
l I . 
! 

I, 1··. ,• 

r . 

I 
I 
I 
~I 
I 
I 
I 
I 
I 
i 
I 
I 
I 
I 
I 
i-

i 

Prepare"d For: 

Prepared By: 

Date: 

FEASIBILITY STUDY 

OF 

HYDRO GENERATION SITES 

BURGEO, NEWFOUNDLAND 

Newfoundland and Labrador Hydro 

,,.,/~ 

/ 

· _ Blake Bartlett ~/ 

Geoff Car_9,ell--·_,.,// 
~ / 

c::::,_~we · / . 

Edward Finn / 

George Wilson / 

March 31,- 1977 

CIMFP Exhibit P-01029 Page 1



0 
•-
•· 
• 
• 
• 
• 
• 
• 
• 
• 
J 
~ 

~ 

J 
J 
J 
J 
J 

Introduction 

Summary 

TABLE OF CONTENTS 

Inventory of Present Conditions -------------

Criteria ----------------------------------

Constraints ---· ----------------------------

Generation of Alternatives 

Description of Alternatives 

Discussion of Alternatives 

Conclusions -- -----------------------------

Site Layouts 

Tables 

Appendices 

Bibliography. 

Page Number 

i 

ii 

1 

3 

5 

7 

10 

17 

21 

CIMFP Exhibit P-01029 Page 2



- i -

· Introduction 

In light of the increasing rate of inflatiqn, particularly 

refined petroleum products· ·(fuel and lube) and the increasing 

public demand for electric power, the cost of·therrnal die~el 

generation is extremely expensive. It has therefore been 

proposed that an investigation of any possible hydro-electric 

power sites be carried out for Burgeo, Newfoundland. This 

invest~gation should determine the economic feasibility of 

supplementing, or comp,letely replaci:ng, the existing diesel 

generation with hydro generation. 

Preliminary investigation by Newfoundland and Labrador 

Hydro suggested that there may be a potential site along the 
. 1 . 

Grandy Brook or any of its tributaries. Water diversion for 

the Bay D'Espoir hydro project has virtually eliminated any 

·possible development of the White Bear River2 or any of its 

tributaries. For this reason, the focus of.this study has been 

restricted to that area lying west of White Bear River. 

Becaus.e no site investigation is possible, the level 

of detail is.limited.to what can be gleaned from a studY. of 

topographical maps. Subsequently then, this report is a 

conceptual feasibility. More detailed studies should follow if 

the results of this study warrant it. 

· · 1 See site plan 

2 See site plan 
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Summary 

Five possible hydro power sites were located from an 

· area investigation. The potential energy output of each site 

was developed to the extent that its full potential would be. 

realized by 1990. Two alternatives ·obviously involved extra 

costs without any benefit. The remaining three alternatives 

and an all diesel alternative were then evaluated using present 

worth analysis. Two hydro alternatives,located on a tributary 

of the Grandy Brook about nine miles from Burgeo, were found 

to be the most economically feasible. The present worth, in 

1977 dollars, of both of these alternatives is about $12 

million as comparedto·$19 million for the all diesel alternative. 

They do however include diesel units to meet reserve capacity 

requirements. 
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Inventory o·f p·re·se:tit Conditions 

At present, Burgeo has a population of about 3,000 

people and is supplied by a diesel generating plant located 

near the town. _The plant consists of two 1250 KVA generators 

and two 625 KVA generators feeding power directly into the 

distribution system at 25 KV. Past fuel, lube and maintenance 

costs of these electric sets were supplied by Newfoundland and 

Labrador Hydro and are shown in Table I. 

In the past two years, approximately $4 million has been 

spent by the Newfound-land Government developing the Burgeo 

fishing industry. Included in these improvements is a new 

fish plant and related facilities. 

The only access to Burgeo at the present time is by a 

coastal boat or seaplane but there is a new road under construct

ion from Buchans to Burgeo and it is hoped that this link will 

be completed and open to traffic within two or three years. 

For the purposes of this study, the hydrological 

condit;i_ons were assumed to be similar to those of the Victoria 

Reservoir 3 of the Bay D'·Espoir system because of its proximity 

to the area·in question. If there is any deviation from this 

assumption, the· actual rainfall should be more than that assumed 

3 See Victoria Hydrological Data Appendix D 
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according to a study of the Newfoundland hydrological conditions 

done by Shawinigan Engineering Company4 

The entire Burgeo area is rug.ged and rocky with very 

thin soil cover with trees in small isolated patches. The· 

exposed rock is mostly granite and large quantities of natural 

aggregates are virtually non-existent. They would either have 

to be transported into the area or produced by crushing plants 

at· the .site. 

The load forecast used in this study. (see Table 2) was 

supplied by Newfoundland·and Labrador Hydro and is based on 

past energy consumption patterns. 

is given in Appendix B. 

4 See Bhawinigan Report, Appendix A 

A graphical representation . r 
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Criteria 

The recommendation for future study of an al.ternative 

is based on an economic comparison of all the alternatives. 

The Present Worth Analysis is the technique that has been 

implemented basically because this is the technique most 

generally employed by the client, Newfoundland and Labrador 

Hydro; This technique requires that technically equivalent 

alternatives be_ generated to meet the demand up to 1990. Using 

present worth, each alternative is converted to 1977 .dollars 

so that they may be reasonably compared. Included in the 

annual cash determinations were any required diesel· supplements. 

These were compared with the present all diesel: generation 

alternative. 

In the study of the topographic maps, the following 

search procedure was implemented. 

Primary considerati0n for initial selection was given 

to those sites with high heads and large catchments. Secondary 

consideration was then based on proximity to Burgeo and/or 

accessibility to the different site structures. 

Reservoir sites were· chosen optimizing on a minimum 

size dam contouring a maximum water storage volume. Reservoir 

dam:locations were preferred when the maximum drainage area 
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possible was controlled barring any physical constraints. 

Forebay Darn locations were preferred where the penstock lengths 

between the powerhouse and forebay were minimal to minimize 

loss of head due to friction. 

A more detailed cost .estimate is undertaken on dams as 

compared to the other components as dams will comprise the 

major cost component. 
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Constraints 

This study is to be an investigation of the generating 

potential of each site rather than a design to meet projected 

demands. However, some preliminary calculations were done to 

determine approximately the heads, flows, areas, etc. needed 

to provide 100% hydro generation in 1990. These figures served 

· as the reference points for the investigation. 

Since fifty foot contour interval maps were the only 

source of site information, certain assumptions regarding 

land elevations between contour lines were made. Usually 

standard methods of linear interpolation were used. The calcul

ation of such quantities as dam size, reservoir storage and 

excavation are dependent on these assumptions. However these 

quantities should be within 25% of those computed from detailed 

site information. 

From available information of the area it was assumed 

that all earthwork, whether fill or excavation, will deal with 

solid rock as soil cover is known to be minimaL If any 

further degree of detail was used other than what was carried 

out, it would produce no greater accuracy-without some actual 

site visits and investigation. 
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For the purposes of this report, it wp.s assumed that 

the impact of any development interferring with a fisheries 

resource would be,minimal since the developments were at the 

top of very steep falls, preventing access to salmon. Topo

graphic information available indicated that there are no 

forest resources·in the area which would be damaged. •Again 

. these assumptions would have to be verified by an in-depth 

environmental study if development is planned. 

For further information on environmental considerations, 

see Appendix C. 
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Generation of Alternatives 

The first step was a search for possible developments 

worth further investigation. This began with a general scan 

of the appropriate topographic maps. Then using the previous 

criteria of high head and large catchment, two power hou:s_e 

locations were chosen, both had a head of approximately 250 

feet. The first site is located approximately 9 miles 

north of Burgeo. The second site is located 17 miles north

west of Burgeo, at the head of Northwest Arm. These 

distances are derived from the length of transmission line 

required. 

The drainage area for each site was determined as well 

as a possible diversion of Top Pond into Stephenson's Pond, 

using a few dykes and a canal. Potential reservoir sites were 

selected with particular notice given to the amount of drainage 

area they could control. A summary of drainage areas and 

reservoir capacities is found in Table 4. The table includes 

the five most feasible sites that were examined. The less 

feasible small remote sites were excluded. 

