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OBJECT OF THESIS,
The object of the investigations was to make a
careful study of the coal handling system
in each of three power plants and to deterw
mine the cost of handling both coal and ashes
in each plant,
STATIONS INVESTIGATED,.
The following stations were investigated;
Hunicipal Power Plant, Lansing, Michigan,
M. A, C, Power Plant, East Lansing, Michigan,

Consumers Power Co., Wealthy Ave. Station,
Grand Rapids, Michigan,

The following stations were visited but no investiw
gation made; .
Michigan Power Co., Lansing, Michigan,

Michigan Central Round House Coaling Stationm,
Grand Rapids, Michigan.

SCOPE OF THESIS, .

The investigation was .to include a study of the
apparatus,.noa-urenent of power consumed in
its operation, the determination of labor
costs, and a record of the time required for
the various steps of the transfer of the coal

and ashes,
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Cost of handling was to be divided as follows;
Cost of unloading cars,
Cost of conveying to bunkers,
Cost of feeding to furnaces,
Cost of removing ashes.
These costs were not to include wear and tear and
" depreciation of machinery.
METHOD OF PROCEEDURE.

The first step in each case was to sceure permis=-
sion from the proper authorities to carry on
the investigation in their plants. A half day
was then spent in looking over the plant, noting
the type of syetem used, its arrangement and
operation. TFollowing this study a method of
running a test was devised.

Later, at a time when the plant was carrying as
nearly as possible an average load, a 34 hour
test was made, In all oaoe-’the motive power
was electrical motors; hence, the power con=-
sumed was measured by cutting meters into the
motor circuits, The amount of coal fed to
the furnaces thru the 34 hours was considered
to be the amount handled by the system during
that period, In all cases the coal fed to
the furnaces was weighed by means of a weighing
car before being passed to the furanace hoppers.

The weights were recorded and totaled,






The handling of the ashes in only one case allowed
" of accurate weights being kept. In the other
two cases average weights per car or load were
obtained and sccount kept of total cars dumped,.
Data as to the capacity of the plant, wages of firew
men, operators, helpers, and laborers was ob=
tained from the Chief Engineer of each plant.
Sufficient measurements were made to enable a dia-
gramdtio sketoh of each plant to be made, .
Photographs of each plant, system and objects of
interest were taken.
REMARKS, .
The writers feel that the value of the work done
cannot be adequately expressed in this report,
The data obtained, in itself, is of value only
as relating to the period of year and load
carried during the test day. The greatest
value was in the experience gained by coming
into aotual contact with power plant operatiom;
by getting into overalls and jackets and thoroly
examining the sarious plants; by talking to the
operators, firemen, and laborers, thereby getting
first hand information as to the advantages and
disadvantages of the systems used; in faot, by
getting a knowledge of power plants such as can
be obtained only by practical experience,






The methods of running the tests were original with
the writers, altho the method of dividing the
costs was obtained from ®Steam Power Plant Inw
gineering® by Gebhardt, ’

Some difficulties were encountered but successfully
overcome, Trouble was experienced in two
cases due to difficulty in securing proper
sized meters, At the Municipal Plant, it was
required to keep the ash hopper locked during
the period of the test to prevent the public
hauling the ashes away, It was also required
that the ashes be hauled to the city scals to
be weighed .

CORCLUSION,

The writers are indebted to Nessrs, Mefford and
Keech, of the Consumers Power 09.pnny3 Crane
and Childs of the Munioipal Plant; Bissell and
Newell, of the College Plant,.for courtesy
shown in allowing the investigations and kindness
in giving the required information during the

tests,






MUNICIPAL PLANT Lansing, Michigan.

APPARATUS:
34" apron elevhtor from hopper heneath track to orusher.
Coal crushers '
34" bucket elevator,

13' x 6% diltributing conveyor with sliding wearing s
shoes.

Reinforoed oconcrete coal storage bin with down spouts
» Weighing car,'and also to
Storage room,

6= 400 H,P, Wickes vertical boilers with Dutch oven
. furnaces.

