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Dear Mr. Pike,

Streamline Engineering Consultants is proud to be given the opportunity to
investigate the development of a micro hydroelectric generation facility at Marble
Mountain that can potentially provide a cost savings to the resort.

The enclosed project report contains our proposed two (2) phase development
plan as well as detailed calculations and background information relevant to the
project.

If you have any questions or concerns with our report, we would be happy to

discuss them with you.

Sincerely,

Christopher Clark, Chief Project Manager and Communications Lead
Streamline Engineering Consultants

cc. Dr. Stephen Bruneau
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1. Project Team

Streamline Engineering Consultants are a group of passionate senior civil
engineering students. The three (3) members of the project team have various
responsibilities and diverse portfolios as outlined below.

Christopher Clark

Chief Project Manager and Communication Lead

Responsibilities Previous Experience
* Project Managing * Department of Transportation and Works -
* Communications Special Projects Division (Health
e Schedules Infrastructure)
* Department of Transportation and Works -
Avalon Works
* Tiller Engineering/Rotary Club of Waterford
Valley
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Rob Ducey
Technical Director of Engineering

Responsibilities Previous Experience
* Hydrology * BAE-NewPlan Group Ltd./SNC Lavalin Inc.
* Mapping * Stantec
* Drafting * Department of Education

Alex Hawco

Power Generation Specialist

Responsibilities Previous Experience
* Power Generation * Newfoundland Power Inc.
* Technical * Department of Transportation and Works -
Communications Western Works/Avalon Works
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2. Introduction

Streamline Engineering Consultants have been given the opportunity, by the
Marble Mountain Development Corporation, to complete a preliminary engineering
study of the possibility of the implementation of a micro hydroelectric development
at their site.

The idea of constructing a hydroelectric generating facility at Marble Mountain
has been discussed for a number of years amongst various parties.

A hydroelectric development at Marble Mountain will utilize the river of Steady
Brook, which is located just north of the skiable terrain of the resort (See figure 1).

Figure 1 - Location of Steady Brook

Source: bing.com/maps

There is a possibility purposed by the operations staff at Marble Mountain to
also utilize the existing pipeline used for snowmaking, as a penstock for a future
hydroelectric development.

Electrical usage at the resort represents a significant portion of their operating
costs. The implementation of a micro hydroelectric facility could potential save the
resort significant funds by offsetting the amount of power that would need to be
purchased on an annual basis.

The following report will uncover the possible solutions that could be
implemented at Marble Mountain to offset their large electrical power purchases.
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3. Concept Generation

This project at Marble Mountain is very unique. As with any new hydroelectric
development many possible solutions can be developed and implemented.

We have used a brainstorming technique to generate possible solutions through
discussions within the design team and consultation with Marble Mountain,
Memorial University of Newfoundland, and Newfoundland Power Inc. staff.
Throughout this process we have generated the following concepts that may be
acceptable for this project.

1. Original Pipeline
a. Utilize the original pipeline as the penstock for a hydroelectric
turbine that will be installed in the existing pump house structure.
2. Original Pipeline and Storage Tanks
a. Utilize the original pipeline to generate power and pump water to
a new storage tank near the summit of Marble Mountain during
the rainy season and use this water for snowmaking via gravity
feed in the winter months.
3. New Pipeline and Turbine Housing
a. Install a new pipeline from the existing intake location and a new
hydroelectric turbine near the base of Steady Brook Falls.
4. New Pipeline Past Chlorination Building and New Turbine Housing
a. Install a new pipeline past the chlorination building and a new
hydroelectric turbine near the base of Steady Brook Falls.
5. New Pipeline and Turbine Housing with Storage Dams
a. The same as option three (3) but with upstream storage dams to
regulate the flow in Steady Brook for year round generation of
electricity.
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4. Concept Selection

There are many methods to select a desired concept for a given project. The
need for a concept selection analysis has stemmed from the existence of multiple
viable options for this project. The various methods commonly used are as follows.
(Bruneau)

External Decision
Product Champion
Intuition

Multi voting

Pros and Cons
Prototype and Testing
Decision Matrices

N s W e

For this project we have chosen to use the decision matrices method to choose
the dominant option.

The decision matrices method chosen consists of a two (2) step approach. These
steps consist of a concept screening portion used to preliminary eliminate some of
the options. Followed by a concept scoring exercise, which is a more detailed
analysis of the remaining concepts to ultimately choose the dominant option.
(Bruneau)

The first step in this process is to choose one (1) option to be the benchmark,
which all other options will be compared against. For this project we have chosen
the new pipeline with a new turbine housing as the benchmark option. This was
chosen, as it appears to be in the middle of our options in terms of price and
generation capabilities.

Factors to be analyzed for each option were chosen to be as follows.

Cost

Construction Labour
Aesthetic Appeal
Maintenance

Power Generated
Environmental Issues
Political Issues

N AW =

A concept screening analysis can now be completed. The process is to place a
(+) for better than the benchmark option or a (-) for worse than the benchmark
option for each factor/option. With this information a net score can be developed
for each option, a ranking of the options and choosing which options to go forward
with into the next step of concept selection. The concept screening analysis for this
project can be seen in Figure 2.
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. T T New Pipeline Past New Pipeline and
. Tty Original Pipeline and New Pipeline and . g . . .
Original Pipeline Storage Tanks Turbine Housing Clorination Building | Turbine Housing with
and New Turbine Storage Dams

Cost + - 0 + -
Construction Labour + 0 0 0 -
Aesthetic Appeal + - 0 0 -
Maintenance - 0 0 0 -
Power Generated = = 0 = &
Environmental Issues - 0 0 -
Political Issues = 0 0 =
Sum of +'s 3 0 0 1 1
Sum of 0's 2 2 7 5 0
Sum of -'s 2 5 0 1 6
Net Score 1 -5 0 0 -5

4

2

Figure 2 - Concept Screening Matrix

Through this process it was chosen to keep the top three (3) concepts for
further analysis. The top three (3) options are the original pipeline, new pipeline
and turbine housing, and new pipeline past chlorination building and new turbine.

These three (3) options were further analyzed using a concept scoring analysis.
In this analysis the same criteria as the concept screening matrix is used, but a
weighted rank is placed on each criteria. The weights were derived from how much
each criterion impacts the project.

A rank is given to each option with comparison to the reference option. The
ranking system used is presented here.

G W e

Much worse than reference
Worse than reference
Same as reference

Better than reference
Much better than reference

These scores are multiplied by the weights of each criterion and summed to
produce a total score. These option can now be ranked and a dominant option
chosen. (Bruneau)

The concept scoring analysis for this project is presented in Figure 3.

April 2013
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New Pipeline and New Pipeline Past
Turbine Housing Original Pipeline Clorination Building and
(Reference) New Turbine
Selection Criteria Weight | Rating | Weighted Score | Rating | Weighted Score | Rating | Weighted Score
Cost 25% 3 0.75 5 1.25 4 1
Construction Labour 5% 3 0.15 4 0.2 4 0.2
Aesthetic Appeal 10% 3 03 5 0.5 3 0.3
Maintenance 5% 3 0.15 2 0.1 2 0.1
Power Generated 25% 3 0.75 1 0.25 1 0.25
Environmental Issues | 15% 3 0.45 4 0.6 3 0.45
Political Issues 15% 3 0.45 4 0.6 3 0.45
Total Score 3 3.5 2.75
Rank 2 1 3
|Continue | Yes | Yes | No |

Figure 3 - Concept Scoring Matrix

As seen in the concept scoring matrix we have chosen two (2) options to go
forward with for this project. We purpose that a two (2) phase implementation of
the two (2) dominant options be implemented for this project.

