51 4.15
1975  Apr 17 314.16 2174.73 69.94 J14.52 0.36
1976  Apr 11 313.94 1676.36 594.65 314.34 0.40
1977 Mar 12 J12.72 767.39 66.83 311.90 -0.82
1978  Apr 15 313.18 1333.72 215.77 313.49 0.31
1979  Apr 30 J14.10 2520.20 1589.99 318.61 4.51
1980 Apr 18 J11.81 651.29 387.94 313.06 125
1981

1982 Apr 26 315.46 1653.00 247.00 J15.94 0.48
1983 Apr 24 313.38 1340.00 400.40 313.73 0.35

Notes: *! Average elevation of mean daily discharges at Peace River for 5 days prior to breakup, estimated from
recorded water levels.

*2  Peace River Discharge = Discharge at Peace River - Smoky River Discharge at Watino

*3 Cmnkv River at Watinn
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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 WSC
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 a2t 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 verified through a2 more detziled 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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FOREWARD

The following report, which describes the 1982 spring breakup event
at Fort McMurray, is part of a continuing research program to study
breakup and other ice-related phenomena on Alberta rivers. This program
is carried out by the Civil Engineering Department of Alberta Research
Council in co-operation with Alberta Environment and Alberta
Transportation, under the auspices of the Alberta Co-operative Research
Program in Transportation & Surface Water 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 McMurray normally
produces ice jamming during breakup. In some years severe ice jams have
caused high water levels which resulted in extensive flooding of the
lTowlying areas within the City of Fort McHurray.

In 1982, breakup at Fort McMurray occurred on April 26. At the
MacEwan Bridge gauge a2 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 McMurray. \later
levels were taken between Little Fishery River and Poplar Island, and
miscellaneous velocity measurements were taken at the HMacEwan Bridge.
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 MacEwan Bridge and the confluence of the Clearwater River.
In addition to the data presented herein, there are numerous 35 mm color
slides, additional color prints, 8 mm film and newspaper accounts of the

breakup available from the various co-operating agencies.
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INTRODUCTION

Based on 24 years of recorded data (1958-81) the average breakup
date of the Athabasca River in the vicinity of Fort McHufray 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 de’iates from the usual pattern that follows the
warming trend which is typical of the area upstream of the Town of
Athabasca and the more southern portions of the Athabasca River drainage
basin. O0Often, the fourteen rapid sections between Athabasca and Fort
icMurray break up when there is only a slight increase in discharge. In
this reach, the high chanrel slope gives rise to larger velocities and
shear stresses, which can initiate breakup well in advance of other
sections of the river. \lhen the ice in the rapid sections deteriorates,
jynf it moves downstream, accumulating in areas of low velocity. As the
discharge increases and the ice deteriorates further, small jams move
downstream, compound and alternately move, 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
oetween Cascade Rapids and the MacEwan Bridge. A jam lasting for
approximately 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



ice jamming that has occurred in the past decade. References are also
provided in earlier reports which document major ice jams which cccurred

in the Fort McMurray vicinity prior to 1970.



PRE- BREAKUP CONDITIONS AND SUMMARY

The following section of this report is a summary of the
information collected from various agencies prior to the i982 breakup.
This information can be compared to that from previous years, and may
have application towards the prediction of futures breakup or other ice
related phenomena associated with the Athabasca River.

A surmary of the relationships among discharge, air temperature,
and degree days of thaw during brezkup for the Athabasca River at Fort
icMurray are provided in Figures 2 - 3. Additional data collected prior

to breakup was recorded as outlined below:

March 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.

March 25 - Air temperature and precipitation 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 temperature between March 19-23 = 5.5 ° C.



- 4 mm of additional precipitation since March 10, and snow on ground
(S0G) = 32 cm.

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

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

- heavy snowfall between March 28 and March 31 resulted in an additional
26.2 mm of precipitation

- snow on ground = 52 cm

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

April 8: - Daily monitoring commenced on W.S.C. gauging station for the
Pembina River at Jarvie, Athabasca River at Windfall and Athabasca River
at Athabasca. There is no telemark reporting daily for the Athabasca
River 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
aisist 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 Confluence to Fort McMurray.

- open leads in the rapid sections were enlarging and there was only a
slight breakup of the ice cover surrounding the leads.



April 19 - An additional 82 hrs of thaw (0°c) occurred since April
total 224 hrs.

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

- additional precipitation since April 15 = 7.5 mm. Total precipitation
since November = 93% of the normal.

- snow on ground was reduced tn 15 cn.

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

April 25: - Blasting materials were transported and available in Fort
McMurray 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 cm, 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.



