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Requesting Organization – Joint Review Panel

Information Request No.: JRP.148

Subject ‐ Reservoir Preparation
References:
EIS Guidelines, Section 4.3.2.2 (Alternative Means of Carrying Out the Project), Section 4.3.4 (Project Description
– Construction), Section 4.5.1 (Environmental Effects) and Section 4.6.1 (Mitigation)
Related Comments / Information Requests:
CEAR # 277 (Fisheries and Oceans Canada)
CEAR # 278 (Memorial University of Newfoundland – John D. Jacobs)
CEAR # 285 (Hydro‐Québec)
CEAR # 289 (Innu Nation)
CEAR # 291 (Sierra Club Atlantic)
CEAR # 292 (Environment Canada)
CEAR # 307 (Government of Newfoundland and Labrador)
IR # JRP.6, 28, 33, 37
Rationale:
The Proponent has failed to adequately justify the proposed approach to reservoir clearing as required by the
EIS Guidelines and failed to provide all of the information requested by the Panel.
Section 4.3.2.2 of the EIS Guidelines requires the Proponent to “analyze and compare the design alternatives for
the Project in relation to their environmental and social costs and benefits, including those alternatives which
cost more to build and/or operate but which result in reduced adverse environmental effects or more durable
social and economic benefits” (p. 16‐17). Section 4.3.2.2 (a) further states that “a selection of reservoir
preparation strategies is necessary to address (…) concerns, including economic, technical and environmental
considerations which are to be evaluated in order to select and justify the proposed mitigation measures” (p.
17). Section 4.3.2.2 (g) states that the EIS “shall consider a selection of reservoir management strategies,
including consideration of scheduling/timing of filling, rate of flow release, and proposed mitigative measures
(…)” (p. 18). Section 4.3.4 (a) requires that the Proponent describe “(…) clearing and harvesting strategy and
methods (e.g. labour requirements, transportation to processing facilities) and methods for eliminating wood
debris” (p. 19).
Also, Section 4.5.1 requires a comprehensive qualitative and quantitative analysis of the predicted
environmental effects (positive and negative, direct and indirect, short and long term) on the VECs of each
project activity or proposed alternative. Finally, Section 4.6.1 states that the EIS “(…) shall identify and discuss
the proposed mitigation measures (…)”, and section 4.6.1 (d) requires a description of the approach to
determine, develop and maintain minimum flow requirements (…) including fish habitat maintenance (…)” (p.
36‐37).
The Department of Natural Resources (CEAR # 307) states in its review of the response to JRP.33 that since
Nalcor cannot “discuss this information request” or provide the information requested (various GIS maps
showing proposed infrastructure for reservoir clearing) until early January 2010, they cannot complete their
analysis of the adequacy of the reservoir preparation material until that time.
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Fisheries and Oceans Canada (DFO) determined that while the responses to JRP.28 are generally adequate,
additional information is still required. DFO states that in response to JRP.28 (a) “minor changes in timing [of
reservoir impoundment] can have significant implications for fall‐spawning fish species” (CEAR # 277, p. 3). The
preferred period for impoundment (August to October) extends over two seasons as defined by the Proponent
in its comparative analysis (June‐August and September‐October). However, the Proponent does not indicate
why these three months would be preferable to either July or November.
In its review of JRP.28 (c), DFO also stated that the mean annual flows in the Lower Churchill prior to the Upper
Churchill are significantly lower than the flows observed in the past 30 years and that the “[m]inimum flows
based on these lower flows would result in flows that have not been seen in the past 30 years”. DFO also
suggested that a compensation flow based on 30% of more recent mean annual flows would be “significantly
higher than the 500m3/s proposed” (CEAR # 277, p. 3).
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Requesting Organization – Joint Review Panel

Information Request No.: JRP.148

Information Requested:
The Proponent is asked to provide the following:
a. A cost‐benefit analysis of partial versus full clearing of the reservoir area;

Response:

The Reservoir Preparation Plan (Nalcor 2010), hereafter referred to as the Plan, is appended to this IR
Response. The Plan provides details and a full discussion of the reservoir preparation plan including
the selected clearing alternative. The cost‐benefit analysis conducted as part of the Plan includes
economic and environmental considerations of partial versus full clearing. The following provides an
explanation of the methodology and assumptions employed for conducting the requested cost‐benefit
analysis, and the resultant conclusions.
Costs
The costs associated with clearing are subdivided into three components:
•

Clearing costs (capital cost);

•

Debris Management (operating cost); and

•

Schedule premiums (the cost of delays to obtaining first power).

Each of these components is considered below.
Clearing Costs
The first step in estimating the cost of clearing is to define the clearing methodology. The clearing process is
defined as the cutting of trees within the areas designated for clearing and then transporting the trees to a
location above the flood line. Only trees that have been defined as merchantable timber will be cut and moved
above the flood line. Merchantable timber is defined as being 2.5 m or more in length with a top diameter not
less that 9.1 cm and being of generally sound condition (i.e. no sap rot and less than 1 percent butt rot). Tree
clearing will be completed with mechanical harvesters; removing the limbs and tops; using forwarders to move
the de‐limbed trees to the roadside; and trucking the logs to the nearest wood storage location. The tree tops,
limbs and other vegetation, along with smaller deadfall on the forest floor (larger deadfall will be mechanically
harvested where possible) is defined as non‐merchantable timber and this material will be mechanically
processed. The handling of this material is discussed further in response to IR# JRP148(b). Once the clearing
methodology was determined, the next step in determining the cost of clearing was to determine the total
volume of timber (both merchantable and non merchantable) that can be safely accessed, cleared and
processed. Information from the following sources was used for this evaluation:
•

LiDAR (Light Detection And Ranging) Survey and Orthophotography (2006);

•

Bank Stability Study (AMEC 2008);

•

Ecological Land Classification Study (Minaskuat 2008); and

•

Reservoir Preparation Study (Enfor 1998).
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The key outputs generated from the LiDAR and orthophotography included:
•

Digital Elevation Model (DEM) ‐ a grid‐based model of elevation values created from the actual
three dimensional location of each LiDAR data point;

•

Forest type and canopy cover;

•

Slope Analysis – a grid based model of topography created from the DEM;

•

One metre contour lines – lines of equal elevation (1 metre intervals) created from the DEM;
and

•

High resolution photography – provided a detail view of the ground/forest cover.

As part of the 1998 Reservoir Preparation Study (Enfor 1998), an inventory was undertaken to assess the total
volume of timber within the area to be inundated and adjacent to the new shoreline. For the forest inventory
study, the area adjacent to the new shoreline was defined as those areas with an elevation within three vertical
metres (m) of the full supply level (FSL). A limit on the horizontal distance that this area would extend from the
new shoreline was later applied (i.e., 15 m from the new shoreline). The purpose of the inventory was to
estimate the total timber volume within and adjacent to the expected flooded areas. The inventory followed
the sampling procedure set out by the Newfoundland Forest Service for district‐level forest management
inventories. Using aerial photography, the area was classified into:
•

Productive forest, consisting of various forest stand types;

•

Non‐productive forest; and

•

Other land classes.

The productive forest class was further delineated into stand types on the basis of tree species, total stand age,
and total tree height. The forest inventory data were geo‐referenced.
Several ground truthing exercises were conducted to confirm the above information. For example, for the
development of the forest inventory data, samples were collected from over 180 plots distributed throughout
the area to be flooded. Members of a Nalcor reservoir preparation task force also visited the area in 2009 to
confirm the accuracy of the forest inventory data. In addition, as part of on‐going consultation with the Forest
Services Branch of the Department of Natural Resources, the timber volumes are being further verified based on
data collected by the Department of Natural Resources. The results of this verification exercise are not
anticipated to change the overall result of the cost‐benefit analysis as the initial forest inventory data was
developed based on the methodology set out by the Forest Services Branch and incorporated data provided by
the Forest Services Branch.
To facilitate the determination of the volumes associated with the reservoir clearing strategy selected, three
reservoir zones were identified and evaluated (Figure 1):
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•

Ice Zone;

•

Stickup Zone; and

•

Flood Zone.
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Figure 1

Reservoir Zones

The ice zone is defined as the band or zone along the shoreline on both the north and south banks of the
reservoir between three metres above FSL (to a maximum of 15 m horizontally from the predicted new
shoreline) and three metres below lower supply level (LSL). For the Gull Island reservoir this zone is between
128 m above sea level (masl) and 119 masl. For the Muskrat Falls reservoir this zone is between 42 masl and
35.5 masl.
As shown in Figure 1, the stickup zone is defined as the area below the ice zone where the base of a tree is
below the ice zone; however, the top of a tree is sufficiently high to extend into the ice zone. These trees may
be partially submerged when the reservoirs are at LSL or may be fully submerged just beneath the surface of the
reservoirs. Trees in this zone can pose a hazard to navigation and may not be aesthetically pleasing. As well, ice
formation around these trees when the reservoir is at LSL could result in trees being uprooted as the reservoir
level rises which results in safety and navigation hazards.
The flood zone is the area below the stickup zone where the trees will be fully submerged after impoundment
and the depth of submersion is sufficiently below the LSL (minimum of 3 m) such that it will not pose a hazard to
navigation.
Full clearing would involve clearing of timber in all three zones, where it is safe to do so (slope ≤ 30%). Partial
clearing would involve clearing of timber in the ice and stickup zones only, where it is safe to do so (slope ≤
30%). The maximum slope upon which clearing operations could safely be conducted was lowered from the
preliminary criteria provided in IR# JRP 6. This refinement was due to additional information regarding
conditions in Labrador and equipment operation limitations gained through further analysis and discussions with
the Forest Services Branch.
Standard forest harvesting best management practices and mitigation strategies would be applied to either
clearing method to limit disturbance to the existing environment. For full clearing this would mean that a buffer
zone (15 m) of undisturbed vegetation would be maintained along all existing tributaries and the main stem of
the lower Churchill River to limit the potential for siltation resulting during pre‐impoundment runoff events. For
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partial clearing, this buffer zone would be maintained along tributaries within the flood zone but would be at
least 15 m along the main stem, and in most cases, much greater as it would consist of the entire flood zone
area, which would not be cleared.
The following steps were followed in conducting the timber volume analysis for the partial clearing alternative
to provide data on timber volumes and accessibility for each forest stand throughout the reservoir zones.
1. The first step in the process was delineation of the zones of analysis. Arcview GIS software (with Spatial
Analyst extension) was used to carry out the volume analysis. The ice zone polygon file was derived
from 1 m contour lines, and was defined as all areas from 3m below LSL to 3 m above FSL (to a
maximum of 15 m horizontally from the new shoreline). The stickup zone polygon file was derived from
LiDAR data and was defined as all areas below the elevation of the ice zone where tree tops extended
above the lower elevation limit of the ice zone.
2. The second step was to ensure that forest inventory data were available throughout the zones being
analyzed. The original forest inventory was extrapolated to the edge of the ice zone by reference to high
resolution digital orthophotographs in those areas where the original forest inventory did not extend
fully to the edge of the ice zone. In those areas where the forestry inventory data extended beyond the
upper edge of the ice zone, it was clipped to the edge.
3. The third step was evaluation of accessibility of forest stands within the zones. First, slopes were
calculated by reference to the LiDAR Bare Earth data, and then classified into accessible slopes (≤ 30%)
and inaccessible slopes (>30%). Forest inventory polygons were processed against the slope classes to
identify proportions of forest stands that were accessible which was defined as “local accessibility”. In
some cases, a forest stand, or part thereof, was locally accessible by reference to slopes within the
stand, but was not accessible because surrounding slopes prevented construction of roads into the
stand. This aspect of accessibility was defined as “global accessibility”, and was evaluated with
reference to the location of proposed access roads (which were located with reference to slope data
and analysis of zone polygons).
Based on this analysis, the timber volumes were determined and results are presented in Table 1. Based on the
timber volume estimates, a detailed cost was developed for partial clearing.
Steps 1 and 2 above, plus the global accessibility element of Step 3, were repeated for the full clearing option to
develop a preliminary estimate of timber volume. The local accessibility element of Step 3 was not performed
as based on its application to partial clearing, it was not expected to change the timber volume estimate
appreciably. In addition, some simplifying assumptions were made in the analysis of the full clearing alternative
as follows:
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•

While a complete inventory of timber volume was made for the full clearing option, the unit cost per
cubic metre of timber for full clearing was assumed to be the same as that for partial clearing. This
assumption is considered reasonable as there are no significant differences in conditions between
the areas to be cleared under full clearing and partial clearing.

•

No additional road construction or basic infrastructure would be required for full clearing. This
assumption tends to understate the cost of full clearing as, any requirement for roads or basic
infrastructure further increases the cost of full clearing.
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With these simplifying assumptions, the timber volume estimates were determined and the results are
presented in Table 1. Based on these timber volume estimates, the cost was developed for full clearing.
The results of this analysis concluded that full clearing would result in an additional capital cost of approximately
$200 million to the Project ‐ $150 million for the Gull Island reservoir and $50 million for the Muskrat Falls
reservoir.
Debris Management
From an operational perspective, the primary benefit of any reservoir clearing for the Project is to reduce the
amount of material that will contribute to trash and debris at the generating facility. Floating trees and
vegetation resulting from impoundment and reservoir stabilization during operations will move downstream
and collect at the intake and spillway structures of the generating facilities. This becomes an issue during
operations as trees, trash and debris builds up on the trashracks; reducing the available head and lowering the
efficiency of the generating facility. Floating trees and vegetation can also obstruct the proper operation of
spillway gates. Eventually the trash and debris will have to be cleaned from the intake facility and disposed of.
Full clearing will decrease the volume of trash and debris affecting the generating facility and associated debris
management costs. However as demonstrated in the following paragraphs this reduction is predicted to be
minimal.
The main zones contributing to trash and debris generation are expected to be the ice and stickup zones. By
definition, these are the zones that are subject to wind, wave and other natural erosion processes (such as ice)
during reservoir stabilization and operations. Timber located within the flood zone is expected to have minimal
contribution to trash and debris volumes. Once the reservoir is impounded much of the timber within the flood
zone will become water logged and will not float. As well, timber within the flood zone will be fully submerged
and will not be subject to wind and wave action or influenced by ice formation.
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Full

Partial
Full
Partial

Clearing
Option

3300

Area
Cleared
(ha)
1000
3800
1800
500

Additional
Clearing
(ha) 1
400
400
500
601

75

Volume Cleared (1000 m3)
Non
Merchantable
Merchantable
258
33
655
97
470
58

Volume Summary for Full versus Partial Clearing

676

291
752
528

Total

1000

Area
Uncleared
(ha)
8300
5500
2500
121

16

Volume Remaining (1000 m3)
Non
Merchantable
Merchantable
1113
170
722
107
251
33

138

1283
829
283

Total
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Note:
1
Limited additional clearing is expected to occur outside the reservoir zones, related to; habitat enhancement (e.g. related to hardwood habitat as described in IR#
JRP.102, access roads, and wood storage areas for both reservoirs. These activities are also reflected in volume cleared values.

Muskrat
Falls

Gull Island

Reservoir

Table 1
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Once safety and environmental constraints are applied (slope restrictions and buffer zone around water bodies),
the same volume of timber will remain in the ice and stickup zones, regardless of whether full or partial clearing
is carried out. If full clearing were to be implemented any additional clearing would only occur in the flood zone.
Based on experience on the Le Grand Project in James Bay (Societe d’Energie de la Baie James 1988), a high level
comparison of anticipated levels of debris (based on volumes remaining in the reservoir) and an associated cost
for debris management have been developed (Table 2). As shown in Table 2, regardless of the level of clearing
selected the anticipated difference in the volume of trash and debris will be minimal. The same basic level of
trash and debris handling equipment will be required regardless of the clearing option selected. The increase in
the cost of debris management under the partial clearing option due to the difference in the cost of handling the
small increase in trash and debris from the flood zone is predicted to be minimal.

Table 2

Cost Estimate Debris Management (Full Clearing vs Partial Clearing)
Clearing
Option

Reservoir
Gull Island

Muskrat Falls

Partial

Volume Remaining in
Zone (1000 m3)
Ice and
Flood
Stickup
466
817

Flood

Total

41

220‐506

Cost of Debris
Management
($50/m3)
(millions of dollars)
11.0‐25.3

Level of Debris Generated (1000 m3)
Ice and
Stickup
179‐465

Full

466

363

179‐465

18

197‐483

9.85‐24.15

Partial

112

171

43‐112

8

51‐120

2.55‐6.0

Full

112

26

43‐112

1

44‐113

2.2‐5.65

Because the difference in the cost ranges for partial and full clearing is negligible (i.e. the cost differential is not
large enough to influence the selection of the preferred option) it is not considered further in this analysis.
Schedule Premium
A detailed schedule for partial clearing based on the volume analysis has been developed. For partial clearing,
multiple work fronts and 24 hour a day operations will be required to ensure reservoir clearing is completed
prior to impoundment. As indicated in Table 1 of this response, full clearing will require the removal of almost
double the volume of timber as compared to partial clearing.
If full clearing were to be carried out prior to impoundment, given the limited area within which clearing
operations can be carried out, increasing crew and fleet sizes and the number of work fronts, are likely to
dramatically increase the unit cost of clearing operations. Alternately, interest during construction charges will
be incurred and revenue will be lost when in‐service for the facilities are delayed while full reservoir clearing
operations are completed. A $200 million dollar premium is considered to be an optimistic estimate of these
costs. These additional costs have not been included in this cost‐benefit analysis as the actual cost increases are
not known and expected Project revenues are preliminary. However, based on the final conclusion of the cost‐
benefit analysis that partial clearing is preferred, not including these costs would not change this conclusion and
would only reinforce the selection of partial clearing as the preferred option.
Benefits
There are both quantifiable and non‐quantifiable benefits associated with full or partial clearing. For example,
the recovery of merchantable timber is considered a quantifiable benefit, while safe navigation and
environmental benefits are considered non‐quantifiable, and both are important considerations in the
evaluation of these alternatives.
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Recovery of Merchantable Timber
The reservoir clearing process will result in the generation of a raw material widely used in the forestry industry
in the form of round wood logs. Consequently, the value of round wood logs has been selected as an
appropriate measure of valuing the merchantable timber volumes recovered for purposes of the cost‐benefit
analysis. As shown in the following paragraphs, the additional value of the merchantable timber made available
through full clearing is $17 million. If non‐merchantable timber could be converted to wood pellets for no
incremental cost, then an additional $3 million in value could be derived.
While the forestry industry has not been fully developed in Labrador, in an effort to identify parties interested in
the development of the forest resource in Labrador, the Newfoundland and Labrador Department of Natural
Resources has released an Expression of Interest with a close date of April 16, 2010 seeking proposals to develop
forest resources. In the absence of firm proposals to develop secondary processing for timber made available
from reservoir clearing operations, appropriate price references were sought.
Halifax Global Inc. noted in a 2006 report titled “Strategic Plan to Develop Labrador Secondary Manufacturing
and Value Added Wood Products Industry” that the cost of wood delivered from Labrador to Island pulp mills
was in the order of $70/m3, including roughly $20/m3 for barge transportation. The same report concludes that
the cost of transport from the harvesting site to Happy Valley Goose Bay is $9/m3 and harvester costs would also
include an administrative fee of $8/m3. If Newfoundland paper mills were prepared to pay $70/m3, then the
timber from reservoir clearing could be sold for $33/m3 (i.e., $70 ‐ $20 ‐ $17). It should be noted that the wood
referenced in the Halifax Global report was sold to the paper mill in Stephenville, which has since been shut
down because it was no longer competitive.
A more recent market reference can be found in the Q4 2009 “North American Wood Fiber Review,” which
reports that round wood sold at maritime Canada mills for an average of $96 per dry metric ton, or
approximately $50/m3 (North American Wood Fiber Review 2009). In this case, the cost at the clearing site
could be no more than $13/m3 to be competitive (i.e., $50 ‐ $20 ‐ $17).
The production of wood pellets for fuel is also an emerging market, and historically wood pellet facilities have
used waste material as feedstock. In many cases, this material is available for free or for a nominal cost.
Demand for wood pellets is growing, and the potential exists for a facility to pay as much as a paper mill would
pay for round wood. If this was the case, then a large scale wood pellet facility in Labrador could pay up to
$50/m3 for raw material. This establishes the value at $33/m3 (i.e., $50 ‐ $17).
The maximum price from these references is $33/m3. Based on this price and the volume of timber removed
the value of merchantable timber recovered is provided in Table 3.

Table 3

Value of Additional Recovered Timber (Full Clearing vs Partial Clearing)

Reservoir
Gull Island
Muskrat Falls

Clearing
Option
Partial
Full
Partial
Full

Note:
1
Based on a value of $33/m3at a storage site
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Volume Recovered
(1000 m3)
Merchantable
Non Merchantable
258
33
655
97
470
58
601

75

Value ($million)1
$9.6
$24.8
$17.4
$22.3
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Additional discussion on indirect job creation through the establishment of secondary wood processing is
discussed in the context of economy, employment and business in the following section.
Non Quantifiable Benefits
The following conclusions on environmental effects are based on the assumption that standard environmental
mitigation for forestry operations will be applied.
•

Atmospheric
In terms of potential environmental effects on the Atmospheric Environment during construction,
the partial clearing scenario is preferred. During the operations phase, the full clearing scenario is
predicted to result in a negligible decrease in atmospheric effects. Considering the potential
extended schedule requirements for full clearing which would delay offsets of Green House Gas
(GHG) emitting energy sources, partial clearing is preferred for the Atmospheric Environment.
Partial clearing would result in a decrease in fuel consumption and associated GHG emissions during
the construction phase as opposed to full clearing. Similarly, there would be a decrease in the
potential for generation of airborne dust.
To predict and compare GHG emissions from the reservoir during the operations phase for the full
and partial clearing scenarios, a Churchill River watershed carbon model was developed to consider
all major carbon stocks, processes and fluxes. This carbon model was based on the original volume
estimates for full and partial clearing prior to the safety and accessibility analysis. Based on the
revised timber volumes provided in the safety and accessibility analysis, the difference from the
original volume estimate was pro‐rated to estimate the associated changes to GHG emissions for
both the full and partial clearing methods. These values are provided in Table 4.

