


It will be noted that two shifts could be worked by the mine without increasing
the power plant capacity. No allowance is made in the calculation of costs
for mine operations being reduced during the lunch hour, This is, to some ex-
tent, offset by the fact tHat the hoist and compressor are held available one-
half hour after the shift has ended for blowing out headings, etc, The mill
would not shut down during the lunch hour. The rated capacity of the jaw
erusher and rolls selected should readily provide for reducing 50 tons in 3
hours, 'If they do not, no overloading will occur by keeping them on longer.
However, storage bins must be provided of such capacity that it will never be
necessary to crush when the mine is operating, if the rest of the mill is
running.

Probable Operating Cost of Engine Selected

In making the following estimation, two items entering into the cost can
not be determined with any degree of accuracy, They are the transportation
costs of the fuel oil and equipment from the railhead to the mine, and the cost
of constructing the power house if a separate building is provided for the en-
gines., With the engine-horsepower selected, a separate power house would not
be absolutely necessary., Extra space in the mill building could be provided.
A building of the size required would probably cost in the neighborhood of
$1000 to $2000." Its cost will be ignored. Because even a rough estimation of
the cost of transporting the oil can not be made, the delivery price at the
railhead will be used. The installed cost of the engine and accessories will
be taken at $100 per brake horsepower. The actual factory price of the engines
will probably not exceed $65 per Bhp. with accessories, The extra #$35,00
should take care of transportation, installation, generating, equipment, etc,

Probable Operating 8ost

Total horsepower installed = 100 + 140 = 240
Operating time = 300 days per year

Tuel o0il at 8¢ per gallon = = = = = = = = = - — $7216,00
Lubricating oil at 50¢ per gallon = - = = -~ - - 225,00
Labor = = = = = - - e h m ML L L LMl Lo 4500,00
Maintenance - 2% at 65% of installed cost - - - 312,00
Fixed charges 16,95 =- - - -« - -« — = - - - _ _ 4068,00
Total operating cost - - - -$16321,00
Bhp,-hr. output at 64,74 annual capacity - - - - 1,353,000
Kwh, output at 64.7 annual capacity- - = - - - - 1,009,338
Total cost per Bhp.~hly = = = = = = = = o m o - _ $0.01206
Total cost per Kwhe = = = = = = o o = o o m - — - 0.01817
Cost without fixed charges per Bhipe~hr, = = -« = - 0.009086
Cost without fixed charges per Kwh, - = - — — — - 0.01213
Fuel and lubricating oil charges per Bhp.-hr, - - 0,0055
Fuel and lubricating oil charges per Kwi., - - - - 0,0073
Blip.-hr, per gallon of fuel 0il = = = = = = = - - 15.0
Kwi. per gallon of fuel 0il = = = = = = m = o o - 11,2
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The various items in the above table were arrived at in the following
manner: g

Fuel oil. The total brake horsepower-hours generated is found as follows:

Bhp,.-hr, 100 hp. x 11.5 hr, x 300 days + 140 hp, x 24 hr. x 300 days

345,000 + 1,008,000 = 1,353,000 Bhp.-hr.

0o

This is arrived at on the basis of the 100 hp. engine running 11.5 hours
per day, and the 140 hp, engine running 24 hours per day, both 300 days per
year,

The fuel oil consumption, using a standard Diesel 27 Plus fuel, is taken
at 0.50 1b, per Bhp,-hr, Actually it will probably be slightly less than this,
The weight of one gallon of fuel oil is taken at 7.5 1lbs,

’ ‘ 1

Total gallons consumed per year = 1,353,000 Bhp.~hr, x 0.5 x 7.5

= 90,200 gals,
Cost = 8 cents x 90,200 = $7,216,00.

Iubrication. With a good grade of lubricating oil and an oil filter or
purifier, 3000 Bhp.-hr, per gallon is a safe assumption. (Even though one-half
this figure were used, the cost per Bhp.-hr, would be but very little greater.)

