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Introduction

In light of the increasing rate of 1nflat10n, partlcularly

refined_petroleum products-(fuel and 1ube)‘and the increasing
public demand for electric power, the cost of thermal diesel

generation is extremely expensive. It has therefore been

proposed: that an investigatidn of any possible hydro-electric

pOWer sites be carried out for Burgeo, Newfoundland. This
investigatioﬁ should determine the ecoﬁomic feasibility of
supplementipg, or completely replacing, the existing diesel
geheratioh With'hYdro.generation.

2

Prellmlnary 1nvestlgat10n by Newfoundland and Labrador
Hydro suggested that there may be a potentlal site along the
Grandy Brook1 or any of its tributaries. Water dlverslon for

the Bay D'Espoir hydro project has v1rtually eliminated any

-pdSsible 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.

Becaﬁse no site investigatioh is possible, the_level
of detail ie:limited.td what can belgieaned from a study of
topographicalimaps. Subsequentlj'then, this report is a
conceptual feasibility. More detailed studies shoﬁld follow if

the results of this study warrant it.,

See site plan

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'obviouSIY involved extra

costs withqut any benefit. The remaining three alternatives

and aﬁ ali'diesel alternativé were then évaluatéd usihg 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 ecdnomically feasible. The preSent worth, in

1977 dollars, of both of these alternatives isiabout sl2 -

million as cémpared'to'$19 million for the all diesel alternative.
Théy do however ihclude diesel units to meet reserve capacity

requirements.
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Inventory of Present Conditions

At éreseﬁt, Burgeo has a populétion of about 3,000
people and is supplied by a diésel gene;ating plant located
near the town. The plant consists of two 1250 K?A generators
and two 625 KVA generators feeding power directly into the
distribution sYstemAatv25 KV. Past fuel, lube and maintenance
costs of these electric sets were suppliéd by Newfoundland and

Labrador:Hydro and are shown in Table I.

In'the'past two years, approximately $4 million has been
spent by the Newfoundland 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 6f this study, the hyd:ologicai
conditiong were assumed to be similar to those of the Victoria
Reser'voir3 of the Bay D'Espoir system because of its proximity
to the:area‘in question. If there is any déviation 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 Burgéo.area is rugged and rocky with very
thin soil covér with trees in‘sﬁall isolated patches. The-
exposed rock is mostly_granitevand‘large qganfitieé 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‘Hydrofand is based on
past energy consumption patterns. A graphical repﬁesentation

is given in Appendix B,

See Shawinigan Report, Appendix A
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Criteria

The recommehdation for future study of an alternative
is based on_an.ecbnomic comparison of all thé-altérnatives.
The Present Worth Analysis is the technique that has been
implemented basicaily because this is the technique most
generaily émployed by the client, Newfoundland and Labrador
Hydro. This technique requires that technically equivalent
altérnatives be generated to méet the demand up to 1990. Usiﬁg'
present wofth,_each alternative is converted to 1977 dollars
so that they ﬁay be reasonably compared. Included in the
annual cash‘determinations Were any required diesel supplements.
These weré.compared with the present all diesel generation

alternative.

‘In the Study of the topographic maps, the following

search procedure was implemented.

Primary consideration 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 Dam 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‘genefating
potentialiof each site rather ﬁhén a design to ﬁéet projected
demands. However, some preliminary calculations were done to
determineAapproximately 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 ¢ohtour interval maps wefe the only
source of site information, certain assﬁmptiqns regarding
land elevations between contour lines were(made. Usually
standard methods of linear interpolation were used. The calcul-
ation of such quantities as daﬁ 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 né greater accuracy without some actual

site visits and investigation.
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For the purposes of this report, it was assumed that
the impact of any development interferring with a fisheries
resource would be:minimal since the developments were at the .
top of veryAsteep falls, preventing access to salmon. Topo-
graphic informatidn 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-dépth'

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 genéral scan
of the appropriate topographic maps. Then using the previous
criteria of high head and large catchment, two power hOUSe
locations were chosen, bothlhad a head of approximately 250
feet. The first site 1s 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.

Thé drainage area for each site waS'deterﬁined‘as well
as a possible diversion of Top Pond intorStephehson‘s Pond,
using a few dykes and a canal. Potential reservbir sites were
selected with particular notice given to the amount of drainage
area they could control, A summary of drainage areas and .
reservoir.capacitiés 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 D'

Espoir were the best available. These gave a computed average

runoff rate of 3,1 Eu.secé/sq. mi, Inflow rates to the reservoirs

were computed with 1974 runoff records. The design was based
on 1974 flows because it was a drier than average year as

demonstrated by the records.
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Using this data, the variating monthly flows determined
the maximum sustainéble 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 generating 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 routes'5 and distances. Using a power factor
of 0,906, the preliminary distances and the generating capacity

of each plant, the size of transmission7 was determined fOr'each’

alternative site using Voltage Drop Charts. A range of (4-6%) 8

voltage drop was seledted as optimum.‘ Voltages and wire sizes
were selected to'allow the voltage drop to fall within this
range., An additional design constraint was added in. that
NéWfoundland_and.Labrador Hydro use standard lines of 25 KV and
69 KV in this generation range. Hence a 34.5 KV requirement

might be taken as two 25 KV lines,9

See Appendix F, Transmission Route Selection

Reéommended by R. Young, P. Eng., Nfld. & Labrador Hydro

See Appendix E, Preliminary Sizing of Transmission Lines
Recommended by E. H. Bartlett, P. Eng., Terra Nova Engineering

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 réqﬁired in the life of an alter-
native waé to be installed in the existing diesel planf. This
was selected for two main reasons: greater reliability 6f service
independent of transmission ;ines and the economics of using
existing .capital investment in plant facilities as opposed to

larger hydro plént being required.
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Alternative A’

This alternative has a generating station located at
latitude 47046'N and longitude'57055‘W'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'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.milesw Its capacity is 205.5
million cubic feet and can supply aAconstant 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 benstock runs to the power house below. The

available head is 250 feet.

It is estimated that this site éould‘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 generating station located at

latitude 47°43'N and longitude 57041‘W'approximate1y, 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°50tN énd longitude 57°31'W and
it is filled by a-drainage area of 18.6 square miles. Its
capacity is 173 milliqn cubic feet and it can supply a steady
flow of 48 cubic feet per second. There are two dams containing
the water, one being'126ovfeet 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 matefial is_approximately 298)009

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,fgiving 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.



