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e N ——ABSTRACT R

r ~

£xpensive - diesel fuel 8ENETators. This situatjon has prompted a 'enewed mterest in developmg
local energy sources, su_ch as micro hydro. However, ah\lack “of awareness and knowledge of the

subject _continues to iimpede the development' of ‘many p;otentiall\y viable micro hydro sites. . .

This research project provides a téchnical, but easily undersiandable’ manual to assist
non—acadermc and non-technical readers in planmng -and mstalhng a micro {rydro system A
potenual developer wrll then be able to make informed decrsrons based on powen needs and the "
resource potential avarlable and to determme where expert assistance is needed}‘éjo successfully ,
cornpletc a 'pro_rect. &he resource manager with little : prevrous knowledge of th e 'subject wrll be «.
1nformed of the technology and be better able to assess a mrcro hydro proposal for envrronmental

compllance. and techmcal ment.

Y
ot

IS 'I‘he followmg ‘three subject areas are lrdated in some detail. The enVrronmental 1mpacts tlrat
—~ must be considered as a result of prOJect implementation are hstgd and a checld(ist is provrded o
" assist m determining envrronmental issues, and for 1dent1fy1ng key areas that -may require” further
study A ‘stage by stage approach 10 deterrmnmg preliminary project feasrbrlrty is presented
outlining the unportant‘ resource, technical, and economic aspects of rmcro hydro that must be
evaluated before a decxsron to develop the’ pro_1ect is reached The final section provrdesva series
of guides to the permits,: lrcences and approval procedures involved 1n deVelopmg a micro hydro

s:te on federal, provmcral or private land.

iii



Pl &
[
N .
I
% v
NS
'




™

, ACKNOWLEDGEMENTS

j'$ L s
—_—

-1 am grateful for the suppo?t -and guldance of my pro_]ect comrmttee members Ann
Roum.hwalte eand David Tanner' and -in pamaular the panence of my- superv1sor Dr. R B '

Horsfall. I would llke o acknowledge Energy Mines and Resources Canada, Indian and Northern
Affairs Canada and the Bant’f Centre School of Management for provxdmg ﬁnancxal and research® -

[

assistance to complete th@ program.

- o

-1 am indebted to my parents for the generous suppor! and patient 'understahding shown
throughout my academic activities. I would like to thank: Rosemary May, and good friend Grant

Aldous who both gave freely of their nme to assist me in one_ way: or another.

a L3




3 - v :
B __TABLE OF CONTENTS
4 : 0 '
Approval f i
. -Abftract 1ii
[Dedicatipn : " Bensesesssseessatessessesassate e gesssase s s s e e sbets esenet s nraean v
Acknpwlédgements ‘ rsses s e s sess e senee v
_ List ‘of Figures'l “\\\' ..... ix
List of Plates : ' X
1. INTRODUCTION AND TECHNICAL BACKGROUND R S, 1
‘1.1 BASIC CONCEPTS - ' i .3
12 TERMINOLOGY : L4
13 RESOURCE FEATURES e 5
1.4 TECHNICAL ELEMENTS ............ i 6
1.5 PROJECT TYPES l 8
151 Run-of-river project 7 ) 8
| 1.5.2 Mixed hydro/diesel project ... ’ 8
1.5.3 Storage project ' » ; 8
- 1.6 DEVELOPMENT CONSIDERATIONS | 9
' 1.6.1 Advantages : 9
1.6.2 Dlsadvantages , , . 9
17 PLANNING AND SITE EVALUATION S - s 10
18 CASE STUDY: Nimmo Bay Hydro Site ume N e 11
. ENVIRONMENTAL IMPACTS . ‘ 14
2.1 ENVIRONMENTAL CONCERNS 17
211 Vistial AGSHOUCS i 17
2.1.2 Construction Activities . 17
B 2.3 Water Quality and-Quantity e 18
214 SCils, Landforms, Seismic Activity - / 19
N 'Y“\“#,/ "2.1.5)‘Weirs, Dams and Diversions | e eeeeseeesssee s emsesennas e ssssnssnnesosesses 19
" 2.1.6Fish 22¢ -
2.1.7 Aquatic Biology . .23
2.1.8 Wildiife 23
./ vi -~



K

o e e
v - \
N S A
B B L T = M S FU— 2
22 ENVIRONMENTAL IMPACTS i A 2
221 Tntakes . i - e 25
222 PEBSIOCKS vy 25
223 Power’ho'use; i £ 26
- 2.2.4 Outlets ' oens - 26
ST 225 Weirs, Dams and Impoundmems ‘ | 77 :
226 Trasismission Lines and Access Roads 2.
2.3 ENVIRONMENTAL CHECKLIST .o 2
PRELIMINARY FEASIBILITY STUDY » . 32
31 STAGE_ONE: POWER REQUIREMENTS , . 34
" 3.LL Total CONSUMPHON i o . 35
3.0.2 'Peak CONSUTPUON oo s _ 37
313 Growth Demand v e 37
132 STAGE TWO: DETERMINE POWER OUTPUT i \ 39
3.2.1 Stream Flow e .40
322 Head’ R . 43
3.2.3 Gross Hi:ad::*MgAsﬁremenf ' ’ | | - s 44"
3.2.4 Head Losses ......... » » . ,r} R
3.2.5 Demand and Output Comparison X o 46
3.2.6 PrOJecKOutput e . . ; '47"‘“' !
3.3 STAGE THREE: WATER AND LAND ACCESSIBILITY . 51
3.3.1 Water Availability . s2 ”
332 Land Availability 53
3.4 STAGE FOUR: PROJECT EQUIPMENT AND TYPE 54
-34.1 Physical Components . - 55 .
3.4.2 Electrical Components . 68
3.5 STAGE FIVE: PROJECT ECONOMICS .... . 73
3.5.1 Project Componems : . 74
35.2 Feasibility Decision: Yes or No? d o T8
353 CASE STUDY: Glacier Park Hydro Project e 80
” — vii



S

- ‘ | ‘:»\\
36 STAGE st PROJECT FEASIBXLI’I'Y CHECKLIST ... S 84
IV. PERMITS, LICENCES AND APPROVAL: .. . 86
~5 41 LOCAL GOVERNMENT ' 87
42 PROVINCIAL GOVERNMENT | - 88
'43FEDERALGO e i 89
4.4 GE'ITING STARTED £ . 90
41 1 GUIDE ONE Obtammg a Provmcral Water Licence - 92
442 GUIDE TWO Locating Hydro on Crown Land . 2 95»
443 GUIDE THREE Locating Hydro in a Provmcral Park 98
’ " 444 GUIDE FOUR Locating Hydro on a Native Indian ReServe ... S (1)1
¥ ’ 445rGUIDE FIVE Locatmg Hydro in a Nanonal Park A 103:
)/ | 446 GHIDE srx Locatmg'Hydro on an International River ... A 106
\ ’ 447 GUIDE, SEVEN Locanng Hydro on Private Land . 108
SUMMARY e _‘ N A 109.
BIBLIOGRAPHY oy S— - S 10
p .
\ - i /
V\‘x‘ o~ ~
_ ,\K ‘
\ : .
-
Voo
o
~~ | ~



\
\

Figwe = |

S

Micro i\-lydro Systefh

LIST OF FIGURES

| _? o

- Page

-

Nimmo \\\Creek Micro Hydrb

- .
Power and Consumption

The Float, Method
The Weir E‘%\de\ﬂi’od and Weir Table

Turbine CH\:\iracteristics

)
i T " T S R

Turbine Types

i

ix

£

T

T
S
=
R
¢\ s
A
a
47'/
)
.



I

(N-TE-C I B « Y I S ¢

>

—
<

Penstock Thrustblock

=

Weir Structure 2

Intake Suuctﬁge z
Shutoff Valve

7

Penstc;ék '

Powerhouse

‘Powerhouse” Equipment ... :
Outtake ..
Powerhouse Equipment ........
Powerhouse Equipment W : )
v
rd v
. T A
e,
N ‘ ?' !
. ,
a
Y
. y -
: A R




——

‘e . . s . . N o - - R L e

i

N : B N -
I - . N ki . -

~ Micro. hydro development is a clean efﬁcrent and technologrcally proven source of electrrcalk

- energy. It 1s the most promrsrng of the avatlable provrncral renewable energy resources. Micro
hydro is -generally cat.egonzed as a hydro electric project havmg ‘an mstalled c%%crty not exceeding

150 kW‘ A. prOJect of this capacity would provide power to ‘approximately 5 hofrseholds In.

7 companson, the recently commissioned ,Revelestoke Dam ProJect (1984) has an mstalled cnpactty
* exceeding 1800000 kW.2 ‘ b

E Y

4 . B %

AlthOugh equlpment capltal costs can be hrgh and" smaller streams may exhrbrt hlghly -
_ va,,nable flow rates, there are a number of -reasons' for promonng the development of micro hydro
-power Specrﬁcally, it uses a renewable 1 tural ‘resource, is combustton free can “be relatively

: Y
,qurck and easy to install, and is well surted\for rural development, housing and light indugry

power demand An even greater bonus is that there are lrterally thousands of small rivers and

-streams“‘fn British Columbia that could be harnessed to provrde local power

- e .

- A key element in the renewed interest in micro hYdro po‘wer has been the fact that. despite'

the ’growth‘ 1n ‘the provincial utility, system, a" large nur_rtber]of remote ‘ communities, logging and
fishing camps, ‘mines, resorts, native villages ‘and in.dividuals remain isolated’ from the utility: grid
and dependant on expensive diesel fuel generators3 Due to 1&tervemng .topography which makes
grid connéction economrcally prohrbmve these 1nd1v1duals and comrnumtres face the impact of

rising diesel fuel prices and might stand to gajn from 1mplement1ng where possrble micro hydro

power. Furthermore, it is ‘becoming miore. apparentu that many individuals favour local smaller |

.energy systems rather than .the i large dams, reservoirs and transmission lines that currently

dominate the provincial" landscape. t ; _ ’ .

!Canada, Energy Mlnes and Resources, 1984 "Small® Hydro Symposium,” (Vancgnver,. B.C.:

: (Mimeographed)), 15 p.

*British Columbia, Mrmsn'y of Frnapce 1985, Frnancra] and Economic Review (Vrctorxa, BC
Queen’s Printer), p. 126. (

’Canada, Energy' Mines and Resources, 1980, Micro Hvdro Vol. 1 (Vancouver, B.C), p. 4?6.

s INTRODUCI‘ION AND TECHNICAL BACKGROUND “
. INTRODUCTION . . . N e
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D;seusswns mt-h——mfee{estedﬁ&fﬂe&m%@ﬂwgevemmenk&ﬂdﬂma%&busmesmve&kﬂaﬁver%;
httle 8 actually known about'mxcro hvdro power, least of all what it is and how it works. Thl‘s |
lack of' ‘awareness “and imowledge of the subjecl acts - as a bamer both to the prospecuve
' developer attemptmg to 1mplement a pmJect. and to agenC\ personnel required 0 assess a mlCI'O
hydro proposal whb know nothmg about it. - - '

-

AR

The success or failure of a prdject "can result | from mam -other factors, however, no .
operauon w1ll succeed if the site loczuon ‘and prOJecl design* are not carefull) and methodlcall\
developed. For example it TS 1mportant to understand early in the prO_]ecl planmng stage the
. potentxal for enwronmental 1mpacts as a resu]t M@Jem 1mplememauon If an 1mpact studv xfs _

done later, thel developer cquld waste time and money on feaS1b1hty studies only to dlSCOVCI' that —
the pIOJect ~wou1d be reJected on an- envuonmental basxs Havmg first eslabhshed envnronmemal
) comphance and - the feasibility of the pmJect, ‘the developer can then acquire any - necessary
regulamry approvals The fCaSlblllty study in turn prov1 encies with ‘solid information from

. t -
required to review an approval

-~ @  The environmental issues that must be considered:

® A method for determining preliminary project feasibility; and
) ) - :
®  The permits, licences and approvals needed to implemént a project

-"\",“' * - - 1

Because of the small power gutpift from these pidjects, this pap‘er is resticted to the usc .of
micro hydrd at remote locations not served by the utility grid. It does not consider the option of
connecting to the utlity grid, due to the limited mterconnecuon pollcxes of British Columbia
Hydro the remote locations of many sites which make grid connection prohnbmve and bccausc

high mterconnecuon equl_pmem Ccosts would make mpst micro hydro projects uneconomical.

i

BT



Hydro-electricity can be developed at a water resource site where there is a flow of water

" between ;di_ffereJ\nt elevations. ‘This elevation difference (head) governs ‘the amount.of energy a flow

of wa_ter can produce: The water flow is determined by such factors as lecal’ precipitation,
catchment area, evaporation rates and 'soil characteristics‘ It is important to have a, good
knowledguof the stream’s flow rawdemMembme correctly to meet power demand.
The head is dlctated by both the local topography and the engmeenng desrgn ‘used to transfer the

water 10 the power house turbines. The head should be max1m12ed where possible with the ideal

. situation eonsrstmg of a waterfall or section of raprds Head can be ' typically mtegonzed as-

follows:2 5

¢ Head 2- 15 m - (Iow head)
®  Head 15 -100 'm - (medium head) =~
~ ® . Head over 100 m - (high head) : o o -

At a given resource site, a flow of water enters+an intake ‘structure 1o be carriedy by a

pipeline (penstock) to turn a turbine. The turbine_rotates and the mechanical energy is converted
by a generator into electrical energy. The electrical current is fed to a transformer to boost it to
voltage of the transmission ‘system which transmits it to the household or industry site. There

formers step it down to maich household appliance andy- electrical wiring levels.

Approximately 0.2 kW is su‘ff'lcient to charge a set of batteries to run the lights
reftigerator, and- small appliances- of an energy conscious household. In order to supply power for

an average home, a minimum of S kW is requued for an alternatmg current (AC) system. "Project

. costs for systems between 1 and 10 kW range from $8,000.00 to $20,000.00. Costs for larger

svstems vary from $1,000.00 to $300000 per kW dependmg on the site charactenstrcs system

options purchased and{he amount of site work -done by the owner! -

e

‘M.D. Gray, (ed.) 1973, Handbook on the Prmc1p_les of Hydrology (Ottawa Ont. Natlonal
Research Councrl) pp. 7. 1— 7.24. .
SInterview with John McKay Mrcro Power Engineer, Solace Energy ASy,stems\ Ltd,, Vancouver,

B.C., 10 February 1986. o

i

*Note S. . . | L

/

~
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' _overall system (i.e., penstocks).

Appfeciation ‘ of the tunda,memal principles and— con"epts of hydro power requrrf

_, understandmgf of words frequently used in micro hydro termmolog\

The camcuy of a micro- hydro project to produce elecmcm is measured in terms of is

energy output usually An kilowatts. Po»:.'er is the amount of energy (work) supplied per unit of

L) N . 1

time. )
"‘ 1 kilowatt (kW)' = 1000 watts
® 1 megawan (MW) = 1000 kW -
o, 1 gigavan (GW) = 1,000,000 k@W‘ o I " #
- A 100 ki]owatt plant h3 the capacity (power ou@ut) to run one thousand 100 wétt hghl
bulbs Energy 'is the oapacxty to do work. The work done by moving water (producmg elecmcal

"energy) is usuafly measured in kilowatt hours (kWh) The energy output of a micra hydro project

‘ will depend on the time penod over which the project “is operaung A 100 kilowatt prOjCCl

operaung at full capamty over .one year produces (100 kW X 8760 hours) 876,000 kilowatt hours
of energy (kWh). In reality, a project w1ll usually operate below full capacity dependmg on the

&

power deméind and availability of water for generatmn ‘
1

| o “ | » e
Additional hydropower wotds include demand, load, and ezz‘_ic{gncy. Demand refers. to the

amount of power needed at a site (i.e., house, farm); load refers to the rate at which the power

T is* delivered 10 the site by a micro hydro system. Efficiency is divided into ' hydraulic and

mechanical efficiency; hydraulic efficiency refers to the effectiveness of the transfer to the- turbine

) bf .the available power in the water that flows through the system,; mechanical efficiency refers. to '7

the friction losses .in the -turbine equipmem“ (i.e., bearings), and water friction losses within the

4



If a resource ~srte is tp have potenttal as a good Mmicro. hydro power site, it should exhrbrt

the follnwmg charactensues o : , ' : '
° High Head: Sites with high head require less water to generate power, and are usually

@

more cost effective, since \higher head turbine and project works are less e'xpensive to install
than ‘are lower head .equipment.”’ _ | \ |

ifficient Flow: Sufficient ‘minimum “stream flow must be -available to- generate power.
Upstream water Wthh is Teserved for consumpttve nghts Jirrigation, or ﬂsh and wrldhfe is '
usually rot avatlable for power use.  In Brmsh Columbia, south coast runoff is greatest .
during the rainy winter months and many streams exhibrt hlgh energy potential during the
same period power demand is greatest. Intenor and Northcoast runoff is greatest durmg the -

spnng freshet, and aga.tn in mid summer due to glacial melt water, At this time storage

‘ capacrty can. be replemshed for use 1n low stream flow .periods.

gg_ of - Environmental C&nstraints Resource agencies set basic reétiﬁements’ for the

protection of fish, wildlife, aquatic habitat and minimum flow rates. Delvelopment on a . .

siream containing fish could require installing fish ladders, elevators and scheduling of
construction anci !operar.ion‘. activities to minimize impacts. Proper powerhotuise location usually
involves location near the first impassable barrier o migrating fish. '
Accessibility ] Land/Water; In British Columbra the - developer must applv for and obtam a
“water licence pnor to generating power: Land ownership alone does not confer the nght 10
use water. Land is also required to locate civil features such as penstocks or powerhouse
Land tenure is Tequired to obtain a provincial water licence. |
__ms mgslProxnmty to Power Demand Srte Site costs can be' reduced where the
powerhouse or penstocks are accessrble by an existing roacL Roads can be used to route
penstocks transrmssron lines~or where hydro, or telephones poles exist to strrng micro hydro

L)

transmlssron lines.

"Note 5.



L] Existing Weu Constn.cuon and environmental dxsrupuon mMmdel sncuaﬂLai

> pre—existing diversion or weir. Retroﬁmng weirs - or d1versnons can also be less expenswc
“and' Tedfice project construction time.. The weir design and safer\ should be assessea %nor

;

to. installing any prOJect works *near or below the structure.

s —_—

L4 TECHNICAL ELEMENTS e BN R

The ,pfoject-design and overall configuration is dependant on. a variety oL-Cztors i-ncluding‘

“site ‘charéct’éristicsi (head -and ﬂow),h technical and engineering feasibility, Eosl ‘and power
requirements. In general, 2 micro hydro project contains the Tollowing equipment and technical
components: . “

L
e Diversion weir — structure to divert or impound water ‘for storage;
®  Intake system - structure to divert and permit water to enter the system;
® Penstock- ~ pipe to carry water dowﬁhill to the powerhouse equipment;
. Turbine/generator — equjpmen; used to generate electricity;
¢ Govemmnor - 'ﬁwchanim] or electrical equipment used to ensure that a constant rate of '

. turbire rotation is maintajned reE;rdless of Rower demand; \
‘e Powerhouse - structure to enclose and secure the turbine/ generator equipment;
° Outlet/tailrace ~ system to return diverted water to the strearﬁ;

e Transmission line - power line to transmit power to the demand site.

In addition, other ancilliary engineering features may include access roads for project
construction and maintenance; fish ladders, guards or hatcheries to mitigate environmental impacts;

and assorted electrical equipment (i.e., transformérs, switchyards and load controls). (Figure 1). -
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Figure 1: MICRO HYDRO

SYSTEM. (Source: British Columbia, Energyﬁes and

Pl

+ Pemoleum Resources, 1984)
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'L5 PROJE ES
. g

L.5.1 Run-of-river project \ -

. * . - -
. . 3 “ . -
~ . . . ° . . L .
- . s .

e R

.OT a weir/storage project

4 . . : . -

. B
i s

A mn—of—nver project is one whose energy output is subject to the avzulable rate of flow

‘In British. Columbia, micro Hydro POWeETr " projects include a run-of-river, mixed h_\tdro/,djesell,,,

in a stream or river. It requires ample water to supply the energy to drrve the turbme becausef/

no apprecrable storage is built into the system. These pI‘OJeCtS involve 1tmtted instream construcuon

render such a project inoperative to meet the power demand, while in summer,, drought condmons

“or low armual stream flow can also red'gce power output potential. Energy _storage (i.e., batteries)’

can be used during periods of low_stream flow.

N

15.2 Mixed hydro/diesel project )

N ]

- ——

A mixed hydro/diesel system can be used when stream flow rate is sometimes reduced, and

“insufficient to gencrate poWer to meet the demand. The diesel is typically used when peak

demands or low stream flow (ie winter) occur and is not used during the high stream flow-

periods. The major beneﬁts of this system are the cost savmgs in diesel fuel, and the capacrty o

generate auxiliary power to meet peak load demand and emergency situations.

p .

3

1.5.3 Storage project

.
1

A storage type project retains water in a natural lake or 1mpoundnitent reservoir by usmg a

dam or weir t% augment or regulate stream ﬂow durmg periods of low flow. This allows for a

more constant power output, especrally during low stream ﬂow periods (1.e. wmter). <1t also- .

reduces the “dependence on stream flow velocity to generatg power which is common’ o a

run-of-river project. The weir must be desxgﬂael to withstan® maximum flood condtuons ‘and

stream channel meandering. \ - L

l actlvrty and only temporary water diversion. During . winter, river ice or reduced ramfall can '

-



" 1.62 Disadvantages

L J S ST VRRE Y ¢

pro;ect (annual water hcence chargé) o .

