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FOREVORD
by
IR. Jo. M. CALDPZELL
Superintendent of Power
Michig=n Stote College
Lr. Fred Woolm=n h=s been employed by the Department

of Buildings =snd Utilities of llichigan St-te College since
M~rch 1948, with the title of Assistant Mechenical IEngineer
and with duties in the colleg= poweroplant pimed »t a system
of improved mrinten~nce »nd operation of the pl=ant ecuipment.
It is considered th~t Fred hos given a good account of him-
self in this cecp~city and should, therefore, hrve a brsis for
contributing to the over 21l knowledge on the problems of
Power Plzant lM~inten~nce and Operation by merns of this thesis.,

J. M. C.
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South Coampus Firing Alley
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INTRODUCTION

As steam generating plants become larger =nd ihe mo-
chinery is more complic-ted, the need for better trained
supervision and plant persornel is warranted. The ultimote
objective is low cost, efficient and continuous services,
producing steam below the cost of purchesed ste~m or other
suitable power,

With the competition between low cost steem of eentrsl
steam genersting plents and the production of own sterm gen-
eration being very gre=t, the smrll plesnt must be run es
cheapli and efficiently 28 possitle,

The most suitable location of 2 plant is chosen. The
erchitect 2nd eonsulting engineer design, build and plboe
the machinery end tools with which the plant engineer has to
work. From here it is his job to see that operating costs,
plent efficiency, and reliebility ore obtained.

It is hoped that this thesis will act a8 » guide to the
supervisors of smerll steam plants to incrense plant relisbil-
ity, efficiency 2nd reduce over =211 cost of ste~m generrtion

to below th~t of purchased ste~m.
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Prrt I
THE PLANT

The steam generating plent used for this study is the
new south cempus plant at Michigan St~te College. This
building is loc2ted or the south c~mpus of the college 2
few hundred fe-t southeas£ of M~cklin Stadium snc Just
north of Sh~w L~ne. See m2p, Fig. 2, p~ge 7.

Excavetion’for triis plent begen or October 10, 1946
end initi»1l oper~tion took~p19ce December 8, 1947.

After spproxim-tely on ye=r's oper~tion (Mrrch 1949),
this study to determine the best oper=tion 2nc¢ mrintenance
procedure w=s begun, It covers the period from Mrrch 1949
through September 12950,

To produce stenm in sufficient quentities, 2né so to be
relisble, efficient, and ecoromicnl 2t 211 times =2s to w-r-
rent contiruous oper2tion is the plnt objective.

REASONS FOR }EW SOUTH CALPUS PLANT1

Immediztely after the w~r in 1946 when college erroll=-
ment hed greatly incresrsed, existing college facilities had
to be increased. Thus, to keep up with this incresse in de-
m~nd, (see Fig. 3, prge 8), it beceme apparent that either
larger ste~m gener2tors must be insteslled in the existing plent
or 2 new steam gener~ting plant must be built including steam
trensmission line to the existing turbine room #nd sterm dis-

l, Inform~rtion w=s obtained ir or interview with

Mr. E. F. Kinney, Superirterdent of Building =nd Utilities,
Michig-n St-te College.
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tribution center. Also, on 2ccount of costs it w=2s out of
the question to re-locate the turbire room with its sterm
end electrical distribution center.

Since the existing building would have to be enlarged
or rebuilt, because of the difficulty of interrupting service
while the rew boilers were beirg installed, snd due to public
sentiment s2gainst the storage »2nd burnirg of co2l in grerter
oauantities in a centr»l part of the compus, the latter plan
was followed.

The cuestion of how f~r 2vey 2rd where the plert wrs to
be built wos settled in two ways. That is, it had to be ne~r
the existing rrilrosd spur e2nd the distance h2d to be within
economical limit of steam transmission. Thus, the present
site wes chosen, m~king the steam trsnsmissien line 1500
feet lorge.