The first phase of this project would be to utilize the original pipeline to
generate electricity by installing a hydroelectric turbine at the end of the existing
pipeline. Phase two (2) of this project would be implemented a few years down the
road by installing a new penstock pipeline from the current intake location,
constructing a new turbine building near the base of Steady Brook Falls and
installing a hydroelectric turbine at this location.

The choice to implement a two (2) phase approach for this project will take
advantage of the ease of implementation of phase one (1) and use this as a trail
period for the system. Accompanied with the increased power generation
capabilities of phase two (2), if the system is initially successful.
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5. Phase One (1)

5.1.Introduction

Phase one (1) of the proposed project consists of utilizing the original pipeline
used for snowmaking operations to generate electricity at the Marble Mountain site.

The original pipeline at Marble Mountain originates on steady brook, which is
just north of the skiable terrain of the resort.

Water is extracted from Steady Brook at an elevation of approximately 197 m
(646 ft.) above sea level. This water then travels along a 2,642 m (8,668 ft.) pipeline.
The dimensions of the pipeline vary from 305 mm (12 in.) at the intake to 254 mm
(10 in.) at the pump house.

In phase one (1) this pipeline will be utilized by connecting a hydroelectric
turbine to the pipeline at the existing pump house location.

5.2. Analysis of Pipeline

Since there is no site-specific information on the flow characteristics of the
original pipeline, a study of the pipeline was conducted using relevant calculations.

The pipeline was analyzed using the following flow principles.

1. Manning
2. Hazen Williams
3. Darcy Weisbach

These three (3) flow analysis methods are highly used in the determination of
friction loss in a pipeline.

5.2.1. Manning Analysis
Manning’s equation was experimentally developed for open channel flow using
the slope of the channel and a friction factor (n) to calculate the friction loss in
waterway. This method may not be perfect for pressurized pipe flow but is
presented in this analysis for comparison against the other methods. The equation
for friction head loss using Manning’s equation is presented in equation (1). (Robert
J. Houghtalen)

_10.3*n2*L

D533 x (2 (1)
Where,

n is the Manning’s friction factor (0.009)

L is the length of the pipeline (m)

D is the pipeline diameter (m)

Q is the pipeline flow rate (m3/s)
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This friction loss equation was then used to calculate the optimum flow rate that
is possible in the original pipeline. This was done by calculating the friction loss in
each section of the original pipeline and summing the losses together. This loss in
head due to friction was subtracted from the total available head and the potential
power generation capability was calculated using equation (2).

Ywater * Q * Het

1000

P (2)

Where,

vy is the unit weight of water (9810 N/m3)
Q is the pipeline flow rate (m3/s)

Hpet is the total head minus h;,

The Manning’s equation analysis is summarized in the following tables (See
Figures 4 and 5) and graph (See Figure 6) to show the theoretical available power.

Inputs

Friction Factor (n) 0.009 Section #1 Section #2 Section #3 Section #4

Unit Weight of Water (N/m?) | 9810 |Diameter (m) 0.3 [Diameter (m) 0.3 |Diameter (m) 0.25 |Diameter (m) 0.25

Total Head (m) 177 |Length (m) 404 |Length (m) 404 |Length (m) 853 [Length (m) 980

Figure 4 - Manning's Equation Input Parameters
Results
Section #1 Section #2 Section #3 Section #4
3 Total Friction Loss (m) | Net Head (m) | Power (kW

Flow Rate (m’/s) Friction Head Loss (m) | Friction Head Loss (m) | Friction Head Loss (m) | Friction Head Loss (m) e (m) (m) (kw)
0.01 0.02 0.02 0.12 0.13 0.29 176.71 17.34
0.03 0.19 0.19 1.04 1.19 2.60 174.40 51.33
0.05 0.52 0.52 2.88 3.31 7.22 169.78 83.28
0.07 1.01 1.01 5.64 6.48 14.15 162.85 111.83
0.09 1.67 1.67 9.33 10.72 23.39 153.61 135.62
0.11 2.50 2.50 13.93 16.01 34.94 142.06 153.30
0.13 3.49 3.49 19.46 22.36 48.80 128.20 163.50
0.15 4.65 4.65 25.91 29.77 64.97 112.03 164.86
0.17 5.97 5.97 33.28 38.23 83.44 93.56 156.02
0.19 7.46 7.46 41.56 47.76 104.23 72.77 135.63
0.21 9.11 9.11 50.78 58.34 127.33 49.67 102.32
0.23 10.93 10.93 60.91 69.98 152.74 24.26 54,73

Figure 5 - Manning's Equation Power Results
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Flow Rate (m3/s)

Figure 6 - Manning's Equation Power Results Graph

From the Manning’s analysis, the potential power generation capabilities of the
original pipeline are governed by a maximum flow rate of 0.15 m3/s. This flow rate
corresponds to the generation of 165 kW of power.

5.2.2. Hazen Williams Analysis
Hazen Williams’ equation was experimentally developed for pressurized pipe
flow using the length of the pipeline and a friction factor (Cuw) to calculate friction
loss in a pipeline. The equation for friction head loss using Hazen Williams’ equation
is presented in equation (3). (Robert J. Houghtalen)

10.67 Q185
hy, = (CHW1.85) *Lx D487 (3)
Where,

Cuw is the Hazen Williams friction factor (150)
L is the length of the pipeline (m)

Q is the pipeline flow rate (m3/s)

D is the pipeline diameter (m)

The Hazen Williams’ equation analysis is summarized in the following tables
(See figures 7 and 8) and graph (See Figure 9) to show the theoretical available
power.

Inputs

Friction Factor (Cyw) 150 Section #1 Section #2 Section #3 Section #4

Unit Weight of Water (N/m?) | 9810 |Diameter (m) 0.3 [Diameter (m) 0.3 |Diameter (m) 0.25 | Diameter (m) 0.25
Total Head (m) 177 |Length (m) 404 [Length (m) 404 |Length (m) 853 [Length (m) 980

Figure 7 - Hazen Williams’ Equation Input Parameters
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Results
Section #1 Section #2 Section #3 Section #4 .

Flow Rate (m’/s) Friction Head Loss (m) | Friction Head Loss (m) | Friction Head Loss (m) | Friction Head Loss (m) Total Friction Loss (m) | Net Head (m) | Power (kW)
0.01 0.03 0.03 0.15 0.15 0.35 176.65 17.33
0.03 0.22 0.22 1.12 1.12 2.67 174.33 51.31
0.05 0.56 0.56 2.87 2.87 6.87 170.13 83.45
0.07 1.04 1.04 5.36 5.36 12.80 164.20 112.76
0.09 1.66 1.66 8.53 8.53 20.38 156.62 138.28
0.11 2.41 241 12.36 12.36 29.54 147.46 159.13
0.13 3.28 3.28 16.83 16.83 40.23 136.77 174.42
0.15 4.28 4.28 21.93 21.93 52.43 124.57 183.31
0.17 5.39 5.39 27.65 27.65 66.08 110.92 184.97
0.19 6.63 6.63 33.97 33.97 81.18 95.82 178.59
0.21 7.97 7.97 40.87 40.87 97.70 79.30 163.37
0.23 9.44 9.44 48.37 48.37 115.60 61.40 138.53
0.25 11.01 11.01 56.43 56.43 134.88 42.12 103.29

Figure 8 - Hazen Williams’ Equation Power Results
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Figure 9 - Hazen Williams’ Equation Power Results Graph

From the Hazen Williams’ analysis, the potential power generation
capabilities of the original pipeline are governed by a optimum flow rate of 0.17
m3/s. This flow rate corresponds to the generation of 185 kW of power.

