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Object-

The objeot of thie report is to make an investigation
of the Cedar Street Power Station in lLansing, lich,,with the
idea 0f the writer obtaining more information, especially,
first hand information ooncerning power stations, their
layout, equipment, ocost data, and charscteristics of
operation, This report might be said to be supplementary
to the course in Fower Plant Design of the Winter Term,
namely to find out some of ths things studied in the
course, The benefit of this thesis will not be so valuable,
perhaps to the reader as to the writer himeelf, who hase
had the experience of looking over the plant in oonsiderable
detaill,

The things to be determined in this investigation are
as follows:

1, Find out nature and position of equipment-
&, Type.
b, Size,
o, Cost as far as poseible,

2, Capacity at whioch the plant operates,

3. Operating data-~
&, Load ourves,

4, Caloulations to find out &t what loads various
machines are operating, and to find out ocost
of their operation per day,

5 Eoconomic ocharacteristios-
a, Curves,



Desoription of the Plant-

General,

The oity of Lansing is located in the south ocentral
part of the state of Miohigan, on the banks of the Grand
River, one of the longest and largest riverc in the state,
Laneing is the Capitol City of Nichigan and aleso the center
of important industries that have developed greatly since
the advent of the auntomobile. The population has been
gteadily inoreseing sinoe the beginning of the city until
now it oontains about 60, 000 inhabitants,

Due to the great growth of the city, the water power
available is not suffiocient to supply the need of industrial
demands, and for that reaeon recourse wag had to steam
power,

At the present time there are three main stations in
the oity for supplying the lighting and power cirouits,
The street railway syeteme are supplied from other souroces
of power, The three atations above mentioned are the
Ottawa Street Station, the Cedar Street Station, and the
hydro=-eleoctrio plant back of the property of the
Oldsmobile automobile factory,

It will not be the purpose of thie report to touch
upon faots such as the time of duilding the plants,
reasone for their bdeing built or being enlarged, or

reasons for any ochanges that may have been made from time






to timo;

The plant eeleocted for thie investigation as has
already been stated is the Cedar Street Station, This
plant was seleoted beocause of the better standardization
of equipment as compared to the Ottawa Street Station,
and because the general layout of the plant conformed more
nearly with modern high grade engineering principles,

The station sets dack just a little way from Cedar
Street, ( south, about one half bloock from Mich, Ave, E. )
and to be exact is on Jay St, It is & very short way
from the Grand River to whioh it is conneocted by two
large intake tunnele for ciroulating water and by sewers,
Thus, by the olose proximity of the river, the plant is
agssured of water for condensing purposes, A siding from
- the X,Y, Oentral R,R, permits the coal to be brought
direoctly to the power house, The blue print of the
property map shows the holdings of the plant and the
relstion of the various buildings to each other, The
etreets of the oity sare aleo shown in their proper relation
to the plant, As ocan be readily seen from the blueprint,
it shows that the boiler house is parallel to the engine
room and to the cosl bunkers, and that both are praoctically
parallel to the railrosd track, |
Coal Storage and Coal Handling-

There are two main ocoal storage sheds, and the bdunker
over the boiler room, The ocapacity of the ocoal storage
is sufficient for about a months run when the plant is
running at full oapacity, The coal storage shed next to the

Pg.2,




Pg; S
boiler room is filled by machinery and the other one is
fi1lled by hand, We will next desoribe the manner of filling
the ocoal storage shed in which the coal is handled by
machinery, _

The ooaifdolivor'd, when poeeible, in bottom
dumping cars, After arriving at the plant the ocar is located
over the traock hopper, thus permitting the coal, when the
bottom of the cer is dropped,to fall direotly into the traock
hopper, From the traock hopper the coal is taken by s ocoal
feeder to the coal orusher, After being ocrushed, the coal
goee to the elevator and thence to the overhead bunker, The
coal is distributed in this overhead bunker dy & distridbuting
oonveyor, The manner of distribution is as follows: the
conveyor sorspes the coal along & shallow metal trough in
whioh there are emall holes at regular intervals for the coal
to drop through, The coal, as it is soraped along the trough,
falle through the first hole in the trough until the bunker
underneath is so full that no more coal can fell through, In
like manner, the coal falls through the next hole, and so on,
until the bunker is filled, Any more coal than is necessary
to f111 the bunker falls into the coal storage shed underneath
the bdunker,

There are chutes on the underside of the overhead
bunker to let the coal into the coal storege,

As was stated before only one coal storage shed can be
filled in this manner,

" The coml in this bunker is taken out by meanme of &

reclaiming conveyor., This conveyor is in a passage way
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under the coal storage, The coal storage floor has holes in
it to permit the cosel to drop into the oconveyor,

This reclaiming oonveyor takes the ooal from this
storage and delivers it to the elevator, and thence to the
overhead bunker, From the foregoing statements it ocan de
geen that the elevator handles some of the coal twice; once
ooming from the coal crusher; and again, that part of it tmt
goes to the coal storage. |

The coal in the other coal storage shed is shoveled
directly there from the coal cars, The coal is taken out by
hand and not by mechinery. It is dumped into the hopper of
the elevator, and then taken to the overhead bunker, %his
coal is used for emergency purposes,

The coal bunkers and coal storage sheds are construoted
entirely of brick amd concrete except the roof which 1§ of

wood and steel

Boiler House-~---Buildings,

The provisions in the boiler house for getting ocoal to
the boilers are of rather heavy construction and take up
consideradble epsce., The overhead coal bunker is made of
reinforced conorete and is very heavy, It is of 300 tons
oapacity, The distridbuting oconveyor is over the bunker as
is shown in the soccompanying dlue print which shows the
c0al handling machinery, being in the passage way under the
roof monitor. The passage way, and in faot all of the eoal

handling mechinery are enclosed a&s much as poseible to keep



Things of interest on the opposite page:--

This pioture was taken in the boiler room from the S,
end, It shows the fronts of the Murphy stokers very plainly
In front ofitho furnace doors on the floor may be seen the
iron ocover to the ash pit, Over in the far left of thn'
pioture may be seen a man who iz estanding near the weighing -
larry. Above may be seen the I beams that the hand operatel

00l buockete run on,
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the ocoal dust from getting into the boiler room, Chutes
ran from the overhead bunker into the boiler room, As oan
be seen from the dlue prints, there is a smell track on top
of the stoker settinge for the 1 ton weighing larry to run
on,

The boiler house itself is of the usual construotion,
being of briock, conorete and steel work, the steel being
used in places where greater strength is needed, The roof
is supported by both steel and wood trusses, the wooden

being in that part of the plant which was first construoted,

Boiler House-~==Boilers

In the boiler house are six 400 h,p, Wickes vertiocal
water tube doilers, and two 740 h;p. Sterling water tube
boilers, The room is approximately of an area 55ft.x 125ft;
and equal to 6875 eq, ft. The boilers have & maximum output
of steam,if all boilers are rumning at 200% rated oapacity,
of 116,000f per hour, The weight of steam produoed per egq,
ft, of boiler room floor area equals about 17#, This ie just
about one half of the amount that was produced per sq. ft.
of floor area per hour according to the first layout at
the Markisohe Eleotriocity Works, but it must be remembered
that this plant is an emceptionally well designed plant, and
for that reason the comparison probsbly is not of much value,