BREAKUP
(April 26 - Photos 19-34, 37, 38, 40)

On the morning of'April 26, an aerial reconnaissance was made 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 running ice
from Long Rapids upstream past Grand Rapids and then as far upstream
from Grand Rapids as could be observed from the air (Photo 19). At that
tine, from the area of the tce 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 temporary jamming had occurred prior to April 26, (Temporary
Jamming Location #1, Photos 25-27). Between 1200 and 1330 hrs temporary
jamming was observed at Locations 2 & 3 before the impact of the main
ice run pushed into the head of the competent ice immediately upstream
of Mountain Rapids (refer to Figure 4-5 and Photos 28-35). Between
1330 and 1504 hrs another temporary jam developed through Mountain
Rapids as a large solid ice sheet, which covered the entire width of the
channel, moved and pushed its way through the rapids (Photos 28-29).
Additional jamming was not observed but from measurements of the shear
walls at Locations 4 & 5, it is estimated there was temporary jamming

between 1504 and 1640 hrs (refer to Figure 6 and Photos 35-36).



At 1640 hrs (Photo 37) the running ice had reached the MacEwan
Bridge piers. Additional jamming took place through the bridge and
immediately upstream of the Clearwater Confluence for 3.5 hrs until it

released and moved past the confluence at approximately 2030 hrs (Photo
41).



JAMITING AND RELEASE DOWNSTREAM OF MacEUAN BRIDGE

(between 16:40 hrs and 20:30 hrs - April 26, 1982)

The maximum gauge height recorded at the MacEwan Bridge during
breakup was 246.75 m G.S.C. (refer to Figure 8).

As previously mentioned, the moving ice reached the MacEwan Bridge
at 1640 hrs and spent approximately 3.5 hrs consclidating and building
head behind it. At 1700 hrs reverse flow was observed along the left
bank of the Clearwater channel at Roche Islands. The Athabasca flow was
entering the upstream side of the Clearwater channel while the
Clearwater flow was still passing the downstream side.

S1ight movement occurred in the main Athabasca channel and at 2000
hrs a spillover or release channel developed downstream of the MacEwan
Bridge, directly opposite the Clearwater Confluence (refer to Figure 7
and Photo 40). At 2030 hrs movement commenced immediately downstream of
the MacEwan Bridge. The first spill over channel became bleocked with
competent ice in the far left channel immediately downstream of the
MacEwan Bridge.

Between 2030 and 2055 hrs the entire left side of the channel
released with a flow velocity of approximately 3.5-4.5 m/sec. There
were solid ice sheets tossed against one another, with water spouting
and the flow turned a dark chocolate brown indicating the bed was
eroding. The running ice proceeded downstream, and from the observed
shear walls, evident in Photos 61-62, there could have been tempcrary
jamming just upstream of Poplar Island sometime after 2055 hrs.

At 0800 hrs the next morning the stage had dropped approximately

1.5m at the MacEwan Bridge. The Athabasca channel was open, but



running ice was still present (ownstream to Tar Island and past the
McKay Bridge. Competent ice remained in the Athabasca Channel at the
Clearwater confluence. The flow from the Clearwater River continued to
pass with only a slight increase in stage and no overbank flooding 3along

the Clearwater channel was observed.
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CLEARIATER BREAKUP AND SUMMARY

(between April 27 & 29)

Monitoring of the Clearwater River was continued after the
Athabasca breakup, because of the remaining competent Athabasca ice at
the confluence. This ice did not move during the breakup and the ice
cover on the Clearwater remained intact (Photos 51-53 & 55-56). Gauge
readings for three established gauging sites on the Clearwater channel
were collected by the City of Fort McMurray (Figures 10 - 11).

Based on historical data for the W.S.C. gauging station, Clearwater
River at Draper (Sta. 07CD001), the Clearwater at that particular
location normally breaks up on the same day as the Athabasca River.

On April 27, between 1500 and 1800 hrs, the stage on the Clearwater
at the Waterways gauging station increased approximately 1.0 m. At that
time, there was an additional accumulation of ice downstream from
llaterways to the confluence, indicating that breakup had occurred
somewhere in the Clearwater drainage basin upstream of Fort McMurray.

On April 28, an aerial reconnaissance was made of the Clearwater
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 Clearwater River located upstream of the Clearwater -
Christina confluence, assisted in consolidating the accumulated
Clearwater ice against the competent Athabasca ice at the confluence.
During the night of April 29, the consolidated Clearwater ice which had
blocked the confluence, was released along the far right side of Roche
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 slowly deteriorating strength and thickness
of the ice cover, with the possibility of a sudden return to below
normal temperatures, placed an additional concern towards having
abnormal ice conditions. With these concerns, spring breakup on the
Athabasca River near Fort Mclurray was closely monitored.