Vacuum system for removing ashes.
GENERAL DESCRIPTION,

\ The Municipal Plant is located on a spur of the L.S. &
M,S. Railroad having connection also with the Pere
NMarquette and iichi.:n Central Railroads, $his
assures good service in getting the coal to the
plant, It is required that the coal be shipped
in hopper Bottom cars,

The coal is dumped from the oars into a hopper below
the tracks from which it is fed to the crusher by
means of a 34" apron elevator, After leaving
the orusher, it drops into the buckets of an
elevator and is raised about 50feet to the dis-
tridbuting coanveyor, by which it is carried to






the storage bin, It then passes thru down
spouts to the toighing car, and after being
weighed is dumped into the fhrnace hoppers.

The ashes drop from the grafo into ash pits below
the furnaces from which they are hoed and dropped
into the suction pipe of the ash removing sydtem,
A suction of 6 to 8 oz. per square inch is re=
quired to move the ashes. The ashes pass thru
a mixing chamber where they are thoroly soaked
with water and then dropped into the storage
hopper., The ashes are placed at the disposal
of the public, wagons being driven under the
"hopper and when the valve is opebhed the ashes
fall into the wagon,

When it is desired to place coal in storage, valves
in down spouts leading to the storage room from
the storage bin are opened and the coal allowed
to drop into the storage room. When required
for use, it is passed thru openings in the floor
onto the reclaiming oonveyor which dumps it into
the bucket elevator for hoisting to the distributing
oonveyore

The services of two coal passers and two firemen are
required. The coal passers work a ten hour day.
There are three shifts of eight hours each for the
firemen,

The usual practice at this plant is to have the coal
shipped in such quantities thét it may ve put into






the storage bin and used directly from that,
Muoch time is required for unloading a car be-
cause the opening in the bottom of the hOppei'
benedth the tracks is not of sufficient sisze
to keep the apron elevator loaded.




RESULTS OF 34 HOUR TEST,
Datew 11330 A. M., April 13 to 11330 A.M., April 13, 1916.
Oporiting Conditions. R "
‘ We selected Wednesday afternnon and Thursday morning
as the time for the tests because, in the opinion
of Mr, Ohilds, Chief Engineer, the plant was oOper=w
ating under a most nearly average load, )
Data,
Total amount of coal fed to furnaces 47,3 Tons
»Total amount of ashes removed | 18.36 .
COST OF UNLOADING CARS, COAL BEING PLACED IN STORAGE BII;

Test on car 433398 C. & O,
- Weight of coal- 1110004= 55,5 Tons

Time required 3% hours.
Power coste “
Crusher IKlevator

Meter readings- Final 34,4 XWHr, 7108.9 KWHr.
Initial ,&%.é 7094,;
«o KWHr, o7 KWHr.
Total -
38.0 KwHr,

Istimated cost of power ,75¢ per KWHr,~- Mr. Childs
Power cost per ton of coal h;ndloda % = .35¢
Labor cost. | -
Wages Chief helper 35¢ per hour
| 3 assistants _33,5¢ * " (each)
Total 704 " *






Labor cost per ton of coal handled-
7_Q§35..=g§f= 4.1¢
Total cost per ton of coal handled-
4.1¢ + ,35¢ = 4.45¢
Test on car $——-— Wt, of coal- 82&00#: 41,7 Tons
Time required- 1 Hr, 11 Min.= 1.18 Hr.
Power cost.

Crusher [Elevator
Meter readings- Final 7083.0 KWHr. 5.4 KWHr.

Initial 7075,5 0.0
7.5 KWHr. 5.4 KWHr,
Total 13.9 KWHr.

Power cost per ton of coal handled-

18.8x,789 = 334
Labor cost, .
Wages- Chief helper 36¢ per hour
Assistant _gg;gg .
Total  47.5¢ " °
Labor cost per ton of coal‘ﬁandlcdp

47,558,364 = 1,364
Total cost per tom of coal handled
1.35¢ + .334= 1,574
COST OF FEEDING COAL TO FURNACES, T
3 firemen required= 3 shifts of & hrs. per day
Estimating that 4/5 of the time spent in handling

coal and 1/6 in handling ashea.



