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EXECUTIVE SUMMARY 
 

The most recent previous study of the Muskrat Falls Hydroelectric Project was in a report (1999 

Report) entitled “Muskrat Falls Hydroelectric Development – Final Feasibility Study, January 

1999” by SNC-AGRA.  A number of layout variants were identified, studied and evaluated, 

resulting in a shortlist of three (3) variants, 7, 10 and 11.  After analysis of comparative costs, 

schedule and risk, Variant 7 was selected as the scheme of choice for further development and 

optimization.  The final conceptual design of this variant was described in the 1999 Report and 

layout drawings were prepared. 

Variant 7 comprised a tunnel diversion through the rock knoll, or “Muskrat”, with control gates.  

An upstream cofferdam located above the upper falls and a downstream cofferdam just above 

the lower falls would allow the entire riverbed between the cofferdams to be unwatered. The 

intake and powerhouse would be close-coupled in an integrated block located immediately 

upstream of the lower falls.  The powerhouse would contain four (4) turbine/generator units, 

including three (3) 206 MW propeller turbines and one (1) 206 MW Kaplan unit, for a combined 

capacity of 824 MW.  To the north, an adjacent three-bay gated spillway would be constructed 

in the riverbed close to the downstream cofferdam. A north dam of RCC would connect the 

spillway with the north abutment, and would include an inflatable rubber dam to provide 

secondary spillway capacity.  Closure of the river valley to the south would be by another RCC 

overflow dam with a fixed crest to handle partial flows in excess of the 1:1000 flood. 

Access to the powerhouse would be from the north, around the rock knoll and over the top of 

the dams and intakes to the south abutment and then to the service bay of the powerhouse. 

While all three (3) of the short listed variants appeared feasible and were not that far apart in the 

final evaluation, one (1) element that influenced the ranking was the lack of early access to the 

south bank.  Since the 1999 Report, a bridge has been constructed across the Churchill River 

about 18 km downstream of the site, allowing the prospect of a construction road on the south 

shore to provide south shore access within three (3) months of start-up.   This change in the site 

conditions merited a second look at the evaluation of the variants, which is the reason for and 

objective of this WTO. 
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For ease of comparison, the design of Variants 10 and 11 were considered to be developed 

similarly to that of Variant 7, utilizing the same three (3) bay gated spillway and RCC overflow 

dams with rubber dam.   

Variant 10 has its powerhouse/spillway structures located in the south abutment, allowing their 

excavations to begin in the dry immediately after the south side access is afforded.  No river 

diversion is necessary until Year 3 of the schedule, when the river flow is passed through the 

spillway sluices temporarily without rollways. Compared to Variant 7, this variant is 

characterized by large rock excavations from the approach and discharge channels, and a 

larger upstream cofferdam, but no diversion tunnels.  Since the powerhouse /spillway structures 

are on the south abutment, the overflow dam is entirely on the north dam, having both a fixed 

crest and rubber dam. 

Variant 11 in its completed state is the same as Variant 7 except that it has no tunnel diversion 

facility.   Diversion flows are diverted through a channel excavated through the north abutment, 

allowing the river channel to be cofferdammed off for construction of the powerhouse and 

spillway.  The river closure is completed during a third stage diversion when the river is passed 

through the spillway sluices temporarily without rollways, the diversion channel is unwatered 

and the north dam is completed.  This variant avoids the tunnel diversion of Variant 7, and the 

large excavations of Variant 10, but has the diversion channel completion on the critical path. 

The powerhouse and gated spillway are located as they are for Variant 7. 

Comparative costs rank Variant 11 as having the least cost by less than 5%, and Variants 10 

and 7 within 1% of each other. 

Comparing risks, Variant 10 is considered to be the least risky, followed by Variant 7 and then 

11.   

Comparative schedules were developed for each of the variants, with the following results: 

• Variant 10  - requires the least duration, achieving first power in 55 months and full power in 

61.5 months; 

• Variant 11 – achieves first power in 64 months, and full power in 70.5 months;  
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• Variant 7 – achieves first power in 65 months, and full power in 72 months. 

Including equalization costs for differences in completion and risk, Variant 10 is the overall least 

cost scheme by 21%. 

Having all of its spillway overflow capacity on the north dam, Variant 10 has some interesting 

optimization possibilities including: 

• Submerged gates in the spillway without rollways would increase the flow capacity and 

negate the requirement for the rubber dam on the north dam; 

• Without a rubber dam on top of the overflow spillway, there would be no necessity for a 

service road access on top of the north dam.  If the permanent access was relocated to the 

south shore, the north side access road and its excavation in the steep rock side hill of the 

rock knoll could be eliminated. 

As the variant with the least risk, lowest overall cost and shortest schedule, the recommendation 

of this study is to select Variant 10 for further development. 
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1 INTRODUCTION 

Since the last study on Muskrat Falls was completed in 1999 by SNC-AGRA, a 

highway bridge has been constructed across the Churchill River 18 km downstream 

of the site. 

As this crossing could provide early access to the south bank, it could alter the 

ranking of three of the variants 7, 10 and 11, which were shortlisted in the above 

study.  Alternatively, the use of a temporary bridge might also make early access 

possible.  These alternatives will be one subject of study in WTO MF1090 “Review of 

Access Roads and WS&T Bridge”.  While the final result of that study may not be 

known within the time period of this study, it is considered that the temporary 

construction road along the south shore from the bridge to the site could be 

completed within a three (3) month period.  Early indications also indicate that a 

temporary bridge located above the upper falls may also be feasible, but the high 

winter forebay levels will require high bridge piers, and this crossing may take about 

five (5) months to complete.  For even earlier access, temporary short term barge 

service on the river below the lower falls could allow access for equipment to the 

south bank. 

The work of this WTO was undertaken on the assumption that the temporary south 

shore access road will be in place within three (3) months of the project start date, 

and that limited work on the south shore could begin earlier, if required, utilizing 

barge access. 
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2 SCOPE 

A layout and cost review study was requested by Hydro of the variants presented in 

the 1999 Report, particularly Variants 7, 10 and 11.  This review was to confirm the 

optimum layout for the project, based on:  

a) The cofferdam requirements for Variant 7 in the first season.  This may require 

some re-optimization to minimize cofferdam requirements; 

b) The current road access and spillway bridge requirements, considering the 

recently completed highway bridge across the Churchill River, approximately 18 

km downstream of Muskrat Falls; 

c) Capital costs - the capital costs would include for relative schedule and risk 

differences among the variants. 
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3 RESERVOIR AND FLOOD CRITERIA 

3.1 GENERAL 

Reservoir and flood criteria common to all variants and alternatives are included in 

Appendix A. 

3.2 ICE STUDY 

The ice study included in Section 4.4 of the 1999 Report was reviewed and the 

recommendations for a minimum forebay level during the winter months of elevation 

24 m, as noted in Appendix A, was adopted as part of the diversion criteria for this 

study. 
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4 OVERVIEW OF THE VARIANTS 

In the 1999 study, Variants 1, 2, 4, 5, 6 and 9 were found to have either an elongated 

schedule due to difficult cofferdam requirements or temporary bridge construction, 

high head losses, very complex tunnel and underground arrangements or high 

expected costs, so were not considered for further study.  Nothing has changed in 

the interim period, which would appear to alter this earlier assessment. 

Variants 3 and 8, originating from the 1980 study, were replaced by variant 7 in the 

1999 study, so were not considered further. 

Variants 7, 10 and 11 were found to be of sufficient interest for further study and 

preliminary cost estimates and schedules were prepared for each. 

For the remaining three (3) Variants 7, 10 and 11, all three (3) were conceived 

having access from the north bank. Variants 10 and 11 were penalized in time and 

cost, in part due to the requirement for constructing access to the south bank, and 

thus were less desirable than Variant 7, which became the scheme of choice. 

Now, with the new highway bridge in place downstream of the site providing an early 

access route to the south bank, Variants 10 and 11 will be compared to Variant 7.  

As Variant 7 was developed further and optimized in the 1999 study, the final 

scheme as recommended in the 1999 Report is noted as the “optimized Variant 7”, 

and will be considered as the base case. 

The stabilization of the north spur was described in the 1999 Report and involves 

stabilization of slopes of the spur of land connecting the rock knoll with the north 

bank of the river.  As this work is common to all variants, it will not be included in this 

review. 

Similarly, the powerhouse is as described in the 1999 Report and is common to all 

variants. The intake and powerhouse would be close-coupled in an integrated block 

located immediately upstream of the lower falls.  The powerhouse would contain four 

(4) turbine/generator units, including three (3) 206 MW propeller turbines and one (1) 

206 MW Kaplan unit, for a combined capacity of 824 MW.    
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5 VARIANT 7 

5.1 BASIC CONCEPT 

This variant will be considered the “Base Case” against which Variants 10 and 11 will 

be compared. 