‘ usually limited (i.e., farms, homes);

161 Advantages | :
“The advamages of developing micro hydro include:

' _ . ‘ , :

® The fuel (water) is a Ienewable Tesource, and Tental costs are usually low for thrs type of

%

Fl

It reduces or ehmmates diesel fuel costs, C o , . t

It provxdes an enefgy mdependence from the utility gnd and diesel generator z

It requrres less - mamtenance than dresel generators of comparable size;

‘The long term costs are .low, and once built the pro_]ect 1s virtually mﬂatmn—proof

It is a non-pollunng soyrée of electrical energy,

The pro;ect am operate unattended for long penods of time; operates quletly, is unobtrusive

and reqmres short distribution networks

There are a large number of sites avarlable for ~development, and local  power demand is

@

p The projects have a modest water resource requirement, enabling integrated water resource

use with present or future waterway users. L\ -

! ) i : - )
.

+
e
i

A number of current drawbacks to dewfeloping micro hydro include:

o+
i

The water resource can bc seasonal »and highly variable; ﬁrm'poWercapability of the stream

mustmbe thoroughly assessed to assure reliability of the project;

The initial costs to fund feasrblhty studles engineering desrgns and to. purchase equipment

‘are high. Some cost reducnon will occur. depending on how much the developer can do

himself, and when off-—th&shelf or second hand equipment can be installed;

The competing instream uses for the water respurce, such as irrigation, domestic water

. - . . B .
supply, and fish and wildlife concerns could reduce the amounto_/f_matsr available for power

generation, especially on smaller streams; - - .-

The institutional drfﬁcumes in deahng with resource agencres and authonnes concerning dam

or weir construcnon, environmental 1ssues and regulatory procedures such as obtaining a

‘.



]

water hcence can significantly extend the 1mplementatton phase of a pl'OjeCL. increase costs,

fandm some cases even muse the developer to give up; =

®  The sne must be located near the power demand as line” losses can decrease power oagm Jy

whlle mcreasmg “project cost; - A R

. e Power demand can increase beyond the mstalled capacity of the exlsung hvdro prOJecL and_

requlre either 1nstallat10n of larger capac1ty generattng equxpment, or use of d‘esel generation

. Minimal technology uansfer and 1nformanon shanng presently occurs between developers
suppliers and eqmpment manufacturers There is no provincial rmcro hydro assocxauon or
‘newsletter that provides information on micro hydro (or any hydro) technology._

I3

\ L7 PLANNING AND SITE EVALUATION , S

. To ensure good results.the planning and design of a micro hydro prOJeet should be carried out in

Y
-

several phases

® SITE RECONNAISSANCE STUDY: the information collected during this phase 1s used to
establish the viability of developing a micro hydée’ system. The study should be broad, and
consist of a preliminary appraisal of the physical, technigal and economic issues required fo.

complete the project. Data collected should [include idenn’fying any major obstacles to ‘
" development (i.e., environmental impacts, existing and fyture uses of the water by upstream

-and downstream users). Local topography, vegetatton /and hydrology should be assessed to

deterrm'ne sensitive areas (i.e., unstable sldpes, endafgered flora and fayna); and a suitable

Phy (head) for producing usable power. The

' mbination of stream flow rate and op |
‘(stt.hdy can mmally be carried out as a dgbk study usmg topographic maps, air-photos, and

l

site photography. Site visits provide ad opportumty to establish the preliminary location of

project components (i.e., intakes, penstocks, powerhouse), and for survey measurements- made

~ S)f stream flow head (gross), and access road design. A smple plan of the project layout,
Neqmpment cost estimates, and a te tive project schedule can help the developer decide-

whether project analysis should be continued. _ s

5 s

'For example, Idaho Energy Newsletter, "Currents”, Department of Energy, Boise, Idaho. A
monthly publication of energy and water technology in ldaho and Montana _including"
mformatton on small and micro hydro. -

10
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reconnaissance study and involves *a detailed. evaluatton of the provect sxte layout, cost,

environmental -and techmcal features. The study’s key function 1's’ to provide mformatton to

the developer so that decxsxons tzn be made concermng project implementation, and to

suppliers and agenmes inorder to deterrmne eqtupment components (i.e., tuxblne generator)
and statutory requtrements‘ _(1.e., water licences, environmental comphance). The study should
refine critical issues identified in the reconnaissance study (i.e, environmental mitigation,

status of waterrights), and involve ﬁfld/w'ork to gather information on, electrical demand,

stream flow, water and land access, equipment, configuration and cost In most cases the

/

developer can combile _the information to complete a ,pteliminary’ feasibility study at a

potential site. However, consultation with an equipment supplier or civil engineer can ensure

the study is structured to provide quality data, such that a decision to develop a projecb is

. made with a high level of conﬁdence ‘[f‘
e ROJ]_EQ! IMPLEMENTATION: the project unplemen tion phase typically includes the
:jfollowmg aspects: ‘
o Filing the applications for permits, licences and approvals; - _ o
. Studies of enwronmental 1mpacts (where required); N v
L4 Ordenng and obtaining electromechanical equipment; //
] Acquiring land; | . ' ’ ‘
®  Constructing and installing project;
L8 CASE STUDY: Nimmo Bay Hydro Site - : ' s

/

The following €xample den/xo_nitgge_s/thé basic technical and economic éonc_ept‘s involved 'wfth

a micro hydro project® The /st”fe selected is one which shas-b'ee'n funded under the Canada/B.C.

Agreement for the Demons‘tratmn and Development of Renewable Energy and Energy Conservation

Technologtes The system )S a storage type. project located on Nunmo Creek Nimmo Bay, Central

coast of Bnush Columbxa.\'l‘he project was designed and constructed in 1982. The purpose of the

project was to implement a! 35 kW micro hydro installation to replace the diesel fueled electrical

A

*Canada, Energy Mmes and Resources, 1982, Ntmmb Creek Hydro, A'Project Number F-30-11
(Vancouver, B.C. (theographed)) 1 p ' , .

4




‘3 The project system consists of a “35 kW 1200 RPM generater with a projected- annual e

productlon of 200,000 kWh/yr. The installation includes a welr/splllwa) and hbldmg pond
supplymg a water flow of 0.065 m’/s 0 a 240 m long 25 cm PVC penstock supported on wooden
trestles ‘a powerhouse, and ‘a stainless pelton turbme The nel head is 647T m. In addition, an
electromc governor, transrmssmn powerhne and protection svstems were installed. The project costs ‘

£
are presented below in 1982 dollars (Canadian).

\

1.8.1 ‘Prolect Economics

Pre-project energy costs:

® Annual maintenance costs- $1,350.00
"®  Annual fuel costs— $11,200.00

‘Project costs for the new hydro system: =~ , | - o ¢

Capital costs (equipment and materials}- $27,000.00
Installation costs- $19,000.00

Total installed costs— 000.00 ’

Cost “per kW- $1,314.00/kW

Annual majntenance costs- $65.00 per year ‘

Simple pay back period- 3.6 years

' Expected benefits/savings: A n v e S e
) : o » . ' .

® Reduction of $11,200.00 of diesel fuel per year co({mm’ptjon at the camp;

®  Reduction of $1,285.00 maintenance cost;

®  Replacement of an air pollution source. ‘

y: 2 | :
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I}?}glge 2: NIMMO C’REEK MICRO HYDRO (Source Canada. Energy Mmes andb'Résources,
s ) —
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~* " © - ENVIRONMENTAL TMPACTS -

o -

C“INTRODUCTION . .~ . ' o=

L

~ This chapter revrews the envrronmental impacts of concern when developmg micro hydro It

bneﬂy outlmes where impacts could be expected to occur, and 1dent1ﬁes—-ke) areas that ma\\

n

requlre further study It aiso provides. a checklist to assist - the developer in detemumng general :

environmental issues before contactmg regulatory agencies for approval o buil

. pr?lﬁ?'—

I L

‘ While the extent of enwronmental 1mpacts assoémed with .large hydro has been well
documented 19 the literature concerrung small scale hydro asgumes thy/emj effects will

and)operate a

be minimal, or that impacts will concenu'ate on the blocking of instream fish passgge’."r“ Howeyer, B,

. - v .
the need for water to generate electrical power from any size hydro project often’ conflicts with
other stream flow characteristics such as water quality ‘qu‘antity reCreation aesthetics~and i‘rrigéu'on
Therefore, to ensure that environmental quality is not- u'reparably damaged it is best © consrder

potenual envrronmental 1mpacts during .the design’ phase of the. pro_1ecL

The envrronmental impacts that originate from micro hydro can occur at two diff crent stages

of ‘development; (1) temporary but significant: effects during constructron, and (2) those éfTects

experienced during the actual operation which may be of a rrlore permanent nature. 'Varioirs types

of project have the potentral to create adverse 1mpacts Constructmg a werr or dam in once free *

4
apprecia le storage capacity, causing lrttle flooding or variaion in downstream flow rate or
temperature- regrmes The use of an exisiting weir or dam (retrofit) can also reduce developmem

rmpacts owing to pre—exrstmg 1nfrastructure : ‘ el

’

C.P. Ruggles and W.D. Watt, 1975, "Ecologrcal Changes Due te Hydroelectric Developmem '
on the Saint John Rrver" J. Fish. Res. Board Can. 32: pp. 161- 170.

G.H. Geen, 1980, "Envrronmental Impacts of - Small Hydro In Proceedings Qf the

Conference on Small Hydrd™ For Indm (}Iancouver B.C.. Crippen Engineering Ltd.), part 2.".

14



3

o* e

Whrle predrcuon of exact envrrom/nental unpacts requxres mformanon specrﬁc 10 a parncularr :

8

‘rrydmrrgenera‘l—ccmcem sho‘ﬁlﬁwr hr Wudme occurrence in the stream. location

and extent of qquanc habrtat, sensmve or . endangered specres lom.l vegetauon geologrcal or

hydrologrcal factors, proyect type and mode of operatiqn. Much of this information -is easrly'
' collected by walkrng the hydro site and becomrng familidr wrth the local envu'onment into which )

’ - A:ﬁthe pro;ect rs to be inserted. The information cap then be used by both developer and ' resource

| agency{staff rn the following manner: ' '

To “indicate‘lwhether any further feasibility 'st'udy of ‘the project is warranted; ‘
To detcrrmne .whether regulatory agencies will requrre field studies to: assess development
‘impacts; enforce the installation - of rrutlgatmn equipment Or compensation; or prevent
'development by refusing o issue a permit, lrcence or approval ' |

® " To" assist in selecting project eqmpment which 1s envrronmentally acceptable -

: »‘ > To determine the envrronmental approvals necessary to .operate , the project, and to ensure -

. they are obtarned so the pr01ecl is COmpleted on schedule

An mmrtan first step is ‘to develop a: list of the various sources of information useful for

-

investigating potenual envrronmental 1mpacrs of a hydro site:

‘e Much of the information: can be found - by conta 'ng local, provincial and ‘ federal
planning offices, tlre BC..
urces, Lands Parks and

government agencies -such as’ lom.l mum‘cipal and regiox
Mrmsmes of Envrronment, Energy Mines and Petroleum
Housing, and Forests, and the Departrnents of Envrronment, and Frsherres and Ocea.ns
Canada.

"% In addition, local property owners,’ associations, societies, mining and forestry compam'es can -
'provrde rnformatron that might not have been readily apparent to the developer in- the
initia] ‘site reconnarssance study, mcludmg mformauon concerning the last local flood or

rd

drought o - : | .



° Where possrble a developer should obtam maps air photos and govemmem reports ‘on the

area. - Thev can provrde information on the following environmenial aspects: -
a. large scale topographic' map (1:25 000) showing site elevauons «sueams -rivers; Jakes-- Q

[

- and contour mtervals

b. detailed air photos showmg the dramage basm vegelation COVer and land usc;

c.  maps g reports -of run-off -and stream discharge information for the site, and
 drainage basin; . , | ——
d. maps of present and future land use in the project area; g - .
€. maps or reports detailing important historical, ’cultural and recreational resources in the
project, area; ‘ S | i
N f. maps' or reports on the soil type, geo_logy\arrd natural hazard potefrtjal i the project '
. area; ., . | ) | . o
g. maps or reports taken from - water wells “in the pro;ect area Lhat detail subsx/face

geology, groundwater levels and foundation permeablhty,
h.. rnaps OI reports on sensrtrve areas such as wetlands fish spawning habitat, endangeredf
or threatened specres in the project area; . '
i. maps OI Ieports on aquatic plants that could interfere with project operation (i.e., -

f

‘millfoil, algal blooms in impoundments).  _ Y,

» s
- . - -

An im'mrzant :second step 'is to develop a list of the environm?:mal considerations that need
to be addressed at ‘the project site. The followrng is a general lrst that could be used to help

structure a- preliminary assessment of envrronmental feasibility:

®  Visual aesthetics; - - ,

. Construction acti;ritieS'

®  Surface water quality and quannty,
L Soils, vegetation, geology, seismic auUVlty,
® . Dams, weirs and diversions;
o Fish and aquatic life;

®  Birds and wildlife;

®  Recreation (i.e., boating, fishing and swimming). ) SN

16 L



Too often, the aesthetic aspect of micro hvdro is neglected by the developer because the -
small size implies small ,1mpacts. The developer shouid attempt to use some imagination ‘and., the

available landscape (natural features) so that project equlpment and facilities blend in easily with .

the natural surroundings. When constructing> a wéit (dam), use I ‘, materlals (.i.e., rocks, timber)

rather than precast ooncrete suuctures Penstocks can. ifted where total concealment by

vegetanon or rocks 1s not possrble The powerhouse shouldj conform in design and construcnon
with other structures in the vicinity. Intake, tailrace, transmission lines and support stfuctures can
be integrated into the landscﬁpein terms of shape, type, color, composition. .

2 cgon Activities = o .

Env}nmental and land use impacts are created by the u'nproper constructmn of access:
roads and project components (i.e., weirs, penstoek supporr;) Clearing vegetation for pro;ectp
| facilities, or when constructiné welrs or intakes within the stream channel should be_scheduled o
avoid harmful impacts to fi sh and wildlife. Access roads required to service pro_lects located in
fnountalnous and isolated regions should be built to prevent erosion, hillside slumping ~nd poor
. overland dramage Roads that cross- streams should be constructed so as not to créate slumpmg or
grosion into the watercourse and’ designed to withstand stream ﬂood condrnons Construcnon
) activities mcludmg cléaring stream Banks for impoundment storage, transmrssron lines, blastmg'
‘underwater bedrock or washrng construction, - aggregates can create localized soil msgbrhty and
- erosion. This can mcrease the suspended solids carried by the stream, burying and suffocating ,
~ aquatic vegetation and bottom dwelling organisms, or injuring fish and marine life by abrasion.
‘Increased erosion of sediment can also impede naviggtjon reduce the impoundment c‘apaciry and
increase ﬂoodrng potential in downstream areas. The provrslon of stream .side buffer strips of - trees
or vegetation, revegetaung cleared slopmg land and intercepting surface run—off at the construction
site by ditches or- drarns to be later cle;red out can reduce erosion and soil loss It is alsc more
appropriate to use srnall localized charges (,ggploswes) during periods when no ﬁsh or manne life
are in the stream. No chemrmls paints or sdlvents should be placed in” the stream. Chemical
spills (1.e: solvents, paints or oils) at the site can contaminate ground and surface water, and enter

the food chain. :

b3



Cnnst:rucnon related sedlment or matenals can act as a transporl medxum for heaV\ metals

)

011 re51dues .or orgamcs Wthh can be toXic to mstream fish and wxldltfegl)_emgnale_upemﬁc_?

S

from the sueam ;éIOJeC[ s'afetv should be’ paramount and mvoIve reguIar ‘pr0]eCl inspections durmg

and after construction. The most catastrophic impact -is, of “course, the resull of actual dam failure.

2.1.3 Water Qualig and Quantity

The ‘issue of instream ﬂew should be addressed in the preliminary feasibility study. To take

‘all of the water at a hydro site would ‘mearlx drying up the stream between intake 7and

- powerhouser,”a move that would be envirdnméntally unacceptable and considered - illegal. ‘The

Tesource agencies, including the Department of Fisheries and Oceans, Environment . Canada, and

3

the B.C. Ministry of Environment mdy require that a minifium instream flow be_released at the

point of diversion. This is to. maintain fish and wildlife habitat, provide stable stream

temperatures, and allow the downstream transport of dissolved nutrienits and ‘sediment® Insufficient :

stream flow can kill fish and destroy aquatic habitat, reduce water quality, recreation and 'scenicl

values, and impede* navigation. - Instream barriers (ie rocks, stumps) 'thal'were avoidable under
natural flow regimes can often become 1mpassable with low msueam flows, and impede. fish,
w1ld11fe and watercrafl (i.e., kayaks mnoes)

The extedt to which stream flow patterns are altered is diféctly Jelated to the design and

-

operation of the project. The potential impacts on downstream aquatic habitat could range from .

negligible for run-of-river projects to significant in the case of storage projects. Small store and

s

\ , ‘ o
release projects operating to meet peak load can create rapid fluctuations in water levels above

~and below the dam. ‘This can cause .stteam bank erosion, increased sedimentation downstream,

exposure of the stream .bed, and stranding of fish. The sudden startup of a hydro project using

all or most of the natural flow may' cause de~watering in the reach between the intake and the

_ powerplant strandmg fish; and may ¢reate a surge of water’ below the powerhouse with altendam

o

erosion, and possxble destruction of ﬁsh habitat.

-

1yJ, Friz, 1984, Srnall and Mini Hydropower Systems. (New York, NY.. McGraw Hill Co.),
P 8.16. ) o . ‘ ' '

”GK, Peid, 1961, Ecology of Inland Waters (New York, NY.. D. Van Nostrand Co) pp.
263~ 287.
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214 So_ﬂ&hmm%. Seismic ‘Activity

‘Larnd clearing and vegetatiqq dlsturbances for project wp’rks, transmission lines and .access
roads can be minimized if cons’trumacﬁvities'are undertaken in planned stages allowing for site
refclamétiod«,and ;ehabilitaﬁon_ The clearing of -vegetated. slopes nearcr.he v'alercourse ‘can increase
stream sediment ‘_loed‘ especially ‘during ‘heavy precipitation. Buffer strips adjﬁeht to streams can

" act as stream bank stabilizers, and “filter out overland transported sediment ot overburden  Soil

srtability,_‘geolegical featdres and’ Vegetan’on type should be carefully observed near the project |

location to give clues to the subsurface geology, and assist in the assessment of the soil se_epege,
drainage  ‘and stability characteristicJ\ Geological information ean be. obtained from surface

observauons of rock outcroppmgs cra\ks and fractures. Vegetauon in the area should be observed

o provxde mformauon on soil depth, type and conditions (i.e., sand, clay or bedrock). Vegetauon '.

type can also. identify a specific geologic unit, such as a fault line or fracture that could affect
structural integrity of powerhouse and ‘turbine foundations, or penstock support systems. Features
such as rodent holes, fault lines, fractures, tunnels which could create a leak or' breach of-the
weir (dam) structure should be investigated prior to ‘project construcu'on add operation. Examining

soils and geologlc feamres can 1dent1fy areas of " aggregates and borrow pits to be used m

construcuon Exammmg air - photos for the presence of old abandoned stream channels will |

indicate the stability of the present sueam channel. Instablhty can- require engineering. stabilization

measures (i.e., rip-rapping, gablons or shot-crete) to prevent erosion around the mtake weir or

aam rendenng the project more costly

| &

1.5 Weirs, Dams and" Diversions

Storage type micro hydro involving weirs (dams) -and impoundments of water create

environmental impacts of a different nature than do run-of-river type projects that inﬁol\}e onl)?‘ a
low diversién structure to convey,water to an intake. The potential for impacts is strongly
dependant on the size (head) of the 1mpoundment, because darn height controls the volume of

" stored water and the subsequent extent to which upstream land areas may be 1nundated 14

g -

“Note .12, pp. S5.1- 5.33.
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IIL most cases, ,micro hydro--power -will —fnokreqmre—m%ereadomhlafg&storagﬁreservoirs,%

with the1r associated ecological effects.’* Nevertheless an) water impoundment 1& likely lO cause -
some local impacts. to ‘he surroundmg land and aquauc life. ‘ —
X

. ¥
The dam Or weir can act as a barrier to Lhe upstream or downstream movemem of warer,

ﬁsh wildlife, water craft and 1nstream matémpls (i.e., leaves, logs. gravel). For migrating lish '
‘travellmg jppstream or downstream obstacles such.as a dam imn_exhausl them so rhe_v ‘are unable
to reach their spawning grounds. It can impose a structural of/aest.hetic intrusion  upon the
landscape, and if fractured or breached will represent a serious hazard to downstream activities. A
rewly created upstream shorelme can introduce a-range of impacts. The imwunded water can
flood valuable natural or manmade features; sites of historic, aﬁhaeological or scientific interest.
The scenic qualmes of a landscape can be impaired by fluctuations in water levels during}
impoundment drawdown rperiods. Riparian vegetation can be "affected by either drowning or 'b?,
. gradually encroaching into the impoundment. Rapid water ﬂuctuations can disrupt sensitive sp'ecies“

in marsh or wetland'areas, or by exposing incubating fish embryos to drying or predation.

An impoundment will reduce water velocity and may result in changes of temperature and -

/

dissolved oxygen levels, may trap sediment and stream nutrients,/ and may afferl aquaUC habitat

' because of degraded water quality 16,

’Water temperature  is consrdered an important parameter of warer quality and much
d1scussron of 1mpoundments concems Lhermal layering. Such a condition. is normally associated

with larger rmpoundment reservorrs, however _any impounded surface waters will generally be .
warmer and bottom layers cooler.!” Water temperature increases can' delay the migration of many 7
adult,species of fish, accelerate the growth of fungus, disease organisms, and encourage silting of »

the stream bed, reducing the availability of dissolved oxygen.

LY

15G.H. Geen, 1974, "Effects of Hydroelectric Development in Western Canada on Aquatic
Ecosystems,” J. Fish. Res. Board Can. 31: pp. 913- 927.