In comparison to previous years,> Fort McMurray experienced an
uneventful breakup in 1982. A 5.25 m increase in stage resulted in a
maximum gauge height of 246.75 m G.S.C. at the MacEwan Bridge. The
maximum velocity, upon release of a temporary jam just downstream of the
MacEwan Bridge, was estimated between 3.5 - 4.5 m/sec.

The fact that a stable jam did not occur upsfream prior to the ice
run reaching Fort McMurray, could have been the main reason for an
uneventful breakup. Another reason could have been the temporary
jamming that did occur between the MacEwan Bridge and the Clearwater
confluence may have assisted in preventing a jam from occurring

downstream of the Clearwater confluence.
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EXPERTENCE WITH RIVER ICE AT THE LIMESTONE SITE

BY R. W. CARSON*

1. IKTRODUCTIOK

Limestone Gener2ting Station will be the fifth hydroelectric site to be
developed by Menitoba Hydro on the Nelson River in Northern M:-itoba. Its
location is shows on Figure 1. It will have a head of approximately 29 m
and ten units of 126 Mw capacity each. First power is currently planned for
the fall of 198E. The general arrangement of the completed structures is
shown on Figure 2. ]

The seguence of construction activities and heights of cofferdams are
governe¢ by river ice conditions which are more severe than at any of the
previously develcoed Nelson River sites,

Tnis paper is irtende¢ to forwm an update of two previous paper-sl'2 on

the project, with conceritratior on the description of the ice conditions ex-
pe-ienceC since t~e construction of the first stage coffercam.

Z. NATURAL JCE CONDITICRE O THI LOwZF NELSON PIVEK

bz desc-ibed ir some Getail ir the previous peoersl’z. ice azcumulatior
or. the lowe~ heisc- River ic¢ @ p-ocess of ice jar p-ogression uprives fro-
tne he'son %stua-,, fed by ice cenerates ir the swif: open river. Incresses
ir wzter levels cue to the ice accurulation are typically about 10 m, with
some are2s &s muct at 14 n 2bove norme’ summer levels.

befcre the comsiroztior of Kettle Genereting Station, ice oenerzting poten-
t1a: eristeZ fro- Gull Lake to Hudsor Bay, 2 distance of some 23C km. The
progustior cf encrmous volumes of frezil ice fror this oper wzter are:
cause¢ the ice je- to progc-ess as much 2s 2% km upstrean of the Kettle site
by winter's enc, o= 2 total of some 175 kr from Kudsor Bay.

~fver the ircoumcz-ent of Kettle Genereting Station's forebay in 187C, &
trnemme” e coves w2s fecrmer on tne reserveir early every winter 2al tnus
eaminztes LM1s Izt wzler ered ‘ror contributinc ice to the iower rezihes
c‘ the river, R & result, the ice jam prooression slowed consigerab’s ans
wyricetly En2el st Stwestrgar oY tne Long  Spruce site {some 20 «~
coerSireEd” C° beTi'e Betomziing Stetion) ir tne yeers 1870 to 1677,

I, PLANLING DF BIaEd )07 MANGTIETRT DURINS COMSTRUCTION OF LIMZSTOMD
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designed for open water levels (some 12 m lower than for ice conditions),
and river diversion through a partly completed spillway or powerhouse would
not have tc cope with passage of large volumes of solid ice.

Early in the studies, engineering judoement based on approximate calcula-
tions of ooen water areas, ice generation rates, etc, indicated that year
round open water conditions could not be expected at the Limestone site
after the irpoundment at Long Sprucé. This was confirmed by the results of
a detziled computer model which simulated

- the generation of fice as a function of open water are2s and daily mean
air te-;eratures during the winter

- the reZuztion of open water areas by border ice growilh as.a function of
river velocity and degree-days of freezing

- the accumulatiorn and stability of slush ice at the leadinc ecce of the
ice jar

- the sub-ercenze of ice 2t the leadinc edge if tne acrroazhing velocities
2re excessive, anc the depasition of this ice cownstrear or the underside
of the cover

= the shosing 2v2 thizrening ¢f the ice cove unde~ the corzuter hycraulic
Te-zes erertec oo it

- the brliwaler profile in ine ice ccverel anc the ooer reaches unaer
sTusy.

Tne decisio- was made tha: rive- cive~sion durinc coastructior must be de-
visec tc cope with vemy severe ice conditions. Detziled hvdravlic mooe!
siucies ¢ tne rive- 1ce conditiens curing the piant's construction were

ther unge=i2ken~ 3t L2se”le Mvs-aulic Laboretory ir kontre2l.