The water runoff records for Victoria Reservoir, Bay D1 

Espoir were the best available. These gave a computed average 

~ runoff rate of 3.1 mi. Inflow rates to the reservoirs /sq. 

were computed with 1974 runoff records.· The design was based 

on 1974 flows because it was a drier than average yea:r as 

demonstrated by the records • 
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using this data, the variating monthly.flows determined 

the maximum sustainable flow from each reservoir over a yearly 

period. This was a trial and error calculation requiring full 

reservoir conditions at. the beginning and end of the one year 

period •. 

The maximum yields determined the generati~g capacity 

of each site at 100% capacity factor. The ·installed capacity of 

the power plant was determined from the ratio. generating 

capacity/capacity factor. The ·capacity factor for such hydro 

. generation is taken as 0,.40 .. 

The topographical maps.were studied to select preliminary 

transmission line routei5 and distances. Using a power factor 

of 0.90 6 , the preliminary distances and the generating capacity 

of each ·plant, the size of transmission 7 was determined for each 

alternative site using Voltage Drop Charts. 
. 8 

A range of (4-6%) 

voltage drop was selected as optimum~ Voltages and wire sizes 

were selected to allow the voltage drop to fall within this 

ra~ge~ An additional design constraint was added in. that 

Newfoundland and Labrador Hydro use standard lines of 25 KV and 

69 KV tn this generation range. Hence a 34 .. 5 KV requirement 

might be taken as two 25 KV lines. 9 

5 See Appendix F, Transmission Route Selection 

6 Recommended by R. Young, P. Eng., Nfld. &_Labrador Hydro 

7 See Appendix E, Preliminary Sizing of Transmission Lines 

8 Recommended by E. H. Bartlett, P. Eng., Terra Nova Engineering 

9 See Appendix E, Preliminary Sizing, Alternative E 
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For the Northwest Arm alternative, the power house was 

located at the top of the Arm, for all Grandy Brook alternatives 

the power house was located 11 miles up Grandy Brook. The 

delivery point for all alternatives was a substation on the 

outskirts of Burgeo, 

Any additional diesel required in the life of an alter

native was to be installed in the existing diesel plant. This 

was selected for two main reasons: greater reliability of service 

independent of transmission lines and the economics of using 

existing capital investment in plant facilities as opposed to 

larger hydro plant being required. 
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This alternative has a generating station located at 

latitude 47°46tN and longitude 57°55tW approximately, on a river 

at the head of Northwest Arm. At this point on the river, 

water flows from a drainage area of 88 square miles. 

The main reservoir is located about 3 miles north of 

the power station at latitude 47°48 1 N and longitude 57°54'W 

just down stream of a fork in the river and it is filled by a 

drainage area of 81.6 square miles. Its capacity is 205.5 

million cubic feet and can supply a constant rate of flow of 

139 cubic feet per· second. The dam is estimated to be 1800 

feet long with a maximum height of 28 feet and a volume of 

approximately 457,000 cubic yards of material-. 

The forebay is constructed at the top of the falls and 

a 1500 foot peristock runs to the power house below. The 

available head is 250 feet. 

It is estimated-that this site could generate 28.9 

million kilowatt hours of energy annually. 

Inside the power house there are three 2100 kilowatt 

generators and one 1950 kilowatt generator giving a total 

installed capacity of 8.25' megawatts. 
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The transmission line to Burgeo is approximately 

17 miles long and has a potential of 69,000 volts. 
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Alternative· .B 

This alternative has a generati~g station located at 

latitude 47°43'N and longitude 57°4llW approximately, at the 

mouth of the Dry Pond River into Grandy Brook. The water 

flowing past this point in the Dry Pond River comes from a 

drainage area of 56 square miles. 

The main reservoir is located about 7 miles upstream of 

the power house at latitude 47°50 ,.N and longitude 57~31 1W and 

it is filled by a·drainage area of 18.6 square miles. Its 

capacity is 173 million cubic feet and it can supply a steady 

flow of 48 cubic feet per second, There are two dams containing 

the water, one befng 1260 feet long with a maximum height of 

50 feet and the other -250 feet long and a maximum height of 40 

feet" The total volume of dam material is approximately 298 ooo , 
cubic yards. 

The forebay is constructed at the top of the falls and a 

1600 foot penstock runs to the power house below. The available 

head is 250 feet. 

It is estimated that this site could generate 9.9 

million kilowatt hours of energy annually and would need turbines 

of 3800 horsepower total utilizing all the water power available. 
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Within the power house, there are two 1000 kilowatt 

generators and one 825 kilowatt generator, ::-giving a total 

installed capacity of 2.85 megawatts. 

The transmission line to Burgeo is approximately 9 

miles long and has a potential of 25,000 volts. 

In order to maintain the required reserve capacity, the 

following diesel generating units will be required - retain an 

existing 1250 kilowatt diesel in 1980, install another 1250 

kilowatt diesel in· 1982 and install a 675 kilowatt diesel in 

1987. 
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Alternative C 

This alternative has the exact layout as Alternative B, 

except that at the upstream portion of the drainage ~rea, there 

is a channel that diverts water from the Top Pond water shed 

area into Stephenson's Pond.which is in the Dry Pond drainage 

area. A dam about 30" long and 10' high is placed across the 

river leading out of Top Pond. The trench is about 3500 feet 

long with a 20 foot average width and a 20 foot average depth. 

This diversion adds about 13.5 square miles onto the 

original drainage area for a total of 69.5 square miles. The 

new drainage area controlled by the reservoir now totals at 

32.2 square miles and this increases the output of the generating 

station to 17.3 million kilowatt hours of energy annually and 

would need turbines of 6500 horsepower total utilizing all the 

water power available. 

Inside the power house there are three 1250 kilowatt 

and-one 1100 kilowatt generators giving a .total installed 

capacity of 4.85 megawatts-

The transmission line to Burgeo is approximately 9 miles 

long and has a potential of 25,000 volts. 

In order to maintain the required reserve capacity, 

one 1150 kilowatt diesel unit will be required in 1986. 

CIMFP Exhibit P-01029 Page 18



D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
•· 
D 
D 
0 

- 15 -

Al ternati-ve D 

This alternative is an attempt really to control the 

drainage area between the forebay and the reservoir that the 

reservoir has no control over by locating a much larger dam 

just upstream a bit from the original forebay. This new reser

voir location increased the drainage area controlled from 18.6 

square miles to 56 square miles. The dam is approximately 

2600 feet long with a maximum height of 55 feet. The volume 

of dam material is approximately 654,000 cubic yards.· The 

total storage capacity is about 175 million cubic feet. The 

continuous flow available from the reservoir is 99 cubic feet per · 

second. The available energy from this flow is 20.4 million 

kilowatt hours annually. 

Inside the power house ·there are four turbines of 1500 

horsepower each ·and four generators of 1125 kilowatts each. 

The transmission line to Burgeo is approximately 9 miles 

long and has a potential of 25,000 volts. 

In order to maintain the required reserve capacity, one 

500 kilowatt diesel unit will be required in 1988. 
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Alternative·E 

The drainage area into Top Pond is diverted into 

Stephenson.' s Pond and the main reservoir is again just · above 

the power house as .in.Alternative D. The dam is approximately 

2600 feet long with a maximum height of 55 feet as before. The 

total storage capacity remains at· 175 million cubic feet. The 

continU:ous flow available is 118 cubic feet per second. The 

availa.ble energy· from this flow is 24. 3 million kilowatt hours 

annually. The drainage area controlled by the dam is increased 

by 13.6 square miles to 69.5 square miles. 

The power house will have three. 1750 KVA. generating 

units and one 1675 KVA.gerierating unit .. The total installed 

capacity of the plant will. be 6.925 megawatts and the total 

horsepower output is 4300 horsepower. 