1,353,000 + 3000 = 451 gal.
451 x 50 cents = $225,50

Labor. Up to 700 hp, one man per shift can easily operate a Diesel plant,
No chief engineer (as an extra man) is required for the 240 hp. plant under
consideration. One man per shift is more than ample. If the power plant were
located close to or in the mill building, it would probably be possible to do
without an attendant on the midnight shift and let the mill operator supervise
the power plant onerations. One man for each shift is assumed in the present
example.

Labor cost = 3 shifts at 45,00 x 300 days = $4,500,00,

Maintenance. As stated previously, companies supplying power other than
Diesel do not agree with Diesel manufacturers on the use of the yearly 2 per
cent maintenance figure. An investigation of some hundreds of operating plants
has shown that 2 per cent of the factory cost is ample, L/ If this were in-
creased to twice or even three times this amount, the total operating cost per
brake horsepower-hour would be but slightly increased. Competitive salesmen
contend that the maintenance should be based on the plant production (in our
case, 1,353,000 Bhp,-hr. per year). Experience has shown that the 2 per cent
figure based on factory cost of equipment is sufficient.

;/'Adkins and Bacon: Applications, Sconomies, and Operation of Modern Diesel
Engines; National Engineer, May and June, 1926,
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The installed cost of the two engines was assumed at $100 per Bhp. It
was also stated that $35.00 of this was allowed to cover cost of accessories
other than those included with the engines, transportation, and installation.
The factory price is then $65.00 per Bhp.

Total cost of engines with oil tank, switch~board, generator, lubricating
oil filter, batteries, etc., installed,

= 240 hp. x $100 = $24,000,
Only 65 per cent of this is the factory price.
Maintenance cost = 24,000 x 65% x 2% = $312.,00

Fixed charges, The fixed charges will consist of interest on the power
plant investment, insurance, taxes, and redemption of the plant investment.

A customary figure for interest on the plant investment is 6 per cent
per annum,

Insurance and taxes, for want of a more exact figure, are taken at 1,5
per cent each,

The redemption or amortization of the capital invested in the power plant
depends on the life assigned to the equipment., In our case, it depends on the
"1ife of the mine, It has been very definitely shown that Diesel engines are
good for at least 30 years as there are engines in service that have operated
over that period, and are still operating. Their life is undoubtedly much
longer. In the case of a mining property. the machinery investment should be
written off during the life of the property, if the mine has a shorter life
than the equipment. Some allowance probably should be made for the resale
value of the Diesels. However, as this value is impossible to determine, it
is left out of the calculations. An idea may be had of their resale value
when we consider that engines used in the Texas oil fields have been resold
in the northwest at about 40 per cent of their original value, and this after
they had been in use upwards of 5 years,

In amortizing capital, various interest rates may be obtained, Tables
may be had giving such charges over a long period of years at rates as high
as 8 per cent compound interest. The following table gives a few such values
for interest rates ordinarily obtained, and the life in years commonly as-
signed to mineral properties.

Very few mines can show at the start of operation an assured life of

more than 2 to 5 years, A great many properties start operation with no more
than 1 to 2 years of ore blocked out. (Many even less than this,)
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Redggption Table

Amount to be set aside each’ year for redemption
of capital outlay, Per cent

Interest Rate

Year )
X 3% X 4% X 5 X 6%
W
1 : 100.00 : 100,00 : 10C,.00 : 100,00
2 : 49,26 : 49.02 : 48,78 : 48,54
3 : 32,35 : 32,04 : 31,72 : 31,41
4 : 23,90 : 23,55 : 23,20 : 22.86
5 s 18.84 : 18.46 : 18.10 : 17.74
10 : 8,72 : 8,33 : 7.95 : 7.59
15 : 5.38 : 4,99 H 4,63 H 4,30
20 : 3,72 : 3,36 : 3,02 : 2.72

It will be seen from the above table that the longer the life of the mine
or equipment the less becomes the annual redemption charges and thus the fixed
charges. If a definite and assured resale value can be assigned to the equip-~
ment, this amount can be deducted from the total costs. The annual fixed
charges will in consequence be reduced because the capital investment is less.
The per cent to set aside will not be changed.