1“J.A. Kelly, 1980, Potential Environmental Effects of Small Sg ‘Hydroelectric Development

in Oregon. (Cogvallis, OR.: Water Resources Research lnsntute Oregon State Umversny) P.
10. \ ,

"Note 15.
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‘ downstre'&r'n bank erosron20 -

The 'quantity of dissolved’oxygen is an important indicator of »impoundﬂd‘w/ater quality The

drssolved oxygen regrme can be affected by temperature change, as warmer. waters are less able to

carry oxygen in solution. This can accelerate the growth of algal blooms and disease leadmg 0 -

“ eutrophication which can kil fish and marine life.”* . o

The reduction in -upstream water velecity can \cause sediment to become trapped and
deposited within- the impoundment_ The consequent loss in Teservoir Capacity will in’tum result in
lower power output potenual from the project The mtercepﬂon of bed—-load gravel bemg
transported downstream can adversely affect the quality spawning grounds that will not receive.

the new material.’® This reduction. in bed-—load material can cause the downstream  channel to(

degrade r.er time; and beeome biologically unproductive, unattractive and subject to erosion. To

‘;re—estabhsr impound.ment capacity and the downstream cbannel can require 7dredging the

accumulated sed1ment\and bed-load material, or installing culverts in the werr (dam) to allow
material and nutrients to pass downstream unobstructed The periodic flushmg or dredging must

be scheduled to minimize effects on the downstream water quality and marine life. -

E

Sttrage projects especially those used in meeting peak power demand- can create streambank -

'erosmn meandering and 1mpoundrnent bank cavmg problems The scale of erosion within the

1mpoundment is highly site specific, and depends on the sreambank material and method of

project operation. Engineering structures and bank stabilization techniques such as planting'

vegetation, and rip-rapping critica] zones will be required to secure unconsolidated shorelines. A

ramping. ‘tate, . Or gradual rate of impoundment drawdown can help reduce shoreline and

M. Ménition, M Le Nir, J. Roux, 1981, Micro Hydroelectn Power Stations (Chrchester
UK.: John Wiley and Sons Lid), p. 157." -

PR.T. Oglesby, A. Carlson, J. McCann, 1972, International Symposium on River Ecology and
Man (New York, NY.. Academic Press), pp. 263~ 285.

“Note 12, pp. 8.1- 8.23. - : .

21



LL6 Fish

Parthular goncern w111 ex1st on coast.al Tivers Or streams LhaL_.,support fish. Protection .L
anadromous fish habitat should be ylewed by micro hydro developers as an absolute constramt on
the type of pro_]ect and op ration that can occur . within a stream Structures bmlt i 2 stream
channel have the potentidl to unped/e the movement of ﬁsh sediment, and mterfere wuh aquam

and Tiparian habitat and affect water quahty noo PR o -’

Six major concerns that weir or dam building may }%se tb migratory fish includ_e:"?2

®  Dams “or diversions act as a physical barrier; , L -

® Water cufrents, or lack of them may confuse juvenile fish; ) ‘ .,
Q Water quality may deteriorate in the impoundrhent 6r downstrea'rr;;

® Inundation of ‘spawning grounds; |

®  Impoundments may harbour predator fish; and

®—Fish ladder facilities may not be avﬁlable or effective. '

Resource age;qies recommend that powerhm;ses "b~e loéated near the base of the first
impassable barrier’ to the passage of migratory fish. A diversion structure can cause direct
mortality of fish at_}he intake if velocities are éuch that fish become trapped and are carried
through‘the turbine system.” The ,,upstream\ movement of fish becomes critical- if the project is
designed to take all, or a significant pm'tioﬁ of the total stream ﬂow during fish spawning periods.
J This may require project 6peration to be shut down during Lh_is period to allow safe passage of .
fish through the systen'f unobstructed. Miﬁgativcmeaéurés‘ to protect fish and aquau'c. habitat
include guaxanteed minimum flows downstreamr of the dam, ‘controlling opefation’ during fish -
spawning periods; and constructing fish ladders or ‘mechanical lifts. Fish ladders~'or passages must
provide for the passage of all fish specxes in the sn'eam and include restmg places along the

route, and anu—poachmg devices (i.e., wire screen, mesh).”

“Interview with L. Dutta, Habitat Management Dmsxon Departmem of Flshenes and Ou:ana
Vancouver, B.C., 10 October 1985.

2L, Kom, 1968, "Reservoir Effects Upon Fisherieé," Seminar conducted by Water Resources
Research Institute, (Corvallis, OR.: Oregon State University), p. 55.

ZNote 18, pp. 157- 160.
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The biota of a strieam’ system encompasseé a wide variety of organisms ranging -frOm‘v
zooplanktori and’ /bacteria through to macrophytes and invertebrates. i%l‘he_t opcranibn' “of a micro
hydro project can affect the distribation of such organisms through rin,streaim ﬂowr alteration, Lo
impoundments blocking downs&mrdﬁf loss of foodsource areas (ie. construéﬁon) and chnngeé
to aquatic habitat* o | 7 R

oo
oy - . - “
- N L

2.1.8 Wildlife

‘ A
The flooding of land providing habitat for ‘wildlife is a substantial change created by
develoying_ a storage impoundment.. The extent and" severity of wildlife loss will be, determined by
existing site conditions, wildlife species in the area and the impo‘%\unﬂl'nent design (depth and area).
.Th.e prbject layout will also determine impact potential; penstock routing can obstruct "éome '

wildlife species.

‘.

" Adversé impacts mn include the loss of natural habitat, interference with the migration of
’gammals, introduction of | pollutants, \displacement ~0f species, and the potential for increased
' interaction cwit.h humans and infrastructure. Cnncal to some species with sensitive habltat
requxrements is the continued preservation and protecuon of a specxﬁc component of the natural
environment (i.e., wetland or marshland bxrdlife).a. Extreme fluctuations in water levels can affect
habitat, reproduction and survival rates. of lowland and wer_land birdlife. However while marshv
and wetlands are crmcal as nesting and reanng habltat, they can also provxde huntmg and wildlife
observation opportunties to loca.l resxdents Favourable waterfowl habitat can accompany the
formation of an impoundment or reservoir, attracting birds and wildlife to inhabitat - shallow .
. néarého;? vegetation. Proper powerline and. pole design can help protect "mi?gr,atory birds, raptors

and other smaller wildlife ‘\Qsp'ecies.25 N

L

*Note 13, pp. 263- 287. ]
*Washington State Depamnent of Ecology, 1985, Developing Hydropower in Washington State- .

A Guide to Permits, Li gx‘ig_z, and Incentives. (Olympla, WA.:- Washmgton State Energy
Office), p. 33,

AN “ 23
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19 Human Uses: recreaton . R

1

Neither micro hydro type is likely to signiﬁcautly alter the recreauonal ae”stfietic ‘and“huinan

use of a iver or stream, although potential for impacts will depend on. the exlstmg 1d planned

s

‘uses for qe area, the type of project and the presenIane charactenstms In some areas micro
hydIo development will involve environmental tradeoffs between energy and recreation. 2% The D
attributes of a free ﬂowmg nver encou:age actwmes such as kayakmg ‘and” raftmg and user
satwfactxon is duectly dependant on uninterrupted stream flow - velocmes (flow, and head to create
wh;te water). In this regard, the requirements for operaung ‘micro hydro are similiar to the
requirements of a: whitewater rkayakiug enthusiast Unfortunately, these are ('n’wo mutually Vexc_lusive
‘water :resource uses. The developer must also identify and give prfority to .the preservation of
local historical, 'cultural and archeaological resources. This is especially ‘.importan't when’ lo»cating

projects within national or provineial parks. : ' .

Cdmpetition for available flow rates with other water uses can becomé a contentious issue,r_e,
especially durihg low stIeam‘ﬂow periods. Existing diversions, previously allocate'd( walter rights,

/ and the) potential for uew upstream -weirs or- dams can diminish stream flow. In streams

supporting " natural runs of salmon or trophy fish, micro- :l{ydro development will be hard to Jusufy

given the already dnmmshed quantity and quality of many runs "In/thxs case, projects are likely

to experience confijct from competition with water resource recreauonallsts, fisherman, and Native

¢

groups.

*P. Dyer, 1983; Small Scale Hvdropower: How Does it Fit the Northwest Energy/
Environmental Picture? (Seattle, WA.: Institute for Environmental Studies), p. 59.

-
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2.0 ENVIRONMENTAL IMPACTS . . . . R

n -
L

- A sumidry of environmental impacts and remedies associated “with micro hydro equipment.

and their use is presented below: ‘ , o T

2.2.1 Intakes - e

e Intakes must allow for the downstream inovement of sediment, rocks, objects, and fish and
2 . .

| wildlife past’ the 'system or, (1) clogging will reduce penstock efﬁciency, (2) project
eqmpment can be damaged, and (3) downstream spawning gravels, - sediment and nutnents
will be trapped . ’ - .
®  High intake velocities can trap fish and wildlife at the intake opening. -
Remedy: use screens or ‘ral'tks to prevent objects, fish and wildlife from passihg through the
system If the intake screen size is too coarse, objects will damage eqmpment if too small
the intake can be blocked, reducmg power output_ ' ‘ '
L Poorly de51gned mtak can cause air- entrainment resulting in nitrogen 'supeisaniration in the
, pro;ects discharge wate ciusing a condition in fish similiar to the bends.
Remedy: design intake system to avoid air entramment by using air vents and ensurmg

adequate water cover at the intake structure.

' 4 ‘ . S
@ Water quantity diverted may be restricted in time of - low stream flow, and the  developer

may be required to provide sufficient water depth during periods of | upstream ~ Or
downstream fish migration. ' _
Remedy: install water control gates or automatic shut-off vaives at the intake to discontinue -

water withdrawl.

222 Penstocks

-

L Penstock leakage can destabflize slopes and lead to penstock failure, hillside slumping and

*  erosion. The resulting sedimentation can reduce the quality of stream _habitat for fish,

vegetation and wildlife.

penstock syStem. Securely anchor the penstock system

25



Visual intrusion- of penstock and support system. > (4o |

Remedy: bury the pensmch paint_ it Lneuu'aLcoloLor_plamglompacpvegemuoHo(

canceal the penstock‘ system. Use loczl topqg_raphy to “conceal penstock (i.e., valley, trench),
and local materials where possible, such as wood or’rock supports o ‘better_ inrégralé"’gyirem
into the landscape. Where pbséible burying ‘the penstock will reduce movement, leakz{gje/:;'
the Jomts will be less Irkely curious animals and humans will not usually drsrurb xL, and

landscape intrusion is mrmmal (once the prpelme is- buned) ' : 3

2.2.3 Powerhouse "

)

Constructron acnvmes can create erosion and sedimentation of adjacent(\{zeam

Remedz. provrde ditches adjacent to stream channel-to collect sediment.

. Flooding or stream channel meandering can undermine powerhouse foundations causing loss

of equipment, and damage downstream structures 1mpacted by floating debns

Remedz securely locate powerhouse where possible on bedrock or solid ground and at -
sufﬁcrent elevanon to avoid flood waters. . ) _ -

Visual intrusion of powerhouse structure. | ‘ ‘ ‘
Remedy: build powerhouse using local materiale ‘(ie., local wood or quarried roclr), and
paint it a neutral color. Keep powerhouse door shut during equipment cperau'on and
insulate building “to avoid noise in}pact. Plant vegefation or berms (terraces) around ue

powerhouse to reduce noise, prevent flood water damage, shade and conceal the structure.

2.24 Outlets

Concern with outlet operation includes (1) the violent dissipation of water energy back into
the stream, (2) the enﬁainment of supersaturated atmospheric nitrogen in downstream flows,
and (3) provrdmg an attractant to - fish that cari divert or delay them from upstream
rmgrauom ) ——
Remedy: lesserring the possibility of erosion or destruction of aquatic life and habim frorn"
water r&entermg the stream -can requrre the construction of ramps, steps or np—rap
boulders. The outlet should be . screefred or racked to prevent the entrance of fish or

.

wildlife into the system.
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© A dam creates an impoundment, flooding -land and altering biotic habitat The dam

interrupts stream flow, blocks bed load or sediment trafisport, presents a structural
impediment 10 spawning ﬁsh, imposes a structural and acsthqtié /intrusion on the landscape,
~and can représem a hazard 1o downstréarﬁ users. Construction activities can intcffere with -
fish and wildlife movement, increase sedimentation in the stream, and cause stream bank -
erosion. ‘ C . |

Remedy: construct a weir or ‘dam only when necessary and in a straight and stabie s,:iction
of the stream channel. Schedule construction -activities in low use periods (ie., winter)i!o
reduce impacts on ﬁsh and wildlifé. Proyide fish ladders or spillways so that fish and
- wildlife migrate unobstructed past the ‘Jeir or dam. Install culverts, gates or peﬁo&ically
‘ 'dredge accumulated sediment and bed load material from behind ﬁ1e wéirpr dam.

. Im‘poundments."cén’ awd areas of historical or;»aa:cheaolbgical significance, and displace
_ sensitive marine and wildlife species. Inadequa;é inipbundment clearing can lead to watef
pblklution; floating debris can éEeate an unaesthé&c appearancerof ‘the 'impoundment, and clog
intakes. . v Y o | '
 Remedy; relocmé stmcmré'; or build dikes to preserve historical ‘or archeaological sites.
Where necessary attempt to relocate species ‘to.an area of similjar environmental quality.
Use mechanicalr algal controls to \prevem stagnation and p;)llu”tion of t:he water, _ Properly
clear the impoundment of trees and detritus before flooding. ‘
. Impoundment of water can decrease downstream flows destroying fish and marine life
dependant on specific - ﬁow rates. Stream flow fluctuations to meet power demapd can
degrade downstream recreation, -a'esthetics', and during éurgeS' of high flow mn lead to
channel erosion or scour. Impdundment water fluctuations can lead to erosion of the
shoreline, and an unaesthetic appearance to the impoundment shoreline. - -
Remedy: regulate flow by reducing se;rere peaking operation of the system.. Release water
slowly and over a period of time. Provide sufficient water levels in dowpsueém’ channel to

“ maintain fish and marine habitat
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2.2.6

T@mlssm Lmas and . Access Roads

4

‘Access roads may lead to the weir {dam), qdnfsq;issiopmlines‘,"p‘;nst‘ock -and _powerhouse.

Poorly designed and constructed roads can cause hillside slumping. erosion, drainage - and

water pondage problems, and dégrade the aesthetics of an area. ‘Transmission line systems _

require some land clearing for right-of-way acgess, excavation work to secure poles o

support the wires, and- an access roadj'for‘ operation and maintenance “work. TranSmission
systems can poée va hazard .to human and wildlife in the vicinity of t.ransforr_nersv and
transmission lines, degrade the aesthetics of an area, and lead to the increased blowdown ‘of
trees and disease from right-of-way clearance activities. T

Remedy: access roads should be build in compliance with proven industrial road engineering
standards with ditches and culverts placed para]lel to\‘r.he ‘road bed and of adequate volume

o transporf excessive runoff. Where possible the road should be covered in a hard p:(cked

gravel to prevent erosion, excessive pot holes and water pondage. Attention/ should be pa1d

to road cuts in steep unconsolidated slopes; these may require, gabions or wooden buttresses.

to prevent downslope erosion and slumping. Transmission systems should be securely
A

. . s B S . :

anchored, and ‘at  a distance from falling trees or-, vegetation. Elecmcal equipment

compon\.nts should be of such a- design’ and standard  as not 1o pose a hazard to human

and wildlife. Secure fencmg with warmng signs can prevent unwanted intrusion along a

. transmission line system and access road. In some cases, (i.e., federal and provmmal parks)

, \\burying the transmissions lines will be required to avoid visual intrusion.
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f - 13 ENVIRONMENTAL CHECKLIST

L 5 The ptirpose ot" the following checklist?’, is to provide a preliminary information source for

-

I ‘ the developer and the resource agency to 1denufy potentral environmental impacts from d developlng
micTo hy.';h'o The developer czn use the checkhst (1) 10 anticipaie impacts from the construcnon

and operat10n of t.he pro_lect, and (2) to mitigate 1mpacts at_the pre-design stage. Agency staff can.

- ' impacts are slgmﬁcant, and reqmre further study. v
1 / %
A. Geferal .
. Collect existing environmental information about the site. This may require environmental
studies or sufveys to augment existing information as needed (refer t% steps 1 and 2 - -
- outlmed in the introduction). Studies may reqmre collecting information on' water quahty'

and quanttty. fish and wildife, vegetatron and unstable areas; and _impacts from project

‘ construction activities. Resource agenctes can assist the developer by providing 1nformat10n

‘on the type of . study required to evaluate impacts, and how to complete it . '

hd Check whether any other applications (.., water licence, crownland permits) are pending for

) ) government approva] of other pIOJects that could directly affect the land or’ water required

4. by the project. . T

» ’(.lnfgrmgg'on SOI.'IICCS:V Water Management Branch, Mim'stry of Environment; Lands‘Br"anch,
Ministry of Lands, Parks and Housing), | - . ‘

B Lan

. ® /f st the current use of the site, and the number of structures located on it, or on adjacent

> propemes . -
® . Draw a general description of the site (i.e., location coordinates, ﬂat, hrlly, mountamous)

and descnbe any unusual or &gmﬁcant features that exist on or near the s1te (ie., hrstoncal

buildmgs Tare trees)

u Y Checklist is based on the Department of Energy Environmental Checklist, State of
Washlngton Environmental Policy Act (SEPA) Chapter 43.21C RCW. ,

= \

[}
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ise the checkltst (1) o better understand “the proposal, - and (2) to determine whether potential -



Include the following information:

4 the proposed use of the water, proJect sxze and site;
b. . precise loamon of the site (i.e., legal descnpnon site plan lopographu map)
C. what is the steepest slope at r.he site? ,

d. what types of soils are found in the area? » : -

e.  are thefe sources of fill, aggregaies found in the area? : S, ‘
o " f. - are there surface indications (slanting fence posts, trees) or a history of unstable soils
‘in the area? o - S - : »..‘ )

g could erosmn occur as a result of clearing land construction or excavauon” :
nfowuo § : Lands Branch, Mlmstry of Lands “Parks and Hauslng, Mines Branch

Energy Mmes and Petroleum Resources)

Q Constru'cﬁ ion

-
5

List the construction actwmes (1e building roads, weirs, powerhouse, transmission lines)

t N . -

reqmred to complete the project .

L List’ new access road locations, type and constructxon schedule. A

0. . List provisions (i.e., settlxng ponds ditches) to reduce surface run-off, and waste material or
‘ sedlment entering the stream. ‘ X '

o Qutline the site reclamation' and rehabilitation proceduree to be undertaken during

consu'uctmn or after the project 1s completed |

(Information Sources: Mines Branch, Ministry of Energy Mines and Petroleum Resaurce.s

Construction Branch, Mzmstry of nghways)

D. Water : ~ ' Yl

®  List areas of high water table ('i'.'e., _s_wamps' or marshland). o R
® °  List stream discharge patterns and indicate periods of low flow or high flows (floods).
- Indiczte_whether the project lies within the 10, 50 or 100 year ﬂoodplain.

L Indicate the quantity of water needed to generate power.

. Note areas of stream bank meandering or abandoned ‘channels. ‘
{ - (Information Sources: Water Management Branch, Ml'nistry of Environment; Engineering,
ﬁepanment', local government offices). . B [
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List ther‘types of gvegetation in the projecfarea,

‘e  Indicate the type and amount of vegetation that will be removed or altered by consiruction. .
®  Demnil measures 1o Tevegetate or hndscape cleared land.
L Detail’ measures to preserve or enhance vegetation on the site.

/(nfogmgno §g ces: Mzmstnes of Agriculture, Forests and Lands Park.s and Houszng)

@

. E. Fish/Wildlife

, Yo |
List the wildlife (include seasonal) known to be in the area.
List the endangered species known to be in the area.

_List measures to prbtect or enhance wildlife, or wildlife habitat u

T % % o

List the birdlife (mc}ude seasonal) known to be in the area.

List the species of ﬁsh (res1dent and mlgratory) known to be in the stream

. @
T

- Detail measures to protect or enhance marine life or aquatic habitat. ,
(information Sources: Habitai Protection Branch, Department of Fisheries and Oceans
and Wildlife Branch, Ministry of Envzrqnment). ) -

G. Recreation/.Cultur‘alA ;

" List the desigriated and informal 4recreatidi;;-11 dpportuniu‘es that _occurkonrthe stream, and in
the immediate vicinity. | L
® ' Indicate whether the ﬁrbposal would displace any existirig recrean'onal uses.
®  Detail any landrnarks or evidence of hlStQI‘lC archaeologlcal or cultural 1mportance known to
- be in the area. '

—(Information Sources: Parks Branch, Ministry of Lands, Parks and Housing).
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" CHAPTER I

\ I PRELIMINAR\ FEASIBILIT Y STUD\

INTRODUCTION I

To determine whether a river or stream can be harnessed 10 generate power requires a

preliminary resource, technical and economic study. _The study should provide the following:

&

Accurate mformanon of a -quality such that a decision to develop or not develop micro. °

‘hydro is adequately s‘tlpported N

resource agencies;

El

-,Accuraxe information to present when di_seussing project details with equipment suppliers or

% Accurate information 10 use when later ﬁling applications for permits, hcences or approvals.

In turn suppliers, or resource agencies w1ll better understand a pIOJecL and help determme

a project layout to make maximum usc of the site charactensncs (head and flow) and

minimize environmental impacts.

[

N

A preliminary feasibility study should use a sih{ple stage- by- stage approach o identify and »

assess resource, technical and economic constraints at a potential site. This chapter briefly outines

what is involved’.in each stage of a. preliminary féasibility Study. It also provides the type of

infonnatjon required, should a site appear promising, to proceed with a more refined And detailed

cost and engineering study. The stages are listed below, and are linked by decxsnons of thc

developer 1o either stop the work, or, if the project still appears viable 10 proceed to the next

stage.

