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THE COMPARATIVE ADVANTAGES OF STEAM
AND WATER POWER,

By haonouy !

Now that the atteation of the public is bemg closely
divected to the possible utilization of the many valduable
water powers which we have i Canada, it iy be of .
terest and advantage to consider their value in comparison
with the best known alternative method of generatng
energy, vizg by steiume The practical side of the question
may almost be neglected, becanse madern sdience hias so
improved hydiaulic machinery that the best dlasses of
water wheels may be placed about on a par with steam
engines as aegards vegulatity of servive b general
satisfactoriness,  ‘Fhe main interest will center in the
commercial features of the compatison  and might tike
the form of the guestion, ** Under what arcamstances is
witer power a mote coonontical prime mover tian a steam
engine 2 which leads to the next question, **Can there
be conditions which will cause steam power 1o be more
ceconomical than water power?”  Roth steam and water
power, in what may be called their “raw® state, must be
rendered avaitable for use by more or less expensive pro-
cesses, including in many cases the teansmission of the
energy from the point of production to the point of wtili-
zation 3 and it will be evident that there may be many
conditions, physical and commercial, whichh may have
considerable eftect in modifying the value of one form of
energy in comparison with the other,

OQut vivers and streams are most of them shott, and the
country through which they run being dennded rapidly of
forests.  Hence they are very sensitive to the precipita-
tion :wndd respond sery vapidly to ity being swollen shostly
after rains, and carrying ot largre volumes of water in a
short space of time.  Similuly, after a period of diy
weather they shrink to sometimes i very small proportion
of their maximum flow.  Even those steeams whichaise in
masshy loealdities which absorb and retain moistuwie better,
largely depend on the chavacter of the fall weather.
Should there be a considerable snowlall before the severe
cold sets in to freeze the ground, then the steeam will keep
a more steady, even flow duting the winter than it will if
the hatd frost sets in before the snow,  And i the some-
what exceptional condition be met with of a dey summer,
with little precipitation, followed by an carly and severe
frost without snow until late in the fall, then it is probable
that many sticams would diy up almost campletely for
Water, therefore, as a

several weeks, i€ not months.
source of power, can not be considered always satisfactory
in point of reliability, unless soine means can be taken for
averaging up the flow § storing up the excess in times of
flood, and letting it go in times of Jow water. This ex-
pedient is well recognized and frequently adopted 3 but
the expense of the storage reservoirs is likely 10 be so
great that only peculine commercial  conditions would
Justify ite The cost of development of a water power itlso
is an iem that may become very serious, 1 is but seldom
that the favorable condition is found of pleaty water and
a Lurgge direet fall.  As asale the kuge steeams, particu-
latly in Ontario, have a somewbat slow curtent, and a
high head could be obtained only by canrying the water
in a lonyg canal, which would cost heinily,

It is therefore evident that, takmy everyihing into con-
sideration, the fitst cost of & water power plant 1o 1ender
available a certain definite, continnous horse powesr, de-
pends on the cost of machinery, dams, and perhaps
storagze teservoirs, I the powersequined does not exceed
the minimum flow, thea the teservairs are not required ;
but they will be if the average flow is necessimy. Henee
it is quite possible that the total fiest cost of a water power
enterprise, including the wheels, may be cven largely in
excess of the total fitst cost of 2 steam plant of the same
horse power capacity,  In tact, unless the circumstances
be altogether exceptional, itis not likelv that water fiist
cost will compare at all favorably with steam fisst cost.
After the first cost of the two systems comes in a very
important consideration: purely commercal in its cha-
Manufacturing establishments using power tequire

acter.
transporting facilities for their vaw mateial, and for their
finished product; and just in propomtion as these are
bulky or heavy, so does the cost of their transport become
i more patent factor in deciding whether <heap powes o
low freight is of greater importance. More espedially is
this so in esablishments that do a princpally toreign
teade, and hence require. CORvEnient access i sea o
Inke port. It is a somewhat unfortunate dircamstance,
but in the nature of things, that the kugest commercial
aund transporting centers arve far from any considerable
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and swill streams,  We altknow of the obseivant traveller
who remarked on the peculiar coincidence that there was
always a navigable stream close 10 a lagge manufactaring
city, and therein lies the answer to the question why cities
are not near water powers; becanse navigable waters
are very generally of greater impottance than very in-
expensive power,  Hence the value of a water power
largely depends onits position with regatd to railways,
canals, or navigable streauns,  Here, however, comes the
very important fact that we have several distinet means
of transmitting power ov et considerable distances ; so that
althougrh the best place for generating hydraulic power
may be distant from the most comvenient shipping point,
the intervening space may be bridged.