In the problem under consideration the redemption must take place in 10
years as that is the life of the mine. The interest return on investing the
yearly sum set aside is taken at 5 per cent compounded annually. Eatering the
table at 10 years and 5% interest, we find that the amount to be set aside and
invested at 5 per cent is 7.95 per cent of the total power plant investment.

The total interest for the fixed charges is -

7.95 per cent for redemption of capital
6.00 per cent for capital invested
1.50 per cent for taxes

.50 per cent for insurance
16,95 per cent for fixed charges

If an amount is set aside each year, but not invested, the total interest
would be C
10,0% + 6.0% + 1.5% + 1,55 = 19 per cent
(A redemption in 10 years means 1/10 of 100 per cent each year, If in-
vested at 5 per cent, the 10 per cent, because of interest earned, is reduced
to 7.95 per cent.)
The cost of the power plant = 240 x $100,00 = 24,000,

Fixed charges = $24,000 x 16,95% = $4068,00 yearly
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Annual plant output. The annual plant capacity is the per cent of actual
operating time compared to maximum possible output.

In one year there are 24 hours x 365 days = 8760 hours.

If a power plant of 240 horsepower operated continuously for one year,
there would be produced: 240 hp, x 8760 hrs, = 2,102,400 Bhp,-hr,

The plant actually operates -

100 hp. x 11,5 hr, x 300 days + 140 hp, x 24 hr, x 300 days
= 1,353,000 Bhp,-hr.
The annual plant capacity is therefore -

(100 x 11,5 x 300 + 140 x 24 x 300) x 100
(100 + 140) x 8760

The annual output in brake horsepower-hours is -

= 64,7 per cent

(100 x 11,5 x 300) + (140 x 24 x 300) = 1,353,000 Bhp.-hr,
Expressed in kilowatt-hours, this becomes -
1,353,000 Bhp.-hr. x 0,746 Kwh. per hp, = 1,009,338 Kwh,

From the cost table, it is found that power may be generated at a probable
cost of 1,21 cents per brake horsepower-hour., As stated previously, this does
not include fuel 0il transportation charges from the railhead to the mine, nor
the cost of constructing the building. If we assume the cost of the oil de~
livered to the mine to be 12 cents per gallon and the cost of constructing the
building $1,500.00, the cost per brake horsepower-hour becomes 1,49 cents.

Selection of Diesel Engines to Operate a Ball Mill

Four methods of driving a ball mill are possible:

1. Through a generator and motor,
2. Gear drive,

3. Belt or Tex-rope drive.

4. Chain drive,

The ball mill considered is a 6 ft. x 22 in. mill, grinding about 70 tons
per 24 hours, 3/4 in, to 80 mesh. The electric motor recommended is 50 horse-
power and the power to run, 45 horsepower, The electrical equipment must be
capable of withstanding a 100 per cent momentary overload. This means that
for starting, a 50 horsepower motor capable of supplying 100 horsepower for a
short period is necessary, with a generator having a minimum rating of 100
horsepower to supply the energy. The motor would be connected to the ball mill
through gears. One reduction is necessary if a motor speed of about 300 revo-
lutions per minute is used, No allowance for the motor efficiency is made
because it is assumed that the mill manufacturer took this into consideration
when he recommended a 50 horsepowsr motor., The generator would be directly
connected to the Diesel engine. Its efficiency is 90 per cent,
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If the recommended motor rating is expressed in kilowatts, we have -
50 x 0,746 = 47,3 kw,

The generator rating will be -
47,3 + 90% = 54 kw,

The generator must be capable of supplying a 100 per cent overload. The
minimum generator rating is

2 x 54 = 108 kw,
This converted to horsepower becomes -
108 + 0,746 = 145 Bhp.

This can represent the maximum horsepower obtainable from the engines,
Its rated continuous horsepower will be about 25 per cent lower,

Bhp. of engine necessary = 145 x 75 per cent = 109 or 110 hp.