The Wickes bdoilere are encased in metal sheeting to
prevent air 1nfiltration; The Sterling boilers are bricked
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in and their tops are completely covered with heat
insulating mterial, Only one front ie umed for the two
boilere,

The Wickes boilers use matural draft and the Sterling
boilers use forced draft, The foroed draft used is equal to
about 3" of water, 0,2" draft is used over the fire beds and
about 0,6" is used in the dack breeching, The chimneye are
are large size, one being 9'x 200' and of radial briock
construotion, and the other 9'x 187'=-6"and of reinforced
oonerete,

For the pressure or forced draft system on the Sterling
boilers, there are two pressure fans in the basement,one of
which is electricslly operated,and the other by a steam
engine, The fan operated by the steam engine is a Sirocoo
fan of about 28" dia, and the other is and ordinary blowing
fan of about 30" dia;

The ash from the furmmoe of the Sterling boilers ie
handled and disposed of by letting it drop into a pit under
the boiler, thie pit being on the level of the basement
floor, From thie pit it ie howd into the opening of the
ash oonveying eystem, the system bdeing of the air suotion
type., It then goes to the ash bin outside of the plant,

The ash from the Wiokes boilers is raked,in the same
manner as in the previous explanation, from a pit which is
under the furnace setting, the pit being about 1/2 foot
below the level of the boiler room floor; The ashes are then

conveyed to the ash solleotor,
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The gases from the Wickes boilers enter the chimmey
at an average temperature of less than 400 degrees F, and
from the Sterling boilere at a temperature & little less
than 500 degrees F, A reocording thermometer ie installed
for recording the temperature of the stack gases coming
from the Wiokes boilers,

The feed water temperature, due to the abundence of
exhaust steam from the feed water pumps and other
suxilliary apparatus, especially, when the plant is running
at full oapaocity, ie close to 212 degrees F; The conlensate
water and make-up water are heated in two open feed water
heaters, A Hoppes feed water measuring weir ie in the
oirocuit, but at the time of writing this 4ie not in
operation,

All of the boilere have the S-C feed water regulator
for maintaining the proper water level in the boilers,
They oan be set 8o that water level ocan vary from 2 to 8
inches before aocting, The feed water pumpe aleo have
governors for maintaining the proper pressure in the feed
mains, The latter are the Fisher Food'pump governors, In
case that the water regulators should not work for some
reason or other, there are whietle2 on the boilers to show

high and low water,

Boiler Roome---Stokers

Stokers are used for firing the boiler furnacee of
which there are two types in the equipment, The Wiockes
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Pg.8,
boilers have Murphy etokers in dutch oven settings, and
operated by either a steam engine or eleotrioc motor at the
operatore pleasure, The Sterling boilers are equipped with
Taylor underfeed stokers which are operated from & line
shaft on the basement ceiling, the shaft being conneoted

to a variable speed motor,

Boiler House----Feed Pumps

Although the feed pumpe are not in the boiler room it
was thought to be best to take up their desoription at this
time, fThe boiler feed pumps are of both the reciprocating
and the turdine driven type, The water pro;anre in the
feed lines are regulated by the Fisher governor for feed
pumps, The feed pumps take up quite a lot of room as my
be seen from the blue prints, Three pumps, among whioch is
included the turbine driven pump, are in the engine room
and the other is in the dasement,

Boiler Honee----Steam‘gipos, auxilliary pipework, and water
supply.

The main eteam piping is shown diagramatiocally on the
blue print, The drawing is not oorrect as to actual location
of the parts,but showe the manner of connecting in the
various maochines, The mein steam range oconsists of a 12"
header carried along the wall back of the boilers., It ie
oconnected to the Wickes doilers by 7" pipes and to the
Sterling boilers dy 8" pipes, The pipes going to the main
units are either 6" or 8", Steam separators are in all the

main steam line conneoting in the various units, There is
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Pg.9.
2o oross conneoting of the steam mains to form a complete
loop.

The main steam piping is of steel, and is fitted
with dboth the gate and globe valves, There are no devices
to show when the valves are open although there ought to be,
because some of the valves are not readily acoessidle,

There is one expansion joint in one of the la.rge pipes
leading to the basement, The fixed point is on an elbow
in the basement,

The main steam piping and the feed water piping are
lagged with a heat insulating ocompaund that ie about 1 1/2%
tniek,

The exhaust steam piping is as shown in the
ascompanying blue print, The mein lines are of 10" dia,

The operating engineer of the plant declares that even with
e¢xhaust pipes of this size, there is conesiderable dack
pressure in the piping, oepooialiy, when the plant is
running with full load, The exhaust steam piping leads

to the feed water heaters, |

The feed water and ocondensate piping is connected in
a8 shown in the bdlue print. The condensate piping is
mostly of caet iron although there is some steel pipe used,
When the plant is in full operation, water does not go thru
the feed water heaters fast enough to supply the boilors; 80
Q@ by-pass is connected in to let the water go directly
thru the water meter, ZThere is aleo & roof tank from which
feed water may bde obtained, The water in the roof tank

comes from the oondensing apparatus and from the steam
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traps, The water from thie tank is used either for feed
vater or for the water seal on the bearings of the Allie-
Chalmers turbines, Feed water may be obtained from the oity
mains in an emergenoy.

The condensate piping ie not lagged due to the low
temperature of the water in the pipes. As before stated,
feed water pipes are well lagged, The feed water pipes
are of steel in order to stand the high pressure of the
water inside of them(180#/eq, in.). The pipes are in
duplicate as far as possidle to zuard against dreakdowns,

The pipes vary in diameter consideradly, The pipes that
conneot into the boilers are 2 1/2", The main feed water
pipes are 3 1/2" and 4 1/2%,

There is & small make-up pump ueed to supply the water
lose, The water is quite hard; so a water softening compouna
is pumped into the feed water system twice a day by means
of a small pump,

The intake and discharge pipes are shown in the property
map of the plant, The main intake pipe is of 24" dizmeter,
There is also another smaller one, These two pipes supply
the ocondensing water, The outlet pipe is of ocast iron, 18"
in diameter, There is also a 10" tile sewer,

One of the feed water heaters is plaoced on top of the
gemi- underground flue from the Wickee boilers, and the
other is:hung from the roof trusses, The water measuring
ddvioce 18 with the latter. To get tho water from the lower
feed water heater to the upper, a smell pump is used, From
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Things of interest on the opposite pagei--

This i a pioture looking to the south, 1In it are
shown the reociprocating dry vacuum pump in the immediate
foreground and the 2000 K, W, Allis-Chalmers unit in the
background. Over on the left the raised switohboard platform
may be seen, On the platferm may be seen some of the
oonstant ourrent traneformers, On the wall over in the ocorner

may be seen some of the equipment for lighténing proteotion,







Things of interest on the opposite page;--

Thie pioture shows the engine room when looking from

the south, In the immediate foreground is shown the 1000 K.¥. !
Allis-Chalmers unit, Over in the background may be seen

the fly-wheels of the pumping engines, This pioture shows
the switoh‘board. to good advantage, €Ffhe switches on the far
end are the power switches and those on the near end are

for the lighting oirouites, One motor generator set is ‘31.
shown under the platform, The orane traock is seen to be