Table 4

Net Greenhouse Gas Emissions for the Project Using Intergovernmental
Panel on Climate Change (2003) Tier 3 Calculation Methods

Emissions Calculation
Method
IPCC Tier 3 Net Emissions
(Year 2 ‐ No Clearing)
IPCC Tier 3 Net Emissions
(Year 20 ‐ No Clearing)
IPCC Tier 3 Net Emissions
(Average –first 50 years ‐ No
Clearing)
IPCC Tier 3 Net Emissions
(Average ‐ first 100 years ‐ No
Clearing)
IPCC Tier 3 Net Emissions
(Year 2 ‐ Full Clearing)
IPCC Tier 3 Net Emissions
(Year 20 ‐ Full Clearing)
IPCC Tier 3 Net Emissions
(Average ‐ first 50 years ‐ Full
Clearing)

Electricity
GenerationA
(GWh/yr)
Gull
Muskrat
Island
Falls

Total Tonnes

Emissions per kWh

(CO2e/yr)
Gull
Muskrat
Island
Falls

(g CO2e/kWh)
Gull
Muskrat
Island
Falls

11,826

4,331

799,076

361,100

67.6

83.4

11,826

4,331

87,908

37,089

7.4

8.6

11,826

4,331

194,584

85,691

16.5

19.8

11,826

4,331

141,246

61,390

11.9

14.2

11,826

4,331

710,850

321,243

60.1

74.2

11,826

4,331

86,125

36,337

7.3

8.4

11,826

4,331

168,000

73,700

14.2

17.0
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Electricity
GenerationA
(GWh/yr)
Gull
Muskrat
Island
Falls

Emissions Calculation
Method

Total Tonnes

Emissions per kWh

(CO2e/yr)
Gull
Muskrat
Island
Falls

(g CO2e/kWh)
Gull
Muskrat
Island
Falls

IPCC Tier 3 Net Emissions
4,331
127,100
55,000
10.7
12.7
(Average ‐ first 100 years ‐ Full 11,826
Clearing)
IPCC Tier 3 Net Emissions
11,826
4,331
732,750
331,128
62.0
76.5
(Year 2 ‐ Partial Clearing)
IPCC Tier 3 Net Emissions
11,826
4,331
86,566
36,523
7.3
8.4
(Year 20 ‐ Partial Clearing)
IPCC Tier 3 Net Emissions
11,826
4,331
171,400
75,200
14.5
17.4
(Average ‐ first 50 years ‐
Partial Clearing)
IPCC Tier 3 Net Emissions
11,826
4,331
129,000
55,900
10.9
12.9
(Average ‐ first 100 years ‐
Partial Clearing)
Note:
A
Electricity generation was based on a generating capacity factor of 2,250 MW for Gull Island and 824
MW for Muskrat Falls, and an assumed capacity factor of 60 percent (Muller and George 1985)

As shown in Table 4 GHG emissions from the full and partial clearing scenarios are similar to one
another. The GHG emissions from the Project will be low regardless of the clearing option selected
(in relation to industry norms and in relation to the provincial, regional or national GHG emission
totals (CEA Agency 2003)) as the reservoirs’ configuration (deep and narrow) and location (northern
climate) are governing influences. As a result, the level of clearing implemented will have minimal
influence on overall levels of carbon degradation and GHG emissions. The predicted values of
emissions for the clearing scenarios are provided in Figures 2 and 3.

Gull Island Emission Estimates
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Figure 2
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Gull Island CO2e Emissions for Clearing Scenarios
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Muskrat Falls Emission Estimates
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Figure 3
•

Muskrat Falls CO2e Emissions for Clearing Scenarios

Fish and Fish Habitat
During the operations phase of the Project, environmental effects from reservoir clearing on Fish
and Fish Habitat will be the same regardless of the selected clearing option. Once impoundment
occurs the fish habitat within the existing tributaries below the full supply level will be inundated.
However, during the construction phase partial clearing is preferred.
Forest cover is important for the protection of Fish and Fish Habitat. The shading provided by
riparian vegetation and the buffering offered by forest cover adjacent to rivers and streams helps
regulate water quality and temperature through reduction of soil erosion, and moderates water
level changes during periods of high run off (Scruton et al. 1997). The tributaries flowing into the
Churchill River are important habitat supporting both resident fish populations and the recruitment
of fish populations for the main stem of the Churchill River. It is important to maintain the existing
productive capacity of the tributaries to contribute to the successful population and productivity of
the newly‐created reservoirs which will include engineered fish habitat. During the construction
phase it is important to protect Fish and Fish Habitat during the period of time between when
reservoir preparation begins, and impoundment occurs.
While both full and partial clearing alternatives include a buffer zone of undisturbed vegetation to
remain adjacent to all water‐bodies, only partial clearing includes extensive forest cover to remain
throughout the flood zone below the LSL which is of benefit to protecting fish habitat during the
construction phase. The summary in Table 1 shows substantially larger areas of uncleared forest
habitat to remain in both Muskrat and Gull Island reservoirs as a result of partial clearing. The
additional buffering capacity of this forest cover should help maintain more stable banks and
minimize the amount of exposed soil that would be subject to erosion during the construction
phase.
During the construction phase, full clearing is expected to have greater adverse effects on fish and
fish habitat because the potential for erosion is substantially increased as a result of timber removal,
JOINT REVIEW PANEL – IR# JRP.148
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on‐site mulch disposal and the exposure of mineral soils to run off events. In addition, while full
clearing includes a relatively small increase in new access roads (5%), there are extensive skidder
and harvester trails required within the flood zone. The resulting increased erosion may lead to
increased sedimentation and nutrient loading of water‐bodies that could adversely affect water
quality through increased turbidity and decreased dissolved oxygen levels, particularly in smaller
tributaries. Given that reservoir preparation is expected to occur over several years, certain sections
of fully cleared lands may be left exposed to erosion and severe run off events for extensive periods
of time, which will increase the likelihood of degradation of fish habitats prior to reservoir
impoundment.
•

Terrestrial Environment
With respect to the Terrestrial Environment, the presence of the reservoirs and surrounding
vegetation will be similar with either of the clearing scenarios post‐impoundment. However, several
species of wildlife could have different abundances and distribution, in the years following the
formation of the reservoirs depending upon whether full or partial clearing is implemented. Of
particular importance for this comparison are those species with a relatively limited range within
riparian habitats (e.g., wetland sparrows) and/or those that occupy riparian habitats seasonally (e.g.,
moose).
The preferred alternative of partial clearing was selected, in part, due to the ability to leave
important refugia such as existing riparian habitat in place while areas are being cleared to allow
new riparian habitat to establish above the FSL post impoundment (Figure 1). The progress of the
riparian habitat development will vary from approximately 2‐7 years (from the start of reservoir
clearing until impoundment) and thus offer varying degrees of suitable alternative habitat during
this time frame. The removal of forest cover (up to 15 m from shoreline) in the full clearing scenario
may result in a greater loss of habitat at the earlier stages of the Project, displacement of wildlife,
and lowered abundance through decreased productivity and increased mortality through predation
and hunting. While these Project effects will also occur with the partial clearing scenario, the
magnitude would be less than with the full clearing scenario.

•

Economy, Employment and Business
Reservoir clearing activities will create economic, employment and business opportunities. These
benefits will be realized for either clearing option, with a greater increase and/or longer duration
associated with full clearing. However, regardless of the clearing option selected, local businesses
and services will benefit through provision of required materials and services.
As presented in the response to IR #JRP.6, the estimated employment associated with full clearing
will be 20% greater than that for partial clearing. Full clearing will provide an estimated 1,580
person‐years (approximately 160 average person‐years annually) of employment as compared to an
estimated 1,300 person‐years (approximately 130 average person‐years annually) of employment
associated with partial clearing.
In terms of indirect benefits from reservoir clearing, Nalcor Energy is fully engaged with the Forest
Services Branch and is fully committed to supporting their efforts in developing secondary wood
processing in Labrador regardless of the clearing option selected. To this end Nalcor Energy will be
working with the Department in the current request for Expressions of Interest (EOI) for secondary
wood processing in Labrador. Nalcor Energy will meet with potential wood processors to provide
information on the volumes of timber cleared and the location of material.
The labour force requirements for secondary processing will become available upon finalization of
the EOI process. Employment will increase for either clearing option, with a greater increase and/or
longer duration associated with full clearing as full clearing would provide more raw material.

PAGE 14
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However, implementing the partial clearing option would not preclude clearing of additional
material within the flood zone by a secondary wood processor, prior to impoundment, provided
safety and Project schedule are not compromised. This activity would also be facilitated by the
Project as harvesters would have access to roads and bridges constructed for reservoir clearing.
•

Communities
Regardless of the selected option (full vs. partial clearing), clearing activities will result in negligible
increased demand on infrastructure and services over the duration of clearing activities. Clearing
activities will be limited to within the Project area, with limited use of the Trans Labrador Highway
or other infrastructure.
In terms of Community Health, clearing of the reservoir has the potential to modestly reduce peak
fish mercury levels in fish, by reducing decomposition rates and the associated production of
methylmercury (MeHg). However, regardless of whether full or partial clearing is implemented
reservoir clearing will result in effectively the same modest reductions (within the level of accuracy
possible for predictions) in peak fish mercury concentrations (as compared to peak mercury levels
calculated for a no clearing scenario), on the order of 10% for full or partial clearing.
The primary cause of increased MeHg levels in new reservoirs is increased decomposition in flooded
areas, resulting in more activity by microbes that methylate mercury. The ecosystem becomes more
efficient at converting inorganic mercury into MeHg. Estimates of readily degradable carbon pools
in vegetation and soils can be used to provide estimates of the potential for reservoir clearing to
mitigate increases in decomposition and associated increases in fish mercury levels. For the Lower
Churchill Project, estimates of GHG emissions (tonnes CO2e/yr) have been made for scenarios with
no clearing, partial clearing and full clearing (Table 4). These differences in estimated GHGs were
used to approximate differences in peak decomposition and MeHg production rates. For the
purposes of this estimate, GHG estimates for Year 2 (post flood) were used as an indicator of peak
rates of decomposition and peak fish MeHg levels that would follow. With no clearing, emissions
are estimated to be 1,160,176 tonnes CO2e/yr for the combined reservoirs (799,076 Gull Island,
361,100 Muskrat Falls). With full clearing, emissions are estimated to be 11% lower than no
clearing in Year 2. With partial clearing, emissions are estimated to be 8% lower than no clearing in
Year 2. Thus reservoir clearing is predicted to result in a modest reduction in peak fish mercury
concentrations, on the order of 10% for full or partial clearing as compared to peak mercury level
concentrations for no clearing.

•

Cultural Heritage Resources
The effect of reservoir clearing on Cultural Heritage Resources will be the same regardless of
whether full or partial clearing is selected.
Historic and Archaeological Resources will be recovered through 1) systematic data recovery (SDR),
2) additional field recording (AFR), and 3) systematic field recording and subsurface sampling (SFR
and SS) (Section 6.5.5.1 of Volume III of the EIS; Table 6‐3 of Volume III of the EIS). The locations of
these sites have been identified, and will be recovered regardless of the clearing option
implemented. In addition, a Historic and Archaeological Resources Contingency and Response Plan
will be in place so that all Project personnel are aware of the procedures to follow if Historic and
Archaeological Resources are discovered inadvertently during Project construction or operation and
maintenance (Section 6.7 of Volume III of the EIS).

•

Land and Resource Use
Regardless of the clearing option selected, the same level of navigability will exist on reservoirs. By
definition, the ice and stickup zones will be the main areas in the reservoir that will contribute to
JOINT REVIEW PANEL – IR# JRP.148
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floating trash and debris during operations. Once safety and environmental constraints are applied,
the same areas will remain uncleared in the ice and stickup zones regardless of the clearing option
selected. The trees in the flood zone will have small contribution to floating trash and debris as
shown in Table 2. As well, by definition, trees in the flood zone are sufficiently submerged below
the low supply level as to not be a hazard to navigation.
Cost‐Benefit Summary
A summary of the incremental costs and benefits for full clearing is provided in Table 5. Incremental costs and
benefits are provided due to the commercial sensitivity of the capital cost estimates for partial clearing.
Table 5 – Summary of Cost‐Benefit Analysis of Full versus Partial Clearing
Consideration
Capital Cost
Operating Costs
Schedule Risk
Merchantable Timber Recovery

Partial Clearing
Baseline
Baseline
Baseline
Baseline

Non‐Merchantable Timber
Recovery

Baseline

Atmospheric Emissions

Baseline

GHG Emissions
Aquatic Habitat

Baseline
Baseline

Terrestrial Habitat

Baseline

Economy, Employment, and
Business
Communities

Baseline

Cultural Resources

Baseline

Land and Resource Use

Baseline

Baseline

Full Clearing
Adverse. Full clearing will increase clearing costs by $200 million
Negligible difference
Not quantified, but adverse.
Positive. Full clearing will harvest additional merchantable timber
with a value of $17 million
Positive. Full clearing will harvest additional non‐merchantable
timber with a potential value of $3 million if converted to wood
pellets
Adverse. Vehicle emissions and dust will be greater than with
partial clearing because of increased transportation requirements
and additional road traffic.
Similar to baseline
Adverse. The larger clearing area removes buffer areas adjacent
to habitat.
Adverse. Full clearing removes a refugia area during construction.
Full clearing also increases the potential for erosion from the flood
area and sediment deposit into the river during the construction
period.
Positive. Employment is 20% greater than for partial clearing.
(Refer to response for IR#JRP.6)
Neutral. Community health effects are neutral as methylmercury
concentrations are similar for both full and partial clearing.
Neutral. Sites locations have been identified and will be received
recovered in both scenarios
Neutral. River navigability will be maintained in both the full and
partial clearing scenarios.

The incremental economic cost of full clearing over partial clearing is ten times the value of the economic
benefit derived. In considering environmental effects, the biophysical effects of full clearing are all adverse. The
full clearing alternative also introduces considerable cost and schedule risk for the Project which have not been
factored into the analysis, but if they were they would reinforce the conclusion that partial clearing is the
preferred clearing alternative.
It should also be noted partial clearing makes a substantial amount of timber available for other uses, which
could be the catalyst for some secondary forestry industry in central Labrador. In the event that timber in the
flood zone is usable by a third party, Nalcor Energy will cooperate to facilitate the utilization of the timber by the
third party.
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To summarize, the economic cost of clearing the additional timber in the flood zone far outweighs its value as a
resource, and environmental effects are generally adverse. As a result, on the whole, the costs of full clearing
significantly outweigh the benefits.
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Requesting Organization – Joint Review Panel

Information Request No.: JRP.148

Information Requested:
The Proponent is asked to provide the following:
b. Additional information on the preferred options for storage and eventual disposition of merchantable
timber and identification of the preferred option for disposal of slash and implications on methyl
mercury, along with a discussion of the advantages and disadvantages of this approach;

Response:
The preferred option for storage and eventual disposition of merchantable timber is to move the timber to an
accessible designated pile down area, consistent with Provincial regulations. These designated wood storage
sites will be lay down areas and will be located within the Project area, above the FSL of the reservoir. Although
the preliminary locations of the wood storage yards have been determined, the locations will be finalized in the
detailed design phase. The preliminary locations are included in the Reservoir Preparation Map Book which is
included as part of this response as an attached report (Nalcor, 2010).
This merchantable timber will be available for removal by a secondary wood processor. Pre‐impoundment,
these areas could be accessed via the reservoir clearing roads. Post‐impoundment, a secondary wood
processor, or other land and resources user, could access these areas via a barge (the water velocity on the
reservoir will be lower than the river velocity pre‐impoundment, thus allowing safe access by barge); in winter
via snow roads; or over the stable ice cover that will form on the reservoirs. The provision of access
infrastructure post impoundment would be the responsibility of the wood processor or land and resource user.
Beyond the access roads that will be constructed for the purpose of reservoir preparation, additional access will
not be provided by Nalcor Energy.
The preferred alternative for disposal of slash (non‐merchantable material) is mulching. However, burying of
non‐merchantable timber may be carried out in select areas where there is excessive windfall on the forest
floor. The locations of these areas will be determined during reservoir clearing operations. Mulching will not
require material to be gathered up and transported to collection points and will minimize the amount of non‐
merchantable material that could interfere with the operations of the generating facility post impoundment.
Mulching will be done with a large, purpose built disc‐type hammering device to break up the woody material so
that it will lay flat on the forest floor and tend to become water logged from rain and snow cover which is
expected to accelerate the rate of decomposition. The time between mulching and impoundment will be 1‐2
years at a minimum and will be in the range of 2‐6 years in the majority of the cleared area.
The implication of the selected method for the disposal of slash on methylmercury is small as it was estimated
that this material will account for less than 4% of the total amount of material contributing to methylmercury
creation, based on the following:
•
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As stated in IR# JRP.148a the primary cause of increased methylmercury (MeHg) levels in new
reservoirs is increased decomposition in flooded areas, resulting in more activity by microbes that
methylate mercury. The presence of readily degradable carbon pools in vegetation and soils
contributes to increases in decomposition and associated increases in fish mercury levels. However,
the portion of the carbon pool in vegetation (both merchantable and non merchantable) is lower
than the portion in the soil. In a study conducted by Hydro Quebec in 2007 (Hydro Quebec, 2007)
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vegetation accounted for 13 to 22% of the initial pool of degradable carbon, leaving 78 to 87% in the
soil layer;
•

In cleared areas, merchantable timber will account for almost 90% of the vegetation present (and a
similar portion of the degradable carbon) and will be removed;

•

Of the 10% vegetation remaining (i.e. non‐merchantable timber) it was assumed that all of this
material would decompose in the early years after flooding. The total volume of cleared non‐
merchantable material for Gull Island and Muskrat Falls reservoirs is 91,000 m3 for the partial
clearing scenario. It was estimated that this volume would contain roughly 41,000 tonnes of
carbon. This mass of carbon, if fully decomposed, is approximately 4% of the estimated 1,063,878
tonnes CO2e/yr for the combined reservoirs and would represent a similar portion of it’s overall
contribution to peak mercury levels;

•

In addition, some of the non‐merchantable material included degradable carbon estimate will be
above the FSL and will not actually be a source of degradable carbon in the reservoir; and

•

Mulching of non‐merchantable material from 2 to 6 years prior to flooding will also result in a
portion of this carbon pool decomposing prior to flooding. Pre‐flood decomposition would not
contribute to increases in fish mercury levels.

Overall, it was concluded that the method of disposal of cleared non‐merchantable material will not have a
significant effect on fish mercury concentrations. Other advantages and disadvantages of mulching as compared
to other methods of disposing of slash are summarized in Table 1.
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If slash were to be removed above
the flood line a fire hazard may be
created in the dry summer season
(due to the piling of slash in
windrows). If forest fire were to
occur air quality would be affected.
The removal of slash to above the
flood line would result in a
decrease to GHG emissions from
the reservoir during operations but
this amount would be small in
relation to the total GHGs.

Atmospheric
Effects
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Removal could be accomplished if
the material was bundled. This
would not be economically feasible
unless a secondary wood‐processor
were to undertake this exercise as
part of a wood pellet operation.

Removal Above the Flood Zone
Removal of slash from the flood
zone would involve transporting it
over long distances to prepared pile
down areas. To collect slash and
move it would be very difficult, and
not technically feasible.

Approach
Burial
Burning
The large scale burying of slash On other projects there were problems
with trying to burn slash. Excessive
is not a technically feasible
precipitation and humidity made
option because it would
burning difficult and created a fire
require a major collection
effort to minimize the ground
hazard when conditions were ideal for
burning. Burning only reduces the
disturbance. Small scale
biomass to one third its volume; the
burying of slash may be a
remaining biomass would still need to
technically feasible option in
be buried.
areas where slash is excessive.
Due to irregular ground
Burning is economically feasible.
conditions and, based on the
field visit conducted in October
2009, there are extensive areas
of wind fallen trees. As a result,
burying this material would
require moving substantial
volumes of additional material
and would not be economically
feasible. Small scale burying of
slash may be an economically
feasible option in areas where
slash is excessive.
Burning will lead to increased air
Atmospheric emissions and
emissions from the Project due the
GHG emissions from the
burning of the material and will
Project would not increase,
increase the potential for a forest fire
provided that the bottom of
and the associated emissions.
the reservoir allows for wood
waste to be buried sufficiently
deep to induce anaerobic
conditions and to adequately
reduce soil oxygen content.

Comparison of Approaches for Disposal of Slash

Economic
Feasibility

Technical
Feasibility

Consideration

Table 1
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Similar to mercury the main
source of decomposition (and
GHG emissions form the
reservoir) is the soil. The
additional GHGs from the portion
of mulch that that is submerged
and has not decomposed mulch
would be small in relation to the
total GHGs.

Mulching
The preferred alternative is
mulching. Mulching is
considered the most technically
feasible approach, since material
collection will not be required,
and will minimize the amount of
slash that will become a problem
as the mulch will not float after
impoundment (Nalcor, 2010).
Since material collection will not
be required mulching is also
considered the most
economically feasible approach.

Terrestrial
Effects

Aquatic
Effects

Consideration

The removal activity would cause a
certain level of human, noise and
other disturbance. There would be
some additional disturbance to
wildlife species due to the storage
of areas. There are no biophysical
advantages in terms of nutrient
cycling or other ecological
considerations with removal as
opposed to the other alternative to
handle slash.

Removal Above the Flood Zone
The removal of slash above the
flood zone would reduce woody
debris within the reservoirs. While
the volume of water through the
reservoirs limits the potential for
anoxic conditions to occur, any
remaining material will slowly
decompose and could potentially
depress oxygen concentrations
within deeper portions of the
reservoirs.

Burial would occur within the
area of the inundation and
hence not result in additional
disturbance beyond the
physical footprint of the
Project. However, the burial
option does not allow for any
return of nutrients and organic
material to the forest
ecosystem.
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Mulching
During the operations phase of
the Project, submerged mulched
material would continue to
decompose and interact with the
aquatic environment. During
operations decomposition of
material within the water column
would utilize dissolved oxygen
and potentially decrease its
bioavailability. Given the water
volume of the proposed
reservoirs, as well as the high
flushing rate, the limited quantity
of mulch decomposition is not
expected to change water quality
throughout the reservoir, and
any reduced dissolved oxygen
which may develop is likely to be
localized and temporary.
Mulching would occur primarily
within the area of inundation. As
the material would be left in
place within the area to be
impounded, there would be no
biophysical advantages in terms
of nutrient cycling or other
ecological considerations with
mulching as opposed to the
other alternatives to handle
slash.

JOINT REVIEW PANEL – IR# JRP.148

Burning would occur within the area of
the inundation and hence not result in
additional surface disturbance
although emissions and the potential
for uncontrolled fire would increase.
As the ash material would be left in
place, there would be limited
opportunity for the return of nutrients
and organic material to the forest
ecosystem.

Approach
Burial
Burning
There would be no increase to
Burning slash would not increase
aquatic effects from the
aquatic effects from the Project.
Project provided that erosion
control is implemented where
there is any risk to soil cover,
and burial depths are adequate
to prevent oxygen depletion of
sediments.
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Socio‐
Economic
Effects

Consideration
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Removal Above the Flood Zone
If the slash was collected by a
secondary processor, there would
be socio‐economic advantages for
removal of slash as a result of
increased indirect employment.
The remainder of the socio‐
economic effects would not likely
be measurably different regardless
of the disposal method selected for
slash.