N

£



THE SIX PRELIMINARY FEASIBILITY STAGES ARE AS FOLLOWS:
©  STAGE ONE: — DETERMINE POWER NEEDS. |
*  STAGE TWQ; — DETERMINE THE POWER OUTPUT AVAILABLE FROM THE
HYDRO RESOURCE SITE. -
'® STAGE THREE '— DETERMINE THE AVAILABILITY AND ACCESSIBILITY OF
\' THE WATER AND LAND.
®

>

w

\ - _

]

STAGE FOUR:; —— SELECT EQUIPMENT AND PROJECT TYPE.

STAGE FIVE: —— DETERMINE PROJECT EQUIPMENT COMPONENT COSTS AND

COMPARE THE ALTERNATIVES.

STAGE SIX: — MAKE A DECISION ON TOTAL PROJECT FEASIBILITY.



3.1 STAGE ONE: POWER REQUIREMENTS

OBJECTIVES | . L -

o Ident_?fy the total -and peak energy consumption, and estimate load growth.-:,

IMPORTANT CONSIDERATIONS

»

L4 What are the present and future energy demand requirements at the site?

L4 What periods during the day/month/year require small or large amounts of power?

g I$ the number of indiviquals, households, -facilities expected to increase or decrease in . the
future? {

4 Are there opportunities given the present energy consumption pattern for cost savings or
energy use management at the site?

g What is the present power supply source?

INTRODUCTION

It is important to determine the amount of power required ‘to meet the (power) demand at
the site. This will ‘help ensure that Ehe installed hydro capacity is adequate to meet or exceed the
demaﬁd» The existing power demand will later be compared to the potential enérgy available from
the hydro project. A project~capability too small to meet demand will mean utilizing a secondary
energy source (ie., diesel or propane), or careful load management during peak demand periods at
the site. On the other hand,\oversizing. a project will generally cqst more than is required to

effectively supply the site with power, and can destroy the projects economic viability.



The presént electrical jdemand can be estimated by examining one or more of the following

SR . 3
,

_sources:
® Historical records of existing diesel generator equipment at the site;

®  Utlity power bills at the site;

®  Survey of rated electrical capacities of the different equipment or industrial machinery

located ai‘the site: o Coe SRR N\

i

1

®  Preparing a detailed list of present power consumption’at the site. -

Typiecal' household electrical devices, the power needed to run them, average hours of use
and their energy consumption per month are shown in Figure 3. Thése are estimated averages
and will v;'«lry depending on product and use. qurgy consumptioh will also vary depending on the
month, season, unusual weather changes, number of hbuseholdk- members, amount of equipment and
duration of operation (industry). Where - diesel generatérs are used, it is appfopn'ate to determine -
the highést demand period (ie., kwinter), and demahd for one period in the seéson that typically
would have the lowest streamflows. Where no data ﬁre available, a rule of thumb is to allow an

average load requirement of 1.5 kW per person, or 6.75 kW per household.?

Important when defermining power demand are two seperate but related con'ceizts: Total and

* Peak Consumption.

3.1.1 Total Consumption

It is usual to determine either the seasonal average demand or total power demand at the
site. This will later help to establish the minimal instream flow rate required to meet the power

demand. Total power consumption can be expressed as the number of kilowatt ,hoursv used in a

- month or Sleai (i.e., kWh per month). A 2 kW prdject operating continuously for one month (720

hodr_s) will generate 1440 kWh. However, the project will.produce only 2000 watts at any given °
time. Average power demanded would be the total demand divided by the total number of hours

during which that power is used at the site.

[
B

’fCénada. Energy Mines and 'Resources,\ 1980, Micro Hvdro Vol 2 (Vancouver, B.C), p. 3.1
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Flgure 3: POWER AND CONSUMPTION (Source Idaho Departmem of Water Resources,

Boise, ID., 1983.) R _ _

* ' N .

Typical Household Appliance Loads |

‘Total Power

Power Avg Hours  Consumption
Appliance - Watts Use/Mo. KW Hr./Mo.
Blender 600 3 2
Car block heater. ‘ 450 © 300 135
Clock 2 720 ~ B
Clothes dryer 4600 19 87
Cotfee-maker ‘ 600-900 12 7-11
Electric blanket - E 200 . 80 16 i
Fan (kitchen) © 250 30 . 8
Freezer (c'hest. 15 cu. ft.) 350 R 240 . 84
Hair dryer (hand-held) 400 5 ’ 2
. Hi-fi (tube-type) - 115 - 120 14
" Hii (solid state) 30 120 4
Tron, 1100 ) 12 * 13
Light (60-watt) 60 120 K .7,
Light (100-watt) 100 " 90 9
Lights (4 extra, 75-watt) 225 120 27
. Light (fluorescent, 4') . 50 240 12
Mixer 124 ’ 6 1
Radio (tube type) : 80 120 “ 10
Radio (solid state) 50 * 120 6
Refrig. (standard, 14 cu. ft.) 300 . 200 o 60
Refrig. (frost free, 14 cu. ft.) 360 - 500 7 180
Sewing machine 100 10 - 1
. Toaster - 1150 4 5
TV (black & white) 255 120 31
TV:(color) < 7.350 120 . S a2
Washing machine ~ 700 12 3
‘Water heater (40-gal.) © 4500 87 ‘ 392
Vacuum cleaner 750 10 8
Shop equipment: ' ' ‘ .
Water pump (1/2 hp) 460 44 20
- Shop-drill (1/4”, 1/6 hp) " 250 2 s
Skill saw (1 hp) ) 1000 6 6 .
Table saw (1 hp) " 1000 4 4
2 1

Lathe (1/2 hp) . 460

6 . ~




312 Peak Comsymption = . =~ | = - —

,‘P'eak consumption is the gnaximum am\oWe_@'\cal energy whieh may be:: required at
any given time, and is the sum of the power ratings'fro}q those electrical items allowed to
operate at any one timfe.l It i$ normal to have a situation whegreby. the simultanieous use of all
possible electrical itemsk would exceed the capacity of the ~sou1'Ee‘\of supply; hovvever this seldodl o

~ oceurs in practice because main breakers, appropnately sized, protect against a possxble overload
However, a pmJect desxgned to meet - peak demand can mean that a developer is paymg -for
installed generating capamty that is used infrequently. This can be -both expensxvev ‘and 1ne§ﬁc1ent.‘ |
It would be more effective to adjust present energy use through load management to fit a hydro

sproject’s'power output, rather than to build a project to serve peak consumption patterns.

3

3.1,3 Growth “‘mmand'

‘Allowznce should be made for potenual demand growth at the 'site. This will a]so help 0
later determine whether the combination of flow rate, head and mstalled hydro capacity are
sufﬁment to meet future dem_and Where demand is expected to declme overbmldmg hydro

capacny could prove expenswe The potential for demand growth can be estimated by examining
N

one or more of the followmg sources:

® Historical records of exlsmng tiesel generating units at the site; . P

L Projections based on development trends using peak load demand to es abhsh p‘%Ject
capacity;

° Comparisons with energy data from a similiar individual or community located nearby;

° In the absence of data, a 6 percent compound growth rate is assumed.”®

“Note 28, p. 3.2.



- “Estimate total averagé and peak. energy consumption;

Estimate future power reqmremems CP : L o

Allow for continued use of existing source of power supply as a f‘ Il in durmg pcak load .

demand and/or for emergency situations; S
Estimate power demanded at the site over a period of time, and during differem days and

seasons to provide an accurate rgpresentation of energy demand patterns;

-Priorize loads so that important power demand is given first priority. - For example,

refrigeration would be followed by lights, lights by radro with the dog house interior hght' -

A probably Lhe least xmponanr_

N
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32 STAGE TWO: DETERMINE POWER QUTPUT

- harness the 1nstream energy potential.

—

‘ 'Qf}}mms j/

ES

¢ Identify flow rate, head, head losses, equipment efficiencies; project output, and compare

power output'With site demand. . -
IMPORTANT CONSIDERATIONS : r . B

¢ . Does the 'Stream ‘discharge rate fluctuate widely during the day/month/year" : .

c# Is the stream drscharge rate measurable weekly/monthly? Is there data avarlable for the last

year/ten years? ' -

* Are there fish in the stream (seasonally or resident)? Are -there spawning beds?

e " Is the net head sufficient to generate energy to meet or exceed demang? ’

¢ Is Lhe esnmated ‘hydro power output (kW) suff cient to meet or exceed demand?
INTRODUCTION

‘The potential power .output is the product of pead and flow. It is critical to have a good

~ understanding of the” available flow and head ch eristics when selecting. equipment of an

appropriate design to meet power demand. This is because the operational efficiency of equipment
will depend upon the variation in stream flow rate, head and projeet type. Nothing is gained by

installing either larger .turbine units than the resource can operate or turbine units 0o small to

L
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3.2.1 Stream Flow

- ,} Ceme o o .

The available stream flow rate is critical to the overall project success. When eonsideying

stream flow it is important to determine the following: ?

®  The reliable, or dependable amount of water availarble:
L The minimum flow rate in order to calculate the minimum. continuous’ p‘ower' output
expected from the project; » 7

L The maximum-stream flow in order to design sufficiently strong civil works (ie.. weirs,

diversions), and to protect project equipment. - , I

Strez;r_m flows czn be Hhighly variable depending on ice corlditic»ns. adjabem land use practices
(i.e., logging, agriculture), precipitation, season and other Water use¢ requirements (i.e., irrigation,
domestic supply). Stream f!ow should -be monitored for a full year before a deeision is made_ 10
purchase equipment" or to proceed with the project If flow rates are‘ﬁu‘nkn0wn, then at least one
monthly (preferably bi~weekly) flow measurement should be made throughout the year. Where
variations in stream flow- are - known measurements should concentrate .on the- few months
surrounding the lowest flow penods There are several sources available to assist 1n delermmmg

flow rates:

® V@ survey records for the actual stream (Sources: Mzmstry of Environment; Water Survey
o —of Canada) | o |
. Analyzing flow data obuained from field gauges (Source: Ministry of Environment); -

'®  Comparing gauged catchments of similiar precipitation and runoff characteristics; .

:' Hydrologlc methods using precipitation, temperature and snow pack data to - synthesrze stream

\ _flow data® o ‘ -

\

%Note 4, pp. 9.1~ 9.22.
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In the absence of data :thete“are selema%ﬂ,temﬁmayaﬂaMLtmmeamLSuemﬂoM
involving the following methods: - \ a
- -
° For very‘ small étreams dam the water and divert it into a container of known size. Then
 divide the container volume by the time taken to fill it. L '
. For larger streams the -float method requires calculatmg the streams cross—secttonal area and
velocity, and correcting for strecam bed fnctmn and channel roughness. This factor varies
from 0.6 for a rocky strearn bed to 0.85 for a stream with a smooth stream bed andv | -
sides! Cross sectional area is détermined by measuring the width of he stream’ and the '
4]depth (at equal mtervals across the stream width), and then multtplymg the w1dth by the
- ‘average depth. Stream velomty 1s deterlmned by markmg of a section of stream channel ) '
(ie., 55 feet), and then ttmmg how long it takes a ﬂoat to pass between the two markers
The distance (55 ‘feet) is then dtvxded by the time taken by the ﬂoat to travel between the
markers. The float velocity' is then multiplied by the correction factor to give an estimated i
average 'stream velocity. The-flow rate is then determined by multiplying the cross sectional

. area by the average stream velocity. The flow rate is usually - adjusted by the portion

(percent of the total stream flow allocated for power use. : - ™~
Figure 4: THE FLOAT METHOD. (Source: Idaho Department of Water ‘Resources, Boise,
ID., 1983.) - ’ . : o .

Y'see Manning Equation: T, Chow, (ecL) 1964 Handbook of Applied H!drolgg): (Toronto,
Ont: McGraw-Hill Co.), pp. 7.1- 749 d
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A more accurate approach is the weir method. A temporary dam is built actoss the sséeam

w1th a spﬂlway located in the center section. The spillway dimensions should- bc suﬁ' c;em
to take the manmum flow of the stream durmg _the measurements. A depukgaugeﬂv—)

dnven into the stream bed upstream (1e at least 5 feet) from the weir until a pre—sct

mark is level w1th the oottom edge of the spillway.  The water depth above the . pre-set

mark will indicate the water ﬂqw rate over the weir. A weir table is required to help

, determine the flow Tate. _Estimate the depth of water over the pre-set gauge mark, and

read the flow raté from the weir table. Multhly this ﬂow rate by the width of the weir.

" - spillway to yield the stream’s flow rate.

Figure 5: THE WEIR METHOD AND WEIR TABLE (Source: NCAT Micro Hydro

‘Handbook, Butte, MT., 1979.)

M (.
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o Obtain an annual precipitation ‘m‘ap of the province (BY. Ministry of Environment) and =~

: notrtlrrmmau amount in the dramage applicable to the proposed pl'OjeCL Compare this
.- rainfall total with that of the nearest gauged river basm (BC Mmtstry -of” Envrronment

»

i Water Survey of Ca,nada) Obtam a Second map of annual ‘runoff . amounts of the provmce

.-fv(BC Mxrustry ﬁf Envtronment) Detenmne the mean annual runoff from within the ganged

4 ‘basm and muluply it to the ratio of the ramfall amount m the drainage and the gauged
basin rainfall amount_ Fmally, muIUply this amount by the approximate basin area where

" the hydro project is to be located to yxeld the rnean,annual flow in the basin. .

L Additional stream geugihg methods inciude using a current meter, gaugmg by chemical -

dﬁﬁ&bn (1 €., copcentrated salt is added to the strearn, and its dllutton measured dOWnstream

“at sufﬁment distance to ensure mtxmg)i‘2 .

"

The head is the vertical dxstance from the point of proposed water intake to where the
water would leave the powerhouse The head is not the length of. penstock reqmred fo carry the .
- water between mtake and powerhouse The power. output potenttal available in the water will )
increase with the veru,cal distance the water falls. Therefore{fivhen conceptuahzmg the project type -

and conﬁgurauon, effort should be made to maximize the\ gradient at the site. - The rmmmum

‘head required to develop micro-hydro is difficult to spectfy bemuse various combtnattons of head

and water flow can ultimately provide useful "power. However, sites with less than 20 metres of
vhead are generally referred to as low head,. and those with over 100 metres are high head” Sites
with less than 5 metres can be dxfﬁcult and unec,onormc to deve-lop because of the added cml
- features (dams) réquired to augment head, the need to use premse survey measurements to
determine the pOWEr output potenttal and the larger physical turbine and generator equlpment
required to generate power. Thus, a low head site usually results in a higher unit cost xof power

generation than a high head .site. .

*’Note 18, pp. 30~ 3l : '

“Note 1. -
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3.2.3 Gross Head Measurement S ) ' .

There are several methods available to 'measurehthe gross head at a site:

g By examrmng detarled maps and air photos for esumauons of the vertrcal head difference
between the proposed intake and powerhouse levels _

® . By- using photographic surveying in which the elevation is scaled on pictures ‘taken at the -
site; ‘ ' ) ‘

® - By using a pocket dltimeter to convert, changes in air pressure .into equivalent changes in
elevation. Accuracy can be affected by a jolt during measurements or. by unstable weather
conditions. Measurements should be cross—checked with stuctures of a_ known herght, and for
repeatabrlrty by walking (measuring) the site several times;

. For lower head sites use a garden hose and pressure ' gauge. Attach the pressure gauge Lo

| the hose and fill the hose with ’water. Place the open end at the elevation of the proposed
intake and- the attached pressure gauge at the downhill» location of the powerhouse. Read
the pressure guage. Where the hos'e is not long enough, work downhilli in stages;

° If the head appears to be less than 15 metres hiring 2 surveyor will ensure precise

, rneasurement. "Thi be expensive and there should b reasonable ‘intent to carrylth_rough

with the project if pursuing this option. However, it ik possible to ’do-it-yourself’, and -
requires Ienting surveying equipment such as, an instrument level, measuring stalT and"“l
instructions how to use them. An error of 2 o 4 metres in‘ the head: measurement can
have a significant impact on the type of project equipment,selected and the cost estim‘ate;/‘
This is because low headg turbine and generator equipment is’ generally larger, requires more

space+ to mount at the powerhouse, and involves: additional civil works .(i.e., powerhouse °

suﬁgtructure of concrete). ‘ - o

3.2.4 Head Losses . s B Ty

'fo accurately 'detern‘rine the potential power ' output available from the stream requires. -
calculating the net head. This is done by subtracting from the gross head various sources of fluid
losses associated with the volume of water in tht penstock, the size 'of penstock and its

composition. The operating efficiency associated ‘with turbine design and operation can also be

included as a loss to- the overall power ouput from the project. Turbine efficiency is largely

\



Fluid. friction losses will occur wrthm a hydro system for several Teasons:? 34

" dependent on " design, range of mstream flow rates, net head, operatron and overall mamtenance

Losses occur with high velocity water flow and in smaller penstock diameters; This results !
inra -reduction in both. fhe net head and porenu'al power orrtput; .
Losses occrrr ar penstock elbows or bends, and so penstocks should be designed for the
shortest, straightest and most direct route; ‘ ' |

Losses occur in penstocks of concrete, asbestoes, iron and steel. PVC piping usually offers )

the lowest friction loss; o ' C

Project efficiency can also depend on the type of turbme o be selected.: The maJonty of
water turbines usually operate at between 80 and 95 percent eff‘rcrency, Sbut this will vary
depending on desrgn and engineering refinement. . Crossflow, Francis and Propellor (reactlon
tur'gmes) exhrbrt minimal head loss Pelton or Turgo. (impulse turbines) will produce some
head loss due  to their design - and appllcauon (vertical - distance reqmred between the jet

]

drrectmg water at the turbine bucket and the tailrace).

Ef‘f‘rciency curves are available for all types of tuIbines and will usually suggest a selection

of turbine types suited to a particular hycho site.*? Mrcro hydro suppliers will be able to provide
' specxﬁc references on equipment efficiences 1f provrded with accurate data on flow rdte and head."
A selectren of typical efficiency ratings and turbines used in smaller (less than 20 MW) hydro

projects is ‘listed below.3¢

g Pelton ........75 — 90 per cent;

®  Crossflow.... 65 — 80 per cent;

®  Francis ... 75 - -95 per cent;
':} Propellor ... 80 — 90 per cent; ’ '
g Turgo ......... 80 - 90 peri cent.

**Note lé pp. 410~ 4.28.. oo

3*D. McGuigan, 1978 H_@essmg Water Power for Home Energy (Powng), VT.: Garden Way

Publishing), p/ 101.

"NCAT Micro Hydro Handbook, 1979, Micro Hydfo Power: Reviewing an Qld C&_ceg
(Butte, MT.: Natronal Center for Appropnate Technology) p. 13. .
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. 3,2.5 Demand and 0u§pgt Comparis on.

‘Having mlculated the flow and the net head it is a sunple matter to calculale the capacity
in kﬂowatts Given a hydro site’s rate of water flow and head, capacm 18 provnded in quamnnnv; 7_7777
terms by: P = QxHzxgxe

b Where P= capacity. in kW.

v . Q= ﬂQw rate in cubic meters per second; . , ¥ \-/
. H= net head in mettes; _ ’ , ' :
. g= accelerauon due to gravity (9. 1-metres. /°2) ‘

. e= overall esumated hydraulic, mechanical and electrical efficiency (07 for an’ average

. system);

-

Sample calculation: flow rate= 3 metres3/s net head— 200 metres; g— 9.1 metres/sZ:; eqmpmem
efficiency (rough esnmate)— 07 ) o s
P= 3 x 200 x 91 x 0.7

Power output is approximately 3800 kW. -

~ The kilowatt hours per year which may be produced requires -multiply.ing this~Power output
by 8760 hours per yee.r times a-firmness factor (which accounts for the times of the year when
the plant will not be able fo generate at full capacity due.to .\}a{riqbie stieam ﬂoW)./ The firmness
factor is derived from stream flow runoff curves and - rainfall amounts, throughout the province.
* The number will vary between 0.6 and 1.0 'depending on lo‘,eation.” It is a constant which -
accounts for the times of the yeer when the plant will not be able 0 geﬁerate' at full capacity

due to variable stream flow.,

AN

Sample calculation: installed capacity= 3800 kW; ﬁrmness factor= 065
Energy Potential= 3800 kW x 8760 x 0.65 S
kW .h/yr = 21,637,200 KW .h/yr.

!

"of Energy Mines and Petroleum Resources 1984, Small Hydro
vincial System (Vancouver, B.C.), p. 1.3. '

“'British Columbia, Mimigt
Power Resource in the
Power Resource




Moutput For example an average spnng power "demand value is 2800 kW. The power potenUal

_ from the hydro source in our example is 3800 kw but sh&ild be adjustedslightlyforvariability e
in “stream flow rate, season  and installed capacity. However, as a prehmma:y assessment thls ‘
indicates ‘the stream has the potential to supply an amount of power-in excess of that requlred at

the site. -
1]

*

A hydro project configuration can now be selected to meet this demand. The range of flow
and head ‘combinations is from a high head option with H= 200 metres; Q= 2 rn3/s; to a low

option of H=20 metres; Q= 20 m3/s.
3.2.6 Project Output . | 7 o “ \'

'W’here a ﬂo;v‘ and head Tate combination can produce a power output 'a~/dectsion must be
made as to whether run—of—riv‘er, ‘mixed diesel/hydro or a storage type project is‘ appropriate to
ensure relia}.)le-’capaCity to meet the power demand requirements at the site. The head available at
the hydro site should be maxmtzed The stream flow avatlable must be considered reliable enough ,
10 provxde energy to run the hydro system, and be sufficiently constant to justify cOnstrucung and

.nperatmg the hydro system
A. Run-of-River Project

Run;of—river‘v projects will generally operate at something less than full capacity at some .
ttmes during the year due _to seasonal fluctuations in stoeam flow. This is because there are no
provisions in project design to store a substantial quantity of water to augment head during: low
flow periods. It is not productive to construct snch a plant to utilize peak flows because it will
operate at less than capaqw for most of the year. Sizing the project should be based on the
reliable flow in order to match the installed capacity with the average 7d,ai'ly' power demand,
espeeially during the low flow high ‘demand w@nterj months. Where possible Some water storage
should be made available to generate power to meet hourly t/ariations in electricity demand. This'
can be aocornfalished by a simple teniporary ‘vvveir‘ er wqoden diversion structure placed “into the
stream to creatt a small amount of daily storage and a consequent increase in _power preduCtiorL

The temporary weir or dam can then be rembved during the higher flow rate periods (1e
spring).
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B. Mixed System: Hydro-Diesel

A mixed hydro-diesel combination can be a viable - opuon fcn supplymg power generauon
when stream flow is unable to g°nerate enough power to meet site power reqmrements However
a detailed economic and techmcal evaluation is required to -determine the best combmauon of
mstalled capacities of both systems Advantages of this system will include stand—b) emergency
power, diversification of the energy source, reduced fuel costs, and an ability to meet unexpected
higha peak power demand at the ,site relatively quickly. Disadvantages are that the dicsel
generators - can lose .efﬁcien'cy over time, require extensive overhaul after a low use, period, are

relatively inefficient during operation, and are a pollution source. '
C. Storage Project’

Water storage will be considered necessary where intermittent or interruptable stream flow

reduces the power ouput io ‘the site. Ideally,, the impoundment wbuld be of sufﬁciem volume to

provrde storage for spring meltwaters and. flood ﬂows to provrde a constant power output to ‘the -

site year round.