Just over the top of the switohboard..
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Pg;ll;
the measuring tank the feed water flows under & positive
head to the feed water pumps, The piping 1s neither in as
good shape as it could be, nor is it laid out as well as it
ocould be if there was more room,

The piping, considering the plant as a whole, is not
in very gzood shape, This is prodbadbly due to the fact that
there has been 80 many changes and alterstione in the
plant, The plant iz not laid out on generous enough
prinoiples, and due to the la ok of room the piping suffers
for lack of space to put it in right,

Engine Room--

The dimensione of the engine rooms oconsidering the
8pace that the steam turbines occocupy are: length 80' and
breadth 42'; height of roof 34'; height of basement 12°',

Engine Room----Steam Turbines

Steam is supplied to the steam turbines at a pressure
of 1560f/ 8q.in, and ie saturated, The unite installed are
one 2000 K,W, Allis~Chalmers, one 1000 K, W, Allis~Chalmers,
and one General RBleotrio-Curtie unit of 2000 K., W, oapacity,
The machines are standard unite of their respective

nannfaoturoa and need not to be further desoribed here,

Engine Room---=-Condensers-

The condensers are located immediately below the steam
turbines and they reet on large conorete dlooks. The
ciroculating and condensate pumps which are driven by a

8mall steam turbine are along the side of the condenser in




Things of interest on the opposite page;-

This is a pioture of the plant looking at it from
the southeast and shows what might be called the back yard,
The pioture shows the ash colleoctor just to the left of
the chimney in the center, In the foreground are the
transformers used to oconneot the plant with the others
that it is interconnected with, The smoke flue from the
Wiokes boilers may also be seen running along the side of
the building to the ocenter chimney, The picture also
gives a general idea of the appearance of the building.
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Pg.l2,

a shallow pit made in the flooi. The condenser and
suxiliary pumping equipment are of Alberger make, The
condensing plant does not take up very much room, Each
tarbine has its own condensing equipment, There are some
openings in the floor of the engine room around each
turbine for the purpose of inspecting the condensing
apparatus or moving parte of it by means of the orane,

The condenser itself is of the surface type, and for
& 2000 K,W, unit ocontains 6000 &q, ft, of surface for cooling,
A small turbine drivee the circulating and condensate pump,
8ll being on the same shaft, There is also & reoiprocating
vaocuum pump attached to eaoch condeneer for exhsusting
air out of it , and thus bettering the vacuum, The condenser
and ite auxilisry apparatus are in the basement of the plant,
while the main units are on the ground floor,

The ocirculating water is pumped from a well in the
basement floor that connect with the river, and is discharged
into the sewer, The condensate water goes to the feed water

heaters and to the roof tank,

Sngine Room~----Generators

The main generators supply 3 ¢ alternating ocurrent at
& pressure o0f twenty three hundred volts, and this is
voltage ies vezulated by means of & Tirril regulator. These
generators are of standard oontrnotfon, regular types as
manufactured by the respeotive companies.

The ocables from the generators run to the switchboard

in oonduits,
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The ai; required for cooling the generators comes
in through openings in the foundation walle of the building,
The air comes in on the under side of the maochinees and leaves
on the top sido;

The switchs and meters for the various units are on
the main switohboard in full view of the operator,
Engine Room----Building Details

The building is of ordinary oconstrunotion and design,
The plant has been altered three or more times; £o there is
some variation in the architeoture of the building. The
building is faced with red dbriok,and in the new part with
both red brick and while tile, The roof of the new part is
held up by rigid steel trusses while the 0ld part has wooden
trusses reinforced by steel roai. %he engine house welle are
built of 8011d driok, but in the boiler room there are some
steel columns in with the briock and conorete, Both engine
and boiler rooms have skylighte; however the doiler room is
rather dark even on & light day., The engine room has a large
number of windows to give the necessary light. The wallsof
the engine room are painted a light oolor,

The switching gear is in the engine room, being on a
platform raised about 10' off the floor level and reached by
a steel stairway, ,

There are two atlérwaya in the engine room leading to
the basement, and another two stairs leading from the
engine room to the boiler room, These last mentioned steps
are necessary because the level of the boiler room floor is a

little lower than the ongina room floor,
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One of the photographe shows the general appearance
of the plant looking at it from the goutheast, It is not =
very good ploture due to the faoct that it is hard to find

a place where where a good photograeph can be taken,

Engine Room—---Eleotrical Apparatus

A8 mentioned above, the switching gear is on a raised
pB tform in the engine room, For the main power circuits
there are 10 marble panel switchbamrds, and for the street
lighting oircuits there are 17 marble switohboards, All
the marble pan?ls are arranged in a straight row., all of
switches are of the oil type. There are two main types of
oirouits, lighting,and power., The main lighting circuit is
for street lighting, |

There are 7 constant ourrent transformers for street
lighting,

The elmotriocal sw,~zear is of various makes and types
and will be taken up in more detail in anbther part of this
thesis,

To measure the ocurrent output, there are two totalizing
watt hour meters, one on the main bus bar, and the other on .
1line oconneoting this station in with the other stations,

The management of the plant is going to install more meters
in order to get a check on the present meters, At the time
of writing this thesis the management of the plant was very
eager to have more meters installed, because then they
could detsrmine more aocurately what the various unite

were doing when losded, and how much ocurrent was generated,
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Pg.l5,
Engine Room----ITumping FEquipment-

This plant contzins both the eleoctrical machinery and
pumps for the oity water supply, That part of the blue=
print, marked"Vater Pumping iiachinery", is where the pumps
are loocated, The pumping machinery consists of one Snow
1¢,C00,000 gallon or 41,0C0,CCC ft, 1b, duty pump of the
horizontal compound type; one 4,00C,C00 gallon alberger
centrifugal -ump; one o0ld liolly horizontal steam rump that
is used no more, because of small caracity, There 1s also
a deep well rump of 12" size made by the american Tell Torks
of aurora, Ill,

In prepsarirg this report not o much attention was
raid to the pumping equipment of the plant, for the purpore
of thie work was to investigate more particulurly the pover
equipuwent of the stution,tuch as boilers ard electrioal

macninery,

Opera ting Dut8=-=~General

Conditions of Cperation

Due to.the ursettled conditions at tue precent time
the plant is not running at ites full capacity., This 1s
caused by the precent business depression that causes gome
of Laneing's largest plants to run only part ticme, thus not
requiring eo much power., The blue print ehowing the load
ocurvecs of three typical days gives the reader an idea of
how the load varies, It i1s readily seen that there is a

peak in the morning and in the evening,







Pg.lﬁ;

The peak in the morning i1s due to the factory load
and the one in the evening is due to the residential 1lights
and street lights, The blue print ehowe that the evening
peak 1g nearly conctant for the different days srown on the
surve,