Tt st [ St o Wt v A ~won v A s [ e S e et SO Wt A St R e

CIMFP Exhibit P-01029 Page 18

- 14 -

Alternative C

This alternative has the exact layout as Alternative B,
except that at the upstream portion of the drainage area, 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 aboutj30‘ long and 10' high is placed across the
river leadinngut 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 dnto the
original drainage drea 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 ﬁOurs 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-oné 1160 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.
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Alternative D

This alternative is an attempt really to control the
drainage érea between the forebay ana the reservoir that the
reservoir has no control over by locating a much largér dam’
just upstream a bit'frém the original forebay. This new reser-
voif location inCreﬁsed the drainage afea controlled from 18.6
square miles to'56'square‘miles. The dam is approximately
2600 feet long with a maximum height of 55 feét; :The volume
of daﬁ material is:approximétely 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‘fléw is 20.4 miilibn

kilowatt hours annually.

Inside the power house there are four turbines of 15G0

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 drainége area into Top Pond is diverted into -
Stephenson's Pond and the main reservoir is:again just above
the'powef_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 remainé-at'l75 million cubic feef, The
cohtinﬁéus flow available'is 118 cubic feet per second. The
available energy from this flow is 24.3 million kilowatt‘hours
annually. The drainage area éoﬁtrolled'by=the dam is increased

by 13.6 square miles to. 69.5 square miles.

Thejpowér house will have threef1750_KVA.geherating

units and one 1675 KVA generating 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;ged‘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 length

of 18 miles of construction.
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Discussion of Alternatives
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Of the five alternatives first considered, thevcapacity
Of.A,VD and E was reduced because the energy avéilable'from
these three as first layéd out was greater than energy required
to supply thé'tpwn in 1990, Alternatives A, D and E had
available 28,9, 20.4 and 24.3 million kilowatt hours per year
respectively, but based on the load growth of the town, only
15,8 million kilowatt hours per year could be used at the end

of the evaluation period, Thérefdre, 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 f£rom the ecdnomic anélysis.' 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.Burgeé and would necessitate either the construction of'a
wharf at Northwest. Arm or seventeen miles of access road With a

bridée across'Gtandy 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.Pohd érea. The available energy from the
additional catchment area could not be used, thefeforé 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

10

feasible. Based on the Present Worth Analysis ', of the three

remaining hydro alternatives and the all diesel alternative,

ternative C has the best present worth‘in 1977 dollaré. This
n be seen in the following table which contains a summary of

lat economic analysis.

0 See Appendix G, Present Worth Analysis
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Summary of Economic Comparison
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All costs are in 1977 dollars.

Note:
}Capital
Alternative " Cost ”
J
B 6,718,000
@
C 9,286,000
D 10,072,000
Diesel ‘
Alternative 1,471,000

1

Preseﬁt
" Worth

13,964,161 .
11,507,659

12,327,575

18,803,643

Energyl

" Produced

920.7 x 106

920.7 x 16°

920.7 x 10°

920.7 x 106

Page 23

Mil
Rate

15.2
12.5

13.4

20.4

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

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.

mils
mils

mils

mils
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Calculation of Total Energy Produced

Year

1977

1978

1979

1980

1981

1982

1983

1984

1985

1986

1987

1988

1989

1950 ~ 2039

Total

Energy
Produced

- (xwh x 10%)

10.4
11.2
12.0
12,8

13.7
14.7
15.8

920.7

X

50

790

Page 24
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Conclusions

As a background, it should be‘stated Engiﬁeering News
Record figufes were often preferred over Statistics Canada
figures for producing tiﬁe adﬁustnents for costs. The preferred
figures always  seemed to produce a 1a?ger, moré realistic

adjusted coét.

Normally a report such as this would be expected to have
an accuracy éf +40%., .Certéin factors however have affected
this 1limit of error., The'first was the reduéed time available
for the study. The'second.was the limited experience‘of the
students. _In.lighﬁ of these factors, this study could not be

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

Since there'does not seem to be any physical advantage
in choosiﬁg between Alternatives C and D, and within the limit
of accuracy of this report, both Alternatives C and D are
considered to be the most economically feasible altefnatives.
Each of thése alternatives has a present worth of approximately

$12 million in 1977 dollars.
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) Recommendatidns for Future Study

It is recommended that prior £o any furﬁher 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 alternatives such as Alternative A and E.

When the extended simulation-stidies have been carried
out, the more attractive alternatives should be investigated
in a more detailed manner. This would include actual site

B . ¢ B

investigation and surveys; more detailed design and more accurate,

more detailed and more up-to—-date cost estimates.
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TABLE I

MAINTENANCE AND FUEL COSTS

1976 : : 1975 : 1974

gal. © gal. gal, ~gal. gal. gal.

Fuel Lube Fuel Lube Fuel Lube
January 46,360 464 43,674 423 42,651 840
Februéry : 43,400 478 | 44;302 275 42,650 533
March 45,402 559 46,494 395 46,900 516
April ' 38,132 613 50,007 506 39,681 882
May 35,829 423 | 34,940 353 34,307 890
June 34,245 346 . 35,582 360 30,674 2,400
July ~ 34,183 450 32,517 453 30,210 250
August 32,541 540 35,253 253 27,048 300
September 33,451~ 514 34,410 595 27,012 310
October ‘36,233 529 41,310 439 36,252 300
November 40,798 542 43,485 425 39,571 484
December 51,268 890 42,388 976 42,873 305
TOTALS 471,842 6,348 478,362 5,476 439,829 8,010

Price paid for fuel and lube delivered ($/gal.)
0.515°'$/ 2.40 $/ 0.4015 $/ 2.10 $/ = -- 2.15 $/
~gal. ~gal, gal. gal. gal.
Maintenance costs

1976 - $137,000; 1975 =:$117,000 (est.); -:1974 - $96,330 (est.)
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TABLE 2

