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Design and Installation of two Permanent Booms at La Romaine-2 to resist
Ice, retain Debris and serve as Safety Booms.
Elie Abdelnour1, Razek Abdelnour2, George Comfort3 and Phong Tran4
1

2

3

Geniglace Inc., 120 Terence Matthews, Ottawa, ON, K2M 0J1
elie@geniglace.com

Geniglace Inc., 902-30 Berlioz Street, Montreal, QC, H3E 1L3
razek@geniglace.com

G. Comfort Ice Engineering Ltd., 2 Conacher Gate, Kanata, ON K2K 3H1
comfortga@gmail.com
4

Ingénieur, Hydro-Quebec, Montreal , Québec, Canada.
Tran.Phong@hydro.qc.ca

Two permanently installed debris booms were designed, constructed and deployed 70 km north
of Havre St. Pierre, Quebec for Hydro Quebec’s La Romaine-2 Project. The two booms were
installed on the Romaine River, one upstream of the water intake, and the other upstream of the
sluice gates, during the late fall and winter of 2013-2014. The purpose of both booms was
primarily to protect the two structures from wooden debris, especially during the flooding period.
The permanently deployed booms were also designed to resist the environmental conditions
including 1.2m thick ice, and act as safety booms to warn boaters away from the hydraulic
structures during the summer months.
This paper describes the procedures followed for the selection of the boom layouts, the
development of the scenarios of ice interactions and debris accumulations and the calculation of
the ice, currents, waves and debris loads on the booms. The selection of the required anchor
sizes, the anchor cables and pontoons sizes is also discussed.

1. Introduction
The La Romaine 2 Hydroelectric Dam was built on the Romaine River, and was completed in
late 2014. The Elevation of the river was well below 195m, the lowest anchor elevation of all
anchors. The reservoir elevation during operation is between 224.8m and 244.1m. The two
Booms were built on land at an elevation at least 40m below the operational level. When the
reservoir water level started to rise, both booms slowly floated and took the designed shape.
The first boom is located upstream of the spillway channel. The second boom is located
upstream of the water intake. The booms were designed to retain the wooden debris following
the water level rise, following the clear cutting that was done before the water level rise. They
are also designed to be navigation booms, as demarcation lines to provide safety. Figure 1 is the
general view of the reservoir with both boom locations.

Figure 1, the general layout of the Water Intake and The Spillway of Romaine 2 Hydroelectric
Dam.
2. Design Criteria
The booms were designed to take into consideration the following:
 The environmental conditions at each site:
o The flow rate and the associated current velocities and their distribution,
o The expected wind speed and direction.
 Resistance to the ice and debris forces generated by current and wind on the booms.








Visibility of the booms:
1. The freeboard of the pontoons had to be at least 30cm.
2. The space between the pontoons should be as small as possible.
3. The booms are designed as a deterrent, not as a physical barrier to the
public.
The booms should not allow the debris to pass downstream towards the spillway or
the water intake. They must also deflect the debris along the booms.
The boom at the water intake must resist the ice forces generated by currents and
winds for the maximum flow of the plant. The boom upstream of the spillway must
withstand the forces generated by a maximum flow in presence of an ice cover.
The booms must be designed to operate without incident and while fully retaining
the debris for a water level fluctuation range in excess of 20 m.
The booms must be designed to have minimal maintenance requirements. All
components are to be designed to minimize wear.

3. Environmental Conditions
3.1. Thickness of the ice cover in the reservoir
The ice cover reaches an ice thickness between 0.8m and 1.2m. During freeze up, ice may form
in larger thicknesses, if driven by wind towards the boom. During the breakup, the ice may be
driven by wind in different directions; as such the boom must be designed for all these scenarios.
3.2. Wind Speed and Direction
The wind considered for the design was obtained from an internal Hydro Quebec Report that
provides the 1:100 year winds. For ice and debris load calculations, a wind speed of 110km/hr
was used.
3.3. Debris Volume and Types
The kind of debris that will be drawn towards the booms at the intake and the spillway are
composed of:
 Dead Wood (120,000m3), left on the ground or still standing. Most of this wood will
float immediately when filling the reservoir.
 Living Wood (160,000m3) in the zone to be submerged in the reservoir. This wood
will be broken and/or torn during the first few years of operation.
It was estimated by Hydro Quebec that annually there will be approximately 20,000m3 of debris
that will reach the intake, and about 5,000 m3 to 10,000m3 that will reach the spillway. The
booms upstream of the spillway and the water intake are to retain the majority of debris. A small
percentage of debris may pass underneath the booms, when the wood becomes saturated with
water, especially in the presence of currents and waves.
4. The boom upstream of the spillway
The layout of the spillway boom was designed to be capable to float between the reservoir water
elevations ranging from 224.8m and 244.1m. The goal was to have the boom upstream from the
strong currents at these elevations so the current upstream of the boom would not cause the
debris to pass through the boom and into the spillway canal and the spillway.