As 92 2000 kilowett turbire generstor wrs irstzlled in
the existirg plent in 1941, with 2n operating pressure of 200
psi, it wes decided to irstall 300 psi boilers. Two of these
boilers, esrch producing 110,000 pounds per hour, were instol=-
led. A third b2y for 2n additional boiler’was left for future
expansion,

PIANT STRUCTURE

The design of the building is such es to fit ir with the
srchitectural psttern of existing buildings on the crmpus.
That is, it is constructed of red brick with prec~st concrete
trim.The roof hes o pitch of 45 degrees ard is constructed
with precast concrete slabs which are covered with grey =s-

bestos shingles. Also, the stmcks (ore for e=ch boiler) pro-






10
trude ~bove the pe~k 2bout 18 inches to give = conventionsal
chimney effect.

Over 211 building dimensions sre 127 feet 7 inches by
61 feet 10 inches, and 77 feet 7 inches =2bove grsde line.
The interior consists of three boiler b2ys, =2n electricel and
feed weter pump boy, & weter testing leboratory, mrinten=nce
room, 2rna office,

Iaterior color scheme used in this building is 2s fol-

lows:

Gretings, St=irs, Pipe Rnilings_ Pewter Groy
Boilers, Pumps, Fans ~ Vista Green

Co2l Conveying Eqguipment

Ash Conveying Zquipment sl T

Air Ducts S 1 Laurel Green
Steam and Water Piping

Doors and Frames

!
Ceilings L R | Cascade Blue

Control Boards except Suntone
Dark Green Bose

Concrete Bases for = Dismond Yellow
Motors, B=2ses and ¥ons

Velve Wheels 2nd Focal Ked
Important Spotting

Structurzl Steel EiA?t “;h] Power House Buff
Floors Blue Gray
Alley-wnys Tile Red
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PLANT DISCUSEIOXN

With 211 facilities for ste~m distribution, th-t is,
bleeder turbines, distribution piping, condensate collection,
end weter softening eguipment =21lready insteslled, it wes con-
sidered more economic2l to continue to enlarge these facili-
ties 23 necess2ry rother than move to or instesll compesr=ble
new devices in the south c2mpus plant. Therefore, it is felt
necesscry to discuss the steam-water cycle,

Steam ot 300 psi and 550°F. is transmitted through two
lines (on 8 2nd a 12 inch) of "Ric-Wil" underground piping
1500 feet long to two 3000 kw. turbines in the turbine room
in the north cempus plant.

These turbines have extractions =2t 100 psi =2nd 5 psi.
Also, steam m2y be reduced from 300 to 150 psi and desuper-
heated through a2 reducing st~tion when the steam lo-d is s-
bove copecity of the turbine extraction. However, this method
is only used in emergencies or 2s stated above.

The 100 psi extraction is used for process ste~m 2nd
long dist=ance heating, while 5 psi extrecction is used for
central campus heating.

All returning condens~te from the he~ting returns is col-
lected in two condensate storage tanrks ond pumped to fhe
deser=2tirg he~ter. Also, if ‘the turbines =are opernted entire-
ly condensing, this condens~te is pumped directly to the de-
aer2ting he-ter.

Here, also, the feed w=2ter mrke-up is =2dded. The mrke=-up
is » blended sodium, hydrogen zeolite softened woter, consis-

ting of about 20% sodium to 80% hydrogen. In norm=l operation



12
the mrke-up runs 2bout 15 to 20%.
From the de~erating hester the wnter is pumped to the
south cempus plant storage t=nk,
At this point, in c~se of failure to receive feedwoter,
a r2w v-ter connection is mrint~ined. However, this line is
kept completely closed °nd is used in emergencies only.
PUBLICITY
It is felt th~t becouse the pl=ant is owned and operated
by st~te funds th~t 2 sm~1ll publicity pamphlet‘describing the
plant should be used 2nd distributed to all visitors. One of
these psmphlets is shown in Fig. 4, prcge 13.
PIANT PERSOLIEL
The plent personnel consists of 2 full time saleried 2nd
14 full time hourly employees. Also, from 4 to 6 part time
help (students) averaging about 10 hours per week 2re employed.
This is broken down as follows:
Plant Engineer
Asst. Plant Engineer
Laboratory Technician (1)
Utility men (2)
Electricisn (1)
Crzne Operator (1)
Cosl Handling (1)
Custodian (1)
Firemen (4)
Asst. Firemen (4)
Painters, part time (2)
Utility Helper, part time (1)
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M.S.C. SOUTH CAMPUS POWER PLANT