FORECAST LOADS, BURGEO

Year

1977
1978
1979

1980

1981

1982
1983
1984
1985

1986

1987

1988
1989
- 1990

| KVA
2029
2188
2358
2506
2696
2886
3076
3298
3551
3806
4059

4344

4661

5010

KW

1826

1969

2112

- 2255

2426
2597
2768

2968

- 3196
- 3425

3653

- 3910

4195

4509

kwh x 10°

6.4

6.9

13.7
14.7

15.8

Page 40
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TABLE 3

HISTORIC LOADS, BURGEO

Yedr RVA Kith x 108 Load Factor

- (winter) — _(®)
1969 1200 . | 1.2 13
1970 1450 2.7 24
1971 1800 4.3 30
1972 e 5.4 -
1973 1950 5.4 32
1974 1600 | 5,7 a1
1975 1950 4 6.4 37
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
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Name

Alt. A
(Northwest
Arm)

Alt. B
(Grandy
Brook)

Alt. C.
(Grandy
Brook)

Alt:sD
(Grandy
Brook)

Alt. E -
(Grandy
Brook)
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- TABLE 4

" COMPARISON OF ALTERNATIVES

EDEEEE

h ma
Page 42

15.1

'ﬁré.inage- Area Resef\;diré ' ) Sus'f'omo.zale :
.. ) Behind Controlled ) : “Volume .Sa-bs‘ﬁ;-imr Energy - Installed
. Location Power House By ’ b : Capaclt:y _of Dam . Flow kWhr/yr. Power Capacity
Lat. Long. Sq. Mi. Reservoilr Diversion Million cft,. TLocation Material Head . cu,ft/sec. x 106 MW MW
e 'y 0 T B S - ,
47 46‘N. 57°55'W". 88 81,6 . N/A +'205,5° -57°54'N N/A © 2507 - 139 28.9 - - 3.3 8.25
. . . Lo . ‘ - . -
0 0,11 ‘ ' . 47°50'N: : o ‘
47743'N  57741'W 56 18.6 N/A 174—_‘ 57°31'W . , 250 . 48 .9.9 1.13 2.85
"Top Pond -Into o
o 6 L ~ Stephenson's 47050'N o . .
47743'N  57741'W 69.5 32,2 Pond, 307 . “-57731'W . 250 84 17.3 1.97 4.85
o o - _ - SR 47043'N - . -
L7T743'N 57741'W 56 56 N/A . 175 57741'y . - 250 99 20.4 2.33 . ‘5,83
' Top Pond into'.'
o o, . Stephenson's 47 43'N. .
47743 57T741WW 69.5 69.5 . Pond - 175 - 47°43' N/A 250 - 118 24.3 2.77 . 6.9
REQUIRED = =—mrr 1.72

4,31
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NEWFOUNDLAND

MEAN ANNUAL PRECIPITATION DISTRIBUTION

BELLE fSLE

s1. ANTHONY
<

TORRENT
51.7 in/yr.

* DANVELS HARBOUR'

UPPER HUMBER= 77
48.9 in/yr, ' PIPERS HOLE -.
3 38.4 tn/yr.
8 8

[

44 Rt
A6 "I ” f 0
$ ST, JOHN'S
PORT AUX BASQUES . 55
48 ' o ’
’ l -- , ’

ISLE AUX MORTS - 1§ 2
74.3 in/yr. ®  S1. LAWRENCE
i CAPE RAGE

ANNUAL PRECIPITATION DISTRIBUTION (INCHES)
ACCORDING TO THE ATLAS OF CANADA | I
(DEPARTMENT OF MINES AND TECHNICAL SURVEYS, 1?57)

BELLE ISLE

T, ANTHONY
° .

TORRENT
§1.7 in/yr. 1?’
DANIELS HARBOUR ¥

UPPER HUMBER
48.9 in/yr.

PUIPERS HOLE

3
ST, IGHN'S
%4l fonnr wox orsauts
459
ISLE AUX MORTS
14.3 in/ye. y
/ CAPE RACE

REVISED ANNUAL PRECIPITATION DISTRIBUTION (INCHES)
(DEPARTMENT OF TRANSPORT -
METEOROLOG!ICAL BRANCH WORKING DOCUMENT)

t

'FIGURE 8-12A APPENDIX A

38.4 insyr.

-
Pag‘gqe 46
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APPENDIX C

Environmental Considerations
EOrvﬁhe purpose of an economic feasibility study of
a basic conéeptual nature, environmental factors cahnéf_be
considered to'be'of‘prime_importance at this stage. However
a mention of some factors at this point will definitely benefit

any further inﬁéstigation. s

Some points: that may be of interest are taken from
the Land Use Atlas for Newfoundland which is'ahaanalysis and

classification of potential land use.

Recreation and Wildlife

The power house locations of all alternatives is

"classed "recreational high priority". Northwest Arm forebay is

classed ?Wildlife'high'prioritYFAand Grandy Brook forebay is

classed "recreational high priority". All reservoir areas

are classed,“wildlifé high priorify“. The‘Burgéo area generally
has low modse‘éapabflity énd high caribou capability. It is the
contention of this report that the small areas‘affected’will

not affect any cafibbu pOpulation. It may hdwéver mergly alter
an existing caribou foute; The‘poﬁer'hOuseféités 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.

Forestrz'

Only the Grandy Brook Valley, which would contain the
power house for the Grandy Brook alternafives, has any potential
commercial use, and even then, it is only given a Ciasé 6.
Productivity, that is 11-30 cu, ft/acre/year. It would‘be
advisable however, to ensure as little timbér as possible is
damaged. Basically,; the whole area surrounding Burgeo has
severe limitations pfecluding 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.

Agricﬁlture:

All of the land affected by any possible hydro develop-~
ment has no agricultural significance. As such, agriculture

will really have no consideration.