5.2.3. Darcy Weisbach Analysis
Darcy Weisbach’s equation was experimentally developed for pressurized pipe
flow using a roughness factor (€) to calculate the friction factor (f) of the pipeline
(See equation (4)). This factor and the length of the pipeline are used to calculate
the friction loss. The equation for friction head loss using Darcy Weisbach'’s equation
is presented in equation (5). (Robert J. Houghtalen)
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D is the pipeline diameter (m)
€ is the pipeline roughness (0.0015)

Where,

fis the friction factor
L is the length of the pipeline (m)
D is the pipeline diameter (m)

Q is the pipeline flow rate (m3/s)

2

€

_ 0.0826+

L=
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€

frl

DS*QZ

(4)

(5)

The Darcy Weisbach’s equation analysis is summarized in the following tables
(See figures 10 and 11) and graph (See Figure 12) to show the theoretical available

power.
Inj
Roughness Factor (€) 0.0015 Section #1 Section #2 Section #3 Section #4
i i /m’) | 9810 |Diameter (m) I 0.3 Diameter (m) I 03 Diameter (m) I 0.25 Diameter (m) ] 0.25
Total Head (m) 177 |Length (m) 404.33  [Length (m) 404.33 |Length (m) 852.94 |Length (m) 980
D/€ |
Fricion Factor (]
Figure 10 - Darcy Weishach’s Equation Input Parameters
lmns
3 Section i1 Section #2 Section #3 Section #4 Total Friction Loss (m) | Net Head (m) | Power (kW)
1
Flow Rate (M'/s)| (i tion Head Loss (m) | Friction Head Loss (m) | Friction Head Loss {m) Friction Head Loss (m)
0.01 0.02 0.02 0.08 0.09 0.20 176.80 17.34
0.03 0.14 0.14 0.73 0.83 1.84 175.16 51.55
0.05 0.38 0.38 2.02 2.32 5.10 171.90 84.32
0.07 0.75 0.75 3.95 4.54 10.00 167.00 114.68
0.08 1.24 1.24 6.54 7.51 16.54 160.46 141.67
0.11 1.86 1.86 9.77 11.22 24.70 152.30 164.35
0.13 2.59 2.59 13.64 15.67 34.50 142.50 181.73
0.15 3.45 3.45 18.16 20.86 45.93 131.07 192.87
0.17 4.44 4.44 23.32 26.80 59.00 118.00 196.80
0.19 5.54 5.54 29.13 33.47 73.69 103.31 192.55
0.21 6.77 6.77 35.59 40.89 90.03 86.97 179.18
0.23 8.12 8.12 42.69 49.05 107.99 69.01 155.71
0.25 9.60 9.60 50.44 57.95 127.59 49.41 121.19
Figure 11 - Darcy Weisbach’s Equation Power Results
April 2013 Page 17



Streamline %>>

Engineering Micro Hydroelectric Power Facility
Consultants Marble Mountain, Newfoundland
250.00
200.00
g 150.00
g
[=]
& 100.00
50.00
0.00
0 0.05 0.1 0.15 0.2 0.25 0.3

Flow Rate (m3/s)

Figure 12 - Darcy Weisbach’s Equation Power Results Graph

From the Darcy Weisbach’s analysis, the potential power generation capabilities
of the original pipeline are governed by a maximum flow rate of 0.17 m3/s. This flow
rate corresponds to the generation of 196 kW of power.

5.2.4. Pipeline Analysis Summary
After calculating the potential power generation capabilities using the three (3)
methods listed above, the following table summarizes the results (See figure 13).

Method Maximum Flow Rate (m3/s) Potential Power (kW)
Manning 0.15 165
Hazen Williams 0.17 185
Darcy Weisbach 0.17 196

Figure 13 - Pipeline Analysis Summary

After consultation with local experts in pipeline hydraulics, it was decided that
the Hazen Williams’ analysis was the most exact method studied above. For this
reason the design flow rate for phase one (1) is 0.17 m3/s.

5.3.Turbine Selection

There are many various types of turbines that can be used for a hydroelectric
generation project and these are summarized in the table below (See figure 14).
(Adam Harvey)
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Pelton Crossflow

Turgo Turgo Crossflow
Multi-Jet Pelton| Multi-Jet Pelton
Francis Propeller

Pump-As-Turbine| Kaplan

Figure 14 - Groups of Impulse and Reaction Turbines

From table 14 we can see that the type of turbine is highly dependent on the
hydraulic head present. For phase one (1) of this project the hydraulic head is
approximately 147m based on a manufacturer turbine quote, which represents a
high head pressure situation for the turbine. Therefore, the table indicates that a
Pelton, Multi-Jet Pelton or a Turgo turbine would be most appropriate for the high
level of head available.

A Pelton turbine is designed to convert the energy created by the shooting jet of
water into mechanical energy. After the water has exited the jet it strikes the bucket
to transfer its kinetic energy to the runner (See figure 15). After contact there
should be little kinetic energy present and the water then falls away from the
turbine under the force of gravity into the tailrace (See figure 16).

jet Bucket

Figure 15 - Pelton Turbine Details
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Figure 16 - Pelton Turbine

A multi-jet pelton is similar to the pelton turbine except there are multiple jets
transferring their energy to the buckets, which results in an increased rotational
speed. This higher mechanical rotation will allow for a smaller runner to be used.
The number of jets that are used can be altered (ie. Shut off) to accommodate
seasonal variations in flow to the turbine. Together all these advantageous qualities
of the Multi-Jet Pelton turbine tend to produce a more competitive price and simpler
design.

Finally a Turgo turbine is similar to a Pelton turbine in operation but it has two
distinct characteristics, which distinguish its design. The first of these properties is
the angle of the jet. A Turgo turbine ejects water into the runner at a specific angle,
commonly 20° (See figure 17). This combined with the passage of water in one side
of the turbine and out the other means that its incoming jets are not interrupted by
outgoing flow. Therefore a Turgo turbine can have a smaller runner for the same
output of power from a Pelton turbine. However, due to its complex design it cannot
be manufactured locally which has an impact on its economic feasibility in some
cases.

Figure 17 - Turgo Turbine
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To further quantify the reasoning for choosing a specific turbine type the power
output and specific speed need to be calculated using equations (6) and (7).

Power Output = e * 10 * Flow Rate * Net Head (6)

1.2 * Altenator Speed * \/Power Output (

Specific Speed = Net Head 25

7)

The inputs and results of this analysis are presented in figure 18.

Inputs Results

Net Head (m) 147] |Power Output (kW) | 141.1
Flow Rate (m?®/s) 0.12] |Specific Speed 33.4
Effiency of Turbine (e) 0.8

Alternator Speed (rpm) 1200

Figure 18 - Phase One (1) Turbine Selection Analysis

Using the power output and specific speed, figure 19 provides a method to choose a
specific type of turbine. (Adam Harvey)
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Figure 19 - Phase Two (2) Turbine Selection

This graphical solution gives us the option of choosing a Turgo turbine or a
Multi-Jet Pelton turbine. A multi-jet turbine was ultimately chosen because it will be
the most efficient at the rated power output of 142kW.

5.4.Tailrace Design

The designed flow rate of 0.17 m3/s must be discharged from the turbine. A
HDPE pipe from the turbine location in the pump house to a discharge location in a
nearby semi natural stream will be utilized to achieve this desired discharge.

The HDPE pipe was designed using open channel flow analysis. The design
equation used for open channel flow is presented in equation (8). (Robert].

Houghtalen)
O R

Where,

FS is a factor of safety (3)

n is the Manning’s friction factor (0.012)
A is the cross sectional area of the pipe
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R is the hydraulic radius of the pipe
So is the elevation change of the pipeline from intake to discharge location (0.5m)

For safety considerations this pipeline was designed to never be more than half
full. With this assumption and a factor of safety of 3, this pipeline should never
contain pressurized flow and therefore never back the water up into the pump
house.