CONSTRUCTED 1948

Michigan State College

-

Welcome to Michigan State’s new power plant. We, the power plant personnel hope
visit is a pleasant one and that you will be as proud of our plant as we are.

S’TEAM GENERATING PLANT To help you on your tour of our power plant and to give you reference material for fuiure

use, this short discussion of our plant has been written.

South Campus Let us examine the reasons for the power plant expansion just completed. The necessi-

ties included a steam pressure of 100 p.s.i. (pounds of steam per square inch) for Soul
Campus heating and other processes, such as heat for dormitory ovens, dairy and other
college equipment requiring steam.

~

The North Campus power plant was already producing 150 p.s.i. which furnished a design
pressure for two 500 kilowatt generators, also 150 p.s.i. providing a design pressure of 250
for a third 3,000 kilowatt generator with a single extraction of 15 p.s.i. used in heating. Due
to the increased number of buildings on campus a demand for 6,000 kilowatts was expected.
To meet such a demand a fourth generator was installed with a capacity to produce 3,000
kilowatts. This generator, because of its double extraction of 100 p.s.i. and 15 p.s.i., fur-
nished the 100 p.s.i. used for South Campus heating and other processes. Two of the more

important ones are mentioned above.

The decision to replace the old boilers with two new ones was made because the three
boilers then in service were near retiring age. The two new boilers each producing 350 p.s.i.
cculd be used to furnish pressure at 300 p.s.i. for byproduct electric power.

Our plant consists of two 1420-horse power, Wickes bent tube boilers; three drums, and
other equipment producing 110,000 pounds of steam per hour at a temperature of 550 de-
grees F. at 315 p.s.i. steam pressure.

Each boiler, when operating at 110,000 pounds of steam per hour, burns coal at the rate
of five to six tons per hour, depending upon the grade of coal used.

Listed below are a few facts and figures that may be of interest:

Boiler gross efficiency at 110,000 Ibs. of steam per hour ... ... .. ............ 84.5%
Pounds of coal burned per hour at 110,000 Ibs. steam per hour .. . . 11,970 Ibs.
BoHerheatingBsurfaCer s erin tn & S o i ag s s AR B o She Sk L RPOW e et o SN 12,581 sq. ft.
Stokergqrateraredy- P r . N - s R R e S R 234.4 sq. ft.

We sincerely hope you have enjoyed your visit through our plant and that some day you
may visit us again.

Department of Buildings and Utilities

We thank you very much,
MICHIGAN STATE COLLEGE

East Lansin
& 0-510 Power Plant Personnel.
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Asst. Custodisn, part time (2)

Co2l Handling, part time (1)

North Campus Power Plant. Note the South Campus Power

Plant in the background.
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PLANT EQUIPMENT
Two boilers Wickes Boiler Co.
300 psi
110,000 1lb, per hr. 2t 5500F.,
12,521 sq. ft. heating surface
2144 sq. ft. witer wall heating surf~ce
Two -air henters, tubulesr type Wickes Boiler Co.
7200 sg. ft. heating surface
Two superhe~ters, b=re tube return bend Foster Wheeler Corp
Soot blowers Di~mond Power Specislty Corp

Co21l conveyors Sfephens Adesmson lifg. Co.

Stock Engineering Co.

Co=1l spouts 2and comrl sc~les Stock Engineering Co.
Ash removal system United Conveyor Co.
Dust collector, mech~:icel Western Preéipitation Co.
Continuous blpwdown system Permutit Co.