The. transmission line ·to Bu:rgeo.is approximately 9 miles 

long and thE;! potential required would be 34,500 volts.· Hence• 

'using the.standard construction of Newfoundland and Labrador 

Hydro., two 25 KV lines should be constructed, , a total le_ngth 

of 18 miles of construction. 
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Discussion of Altern:atiVes 

Of the five alternatives first considered, the capacity 

of A, D and E was reduced because the energy available from 

these three as first layed out was greater than energy required 

to supply the town in 1990. Alternatives A, D and E had 

available 2 8. 9, 20 .:4 and 24 .. ~ million kilowatt hours per year 

respectively, but based on the ·1oad_ growth of the town, only 

15.8 million kilowatt hours per year could be used at the end 

of the evaluation period, Therefore, the :reservoir size and 

. generating capacity was reduced so that all available energy 

would be utilized at the end of the simulation period. 

When the sizes of A, D and E were so reduced, Alternatives 

A and E were excluded from the economic analysis. Alternative 

A was excluded because the power house, generating units and 

the available energy were identical to Alternative D but the 

cost was obviously-greater. Alternative A was seventeen miles 

from Burgeo and would necessitate either the construction of a 

wharf at Northwest Arm or seventeen miles of access road with a 

bridge across Grandy Brook. 

Alternative E consisted of the development of the same 

site ·as Alternative D but with an additional diversion canal and 

a dam in the Top Pond area. The available energy from the 

additional catchment area could not be used, therefore Alternative 

E was also eliminated from the Present Worth Analysis. 
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This reduced the alternatives to B# C and D for economic 

comparison, as shown in Table 4. Alternative C seems the most 

fJasible .. Based on the Present Worth Analysis10 , of the three 

rJmaining hydro alternatives and the all diesel alternative, 

A1ternative Chas the best present worth 'in 1977 dollars. This 

can be seen· in the following table which contains a summary of 

t I t - · · 1 · . a economic ana ysis. 

1b See Appendix G, Present Worth Analysis 
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SUIJ]Illary of Economic·. Comparison 

I 

Note: All costs are in 1977 dollars. 

Capital Present Energy 1 Mil
2 

Alternative Cost worth · Produced Rate 
/I) 

,o 
13,964,161 920.7 X 10 6 15.2 mils B 6,718,000 

C 
. 0' 

9,286,000 11,507,659 920.7 X 106 12.5 mils 

D 10 , 0 7 2 , 0 0 0 -1'<' 12,327,575 920.7 X 10 6 13.4 mils 

Diesel 
Alternative 1,471,000 18,803,643 920.7 X 10 6 20.4 mils 

1 
Note the calculation of the total energy produced which is 
shown on the next page. 

2 
Mil rate is defined as the average unit cost of energy in 
1977 dollars over the life of the system, i.e. up to the 
year 2040. 
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Calculation of Total Energy Produced 

Year 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

. 1984 

1985 

1986 

. 1987 

19:88 

1989 

199-0 - 2039 

Total 

Energy 
Produced 

· · (kWh x ·10·6} 

6.4 

6.9 

7.4 

7.9 

8.5 

9.1 

9.7 

10.4 

11.2 

12.0 

12. 8 

. 13. 7 

14.7 

15.8 X 50 = 790 

920.7 
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Conclusions 

As a background, it should be stated Engineering News 

Record figures were often preferred over Statistics Canada 

figures for producing time adjustments for costs. The preferred 

figures always- seemed to produce a larger-, more realistic 

adjusted cost. 

Normally a report such as this would be expected to have 

an accuracy of +40%. Certain factors however have affected 

this limit of error. The first was the reduced time available 

for the study. The second was the limited experience of the 

students. In light of these factors, this study could not be 

expected to have a limit of error of less than +50%. 

(j) Results from p·r-e:s:e:nt Worth An·a1ysis 

Since there does not seem to· be any physical advantage 

in choosing between Alternatives C and D, and within the limit 

of accuracy of this report, both Alternatives C and Dare 

considered to be the most economically feasible alternatives. 

Each of these alternatives has a present worth of approximately 

$.12 .million in 19 77 dollars, 
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G) Recommendations for Future Study 

It is recommended that prior to any further investigation 

of Alternatives B, C and D, an extended simulation period be 

used to ensure use of all the available energy of the various 

sites. This would demonstrate any advantages of developing 

higher energy ai'ternatives such as Alternative A and E. 

When the extended simulation·sttidies have been carried 

out, the more attractive alternatives should be investigated 

in a more detailed manner. This would include actual site 

investigation and surveys; more detailed design and more accurate, 

more detailed and.more up-to-date cost estimates. 
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• 
2. Forecast Loads, Burgeo 

3. Historic Loads, Burgeo 

• 4. Comparison of Alternatives (Tabular Form) 
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D 
D TABLE I 

D MAINTENANCE AND FUEL COSTS 

D 
D 1976 1975 1974 

gal. gal. gal. gal. gal. gal. 
Fuel .· Lube Fu·e1 Lube Fuel Lube 

D January 46,360 464 43,674 423 42,651 840 

D 
February 43,400 478 44,302 275 42,650 533 

March 45,402 559 4_0 ,494 395 46,900 516 

D April 38,132 613 50,007 506 39,681 882 

May 35,829 423 34,940 353 34,307 890 

D June 34,245 346 35,582 360 30,674 2,400 

D 
July 34,183 450 32,517 453 30,210 250 

August 32,541 540 35,253 253 27,048 300 

D September 33,451 514 34,410 595 2 7, O 12 310 

October 36,233 529 41,310 439 36,252 300 

D November 40,798 542 43,485 425 39,571 484 

D 
December 51,268 890 42,388 976 42,873 305 

TOTALS 471,842 6,348 478,362 5,476 439,829 8,010 

D 
Price paid for fuel and lube delivered ($/gal.) 

D 0.515 '$/ 2.40 $/ 0. 4015 $/ 2 .10 $/ 2.15 $/ 

D 
. gal. gal. gal. gal. gal. 

D :Maintenance costs 

1976 - $137,000; . 1975 .. 
$117,000' (est.)'.; ·:1974 - $96,330 (est.) 

D 
D 
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D 
D 
D TABLE 2 

FORECAST LOADS, BURGEO 

D 
Load Forecast: 

D 
D 

Year · KVA KW . kWh x 10 6 

1977 2029 1826 6.4 

D 1978 2188 1969 6.9 

1979 2358 2112 7.4 

D 1980 2506 2255 7.9 

D 
1981 2696 2426 8.5 

1982 2886 2597 9.1 

D 1983 3076 2768 9.7 

1984 . 3298 2968 10.4 

D 1985 . 35'51 . 3196 11.2 

1986 3806 3425 12.0 

D 1987 4059 3653 12. 8 

D 1988 4344· 3910 13.7 

1989 4661 4195 14. 7 

D . 1990 5010 4509 15.8 

D 
D 
D 
D 
D 
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D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 

• 

TABLE 3 

HISTORIC LOADS, ·BURGEO 

Year KVA kWh x 
· ·(winte·r) 

1969 1200 1.2 

1970 1450 2.7 

1971 1800 4.3 

1972 ? 5.4 

1973 1950 5.4 

1974 . 1600 5.7 

1975 1950 6.4 

1976 ? 6.0 

Load Factor (L. F. } - kWh . 
KVA x p.f. x 8760 

8760 = 24 hrs.· x 365 days 

Power Factor (p. f.) = ·0. 90 

10 6 Load Factor 
(%) 

13 

24 

30 

32 

41 

37 
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TABLE 4 

COMPARISON OF ALTER.~ATIVES 

Drainage Area Resen:oirs SvsT'1<1no.b/e 
Behind Controlled · Volume ~-en- Energy Installed 

Location Power House By Capacity of Dam Flow kWhr/yr. Power Capacity 
Name Lat. Long. Sq, Mi. Reservoir Diversion Million cft, . tocation Material Head. cu.ft/sec, X 106 __!!R,_ .MW 

Alt. A 
41°1+s'N (Northwest 

Ar.n) 47°46'N 57°55 1w·. 88 81,6 N/A ,·205,5: ·57°54 1N ~/A 250· '.1.39 28,9 3~3 8.25 

Alt. B 
(Grandy 47°50'N 
Brook) 47°43'N 57°41 1 w 56 18.6 N/A 11+ 57°31 'W 250 48 . 9.9 1.13 2.85 

Alt. C, Top Pond -into 
47°50'N (Grandy 

57641 'W 
. Stephenson I s 

Brook) 47°43'N 69.5 32.2 Pond. 307 . ·57°31 'W 250 84 17,3 1,97 4.85 

Alt~ \D; 
47°43'N (Grandy 

Brook) 47°43'N 57°41 'W 56 56 N/A 175 57°4l'W 250 99 20.4 2.33 5.83 

Alt. E Top Pond into. 
47°43'N (Grandy Stephenson's 

Bruok) 47°43'N 57°41 1W 69.5 69,5 Pond 175 47°43 1N N/A 250 118 24,3 2. 77 6.9 

REQUIRED. 15. l 1.72 4,31 

!' 