The maximum pe:k is about 31C0=--3200 k,w, - The full
ruted capacity of the plant 1s 65000 k,», The operatore at
the plant said tlmt peake as high as 6300 k,w, have been
succescsfully carried at times during the yeare of the war,

Due to the faot that this is a muniocipal lighting
plant, not ae good records are available as could be wished
for, There are no recorde of water oconsumpticn, for the
measuring device is not in running order. There are no cteam

meters to measure the steam flow to the various muchines, I0 3

tests have been curried out lstely to cee if tle steam
oconsumption of the various machines £till agree with their
recpe ctive munufacturere guaruntee, Owing to the low

rating at which the plant is rumning at the present time it g

would be diffioult to make satisfuctory tests of the plant \
as a whole, |

There are several reoording meters fuoh as a flue gas
temperature meter, steam pressure meter, and one or on the
switohboards,

Because of the pumping engines being on the same boilers
with the eleotrical machines, it is a 1little more diffiounlt
problem to find out the exact cost of the eleotriocal energy.

The way this is taken care of is to allocate a certain amount
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for the oost of running the pump per week and charge it
to the TJater works Dep't, Thie is ghown in the following
liet showing the weekly station charges for a certain

vieek,

Weekly Station Charges----Specimen of & Tleekly Report

Cedar Street Station

Cost per K,iW . ,Hr, for week ending april 18, 1S21.

Coal---588,9 tons at $5.30 $3121,00
011, waste, and packing 20,00
Supplies & Liscellareous 200,00
Labor:-
Supervisicn $125
Repmirs 400 .-
riremen 124 ,-
Firemens Helpers 116 .=
Ash Handling 218 .= i
Coml Handling 78 .- ]
Operators 230 o= )
kKiscellaneous 50 .= 1341,00
Total cost 4662.,00
To iater Dep't,.(Snow Fump) 60.00
Ket Cost 4632 ,00
Total X,V .Hre, generated 314,CC0
Station coet per K,i.Hr, $0,0147
Use factor 37 4%

By use factor is meant the ratio of the number of K,v,Hre

— S

thut are actually generuted in a ziven length of time to

"
X
i
i

the number that thLe plant ocould generated if running at
rated capacity, From the above data it is seen for the week
endingipril 15, 1921 that the plant only zenerated one third
of the power thut 1t was able to generate,

Following are two monthly analysee of the Cedar Street
station. One ie for Deocember 1920 and the other forllarch 1921,

They are given on the next page,




Analysis of Operating Expenses----Monthly

For December 1920 and Maroh 1921,

Superintendance
Labor-Boiler
Labor-Engine
Labor-Misocellaneous
Fuel

Lubrioants

Supplies

Re-gale Supplies

Distribution

Supplies

Inspection

Setting and removing Transformers

Maintenance

Ash

Remmirs to Conduotore & Pole Lines
Eleotrical Machinery
Servioce and bleters
Traneformers

Buildings and Grounds
Boilers

Caal Handling Equipment
Stok ers

Transportation Equipment
Injuries and Damages
Street Lighting Syetem
Boulevard Lighting System
Purnaces

Administrative

BExecutive Salaries
Clerioml Salaries

0ffice Bxpense
&tationary and Printing
Telephones and Telegraph
Interest on Funded Debd
Insurance

Uncolleotable Bills
Depreciation

Pgs:ago
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Deo 1920 Maroh 1921
$275.00
3230 .~ $26569 ,99
612,560 613 ,»
467,10 830,97
34,443 ,97 17,264 ,23
85,28 46 ,01
mM3.,76 136,24
22,23 8,84
153,60 150 ,~
678,92
224,54
1265,08 1349 ,04
141,13 1869 ,75
197,70 69,01
68,76 4.7
234,16 110,47
887,69 1102 .40
786.12 45 .62
659 .20 776 .42
721,75 661 .41
5.-
1823 .70 767,77
491 .18 126,97
1738 ,67
342 .22 923,32
1940.87 2688 ,97
69,563 139,56
93,29 160,63
14,40 74,82
1466,76 1468,76
- 131,92 131,92
356,61 26,19
4359 ,94 3945,63
53 .48
QEIEZE'JSB‘""" $40826.,56
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Following are the XK ,W.,Hre, output of several months

inocluding the two months given in the analyses, This table

ahows the amount of coal burned per month and ite cost,

besides the oost per K,W, Hr,

Cedar Street Station

KW Hrs, Month Coal burned Total Total Caet per
generated in tons Cost of oost KW Hr,
per mo, and oost, coal, per mo,
2,084,000 XNov, 46568 $64,000 $66,693,30 $0,0315
1920 at
$8.66
2,083,000 Dec, 4550 $33,200 $66,242,03 $0,0269
1920 at .
$7.30
1,671,000 Jan, 3603 $22,100 $44,867,61 $0,0268
1921 at »
$6.30
1,674,000 Pebd, 3633 $20,350 $42,697,76 $0,0255
1921 at
$6.60
1,471,000 March 4545 $24,100 $40,836.56 $0,0277
1921 at
$5.30

The following data gives the manner in which the
boilers are banked for the loads carried on April 14th and

15th, The boilere are numbered from 1-8 beginning from

the south end,

April 15,1921,

$2 Banked from 11300 A.M.=6:00 R.M,
#4 Banked from 12:00 A M.-6:00 A X,
Banked from 11:30 A M,~12:00 P K,



COntinu.q from preceding pg.
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April

Banked from 12:00 A ,M.- 6:00 A M,
9:30 AM,

Banked from 8:00 A.M,

14,1921,

#2
#3
#4

#5

around the plant and their pay.
the men working in the plant receive good pay.

Banked fror 12:00 FNoon- 8:00 P.I,
Banked from 10:00 A M.~ 11:15 A M,
Banked from 12:00 A M.~ 6:00 AN,
Banked from 11:15 A, M.~ 12:4b6 P, M,
Banked from 5:00 F.M.- 6:00 AM,
Banked from 12:00 A.M,» 6:00 AN,
Banked from 11:30 A M.- 7:00 P.K,
Banked from 10:00 P,.M.- 12:00 Mid.X,
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The following data gives the number of men employed

From the data it is seen that

Working

oonditions are good so there is not muoh ocomplaining on

the patt of the men employed, At the time of writing this,
the plant management was thinking of giving a out in pay.