The nearest commercial size to this is apt to be 100 or 120 hp. The
exciter for the generator will require about 6 - 7 horsepower, This makes the
total 110 + 7 = 117 hp., The 120 horsepower engine would be needed. It will
require a 110 kilowatt generator. The power required to run the ball mill is
45 horsepower, or 45 x 0,746 = 34 kilowatt. The engine will operate at
(120—3? ;p%og 57aE ~ 40.3% of rated full load value, The other 59,7 per cent
would be available for other equipment.

Gear drive. To run the mill, after starting, 45 horsepower are necessary.
The efficiency of single reduction gearing is 95%, There would be required
at the pinion gear, 45 + 95% = 47.4 horsepower.

Considering this as the three-fourths load rating of the required engine,
a 4/3 x 47,4 = 63 horsepower, or 60 horsepower engine is necessary., For momen-
tary overload, the 60 horsepower Diesel will supply 72 horsepower for its
maximum rating. (This applies only to those engines where the engine is given
a rated horsepower and not the maximum horsepower), The power to start the
mill is about 2 x 47 = 94 horsepower. That available from the Diesel is 72
horsepower. This leaves 94 -~ 72 = 22 horsepower top be obtained elsewhere. A
friction clutch will handle the load. : .

Belt drive. The same procedure for the gear drive is followed, with the
exception that the belt efficiency will be about 90 per cent instead of the
95 per cent for the gear.

45 + 90
4/3 x 50

5C hp.
67 hp.

The nearest rating would probably be 80 horsepower, With a 25 per cent
overload capacity, it would be suitable.
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Chain drive, The calculations for chain drive are identical with the
gear drive., Its only advantage is less noise.

From the above calculations, we see that where only one machine is to be

operated, gear or chain, or even belt drive so far as first cost goes, is much
cheaper than the motor-generator-Diesel method,

COSTS

We are interested in the cost of a Diesel installation from two viewpoints:
(1) Cost of engines and accessories; (2) operating costs,

Engines., The following tables give data on various sizes and makes of
engines, The cost is f,o.,b. the factory and includes accessories sufficient
for their operation unless otherwise stated.

FAIRBANKS, MORSE AND CO.

Model 36 (a)

Data . . Number:of cylin@ers .
1 : 2 : o) : 4 s 6 -
Bhp. (normal) (B} . 10 . 20 . 30 . 40 . 60
Bhp. (continuous) : 20 :per cent less than nermal rating:
Rpm. : 1200 : 1200 ¢ 1200 ¢ 1200 : 1200
Weight (approx.) 1lbs, : 1000 : 1800 : 1900 : 2300 ¢ 3000
Cycles : 4 : 4 : 4 : 4 : 4
Injection : Solid : Solid ¢ Solid ; Solid : Solid
Starting : handerank : handerank : : :
: ' : or : battery: battery : battery
: : battery : : :
Fuel ?o?sumption : 0,48 : 0.48 s 0.48 0.48 ! 0.48
Cost \C : $600,00 _: $800,00 _ :51000,00:51500.00  :52000.00

(a) Obtainable also in 20 hp:'per cylinder units, 4, 6, and 8 cylinders,
(b) Maximum Bhp., better than 25 per cent greater than rating shown.
(c) Approximate.

Model 32-E (12" x 15" engine)

Bhp. (continuous) : 55 16 ¢ 165
Rpm., : 360 360 ¢ 360
Weight, 1b, ¢ 12,600 : 18,200 122,300
Cycles : 2 : 2 : 2
Injection : Solid : solid ¢ solid :
Starting ¢ comprescsed: compressed: come :

: air H air ! Dpressed

: : : air :
Fuel consumption ¢ 0,40 : 0,40 1 0440
Cost ! 365,00 : 565,00  ; 465,00 i

L4 4

per hp., * per hp, :per hp,
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Model 32-E (14"

x 17" engine)