. ·. 
I 
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D 
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D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 

A 

B 

C 

D 

LIST OF APPENDICES 

Shawinigan Engineering Report~. Rainfall Data 
Newfoundland and Labrador 

Historical Load Graph 1969 - 1976 
Burgeo, Newfoundland 

Environmental Considerations 

Victoria Reservoir Monthly Inflow Data 

E Preliminary Sizing of Transmission Lines 

F 

G 

H 

I 

Transmission Route Selection and Transmission Costs 
I 

Present Worth Analysis 

Calculation of Potential Generation of Each Site 

Size Reduction of Original High Energy Alternatives 

J Capital.Cost Estimate Summary 

K 

L 

Design and Cost of Earth Dams 

.General Layout and Size of Proposed Power Houses 
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• 

. APP:ENDTX A 

The Shawinigan Eng:tnee:rin·g Comp·any Report 

·Rainfall: Data · .... Newfoundland ·and Labr·a'dor 
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D 
D 

FIGURE 8-12A 

• 

James F. Maclaren Limited 

NEWFOUNDLAND 
MEAN ANNUAL PRECIPITATION DISTRIBUTION 

• TORRENT 
51.J in/yr. 

UPPER HUMBER-,.---;p'f -
48.9 In/yr, 

44 

46 

ISLE AUX MOR TS 
74.3 in/yr. 

BELLE ISLE 

A 

50 
SI. JOHN'S 
55 

ANNUAL PRECIPITATION DISTRIBUTION (INCHES) 
ACCORDING TO THE ATLAS OF CANADA . 

(DEPARTMENT OF MINES AND TECHNl~iL SUR~EYS,!957) 

TORRENT 
51.l in/yr. 

4 4:~ P~Rl AUX BASQUES 
52 I 

ISLE AUX NORIS 
7 4, 3 In/yr. 

ST. JOHN'S 

B 
REVISED ANNUAL PRECIPITATION DISTRIBUTION (INCHES) 

(DEPARTMENT OF TRANSPORT -
METEOROLOGICAL .BRANCH WORKING POCUMENT') 1 

.APPENDIX A 

--1 
I 

' I 
' 

• I 

A-I 

-· .. - . ........__ 
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D 
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D 
D 
D 

· "APPENDIX -B 

Hi:stor:ic:a:t Load Gr:a·ph "1"9069. ·-: "197 6 

Bu·rgeo: ,: Ne'\•tfotindTand 
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APPENDIX C 

. ENVIRONMENTAL :CONSIDERATIONS 
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APPENDIX C 

Environmental Considerations 

Fer the purpose of an economic feasibility study of 

a basic conceptual nature, environmental factors cannot be 

considered to be·of prime importance at this stage. However 

a mention; of some factors at this point will definitely benefit 

any further investigation. r 

Some points, that maybe of interest are taken from 

the Land Use Atlas for Newfoundland which is · an?_analysis and 

classification of potential land use. 

Recreation and Wildlife 

The power house locations of all alternatives is 

· classed "rec;:reational high priority". Northwest Arm forebay is 

classed ''wildlife high priority'' . and Grandy Brook forebay is 

classed "recreational high priority''. All reservoir areas 

are classed "wildlife high priori ty1
•. The Burgeo area generally 

has low moose capabi'lity and high caribou capability. It is the 

contention of this report that the small areas.affected will 

not affect any caribou population. It may however merely alter 

an existing caribou route. The power house sites will be 

sufficient elevation that it is likely there will be no fish 

affected by the forebay dams. Recreation may basically be 
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evaluated in terms of good hunting areas and again the water 

structures, etc., should not adversely affect any hunting. 

Forestry 

Only the Grandy Brook Valley~ which would,contain the 

power house for the Grandy Brook alternatives, has any potential 

commercial use, and even then, it is only.given a Class 6'~ 

Productivity, that is 11-30 cu. ft/acre/year. It would be 

advisable however, to ensure as little timber as possible is 

damaged. Basically; the whole area surrounding Burgeo has 

severe limitations precluding forests. Wood to the people of 

Burgeo may very well be a highly prized item. All timber is 

presently owned by the crown in the study areas. 

Agricu:ltu:re. · 

All of the land affected by any possible hydro develop

ment has no agricultural significance. As such, agriculture 

will really have no consideration. 

Miner:als 

There are presently no.known mineral occurrances 

located on the sites under consideration. 
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APPENDIX D . 

. VICTORI'A. 'RESERVOIR MONTHLY INFLOW DATA 
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APPENDIX E 

PRELIMINARY SI-ZING OF TRANSMISSION LINES 
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Preliminary Sizing 

Of 

Transmission Lines 

Sizing was developed from General Electric 1 s Performance 

Charts for 60-CYcle Tran·smi:ss•ion· Lin•es. The following procedure 

was followed in all calculations: 

1) Estimate appropriate volt~ge and use that chart, 

2) Select a reasonable wire size, 

3} Use 0.90 power factor1 , 

4) From the intersection of the above two criteria 

proceed vertically downward on the G.E. Voltage 

·Drop Charts to intersect with the load in KW, 

5) 

6) 

7) 

Take the load in KW to be the maximum required 

output of the hydro facility in the future based 

on · the pr_esent installed capacity, 

From thi~ second point of intersection, proceed 

.horizontally to the right to the length in 

transmission. (Nine miles for Grandy Brook, 

seventeen miles for Northwest Arm), 

From this.third and final point of intersection 
\;, 

read the voltage drop in percent of the horizontal 

axis, 

1 Established by Mr. R. You11g, Electrical Engineer, Newfoundland 
and Labrador Hydro. 
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8) Check to see if the voltage drop is between 

2 
(4 - 6%) , recommended voltage drop for this 

feasibility study, 

9) If it does not fall in this range, select 

another appropriate wire size and repeat, 

10). If this is not successfuii after trying the 

appropriate wire sizes, go to next voltage 

drop chart~ 

Note: .Adjustments have to be made ·on voltage drop percentages 

for conversion to 25 KV from 22 KV Charts and for 

2 

. . 

conversion to 69 KV from 66 KV Charts. 

1. 

2. 

3. 

• . . 

69,000 volts 

25,000 volts 

(_34,500} volts 

Alternative A 

Alternatives B, C and D 

Alternative E 

use 2 - 25,000 volt lines 

Recommended by Mr.. E. · H. Bartlett, Power Engineer, Terra 
Nova Engineering Limited, tse·e. 33,000 Voltage Drop Chart 
in this Appendix}. . 
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TIIHEE-PIIASE 110-CYCLE QlllCK ESTIMATINCi CIIAHTS 
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FOR 
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D 
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~ 
0 • a... 

1,0 

D 
D 
D '. 

' ... 

D 
D 
D 

0 -
1,0 .... I . ,...._ 

"' e, 0 2 
" ;;:;.. ~ .J lJ iJ 

ii 0.9 
u lft-~ 

.:2 '_!I - t,I< ~ 
. t, ,r, 

. t,. A.... . .; o.8 
~ ... I., - ~* J. ·1--1,00,000 
0 ~. -.W~ 0.. 

~ ' 1;,lo< ~I,, hp~ b ~~ •00.000 

0,7 
, .... ·:;,r·' n-r 1 rr'r'F 

HMd-drdwn strdndtd copper 

4 6 8 10 12 .., •. 

