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The enclosed project report contains our proposed two (2) phase development 
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Sincerely, 
 

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

• Department	
  of	
  Transportation	
  and	
  Works	
  –	
  
Special	
  Projects	
  Division	
  (Health	
  
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	
  
• Mapping	
  
• Drafting	
  

• BAE-­‐NewPlan	
  Group	
  Ltd./SNC	
  Lavalin	
  Inc.	
  
• Stantec	
  
• Department	
  of	
  Education	
  

	
  
Alex	
  Hawco	
  
Power	
  Generation	
  Specialist	
  
	
  

	
  
	
  
Responsibilities	
   Previous	
  Experience	
  

• Power	
  Generation	
  
• Technical	
  

Communications	
  

• Newfoundland	
  Power	
  Inc.	
  
• Department	
  of	
  Transportation	
  and	
  Works	
  –	
  

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)	
  

	
  
1. External	
  Decision	
  
2. Product	
  Champion	
  
3. Intuition	
  
4. Multi	
  voting	
  
5. Pros	
  and	
  Cons	
  
6. Prototype	
  and	
  Testing	
  
7. Decision	
  Matrices	
  

	
  
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.	
  
	
  

1. Cost	
  
2. Construction	
  Labour	
  
3. Aesthetic	
  Appeal	
  
4. Maintenance	
  
5. Power	
  Generated	
  
6. Environmental	
  Issues	
  
7. Political	
  Issues	
  

	
  
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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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.	
  

	
  
1. Much	
  worse	
  than	
  reference	
  
2. Worse	
  than	
  reference	
  
3. Same	
  as	
  reference	
  
4. Better	
  than	
  reference	
  
5. 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.	
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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)	
  

	
  

	
   hL =
10.3 ∗ 𝑛! ∗ 𝐿
𝐷!.!! ∗ 𝑄! 	
   (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).	
  

	
  

	
   P =
γWater ∗ 𝑄 ∗ HNet

1000 	
   (2) 	
  
Where,  
γ	
  is	
  the	
  unit	
  weight	
  of	
  water	
  (9810	
  N/m3)	
  
Q	
  is	
  the	
  pipeline	
  flow	
  rate	
  (m3/s)	
  
HNet	
  is	
  the	
  total	
  head	
  minus	
  hL	
  
	
  

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.	
  
	
  

	
  
Figure	
  4	
  -­‐	
  Manning's	
  Equation	
  Input	
  Parameters	
  

	
  
Figure	
  5	
  -­‐	
  Manning's	
  Equation	
  Power	
  Results	
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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	
  (CHW)	
  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)	
  

	
  

	
   hL =
10.67
CHW!.!"

∗ 𝐿 ∗
𝑄!.!"

𝐷!.!" 	
   (3) 	
  

Where,	
  
CHW	
  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.	
  
	
  

	
  
Figure	
  7	
  –	
  Hazen	
  Williams’	
  Equation	
  Input	
  Parameters	
  



	
  

Micro Hydroelectric Power Facility 
Marble Mountain, Newfoundland	
  

	
  

April	
  2013	
   Page	
  16	
  
	
  

	
  

	
  
Figure	
  8	
  –	
  Hazen	
  Williams’	
  Equation	
  Power	
  Results	
  

	
  

	
  
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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   𝑓 = −5637.2 ∗
𝐷
€

!

+ 14.448 ∗
D
€ + 0.0111	
   (4) 	
  

	
  
Where,	
  
D	
  is	
  the	
  pipeline	
  diameter	
  (m)	
  
€	
  is	
  the	
  pipeline	
  roughness	
  (0.0015)	
  
	
  
	
  

	
   hL =
0.0826 ∗ 𝑓 ∗ 𝐿

𝐷! ∗ 𝑄! 	
   (5) 	
  
	
  
Where,	
  
f	
  is	
  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)	
  
	
  

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.	
  
	
  

	
  
Figure	
  10	
  –	
  Darcy	
  Weishach’s	
  Equation	
  Input	
  Parameters	
  

	
  

Figure	
  11	
  –	
  Darcy	
  Weisbach’s	
  Equation	
  Power	
  Results	
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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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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).	
  
	
  

	
  
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) 	
  
	
  
	
  

	
   Specific  Speed =
1.2 ∗ 𝐴𝑙𝑡𝑒𝑛𝑎𝑡𝑜𝑟  𝑆𝑝𝑒𝑒𝑑 ∗ 𝑃𝑜𝑤𝑒𝑟  𝑂𝑢𝑡𝑝𝑢𝑡

𝑁𝑒𝑡  𝐻𝑒𝑎𝑑!.!" 	
   (7) 	
  

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

	
  

	
  
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	
  J.	
  