Using a HDPE pipe for the tailrace design, this equation yields a pipe diameter of
300 mm (12 in.), to convey 0.175 m3/s of water away from the turbine. The inputs
and results of this analysis are presented in figure 20.

Inputs Results

Pipe Type HDPE y (m) 0.150
Diameter (m) 0.3| |Area(m?) | 0.141
Z, (m) 19| [R(m) 0.075
Z, (m) 18.5] s, (m) 0.500
n 0.012| |Q(m’/s) | 0.175

Figure 20 - Phase One (1) Tailrace Design

5.5.Surge Analysis

A sudden change of flow rate in a large pipeline (caused by valve closure, pump
shutoff, etc.) may affect a large mass of water moving inside the pipe. The force
resulting from changing the speed of the water mass could cause a pressure rise in
the pipe with a magnitude several times greater than the normal static pressure in
the pipe. This phenomenon is commonly known as the water hammer phenomenon.
The excessive pressure may fracture the pipe walls or cause other damage to the
pipeline system. The possible occurrence of water hammer, its magnitude, and the
propagation of the pressure wave must be carefully investigated in connection with
the pipeline design. (Robert ]. Houghtalen)

To calculate the increase in pressure due to a rapid valve closure in the original
pipeline at Marble Mountain, we have used commonly accepted equations. The
equation used to calculate the increase in pressure due to a rapid valve closure is
show in equation (9). (Robert ]. Houghtalen)

AP=V0*\/G*Ec) (9)

Where,

AP is the increase in pressure (N/m2)

Vo is the initial velocity in the pipeline (m/s)

P is density of water (kg/m3)

E¢is the is a composite modulus of elasticity (N/mZ)
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The composite modulus of elasticity is based on the modulus of elasticity of
water and of the pipe and is calculated using equation (10). (Robert J. Houghtalen)

1

(&) [55e) .
Where,

E¢is the is a composite modulus of elasticity (N/mZ)
E) is the modulus of elasticity of water (N/m?)

D is the inside diameter of the pipe (m)
kis(1-0.252)

E, is the modulus of elasticity of the pipeline (N/m?2)
e is the pip wall thickness (m)

Ec =

With the increase in pressure we then added this pressure to the static pressure
in the pipe to calculate the total increase in pressure due to water hammer (See
equation (11). (Robert J. Houghtalen)

Pmaximum = YHO + AP (11)

Where,
Puaximum 1S the maximum pressure in the pipeline (N/m?)

Y is the unit weight of water (9810 N/m3)
Hy is the static head (m)
AP is the pressure due to water hammer (N/m2)

The results of the water hammer analysis on the original pipeline based on the
pipe type that has been indicated by the client as BlueBrute™ DR14 and DR18 HDPE
pipe can be seen in figure 21.

Inputs Results

Q(m’/s) = 0.17 Vo (m/s) = 2.664828841
A (m’) = 0.063793966 | [E. (N/m?) = | 800162370.6
Dinside piameter (M) = 0.285 AP (N/m?) = 2383737
€wall Thickness (M) = 0.024 Paximum (KPa) = 4120
Puwater (kg/m’) = 1000

Ywarer (N/M°) = 9810

Ho (m) = 177

k= 0.9375

E, (N/m?)= 2200000000

E, (N/m?) = 14000000000

Figure 21 - Water Hammer Analysis for Phase One (1)

Based on the data provided by the manufacturer the maximum burst pressure
that the DR18 pipe can withstand is 5206 kPa as seen in figure 22 (Eagle). This
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results in a factor of safety of 1.36 for the pressure surge in the pipeline. This
number is a reasonably factor of safety for a small pipeline that is submerged in the
ground. For this reason there is no need for additional water hammer protection on
the system. (Robert J. Houghtalen)

PRESSURE CLASS (pm MINIMUM
BURST
AWWA AWWA | pRESSURE AT
C900-97/FM 1612 | C900-07 |  73°F (psi)
25 535
18 150 235 755
14 200 305 985

Figure 22 - Minimum Burst Pressures

(Source: http://www.jmeagle.com/pdfs/2008%20Brochures/Blue%20Brute_web.pdf)

5.6. Cost Analysis

Phase 1 has a capital cost of $215,770.69 which includes the quote for pricing for
the turbine from Dependable Turbines Ltd (See Appendix A for quote) as well as all
construction and implementation costs which is depicted in the table below. The
costing for the materials comes from the RS Means software and expert advice given
by engineers with experience in the costing of hydro projects.

Cost per

Material Quantity Unit unit Cost
Concrete incl. finishing 6| m’ $313.91 $1,883.45
Reinforcement for tailrace 0.06 | tons $2,420 $145.20
Concrete Formwork for tailrace 50 | ft? $14.00 $700.00
Concrete Formwork for slab 35 | ft? $20.00 $700.00
12" HDPE Culvert 100 | m $114.80 $11,480.00
Excavator for 5 days 5 | days $1,200.00 $6,000.00
Class A Fill 20 | m? $60.17 $1,203.31
Compaction 20 | m? $3.40 $68.01
Labourer for compaction - @520/hr 24 | hr $25.00 $600.00
Grading $1,400.00
Common Fill 40 | m? S45.78 $1,831.13
Concrete demolition cut-out 32 |m? $150.69 $482.22
gr?g:s::j:re)molition equipment (saw $1,000.00
Labourer for hand removal - 3@5$20/hr 30 | hr $20.00 $600.00
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Concrete demolition disposal 1|m? $19.62 $19.62

Turbine 1| Unit $98,000.00 $98,000.00

Forklift to lift turbine into place $5,000.00

2 Technicians to commission the

Turbine - wages 800 | hr $50.00 $40,000.00

2 Technicians to commission the

Turbine - living expenses apartment 5.00 | months $1,000.00 $5,000.00

2 Technicians to commission the

Turbine - living expenses consumables 5.00 | months $500.00 $2,500.00

2 Technicians to commission the

Turbine - living expenses flights 4 | flights $1,000.00 $4,000.00

Labour to Install Tu_rlc.>ine - 2 weeks 30 | hr $25.00 $2,000.00

wages for an Electrician

Labour to Ins’FaII Tgrbine - 2 weeks 30 | hr $20.00 $1,600.00

wages for a Pipe Fitter

Labour to Install Turbine - 2 weeks 30 | hr $25.00 $2,000.00

wages for a Welder

Piping 10" for turbine hookup 10 | m $55.77 $557.74

Miscellaneous Electrical 1 | Unit $27,000.00
TOTAL $215,770.69

Figure 23

- Cost Analysis for Phase One (1)

Based on this cost estimate along with a $36,000 training of Marble staff to
properly operate and maintain the turbine a cost analysis was conducted. This
analysis was conducted on a basis that Marble Mountain Resort would use 2515200
kWh/year without the use of power generation. With power generation by the use
of the 142kW generator and the flow rates chosen in the design which account for
present snowmaking operations, the generation would amount to 1146600kWh/yr.
The following graph shows these usages.

April 2013

Page 26




/\/

Streamline

Engineering

600000

500000

400000

300000

Electricity Usage (kWh)

200000

100000

0

# Micro Hydroelectric Power Facility
Consultants Marble Mountain, Newfoundland

Lodge Usage
W Operations Usage

e====Phase 1 Generating Power

20 N

\‘l ‘ | | ‘\\‘

|
QA Q o D N &
PR @79 W ~ S ¥
& S

%

Figure 24 - Power Generation for Phase (1)

The cost analysis shown is also highly subjective to the assumptions that have
been made. The following is a list of the assumptions made.