This is the pay the men received before their out,

Men Bumployed in Plant and Their Pay

l-Boiler washer at

4-Firemen at
2-Firemen (six days & week) at

1-Coal Unloader at

l-Engine Room Sweeper at

l-Operating Engineer at

$140.00 per mo,
$165,00 per mo,
$1565.00 per mo,
$155.0§ per mo,
3150;00 per mo,
$275,00 per mo,

AR WS
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$200.00 per mo,
£176.00 per mo,
$ 87,60 per mo,

l-Aseistant Operating Engineer at

8-Operators at

l~Operator(Spare) at

7-Ash Handlerc at $0,66 per hr,.-8 hrs per day and 7days
per week,

2-Repairmen at$0.86 per hr.-8 hr day.
1-Repairman at$0,80 per hr.-8 hr aay.
6-Repairmen at30,65 per hr.,-8 hr day,

31 men are employed in the plant, The repairmen

handle coal wheneve necessary.
One half of the time of the epare operator is charged

to the Water Works Dep't,
There are two machinist and a bla ckemith and their
time ie ocharged to whichever dep't, they happen to work for,

It is seen that the men are mostly well paid when

in most cases the day ie only 8 hrs,

The amount of coal, o0il, and waste used per day is
The amount of coal used per day depends
Some of the ooal was bought
At the

hard to determine,
on the heating value of the coal.
& long time ago when poor coalflooded the market,

present time with a maximum pesk load of about 3000 K,W., the

ooal consumed per day amounts to 85 toms per day. The

ocoal bunkers hold about 4000 tons of coal; so it is seen
that the plant ocan run better than & month on the reserve
supply of coal,

Turbines do not use much 0il; so the o0il used is not
much of &an item of expense, Sometimes the oil 13 the turbines

is ochanged once in several years, The pumps use most of the

E—
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0il consumed, The o0il used amounts to about 4or 5 bbls, per
month
g

The plant uses rags instead of waste, No exact figures

were obtained for the amount used per day,

The water costs nothing except for the coal used to

make the steam for the pump,

Operating Paotors----Definitions

There are several fundamental terms used in power

plant work to show efficiency of the plant in operation,

They are as follows:

1, Total Conncetions equals capaoity of all plants

supplied with energy from a power station,
2, Houre of full use of power station equals ratio of

X, W,~hours per annum gupplied to feeders to peak load of

power station in KW,

3, Load factor referred to power station equals ratio

of K,W,hours per annum generated to highest peak load of
power station in K,W, x 8760 equals ratio of averaze load
generated, to peak losd of power station,

4, Load faotor referred to consumer,

&, Ratio of K,W, houre g£0ld per annum, to peak

load on feeder x 8760 equals ratio of average load sold to

Peak 1md on feeder,
b. Ratio of K,W.,hours £0ld per amnum, to consumers'

installed capacity x 8760 equals ratio of average load eold,

to consumers' installed ocapacity.

5. Diversity faotor equale ratio of peak load on
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feeders to sum.of consumere' or group of consumers'
maximum demands,
6, Utility.fhotor of power station equals ratio of
K.,¥W ., hours generated per, to ocapaocity of plant installed in
power station x 8760 equales ratio of average load generated

to inetalled oapaoity,
The utility faotor is determined by the load faotor and

the available standby plant, It is reduced each time an

extension is made, and will become equal to the load faotor
when the whole of the installed plant is made use of and no
spare plant is left.

7. Running faotor equals ratio of sum of hours per
anpum during which the plant was running, to the poseible
maximum; the latter ig obtained by multiplying the number of
sets installed by 8760,

Owing to lack of suffiocient data we will make use of
only two of the above factors and in the following we will
show their application.

We will figure out the load faotor and the utility
faotor for eaoch day represented by the load curvee on the
blue print sheet, The days represented are Saturday,
Apri123,1921; Sunday, aApril, 24, 1921; Wednesday, April,

27, 1921, The terms having been already defined it ie
nothing dbut a matter of arithmetic to get the desired
results and they are tabulated below, The results were
obtained by dividing the average ioad of the day in
question by the maximum half hour peak,
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Utility and Use Faotors

Load Faotor-% Utility Faotor-%

Day
Wed,,April 15, 1921 67 39,16
Sat,,ipril 23, 1921 ° 70,8 28,36
Sun,,April 24, 1921 60 15
58,2 36,7

Wed,,April 27, 1921
In the paragraph preceding the tubulated data the

method of ebtaining the load faotor was described., To get
the utility faotors, the daily station output in K,W . Hre
was divided by the station's rated capacity in KW, x 24,

It is seen from the above data that considering only
& short space of time that the load faotor is good, but
that the utility factor is poor, being only about 33%,
This means that a smaller return is being made on the

investment than could be made, for the higher thé utility

faotor the cheaper power ocan be generated, To get very

aoccurate faotors, the average should cover & long period

of time, In this case it was impoesible,

Characteristios----Thermal

The greater part of the thermal oharscterietiocs

represents fuel consumption, To show the relation of fuel

consumption to ourrent output, the thermal characteristic
ocurve is drawn, and from this the relation may be asoertained,
To what extent the coal consumption depends on the utility
faotor may also be shown on the above mentioned ourve,

The ourve representing the thermal characteristio

moves along a straight line, This ourve ocuts the aboissa
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at & point that represents the coal consumption necessary '
to supply the oconstant losses,

The thermal characteristio plotted on the blue print
givee the reader an idea as to the thermal characteristios
of this plant, 1It was plotted from data taken over a
long time, and in this data I tried to get the largest and
also the smallest fuel consumption per day that was possible
I was disappointed in not finding a day with smaller

to get,
The reason for so many of the points

coal oconsumption,
being so far away from the curve is beocause of the great
variation of fuel used, Probably the pumping equipment
also has something to do with it, The small dote represent
daily ocoal oconsumption and the dots with a cirocle around
them are the avérago for the month, It was rather hard to
determine Just where the 1line should be drawn, If the
points could have been obtained where the ocurve orosses
the aboissa it would have been an easy matter,

From the ourve of coal consumption the following
table was determined, The heat oonsumption in B,T,U,
may be found by multiplying the proper valuee in the
table by the heating value of the fuel in B,T.U,

Utility Faotor n Coal Consumption per X.W,Hr,
0.1 5,16
0.2 4,76
0.3 4,47
0.4 4,37
0.6 4,30
0.6 4,25

0.7 4,22



Pg.26,
The values in the above table show that as the utility

faotor inoreases the coal consumed per K.,W,Hr, inoreases,

The values obtained seem to be a zgood average for a power

plant of the average type. On some days the ocoal consumed

per K, W, Hr, will be lese than the above, but on other it will
be more, all depending on the nature of the fuel.

