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Two permanently installedebrisbooms were designedonstructedand deployed0 km north

of Havre St. Pierre, Quebdor Hy d r o  Q LaeRwmreané& $roject. The two booms were
installed on thd&RomaineRiver, oneupstream othe water intake, and the other upstream of the
sluice gatesduring the late fall and winter of 20214 The purpose ofboth boomswas
primarily to protect the two structures from woodksbris especially during the flooding period
The permanently deployethoons were also designetb resist the environmental conditions
including 1.2m thick ice, and act asfety boons to warn boateraway fromthe hydraulic
structuresduring 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 accumulatiotine ayadiculation 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.
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1. Introduction

The La Romaine 2HydroelectricDam was built on the Romairi@iver, and wascompleted in
late 2014 The Elevatiorof the riverwaswell below 195m, thelowestanchor elevatiorof all
anchors The reservoir elevatiorduring operationis between224.8mand 244.1m The two
Booms were built on land an elevation at last 40m below the operatianevel. When the
reservoir water level started to rise, both booms slowly floated and took the designed shape.

The first boom is located upstream of thpillway channel. The second boom is located
upstream of the water intak&€he 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 demartiagsrio provide safetyrigurel is the
general view of the reservoir with both boom locations.
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Figur ater Intake and The Spillw
Dam.

2. Design Criteria

The boons were designed to take into consideration the following:
i Theenvironmental conditions at each site:
o Theflow rate and the associated current velocities antheir distribution,
0 Theexpectedwind speed anddirection.
1 Resistaince tahe iceand debrigorcesgenerated by curreandwind on the booms



1 Visibility of the booms:
1. Thefreeboardf the pontoons had to be at least 30cm.
2. Thespace betweerthe pontoons should be as small as possible
3. The boons are designed as a deterrent, not as a physical barrier to the
public.

1 The boons should not allow the debris topassdownstream towards the spillway or
the water intake. They must also deflect thedebris along the boons.

1 The boomat the water intake must resist theice forces generated by currents and
winds for the maximum flow of the plant The boomupstream of the spillway must
withstand the forces generated by anaximum flow in presence of an ice cover

1 The boons must be designed tamperate without incident and while fully retaining
the debrisfor awater level fluctuation range in excess of 20 m.

1 The boons must bedesgned 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 &8 1.2m. During freeze yge may form
in larger thicknesss, if driven by wind toward the boom.During the breakup, the ice may be
driven by wind in differentlirections;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
providesthe 1:100 yeawinds. For ice and debris load calculatigres wind speed of1Ckm/hr
was used

3.3. Debris Volumeand Types

The kind of debris that will be thwn toward the booms at the intake and the spillwag
composed of:
1 Dead Wood (120000ms3), left on the ground or still standing. Most of thiswood will
float immediately when filling the reservoir.
1 Living Wood (160000m3) in the zoneto be submerged inthe reservoir. This wood
will be broken and/or torn during the first few years of operation.

It wasestimatecby Hydro Quebeahatannuallytherewill be approximately20,000n? of debris
that will reach the intakeand about5,000 m® to 10000n? that will reachthe spillway. The

boomsupstreanof the spillway andthe water intakeare toretain the majority of debrig\ small

percentage of debris mgassundeneaththe boons, whenthe wood become saturated with
water,especially in the presence airrents anavaves.

4. The boom upstreanof the spillway

The layout of thespillway boom was designed to lsapableo float between the reservouater
elevatiors ranging from 224.8m and 244n. The goal was to hatke boomupstreanfrom the
strong currats at these elevationso the current upstream of the boomould not causethe
debristo pass through the boom and into the spillway canal angpitiway.



The boomlayout was developedto ensurethat the debriswould be retained and/or diverted
towardsthe reservoibanks as much as possibléhe boom was placed few hundred metres
away from the gatesof the spillway so that the average curresibngthe boomwould remain
below 0.7mk, which is the critical velocity at whichthe debris may begin to passder the
boom Thecurrents werealculatedfor threewater levels2248m, 238.8mand2441m and for
the maximum expected discharg@m 0 (at 224.8m elevation) t@,976ni/s for 244.1m
elevation

The boomwas builtwith four spans Figure 2shows the aangement of the boonkachspan
rangesbetween74m and 105m in length.The total length of thdoom was370m. Up to 12
pontoons arettachedto the span cabl® resist thece and retairthe debris.As illustrated, the
layout changesire based on the water levelt low water level the span cablégcomeslack
while at high water they stretch to reach a ghigiine and the boom retraxtipstream from the
low water leveby about 80m Figure 3 shows the boom about a235m elevation.
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Figure 2,The layout of the Spillway Boomt the LaRomaine 2 Hydroelectric Dam.
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Fiéure , The Spllwa Debris Booat about 235mreseoire|evtion(Juy 10,014).

The lengths othe anchoicables andide view oftheir projectedengthsfor threewaterlevels
22480m 238.8mand 244.1m, are illustrated in Figure4. The anchorsat the shoresof the
reservoirwere drilled at2441m elevationto ensure that the debngould not passaroundthe
boomfrom theshoresatall water leves.