This layout of the diversion facilities and that of the permanent structures are shown 

on two (2) Variant 7 drawings in Appendix E.  Permanent facilities consist of an 

integrated intake and powerhouse block containing four (4) units with a combined 

capacity of 824 MW, and an adjacent gated spillway, all situated in the main river 

channel above the lower falls.  Dams on either side would connect the structures to 

the abutments.  In this scheme, the powerhouse would be located south of the 

spillway, in the deeper part of the riverbed, to minimize excavation. 

Diversion of the river during construction would be provided by a cofferdam located 

upstream of the upper falls and diversion tunnels through the rock knoll. The use of 

diversion tunnels, with operable inlet gates, would provide more positive control of 

the upstream water level during the winter and, therefore, eliminate the frazil ice 

problem downstream and the risk associated with flooding of the construction site. 

This would enable a lower cofferdam to be used downstream. 

Access for construction would be from the north, via a temporary road along the 

shoreline of the rock knoll.  Access across the river would be over the upstream 

cofferdam and via a temporary construction road along the right bank and/or the 

riverbed.  Permanent access would be via a road around the rock knoll and across 

the dam. 

5.2 OPTIMIZED CONCEPT 

Following the selection of Variant 7 in the 1998 study, this variant was developed 

further and optimized as in the following subsections. 
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5.2.1 General Description 

Variant 7 would comprise a close-coupled power intake and powerhouse block and 

an adjacent three-gated spillway structure located in the riverbed just upstream of 

the lower falls.  The spillway, on the north side of the powerhouse, would be 

connected to the north abutment by the north dam, of RCC construction with a five-

section rubber dam on top for secondary spillage control.  The river closure would be 

completed south of the powerhouse with the south dam, of RCC construction and a 

fixed crest overflow weir to pass flows in excess of a 1:1,000 event.  A roadway 

bridge would top both the north and south dams, providing service access to the 

rubber dam and a permanent access from the north abutment to the south and to the 

powerhouse service bay. 

5.2.2 Diversion Facilities 

Two (2) unlined diversion tunnels would carry the river discharge through the rock 

knoll, and bypass the construction area.  Intake gates at the head of the diversion 

tunnels would regulate the tunnel flows and the level of the headpond.  By 

maintaining high headpond levels in winter, a stable ice cover would form upstream 

of the falls, which would minimize formation of frazil ice and the resulting ice dam 

downstream of the lower falls.   

The tunnels would be inverted “U” shaped, 11 m wide by 10 m high, and each would 

have a separate intake structure with twin gates 6.6 m wide by 17 m high. 

Following completion of the diversion tunnels and controls, the river would be 

diverted through the tunnels by an upstream cofferdam located just above the upper 

falls.  This cofferdam would be built in two (2) stages, stage 1 to elev. 20, then stage 

2 to elev. 31.5 m.  

A downstream cofferdam at the crest of the lower falls would prevent flooding of the 

main construction area from downstream.  This cofferdam would have a crest 

elevation of 7 m.  Normal tailwater level would be elev. 3 m.  As the cofferdam would 

be located on the edge of a slope downstream into a scoured hole in the tailpond, a 
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small concrete “toe-dam” would be required to contain the cofferdam and stabilize 

the toe of the fill material. 

For this variant, the river would be diverted after the peak flood of Year 2 through to 

the spring of Year 5, including two (2) years of peak floods and three (3) winter 

periods. 

5.2.3 Reservoir Control Facilities 

Maximum operating level of the forebay would be at elevation 39.0 m, and maximum 

flood level (PMF) would be at elevation 44.0 m. 

The reservoir control facilities were optimized for least cost and would consist of: 

• Three-bay gated spillway located adjacent to and north of the powerhouse, 

designed to pass 49% of the PMF with a 5 m surcharge.  It would be No. 1 in the 

sequence of operation; 

• An overflow RCC dam from the north abutment to the gated spillway, fitted with 

five (5) sections of rubber dam crest, designed to pass 26% of the PMF.  It would 

be No. 2 in the sequence of operation; 

• An emergency overflow dam on the south side of the powerhouse, designed to 

pass 25% of the PMF. It would be No. 3 in the sequence of operation. 

The gated spillway would have three (3) vertical slide gates 13.75 m wide by 20.2 m 

high, set on a raised rollway with its crest at elevation 18.8 m, 13.8 m above the base 

slab.  Top of the gates in the closed position would be at elevation 39.0 m.  The top 

of the gate in the closed position would need to be increased to 39.5 m in order to 

have some freeboard, but for this comparative study, will be left at elevation 39.0 m. 

The rubber dams of the north dam would be 2.4 m high when inflated to a crest 

elevation of 39.5 m, and at elevation 37.1 m deflated.  There would be five (5) 

sections of the rubber dams each 33.5 m long, with a total crest length of 167.5 m. 
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The south dam would be used as an emergency overflow dam, having a crest at 

elevation 40.0 m, and a length of 370 m.   

For floods up to the 1 in 1,000 year occurrence interval, only the gated spillway and 

the north spillway would be required to pass the flows. 

5.2.4 Approach and Discharge Channels 

Approach channel velocity would not exceed 0.65 m/s, in order to facilitate the 

formation of an ice cover. 

Discharge channel velocity would be 1.5 m/s. 

5.2.5 Access 

Access to the site would be provided by a permanent access road from the north, 

which would run along the south side of the rock knoll excavated in the rock side-hill.  

The road would cross over the dams, spillway and intake structures to the right bank 

and then swing around to the powerhouse. 

5.3 FLOOD HANDLING CHARACTERISTICS 

The flood handling characteristics of the optimized Variant 7 are shown in Table 5-1, 

from the 1999 Report. 

Table 5-1:  Flood Handling Characteristics 

Flood Discharge Through or Over (m3/s) Variant 
Option 

Case 
 

Gates North Dam South Dam Total 

Flood 
Level 
(m) 

7 PMF 10,800 5,800 5,500 22,100 44.0 

 Q1000 8,450 1,650 - 10,100 40.0 

 Qp 2,667(1) - - 2,667 39.2 

 Qp 98(2) 2,214(3) 355 2,667 40.6 

 
1. Flow through one gate. 
2. Flow over top of closed gates, with powerplant out of service. 
3. All five (5) sections of rubber dam deflated. 
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Note: 

• PMF = 22,100 m3/s 
• Q1000 = 10,100 m3/s 
• Qp = 2,667 m3/s  (Plant rated discharge) 

The main flood handling facilities would be the gated spillway and the north overflow 

dam (in Variants 3 to 6).  The diversion tunnels and south overflow dam are 

considered as emergency spillways that would only be required for floods greater 

than Q1000 up to the PMF. 

The values in the Table 5-1 were verified using the discharge curves in Appendix B, 

and were found to be in close agreement. 

5.4 CONSTRUCTION PLANNING AND SCHEDULE 

5.4.1 General 

The Project Master Schedule included in the 1999 Report was reviewed and updated 

using current methodologies and to ensure it is compatible with the schedules for 

Variants 10 and 11.  The detailed schedule is included in Appendix C. 

A project start date of January 1 of Year 1 has been assumed.  This means that 

some tendering of long lead items would have begun ahead of that date, but 

construction on site would not begin until May or June of Year 1.  No winter work has 

been considered for any of the variants. 

Only elements of the construction plan which are not common to all variants are 

included below. 

The critical path is through the diversion tunnels, then the powerhouse and unit 

erection. 

5.4.2 Schedule 

Year 1  

• North bank access road is completed; 
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• Work on the portals and tunnels begin in September; 

• Normal flows in river channel, and normal ice build-up in winter expected. 

Year 2 

• Completion of diversion facilities, cofferdams constructed – river diverted; 

• Overburden excavation for the north and south RCC dams; 

• Rock excavation for the spillway and powerhouse; 

• Headpond level controlled over the winter by diversion tunnel gates to allow ice 

formation and control of frazil ice. 

Year 3 

• North dams – RCC complete, conventional concrete in progress; 

• Rock excavated for spillway and powerhouse; 

• Spillway concrete near completion; 

• Intake/powerhouse in progress; 

• Diversion facilities to pass summer flood (first year); 

• Headpond level controlled over the winter by diversion tunnel gates to allow ice 

formation and control of frazil ice (second year). 

Year 4  

• Dams complete; 

• Spillway complete; 

• Powerhouse in progress; 
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• Diversion facilities to pass summer flood (second year); 

• Headpond level controlled over the winter by diversion tunnel gates to allow ice 

formation and control of frazil ice (third year). 

Year 5  

• Powerhouse complete; 

• Impound reservoir; 

• Unit 1 commissioning complete in April (65 months). 