Approach
Burial
Burning
For the burning option slash would not
For the burial option slash
would not be available for use
be available for use by a secondary
wood processor. The remainder of the
by a secondary wood
socio‐economic effects would not likely
processor. The remainder of
be measurably different regardless of
the socio‐economic effects
would not likely be measurably the disposal method selected for slash.
different regardless of the
disposal method selected for
slash.
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Mulching
If the mulched material is
collected by a secondary
processor, there would be socio‐
economic benefits as a result of
increased indirect employment.
The remainder of the socio‐
economic effects would not likely
be measurably different from
those assessed in the EIS.
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Requesting Organization – Joint Review Panel

Information Request No.: JRP.148

Information Requested:
The Proponent is asked to provide the following:
c. A copy of the referenced report and material being prepared for the Department of Natural Resources
on the preferred disposal methods and the environmental effects of burying wood waste as opposed
to removing it from the site;

Response:
A copy of the referenced report is attached and includes a discussion of the preferred disposal methods for
wood waste and the associated environmental effects. Due to the commercially sensitive nature of contracting
information and detailed cost estimates these appendices have not been provided the attached report.
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PAGE 23

INFORMATION REQUESTS RESPONSES| LOWER CHURCHILL HYDROELECTRIC GENERATION PROJECT

Requesting Organization – Joint Review Panel

Information Request No.: JRP.148

Information Requested:
The Proponent is asked to provide the following:
d. Copies of the GIS maps showing proposed infrastructures for reservoir clearing;

Response:
Copies of the GIS maps showing proposed infrastructure for reservoir clearing have been provided as part of this
response.
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Requesting Organization – Joint Review Panel

Information Request No.: JRP.148

Information Requested:
The Proponent is asked to provide the following:
e. A more detailed description of the effects of impoundment on fish and fish habitat by individual
month. If the Proponent is committing not to carry out impoundment during certain months, these
may be omitted;

Response:
The optimal timing of impoundment would begin in August prior to most spawning of fall spawning species.
This would minimize disturbance and maintain sustainable fish populations by protecting as many life‐cycle
stages as possible both within and downstream of the reservoirs. A compensation flow of 30% Mean Annual
Flow (MAF) will be provided to maintain downstream fish habitat during impoundment for fish to spawn and
eggs to develop. With initiation in August, it would be anticipated that impoundment of Gull Island reservoir
would be completed by October. Muskrat Falls reservoir would be impounded much quicker and would likely be
completed by September. Provided below is a description of the effects of impoundment on fish and fish
habitat for fish within and downstream of the reservoirs.
The goal of minimizing disturbance and maintaining sustainable fish populations by protecting as many life‐cycle
stages as possible during impoundment was incorporated into the development of the most effective timing of
impoundment. While the information request relates to a description of the effects of impoundment on fish
and fish habitat by individual month, the potential effects are relative to life‐cycle stage and the time period(s)
associated with each. Therefore, the detailed description provided below is based on the various fish life‐cycle
stages, described with a monthly breakdown where it assists in the description.
The primary parameters that will affect fish and fish habitat during impoundment are:
1. The length of time required to fill the reservoirs (and hence the length of time at downstream
compensatory flows); and
2. The potential effect on sensitive fish life‐cycle stages.
The preferred inundation schedule from an aquatic effects perspective and disregarding other technical,
economic and environmental considerations would be one that minimizes both of these potential effects listed
above to the extent possible, both downstream and within the reservoirs.
The four fish life‐cycle stages used by Fisheries and Oceans Canada (Newfoundland Region) are spawning,
young‐of‐year, juvenile and adult (see Grant and Lee 2004). As stated in IR response IR# JRP.28, non‐mobile life‐
cycle stages would be most susceptible to effects related to inundation as they cannot respond to habitat
reduction/dewatering. Table 1 presents a monthly summary of interactions of sensitive fish life‐cycle stages to
reduced river flow during impoundment. In general, the most sensitive life‐cycle stages are those that are non‐
mobile, associated with spawning (i.e., egg incubation/development and hatching) that cannot react to changes
in water levels and/or flows. The extent of the effect on these stages are more sensitive downstream of the
reservoirs, as eggs that are incubating within the reservoir footprint will not be dewatered during inundation.

JOINT REVIEW PANEL – IR# JRP.148
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Table 1

Sensitive Life History Stages of Aquatic Fauna for Reservoir Impoundment

Species
Ouananiche
Brook Trout
Lake Trout
Lake Whitefish
Round Whitefish
Northern Pike
Lake Chub
Longnose Dace
Pearl Dace
Longnose Sucker
White Sucker
Burbot
3‐spine
Stickleback
Sculpin
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s

h

Low Interaction
Moderate to High Interaction (s – spawning; i – incubation; h ‐ hatching

As shown, there are two general spawning strategies employed by species within the lower Churchill River
system; spring spawning and fall spawning.
Spring spawners typically begin activities (e.g., migration, site selection and egg deposition) after ice cover is
broken and water temperatures and daylight hours begin to increase. Species that utilize spring spawning
include Northern pike, Longnose and White suckers, and most of the smaller prey species. Due to increasing
water temperatures during the spring, eggs laid require relatively less time to develop and hatch.
Fall spawners typically begin activities as water temperatures and daylight hours decrease. Species utilizing a
fall spawning strategy in the lower Churchill River include the salmonid group (e.g., ouananiche, brook trout,
lake trout and whitefish). Because water temperatures are decreasing in the fall, eggs require much more time
to develop and therefore, hatching typically occurs in the spring after a relatively long incubation period.
In this respect, most species life‐cycle stages are mobile during late summer (August); however, with the
possible exception of May or June, reservoir inundation cannot be completed in a single month, especially
during the time period when flows are typically the lowest. Impoundment during the summer low‐flow period
would increase the duration of impoundment activities. Estimated inundation timeframes with compensation
flow are presented in Table 7 within IR response IR# JRP.28 and indicate that inundation of Gull Island reservoir
will take between 28‐34 days during the spring freshet (May‐June) and 48‐54 days in the summer low flow
period (July‐August). In addition to considering the timing of impoundment to offer the best protection for fish,
the duration of reduced water can also have an effect; generally the shorter the time period the better. While
the period of July to September would have the least overlap with non‐mobile life‐cycle stages, the time to
impound would be the longest, and hence, fish downstream of the reservoirs will be subject to extended low‐
flow periods. In addition to low flows, this is also the time period when water temperatures would be highest
and most stressful for fish. This would affect fish within the reservoirs less as water levels would rise during
impoundment.
It should be noted that while mobile life‐cycle stages are more capable of responding to reduced water flows,
the potential for stranding of fish downstream of the reservoirs has also been considered in the effects of
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impoundment and best timing. Many species may not move quickly enough to deeper refugia habitat or may
move into deeper pockets of water that become isolated and small. In this respect, mitigations such as fish
relocation activities will be initiated to collect and relocate stranded fish to suitable locations, to the extent
possible.
References
AMEC. 2001. HADD Determination Methodology, Churchill River Power Project (LHP00‐07) Churchill River,
Labrador. Prepared for Newfoundland and Labrador Hydro, St. John’s, NL.
Grant, C.G.J. and E.M. Lee. 2004. Life History Characteristics of Freshwater Fishes Occurring in Newfoundland
and Labrador, with Major Emphasis on Riverine Habitat Requirements. Can. Manuscr. Rep. Aquat. Sci.
2672: xii+262p.
McCarthy, J.H., C.G.J. Grant and D.A. Scruton. 2007 ‐ Draft. Standard Methods Guide for the Classification and
Quantification of Fish Habitat in Rivers of Newfoundland and Labrador.
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Requesting Organization – Joint Review Panel

Information Request No.: JRP.148

Information Requested:
The Proponent is asked to provide the following:
f.

A rationale as to why pre‐upper Churchill flow levels were used as the baseline for calculating
minimum flows during impoundment; and

Response:
Pre‐upper Churchill flow levels were not used as the baseline for calculating minimum flows during
impoundment. The winter low‐flows identified in the IR# JRP.28(c) response related to the pre‐upper Churchill
Development were not used in calculations to obtain the minimum flow, but rather were presented to show
that flows of this magnitude (i.e., 534 m3/s) have been experienced within the river system.
The minimum flow estimation was based on the Mean Annual Flow of the existing river at the location of the
Gull Island dam (i.e., 1,780 m3/s – see page 2‐17 Volume II A of the Environmental Impact Statement). Tennant’s
Montana fixed flow method (Tennant 1976) and a document compiled by Fisheries and Oceans Canada (DFO)
and the provincial government of Newfoundland and Labrador to understand and address instream flow needs
within the province (Gosse et al. no date) were used to determine the minimum flows during reservoir filling:
1,780 m3/s x 30% = 534 m3/s
While IR# JRP.28(c) stated that the approximate flow would be 500m3/s, the actual value is 534 m3/s.
References
Gosse, M.M., Brown, D. Scruton and A. Beersing. No Date. A Common Approach to Understanding Instream
Flow Needs Assessment in Newfoundland and Labrador. Department of Fisheries and Oceans, St.
John’s, NL and Government of Newfoundland and Labrador Department of Environment, Water
Resources Division, St. John’s NL. 10pp., 3appendices
Tennant D. L. 1976. Instream flow regimes of fish, wildlife, recreation, and related environmental resources, In:
J.F. Osbornes and C.H. Allman (eds) Instream Flow Needs Symposium, Vol II Bethesda MD: American
Fisheries Society.
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Requesting Organization – Joint Review Panel

Information Request No.: JRP.148

Information Requested:
The Proponent is asked to provide the following:
g. Additional information on the potential for increased sedimentation of the reservoirs during
impoundment and what mitigation is proposed.

Response:
An increase in sedimentation (i.e., the processes of erosion, transport, and deposition of sediment) is often
associated with newly formed reservoirs because new shorelines created by inundation begin to erode as they
become stabilized. The eroded sediments from this, and upstream sources, settle out in the slower moving
water of the reservoir. During the process of impoundment, however, the potential for increased sedimentation
in the Gull Island and Muskrat Falls reservoirs is predicted to be low, especially if the time it takes to create the
reservoir is relatively short.
The degree of sedimentation during impoundment is highly dependent upon multiple factors including:
•

Erodibility of bank material;
-

Wave energy

-

Shoreline composition (also effects transport ability and settling velocity)

-

Shoreline geometry

•

Slope failures (mass wasting); and

•

Bottom substrate/Channel morphology
-

Frictional forces (affects water velocity)

Each of these factors is further influenced by the rate of reservoir impoundment. These processes and reservoir
specific conditions are discussed further in the following paragraphs.
Erodibility of Bank Material
Well developed shorelines typically experience relatively slow erosion rates, due partially to the existence of
offshore bars, which are typically associated with well established shorelines. The presence of the bar helps to
reduce potential wave energies along the shoreline (Newbury and McCullough 1984). During reservoir
impoundment it is unlikely that there will be any offshore structure available to buffer against wave action
therefore the slopes of the impounded reservoir will be exposed to the full wave potential, which in reservoirs is
predominantly wind driven (Kachugin 1963; AMEC 2008). During impoundment, the surface area of the water
will increase, allowing for a greater overall distance over which the wind can generate and increase the size of
waves (i.e. greater fetch). This typically results in larger waves within a reservoir when compared to pre‐
reservoir conditions. An increase in wave energy along a newly exposed stretch of shoreline will increase the
amount of bank erosion, and thus allow new material to enter the developing reservoir. The rate of reservoir
impoundment will also influence how much new material actually gets eroded.
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The rate of water level rise during the filling of each reservoir will be relatively quick. Rate estimates for the Gull
Island reservoir are as high as 21‐27 m per day initially, with a minimum rate near 1 m per day as the inundation
nears completion. Likewise, the Muskrat Falls reservoir fill rates are estimated to begin at 9‐12 m per day with a
final fill rate near 1 m per day as the reservoir is completed. These rapid fill rates will limit the amount of time
the rising water level will have to interact with the shoreline and the effects of increased bank erosion due to
fluvial erosion, i.e., wave scour and water flow velocity, are predicted to be minimal.
Slope Failures (Mass Wasting)
The banks along the lower Churchill River are generally high and steep, and in many cases are prone to natural
slope failures. With an increase in water level, hydrostatic pressure exerted by the water body can work to add
stability to the bottom portions of the bank as a reservoir fills. On the other hand, the increased weight within
the bank itself due to saturation as the reservoir matures may have the reverse effect. As a whole, the banks
initially become more unstable as a result of wave and water velocity effects acting on the newly exposed banks
due to reservoir filling. The result of these erosional forces acting upon the new shoreline, which will essentially
erode portions of the bank at the water’s edge, could potentially lead to an increase in bank failures from
undercutting effects. This would lead to new sediments being released into the reservoir system and would
likely continue until a stable shoreline is created post impoundment. More information on the effects of
reservoir creation (Muskrat Falls only) is presented in IR response IR# JRP.159.
Bottom Substrate/Channel Morphology
An increase in the transport and deposition of sediment in suspension and as bedload, during impoundment, is
highly dependent upon the bottom substrate and channel morphology, as well as the velocity of water flow in
the reservoir throughout impoundment.
•

Muskrat Falls Reservoir
Based on the soil types within the proposed Muskrat Falls reservoir and presented by AMEC in their
2008 slope stability report. It can be concluded that the slopes affected during inundation will be
predominantly comprised of E4 and E5 soil types (see Table 1). For the most part both soil types are
comprised of a very high percentage of easily transportable materials, i.e., sand, silt, and clay.
Depending on the water velocity at each impoundment stage, all of these materials could potentially
become suspended and transported within the water column. For instance, water velocities of
approximately 1.0 m/s can transport the coarser size fractions of sand in suspension. At slower
velocities, it would be deposited or potentially transported by bedload (see Figure 1). Again using
coarser sands as an example, deposition would not typically occur until water velocities decrease to
approximately 0.1 m/s. However, based on the slow velocities anticipated within Muskrat Falls
reservoir during impoundment, i.e., order of magnitude of 0.01 m/s, it can be stated that the slit and
clay size fractions, as well as some very fine sand would be transported in suspension once they
enter the system with their rate of deposition depending on their settling velocity. At such low
velocities, sediments larger than approximately 0.15 mm, would not likely be transported in
suspension, or as bedload and would quickly be deposited; again the rate of deposition would be
dependent on their settling velocity. Minaskuat (2008) determined the settling rate for silt and clay
to be 21 and 0.6 meters per day, respectively. This means that silt will settle out of the water
column at a much faster rate than clay, and because sand is of a larger grain size than silt, it will
likely have a faster rate than that reported above.
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Table 1

Soil classification and estimates of substrate composition within each, Churchill River (from AMEC
2008)

Class

Description

Estimated Substrate
Composition
95% Bedrock
5% Boulder

Habitat Classification

E1

- Blocky colluvial deposits
- Terrain dominated by competent Bedrock

E2

- Morainal veneers (most rubbly colluvial deposits with high
coarse fragment content)

E3

- Morainal blankets
- Glaciofluvial gravels
- Soft, friable bedrock

E4

- Some morainal blankets steeper than 60%, or steeper than
30% if gullied or poorly drained
- Fine textured lacustrine (silts and clays), glaciolacustrine,
glaciomarine, glaciofluvial or aeolian silts, slopes less than
15%
- Colluvial deposits derived from the above material with the
same slope or moisture criteria
- Colluvium derived from soft, friable rock steeper than 60%
or steeper then 30% if gullied

5% Gravel
90% Sand
5% Clay

Littoral Fine

E5

- Fine textured lacustrine (silts and clays), glaciolacustrine,
glaciomarine, glaciofluvial or aeolian silts, slopes steeper
than 15%, or gullied or poorly drained
- Glaciofluvial or fluvial sands with low bulk density, steeper
than 30% or gullied or poorly drained
- Peat, organic sols or tufa on sloping ground
- Colluvial deposits derived from the above materials with the
same slope or moisture criteria

40% Sand
40% Clay
20% Organics

Littoral Fine

35% Bedrock
55% Boulder
10% Rubble
30% Boulder
20% Rubble
25% Cobble
20% Gravel
5% Sand

Littoral Coarse
Littoral Coarse

Littoral Medium
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Source: Nicholes, G. 1999. Sedimentology and Stratigraphy, Blackwell Science Ltd.

Figure 1

Hjulström Diagram, Showing the Relationship Between the Velocity of Water Flow and the
Transport of Loose Grains
The net effect on the system during impoundment of the Muskrat Falls reservoir will likely be an
increase in the amount of clay and silt that is transported in suspension, as well as deposition of
sand and any larger sediments on the river bottom in localized areas, i.e., sediments larger than very
fine sand would not be transported far from their source and deposition would be localized. It
should be noted that due to the quick rate of filling, the quantity of material that would become
eroded and enter the system and thus available for transport and deposition is predicted to be
minimal; the one exception would be a potential slope failure which would have the potential to
introduce a larger quantity of material into the system.

•

Gull Island Reservoir
Again with reference to AMEC’s 2008 report, the soil types present within the Gull Island Reservoir
during inundation can be classified as E2 and E3 soils (see Table 1). Of these two soil types, and in
the context of the water velocity expected within the area of the Gull Island reservoir during
inundation (estimated average of 0.03 m/s), sand is the only material type that could be
transported. Furthermore, it would only be the medium size fraction of sand and smaller that could
potentially be transported as either bedload or suspended load respectively (see Figure 1).
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This would mean that the vast majority of the material, once eroded, would be deposited close to
the source. Depending on the stage of reservoir impoundment and the amount of material present,
the larger substrate (large cobble, rubble, and boulder) could potentially act to armor the banks
against further erosion. Figure 2 shows an example of larger shoreline material armoring a portion
of the existing lower Churchill River as smaller substrates are moved by suspended or bedload
transport.
Again, due to the quick rate of filling, the quantity of material exposed to erosion, and thus available
for transport and deposition, is predicted to be minimal. The one potential exception would be a
slope failure, similar to that mentioned above. Erosion within the reservoir would have negligible
effect on bedrock.

Figure 2

Armouring of Shoreline Substrates, Lower Churchill River

Mitigation Measures
Limited options exist to mitigate increased erosion and sedimentation effects during reservoir filling. Methods
described in the literature relate to erosion in reservoirs once they are filled and operating as this is when the
majority of erosional forces and processes occur (see Proctor and Redfern 1980; Newbury and McCullough 1984;
Bestman 1992; Allen 2001; Shin and Oh 2007).
The main mitigation measures which have been attempted with other projects have been to leave trees within
the flooded zone as an artificial bar in an attempt to dissipate wave energy, and to artificially armor the
shoreline to reduce the erosion of finer material.
The partial clearing option can also be considered a form of mitigation, as the uncleared areas in the flood zone
will not be as susceptible to erosion and sedimentation effects during construction.
Given the short periods for reservoir impoundment, no mitigation measures are proposed to avoid
sedimentation during impoundment.
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DEFINITIONS
8th Height Class

The average tree height in a forest stand is listed in a
designated class based on the an established classification
table, trees in the 8th height class would be 21.5 meters+ in
height.

Biomass

Biological material derived from living, or recently living
organisms, such as forest residues (trees, branches and tree
stumps).

Cleared

An area is considered to be cleared when all material that
has the potential to float when the reservoir is impounded
has been cut and/or transported above the flood line.

Debris

Large submerged or un‐submerged materials such as trees
and parts of trees and shrubs that can accumulate on the
reservoir surface in front of the intake or on a trash rack.

Drawdown Zone

The range of water level fluctuation during normal power
plant operations.

Flood Zone

The area below the stick up zone where the vegetation will
be fully submerged after impoundment and the depth of
submersion is sufficiently below the low supply level
(minimum of 3 m) as to not pose a hazard to navigation.

Full Clearing

The clearing of all vegetation from a reservoir, except those
areas where it is considered unsafe to do so.

Full Supply Level (FSL)

Maximum allowable water level of the reservoir during
normal operating conditions.

Head

The vertical difference in elevation between the water
surface at the intake and the tailrace at a generating facility.

Head Loss

Reduction in generation facility head due to friction
throughout the water passage and restricted flow at the
intakes (mainly due to trash and debris buildup) which can
result in a decrease in the maximum amount of power that
can be produced.

Ice Zone

The area around the perimeter of the reservoir between the
upper clearing limit elevations of 128 m asl and the lower
clearing level of 119 m asl for the Gull Island Reservoir (to a
maximum of 15 metres horizontal from the new shore line at
iii
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FSL) and the upper clearing level of 42 masl and the lower
clearing level of 35.5 masl for the Muskrat Falls Reservoir (to
a maximum of 15 metres horizontal from the new shoreline
at FSL).

Impoundment

The act of confining water behind the dam and within the
reservoir.

Low Supply Level (LSL)

Minimum allowable water level of the reservoir during
normal operating conditions.

LiDAR

(Light Detection And Ranging) is an optical remote sensing
technology that measures properties of scattered light to
find range and/or other information of a distant target.

Merchantable Timber

Trees of a particular type and size and assumed to have a
commercial value. Merchantable size is defined as being 2.5
m or more in length with a top diameter not less that 9.1 cm
and being of generally sound condition (i.e. no sap rot and
less than 1 percent butt rot). A merchantable tree is one that
is large enough to produce at least one piece of 2.5 m wood
with a minimum diameter of 9.1 cm.

No Clearing

Leaving all trees and associated vegetation, with clearing
activities restricted to that which is required for the
construction of the generating facilities.

Non‐merchantable Timber

All vegetation of no merchantable value, including small
trees, shrubs, limbs, branches, boughs and twigs.

Partial Clearing

The clearing of selected zones (ice and stick‐up) around the
perimeter of a reservoir, where it is safe to do so.

Shrub

A type of woody plant, smaller than normal trees, such as
alder and willow.

Slash

All vegetation of no merchantable value, including small
trees, shrubs, limbs, branches, boughs and twigs generated
by clearing and any deadfall material on the forest floor.

Stick‐Up Zone

The area below the ice zone where tree tops extend above
the water level at full impoundment..

Timber

Trees in a forest regarded as a source of wood.
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Trash

Small submerged or unsubmerged objects such as tree
leaves or small branches that can gather on the trashrack,
spillway, and intake structures.

