




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































CONSIDERATIONS FOR A SYSTEM 

4. Equipment Options 
Turbines 
The mechanical energy developed by the turbine is converted 
into electricity by a generator similar to the one in your car. 
The eleCtriCity can be either direct current (DC) or alternating 
current (AC). Since most household appliances run on AC -
110 volts, 60 cycles - it will be the most practical type of 
electric1ty to produce. 

If you intend to be completely independent of Ontario 
Hydro's power grid, a synchronous generator which pro­
duces a steady and dependable SO-cycle current should be 
used. 

Nor:h American AC systems operate at a frequency of 60 
cycles per second and any variation from that will affect the 
accuracy of clocks, turntables and other appliances. In order 
to generate power at this frequency, the speed of the 
synchronous generator must be constant. A governor is used 
to control water flow which determines the turbine's speed. A 
governor is a device that regulates turbine speed through 
water flow in synchronous generators. Available from 
numerous sources, they are reliable and accurate, but they 
do mean more cost and main1enance. 

The·classic approach to hydroelectric development may be 
described as follows: 

Water is held back by a dam. which provides a steady water 
flow mto tile turbine as power is produced. As power is 
consumed, a governor-actuated feedback system regulates 
the amount of power produced in order to maintain a balance. 

Because power demands must be met immediately by the 
generator, all components must be able to meet peak, rather 
than average, output. Such an installation requires a big 
enough turbine and generator, and enough water, to handle 
peak loads. This is a problem that plagues all utilities. Peak· 
load capacity, plus a little margin, costs far more than 
average-load capacity. In addition, the cost of sophisticated 
governing equipment and flow-rate control mechanisms may 
render a scheme unattractive. 

One way of simplifying the problem is to provide constant 
generation at a level equivalent to the peak demand. Such 
generating units usually dump excess energy as heat which 
can sometimes be used for supplementary space heating or 
water heating. 

When the demand begins to approach the system's capacity, 
such non·essential uses are automatically cut off so critical 
needs may be met. No throttling gates or valves etre required 
to limit the flow of water during low-demand periods. This 
technique is attractive where there is an abundant supply of 
water, because of the relative simplicity of the control 
mechanisms fequired. 

Another option is to generate direct current and either use it 
as is or convert it to AC, when needed, by means of an 
"inverter" of a " Gemini converter" Inverters are relatively 
expensive, power is lost in the conversion process, and 
some of them are limited in their ability to handle the kind of 
surge demand that occurs whim many common appliances 
start up. The Gemini converter must be connected to an 
electrical utility. 

A DC-to-AC system has several advantages, especially in 
very small systems (less than 5 kW). The excess power 
generated by a DC system can be stored in batteries, thereby 
exten'ding the system's peak capacity. DC generators are not 
speed-sens.tive and no go11ernor is needed. So, a small DC 
system will usually cost les:; and serve b£1ter than a 
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comparable AC system because a small AC un1t often cannot 
meet peak needs. 

Battery storage systems generally work better 1n hydraulic 
un1ts than in wind-power units because the hydraulic 
generator is nearly always putting some power back 1nto the 
battenes. ThiS means that a " deep·discharge" cond1t1on. 
common w1th wind systems, 1s very rare. 

Deep discharge is a common cause of battery ta1lure The 
storage component limits the size of a DC system, as bat· 
teries become unwieldy and very costly in systems over 6 kW 

For those seeking the lowest cost, the conversion of DC to 
AC could be eliminated and 12-volt DC lights and appliances 
would be used. 

There are two main types of tlydraulic turbines: impulse and 
reaction. 

NollaD Tampella tuDula< tuft)lne: HMd 
up to20 m; dtscnatge range up to 

60 ,, 

Turbines 
Impulse turbines have generally been used for very high 
heads, although modern, efficient units exist for low-head 
applications, down to about 20 feet. 

Advantages of impulse turbines include high reliability and 
low maintenance cost because of their mechanical simpli· 
city and a minimum number of parts exposed to wear. 
Impulse turbine efficiencies often exceed 90 per cent. 

Impulse turbines use a high-velocity stream of water that 
strikes buckets mounted around the rim of a rotatmg turbine 
wheel, or runner, which in turn is attached to and rotates an 
electric generator. 

' 0 
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CONSIDERATIONS FOR A MICRO-HYDRO SYSTEM 
The cross flow turbine is a modern adaptation of the impulse 
turbine and is used In the head range from 6 to 600 feet. This 
type of turbine utilizes a movable guide vane at its inlet and 
mamtams turbine efficrencies of up to 85 per cent over a wide 
ranqe of flows. The physical size of crossflow turbines i.s 
hmrted by desrgn constrarnts. The largest runner has a 4-foot 
diameter. 

Reaction Turbines 
React ion turbines, while doing the same job as impulse 
turbines. utilize a different principle. They use pressure as 
well as velocity to rotate the runner. The runner is submerged 
in water during operation and power is developed by water 
flowing over the blades, rather than striking individual 
buckets. 

By using a gradually enlarging draft or discharge tube 
between the turbine's runner discharge and the tailwater, 
reaction turbines take advantage of the total head available 
to the tailwater level, whereas impulse turbines utilize only 
the head that is available to the centre of the runner. This 
enhances the value of reaction turbines in low-head ins lalla· 
lions where it may be critical to develop the total head. 

Reaction turbines are widely used in large hydraulic plants, 
and several manufacturers produce small turbines of this 
type. 

Two types of reaction turbines exist, commonly known as 
'"Francis"' and " propeller:· 

Francis turbines generally operate under higher heads than 
propeller turbines, although they are in use at some low-head 
installations. A Francis turbine has a runner with fixed 
blades. Water enters the turbine in a radial direction, with 
respect to the shaft, and is discharged axially. 

···.· 
. . "li0118bTampella Fr~~~elaturblne: Head : 

· ... ~v· .i, ;:oeuP.!«!IOO~.d!~~~~uplo J 
._ .. '•::· •.:·q;.·~-·7.-r.f~~ iff'~+.:-~~t::- ~:: t·· .. ~ - - ""' • .-- -- -: ... ,.-~.--. -· .....: 

The principal components include the runner, a water-supply 
casing, wicket gates to control the quantity of water 
admitted, and a draft tube to return the water to the river. The 
wicket gate assembly, in conjunction with a governor, also 
regulates unit load and speed and shuts down the unit. The 
regulating system can be actuated either hydraulically or 
electrically. 

Propeller turbines are generally used for lower heads than 
Francis turbines. The normal range is from 10 to 120 feet, 
Typically, a propeller turbine has a vertical shall, a spiral 
casing and wicket gates to distribute flow, a draft tube, and 
f:xed runner blades. 

The blades of some propeller turbines are adjustable. and 
when this is the case the turbine is called a Kaplan turbine. 
The propeller turbine has good efficiency at an optimum flow 
point, but its efficiency drops off rapidly at higher and lower 
flows. 

The Kaplan turbine has a relatively high efficrency over a 
wide range of flows. 

Another variation of the propeller turbine is the axial-flow 
turbine. Generally, these units have either a honzontal or a 
slightly inclined shaft, and they may have either fi xed or 
adjustable runner blades. 

Three types of turbines fall into this category. These are the 
rim-type, in which the generator is on the periphery of the 
turbine runner, the tube-type, in which the generator is 
located outside the water passage. and the bulb-type. in 
which the generator is housed in a bulb submerged within the 
water passage. 