However, annual water storage is usually only economical if an existing lake can be .

regulateq', or a significant volume of tlre higher seasonal flows can be impounded with a low
inexpensive»dam, to provide water during low instream flow periods (i.e., winter). High dams are
expensix;e because of high costs for engiheeri_ng, excavation, civil works, large QEneraﬁng equipment
-and associated machinery (i.e._; flow regulating gates, fish ladders). ,Determirrirrg storage vo}umes
_and reliable flow rates to size project generatiné equipment and eivil_, fegtures (dams/diversions)

Tequires attention to drought and flood potential for the area. The overtopping or destruction of a

A : -
dam can occur in severe high flow {periods with subsequem ‘damage 1o project generating

k4

equipment. Drought conditions will temporarily render useless a dam/diversion.

L]

—
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Steps to follow in determining the hydro poWer' output potential at a site include the

Y

. following: - .

- @  Measure the stream dischaige rate, and estimate the useable flow Tate over at least a one

, ~ year period;
®  Measure the total head (gross); -
- @ Determine net head by subtracting fﬁctjon losses from gross head: ‘
¢’ Calculate the theoretjcal\power output available. using the equation, P = Q x Hx g x ¢;
. Compare the power output value to the estimated requirements at the site and decide on a

N

project type and configuration to best meet demand.

»

-
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DECISION STAGE: m CONTINUE FEASIBILITY?

If the proposed hydro capacity is n92 sufficient to meet the estimated or projected powcr'

demand at the site then it is necessary to con51der a number of options:

e ~Stop any further feasibility study ‘on the proposal. It may waste time and money to pursue

developing a project with highly variable or limited instream flows and head inadequate 10

‘meet power demand requirements; -

®  Select and evaluate a different water source ior the teQuired -combination of stream flow .

rate and head charactensﬂcs adequate to meet or exceed power requlremems Two such
pIOJects combmed may prowde the power required at the site;

L Consider sup‘plement.mg power demand requir ements with secondary energ) sources such as
" diesel generatmn (if not already in place), windmills or alternatives; ' o

®  Continue to S_TA_G_E 3, if confident that the avaﬂab]? combination of instream flow, head

L

and potential power output justify further feasibility study.
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3.3 STAGE THREE: WATER AND LAND ACCESSIBILITY.

o . ¥
BJECTIVES

L Identify water and land availability, water licence, land acquistion, existing and future land
ise, T

IMPORTANT CONSIDERATIONS =~ *

§

1

¢ Is sufficient water ;vailable from which t generate power? Who are the immediate
- upstream and downstream water licence holders?
4 Who owns the land containinglthe water resource?
Can easements for penstocks, transmission lines axid roads for the project be obtained?
Are the project wotks to be located on private, provincial, Indian Reserve or other federal
land? \ o | |
4 What future short and long term lahd use plans are b|eing considered on land adjacent'r.he’
| ~ project, or within the upland drainage basin? ' o

’

INTROQD ON

Attenu'bp should now concentrate on reguiatdry anil legal iequirements éurrounding the
" project site (refer to the next chapter Yor greater detail). Any potential water and land use
conﬂ-icts, or likely environmental impacts from the project should be identified during this stage.
" Coniact with local or district level resource agencies will confirm the continued feasibility of -the
project, or ident.ify environmental or regulatory consug}nts that may have previousiy L been
overlooked. This early consultation will then allow sufficient time for the conflict to be either

resolved by modifiying . the project design, or for alternative sites to be indentified and

invesu'gated\



3.3.1 Water Availability

Contact the B.C. Ministry of Environment, Water Management Branch to determine whet.her

the required amount of water is avaxlable for use, the names of current water licence holders on

the stream, their water use and the quantity of stream water already allocated. This wnll. help to
determine whom to contact later during the licence ap.plican'on process. If water is available,
commence water licence application procedures at a Regional Water Management Branch. The
assessment of a licence application can be a long process, taking from § to 24 mpnms. Filing an
' ;applic‘ztion will help- establish a priority in time but not a priority in use. For example, hydro
power generation is ranked behind domestic, waterworks, minefai, mining and industrial use for
precedence in periods of 16w stream flow. Iﬁr@is rnecessary to have land tenure, which ¢an 'include
a lease in order to receive a water licence. If purchasing land near water, check if any water
rights are transferred along with ownership of the property. A watér hcence 1ssued for 1rr1gat10n
~or for mining uses does not entitle the holder to generate power. A water licence must be

applied for each differing intended use of the water.

Water Management Brafnch‘sraff will outline conditions that may be attached to the licence
~ that might affect the desigii and operation of the project. These conditions -might’ mr‘uue fish
ladders or elevators: installed m a storage pr03ect_ For run—of-river - pI‘O_]eCIS they rmght mclude
_intake structures to be placed in stream sections not generally frequented by fish, and llmltanon of
-flow diversion during low stream flow periods for irdgadon or farming requireniems_. Beeause only
part of the total instream flow is usually available for gener‘an‘ng power, attention musty focus on
‘the quantxty of water allocated for fish and w11d11fe requirements, 1rr1ganon and. domestic supply.
A good hydro resource site could be rendered useless if the stream water is fully or parually
allocated for other purposes during parts of thc year. Idennfy the water use and quantity required
by current water licence holders located between the upstream intal:e and the dowrrsr.rearp milrace..
-Early consultation with such parties will resolve or identify conflicts, and ‘allgw time Afor an

agreement to be reached concerning aspects of the project. operation.
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e Determine availability of the water and land resource; and what (quantity of the total flow is

a{ In some cases mrcro hydro -developers wrll own the ‘land on which the -project- will-be- -~
1

d. Ot.hers will need to secure Trights from 2 private mdrvrdual or a loml -provincial or
federal - agency.. Contact the B.C. Mrmstry of Lands Parks and Housmg, Regional Offrces 1f
unsure about land ownership and status. Land ownershrp is an important consideration in any
project_ feasibility study, be’cauée problenrs: in obtaining land to ldcate an access road or civil works
could later restrict projeét_ inrblementatjon. The feasibilityk of\ the entire projeet should be well
established before any purchase, lease or licencing) anangemehts for land are made vrrith private
individuals or resource agencies. A developer ‘issued a water licence does not automatically acquire

any right 10 use or" develop adjacent streamside land un}éss he owns that fand, -or ‘has first

" received the permission from the landowner or managmg resource’ agency. The developer must

contaet the apprOpriate managing provincial or federal ‘agency_ before undertaking feasibility. studies
or locating project works within special use areas (i.e., Indian Reserve provincial park or forest).
Many of these areas are restncted to developrnent, and may requlre modrfymg or abandomng

pro;ect plans

o

The developer should investigate and _identify the short and lorig term - lahd use r;atterns

- within the drainage. Significant 1mpatts can occur from forestry and “other . related land use

‘actwmes Poorly- designed access roads, logging and agnculture can increase debris and sedrment

loads mto the stream. This w111 affect the operatrqn of the ro;ect and may damage turbide and
penstock equipment Logging operations can affect the str discharge rate by ihéreasing yeak
flows and redﬁcing low flows. Compared with pre—loggmg drséharge flows this could now decias
the previously calculated power potential from the project. '

available for power generation; Y

e Determine and evaluate any conditions that could be 'p_laéed on prbject deeign and operau'on,
before applying for a water or land use ﬁcence oI permit; h ‘
o Determine the present and future land use patterns in the draxnage and whether loggmg ‘or

i

agriculture is to be developed near the SUeam, or on upstream land parcels s .
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34 STAGE FOUR: PROIECT EQUIPMENT AND TYPE

OBIECTIVES - | e L

® Identify weir/dam, intake, penstock, turbine, powerhouse, _generator, governor and

protection/control, and transmission linss.

IMPORTANT CONSIDERATIONS

- - : s

® What is the expected service hfe of the project given the ;nstream condmonv" Does the

stream carry large amounts of silt or grit? : o .

‘e Does the project require a storage weu/dam" Or is it run-of-river?

® Is the hydro site near the demand center or at a distance? Are transmission lines reqtured"

o fs there an equipment dealer or suppher located nearby? How accessible ar¢ spare or used
egmpmen; parts" o ,

®  How much of the actual équipmcnt installation can be done by the developer? Will it

require extensive engineéﬁng or construction expertise”?

INTRODUCTION . a -
EEEIees

I T

This part provides a general guide to the. function and application of equipmem'ﬁsed in

micro hydro. To actually select equipment and an optimum ‘_projecl conﬁguraﬁon suitable for a

particular site requires a detailed cost and engineering study, and discussion with equipmeot
quppliers I-Iowever understanding basic information concerning equipment ‘can make discussions
about potential design, cost, and installation with suppllers much easier. The photographs included

in thls part will help illustrate- the eqmpment components of an operatmg micro - hydro . project.

-The sité selected is the Koksﬂah Power Company (owner David Laverock), located on Grant

Creek -Lake, Vancouver Island,- B.C. The project is primatily run-of-river with storage capability
during low steam flow pen‘ods (i.e., summer). The project system ‘(consi,sts of a 5 kW Pelon
. B e -
turbine, generator and governor. The installation also includes a weir, holding pond. and 100 m '

long 25 cm wood étave and steel above ground penstock, and a powerhouse.

~
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34 Physical Components

. Weir/Dam o ‘ _ ,;, e

EXY

>,

‘Where insufficient water flow or head exist an impoundment or ponding dam is needed to |

capture the stream' ﬂow ‘potential (Plate 1) Sirhpl weirs or diversions of wood cribbing can be

used for low head sites. and very small mstallan (less than 40 Kw). Where a site requires a

larger weir or diversion structure, rock filled éa ns (rock baskers enclosed in wire 'mesh)l securely—

attached and mounted are often used. These gy ms can have the advantage of bemg made from

materials focated near the site. However the
butyl-rubber) to prevent seepage. Whefe possible the weir should be anchored into bedrock by

concrete or steel. The developer may need the services of an engineer depending on the stability

H:of the stream banks, or coneem for the stream environment (ie. designing .fish ladders). In

general, if the height to the l:op of the spillway exceeds seven feet from ground level, professional
S ‘ »
assistance is required to design and construct the structure.** Minimum - weir requirements include:

(1) the weir/dam capable of. ‘surviving Oc':oil;ditions (2) the spillway adequately sized to

prevent washout, 3) ensunng mlmmal, epage” and ‘erosion within the structure, and (4) makmg,

provxsxon for the flushing or removal of downse:ﬁ:n transported sediment from behind the ‘weir.
This can be accomplished by locating Bulvert gatts in the structure to. be opened for periodic

flushing. T e
o
c
)
| , s e
2 \
3 @ £ .
*
b
s
[
'Note 1
Y - -
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Plate. 1: WEIR STRUCTURE. (Koksilah Power Company, March 1986.)
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This is a simple structure located wn.hrn the stream which d]VBlTS water to enter the

penstock leadmg to the turbme “(Plate 2) It shouid be located in the stream where the stream
velocrty is hlgh and there is sufficient depth to fill the intake opening, It should never be located_
on the ms1de of a river bend, since sedlment carried by the river will be deposited at the intake
operung and require conunuous cleaning ,to prevent “blockage. Alrnost_ all- run—of-river pro;ects will

use diversion type intakes as opposed to the impoundments or dams used by storage type projects

- to- augment head Intakes are generally made from concrete and should be durable’ and securely

anchored During penods of low stream ﬂow intake submergence should be mamtamed. A valve i
or gate should be available to shut off mxmmal flows to prevent air and pressure changes ’

occurring ‘w1thm the sy$tem, and in the event of penstock rupture (Plate 3). In addition, intakes

must not be located ‘near domestic and irrigation water supply inlets, as this can lead to ’starving’ .

> the other intakes of necessary water. ' The major- Tequirement is that the mfake provxde a

trouble—free filter for the penstock allowmg grit or large debns such as logs o bypass w1thout
damagmg equrpment. Control of smaller debris 1s by screens or trashracks; for finer sed1ments
settling tanks or ponds Easy access is 1mportaift for mamtmnance cleaning out debns and

- removmg ice when temperatures are low. . .

-

.
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Plate 2: INTAKE STRUCTURE. (Source: John McKay, Vancouver, B.C., 1986.)

»
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turbine (Plate 4). The /1:(‘ are numerous chmces for penstock matena] mcludmg wood stave, steel,
- concrete, iron and PVC. No one type is best and selectJon must be based on particular pressure
ranng, acoeptable fnctmn loss, 51te condmons and price. Material and dlameter affect both water

velocm and fnctmn loss. ~This is unportant when determining the pr03ect power ouput. As

penstock dlameter increases both the velocity -and friction loss decline; smaller penstocks usually

mean greater fluid friction loss and a smaller net head. However, increasing the diameter will also
Vmean‘ a higﬁer pri::e. The tradeoff becomes one of higlle.r’—_cqsts for greater- efficiency, or lower
costs and less potem‘a] power output. Other considerations when selecting a penstock are the
terrain conditions near 'the projecf, availability of equ1f1;ment to construct the- works, and personal
experience’ in working with a p;micular material. Clearing a penstock route in steep forested areas

-

can prove to be an arduous task.

The penstock must- be dapable of withstanding water and pressure surges from. within the

system that can create cavitation and equipment damage. To minimize air ‘pockets and turbulence

the penstock route must slope cqn_tindously downhill with a xmmmal number of bends and turns. -

Thrustblocks (i. e\cs{r:te) are used to help ‘anchor the 'penstdck especially where bends are

reqmred and where thé\ penstock enters the "powerhouse (Plate 5). This will control the dlrecuon "

of expansion and contraction in the penstock, prevent movement from vibration or waterhammer
and prevent the system from shdmg downhill. Penstock mstallauons may be either above or below

“ground ‘depending on soil conditions. Above ground insmﬂdﬁon requires, that the pipe be mounted

on supports designed to provide uniform pipe supp;ort, retain pipe movement and protect the pipe

from external damage. The supports can be of wood or concrete depending on site conditions.

Penstocks laid directly on the ground may require é'gravel bed, and protection with prifnér epoXy

resin.’’ Below ground installation usually occurs when using PVC piping because it will- degrade in |

direct smﬂrght.‘—BurredTenstocks will be better able to withstand pressure surges !n the system,
\ leakage w1ll be less hkely; and the. potermal for external damage and landscape mtrusmn

minimized. , o . “

3 Note -
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Plate 4: PENSTOCK. (Koksilah Power Company, March 1986.)
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The turblne converts the potentra] energy in fallmg water into mechamwl energy to be used

elther drrect]y or to. be connected 0 a generator to produce electncrty The turbme tﬁ)e and size

- selected is determlned by con51denng the 1nteractron between site charactenstlcs (head ‘and ﬂow)

load requirements, generator characteristics and cost Flgm'e 6 shows the sultablhty of  various

turblne types for different- head and flow ranges. The ﬁgure illustrates " t.hat for most heads and

‘output condmons the choice can 'be one of a variety of different turbine types. Each turbine type

has limitations and offers édvanrages depending on the type of operation requirements.

Turbine type and speed must be selected to maximize efﬁcieney and to avoid 7problems of

‘cavitation and power surging within the system. Cavitation occurs when air or gas bubbles that

form in the water collapse when- they strike the turbine. This can create vibration, and cause

damage to the turbine and reduce it efficiency. In order to avoid. thrs problem the developer

| shou]d discuss with an eqmpment manufacturer the possibility - of cavitation occurring in the

““turbine. In additior, selection is influenced by maintenance, cost and availability of equipment.

Turbine composition is important particularly when the stream is gritty or glacinl. Stainless steel is -
generally consideredithe best for extremely gritty streams. Mangenese, bronze and ductile iron are

good materials for use in cleaner streams.* Turbine cost is influenced by powerhouse configuration

‘and design, and ancillary equipment such- as the generator. The available variety of turbine types

has- 1mproved in the last ten years. This is in ‘part due to standardization and availablé
1}

off=the-shelf technology.

Selecting and sizing an appropria.e turbine usually involves engineering - principles and fluid ,
dynamics. Because the tyne selected is critical to the success of a hydro project, the - developer
should ' contact equipment manufacturers and sirppliers directly for specific efficiency curves ‘and -

ratings. Only broad principles of turbine'rdesign and applimtion are discussed below."

H
y

49Canada, Energy Mines and Resources, 1984, Proce gdmg of Conference on Planning,
Financing 'and Developing $mall Hvdro Systems (Vancouver, B.C.), part 3
L
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_Turbines are essential]y divided into two categories. The first includes the 'simple and

.

common'iunb{ﬁse turbines used most often in fun-of—river projects. They are small, simply "and

compact. Projects using impulse turbines conven r.he energy in ‘the water into a velocity flc ﬂow by
forcing it through a small nozzle and aiming the water jet at buckets arranged around the turbine

wheel. The water}impact on the buckets turns the wheel connected either directly 10 machinery or™

1

a generator. Common impulse turbines are the Pelton and Turgo designs.

The second type are reaction turbines placed directly in tﬁe Tiver. The‘v‘develop‘- power by a
combination of pressurg, and velocity changes. These type can be found most often in low head
or storage type hydro. La:ger equipment components are requlred to utilize the lower pressure
and greater volume of water., Reaction turbines can be divided into the mixed flow and the a)ual
flow type Common reaction turbines are the Franms Propellor, Bulb and Kaplan The Banki or

Crossflow turbine is a transition design between an 1mpu[se and a reaction turbine (Figure 7).

The turbines often selected for medium to high head sites are the Francis, Crossflow, Turgo
and Pelton designs, The Turgo and Pelton are seldom used on heads of less than 300 metres and

are the most common turbine selected for micro hydro installation.

4
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Flgure 6 TURBINE CHARACI'ERIS'HCS (Source Washmgtog Department of Ecology, Olympla,
WA., 1985) )
n ‘ . .
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The selection of a_&aler turbine is dictated by the head and flow characteristics of a
particular site. Since ils invention by Lester A. Petton in 1880, the Pelton wheel of impulse
turbine has dominated high head, low fiow applications. Tube and bulb turbines are
recommended for low head, high flow conditions. The majority of large projecls are
equipped with Francis or adjustable blade Kaplan (propefier) turbines.

- \
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bFigure 7: TURBINE TYPES (Source: H.- Hutchinsqn, Crippen Engineering Ltd., Vancouver ‘B.C.,

12
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Powerhouse .

The powerhouse protects the generatmg eqmpment and allows electrical eqmpment to be

securely mounted (Plate 6). Powerhouse size c\?nnot be confirmed until the dtmensrons ‘and

requirements of the turbme and generator have been estabhshed (Plate 7). The high head project

powerhouse can be of a sunple construcnon because of the turbine system employed, and water

discharge is- drrectly into an opening in the floor. Low head pl‘OJeCtS using reacnon turbmes

require. substarmal substructure because of the irregular shape of the turbine package. In both
Mes the powerhouse is to:be lomted near the river but at sufﬁcrent elevation to avoid damage

-

consrderauons for a typtcal powerhouse are listed as dollows:

M Y

" be easily accessrble

" For the smallet plants a mobile crane can be used rather .than

Size: spacious enough to work comfortably around eqmpment For medrum to high head

 plants § by 12 feet is acceptable. Low head sites can requu'e larger facrlmes owing to

equrpment configuration. The powerhouse should have electricity supplied to prowde light

La S

and power during system operation, and for marntanence periods;

_Ventilation: adequate ventilation to prevent overheating of equipment and machinery. A ,ﬁre

protection system of either water sprinklers or portable carbon dioxide extinguishers should

+

to equipment from flood waters and to Set correctly the - herght of the turbme The 1mportant—

Insulation: to prevent icing - up msrde dunng the wrnter and to be able to work msrde :

during equipment shutdown periods;

oor drains: to ensure adequate drainage in case of leaks or ruptures, and to drain

hensation buildup on the penstock and turbine housing; | -

inblock: to lift or re—position the generator or turbine during instgllation or ‘maintanence.
Y‘Kexpenstve permanent

installation;

“Qutlet/tajlrace: there must be good clearance between the turbine runner blades, and the

water outlet below it to avoid backwash and splashing interfering with the operation of the

turbine runner blades.



Plate 6: POWERHOQUSE. (Koksilah Power Company, March 1986.)

Plate 7: POWERHOUSE EQUIPMENT: Turbine and Generator.

March 1986.)
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QOutake/Tailrace

The outlet or tailrace does two things; (1) carries water leaving the powerplant back to the
stream channel, and (2) keeps the turbine runner submerged during actual operation (low head
systems) (Plate 8). Depending on the site and project configuration, the outlet can vary from a
short unlined excavation to an elaborate concrete lined channel. If the soils are porous sands or

gravel, a lining is usually required to prevent seepage, ponding and erosion of the channel bank.