Trash Rack

Equally spaced rectangular bars installed at the entrance to
the intake to protect the turbine from impinging objects.
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EXECUTIVE SUMMARY
Reservoir Preparation is a key element in the construction of any hydroelectric development. As
the Lower Churchill Hydroelectric Project (the Project) moved forward in the planning phase a need
was identified to determine the optimal reservoir preparation strategy for the Project.
Based on the technical, safety and environmental considerations, various workshops and
discussions, and the work of the reservoir preparation task force, it was concluded that partial
clearing is the preferred clearing strategy. Partial clearing will minimize trash and debris in the
reservoir, enable potential shoreline usage by people, and ensure access to the reservoirs by
wildlife. Partial clearing will also provide opportunity for wildlife and fish habitat development.
Based on safety considerations and access requirements, the preferred alternative for reservoir
preparation will be the mechanical harvesting system. The preferred alternative for handling slash
will be mulching. Roads are the preferred method to access the reservoir, although in certain areas
road building will not be safe due to slope and ground stability. These areas are also where the
safety of clearing operations would also be considered high risk and avoided.
A volume analysis of the timber present in the reservoir was conducted using a geographic
information system. LiDAR survey data and a digital elevation model were used to generate a base
case (with no safety or accessibility constraints applied) of all available biomass. A slope analysis
was applied, as well as environmental constraints. Road locations and stream crossing were also
identified. The optimal reservoir preparation strategy of partial clearing would result in the removal
of 43% of the total volume of timber contained within the ice, stick‐up and flood zones in the Gull
Island reservoir. Partial clearing would result in the removal of 73% of the total volume of timber
contained within the ice, stick‐up and flood zones in the Muskrat Falls reservoir. However, the
safety and accessibility analysis concluded that the clearing of the ice and stickup zones of the Gull
Island reservoir is only feasible for 27% of the volume contained within the base case. This volume
is limited to that portion of the reservoir near the Gull Island dam site, approximately one‐third of
the linear distance of the length of the reservoir. For the Muskrat Falls reservoir the volume that
can be safely cleared and accessed represents 78% of the volume contained within the base case.
As part of the analysis, and included in the volume calculations, are areas designated for habitat
enhancement. This includes an area for wildlife habitat in Muskrat Falls and several areas for fish
habitat development. Fish habitat areas included potential new deltas at West Metchin River,
Metchin River, Elizabeth River and Minipi River in the Gull Island reservoir and potential shoal areas
such as at a natural plateau, located about 5 km upstream of the Gull Island dam site in the Gull
Island reservoir and at the head of Gull Lake in the Muskrat Falls reservoir.
Following the volume analysis, a cost estimate, associated equipment fleet size and personnel
requirements were developed for reservoir preparation. The cost estimate was developed by
applying accepted forestry productivity rates to quantities developed by the reservoir preparation
task force. These quantities included volume of timber to be cleared, area to be cleared, lengths of
access roads, and the number and type of water crossings. The cost analysis also confirmed that
full clearing of the reservoir is not economically feasible as the cost of recovering the timber greatly

vi

Reservoir Preparation Plan 2009

Document # GEN‐EN‐003:
Rev. B1

exceeds its value. The sole economic benefit of reservoir clearing will be the operations efficiency
of the generating facility; not the recovery of marketable volumes of timber or other biomass. This
would not preclude the use of cleared merchantable timber and other biomass by a secondary
wood processor as a separate undertaking. However, it would not be viable for the Project to clear
additional areas to increase the recovery of merchantable wood. The economic feasibility for
secondary wood processors to obtain the merchantable timber and biomass cleared for the Project
or to clear additional areas within the flood zone would require a separate analysis on the part of
the secondary wood processor.
A scheduling exercise was completed in conjunction with the cost analysis. The scheduling exercise
determined the time required to complete the clearing of volumes determined in the volume
analysis. The scheduling exercise also confirmed the selection of partial clearing as the optimal
reservoir clearing strategy. It is estimated that it will take 30 months to partially clear the Gull
Island Reservoir and approximately 48 months to partially clear the Muskrat Falls Reservoir. The
current clearing schedule is optimized to meet the scheduled date of impoundment, including
increasing the number of work fronts and 24‐hour a day operations. If full clearing was carried out
for both reservoirs it would be necessary to clear more volume within the same time frame to
complete clearing prior to impoundment. However, with limited areas to work within, options to
increase the fleet and crew size and number of work fronts would be limited. As a result, it is
estimated it would take, at a minimum, additional 48 months to fully clear the Gull Island reservoir
and an additional 10 months to fully clear the Muskrat Falls reservoir. Delaying impoundment to
complete reservoir clearing is not an option, given the potential value of lost revenue.
Finally debris management options and navigation issues were discussed.
In conclusion, it was recommended that the following actions be taken to further advance the
reservoir clearing execution plan:
•
•
•
•

Finalize reservoir clearing strategy, including fish and wildlife habitat development;
Determine preferred contracting strategy;
Determine the preferred approach and cost of debris management during the operations
phase of the Project and develop a debris management philosophy; and
Continue consultations that have been initiated with appropriate regulators, specifically the
Forestry Division of the Department of Natural Resources and Transport Canada. To this
end a consultation plan has been developed with the LCP Environmental Assessment Group.
These initial consultations will be followed by additional stakeholder consultation as
deemed necessary.
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Introduction

Nalcor Energy, in its various forms, has been considering the development of The Lower Churchill
Hydroelectric Project (the Project) since the 1960s. Throughout this history, planning for the
clearing of the trees and vegetation present in the areas to be flooded has been recognized as an
important aspect of the Project. As the Project is carried forward, there is a need to determine the
optimal reservoir preparation strategy for the Project.
Once this reservoir preparation strategy is determined, the extent to which the strategy can be
safely and practically carried out, with due regard for the environment, must be delineated.
The objectives of this report are to:
• document the issues of concern with reservoir creation;
• document the work and investigations completed to date related to reservoir preparation;
• outline the scope of the reservoir preparation plan;
• document the process used in determining the preferred reservoir preparation strategy;
• detail the preferred reservoir preparation strategy;
• document the process used in determining the extent to which the preferred reservoir
clearing strategy can be achieved;
• detail the extent of clearing for the preferred reservoir preparation strategy including
consideration of safety, technical constraints and environmental protection;
• document the method of reservoir preparation including special preparation for habitat
enhancements;
• detail the extent of areas that will not be cleared and the volume of trash and debris
anticipated as a result;
• detail options for trash and debris management for and at the generating facilities; and
• detail the extent of areas where navigation may be difficult during the operations phase of
the facilities and provide options for preparing these areas should there be regulatory
concerns.
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Project Description

The Project consists of two generating facilities, a 2250 megawatt facility at Gull Island and a 824
megawatt facility at Muskrat Falls. In order to provide the necessary head for power generation a
dam will be built at each of these locations (see Figure 1), creating two distinct reservoirs.

Figure 1: Project Location
The Gull Island reservoir will be 232 km in length, extending from the Gull Island dam to the tailrace
of the Upper Churchill generating facility. Once the dam is constructed, the water level will rise
from the existing water surface of the river to the full supply level (FSL) of the reservoir, 125 metres
above sea level (masl). The depth of the reservoir, above the existing water surface of the river,
decreases from east to west (See Figure 2). The creation of the Gull Island reservoir will flood
approximately 85 km2 of land, resulting in a reservoir with an aerial extent of approximately 200
km2.
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Figure 2: Profile of Dams and Reservoirs
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The Muskrat Falls reservoir will be 59 km in length, extending from the Muskrat Falls dam to the
tailrace of the Gull Island generating facility. Once the dam is constructed, the water level will rise
from the existing water surface of the river to the FSL of the reservoir, 39 masl. As with the Gull
Island reservoir, the water level elevation will decrease as the reservoir approaches the Gull Island
generating facility (See Figure 2). The creation of the Muskrat Falls reservoir will flood
approximately 41 km2, resulting in a reservoir with an aerial extent of approximately 100 km2.
In total 126 km2 of land will be flooded, of which the majority is considered forested land.
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Reservoir Creation

Several issues may arise as a result of reservoir creation.
The increase in water level will have several subsequent effects, such as:
•
•
•

Previously dry soils will become hydrated. This may change the cohesive properties of the
soil and may lead to slumping;
Vegetation on the edge of the newly created shoreline may uproot and float during the first
few years following inundation; and
Trees that extend above the water surface, or are submerged just below the water level
surface, may become frozen into the stable ice cover that will form on the reservoirs.
During spring break‐up and resulting water level fluctuations whole trees may be uprooted
and become floating hazards.

At the new water level, natural clearing though wind and wave action and ice scouring will result in
floating trees and vegetation. As well, during spring break up, moving ice which will form as a
stable cover on the reservoir during the winter, may scour the shoreline and create additional
erosion. These factors will act as natural clearing agents to create a new shoreline. Over time the
reservoir and shoreline will stabilize and the rates of erosion will return to natural levels.
Another aspect of the extent of natural shoreline clearing is the level of reservoir drawdown. The
volume of material resulting from bank instability and shoreline erosion is influenced by the
reservoir drawdown zone. The reservoir drawdown zone is defined as the range of water level
fluctuation during normal power plant operations. Both the Gull Island and Muskrat Falls reservoirs
will be operated as close to FSL as possible. However, the reservoir levels will vary slightly in order
to meet market demand or as a result of low inflow periods. The level of the reservoir may also be
lowered in anticipation of a high inflow event, such as the spring flood. This reduction in the
reservoir level is referred to as drawdown. The lowest water level elevation that the reservoirs can
be drawn down is referred to as the low supply level (LSL). The LSL for the Gull Island reservoir is
122 masl. The LSL for the Muskrat Falls reservoir is 38.5 masl.
During the first two to three years following impoundment, floating trees and vegetation may be an
issue in the operation of generating facilities. The floating trees and vegetation will move
downstream and collect at the intake and spillway structures of the generating facilities. This
becomes an issue during operations as trees, trash and debris builds up on the trashracks; reducing
the available head and lowering the efficiency of the generating facility (see Figure 3). Floating trees
and vegetation can also obstruct the proper operation of spillway gates.
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Figure 3: Examples of Operational Issues Due to Floating Trees (Granite Canal Hydroelectric
Generating Facility)
Eventually the trash and debris will have to be cleaned from the intake facility and disposed of. In a
long, narrow reservoir, as in the case of each of the two reservoirs for the Project, the issue with
trash and debris and prevailing winds may be further aggravated since the majority of the trash and
debris may reach the intakes of the generating facility.
Other issues related to reservoir creation relate to accessing the reservoir and safe navigation. If
trees are not cleared prior to inundation, access to the shoreline may be more difficult for both
wildlife and land and resource users (see Figure 4). As well, navigation of the reservoirs can be
hazardous due to the presence of partially submerged trees or trees that are submerged just below
the water surface of the reservoir. As well, during reservoir stabilization, remaining trees along the
shoreline and within the littoral zone can affect aquatic habitat.

Figure 4: Example of Partially Submerged Trees (Granite Canal Hydroelectric Generating Facility)
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4.0 Summary of Work Completed on the Lower Churchill Project
Baseline information on the lower Churchill River valley has been collected since 1974, beginning
with the initial proposal to develop the lower section of the Churchill River in the 1970s. A full
federal government Panel Review was completed in 1980 to assess the environmental effects of the
project proposed for the lower Churchill River in 1978. This involved the collection and analysis of
environmental baseline data, the preparation of an Environmental Impact Statement and the
holding of public hearings. The Panel found that the proposed project was acceptable, provided
environmental and socio‐economic conditions were met. Two of these conditions were relevant
to reservoir preparation. Specifically the Panel recommended that:
•
•

Clearing be carried out in selected areas along the perimeter of both reservoirs to protect
options for uses other than power generation; and
A detailed plan be developed delineating the areas to be cleared and specifying the
procedures to be used in reservoir clearing.

The Panel also recommended that the opportunity for the salvage of merchantable timber to be
flooded be considered by the appropriate provincial resource management authorities, in light of
limited Provincial inventories and future market options. Presently this authority is with the
Forestry Services Branch with the Provincial Department of Natural Resources. In a report compiled
by Acres International in 1980 (Acres, 1980) it was noted that no clearing was recommended for the
Project except at the dams and confluence of tributaries. This conclusion was based on the remote
prospects for recreational activities, lack of road access in merchantable timber areas, steep slopes,
and the uneconomical recovery of merchantable timber.
Since 1980, additional studies have been conducted, contributing to the extensive body of
knowledge on the surrounding environment, including studies related to reservoir preparation and
the collection of data that could be utilized in developing a reservoir preparation plan.
From 1998 to 2001 the Labrador Hydro Project Office was established to plan and develop the
Churchill River Power Project (CRPP). Hydro Québec acted as a joint partner in this initiative;
however, it later withdrew from the agreement. The CRPP concept involved a diversion of the
headwaters of the Romaine River into the Smallwood Reservoir, with the consequent increase in
electric power generation possible at the existing Churchill Falls site, as well as at the proposed Gull
Island and Muskrat Falls facilities. Thirty‐five baseline studies were conducted from 1998 to 2000,
including a Reservoir Preparation Plan Study (Enfor, 1998). However, the Project did not proceed.
In 2005 Nalcor Energy assembled a team to examine the Project in its current form. The Project was
defined and registered for environmental assessment in November 2006. As part of the baseline
work, several studies and activities were conducted that are relevant to developing a reservoir
preparation plan, including:
•
•
•

LiDAR (Light Detection And Ranging) Survey and Orthophotography (2006);
Bank Stability Study (AMEC, 2008);
Ecological Land Classification Study (JWEL, 2008);
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Reservoir Clearing Workshop – Cross Disciplinary (March 2007);
Reservoir Clearing Workshop ‐ Regulators (June 2007); and
Reservoir Clearing Workshop – Engineering Discipline (August 2007).

In addition to the above, an update of the 1998 reservoir preparation plan study was completed
(Enfor, 2008) and a follow‐up study was initiated; however, this work was not finalized.
In May 2009 a reservoir preparation task force was established to review the work completed to
date and develop a clear path forward for reservoir preparation. The task force consisted of the
following individuals:
•
•
•
•
•
•
•
•
•

Marion Organ, M. Eng., P.Eng , Task Force Lead (Environmental Engineer)
Harvey Taylor, B.Sc.F, R.P.F, Reservoir Preparation Advisor (Professional Forester)
Karl Keough, B.Comm., CGA, BSc, MES Volume Analysis (GIS Specialist)
Tony Scott, P.Tech, Scheduling (Planner)
Doug Maloney, P.Eng, Cost Estimating (Senior Estimator)
Evan Broderick, P.Eng., Debris Management during Operations (Mechanical Engineer)
John Cooper, GIS Advisor (Properties Coordinator)
David Brown, P.Eng., Fish Habitat Development (Civil Engineer)
Bob Gosse, P.Eng., Construction Methodology (Construction Engineer)

The Task Force also engaged input from several of the assessors involved in the Environmental
Assessment including James McCarthy, M.Sc. (Aquatic Lead), Perry Trimper, B.Sc. (Terrestrial Lead)
and Colleen Leeder, M.Sc (Socioeconomic Lead).
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Reservoir Preparation Task Force

The reservoir preparation task force was given the mandate to determine the overall reservoir
preparation strategy. The reservoir preparation strategy is defined as the overall approach to
clearing trees and vegetation from the reservoir. In the workshops conducted and reservoir
preparation plans developed, the overall strategy was discussed and conclusions reached. The
discussions and conclusions were reviewed by the reservoir preparation task force. Based upon this
review, and an increased understanding of the scope and magnitude of the undertaking, the
reservoir preparation strategy was clearly defined.

5.1

Scope

The first step of the reservoir preparation task force in establishing the reservoir preparation
strategy was to fully define the scope of the reservoir preparation plan. The scope of the reservoir
preparation plan was determined to include:
•
•
•
•
•
•
•

the extent and limits of clearing;
selection of road, water and/or air access;
consideration for environmental mitigations including fish habitat development and wildlife
refuge;
supporting infrastructure;
removal, storage or disposal of timber;
disposal of slash; and
options for trash and debris management.

The scope of the reservoir preparation plan does not include maximizing the recovery of
merchantable timber or the secondary processing of timber or other resulting biomass once
removed from the area to be inundated. These exclusions were based on considering the current
legislative mandate of Nalcor Energy which does not include development of forest resources or
secondary wood processing. However, reservoir preparation does not preclude these activities and
opportunity will be available for other users to engage in these activities.
It was acknowledged that the information compiled through the development of the reservoir
preparation plan could be used by the Department of Natural Resources in determining the
marketability of the merchantable timber and the economic feasibility of secondary wood
processing. A separate planning process has been initiated with the Departments of Natural
Resources and Labrador and Aboriginal Affairs to address these issues and Nalcor Energy will
continue to participate in these discussions.

5.2

Guiding Principles

The Nalcor Energy Core Values were a key consideration in the development of a strategy for
reservoir preparation; specifically, the core value of safety. Safety considerations included safety
during construction (for site personnel engaged in clearing activities and for land and resource users
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navigating the river during clearing activities) and operations (for site personnel operating the
generating facilities and for land and resource users navigating the reservoir).
Another important consideration was the Nalcor Energy Environment Policy (Appendix A.1).
Consideration of the environment includes protecting the environment during clearing activities
and incorporation of habitat enhancement (both aquatic (fish and other water based wildlife) and
terrestrial (land animals and birds)), where possible, as part of the reservoir clearing exercise.
Safety and environment were primary considerations; however, technical feasibility was also a key
factor. There were several technical issues to be considered throughout the development of a
reservoir preparation strategy including determining the extent of reservoir clearing, the method of
reservoir clearing, the handling of trash and debris during the operations phase of the generating
facilities, and the method of development of new areas for fish habitat. Technical feasibility was
therefore defined as clearing trees where it is safe to do so, within environmental and schedule
constraints, in order to minimize the amount of trash and debris at the generating facility.
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Overall Strategy for Reservoir Preparation

The first task in determining the reservoir preparation strategy was to determine the overall
options for preparing the reservoir. In the March 2007 Workshop three strategies were defined:
1) No Clearing;
2) Partial Clearing; and
3) Full Clearing.

In order to facilitate the delineation exercise the reservoir area was divided into three overall zones:
•
•
•

Ice Zone;
Stick Up Zone; and
Flood Zone.

These zones are illustrated in Figure 5.

Figure 5: Reservoir Zones (Not to Scale)
The ice zone is defined as the band or zone on both the north and south banks of the reservoir
between three meters above FSL (to a maximum horizontal distance of 15 m from the new
shoreline at FSL) and three meters below LSL. For the Gull Island reservoir this zone is between 128
masl and 119 masl. For the Muskrat Falls reservoir this zone extends between 42 masl and 35.5
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masl. This is the zone where wind, wave and ice action will occur. This is also the zone where access
can be gained to the reservoir by land and resource users and wildlife and is a zone of importance
for fish and fish habitat.
The stick up zone is defined as the area below the ice zone where tree tops extend into the Ice
zone. These trees may only be partially submerged when the reservoirs are at low supply level or
may be fully submerged just beneath the surface. Trees in this zone could pose a hazard to
navigation. As well, ice formation around these trees when the reservoir is at LSL could result in
trees being uprooted as the reservoir level rises.
The flood zone is the area below the stick up zone where the vegetation will be fully submerged
after impoundment and the depth of submersion is sufficiently below the low supply level
(minimum of 3 m) so as to not pose a hazard to navigation.
The 15 meter limit on clearing from the new shoreline was based on several factors. Fifteen meters
from a water body is typically designated as the riparian zone for various activities, such as forest
harvesting. Although this is opposite of reservoir clearing where a riparian zone is being created, it
can be concluded the 15 m represents a typical width of a riparian zone. Wildlife densities across
different widths from published papers were also examined. In areas where slumping will occur
beyond the 15 m, the riparian vegetation would be similar to that where slumping has occurred –
essentially mature forest with approximately a meter of primary succession vegetation (trying to
establish) and then exposed mineral soil. By cutting beyond the full supply level to 15 m from the
shoreline, reservoir preparation will allow primary succession vegetation to establish as soon as
possible. Limiting the width to 15 m will also give the ‘edge’ of the stand a chance to adapt to the
opening before the cut face is exposed to the elements and the problems of wind and blow down.
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Figure 6: No Clearing Strategy (Not to Scale)
The no clearing strategy was defined as leaving all trees and associated vegetation in place (See
Figure 6). Clearing activities would then be restricted to the clearing required for the construction
of the generating facilities at Gull Island and Muskrat Falls. In this scenario, a shoreline would
develop over time through natural clearing agents.

10

Reservoir Preparation Plan 2009

Document # GEN‐EN‐003:
Rev. B1

Figure 7: Partial Clearing Strategy (Not to Scale)
The partial clearing strategy was defined as the clearing of the ice and stick up zones around the
perimeter of both reservoirs (See Figure 7). Within this partial clearing zone some areas would not
be cleared due to steep slopes as a result of safety considerations during the construction phase.
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Figure 8: Full Clearing Strategy (Not to Scale)
The full clearing strategy was defined as the clearing of the majority of the reservoir (See Figure 8)
except those areas where it is considered unsafe to engage in clearing activities due to steep slopes.

6.1

Evaluation of Alternative Reservoir Preparation Strategies

During and subsequent to the outlined workshops, the reservoir preparation strategies were
evaluated by the task force. Three requirements were applied in determining the preferred
strategy; safety, environmental effects and technical feasibility (including cost considerations).
These requirements are summarized as follows:
Safety
From a safety perspective, the preparation strategy selected must not compromise the health and
safety of the workers involved in clearing activities, river usage, or safe navigation of the river pre‐
impoundment. Regardless of the preparation strategy selected, the same basic clearing
methodology would be applied. For example, slopes that present a safety hazard will not be
cleared, regardless of the selected strategy. Likewise public access will be restricted to areas where
active clearing activities are underway. As such, the three reservoir preparation strategies are
considered equally safe during the construction phase.
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During the operations phase there are two aspects to consider, the safe operation of the generating
facilities and the safe navigation of the reservoirs. The extent of reservoir preparation will
determine the volume of trash and debris encountered at the generating facilities.
An increase in the volume of trash and debris may result in increased risk to personnel as the trash
and debris would have to be removed from the intakes at the generating facilities. In this respect,
the no clearing strategy would result in the greatest amount of trash and debris of the strategies.
The full and partial clearing strategies would result in similar amounts of trash and debris based on
the following assumptions:
•
•
•

The partial clearing strategy would involve removing trees in the defined zone (see Section
6.0, Figure 7) that would be the primary source of trash and debris;
The trees below the clearing zone defined for the partial clearing strategy would be fully
submerged and would not significantly contribute additional trash and debris; and
The areas where it would be unsafe to clear would be the same in both the full and partial
clearing strategies.