Water Wheels 
Water wheels are the traditional means of obtaining useful 
energy from falling water. Their advantages over turbines 
include their relatively simple construction, their low :=ost if 
home-built, and their relative insensitivity to ; :uiairons in 
flow. 

In addition, debris in the water that can clog a turbine or i ts 
protective trashrack can normally pass by a water wheel. 
Unfortunately water wheels are much less efficient than 
turbines, and icing can be a problem. Details of water wheels 
are given in several of the references in the bibliography. 

5. Alternative Layouts 
As mentioned earlier, there are two basic types of develop­
ment: concentrated-fall and divided· fall. 

The first is more common with low-head development, but 
generally requires a dam to impound and divert water to the 
turbine. Since the dam required is often as high as the head 
being developed, it can be very expensive. However, the 
length of the pipeline required is generally short, resulting in 
small head losses and lower costs. Dams must also be 
designed and operated to pass flood flows, which can also 
add to the cost. 
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CONSIDERATIONS FOR A MICRO-HYDRO SYSTEM 
Environmental considerations may also be a significant 
factor In such developments. A dam may restrict fish 
movement and Impoundment may alter natural flow 
patterns. particularly if a pond Is used to store water for peak 
power generation. 

With divided-fall installations, development may be practical 
w1th only minimal damming and impoundment, and '"some 
instances with no dam at all. Therefore, dam cost may be 
greatly reduced , but pipeline costs will increase 
significantly. 

Major civil structures must, of course, be properly founded 
and designed. Hiring an experienced engineering consultant 
is advisable. 

Power lines are a further consideration and they too may add 
to the cost of the system. If the micro-hydro unit Is some 
distance from the demand, power lines are obviously 
required. 

Bear In mind that the greater the distance, the heavier the 
wires rj'quired if unreasonable power losses are to be 
avoided. This is especially true of DC systems which require 
very large conductors to avoid excessive losses. Ani ncrease 
in line voltage also reduces power loss. This should be 
considered if the line wi ll be much more than 200 feet in 
length. 

6. Estimating the Costs 
The cost of a micro-hydro system depends on a number qf 
factors. They Include topography, availability of suitable 
equipment, and the ability of the individual as a do-it­
yourseller. In general, the cost will range upwards from $500 
per kilowatt. This low cost implies a do-it-yourself job at a 
favourable site with an existing dam or cne requiring no dam 
at all. 

Here are some general guidelines: 

Topography usually dictates the type and extent of work 
required. Also, at higher heads, lower flows are required to 
produce equivalent output; this Influences the cost because 
lower flows permit the use of smaller water passages. So, for 
an installation with a relatively high head, equipment and all 
structures - including intake, pipeline, headrace, and 
tailrace - can be smaller than those needed for lower head 
installation of equal output. 

Under even the best conditions, construction costs at a 
concentrated-fall site where a dam does not have to be built 
are usually about equal to generating equipment costs. 

Additional construction such as a dam, a lengthy penstock, 
and head race and tailrace excavations add to both initial and 
operating costs. 

The distance from the powerhouse to the load can also add to 
the cost. The greater the distance, the larger the conductor 
must be, or the higher the transmission voltage required. 

The price of new generating equipment ranges upwards from 
$500 per kilowatt. The cost per kilowatt is usually higher lor 
smaller-capacity and tor lower-head developments. 

New equipment costs may range as high as $5,000 per 
kilowatt for low-head, small-capacity installations. 

Used equipment is considerably less expensive than new 
equipment, but will usually require more maintenance and 
have a shorter useful life. 
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Finally, by doing it yourself. you can save a great deal 10 

construction and equipment installatiOn. 

7. Evaluating the Economics 
Before you can dec1de 11 a micro-hydro system w111 be 
economical. you have to determme exactly how much 11 w111 
cost to 1nstall. The calculation must take mto account the 
cost of the turbine and generator as well as any p1pe, cable, 
buildings, dam, c1vil engineenng work, perm1ts. legal work -
and so on - that Will be required. You should also cons1der 
the other available sources ol electric power and determme: 
their costs. 

An important consideration which might influence the 
economics of a micro-hydro system is the other uses that can 
be made of the water resource, such as lire suppression and 
irrigation. There is often very little extra cost involved 10 

developing these uses along with a hydro system. 

A characteristic of many renewable energy resources is that, 
wh1le their " front-end" costs are high, their life-cycle costs 
may be competitive with conventional energy sources. Micro­
hydro, for example, is fairly expensive to install, but, except 
tor small maintenance costs, the system should prov1de 
" free" energy lor 20 years or long'er. The econom1c analySIS 
of any micro-hydro project should take the life-cycle costs 
into account. 

Proximity to existing Ontario Hydro power lines must also be 
taken into consideration. 

Ontario Hydro currently extends its lines based on m1n1mum 
density requirements to justify the capital expenditure and 
future operating expenses. For example, lor a year.-round 
residence, Ontario Hydro will extend its line approx1mately 
1,200 feet along a township road at no charge. 

II further line is needed, the customer can either contract 
with Ontario Hydro to supply up to an addit1onal 1200 feet at 
an annual charge of approximately $0.40 per loot or pay the 
cost of the line, which might be approximately $4.50 per loot. 

It would be advisable to contact the local Ontario Hydro 
office to lind out the costs of extending the line to your site. 
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CONSIDERATIONS FOR A MICRO-HYDRO SYSTEM 
So. the further one IS from an existing power line, the more 
attractive the micro·hydro option becomes, all else be.ng 
equal. 
II you have easy access to conventional power. and you have 
no other uses lor the available water. it may be difficult to 
just1fy a m1cro-hydro unet on economic grounds. There are a 
great many factors that w1ll affect your analysis. Here are 
some Questions likely to arise: 

• Should your calculations be based on the life of the mtcro­
hydro unit, which may be 20 years or more, or on some 
shorter period? 

One realistic way to analyse your electric power options is to 
calculate the to!al cost of each option over a certain period of 
time and then compute the costs in current dollars. The fol­
lowing example shows how an installation might be 
evaluated. 

The figures presented below reflect t!'oe cost of each option in 
current dollars, commonly known as present worth (PW). The 
actual numbers reflect the investment needed today. to cover 
the total cost over the 15-year period. lt may be helpful to view 
the differences calculated as " profit" or " loss" resulting 
from having selected the micro-hydro option over the utility 
supply option. 

The sample computat1ons use a 10% interest rate (the rate 
at which you could alternatively invest your money). A 
summary only is presented below: details of the computation 
are given in Appendix 2. 

Example 

• The hydro system is a 6 kW, DC-to-AC battery storage unit. 
• The total cost of the system is $10,000. 
• The $10.000 is borrowed at 12%. 
• Total maintenance is $1,358 ($50 per year with 8 per cent 

annual cost increases). 
• The location where the power is to be used is near existing 

power lines c1nd no charge will be made to connect the 
power lines. 

• Utility power average cost for 1000 kilowatt hours per 
month is 4.6 cents per kilowatt hour and increases by 10 per 
cent per year. 

• Average monthly consumption is 1000 kilowatt hours. 
• The economic study period is 15 years 
• The value of the micro-hydro unit at the end of the 15-year 

period is $2.000 (20 per cent of purchase price). 
• No tax deductions or credits are used. 