Data : Number of cylinders
: 1 : 2 : 3
- ) — e
Rhp. (continuous) 70 : 140 : 210
Rpm, : 300 : 300 300
Weight, 1b. : 16,700 : 25,400 35,200
Cyeles : 2 : 2 : 2
Injection : solid : solid : solid
Starting : compressed : compressed :+ compressed
: air : air : air
Fuel consumption : 0,38 : 0.38 : 0,38
Cost : $65 per hp, : $65 per hp., : $65 per hp.
INGERSOLL-RAND CO.
Data : Number of cylinders
: ) :
Bhp. : 175 :
Rpm. ' : 360 :
Weight, total, 1b, : 24,500 :
Heaviest picce : 6,200 :
Cycles : 4 :
Injection : solid :
Starting : compressed air :
Fuel o?sumption : 0.425 to 0.46 :
Cost \8 ' $71.00 per hp,
Generator size, 0.8 p.f., 100 kw, :
(a) Includes everything except driven equipment
NORDBERG MFG. CO.
Data : Number of cylinders
: 3 : 4
Bhp. : 150 : 200
Rpm. : 400 : 400
Weight (shipping) 1b, : 20,000 : 24,000
Cycles : 4 4
Injection e solid : solid
Starting compressed air : compressed air

Fuel consumption

Cost (engine) (a)

Cost (generator & ex-—
citer, (AC)

0.40
$65,00 per hp.

$2500.00

- 0,44
65,00 per hp.

ae oo as

$2800,00

(a) Includcs starting compressor in addition to

auxiliaries.
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CHICAGO PNEUMATIC TOOL CO.

Data
Bhp. : 150 : 200
Rpm., ’ : C—— : | ——
Weight, total, 1b. : 17,000 : 20,000
Heaviest piece : 4,000 : 4,000
Cycles : 4 : 4
Injection : solid : solid
Starting : compressed air + compressed air
Fuel ?g?sumption : 0,38 ~ 0,43
Cost : $100 per hp. ¢ $100 per hp,
Generator capacity: : :
Direct connected : 103 kw, : 137.5 kw.
Belt connected mE 101 kw. - s 135 kw,
(a) Complete cost of power plant, engines, etc.
WAUKESHA MOTOR CO. (&)
Data : Model
XBKHU ¢ VBKH ¢ HAHU : HIHU : WFHU ¢ BELHU
Net hp. : 46 i 69 : 50 : 73 i 95 i 160
Rpm, at net hp. ¢ 2400 : 2000 : 1250 : 1250 1050 ¢ 1200
Hp. continuous duty : 38 ¢ B5 s 38 s 55 75 : 130
Speed continuous duty $ 1400 : 1200 : 1050 : 1050 950 ¢ 1000
¢ 715 : 915 : 3000 : 3025 4870 : 7120

Wt. with %oyer take off
Ignition b
Starting (°

Magne to :Magne to :Magneto:Magneto
Cost : $884 :$1313.50:31795 : $2035 $3132  : $4657

Magneto :;Magneto

- - - - . — g v —— —

e es oo
* ®@ 86 20 se b e

(a) These engines are moderately high compression, Require electrical
ignition' (spark plugs) for igniting fuel. Any standard distilled
fuel oil, suitable for solid injection Diesel engines is satisface
tory. The fuel limit on the Centene scale is 75 to O. .

(b) Fuel consumption between 0.50 and 0.58 1b. per Bhp,~hr,, depending
on loading, .

(¢) Handcranking, battery, or small gasoline engine,
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HERCUIES MOTORS comp. (el

Data : Model
: _DHXB : DHXB
- Peak load hp, : 104 : 180
Speed, peak load : 1800 : 1600
Continuous hp, : 80 : 120
Speed continuous hp. : 12¢0 : 1200
Cycles : 4 : 4
Injection : solid : solid
Starting : battery : battery
Weight (about) : 1420 : T 2300
Fuel consumption : Q.40 ~ 0,48 : 0,38 -~ (0,44

Cost ———

{a) These are automotive engines, They may be mounted on bases
for stationary work,

Operating costs. The preliminary Report on Oil-Engine Powet Cost for
1933 25 coniains information on 156 oil-engine generating plants, containing

398 engines, totaling 216,010.5 rated Bhp., The data included in the report -
covers lubricating oil economy, fuel economy, itemized costs and total costs,

and comparative costs for 1929, 1930, 1931, 1932, 1933, The total installed
Bhp. of the plants investigated varies from 100 Bhp, to 15,840 Bhp. The
fuel oil cost per gallon varies from a little less than 2 cents to slightly
over 6 cents, Lubricating oil varies over a wide range.