O

April 2013

Discount Rate/Nominal Interest Rate - 5.5%

= 49% interest rate plus the inflation rate of 1.5% as markets

suggest (Bruce)

Inflation Rate - 1.5% based on (Historical Inflation Rates for Canada
(2003 to 2013))
Technician for training - $50/hr based on (Research)
Labour hourly rate - $25
Energy cost - based on (Hydro)

* 9.05¢/kWh for first 100000kWh, 7.93¢/kWh after 100000kWh
Selling rate of Electricity

» 8¢/kWh based on advice from Brad Tucker from NL Power
Training hours necessary

» 8h per day for 5 days a week for 12 weeks = 480 hours
0&M

= 2% of capital costs on a yearly basis (Adam Harvey)
Training

* Training Technician = $50/hr x 480hrs

* Employees to train = $25/hr x 480 hrs

» Total = $36,000
Power will be balanced throughout the day and night to ensure that
the generated power is maximized for Marbles consumption.
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Otherwise this excess power will be used by NL power for free unless
it is negotiated by a net power agreement.

With the assumptions explained the following is a summary of the cost analysis of
the turbine for a 20 year lifespan. See Appendix B for detailed cost analysis.

) Costs (with RQI Simple

Net Benefits pV) (with Payback

(with PV) PV) Savings (years)
$1,390,680.57 | -$325,598.63 427% | $1,716,279.20 1.88

Figure 25 - Phase One (1) Cost Analysis Results

The cost analysis terminology used warrants an explanation in order to ensure
that the analysis is not misunderstood. The list of the terms is as follows:
* Savings
o Netsavings due to power generation
» Difference between cost of powering Marble facilities on a
yearly basis before power generation to the cost to power
Marble facilities once power is generated by the turbine (if
any)
* Present value
o The costin today’s dollars
* ROI - Return on Investment
o The percentage of return that will be achieved on the investment put
into the project
o Calculated as Total Net Benefits/ Total Net Costs
e Simple Payback
o The amount in years for the project to pay back the capital invested in
the project
* Savings
o The cumulative benefits total at the end of the 15 year lifespan
* Technician
A competent engineer/or person of technical background to train employees in
proper operation and maintenance of turbine
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6. Phase Two (2)

6.1.Introduction

Phase two (2) of this project will utilize all available water from Steady Brook
while keeping in mind that the river is used by multiple sources. This phase is
studied for the maximum available power that could be generated from Steady
Brook, to provide guidance on how much money can be made, and how this system
is designed.

6.2.Site Hydrology

Since the goal of phase two (2) is to maximize the power generated at Marble
Mountain a detailed analysis of the Steady Brook watershed must be completed.
This is to understand the details of the amount of water that will be available for use
to generate hydroelectric power.

6.2.1. Steady Brook Watershed
The Steady Brook watershed has been calculated using watershed delineation
techniques. The watershed area was found to be 88 km? (55 miles?) (See Figure 26).

Figure 26 - Steady Brook Watershed

Since Steady Brook is not a gauged river, the flow rates generated by this
watershed were interpolated using two (2) adjacent watersheds. The adjacent
watersheds used were the South Brook watershed located in Pasadena and the
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Corner Brook watershed located at the Watson’s Brook powerhouse in the city of
Corner Brook.

Flow duration curves have been developed using the data from these two (2)
watersheds. The data available for the South Brook watershed ranges between the
years of 1983 -2011. The average daily flow rates were used to develop the flow
duration curve for the watershed (See Figure 27).

Flow Duration Curves for Watersheds
30.000

28.000
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South Brook Wastershed (58 square km)
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10.000

8.000

6.000

4.000
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Percent of time flow is exceeded

Figure 27 - Flow Duration Curve for the South Brook Watershed

The data available for the Corner Brook Stream watershed ranges from 1981 to
2010. The average daily flow rates were used to develop the flow duration curve for
the watershed (See Figure 28).
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Flow Duration Curves for Watersheds
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Figure 28 - Flow Duration Curve for the Corner Brook Stream Watershed

These two (2) watersheds were used to model the Steady Brook watershed. The
watershed for this project was then scaled against each of the two (2) adjacent
watersheds. The interpolation based on the South Brook watershed provided an
increase in flow rate due to the Steady Brook watershed being slightly larger than
the South Brook watershed. The results of this are presented in Figure 29.

Flow Duration Curves for Watersheds

====South Brook Watershed (58 square km)

Interpolation based on South Brook
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Figure 29 - Interpolation of the South Brook Watershed

The interpolation based on the Corner Brook watershed yielded lower flow
rates than observed in that watershed. This is due to the Steady Brook watershed
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being only a portion of the size of the Corner Brook watershed. The results of this
are presented in Figure 30.
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Flow Duration Curves for Watersheds
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Figure 30 - Interpolation of the Corner Brook Watershed

These two (2) interpolations were then plotted along side each other and an
average was chosen as the design flow for the development. The two (2)
interpolations are presented side by side in figure 31.
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Figure 31 - Interpolations of the Steady Brook Watershed
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6.2.2. Flow Rate Selection

In choosing the design flow rate for phase two (2) the following issues had to be
considered.

1. The Town of Steady Brook uses Steady Brook for drinking water
2. Steady Brook Falls can not run dry for aesthetic purposes
3. The water is also used for snowmaking

It has been calculated that the average water usage in Newfoundland and
Labrador per capita is 0.561 m3/day (Klassen). The population of Steady Brook is
around 300 people, and for this study we will not be planning for future growth of
this community. The reason for omitting to account for an increase in population is
the fact that the community of Steady Brook is currently exploring the possibility of
utilizing a ground water source for their municipal water use. By using there current
population the daily water usage is approximately 168 m3/day.

Since water demand changes throughout the day we have varied the water
usage across a 24-hour period and presented this usage in figure 32.

30

Volume of Water Used (m3)

12:00- 2:00- 4:00- 6:00- 8:00- 10:00- 12:00- 14:00- 16:00- 18:00- 20:00- 22:00 -
2:00 4:00 6:00 8:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 24:00
Time of Day

Figure 32 - The Town of Steady Brook's Daily Water Consumption

This shows that the peak water demand will occur around suppertime with a
usage estimated at 25 m3 in a two (2) hour span. This corresponds to a flow rate in
Steady Brook of 0.0035 m3/s.

To calculate the minimum flow rate that is required to flow over Steady Brook
Falls, we have chosen to use half of the minimum flow rate in Steady Brook. The
minimum flow was taken from and average of the Qo5 values of the two (2)
interpolations of Steady Brook (See figure 28). The Qos for the Steady Brook
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interpolation based on the South Brook watershed is 0.39 m3/s. The Qos for the
Steady Brook interpolation based on the Corner Brook Stream Watershed is 1.15
m3/s. The average of these values is 0.77 m3/s, so our design minimum flow rate for
the Steady Brook Falls will be half of this average at a value of 0.385 m3/s.

This results in a required flow rate in Steady Brook in all months of the year
where snowmaking is not in progress to be 0.389 m3/s.

The snowmaking facilities at Marble Mountain utilize a maximum flow rate of
0.32 m3/s while the system is running at full capacity. For this reason we will be
subtracting a flow rate of 0.32 m3/s for half of the days in the months of December
and January.

A graph of the water consumption for drinking water for the town of Steady
Brook, Steady Brook falls, and snowmaking requirements are shown in figure 33.
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Figure 33 - Water Consumption for Steady Brook

As seen in this figure, drinking water is negligible to the process of generating
hydroelectric power from Steady Brook. The availability of water though is highly
dependent on the amount of water that is required to flow over Steady Brook falls.

For this project we will base our generation capabilities on the assumptions
made above, but a reduction in the available water for Steady Brook falls in the
future will result in increased power generation.