The extent of reservoir preparation will also affect the safe navigation of the reservoirs as partially
and fully submerged trees just below the surface of the water would pose a hazard to boaters. The
no clearing strategy would result in increased hazards to boaters as trees would be partially
submerged or fully just below the surface of the water within the reservoirs. The full and partial
clearing strategies would equally reduce the potential hazard to boaters based on the fact that both
strategies would involve removing trees that are a hazard to navigation that the areas where it
would be unsafe to clear would be the same for the full or partial clearing strategies. By definition
the trees in the flood zone would not pose a hazard to navigation.
Environment
Reservoir preparation will involve activities that could result in adverse environmental effects.
For the aquatic environment such activities include:
•
•
•

Sedimentation and erosion due to near‐water activities such as culvert and bridge
installations;
Depositing of atmospheric dust resulting from clearing due to equipment operation; and
Increased erosion of stream bank soils or uncontrolled transportation of fine material from
exposed areas.

These activities could affect physical processes, structural attributes and ecological conditions such
as water clarity, overall habitat suitability and food supply in the aquatic environment. However,
any reservoir clearing activities will be conducted in a manner similar to forest harvesting
operations in terms of the applied environmental mitigations which will reduce or eliminate
interactions and subsequent environmental effects. Regardless of the strategy selected, similar
environmental mitigations would be required.
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For the terrestrial environment these activities include:
•
•
•
•
•
•
•
•

Road construction and vehicle movement;
Noise emissions;
Alteration or loss of habitat;
Habitat fragmentation;
Clearing;
Fish Habitat Construction;
Timber storage; and
Lights used in night operations.

Although the reservoir clearing activities will be conducted in a manner similar to forest harvesting
operations in terms of the applied environmental mitigations there is still a potential for some
species to be adversely effected. This potential is reduced as the extent of reservoir preparation is
reduced.
However, reservoir clearing can also have considerable environmental benefits. In the aquatic
environment, reservoir preparation can enhance the rate of reservoir stabilization reducing the
time required for nutrient level, erosion rates, or shoreline development to return to natural levels.
For the terrestrial environmental reservoir, preparation is an environmental mitigation. Although
the conditions created by reservoir preparation would eventually occur regardless of whether or
not the ice zone is cleared, clearing reduces the time required to establish a riparian zone. As a
result, from a terrestrial perspective reservoir preparation can:
•
•
•
•

Provide for the creation of shoreline habitat prior to impoundment, thereby mitigating
effects from lack of shoreline areas for wildlife species;
Promote establishment of shrub communities in areas bordering or close to the reservoir;
Create reservoir‐shoreline habitat with potential for high faunal productivity; and
Allow wildlife access to the reservoirs.

As well, from a socio‐economic perspective, reservoir preparation can;
•
•
•

Improve navigability;
Improve physical characteristics of stretches of shoreline; and
Improve access and land‐use conditions for local hunting, fishing and trapping activities.

As part of the environmental assessment process, an analysis was also completed on the effect of
reservoir clearing on greenhouse gas emissions. Based on this analysis, the overall reservoir
preparation strategy has minimal effect on greenhouse gas emission levels post impoundment
(Figure 9 and Figure 10).
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Gull Island Emission Estimates
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Figure 9 Gull Island CO2e Emissions for Various Clearing Scenarios

Muskrat Falls Emission Estimates
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Figure 10 Muskrat Falls CO2e Emissions for Various Clearing Scenarios
In terms of Community Health, clearing of the reservoir has the potential to modestly reduce peak
mercury levels in fish, by reducing decomposition rates and the associated production of
methylmercury (MeHg). However, regardless of whether full or partial clearing is implemented
reservoir clearing will result in effectively the same modest reductions (within the level of accuracy
possible for predictions) in peak fish mercury concentrations (as compared to peak mercury levels
calculated for a no clearing scenario), on the order of 10% for full or partial clearing.
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The primary cause of increased MeHg levels in new reservoirs is increased decomposition in flooded
areas, resulting in more activity by microbes that methylate mercury. The ecosystem becomes more
efficient at converting inorganic mercury into MeHg. An indicator of this efficiency is the fraction of
total mercury that is MeHg. MeHg typically represents 5 to 15 percent of total mercury in the
surface waters in remote lakes, but can rise to more than 70% in new reservoirs (St. Louis et al.
2004).
Estimates of readily degradable carbon pools in vegetation and soils can be used to provide
estimates of the potential for reservoir clearing to mitigate increases in decomposition and
associated increases in fish mercury levels. Hydro Quebec (2007) made projections for the Romaine
River development in Quebec and estimated that full clearing and residue burning would remove
13‐22% of the initial pool of degradable carbon, leaving 78‐87% in the litter layer (L horizon of soils
consisting of mosses, lichens and herbaceous plants). It was predicted that these actions would
result in a reduction in peak fish mercury levels that was slightly less than proportional to the
reduction in degradable carbon (e.g. 10% in 700 mm northern pike and 15% in Lake Whitefish).
For the Lower Churchill Project, estimates of GHG emissions (tonnes CO2e/yr) have been made for
scenarios with no clearing, partial clearing and full clearing. These differences in estimated
greenhouse gases were used to approximate differences in peak decomposition and MeHg
production rates. For the purposes of this estimate, GHG estimates for Year 2 (post flood) were
used as an indicator of peak rates of decomposition and peak fish MeHg levels that would follow.
With no clearing, emissions are estimated to be 1,160,176 tonnes CO2e/yr for the combined
reservoirs (799,076 Gull Island, 361,100 Muskrat Falls). With full clearing, emissions are estimated
to be 11% lower than no clearing in Year 2: 1,032,093 tonnes CO2e/yr for the combined reservoirs
(710,850 Gull Island, 321,243 Muskrat Falls). With partial clearing, emissions are estimated to be
8% lower than no clearing in Year 2: 1,063,878 tonnes CO2e/yr for the combined reservoirs
(732,750 Gull Island, 331,128 Muskrat Falls). Thus reservoir clearing is predicted to result in a
modest reduction in peak fish mercury concentrations, on the order of 10% for full or partial
clearing as compared to peak mercury level concentrations for no clearing.
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Technical Feasibility
From a technical perspective, both the construction and operations phases of the Project were
considered. Given the location and topography in the Project area, reservoir preparation will be a
challenging and costly exercise. However, trash and debris handling during operations can also be
challenging and costly, especially if the efficiency of the generating facility is affected or if shut
down is required to remove floating trees and vegetation.
The no clearing strategy would be the least‐cost strategy during the construction phase; however
this would result in the greatest amount of trash and debris during the operations phase. The
partial clearing strategy would be less costly than full clearing and would result in similar, albeit
slightly greater, volumes of trash and debris in the operations phase as the full clearing strategy.
Full clearing would be the most costly reservoir preparation strategy however it would generate the
least amount of trash and debris during the operations phase.
A comparative analysis of the potential environmental impacts and benefits for each of the clearing
strategies is outlined in Table 1.
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Table 1: Comparative Analysis of Potential Costs and Benefits of Clearing Strategies
Clearing
Strategy
No
Clearing

Technical Feasibility
Advantages
During construction will
require the least amount
of time and resources.

Partial
Clearing

Will reduce the amount
of trash and debris
during operations as
compared to no clearing.

Will require more time
and resources than no
clearing.

Full
Clearing

Will result in similar
amounts of trash and
debris as partial clearing.

Will not be possible to
clear the volumes
required within the
existing
Project
schedule.

Disadvantages
During construction
there
may
be
concerns with debris
impacting on diversion
facilities.
Will
generate
large
amounts of trash and
debris
during
operations

Economic Feasibility
Advantages
Disadvantages
of
debris
Least costly Cost
management during
alternative
operations will be
during
construction. higher. May result in
loss of plant revenues
if debris volumes are
high.

Will
minimize, to
the
extent
possible the
cost of debris
management
during
operations.
Debris
management
cost during
operation will
be similar to
partial
clearing.

Higher cost than no
clearing.

Significantly
higher
cost than partial
clearing. May result
in delay in first power
and loss of Project
revenue.

Environmental Effects
Advantages
Least impact and
interaction with the
environment during
construction phase
of the Project due
to limited clearing
activities and road
construction.
Clearing activities
will be minimal.
Lesser impact and
interaction with the
environment than
full clearing during
construction
however
clearing
activities will still be
fairly extensive.
Greatest impact and
interaction with the
environment during
construction.

Disadvantages
Greatest impact on reservoir accessibility and
navigation during operations. Greater nutrient
upsurge and higher potential to prolong reservoir
stabilization period than partial and full clearing
strategies. While natural clearing processes will
eventually lead to shoreline stabilization, in the
interim access to the reservoirs will be difficult for
wildlife.

Increased accessibility along the new shoreline and
navigability during operations as compared to no
clearing. Higher nutrient upsurge, but has a similar
timeline for, reservoir stabilization as full clearing
strategy.

Similar levels of accessibility and navigability as
partial clearing during operations.
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Review of Other Developments

As part of the evaluation of alternative reservoir preparation strategies, a review of the approaches
taken on other hydroelectric developments was undertaken. The information gathered was also
useful in the subsequent determination of the methodology proposed to clear the reservoir.
A primary source of historic data was a literature review conducted for Ontario Hydro in 1981 by
Acres Consulting Limited (Acres, 1981). In this review over 100 reservoirs were studied and the
various reservoir preparation techniques were summarized. As part of the reservoir preparation
analysis, a workshop and report was completed by SNC (SNC, 2007). The focus of the report was
the operational considerations associated with reservoir preparation. As part of this work several
case studies were presented. A summary of approaches taken in these developments is provided in
Appendix A.2.
The current trend for reservoir clearing in Canada, particularly in Quebec, is to clear the reservoir
rim only when there are communities located near the reservoir or when the reservoir can be used
for leisure activities (SNC, 2007). However, if the reservoir area is large, especially if it includes
numerous bays and peninsulas, or if no leisure activities are anticipated, only select areas are
cleared. These areas would include the construction sites and other areas to allow access to the
reservoirs for local communities. Full clearing is considered practical only where the reservoir area
is small and reservoir depth is small (less than 30 m). The no clearing approach is uncommon in
Canada due to environmental constraints.

6.3

Preferred Reservoir Preparation Strategy

Based on the above considerations, it was concluded that the preferred clearing strategy is partial
clearing. This option would minimize floating trash and debris on the reservoir, while providing
shoreline usage by people and ensuring access to the reservoirs by large animals (SNC, 2007). It was
also noted that, for large areas or where timber has low or no market value, partial or selective
clearing can consist of clearing only selected areas on the reservoir rim.
This conclusion was supported by the review of the reservoir preparation task force, as summarized
in Table 1. The partial clearing strategy, relatively speaking, is the least cost option that meets
operational, environmental, and safety requirements of the Project. However the cost of this option
is still very high.
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Reservoir Preparation Methodology

The preferred reservoir preparation strategy is partial clearing. The method of clearing was
determined in order to delineate the extent of partial clearing that can be safely and practically
achieved.

7.1

Clearing of Merchantable Timber

Either a manual or mechanical system of harvesting could be implemented to partially clear the
reservoirs for Gull Island and Muskrat Falls.
To harvest manually would mean having workers on the ground with chainsaws cutting the trees,
removing the limbs and tops and sawing the trees into merchantable lengths to be moved out of
the reservoir. The choices to have this material transported outside the reservoir boundary would
however be mechanical and would include:
•
•
•

moving it directly outside of the reservoir or to intermediate landings with helicopters lifting
the trees with cable slings hooked up manually (Heli Logging);
using a system of cables to lift the material off the forest floor and to move the material to
intermediate landings for transport, by road, to designated storage sites (Cable Yarding); or
having the material carried out of the reservoir using self loading all terrain machines
(forwarders) which would take the material directly out of the reservoir to a storage area or
to the roadside to be moved by truck to designated storage sites.

In all three systems there would be workers on the ground using chain saws. The workers would be
required to cut the trees and process them into various size logs.
In the case of Heli Logging, cables would be attached to the logs and then connected to the
helicopter cable for transportation to intermediate landing sites for storage. The Heli Logging
system requires workers on the ground at two sites; for cable hookup and disconnect. Also access
and storage sites would need to be prepared and equipment available to handle the material to
move and stockpile it once released from the helicopter. Otherwise long hauls by helicopter would
be the result, making the system impractical and cost prohibitive.
In the case of Cable Yarding, a system of cables would be set up manually where logs would be
attached to cables, picked up and carried from the cutting area to a landing suspended by a cable
(see Figure 11). The Cable Yarding system would also require workers on the ground with
chainsaws, access to the area by road and mechanical equipment to handle the material at the
point of delivery.
In the case of forwarding, the wood is moved off the cutting site using self loading all terrain
vehicles that pick up the wood and carry it to prepared landings or to the road side to be moved to
the prepared landings by truck.

20

Reservoir Preparation Plan 2009

Document # GEN‐EN‐003:
Rev. B1

Figure 11: Cable Yarding

Manual harvesting systems require a large number of workers, working under very dangerous
conditions, using chain saws putting themselves at risk of personal injury, particularly during the
delimbing phase and working in bad weather. In addition, access to the area will still be required.
This access will be at levels similar to the requirements for mechanical harvesting systems. As well,
the productivity of manually harvesting is much lower than mechanical harvesting systems. Manual
harvesting is typically not practical for reservoir clearing when the area is greater than 4 km2 due to
scheduling constraints (SNC, 2007).
The mechanical system of harvesting would mean having the complete process of cutting,
delimbing, processing of the trees into merchantable lengths (short wood harvesting) and moving
them out of the reservoir done with purpose built machines. There would be no workers on the
ground and no handling of the wood manually.
During the initial stages of assessing reservoir clearing methodologies the use of feller bunchers and
grapple skidders was also considered. However, it was determined that this would not be practical
or feasible due to several concerns. It is anticipated that the conditions of a cutting permit,
required to commence reservoir clearing, would include a requirement to remove the limbs and
process the trees into specified lengths. To do this above the reservoir would be difficult and result
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in piles of tops and limbs, creating a fire hazard. Burning or burying the limbs and tops were not
considered a favorable option. In addition, as the accessibility analysis was completed, it became
evident that the extent of steep slopes would make it very difficult to move freely in and out of the
reservoir. This meant that moving the wood out of the reservoir would have to be done at carefully
selected points along the reservoir where ground condition permitted. As a result, the wood would
have to be trucked to a location where a pile down area could be accessed. A feller buncher system
would require the use of heavy trucking equipment to remove the whole trees from the reservoir
area, also creating an additional safety hazard considering the steep ground conditions. Due to
these issues the option of using feller bunchers would mean an extraordinary outlay of capital and
having to handle wood up to three times more often than with a short wood harvesting system.
Given the large area to be cleared, manual clearing would be hazardous, inefficient (time
consuming) and impractical. In addition similar levels of access would be required as for mechanical
harvesting. Therefore, the preferred alternative is to clear as much of the reservoir as possible
using the short wood harvesting system. There may, however be localized areas where manual
harvesting could be applied.

7.2

Removal of Merchantable Timber to Above the Flood Zone

Regardless of the harvesting system selected, the merchantable timber will need to be removed
from the area of clearing to above the full supply level. The method selected for this operation
could influence the economic advantage of the various alternatives presented above.
There are several options available for removal of merchantable timber which include:
•
•
•

Stacking the timber along the reservoir shoreline;
Removing the timber to designated wood storage yards located above the FSL, adjacent to
the reservoir; and
Transporting the timber out of the reservoir clearing area.

Due to the steep topography of the reservoir, stacking the timber along the reservoir shoreline
would not be technically feasible in most areas. In these cases, the timber would need to be moved
to a suitable area with relatively flat terrain, in localized wood storage areas as indicated in the
second alternative. This merchantable timber would be available for removal by a secondary wood
processor.
Transporting the wood outside of the reservoir clearing areas was considered to be outside of the
scope of reservoir preparation and would incur an additional cost that would not further the needs
of the Project. Therefore, designated storage yards within the Project area will be used.

7.3

Alternatives for Dealing with Slash

Delimbing of the trees will occur at the location where the tree is felled. The options for removal of
these limbs, tops and non merchantable trees (slash) in the accessible areas in the reservoir were
identified as:
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removal above the flood zone;
burial;
burning; or
mulching.

Removal of slash from the flood zone would involve transporting it over long distances to prepared
pile down areas. To collect slash and move it would be very difficult, and not technically feasible,
unless it was bundled, this would not be economically feasible. With large pile down areas for slash,
and no immediate commercial value, these areas would quickly be considered a serious fire hazard.
While removal from the flood zone would not be feasible, there is a potential for additional biomass
from slash to be of use in secondary wood processing activities. Although the secondary processing
of biomass is outside the scope of reservoir preparation, any request to access any of this material
will be considered and where possible accommodated.
The large scale burying of slash is not a technically feasible option since it would require a major
collection effort to minimize the ground disturbance. Due to irregular ground conditions and, based
on the field visit conducted in October 2009, there are extensive areas of wind fallen trees. As a
result, burying this material would require moving substantial volumes of additional material and
would not be economically feasible.
The burning of slash would also require a large workforce to collect the material and place it in piles
for burning. As noted in the review of reservoir preparation on other projects there are other
potential problems with trying to burn slash, on the one hand excessive precipitation and humidity
make burning somewhat difficult and on the other hand it creates a potential for forest fires when
conditions are ideal for burning.
The preferred alternative is mulching. Mulching is considered the most technically feasible
approach, since material collection will not be required, and mulching will minimize the amount of
slash that will become a problem as the mulch will not float after impoundment. Mulching will be
done with a large disc type hammering device, purpose built, to break up the material so that it will
lay flat on the forest floor and tend to become water logged and break down fairly quickly. These
mulching units have hydraulic driven rotating disc which will be mounted on an excavator arm. In
addition to being effective on tops and limbs, they work very effectively breaking up small non
merchantable trees. However in limited areas, where the amount of slash is excessive, residual
material may be buried.
The implication of mulching for the disposal of slash on methylmercury is small as it was estimated that
this material will account for less than 4% of the total amount of material contributing to methylmercury
creation, based on the following:
•

As stated in IR# JRP.148a the primary cause of increased methylmercury (MeHg) levels in
new reservoirs is increased decomposition in flooded areas, resulting in more activity by
microbes that methylate mercury. The presence of readily degradable carbon pools in
vegetation and soils contributes to increases in decomposition and associated increases in
fish mercury levels. However, the portion of the carbon pool in vegetation (both
merchantable and non merchantable) is lower than the portion in the soil. In a study
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conducted by Hydro Quebec in 2007 (Hydro Quebec, 2007) vegetation accounted for 13 to
22% of the initial pool of degradable carbon, leaving 78 to 87% in the soil layer;
•

In cleared areas, merchantable timber will account for almost 90% of the vegetation present
(and a similar portion of the degradable carbon) and will be removed;

•

Of the 10% vegetation remaining (i.e. non‐merchantable timber) it was assumed that all of
this material would decompose in the early years after flooding. The total volume of cleared
non‐merchantable material for Gull Island and Muskrat Falls reservoirs is 91,000 m3 for the
partial clearing scenario. It was estimated that this volume would contain roughly 41,000
tonnes of carbon. This mass of carbon, if fully decomposed, is approximately 4% of the
estimated 1,063,878 tonnes CO2e/yr for the combined reservoirs and would represent a
similar portion of it’s overall contribution to peak mercury levels;

•

In addition, some of the non‐merchantable material included degradable carbon estimate
will be above the FSL and will not actually be a source of degradable carbon in the reservoir;
and

•

Mulching of non‐merchantable material from 2 to 6 years prior to flooding will also result in
a portion of this carbon pool decomposing prior to flooding. Pre‐flood decomposition would
not contribute to increases in fish mercury levels.

Overall, it was concluded that the method of disposal of cleared non‐merchantable material will not
have a significant effect on fish mercury concentrations. Other advantages and disadvantages of
mulching as compared to other methods of disposing of slash are summarized in Table 2.
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Table 2: Comparison of Approaches for Disposal of Slash
Consideration
Removal Above the Flood Zone
Technical
Removal of slash from the flood
Feasibility
zone would involve transporting it
over long distances to prepared pile
down areas. To collect slash and
move it would be very difficult, and
not technically feasible.

Economic
Feasibility

Removal could be accomplished if
the material was bundled. This
would not be economically feasible
unless a secondary wood‐processor
were to undertake this exercise as
part of a wood pellet operation.
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Approach
Burial
The large scale burying of slash is
not a technically feasible option
because it would require a major
collection effort to minimize the
ground disturbance. Small scale
burying of slash may be a
technically feasible option in areas
where slash is excessive.

Due to irregular ground conditions
and, based on the field visit
conducted in October 2009, there
are extensive areas of wind fallen
trees. As a result, burying this
material would require moving
substantial volumes of additional
material and would not be
economically feasible. Small scale
burying of slash may be an
economically feasible option in
areas where slash is excessive.

Burning
On other projects there were
problems with trying to burn
slash. Excessive precipitation
and humidity made burning
difficult and created a fire
hazard when conditions were
ideal for burning. Burning only
reduces the biomass to one
third its volume; the remaining
biomass would still need to be
buried.
Burning is economically
feasible.

Mulching
The preferred alternative is
mulching. Mulching is considered
the most technically feasible
approach, since material collection
will not be required, and will
minimize the amount of slash that
will become a problem as the mulch
will not float after impoundment
(Nalcor, 2010).

Since material collection will not be
required mulching is also considered
the most economically feasible
approach.
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Consideration
Atmospheric
Effects

Aquatic
Effects

Removal Above the Flood Zone
If slash were to be removed above
the flood line a fire hazard may be
created in the dry summer season
(due to the piling of slash in
windrows). If forest fire were to
occur air quality would be affected.
The removal of slash to above the
flood line would result in a decrease
to GHG emissions from the reservoir
during operations but this amount
would be small in relation to the
total GHGs.
The removal of slash above the flood
zone would reduce woody debris
within the reservoirs. While the
volume of water through the
reservoirs limits the potential for
anoxic conditions to occur, any
remaining material will slowly
decompose and could potentially
depress oxygen concentrations
within deeper portions of the
reservoirs.
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Approach
Burial
Burning
Burning will lead to increased
Atmospheric emissions and GHG
air emissions from the Project
emissions from the Project would
due the burning of the material
not increase, provided that the
and will increase the potential
bottom of the reservoir allows for
for a forest fire and the
wood waste to be buried
sufficiently deep to induce
associated emissions.
anaerobic conditions and to
adequately reduce soil oxygen
content.

There would be no increase to
aquatic effects from the Project
provided that erosion control is
implemented where there is any
risk to soil cover, and burial depths
are adequate to prevent oxygen
depletion of sediments.

Burning slash would not
increase aquatic effects from
the Project.

Mulching
Similar to mercury the main source
of decomposition (and GHG
emissions form the reservoir) is the
soil. The additional GHGs from the
portion of mulch that that is
submerged and has not
decomposed mulch would be small
in relation to the total GHGs.