Powes laid down in form convenient for use at any
patticular spot costs money to develop, and more money
10 operate 3 amd whether steam or water power is the
better for any piuticular case can only be arrived at after
careful estimate of their respective total costs per year
These total costs may be divided into fixed and variable
expenses.  Amomyr the former are interest on money in-
vested, maintenance and depreciition, nsuvance, wages,
and the like ; among the latter are fuel, oil, and the like.
Every enterprise is expected to pay a fair rate of interest
on the investment 3 most have some bonded indebtedness
which is a first charge on income, and therefore interest
on investment is i fair charge in making the comparison.
No machinery, building, construction, or apparatus of
any kind can be expected to last forever, so that estimat-
ing its life at whatever length may be proper in the light
of experience, it is only sound business 1o lay by cvery
year out of the gross income a sum equal to the yearly
deterioration in value, so that at the end of the plant’s
useful life it may be found to have paid back the money
invested in i, This yearly sum may be expressed in
terms of a percentage of the total cost, the actual per-
centage varying with the class of construction or appa-
wtns, A sum must always be allowed for maintenance,
repairs, &c., and for insurance, and the wage account
is always a very considerable proportion of the expenses
of operation. Al the above items can be calculated very
closely, and placed at a pretty accurate yearly sum,
Variable expenses can also be estimated sufficiently close
for purposes of estimate.  Thisis an expense which is
saved in - witter power centerprises for the most part, and
as fuel is generally one of the larger expenses, the great
advantage of water comes inhere.  To compare the above
item by item : Whether steam or water power be used, the
interest percentage will be the same, so that the respective
charges on this account depend entively and solely on the
respective costs of the two methods.  If the whole hy-
draulic construction be more expensive than the equivalent
steam plant, then the hydraolic interest charge will be
greater than steam interest charge, and similaly.  This
requires 21 mere comparison of estimates of investment.
In the depreciation account this equality is not preserved.
The hydraulic plant will probably be far more durable
than the equivalent steam plant.  The dams will last all
the longer as they are more solidly built, and a small sum
spent yewuldy in inspection and repairs will cause them
to last indefinitely.  Besides which a ““second hand™ dam
and water privilege is just as vatluable as one brawd new,
if it has been properly maintained, which cannot be said
for a second hand steam plant.  Probably a fiair deprecia-
tion on the whole dam, gates, tail1ace, &c., can be placed
at 2, Of the hydraulic plant, wheels, regulators, shaft-
ing, Xc., a reasonab! » life of 25 years may be expected,
with the consequent depreciation percentage of 47 ;
building 2%, if of solid brick or masonry construction,
The insurance charge will be considerably less in a hy-
draulic than in a steam plant, and will be smaller as the
building is less fireproof. It must also be remembered
that the first cost of the hydraulic building will very
probably be quite appreciably less than that of the steam
building.