The boom layout was developed to ensure that the debris would be retained and/or diverted
towards the reservoir banks as much as possible. The boom was placed a few hundred metres
away from the gates of the spillway so that the average current along the boom would remain
below 0.7m/s, which is the critical velocity at which the debris may begin to pass under the
boom. The currents were calculated for three water levels, 224.8m, 238.8m and 244.1m and for
the maximum expected discharge from 0 (at 224.8m elevation) to 2,976m3/s for 244.1m
elevation.
The boom was built with four spans. Figure 2 shows the arrangement of the boom. Each span
ranges between 74m and 105m in length. The total length of the boom was 370m. Up to 12
pontoons are attached to the span cable to resist the ice and retain the debris. As illustrated, the
layout changes are based on the water level. At low water level the span cables become slack
while at high water they stretch to reach a straight line and the boom retracts upstream from the
low water level by about 80m. Figure 3 shows the boom at about a 235m elevation.

Figure 2, The layout of the Spillway Boom at the La Romaine 2 Hydroelectric Dam.

Figure 3, The Spillway Debris Boom at about a 235m reservoir elevation (July 10, 2014).
The lengths of the anchor cables and side view of their projected lengths for three water levels
224.80m, 238.8m and 244.1m, are illustrated in Figure 4. The anchors at the shores of the
reservoir were drilled at 244.1m elevation to ensure that the debris would not pass around the
boom from the shores at all water levels.
Figure 4 also shows the resulting movement of the boom on the water surface when the water
level drops from 244.1m to 224.8m and a maximum of almost 40m.

Figure 4, The actual lengths of the spillway boom anchor cables for three water levels.
5. Forces applied by the ice on the Spillway Boom
The spillway boom is designed to withstand ice and debris for all possible water levels expected
during the reservoir filling and later during the operation of the dam. The maximum operating
level of 244.1m is the most critical. The minimum operating level is 238.8m. During the flooding
of the reservoir, an elevation of 224.8m had to be reached for any flow to occur at the spillway.

The force applied on the boom by the current and wind generated forces are calculated based on
a numerical model developed and calibrated by Abdelnour et al, 1993, 1995 and 1998. The
maximum load applied on the boom depends on several factors including the layout and
configuration of the boom, the effective area of the ice cover that transfers the environmental
forces on the boom, the surface and bottom roughness of the ice accumulation upstream the
boom, the average current, and wind speeds. The maximum ice force on the boom is given by:
FHt = (w + c) A
[1]
where:
FHt
= Total horizontal force acting on the ice cover
w
= Wind shear stress
c
= Current velocity shear stress
A
= Effective surface area of the ice cover affected by the current and wind
The shear stress generated by the current and the wind is:
t = w + c =  . Cdw . Vw2 +  . Cdc . Vc2
where:
t
= Total shear stress (w wind, c current)
Cd
= Drag coefficient (wind Cdw and current Cdc)

= Water and air density (air w et water c)
Vw, Vc = Wind and current velocities

[2]

The values of Cdw and Cdc depend on the roughness of the surface and bottom of the ice. The
value used for Cdw was 0.0033; and the value used for Cdc was 0.05, which is typical for a rough
ice surface (Michel, 1978).
The ice forces were calculated using the following inputs:
 The span width of the boom, including each span.
 The effective ice area; it was presumed to be a triangle with an apex angle of 20° for a
boom in a wide open area.
 The design wind speed used was 110 km/hr. The 100-year wind speed for the area was
less than 110km/hr.
 The average current velocity was calculated from the flow expected in the spillway canal
for all three water level elevations, 224.8m, 238.8m and 244.1m.
 The average current velocity, V, upstream of the boom site was calculated: V = Q / A,
where A is the cross section area below the 182m wide boom line and for the average
water depth for the water elevation. Q is the flow for that level (from Hydro Quebec).
The total load and the calculated line load are presented in Table 1. The maximum calculated
total load is 563kN and the line load is 3.1 kN/m.
Table 1, the ice forces calculated on the Spillway Boom for three water levels.

6. The boom upstream of the Water Intake
The layout of the Water Intake boom was designed to efficiently retain debris and withstand ice
forces for a maximum flow of 454m3/s and for all levels of operation from 224.8m and 244.1m.
As for the spillway boom, the boom layout was developed to ensure that the debris would be
retained and/or diverted towards the reservoir banks as much as possible. The boom was placed a
few hundred metres away from the intake trashracks so that the average current along the boom
would remain below 0.7 m/s, which is the critical velocity at which the debris may begin to pass
under the boom. The currents were calculated for two water levels, 224.8m and 244.1m and for
the maximum expected discharge of 454m3/s at all levels.
The boom was built with four spans. Figure 5 shows the arrangement of the boom. Each span
ranges between 54m and 105m in length. The total length of the boom was 323m. Up to 12
pontoons are attached to the span cable to resist the ice and retain the debris. As illustrated, the
layout changes are based on the water level. At low water level the span cables become slack
while at high water they stretch to reach a straight line and the boom retracts upstream from the
low water level by about 80m. Figure 3 shows the boom at elevation close to a 235 m elevation.