Power 1011 in P«' crnl of Kw, · 

1 

LOAD MULTIPLIERS FOR PIFFERENT RECEIVER VOLTAGES 

D Receiver lcv.... .... 9.9 10.0 ID.I l!l.2 10.3 10.4 10.5 10.61 10.7 10.R 10.9 11.0 II.I 11.2· 11 3 11.4 11.5111.6 11.7 11-8 

Kw. multiplier ...... 1.234 1.210 1.186 1.16~ 1.141 1.119 1.09; 1.077 1 057 1.037 1.018 l.000 0.9RZ 0965 094_R 0.931 0.915 0.8119 ~ O.MO 

0 12 
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APPENDIX F 

Trahsmis·s•ion· Route· Selection 

And T::r'an·smis si·on ·Costs 
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TRANSMISSION ROUTE SELECTION 

Basically, the shortest route possible is chosen. 
0-."'-"' le..s 

Minimal direction chan.ges are used as ... tjje-s¢e µ.e· increase costs. 

Adjustments are made to avoid bad contours such as steeply 

rising hills and bad sidehills. 

The largest spread between contours is obviously the 

best terrain as this will be the most gradually sloping areas. 

Simple river crossings of short distances are of no disadvantage. 

The route to Northwest Arm was kept inland when 

possible as this can reduce salt contamination. 

Standard costs in dollars per mile were available 

from Newfoundland and Labrador Hydro of $22,000/mile for 12.5 KV, 

$25,000/mile for 25 KV. 

Grandy Brook power hosue - transmission +ine 

25 KV 9 miles $225,000 

Northwest Arm power house - transmission line 

69 KV 17 miles not required 
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·. APPENDIX G 

· PRESEN•T.: WORTH ANALYSIS 
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Outline of Techniques 

Power-time curves 

1) Original five hydro alternatives, 

2) All diesel alternative~ 

3) Revision of Alternatives A, D and E 

Energy-time curves 

Alternatives B, C and D 

Present worth tabulated calculations 

Alternatives B, c,-D-.and diesel 
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Present Worth Analy·sis 

Following steps were used in the economic analysis of 

alternatives, as tabulated following. 

1. Developmeht of Techn•ical'ly Eqtiiva·lent Alte·rn·ati ves 

The two criteria by which technical equivalence was 

established were: 

a) the firm energy capability of the system should 

be_ greater than or equal to the energy load 

forecast in each year. Firm energy for the 

hydro part of the system is determined from the 

maximum sustainable yield from the reservoir. 

For diesel units, the firm energy capability is 

calculated assuming an 80% capacity factor, 

b} the system should always have power capacity 

equal to the power forecast in each year, plus 

a reserve capacity which is the greater of: 

i} 15% of the system load, 

ii) largest single unit plus 5% of the 

system load. 

These alternatives were developed through the use of 

power-time graphs. These_ graphs extended for the duration of 

the available load forecast, and lines were plotted representing 

the a.ctual demand, and each of the reserve requirement lines. 
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Assuming hydro generation to start in 1980, the hydro 

power capacity was also plotted, and extra diesel units were 

added as necessary to keep the installed capacity lines above 

the higher reserve requirement line. 

This was done for all five hydro alternatives, and for 

an all-diesel alternative, based on additions to the existing 

system. 

2. Simula tioh· :ahd E-vaTuatio·n· Periods 

The· period of time over which the demand forecast is 

known is called the simulation period. After this, any 

further additions required to the system should be the same, 

regardless of which alternative is being used, provided that 

all available energy from the developed sources is being used 

at that time. 

Analysis of the system is made over the full economic 

life of the hydro system, the additional time being known as 

the Evaluation Period. Over this period, hydro production 

is constant at the maximum available, with diesel energy 

production used if necessary to reach the full energy require

ments. 
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3. Check on Rn·e:rgy Use at End 0·f SimiTation· P'e•ri·od 

The analysis of these technically equivalent alter-

.natives is representative of true return on inyestinent only 

if all the available energy from the alternative is being 

fully used at the erid of the similation period. It was for 

this reason that alternatives·· with a firm hydro capability in 

excess of 15.8 x lO 6 kWh/year was reduced in size to .this 

maximum forecast figure. As discussed in previous sections 

of this report, this eliminated two alternatives from 

consideration. 

The energy-time curves for the remaining three hydro 

alternatives- were_plotted as a visual representation of the 

relative hydro -and diesel generation quantities required. 

Also, the power-time curve was re.,.plotted for the alternatives 

which were reduced in size. 

4. Costs Con•side:red in• the· An.'al'ysis 

a) capital costs of any new construction, including 

the hydro development, transmission lines and new 

diesels. .Escalation is applied to the 1977 dollar 

estimates at 6.0% per year. 

b) operation .... mainteriance and overhead costs for each 

year. These costs are: 
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$4.00/KW in 1977 for hydro units, 

$8.00/KW in 1977 for diesel units. 

These figures are escalated at 6% per annum for 

each year past 1977. 

c) insurance and interim replacement of new units. 

These costs are computed as a percentage of the 

initial capital costs, and again escalated at,6%. 

Hydro Units Diesel Units 

Insurance 0.10% 0.25% 

Interim Replacement 0.20% 0.35% 

d) annual fuel and lube oil costs for diesel units; 

based on historical consumption per 'kWh, with unit 

costs being escalated 6% per annum. 

e) capital cost of replacement of system components 

which have a shorter economic life than the hydro 

system. These economic lives are: 

hydro units 60 years 

diesel units 30 years 

transmission line 

and sub station 40 years 

It was assumed that existing diesel units ,were put 

into service in 1969, since this. is the year in 

which given historical production figures start. 
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5. 

f) since production is assumed constant over the 

evaluation period from 1991 to 2040, cash flows in 

these years can be treated as a uniform series of 

payments, (at an equivalent discount rate) and 

present worthed to 1990 as one lump sum. 

Table o·f Comp'a:r:is:on· 

For each alternative, including the diesel alternative, 

these costs were summed for each year to 1990, and the present 

worth in 1977 computed, Then·the present worth adj.ustment 

for the evaluation period, and replacement costs, were added to 

_ get the total present worth.of each alternative. 
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. APPENDIX H 

CALCULATION OF POTENTIAL GENERATION 

.. (OF EACH SITE) 

< 
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Calculation of the 'Generating Potenti:ai o·f Ea·ch S'ite 

The generating potential of a site is governed by 

the amount of runoff from the drainage area which can be 

controlled. This control depends on the ·storage capacity 

of the reservoir, hence giving the maximum water flow which 

can be withdrawn constantly over the year. 

This maximum sustainable yield is determ'ined by a 

trial and error calculation, where the varying inflows into 

the reservoir are compared on a.monthly basis to an assumed 

constant outflow. This flow must be such that the reservoir 

is never completely empty and the reservoir must be full again 

at the end of the year, assuming it was full.at the start. 

The design inflow used is the average runoff in cubic 

feet per second from one square mile of drainage area, using 

the runoff records for the Victoria Reservoir of Bay D'Espoir 

in 1974. This year was chosen as being representative of a 

year in which the rainfall was slightly less than the average 

figure. 

The monthly runoff of 1974 was as follows; 
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Runoff 

• Month· · ('ft 3/sec/mile 2) 

January 1. 32 

• February 1. 34 

J March· 2.14 

J 
April 4.28 

May 7.75 

J June 2.80 

J 
' 

Juiy 1.10 
I 
I 
I 

J 
Au~ust 1.43 

I 

September l.64 

J 
I 
I 

October 4 •. 88 
I 
I 
I 

I 

~ No'(rember 2.75 

I 

~ 
Decpember . 3. 93 

' 

J 
J 
J 

J 
J 
J 
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Alternative.A. 

Drainage area controlled 'by reservoir = 81. 6 sq. mi. 

Reservoir capacity= 205.5· million cubic .feet. 
. 3 

Assume a trial flow of 139.ft /sec. 