Due to the choice of running a low flow rate for a longer period of the year or a
high flow rate for a reduced period, an analysis of the power generation capabilities
had to be completed. The following table presents the given flow rates of Steady
Brook along with the reduced flow rates due to the loss of water as described above
(See figure 34).
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% of Time | Steady Brook Reduced Flow Rates (m®/s)
Flow FlowRate | . ... g Water + Dﬂnkl:.—::::::; :iteady
3
Exceeded (m®/s) | Ssteady Brook Falls Sncumaking Operations|
Qg 1.1307 0.7417 0.5817
Qs 1.248 0.859 0.699
Qo 1.3734 0.9844 0.8244
Qgs 1.5001 1.1111 0.9511
Qg 1.6493 1.2603 1.1003
Qss 1.805 1.416 1.256
Qso 1.9713 1.5823 1.4223
Qs 2.1507 1.7617 1.6017

Figure 34 - Flow Rates in Steady Brook

As itis seen in the table above there are higher flow rates corresponding with

lower percentages of time exceedance, which means less run time per year.

Therefor there is an optimum flow rate to be chosen based on the percent of time
exceedance and the amount of power that can be generated. By using a higher flow
rate, more kW can be produced but the turbine can only be run for a limited time. By
using a lower flow rate, less kW can be generated but the turbine can be run for a

longer time. The following graph shows where the optimum percent of time

exceedance based on the amount of power generated at each interval (See figure

35).
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Figure 35 - Optimum Percent of Time Exceedance
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This graph clarifies that the optimum percent of time exceeded is 55%. From
figure 31, the flow rates that correspond to 55% time exceedance are 1.416 m3/s for
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the months of the year when snowmaking is not in progress and 1.256 m3/s for the

two (2) months of the year when snowmaking is ongoing.

Therefore the design flow rate going forward for phase two (2) is 1.4 m3/s. and
the system will run at a flow rate of 1.2 m3/s for the months of December and

January.

6.3.Pipeline Selection

Once a design flow rate of 1.4 m3/s was chosen the next problem is what size of
pipeline will be used to deliver this flow rate to the turbine. As in phase one (1) the
pipeline will be analyzed using the Hazen-Williams method. This method and
equations are described extensively in section 5.2.2.

By specifying a flow rate the Hazen Williams equation can be manipulated to
produce the minimum pipe size that will effectively transfer the design flow rate in

the pipeline.

The following spreadsheet shows the inputs for this analysis (See figure 36).

Inputs

Flow Rate (m?/s) 1.4
Length (m) 1450.4
Friction Factor 150
Total Head (m) 177
Unit Weight of Water (N/m?) 9810

Figure 36 - Pipe Size Selection Inputs

Equation (3) was again utilized to calculate the friction head loss in the new
pipeline. For this analysis we know that the flow rate is 1.4 m3/s and therefor we

can vary the diameter of the pipeline to choose an optimum pipe diameter.

There is a certain diameter of the pipeline, when by increasing the size of the
pipeline will only marginally improve the head loss due to friction. Since cost of
large pipelines escalates exponentially, the point when any further increase in pipe
diameter will only result in minor benefits of decreased friction, this pipe diameter

will be chosen.

As seen in Figure 37, the friction loss curve flattens out around a diameter of
0.75 m. For this reason the chosen pipeline for phase two (2) will be 0.75 m (30 in.)

in diameter.
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Figure 37 - Pipe Diameter Selection

6.4.Turbine Selection

The turbine selection process for phase two (2) will follow the same procedure
as outline in section 5.3 of phase one (1).

The inputs and results of equations (6) and (7) and are presented in figure

38.
Inputs Results
Net Head (m) 160.5| |Power Output (kW) | 1797.6
Flow Rate (m?/s) 1.4| |Specific Speed 106.9
Effiency of Turbine (e) 0.8
Alternator Speed (rpm) 1200

Figure 38 - Phase Two (2) Turbine Selection Analysis
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Figure 39 - Phase Two (2) Turbine Selection

The graphical solution presented in figure 39 indicates that a Francis turbine
would be appropriate however, Francis turbines are not efficient at this high heads
and thus the Turgo turbine will be chosen.

6.5.Tailrace Design

The tailrace for phase two (2) will follow the same open channel flow design as
the tailrace for phase one (1) by using equation (8). The tailrace for phase two (2)
will be designed for 1.4 m3/s but will still consist of a HDPE culvert pipeline.

Using equation (8) with a factor of safety of 3, the culvert diameter calculated is
0.66 m (26 in.). The inputs and results of this analysis are presented in figure 40.

Pipe Type HDPE y (m) 0.330
Diameter (m) | 0.66] |Area(m?) | 0.684
Z, (m) 19] |R(m) 0.165
Z, (m) 18.5| |So(m) 0.500
n 0.012| |Q(m’/s) | 1.429

Figure 40 - Phase Two (2) Tailrace Design
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6.6.Surge Analysis

The water hammer phenomenon was presented in section 5.5 of phase one (1).
The same analysis must be completed for this phase to protect the system from
increased pressure. This phase will utilize a steel penstock.

First the maximum pressure must be calculated. This will be completed in the
exact same manner as section 5.5 utilizing equations (9), (10), and (11). The inputs
and results of this analysis are displayed in figure 41.

Inputs |Results

Q(m’/s) = 1.4 V, (m/s) = 3.250783364
A (m’) = 0.430665425 | [Ec (N/m?) = 1191676123
Dinside piamerer (M) =|  0.7405 AP (N/m?) = 3548683
wall Thickness (M) = 0.0095 Pmaximum (KPa) = 5285
Puwater (kg/m’) = 1000

Ywater (N/M®) = 9810

Ho (M) = 177

k= 0.9375

E, (N/m?)= 2200000000

E, (N/m?) = 1.9E+11

Figure 41 - Water Hammer Analysis for Phase Two (2)

Since the pressure in this pipeline due to water hammer peaks at 5285 kPa,
surge mitigation techniques must be implemented.

To mitigate the increased pressure in this pipeline due to water hammer we
have chosen to calculate the required thickness of a steel penstock that is needed to
resist the increased pressure. The equation used to calculate the pressure resistance
of steel pipeline is presented in equation (12).

2 * Syield * t
Pmaximum = le (12)
D—-2=xt
Where,
Paximum 1S the maximum pressure the pipeline can resist (N/m?)
Syield is the yield strength of the steel (N/m?)
t is the pipeline thickness (m)
D is the outside diameter of the pipeline (m)

The inputs and results to this analysis are presented in figure 42.

Inputs Results

Pipe Wall Thickness (mm) 5.58 Surge Pressure (kPa) 5285
Pipe Outside Diameter (m) 0.75 Calculated Pressure (kPa) 5287
Yield Strength of Steel (N/m?) | 350000000

Figure 42 - Pipeline Thickness Calculation
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As seen above the required thickness of a steel penstock is 5.6 mm. Due to
common types of penstocks manufactured we have chose to select the standard
thickness of a 0.75 m (30 in.) steel pipe which is 9.5 mm (0.375 in.). This provides us
with a factor of safety against surge of 1.7.

6.7.Cost Analysis

Phase 2 has a capital cost of $5,315,149.82 which includes the quote for pricing for
the turbine from Dependable Turbines Ltd as well as all construction and
implementation costs which is depicted in the table below. The costing for the

materials comes from the RS Means software and expert advice given by engineers
with experience in the costing of hydro projects.