Corstruztiom of the Stzce ! coffercas which encicses the zrea of the cor-
crete struztures (see Figure 2) begar in 197¢, ir preparaticr for completior
of the first units ir 1923, The comsiructiorn p-=pzeeae? over three Ssymme-
Se2507¢ - tne yrsire2s les i 1€7€, the river lec ir 1677, anc the Cdowne
sitear ler in 157E. Tne cemsteuectior of the rest of the pegiezt ha:t beer
she®awec te-iora~ily, due tr the siowe” crosil cf ce-an: for eieciricity thar
w2: Egrde”ierzed in the eiriy tC mic-1670'g,

&, EXPESTENIE WITE THT RIVEF 1CE
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Du-ing this time, an estimated volume of 70 000 000 m3 of ice passed
through the 360 m wide diversion channel between the end of the
coffercam and the south river bank. Only minor damage due to ice
gouging at the corner of the cofferdam was incurred. The resistance of
the cofferdam to cdamage was attributed mainly to the surface freezing
which had occurred prior to the arrival of the ice jam.

Later, the ice front resumed its upstream progression and eventually
reached within 2 km of the Long Spruce cofferdam before the arrival of
spring. The maximum water level recorded that winter at the Limestone
cofferdar was el 70.5 m, which correlated well with the hydraulic model
simulation of el 70.0 m, for comparable flow conditions.

Ir the spring, the ice behind the coffercam became crounded as predict-
e by the hydraulic model studies, anc there were large areas of
stranded ice 5 to 10 m thick. Fortunately, the strong flow of water
past the end of the upstream leg cleared the arez where construction of
the river leg was to resume, and work wes able to start late in June.

1677 - 1878

Ir tne fall of 1677, the lonc Spruce reservoir wes impcunded, anc as
expectes, the ice front progression in the entuintc winter was markedly
slower than ir previous yezrs. The winter wes very mild, and the ice
¢ront only rezchec the foot of the repids belowm the Limestone coffercam
enc cic not progcress throuch the diversion channel. The meximur wzter
Tevel w2t 2pproximztely el 65 m, or only about £ m of staginc above
ooer w2tlET concitions.

Ir tne sp-ing cf 1C¢7¢, ever though the ice did not reath its meximur
poientie? tnicknest, consicerzbie volumes were left stranaed n the
2re2 wne~e worh w2t tc resume or the downstrear lec of the coffergar.
“ng ice celeyeZ the resumptior of work until early July. Forturately,
the corstruction schesile was rezsonably flexible in that fina) yvear
ers the cownstireen lep wat stil) corpietecd before the onset of winter.

By 1CTE, the ogecisior tc postipone construction Of the Limectione plant
brer 2¢ by Meratpd:z baomc, 20 the ensuint wnntes wrt the firse
oLsh wacr the cofferse” wzs to rem2in.,

LoTing the comsttustior 0 4he (cffercem, tne crest leve' wTi DUTpLtE.
Ty ocmzies te be epsreoxim2tely ¢ r o Lowe™ thar the maxiru— leve' drgicete
€2 Dy the myorgilic mose’ tests, Tne ipric benins thts o2 2r 1ot e
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- overtopping by a metre 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 was proven necessary. Thus, if it was not neces-
sary, there would be some saving in cost of the cofferdam construc-
tion.

The winter of 1978-1979 was colder than normal, and the ice front pro-
gression more rapid than in the previous year. River flows were 2lso
quite high, averaging some £,000 m3/s in late February. By early
March, the leading edge of the ice cover hac progressed some 8 to 10 km
upstream of the site, and the resulting jamming of ice caused water
levels to exceed the upstream crest of the cofferdam by about. 1.6 m.
The area inside the cofferdam rapidly filled with water, anc eventually
overtopped tne downstrear lec. Flow ove~ the cofferdam continued for
severa] d2ys until the river level gracually subsided. '

There was no significant camage done tc the cofferdar during the over-
topping. Tn's gooc per~formance w2s atiriduted tc

- the frczen surface o° the cofferder w2t recistant tc ercsion

- the wzte- irftially flowe: ove- the crest ir & thin sheel anc crezt-
e€” & resistent coiring of ice, over waicr the sucsecuent fiow pass-
ec

“he €cliowsnc sdminc, the 2rez within the cofferder wes left to arair

ty natyre. s2epaqe, and took until the following winter tc recede to
cper w2te~ ieve's of the river,

197€ . 19E7 eng 1SEC . 1681

Ec:! tnesc winters hac¢ adove normal tewperztiures, and the ice frent
grpzressior stoppec downsirear of the cofferda~, causing only rinor
incre2ses it wztes level.