Volume Reservoir 
Inflow Outfl0w Net flow Change Contents 

Month (ft3/s•e:c•)·· · · (ft\~s'e·c) · · (' f t\~s·eti) ('ft3x10 6·) (ft3x10 6) 

January ·-tl06.1 .... 139 · -32. ~: -·85. 3 120.2 

February .+11'0. 2 -139 I -28.8 --74.6 45.6 

March +175. 4 -139 +36~4 +94.3 139.9 

April +350.9 .:..139 +211.9 +65.6 · 205 .5 

May +632~4 -139 +493,4. Spill 205~5 

june +22·8. 5 -139 +89.5 Spill 205.5 

July_ +89 •. 8 -139 ;,.49 .2 -127.5 78.0 

August ·+114. 2 -139 -24,8 -64.3 13.7 

September +134. 6 .:..139 -4.4 -11:4 2.3 

October +395.8 -139 +256.8' +203,2 205.5 

November +224.4 -139 +85.4 Spill 205.5 

December +318. 2 .:..139 +179. 2 Spill 205.5 

140 ft 3 /sec would completely empty the· reservoir, so the maximum 

sustainable yield is 139 ft 3 /sec •. 

·Power available =· XQH' x 746: · 
·550 x·o .. 9 x 106 

' - '62 '4 ::x:· T3°9:- x 25'0 ·x· 746 =, 3. 3 MW 
550 X 0.;9 j{ 10~ 

Capacity to be installed =· ava·ilable· p·ower 
capacity factor 

=· ·J. 3 = 8. 25 MW 
Oa 4. 
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Alternative B 

Drainage area controlled by reservoir= 18.6 sq. mi. 

Reservoir capacity= 174 million cubic feet 

. -3 Assume a trial .flow of 48 ft /sec 

Month 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Inflow 
3 (ft /sec) 

+24.8 

+25.1 

+4·o. o 

+80.0 

+144 .• 2 · 

+52.1 

+20.5 

+26.0 

+30.7 

+90.2 

+51.2 

+72.5 

Outflow 
3 . 

(ft /sec) 

-48.0 

-48~0 

-48.0 

-48.0 

.,..49. 0 

·-48. 0 

-48.0 

-48.0 

-48.0 

-48.0 

-48. 0 

-48.0 

Net flow 
3 (ft /sec) 

-----
-23.2 

.:..22.9 

-8. 0 

;....32. 0 

+96.2 

+4.1 

-27.5 

-22.0 

-17.3 

+42.2 

+3. 2 

Volume 
Change 

, - lf·: t,3, -·:·(. . ·,_: ,sec .. 
· · ·x10 ·>· 

-60.1 

-59.4 

-20.7 

+82.9 

+57.3 

Spill 

-71. 3 

-57.0 

-45.5 

+109. 4 

+8.3 

+56.1 

Reservoir 
Contents 

•: 3 . 
'(ft Lsec 
x106 ) 

113.9 

54.5 

33.8 

116.7 

174 

174 

102.7 

45.7 

0.2 

109.6 

117.9 

174 

3 49 ft /sec would completely empty the reservoir, so the·:·:.maximum 

sustainable yield is 48 ft 3/~ec. 

Power available - 'XQH x 746 
550 X 0 0 9 X 106 

- 62.4 ·x 49· ·x 2-SO- x 746 = 1.13 MW 
550 X 0.9 X 106 

Capacity to be installed ===-· ·avail'able p·ower 
capacity f ac·tor 

- L 13 = 2. 825 MW 
o:-:r 
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Alternative C 

Drainage area controlled by reservoir= 32.2 sq. mi. 

Reservoir capacity= 307 million cubic feet 

3 Assume a trial flow of 84 ft /sec 

Month 

January 

February 

March· 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Inflow 

· (ft 3 /sec) 

+_41. 9· 

+43.5 

+69.2 

+138. 5 

+249.6. 

+35.4 

+45.1 

+53.1 

+156. 2 

+125. 6 

Outflow 
3 . 

(ft /sec) 

-84.0 

-84.0 

-84.0 

-84.0 

-84.0 

-84.0 

..-84. 0 

-84~0 

-84.0 

.... 04.o 

-84.0 

Net flow 

(ft3 /sec) 

-40.5 

-14. 8· 

+54.5 

+165.6 

-48,6 

-38.6 

---30.9 

+72. 2 

+4L6 

-109 .1 

-105.0 

"""'38.4 

+141.3 

+111. 2 

Spill 

-126 

-100.1 

.,..8·o .1 

+187 .1 

+11.9 

+106.2 

Reservoir 
Contents 

(ft3Lsec 
· · x10 6 ) 

197.9 

92.9 

54.5 

195. 8 

307.0 

307.0 

181. 0 

80.9 

0.8 

187.9 

199.8 

307.0 

3 85 ft /sec would completely empty the reservoir, so the maximum 

sristainable yield is 84 ft3/sec. 

Power· available - XQH x: 74B 
550 X 0 •. 9 X 106 

· ;,,- ·62.·4· ·x· ·a:4· x 2S-O x 74-6 = _l. 97 MW 
550 X 0 .. 9 X 10° 

Capacity to be installed =· av:a1·1:able power 
capacity factor 

=· 'l '.. :9 7 = 4 • 8 5 MW 
o:r 
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Alternative D 
! 

Drainage area controlled by reservoir= 56 sq. mi. 

Reservoir capacity= 175 million cubic feet 

Assume a trial flow of 99 ft 3/sec. 

Volume 
Inflow Outflow Net flow Change 

Month 
3 . 

(ft3/sec) 
3 - . 

(ft3 Lsec (ft /sec) · .. (_f_t /s_e:c) ...... .·,. ' ... ; ' . : · ·x10:6;l · 

January. +72 .. 8 -99.0 -26.2 -67.9 

February +75.6 -99.0 .... 23.4 -60.7 

March +i20.4 -99.0 +21. 4 +55.5 

April +240.8 .,,..99~0 +141. 8 +73.1 

May +434.0 -99~0 +335.0 Spill 

June +156.8 ...;99.0 +57.8 Spill 

July +61.6 -99~0 -37.4 -96.9 

August +78.4 -99,0 -20.6 --53.4 

September +92.4 -99-. 0 -6,6 -17.1 

October· +271.6 -99.0 +172.6 +167. 4 

November +154.0 -99.0 +55.0 Spill 

December +218.4 ~99.0 +119. 4 Spill 

Reservoir 
Contents 

3 (ft Lsec 
.. xl0°} 

107.1 

46.4 

101.9 

175.0 

175.0 

175.0 

78.1 

24 .. 7 

7.6 

175.0 

175.0 

175.0 

100 ft 3/sec would completely empty the res·ervoir, so the maximum 

.sustainable yield is 99 ft 3/sec. 

Power available = XQH ·x :74"fr · · 
550 X 0 .. 9 xl06 

- 62.-4 x ·9·9· x 2-s-o· ·x· 746" = 2, 33 MW 
550 X 0.9 X 106 

Capacity · to be installed - avatTable: p·ower 
capacity factor 

= 2 •. 33 = 2 .. ·s25 MW 
a:T 
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Alternative E 

Drainage area controlled by reservoir= 69.6 sq. mi. 

Reservoir capacity= 175 million cubic feet 

Assume a trial flow of 118 ft 3/sec. 

Month 

January 

February 

March 
I 

April 

May 

,:rune 

July· 
I 

~ugust 

Septembe:r:

October 

November 
! 

I;>ecember 
I 

Inflow 

(ft3 /sec) 

+90.5 

+94.0 

+149.6 

+229.3 

+539.4 

+194. 9 

+76.6 

+97.4 

+114.8 

+337.6 

+191. 4· 

+271. 4 

Outflow 

(ft
3/sec) 

-118 .• 0 

,...,118.0 

-118.0 

.... 118.0 

-118.0 

-118. 0 

.:..118. 0 

-118.0 

-118.0 

-118.0 

-118.0 

-118.0 

Net flow 

(ft3 /sec) 

=27.5 

-24 •. 0 

+31.6 

+181. 3 

+421.4 

+76.9 

-.41. 4 

-20.6 

-3.2 

+219.6 

+73.4 

+153. 4 

Volume 
Change 

3 (ft Lsec 
x10·6·) 

-71. 3 

-62.2 

+81.9 

+51. 6 

Spill 

Spill 

-107.3 

-8.3 

+169. 0 

Spill 

Spill 

Reservoir 
Contents 

(ft3Lsec 
x106) 

103.7 

41. 5 

123.4 

175.0 

175.0 

175.0 

67.7 

14.3 

6.0 

175.0 

175.0 

175.0 
i 3 

119 ft /sec would completely empty the reservoir, so the maximum 

sustainable yield is 118 ft 3/sec. 