To Determine the Present Worth of the 
Micro·Hydro Plant Option 
Step 1 - The installation cost assumed is $10,000. The total 
cost of the loan at 12 per cent interest is $22.005.30. and, 
assuming a repayment plan with eQual annual payments of 
$1,467,03. the present worth of the loan is $12,274.06. 

Step 2 - To this must be added the present worth of the 
annual charges. In this example, only maintenance is 
involved: however. such charges could include taxes. the 
cost of back-up power, and so on. In this example, the present 
worth of< nnual maintenance costs is $661.66. 

Step 3- Deduct the present worth of the salvage value of the 
plant, which is $478.80. 

• Are you laced with additional costs to obtain service from 
the power company? 

• How long do you expect to remain at this residence and wi ll 
the micro-hydro system have market value when you want 
to sell? 

• How much of the installation and maintenance work can 
you do yourself? 

• Is there a possibility of installing a unit larger than your 
needs and selling the surplus power back to the power 
company? 

Step 4 - The result is the present worth of the micro-hydro 
plant: $12,456.92. 

To Determine the Present Worth of the 
Utility Line Supply Option 
Step 1 -The cost of purchasing the reQuired energy for each 
of the 15 years (1,000 kWh/month x 12 months x $0.046/kWh 
lor the first year, and escalated by 10 per cent per year for 
subseQuent years) is $17,561.00. 

Step 2 - Total the present worth of each yearly value to 
determine the present worth of the utility line supply. This 
value is $8,280.00. 

To Determine Which is the More 
Attractive Option 
Subtract the present worth of the utility line supply from the 
present worth of the micro-hydro plant. A positive number 
indicates that the utility line supply is the more economically 
attractive option whereas a negative number indicates that 
the micro-hydro plant is more attractive. 

In this example, the difference is $4,176.92, indicating that 
the micro-hydro option will be somewhat more expensive 
over the 15-year period. assuming all of the conditions men­
tioned above. A change in any of the assumptions can signi­
ficantly affect the ecomonics one way or the other. 

11. lor instance, the household was one mile from the existing 
power line. and assuming the person was planning to pay lor 
the cost of the line beyond the extension allowance given by 
Ontario Hydro, the cost of utili!}' power would increase by 
approximately $18,500. Working through the above calcu· 
lations, and adding this to the cost of line supply, the dif· 
terence in present worth between the twC'I options would be 
-$18,530.03. the micro·hydro system would be the more 
economically attractive option in this case. 

The example shows that micro-hydro ''In be a viable option: 
the economics depend heavily on individual conditions. 
There is also the Question of how highly you value indepen· 
dence from traditil.. .1at energy sources. For some, economic 
conditions permi tting, the option of unplugging from the 
power grid may be worth a small additional cost. 



SAMPLE· ECONOMIC ANALYSES 

Purchase of Surplus Power by the 
Power Company 
Ontario Hydro is in the process of determining what price it 
would pay to buy power from customers who generate elec­
treclty and would like to sell it to the utility. This would Include 
not on ly micro-hydro sites but also large industnal 
cogeneration operat1ons with potential loads of more than 
5000 kW. 

A set of interim rates has been developed reflecting the cost 
savings to Ontario Hydro of such purchases. The rates have 
been based on the assumption that the seller would contract 
to deliver a firm amount of capacity with a guaranteed 
minimum availability during system peak periods. However. 
" at will" energy can also be sold. Here, excess energy is sold 
on an " as available" basis. The maximum output and/or the 
timing of delivery may vary for " at will" energy sales. 
Accordingly, the purchase price would be lower than for the 
guaranteed availability option. 

CONCLUSION 

The cost of the spec1al metering equ1pment necessary and 
the addit1onal adminiStrative expense md1cates that 111s not 
econom1c to provide for the guaranteed ava1lab1hty op11on 
unless 50-tOO kWof power are produced. The .. ai·WIII .. sale ol 
energy IS possible for even the smallest producers ol pONt~r . 

The appropriate rate could be obtamed from the local Onta~10 
Hydro office. 
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A comprehensive study, but geared to the U.S . 
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33 E. Minor St. 
Emmaus, Pa. 18049 
$3.95 (U.S.) 

Deals with a variety of renewable energy systems. Includes 
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Glossary 
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Paget7 
Determinrng Flow and Head and estimating efficiency. 

Appendix 3 
Page 22 
A sample computation analysis for economic analysis. 

Appendix 4 
Page23 
Cautions and suggestions for do-it-yourselfers. 

APPENDIX 1 
Glossary 

ASYNCHRONOUS GENERATOR: 
Similar to the synchronous generator except that It must be 
hooked up to an independent power grid to produce usable 
power . (See GENERATOR and SYNCHRONOUS 
GENERATOR). 

AXIAL FLOW TURBINE: 
A reaction turbine through which the direction of flow is 
primarily parallel to the turbine shaft. 

CAVITATION: . 
A phenomenon associated with liquids in motion past solid 
surfaces in which vapor bubbles form in areas of low 
pressure and then collapse suddenly in areas of higher 
pressure. resulting in shock waves which can damage solid 
surfaces. 

CROSSFLOW TURBINE: 
A drum-shaped hydroelectric turbine with vanes around its 
circumference which permit the water to enter from one side, 
cross through the hollow centre, and exit from the other side. 

FOREBAY; 
See HEADRACE 

FRANCIS TURBINE: 
A mechanical device used to convert revolving mechanical 
energy into electrical energy. (See ASYNCHRONOUS 
GENERATORS and SYNCHRONOUS GENERATORS). 

GOVERNOR: 
A mechanical or ~lectronic device for automatically control· 
ling the speed of the turbine by regulating the supply of 
water. 

HEAD POND: 
The pond immediately upstream from the hydro plant from 
which additional flow may be taken for peak generation and 
which can refill during periods of lower electrical demand. 

HEADRACE: 
A channel through which water passes to reach the hydro 
plant intake. 

KAPLAN TURBINE: 
A propeller turbine on which the pitch of the blades is 
adjustable to allow efficient use of the available water. 

Appendlx5 
Page24 
Manufacturers. 

Appendix& 
Page 28 
List of Ministry of Natural Resources district offices. 

NOTE: Appendices 2. 4 and 5 are adapted from: 
National Center for Appropriate Technology, 1979. 
·'Micro-Hydro Power, Reviewing an Old Concept:' 
DOEJET/01752·1:60 pp. 

MICRQ.HYDRO SYSTEM: 
A hydroelectric installation with a capacity of 100 kW or less, 
including all components required to convert the potential 
energy in a stream or river to electrical energy at the user's 
location. 

PEL TON WHEEL: 
A type of impulse turbine with buckets mounted on the rim of 
the wheel which are struck by a hit,.Helocity jet of water to 
rotate the wheel. 

PENSTOCK: 
A pipeline used for carrying water to a water wheel. 

RUNNER: 
The rotating element of the turbine which converts hydraulic 
energy into mechanical energy. 

SLUICE: 
An artificial channel or passage for water with a gate or valve 
at its head to regulate flow. 

SPILLWAY: 
A passageway or channel to carry off excess water around a 
dam. 

SYNCHRONOUS GENERATOR: 
A machine which converts rotating mechanical energy into 
usable AC electrical power independent of a power grid. (See 
GENERATOR and ASYNCHRONOUS GENERATOR). 

TAILRACE: 
A channel through which the water flows out of a hydro plant. 