There are presently no known mineral occurrances

located on the sites under consideration.
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JANUARY FEBURARY MARCH ] APRIL MAY I JUNE I J L AUGUST SEPTEMBER OCTOBER NOVEMBER F DECEMBER TOTAL MEAN
== I 1 | ! | | | | | !
NO. | YEAR[CFS BCF|CFS | BCF|CFS | BCF|CFS|BCF |CFS acr;ws-scriws CF|CFS BCF |CFS | BCF | CFS |BCF | CFS | BCF crsiew CFS J BCF CFS | BCF
E ¥ t { { { | | { H 4
I | 1950| 799 214 492 119 425 114 | 1508 391 |3454 925 ||084 2.8 |2207 5. 1811 485 | 247 0.64 325 | 0.87 | 856 | 2.22 | 1004 2.69 | 14212 37.62 1184 3.14
- . 1} 3 » ? . ] ' - . . '

2 |95 | 881 2.36 | 1509 365 974 26l ) 2982 773 | 1404  3.76 | 961 2.49 855 229 | 904 2.42 | 752 .95 | 855 2.29 (2369 6.4 | 1161 3.1 | 15607 40.80 1300 3.40
2 : : ' i + - ' ; f e » - i | _ \
3 1952 | 874 234 | 1106 277 | 568 1.52 | 124 322 | 3946 10.57 | 1817 471 ' 885 2| ' | 459 1.23 | 224 058 | 467 .25 | 1979, 5.13 | 788  2.11 14355 37.80 t 1196 3.5

: . i - | | ! ' ' ’ i - '
4 | (953 | 1359 364 868 240 | 579 155 | 2870 744 1348 36| | 1470 381 680 82 594 1.59 | 826 214 | 1370 3.67 | 988 2.561' 1266 339 | 4218 37.32 1185 3.11
l /) z 4 9 | : | 4 : . - ' 4
51954 | 1045 280 | 1145 2.77 | 1821 488 J 148l 3.84 | 2602 697 | 837 2.7 493 1404 376 | 293 076 | 1187 318 | 1863 4.83| 1923 5.5 | 16094 42,43 1341 3.54
1 . H 1 t 4 . | . { . \ : 1 ' 4 . ]
6 | 1955 | 10l 271 | 806 1.95 | 492 i.32 l 1123 2.9/ | 2539 680 | 1327 344 355 095 | 1083 2.9o+ 1343 348 | 1447 388 ' |34 2.94 736 1.97 | 13396 35.25 | e 2.94
. o | I . { . | i { ' ; A il ) 0
7 t956 | 2225 5.96 | (523) (1-31) | 336 0.90 1254 3251321 8602060 5.34 62 5599 -39 748 1,94~/ 586 ;571119 290 1348 3.61 | 14549 38.43 | 212 3.20
. . . . 1 . () ] . ) ' ) w ' | v ]
8 | 1957 | 1004 2.69 | 47! 1.4 508 1.36 = 532 1.38 | 321 8.60| 1894 4.91 104l 2'w 747 2.00 1281 332 | 1755 470 1022 265 2423 6.49 15890 42.03 1324 3.50
- | L 4 | t | p | ! | H i ! 1
9 [ 1958 | 1243 3.33| 649 |.57.I 952  2.55 1520 394 | 2009 538 1200 3.4 108, 2.R9 | 1445 387 2060 534 | 1605 430/2307 598 13} 303 (720l 45.29 | 1433 3.77
L £ b H | . v ] ' r B . ! 2 . | t - ¥
,ol 1959 | 492 1.32/ 1 496 1.20| 325 | 0.87 | 1373 | 356 3203 858 | 1416 367 | 4i8 0 378 10! | 84| 2.8 952  2.55| 1393, 361 1676 4.49 12963 34.16 1080  2.85
fo—— - i ; t . , ; . f i | 3 . . { . | }
i !1960 [ 511l |.37i (838) (2.10) 328 0.881 1327 3.44l 3539 9.48 1| 1123 2.91 44 .19 57 0.42 | 395 1.02 1445 3,87 1277 3.3] 82 2.20 12205 32.19 | 1017 2.68
= ‘. ! . ¢ f | - f : ) . t i [ 4
12| 1961 | 399 107 | 165.:0.40| 168 045 563 146 3256 3.721 2284 592 511 17 273 0.73 | 413 1.07 | 1303  3.49 1366 354 945 253 | ll64s6 30.75 | 970 2.56
| . ' : b ' 1 : § ' : | t
I13/:1962 | 568 152 [ 558 .35 & 444 119 J 2488 6.45 2968 795 1597 414 | 1016. 272 | 844 2.26 424 110 1131 3.03|2635 ° 683 933 250 15606 41.04 4: 1301 3.42
— b : , | i . | : | - | . ;
141963 | 1695 454 | 84 .97 | 373 I.LOO | 1424 369 | 3946 1057 1674 434 ||oe| 2| 7 388 .04 779 2.02| 780 2.09 170l 441 1501 402 |6184 42.66 1349  3.55
- ¥ i\ . I} 4 1 » i\ . ) + {I ! ' 4 .
15| 1964 | 343 092 | (427) (\.07);r 556 .49 1975 5.2 | 3476 9.31 | 2060 534 1363 3.65 | 497 .33 | 625 1.62 | 142 3.06 11} 2.88 833 223 | |4408 38.02 | 120I 3.7
- r 1 . . ! 1 ' ¢ . . ' . | . {
16| 1965 | 650 174 | 207 050 1392 373 444 115 2524 676 } 2342 6.07 | 519 ([»| 336 00 313 0.8 | 1228 329 794 465 960 257 12709 33.56 | 1059 2.79
- - 4 . . - . 4 + . ) . " - - I. 4 ’ "
1701966 | 414 Y 33) 0.80 | 47 |.2s.[ 1285 333 | 243 6.51 | 1580 4.12 | 497 1453 717 192 | 725 1.88 | |I57 310 1678 435 1411 378 12707 33.49 | 1059 2.79
+ - b — - } . ' . t + } + 5 : + . 4 . 1 4
'ei 1967 | 761 204 | 455 110 | 350 0.94 | 356 0.92 ‘ 3730 999 | 938 243 | 378 1.0) | 14950 3.99 | 482 125 | 1210 3'24i 2600 6.74 ‘. 2061 5.52 14810 39.17 1 1234 3.26
5| 1968 | 1180  3.16((1381) (3.46)| 1090 2.92 1150 2.98i 1520 4.07 1871 485 2259 6|5 | 799 2.4 | 687 1.78 | 1034 277 260 560 1930 5.7 1706l 44.95 | 1422 3.75
s 1 i * . ' | ; . 5 . 1 s | {
20‘ 1965 | 892 239 3538 856 | 695 .86 | 1204 | 3.2 {' 3793 1016 | 856 222 210%- 056 | a9 |31 529 1.37 918 2.46 2662, 690 2670 7.15 18456 48.06 1' 1538 4.0l
: _ | _ ‘ . .r : . ! . ! -. .
21 | 1970 ](2001) (5.36)| 513 .24 392  1.05| 903 2.34 1665- 4.46 | 926 240 | 894 2|D 982 263 | 1539 3.99| 974 2.6/ | 3098 '8.03 470 .26 14359 37.77 1197 3.50
Filalies . ! , . | _ L : . ; i : _ . . .
LZZI (971 | 2035 545 | 1757 ;425 1 1381 3.70 4668 12.10 | 2259 6.05 509 .32 896 2.40 1374 368 826 2.14 1004 - 2.69 \l 2446 . 6.34 079 2.89 | 20234 53.0! 1686  4.42
- 1 { H 4 { 4 . 1 3 1 . } v . . | . . R L2
23; 1972 | 672,80 | 535 I. 34 1 1908 5.1 1188 308 | 3875 10.38 3376 .8.75 515 1|3 276 0.74 r 594 1.54 | 3293 8-82; 2164 561 1217 3.26‘ 19613 S51.8l 1634 4.32
13 . i r 4 | b I| L | | r - * . - —
2411973 | 819 .66 | 1310 3.17 | 5I5 138 1408 3.65 3756 1006 1030 267 904 2.42_; 1542 413 | 975051 | 91331 2.50 | 1520 3.94 2039 5.46 (5773 41.55 1314 3.46
25(1974 | 537 1.44 | 545 .32 | 873 2341' 1748 4.531 3162 8.47| 1138 2.95 444 .flb| 582 156 | 671 174 | 1990 533 | 1123 2.91 | 1605 4.30j 14422 38.09 1202 3.7
- t ; .' ) ’ i | . 4 ’ 1 . + i = - .
26 | '975j 515 .1.38 ll 260  0.63 | 993 2.66| 1435 3.72 | 358 9.59 478 51,24 302 081 | 250 0.67 | 745 193 | 1206 323 | 194 503! 2520 6.75 14 225 3764 | 1185 314
b rl i ' I 1 1 1 ¥ ] } ‘.
27[ 1976 | 1624 435 | 1435 348 | 792 212 | 2666 691 | 2494 1668 | 490 7127 444 R332 0.8 914 237 |1740"' 466 1578 409 | 2666 714 17179 4515 | 1432 3.76
| | . ¥ H | i i | | ] 1l {
281977 , | | [
P \ t i ' ! | !
2911978 | | \ | | | !
et ! f : | i } i | f |
30| 1979 | ' i | , | ' .
I} b | | , i | »i } | | l ! | } ‘
311980 | | (e | ! | ,
- -._.I = + - T - - + 4 - = +~ + 5 — ¢ . - - 4 4 - PN -
TOTAL |B6349 70.59 |23,/38 56638 (/8701 57 48| 42.//6|/02 17 | 7900/ | 2//.6 |38348 S8.4 Z[34) 57| 5|20672 5536 1/9 473 50.497|33037 B8,5 |47864 /2472|3817 /04.77| 410,082 /080, 04 | 34/7 | £9.35
b ey g O e e O 3 | - ie T — 4=l .al._ ol b . 2 " + 2 : l LI i > = J v . . il l i +.. e e e e M
MEAN l 976 | 261|857 209 | 730 /94 /500 | 4ok | 2026 744 | /920 | 3.48 | 75/ 247 | 766 Z’”ﬂ 72/ 67 | 1224 328 | s77¢ 440 | 1445 388 | 15188 | 400 | /266 335
| ] | | L
LOMILTVY J e 4 e s —— - o el = . =t T e S .,._l___‘___.__ | e =i
| AT REVISIONS BY CKD
BUCIoAL i) PATE EWFOUNDLAND & LABRADOR POWER COMMISSION
| MAY 26 76 MinNoR CoRRECTIONS 'VLLI ST JOHN'S, NEWFOUNDLAND
1
SCALE VICTORIA DATE
‘ DRAWN: BY MONTHLY INFLOW (OR RUNOFF) IN PROJECT No
, CHECKED BY CFS AND BCF
! APPROVED BY DRAINAGE AREA 408 SQUARE MILES DWG.No B-//37
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Preliminary Sizing
of