Year 6  

• Full commercial operation in January (72 months). 

5.5 COMPARATIVE COST ESTIMATE 

An updated comparative cost estimate was prepared based on the project estimate 

in the 1999 Report.  The unit prices were updated to 2007 base year as part of the 

database update from WTO GI1060, “Review of Structure Layouts and Interfaces”. 

The detailed comparative cost estimate is included in Appendix D. 
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6 VARIANT 10 

6.1 DESIGN CONCEPT 

6.1.1 General Description 

Variant 10 has essentially the same layout of the dams, spillway and powerhouse as 

for the optimized Variant 7 except that in place of the diversion tunnels the river 

would be diverted through the spillway channel temporarily without rollways, and the 

spillway and powerhouse would be shifted out of the river channel and onto the 

south abutment.  The diversion layout and the permanent facility layout for this 

variant are shown on two (2) Variant 10 drawings in Appendix E - Drawings. 

The objective of this variant is to allow for an early start on the spillway and 

powerhouse structures by locating them on the south abutment, which would require 

little or no cofferdamming, and would avoid the requirement for a tunnel diversion.  It 

would require an early access to the south bank of the river either by a temporary 

bridge near the upper falls, or more likely by a construction road along the south 

bank from the new highway bridge 18 km downstream.  While the temporary access 

issue will be the subject of a study in WTO MF1090, Review of Access Roads and 

WS&T Bridge, it is considered reasonable at this time to assume that unrestricted 

access will be available on the south bank of the river at the site within three (3) 

months of project start.  To allow selected work such as the overburden and rock 

excavation to begin even earlier, the use of a barge would allow equipment to be 

transported across the tailpond section of the river until the permanent access is in 

place.  

For Variant 10, permanent access may be from the north or south.  If it is from the 

north, then the overhead bridge crossing the north dam would be sized for the 

heaviest load for replacement of equipment in the future.  If it is from the south, then 

no overhead bridge would be required over the fixed crest portion of the north dam, 

and the bridge over the rubber dam could be a lighter service bridge solely for rubber 

dam maintenance.  In addition, the costly high level access road excavated in the 

southern rock slope of the Muskrat would not be required.   
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The spillway facilities comprise: 

• A three (3) bay gated spillway similar to that of Variant 7, except that it will be 

constructed without rollways for the diversion period, then have the rollways 

constructed one-by-one prior to or immediately after impounding; 

• A longer north RCC dam than that of Variant 7, located on the north side of the 

gated spillway, containing the same rubber dam as Variant 7 and seven (7) fixed 

crest bays 33.5 m long at elevation 39.15 m. 

The relatively short south abutment dam, connecting the powerhouse to the south 

abutment will not be an overflow dam. 

6.1.2 Diversion Facilities 

For Variant 10, the diversion would only be required for one (1) year beginning after 

the peak flood of the third year, since the spillway and power facilities could be 

constructed in the dry on the south abutment and only one (1) year would be 

required to construct the RCC dam across the river channel.  This means that a 

construction flood with a 20-year recurrence interval may be used.  However at the 

time of writing this report the magnitude of this flood was not known, so the 40-year 

interval flood values were used. 

During construction of the spillway and powerhouse facilities in the south abutment, 

the river would continue in its natural state in summer and winter.  The natural high 

ground of the south abutment may be sufficient to protect the works from flooding, 

however, it is possible that a low cofferdam may be required where the rock level is 

insufficient.  During winter, ice-damming may cause high tailwater levels, which also 

may require a low cofferdam on the downstream side, although bedrock levels at the 

location of the rock plugs temporarily left in place at the spillway and powerhouse 

discharge channels may be sufficiently high to avoid this requirement. 

The diversion facilities would consist of: 

• an excavated approach channel; 
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• a spillway structure configured without the rollways, but with its permanent 13.75 

m wide by 20.2 m high gates for headwater control, and gate sills at elevation 5.0 

m; 

• an upstream cofferdam with similar cross-section to that of Variant 7, with a crest 

elevation of 25 m, and located 25 m upstream of the RCC dam; 

• a downstream cofferdam with similar cross-section to that of Variant 7, with a 

crest elevation of 7 m, but located further upstream than was allowed in Variant 

7, to avoid the necessity of the concrete toe dam.  This level might have to be 

raised to about 12 m elevation due to measured winter water levels, but it would 

be subject to the effectiveness of the frazil ice mitigation measures.  Refer to 

Figure A-3 “Water and Ice Levels at Muskrat Falls Below The Lower Falls” in 

Appendix A; 

• one (1) set of upstream spillway stoplogs to elevation 40 m and one (1) lower set 

for the downstream end would be required to dewater the spillway sluice to allow 

for the sequential construction of the rollways. 

With open sluices, the upstream water level would range from about elevation 15 m 

to 20 m for the predicted 40 year return period floods during the “off-peak” period 

between 20 May and 20 July, and up to 24.5 m for the peak period flood of 5,300 

m3/sec.   For the peak period flood, the cofferdam may be allowed to overtop, as the 

RCC dam would be as high or higher than the cofferdam.  Refer to Figure A-1 “40 

Year Return Period Flood Levels at Muskrat Falls” in Appendix A. 

For the winter period, the forebay would be controlled at elevation 24 m with the 

three (3) gates partially open, for frazil ice control. 

The rollways would be constructed in each sluice sequentially, before and after the 

peak flood period prior to impounding, or shortly after impounding. A set of stoplogs 

would be required to close off the U/S and D/S ends of the sluiceway to allow the 

rollway area to be dewatered. 

Muskrat Falls Project - CE-15 Rev. 1 (Public) 
Page 21 of 89



For the first rollway to be constructed, two (2) sluices would be open with their bases 

at elevation 5.0 m.  For an off-peak Q40 = 2,600 m3/sec, taken from Figure A-1 in 

Appendix A, the headwater would rise to elevation 21 m.   

For the second rollway, two sluices would be open, with one (1) sluice at elevation 

5.0 m, and the other with a completed rollway at elevation 18.8 m.   For an off-peak 

Q40 = 2,600 m3/sec, the headwater would rise to elevation 26.6 m which would 

overtop the upstream cofferdam and the spillway gate.  This would not cause any 

problem for the north dam, as it would be higher than the water level.  To avoid 

flooding the rollway construction work in the unwatered bay, a set of upstream 

stoplogs would be required to a level above that of the forebay. 

Similarly, for the third rollway, two (2) sluices would be open, both with completed 

rollways at elevation 18.8 m.  For an off-peak Q40 = 2,600 m3/sec, the headwater 

would rise to elevation 32 m which would over top the upstream cofferdam.  As the 

north dam would be complete or nearly complete, this overtopping would be 

acceptable.  The upstream cofferdam would not require removal following its use 

during the diversion period.  For the rollway under construction, a set of upstream 

stoplogs would be required to a level above that of the forebay. 

6.1.3 Flood Control Facilities 

As for Variant 7, the maximum operating level of the forebay would be at elevation  

39.0 m, and maximum flood level (PMF) elevation is 44.0 m. 

The reservoir control facilities would consist of: 

• a three-bay gated spillway located adjacent to and north of the powerhouse, 

designed to pass 49% of the PMF with a 5 m surcharge.  It is No. 1 in the 

sequence of operation, and identical to that of Variant 7; 

• an overflow RCC dam from the north abutment to the gated spillway, fitted with 

five sections of rubber dam crest, designed to pass 26% of the PMF.  It is No. 2 

in the sequence of operation, and identical to that of Variant 7; 
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• an overflow dam on the north side of the rubber dam, comprising seven (7) bays 

with fixed overflow crest at elevation 39.15 m, designed to pass 25% of the PMF. 

It is No. 3 in the sequence of operation assuming that the rubber dam is lowered 

to pass the excess flows when the reservoir threatens to exceed elevation 39.15 

m. 

6.1.4 Approach and Discharge Channels 

The powerhouse would be the same for all variants.   

The approach channel would be excavated for the full width of the units from 

elevation 1.0 m at the intake structure, then would rise at a slope of 3h:1v to 

elevation 10.0 m.  The channel would continue upstream for 70 m at this elevation, 

and then rise at a slope of 3h:1v to the natural rock surface. 

The average approach velocity throughout the approach channel would not exceed 

0.65 m/s. 

The tailrace channel would be excavated to the same profile as for Variant 7, which 

would result in an average velocity over the channel base at elevation –10 m of not 

more than 1.5 m/s. 

6.2 SPILLWAY HYDRAULICS 

The hydraulics for Variant 10 are as they were established for Variant 7 in Section 6 

of the 1999 Report, and as shown below in Table 6-1. 