TRASH RACKS: 
A screen on the hydro plant intake that blocks debris from 
entering the turbine. 

TURBINE: 
A mechanical device used to convert the potential energy of 
falling water into electrical energy. 

WICKET GATE: 
Flow control gates located in a circle around a turbine and 
normally controlled by a governor. 

13 
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APPENDIX2 

Flow and Head Efficiency 
Flow is the quanttty of water available, and it is rarely 
constant. Nlost rivers, e·ten when they have large reservoirs, 
are subject to periods of drought as well as periods of heavy 
rain and resultant flood flows. These natural characteristics 
are a major cons ideration when selecting hydroelectric 
equipment, and are as important as is the available head. 
Heavy rain, which causes flood runoff, may result in the head 
at a site being reduced to almost nothing. Conversely, 
periods of drought may reduce the water supply to unac· 
ceptable levels. 

Because of the great variability in natural stream-flows, a 
hydrologic record going back as far as possible is desirable 
as a basis for analysing the potential energy output of a site. 
However, if no stream-flow records exist for a particular site, 
then an estimate of flow can be made using one of the 
methods described. 

Low flow is critical to power plant capacity. Measurements of 
stream.flow should be made during the summer when high 
rates of evaporation reduce stream-flow to a minimum. 
Storm runoff should be avoided by taking measurements 
seven days alter a storm. 

How to Determine Flow 
Stream-flow records are maintained lor many Ontario rivers. 
Although the actual stream gauging stations are operated by 
various agencies, a complete record is maintained by the 
Inland Waters Branch of Environment Canada in Guelph. 
Your local library may have their publication, " Reference 
Index: Hydrometric Map Supplement". Your district office of 
the Ministry of Natural Resources may be able to provide you 
with useful stream-flow figures. 

Although records of 15 to 20 years are desirable, many 
existing gauging stations have not been operating that long. 
Nevertheless, any stream-flow record at or near a proposed 
h~droelectric development provides a more accurate esti· 
mate of flows than either of the techniques described below. 
However, if no stream-flow gauging data are available, then 
one of the following methods, applied during the low-flow 
period, should provide a reasonable estimate of the flow 
available for hydroelectric development. 

Flow Measurement 
In order to adequately assess the minimum continuous 
power output to be expected from your hydro unit, the 
minimum quar.Uty of water that will pass through the system 
must be determined. So, it is important to know both the 
minimum flow rate of your stream and what portion of this 
flow can be used for power generation. 

The percentage of the minimum flow that may be temporarily 
diverted lor power generation is defined during the 
government approval process. 

Measurement of Flow In a Stream 

Area-Velocity Method 
To estimate the flow In a" ungauged stream the following 
procedure may be used. First, both the cross-sectional area 
of the stream and the velocity of flow in the stream must be 
determined. 

To measure the cross-sectional area of the stream the 
following procedure (Figure A) may be used. 

Step 1 - Select an easily measured section of the stream 
with latrly untform depth and wtdth. 

Step 2 - Measure the width of the stream. 

Step 3 - Measure and record the depth at equal antervals 
across the channel. 

Step 4 - Compute the average depth by adding the 
measurements taken in Step 3 and dividing by the number of 
measurements taken. 

Step 5 - Calculate the cross-sectional area by multiplying 
the average depth by width. 

NOTE: If all measurements are in feet. the cross-sectional 
area will be in square feet. 

To determine the stream-flow velocity, use the same uniform 
section of the stream and follow the steps outlined below: 

Step 1 - Insert stakes at two points along the stream and 
measure the distance between them: 25 feet is a reasonable 
distance. 

Step 2 - One person should drop a float (a bottle partially 
filled with stones or an orange, make good floats) in the 
centre of the stream opposite the upstream potnt and a 
second person should carefully time \ he seconds required lor 
the float to pass the down:~tream point. Repeat several times 
to obtain an average time. 

Step 3- Compute the stream surface velocity by dividing the 
distance established in Step 1 by the period of ltme 
measured in Step 2. 

Note: If the distance established is in feet and the time period 
is in minutes, the computed velocity will be in feet per minute. 

Step 4- The average velocity of flow throughout the stream 
section is less than the centre-line surface velocity because 
of friction losses due to channel roughness. To allow for this, 
the stream surface velocity computed in Step 3 should be 
multiplied by 0.8 to determine the average stream velocity. 

Now, to calulate the stream-flow, multiply the average cross· 
sectional area, determined above, by the average velocity of 
flow. In mathematical terms this is: 

a= AV 
where: 

a = flow 
A = cross-sectional area of the stream 
V = average velocity of flow 

Once again, it should be noted that these measurements of 
flow are best taken during the dry season, since the flow 
during this season may imit the capacity of the proposed 
hydroelectric installation. Furthermore, government 
approval may not be possible for a power plant that utilizes 
the entire flow, even during low-flow periods, and this may 
further reduce the capacity that may be installed. 
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Example 

. ~ .. : 
:.:r-·· 

..· : 

To determine the cross-sectional area (A) of a stream, 
multiply the channel width (w) -in this example, 10 feet- by 
the average depth (d) of the stream. The calculations to 
determine the average depth are below:: 

(d)= dl +d2+d3+d4+d5 
5 

= 1.2 + 2.5 + ~.3 + 2.2 + 0.8 = 2 feet 

A = wxd 

= 10 X 2 

= 20 square feet 

To determine the average velocity of stream-flow: 

Say the distance marked off is 25 feet, and it takes 12 
seconds, or 0.2 minutes, for the float to travel this distance, 
then: 

With: 

Surface velocity expressed as V5 

Average velocity expressed as V 

fpm = feet per minute 

0.8 as a variable factor based on the resistance to the water's 
flow caused by the characteristics of the stream bed and 
shoreline. By multiplying It by the surface velocity (Vs) you 
will arrive at the average velocity (V). 

(Vs) = distance(feet) = 25 = 125fpm = V = 125x0.8 

time (minutes) 0.2 = 100 

To determine stream-flow: 

0 =Ax V 

: 20 X 100 

= 2,000 cubic feet per minute 

Weir Method 
This is an alternative method for determining stream· flow. It 
is accurate and can be used to measure the flow rate of any 
stream. It is particularly advantageous for flow measure­
ments in shaltow streams where a weighted float would havr, 
difficulty floating freely. However. it is also a more compli· 
cated technique lor measuring flow. 
Essentially, a temporary dam structure is built across the 
stream perpendiculat to the flow. with a rectangular notch or 
spillway of controlled proportions in the centre section. This 
notch has to be large enough to take the maximum flow of the 
stream during the period of measurement, so make some 
rough estimate of the stream-flow prior to building the weir. 
The notch width should be at least three times its height and 
the lower edge should be perfectly level. The lower edge and 
the vertical sides of the notch should be bevelled with the 
sharp edge upstream. The whole structure can best be built 
out of timber with all edges and the bottom sealed with clay, 
earth, and sandbags to prevent leakage. A typical weir is 
illustrated in Figure B . 

In order to measure ttte flow of water over the weir, you have 
to set up a simple depth gauge. This is done by driving a stake 
in the stream bed at least five feet upstream from the weir. 
until a pre-set mark on the stake is precisely level with the 
bottom edge of the notch. The depth of water on this stake. 
above the pre-set mark, will indicate the flow rate of water 
over the weir. Refer to a :·weir table" in order to determine this 
flow rate. 