Comparing the above values obtained with some mentioned
in the book "Engineering of Power Plants" by Fernald and

Orrok, we find the following: That 6f# of ocoal per K.W.Hr,

with low load factor is good. Good practice is 2§ and 3#
of ocoal per K,W,Hr,, and very few reported are under 2§ per

KW Hr,

Zoonomis Characteristiocs

Similarly, the expenses for oil, waste, eto,, and up
to a certain point, the staff expenses are dependent on the
load on the station, A portion of the repair costs are

likewise constant and independent of the load, the remaining

part being proportional to the latter, The total cash

payments ocan thus be separated into a constant part and a
part proportional to the load, and, therefore, to the hours
of full use or the load factor,
The indireot expenses coneist of the amount allowed
for depreciation of the plant and the sum required for
providing the interest and amortigzation of the capital

expenditure,
The amounte to be written off are as a rule definitely

determined in advance according to the probable life of the
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different part of the plant,
The economic characteristics of the power station can

be obtained from the monthly working accounts of the station,
Certain values will of oourse vary to a certain extent
according towhether large sume for taxes, remirs, eto,,
happen to have been paid out during any month, The '
extraordinary amounts should be distributed thruout the year,

In figuring out the ocurve interest and amounts put
into the reserve fund are not taken into account,

To plot the ocurve for determining the daily working
coets, the generuting costs are plotted on the X axis and
the l0ad4 in K, W Hre, on the Y axie, To do this the daily
cost over a long period should be caloulated, bnt.in thie
example only two or three points were determined in order to
get the slope of the 1line. To do thie the following
figure must be ocomputed,

The daily fixod charzes are found from the two
monthly analyses, for liaroh 1921 and December 1920, For
December 1920 the fixed charges less the reserve fund and
interest are $7039 .46 and for March 1921 are §$7980.84. The
average amount for the two months is $76510,15, The fixed
oherges per day is equal to 1/31 of the above amount or
§242 per day. To the fixed charges must be added the
station charges whioh amounts to more than the fixed ocharges.
The station charges are made up of money paid out for
supervision, fuel, oils, waste, labor, supplies, eto,

For this problem we will assume the following figures,

Coal at $6.30 per ton,
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011, waste, and packing at $3.00 per day,
Supplies and lLiscellaneous at $30,00 per day.
Labor, repairs, and miscellaneous at +192,00 per day.

From the above figureiit will be seen that the coal
and labor make up the bigest items of daily expense, The
item for labor will remain conetant within certain limits
of power output, The daily ocosts will vary more or less
in acocordance with the amount of ocoal burned per day;

We will figure out the daily working ooe%s for
several days oconsidering that the ooéts of daily operation

vary with the amount of coal consumed,

April 16, 1921,
Fuel 87,85 tons at $5,30 per ton $465 .-

011, waste, and packing 3 .-
Supplies and liiscellaneous %0.-
Labor, supervision,etec, 192 .-
0."
Less $7 for Srow Tump 7 o=
Station charges for the day 683 .-
Fixed Charges for one day 242,-
Total Cla rges for the day -
KW, Hrs, 47,000
April 27, 1921
Fuel 82,25 tons at {5,230 per ton $436 ,~
011, waste, and packing _ .-
Supplies and lLiscellaneous 30,
Labor, Supervision, etec. 192 .-
Less $7 for Snow Pump 7:-
Station charges for the day 654 ,-
Pixed Charges for one day 242 ,~
Total Charges for the day 896 .-

X,W.Hr, 44,000



Pg.29,
April 23, 1921

Fuel 61,15 tons at £5,30 per ton 5324 .-
011, waste, 2and packing 3.-
Supplies and liiscella neous 30 .=
Lador, supervision, eto. 192 ,-
Less {7 for Snow Pump 7\~
Station charges for the day b42 -
#ixed Charges for one day 242 .-
Total Charges of the day Y84 ,-
K.,W,.,Hrs, 34,000

In plotting the daily load ourve, time is plotted
along the X axis and XK,W, load on the Y axis, The
corresponding K,/ ,Hrs, per day at the various loads is also
plotted on the Y axis, The unit of oost as figured out
above 18 laid out alonz the X axis to the left, Having
plotted the dalily load ocurve, it is transferred to the
fourth quadrant as is shown by the dotted lines on the
blue print., The new ocurve is the cost curve, and from it
the hourly working cost at any hour of the day may be found,
or both the variable and fixed costs per hour, The ocosts
per hour are also plotted on the Y axis, The cost per K, Hr,
ocould aleo be plottdfthere if decired,

The area under the ourve represente cost of operation
and its area 1s equal to the cost of operation for the day
whose load curve is plotted in the first quadrant, The ourve
as plotted represents the load curve for April 15, 1921,

The area under the ocurve was measured as nearly as possible
with a planimeter to check on the accuracy of the work,

Jot knowing how the load curve varies from reading to
reading, it is not to be expeoted that the area will exaotly

represent the cost of operation of the day in question,
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By scaling the curve 1t was found that 1sq, in, of area
equale 315,40, The total area under the curve equals
approximately 59 sq.in, Therefore. the total daily working
cost from the curve i equal to 59x $15.40 or £910,00.
The cost of operation for the day whose curve is plotted
ag figured out before was $925,00. Thie is an error or
1,.62%,

The purpose of the daily coet curve is for finding the
cost of produecing power at different times of the day
when supplying different loads, Thue we will investigate
the ocost of power at two different louds to find difference
in coet per X,V hkr, Euppdg:that we tuke the 1100 K,%W, load
and the 2900 K,w. load, According to the curves, at the
1100 X/, load it coste $26,C0 per hour and at the 29C0
K7, load £53,00 per hour, Then at the 110C K,7, load, in
one hour there are zenerated 1100 K,7 ,Ers,, and at the
2¢00 E.W, load 2900 K.., Hrs, The cost per K,77, Er, at the
1100 K.,7., lo2d is £0,0236 and at the 2¢CO E,W. load £0.01825,
a curve of this kind could be made use of to find suitable
rates to charzge consumers of power when operating at
different loads and taking power at different loads,

In rlotting & daily oost curve, the fixed charges
should be sumed up for a suffiociently longz time so as to
be apportioned more evenly to the days of the year, for in

gome days or weeks more 1s paid out than in others,

" |
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Caloulations To Find Out 4t Vhat Loads Machines Are

Operatinz .t

It was not thought to be worth while to figure out
the loade that the various machines were orerating at, The
following will give the reader an idea of how the machines
are manipulated,

A8 far as poscible & main unit is chosen that will
give the most economical water rate for the load being
ourried, Thie will necescitate either a 2C00iL,7V, machine or
a 10CC K.V, machine or eometimes both as the case may be,

lost generally riore feed pumps are used than are
needed, This is done for the purpoce of keeping the water
hammer in the pipes down to a rinimum, Wwhen only one
feed pump 1s runniry =t its full ocapacity there is conelderable
gtrair on the pipinz due to the intermittent surges of
water, By putting on several pumpe at the eame time the
individpal surges aré made cmaller snd the time in between
ghorter and with less strain on tlLe pumpe,

The condensing equipment runs at a constant speed and
its load derends on thut of the turtine,

The boilers cre ﬁot overloaded ordinarily, Carrying
such a losd on the station as ie shown by the blue prints,
there 1¢ really no need of sny boilers being overloaded.