Transmission Lines

Sizing was developed‘from General Electric's Performance

Charts for 60—Cycle'TranSmissi0n‘Lines. The following procedure

was followed in all calculations:

1)

. 2)
3)
4)

5)

6)

7)

Estimate appropriate voltage and use that chart,
Select a reasonablevﬁire size,

Use 0,90 power factorl,

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,

Take the load in KW to be the maximum required

output of the hydro facility in the future based

on the present installed capacity,

From this 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. Young, Electrical Engineer, Newfoundland
and Labrador Hydro,



AA

]

W]

L ) T R

S St S A S

CIMFP Exhibit P-01029 Page 58

8) Check to see if the voltage drop is between
(4 - 6%)2, recommended voltage drqp 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 succeésful7 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

conversion to 69 KV from 66 KV Charts.

" Re'sults -
1. 69,000 volts Alternative A
2. 25,000 wvolts Alternatives B, C and D

3. (34,500) volts °= Alternative E

«"« use 2 - 25,000 volt lines

Recommended by Mr. E. H., Bartlett, Power Engineer, Terra
Nova Engineering Limited, (see. 33,000 Voltage Drop Chart
in this Appendix).
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TRANSMISSTON ROUTE SELECTION

Basically, the shortest route possible is chosen.
. . va\dale_s,
Minimal direction changes are used as .thése€ .a¥e increase costs.

Adjustments are made to avoid bad contours such as sfeeply'

- 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.

Transmission Costs

Standard costs in dollars pér 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 line
25 Rv 9 miles $225,000
Northwest Arm power house - transmission line

69 Kv 17 miles not required
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Qutline of Technigues

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 calculafions

Alternatives B, C, D and diesel

Page 67
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Present Worth Analysis

Following steps were used in the economic analysis of

alternatives, as tabulated following.-

1, Development of Technically Equivalent Alternatives

The two critgria 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 éach.'yeara Firm énergy 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 shduld always have power capacity
equal to the power forecast 'in each year, plus
a reserve capacity which is thevgreater‘of:

i) 15% of the system load,
ii) largéStlsinglé unit plus 5% of the

system load.