Blowdown ve2lves, OS =2nd Y; s~fety velves; non-return valves
Edward Valves Inc,

Consolid~ted Valve Corp.

Water gages Y2rn=21ll=-Waring Co.

Briley Meter Co.

Water columns Reliance Gauge Column Co.
Combustion control Bailey Meter Co.
Flowmeters Beiley Meter Co.

Hays Corp.
Stokers, spreacder type Detroit Stoker Co.

4 feeders, motor driven
Stoker drive, PIV Link-Belt Co.

Cinder-reinjection system Detroit Stoker Co.
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Forced=-draft f=r, domper control Clor=ge F=n Co.
F-D f~n motor, 2 speed 75/27 H.P. Gener=1 Electric Co.
Irduced-dr=ft fan, v2ne control Clar=ge F~n Co.
I-D fen motor, 2 speed 200/59 H,P. Gener=1l Electric Co.
Air compressor, Air King Worthington
Air compressor R X 7 Gardner Denver

Boiler feed pump

2,117 gpm motor drive De Lzval Ste~m Turbine Co.
Boiler feed pump motors (4) Geners1l Electric Co.
Boiler feed pump, du=l drive 2%4 gpm (1)
Boiler feed turbine (1) De Lev2l Ste~m Turbine Co.
Boiler feed pump, motor drive 224 gpm
Undergrourd piping : Kic=Wil Co.
General piping and fittings Tube Turns Co. Inc,

Midwest Piping ond Supply Co.

Pipe Covering Union Asbestos 21nd Rubber Co.
Switch geer 2nd switch bo=rd Gener=2l Electric Co.
Chemic21l feed pump Hills McCanna Co.
Chemicrl injection system Hegan Corp.
Water consultants Hall Loboratories

Consulting Engineer Claud R. Erickson
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Part Il
PLANT OPERATION

A plent is known by how it operates; that is, if it is
» "getting-by plant® or a progressive plant.

Most m2chinery will run without much c2re, but such op-
erating proctices will be accomprnied with low efficiencies,
low relirbilities, a2and 2 large overheasd. To engineer s plant
requires trained personrel, correct operation procedures,
keeping of records, checking of efficiencies, and continual
effort to improve operation.

Objective: To operate the plant in an engineering manner thus
ot design efficiencies and 28 economically =s possible, to
meet 211 lo2d demands and continue operestion for long periods
without forced outages., To improve operating conditions, al-
ways be on the a2lert for the unusual,

OPERATING PERSOINEL

It is the personnel which makes a plant. If the person-
nel are treired, relisble, and sre proud of the plant in
whieh they work, a large net saving will result.2 Thus, boil-
er efficiency will increase, maintenance will decresse, and
foreed out-oges will be negligible.

Persornel Problems

This is a hard subject with which to deal, but is probv-
ably the most importent if the plent is to operate in sn effi-
cient menner.

2. Dovid Moffet Myers, Reducing Industrial Power Cost,
Yew York, McGraw-Hill Book Compeny, Irc., 1936, page 1l4.






MICHIGAN STATE COLLEGE POWER PLANT
PLAIT OPERATIONX DATA FOR TWO YEARS

Fig. 5

EMDING WITH THE 1949-1950 FISCAL YEAR

Aver~ge Temperature

Coolirg Water Temp. Range

Coal Consumed

Gross Steam Generested
1 Boiler Genernted
2 Boiler Generated

#5 Boiler Genersted

#6 Boiler Generated

#7 Boiler Generated

System Steam Perk

#1 Beiler Peak

#2 Boiler Peak

#5 Boiler Peck

#6 Boller Pesk

#1 Boiler Pesk

Gross Electrical Gen.,
#1 Turbine Gen.

#2 Turbine Gen.

#3 Turbine Gen.