1 - 1887 wa2s colder ther the twi D-evicus vears anc
cressior fellowes that c©f 1575 very cicsely. River
x Tege ther 187C, ang the DE2) wilE" TEVES w2t reach-
€z 0" M2 %, 2bout T.i r arove the uosirees creft. b irir sneer cf
wil2c Tpesl Over the Lcirga~ c-est for severel roo-z, Tne volume of
1T ovEtTioe w2t TUtle STl 20 only causes tng Ymrile witer Gevel to
“norezse by 2 fraztior cf @ metre.
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S. SUMMARY

Mathematical and physical models were used to plan the concept of river ice
management for the construction period of the Limestone plant, The predice-
tions of both models relative to the first stage of river diversion have
been verified by the observations of the river behaviour since the comple-
tion of the cofferdam. Topping up of the cofferdam by 2 m will be required
before resumption of the plant construction, which may be as early as the

summer of 1982.
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DISCUSSION

S. Petryk, Rousseau, Sauve and Warren Inc,

The author has presented a very interesting and useful paper comparing cam-
puted and hydraulic model results with field data.

During the workshop presentation, it wes mentioned that stable ice cover
conaitions were observed in the cofferdam opening even though the corres-
ponding mean velocities were relatively high. Also the headlosses between
the upstream and downstream sides of the cofferdam were generally higher
than observed in the hydraulic model - probably due to the cohesiveness in
the packed ice. It would be appreciated if the author would Give a quanti-
tative description of flow conditions in the opening when the neadloss was 2
mzximum between upstrean anc downstream of the cofferdam. Specifically what
w2S the discharge, mean depth including ice cover in the opening, and the
heacloss betseen the upstrear anc downstrear sides of the cof fercam?

®eply bv B, Carson

Tne meximur neaZioss belween the upsireat and downstream coffercar legs (see
Figure 3 occu=reZ ouring the overtoppint of tne cofferdsem n Mearcr 1676,
The upstrear wzier level was el 73.€ m, the cownsiream wete~ levei el
Et.5 m, wi1th 2 river flow estimetec at 4,000 tc 4,300 m3/s. The riverbec
e€levatior. ir tne diversion channe! arpunc the coftercam is approximately el
E2.0m, win very little variation either laterally or longituainally. Tne
meg- c2:th 1nziuding ice cover at the upsirear corner of the coffercam would
Lhe=eo"e heve deer agproximetely iE.6 m, anc 2 the Cownstrezr COrneT ai-

h., oerere, bniversity of Alberts

18 tne 1€ sizumulation tnickness ceuvses primarily by shoving or swmpie fra-
i, eczumuietich fror ungerneain?
her'v by k., Cerson
Tre rEimenitiZel moael ©f the 1CE prOCessSeS SMOwS thEt WP tne sirenstih
pe-znelery @ns revi'ues psez, the fing'l 1Ce tracenest s corirEier ir most
cf wne rIve” Dy STOVES., NzveTihe'eSt, the SITLIZTION: ©C €nue ZEp0SYTICr OF
T g2ii 18 W7 0ICUTE 8T CYSTINST CONSTMISTION: N The TIve”, BN wmach
TTiogems shives fytines SOwnstiTexr Dbel2uSe € the inIre2sin:  hyaraulic
Te-ser Iz 822 Oy the cmopens frarit ceposits,
Tee crizoe2l omt 2f R savsizel moEt of hE LtmeSinni mEelt LNOWEL Tall
shxrs w33 4T UZERT EMIVIMS DIZUTTINL, 82t IR Thert w¥t 2isy movenert 0f
I LETLMLiES Gr the TLDe DETERTT LNE CC.ET. i1 #S.l2 De S2Ye To Sy init
w0 g §5F S50 0T ITSREmS OXCTETL, ShRE g SUIcEieer R AR TSET W
’ 2 W LCE S SaYET §F LNt o SeET P R%E M BT SreEl,



S. Beltaos, Canada Centre for Inland Waters

You mentioned that the ice Manning coefficient had to be increased with ice
cover thickness in order to "match™ the observations. Did you have observa-
tions on ice cover thickness as well as stage or simply stage?