Power available -
550 X 0-9 X 106 

- 62·_-4 ·x· :119· ·x 250. x 746 = 2. 77 MW 
550 X 0.9 X 106 

Capacity to be installed =· ·ava•iTahle p·ower 
capacity factor 

- 2. ·77 = 6. 925 MW '5:-4 . 
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. AP:PENDIX I 

SIZE REDUCTION 

OF 

· ORIGINAL 

. · HTGH ENERGY ALTERNATIVES 
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Criteria 

Check energy used by each alternative. 

Installed capacity must be such that all available 

energy is used. If not, money is wasted in install-

ation of longer plant. 

Required energy in 1990 
6 = _15 ~ 8 x 10 kWh .. 

Alterrtative A · 

Installed capacity= 8250 KW. 

Firm capability of site= 3300 KW. 

Energy capability= 3300 x 365 x 24 = 28.9 x 10 6 (too high) 

reduce installed capacity to generate only what is 

required, leaving diesels to meet peaks only. 

Required capacity =· 15. 8 x 106 = 1803 KW 
365 X 24 

Installed capacity will be 1803 = 4508 KW o:-r ··\ 
Install 4 units@ 1125 KW each= 4500 KW~ 

This .alternative, however, has sufficient capacity to 

install more hydro units when energy demand grows. 

Alte·rnative B 

Installed capacity= 2825 KW 

Firm capacity of site= 1130 KW= _9~90 x 10 6 kWh 

this is less than required in 1990, so diesels will 
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have to be used to a limited degree to meet energy 

requirements. 

Alternative C 

Installed capacity= 4850 KW. 

Firm capacity= 1970 KW= 17.25 x 10 6 kWh 

this is only slightly above requirement, so diesel 

w;i.11 be used only to meet peaks. 

Alternative D 

Installed capacity= 5825 KW 

Firm capacity= 2330 KW= 20.41 x 10 6 kWh. 

Required energy= 15.8 x 10 6 kWh 

Required capacity - l'S'.8 ·x ·10 6 = 1803 KW 
365 X 24 

as before,. install 4500 KW, @ 4 x 1125 KW units. 

This alternative is technically equivalent to 

Alternative A ..... revised. 

Alternative E 

Installed capacity= 6925 KW 

Firm capacity= 2770 KW= 24.26 x 106 kWh. 

again, this is too high, so the alternative will be 

reduced to same C.techriically) as A and D. 
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Since Alternatives A, D and E have been reduced to 

identical installations, the capital cost of construction can 

be used_as a base for eliminating two of them. 

Obviously, Alternative A will be much more expensive 

than one of the Grandy Brook sites, due to difficulty of access 

for construction and maintenance, and length of transmission 

line. Alternative Eis simply Alternative D with an extra 

diversion, which is not nee·ded. Hence, Alternative D remains 

reasonable. 
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· . 'APPENDIX J 

CAPITAL COST ESTTMATE SUMMARY 
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Capital Cost Estimate Summary 

Hydro power stations, similar in size, have been built 

around the Isla;nd and a,record of construction costs was 

available·for several of these from Newfoundland Light and Power 

Company records. Where possible, the construction costs of the 

. generating stations have been broken down into unit prices~ 

By using Statistics Canada, .Engineering News Record and other 

estimating aids, ·construction cost estimates were determined 

for each of the proposed alternatives. 

The lack of site investigation of sub-surface conditions 

makes it difficult, if not impossible, to arrive at a detailed 

estimate this early in the project's evaluation. For a 

comparative study and budget estimates, the prices should be 

sufficient as determined, However, it will be necessary to 

obtain reliable field information before actual construction 

costs can be accurately determined. 
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Capital Cost Summary in 1977 Dollars 

Land and clearing 

Roads, trails and bridges 

Buildings and structures 

Canals, penstocks, surge tanks 

and tailraces 

Dams and reservoirs 

Prime movers 

Generators and auxiliarie~ 

Electrical plant 

Transmission lines· and sub..,...stations 

Interest during c6nstruction 

TOTAL CAPITAL COST 

Alternatives 

B C -D 

$ 38,000 $ 57,000 $ 38,000 

472,000 849,000 142,000 

952,000 1,227,000 1,227,000 

1,219,000 1,424,000 1,~19,000 

2,617,000 3,749,000 5,414,000 

282,000 443,000 416,000 

249,000 415,000 386,000 

89,000 151,000 204,000 

317,000 317,000 317,000 

483" i o·oo 654,000 709,000 

$6,718,000 $9,286,000 $10,072,000 
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.. APPENDIX . K 

DESTGN; AND COST OF EA"RTH DAMS 
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A. 

.In comparison to other darns, the ·ones required to be 

built in the Burgeo area are fairly small and simply but yet 

their design is as important as that of the largest ones in 

existence. Their failure could have disasterous results 

including loss of property and life. For this reason, careful 

attention should be paid to their design and construction. 

Any possible filtration of water thro_ugh such darns or 

their foundations is dangerous and can cause ultimate failure. 

In order to prevent this,· a central trench is usually sunk into 

the impermeable stratum and filled with an impervious material 

which is extended above the ·maximum wa.ter leveL This is 

known as the •core wa11i and usually consists of clay and some 

sand, which can be well compacted. Because o.f the inherent 

difficulty of obtaining sufficient quantities of this core 

material, it is :su<Jgested that a mass concrete core be used. 

The determination of the ·core wall thickness is a matter of 

judgement based on experience. Concrete core walls with a 

top thickless of 12 inches and sides battered 1 horizontal to 

100 vertical have proven: to be satisfactory. As mentioned, the 

core wall should be sufficiently high to extend above the top 

of the earth embankment to act as a parapet and factor of 

safety. During construct.ion, the earth pressures on the sides 

of the core can be balanced by maintaining the rising fill at 

·the same elevation on each ·side of the wall. 
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The materials to be used in earth dams must be care

fully selected with the more impervious material_ being placed 

in the upstream part of the dam. Because of the area's topo

graphy, a well graded material is sug-gested to be u:sed. This 

material will be obtained from borrow excavation and should 

include a granular mixture of gravel and rock fragments up to 

a maximum size ·of 6 inches and also a coarse filler of well 

- graded_ gravel. and sand ranging in siz·e 1 1/2 inches to :fl: 10 

sieve with a minimum dimension.larger than 3/8 inches. On the 

upstream slope of the dams, an 18 inch.· -layer of rip-rap, which 

is hard dense durable fieldstone, rock fragments or cobblestones, 

should be used, 

Embankment slopes may be_ governed by the stability of 

the material under all probable conditions of moisture content, 

bearing power of the foundation, and resistance of the materials 

of the dam and of the foundation to perculation. In general, 

for structures 25 feet or les·s in height, stable ·embankments 

may result if the upstream slope is built not steeper than 

2. 5 horizontal to 1 ve.rtical and the downstream slope 2 horizontal 

to 1 vertical •. 

will be higher 

In this case, since the dams to be constructed 

·is recommended for both 

the upstream and downstream erriba knients. 
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The top width of an earth dam is usually a function of 

its height with a minimun of 8 to 10' feet .. The relation is 

sometimes expressed as W = _(H +25)/5 in which Wis the top 

width of the dam in feet. A standard design of this type of 

dam can be found in this Appendix. 

B. Water Con tr·o··1 Metho'ds 

There ·are two primary water control methods which can 

be incorporated into the design of an earth dam. These are 

spillways and control structures. It is recommended that both 

methods be employed in the dam~ to be constructed in the Burgeo 

area. 