#4 Turbine Gen,

System Electrical Pecsk
Total Electrical Used

% Increzse Over Previous Yr,

Electricity Bought
Electricity Sold

Boiler Room Cu. Ft./kw
Turbine Room Cu. Ft./kw
Office Space Cu. Ft./kw

Coal Storege Tons/kw

49-50
46. 305‘.

330-590F,

53,283 Tons

985,317,182
797,466,925
%24, 460,000
99,411,474
163,978,783
0

219,000
122,000
112,000
49,000
85,000

0

30,542,500
175, 500
799,000

13,609,000

15,959,000

6,800

27,669, 500

276,000
2,249,000
125

20.3

.985

3.57

lbvs,

lbs,

kw

kw

12.5%

kw

48-49
49°F.
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49,879 Tons

900,495,111
259, 376, 937
297,206,375
20, 285,160
118,541,603
5,085,036
195,000
115,000
122,000
37,000
61,000
50,000

27,624,100
279, 300
1,115,800
15,103,000
11,126,000
6,300
24,461, 000

1lbs,

lbs.

kw

kw

14.3%

709,000
2,872,000

125
20.3
« 985

3457

kw
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Following are several steps theat should be in practice
in any power plant and which make for good labor relations:3
1. A supervision that is honest, understanding, and
gives credit where credit is due.
2. Plent policies must be followed to the letter (no
favorisms),
3. Telk with persorrel about coming changes. Allow
him to feel and be part of the orgenization.
4, Encourcge a2 man to thirk, Listen to his ides=ss for
they mry be of great vzlue,
5. Yever be too busy to listen to 3 mern. Always find
2rd give him the most correct answers regmrdless of
how long it tokes.
6., Woges must be ir lire with other industries in the
area,
Treining Programs
The job canrot be made to fit the men. Therefore, the
mr,n must be trained to fit the job. Thus, trasining is an ead-
less process.
| Followirg ~re some methods that may be used in trzining
personnel: 4
l. Orgerized study courses.
2. A plant livrary.
-----3. YTorm~n J. Powell, "A Value System in Personnel Admin-
istration®, Personnel Administration, Vol.7, (May 1945),
page 14.
4, Alfred M. Cooper, Employee Treining, New Yerk, McGraw=-

Hill Compsny, Inc., 1942, pages 97-98.
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3, On the job training.
4, Ercouraging men to belong to natioinal orgsaiza-
tions,
5. Questior=-Answer sheets.,

Organized Study Courses

At the present time two meetings per month are held on
a voluntary basis, to discuss and answer all questions per-
taining te plant operation, such ss plant easualties, ge-
suring equipment, piping systems, and the theory of combustion,

It is the suthor's opinion thet much would be gained by
heving these meetings compulsory. Pay should be given the men
for attending and examinations given fer qualifications ef
the verious jots. Thus, it is hoped ir the nesr future thst
e. set rate mry be given te each man whe attends.

A Plant Library

A beokesse hes been provided on the operatirg fleor in
which to keep technical literature. It conteins a ecopy eof =2ll
maehine instruetion boeks, power end steem genersting mega-
zires, and various power hand books 2nd bulletirs.

On the Jeb Training

Various on the job training programs sre underwsy. A few
sre e8 follows:
l, Interchangirg firemen between plents.
2. Requirement that an assistant firemen learn the
besic firing prirciples within a given length of time
and qualify for firing within another certain date.
3. A man must fire for at least 6 months before becom-

irg 2 repairmean. This is very essentiel because meny
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repair jots cdepend upon the knowledge of operation
preocedures.

4, Farming out men to v2rious other departments dur-
ing slack times to le~rrn pipe fitting,fﬁelding, pipe
coverirg, ete..

Encouregirg Men to Belong to Nationsl Orgsnizations

In the near future Lansing will have a chapter of the
National Association of Power Ergineers, Our men will be great-
ly eneoursged to join this orgenization.