Theée‘alternativeS-were déVeloped through the use of
power-time graphs. These graphs extended for the duration of
the available load forecast, and lines were plotted representing

the actual demand, and each of the reserve requirement lines.
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Assuming hydro generation to start in 1980, the hydro
power capacity was élso plotted, and extra diésel 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.

The period of time over whiéh 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 theé 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 Energy Use at End of Similation Period

The analysis of these technidally equivalent alter-

.natives is representative of true return on investment only

if all the available energy from the alternative is being
fully used at the end of the similation period. It was for

this reason that alternatives with a firm hydro capability in

6

excess of 15.8 x 10 . 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 enérgy—time curves for the remaining three hydfo
a1ternatives-werefplotted as a visual'represehtation of the
relative hydro and diesel generation éuantities required.
Also, the power-—~time curve was re—plotted-for the alternatives

which were reduced in size,

4. Costs Considered in the

a) caéital costs of any new construction, ihcluding
the hydfo development, transmission lines and new
diesels.'_Escalationxis applied to the 1977 dollar
estimates at 6,0% per year.

o b) operation-maintenance'aﬁd 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'escaleted at 6% per annum for
each_year past 1977. |
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%

annual fuei and lube o0il costs for diesel units,
based on historical consﬁmption per'kWh,'with unit
costs being escalated 6% per annum.
capital cost of replacement of system components
which have a shqrter econdmic 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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f) since production is assumed constant over the
evaluation pefiod from 1991 to 2040, cash flows in
these years can be treated as a uniform series of
paymenfs, (at an equivalent discount rate) and

present worthed to 1990 as one lump sum.

5. Table of Comparison:

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 adjustment

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

~get the total present worth of each alternative,
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ALTERNATIVE B
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Calculation of the Generating Potential of Each Site

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 censtantly over the year.

Thie.maximum sustainable Yiéid is determined by a
trial and error. calculation, where the Varying'iﬁflows into
the reservoir are compared on a .monthly basie to an assumed
constant outflow. This flow must be such that the reservoir
is nevef 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 averege runoff in cubic
feet per second from one sgquare mile of arainage area,'ueing
the runoff records for the Vietoria'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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Month

January
February
March
April
May
June

Juiy

|
|
August

Seﬁtember
|

Oc#ober

November

|
December

Runof

£

1.32

1.64

le2)
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Drainage area contrOlled“by.reservéir = 81.6 sg. mi.

Reservoir capacity = 205.5 million cubic -feet.

Assume a trial flow of1139_ft3/sec.

‘Month

Janﬁary

' February

March

April

May
June
July -

August

. September -

October

-November

o Volume Réservoir
.. Inflow Outflow Net flow Change Contents
(£t /sec)  (£t3/sec) (£t/sec)  (£t3x10%)  (£t3x10%)
410601 - - 139 232,90 -85.3  120.2
+110.2 - -139" ~28.8 ~74.6 45.6
+175.4 ~139 +36.4 +94.3 139.9
+350,9 =139 +211.9 +65.6 - 205.5
+632.4 139 ' +493,4, Spill 205:5
+228.5 ~139 - +89.5 Spill 205.5
+89.8. ~139 ~49.2 -127.5 78.0
©4114,2 -139 -24,8 . -64.3 13.7
- +134.6 ~139 ~4.4 -11.4 2.3
‘+395,é - -139 £256.8  4203.2 205.5
L 4224.4 ~139 +85. 4 spill 205.5
| +3is.2 =139 +179;2 Spill 205.5

. December

.l40uft3/sec would

sustainable yield

Capacity to be installed'

= 62,4 x 139 x 250 X 746 =

is 139 £t3/sec.

Power available = XQH x 746
o 550 x 0.9 x 100

- 550 x 0<9 x 106

,availabieZPOWer

3.3 MW

capacity factor

= 3,3 = 8.25 MW

’ 0&'4.

cOmpletely,émpty'the'reservoir, sO0 the maximum
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Drainage area controlled by reservoir = 18.6 sqg. mi.

Reservoir capacity =

Assume a trial flow of 48 ft3/sec

Month

January
February
March
April
May

June

July

- August

September
October
November

December

174 million cubic feet

Volume Reservoir
Inflow Outflow Net flow Change Contents
(ft /sec) (ft /sec) (ft3/sec) (ft /sec. (ft /sec
.......................... 106, " e106)
+24.8 ~48.0 -23,2 -60.1 113.9
+25.1 -48,0 ~22.9 -59.4 54.5
+40.0 ;48.0 -8.0 -20.7 33.8
+80.0 ~48.,0 -32.0 +82.9 116.7
+144,2 - - 48,0 +96.2 +57.3 174
+52.1 '248.0 +4.1 Spill 174
+20.5 -48,0 -27.5 -71.3 102.7
+26.0 —48.6 -22.0 ~57.0 45.7
4307 -48.0 -17.3 -45.5 0.2
- +90.2 -48.0 +42.2 +109.4 105.6
+51,2 -48.0 +3.2 +8.3 117.9
+72.5 -48.0 +24.,5 +56,1 174

49 ft3/sec would completely eﬁpty the reservoir, so the“maximum

sustainable yield -is 48 ft3/Sec.

Power available = XQH x 746

550 x 0.9 x 10°

= 62,4 x 48 x 250 x 746 = 1.13 MW

550 x 0.9 x 10°

Capacity to be installed = available power
capacity factor

= 1,13 =

0.4

2.825 MW
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Alternative C

Drainagé.area controlled by reservoir = 32.2 sqg. mi.
Reservoir capacity = 307 million cubic feet

 Assume a trial flow of 84 ft>/sec

: Volume . Reservoir

- Inflow Outflow Net flow Change Contents

Month :(ft3/seC) (ft3/sec) (ft3/sec) (ft3/sec (ft3/sec
: R %108y x106)

January  +4l.9 ~84,0 ~42,1 -109.1 197.9
February +43.5 -84.0. ~40.5 ~105.0 92,9
March - +69.2 ~84,0 -14.8  -~38.4 54.5
April +138,5  -84.0 +54.5 +141.3 195.8
May  +249.6 . ~84.,0 +165.6 +111.2 307.0
June 1+90.2 -84.0 +6.2 Spill 307.0
July . +35.4 -84.0 ~48,6 ~126 181.0
August | +45,1 ~84.0 -38.6 ~100,1 80.9
September +53,1 © -84.0 ~-30.9 - -80,1 0.8
October ~  +156.2 -84,0 +72.2 +187.1 187.9
November +88.6 ~84.0 +4.6 +11.9 199.8
December +125.6 -84,0 41,6 +106.,2 307.0

85 ft3/sec would completely empty the reservoir, so the maximum
sustainable yield is 84 ft3/sec.