The floods are as follows: 

• PMF =   22,100 m3/sec 

• Q1000 =  10,100 m3/sec 

• Qp     =  2,667 m3/s  (Qp = rated plant flow) 
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The main flood handling facilities are the gated spillway and the north overflow dam.  

The south overflow dam is considered as an emergency spillway that would only be 

required for floods greater than Q1000 up to the PMF. 

 

Table 6-1:  Flood Handling Characteristics 

# Flood Flow Case Flood Flow Distribution m3/s 
  m3/s  Gates Rubber 

Dam  
Fixed 
Crest 

Flood 
Level 

m 
        
1 Diversion - peak 5,300 3 bays – no rollways 5,300 Not completed 24.5 
    
2 Diversion – off peak 2,600 3 bays – no rollways 2,600 Not completed 17.2 
   Rollway Construction cases    
3 Diversion – off peak 2,600 #1 - 2 bays – no rollways 2,600 Not completed 21 
       
4 Diversion – off peak 2,600 #2 - 2 bays – 1 rollway 2,600 Not completed 26.5 
       
5 Diversion – off peak 2,600 #3 - 2 bays – 2 rollways 2,600 Not completed 32 
       
6 Diversion – off peak 2,600 3 bays – no rollways 2,600 Not completed 24 
 Winter control  (6 m gate openings)     
        
7 PMF 22,100 Completed plant – no 

units operating 
10,800 5,800 5,500 44 

        
8 Q1000 10,100 Completed plant – no 

units operating 
8,200 1,600 300 40 

        
9 Qp (Rated plant flow) 2,667 One gate operable,no PH 

flow, rubber dam inflated 
2,667 0 0 39.2 

        
10 Qp 2,667 Gates closed, no PH flow 47 2,000 620 40.4 

 

Diversion peak flow is the Q40 flood flow, which is based on a 5% probability of 

occurrence over two (2) years.    However, the Variant 10 diversion is required only 

for one (1) peak flood season so the Q20 flood would be applicable.  As the 

magnitude of this flood is not available, the Q40 value was used. 

The maximum upstream cofferdam height was set at elevation 25 m, only 0.5 m 

above the forebay level resulting from the Q40 flood.  This is slightly conservative, in 

view of using the Q40 flood value rather than that of the Q20 flood. 
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Higher forebay levels than the cofferdam crest elevation would result during the 

construction of the rollways; however, during this activity, the north dam would be 

higher than the forebay levels so this would be acceptable. 

6.3 CONSTRUCTION PLANNING AND SCHEDULE 

6.3.1 General 

The key start date would be the same as for Variant 7, that is, January of Year 1.  

The critical path is through the south shore access route, the spillway and 

powerhouse excavation, the intake and spillway facilities to allow diversion through 

the spillway, then the powerhouse and unit installation. 

6.3.2 Schedule 

Year 1  

• Temporary access to south shore completed; 

• Excavations in progress on south abutment for spillway and intake/powerhouse; 

• River flows in normal riverbed channel. 

Year 2 

• Complete south abutment excavations; 

• Spillway civil works completed; 

• Intake & powerhouse in progress; 

• River continues in normal riverbed channel. 

Year 3 

• Intake completed with gates/stoplogs; 

• Spillway complete with gate/stoplogs on base sill (no rollways); 
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• Cofferdams completed and river diverted through spillway after summer peak 

flood; 

• Forebay level controlled to elevation 24 m during winter flows for frazil ice 

control. 

Year 4 

• Dams completed; 

• PH civil works completed; 

• River passes through spillway (no rollways); 

• Impound reservoir at year’s end. 

Year 5 

• Rollways completed sequentially; 

• Unit 1 commissioning completed in July (55 months). 

Year 6 

• Full commercial operation in February (61.5 months). 

6.4 COMPARATIVE COST ESTIMATE 

The detailed comparative cost estimate is included in Appendix D. 
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7 VARIANT 11 

7.1 DESIGN CONCEPT 

7.1.1 General Description 

As presented in the 1999 Report, this layout is similar to Variant 7 except that 

diversion of the river would be via an open channel, excavated through the point of 

land on the north bank, adjacent to the lower falls.  One (1) drawing is included in 

Appendix E to illustrate the three-stage cofferdam configuration.  The layout of the 

permanent structures is the same as for Variant 7.  

The layout would comprise an integrated intake/powerhouse and a spillway located 

in the river channel, above the lower falls.  The spillway would be located to the north 

of the intake/powerhouse.  Closure of the river valley would be provided by an RCC 

overflow dam on the south bank and an RCC dam on the north bank with a rubber 

dam.  The RCC dam on the north bank would be constructed across the diversion 

channel. 

Access for construction would be from the north, via a road around the rock knoll.  

Access across the river would be via a construction road on the south shore from the 

existing highway bridge 18 km downstream of the site, and later a construction 

bridge over the diversion channel and over the upstream cofferdam. 

7.1.2 Diversion Concept and Facilities 

Work would start with the excavation of a diversion channel on the north bank of the 

river, behind a small upstream cofferdam. The lower levels of the gravity dam 

monoliths and training walls would be concreted. 

Once the spring flood has passed, the cofferdam would be removed and the first 

stage of the main upstream cofferdam would be constructed to close the river. In 

parallel with the second stage of the cofferdam construction, a rock spur would be 

constructed at the upper falls to partially control the upstream water level and the 

generation of frazil ice. 
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With the river flowing through the diversion channel, and upon completion of the 

downstream cofferdam, work would start on the powerhouse and spillway. The 

structures would be completed and the gates installed in the powerhouse and 

spillway.  Stoplogs would be installed in the draft tubes. 

In order to remove the upstream cofferdam the rollways of the spillway would be left 

out to enable passage of the river flow through the spillway. 

After the spring flood has past, the upstream cofferdam would be lowered and as 

much of the fill as possible would be removed in the dry. Once this has been 

completed, the remaining cofferdam would be breached and a closure cofferdam 

would be constructed in the diversion channel. 

Once the cofferdams are removed and the gravity dam constructed in the diversion 

channel, work would start on the spillway rollways. Each rollway would be dewatered 

by installing temporary upstream and downstream stoplogs. The river would continue 

to flow through the remaining spillway openings and slowly rise as the number of 

openings is reduced. When the final opening is closed for concreting the river will 

impound to a high enough level to allow the first unit to be wet tested. 

In this layout, there would be limited control of the upstream water level, provided by 

constriction of the river flow by an armored rockfill spur constructed above the upper 

falls.  The limited control of the upstream water level would not eliminate frazil ice 

generation and, therefore, frazil ice would still be a concern.  The risk of flooding of 

the construction areas from downstream, due to ice damming in the downstream 

river channel would necessitate a downstream cofferdam, which for Variant 7 was 

set at an elevation of at 7 m.  Of concern to this variant are recent water level 

readings during the winter season which show levels up to 11 m elevation 

downstream of the lower rapids.  This means that the downstream cofferdam as 

previously designed for Variant 7 will be insufficient to retain these levels. 

With the diversion channel 45 m wide, and a sill at elevation 5.0 m, the upstream 

water level during a design construction flood event would be at elevation 24 m.  The 

main upstream cofferdam would be constructed to elevation 25 m. 
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7.1.3 Reservoir Control 

As for Variant 7, the maximum operating level of the forebay would be at elevation 

39.0 m, the 1000-year flood level would be at elevation 40 m, and the maximum 

flood level (PMF) would be at elevation 44.0 m. 

Winter control of the water level above the upper falls to facilitate the formation of an 

ice cover for frazil ice mitigation by means of the rock groin was not considered 

reliable, and would constitute a major risk to this variant. 

The completed spillway facilities would be the same as for Variant 7. 

7.1.4 Power Facilities 

The powerhouse would be the same for all variants.  As the powerhouse would be 

located in the same location as for Variant 7, the approach and tailrace channels 

would also be the same. 

7.2 SPILLWAY HYDRAULICS 

The Variant 11 spillway facilities on completion would be identical to that of Variant 7. 

During construction, the gated spillway would be constructed initially without rollways 

to allow diversion flows to pass through the spillway during stage 3 of the diversion 

sequence, when the diversion channel is cofferdammed off for completion of the 

north dam. 

The hydraulic characteristics of the spillway during this period would be identical to 

that of Variant 10 during its diversion period. 

7.3 CONSTRUCTION PLANNING AND SCHEDULE 

7.3.1 General 

The critical path of the construction is through the diversion channel, stage 2 

diversion cofferdams, spillway and intake, powerhouse civil works, stage 3 diversion 

through the spillway for completion of the north dam and the erection of the 

turbine/generators. 
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7.3.2 Schedule 

Year 1 

• Access roads on north shore complete; 

• Diversion channel and concrete abutment dam completed behind Stage 1 

cofferdam. 