Question-Arnswer Sheets

Various question-snswer sheets are ecut out of mag=zines
end posted on the bulletin board. Also, a question box is pro-
vided and o2t regular intervals a questior-answer sheet is made
up eof these cuestions 2nd posted on the bulletin bo=rd.

Labor Relations

The orly prevailing problem is an excessive amount of
labor turn over., This is a very serious problem sand should be
given careful inspection.

Following are the various rersons and remedies for ex-
cessive turn over:

l. Low Wages.
2 Advancements‘and Trarsfers,
3. Leaths and Retirements.,

Low Vages ( 20% per ye~r)

Low wages 2re the most common re=son for labor turn over.
This is the most expensive because it is the most progressive
and most conscientious employees that leave for this reason.

Consequentially, wages should correspond with wages in other
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industries in th=at =rea.

Advancements 2nd Transfers ( 14% peryear)

It is 2 heeslthy plert that can offer advancement and
trensfers. They should be e couraged for 2 happy man is e
feithful employee. Trairing progrems asare s must to héfe train-
ed men to fill vacancies.

Deaths 2nd Retirements ( 7% per yesr)

Although this is the sm2rllest of the group, it m-y be
more costly becouse these ~re the mern thot hnve.been with the
plant for sometime. As st2ted 2bove, a plant must carry = full
ecasle training program to fulfill these vacencies,

OPERATION PROCEDURES

Orgenization calls for some method of procedures of con-
fusion and weste is to be 2 minimum, These procedures should
be 28 simple 2s possible, yet h~avirg verious degrees of flex-
ibility which depends upon each particular phase of operetion.
Thet is, you mry write a2 guide for oper=tior yet you cannot
always give orders on how to h ndle each specific operation.

Oper2tion Mrnuald

The eperation manu=21l is a reference book without which
no well organized plant can do. It should be so constructed
ths.t new meterial, changes in procedures, 2nd obsolete mater=-
ial mry e=sily be removed or sdded. An obsolete msnusl is of
ne velue and just mrkes for confusion.
Following is 2 construction guide in prepsring the mrnuels
l. Be written a2t the lowest employees leve}.

5, Personnel interview with Mr. Merle Newkirk, Power

Division, The Dow Chemical Company, Midland, Michigen.



Fig. 6

Boiler Control Panel
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2. Contein as much desceriptive meterial, illustra-
tions, 2nd defiritions s8 is necessary to make good
comprehension of text.
2, Contain 211 plant policies, such 2s duties, care
of equipment, genersl operation instructions, etc..
4, Explain 28 completely 28 possible what to do in ex-
treme emergencies, such 28 low w=ter, loss of fire,
loss of boiler tubes, etc..

Lighting Off 2nd Securing

Eech firemon should be able to light off and secure all
equipment in his charge. Consequentially, a2 definite proce-
dure, which hes been found most satiéfactory, should be in-
cluded in the operation mernuasl and followed by =211l personnel.

As improper lighting off end securing m~y decre=se the
life of the equipment, proper explesnations and training should
be ineluded in the plant trzining program.

Care of Ecuipment

The life of the equipment depends greatly upon the cere
thot it hes while it is in service. Most equipment out=zges msy
be traced b2ck to faulty operation=zl care either through care-
lessness, lack of experienced oper~tors, or both. Therefore,
both training programs s2nd opertion menusls =2re necess=ry.

They should cont~in procedures for regular checking of
equipment, greasing and oiling chrrts, snd the resdiness of
211 stendby eguipment,

Operstionsl Controls6

6. Oliver Lyle, The Efficient Use of Sterm, London, His
[ ]

Mrjestys' Stationery Office, 1947, prges 763-764.
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For proper plant oper-tion 211 operrting personsel must

underst~nd the controls th~t they oper=zte. This should in-
clude » fund~ment~1l knowledge of combustion, mechoaics of
controls, »nd proper c2re of the same,

If the plant objective is to be merintained, the manu=l
must go into gremt det2il 2nd irclude illustr=tions to cover
this mrteri~l, Also, tr=iring progresms should be included if
veste is to be 2 minimum,

Stndby Ecuipment

A defirite procedure must be mrinteined for standby e-
cuipment. As this ecuipment m~y be needed on inst=nt notice.
This procedure should include o0iling, turning mechinery over,
checking of 2linement of velves, »nd the working of rutomeotic
equipment if provided. .