Power availabie'=jXQH'xf746'="
' 550 x 0.9 x 10°
= 62,4 x 84 x 250 x 746 = 1,97 MW
550 x 0.9 x-10° ‘ '

Il
)
<
o
-
=
o
(o)
o
0]

i)
o]
ES
0]
H

Capacity to be installed

: capacity factor

= 1,97 = 4.85 MW
0.4
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Alternative D |

Drainage area céntrolled by reservoir = 56 sqg. mi.

Reservoir capacity = 175 million cubic feet

Assume- a friai flow of 99 ft3/sec.

, ~ Volume Reservoir
Inflow Outflow Net flow Change Contents
Month (ft3/sec)' (ft3<seC) (ft3/sed) (ft3/sec (ft3/sec
SRR e T 106y " %106)

January. +72.8 ~99.0 -26.2 ~67.9 107.1
FébrﬁaryA . +75.6 ~99,0 -23,4 ~60.7 46 .4
March -~ +120.4 -99,0° +21.4 +55.5 101.9
April +240.8 -99.0 +141.8 +73.1 175.0
May : +434.0 -99,0 +335.0 spill 175.0
June . +156.8 <99,0 +57.8 Spill 175.0
July ~ +61:6 -99.0 ~37.4 -96.9 78.1
Aﬁgust . +78.4 -99,0 ~20.6 ~53,4 24.7
Septembef +92,4 -99.0 6.6 -17.1 7.6
October +271.6 -99,0 +172.6 +167.4 175.0
November  +154.0 -99.0 +55.0 Spill 175.0
December - +218.4 '  <99.0 +119.4 Spill 175.0

- 100 ft3/sec would

completely empty the reservoir, so the maximum

sustainable yieldfis:99.ft3/sec.

Power available = XQH x ‘746 =

Capacity to be installed

550 x 0.9 x 10°

62,4 %X 99 x 250 x 746 = 2,33 M

550 x 0.9 x 10°

I

capacity factor

2.33
0.4

2.825 MW
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Drainage area controlled by reservoir = 69.6 sqg. mi.

Reservoir capacity = 175 million cubic feet

Assume a trial flow of 118 ft3/sec;

: Volume Reservoir
Inflow Outflow Net flow  Change Contents
Month Kft3/seC) (ft3/seC) (ft3/seC) .(ft3/sec (ft3/sec
| NSRS RN LR AT ey e106)
January © 490.5 ~118,0 ~27.5 -71.3 103.7
February +94.0 - ~118.0 -24.0 ~62.2 41.5
ﬁarch . +149.6 -118.0 +31.6 +81.9 123.4
April +229.3 ~118,0 +181.3 +51.6 175.0
May © +539.4 -118.0 - +421.4 Spill 175.0
June +194,9 ~118.0 +76.9 Spill 175.0
iuly- +76.6 ~118,0 -41.4 -107.3 67.7
August ~ +97.4 -118.0 ~20.6 -53,4 14.3
September +114.8 -118,0 ~3,2 -8.3 6.0
october +337.6 ~118.0 +219.6 +169.0 175.0
ﬁovember +191.4 -118.0 +73.4 Spill 175.0
éecember  +271.4 ~ =118.0 +153.4 Spill 175.0

sustainable yield is 118 ft3/sec.

Power available XOH X T46

550 x 0.9 x 10°

= 62.4 x 118 x 250 x 746 =

550 x 0.9 x 10°

Capacity to be installed = available power

capacity factor

= 2,77 =

0.4

6.925 MW

2.77 MW

119 ft3/se¢ would ¢omp1etely empty the reservoir, so the maximum
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Criteria

- Check energy used by each alterhative.

- Installed éapacity must be such that all available
energy is used. If not; money is wasted in install-
ation of longer plant.

- Required energy in 1990 = 15,8 x 10° kwh.

Alternative A -

Installed capacity = 8250 KW.

Firm capability of site = 3360 KW.

6

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

reduce installed capacity to generate only what is

required, leaving diesels to meet peaks only.

Required capacity = 15.8 x 10° = 1803 &xw

- 365 x 24

Installed capacity will be ‘1803 = 4508 KW
' 0.4 =

Install 4 units @ 1125 KW each = 4500 KW -
This alternative, however, has sufficient capacity to

install more hydro units when energy demand grows.

Alternative B

Installed capacity = 2825 KW

Firm capacity of site = 1130 KW = 9.90 x 10° 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° kwh
this is only slightly above requirement, so diesel

will be used only to meet peaks.

Alternative D

Installed éapacity = 5825 KW

Firm capacity = 2330 KW = 20,41 x 10° kwnh.

Required energy = 15.8 x 10° kwh o

Required capacity =j15;8'X'106 = 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

Instailed‘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 (technically) 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 E is simply Alternative D with an extra
diversion, which is not needed. Hence, Alternative D remains

reasonable.
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Capital Cost Estimate Summary

Hydro power stations, similar in size, have been built
around the Island 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 conditiohs
makes it difficult, if not impossible, to arrive at a detailed
estimate this early in the project's evaiﬁation. For a
comparative study and budget estimatés, the prices should be
sufficient as determined, However, it will be necessary to
thain reiiable 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, penstoéks, surge tanks -

and tailraces
Dams and reserﬁoirs
Prime movers
Generators and auxiliaries
Electrical plénf

Transmission lines and sub-stations

Interest during construction

TOTAL CAPITAL COST

Page 101
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 1,219,000
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
483,000 ° ° 654,000 709,000

$6,718,000_$9,286,000 $10,072,000
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-In comparison to other dams, the ones required to be
built in the Buréeo 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 through such dams 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 watef level. This is

known as the ‘core wall' and usually consists of clay and some
sand, which can be well compacted. Because of the_inherent
difficulty of obtaining sufficient quantities of this core
material, it is suggested 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'eﬁbankment to act as a parapet and factor of
safety. vDuring construction, the'earth'préssures 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 seleéted with the mére impervious material being placed
in the upstream part of the dam. Because of the area's topo-
graphy, a well graded material is suggested to be used. This
material will be obtained from bdrrow~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 size 1 1/2 inches to # 10

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

‘upstream slope of the dams, an 18 inchywlaYér of rip-rap, which

is hard dense durable fieldstone, rock fragments or cobblestones,

should be used.,

Embankﬁent 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 thé'materials
of the dam and of the foundation te perculation. In general,
for structures 25 feet or less in height, stable embankments
may result if the upstream slope is built not steeper than
2.5 horizontal to 1 vertical and the downstream slope 2 horizontal
to 1 vertical. In this case, since the dams to be constructed
will be h;‘L’ghef than 25 feet, a.slope is réc’ommended for both

the upstream and downstream embankments.