Labor coset,
Wages- Chief fireman 38.8¢ per hour
' Second " 34,74 °* .
Total 53.5¢ " °
Labor cost per ton of coal h&ndlod-

o/5 x B3B8 = 5 44

COST OF REMOVING ASHES,

Labor cost,
Per ton of ash handled- 1/6x S4F23:88c 50 74

Power cost.
Suction fan

Meter readings- TFinal 00l3.0 KWHr,
Initial ooog,a
[ ] ]

Per ton of ash handled- 8,7x ,7 o738

Total cost per ton of ash handled~ 31.4¢

TABULATION OF COBTS8- Per Ton,

Unloading cars 4.5¢
. . 1.6¢
Feeding furnaces 21.8;

Removing ashes 31.43
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~ CONSUMERS POWER (0.,
Wealthy Avenue Station, Grand Rapids, Michigan.

APPARA!UB; |

Shaw electric traveling yard crane with single motor,
clutch operated type trolley handling a twos
ocubic yard Brownhoist clamshell bucket,

Linkbelt, 18* four roller belt conveyor running above

8 storage bins, each with a down spout controlled dy
a simplex valve,

Weighing ocar.

8600 H,P, Stirling boilers, equipped with Foster

' superheaters and Green chain grates.

Ash handling car.

GENEIRAL DESCRIPTION.

Coal is received at this plant over a spur from the
main line of the Michigan Central Railread, the
cars being run directly beneath the crane run=
way, The coal is removed from the cars by means
of the clamshell bucket and either dropped into
the conveyor hopper or placed in storage. The
services of a helper are required for cleaning
up the ocar, |

Coal from the conveyor hopper is carried by the belt
and discharged into the storage bins by means
0f a movable tripper actuated by power ffa- the
belt,






From the storage bins, the coal is fed thru down
spouts to the weighing oar and after the
weight is registered it is spread along the
hopper arranged above the furnace., The correst
weight of each car of coal is registered on a
printed tioket which is punched by the movement
of a lever on the scale weight,

The ashes drop from the grates into a sheet metal
hopped from whioch they are allowed to drop into
the ash car below by the operator. The ashes,
while in the car, are soaked with water and then
dumped into the ash pit outside the building,
from which they are removed by the crane and
dropped into an ash hopper at the opposite
side of the runway, From here they are hauled
away as desired,

The plnnt'il coaled up ordinarily four times a day,
at 7330 and 10130 AN, and at 1230 and 5830 P,N,

The capacity of the iterage in the ylid undef fﬁo
orane is about 15000 tons.

The one objection noted to the system is that the
speed of the bucket hoist is not sufficieant for
the speeds of the bridge and trolley. This
necessitates a delay both in unloading cars and
in filling the hopper,
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RESULTS OF 34 HOUR TEST,

Datew 3315 P.M., April 37 to 3:15 PM,, April 38,
Operating Conditions.

Data,

This plant is one of & number of steam and hydro-
electric plants forming a chain about the |
state., Due to high water in the rivers and
a oconsequent carrying of the load by the
hydro=electric plants, this plant was running
at about one-half normal capacitye

Total amount of coal fed to furnsceso~——— 73,03 Tons
Totsl amount of ashes ronoved?—- o 10.95 L
COST OF CONVEYING COAL TO BU!KERB AXD REMOVING Asnls.