Year 2 

• Stage 2 cofferdams completed and river diverted through diversion channel; 

• Foundation excavations for the spillway and powerhouse in progress. 

Year 3 

• Foundation excavations complete; 

• Spillway structure complete, except for rollways; 

• PH/Intake structures in progress; 

• South dam construction begun; 

• River flows through diversion channel. 

Year 4 

• Intake compete; 

• PH in progress; 

• Stage 3 cofferdams constructed to divert river through spillway after summer 

flood; 

• North dam begun; 

• South dam completed. 
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Year 5 

• Dams complete; 

• PH structure complete; 

• River flows through spillway. 

Year 6 

• Unit 1 ready for commercial operation in May (64 months); 

• Full commercial operation near end of November (70.5 months). 

7.4 COMPARATIVE COST ESTIMATE 

The detailed comparative cost estimate for Variant 11 is included in Appendix D. 
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8 REVIEW AND COMPARISON OF VARIANTS 

8.1 RISKS 

A subjective evaluation of the relative schedule risks of Variants 7, 10 and 11 was 

made, and the results are shown on the following Table 8-1.  Each of the identified 

risks were evaluated for the potential impact on the schedule and the probability of 

occurrence, resulting in a relative risk for each in terms of months delay to the project 

schedule. 

Table 8-1:  Comparison of Relative Risk (Months) 

Var. Description Coffer 
dams 

Tunnels PH S’way Dams  Rock 
Spur 

Total 

                  
7 Diversion through tunnels   2.0         2.0 
  Single stage u/s cofferdam  1.0           1.0 

  Cofferdams in place for two flood seasons 1.0           1.0 
  North dam constructed on dewatered riverbed         0.0   0.0 
  PH & Spillway in riverbed above lower falls     2.0       2.0 
  Reservoir control during diversion by gates       0.0     0.0 
  Rollways to be completed before impounding       0.0     0.0 
    2.0 2.0 2.0 0.0 0.0 0.0 6.0 
                  

10 Diversion through spillway, without rollways       0.5     0.5 
  Single stage u/s cofferdam  1.0           1.0 
  Cofferdams in place for one flood season 0.5           0.5 
  North dam constructed on dewatered riverbed         0.0   0.0 
  PH & Spillway on south abutment above lower falls     1.0       1.0 
  Reservoir control during diversion by spillway gates 0.0     0.0     0.0 
  Rollways to be completed after impounding       0.5     0.5 
    1.5 0.0 1.0 1.0 0.0 0.0 3.5 
                  

11 Diversion through diversion canal       0.0     0.0 
  Three stage cofferdam arrangement 2.0           2.0 
  Cofferdams in place for two flood seasons 1.0           1.0 

  
North dam constructed on dewatered riverbed in 2 
parts         0.5   0.5 

  PH & Spillway in riverbed above lower falls     2.0       2.0 
  Reservoir control during diversion by u/s groin           1.0 1.0 
  Rollways to be completed after impounding       0.5     0.5 
    3.0 0.0 2.0 0.5 0.5 1.0 7.0 
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From the above table of relative schedule risks, Variant 10 is assessed as having the 

least risk, followed by Variant 7 then Variant 11 with the highest risk.  The total 

relative risk, or delay to the project, was included as a cost item in Table 8-5, 

Comparison of Relative and Total Project Costs. 

8.2 SCHEDULE 

The comparative implementation schedules included in Appendix C for the three 

variants, all beginning with a January 1 of Year 1 project release date, show the 

duration to first power as follows: 

• Variant 7 65 months 

• Variant 10 55 months 

• Variant 11 64 months 

While all of these schedules could be optimized to achieve a shorter duration to first 

power, particularly if winter work was employed, they have been developed on the 

same basis with a similar degree of float in each.   

8.3 ADVANTAGES/DISADVANTAGES 

Tables 8-2, 8-3 and 8-4 follow showing the identified advantages and disadvantages 

of Variants 7, 10 and 11 respectively. 
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Description Advantages Disadvantages Risk Schedule
          
- Close-coupled intake 
and powerhouse, three 
bay gated spillway located 
in the riverbed above 
lower falls. 

-Frazil ice control with tunnel diversion and high 
water levels above U/S cofferdam.  U/S water 
level higher than minimum recommended for 
frazil ice control. 

- Requires tunnel diversion conduit     - Key risk factor to cost and 
schedule are the underground 
works, which are on the 
critical path.                             

 65 months 
to first 
power.   

     
- Diversion cofferdam 
upstream of upper falls 
with flows via tunnels 
through rock knoll. 

- Simple diversion cofferdam arrangement.          
- PH and spillway structures remote from 
diversion discharge. 

- Cannot begin to work on 
PH/Spillway until tunnel diversion and 
cofferdams complete. 

- Higher risk than Variant 10, 
   but slightly less than Variant
   11. 

 72 months 
to full 
commercial 
operation. 

     
- North dam of RCC has 
overflow rubber dam, 
constructed on north 
abutment. 

- Single unwatering closure required for 
PH/Spillway construction. 

- Rock plug required at tunnel outlet 
during construction. 

 - D/S cofferdam may be  
    overtopped in winter. 

  
     
- South  dam of RCC with 
overflow crest for 
>1:1,000 yr floods 

- Complete unwatering of PH/Spillway during 
construction. 

- Requires removal of a portion of the 
U/S cofferdam and all of D/S 
cofferdam. 

  

  
  - Concurrent construction of PH and Spillway      

- Spillway rollways constructed at the same   
time as base slab 

- South dam is an overflow dam, so 
access road could be overtopped and 
switchyard has to go on powerhouse 
roof. 

  

  
     
  - Low hydraulic headloss during operation  - D/S cofferdam would have to be  

    higher than originally designed. 
  

  
     
  - Access to PH/Spillway works across riverbed  - Requires rock quarry, as rock from 

  excavations insufficient. 
 

  
     
  - Possibility of rock quarry in riverbed    

  

Lower Churchill Project March 2008 
Pre-Feed Engineering Study – Muskrat Falls MF1010 – Study of Variants Project No. 722850 
   

Table 8-2:  Variant 7 - Advantages and Disadvantages 
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Table 8-3:  Variant 10 - Advantages and Disadvantages 

Description Advantages Disadvantages Risk Schedule
          
- Close-coupled intake and 
powerhouse, three bay gated 
spillway located on the south 
abutment above lower falls. 

-  Winter U/S water level controlled to 
recommended level for Frazil ice control. 

- Diversion discharge adjacent to 
powerhouse and dam construction. 

- No underground works 
and single stage cofferdam 
arrangement for only one 
flood season contributes to 
least risk of all Variants. 

 55 months 
to first 
power. 

- Diversion cofferdam 
upstream of structures with 
flows passing through 
spillway chute without 
rollways. 

- During PH/Spillway excavations and first 
stage concrete work, river flows in natural 
channel. 

- PH/Spillway excavated in the dry on right 
bank 

- Large quantity of rock excavation 
required for approach channel, 
PH/Spillway and discharge channels . 

  61.5 
months to 
full 
commercial 
operation. 

- North dam of RCC has 
overflow rubber dam and 
fixed crest weir, constructed 
on riverbed and north 
abutment. 

- Rock from excavations is good quality and 
may be used in fills and as aggregate, 
reducing the cost of these elements.  Possibly 
very little wasted. 

    

  

- South dam of RCC, no 
overflow. 

- Low hydraulic headloss during operation.     
  

  - Switchyard could be relocated from PH roof 
to area near PH access on south bank. 

    

  
  - Concentration of all overflow spillage on 

north dam allows option of eliminating rubber 
dam and overhead access road bridge, and 
the permanent road around rock knoll. 

    

  

  - New highway bridge allows early access to 
south bank.  Excavation of PH/Spillway 
begins much earlier than other Variants. 
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Table 8-4:  Variant 11 - Advantages and Disadvantages 

 

Description Advantages Disadvantages Risk Schedule
          
- Close-coupled intake and 
powerhouse, three bay gated spillway 
located in riverbed above lower falls as 
in Variant 7. 
 
- Three stage cofferdam arrangement. 

- Diversion channel excavated in the 
dry on north abutment. 
 
- Lowest capital cost. 

- Complicated three stage cofferdam 
required: For diversion canal 
excavation and abutment dam 
construction; Main river channel for 
PH/Spillway and portion of north dam; 
Diversion channel for completion of 
north dam 

- Main risks relates to     
complicated cofferdam  
requirements over two  
seasons and risk of 
winter flooding due to 
poor frazil ice control.   

 64 months 
to first 
power. 
70.5 months 
to full 
commercial 
operation. 

- Diversion through excavated canal in 
north abutment.                                      
- Reservoir control by overflow groin. 