Figure4 also shows theesultingmovement of the booran the water surfacethen the water
level dropsrom 244.1m to 228mand a maximum of almost 40m.
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Figure 4, The actual lengths of thgillway boomanchor cables for three water levels.

5. Forcesapplied by the ice on the Spillway Boom

The spillway boom is designed to withstand ice and debris fopadlsiblewater levels expected
during the reservoir filling and later during tbheeration of thedam. The maximunoperating
level of 244.1m is the met critical. Theminimum operating level is 238.8uring the flooding
of the reservoir, an elevation 2248m had to be reached for aflgw to occuratthespillway.



The force appliedn the boomby thecurrent and wind generatéorcesare calculatedased on

a numerical model developeahd calibratedby Abdelnour et al, 1993, 1995 and 199&e
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 ¢rarisé environmental

forces on the boom, the surface and bottom roughness of the ice accumulation upstream the
boom, the avage current, and wind speed&e maximum ice force on the boom is given by:

Fre= (tw +tc) A [1]
where:
Fat = Total horizontaforce acting on the ice cover
tw = Wind shear stress
tc = 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:

tt:tw'l'tc:r.de.VW2+r.c:dc.Vc2 [2]
where:
tt = Total shear stressy(wind, tc current)
Cd = Drag coefficient (wind g and current )
r = Water and air density (aiky et waterr ¢)

Vw, Ve = Wind and current velocities

The values of & and G depend on the tghness of the surface and bottom of the ice. The
value used for g was 0.0033; and the value used far Was0.05, whichis typical for a rough
ice surface (Michel, 1978).
The ice forces were calculated using the following inputs:
1 The span width of thboom, including each span.
1 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.
1 The design wind speatsed wad10km/hr. The 100year wind speed for the areas
less than 110km/hr.
1 Theaveragecurrent velocity wasalculated fronthe flow expected in the spihy canal
for all three water level elevatiorizg24.8m, 238.8m and 244.1m
1 The average current velocity, V, upstream of the boom site alaslated: V= Q / A,
where A is the crassectiorareabelow thel82m wide boom lineand for the average
water depth fothewaterelevation Q is the flowfor that level(from Hydro Quebec
The total load and the calculated line load gresented in Table 1. The maximum calculated
total loadis 563kN and théine load is3.1 KN/m

Tablel, theice forces calculated on the Spillway Boom for three water levels.
Boom Winter Flow | Average | Apex | Effective | Wind Current Total Linear
Elevation | Maximum Depth | Angle| Area | Speed | Velocity Load Load

(m) m3/s (m) (Deg.)| (m?) | Km/hr (m/s) (kN) | (kN/m)
244.1 2976 30.0 20| 29896 110 0.5 563 3.1
238.8 1700| 24.7 20| 29896 110 0.4 333 1.8

224.8 0| 10.7 20| 29896| 110 0.0 119 0.7




6. The boom upstream of the Water Intake

The layout of theNater Intakeboom was designe efficiently retain debris and withstand ice
forcesfor a maximum flow of 454r4s and for dllevels of operation from 224.8m and 24¢h.

As for the spillway boomthe boom layout was developedio ensurethat the debriswould be
retained and/or diverted towards theae/oir banks as much as possible. The boom was pdaced
few hundred metreawayfrom theintake trashrackso that the average curraibngthe boom
would remain below 0.7 ns/which isthe critical velocity at which the debris may begin to pass
under the boomThe currents were calculated for two water levels, &24nd 2441m and for
the maximum expected discharge of 454nat all levels.

The boomwas builtwith four spans Figure 5 showshe arrangement of the boomach span
rangesbetween54m and 105m in lengthThe total length of théboom was323m. Up to 12
pontoons arettachedto the span cabl® resist thece and retairthe debris.As illustrated, the
layout changesre based on the water level. At low water level the span cablasmeeslack
while at high water they stretch to reach a gtialine and the boom retractipstream from the
low water leveby about 80m. Figure 3 shows the boom at elevation clos236 m elevation.
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Figure 5,The layout of the Water Intake Boaahthe LaRomaine 2 Hydroelectric Dam.



The lengths of the anchor cables ande view oftheir projected length®r two water levels
224.8mand 244.1mareillustrated in Figure/. The anchorst the shoresof the reservoir are
drilled at2441m elevatio to ensure that the debmsuld not passaroundthe boom from the
shoresatall water leves.

Figure 7 also shows the resulting movement of the boom on the water surface when the water
level dropsrom 244.1mto 2248m.

Figure 6, The Water Intake Boom at aba@35m reservoir elevation (July 9, 2014).
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Figure 7 theactual lengths of the water intake boom anchor cables for two water levels.

The ice forces were calculated using sheneinputsof the spillwayboom. The total load and the
calculated line load are presented in Tebl&dhe maximum calculated total load4284kN and
the line load igt.2 kN/m.

Table 2, the ice forces calculated on the Water Intake Boom for two water levels.