Power-

Crane Conveyor
Meter reading, ;:::i 1 00038 KWHr, 33819 KWHr,
a oogg agg;&
: KWHr.
Total 33 KWHr,

Estimating the cost of power at ,7¢ per t'ﬁr..
Power cost B 33 X ,7¢ B 33,44 for 34 hours.
Estimating that 9/10‘of the iouor was consumed in
handling coal and 1/10 in handling ashes,

Cost per ton of coal handleda 9/10X % 2 3¢
Power cost per ton of ash renovoﬂ.l/le %gags-' 3¢






Labore
iagoo- Crane Operator 30¢ per hour
. Helpers _ 34; per hour

Ash passer= Day man 33; per hour
. Night * 18,69 *

Handling coal,
Estimating that the orane operator speat 9/10
of the time handling coal and 1/10 of the time
handling ashes, Operator and ielpor. worked
10 hours per day.
Wage coste Operator 9/10:10:30‘! 370¢
" Helpers  3x 1o x aua 4804
Total 7so¢
Cost per ton of coal hlndlo¢=-7%§83= 10.4¢
Handling ashes,
Wage cost= Operator 1/10x10x30g = 30¢
" Ash passers  11z3342 343¢
el
Cost per ton of ash handled: Iulgga 46.5’

Tétal cost of conveying coal to bumker and ronoving

ashese

Coal Ashes
Power o3¢ o3¢
Labor 10,44 _468.5¢

Total 10,74 48.7¢






COST OF FEEDING COAL TO FURNACES.

cos?T
(1)

(3)

The exact wage rate of the firemen could not
be obtained, We estimate it to be 33¢ per hour,
There are two shifts; four men during ; day of
eleven hours, and three mem during a night of
thirteen hours,
Wages Day shift 4 x 11 x 33¢ = 968¢

li;ht . ? lg°§‘§3? =I%%%§

Cost per ton of coal foﬂ:,véégg_.a 35.3¢

OF UNLOADING CARS,

Test on car #30393- Hocking Valley,
Weight of coalw 10?800{= 53 9 Sons

Time requited 40 minutes= 3/3 hours.
Power consumed 6.5 KWHr,

Power cost per Ton= §_§3!§£!1. . X-T)

Labor cost per Ton= 3/3x 3 3’3‘ =_o78

- Total 1.6'

Test on car #1831l « C, I. & 8.
Weight of coal= 97100{: 48 55 Tonl

Time required 39 minutes= 048 houro .
Power consumed 7 KWHr, '
Power cost per Tonz XL V ol¢

Labor cost per Ton= .48 x 32"52‘34 ® 1,18

Total 1.3¢






TABULATIOR OF COSTB= Per Ton,

Unloading oars 1,39

. . 1.84
Filling bunkers 10,74
Feeding furnaces 35.3;

Removing ashes 46.?3
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A. C. PLANT Last Lansing, Michigan.

GENERAL DESCRIPTION.
The College Power Plant is located on a spur of the

This

The boiler equipment includes; 4 Scotoh Marine Boilers,

The coal is shoveled by hand from the cars to a storage
shed, having a capacity of 1000 tons, VWhen the
shed is full, the remaining coal is shoveled into

Pere Marquette Railroad, this spur being joined
to the main line at Trowbridge, where the Port
Huron to Chicago division of the Grand Trunk
Railroad crosses the Grand Rapids to Detroit
division of the Pere Marquette. This affords
convenient facilities for transporting coal to
the plant,

plant furnishes heat, light, and water for all
buildings on the Campus. Both exhaust steam

and live steam are used for heating purposes.

160 H,P. each; 1 -350 H,P, Freeman Combination
Boiler; and 1 =150 H,P., Norizontal Tubular

4Boilor. all oqﬁippod with Jones underfeed stokers.

piles outside along the track wherever it is con-

venient,






An electrically driven elevator is located in the
middle of the storage shed, on the side oppo-
site the spur. It is driven by a 15 H,P,

D, O, Motor, and has a capacity of 3600#.

The coal in the shed is showeled by handuinto a
chute which empties into a l-ton car standing
on tracks on the elevator, Provision was
made for using a crusher which would empty into
the chute, but it has never been installed.