 - Rock from excavations insufficient for 
rock fills and aggregates.  Rock quarry 
required. 

- Risk slightly more than 
that of Variant 7 and 
higher than Variant 10. 

  

- North dam of RCC has overflow 
rubber dam, constructed on north 
abutment. 

  - Poor reservoir control using overflow 
groin above upper falls. 
- River diversion through canal 
required over two flood seasons. 

 - May overtop cofferdam 
 due to ice damming.      

  

- South closure dam of RCC with 
overflow crest for >1:1000 yr floods. 

  - South dam is an overflow dam, so 
access road could be overtopped and 
switchyard has to go on powerhouse 
roof. 

    

  - Cannot begin to work on PH/Spillway 
until diversion canal and cofferdams 
complete. 

    

    - Temporary access must be from the 
north.  Added south shore access of 
limited benefit. 

    

     - D/S cofferdam to be higher than 
originally designed. 
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8.4 COMPARATIVE COST ESTIMATES 

The estimated total cost of the three (3) variants is shown in Table 8-5 below.   

The direct costs are from the comparative cost estimate included in Appendix D.   

Assumptions made are as follows: 

• The rate of interest for IDC calculations is 8%; 

• IDC calculation is based on the total construction cost at the half-way point;  

• Generation variations are based on an annual generation of 5.53 TWh, from 

Section 5.5 “Final Capacity and Energy Determination” of the 1999 Report. 

• Calculations for IDC and energy costs follow the same methods used in the 1999 

Report. 

Table 8-5:  Comparison of Total Relative Project Costs 

   Variant 7 Variant 10 Variant 11 
Description Unit Unit$ Qty Cost Qty Cost Qty Cost 

         
Total Direct cost L.S.   1,258,996,000  1,246,925,000  1,199,811,000
        
Schedule costs        

Duration Mon.  65  55  64 
IDC  8%  292,712,000  241,425,000  274,286,000

        
Lost Energy Sales        

Due to increased 
schedule 

Mon  10 253,458,000 0 0 9 228,113,000

        
Relative Risks        

Potential delay Mon  2.5  0  3.5 
IDC    20,983,000  0  27,996,000

Lost Energy Sales    63,365,000  0  88,710,000
        

Total Relative Project 
Costs 

   1,889,514,000  1,488,350,000  1,818,916,000

% variation    0%  -21%  -4% 
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Notes: 

1. IDC is calculated as the accumulated compounded interest on a monthly basis 

using the full value of the construction cost for a period equal to half of the 

construction schedule. 

2. Lost Energy Sales is calculated from the average monthly generation of 460,833 

GWh by the number of months of schedule variation. 

8.5 RECOMMENDATION 

Based on the comparative costs, risks, schedule and other advantages, it is 

recommended that Variant 10 be selected as the basis for further development of 

this project. 
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9 FURTHER CONSIDERATIONS 

If Variant 10 is accepted as the most suitable choice of the variants identified, there 

are a few alternatives, which may have economic, or operations benefits. 

9.1 SPILLWAY GATE ALTERNATIVES 

For the optimization of the spillway facilities, to be undertaken in WTO MF1050, 

Spillway Design Review, some different gate arrangements will be studied, including: 

● Verification of the maximum size of vertical gate that is practical for this 

application; 

● Review of alternative gate sizes and number to handle an increased flow so that 

the rubber dam may be eliminated; 

● Review of alternative gate arrangements such as submerged gates on a flat base 

slab capable of passing an increased flow so that the rubber dam may be 

eliminated; 

● Review of the practicality of utilizing a radial submerged gate in this application. 

The use of the rubber dam was recommended in the 1999 study by SNC-AGRA due 

to its low initial cost, but there is concern over its long-term cost including possible 

plant shutdown costs during a future bladder replacement.  Appendix F includes 

some recent literature on the use of rubber dams, however, we believe there would 

be long-term advantages for the Muskrat Falls plant to avoid their use. 

9.2 ACCESS ALTERNATIVES 

If the permanent access to the plant is to be from the north, then a permanent high-

level road will have to be excavated around the rock knoll, connected to a bridge 

across the RCC dams and then to the powerhouse.  In this case, a temporary access 

to the south shore could be: 
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• by a temporary bridge crossing just upstream of the upper falls and then by 

access road to the construction site, or 

• by a temporary south shore access road from the existing bridge 18 km 

downstream, plus a temporary low-level access road around the rock knoll 

connecting the upstream cofferdam and a bridge across the spillway diversion 

channel.  

If the permanent access road were to be from the south, along an access road on 

the south shore from the existing highway bridge, then that would favour making the 

temporary access also from the south, along the same route, and which would later 

be upgraded to the permanent road.  No high level access road would be required to 

be excavated along the south side of the rock knoll.  Later, after diversion, another 

temporary road would be required across the upstream cofferdam and on a rockfill 

berm around the base of the rock knoll to transport rock to the north spur, and to 

transport heavy equipment to the powerhouse.  In the case where a rubber dam is 

incorporated into the north dam, only a light service bridge would be required across 

the north RCC dam to service the rubber dam.  In the case where the rubber dam 

was not required, the overhead bridge could be eliminated completely.   

The removal of the overhead bridge affects the spillway design in that it removes all 

of the required piers, increasing the length of overflow weir that could be available for 

spillage. 

The only downside to having the permanent access from the south is a limited future 

capacity to transport the heaviest loads for replacement equipment across the 

existing bridge downstream of the project.  Alternative means such as barge 

transport or alternate routes from the port of Cartwright may need to be considered. 
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RESERVOIR AND FLOOD CRITERIA 

Diversion Criteria 

Construction flood 

From Section 4.2 of 1999 Report: 

• Canadian practice is to accept 5% risk per year for temporary works; 

• Probability P = 1/T; 
Where T = recurrence interval; 

• For a probability of 5% for a two (2) year diversion period, T= 40 years, which is a 1 in 40 

year return period flood (Q40); 

• Assuming modified flood handling procedures at Upper Churchill, the magnitude of this flood 

was determined to be 5,300 m3/s. 

• Period during which this flood may occur is from 25 May to end of June. 

• From about 15 May to 25 May, and from about the end of June to end of July, Q40 = 3600 
m3/s.  

• Balance of year, Q40 = 2600 m3/s. 

• These “off-peak” values of the Q40 floods are useful in determining the expected flood levels 

for staging cofferdam construction or the construction of the rollways. 

• For a one-year diversion period and 5% risk per year, the design flood would have a 1 in 20 

year return period (Q20).  At the time of preparation of this report, no information is available 

on the magnitude of this flood, so for cases having a one-year diversion period, the Q40 flood 

values will be used.   
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Frazil Ice Control 

From Section 4.4 of the 1999 Report: 

• It was concluded that ice control could be reliably obtained by maintaining the upstream 

water level at a minimum of El. 23.0 m regardless of flow, however it was recommended that 

a minimum level of 24 m be adopted. 

From Table 4.2 Summary of Ice Observations of the 1999 Report: 

• For the period 1974 to 1992, the average maximum stage above the upper falls was 

observed to be 17.59 m, and the maximum elevation was 20.13 m. 

Tailrace Rating curve 

From Figure 5.2 of the 1999 Report: 

• From the data on the curve, the stage/discharge relationship may be approximated by the 

second-degree polynomial: 

• Elev = -2.5062E-08Q2 + 1.065E-03Q + 0.874 

Rating Curve Upstream of Upper Falls 

From LaSalle Ice Study: 

• Elev = Q.429/3.6808 + 10.177 

Spillway Flood Criteria 

Maximum Design Flood 

From Section 3.5 of Appendix B of the 1999 Report: 

• Use PMF;  

• Flood routing effect is negligible; 
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• Spillway design flow (PMF) = 22,100 m3/s; 

• Maximum design flood level at PMF = 44 m. 

Maximum Design Flood without Auxiliary Spill Facilities 

From Section 6.7.2 Design Criteria of the 1999 Report: 

• 5% lifetime risk of occurrence based on a 50 year life = 1 in 1,000 year flood; 

• Q1000 = 10,100 m3/s;  

• Maximum flood level = 40 m. 

Maximum Plant Flow Handling  

From Section 6.7.2 of the 1999 Report, noted to apply where economically feasible: 

• Capability to discharge the maximum plant flow (Qp = 2,667 m3/s) over closed spillway gates 

plus auxiliary spill facilities without excessive rise in reservoir operating level in an 

emergency situation. 
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Lower Churchill Project March 2008 
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Figure A-1:  40 Year Return Period Flood Levels at Muskrat Falls 

SNC Lavalin Inc.  
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Figure A-2:  Water and Ice Levels at Muskrat Falls between the Upper and Lower Falls 

Muskrat Falls Project - CE-15 Rev. 1 (Public) 
Page 46 of 89



Figure A-3:  Water and Ice Levels at Muskrat Falls below the Lower Falls 
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Maximum Flood Level (MFL) shown as dashed red line.  Full Storage Level (FSL) and Low Storage Level (LSL) shown as 

dashed green lines. 