A typical weir table is included at the end of this appendix. 

To use the table, determine the depth of water in inches over 
the pre-set stake mark. Find the flow rate in cubic feet per 
minute per inch of notch width in \he table. Multiply this 
volume flow rate by the width, in inches, of your weir notch. 
This will give you the stream-flow rate in cubic feet per 
minute . 

For example: 
Suppose your weir has a notch width of 30 inches. The depth 
of the water on the stake above the pre-set mark is 6.25 
Inches. On the weir table, read opposite 6.25 inches to the 
flow rate of 6.28 cubic feet per minute per inch of notch width. 
The flow rate of the total stream is then 6.28 cubic feet per 
minute x 30 inches or 188.4 cubic feet per minute . 

When you have the weir in place. you can take readings at 
your convenience. If you are going to use the weir for an 
extended period of time, it is important to frequently check 
the watertightness of the sides and bottom . 

Head 
The head, once again, is the vertical distance the water falls 
at the site. The greater the distance, or head, the more 
potential power there is. 

15 
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The gross head is the difference between the water levels 
both upstream and downstream, and is fairly easy to 
measure. 
The net head of the power plant is equal to the gross head 
minus head losses due to friction and other disturbances in 
water passage to and from the turbine. 

Keeping these head losses to a minimum will enhance 
potent1al power plant output. As a rule of thumb, 1f upstream 
and downstream water levels are relatively constant, net 
head should be assumed as equal to gross head minus 5 per 
cent for conduit head loss. If water levels vary a great deal, 
more detailed studies are required to determine the net or 
effective head. 

How to Measure Head 
Any good surveyor can be hired to determine the head. Ask 
him, or her, for the vertical distance between the water 
source, or proposed intake location, and the proposed 
location of the power plant. 

If you. know how to use standard surveying equipment such 
as a transit or a surveyor's level and levelling rod, borrow or 
rent what you need and get a friend to help do your own 
measurements. 

Another do-it-yourself technique requires a carpenter's level, 
some sort of stand to raise the level a lew feet off the ground, 
and a tape measure. The method is described below and 

illustrated in Figure C. 

Step 1 - Set the level on the stand; make sure 1t is l~vel and 
that its upper edge is either at the same elevat ion as the 
water source or a known vertical distance above the water 
surface. 
Step 2- Sight along the upper edge of the level to a spot on a 
nearby tree, rock or building that is farther down the hill and 
can be reached for measunng. Note thiS prec1se spot on the 
object and mark it (Point A in the diagram). 
Step 3- Move your level and stand down the h1ll stope and 
set it up again so the upper edge of the level is below Point A 

. '. 

AO...I·youtMOI-
ol muauuno PtMd u-..no • l.e¥et 

FlgureC 
Measuring HEAD 

WEIR TABLE 

i ·. 

l-
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Cubic feet pet minute 
pet Inch of notdl wldttl 

' .. 
"1 0.40 

. . 1.25 • • •• : : . 0.55 
· 1.5 •• •• • 0.74 
1.75 • .,_ ~ 0.93 

•. , . . 2 • • . ' 1:.. • • 1.14 · .. :,. ': 2.25 ~ : ··. ·.';"'"::.'. ~~··l;; ... • ~ 1.38 · .. ' . 
. .; "~ -:. ... ·· ·~ 2.5 , .•. .. ~ . . ·-~· ,~-.,~ \ .... ~ 1.58 ·: ~ 
·' ' . .• 2.75 .... • . .... , • • ..:.. ~ .. t 1 83 
• . • . . :; 3 ; ;:.. ·~-~-~·-'·.·:r,~ ... ~ .. '2.011" • ,, • • • . . 

.. ; :. ~ .• ··3.25 t· ' ,._::.,e~ ~~,·-~·(·:·{:~ 2~ . .. ·"!·:.· .· 
.. :-. ··.:r .. · ... 3,5 ·: ;;:·:·:·~~ ...... -':'~~ .. ~-- 283 . ,:. . • 

' • " ' • • : .. : 3.75 (., • L., .... ~ .... ~ l";"';; j.;,'.t' ,•l ::; ie2 .. ~ • • ; 
~. . . : -~ -..: .. ' 4 . .. ··':~. ;r ... ·~~)~•:_?:-~? 3.22 - ~ ~ . .: ... : · ~ .. .... :: ~ :.:: ;,::\ -r~:~r-~ · · ~ 

4.75 ·. ' 4.111 
• :. . 5 · ·:: :.~ . ... ; -~ ; . . . : . ... 4.50 

5.25 . . .... • • ,, 4.114 
• ~ . • 5.5 ... ;·, · .• ·• 5.111 

. . · 5.75 .•. # ••• i~_.: ~.:· · • .:. ' 5.54 
.. II . 5.90 

11.25 • . . ~ \ 11.28 . 
11.5 •• • ·: • ·;.. ~,. •. 11.115 
11.75 .... . 7.05 
7 7.44 
7.25 • •. . • 7.114 
7.S :.'- ~ 
7.75 . • ~· 8.1111 
II I. : · .· ~ ., .· , -'~ !-...-,_l , , 9.10 . 
11.25 · • •· ·· • • ~· !i: '1'-...- • • II 52 

.... '· 8..5 .~ .. :.·,..: : . ::. ~l" .. i)lf: ""', ... ... . ·• . .. . . 
• ,. •!,. #* ~ o • ~'·• r• • • '• 

' ' ... . . # , 8.75 · ... !o...('. ' "' " .,.. ... 't&U' ·; '.·· 10.40 . ... -~: ... . . . ' . g • • , . • • 10 811 • • . 
·: · .. gjs . . . . .... ~'· ~~!J"· ·~: .. 11:31 ' . •· :· • 

• >· 115 • .... ·, 1 • • • • ~ ·.~ ·... 11 n 
9:75 • , . ~~- . . . . 12:33 

10 .. . .. 12.71 
10.25 13.19 
10.5 13.117 
10.75 14.18 
11 14.87 
11.25 15.18 
11.5 15.117 
11.75 111.20 
12 17.28 

.: ~, J:r.: 
- · 1, .. : 0 : •• 

' ' 

Depth on at•ke (lnc:hesl 
Cubic fMt pet minute 
pet lncll of notch '"ldtll 

12.25 11.26 
1~ 1~n 
12.75 18.32 
13 18.87 
13.25 19.42 
13.5 . - 19.97 
13.75 . 20.52 

· 14 ., :. 21 .09 
14.25 . : .. •. 21.115 
14.5 : •. -~ • 22.22 

.14.75 :.. ~;:"! ..... .-:·!-t'" • ;. • .. 22.70 
'. 15 ~ ; ·· . .. ~ - • - .. . • :' 23.38 
15.25 .. ,. : \ . 23.97 
15.5 . ' • 24.56 
15.75 25.16 
111 25.76 
111.25 26.36 
111.5 26.97 
111.75 •. ' 27.58 
17 28.20 
17.25 Z8.82 
17.5 • 29.45 
17.75 30.08 
18 30.70 
18.25 31.34 
111.5 . 31.98 
18.75 .. 32.68 

, 111 ~- -~~""! • • •• 33.29 
.. 111.25 ~ ·~ ·~ ' . • . ' 33.94 

• 19 5 • " h • . • • • : : 34 60 
. 19:75 .•.. , • . . • ,· • • • 35:27 
20 · : • · 35.94 

~:- :· ... 1-- ·.• ... ~:~ 
20.75 . 37.96 
21 38.65 
21.25. 39.34 
21.5 4004 
21.75 40.73 
22 41 43 
22.25 4?. 13 
22.5 4284 
22.75 43.56 
23 . 44.28 
23.25 45.00 
23.5 45.71 
23.75 411.42 
24 47.18 
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on the first obtect. as in the drawing. Mark this point B and 
measure and record the vertical distance from A to B. Now 
sight along the upper edge of the level in the opposite 
direct ion to another object that is farther down the hill. 