At one time however,it was sald by the operators, 2CCC Koo
were handled on one 740 h.,p, Sterling boiler,

The coet of their operation per day was not computed,
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I wac disappointed in not being able to prrccure rore
cost data than is given below, OSupt, Bulkely of the
water and Zleotrio Lignt Commiseioners promieed to let we
take the detalled 1list of the appruieal that the Conculting
Zngineering rFirm of woodwell and Resler had conrpiled, The
detailed report did not come back in time to be included,
ine preliminary réport care b.ck from N,Y, and I have

inocluded it in thie report, It 18 not in muoh detail,

Cedar Street Station,----Cost Data

Iteuw Cogt to Fer Cent acorued FPrecent
Reproduce, Good, Lep. Value
_ Jan, 1¢21,
Land wouU,tib 100 —--me-- 93, ERE
Buildings ¥1566,048 S0 $14,806 143,243
Lechanical Tigquip, )
TurbInes and acces., 16,87 o7 §6,766  $211,63€
Boilers w1lC,461 o7 215,657  L10Z,764
Ctaocks w10, 4CU 7 £10 ﬁ14,ssc
Coal & Ash JSystem 60, TES 75 119,892 60,861
Piping lystem L70,471 €3 12,1€1 . 98,290
Bleotriocal Equip, . L
Switokhboards 24,004 98 260 5 23,644
DOxoiters and lLotors (16,13C eC 813 17,317
TUiring and Cabling < 6,300 95 240 46,060
Lignting 732 ce , 1C 713
Q’:IUQEIE '\:I.E:z YE,B.:?BQ

cerap : §1§9 850 86,5 #188 850
\""‘69'-‘62 35 50 €T

Zleotrical Zquipnent includes switchboards, ranele,

exciters and motor generators, regulutors and wiring and ocable,
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List of the iiain Plant Equipment

Boiler Room
1-500 h,p. Cookeon reed Water heater. Cpen t;re,

62400 L,p. wiockes Vertical Water Tube boilers,
.2-740 h,p. Sterling later Tube boilers,
1-Hoppes ¥,W, Heater and V-notoh meter,
6-lurphy Stokere .Cn wickes boilers,

2-Taylor Stokers,.On Sterling boilers,
l-Burnham £team Fump used for mukeup. Reoiproocating type,

)

l=-Burnhaw Steum Fuup used to purp water from Cockson F.v.
Heater to the .-Notoh meter,

1-1 ton weighing larry on track on stoker eettings,

Ellison Draft Gauges on Lurphy Itokere,

l-Reciprocating purp for injeoting boiler compound irto the

feed water system.
5-C boller vater level regulator, S-C Regulator Co.,rostoria, G

Diamond Soot Blowers,

Coal buckets and pulleys for hand operation in ocase coal
handling wachinery breaks down,

Semi-underground flues for the WViokes boilers,

Steel breeching for t£terling boilers,

Geco ash handling eystem m'f'g, by Green Eng, Co,

l-Radial Brick chimney installed by Kellog Eng, Co.(°'x200%.,

l1-Reinforced Concret ohimmmy installed by Kellog Eng. Co.

Sizge 9'x 187-1/2',
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Engine Room Bquipment,
l-Burnham Feed Water Pump, lfg, by Union Steam Fump Co,,

Battle Creek, Lioch, Reociprocating Pump, Size
14 x ¢ x 16 inches,

l-Feed Vuter Pump for boilers, lifg, by the Ameriocan Steam
Pump Co,, Battle Creek, lLiloh, Size 16 x 10 x 20 in,
Reciprocating pump,

1-Knowles Boiler Feed Water Pump, In basement used &8 & spare.
No size given on pump.

1-Boiler Feed Water Pump, Lfg, by the am, Well Wke.,iurora,Ill,
Type 124 D=Ko,273-60 h,p,~3600 r,p.m, Pump direot
connect to Ameriocan-Kerr Turbine.-Type BFTD-8ize 4-
Shop Ko, 26303« r.p.m, 3600,

1-Deep Well Pump-MNfg, by Am, Well Wks,,aurora,Ill, 12" size,
Diroét connected to 60 h.p. 3¢ 1ndnotioh motoi—Speed
Full load 1160=Type KT-6«50=1200-Formi ,~Cyocles 60~
2200 V=12 Amp=-60 h,p., continuous 40°C- 25% overload 2
kre-56° C-General Eleotrio Co.

1-Holly Water Pump(not used)

l-Alberger Pump and Gondemser Co's, 12"~-2 stage volute pump
used for emergency purposes, Direot conneoted to
induction motor-Type Pl=6-200-1200-Form C-Cycles 60-
3 $-200 h,p,=2800 V=46,6 Amp-Speed no load 1200-full
load 1175- Ft.Wayne, Lotor,

l-Worthington Horiszontal Pumping Engine of the Compound Type.
Size H,P 20"=L,P, 44"-Water 19"=Stroke 36", '
10,000,000 gallone- 41,000,000 ft,lbs, duty.
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1-Exoiter-Mfzg, by Westinghouse Electrioc and Mfg, Co,
'D,C, Generator-25 x.w;-las V=200 Ampe=~375 r.p.m.~
Direot connected to Westinghouse Std, Engine of
Vertical Type 6 1/2" x 8",
l-Exociter-Mfg, by Allie Chalmers Co,,ililwaukee, Wis .~
Lotor driven-Volts no load 120-Full load 120-
R.p.m, 850-Motor-H,P, 60-Volts 1200=-Aumps 14,8«
3§-60 oyocles-850 r.ﬁ.m.
1-Allis-Chalmere Turbo driven exciter-Generator-Volts no load
120-Volte full loed 120-amps 416-2400 T .p.m.- |
Turbine-No, TIN-1l3- Normal K,WW, 50-Speed 2400,
I-iotor Generator Set:- )
Liotor-100 K,W,-Form PB=Type ATl-8-amps 25-Volts 2300-
Cyocles 60-H,P, 125-Speed 900-P.F, l-General Eleot,
Generator=D,0 ,~Type LPL 1-6-25«32b6=-Form 2«F«K, W, 75~
amps 1l2b6-Speed 900-Volts Ko Load 600-}ull Load 600-G.E,
Generator-D,C ,~Type LPL 1-6-26-326-Form 2-F=K ., 75~
Amps 600--Speed 900-Volts no load 125-Full Load 125-G.E,
3-Alberger Dry Vaouum Pumps<Reoiprocating Type-Steam Cyl,
8" d41is,-Vaocuum oyl, 20" dia,-Stroke 12",
l-lain Unit:=
Turbine-Curtis-General Eleoct, Go.-K.W, 200C-Speed 1E€00=-
Form G-Steam Proaa.150#/1n2.-COndenaing-P.F. 0.8.
Alternator-Type ATB-4-2500N-1800-Form HT-K.W,2000-
Volts 2300-Ampes 628-Speed 1800-G.E.Co.