Building (16x16m) 1 | Unit $390,000.00
Turbine 1| Unit $1,000,000.00 | $1,000,000.00
2 Technicians to commission the

Turbine - wages 800 | hr $50.00 $40,000.00
2 Technicians to commission the

Turbine - living expenses appartment 5.00 | months $1,000.00 $5,000.00
2 Technicians to commission the

Turbine - living expenses consumables 5.00 | months $500.00 $2,500.00
2 Technicians to commission the

Turbine - living expenses flights 4 | flights $1,000.00 $4,000.00
Labour to Install Tu_rlc.>ine - 1 weeks 40 | hr $25.00 $1,000.00
wages for an Electrician

Labour to Ins’FaII Tgrbine - 1 weeks 40 | hr $20.00 $800.00
wages for a Pipe Fitter

Labour to Install Turbine - 1 weeks 40 | hr $25.00 $1,000.00
wages for a Welder

Concrete inc finishing 21 | m? $313.91 $6,592.07
Reinforcement for tailrace 0.3 | tons $2,400.00 $720.00
Concrete Formwork for tailrace 395 | ft? $14.00 $5,530.00
Concrete Formwork for slab 55 | ft? $20.00 $1,100.00
26" HDPE Culvert 50| m $278.80 $13,940.00
Excavator for 5 days 5 | days $1,200.00 $6,000.00
Class A Fill 40 | m3 $60.17 $2,406.63
Grading $1,400.00
Compaction 40 | m3 $4.78 $191.36
Labourer for compaction - @520/hr 24 | hr $25.00 $600.00
Common Fill 45 | m3 $45.78 $2,060.02
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30" Steel Penstock, 3/8" thick 14504 | m $1,640.00 $2,378,656.00
Concrete, Formworkand 290.08 | m? $1,200.00 | $348,096.00
Reinforcement, Saddles (1m>/Saddle)

Concrete, Formwork and

Reinforcement, for Thrust Blocks 88 [ m? $1,000.00 $88,000.00
(11m?/Block)

Distribution Study by NL Power $15,000.00
Piping 12" for turbine hookup 10 | m $55.77 $557.74
Miscellaneous Mechanical Unit $500,000.00
Miscellaneous Electrical Unit $500,000.00

Figure 43 - Cost Analysis for Phase Two (2)

TOTAL $5,315,149.82

Based on this cost estimate along with a $36,000 training of Marble staff to properly
operate and maintain the turbine a cost analysis was conducted. This analysis was
conducted on a basis that Marble Mountain Resort would use 2515200 kWh/year
without the use of power generation. With power generation by the 1766 kW
generator of phase two and the flow rates chosen in the design accounting for the
Steady Brook falls and present snowmaking operations, the generation would
amount to 9250000kWh/yr. The following graph shows these usages.
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Figure 44 - Power Generation for Phase Two (2)
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The cost analysis is also highly subjective to the assumptions that have been made.
The following is a list of the assumptions made.

o Discount Rate/Nominal Interest Rate - 5.5%
= 4% interest rate plus the inflation rate of 1.5% as markets
suggest (Bruce)
o Inflation Rate - 1.5% based on (Historical Inflation Rates for Canada
(2003 to 2013))
o Technician for training - $50/hr based on (Research)
o Labour hourly rate - $25
o Energy cost - based on (Hydro)
* 9.05¢/kWh for first 100000kWh, 7.93¢/kWh after 100000kWh
o Selling rate of Electricity
» 8¢/kWh based on advice from Brad Tucker from NL Power
* Assumes a net power agreement can be negotiated with NL
Hydro for this price
o Training hours necessary
» 8h per day for 5 days a week for 12 weeks = 480 hours
o O0&M
= 2% of capital costs on a yearly basis (Adam Harvey)
o Training
* Training Technician = $50/hr x 480hrs
* Employees to train = $25/hr x 480 hrs
» Total = $36,000

With the assumptions explained the following is a summary of the cost analysis of
the turbine for a 20 year lifespan. See Appendix B for detailed cost analysis.

ROI Simple

Net Benefits Costs (with PV) | (with Payback

(with PV) PV) Savings (years)
$4,303,872.29 -$6,920,293.40 62% | $11,224,165.69 7.91

Figure 45 - Phase Two (2) Cost Analysis Results

The cost analysis terminology used warrants an explanation in order to ensure
that the analysis is not misunderstood. The list of the terms is as follows:
* Savings
o Netsavings due to power generation
» Difference between cost of powering Marble facilities on a
yearly basis before power generation to the cost to power
Marble facilities once power is generated by the turbine (if

any)
* Present value
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o The costin today’s dollars
* ROI - Return on Investment
o The percentage of return that will be achieved on the investment put
into the project
o Calculated as Total Net Benefits/ Total Net Costs
e Simple Payback
o The amount in years for the project to pay back the capital invested in
the project
* Savings
o The cumulative benefits total at the end of the 15 year lifespan
* Technician
o A competent engineer/or person of technical background to train
employees in proper operation and maintenance of turbine.
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7. Future Considerations

7.1.Dam Structures for Phase Two (2)

To further regulate the amount of time that phase two (2) can generate
electricity, dam structures may be placed in the Steady Brook watershed. The
creation of manmade reservoirs will regulate the water flow in Steady Brook so that
in seasons of ample rainfall water can be stored for use in times of little rainfall. This
will increase the number of operating days in a year that the facility can generate
electricity.

This was not considered in the current report as it was deemed to be too costly
and would inhibit the politics of the project from moving forward at this time. It will
be easier to convince the interested parties to install a run of the river hydroelectric
plant without disrupting the local watershed, than to convince them to dam off
sections of it.

7.2. Utilizing the Phase One (1) Turbine in Phase Two (2)

Although not designed in this report it would be beneficial to install the Pelton
turbine that was selected for phase (1) of this report into the new phase two (2)
turbine building. This turbine could then be utilized to generate power when there
is a low flow rate of water in Steady Brook and also when the Turgo turbine is down
for maintenance.

This would increase the annual generating capacity of phase two (2) while
utilizing existing equipment already purchased for phase one (1).

April 2013 Page 44



Streamline %>>

Engineering Micro Hydroelectric Power Facility
Consultants Marble Mountain, Newfoundland

8. Results

Phase One (1) of this project is very simple to install by utilizing current
facilities at Marble Mountain.

There is ample volume of water to run this phase of the project all year long
with interruptions only when the pipeline is used for snowmaking operations.

The potential savings over a 20 year life span of this project are around 1.7
million dollars.

Phase Two (2) requires much more capital investment to install but also seems
very profitable, over a 20 year lifespan the potential savings are approximately 11.2
million dollars.

Drawings for this project are located in Appendix C of this report.
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9. Conclusion

After completing the engineering and cost analysis for this project Streamline
Engineering Consultants believe that the installation of a two (2) phase
hydroelectric facility at Marble Mountain can significantly offset the current cost of
electricity.

Depending on the political aspects, there is also a possibility of creating revenue
from generated power with phase two (2) of the proposed project.

If both of these phases were installed there is the potential for Marble Mountain
to become must more self sufficient for their power needs and provide an
opportunity to create revenue.
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Fax:

DEPENDABLE TURB’NES 17930 Roan Place Surrey, BC Canada
Vas sxit

Ltd. Phane: 604-576-3175
£04-576-318
Website: www.ct ’!'z’]'C com
E-mail: sales®dthydro.com

I Date: March 19,
2013

70: Shroamivo Enginoanng Coosultants

FROWM: Rotost Pricr

REF: your requost
Phesal

Martie M. Si Rosornt Mydvo Project

Thank you, Mr. Clark for this opportunity.

DTL is pleased to submit the following guote for your consideration.

Frices In Can. Dolars
Exchoding 13363

Delvery: 5.6 months, ex works

Project Data:
Gross head

177 meters

Fenstock length ~ 2642 meters

Fenstock dlameter
Desgn fiow - 120 Vs
Expectec net head

12 lpeh(808 m), 10 inches (1832m)

147 meters

DCAUUR SURRDG MR - § 12,000

Proposal validity: 60 days from this quotation cate.
Taxes: Price(s) specified herein do rot include any taxes.