Step 4 - Repeat th1s procedure until you end up at the same 
elevat1on as the proposed power plant site. 

Step 5 - If more than one set-up was requ.red. add all the 
vertical diStances A· B. II your first set-up was above the water 
surface. subtract the vertical distance between the water 
surface and the upper edge of the level from the sum of the 
vertical distances. 

You now have the total head. 

Efficiency 
Power-plant efficiency will vary according to the efficiency of 
the component parts. Typical efficiencies of major 
components in a micro-hydro system are listed below. More 
precise ligures are generally available from the m<.nu· 
lacturers. It is worth noting that turbines are much more 
efficient than water wheels. 

By multiplying the efficiencies of the various compcnents in 
the system, the overall efficiency can be estimated 

Typical Efficiency Ranges for 
Micro-Hydro Equipment 
Component 
(% ) 

Ellicien.:y Range 

Water Wheels 

Turbines 

Generators 

Speed-Increasers 

Inverters 
Gemini Converters 
Batteries 

- Undershot 
-Breast 
- Poncelet 
-Overshot 
-Reaction 
-Impulse 
-Crossflow 
-Synchronous 
-Induction 
- Direct Current 
-GearBox 
-Belt Drive 

25·45 
35-65 
40-60 
60·75 
8().90 
80-95 
60-85 
9().95 
95-98 
9().98 
90·95 
80·90 
85-95 
85-95 
7().8() 
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Economic Analysis 

Assumptions: 
1. The micro-hydro system has a 6 kW capacity and is a DC· 

to-AC battery storage system. 

2. The cost of the micro-hydro system is $10,000 (This cost is 
realistic lor a system usjng new e<ilUipment but requiring 
little new construction). 

3. The hydro plant is financed by a 15-year 12 per cent loan. 
4. Total maintenance cost is $1 .358 over 15 years ($50 per 

year with 8 per cent annual cost increase). 

Step1 
Present Worth of the Micro-Hydro Plant 
Installation cost is $10,000 and the loan at 12 per cent 
interest lor 15 years requires equal annual payments of: 

A = $10,000 X (F/P. 12%, 15) X (A/P, 12%, 15) 

: $10,000 X 5.474 X 0.0268 

= $1,467.03 

Comparison of a 6 kW micro-hydro installation aga nst utility 
power line supply. 

5. The location the power is to be used is near ex is· ing power 
lines and no additional costs are required to connect to 
the utility lines. 

6. Average monthly consumption is 1000 kilowatt hours. 

7. Utility power average costs start at 4.6 cents pEr kilowatt 
hour and increase by 10 per cent annually. 

8. The hydro unit is worth $2,000 (20 per ce1 1t of the 
purchase price) at the end of the 15-year period. 

9. No tax deduction or credits are used. 

F/P and A/P are taken from standard compound interest 
tables. To determine the annual payments for l.uger or 
smaller loans just substitute the actual loan lor the $10,000 
used in the example, providing that interest and oe·iod are 
12% and 15 years respectively. Otherwise interes tables 
should be used to determine the correct factors. 

1. Present worth (PW) of loan repayment at 10 per cent rate of return (rate at which funds could alternatively be invested; is as 
follows: 

,.-~ -
' 
i. . 

.•· 

' 

! 
lr . .. . 

-~: ~:·· !~ 
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Step2 
Present worth of annual maintenance charges is as follows: 

.. ~ : .. 

Step3 

_ , .. --... -- - ..... .. 
!"" .... . ..... \ ... ::• - ~ ~ ·, .. .. 

r ·• 

. . .. ... · . FeciOf 
(P/F." 10°1., (n) 

At10 PerCent 

PW 

f 
I 
l 
I 
; 

j 
·' 1 

! 
l . . 

- -~ 

Present worth of salvage value of plant 2,000 X (P/F, 10%, 15) = 2,000 X 0.2394 = $478.80. 

Step4 
Present worth of hydro plant = 12274.06 + 661.66- 478.80 = $12,456.92. 

StepS 
Present worth of purchase of energy from utility 

~ 
r:·· 
.. 

I 1
'-'· 
r <:·~~ ~ 
' i . 

Step& 
Subtracting the present worth of line supply from micro­
hydro supply = $12,456.92-$8,280.00 = $4,176.92 

In this example, the micr~nydro option would be somewhat 
more expensive over a 15-year period, assuming all of the 
conditions mentioned beforehand. A change in any of the 
assumptions can significantly affect the economics one way 
or the other. For example, if the location is one mile from an 
existing power line, an additional charge of approximately 
$18.500 (4, 10C feet over extension allowance x $4.50 per foot) 
would be required before power could be obtained from the 
utility. 

This added loan of $18,500 at 12% for 15 years requires equal 
annual payments of 

A = 18,500 X 5.474 X .0268 = $2,714.00. 

18 
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The present worth of the loan repayment is calculated in the 
same manner as shown previously and equals $22.706.95. 

Adding this to the cost of line supply, above. the present 
worth of the utility supply would be: 
$8,280.00 + $22,706.95 = $30,986.95. 

Now, subtracting the present worth of line supply from m1cro· 
hydro supply: 
$12,456.92- $30,986.95 =- $18,530.03. 

Clearly. with the inclusion of the additional charge in th1s 
exampls, the micro-hydro option is the more attractive one. 

A similar technique can be used for an economic comparison 
of any two energy supply alternatives. 
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APPENDIX4 
Cautions and Suggestions 
The followmg fist is presented to make installation easier 
and help you avo1d future troubles. 

In the final des1gn stage. be sure to: 

1. Consider your stream bed loading conditions. Silt and 
rocks coming down the stream. particularly during 
periods of h1gh runoff, can cause intake clogging or even 
destruction of the intake pipes. 

2. Size the pipe so that it is capable of handling the volume 
flow rate that you require. Any responsible pipe supplier 
can provide the correct size lor the expected flow 
condit1ons. 

3. Route the pipeline. from intake to the turbine, so that it 
contains the minimum number of bends. Do not use 
elbows of 45 degrees (or greater) in the pipeline. 
Otherwise. there will be too much strain on the pipe and 
excess1ve friction losses. 

4. Keep a downhill slope in the pipe at alltimes(exceptlor the 
initial siphon intake, if used) to avoid air locks and silt deposit. 

5. Do not let the water velocity in PVC pipe get much above 
5 feet per second. Above this line velocity other design 
consideralions come into play that the do-it·yourseller is 
not usually prepared to deal with. 

6. Size the pipe in order to maintain about 5 feet per second 
line velocity to avoid excessive ice build-up in the pipe. II 
the l ine velocity is much less than this and the system is to 
be installed in an area where winters are severe. consider 
insulating or burying the pipe. 