The same items in asteam plant may be reasonably
taken at: For boilers, alife of 10 1o 15 years, depre-
ion percentage, 1073 engines, shafting, journals,
piping, 20 years, perceatage 37 ; insurance probably 23
cents per $100 higgher than with water.  As to the wages
charge, it is probable that a bydrautic plant can be oper-
ated just as efliciently as a steam plant, with fewer men,
and consequently smaller wagres expense. Thelarger the
plants the better for the hydraulic, for while one man
cannot properly attend to more than so many boilers and
keep good steam, owing to the work increasing as the
battery is largre, the additional size or number of water
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wheels imposes no greater work on the operators, |t tmay
be faitly pointed ont that there are laboresaving dc\irc;.
such s i tomat.e stokers, which inerease the work ofi
ciency of the firemen very greatly, enabling one man
to keep good steam on a number of boilers, but at the
same time 1t is wise to remember (hat all saehy devices
increase the complexity of a steam plant, raise the proba.
bility of accident, and render advisable the ciployment
of higher class engineers at greater expense.  In plats of
acertain capacity it is necessary to employ both engineer
and fireman, one man not being suflicient.  In a wager
power one man would be quite capable of looking afier
the entire plant, hence the other man's wages are saved;
and one superior mechanic can do the work of two asd
save considerable.  The great importance of s item wil
be evident when it is considered thit the saving of $1 per
day or $300 per year (about the usual wages of a firetnan)
will pay the interest at §% on $6,000.  This means thata
water power plant may cost $6,000 more than a steam plant
of equal size, and be an equally good investment, if thereby
one fireman's wages can be saved.

The most important tem among the variable expenses
is undoubtedly the fuel, which will vary very grealy
according to locality, kind of business, state of markets,
cte.  In coal mining localities refuse can be obtained for
almost nothing—for the expense perhaps of carting it
from the pile; in others good steam coal costs as high
as 86, $7 or S8 perton. Wood varies according tolocality
from 735 cents 10 $2.50 a cord.  Oil or gas fuel can be ob-
tained in certain fvored locadities. 1 is of course obviows
that as fuel—whether coal, wood, oil o gas- -is lesy ex-
pensive, so does the value of 2 water power become lens
in comparison with that of steam.  Another very important
commercial consideration—coal fields are always well
supplied with railroad (acilities, sometimes even with
canals—so that the two most important manufacturing
advantages are found together: casy transpoit and cheap
power,  Nature herself scems (0 place obstactes in the
way of hydraulic power, for just as & large stream has a
greater fall along its course, so does it become more diffi-
cult for eailways to follow it, owing to the grades.  Hence
it is generally necessary 1o transmit hydraulic power fou
some considerable distance to a convenient shipping
point, and this means larger fixed charges to ofivet the
entire elimination of the fuel charge. It is obvions that
assuming a soflicicatly low cost of fuel wat the shipping
point, and an expensive water power plant, there may
casily be conditions which will make a water power of 1o
vatlue whatever in comparison with steam.  For instance,
in a recent cise, to develop and render available a certain
water power for use 12 hours a day for 365 days a year,
required the damming of some storage lakes, and the
transmission clectrically of about 150 h. p., in all about
$§20,000. The expenses inconnection with this enterprise,
for interest, depreciation, wages, ete., were estimated at
$z2,700 peryear. The cost of i steam plant to do the
same service was estimated at $5,000.  Now, taking the
above percentages and allowing two men for the steam
at $Soo wages, the same expenses without fucl would
come to about $1,500. Thus $1,200 are alowable for fuel
in order that steam and water (electrically transmitted)
may be cqually good investments.  “This allows SS pec
horse power year for fuel.  Or allowing 4 lbs. of coal
per hop.he (condensing) comes to the equivalent of 105
tons of coal per year. Coal, or equivalent, at S1.11 per
ton would matke cither plant an equally good investment;
at $r.12 would be more expensive than water power; at
$1.10 would be more economical than water.

Now, if this water power had been situated about 100
miles from where it was, and placed as near 1 Nova
Scotian coal mine as it was to its distributing point, thea
culm could have been obtaised at 23 cents per ton, and
allowing even § tons of culm to give as good effects as
one ton of good steam coal, even thes the steam plant
would have been the better investment. At the Jdistance
of 32 miles from the above coal mine, culm cost $1 laid
down, so that the fuel for the above plant would have
greatly exceeded the $1,200 allowed.  Here we have a
very clear illustration of the way in which the comparative
vitlues of steam and water power vary., At one end ofa
32 mile line the water power wis worth nothing at all;
at the other end it would have been a good investment
for §23,000.

The kind of business to be done will also largely affect
the comparison.  Thete are many products that require
heat in the various processes, for bleaching, cleaning,
Lending, drying, and what not.  In the present state of