Yhen the car is filled with coal, it is raised
by means of the elevator to the level of an
overhead track, which extends from the elevator
shaft to the storage hoppers at the top of the
boiler room, The car is pushed by hand onto
scales set in this traok; After being weighed
it is pubhed to the hoppers and dumped, From
the hoppers it drops by gravity thru down spouts
to the stoker hoppere, After unloading the coal
into the storsge hoppeis the car is pushed back

to the elevator and lowered to the level of
another track, located directly beneath the first
traok and parzllel to it and extending thru the
ash tunnel below the boiler room floor., Here
the car is loaded with ashes which drop down from
hoppers in front of the boilers, The car is
then pushed back, elevated, weighed, and dumped
into the ash hopper,






Coal from the outdoor piles is wheeled in barrows
or wagons to a reclaiming hopper above the
ash tunnel, It drops from here into the car
belowe, One man is required to handle the cars
of coal and a'ieo. At least two men are needed
in the storage shed., These men work ten hours
a day, seveﬁ days in the week,

The method of conducting the test was as tbllovl;
A wattehour meter was calibrated and cut into
the motor oirbuit., Readings at the end of
each of two 34 hour periods were taken. Total
weights of coal and ashes for the same 34 hour

periods were obtaimed from the scale records,



RESULTS OF 34 HOUR TESTS.
Datew 5:00 P.M., April 19 to 5:00 P.N., April 31, 191l6.

Data-
Totalzamount of coal fed to furnaces=
1st 3¢ hours  48840%

" 2nd 34 hours 41936; |
: 45.4 tons

Total amount of ashes removed-
1st 34 hours 79004

3nd 34 hours 61404
IIBIB‘E 7 tons

COST OF CONVEYING COAL TO BUNEERS AND REMOVING ASEHES.

Powerwm '
. Elevator
Meter reading, Final 0374,9 KWHr
Initial 71
3.7 XWHr,

Calibration of meter with shunt

Formulas Reter watts x Rev 3600
. time in seconds

10 revolutions of disk in 58 sec.
lQE§_§§QQ,= 631 meter watts

Testing circuit was held at 300 volts and 35 amps.

800 x 365= 5000 true watts
Correction Factor = 5900
2%%% x 3,7 § 39.8 KWHr. used in 48 hours.



Approximate cost of current at time of test-
+75¢ per KWHr. -Mr, FNewell
Power cost ; ,
39.8 x ,75¢4 = 33.4¢
Estimating that 4/5 of the power is consumed
#n handling coal and 1/5 in handling ashes.
Cost per ton of coal handled 4/5x %§&%= odé
Cost per ton of ash handled- 1/5 x 3%:2: 7¢
Labox Cost,
Wages- Coal pasger- Chief 35¢ per hour
Assistants 35;5‘ L
Estimating that one assistant spent & hours
per day handling coal and 3 hours handling ashes.
VWage cost- Chief 2:10:85¢ = 500¢
1st Assistant 8:10:33.5¢- 450,

dnd * 4/5:3:10:83.5¢= %

Cost per ton of coal handled- 2%2%4'7 28 .8¢
Cost per ton of ash handled- '

1/56x2x10x323,6¢ = 13¢

COST OF FEEDING FURNACES.
Wage- Firenin 38¢ per hour
Istimating that 4/5 of the time is spent in
handling coal and 1/5 in handling ashes,

Cost per ton of coal fed- 4/5x8x834335¢ = 3, o4
Cost per ton of ash remove 1 5:2:34:3 34.3¢



COST OF REMOVING ASHES,

Power and labor =scoal passers ¢
o 13.0¢
Firemen M
Total 47.9¢

TABULATION OF COSTS~ Per Ton

Conveying cosl to bunkers 13,44
FBeding coal to furnace 31.2;
Removing ashes 47.9;

COST OF UNLOADING CARS.
Data obtained from Nr, Newell
Result of test made April 14, 1908
383.,3 tons of coal unloaded at cost of 9.74¢ per ton
Coal taken from car and carried to buék Qf shed

Average cost from car to shed 7¢ = 74¢ per ton
Average cost from cars to ground io'lté;ago—
354 = 304 per ton
Average cost from car to Qﬁeau" ﬁandling frosen coal
a6¢ -‘30¢ per ton
This latter figure is nluiil; éaien al‘the cost of
handling the coal during the months of December,
January and February,
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