Houghtalen)	
  

	
  

	
   Q =
1
𝐹𝑆 ∗

1
𝑛 ∗ 𝐴 ∗ 𝑅

!
! ∗ S0

!
! 	
  

	
  
(8) 	
  

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	
  
S0	
  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.	
  

	
  

	
  
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	
  J.	
  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	
  J.	
  Houghtalen)	
  

	
  

	
   ΔP = V0 ∗ (𝛒 ∗ EC)	
  
	
  

(9) 	
  

Where,	
  
ΔP	
  is	
  the	
  increase	
  in	
  pressure	
  (N/m2)	
  
V0	
  is	
  the	
  initial	
  velocity	
  in	
  the	
  pipeline	
  (m/s)	
  
ρ	
  is	
  density	
  of	
  water	
  (kg/m3)	
  
EC	
  is	
  the	
  is	
  a	
  composite	
  modulus	
  of	
  elasticity	
  (N/m2)	
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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)	
  
	
  

	
   EC =
1

1
Eb + 𝐷 ∗ 𝑘

Ep ∗ 𝑒
	
   (10) 	
  

	
  
Where,	
  
EC	
  is	
  the	
  is	
  a	
  composite	
  modulus	
  of	
  elasticity	
  (N/m2)	
  
Eb	
  is	
  the	
  modulus	
  of	
  elasticity	
  of	
  water	
  (N/m2)	
  
D	
  is	
  the	
  inside	
  diameter	
  of	
  the	
  pipe	
  (m)	
  
k	
  is	
  (1	
  –	
  0.252)	
  
Ep	
  is	
  the	
  modulus	
  of	
  elasticity	
  of	
  the	
  pipeline	
  (N/m2)	
  
e	
  is	
  the	
  pip	
  wall	
  thickness	
  (m)	
  
	
  

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 =   𝛄H0  +  ΔP	
   (11) 	
  
	
  
Where,	
  
PMaximum	
  is	
  the	
  maximum	
  pressure	
  in	
  the	
  pipeline	
  (N/m2)	
  
γ	
  is	
  the	
  unit	
  weight	
  of	
  water	
  (9810	
  N/m3)	
  
H0	
  is	
  the	
  static	
  head	
  (m)	
  
ΔP	
  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.	
  

	
  

	
  
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)	
  

	
  

	
  
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.	
  	
  

	
  

Material	
   Quantity	
   Unit	
  
Cost	
  per	
  
unit	
   Cost	
  

Concrete	
  incl.	
  finishing	
   6	
   m3	
   $313.91	
   $1,883.45	
  
Reinforcement	
  for	
  tailrace	
   0.06	
   tons	
   $2,420	
   $145.20	
  
Concrete	
  Formwork	
  for	
  tailrace	
   50	
   ft2	
   $14.00	
   $700.00	
  
Concrete	
  Formwork	
  for	
  slab	
   35	
   ft2	
   $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	
   m3	
   $60.17	
   $1,203.31	
  
Compaction	
  	
   20	
   m3	
   $3.40	
   $68.01	
  
Labourer	
  for	
  compaction	
  -­‐	
  @$20/hr	
   24	
   hr	
   $25.00	
   $600.00	
  
Grading	
   	
  	
   	
  	
   	
  	
   $1,400.00	
  
Common	
  Fill	
   40	
   m3	
   $45.78	
   $1,831.13	
  
Concrete	
  demolition	
  cut-­‐out	
   3.2	
   m2	
   $150.69	
   $482.22	
  
Concrete	
  demolition	
  equipment	
  (saw	
  
and	
  grinder)	
   	
  	
   	
  	
   	
  	
  

$1,000.00	
  

Labourer	
  for	
  hand	
  removal	
  -­‐	
  3@$20/hr	
   30	
   hr	
   $20.00	
   $600.00	
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Concrete	
  demolition	
  disposal	
   1	
   m3	
   $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	
  Turbine	
  -­‐	
  2	
  weeks	
  
wages	
  for	
  an	
  Electrician	
  

80	
   hr	
   $25.00	
   $2,000.00	
  

Labour	
  to	
  Install	
  Turbine	
  -­‐	
  2	
  weeks	
  
wages	
  for	
  a	
  Pipe	
  Fitter	
  

80	
   hr	
   $20.00	
   $1,600.00	
  

Labour	
  to	
  Install	
  Turbine	
  -­‐	
  2	
  weeks	
  
wages	
  for	
  a	
  Welder	
  

80	
   hr	
   $25.00	
   $2,000.00	
  

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.	
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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 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	
  
o Training	
  hours	
  necessary	
  

§ 8h	
  per	
  day	
  for	
  5	
  days	
  a	
  week	
  for	
  12	
  weeks	
  =	
  480	
  hours	
  
o O&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	
  

o 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.	
  