Figure B-1:  Variant 10 – Three Gated Spillway Rating Curve, No Rollways 

SNC Lavalin Inc.  
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Maximum Flood Level (MFL) shown as dashed red line.  Full Storage Level (FSL) and Low Storage Level (LSL) shown as 

dashed green lines. 

Figure B-2:  Variant 10 – Three Gated Spillway Rating Curve, with Rollways 
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Maximum Flood Level (MFL) shown as dashed red line.  Full Storage Level (FSL) and Low Storage Level (LSL) shown as 

dashed green lines. 

 

Figure B-3:  Variant 10 – Rubber Dam Rating Curve 
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Maximum Flood Level (MFL) shown as dashed red line.  Full Storage Level (FSL) and Low Storage Level (LSL) shown as 

dashed green lines. 

 

Figure B-4:  Variant 10 – Fixed Crest Spillway Rating Curve 
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Maximum Flood Level (MFL) shown as dashed red line.  Full Storage Level (FSL) and Low Storage Level (LSL) shown as 

dashed green lines. 

 

Figure B-5:  Variant 11 – Diversion Channel Rating Curve 
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Activity ID Activity Name

GeneralGeneral
MilestonesMilestones

EngineeringEngineering
Site FacilitiesSite Facilities

Construction Construction Camp

Site AccessSite Access
Temporary SitTemporary Site Roads

SpillwaySpillway
Gates & StoplGates & Stoplogs

IntakeIntake
Traskracks, BTraskracks, Bulkhead Gates & Service Gates

PowerhousePowerhouse
Turbine GeneTurbine Generator
Overhead CraOverhead Crane
Draft Tube GaDraft Tube Gates

ProcurementProcurement
Site FacilitiesSite Facilities

Construction Construction Camp

Site AccessSite Access
Temporary SitTemporary Site Roads

SpillwaySpillway
Gates & StoplGates & Stoplogs

IntakeIntake
Traskracks, BTraskracks, Bulkhead Gates & Service Gates

PowerhousePowerhouse
Turbine GeneTurbine Generator
Overhead CraOverhead Crane
Draft Tube GaDraft Tube Gates

ConstructionConstruction
Site FacilitiesSite Facilities

Construction Construction Camp

Site AccessSite Access
Permanent SitPermanent Site Roads
Temporary SitTemporary Site Roads

North SpurNorth Spur
ClearingClearing
Overburden EOverburden Excavation
FillFill
Relief WellsRelief Wells
Pump WellsPump Wells

Diversion FaDiversion Facilities
Upstream DivUpstream Diversion Tunnel Portal
Diversion TunDiversion Tunnel
Downstream DDownstream Diversion Tunnel Portal

CofferdamsCofferdams
Upstream CofUpstream Cofferdam
Downstream CDownstream Cofferdam

DamDam
ClearingClearing
Overburden EOverburden Excavation
FoundationsFoundations
RCCRCC
ConcreteConcrete
Rubber DamRubber Dam
MiscellaneousMiscellaneous

SpillwaySpillway
Rock ExcavatRock Excavation
Left AbutmentLeft Abutment
Pier 1Pier 1
Pier 2Pier 2
Right AbutmeRight Abutment
Gravity SectioGravity Section

IntakeIntake
Rock ExcavatRock Excavation
Unit 4Unit 4
Unit 3Unit 3
Unit 2Unit 2
Unit 1Unit 1
Gravity SectioGravity Section

PowerhousePowerhouse
ClearingClearing
Overburden EOverburden Excavation
Rock ExcavatRock Excavation
Unit 4Unit 4

Unit 3Unit 3

Unit 2Unit 2

Unit 1Unit 1

Erection BayErection Bay

SubstationSubstation
South DamSouth Dam

1 2 3 4 5 6 7 8
Year

Project Release Phase I Diversion Phase II Diversion First Power Full Commercial Power

Camp Operational

Close GateClose Gate

Pit Free Ready To Turn

Pit Free Ready To Turn

Pit Free Ready To Turn

Pit Free Ready To Turn

 Muskrat Falls Hydroelectric Project

Variant 7 - Summary Schedule

22-Nov-07 10:16

Remaining Work
Critical Remaining Work

Milestone Page 1 of 1 Figure C1
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Activity ID Activity Name

GeneralGeneral
MilestonesMilestones

EngineeringEngineering
Site FacilitiesSite Facilities

Construction Construction Camp

Site AccessSite Access
Temporary SitTemporary Site Roads

SpillwaySpillway
Gates & StoplGates & Stoplogs

IntakeIntake
Traskracks, BTraskracks, Bulkhead Gates & Service Gates

PowerhousePowerhouse
Turbine GeneTurbine Generator
Overhead CraOverhead Crane
Draft Tube GaDraft Tube Gates

ProcurementProcurement
Site FacilitiesSite Facilities

Construction Construction Camp

Site AccessSite Access
Temporary SitTemporary Site Roads

SpillwaySpillway
Gates & StoplGates & Stoplogs

IntakeIntake
Traskracks, BTraskracks, Bulkhead Gates & Service Gates

PowerhousePowerhouse
Turbine GeneTurbine Generator
Overhead CraOverhead Crane
Draft Tube GaDraft Tube Gates

ConstructionConstruction
Site FacilitiesSite Facilities

Construction Construction Camp

Site AccessSite Access
Permanent SitPermanent Site Roads
Temporary SitTemporary Site Roads
Temporary BrTemporary Bridges

North SpurNorth Spur
ClearingClearing
Overburden EOverburden Excavation
FillFill
Relief WellsRelief Wells
Pump WellsPump Wells

CofferdamsCofferdams
Upstream CofUpstream Cofferdam
Downstream CDownstream Cofferdam

DamDam
ClearingClearing
Overburden EOverburden Excavation
FoundationsFoundations
RCCRCC
ConcreteConcrete
Rubber DamRubber Dam
MiscellaneousMiscellaneous

SpillwaySpillway
ClearingClearing
Overburden EOverburden Excavation
Rock ExcavatRock Excavation
Left AbutmentLeft Abutment
Pier 1Pier 1
Pier 2Pier 2
Right AbutmeRight Abutment
Gravity SectioGravity Section

IntakeIntake
ClearingClearing
Overburden EOverburden Excavation
Rock ExcavatRock Excavation
Unit 4Unit 4
Unit 3Unit 3
Unit 2Unit 2
Unit 1Unit 1
Gravity SectioGravity Section

PowerhousePowerhouse
ClearingClearing
Overburden EOverburden Excavation
Rock ExcavatRock Excavation
Unit 4Unit 4

Unit 3Unit 3

Unit 2Unit 2

Unit 1Unit 1

Erection BayErection Bay

SubstationSubstation
South DamSouth Dam

1 2 3 4 5 6 7
Year

Project Release Phase I Diversion Phase II DiversionFirst Power Full Commercial Power

Camp Operational

Pit Free Ready To Turn

Pit Free Ready To Turn

Pit Free Ready To Turn

Pit Free Ready To Turn

 Muskrat Falls Hydroelectric Project

Variant 10 - Summary Schedule

22-Nov-07 10:14
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Critical Remaining Work
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Activity ID Activity Name

GeneralGeneral
MilestonesMilestones

EngineeringEngineering
Site FacilitiesSite Facilities

Construction Construction Camp

Site AccessSite Access
Temporary SitTemporary Site Roads

SpillwaySpillway
Gates & StoplGates & Stoplogs

IntakeIntake
Traskracks, BTraskracks, Bulkhead Gates & Service Gates

PowerhousePowerhouse
Turbine GeneTurbine Generator
Overhead CraOverhead Crane
Draft Tube GaDraft Tube Gates

ProcurementProcurement
Site FacilitiesSite Facilities

Construction Construction Camp

Site AccessSite Access
Temporary SitTemporary Site Roads

SpillwaySpillway
Gates & StoplGates & Stoplogs

IntakeIntake
Traskracks, BTraskracks, Bulkhead Gates & Service Gates

PowerhousePowerhouse
Turbine GeneTurbine Generator
Overhead CraOverhead Crane
Draft Tube GaDraft Tube Gates

ConstructionConstruction
Site FacilitiesSite Facilities

Construction Construction Camp

Site AccessSite Access
Permanent SitPermanent Site Roads
Temporary SitTemporary Site Roads
Temporary BrTemporary Bridges