Figure 5, The layout of the Water Intake Boom at the La Romaine 2 Hydroelectric Dam.

The lengths of the anchor cables and side view of their projected lengths for two water levels
224.8m and 244.1m are illustrated in Figure 7. The anchors at the shores of the reservoir are
drilled at 244.1m elevation to ensure that the debris would not pass around the boom from the
shores at all water levels.
Figure 7 also shows the resulting movement of the boom on the water surface when the water
level drops from 244.1m to 224.8m.

Figure 6, The Water Intake Boom at about a 235m reservoir elevation (July 9, 2014).

Figure 7, the actual lengths of the water intake boom anchor cables for two water levels.
The ice forces were calculated using the same inputs of the spillway boom. The total load and the
calculated line load are presented in Table 2. The maximum calculated total load is 424kN and
the line load is 4.2 kN/m.
Table 2, the ice forces calculated on the Water Intake Boom for two water levels.

7. Debris loads on the booms
The loads applied by the debris on the booms increase with the size of the debris jam that
collects in front of the boom. Thus, in order to determine the debris forces, it is first necessary to
evaluate limits imposed by the boom size in relation to the available volume of debris. The
volume of debris expected every year at the water intake is 5,000m3 and at the spill way is
10,000m3, as defined in section 3.3. It was also presumed that debris would be removed
annually, and thus debris would not accumulate from one year to the next. In fact, recent
observations in late 2014 showed that the orientation of booms is helping to direct the debris
away from the dam without the need to remove the debris from upstream of the booms. This
happens when the wind blows from the northwest direction, it takes most of the accumulated
debris away, particularly at high water level. If the water level later goes down, the debris would
be deposited on the shores far away from the boom.
In the absence of restraint from the shorelines or other boundaries, debris driven towards the
boom by winds and currents can be expected to accumulate in front of the boom in a jam with a
triangular shape. Previous investigations (Kennedy, 1962b) have shown that, for a jam consisting
of pulpwood logs, the internal friction angle varies with the internal pressure of the jam as well
as the solids ratio. This suggests that a triangular-shaped debris jam, similar to the ice, is to be
expected in front of the boom. The apex angle of the debris jam will vary with the confinement.
For loose accumulations, it is expected to have an apex angle of about 20°.
The calculated load on the spillway boom is:
 The load applied by the wind: 1.05kN/m
 The load applied by the currents: 0.64kN/m
The calculated load on the Water Intake boom is:
 The load applied by the wind: 1.86kN/m
 The load applied by the currents: 1.48kN/m
The total combined load is 3.34kN/m. These forces are smaller than the force applied by the ice
and are an upper limit as it was assumed that the entire volume of debris will remain upstream of
the boom.
8. Selection of the pontoon sizes of the boom
Based on the resistance capacity required by the boom, two sizes were used, 24” diameter and
30” diameter. A model was developed to obtain the size of a pontoon that can withstand both the
ice and the debris forces (Abdelnour et al, 1995). The result of the calculations determined the
diameter and length of the pontoon necessary to resist the applied environmental forces. A
pontoon 30” in diameter, with 7.5m length, has a resistance capacity of 6.2kN/m, which is
4kN/m, more than the maximum load applied by the ice on the centre section of both booms. For
spans near the shores, the line load is much less, therefore 24” diameter pontoons were chosen.
Figure 8 shows the 30” diameter pontoons.

Figure 8, the size of the pontoons were similar, except the diameter was 24” for the side spans,
and 30” for the central spans.

9. The boom construction
The boom was constructed entirely on land, before the flooding of the reservoir occurred. The
anchors were drilled in the rock and grouted. Mobilisation of the drill was relatively difficult at
some locations due to the steep terrain and the presence of trees, rocks and branches. The
pontoons were transported one by one and attached to the span cables, which were already laid
down on the snow-covered ground. The pontoon chains were attached, forming a grill to retain
the debris.

Figure 9, Installation of the anchors at the spillway boom site.

Figure 10, The pontoons and chains that retain the debris, and the boom at the intake installed.

Figure 11, The spillway boom, days before the water level reaches the operation level.

10. The boom operation
The boom was completed in April 2014, two months before the flooding reached the booms. A
large amount of debris floated towards the booms, the spillway and the water intake. The debris
was retained as expected. The need for debris removal was not as important as expected since the
northeast wind transported most of the debris away from the booms. The booms resisted the ice
in winter 2014/15, a relatively cold year.

Figure 12, Debris at the spillway boom taken by the wind to a nearby bay.
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