7. Consider installing a water by-pass above the turbine in 
case the water is needed lor lire control. 

8. Locate the DC turbine and generator adjacent to the point 
of use. This is important In order to keep electrical 
transmission lines as short as possible so that the line 
losses are kept to a minimum. 

APPENDIX 5 
I Manufacturers and Suppliers 
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Canadian 
Robert Lee 
Waterwheel Erectors Ltd. 
P.O. Box 246 
Weiland. Ontario 
L3B 5P4 
(416) 735-512, 

Claude Aleire 
Dominion Bridge Sulzer Inc. 
555 Notre Dame St. 
Lachine. Quebec 
H8S 2B1 
(514)634-3551 

Mike Wilson 
Barber Hydraulic Turbine 
Barber Point, P.O. Box 340 
Port Colborne. Ontario 
L3K5W1 
(416)834-9303 

9. Plan to install the system in warmer weather, or at least 
not under freezing conditions if at all possible. 

When obtaining your equipment. take these lactors into 
account: 

1. Deal with a reputable supplier. There is some poor 
equipment around. Buyer beware! 

2. Expect delays in getting quotes and deliveries from 
equipment suppliers, since none of them is currently very 
big and are usually quite busy. 

3. Obtain pipe with a suitable pressure rating; don't buy 
seconds. 

4. Obtain a good trash control syst~m lor the intake. A 
screen mesh should be used that has openings smaller 
than the minimum nozzle diameter that leads into the 
turbine. This way, the only solid particles that can come 
down tne pipe will be small enough to pass through the 
nozzle without clogging it. 

During installation: 

1. Be sure to follow the manufacturer's or supplier's instruc· 
lions and suggestions. 

2. Watch lor rocks, and place them carefully when burying 
PVC pipe. 

3. Use gate valves wherever valving is necessary. Other 
kinds of valving allow the water to be turned off too 
quickly, causing potentially dangerous water hammer or 
" banging pipes" effects. 

4. Use standard house wiring procedures with the electrical 
hook-up. Go to your local bookstore and pick up an 
appropriate do-it-yourself book or hire a local electrician. 

Once the system is operational, whe" you have to close 
valves, be sure to do so slowly. Closing a valve too quickly 
can cause a shock wave (a high pressure wave) that can 
damage the pipe. 

F. W. E. Stapenhorst 
285 Labrosse Ave. 
Point Claire. Quebt>c 
H9R 1A3 
(514) 695-8230 

Alvin Beeler 
L & S Pov.er Company Ltd. 
Box 90 
Whitney, Ontario 
KOJ 2MO 
(705) 637-5534 

J . S. McAulay 
Allis-chalmers 
3625 Duflerin Street 
Downsview. Ontario 
M3K 1Z2 
(416) 789-5337 
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Manufacturers and Suppliers 
B. Tnpp 
Highlands Energy S~ stems Ltd 
R R. 15 
Orangeville. Ontario 
L9W 2Z2 
(519) 941-5041 

Dependable Turbine Ltd. 
1244 Boundary Road 
Vancouver. B.C. 
V5K 4T6 
(604) 461-3121 

Small Hydro Electrics Canada Ltd. 
Box 54 
Silverton. B.C. 
VOG 2BO 
(604) 358-2406 

A. Nicholl 
Solace Energy Centre Inc. 
2425 Main Street 
Vancouver. B.C. 
V5T 3E1 
(604) 879-5258 

David Buchanan 
Ingersoll-Rand Canada 
255 Lesmill Road 
Toronto. Ontario 
M3B 2V1 
(416) 445-4470 

Leroy Somer Canada Ltd. 
337 Deslauriers 
Ville St. Laurent 
Quebec 
H4N 1W5 
(514) 378-0151 

Hayward Tyler 
1 Vulcan Street 
Rexdale. Ontario 
M9W 1L3 
(416) 243-1400 

Dave de Montmorency 
Galt Energy Systems Ltd. 
57 Victoria Avenue 
P.O. Box 1354 
Cambridge. Ontario 
N1R 3BO 
(519) 653-2531 

International 

Independent Power Developers 
Route 3. Box 285 
Sandpoint. Idaho 
83864 

The James Leffel Company 
Springfield. Ohio 
45501 

Gilbert. Gilkes & Gordon Ltd. 
Westmoreland. England 
LA9 7B7 
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Small Hydro Electnc Systems 
P.O. Box 124 
Custer. Washmgton 
98240 

Ossberger Turbinenfabnk 
Weissenberg 
Pastfach 425 
Bayern. West Germany 

Barata Metal Works & Engineering PT 
Mgagel (109) 
Surabaya, Indonesia 

Jyoti Ltd. 
Industrial Area 
P.O. Chemical Industries 
R.C. Dull Road 
Baroda 390 003, India 

Westward Mouldings Ltd. 
Greenhill Works 
Delaware Road 
Gunnislake. Cornwall. England 

Campbell Water Wheel Company 
420 South 42nd Street 
Philadelphia. Pennsylvania 
19104 

Maschinenfabrik Kossler GMBH 
A-3151 St. Pollen 
St. Georgen. Austria 

Karlstads Mekaniska Weskstad 
Fack S-681 01 
Kristinehamn. Sweden 

Elektro GMBH 
St. Gallerstrasse 27 
Winterthur. Switzerland 8400 

Canyon Industries 
5346 Mosquito Lake Road 
Deming. Washington 
98244 

Briau S.A. 
BP43 
37009 Tours Cedex. France 

Northern Water Power Co. 
P.O. Box 49 
Harrisville. New Hampshire 
03450 

Land & Leisure Services 
Priority Land 
St. Thomas. Launceston 
Cornwall. England 

Alaska Wind and Power 
P.O. BoxG 
Chigiak. Alaska 
99567 

Pumps. Pipes and Power 
Kingston Village 
Austin. Nevada 
89310 
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APPENDICES 

Manufacturers and Suppliers 
Bell Hydroelectnc 
3 Leatherslockmg Street 
Cooperstown. New York 
13326 

BalaJu Yuantra Shala •PI Ltd 
BalaJu. Katmandu. Nepal 

Ma1ne HydroeiP.ctnc Development Groups 
Goose R1ver. Ma1ne 

Miscellaneous Equipment Suppliers 
Tom Adair 
Westburn Electric Supply 
R R 41 
Kearney. Ontano 
POA 1MO 
Zenith 48240 

Douglas Fleming 
Reliance Electric Ltd 
678 Enc Street 
Stratford. Ontano 
(519)27 1-3630 

H. M Barnett 
Canadian General Electric 
1900 Eglinton Avenue East 
Scarborough. Ontario 
M1L2M1 
(4161751-3220 

Westinghouse Canada Inc. 
55 Goldthorne 
Toronto. Ontario 
(4161445-0550 

., . 
,.. .... 

An Ontario manufactured mlcr~hydro unil 
Source· ' · ~:-:-: -· ' 
Sit etch Courtesy of Galt Energy Systems..:. t;;ambndge, Ont. . . , .. · .. 

James Smith 
Canbar Products Ltd. 
Waterloo. Ontario 
N2J 4A7 
(5191886-2880 

Wmdworks 
Box 329. Route 3 
Mukwonago. Wisconsm 
53149 

L1ma Electric Company Inc. 
200 East Chapman Road 
Box 918 
Lima. Ohio 
45802 

Woodward Governor Company 
5001 N 2nd Street 
Rockford, Illinois 
61101 

Natural Power. Inc. 
New Boston. New Hampshire 
03070 

... ... . .. ~ . 
.. . .;. 