Plate 8: OUTTAKE. (Koksilah Power Company, March 1986.)
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. 3.4.2 Electrical Components
. : ) \ N ‘ *‘
Mechamcal energy is converted to elecmcrty by a generator. Generator speed is determined-

by the turbine, and by the size of the generator (Plates 9 and 10). Small generators operate at a

, higher speed. The turbine configuration will determine the location of the generator” unit, which

'may erther be mounted adjacent to the turbrne or be designed as an 1ntegral part of the turbine.

, Generators will be either synchronous (self govermng) or asynchronous (governed by an outside

agency (utility grid)). The generator “selected wrll depend on whether the project is for unlrty grid

connection (asynchronous), or is independent (synchronous) As most micro hydro constructed is

for independent power generation, discussion will focus only on synchronous equipment

Synchronous

‘Because most household and small industry motors operate at a constant frequency of 60

‘Hz, generator speed must be constant. A governor unit is required to control the turbine speed

and thus elecrriml flow to the system. The generator voltage required is dependent on the types
of electrical loads being serviced. “For exarnple, if the load is mainly for lighting, 110 volts is

sufficient; 220. volts or even 440 volts may be required for machinery or ‘industrial applications. A

higher voltage may be desirable if the transmission line (distance to denrand) is relatively long.

The generator must be of a solid design, well insulated, have 1ts own voltage regulator, and own

_ excitation system because it is operated in isolation from other electrical systems (i.e., utility grid}.

J— - . . - - oo et e



Plate 9: POWERHOUSE EQUIPMENT: Synchronous Generator and Governor. (Koksilah Power
Company, March 1986.) A

Plate 10: POWERHOUSE EQUIPMENT: Pelton Turbine Housing. (Koksilah Power Company,
March 1986.)




Governors

A BRI
,l..ﬁ.(""“:{ o
-\

Isolated mrcro hydro must -use a govemnor to control the speed of the turbine and generator.

The governor senses speed ﬂuctuatrons due to load changes and adjusts the turbine speed and

electrical flow to maintain the 60 Hz frequency. Govemning of low head turbines is complex and

expensive. For example, Francis turbme govermng mvolves stopping water [flow - through the use of
wicker gat,es . For hr ‘Q head unpulse turbines (1e Pelton, Turgo) goveming is efficient and
strarghtforWard because water flow canh simply ‘be deﬂected as load demand ﬂucﬁates The two

most common type of governors available include:

Gateshaft Governor = . o

- Generator voltage fluctuations due to changes in load activate electrical servomotors to open

generator speed to- agree ‘with. the load The eqmpment is complrcated and expenswe for small

turbines, yet apparently works with great relrabthty and precision.*!

Electric Load Control

* b

or close water flow control gates. This regulates the watér flow onto the turbine and adjusts ‘the -

Electronic sensors regulate: the load on the governor and not water flow (water control

gates). Therefore, systems no longer requiring complicated mechanical gates allow for simpler and
cheaper turbmes to be used. Advantages include a ‘use pnonty system in which electronic
controls connected to the loads at the site turn off low pnonty loads when high “priority (llghts
and cookmg) are trned on. With this system, the power output from the generator is kept
constant. These systems can be expensive arﬁl should -be purchased from a competent electrical

contractor. .

€

“'Note 35, pp. 80- 83. | ' Q C
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, To 1n57(l] protection and control systems requires a knowledge ol' the physlcal and electriml
~ operation. ot/ ‘the total project. - Electr_—ie&l,—— proteeﬁon—eqtﬁpment eshoulakmeetﬁe%xceed%anadran A

o . P
electrical safety standards.“ , : S ‘
// N . : . ) . *, . )
' Efectrml protection, is pro,rect specrﬁc and may include: lighting arrestors, fuses, load
break¢rs over and undervoltage and frequency protectmn to the generator. Protecting the physml

project components mcludes momtormg temperature turbine speed, trash rack conditions, oil and

lubrrcznt levels To protect machmery a range..of mechanical equrpment is used including mtake ‘

/

screens to block the entry of debris into the penstock, and gates or valves controlhng water flow

s rnto the rurbme system Gates[ and "valveg are available for us¢ in a varrety of situations, and are
lIsual;ly Spedahzed for application in a partroular pI‘OJeCt. Intake; gates are used to cut off water
/ ﬂow into the penstocks to enable mamte'rance mdt 1o regulate water flow to the turbine. Bypass

. vaSves at the powerhouse are used 10 divert water fidw from the turbine, ‘and allow for sedrment

B be flushed from the ‘pensiock. Ta ]
//' - . : . ' . . &:1' B
// 3 . I
[ Transmissiof
/ Transmrssron ‘lines are needed. to drst:nbute eiectncrty if the power §1te is not adjacent to the

power house T‘ne~ transmission line can be an expensive: component of the -project depending on
desrgn, carrymg capacity and instaliation. Most micro hydro projects requrre 600 volt wiring, which
e " can be installed by the project developer Depending on length of line and total load a simple

wooden pole constructron and open conductors can be used Lme losses (lower voltage) mcrease '

o

wrth greater drstance u'ansrrussron The voltage drop ‘in a w1re 1s equal to current in amperes
- mult1p11ed by the resrstance in ohms of the wire. 'l“he power loss to a site can be reduced by
mcreasrng the generator voltage and lomtmg as"’"c’lose to the powerhouse as possrble A rule of

. thumb is that there will be a lme loss of 1 percent for every 4 m - travelled- (properly sized

" } ¥ overhead wrre) Hign voltage - required “at, some distance from the powerhouse would mvolve

-~

requiring” substantral equipment and machrnery to locaterand construct the i:ransrmssron system:. An

electrical engineer should be - contacted before purchasing ~and 1nstallrng transnugsronf lme

.
. ’ B

ES -
T

“lectrical Safety Act RSBC, 1979 c. 104.

T

A

£

havmg 0 use hrgher voltage line and transfbrmers (1e 25 kv or hrgher) Thrs is expernsive, .

a®



. 3

_ equipment. L o
- - 3

i
’

‘ vTransmission line 'and gehe'rator voltage can be the same where the hvdro' plant is in close

pIOlelty to the load center (under 1 mrle) 'Hus ehmmates r.he need for stepup and stepdown

transformers. Overhead power lmes are efficient and mexpenswe 10 install bul vulnerable to
fallmg trees, icing, lighting /su:ikes and vandalism. Undergroﬁnd cable or submarine cable can be
- "required /m special use areas, such as a provincial park or in navngable waters. ~However, it ‘is

, ‘ usually/ not cost effective for the micro hxdro developer because -of the high installation cost

3’3511 - g‘ ' ' o ,
Deterrmne ‘what eqmpment componems are requrred for, r.he resourTe site;
9'- mmm -best-comiﬁnauon of eqmpment components (turbine 'and generator)

® Determme how much . of the work or installation you can do yourself;

‘ ; d Contact turbine eypem suppliers or manufacturers for - specific detzuls.

T c
R
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4 Identify project component costs, caprtal cost, operatlon and mamtenance cost evaluate

- altemauves case study.

IMPORTANT VONSID‘ERATIONS S

. Is the hydro projet affordablé to build and operate?

@ Is the unit cost of the generated hydr;o electncrty less than the “present prrce paid for the

ex1st1ng power spurce? _

Are there avarlable opuons to ﬁnance the prOJect" . ,
.. For how long .is the current energy demand . expected to contmue” will the hydro prOJect

have Te-sale value?

o How .much of the .installation and rhaintenance work.can be dcne without engineering -and

iy

contracting experience?

- h " '

m

INTRODUCTION ~ . .~

2

The 'economic benefits of onerating a. micro hydro system’ a;:e the replacement costs- of an
altemate energy Source, usually dresel or atility grid connection. Diesel fuel presently ranges
U"tween 10.0 and 20.0. centS/kWh and cost will escalate with inflation and with real cost
rncreases in fuel prrce." Thc cost of connection to the utility grid must alsq be consrdered by the

developer -when evaluating energy altematives" If the site is- already connected  to rrtility grid, .

- .power, and the water has 1o other uses such as for provadrng irrigation. er ﬁre control, then

micro hydro coulcf be difficult to Jusufy Present uuhty ‘hook-up can cost over $40,000.00 a
kilometer.** The current costs for a micro hydre pr03ect are in the range of $2200.00 to $3000.00

“Interview with Robert Woodley, Manager Systems Engineering D1v1s10n BC Hydro, 20
January 1986. ¢

**Note 43.
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A}

_per kilowatt, with c‘ost variations. dependent on site work, equrpmem and head** Generally, the-

L)

- cost per kllowatt decreases as power output mcreases High head prolects are usually less - |

expensive than low head prajects but thrs will vary on’ srte a;nd equrpmenﬁerrar Creﬁsufs The

listing below gives approximate ‘cost data for\ a variety of project sizes:**

0- 50 kW (0 - §150000)
50- 100 kW ($150,000 - $300,000) o
100 - 250 kW (300,000 ~ $750,000) - ) ’
over 250 kW (over $1,000.000.00) , &

3.5.1 Project Components

k]

~~' The followirrg physical, mechanical and electrical components are considered standard for
. most low and high head projects with power outputs ranging from 10 kWL to 2000 kW. Basic unit ‘
costs have been well estabhshed for h{iro electric components and are represented by reasonablyA
accurate cost curves.’” A general guide as to what information to consrder wheft assessing COS
factors is grven below. Specrﬁc cost mforrnatron would require contactmg an equipment supplner '
and providing accurate resource data, and pnce ranges. The component cost data in 1986 dollars
(Canadran) below is a general estimate provided by Solace Energy,” Micro Power Engmeermg

Systems, ‘Vancouver, B. C

Access Roads

Costs will- vary depending on the site location,- terrain ahd overburden to be.removéd,- and

rwhether‘ the developer can do much of the work himself. Gerreralfy, as the slope gradiem

increases, the road costs per mile will increase. Approximately $90,Q00.00 per kilometre for =

~ commercially installed aecess road and surfacing would be an appropriate\’t} estimate. However, a

develgper with access to heavy machinery:' and brush clearing equipment coui‘d reduce this cost

“Note 1.
‘Note 1.

“’Note 28, part 4.
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Wh’en‘deriving'a cost estimate asﬁects to consider include; * _‘ N
R \ 7 . L
. the lenjgth of road in metres; -
& | the amourit of clearing and grubbing;
s the zrmount of overburden to be removed; N .
& the type of road surface (i.e., dirt, gravel or paved). R

‘Costs_ will vary dependmg on _the instream flow rates, intake - locauon and the amount of
power to be generatetr Generally, as the instream flow rate required to generate power increases
~intake costs increases. It is critical for -proper system operatmn to correctly locate and install this
equipment ~component, Therefore developers should have professional assistance with intake,
selecnon and mstallanon Approxrmately $150000 for a- commercially mstalled intake” would be

appropnate in most micro hydro sytems. When deriving a cost estimate aspects to consider

AN

include:
e\\'
- ) ) V4
e ’ e . T . ' . //
had - di ; i.€., i w fate); - : ' ~ ;o
the discharge rates (i.e., instream tlo fate) 7 . ~
®  the amount of power reduired. : ot B o ‘ \
. T . o v \//
Penstocks ) ' . N . . » .

Costs w11] .vary depending on the terrain, gross and net head, penstock thickness arid’ weight,

. and the power output required. Generaliy. as the pipe w1dth length and weight increases, the cost

increases. Plpe costs are approxrmately» $5.00 a foot for 8" 1rngauon plastm and $10.00 a foot for
8" -steel plpe purchased cornmercmhy Less expensive sprral plasue prpmg used in rmne operatlons
can be. mstalled and is readrly avarlable second hand Commercral _penstock mstallatron ranges
from $0.50 to $1500 per inch foot dependmg on terrain characteristics. Penstocks must be sohdly

anchored. The use of wood supports is . appropriate for most installations,- “but the matenal used

"

(1e concrete) will depend on terram condmons and penstock weight. S
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Turbine e T - o '

, Costs vnll‘vary depend;ng on turbine design, material size and capacity. Genexahy th‘e’com
is speaﬁc w2 pamg:ular ugbme des1gn and " its applidgjon - but will mcxeas;:a& poweLoutpupm,%
increases. Commermal prices for off-—the—shelf turbmes mclude ;48 A -
® Jow head (Prepellor 5 - 25 foot head) range from $1100.00 (0.5 kW. 15 foot head) to
$16,000.00 (3&kW 20 foot head); X T
= medmm head (Crossﬂow 20 - 200 foot head) range from $5700.00 (35 kW, 200 foot head)

~~~~~~
~~~~~~~~~~
........

~ to $12,000.00 (35 kW, 90 foot heafl); : - . -y
® - high “head (Pelton . 200 foot head or- more) range from $170000 8 kW) o $56 000.00 (550 |
W -

Cost estimates for a varféty of capacities are illustrated' $5000.00 - $25, 000.00 (0 - 25 kW);
$2500000 - $35,000.00 (25 - 35 kW); $40,000.00 - $6000000 (40 - 75 kW) §7500000 - -
$120,000.00 (100 - 200 kW), 3 : »

In addition, alternators are typxcally purchased tog::;gwnh the turbine and range in price
from $4500.00 (10 kW) to $650000 (40 kW). Powerpl
beds, flywheels, load control govemor and drive systems cost from $5000. 00 to $8500.00 (up to 50

accessories mcludmg tuxbme mounting

kW). Care should -be taken in purchasing second hand turbmes as each is designed to serve a

- specific head and flow, rate. When deriving a cost estimate aspects to consider include:

L d the type and- speed;

e the associated govenor, , . co : o -
., ® the power output;, - : - . o
-~ ®  the head and flow rate. 2

*Note 5.
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Powerhouse

Costs will vary de}érdmg on the desrgn, locann, constructmn matenal and equrpment
&mponents Generally, Jthe costs are proportronal to t.he power output and to the turbrne' !
conﬁguratron selected for tnstallation Approxrmately $500000 for one 8 by 12 concrete slab .plus’ ’
prefabncated wood power house frame would be appropnate in most cases. A used wooden frame

powerhouse would 'beg approximately - $3000.00 with cost reductlons if the developer were 1o

cOnStiicE” and mstall equipment. In some cases a purchased stock garden shed with locking door

can be an appropnate powerhouse for very small systems (i.e., less than 30 kW) When deriving
a cost_estimate aspects to consider 1ncl_ude.

the amount of excavation;

the substructure and ‘superstructure; 'v ) ©

the need for a yard, fencing and security;

- the gross and net head;

the installed plant capacity and equipment ‘conﬁguration.

=
o,
&

Costs  will vary depending- on the desrgn, construction material, depth and herght of the
required 1mpoundment_ Gcnerally the cost - increases  as herght of t.he weir  increases.
Approxrmately $90.00 per cubic foot (gabrons) purchased and installed - would be appropriate in
most cases while concrete wier/dam structures would cost $250.00 per cubic foot purchased ‘and
installed. These costs can be reduced substantrally by the developer able to do all or part of hrs
own constructron The' developer should consult a civil or structural engineer before purchasing or

construcung werr or dam works When deriving a cost ‘estimate aspects to consrder include:

-

-\

the method of anchonng the Weir; e .5 _‘ N\
the ﬁll matenals (i.e., dm, rocks, t;;nber concrete);

&7 the proximity of source matenﬁls (ie., hauling distance);

g the dep th and width;

» the type of 1mpermeable barrier (if required).

r
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—Transmission lines — —-

.

Costs will vary dependmg on the type of pole mateﬂal equipment- used &nek{he#plan&— —_

capacity, and distance to the load srte Generally the cost wrll increase as the distance and
kilowatis to be transmitied increase. Approxrmately $7.50 per foot mstalled underground and $2.50
per foo%ipnstalled overhead is applicable in most cases., For a one kilometre line '$15,000.00 would*

be apprdpriate for commercially purchased - and installed equipment. The developer can save

. expenses by brush clearing, use of wooden ooles,and transporting materials and equipment’ to the

site. When deriving a cost estimate aspects to consider include:

-

i the poleé, a.rrns,.insula{or and wire\ type;
the total power to be tramsmitted; -~ - A e
® the fotal distance of line required. )
3.5.2 Feasibility Decision: Yes or No? e . : .-

A. Alternatl’v‘% :

Fundamental to the economic evaluation is the need to compare the cost of producing

hydro power to the cost of production by current means. For K}f‘nicro hydro developers, the

altemat:ive sources are limited ro utility supply or diesel generation. For the private developer the
most useful indicator is the comparison of the unit energy cost, or the real cost of producmg
energy The unit. energy cost can be determined by amomzmg (how much an amount of money
pald annually is worth today) the capital costs over some penod of time (i.e., 30 years) usmg a
range of interest rates, adding the operating costs and then dividing the total by the energy

production (kW/hr/yr).

B. Hydro project

~ For micro hydro estimates of energy demand, capital costs, operating and(mainte,nance costs,

| legal and engineering costs must be calculated. Hydro will experience ‘high front end’ costs for

include regular parts lubncatron and replacement of small mechanical parts (i.e., fuses' regulamrs)

Allowances should be made for emergency repair costs including parts and labor Operation and

T h
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maintenance costs range from 1.2 to 2 percent of costs annually.*

-,

C. Diesel plant oo

™

For. diesel fuel generation . the costs of diesel fuel, 'partS’ and materials, operation and -

maintenance, and energy demand are required. Diesel fuel costs are the main component of the
economic analysis, and the price paid for energy is a linear function of diesel fuel costs. iliesel

fuel costs are presently estimated at between 10.0 and 20.0 cents/kW.h., but will vary depending

on genetator life, efficiency rating, maintenance and diesel fuel quality. Diesel fuel prices are

_currently between 32 cents/l. and 43 cents/l.

" D. Utility Connection

* For utility poiirer the costs inciude the current price paid for power and if not close to the
grid the cost charged the developer for - interconnection to the utility grid. Current transmission
line costs can- be estimated approximately using a figure of $40,000.00 a kilometre in remote

locations.

It is important to.be consistent in the - basis for cost estimates between alternatives. An

appropriate lifespan’ must be assumed to ens'uxg'J a fau comparisbn of alternatives. Micro hydro is

typically considered capable of a 20 - 40 year lifespan; a diesel generaﬁng plant 15 - 40 years;
and' utility poles 45 - 60 years. The diesel plant will typically have some salvage value at th§
end of tha} time frame. Having \determined, (1) the capital costs, (2) operating and maintenance
costs, (3) diesel fuel costs, and (4) ﬁ1ethod of comparison (unit energy cost) the decisidn whether

to build or not to build the hydro plant can be made

)
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353 CASE STUDY: ggcier\ m ngro Project

Located in Glacier Nauonal Park is a run—of—nver micro hydro svstem A 1500 kW Pelton

turbine and powerhouse. installation. supphes most of the hot water and elecmcm for the lodge
‘and ‘the emergency station located at the summit of Rogers Pass The hydraulic (nex) head is 64
. metres, demand ﬂow 0.38 m/sec, penstock is a 4] cm-steel pipe, 442 metres lopg. The mechanical
equipment mcludes a stamless pelton turbine, “and belt dnven 600 voll generator. The project was
built and completed in -1983.*° Cost estimtes for tlns prOJect in 1986 dollars (Canadxan) are glven‘
below. They were derived by takmg 1983 cost estimates and 1nﬂaung them by 10 per 4em per

4

annum to 1986. ‘ , L o , N
. 3.5.4 Project Economics

_Pce—prOJect Ccosts: \ . c ‘

®  Annual diesel maintenance cost - $7,500.00
®  Annual fuel costs — $70,000.00°

Project costs for the new hydro systein:
. |

| . \.
° Capital costs (equlpmem and matenals)— '$185,000.00
® Installation costs (labor) - $18500000
o Total installation costs — 5370,@@00 A -.
o : A ol
®  Cost per kW- $2230.00 : ‘# L . : N s

° Annual maintenance cost - $200 00 (esumated)

o Simple pay back period - 3.0 xgg

Expected benefits/savings: : ‘
v ]

o Reduction of $70,000.00 of dieslel fuel per year at the camp; '

® . Reduction of $7,500.00 mmntenance cost; ‘

° Removal of an.air pollution source - ) :

’°Canada Energy Mmes and Resources, 1983, Glacier National Park. l;lig_g_ Q]gg Number

0-15 (Vancouver, B.C.: (Mlmeographed)) 1 p

\. R
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The cost of producmg electricity in cents per kllowatt hour can B'e calculated for this

. remote sm; A 30 year loan penod with interest rates of 10, 13 and 15 pe%&nt is assumed. In
~order to caqulate the Teal cost of producing electricity in cents per kilowatt hour, costs were
amortized over 30 ;iears and an anhual operating and maintenance é);pense of 2 percent of initial
acost included®' A .constant capacity factor of 0.6 was used to adjust for variable stream flows
through the s‘ys;cam.’2 The hydro electricity costs range. from 5.95 cents per kilowatt hour at ‘10

percent to 7.10 cents per kilowatt h6u1 at 13 percent to 8.06 cents per kilowatt hour at 15

* percent. These values compare with an average diesel fuel cost of between 10.0 and 160 cents

per kilowatt hour (less inflation, and depending on location). Diesel generator maintenance costs
will" increase ac the generator ages, and because it will “become less efficient (high fuel
‘ consumption) through extensive useage.

3.5.6 Example Calculation

The following example illustrates the method used to calculate the unit energy costs outlined
in the.above analysis. | ] | ‘

1. At a 10 percent jnterest rate and 30 year l‘oan life the present annuity factor éduds
9.426914. (this indicates how much $1 received or paid am‘luallyy for X years is worth
today).’* A rough estimate of the" annuity factor (perpetual annuity factor) can also be

~ obtained by dividing 1.00 by the expected interest rate. ’ .