Replv by R, Carson

The majority of the observations were stages at some 18 locations along 2
120 km length of the lower Nelson River, However, in the winters when ex-
ploratory drilling of the foundations at potential dam sites were done, ice
thicknesses were obtained at those sites. Unfortunately, measurement of an
overall average ice thickness which could permit a rigorous comparison to
the mathematical simulation could not be obtained because the location of
the ice/water interface could not be distinctly discerned. Nevertheless,
ihe rouoh estimates of ice thickness, basec on these measurements did sup-
oort the calculated values. For example, the calculated thickness at the
.imesicne site was about § m. The best interpretation of the drilling done
waritodz Kvorc ir 1974 sugeested & thickness of 7.8 m. Tnis drillirc wes
ne r ricewinter 2t least sir weers &fte- the ice cover formez. Corsicer-
¢ tre cover hal consoiicatec to Some extent ang m2y heve bees erocec o0°
ourer somewt2t from the flow bens2th 1Y, the COrpé~isOr 2;Dears re2sor-
tie. Iv trs 2meé, tne dest esTr2te ¢f ne-.2'ue 0° the ice Tc mitIr the
cse-ver stzee wzs (L0C,

- ) oy

v »n
1 3 0'e

o

iv t%e Tow2" rezzres of the river, wnere the clcoe 18 much iess (C.000Z ver-
1.0328 &t Limestone ) anc velciitrer are lower, the observec stages were
T singlated with 2= revelue ¢’ tne ice at C,C)5 te C.C235. Here, tne sim-
TeI Le thuizrmest wat ne:” 7 v, but nr ice thnicknes:t measurementt were
¢ (rLozotentie’ €2m S'tEl.  RIm:zver, Y. w2t obvious fror tne appearance
ne vce coven (rel2Tiveily smozin so-face, no large pressure ridges) that
T w2y muih thimner thar ir tne steedsr reaches upstream,

v. Zov'ev, kzres Consulting Servicee Ltd,

Fgo Lumizmhsom with the investhcztior dess-ibec ir the last pEper (Gerarc
ci bri-er r2t you mentiorn whit reénge C€f rouchness vziue: were suscessfy’

> 3ctuty’
ves 2nrl the rie-ré
es ¢° &2Ir ¢ 1nos:
ez

wle” leve':,

#uNgT , nenle
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Reach 1 km 0 to 1l12.5 0.05 local steep rerch near estuary

Reach 2 km 12.5 to 52.7 0.015% thinnest ice cover, mildest slope of
the river

Reach 3 km 52.7 to 60 0.025

Reach 4 km 60 to 71.7 0.06

Reach 5 km 71.7 to 120 0.09 thickest fce cover, steepest slope

With regards to

used, where
u =
Ky =
tan @ =
Kj*tan ¢ = 0.1
K2 =

In celculating

8

Kj*Kp tan ¢ = 1.5
ratio of lateral stress in the ice cover to the stream-
wise stress

coefficient of friction of the ice

of the river, includes Limestone

site

ice strength, a Pariset and Hausser “u"-value of 1.5 was

coefficient of internal strength of the ice cover (rela-
tec to oevelopment of passive resistance of the fragmentec
ice mass)

tne inte-nel sirenzin o° the-ice cover the mathemztical model

uses
F £ Ko Pl )etlen
1CE ¢ \ -
T Y
whETE F1C€ = mExIruT 1CE strenctith
iy = QpEfines zLove
> = 1CE QENSIL)
c = wgter oensity (g'/g = C.82)
e = ezcceieration of gravity
2 = iCe thickness
) = widir of river 2t tnat lozation

Ferces treniferrec

1e *he tant are T2 zu 2tes from

Foam = @ fieKyjetan pt-0
WLESE . = force trensfer=es Tl ine "iver Dinns gver & cistance [
i = STIrEETe S SE STTESE 1N ILE COVET
Liewas § o= LU)E ‘2pocefanes 2nove,
% = ICE tricaness
z = lenzin 07 arZters . o° rmiver {ir the mooer T s o stence
PilesEr CrDe: sElTione!
THE s g8 TV poreitor g2 REoEsEe v TvEde Qi proee
BT & 2P wilaEr e £ =, BRCEn, BT CwE.EE 0V RNE
Ve TENLT G BEEt SULEMEE ©r S wlaziTUin BF LhE




D. Calkins, CRREL

Would you feel confident to apply the mathematical model to the nex: down-
stream power plant without doing a physical model also?

Reply by R. Carson

No. While mathematical modelling of ice processes is steacily improving, I
do not Dbelieve it 1is quite as good as pnysical modelling, whicn, when
properly constructed, operated and interpreted, can address tn-ee dimensior-
al fiow cha-acteristics. Tne enormous costs of construction of the large
coffercams anc structures on the Nelson River gives an ezongmic incentive 1o
use all of tne bes: techniques avzilable.



HANGING DAMS IN THE MANITOBA HYDRO SYSTEM

H.R. Hquer’ and R.R. Raban?

Abstract

The Manitoba Hydro system is primarily hyvdro-electric with its peak demand
in the coldest par. of the winter season. Unfortunately this time of the
vear is characterized by several hydraulically restrictive tvpes of ice
formetion including static ice, juxtaposition ice covers, ice jams, and
Lanping dams.

Tris paper discusses hanging ice dams ir the Manitoba Svster and the col-
lezzion of dsta relevant to the analyveir of their resistance to river
flow.