The following table reproduces, in part, data fram the above report.
Only plant sizes approaching those discussed in this pamphlet are given.
Attention is called to the fact that with the exception of three plants the
engine repair cost is almost negligible compared to the total cost. Also
the attendance cost in most cases is considerably more than would be ex-
pected for small scale mining installations.

l/ Submitted by the Subcommittee on Cil-Engine Power Cost, Ci1 and Gas
Power Division, A.S.M.E.
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Power Plant Costs

Plant : : Capacity : Cost of : Cost of : Cost per net. kwh,-mills
No. : Bhp. : factor : fuel oil : lub. oil : Fuel : Lub, : Atten- : Water : Engine : Plant  : Total
: : % : ¢ per gal: ¢ per gal : o0il : oil : dance : supply: Repairs: repairs :
382-I : 300 : 27.2 s 3.64 : 3745 : 3,833 0,50 : 3,73 : 0,19 : 0.02 C : 8.07
858-U : 270 : 26.7 : 3.12 : 46,4 S 7.17: 3,13 : 16,40 : 3,81 : 6.8 1,00 : 38,36
169-I : 240 : 28,8 : 4,50 : 50.8 1 6,34 1,13 1 4,52 : 0,98 : 8.74 : 21,71
677-1I : 240 : 74.1 : 4,61 : 41,7 ¢ 3.95: 1,19 : 1.43 : 0,36 : 0,95 : C : 7.88
591U : 225 H 66.8 $ 3e43 : 50.1 2 3.99: 0,93 ¢ 3,60 : 0,16 : ©,23 c.21 : 9.12
984-U : 225 : 48.5 3 4,29 : 45,7 3 5.07: 0.6C : 5,59 : 0,75 ¢ 0.,82 0,19 : 13.02
B18-M . 2125 . 2 =———= 1 3,69 53.2 3 6aBl: 2,37 : 13,43 : 2,00 : 0,34 : 1.20 : 26.15
1193-MW : 200 = B4.0 : 5,00 : 42,9 2 6.247 0,64 ¢ 2,74 : ~——= : 0,26 : == : 10.59
733-U : 175 .3 53,2 : 6,03 : 50,0 ¢ 16,00: 3,17 : 38.34 : 20,20 : 0 T 37,2 : 114,91
646-M : 120 = 1.1 : 5.3 55,5 3 14.62: 4,34 : 21,92 : 12,87 : 9.91 : 8.55 : 72.71
1201-M : 100 : — : 6.36 : 65,4 2 15.52: 6,22 : 39,85 : 3,60 : : © : 65,37

I = Industrial power plant
= Private power company
= Municipal power plant
Municipal pumping plant

=82
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Cost of Fuel and Lubricating 0il in Idaho

Costs delivered to a few localities in Idaho and Washington are given
in the following tables. They are quoted for December 28, 1934, and are sub-
Ject to change without notice, These products are produced by Standard 0il
Company of California.

Cost of Standard Diesel 0il - 27 plus

Into buyer's tank trucks at Standard 0il Company plants:

Walla Walla, Washington = = = = = = = = = = = = $0.065 per gal.
Spokane, Washington - = = = = = = = = - - =~ - 0,07 per gal,
Craigmont, ¥daho = = = = = = = = = 0 = = = = - 0,08 per gal.

Boise, Tdaho = - = = = = = = = = = = =« =« = = = 0,0925 per gal,
Into tank cars at Standard 0il Company plants:

Point Wells (Richmond Beach, Washington) - - - 0,04 per gal,

Willbridge (Portland, Oregon) - - = - = - -~ - 0,04 per gal.

Cost of Lubricating 0ils

Price per gallon in returnable steel barrels

Spokane Walla Walla Craigmont Boise

Calol Diesel engine oil 5 0.44% $ 0,45 $ 0,50 $0.47
Calol Diesel engine oil (heavy) 0,44% 0,45 0.50 0.47
Calol compressor oil 0.483 0.49 0.54 0,51
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