	
  

Net	
  Benefits	
  
(with	
  PV)	
  

Costs	
  (with	
  
PV)	
  

ROI	
  
(with	
  
PV)	
   Savings	
  

Simple	
  
Payback	
  
(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 Net	
  savings	
  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	
  cost	
  in	
  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	
  

• 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	
  km2	
  (55	
  miles2)	
  (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).	
  

	
  

	
  
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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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.	
  

	
  

	
  
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.	
  

	
  

	
  
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.	
  

	
  

	
  
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.	
  

	
  

	
  
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	
  Q95	
  values	
  of	
  the	
  two	
  (2)	
  
interpolations	
  of	
  Steady	
  Brook	
  (See	
  figure	
  28).	
  The	
  Q95	
  for	
  the	
  Steady	
  Brook	
  



	
  

Micro Hydroelectric Power Facility 
Marble Mountain, Newfoundland	
  

	
  

April	
  2013	
   Page	
  34	
  
	
  

interpolation	
  based	
  on	
  the	
  South	
  Brook	
  watershed	
  is	
  0.39	
  m3/s.	
  The	
  Q95	
  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.	
  
	
  

	
  
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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Figure	
  34	
  -­‐	
  Flow	
  Rates	
  in	
  Steady	
  Brook	
  

As	
  it	
  is	
  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).	
  

	
  

	
  
Figure	
  35	
  -­‐	
  Optimum	
  Percent	
  of	
  Time	
  Exceedance	
  

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).	
  
	
  

	
  
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.	
  

	
  

	
  
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.	
  

	
  

	
  
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.	
  

	
  

	
  
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).	
  
	
  

	
   Pmaximum =
  𝟐 ∗ Syield ∗ 𝒕
𝑫− 𝟐 ∗ 𝒕 	
  

(12) 	
  
	
  
Where,	
  
PMaximum	
  is	
  the	
  maximum	
  pressure	
  the	
  pipeline	
  can	
  resist	
  (N/m2)	
  
Syield	
  is	
  the	
  yield	
  strength	
  of	
  the	
  steel	
  (N/m2)	
  
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.	
  

	
  

	
  
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	
  Turbine	
  -­‐	
  1	
  weeks	
  
wages	
  for	
  an	
  Electrician	
  

40	
   hr	
   $25.00	
   $1,000.00	
  

Labour	
  to	
  Install	
  Turbine	
  -­‐	
  1	
  weeks	
  
wages	
  for	
  a	
  Pipe	
  Fitter	
  

40	
   hr	
   $20.00	
   $800.00	
  

Labour	
  to	
  Install	
  Turbine	
  -­‐	
  1	
  weeks	
  
wages	
  for	
  a	
  Welder	
  

40	
   hr	
   $25.00	
   $1,000.00	
  

Concrete	
  inc	
  finishing	
   21	
   m3	
   $313.91	
   $6,592.07	
  
Reinforcement	
  for	
  tailrace	
   0.3	
   tons	
   $2,400.00	
   $720.00	
  
Concrete	
  Formwork	
  for	
  tailrace	
   395	
   ft2	
   $14.00	
   $5,530.00	
  
Concrete	
  Formwork	
  for	
  slab	
   55	
   ft2	
   $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	
  -­‐	
  @$20/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	
   1450.4	
   m	
   $1,640.00	
   $2,378,656.00	
  

Concrete,	
  Formwork	
  and	
  
Reinforcement,	
  Saddles	
  (1m3/Saddle)	
  

290.08	
   m3	
   $1,200.00	
   $348,096.00	
  

Concrete,	
  Formwork	
  and	
  
Reinforcement,	
  for	
  Thrust	
  Blocks	
  
(11m3/Block)	
  

88	
   m3	
   $1,000.00	
   $88,000.00	
  

Distribution	
  Study	
  by	
  NL	
  Power	
   	
  	
   	
  	
   	
  	
   $15,000.00	
  
Piping	
  12"	
  for	
  turbine	
  hookup	
   10	
   m	
   $55.77	
   $557.74	
  
Miscellaneous	
  Mechanical	
   1	
   Unit	
   	
  	
   $500,000.00	
  
Miscellaneous	
  Electrical	
   1	
   Unit	
   	
  	
   $500,000.00	
  

	
   	
   	
  
TOTAL	
   $5,315,149.82	
  

Figure	
  43	
  –	
  Cost	
  Analysis	
  for	
  Phase	
  Two	
  (2)	
  

	
  
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.	
  	
  

	
  

	
  
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 O&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.	
  

	
  

Net	
  Benefits	
  
(with	
  PV)	
  

Costs	
  (with	
  PV)	
  
ROI	
  
(with	
  
PV)	
   Savings	
  

Simple	
  
Payback	
  
(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 Net	
  savings	
  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	
  cost	
  in	
  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	
  
• 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).	
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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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