3
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The tob 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 =_(ﬁ +25) /5 in which W is the top
width of the dam in feet. A standard design of this type of

dam can be found in this Appendix,

B. : Water Control Methods

There‘a:e'twd 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 eméloyed in the’dam% to be constructed in the Burgeo-

area.

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 §ate'or valve which can be
turned on or raised, whatever the case, to control
the water level, . At-the‘upstréam end the intake
structure should be equipped with ‘a heated trash

rack to prevent blockages caused by accumulations

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

roots, debris, etc. A standard design for a control
structure can be found ib this Appendix.
N
: t N
With this type of water control, additional safety
. | . ;

!

features are being incorporated into the design to
[

handle the'exceSsive'ruﬁoffs, At all timés} the
| ' .
water level can be kept several feet below the

crest of the'spiilway thus providing storage for

the initial flood waters. At the same time, the

1
valve could be opened full bore thereby providing

additional relief while the basin was filling up.

|

!
‘Tt should also be remembered that this -structure

b

also regulates the flow of water entering the fore-

bay reservoir during drf'periodS'to ensure that
!
the reservoir is up to its required capacity to

keep the power house functioning efficiently.

|
|
t
|
!

The purpose of the spillway is to conduct excess
water away from a reservoir- without endangering

the safety of the dam. éHence the capacity of the
spillway must be‘sufficient to pass the greatest
# .

flood expected so that the dam will not be over-

‘topped, and the shape o# the spillway must be
!

such that the falling water will not undermine the

Tid danger to the dam or
1
|
!
|

dam or spillway. To av
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spillway, the spillway may be located on the rim
of the reservoir where the distance of fail 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 concreté'spillway should
have a well rounded crest,_sidés 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.

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_doilars. These 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 (refér to Table 1 of this Appendix for the
complete cost.breakddwn of‘the construbtion of access
roads and dams for Alternative ‘B). The capiﬁal costs

of the construction ofithe dams needed in Alternatives

C énd D were obtained by first finding theAprice per
cubic vard to construct each dam in Alternative.B,

then findin%»thé'éuantities involved for the dams in
Alte:nafive C and D and'multiplying these quantities by
thezunit 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
neéded:can be found in Alternative C and D. The'forebay
dam estimated in'Altefnative B is basically the same for
all alternatives. Quantities were ‘taken from éross
sections of a typical dam.spillway and control structure,

(see drawing in this Appendix).

1. Capital Description - Alter
See next page.
1. Land - assume all the land is crown land -
no\charge.

2. Land Clearing — each reservoir and forebay dam

site will be ¢leared of all usyable timber.
This includes cutting, piling, drying, burning,

etc.
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3.

4.

'Rugged topo. + Med. Density + 50% + 50% + Medium
R - Brush - Trees Size
$125 $60 : $60 $55
= $300/acre

running from the Burgeo Highway to dam sites

and site of power house and forebay are included

in this item.

Homogeneous rolled earth filled dam with
concrete core, approximately 1260 feet

long with boulder rip~rap (lS'inches thick),
a reinforced concrete spillway structure
approximately 250 feet long (assume 20% 6f
dam ‘length needed for spillway) with
reinforced concrete sides, a reinforced
concrete‘intake'structure; trashzracks
fusion welded steel conduit and Armco

96 inches x 96 inches Model 50+10-siuice

~gate complete with HM-3-60 limitorque

eledtricallylgperated 1ift.

a) common excavation - includes strippihg'
of embankment foundations, borrowv
areas, and stockpile areas, as well

as excavation of unsuitable materials
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b)

c)

a)

e)

from borrow areas and river diversion.
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.

~granular slope protection - includes

coarse gravel,rock fragments or
suitable mixtures éf'gravel and rock
fragments up to maximum size of approx-
imately 6 inches. Use 70% of total
welljgradéd material.

coarse filler - includes well graded,

~gravel, sand or gravel and sand

mixture and generally range in size

"1 172 inches to # 10 sieve with

minimum larger than 3/8 inches. Use
30% of total well graded material.
rip-rap ~ hard dense durable field-
stone, rock fragments, cobblestones
or suitable mixtures of fieldstone,

rock fragments and cobblestone.
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4.2

"f) mass concrete - concrete requiring
littlg or no reinforcing steel.

~g) rock excavation -~ includes removal
of all roék which cannot be removed
until loosened by blasting, barring
or wedging and all boulders or detached
pieces of so0lid rock more than 1 cubic
yard in volume.
spillway ~ includes concrete; formwork,
reinforcing steel, reinforcgd
spillway walls.

h) control structure or intake ~ includes
feinforCed concrete intake structure,
7.5 feet 0.D. fusion welded steel .
conduit of 3/8 inchés, 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. 1lift for
220 volfs, 3 ?hase, 60 cycle housed
in electrically heated wood frame

~gatehouse.

" Secondary 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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Spillway and Intake -~ hdmogeneOus rolled
earth dam with concrete core, approximately
450 feet 1on§ with boulder rip~rap, a
reinforced concrete spillway structure
approximately 250 feet lopg'(should be the
same length as the spillway in the main
dam) With‘reinforced concrete sides, a
reinfqrced concrete intake structure, trash
racks, fusion welded steel conduit and
Armco 96 inches x 96 inches. Model 50-10
sluice gate éomplete with HM-3~60
limitorque electrically.operated 1ift.
Sections (a) through (h) are the same.

2. Preliminary-Estimate - Alternative B - Sample‘Sheet

See next page.
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