During the operations phase of the
Project, submerged mulched
material would continue to
decompose and interact with the
aquatic environment. During
operations decomposition of
material within the water column
would utilize dissolved oxygen and
potentially decrease its
bioavailability. Given the water
volume of the proposed reservoirs,
as well as the high flushing rate, the
limited quantity of mulch
decomposition is not expected to
change water quality throughout
the reservoir, and any reduced
dissolved oxygen which may
develop is likely to be localized and
temporary.
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Consideration
Terrestrial
Effects

Socio‐
Economic
Effects

Removal Above the Flood Zone
The removal activity would cause a
certain level of human, noise and
other disturbance. There would be
some additional disturbance to
wildlife species due to the storage of
areas. There are no biophysical
advantages in terms of nutrient
cycling or other ecological
considerations with removal as
opposed to the other alternative to
handle slash.
If the slash was collected by a
secondary processor, there would be
socio‐economic advantages for
removal of slash as a result of
increased indirect employment. The
remainder of the socio‐economic
effects would not likely be
measurably different regardless of
the disposal method selected for
slash.
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Approach
Burial
Burning
Burial would occur within the area Burning would occur within the
area of the inundation and
of the inundation and hence not
hence not result in additional
result in additional disturbance
surface disturbance although
beyond the physical footprint of
emissions and the potential for
the Project. However, the burial
uncontrolled fire would
option does not allow for any
increase. As the ash material
return of nutrients and organic
would be left in place, there
material to the forest ecosystem.
would be limited opportunity
for the return of nutrients and
organic material to the forest
ecosystem.
For the burning option slash
For the burial option slash would
not be available for use by a
would not be available for use
secondary wood processor. The
by a secondary wood processor.
The remainder of the socio‐
remainder of the socio‐economic
economic effects would not
effects would not likely be
measurably different regardless of likely be measurably different
regardless of the disposal
the disposal method selected for
method selected for slash.
slash.

Mulching
Mulching would occur primarily
within the area of inundation. As the
material would be left in place
within the area to be impounded,
there would be no biophysical
advantages in terms of nutrient
cycling or other ecological
considerations with mulching as
opposed to the other alternatives to
handle slash.

If the mulched material is collected
by a secondary processor, there
would be socio‐economic benefits
as a result of increased indirect
employment. The remainder of the
socio‐economic effects would not
likely be measurably different from
those assessed in the EIS.
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7.4 Alternatives for Access

Access to the reservoirs will be required for the daily transportation of personnel and equipment to
the areas to be cleared. As merchantable timber is cleared, access will also be required to transport
this material outside of the ice and stick up zones, to the localized wood storage areas.
Both road and barge access were considered as potential access options. Helicopter use was
considered for Heli Logging but was not considered an economically feasible method of
transporting equipment and personnel on a regular basis.
Barging was assessed and found to be not technically feasible for access due to high river velocities
over the majority of the river (>1.5 m/s). These high river velocities would also pose a safety hazard.
Prevailing westerly winds on Lake Winakapau were also identified as a concern.
Road access was assessed and found to be feasible in specific conditions. In areas of unstable
surficial geology (sand and silt) it is only safe to build and operate roads on slopes up to 30%.
Although there may be clearing methods/equipment that can work on slopes greater than 30 %
roads cannot be safely constructed in these areas. To try and minimize road construction costs
consideration was also given to taking advantage of winter conditions and build winter access roads
where ever possible. However, the opportunity for winter road construction is limited. Winter road
construction is not technically feasible as the majority of clearing will be done along a narrow band
at the upper edge of the reservoir. Road construction will be continuous as the clearing operation
requires access to this narrow band. If winter roads were used there would be no access available
until the start of winter. Once the appropriate road building conditions were present winter road
construction would commence. As clearing activities progressed up the reservoir this would require
increased lengths (up to 60 km) of winter access road to be built prior to commencing winter
clearing operations. Clearing operations would then need to cease prior to spring thaw and no
clearing would take place during the spring, summer or fall. Given the amount the timber volume
and the available time from Project sanction to impoundment this approach may not be possible
from a scheduling perspective. In order to be technically feasible, access may need to be year
round. There is one exception where winter roads can and will be constructed to provide access.
The north side of the Muskrat Falls Reservoir is to a large extent close to the Trans Labrador
Highway. Therefore where ever it is advantageous, winter roads will be constructed for access to
these areas from the Trans Labrador Highway.
In addition to winter road access, consideration was also given to accessing the south side of the
Muskrat Falls reservoir over a stable ice cover during the winter. As a result additional work fronts
could be possible. However, based on the history of ice observation studies that have been
conducted on the river it was concluded in the ice dynamics study that the reach upstream of
Muskrat Falls to Gull Lake tends to stay open during the winter. Border ice does form along the
banks of the river but the velocity in the main steam of the river is too high to allow border ice to
effect closure by bridging across the channel (Hatch, 2007).
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Roads are the preferred method to access the reservoir. Although in certain areas road building will
not be safe due to slope and ground instability, these are also areas where the safety of clearing
operations would be high risk and likely avoided.
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8.0 Extent of Partial Clearing
With the preferred reservoir preparation strategy determined to be partial clearing and the method
of clearing defined as mechanical, the extent of partial clearing that could be safely and practically
achieved was delineated. The delineation exercise was based on the general constraints discussed
in Section 6.1 (i.e. environmental, safety, technical). The delineation exercise also considered the
inclusion of areas where habitat for terrestrial and aquatic species could be developed in
conjunction with the reservoir preparation activities.

8.1 Constraints
Within the ice and stick‐up zones clearing will be complete, except in select areas due to various
constraints, including safety, accessibility and environmental protection. These considerations are
outlined below.
8.1.1 Safety Considerations
The major consideration impacting the extent of reservoir clearing is safety.
Safe clearing
operations protect the health and safety of operations personnel. Steep local terrain and unstable
surface conditions were considered when determining the risks associated with various clearing
methods and which areas could be safely cleared.
8.1.2 Accessibility Considerations
As the analysis progressed it became apparent that safety and accessibility were closely related.
Access could only be carried out if it was safe to do so. In areas of unstable surfical geology (sand,
silt or clay) it is considered safe to build and operate equipment on roads with slopes up to 30%.
Areas where local slopes would not allow safe operation of clearing equipment have been defined
as locally inaccessible. There are also areas to be cleared that have slopes that are less than 30%
and stable ground conditions but will not be accessible due to the slope and ground conditions of
the surrounding area. These areas have been defined as locally accessible but regionally
inaccessible.
Locally and regionally inaccessible areas were not considered further with respect to clearing. Areas
that are both locally and regionally accessible were considered for clearing subject to
considerations noted below.
8.1.3 Environmental Considerations
Although reservoir clearing will result in overall environmental benefits for the Project; there are
also potential adverse environmental effects during its completion. In order to mitigate these
potential adverse effects a series of environmental considerations were developed by terrestrial
and aquatic biologists (based on current industry best practice and environmental regulations).
In order to develop these constraints the primary habitat mapping for selected species was
assembled based on an ecological land classification study (Minaskuat, 2008). The species selected
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were those that were used in the environmental assessment analysis to determine the significance
of effects. This mapping was superimposed with alternative primary habitat that will be available
post‐impoundment. A GIS data set was developed showing osprey nests, active beaver colonies,
bald eagle nests, moose winter areas, harlequin duck staging and breeding areas and water fowl
and breeding areas. The data set also noted areas of riparian habitat which were to be left in place.
These considerations were taken as constraints in delineation of areas to be cleared and prepared.
These constraints are as follows:
•
•
•
•
•
•
•

A 20 metre buffer around bank nesting birds;
A 20 metre buffer around identified beaver colonies;
A 20 metre buffer around harlequin duck rivers;
A 15 metre buffer around lakes visible on 1:50,000 scale mapping;
A 15 metre buffer around rivers visible on 1:50,000 scale mapping;
An 800 metre buffer around identified active osprey nests; and
An 800 metre buffer around other active raptor nest locations.

8.2 Habitat Enhancement
As outlined above, in order to protect the environment, there are several areas where clearing will
not be carried out. Conversely, opportunities have been identified to clear additional areas or to
use specific reservoir preparation techniques in order to enhance the habitat within the reservoir
and its shoreline. These areas are related to aquatic and terrestrial habitat creation.
8.2.1 Aquatic Habitat
It was recognized that creation of the new reservoirs will result in changes to existing aquatic
habitat. As part of the environmental assessment process, Nalcor Energy proposed to enhance the
development of new fish habitat at the confluences of specific rivers with the new reservoirs, at
newly inundated shoal areas within the reservoirs, and along portions of the perimeter of the new
reservoirs. Potential new deltas were identified at West Metchin River, Metchin River, Elizabeth
River and Minipi River in the Gull Island reservoir. Potential shoal areas were identified at a natural
plateau, located about 5 km upstream of the Gull Island dam site in the Gull Island reservoir and at
the head of Gull Lake in the Muskrat Falls reservoir. In addition, portions of the perimeter of the
new reservoir were identified where access roads for the reservoir clearing will be below the LSL.
These potential sites are being considered for enhancement and are subject to finalization based on
the development of a Fish Habitat Compensation Plan. This plan is being developed in conjunction
with the Fisheries and Oceans Canada and stakeholders through technical workshops and public
consultation.
8.2.2 Terrestrial Habitat
As part of the Environmental Impact Statement proposed for the Project, the terrestrial effects
assessment concluded that creation of the reservoir would result in the loss of a portion of habitat
(over half the available primary habitat in the river valley) for some species. The habitat of concern
was identified as riparian marsh. As part of the current environmental assessment Nalcor Energy
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proposed to establish habitat approximating this habitat type to offset potential negative effects.
As part of developing the reservoir preparation plan, a location for this habitat development was
identified and specific reservoir preparation techniques defined. The location of this habitat was
determined from primary habitat mapping superimposed with alternative primary habitat that will
be available post‐impoundment. This location is identified on the associated reservoir preparation
mapping report (GEN‐EN‐005 Summaries and Map Sheets – Muskrat Falls).
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Volume Determination

Based on the criteria/constraints established to determine the extent of partial clearing, the next
step in developing a reservoir preparation plan was to determine the volume of trees and
vegetation to be removed. This volume is key in determining the approach to reservoir preparation
(equipment and personnel required), the productivity of the reservoir preparation operation and
subsequently the cost and schedule. The areas where trees and vegetation will remain in place are
also important as these areas can be used in determining potential residual issues related to
navigation and access. The volume of material that will not be cleared (including the volume
present in the flood zone) was also used in determining the volume of material that could
potentially be an issue (source of trash and debris) during operation of the generating facilities and
would hence require management post‐impoundment.
As part of the volume determination it was also important to determine the type of material
present. The type of vegetation influences the nature of the issues associated with reservoir
creation, activities that may be undertaken for reservoir preparation and the management of
floating vegetation during operations. From a forestry perspective vegetation can be categorized as
merchantable or non‐merchantable. Merchantable timber consists of trees of a particular type and
size and that is assumed to have some commercial value. However, as stated, this is an assumption.
Merchantable timber is not inherently marketable timber, nor is assured to be economic to harvest.
The true economic value of the wood is the price a secondary wood processor is willing to pay for
that unit of volume. Ideally in a project the value of the wood would be equivalent to the cost of
clearing, royalties and bringing the timber to a secondary wood processing facility. Where the value
and cost differ, such as the case with the Project then other non‐quantifiable benefits can be
considered.
Merchantable wood is defined as being 2.5 metres or more in length with a top diameter of not less
than 9.1 centimeters and of being generally sound condition. Non‐merchantable timber is
sometimes referred to as slash. Non‐merchantable material consists of all vegetation of no
merchantable value, including small trees, shrubs, limbs, branches, boughs and twigs.

9.1

Methodology

The volume determination is a complex process with many parameters to be considered. The vast
amount of data that has been collected is extremely valuable; however given the amount of data
and geographic extent of the reservoirs, substantial analysis was required. The use of a geographic
information system (GIS) was recognized as the most efficient means of compiling and analyzing the
data. GIS integrates hardware, software, and data in order to capture, manage, analyze, and
display all forms of geographically referenced information. The majority of the information
collected on the Project, especially recent information, is geographically referenced. Once the data
was analyzed, the extent of partial clearing could be fully delineated.
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Baseline

The first task in utilizing GIS was to define the base case and establish overall clearing zones. The
base case is essentially the full area and volume that would be cleared under the definition of
partial clearing, if safety and other factors were not considered.
As previously indicated in Section 4.0 a LiDAR survey and orthophotography was conducted in the
Lower Churchill River valley in 2006. The survey and photography covered the area to be inundated
as well as the areas immediately adjacent to the future reservoirs. This survey technique uses
reflected laser energy to measure the distance from the emitter to any object in the path of the
laser. The small wavelength of the laser enables the LiDAR equipment to both reflect off and
penetrate through the tree canopy and map physical features with very high accuracies. With
advancement of Global Positioning Satellite (GPS) technology, airborne LiDAR surveying of ground
features provides a convenient way to acquire digital elevation data and to map large expanses of
area. The final product is a collection of points that are representative of the earth’s surface.
Aerial photographs were also collected in the same areas as the LiDAR data. These photos were
orthorectified, meaning that any distortions of the image caused by the orientation of the camera,
or by the topographical features of the ground, were corrected. These corrected images were
georeferenced so that the image was an accurate representation of the actual ground surface.
The key outputs generated from the LiDAR and orthophotography included:
•
•
•
•
•

Digital Elevation Model (DEM) ‐ a grid‐based model of elevation values created from the
actual three dimensional location of each LiDAR data point;
Treetop data (tree canopy);
Slope Analysis – a grid based model of topography created from the DEM;
One metre contour lines – lines of equal elevation (1 metre intervals) created from the
DEM; and
High resolution photography – provided a detail view of the ground/forest cover.

Using the one‐metre contour lines the extent of the ice zone for the Gull Island and Muskrat Falls
reservoirs was delineated. Combined with the tree top data, the contour lines were also used to
determine the stick up zone. Based on this data the base case was established. An example of the
zones identified on a sample map sheet is illustrated in (Figure 12). The ice zone is represented in
yellow and the stick up zone is represented in green.
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Figure 12: Base Case for Partial Clearing

9.3

Volume Data

As part of the 1998 reservoir preparation study (Enfor, 1998), an inventory was undertaken to
assess the volume of timber within the area to be inundated. The purpose of the inventory was to
estimate the total timber volumes within and immediately adjacent to the flooded areas. The
inventory procedure was based upon the use of aerial photography to classify the area into:
•
•
•

Productive forest, consisting of various forest stand types;
Non‐productive forest; and
Other land classes.

Productive forest was delineated into stand types on the basis of tree species, total stand age, and
total tree height. The forest inventory data was geo‐referenced.
In order to provide volume estimates, forest inventory data was applied to the three zones. In
some areas the forest inventory data did not fully cover the ice zone. In these areas (approximately
20% of the ice zone) the forest inventory data was extrapolated using high resolution photography.
The base case with the forest inventory data (illustrated by the black lines overlaying the ice
(yellow) and stick up (green) zones) applied is shown in Figure 13.
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Figure 13: Base Case with Forest Inventory Data Applied
Once the forest inventory data was applied to the reservoir clearing zones (ice zone and stick up
zone) the total volume of timber present was calculated. The next step was then to determine the
areas where reservoir clearing could not be carried out for the reasons previously explained.

9.4

Volume Removal from the Base Case

Areas of clearing and associated timber volumes were removed from the total volume to be cleared
in the base case based on safety, accessibility and environmental constraints.
Determining where operation can be carried out was based on the safe operation of equipment and
the ability to safely build and travel on roads. These two considerations are based on slope.
Considering the prevalence of unstable surficial geology in the area and subsequent discussions
with representatives from the Forest Services Branch it was determined that clearing equipment
can be safely operated on slopes up to 30%.
Using the DEM, ground slope was calculated and filtered to display the applicable range. The slope
data was then applied to the base map, as shown in Figure 14. The green shading indicates areas
where the slope is less than 30%, while areas with a slope greater than 30% are indicated by red

36

Reservoir Preparation Plan 2009

Document # GEN‐EN‐003:
Rev. B1

shading. As illustrated in the sample map from the Gull Island reservoir these steep slopes were
found to be prevalent in the Gull Island reservoir.

Figure 14: Base Case with Forest Inventory and Slope Data Applied
Areas where slope would result in unsafe clearing operations were designated as no‐clear zones.
The total volume of trees to be cleared was reduced by the volume of trees present in these areas.
Access roads were then located to the areas that had been identified as safe to clear (Figure 15).
Access roads are illustrated by the yellow lines. Several principles were used to determine the
location of access roads:
•
•
•

•

Access roads will be located in areas where slope and bank stability will allow safe road
construction;
Access roads will be located in areas where slope and bank stability conditions will ensure
that roads would remain stable and safe for use for the duration of the reservoir clearing
operation;
Economic feasibility was also a consideration in determining whether an area was
considered inaccessible. Areas were deemed inaccessible when the length of road required
outside of the reservoir limits, from one area to the next exceeded 10 km and/or the
accessible volume to be cleared was considered too low to justify the road cost;
Access roads will be located wherever possible within the ice zone or the stick up zone; and
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Where access roads had to be relocated to go around an area too steep to operate on,
where possible they were located within the flood zone otherwise they were located above
the ice zone.

Areas that were considered inaccessible were designated as no‐clear zones. The total volume of
trees to be cleared was reduced by the volume of trees present in these areas.

Figure 15: Base Case with Road Locations Identified
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Volume Addition to the Base Case

Several areas were noted where additional clearing will be required to meet the needs of the
Project.
Additional clearing will be required for road construction and wood storage areas. Where roads are
located within the ice or stick up zones, construction did not affect overall volume estimates.
Where roads were located outside these zones (in the flood zone or above the ice zone) the
clearing required was added to the volume estimates. Wood storage areas required for the cleared
timber during reservoir preparation will be above the ice zone, therefore the volume of wood
contained within these areas was added to the volume estimates.
As mentioned previously, reservoir preparation will provide an opportunity for environmental
enhancement to mitigate the overall effects of the Project. The location of the area designated for
riparian marsh and meadow habitat (see section 8.2.2) was geo‐referenced and added to the base
case. The volume of wood contained within this area was added to the overall volume estimates.
The areas identified for fish habitat development were also geo‐referenced and the locations were
added to the reservoir preparation mapping. As these areas will be within the elevation range for
the ice and stick up zones the volume of wood contained within these area was considered in the
base case and did not change the overall volume estimates

9.6

Summary of Results for Volume Analysis

The combination of the datasets outlined above was then utilized to determine overall volume of
material in the reservoirs.
Recognizing that a balance was required between high level summaries and the detail provided on a
stand by stand basis from the forest inventory data, mid‐level summaries were developed. Mid
level summaries were based on the data contained on one map sheet when printed on a 1:2500
scale. This was a logical resolution as a numerical summary could be provided for the visual
representation of the data. A map index was created for each reservoir and the forest inventory
data was clipped to each map sheet as part of the volume analysis. This detailed break down is
provided in the associated reservoir preparation volume summaries and map sheets reports (GEN‐
EN‐004 Summaries and Map Sheets – Gull Island and GEN‐EN‐005 Summaries and Map Sheets –
Muskrat Falls).
9.6.1 Base Case
The base case analysis was completed for both the Gull Island and Muskrat Falls reservoirs. The
results are provided in Table 3.
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Reservoir
Zone
Gull Island

Muskrat
Falls

Document # GEN‐EN‐003:
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Area (km2)

Ice
Stick Up
Flood
Total Reservoir
Total Cleared
Ice
Stick Up
Flood
Total Reservoir
Total Cleared

23
13
57
93
38
11
11
21
43
33

Volume (m3)
Merchantable
Non Merchantable
350,000
57,000
199,000
30,000
734,000
105,000
1,283,000
192,000
549,000
87,000
205,000
26,000
240,000
30,000
162,000
20,000
607,000
76,000
445,000
56,000

Under the base case scenario (with no safety or accessibility constraints applied) the reservoir
preparation strategy with respect to partial clearing would result in the removal of 549,000 m3 of
merchantable timber over an area of 38 km2 from the Gull Island Reservoir. This represents 43% of
the total volume of merchantable timber within the ice, stick‐up and flood zones. Partial clearing
would result in the removal of 445,000 m3 merchantable timber over an area of 33 km2 from the
Muskrat Falls Reservoir. This represents 73% of the total volume of merchantable timber within the
ice, stick‐up and flood zones.
9.6.2 Application of Constraints
Safety
Due to safety, accessibility and environmental constraints the entire volume present in the base
case cannot be cleared.
Extensive areas in the Gull Island reservoir exist where there are major deposits of sand with slopes
in excess of 30%, extending down to the existing shoreline. Safety constraints, in essence, limit the
clearing operations to areas where the slope is less than 30%. While steep slopes are present in the
Muskrat Falls Reservoir, the extent is much less.
A summary of the safety and accessibility assessment is provided in Table 4. Areas where the slope
exceeds 30% have been designated no‐clear zones.
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Table 4: Summary Safety/Accessibility Analysis
Reservoir

Accessibility

Gull Island

Accessible (safe)
Inaccessible
(unsafe)
Accessible (safe)
Inaccessible
(unsafe)

Muskrat
Falls

Area (km2)
9
27
17
5

Volume (m3)
Merchantable
Non Merchantable
151,000
20,000
398,000
67,000
347,000
98,000

43,000
13,000

In summary the total volume that can safely be cleared, and that is accessible, is 171,000 m3 in the
Gull Island Reservoir and 390,000 m3 in the Muskrat Falls reservoir.
Environment
The volume of timber that could not be cleared due to environmental constraints was determined
to be negligible as most constraints are located in the riparian area. By virtue of the definition of
partial clearing these areas were not to be cleared as part of the base case. The locations of
environmental constraints were located on the reservoir preparation mapping as shown in the
associated reservoir preparation volume summaries and map sheets reports (GEN‐EN‐004
Summaries and Map Sheets – Gull Island and GEN‐EN‐005 Summaries and Map Sheets – Muskrat
Falls). In some cases the buffer zones noted will apply to timing of work as opposed to not clearing
the area. Such cases will include active osprey nests. In these cases the volume of timber within
these areas was not removed from the overall base case.
9.6.3 Additional Volumes
As part of the accessibility review four main access roads were identified for the Gull Island
reservoir; however none were required for the Muskrat Falls reservoir. Locations of access roads
are provided in the associated reservoir preparation volume summaries and map sheets reports
(GEN‐EN‐004 Summaries and Map Sheets – Gull Island and GEN‐EN‐005 Summaries and Map Sheets
– Muskrat Falls). Some of the main access roads identified for the Gull Island reservoir will be used
to allow access for debris management during the operations phase of the Project. In total 370 km
of access road will be required for reservoir preparation. The location of these roads and the
overall contribution to the volume estimates are provided in Table 5. As shown in the table, roads
located within the ice zone or stick up zone do not add to the overall volumes.
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Table 5: Volume of Timber to be Removed for Road Construction
Reservoir