1. CohtroT Str·u:cture· · 

A control structure consists of a reinforced 

concrete intake structure and conduit which passes 

through the bottom of the dam. The conduit may be 

constructed with reinforced concrete but it is 

recommended that fusion welded steel conduit be 

used. The downstream side of the dam should be 

equipped with ·a sluice_ ·gate or valve which can be 

turned on or raised, whatever the case, to control 

the water lever. At the upstream end the intake 

structure should be ~quipped with ·a heated trash 

rack to prevent blockages caused by accumulations 

of ice and also to preclude branches, trees, shrubs, 

CIMFP Exhibit P-01029 Page 105



] 

] 

] 

J 
J 
J 
J 
J 

D 
D 
D 
D 
D 
.0 
D 
D 
D 
D 

2. 

roots, debris, etc~. A s~andard design for a control 
I 

structure ~an be found in this Appendix. 
I 
I 
! 

With this type ·of water 
1

control, additional safety 
I 
I 

features are being incor:porated into the design to 
. I 

I 

handle the excessive run:offs ~ At all times; the 
i 

water level can be kept !several feet below the 
I 
I 

cres·t of the spillway th:U:s providing storage for 
I 

the initial flood waters.. At the same time, the 
I 
I 

valve could be opened full bore thereby providing 
I 

additional relief while ithe basin was filling up, 
I 

I 

It should also be rememl:lered that this structure 

also regulates the flow of water entering the fore-

bay reservoir 

the reservoir 

I 

during dr):'.' periods to ensure that 
! 

is up to its required capacity to 

keep the· power house fUI}ctioning efficiently. 

Spillway,· . 
I 

The purpose of the spil:!_way. is to conduct excess 

water away from a reservoir without endangering 

the safety of the dam$ iHence the capacity of the 

spillway must be sufficient to pass the greatest 

flood expected so that t,he dam will not be over-
I 
I 

.topped, and the shape of the spillway must be 
I 

such that the falling wkter will not undermine the 
. I 

dam or spillway. To avoid danger to the dam or 

I 
I 
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c. 

()_ 

spillway, the spillway may be located on the rim 

of the reservoir where the distance of fall of 

water is low. A chute spillway, which is recommended 

to be used here, in general, leads water down the 

hillside at one side of the dam. Chute spillways 

minimize the height of the vertical: fall of water. 

For low maintenance, the spillway should be con

structed of concrete. A concrete spillway should 

have a well rounded crest,. sides to contain the 

water within the concrete apron and specially 

shaped toe, which will divert- the ·water from the 

foundations of the dam. A standard design of a 

'spillway can be found in this Appendix. 

·capita-i- Desc:ri•pti•o·n :and Frelimi•na:ry· Estimate· ·of Ea·rth Dams 

The following section deals with the formulation of the 

capital cost for the actual construction of the dams 

needed in Alternative B. A detailed description is given 

of each ·item estimated and it is assumed these items 

are identical for the construction of the dams in 

Alternatives c and D. 

The unit.costs used in the preliminary estimate for 

Alternative B were obtained from two sources (see 

Bibliography# 7 and 9) from which costs were obtained 

in 1957 and 1968 dollars. Thes·e costs were converted 

to present day costs by using the Engineering News 

Record indices for time and hansdowne indices for 
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location (refer to Table 1 of this Appendix for the 

complete cost breakdown of the construction of access 

roads and ·dams for Alternative·B). The capital costs 

of the construction of the dams needed in Alternatives 

C and D we~e obtained by first finding the price per 

cubic yard to construct each dam in Alternative B, 

then findin' the quantities involved for the dams in 

Alternative C and D and multiplying these quantities by 

the· .unit costs of the comparative dams.. Where necessary, 

new costs were found for the spillway and control 

structure. The costs for the construction of the.dams 

need·ed .can be found in Alterri~tive C and D. The· forebay 

dam estimated in Alternative Bis basically the same for 

all alternatives.· Quantities were taken from cross 

sections of a typical dam spillway and control structure, 

( see drc1:wing in this Appendix) • 

1. Capital Description· - Alternative B 

See next page. 

1. Land - assume all the land is crown land -

no charge. 

2 ~ · Land c1:earing - each reservoir and forebay dam 

site ·will be ·cleared cYf · all u:suable timber. 

This includes cutting, piling, drying, burni!lg, 

etc. 

CIMFP Exhibit P-01029 Page 108



D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
0 

Eg.. 
I 
I 

I 
!Rugged 
I . 

topo. +Med.Density+ 50% 
! ______ _ Brush 

+ Medium 
Size 

$125 

= $300/acre 

$60 $60 $55 

3. Roads: :and hridg:es - permanent access roads 

running from the Burgeo Highway _to dam sites 

and site of power house and forebay are included 

in this item. 

4. l Mai·n· Dam :and Spi'l'htay· with Contro·1 Structure 

Homogeneous rolled earth 'filled dam with 

concrete core, approximately 1260 feet 

long with boulder rip-rap (18 ~nches thick), 

a reinforced concrete spillway structure 

approximately 250 feet long (assume 20% of 

dam length ·needed for spillway} with 

reinforced concrete sides, a reinforced 

concrete intake structure, trash~racks 

fusion welded steel conduit and Armco 

96 inches x 96.inches Model 50-10 ·sluice 

. gate complete with HM-3-60 limitorque 

electrically op_erated lift. 
-----

a) common excavation - includes stripping 

of embankment foundations, borrow 

areas, and stockpile areas, as well 

as excavation of unsuitable materials 
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from borrow areas and river diversion. 

b) embankment foundation excavation -

includes excavation of cut-off trenches 

and the preparation of embankment 

foundation and upstream blank areas, 

the river diversion~channel and the 

river channel where required. 

c) . granular slope protection - includes 

coarse. gravel,rock fragments or 

suitable mixtures of gravel and rock 

fragments up to maximum size of approx

imately 6 inches. Use 70% of total 

well: graded material. 

d) coarse filler - includes well. graded, 

. gravel, sand or gravel and sand 

mixture and generally range in size 

11/2 inches to# 10 sieve with 

minimum larger than 3/8 inches. Use 

30% of total well graded material. 

er rip .... rap.,.. hard dense durable field

stone, rock fragments, cobblestones 

or suitable mixtures of fieldstone, 

rock fragments and cobblestone. 
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f) mass concrete - concrete requiring 

little or no reinforcing steel. 

_ g) rock excavation .... includes removal 

of all rock which cannot be removed 

until loosened by blasting, barring 

or wedging and all boulders. or detached 

pieces of solid rock more than 1 cubic 

yard in volume, 

spillway ..-. includes concrete, formwork, 

reinfbr~ing steel, r~inforced 

spillway walls. 

h) control structure or intake - includes 

reinforced concrete intake structure, 

7.5 feet O.D. fusion welded steel 

conduit of 3/8 inches, 45 feet long, 

electrically heated steel trash racks, 

Armco 96 inches x 96 inches Model 50-10 

·sluice gate, bronze facing, complete 

with HM.,..._3 ... 60 limitorque lift for 

220 volts, 3 phase, 60 cycle housed 

in electrically heated wood frame 

_ gatehouse. 

4. 2 -s-e:c·o·nda:ry Dam 

Homogeneous rolled earth dam with concrete 

core, approximately 250 feet long with 

boulder rip.,..rap. 

Sections (a) through (g) are the same. 
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2. 

4. 3 'Fo·r:ebay: Dam 

Spillway and Intake·- homogeneous rolled 

earth dam with concrete core, approximately 

450 feet long with boulder rip .... rap, a 

reinforced concrete spillway structure 

approximately 250 feet lo:ng (should be the 

same length as the ·spillway in the main 

dam) with reinforced concrete sides, a 

reinforced concrete ·intake structure, trash 

racks, fusion welded steel conduit and 

Armco 96 inches x 96 inches. Model 50-10 

sluice gate complete with HM-3-60 

limi-torque electrically operated lift. 

Sections (a) through (h) are the same. 

PreTimina:r:y·-·-Rstira:ate ·-· ATterrtative B ·-· Sample· Sheet 

See next page. 
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