1-lain Unit:-
Turbine-Allis-Chalmers Co, Parsons Type-K.,W, 1000~

1800 r .p .m.
Generator-Volts 2300-Amps 251-3@-Freq.60-1800 r.p.m,
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1-kain Unit:i:-
Turbine-illis-Chalmers Co.-Parsone Type-lo ,462-Kax

K.W. 2000“0.8 P.F."leoo r.p.m.
Generator-Volte 2300-Amps 628 Max-3@-Freq 60-Speed 1800,

2-Condensing Unite oconsisting of:-
Alberger Condenzer-6000 sq.ft, of condensing surface,
Alberger-Curtis Turbine 75 h,p.
Volute oiroulating pump, 3"
Volute condencate pump, 14"

l-Condensing Unit oconsisting of:=
Alberger Conéenser-3000 sq.ft, of oondensing surface,

Alberger-Curtie Turbine 50 h,.p,
Volute oirounlating pump. 14"

Volute oondensate pump, 2 1/2"
The condensing equirment and the EKnowles feed pump

mentioned above are in the basement, The following equipment
is aleo in the basement,
l-Ingeredll-Rand Air Compressor far ocompreseing air used
in oleaning machinery-4 1/2"x 5" oylinder belt
conneoted to & 5 h.p. 3¢ inauotion motor-Volts 440-
Amps 7,1-)Mfg, by Western Eleot Co,
1-Blow Off Tank used for blowing off the boilers-2 1/2'x 12°',
l-Forced Blower Equipmept:-
Fan 30"-Ameriocsn Blower Co,.-Plate Fan Wheel-
Motor-$440 Volte-60 Ampe-3@-60 oycles-50 h,p.-Type KT-
336-6-50-1200-Form B-50°C-Speed full loed 1155.

l-Forced Draft Blowing Equipment;-
Fan-1o0,7 Sirococo-Ameriocsn Blower Co, Detroit, Mich,
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Steam Engine-5"x 8" ,American Blower Go,
2-12 h,p, motors-91 Amps-llo volts-940 r;p;m. to 100 r.p.m,
ad justable speed,
Coal Handling Maohinery

Coal Handling Equipment installed by the Guarantee Construotion
Company of Chicago., Ko name plate on the Coal Crusher,
The elevator is made by Stephens-Adamson Co, and has
a oapaocity of 30 tone per hour, The coal orusher has
a oapacity of 36 toms per hour, By suitable gearing the
reclaiming oconveyor may be thrown in or out of
operation, The coal orusher, feeder, and the reclaiming
oonveyor are run by a motor of the following ocapacity:
Motor-fype 1-6-15 i-16-Form K-Ampe 19-Volts 4do-Speed
no load 1200-Full load 1145. The Stephens-Adamson Co'e,
plant is loocated at Aurora, Ill, The elevator and the
distributing conveyor are operated by one motor. The
distributing conveyor is also manufactured by the
Stephens-Adamson Co, The motor is of the following
gize:~
Motor-16 h,p.-3¢~Induction motor-Type KT-440 Voltse-
26 Amps-Speed 866 r.p.m.~-Western Rleotrie.

1-Capstan along the railroad tracks for pulling the coal oars
over the coal hopper,

The ash handling maohinery consists of the receiving tank
and blowing machinery. The fan is of the centrifugal
type and operated by a motor of the following size:=-
50 h,p.~3600 r.,p.m.~440 volts-3¢ induction motor,

Eleotrical Equipment
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Eleotrical Equipment

The eleotrical equipment is manufactured by several

different oconocerns, and no attempt was mede to get a list of
equipment®in any great detail, The equipment congists
primarily of 10 power switchboards and 17 used for the
lighting cirouits. The switchboards are of marble, There are

7 oconetant current transformers,

Some of the bigzer electrical urits have been
described in detall in the precediry pages, and to decsoribe
the suall purts of the switohboard would take ur more
gpaco than 1s allov-ble; co it will Te negxlectel Lere,

The meters on the ewitchboarde are moetly of the
Westirguouse ranufacture vwhile tue twitcher(knife) are
nearly all of the Cutler-Lawrer nwuke, Tihac 01l switohee are
0f General iZlectric manufucture, The traneforcore are
made by geverul ooncerns inoluding tie larze and « few
of the smull concerms,

The electriocal equiprent wae irctulled by the

D,Baily Zngineeriryg Co, of Toledo, Chio,

wiscellaneosus Tiguijuient

l-Foxboro Recordirgz Flue Gds Thermcmeter 0-600°%F,
Lanufactured at Foxboro, lass,
loet of the pressure und vuouum guges zre manufactured by

ti.e a.lberger Co.

1-FBorthern 15 ton orane,
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Conglusion

In oconoluding this report the following things might be
wall worth ocon sidering, In starting on this report, the
1dea was for the writer to obtain a better understanding of
power stations and their operation by going to one and
observing what took place; also to get some data from a
plant aotually working, in order to find out some of the
ocharaoteristioce of operation, As far as cost data was
concerned, not much was obtained, This doe8 not mean much
anyway on account of the unsettled business conditions and
rapid fluoctumtions in prioces,

It would prodadly not be amiss to give the writers
opinion on some of the good and bad features of the plant,
and in the succeeding parsgraph he will endeavor to point
out a few of the good features of the plamt,

The plant is very ocompactly arranged and does not
take up much space for the amount of power generated, It
would probably be better if the plant had dbeen laid out on
more generous principles. Most of the main genaratingftie
easily accessible and well arranged, As far as the coal
handling equipment is concerned, it takes up little space
and appears to be effiolent. Some ohanges could probably
have been made in it when installed for the better, but they
will not be taken up here. The plant is near a good water supply
which is nesarly always necessary. The feed water piping
i8 in dupliocate in most cases 80 a8 to prevent -a shutdown
on acoount of the water supply dreaking down, The basémont

of the plant is kept in good order and it contains lookers
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for the workmens' olothing., Operating conditions are
good,which boingroondncive to (oonduoiva) & well satisfied
men causes little dissatisfaction among them, In opposition
to the good features some of the bad features are
mentioned in the next paragraph,

One of the very noticeable bad features of the plant
seems to be that too many men are needed for handling ashes;
the cause of;this lies in the way that the setting of the
Xurphy stokerc are arranged, whioch makee it hard for the
ashes to be hoed into the ash oconveyor, It would be better
if the MNurphy stokers were arranged as the Taylor stokers in
which oase the ashes fall down on to the basement floor,
Another bad feature is the position of the Hoppes F.,W, Heater
which ie because it is hung from the boiler room roof
trusses, a place where it is very hot and orowded. Due to
the above mentioned facte it is hard to repair anything
around it when it bresks down, Laock of steam and water flow
metere are noticeable, It wonld bde very much more easy to
£ind out how the plant was running if more flow metere were
installed and also some more electriocal measuring instruments,
It would be better for the plant as a whole if it were lail
out on more generous principles, As it is now the piping
suffere from lack of suffiocient room, Due to the many
changes in the plant from time to time, to say the least,
the pipes have been put in any way to get them in, They are a
terrible mess, Another bad feature is the low power factor
of the station, Some of the consumers have a P,F, 88 low as

50f. The Reo factory in the morning hae a P.F. of from 5o0-60%.
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This low P;F;-mnkne iteelf known in the heating effeotso onm |
the station epparatus., The consumers should have some
way to raise the power factor; a synbhronoua motor will do
it and also permit power to be taken from it,

The writer feels that Le has received corsiderable
benefit frop the work by being around a large power station,
He had never been around a power station of this size
before and this gave him an opportunity to find out Just
what there is to a power station and how it is arranged,

The writer oraves the readers indulgence for any
typographiocsl errors that may be found, The typewriting
was done by the writer himself, and thruout the work may
be found several mistakes where & word has been put in or
left out, but it also must be remembered that even the
better grades of books often ojontain typographical errors
in their first editioms,
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