2. multiplying the project capital cost ($370,000.00) by a 2 percent annual operating expense

o equals $7400.00. |

3. dmdmg the capital cost ($370,000.00) by the annulty factor (9. 426914) and addmg the:
$740000 operating cost equals $46649.30. ‘

4, dividing $46649.30 by the average annual energy production (150 k\i/ times 8760 times a 0.6'

2R, Stilwell, 1980, "Economics of Small Hydro," In Proceedings of the .Seminar - on Small

Hvdro in Indust:rv (Vancouver B.C.. Crippen Engmeenng) part 8.

. S2Note 37, p. 13.°

$3 Refer to compounding and discounting tables; see, J.P. Gittinger (ed.), 1973, Compounding

and Discountng Tables for Project __d__gg_ (Washington, D.C.: Economic Development
Institute), pp. 20~ 21
/
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firmness factor) multiplied by 100 equals 5.9 cents kW.h.

5. this amount represents the real cost of producing electricity at the hydro sité given a

particular interest rate (10 percent) and loan period (30 years), andcan now be compared 0

the current cost of diesel generated elecmcxty{ ‘at the site (costs  will var_\ dependtng on

location).

337 ‘Economic Analysis: Option Two

-

The second opnon involves comparing the yearly expendxtures on diese! fuel and operating.

costs (which escalate over the years) with installing a hydro system (1mt1al caplul cost) - and the

' assocxated rmmmal mamtenance costs thereafter. Yearly savmgs from installing . the hydro system

can be estimated by.- subtractrng the operatmg and mamtenance cost (hydro system) from the

yearly diesel fuel expendtture .

For example: annual diesel fuel and maintenance costs are $3000.00. The cost of the hydro
system (5 kW) is $1000000 borrowed from a bank for five years at 15.5 percent interest would
require a payment of $2880.00 per year to amortize (pay—off) the loan. The loan would then be
pa:d back in five years at a total of $1440(300" However the loan payments are less than the
existing annua] dresel fuel expendxtures allowing for a '$200.00 annuzl operating and ‘maintenance

expenditure budget for the newly installed hydro system. In reality, the new hydro system would

" require little maintenance in the first years of opcration, with some increase expected in later

yeers as machinery and parts wear out and need replacing. The savings v($200‘.00) could then

either be re-invested in a bank account (term deposit) that would contribute capital to replace the

- hydro system at a later date (2030 years), or help to pay ,for ‘diesel fuel to generate. electricity

during low stream flow periods (winter), or in an emergency \éltuauon After f' ive years the loan is

paid off, and the additional savings in fuel costs (excludmg operating and, maintenance

expenditures on the hydro system) make the installation of the hydro system even more attractive.

The developer can also examine the system in terms of cost per kW.h. This requires taking
all maintenance costs over the life of the project (20~ 30 years) and adding them -to the outlays

necessary to amortize the original $10,000.00 investment.

!

“Note 53. -




w maintenance oosts begmmng at $100.00 a yeaJcneamnngLZﬁneIcenLannuale—

over 20 years equal $240000 amoruzatmn of the loan costs §2880.00° for ﬁve years and equals.

$14,400.00; total cost is $16800.00: - o

Total power is 26,280 kW.h times 20 years equals 525,600 kW.h.; Dwndmg 525600 kW.h. into

. $16,800.00 equals 3.2 cems/kWh . )

The 3.2 cents/kW.h. compares favourably against the 10.0 to-16.0 cents/kWh (dependmg on?

location) the developer would pay for’ diesel -fuel generated elecmc1ty

¢ <

~

@ Determine rough esnmate of equipment component eosts

L ‘Deterrmne and compare the cost of producmg h) dro power to the cost of produenon by‘f’ ! o

current means;

@  Determine the amount of yearly savings (ie., fuel cost savings) {fr'om' ins;aliing the hydro o

system;

@®  Contact bank or nearest financial msutute and provide hydro pmposal (eqmpment and‘

operating cost estimates). ' ' T »
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36 STAGE SIX: PROJECT FEASIBILITY CHECKLIST .

At Lha54tage the de\zeloper must decide- whether t&g& aheaehaﬂereﬁrlﬂLthe h’VdI‘O_pTUJBCIT4
or to consider other” energy generating alternatives. In, summarv the following points_ should be

clearly understood and assessed before any decnsron is made to purchasc ‘equipment, - lease land or

begin constructron of a pro_;ect. : S /

»

® Determine power reqﬂremeﬁts at the site;
®  Determine hydro resource potential (i.e., head, flow); ‘

®  Determine minimum flows, fish and wildlife and other environmenral requirements;

® (Calculate net power’g:output' and energy available from the instream flow and site

L}
-

" characteristics;

° Optimize the two and determme a plant srze, . : g o

o= - - - S - - e

b Determine whether a welr or a_ small dam 1s reqmred ‘to 1ncrease head

L Deterrmne ~whether the water: and land is aoce331ble for developmem, -and what consmum.s
0 power development there could be; . “ |

. Deterrmne wha} equipment componems are required;

.®  Determine rough cost estimates forroequ'ipr‘nent;

L2 Compare the cost of .alrematives (i.e., diesel, ugilit:').

HAVING EVALUATED EACH OF THE ABOVE COMPONENTS, THE DEVELOPER
MUST NOW DETERMINE THE OVERALL FEASIBILITY OF THE PROJECT. -
IF, THE PROJECT APPEARS NOT FEASIBLE FROM ANY OF A RESOURCE, TECHNICAL
CR BGONOMIC PERSPECTIVE, IS REDESIGN TO IMPROVE FEASIBILITY POSSIBLE?

®  If-YES - Redesign and évaluate project feasibility.

® If NO - Reconsider developing micr hydro at that site. -

I
-
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" IF THE PROJECT APPEARS FEASIBLE-TO THIS POINT. THE DEVELOPER MUST
DETERMINE METHODS OF FINANCING; AND - DECIDE WHETHER TO BULLD, AND =
OPERATE THE HYDRO PROJECT v - - e

. . ¥ -

&
ot

" The developer must now consider the ‘follo\'iving‘,v' points: © . R S SR .

< gy - FE ] . N P T
* : LN '

L Fiﬁal-éesign work (ie project layout, eq.u'ipmenvl); S "; S

1 e Contracl for” engineering Work,. xf requxred ;' o e
P . 4 '~
Final envuonmental rngauon reqmrements 1f requ1red . e .
) A s’ : - ’ A',
.. Permns hcences and approvals - LT ; . Lo
L Order” equxpment, machmelty and BUILD PROJECT « L. )
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CHAPTER 1V
PERMITS, LICENCES AND APPROVALS

INTRODUCTION

This section outlines the local, provincial and federal approvals required to construct and
operate micro hydro. The amount of time, effort and money spent to obtain an approval will
vary depending on the project type, site location, agency, and the potential for environmental
impacts. For example, a run-of-river projéct' constructed for use on private land would require at
most a provincial water licence, local building and electrical permit, and depending on location,
minimal assessment of environmental impacts. Conversely, a water storage project inundating
Crown land could require considering a number of environmental issues and involve various

TESOUrce agency approvals.

Obtaining any permit, licence or approval will usually require a formal application either
through filing a standard application form, or by written letter. Prior to filing any application,
first conract.the appropriate government agency and provide clear details concerning the planned
project. This will help the developer to understand the type of information an agency will require
about a project; for example, how detailed the environmental or technical studies should be, and
how to correctly complete an application form. Much time and effort can be wasted because an
incorrect or incomplete application form must be returned. Pre-application liason with the agency
can also acquaint a developer with existing information about the resource site, and agency ideas

concerning mitigation of possible adverse impacts.
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The applicant can gain the following benefits from consulting with agency staff before filing

any application forms:

i Be made aware of specific technical, environmental, land and water use constraints not
apparent when initially considering the site;

o Receive assistance to correctly complete application forms. The staff will also clarify the
time and assessment procedures required for reviewing an application form. The time factor
should be incorporated into the project development schedule to avoid delay when
proceeding with project implemeﬂraﬁon;

i Determine application fees and payment schedules;

o Receive input on technical and operational aspects of the project thus allowing for a

modification in project design to be made in a timely manner;

Assure that a permit, licence or approval is obtained in a minimum amount of time, and

with minimum effort.

This section provides a series of individual reference guides listing the basic procedures to
follow for developing a micro hydro site on each of federal, provincial or private land. The
guides identify apd briefly outline significant aspects of each permit, licence and approval. It must
be emphasized that not every project will require every identified permit, licence and approval.

The time and cost estimates provided are just that, rough estimates.

4.1 LOCAL GOVERNMENT

The extent of local government involvement with a micro hydro project will vary throughout
the province; however, most proposals will encounter few municipal regulatory complications.
Contacting the nearest Municipal Hall or Regional District Offices will determine the local permits,
licénces and approvals applicable to the project. All local governments have planning and zoning
departments that will review a proposal for compliance with the comprehensive land use plan,
zoning and bylaw regulations, and where required will issue building and/or burning permits. A
project located within Municipal or Regional District boundaries which is not on federal or
provincial Crown land (i.e., Indian Reserve, parks) must éomply with local zoning and building

regulations.
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ad connection approval, or a publrc health or safety’ ;compha.nce
- ®  Provide technical or envrronmental‘expemse to the ap]ihmnt from agency ‘staff familiaz with

A“Lhelomlareaand | = - _
g ’\Alen the developer 40 the need and procedures to acquire a pro'nncnal or federal permit,
llcence or approval specrﬁc @; nroposal (1é water hcence /,park use permit, fish and’
wildlife approval) R B ' .

The provincial gove;nment will issue the majority of permits,” licences and approvals required - -

to construct and operate micro hydro. The exception is where the project is  located on -land
administered by the federal government, however, it appears that Indian Reserves must comply
Lo with all provmmal regulatory procedures concerning on-rTeserve hydro development_ On all other
non—federal land w1thm provmaal boundaries, the -two most important requirements are the nght

» 1o use the water in a lake, river or stgeam, and land tenure. Water. nghts are . vested in_the

=

Crown, and- Lkhe llcencmg of water 1s regulated under the terms and condmons of the Water .

Ac* whrch is administered by the €omptroller of Water Rights and his administrative  staff.

Anyone constructmg and operating a hydro site ‘must ﬁrst apply for and obtam a water Ilcence .

-

from the, regional Water Management Branch. As defined by the Act ~"power purposes include

the use of watér in the production of “electricity for other power". Anyone n'ray apply for @ water
- licence but” may only acquire and hold licences if they have either a real property interest in
land, or access through a legal Crown land tenure. Projects docating on Crown land would, require

_at minimuin a water licence and some- form of Crown lan§ tenure, such as a lease. Managing.

and administering “the use and development of provincial Crown land is distributed amongst

“Water Act RSBC,, 1979 c. 429.

umcrpahty or Regronal DlSIIlCL For example the developer may need a burm{g perrmt,



. - o ) z . L \ S T

» ’ ’ \ : ~ = . ;"'“ - .
vanous Crown agencies. An aaency could for example require a developer to ﬁlc an apphcatxon

~ for - electrical permits, a park usepermit; hcences—orleasertcroccupverownﬂand:wcummbe'—ﬁ

and to connect an access road to a provmélal hlghway

— e : . . [ -

In addmon various provmmal and federal resource agencxes act in an advxsor\ and techmcali

capacity o other resource agencies. For example, as part of the rmmstenal referral .process, notice ‘

. of receipt of 4 water hcence apphcauon is sem to the BC: Ministry of Envxronmem, Fxsh, and
Wﬁdhfe Branch, Dam Inspec'uon Secnon the Department of Fisheries and Oceans “and British

Columb1a Hydro and Power Authority (BC Hydro) These agencies:- can ‘stipulate that certzunx ,

) concﬁnons be attached to a permit or - licence with regard lo ﬂood protecuon ﬁshenes} )
ixgnhancement, and recreation, Fmally, -although hydro pIOJects of less , than 20 MW dre exempted

‘from review by the British ) Columbia 7 Utilites Cormmssxon, a ptivate d&veloper may reqmre_'

~ Commission apofoval before Alselling or distribu}.ing :eiectricity to individuals; comrnunities -or | N

o indusmy T ]
The federal regulatory requirements are specific and limited to projects Lnat invol\;eaﬁsheries

- (anadromous), National Parks, Indian Reseljyes, .and navigable or international waterways.’ The
'Adeveloperi has the responsibjiity to contact the appfopriate federal- agenc/yd before diverting water,

' constructing project works or ﬂooding oroperfy on federal, land. When uncertain about the status
of the land or water at a prospective hydro site, the deveIooer should rcontact Environmcm :
Canada, Land or Water Disectorate (Pacific Region), providing a clear explanation of ':the project
loaiﬁon, its design and conﬁgn}é?ion, and the intended use and arhount of l_a.nd'or water required

.
‘
. . : - o c v
> ¢ .
- + . : -

to construct and operate the project

- . AN

Y

$Note: Projects under 20 MW, when over 15 percent of the output will be sold, “are subject
to approval by the Commzsswn and ‘may include a public hearmg

[N
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Enwronment Canada, Land D1rectorate

a. locating on federal land (refer to the fedeyai

provals guide)' ~,

b.  locating on private land (refer to pr1vate approvals guide); .

Determme land avanabrhty, CQEI‘ACK the BG Mrmstry of Lands Parks and "Hous g o

c . locanng on Crown land will usually reqmre a Crown land permit,” lease, or hcence of |

occupatron (refer o, the Crowfp land gulde) " except - in a provincial park whxch
requires a park use perrm\tg(ffg to provincial park gmde)

Determme fhe water avarlabrhty, contact the B.C. Ministry of Envrronment, Reg10nal Water
*,

° R

- ‘Management Branch: o , ‘ s

a. - water use (power) on federal land (refer to federal. approvals guide); ‘
b. . water -use (power) on all other provincial land would requrre a waier hcence for

. power generanon (refer to provincial water llcence guide).

" Determme the envxronmental constraints; contact the Federal Department of Fisheries and

'Oceans and the BC. Mlmstry of Envuonment, Fish and Wildlife Branch

a all federal and provincial water_licence ‘(power) applications are referred to Federal

Frsherres and Oceans; all provmcral apphcauons go_to the BC FlSh and Wildlife -

Branch : N i

b. provide project plans and feasrbthty studles to the appropnate agency staff offer 10

inspect site with agency field -officers;’

G determme what fish and wildlife unpacts from developmg the proposal are hkely to

occur, and maintain the ﬂexrblhty to modify original project conﬁguranon '
If a’ proposal reqmres consu'ucung weirs, dams and impounding water contact the BC.
Ministry of Environment, Dam- Inspecnon -Section:
a. - provide project plans, engmeermg “and consultants drawmgs ,
b. | determme dam design anmd safety standards to be met or ‘exceeded; " .
c.  determine environmental tmpacrs 'to area; and the constraints or restrictions to be

placed on-dam operation; (i.e., ﬂow regulation).

I3
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.....

“or: dlstnbute “power; cg%tact‘ the Britsh- Columbia Utilities

,,Commrssrop. and BC Hydro

S | . .

a. - provide proposal, feasrbrlrty aﬁ’d engmeenng studres

—

b. “provide e\‘lde&ee of safet’v and habx}rt) insurance coveragr - ,;:.:r A

e

C. enﬂ)r\e a secure market for the elecmcal power.. o =t S

. 5 A Ia

6. ‘Additional provmcral permrts llCBHCCS and approvals wrll depend ‘on the type of project and

. o locatron oontact the BC Mlmstry of .Envrronme t:

b electrical permit;
Division);

- C burmng permit, and cuttmg I ntact the BC Ministry of - Forests

e

7. Compliance with local %gm‘ts lice,n;

- vand: approvals will depend on the type of proJect .
\\ and location; contact Lb/e nearest Mumcrpal Hall or Regional District: - = . s
» St
{

ba. ) requrrements t0. comply with loczl approvals are usually outlined in the Crown 1and
perrmt, lease or licence of occupation; - - )

b. burldmg and burmng permits, and local by—law compliance: comact local government
of‘ﬁces o - N .

. .
a

\ . .
: N )
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411 GUIDE gur_olm_maap_mgamm R

" 1 Contact the BC Mrmstry of Envrronment, Regronal W ter Management Branch

“a. - ﬁle an applmuon form and provrde mformauon -on- mcaqu\ of . the waterrrrf—sourc&
quanttty required; legal descrtptton of. the property on wluch the water 1s to be used;

i evrdence of tenure o the land bnef descrlptlon of proyect ‘works; names "and .
addresses of landowners nght—of—way or easement holders whose property rs croSsed :
or affected by proposed works; . ' - : . .

b.- provrde a detalled'dragram of the proposed hydro system, eonfiguratton, and layout ,

describing- locztton of intakes, penstocks weirs and powerhouse

. | ____e; Water licence appltcttons are referred by the Regtonal Water Management

‘ _Br nch " .other . resource agenczes forﬂ-evzew and comment, for example, the |
%ﬂ nt of Fisheries and Oceans, the BC Ministries of Environment; Fish and |
Wildlife Brarich, Lands, Parks and Housing, and BC Hydro. This rejerral and review.

- prbcess can take longer than 12 months before a decision is made by tlref Water -

" Management Branch to issue, or not issit a water lzcence ‘
2 PrOJects that involve water storage (wetr/dam) L c S |
a.  the water licence application is referred to the Dam Inspectton Section, the BC

thmstry of. _Envrronment

b. the developer must detail on the apphcatton the appromﬂate quanuty of - water. to be

stored amount of, land to be mundated ‘location of works;

c. project works are 1o be approved by the Dam Inspectors before. a water lrcence is

. issued; : : - S
d project  works (weirs) are Jspected  during construction and on a: regular, basis
3. fl‘he Fhe water hcence apphcatron
“a _two. 8 e application rnust be posted one at the pornt of water diversion or

storage, and another in a consprcuous place near the powerhouse or burldmg where

_ the power is to be used; ' i ’ e

b. ' posting the applrcatton should occur soon after ﬁhng the orrgmal applicat_ion at the
Water Management Branch; e . . | -

c.  this will establish the priority of the licence if and when issued.
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‘6.

LAY
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Noqurng othef water users: )

/o a the developer 1s requlred to inform persons or agencres ‘that would be afl"ectecl by the

} proposed works or are below the proposed point of water drversron or storage : (.
b. - this must.be done within 90 days Qf posting the apphcauom L
.c'.“ the developer will be adv1sed by the Water Management Branch of licenced water

users or apphcznts at the same point of drversron or downstream from the intake

E)

who must be served nopce

d. where more than téen persons are affected- the developer may be drrected by the

Reglonal Water Management Branch to publrsh the appllmnon in a. local newspaper

or gazette. - . : o | .
5. Proof of posting application and serving notice: S
- lwithin 120 days —of posting the application at the site, the%ig\vel.oper must file with
~ the Regional Water Ivianagernent Branch a sworn’declarau‘on (see a lawyer or Notary
Publrc) as proof of posting and serving - nothe to other. llcensed holders;
b. farlure o comply with this requrrement will cause the applrmtron to be cancelled:
Apphcatfbn fees  and renrals
a. the developer 1s assessed t‘he»fees and rentals at the time of application, but -these
may be adJusted at a later date 1f the s1ze of the project is altered.
7. The developer can file an apphmuon for a Ctown land permit with the Regronal Water ,
Management Branch: - e '
a. - this permit is’in most ~ cases l"or ‘srnalll to 3 acre parcels on \vhichj to locate
: _penstocks, powerhouse and transmission lines; ' / "
_\ b. - an application fee and annual rental charges -are ‘required 'similiar to the water licence
rental fees; | ‘ ) |
C. various conditions relative to the rights granted under the land permit include; prior

to cuttmg trees the permittee must obtain a licence to cut timber from the Regronal

Forest Manager;- if the water hcence is suspended or cancelled the Crown land pcrmng :

will also’ be»suspended, “and the permrttee can be ordpred to provrde .the Regronal

Water Management Branch ‘wit’h a detailed "land survey ‘of the area.

° gstimated time to receive a permit is 1 to 2 months; estimated annual rental charges

Tange between $25.00 and $100.00..

-




, 8. Thc/C‘o—r%itiona‘l Water -licencc is issued and will contain certain"requirements that must be
» ... met within a specified time penod, or the licence ican be cancelled These mclude

3

a.  completing the works A : ' , -

’ —

b.  making beneficial use of the water » < L o

- v -

c measures to mmgate against - such cnvuonmental mpacls as may be. 1dent1ﬁed by tl{c
v ——

resource agenaes (1 €., provrdmg ﬁsh ladders, releasmg spec1ﬁc water ﬂow rates for ST

L
: | mamtamg spawning ‘habitat). B
. 9, As long as the water is used beneﬁcrally, accordmg to the terts and condmons of the
\ | _ llcencc the licence stavs in" force ‘regardiess of ‘who owns the land (the. licence ' is transferred
. with the property): . T - T G A L — i
a. if water is unused for three years or more the nght*to use it may be cancelled;
‘ howevera cancellation generally onIy occurs when\ there is some 1mperanve reason, such
¢« o ) . as another person is in need of the water; AN . oo
| b. . . a water licence does not guafantec a constant suppl‘f of water, and w111 be regulated .
accordmg o the pnonty 1n use and in. ume cntena (date of apphmnon) - V\ 1
2 Tou Cost o K
. ]

L.

Approxrmatc cost pcr year will vary dcpcndmg on the hydro ‘project mtegory and 1nstalle‘clL
capacity. T '

Approximate micro hydro water licence charges are €$100.00 per year..
" Time Frame . . : *
. g

Approximate time to receive a water licence is 12 to .24 months
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1 =~ Present 'prolect plans to the BC Ministry Qf Lands, ;Barks and Housmg, RegoMmm—— e
Note: T he BC. Ministry ‘of Enwronment can ‘issue a Crawn land Permu in conjnction .
with a provincial water llcence The _permit authonzes occupauon of small Crown land

7ut can be superceded by a Crown land lease, or llcence of occupauon (refer to

provmctaf" water Ticence ication guide).