Road Location

Gull Island

Length (km)

Ice Zone
59
Stick Up Zone
21
Flood Zone
30
Above Ice
67
Zone
Main access
58
roads
Muskrat
Ice Zone
42
Falls
Stick Up Zone
26
Flood Zone
14
Above
Ice
53
Zone
*Assumed to be merchantable volumes only

Volume (m3)*
n/a
n/a
20,000
44,000
38,000
n/a
n/a
10,000
35,000

Wood storage areas were estimated to be 0.025 km2. These areas will be located outside of the
reservoir limits on an as needed basis. An estimated 20 wood storage areas will be required for
reservoir clearing. The volume of wood to be removed from the wood storage areas was estimated
as 12,000 m3 of merchantable timber and 2,000 m3 of non‐merchantable timber.
Finally, the volumes required for terrestrial habitat development were determined. In this area
71,000 m3 of merchantable timber will be removed and 9,000 m3 of non‐merchantable timber will
be removed. Aquatic habitat development at delta locations did not contribute to the overall
volumes as these areas will be within the ice and stick up zones. These areas were noted however,
as special clearing techniques would be applied.
The location of the habitat enhancements are provided in the associated reservoir preparation
volume summaries and map sheets reports (GEN‐EN‐004 Summaries and Map Sheets – Gull Island
and GEN‐EN‐005 Summaries and Map Sheets – Muskrat Falls).
9.6.4 Summary of Results
A summary of results of the volume analysis for both reservoirs is provided in Table 6 and Table 7.
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Table 6: Summary of Volume Analysis for Gull Island
Parameter
Merchantable
Base Case
549,000
Volume Not Removed Due to
(398,000)
Safety/Access
Additional Volume for Road
102,000
Construction
Addition Volume for Wood
4,000
Storage Areas
TOTAL
257,000
Table 7: Summary of Volume Analysis for Muskrat Falls
Parameter
Merchantable
Base Case
445,000
Volume Not Removed Due to
(98,000)
Safety/ Access
Additional Volume for Road
45,000
Construction
Addition Volume for Wood
8,000
Storage Areas
Additional Volume for Habitat
71,000
Enhancement
TOTAL CLEARED
471,000

Document # GEN‐EN‐003:
Rev. B1
Volume (m3)
Non‐Merchantable
87,000
(67,000)
13,000
1,000
34,000

Volume (m3)
Non‐Merchantable
56,000
(13,000)
6,000
1,000
9,000
59,000

As previously mentioned, steep slopes are the major constraint for clearing operations and are
present throughout the Gull Island reservoir. As illustrated in Table 6 above, clearing of the Gull
Island reservoir is only feasible for 27% of the volume contained within the ice and stick‐up zones.
This is mainly due to safety and accessibility constraints. On the south side of the Gull Island
reservoir clearing activities will extend 73 km upstream of the dam site. On the north side of the
reservoir clearing activities will extend 102 km upstream of the dam site.
In the case of Muskrat Falls, clearing is feasible for 78% of the volume contained in the ice and stick
up zones. Again this is mainly impacted by safety and accessibility constraints. Roads for clearing
will extend the length of the reservoir on the south side and will be required along the length of the
reservoir on the north side.
As noted above, the extent of clearing for the Gull Island reservoir is limited to the portion of the
reservoir near the Gull Island dam site, approximately one‐third of the linear distance of the length
of the reservoir (i.e. between the Gull Island facility and Lake Winakapau). However, clearing these
volumes will provide the benefits of achieving the full extent of partial clearing, including access for
wildlife and land and resource users. The contribution to reduced volumes for trash and debris
management will be reduced; however this method still presents some operational benefits. Trash
and debris generation in the area immediately upstream of the generating facility will be reduced.
The majority of trash and debris generated further upstream will be dealt with via the debris
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management roads as proposed in Section 9.6.2 and will not require handling near the generating
facility. This will minimize the impact on the generating facility in terms of head‐loss, obstructed
intake and spillway gates, or requirements for shutting down units and reduce the safety risk of
removal near the facilities.
Most of the Muskrat Falls volume will be cleared resulting in less trash and debris to be dealt with
during the operational phase. As shown in Table 7, partial clearing of the Muskrat Falls reservoir,
unlike Gull Island will result in the removal of the majority of the timber volumes to be flooded.
Partial clearing of the Muskrat Falls reservoir will result in the removal of similar amounts of timber
as full clearing. The terrain and topography of the Muskrat Falls reservoir is much less challenging,
however removing the volume of timber required within the construction schedule timeframe will
be a key factor.
A complete breakdown of the volume analysis by map sheet, with the associated map sheet is
provided in the associated reservoir preparation volume summaries and map sheets reports (GEN‐
EN‐004 Summaries and Map Sheets – Gull Island and GEN‐EN‐005 Summaries and Map Sheets –
Muskrat Falls).
A summary of the total volume of timber remaining for both reservoirs is provided in Table 8 and 9.
Table 8: Summary of Volume Remaining ‐ Gull Island Reservoir
Volume (m3)
Parameter
Merchantable
Non‐Merchantable
Flood Zone
714,000
103,000
Ice Zone
278,000
47,000
Stick Up Zone
120,000
20,000
TOTAL
1,112,000
170,000
Table 9: Summary of Volume Remaining ‐ Muskrat Falls Reservoir
Parameter
Volume (m3)
Merchantable
Non‐Merchantable
Flood Zone
152,000
19,000
Ice Zone
51,000
7,000
Stick Up Zone
48,000
6,000
TOTAL
251,000
32,000
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10.0 Reservoir Clearing Operations
Once the extent to which partial clearing could be achieved had been delineated, the reservoir task
force developed a preliminary operations plan to carry out the reservoir preparation process.

10.1 Equipment
Decisions regarding the equipment to be used will ultimately be up to the successful contractor.
However, following the volume analysis by the reservoir preparation task force the following
methodology is anticipated.
All clearing will be completed using mechanical harvesters. Several types of harvesting equipment
are available to clear wood from the reservoirs. Based on the size of the trees present and the
density of the forest stands harvesters were selected as the most appropriate clearing equipment.
The harvesters will be six wheel machines with tracked bogie wheels and equipped with chains on
the other two wheels (see Figure 16). The harvesters will be supported by forwarding machines of
similar configuration, six wheeled machines with tracked bogies and chains on the other two wheels
(see Figure 17). The tracks and chains will provide for better stability and maximum mobility. These
machines will move the merchantable wood, either directly to pile down areas or to areas which
are accessible by haul trucks which will then deliver the wood to where it can be moved to
designated pile down areas. Heavy machinery will be equipped with lighting to allow for night
time operations.

Figure 16: Typical Six Wheel Harvester
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Figure 17: Typical Forwarder
Slash will be mechanically processed by mulching. Mulching will be done using JD690 or equivalent
excavators equipped with mulching heads (Figure 18). Significant amounts of windfall also exist in
the river valley. This windfall would be too large to be mulched and will therefore contribute to the
overall non‐merchantable volume to be processed.
Excavators equipped with mulching heads
could be fitted with quick connect/disconnect technology. This would allow the operator to drop
the mulching head and replace it with a excavating bucket with the capability of burying material
where slash material was excessive.
During a field visit, conducted in October 2009, it was noted that in some areas there were trees in
the 8th height class with butt diameters in excess of 76 cm and heights greater than 46 meters.
While these tree sizes may create problems for mechanical harvesters there is a relatively small
accessible volume of wood in this size category. There is approximately 8,000 m3 of accessible
large‐size wood in the Gull Island reservoir and 57,000 m3 in the Muskrat Falls reservoir. This
volume will require a larger harvester head, capable of processing trees with a butt diameter up to
100 cm.
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Figure 18: Typical Excavator with Mulching Head

10.2 Supporting Infrastructure
10.2.1 Access
The efficient moving of equipment in and out of clearing areas as the clearing activities move
further up the reservoir will be critical. Access to the reservoir clearing operations will be by Class B
all weather roads (see Figure 19). This will be necessary to provide for the efficient transportation
of personnel and equipment working a double shift.
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Figure 19: Typical Class B Forest Access Roads
As part of the accessibility review four access main roads were identified to access the Gull Island
reservoir. Locations of the main access road are shown in the associated reservoir preparation
volume summaries and map sheets report for Gull Island (GEN‐EN‐004 Summaries and Map Sheets
– Gull Island). The four main access roads include:
1)
2)
3)
4)

An access road to the mouth of the Minipi River, along the south side of the river;
An access road from the Trans Labrador Highway to the mouth of Bob’s Brook;
An access road from the Trans Labrador Highway to the mouth of the Metchin River; and
An access road from the Trans Labrador Highway to the lower end of Lake Winokapau.

Roads 1, 2 and 4 have been preliminarily identified for debris management. These roads will be
confirmed subsequent to the finalization of the debris management plan. Road 3 will be required
for fish habitat site preparation. A main access road will not be required for the Muskrat Falls
Reservoir.
In total, 235 km of road will be required for the Gull Island reservoir clearing and debris
management post impoundment; 58 km will be main access roads; 110 km will be located within
the reservoir; and 67 km will be located above the ice zone. After impoundment approximately 125
km will remain, however these roads may be decommissioned once clearing or debris management
activities are completed.
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In the Muskrat Falls reservoir there will be 135 km of road required, 82 km will be located within
the reservoir, 53 km will be located outside or above the reservoir. The 53 km above the ice zone
will remain post impoundment and will be decommissioned.
Road construction will be done with tracked excavators doing the initial excavation work and,
where necessary, roads will be brought up to specification using tandem haul trucks supported with
front end gravel loaders and gravel spreading machines.
Road maintenance will be carried out using standard road graders. These machines will be required
full time to maintain the overall efficiency of the clearing operation. The machines will also have
snow clearing capability for operating in winter conditions.
All stream crossings visible on 1:50,000 mapping were identified and a bridge or culvert installation
requirement was determined. In total, 92 stream crossing locations were identified for the Gull
Island reservoir and 95 stream crossing locations were identified for the Muskrat Falls reservoir.
The exact location and span of the crossings will be determined as part of the development of a
detailed execution plan.
All bridges will be constructed as per provincial government regulations. The bridges will be
temporary in nature and will be designed to accommodate the appropriate construction site. The
bridges will be Mabey Johnson type structures on rock filled timber crib abutments. There may be a
potential to use the local timber for bridges on smaller stream crossings.
During the 2009 field visit, the access road locations were flown over and assessed as to whether
the locations were suitable and if construction was technically feasible. For the most part, while
each presented specific challenges, construction is possible. The one exception was that of the
Minipi access road. It was determined that the best alternative would be the alternate route
running south west from the dam along the top of the gorge, towards the mouth of the Minipi
River.
The river crossing site on Minipi River was also investigated and is technically feasible and while the
river crossing will not be a problem, road construction out of the valley will be challenging but not
impossible.
10.2.2 Accommodations
Ultimately the successful contractor will decide on the most efficient camp configuration and will
consider travel times and other issues. The alternatives for accommodations of personnel will be to
either have everyone work out of one central camp, and bus them to and from the work sites at the
ends of each shift, or to establish small temporary camps as crews move up/down the reservoirs,
minimizing the travel time to and from the work sites.
In the case of the Gull Island reservoir, the average travel distance up the reservoir is 49 km. In the
case of the Muskrat Falls reservoir the average travel distance will be 33 km. Travel time in excess
of one hour may only apply to the outer extent of the reservoirs from the base camp. Travel time in
excess of one hour, while not desirable, may not justify a fly camp for a short period of time.
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Depending on road conditions and travel time experienced as the reservoir is being cleared a
decision may have to be made at some point as to whether a fly camp is required.
10.2.3 Communications
To operate efficiently while clearing the reservoir, it will be essential to have a good
communications system. Without it the efficiency of the operation will be compromised, as will the
overall safety of the operations personnel. A good communications system will include radios in all
equipment. In the case of reservoir clearing, where work must be completed within a specified
zone, this importance is even greater. Ongoing communications with shift foremen and technicians
will be necessary to ensure work is carried out efficiently, safely, in a coordinated manner, and
according to plan. Since operators will work alone, having radio contact will allow them to keep in
touch with each other when leaving their machine to do equipment checks. A system with several
channels will be necessary to accommodate local traffic while not tying up the system in the event
of an emergency. An ideal system will have all operating equipment fitted with a radio tied to a
suitable repeater tower with communications by radio available at all times within the operating
area, as well as to the base camp and/or the Gull Island site. The specific radio type, repeater tower
configuration and operating regime will be determined prior to execution of the work. Proper
training will also be completed for all appropriate personnel.
10.2.4 Other
Although the crews will be housed at accommodations complexes, work units will be mobile and
other support infrastructure will be required. Each work unit will be accompanied by the following
infrastructure:
•
•
•
•
•
•
•
•
•
•
•
•

Portable self contained power generation units;
Portable dyked fuel storage systems;
Portable potable water system;
Portable sanitary facilities;
Heli transportable fuel tanks;
Heli transportable water tanks;
Heli transportable waste containers;
Heli transportable stretchers;
Portable first aid station;
Portable equipment maintenance facility;
Portable lunch rooms/kitchen; and
Portable firefighting equipment.
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10.3 Personnel and Shift Requirements
10.3.1 Training
It is expected that the partial clearing of both the Gull Island and Muskrat Falls reservoirs will be
done with purpose‐built mechanical harvesters, forwarders, excavators and self loading haul trucks.
The operating conditions will be less than ideal with steep slopes, sandy unstable soils and to great
extent large, tall trees. Contractors therefore will be required to demonstrate that they can supply
suitably trained and competent personnel. For these reasons experienced operators with excellent
hand eye coordination skills will be the preferred candidates. In the event that there are
requirements to hire some of the workforce who do not possess all of these preferred skill sets,
then a well planned training program will be required. It will be important to have at the very least
a core of highly experienced and competent operators who will set the standard, and keep the job
going as the newly trained operators reach their maximum potential. Another important point is
that the maintenance crew will also be well trained with previous experience working on this type
of equipment.
The type of training required for the operators will for the most part have to be hands on. Some
basic class room exposure to this equipment will be beneficial; however the hands on training will
be the most important.
A training program of any consequence will require contractors to forward plan, select operators,
provide hands on training with machines and have operators acquire the minimal skill sets required.

10.3.2 Rotation and Shift Requirements
For the purposes of developing the reservoir preparation plan it was assumed that the shift rotation
would be similar to the shift rotation for the construction sites; 21 days on and 7 days off.
However, this is for planning purposes only and this may change depending on the labor
agreements yet to be negotiated.
Three different scenarios were identified for potential shift options, working a 20 day on 10 day off
rotation:
•
•
•

All Day shift only; eg carpenters & bridge builders
Day and night shift with crews alternating day and night shift when changing their shift or
coming back after their time off; or
Day and night shift with crews alternating working day and night shift every ten days. Half
way through the 20 day work time and when they return from their time off.

The shift option ultimately selected will be a decision that will be made in consultation with the
reservoir clearing contractor and the project labor agreements.
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10.4 Decommissioning
Decommissioning was also identified as an important factor when determining the over all
methodology for reservoir preparation which will in turn affect the cost and schedule.
Decommissioning will involve the removal of bridges and culverts above the full supply level of the
reservoirs. Bridges located within the flood zone will also be removed; however any culverts will be
left in place and flooded. Bridges and culverts along the four main access roads identified for the
Gull Island reservoir will remain in place until no longer required for debris management.
Roads below the flood line will be inundated and will not be rehabilitated with the exception of any
identified habitat enhancement activities. Roads above the full supply level will be rehabilitated
where possible. The extent of road rehabilitation will vary and will range from disturbing the road
surface using an excavator and restricting access to complete rehabilitation. Complete
rehabilitation will include removing the road way, re‐grading the area and backfilling ditches.
Priority areas will be identified such that in the event of scheduling issues these areas will have
been addressed. The backfill of ditches may be limited as the ditches have been identified and as
potential habitat for certain species of wildlife.
All equipment will be removed from the reservoir areas as well as portable infrastructure, including
any temporary camps.
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11.0 Trash and Debris Management
Following impoundment, the trees and vegetation that have not been cleared may contribute to
debris that may adversely affect the operation of the generating facilities. Subsequent to the
volume calculations the volume of trash and debris that may be present was determined and
options for handling were determined.
11.1 Volume of Trash and Debris
The analysis of the Gull Island reservoir concluded that the total estimated gross volume of the
reservoir is 1,475,000 m3 of material in the flood, ice, and stickup zones. Of this volume there is
839,000m3 in the flood zone which will be completely under water following impoundment.
Theoretically this volume will not create a trash or debris problem, however because the forest is a
mature forest with limited fire history, the prevalence of wind falls on the forest floor is extensive.
In many cases these trees are not lying close to the ground and have therefore dried out. As a
result, after impoundment some of this material will float to the surface. An estimate of 10% of the
total volume of wood in the flood zone is on the forest floor and of this an estimated 50% will float
to the surface. Therefore it was estimated that the trash and debris management plan will have to
manage approximately 42,000 m3 of volume from the flood zone.
In the ice zone and stick up zones there is an estimated total volume of 636,000 m3 of material. Of
this, 171,000 m3 will be cleared. This leaves 465,000 m3 of debris which will potentially be an issue.
However of this volume there is 71,800 m3 of hardwood. Hardwood has less buoyancy and if it
does float it will only do so for a maximum of a year. The findings of the team dealing with the
reservoir clearing for La Grande in Quebec, was that only 38.5% of the potential debris volume in
the ice and stickup zones was cleared naturally and had to be dealt with. Using this analogy, of the
393,200 m3, the debris management process may need to handle 163,200 m3.
The net potential volume of debris that may have to be dealt with in the Gull Island reservoir is
163,200 m3 to 393,200m3in the ice and stickup zones and 42,000 m3 of wind falls from the flood
zone for a total of 205,200 m3 to 435,200 m3 of debris.
The analysis of the Muskrat Falls reservoir concluded that the total estimated gross volume of the
reservoir is 683,000 m3 of material in the three zones. Of this volume there is 182,000 m3 in the
flood zone which will be completely under water following impoundment. Again, because the
forest is a mature forest, some of the material on the forest floor will float to the surface. As with
the Gull Island reservoir, it was estimated that 10% of the total volume of wood in the flood zone is
on the forest floor and of this 50% will float to the surface. Therefore it was estimated that the
debris management plan will have to deal with approximately 9,100 m3 of debris from the flood
zone.
In the ice zone and stick up zone there is an estimated total volume of 501,000 m3 of material. Of
this there is 390,000 m3 accessible which will be cleared. This leaves 111,000 m3 of debris which
will potentially be an issue. However of this volume there is 27,800 m3 of hardwood. Using the
previous results from the Grand River project, of the 83,200 m3, the debris management process
may need to handle 32,000m3.
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The net potential volume of debris that may have to be dealt with in the Muskrat Falls reservoir is
32,000 m3 to 83,200 m3 in the ice and stick up zones and 9,100 m3 of wind falls from the flood Zone
for a total of 41,100 m3 to 93,200 m3 of debris.
It is important to note that more mature trees, particularly in the larger diameter classes, have a
higher percentage of heart wood which has a lower moisture content, meaning that the tree is
more buoyant. The trees in both reservoirs are mature and in fact to a large extent are over mature.
Some of the softwood will become tangled and become submerged and hence water logged before
floating to the surface and will not be a problem. For the most part however the trees will have a
greater tendency to float and potentially create problems as floating debris. The design of the
generating facilities and operating procedures will need to have provisions to deal with the
maximum potential volume of trash and debris.
11.2 Trash and Debris Management
Measures will have to be taken during the operations phase of the Project to ensure the volumes of
trash and debris, calculated above, does not negatively affect the operation of the generating
facilities.
Methods of trash and debris management can be divided into two categories:
• Handling the trash and debris found in the reservoir before is reaches the generating
facilities; and
• Processing the trash and debris after it reaches the generating facilities.
Alternatives for processing trash and debris found in the reservoir before it reaches the approach
channel of generating facility include:
•

Log Boom ‐ A boom is installed across the entrance of the approach channel or another
appropriate area in the reservoir upstream of the power house intake and is used to retain
and/or divert floating trash and debris. Once retained, the material can safely be removed
from the reservoir without risk of obstructing the intake and spillway structures. Log booms,
however, are not very effective in retaining trash and debris which moves below the water
surface. It’s efficiency can be improved with the addition of a debris screen that extends
below the surface of the water that is attached to the boom line. A debris screen may be
an issue for fish and the log boom may impede navigation.

•

Sweeping – This technique is used to avoid the pile up of debris and trash in unwanted
areas (intakes, spillways, recreation access points) in the reservoir. A common practice is to
“sweep” a reservoir of all floating wood after flooding has taken place instead of waiting for
it to be collected by a stationary log boom. Sweeping is accomplished by towing a boom
using boats and/or barges to contain the debris and move it to a predetermined landing
area for processing. A mechanical floating skimmer can also be utilized to collect debris
from the water surface and haul debris to various shoreline locations.
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•

Barge Incineration – This method can be used to process floating debris located in difficult‐
to‐reach places that cannot be accessed by land. A floating incinerator is used to collect and
burn floating debris.

•

Tree topping after flooding – Regions of the ‘stick up’ zones that cannot be cleared prior to
impoundment provide prime areas for floating debris to ‘hang up’ and potentially create a
navigational hazard. A technique sometimes used to clear debris in the stick up zone is to
mount hydraulic tree shears on a boat or barge after impoundment of the reservoir and to
top those trees which appear above the LSL during operation. Topping of trees can also be
carried out after freeze‐up from the ice surface, however the reservoir level would likely be
at full supply level when the stable ice cover forms.

•

Do Nothing ‐ Prevailing winds and currents will naturally push trash and debris toward the
shoreline where it will pile up in the reservoir drawdown zone. In isolated, difficult to reach
areas where it does not pose an operational, environmental or navigational hazard the
debris is left in place. Allowing wood debris to gather along the shoreline has also been
found to provide environmental benefits to reservoirs. Debris and stick‐ups can provide
habitat for fish and wildlife. Dead and fallen trees have also been found to be valuable in
preventing shoreline erosion as they tend to decay slowly, in situ, rather than floating away.