4 brief description it presentedc on ice cover developrent or the Lower
Keleon River which if attained by the formation of ice jamc and hanging

ca-rs.

L- - 1€ é of cfy) me2s: k e 1lv elami t
.= exa=r.e 1c¢ presentec ¢’ succescful mzasures taken tc virtuslly eliminate
ientiny ¢z formziiorn o~ & sencsitive reach of the Ecornitwsal Fiver neav

T-amnsor, Manitobz, where tne poiential steging could nct be tcierated.

: epecifyz nangping car ir the Upper NKelson River an? ite effect or the
riv-r sveler 15 discusse:,

2 f..)c progran underiaker 1o cefinc and monitor hangine édem formetior s

syemsoal, Tne methocde »f chiz.ningy cate, the eaquipmer: usel, &n? ine
rrotlens encountered are presentec for discussior &t the worwsher.
-
o8, Tuger e Lo jate. e o= TU.ew o Tindies, “anitobs




Introduction

The intent of this paper is to promote discussion on hanging ice dams and
the collection of data which are relevant to the analvsis of resistance to
river flow.

Manitoba Hyéro is monitoring and/or observing the process of freeze-up and
break-up over a large river system which could serve as a prototype for the
study of the resistance of ice to river flow.

The collection of field data is expensive, s0 it 1is essential that we
obtain and/or develop efficient ways of collecting relevant dats for the
analysis and understanding of the various phenomena of ice formazion and
break-up.

We, at Manitoba Hydro, are not research scientists nor is the corpora:iion
structured for research. However, in our dav-to-dzy operation we encounter
ice protlexs and the better our understanding is, the more successful our
operation becomes. Thus we invite sugpestions on data collection and its
interpretation, and are prepared to freely share for mutuzl benefit the
resultes of our work.

Ir. 196¢ wher the decisior war made to proceed with the hvdro-elertra:
development of the Churchill Nelsor river svstems (Figure 1), we ha® snme
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appreciation of the potential problems that might result from ice formation
and break-up but had no: undertaken a comprehensive analysis of potential
ice problems.

The concept of development visualized ten sites on the Nelson River and
four sites along the Burntwood River plus the regulation of Lake Winnipeg
and the diversion of a substantial flow from the Churchill River to the
Neison via the Rat-Burntwood river system. This development complex
include2 many different ice regimes, each with unique problems.

Lower Neison River

The Lower Nelson river contains a 140km reach that is an example of a wide
{1 000=) relatively shallow river where frazil ice is generated along its
entir: .ength (Figure 2). Tce cover is attained by the formation of ice
ijeme an’ hanging dams, their subsequent failure and reforming, with the
river chgnnel eventuslly becoming filled with ice accumulations 6m to 12m
thicv. There ar: four major power sites in this reach, two of which have
been built ané the cofferdam constructed for the third. River handling
during constructior. of the Kettle Generating Station is described in a2
paper by MacdonalZ eamd Kopper-. lce processes at the limestone site are
: paper - Simonser and Carsor<.

-

’
3]

Ses

sovrnswres Piver

Toi Yor=twnol FRiver 1< an example of & rerrow river which experienced
winter “iows in the order of 20 - 3L m>/¢ prior to diversion and 950 m”/s
zfrer liversiorn. 1: was imperative tha: before diversion we pair some

rov-..aticn of the behavior of thne waterway s¢ that adequate wmitigation
Fapc ras coulé be rave-,

S:v?ies unieriaver By Msanitobz Hvdro and consuliants)* jdentifiez probler
2re2c whick are dcocumented in unpublished reports. The most detsiled study
wa2¢ tha: carriec out by Crippen Acres Engineering for Manitoba Hydrc anc is

Seecrinel in & parer bv kopper, Simorser and Pouliers.

Tee f the areas cf concern war the react cf the river flowving past the
ts ¢! Thompsor (Tigure 3). It was predictes that & mzjor hanging dar

v oolF firr causing river stapes that were entirely unacceptable. The
= v_.vec laker - forecc this potentiz! danpe: inclucde the construction of
e 1 oc1v 1 o etrgctove @n’ the instellstion of ar ice boom at Manasan Falls

: Jonitdgnr ofF Thospedt. The «c:ructure cornsiste of two rock an?
&% ifwss ETOIRES lts purpoce if to increace the upstrear water Jleve!l
¢ vfic e-tiv tec promote fourmatior of & stable, ice cover behind the upstrear
.+ hie= g=Z thur elirinate the ice genersting reach cf oper water (Ses
T orirve -.. 4 Ceszrirniior of tne desipr and construction of the control
$TPiTiire L& CunlE.neC in & pa2per credavel bv Janzer anc Kuiukt.
*% &= L oy Mrlzee B2 Molellisn b pesotiaces
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The COrinawir bvpass charnel was constructed to supplement the capacity of
the Relsor River through the Kisipachewuk, Me:ichanais and natural Ominavin
chennels (T_gores T b E).  Jte incerporetion into the svetes has resulted
-ificen: increesse ir fiov &nf subseguent hanping dar formarion im
{minavin channel. fortunztely the resulting loss in Upper
5 v is parily corpenszted by the a2ccencizted increase ir flow
e:chaneic an: Kisgipachewul channels.