Where a more® secure tenure @onger time frame) is requrred the developer should seek the

advice of a Ministry OfTicer, anp if necessary obtain a land .lease or licence of occupation:

N: ’La.nd lgg th,e develop )r must survey the land and provide plans o a Mxmsr.ry land .

iy / ofﬁce apphczuon/r/ referred 1t other resource. agencres for ‘extensive revrew and
comment; tenufe is of longer term (20: o0 30 years); the fees and ,annual. Tentals are

ve; usually issued- for larger land developmems
o “estimated trme to receive a lease is 12 0 14 rnonth esumated cosl ranges between
R $400.00eand $1000.00 per year depending on the proyecL

, " .
Licence of occupation: the developer must post notice -of.. intent at project sue

B

. applieau'on?assessmem involves agency referrals (i.e., B.C. ermstry of Forests if
timber crrtting is"'involved) tenure xs of a shorter renewable term (10 years) most.
micro hydro pl‘O_]eCTS would tharn d hcence of occupauon), \

., ® estimated time to receive a hcence is 4 to 6/rﬁom_hs esﬁmateq cost will range
between $200.00 andt$400.00 per year dependmg on the projeeL
3. Cone,urrent‘ tc; filing n Crown land lease or licence of occupation, Lhe‘ developer should file,
an applicar.ionj for a provincial water licence (refer to provincial water licence guideli
Note: This is a "Catch 22" situatio;z, in that an applic:rm must either own land, or have
d’l\ Jq.wﬁd tenure tn land in order to receive a ‘l'icenc.e. Water licences are nomrdlly granted
appurtenant to the .lan‘d on which the water or power will be used (i.e., the homesite). i

T

9% -



Obtarn Elecmall Safety penmt

. g
b
C.

‘u

- d
e.

“"’If the project requrres cuttmg trees on Crown Forest land

a.

b.

" contact the Reglonal Forestry Ofﬁce;

,land; B R

present the project plans, and file an appkeatron for a burmng perrmt

the penmt wrll spemfy road desngn, cover materials, hours of-use and where to locate

'warmng s1gns T

.gstr t ume to recelve a perrmt is 1 to 2 months* esumated cost ranges betweerr

Y

$10.00 to $50.00. - L A

present project plans and file an ag‘phmnon for a llcence to cut tlmber on Crown v

S

» P

s 8. - contabt the D15tnct Electrical Safety mspector or elecmeal contractor " l l *
*b. mstall | only CSA or government' approved electtt@ eqmpmem ,“':; 5 ',t,,;,,;,;,,,;,,it,!,_i,‘
.o mt__ d tite to receive a: permrt is 11w 2 months estrmated cost vanes depending
| " .on- equipment and mstallatlon o S s , ‘:, o

\5 If the project req%es connectmg z0ad ;; annrovrncxal Hrghway or secondary road .
a contact the Regional Hrghways Offices; - ’ o e ,
B present prOJect plans, and file an ap'phmtxon for a. permit;”, o o , ’\
G

I

pI‘OJCCt plans should mclude the - location of the land aréa to be cut, amount of

timber, method of cutting and removal

g

" when cutting ‘a timber ‘volume of less than 300 m3 ‘a short form licence application is

usecl; most micro hydro’ projects will not *‘require‘the. clearing of .more, than 300 m3 of

ﬁmber; . . ' . ‘L . o . “ ‘ 1 . ' “— \

the developer must also provide proof of some form of land tenure, either from the"

/Crown or the pnvate nghts to property before bemg xssued a hcence ‘to cut

B4

gsm_ time to receive a licence is 15 days, no. fées are assessecL

: If the project requrres burning slash, stumps or garbage from pro;ect construcnon

contact the Reglonal Forest Manager; c

<

Note: if the project is located within Mumczpal city or village baundartes contaa%

- local government oﬁ‘ices to determine whether. a burnmg permzt is. requued
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. G ‘ .the developer ‘must comply wrth all oondmons attached to a perrmt lre l‘rre

) conﬁgurado'n fire “fighting eqmpment -standing by, srte preparagion - (cleanng dxggmg

= - trenches fire ditches), proxrmrty to water source, and bummg on a specific day);
é e gstrmated time to recerve a permit- is 15 days fees w_rll range ,behwmm%aud/
o ’ . . . . - . L . o R .
DA ,$4000 e . ‘ PR - o T T T
8.  Local government approvals R oL, ..

'~ a.  contact Mumcrpal or Regronal Drstnct Ofﬁces to deterrmne whether a local bulldmg
Apermrt is requrred before constructmg the powerhouse Checkmg Lhe Crown land lease
or licence wrll help deterrmne whether local government regulauons wrll apply to the
: consu'ucuon and operanon of the pro_wct, “and whether local Jand -use or zonmg
‘by—laws could ~affect the operatron In mdst cases developmg rmcro hydro will not

\

~ confligt with local by—laws - o ﬁf \

ted nme "to receive a bmldxng or burnmg perrmt is 10 to 25 days fees are

.
hssessed depending on the type of su'ucture erected. C ﬁ S R
Mm ‘ ‘ - . ’ V B} L - . : . E 'r’- ".: - ‘ ’ .

®

Approx,rmate aveg€ge cost per year for a land lease is $40000 hcence of occupauon $20000 (does

not mclude water licence charges for mStalled capacrty)

_Approxrmate cost per yea‘r mcludmg water licence”is betWeen -$300.00 and $50000 '?‘:"’%;‘ .
v L _ . ‘L,*fn, ‘ ’ T
) . . § "1_5}7 ) . . . . » .
' Time Frame Lo . S S _ s
: - ) . ) : ' ’ . (- \ | .
Approximate time to receive all approvals is 18 to 24 mionths. , :
J o | -
5 : AN i
1 \ ' " —

t‘l,‘
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1. Presem prOJecI plans 10 the BC. Mimstr) of Lands Parks and Housmg Regronal»'Parks 7

Ofﬁce

a.

r's 9

_provrde feas1b111ty studres envrroumental 1mpacl assessments and engmeenng plans (1e

weirs, drversrons) . : -
. 14

provide Lhe financial “evidence of Lhe abrhty to post a sufficient performance bond -~
R ‘ N - N
o

'{bank statement) ‘ o a . TN v &

d.

provrde the evrdence of filing an applrcatron for a pr ovincial waten‘licence'

cw T
N

Lhe develorper could be required 0" perform ﬁeld studies in° Lhe park to determrne .

envrronmental u'npacts from project operatron (re park ﬂpra and fauna, _endangeredm;

. *species); o L

4

p Apply
3 Subrm

x

_ estimated u'fne for review and decision -from Parks Ofﬁce"is 9 to 12 rnorrtlrs.

f-or a provmcnaj _water’ lrcence (refer to provmc1al water hcence gulde)

v a performance bond to the Regronal Parks Ofﬁces

the perfermance bond amount canran_ge.‘,between $25,000.00 and $250,000.00;

the performance bond is used for the reclamation or - rehabilitation of park
environment in the event of poor project -construction and operation;
Lhc performance bond is feturned in whole -or in part when. the developer is issued a

Park Use Permit .- R .

4. Obtarn a Condrtrona] Park Use Perrmt issued from the Regrona] Parks Ofﬁce

a.

‘followed by the developer;.

“if the pro;ect »proposal - has been accepted by the. Parks’ Office’ (mcludmg deposit of

fperformance bond) a one year renewable Condmonal Park Use Permit is issued; no

fees are assessed with this permrt, ,

r.hrs perrmt allows for prOJect construction but _not for Lhe final operation; it sets

conditions for the construcnon acnvrty, (1.e., fime and . day) that- must be strictly .
B 'o; r . v
Regronal Parks Ofﬁcers “will MONitor. constructron for complrance w1th the conditions

outlmed m the perrmt, and.’ have the authonty to suspend or cancel a pérmit



- Obtam Elecmml Safetv perrmt L ;?7 L

-~ $40.00.

- . ’ “os ’ ot < s
. s : .- - a 4 5 P

R S

a. coniact. Elecmm] Inspector or- elecmm] contractor

“ b. install only CSA. or govermnent appfoved e}eemm} equipment;

c. elecmcal msrallauons must comiply wnh park use regulauons (1e transmission line

loads, number of plug outlets per bmldmg posmomng -of wires . (btuned) and hvdro

poles) : - B B f Ny

d estimated time 1o receive a perinif is 1 ‘month.

) . - B I . . . . N . ‘ B .
‘If the project requires- connecting access road to a provincial Highway or secondary road: —

4

a. - contact Regional Highway Office; . B
b. present project pians mcludmg road engmeermg plans; - , ' ) o '\

c. . agency staff may spemfy.é;oad grade type of cover, hours of use, signs and wammgs

to be erected; . {s'\;
® estimated time to receive a perrmt is IW months; esuma[ed cos ranges from

/ $10.60 and $50.00. S :

If the project requires burmng.slash, "?stu’m’ps or garbage from project construction: ’
a.  contact Regional Forest Manager;
b. + present project plans includih@’ location of burn site, —water access, and the time an

B N € .v
day required for burning;

C. District Forest Manager may specify cenditions to bg +attached to the permit (i.e.;

having firefighting equipment, nearby, prepanng the site (cleanng and trenchmg) and ‘

. -reclaxmmg the site after burning);

-

® estimated imé to Teceive permit is ten days; estimated fees range from $5.00 and

<

When all rekluired permits, licences and conditions have been met to the satisfaction of the
. 4 : .

- Regional Parks Office, a 10 year (average) Park Use Perr_nit is issued;

a.  the developer. must comply. with all attached conditions and obligations (i.e., s;ream'

flow regulati'oxi during low flow _periods, pla'nt{ihg buffer vegetation near penstocks)

b.  the permit can be. cancelled for failure to comply with conditions and- attached

obligations; .~ ©
' ~



e lthe permit is renewable after the 10 year expxry date of tenure

d - therperxmt is not transfefable a.nd is issued for the permitted project only;.
] ? v
€ addxtmnal condmons resmcuons and obhga.nons can be attached 1o a perrmt at.any .o

: ume if considered ' appropnate by Parks Ofﬁcers ) 7 ' “ .

' »
v

Approximate cost per year $300.00 (Hoes not 'incl_ude water licence charges. for installed generating -
| capacityh, o SR \\\

e Frame

=)

-
A

7Approximate.time to receive a Park Use Permit 18 to 24 months,

100
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4.4 GUIDE FOUR: Locating Hvdro on a Native indian Reserve  °

>

2. .

3.

4.

Contact Indian and Northern Affmrs Canada Regxonal Offices, and the apphcable Band

Councxl Office and members

a.

provide project feasxbﬂm studles engineering dfaWings and a 'ﬁnaneial statement
(project costs) to the Band Council and Indian Affairs Officer: ] -
Note: in most cases non status Indians would not develop micro hydro on reserve
lands but wold locate the project either on adjacent Crown land or private land, _and
distribute power to the .community. Status Indians wau]d be given preference Jor

developmg micro hydro on reserve land.

Obtain a land lease or ceftificate of possession:.

. this is authotized by the Band Council asd Indian Affairs; '

no fees are assessed; :

to receive authorization can be time.consuming, due to limited land area available for

development, and the Band Council’s land allocation system;

estimated cost is undetermined; . estimated- ime can exceed 18 months.

Obain ‘a provincial water licence:

(refer to provincial water- 11cence guide); -

no fees or rental charges are assessed water users who are Indians on Reserve fand;

esnmated cost is variable depending on hydro category and installed capacxly.

estimated tirne is 16 10 24 months. -

Obtam an electrical permit:

a.

b.

C.

contact a Electncal mspector or elecr.ncal contractor;

install only CSA, or electncally approved equipment;

mstallauon must conform wﬂ.h Indian Affairs electrical installation standards

estimated cost depends on equ»pmem costs and installation charges.- estimated Lime 1o

S

. receive permit is 1 month.

101
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5. Obtain structure (building) approvals from Regxonal Ofﬁces of Indian_ and Northern Affaus

a '**provn{e ‘Indian - Affmr id the Bina Council with powerhouse, weirs and penstock '

ﬂ planS * ’ E L R , :‘ ) Y . #

’ : - £ . » -
b. prpwde evidence of havmg received a provmaal water licence, electnczl penmt, and C

Band Council penmssxon to continue the development of the pro;ect.

6. . Build pIOJect

a Indxan Affairs engmeers w111 inspect and approve project;
b, Band Council Members and - Indian Affaus Officers can SUpulate -certain conditions

~ that include hours of operation, water regulation and extent of power d1stnbut10n.

- ~ Lt

Toal Cost~ o ‘ - SR o
App,roiin‘late total cost is $300.00. °
Approximate average yearly cost is $150.00.

. ‘-"

Time Frame

B

Approximate time to ‘Teceive all approvals is 18 to 24 months.

o

102 | iy
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445Gum FIVE Locating Hydro inaN auogglm

1. Contact the Parks Canada Office (Westem Reglon) and the Park Supenmendem managing

the specific park:

-

-

. Parks Canada and the Park Supermtendent ?ﬁust each be presemed wuh project’

feasibility plans, enginegring -drawings, environmental impact studies, and a financial

statement detailing project costs

- Note: the developer must apply for and obtain permzsszon initially to study a water

course” in a park for hydro power development. Having received perm(sszon, the

developer can then undertake a site assessment and Jeasibility study.

2. - Apply for a park land lease

a. the developer must” apply to Parks Canada and the Park “Superintendent for a land -
"lease. A lease is only issued to a dev®opment considered beneficial 1o the park
environment; , 7 |

b. a lease issued to another development does not 1mply a” lesee can construct and

\Dperate a micro. hydro pmJect

c.  a lease’ is issued for a renewable 10 years and annual fees w111 vary. depending on
“the use of the land; _ -

®  estimated cost is $400.00 to $500.00 dollars"annual "paymenvl but :w‘ill depend on - the ‘

B structure .and the amount of land required; estimated time to receive a land lease is 6
to 12 months. .
3. Environmental Impact Statement: )

a. ~hydro developments require an eﬁvironfnemaj impact assessment study;

b. the d_e\"eloper' and Parks Canada Officers may be required to fund and undertake an
, impact study;

e. this can require extensive field studies. and data collecuon 7

o the time required to perform impact studies can exceed 12 10 16 months depending

-

on project complexity and location. V ' , -

/ ‘ 103
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6.

7.

Obtam a federal water use permit: " 5 —

~ this. permit is separate from a hcence 1ssued by’ Provmc:al Water Management

,Aur.hormes

- the permit is. issued . only after the env1ronmental nnpacts have been assessd and

: mmgatmn decided on by Parks Officers;

Deposit performance bond:

a.

permit fees and rentals depend on the amount of 'water used and will vary.
considerably dependmg on the hours of prOJect operation; estimated time 10 receivg™a

permit is 12 to 18 months. S

the amount can vary between $250 000 and $1000000 dependmg on des1gn and

: constructr_on complexity of the pmJect,

the bond -is used for reclamation and rehabilatation of the site in the event of
ldamage to the local envuor;pent |
- the bond 15 returned if the project is constructed in compliance with all _ condrtrons
‘supulated by Parks Canada Officers; . '

Parks Ofﬁcers will regularly inspect the project during the construction phase, and

have authority to suspend or cancel a project because of poor construction and -

operation. »

Obtain an electrical permit:

. . ) . 201 ' .
contact Electrical safety inspectors, or an electrical contractor;

~ install only CSA, or provincially approved electrical equipment; /

the installation must conform with Parks -Canada safety and electrical regulations;
estimated cost will vary depending on the structure and mstallatron charges, esumated
H » .

time to receive a permit is 1 month.

the project:

Parks Canada Officers must inspect and approve project structures (i.e:, ‘penstocks,j

powerhouse werrs) ‘

inspections occur during the pI‘O_]eCt construction phase and during each year the
project is in operation; 1 )

maintenance of access roads would be the responsibility of the develgper, and must

conform in design and standard to Parks Canada regulations. -

v

04 : o
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8. Final approvat:”

a. the devéldpe’r must comply with all conditions and oi‘)ligations .attached 1o Lh\c‘land

" —ease and water use permit;

b. - failure to comply with ‘any of the conditions or obligations will cancg! the lease and.-
~ use permit; o » b b
C. ‘the land lease and water permii is not transferable, and s issued to the land and the

. civil works located on it

Total Cost .
Approximate cost per year is between $300.00 and $650.00. , oo
Time Frame

Approximate time 1o receive all approvals is between 16 to 24 months. \

-

(
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ernational River - o .

“

1. CWeronmem Canada Inland ters  Directorate: - T

- _ | a ,E{Q\(!dﬁ feasﬂnlxty plans, engmee‘i'i 8. drawings, and a detailed financial - analysis- of s
\' project costs; B N | | |
. 'b. " include a deécription of the river, location of the proposed project, details of the - -
\ pmJect works, and a brief economic analysis of any direct or mdxrect benefit and
- \ costs Tesulting from the project; N - v ) - -
- d 1nclude copies of any permns hcences .or approvals issyed by the appropnate' *

provmcxal or local authonty (i.e., licence to cut trees water licence). ) /

2'/ F\le an application form:

the apphcatxon form is to be ﬁled with the lnland Waters Duectorate (Pac1ﬁc ,
Region); . » ' B </'
no application fees are assessed; o -
the application can be then referred 0 other federal ‘and pro agencies for .
reglew and comment Each agency can attach specific conditions and obhgattons to

the . ﬁnal licence. ' ' '

3 s Inten—m licence LY be issued:

a.

when all above information has been recexved an interim licence is 1ssued usually for

a penod not exceeding two years - ' o

this allows for pmJect construction to be completed atxd evaluated for comphance with

the environmental or operatlonal conditions attached to the 11cence - N\
Note: the developer is requzred td/c;nform with all local and provmczal reqzdatory
approvals applicable to the project. These may include for example, a Crown land
permzt lease, or licence of occupation, electrical permit, and a iicence to cut timber.

If the developer has obtaj all necessary local and pravz.naal approvals »th_en a-final

licence is issued.
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4. Final licence: ‘ o ) Hi -' o | o . S ‘
‘/a. a déVGIQPQI having complied with all Conditidris “provided in the interim licence is
" issued a final licbnce. for a renewable term of ﬁfty 'years.: | '
b, the licenct détails the terms and conditiohs under which the project may be
constructed,",opérated and maintained; - ) T
, C. a licence can be suspended or cancelled where a developer has failed to comply }vith'
the terms and conditions -of his ﬁcenCe;
d.  projects are inspected for compliance with ferms and conditiens of a ﬁcence annuaiiy‘ .
' , . / o e | . : . |
mm o o . / | o o : ' B

Approximate cost is $100.00, with minimal yearly charges ranging from $10.00 to $100.00. ‘

Time Frame ;
Approximte time to receive a permit is 6 to 12 months. — .
’ » "
-
5 - . -
o c" —
e
¢
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44,7 GUIDE SEVEN: Locating Hydro on Private Land

-

1. Provnde project plans o the Regional District or Mumcxpal Ofﬁces ‘

a.

b.

C.

include feasxbrhty studies, engmeenng drawings; - o T
the pro;ect must conform with local zoning by—laws
the developer may be required to ebtafn a building penmt.

2.~ Apply for a provincial water licence (refer to provincial water hcenEe guide). -

3. Obuin electrical perrmts N
a.  ‘contact an Elecmca}\gafety Ipspector or a local electrical eoxtractor;
b. the developer can do h1s own work if under 600 vol*s for over 600 volts an
: electrical contractor should be consulted; - -
v . estimated cost depends on whether the developer or contractor installs the eqmpment

for a smg,le family dwelling fees are based on twice the value of the materials; for -a

contractor the fees are based on the total value for all labor and materials; to receive

‘a permit takes approxunately l month.

‘\ 4, If the project requirgs-burning slash, stumps or garbage:

a.

b.

4

Total Cost

contact the Regional'Forest Manager, or local govemrrxent offices;

prov1de project plans, including locanon of the bumn site, water access, and the time
and day when burning is to take place .

conditions or obllganons can be attached to the penmt including site prepa:anon (land
clearing, dlggmg ﬁre breaks, dltches) locating ﬁreﬁghung equipment nearby, and ..
proximity to water. ’ '

estimated cost of a perrmt will vary between $10.00 and $4000 esumated timé to

e m—

receive a permit is 10 to 15 days
o

Approximate cost per year will vary depending on hydro project category, and installed capacity. -

Approximate costs would not exceed $150.00 annually.

Time F@

Approximate time to receive approvals would be 12 to 18 months. (water licence).,

g




SUMMARY

\/
As-more small industries, commumues and mdrvrduals 1solated from the udlity grid realize
" the advantages in bemg se]f sufficient in the producnon of hydro elecmcrt) and because oil is arw |
nonrenewable resource, .micro hydro installations -could dramatically increase throughout British
| Columbia. However, the presem lack of"z;vvarerress and kno\vledge of the subject acts as a barrier-

™

to the . developer stnvmg to explort the potenual of a water -source, and to_the natural resource

manggers nothmg about it, and is requrred to "assess a proposal ’
4

T This report drscusses the majonty of the decisidns faced by the potential developer of miero
hydro, and provides - gmdehnes for project assessment - and 1mplementauon lt stresses thal ,
c/cmsrderauon should first be given to the environmental impacts as a result of proJect.
‘-u/lmplementan(m, Having established environmental compltance the developer can “then focus on
doing prelrnunary feasibility studies and acquiring necessary regulatory approvals. The ' feasibility B
study provides equipment suppliers and resource ag?ncles with inforrrration from which to evaluale . |

the proje'ct, 'and to determine the appropriate regulatory approvals.

Because developing rrlicro ;hydro is a site-specific technology, it is important that botll 7
developer and resource manager give objective thought to the " availability of the resource,
environmental impacts, technical and economic considerations. The developer must determine wlral
he can do himself, and what requires professional expertise. The resource manager must be able
to assess a proposal for environmental corrrpliance and technical merit In this way,‘an acceptable

project can be developed with minimal delay and cost.
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