Alternatives for processing trash and debris after it gathers near the intake and spillway structures
of a hydroelectric generating facility include:
•

Intake Basin ‐ A basin constructed in front of the trash rack to collect the trash and debris
and prevent clogging of the intake. The basin is used to collect the floating and submerged
trash and debris that accumulates in front of intake and sinks after a certain time due to
density increase by water absorption. As the basin fills up over time, mechanical equipment
is used to clear its contents. This type of design was incorporated into the Upper Salmon
generating facility. The primary purpose of the basin is to collect settled suspended
sediments which build up after impoundment.

•

Mechanical Trash removal system – Trash and debris that accumulates in a basin at the
bottom and/or in front of the intake structure can be removed by grapple. Trash
accumulated on the trashracks can be removed either by a grapple or a mechanized rack
cleaner. Although there are several variations available commercially, there a mainly two
types of mechanized rack cleaners:
o Wire Rope mechanisms; and
o Hydraulically Articulated Arms.
Depending on the expected frequency of utilization, the rack cleaning and grapple
equipment may be installed permanently above the trash racks, or it may be mobile.

•

Removable Trash Racks – It may be possible to eliminate trash in front of the trash racks by
raising the racks and letting the trash go through the turbine passage. The amount and type
of material processed by this method is limited due to the risk of damaging the turbine.
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Spillway – Spillways can be designed to reduce the amount of trash and debris that collects
at an intake structure by allowing it to bypass the facility altogether. Floating debris can pass
over an overflow spillway and through a vertical lift gate spillway allowing it to continue to
travel downstream of the plant. These methods also cause large amounts of water to
bypass the intake structure which can be unfavorable for power production. Therefore a
specially designed ‘sluice gate’ can be incorporated into the spillway design which allows
debris to pass while minimizing the amount of water released through the spillway.

Some other less commonly used methods to manage trash and debris at an intake structure
include:
• The use of divers to remove debris;
• Using compressed air to blow the debris off the trash racks; and
• Using mechanical propeller driven agitators to divert the surface debris away from
the intake.
Regardless of the alternative or combination of alternatives used to remove unwanted trash and
debris from a reservoir, once brought to shore the material will have to be processed. The most
common method used to eliminate wood debris is to burn it. Machinery would be required to carry
out this task and the processing would involve:
•
•
•

Boats and barges to push debris onto the shore;
Cranes or excavators equipped with grapples to pile up the trash and debris above
the reservoir FSL; and
Bulldozers with rakes to push the debris into stacks where it is burned.

Another common alternative is to bury the wood materials (debris and ashes) using loaders and
bulldozers above the FSL of the reservoir. Although this option is more costly, burying trash can
sometimes be carried out more quickly than burning.
Other options include:
•
•
•

Commercial salvage by separating the merchantable timber;
Make it available for use by the local population (fire wood, building material); and
Stockpiling it in predetermined storage areas.

The optimal combination of alternatives outlined above will be determined through a follow‐up
study.
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12.0 Navigation Issues
There may be areas within the ice and stick up zone that can not be cleared due to safety and
accessibility constraints that may be important points of access for land and resource users. There
may also be areas identified as especially hazardous to navigation should the trees remain in place.
There may be an option in these areas, post‐impoundment, to remove these trees to below water
level. A barge equipped with an excavator with a mulching head could be used to mulch the tops of
the trees to below the water level post‐impoundment.
Discussions will be held with Transport Canada. Using the mapping from the development of the
reservoir preparation plan, key areas will be identified for further work post‐impoundment. Once
reservoir preparation is complete, a set of navigation maps will be provided to Transport Canada.
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13.0 Quality Control/Assurance
For the volume analysis, a sample of polygons was selected and the final volume calculation for the
polygon was traced back through the various processing steps to the original data. The following
polygons were selected for the quality control process:
•
•

The 10 largest polygons; and
10 additional polygons, 5 from the mapping and 5 from the data tables were
randomly selected.

This process was completed for the north and south sides of both the Gull Island and the Muskrat
Falls reservoirs. No discrepancies were noted.
To confirm the volume analysis, a field trip was made to the reservoir to ground proof the forest
classifications and look at the proposed road locations. Throughout the reservoir it was apparent
that this was a mature forest, due to the extent of the fallen trees throughout. The forest
classification data was found to be accurate and satisfactory at all locations.

58

Reservoir Preparation Plan 2009

Document # GEN‐EN‐003:
Rev. B1

14.0 Conclusions
Reservoir preparation is an important consideration in the construction and operation of
hydroelectric generating facilities. The facilities proposed for Gull Island and Muskrat Falls will
require some degree of reservoir preparation.
The preferred strategy for both reservoirs is the partial clearing approach. Partial clearing offers the
least cost solution and will provide operations, safety and environmental benefits. However, as
demonstrated by the volume analysis, partial clearing is only achievable for a limited portion of the
Gull Island reservoir, approximately one‐third of the length of the reservoir, due to steep terrain
and accessibility issues. The remainder of the reservoir will not be cleared. Partial clearing is
achievable for the majority of the Muskrat Falls reservoirs and represents the majority of the
flooded area.
It is recommended that the following actions be taken to further advance the reservoir preparation
strategy:
•
•
•
•

Finalize reservoir preparation execution strategy, including aquatic and wildlife habitat
development;
Determine preferred contracting strategy;
Further analysis and study of the debris management philosophy and determine the
preferred approach to debris management; and
Initiate consultation with appropriate regulators, specifically the Forest Services Branch of
the Department of Natural Resources, and Transport Canada. To this end a consultation
plan has been developed with the LCP Environmental Assessment Group. These initial
consultations will be followed by additional stakeholder consultation as appropriate.
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ENVIRONMENTAL POLICY AND GUIDING PRINCIPLES
All Nalcor Energy companies will help sustain a diverse and healthy environment for present and
future Newfoundlanders and Labradorians by maintaining a high standard of environmental
responsibility and performance through the implementation of a comprehensive environmental
management system.
The following guiding principles set out all Nalcor Energy companies’ environmental responsibility:
PREVENTION OF POLLUTION


implement reasonable actions for prevention of pollution of air, water, and soil and
minimize the impact of any pollution which is accidental or unavoidable;



use the Province’s natural resources in a wise and efficient manner;



use energy as efficiently as possible during the generation, transmission, and distribution of
electricity, and the operation of its facilities, and promote efficient use of electricity by
customers;
maintain a state of preparedness in order to respond quickly and effectively to
environmental emergencies; and





recover, reduce, reuse and recycle waste materials whenever feasible.

IMPROVE CONTINUALLY





audit facilities to assess potential environmental risks and continually improve
environmental performance;
integrate environmental considerations into decision‐making processes at all levels; and
empower employees to be responsible for the environmental aspects of their jobs and
ensure that they have the skills and knowledge necessary to conduct their work in an
environmentally responsible manner.

COMPLY WITH LEGISLATION








comply with all applicable environmental laws and regulations, and participate in the
Canadian Electricity Association’s Sustainable Electricity Program;
periodically report to the Board of Directors, Executive Management, employees,
government agencies, and the general public which we serve on environmental
performance, commitments and activities;
monitor compliance with environmental laws and regulations, and quantify predicted
environmental impacts of selected activities on the environment; and
respect the cultural heritage of the people of the Province and strive to minimize the
potential impact of Corporate activities on heritage resources.
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Version:

December 1, 2009
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Summary of Review for Other Developments
Province/State Reservoir
Use
NL (170 km SW
Gander)

Surface Area Clearing Practice
(km2)
111
Selective Clearing and Salvage of
merchantable timber

Constraints

53

Rugged, rocky terrain, steep gradients and
sudden ravines, site remoteness,
availability of labor

Upper
Salmon
(1982)
Cat Arm
(1985)

Hydro,
recreation

NL (West
central)

Hinds Lake
(1980)

Hydro,
recreation

Newfoundland
(western)
Newfoundland
(Labrador)

Grand Lake
(1925)
Smallwood
(1971)

Hydro, sport
fishery, hunting
Hydro

497

Selective Clearing, salvage of
merchantable timber in entire
reservoir zone, small trees protruding
into drawdown zone removed by ice
Complete clearing of all woody
vegetation taller than 1 m width
within impoundment zone, extending
2 m above FSL, merchantable timber
salvaged, remaining vegetation piled
and burned
No Clearing

6527

No Clearing except around civil works

Newfoundland
(south central)

Bay D’Espoir
(1968)

Hydro

665

No Clearing based on economics and
limited use for recreation.
Subsequent limited selective clearing
at low water level by cutting tree tops
standing above ice.

NL (west coast)

Hydro,
recreation

Recreation potential, caribou migration
route

Wet slash (due to machine handling) made
burning difficult, forest fire started during
burning of slash in summer of 1979

Peat bogs in area
Bogs, non continuous permafrost zone,
cost of clearing, flooding caused damage to
vegetation in the area
Primarily economics

Reservoir Preparation Plan 2009

Document #: GEN‐EN‐003:
Rev. B1

Province/State

Reservoir

Use

Nova Scotia
(Northeast
Cape Breton)

Wreck Cove
Reservoirs
(6)
(1978)
Lake
Rossignol
(1928/29)
Sisson
Branch
(1952)
Mactaquac
(1967/68)

Hydro,
recreation

Nova Scotia
(Mersey River)
New Brunswick
(Tobique River)
New Brunswick
(Saint John
River)
New Brunswick
(Saint John
River)
New Brunswick
(Saint John
River)
New Brunswick
(Tobique River)

Beechwood
(1957)
Grand Falls
(1928/29)
Tobique
Narrows
(1953)

New Brunswick
(Tobique River)

Trousers
Lake (1952)

New Brunswick
(Tobique River)

Serpentine
Lake (1953)

Hydro

Surface Area Clearing Practice
(km2)
25
Complete clearing with chain saws in
reservoir zone. Clearing up to 3 m
above high water level.
Merchantable timber salvaged.
176
No clearing except some
merchantable timber.

Constraints
Difficulty with slash burning due to high
humidity and precipitation. Fire control
also a problem. Cost of harvesting
exceeded market value.
Isolated Area.

Hydro, sport
fishery

13

No clearing.

Remote area with no road access.

Hydro, boating,
swimming. Sport
fishery
Hydro,
recreation
(boating)
Hydro,
recreation
(boating)
Hydro, boating,
sport fishery

83

Complete clearing using cut and burn
method.

Steep slopes.

11

Complete clearing using cut and burn
method.

Steep slopes and ice jams.

14

Complete clearing using cut and burn
method.

Steep Slopes

4

Complete clearing using cut and burn
method.

Steep Slopes

10

No Clearing

Remote area with no road access

5

No Clearing

Remote area with no road access

Hydro, sport
fishery (brook
trout)
Hydro storage,
sport fishery
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Surface Area Clearing Practice
(km2)
9
Completely cleared and burned

Constraints

70

Unstable banks, prone to landslides and
slumping.

Province/State

Reservoir

Use

New Brunswick
(Tobique River)
Quebec

Long Lake
(1952)
La Grande 1
(1993)

Hydro, sport
fishery (trout)
Hydro

Quebec (east of
James Bay)

La Grande 2
(Robert‐
Bourassa)
(1979)

Hydro

2,835

Quebec (east of
James Bay)

La Grande 3
(1984)

Hydro

2536

Quebec (east of
James Bay)

La Grande 4
(1986)

Hydro

707

Clearing of select portions for
construction sites and land and
resource use. Clearing of tributaries
to promote spawning of main species.

Quebec (north
shore St.
Lawrence‐
Labrieville)

Bersimis 1
(1956)

Hydro

798

Merchantable timber recovered,
partial clearing before flooding.

Completely cleared from original river
bed to about 1 m above FSL. The
reservoir was also completely cleared
to promote fish production and
compensate for loss of productive
habitats.
Only 1% of total reservoir area
cleared (forested lands of little
commercial value). Clearing of access
ramps at fishing sites and areas
suitable for spawning at mouth of
tributaries.
Clearing of select portions for
construction sites and land and
resource use. Clearing of tributaries
to promote spawning of main species.

Poor road access, site remoteness

Remoteness, inaccessibility. Noted after
impoundment that spawners did not
gather. Clearing may not offer benefits to
fish. Cleared tributaries were used for
reproduction and feeding just as much as
uncleared tributaries.
Economic use of timber was found to be
impossible due to low volume of timber in
relation to forest area and the distance
from possible timber processing plants
(between 500 and 1000 km)
Economic use of timber was found to be
impossible due to low volume of timber in
relation to forest area and the distance
from possible timber processing plants
(between 500 and 1000 km)
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Constraints

Hydro, sport
fishery, tourism

Surface Area Clearing Practice
(km2)
4318
Clearing of select portions for
construction sites and land and
resource use. Clearing of tributaries
to promote spawning of main species.

Desaulnier

Hydro

NA

Remoteness, inaccessibility

Opinaca

Hydro

1040

Quebec (Cote
Nord)

Manic 3
(1976)

Hydro

236

Quebec (north
shore St.
Lawrence‐Baie
Comeau)
Quebec (Cote
Nord)

Manic 5
(1970)

Hydro

1973

Minimal selective clearing (forested
lands of little commercial value)
Minimal selective clearing (forested
lands of little commercial value).
Shore clearing and clearing of
tributaries to promote spawning of
main species.
Perimeter clearing from 3 m below
full supply level to 1.5 m above full
supply level (FSL). Topping of trees in
bottom of reservoir. Merchantable
timber previously recovered
Approximately 15% of merchantable
timber harvested, remainder not
cleared before flooding.

Outardes 2
(1978)

Hydro

28

Clearing from former water level to
1.5 m above full supply level. Began
with forest clearing of the banks and
the creation of artificial islands to
attract waterfowl and muskrats.
Merchantable timber partially
recovered. Debris buried or burned.

Cost of clearing versus timber market
value.

Province/State

Reservoir

Use

Quebec (east of
James Bay)

Caniapiscau
(1981)

Quebec (east of
James Bay)
Quebec (east of
James Bay)

Economic use of timber was found to be
impossible due to low volume of timber in
relation to forest area and the distance
from possible timber processing plants
(between 500 and 1000 km)

Remoteness, inaccessibility. Noted after
impoundment that uncleared tributaries
were used for reproduction or feeding just
as much as cleared ones.
Cost of clearing versus timber market
value.
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Surface Area Clearing Practice
(km2)
11
Complete clearing to 1.5 m above full
supply level. Timber left on site.
625
Approximately 20% of merchantable
timber cut, remainder not cleared.

Province/State

Reservoir

Use

Quebec (Cote
Nord)
Quebec (north
shore St.
Lawrence‐Baie
Comeau)
Quebec (south
central‐
Maurice)
Quebec (south
central‐
Maurice)
Quebec

Outardes 3
(1969)
Outardes 4
(1969)

Hydro

Beaumont
(1958)

Hydro

5

Approximately 2 km2 cleared before
flooding.

Rapide Blanc
(1934)

Hydro

82

Approximately 41 km2 before
flooding.

Peribonka
(2007)

Hydro

32

Quebec

Toulnoustou
c (2005)
Inco Head
Pond

Hydro

235

Clearing of reservoir rim except
where characterized by steep slopes.
Timber company also salvaged
marketable timber below the rim.
Rim of reservoir fully cleared.

Hydro,
recreation

45

Perimeter clearing to 3 m above high
water level and 7 m below high water
level. Slash and debris to be piled
and burned. Merchantable timber to
be harvested where economical.

Lake Orillia
(1948/49)

Hydro,
recreation

26

Completely cleared, no stumps
removed. Merchantable timber
logged, small trees burned.

Ontario
(Spanish River)

Ontario
(Muskoka
District)

Hydro

Constraints
Not economic to recover timber.

Beaver habitats in the area.
Low density of forest stands; rough terrain;
high road construction costs.
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Province/State

Reservoir

Use

Ontario
(Montreal and
Michipicoten
rivers)

Great Lakes
Power
reservoirs

Hydro,
recreation

Surface Area Clearing Practice
(km2)
96
Hand clearing and burning to 1 m
above high water level, 46 cm high
stumps left. Merchantable timber
salvaged.

Ontario
(Timiskaming
District)
Ontario
(junction of
Madawaska
and Ottawa
Rivers)

Lower Notch
(1971)

Hydro

12

Completely cleared before flooding.

Arnprior
(1977)

Hydro

9

Clearing to high water level.
Merchantable timber salvaged.
Stump heights 10 cm except in
bottom of reservoir where they are
30 to 45 cm.

Ontario
(Cochrane
District)
Ontario
(Renfrew
District)
Ontario
(Algoma
District)
Ontario
(Cochrane
District)
Ontario
(Cochrane
District)

Otter Rapids
(1961)

Hydro

9

Completely cleared before flooding.

Centennial
Lake
(1967)
Aubrey Falls
(1969)

Hydro, sport
fishery

34

Completely cleared before flooding
(similar specifications as Arnprior.

Harmon
(1965)
Kipling
(1966)

Hydro,
22
recreation
(boating, fishing)
Hydro, sport
2
fishery

Completely clearing to 3 m above
high water level before flooding.

Hydro

Completely cleared before flooding.

1

Completely cleared before flooding.

Constraints
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Province/State

Reservoir

Use

Ontario
(Cochrane
District)
Manitoba
(Nelson River)

Little Long
(1963)

Hydro

Surface Area Clearing Practice
(km2)
76
Completely cleared before flooding.

Kettle
Rapids
(1970)
Long Spruce
(1979)
Cedar Lake
(Grand
Rapids)
(1965)
Lake
Diefenbaker
(Gardiner
dam) (1968)

Hydro

337

3 km2 of forebay area cleared, rest
uncleared before flooding

Hydro

24

Completely cleared before flooding.

Hydro, sport
fishery

3494

52 km2 of forebay cleared, rest
uncleared before flooding.

Hydro,
irrigation,
recreation,
domestic water
supply, sport
fishery
Hydro, sport
fishery

430

Completely cleared of trees and
brush before filling.

300

Merchantable timber removed.
Other tree growth cut but burning
unsuccessful.

45

No clearing except near diversion
structure and reservoir outlet works.
Subsequent clearing in visible areas
by cutting from winter ice, clearing
after drawdown and reservoir
sweeping.

Manitoba
(Nelson River)
Manitoba
(Saskatchewan
River)
Saskatchewan
(south
Saskatchewan
River)

Saskatchewan
(south
Saskatchewan
River)
Alberta
(Brazeau River)

Tobin Lake
(1963)

Brazeau
(1965)

Hydro,
recreation,
camping

Constraints

Lots of swamps and peat bogs of great
depth. Thawing of permafrost.

Plovers (endangered bird), plover nests and
eggs in the area.

Soil composition, road access, clearing cost
judged to exceed recreational value.
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Province/State

Reservoir

Alberta (north
Saskatchewan)

Bighorn
(1971/72)

Alberta
(Kananaskis
River)

Upper
Kananaskis
Lake
(1933)
Bearspaw
forebay
(1952)
Barrier
(1946/47)

Alberta (Bow
River)
Alberta
(Kananaskis
River)
Alberta
(Cascade River,
Banff National
Park)
Alberta
(Kananaskis
River)
Alberta (Spray
River)
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Use

Surface Area Clearing Practice
(km2)
Hydro, campsite, 56
Complete clearing and grubbing
fishing
before flooding

Hydro,
recreation
(fishing, boating,
hiking)
Hydro,
recreation
(boating)
Hydro,
recreation
(fishing, boating)
Hydro,
Lake
Minnewanka recreastion
(1941)
(fishing, boating,
camping, scuba
diving)
Lower
Hydro,
Kananaskis
recreation
Lake
(boating, fishing)
(1955)
Spray Lake
Hydro,
(1950)
recreation
(boating, fishing)

Constraints
Minimal

9

Hand clearing and burning

Accessibility, steep, rocky terrain, excessive
snow pack, strong winds, timber
deterioration

2

Hand clearing and burning

3

Hand clearing and burning

No merchantable timber

22

Hand clearing and burning, grubbing
in upper drawdown zone.

Accessibility, park restrictions. Economics
of timber salvage.

6

Hand clearing and burning;
merchantable timber salvaged for
cribwork during construction.

No significant constraints.

20

Hand clearing and burning, machine
clearing in flat areas, some waste
piles buried below low supply level,
stump height 30 cm.

Accessibility and steep slopes, limited
merchantable timber salvage.

Reservoir Preparation Plan 2009

Document #: GEN‐EN‐003:
Rev. B1
Surface Area Clearing Practice
(km2)
115
Clearing entire reservoir from low to
high water level because area would
also be used for recreation. Burning
except in inaccessible areas where
wood was floated.
432
Selective clearing and burning. Most
riparian vegetation cleared. Low
water level exposes shoreline of tree
stumps and other debris. Debris
disposal competed in 1985
1772
Cut and float debris above low water.
Debris clearing to 1984. Total
maintenance cost estimated at $46.2
million.

Province/State

Reservoir

Use

British
Columbia
(Revelstoke)

Revelstoke
(1983/84)

Hydro,
recreation,
tourism, boating

British
Columbia
(north
Revelstoke)

Kinbasket
Lake (Mica
Dam)(1972)

Hydro,
recreation
(fishing, boating
and camping)

British
Columbia
(Peace River)

Williston
Lake
(Bennett
Dam)
(1967/68)
Daisy lake
(1957)

Hydro,
recreation

Hydro, boating

4

Complete Clearing

Carpenter
Lake (1960)

Hydro

49

Lower
Campbell
Lake (1949)

Hydro, sport
fishery

26

No clearing before flooding. Clearing
of reservoir margins during
drawdown. Floating debris boomed
and burned.
Clearing of large trees around lake;
secondary growth left to decay and
break down under water.

British
Columbia
(Cheakamus
River)
British
Columbia
(Bridge River)
British
Columbia
(Campbell
River)

Constraints
Steep slopes

Steep slopes (mountainous). Large wetland
and swampy areas with imperfect drainage.
Weakened banks that have lost cohesive
strength and therefore have accelerated
erosion rates.
Remote area, poor access.
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Surface Area Clearing Practice
(km2)
3
No clearing before flooding;
underwater clearing of dead trees
and debris has since been carried out.

Constraints

Province/State

Reservoir

Use

British
Columbia
(Stave River)

Hayward
lake (1930)

Hydro,
recreation, sport
fishery

Yukon

Canyon Lake

9

Perimeter clearing of 2 km2

Yukon

Aishihik Lake
(1975)

154

No Clearing

Discontinuous permafrost, and mass
wasting such as mudflows and slumping.

Yukon

Wareham
Lake
Marsh Lake
Mayo lake
(1951)
Big Spruce
Lake
Nonacho
Lake

Hydro,
recreation
Hydro,
recreation, sport
fishery
Hydro

4

No Clearing

“drunken” forest (Karst topography)

Hydro
Hydro

500
103

No Clearing
No Clearing

Hydro

129

No Clearing

Hydro, sport
fishery

894

No Clearing

Yukon
Yukon
NWT
NWT

Thawing of permafrost which can cause
sinking or slumping