Jze for-etzorm in the Cminawir react has beer extremely variable over the
five wvear peviof cf Lske Winnipeg regpulstior.. /A henging cdar forme each
veer; put ite locstion zné rize changpes eact vinter. 4 tvpical example,
eyperiencel

¢uring the 1©€79/19B0 winter gezeon is chowr on Figure §. It
1 « alvanlsjecus to incorporate ice corirs! facilities or operating
terbricoes 1r reduce hanping dan formatior ir tris reach.

Veonitering Irerrar

vznitebe Eviro has implemented the foliowinp field program for the purpose

(5 rzaping came slong the Cnurchill kiver Diversior route:
gte sro:lI be obizined 2t ell appzrent henping €& iocationt.
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The measurementc required at each test hole are:

- Consolidated ice thickness,

- Heavy slush ice thickness,

= Light slush ice thickness,

- Snow cover thickness,

= Depth of water,

- Static water level and ice level,

=~ Water velocity profiles under the ice accumulation.

Water surface profiles are required from a point upstream to & point down-
strear of each apparent conmstriction. Measurements should be spaced at
150w to 500m intervals. Elevations should be taken at eack of the selected
ice survey sections.

Test sections shoulé be accurately referenced to existing cross sections
and gauges. Benchmarks should be established where profiles cannot be re-
lstec to known gauges.

Monitoring Froblems

Ve have not been &ble tec obtair meaningful measurements of slush ice den-
sity anc poresity. Success is limited mzinly because of the difficulzy in
obtainint unéisiurbed gamples. Wnern & sample is extracted its properiies
change a2lmos: immeiigleiv in the characteristic sub-zero weather. Trans-
ferring to insuliated containers further disturbs the samples and makes 2
realistic emeiveis difficult. Success ir obtzining densitv and porosity
messurenente ige further lirmited bv tne fact tha:t only the top laver of the
elush depoeit car be sarnled.

For praciica) reasons defimitiorn ¢f lce cenmsitv has been divided inmte the
followin; three cziegories.

"Coneolidated Jce" is identified e« the eo0lid surface lsver, vup tc twn
veires thick, which must be peneirated with #= ice auper. TneTe it nn frec
water in this laver. LUsuzlly tris surface lsver if rouvpt anf irrepuieT
with silt-like impurities the: tend to Cull aurer blade:.

eurfece ice. Trne thicinees ef
wvitt & speziel steel wrobe ¥
ineide for impect (Fipure 30). J: ie difficult te ddemify the [owes

n
L]

e

) eeoew
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L5 e I

1
Zery of the heavy slusn but it is cefined ef the peoint & wnich Lhe
Frebe no lonper har te be poundel througt thne scumuietion.
€efina? ¢
AT times
r¢ ©f reavy
gluf" lever
g T ETe 5%

R



3mm AIRCRAFT CABLE
on
10mm NYLON ROPE

(3]

m x 50em (7kg)
FIPE

6c 1
GALVANIZED

FIGURZ 1{ = PROBIL FOR PINITRATING SLUSF 1CI

Tnere is ofter & proller retrieving the probe throup’ the thicker deposits
cf ice hecause it tenrds o freeze in. 1In many cases the 3= sircrzft cable
uses tc suspend the probe has failed irn tensior curing retrieval attempts.

Snow ccover thickness measurements are straight forwaré with orly minor com=-
plicaticns introduce2 bv drifting and irregularity of the ice surface.
are otizined by lowering the prele tc the channe) bottor and
the conventiona. manner. Fivié crag ir fae: wsier sections
pll the w downstrea end will! somelimes resull in exag-
Usually this 1s z=ly & prriler in narrow deep
j S Ript velocities. Tnz free water
et imes €:ffacull te cefine because the
siuver depoeir if not caegllv idertifiel.

"

Sratic wzter level an? ice Jevel rmessurenenisn sre sirzigh:  forward to

3 re ie built ur jpresecre under the ice and & "blow
fieid staff te the
fziec ice laver ig
vr . Iw: metres ir heij .l
Tre 2sccciztec problems ars
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