I 
' i 

I 
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APPENDICES 
APPENDIX& Ministry of Natural Resources 
District Office Address Telephone District Office Address Telephone 

Algonqurn Park Box 219 (705) 637-2780 Gogama Box 129 (705) 894-2000 
Whrtney, Ontarro Gogama. Ontarro 
KOJ 2MO POM 1WO 

Atrkokan 108 Saturn Avenue (807) 597-6971 Hearst Box670 
Atrkokan, Ontario 

(705) 362-4346 
631 Front Street 

POT 1CO Hearst. Ontario 

Aylmer 353 Talbot Street West (519) 773-9241 
POL 1NO 

Aylmer, Ontario Huronia Midhurst, Ontario (705) 728-2900 ~ N5H258 LOL 1XO 

Bancroft Box SOO (613) 332-3940 Ignace 
Bancroft, Ontario 

Box448 (807) 934-2233 

KOL 1CO 
Ignace, Ontario 
POT ITO 

Blind River Box190 (705) 356-2234 Kapuskasmg 6 Government Road 
62 Queen Street 

(705) 335-0191 

Blind River, Ontario 
Kapuskasing, Ontarro 
P5N2W4 

POR 180 

Bracebridge Box 1138 (705) 645-5244 
Kirkla.nd Lake Box 129 (705) 642-3222 

Brace bridge, Ontarro 
Swastika, Ontario 

POB ICO 
POK ITO 

Brockville 101 Water Street West (613) 342-8524 
Ken ora Box5080 (807) -l68-984 1 

Brockville, Ontario 
808 Robertson Street 

K6V5Y8 
Kenora, Ontario 
P9N 3X9 

Cambridge Box 2186 (519) 658·9355 Lanark 
Cambridge, Ontario 

Box239 (6 13) 259-2942 

N3C2W1 
Lanark, Ontario 
KOG 1KO 

Chatham Box 1168 (519) 354-7340 
435 Grand Avenue West 

Lindsay 32.2 Kent Street West (705) 324-6121 

Chatham, Ontario 
Lindsay, Ontario 

N7M 5L8 
K9V4T7 

Chapleau 34 Birch Street (705) 864-1710 Maple Maple, Ontario (416) 832-2761 

Chapleau, Ontario LOJ lEO 

POM 1KO 
Minden Minden, Ontario (705) 286-1521 

Cochrane Box 730 (705) 272-4365 KOM 2KO 

2 Third Avenue 
Cochrane, Ontario Moosonee Box 190 (705) 336-2987 

POL 1CO Moosonee, Ontario 
POL IYO 

Cornwall Box 1759 (613) 933-1774 
113 Amelia Street Napa nee 1 Richmond Blvd. (613) 354-2173 

Cornwall, Ontario Napanee, Ontario 

K6H 5V7 K7R3S3 

Dryden Ontario Government Bldg. (807) 223·3341 Niagara Box-1070 (416) 892·2656 

Box3000 Hwy. 20 

Dryden, Ontario Fonthill, Ontario 

P8N 383 LOS l EO 

Espanola Box 1340 (705) 869-1330 Nipigon Box970 (807) 887-2120 

148 Fleming Street Nipigon, Ontario 

Espanola, Ontario POT2JO 

POP 1CO 
North Bay Box 3070 (705) 474-5550 

Fort Francrs 922 Scott Street (807) 274-5337 North Bay, Ontarro 

Fort Frances, Ontario P1B8K7 

P9A 1J4 Ottawa Ramsayville, Ontarro (613) 822-2525 

Gerald ton Box640 (807) 854·1 030 
KOA2YO 

Geraldton, Ontario 
POT 1MO 
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I APPENDICES 

I District Office Address Telephon(; District Office Address Telephone 

Owen Sound 611 Ninth Avenue East (519) 376-3860 Sudbury Box 3500, Stn. A. (705) 522-7823 

I 
Owen Sound, Ontario Sudbury, Ontario 
N4K 3E4 P3A4S2 

Parry Sound 4 Miller Street (705) 746·2401 Temagami Box 38 (705) 569·3622 

I 
Parry Sound. Ontario Temagami. Ontario 
P2A 158 POH 2HO 

Pembroke Box 220 (613) 732·3661 Terrace Bay Box280 (807) 825·3205 
Riverside Drive Terrace Bay, Ontario 

I Pembroke, Ontario POT2WO 
K8A6X4 

Thunder Bay Box5000 (807) 475·1501 
Red Lake Box 323 (807) 727·2531 Thunder Bay 'F', Ontario 

I Hwy. 105 P7C5G6 
Red Lake, Ontario 
POV 2MO Timmins 896 Riverside Drive (705) 267·7951 

Timmins, Ontario 

I Sault Ste. Marie Box 130 (705) 949-1231 P4N3W2 
69 Church Street 
Sault Ste. Marie. Ontario Tweed Metcalfe ~treet (613) 478-2330 
P6A5L5 Tweed, Ontario 

I 
KOK3JO 

Simcoe 645 Norfolk Street North (519) 426·7650 
Simcoe. Ontario Wawa Box 1160 (705) 856·2396 
N3Y 3R2 Wawa, Ontario 

POS 1KO 

I Sioux l ookout Box 309 (807) 737·1140 
Sioux lookout, Ontario Wing ham A.A. •5 (519) 357·3131 
POV2TO Wingham, Ontario 

NOG2WO 

I Regional Office Address Telephone Regional Office Address Telephone 

Algonquin Brendale Square (705) 789-9611 Northeastern 17 4 Douglas Street West (705) 673-1111 

I Regional Office P.O. Box 9000 Regional Office Sudbury, Ontario 
Huntsville, Ontario P3E 1G1 
POA 1KO 

Southwestern 1106 Dearness Drive (519) 681·5350 

I Central 10670 Yonge Street North (416)884·9203 Regional Office London, Ontario 
Regional Office Richmond Hill, Ontario N6E 1N9 

L4C3C9 
Northwestern 808 Robertson Street (807) 468-3111 

I 
Eastern Provincial Government (613) 258·3413 Regional Office Box 5160 
Regional Office Building Kenora, Ontario 

Concession Road P9N 3X7 
Kemptville, Ontario 

I 
KOG 1JO Leslie M. Frost Dorset. Onta.rio (705) 766-2451 

Natural r=QA 1EO 
Northern 140 Fourth Avenue (705) 272-4287 Resources 
Regional Office P.O. Box 3000 Centre 

I 
Cochrane, Ontario 
POL 1CO Aviation and P.O. Box 310 (705) 942·1800 

Fire 55 Church Street 
North Cent rill Ontario Government (807) 475-1261 Management Sault Ste. Marie, Ontario 
Regional Off•ce Building Centre P6A5L8 

I 435 James Street South 
P.O. Box 5000 
Thunder Bay 'F', Ontario 
P7C5G1 

I 
I Copies available ... (at $2.00. prepayment requested) . .. from ttie 

Ontario Government Bookstore, 880 Bay St., Toronto for personal 
shoppin~. Out-of-town customers write to Publications Services 
Section, th Floor, 880 Bay St., Toronto, Ontario M7A 1 N8. Telephone 

I 965-6015. Toll free long distance 1.8Q0.268-7540, in Northwestern 
Ontario 0-Zeni th 67200. 