April 2013

TTEM CESCRFTION oRT avy
- T nch Bunerly valve, 52 Bar, Manual Uperator
INLET VALVE Dismanting Joint el 208
Horizontal Two Nozzie Feton
Rated output 150 Kw at 1200 RPM.
HYDRO TURBINE Rated Mead- 47 m, Flow ~ 120 Vs et 208
8Bronze Runner, Manual Spear Operators.
Wegh Lever ceflocior
T3Z kW Horizorsal Induchion
SER—— Three Phase. 1200 RSM, 480 Vok et | oo
TURBINE PLC Electronic Gavernor Y
CCNTRQ;LER o
ELECTRICAL ndoor 400 amp Swilchgear '
PACKAGE Turdine/Gencrator Protection and Control
SUPERVISION AND 0 days on ske
COMMISSIONING
SHIFFING Newfoundiand site
Fayment Terms: Coliectadie on milesiones
BUDGET PRICE: $ 98,000
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DEPENDABLE TURB’NES 17930 Roan Place Surrey, BC Canada

vas sKi

Ltd.

Conditions: Subject to Dependable Turbines Ltd. Terms & Conditions.

Trusting the 2bove quote ané attached documents e to your entire satisfaction. If
you require any acdditioral information or clarification, please do not hesitate to
contact us. We look forward to discussing this opporturity further with you at your
carliest convenience.

April 2013 Page 50



_ T~

Streamline <<%
Engineering Micro Hydroelectric Power Facility
Consultants Marble Mountain, Newfoundland
DEPENDABLE TURB’NES 17930 Roan Place Surrey, BC Canada
Vas sxi
Lfd. Phone: 604-57&-3175 Fax:
£04-576-3183
Website: www.ctihydro.com
E-mail: sales®dthydro.com
L Date: March 19,
2013
70: Stroamiive Enginoanng Coosultants
FROM: Rotort Price
REF: your reguos - Martia M. Sk Rosant Mydvo Project
Phosa N
Thank you, Mr. Clark for this opporiunity.
DTL is pleased to submit the following guote for your consideration.
TTEW CESCRFTIOR oRT ary
- S0 hoh Suticdly vaive, 20 Sar, Manual Gear
INLET VALVE Operater, Dismarting Joint el 208
Horizontal Two Nozzie Ju033
Rated output 1840 Kw at 5C0 RPM.
HYDRO TURBINE Rated Head- 160.5 m, Flow - 1400 Us [ 572 208
S!S Runner, Mycraulic Spear Operators.
Fall-Safe Deflector
TTS0 KW Honzonial SYNChHronous
GENERATOR | vhroe Phase. 1200 RPM, 4160 Vol .l | e
TURBINE FLC Electronic Govemor
CONTROLLER | Mycrautic Pumping Unkt sxb| W
ELECTRICAL ndoor 5 Ky Switchgear cach
PACKAGE Turdine/Gencrator Protection and Control
SUPERVISION AND 0 days on ske
COMMISSIONING
SHIFFING Newd‘oundiand site
Payment Terms: Coliectadle on milesiones
BUDGET PRICE: $ 1,000,000
Frices In Can. Dolars
Exchding 13363,
Delvery: 11 to 13 months, ox works
Project Data:
Gross head ~ 177 meters
Fenstock length -~ 1450 meters
Fenstock diameter - 30 Inch
Desgn fiow - 1400 Us
Expectec net head - 160.5 meters
Proposal validity: 60 days from this cuotation date.
Taxes: Price(s) specified herein do rot include any taxes.
Conditions: Subject to Dependable Turbines Ltd. Terms & Concitions.
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DEPENDABLE TURB’NES .‘\ .:'gsu Roan Place Surrey, BC Canada

vas s5K1

Fax:

Ltd.

Trusting the 2bove quote ané attached documents goe to your entire satisfaction. If
you require any additional information or clarification, please do not hesitate to
contact us. We look forward to discussing this opportunity further with you at your
carliest convenience.
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Appendix
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N

NOTES

1) THIS PIPE TRAVELS ABOVE THE
LOWER PIPE AND CONNECTS AT

NOTE 2

2) CONNECT POINT FOR PIPE IN NOTE 1

CLIENT

MOUNTAIN

CONSULTANTS

Streamline A,\\,v

Engineering
Consultants

PLAN VIEW

PROJECT NAME

HYDROELECTRIC DEVELOPMENT

PROJECT LOCATION

MARBLE MOUNTAIN, NL

DRAWING NAME

EXISTING PUMPHOUSE BUILDING

DESIGNED BY DRAWN BY APPROVED BY
cC RD AH
REV SCALE DATE
A NTS 03/04/2013
DRAWING NUMBER
01-001-0001
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16000

Storage|

Bathroom

Office

16000

>~

~

3048 x 2438 OVERHEAD DOOR

16000

S—
N

NOTES

1) ALL DIMENSIONS IN MILLIMETRES
2) CONTRACTOR TO VERIFY ALL
DIMENSIONS ON SITE

AHV PLAN

FRONT ELEVATION

CLIENT

)
NOKE

MOUNTAIN

914 x 2134 STEEL MAN DOOR

16000

e

914 x 2134 STEEL MAN DOOR

CONSULTANTS

Streamline on

Engineering
Consultants

PROJECT NAME

HYDROELECTRIC DEVELOPMENT

PROJECT LOCATION

MARBLE MOUNTAIN, NL

DRAWING NAME

NEW TURBINE BUILDING

A H v SIDE ELEVATION

A v REAR ELEVATION

DESIGNED BY DRAWN BY APPROVED BY
CcC RD AH
REV SCALE DATE
A NTS 03/04/2013
DRAWING NUMBER
01-001-0002
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NOTES

CLIENT

/,
NOKE

MOUNTAIN

CONSULTANTS

Streamline on

Engineering
Consultants

PROJECT NAME

HYDROELECTRIC DEVELOPMENT

PROJECT LOCATION

MARBLE MOUNTAIN, NL

DRAWING NAME

EXISTING PIPELINE LAYOUT

DESIGNED BY DRAWN BY APPROVED BY
CcC RD AH
REV SCALE DATE
A NTS 03/04/2013
DRAWING NUMBER
01-001-0003
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NOTES

CLIENT

/,
NOKE

MOUNTAIN

CONSULTANTS

Streamline on

Engineering
Consultants

PROJECT NAME

HYDROELECTRIC DEVELOPMENT

PROJECT LOCATION

MARBLE MOUNTAIN, NL

DRAWING NAME

NEW PIPELINE LAYOUT

DESIGNED BY DRAWN BY APPROVED BY
CcC RD AH
REV SCALE DATE
A NTS 03/04/2013
DRAWING NUMBER
01-001-0004
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NOTES

N

1500

705

1105

CLIENT

/,
NOKE

MOUNTAIN

CONSULTANTS

Streamline on

Engineering
Consultants

PROJECT NAME

HYDROELECTRIC DEVELOPMENT

PROJECT LOCATION

MARBLE MOUNTAIN, NL

DRAWING NAME

TAILRACE - EXISTING BUILDING

DESIGNED BY DRAWN BY APPROVED BY

CcC RD AH

REV SCALE DATE

A NTS 03/04/2013

DRAWING NUMBER

01-001-00005
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NOTES
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Engineering

Streamline

~— 200

CLIENT

/,
NOKE

MOUNTAIN

CONSULTANTS

Streamline on

Engineering
Consultants

PROJECT NAME

HYDROELECTRIC DEVELOPMENT

PROJECT LOCATION

MARBLE MOUNTAIN, NL

DRAWING NAME

TAILRACE - NEW BUILDING

DESIGNED BY DRAWN BY APPROVED BY

CcC RD AH

REV SCALE DATE

A NTS 03/04/2013

DRAWING NUMBER

01-001-00006
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