North SpurNorth Spur
ClearingClearing
Overburden EOverburden Excavation
FillFill
Relief WellsRelief Wells
Pump WellsPump Wells

Diversion FaDiversion Facilities
Diversion ChaDiversion Channel

CofferdamsCofferdams
Diversion ChaDiversion Channel Cofferdam
Upstream CofUpstream Cofferdam
Downstream CDownstream Cofferdam
Diversion ChaDiversion Channel Closure Cofferdam

DamDam
FoundationsFoundations
RCCRCC
ConcreteConcrete
Rubber DamRubber Dam
MiscellaneousMiscellaneous

SpillwaySpillway
Rock ExcavatRock Excavation
Left AbutmentLeft Abutment
Pier 1Pier 1
Pier 2Pier 2
Right AbutmeRight Abutment
Gravity SectioGravity Section

IntakeIntake
Rock ExcavatRock Excavation
Unit 4Unit 4
Unit 3Unit 3
Unit 2Unit 2
Unit 1Unit 1
Gravity SectioGravity Section

PowerhousePowerhouse
ClearingClearing
Overburden EOverburden Excavation
Rock ExcavatRock Excavation
Unit 4Unit 4
Unit 3Unit 3
Unit 2Unit 2
Unit 1Unit 1
Erection BayErection Bay

SubstationSubstation
South DamSouth Dam

1 2 3 4 5 6 7
Year

Project Release Phase I DiversionPhase II Diversion First Power Full Commercial Power

Camp Operational

Pit Free Ready To Turn
Pit Free Ready To Turn

Pit Free Ready To Turn
Pit Free Ready To Turn

 Muskrat Falls Hydroelectric Project

Variant 11 - Summary Schedule

22-Nov-07 10:12

Remaining Work
Critical Remaining Work

Milestone Page 1 of 1 Figure C3
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APPENDIX F 

RUBBER DAM DATA 
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First 

Hydroelectric Power Plant Dam 

 
Welcome to the Largest Inflatable Rubber Dam in North America, located at 
the Highgate Falls Dam Site in Highgate Falls, Vt. 

Imagine a dam that goes up and down automatically to keep the proper water level 
in the reservoir. It never has to be painted or rustproofed. It has a smooth top 
surface so that, in a storm or flood, trees and debris slide over it instead of getting 
caught in the gates. In cold weather, ice won't jam it up. It's environmentally 
friendly, too: it has an inconspicuous profile and can be made to fold down on top 
of itselt now and then to let sediment pass downriver. 
 
The dam is an inflatable dam or as it's called by it's manufacturer, Bridgstone of 
Tokyo, "Rubber Dam". The dam is 15 feet in diameter and 220 feet long, made of 
nylon re-enforced rubber, it is the largest inflatable rubber dam in North America. 
This dam is also one of the first in the world to have a pressurized hatchway 
allowing dam operators to walk right inside. 
 
The operation of the dam is controlled by computerized control system which is 
programmed to monitor the pond level by inflating or deflating the dam by 
automatically turning on one of two inflation blowers or one of the two motorized 
deflation valves. The systems sensitivity is such that it keeps the pond level to 
within +/- 0.1 feet of the pond level setpoint. The blowers that fill the dam with 
nearly 40,000 cubic feet of air at 7 1/2 pounds per square inch are high volume, low 
pressure units that can inflate the dam from elevation 175 ft.asl to 190 ft. asl in 
about 1 hour. 

 
 
Return to the previous Hydroelectric Power Plant section 
Return to Utilities section 

Residential Demand Rates | Residential Service Rates | Commercial Service Rates | Security 
Lighting Service Rates | Industrial Service Rates | Municipal Street Lighting Rates | Industrial Off-
Peak Service Rates |Appliance energy consumption | Hydroelectric Powerplant | NEPPA.com 

Page 1 of 1Hydroelectric Power Plant Dam
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News: News of the latest projects from Europe and 

around the world. 

Tenders: Tender announcements and contract news. 

Featured Project: A description of a major project 

involving a rubber dam or spillway gate. 
Click on image to enlarge it 

 
Rubber Dams: The inflatable rubber dam has been used to control flow in rivers for 

more than forty years. The basic characteristics of this unique structure, in terms of 

design, construction and operation, are quite well known to potential investors and/or 

operators. Less well known, perhaps, is the degree to which the technology has 

advanced over the past four decades and how many projects are actually being carried 

out every year. At the present time, three of the world's largest inflatable rubber dams 

are being installed as storm surge barriers at a site in the Netherlands. The fact that 

these dams are 8.0m high would hardly have been considered possible five years ago. 

Spillway Gates: The pneumatically-operated 

spillway gate manufactured by Obermeyer Hydro Inc. is 

a much more recent innovation than an inflatable rubber 

dam but no less unique. It has been in use for about 

fifteen years and already gates with heights of 

approximately 5.5m (18ft) have been installed. Up to 

now, most spillway gates have been installed in the 

USA, but, with contracts in India, Peru and Germany 

under way, it is likely that its use will become as global 

as that of the inflatable rubber dam within a very short 

period. 
Click on image to enlarge it  

 

Mason Bilafer Partnership: Mason Bilafer Partnership (MBP) is an independent 

consulting engineer and a specialist in the field of inflatable rubber dams and 

pneumatically-operated spillway gates. Although based in the United Kingdom, MBP 

offers the following services to owners, operators, consultants and contractors around 

the world:  
� Technical advice  

� Budgetary estimates  

� Preparation of tender documentation  

� Contract administration  

� Project management  

� Installation supervision  

� Troubleshooting  

� Dispute resolution  

Don Mason of MBP has worked on rubber dam and 

spillway gate projects for more than ten years. 

 
Click on image to enlarge it  

Page 1 of 3Mason Bilafer Partnership
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Motorsport

 

 

Easy Installation

Supply Record

Contact Us

Table Of Contents

Other Products

   

 
 

Design & Features

  

Strong Body   Secure Anchor   Simple & Reliable  
An inflatable bladder made 
of heavy-duty, nylon-
reinforced rubber, with 
EPDM cover to withstand 
ozone and ultraviolet light. 
Thickness of bladder 
ranges from 9.5 to 25mm, 
depending upon the dam 
height. The minimum 
safety factor for the 
bladder is 8.0.

The bladder is anchored 
to the foundation using a 
simple clamping system 
composed of anchor bolts 
and steel clamping plates. 
This simple design 
produces an extremely 
dependable air-tight seal. 
The system can be 
installed quickly but firmly 
with standard tools. The 
minimum design safety 
factor for the anchor 

A low pressure system, 
usually between 
0.05kgf/cm2 to 0.6kgf/cm2 
depending on dam height. 
Air is supplied using air 
blowers. No overhead 
structure or hydraulic 
system are required. 
Inflation & deflation of 
rubber dams is highly 
reliable and little 
maintenance is required.

Page 1 of 2Bridgestone Corporation
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system is 3.0.

Flat On Foundation  Longer Span  Flexible Control  
The FIN structure allows 
the fabric to Lay-Flat when 
deflated. This prevents 
damage from debris or ice. 
The lay flat characteristic 
eliminates the bulge at the 
end of the deflated body, 
which is prone to serious 
vibration & abrasion. It 
also permits passage of 
debris.

The Bridgestone Rubber 
Dam permits very long 
spans, thus reducing the 
need for intermediate 
piers necessary in steel 
gate installations. The 
long span of the rubber 
dams also maximizes 
discharge as there are few 
piers obstructing the water 
flow.

Inflation & deflation can be 
manual or automatically 
controlled. The automatic 
control system can monitor 
the upstream water level 
and adjust the air pressure 
in the dam to maintain a 
prescribed water level in 
the upstream pool.

Oscillation Reduction   Variable Side Slope   Low Maintenance  
When inflated, the FIN 
structure works as a 
deflector to create aeration 
below the fin. This 
effectively reduces the 
phenomenon of oscillation 
up to a 50% overflow 
when compared to FIN-
LESS bladders.

Rubber Dams can be 
installed in rivers with any 
side slope angle, 
eliminating the necessity 
of modification to river 
bank, unlike steel gates 
which can only be 
installed on vertical side 
slopes.

Other than normal 
maintenance of control 
equipment, blowers and 
actuators, rubber dams 
are virtually maintenance 
free. This is a big 
advantage over steel 
gates, where removal of 
rust, painting and 
changing of hydraulic oil 
are required. 

Next

Term of Use |  Si te Map |  Pr ivacy Pol icy |  Enlarging Fonts Copyr ight  © 2007 Br idgestone Corporat ion
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www.snclavalin.com 

SNC-LAVALIN Inc. 
1133 Topsail Road 
Mount Pearl, NL A1N 5G2 
Canada 
Tel.:  (709) 368-0118 
Fax:  (709) 368-3541 
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