Running Proper Ecuipment

Where two sizes of equipment =re provided, definite pro-
cedures should be set up on the use of this ecuipment. The
resulting s~vings of rﬁnning proper size equirment is weor-
rented.” In addition, ccre should be used in running other
unnecess2ry equipment, such »s corl elevators, pumps, under-
bunker conveyors, ete..

Loading of Boilers

Procedures should be set up for the correct losdings of
boilers., This should cont2in such informertion 28 bsnking boil-

7. Robert H., Fern=1ld 2nd George A. Orrok, Engineering of

Power Plants, iew York, McGraw-Hill Book Company, Inc., 1927,

prge *47%,
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ers, excessive lo2ds, »nd p~rtisl out~ges.

Agrin it is the oper=2tion m2nu~l 2nd treiring progrems
vhich should completely cover this subject if the ultim-te
objective is to be mrintsined.

Running Log

Some form of 2 running log should be kept on the opera-
ting desk., This book is to be used for desy by day instructions,
notices of faulty ecuipment, oper=tionel needs, logging of e=-
auipment outeges, etc..

This log should be complete »nd signed by the proper men
of every shift., After the books ~re completed, they should be
stored in the oper~ting desk, where they may be referred to by
211l persorrel,

Alterrn~ting Ecuipment

Records should be kept on the running time of 211 equip-
ment. From these records runring time on duplic=mte mechinery
should be equclized #s much s possible, The recssons for this
eare 28 follows:

l. To get m>ximum use of origirnesl investment.
2. To keep 211 mrchinery in good reprir.

Oper=tion~l S~fety

To protect both men »nd ecuipment, when the lrtter is be-
ing repsired, definite s=fety procedures should be followved.
These should cort~in proper methods of t=ging, throwing of
switches, ~rd loggirg of equipment out of service. The proce-
dures should be compulsory for 211 persorrel snd disciplin-ry
action should be worr=nted in c2se of f=ilure to follow safety'

rules.



This tag to be placed on equipment in defective condition
awaiting repairs. Return this card to Power Superintendent's

Office when equipment is repaired and card properly filled out.

Date

DEFECTIVE
- APPARATUS TAG

Date of Failure
Date Back in Service
Repaired by

Station
Rating
Defect
Remarks

R-271

7

Fig.
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Fig. 8
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Fig. 9
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Folloving »re ex~mrles of t~gs =rd tngingB rules used
in this pl-nt:

S~fety rules °re =n ~ttempt by the m~rnogement to
control uns-fe practices. This is not » sole tu.uction
by the mrnegement ard 211 men »re reguested =nd encour=
aged to m~ke suggestions for new or modiried safetly
rules,

The violation of s~fety rules is » serious oftense
and will result in loay=-off or dismisssl, M=any rules are
m~de to be broken intelligently. Not so with safety
rules-it is seldom intelligent to brerk s~-fety rules.

TAGGI>G RULES

1, Three types of s~fety t»gs =sre provided for gener-
21l use. They ~re the yellow "defective apperatus" tog
(Fig. 7, p=ge 27), the green "werning" t-g (Fig. 8,
prge 28), »nd the red "E" or "T" tog (Fig. 9, p=ge 29).
The yellow t~g is filled out =nd pl=aced on =ny piece
of spprr=tus vhich is out of orcder or vhich does not
function properly. It m~y be either in or out of ser-
vice. The green w~rning tog is filled out =2nd pl=aced
on 2ny spparatus which reduires special precsutions in
oper~rtion or h~ndling in order to protect uiue équip-
ment from d~m~ge. The red "E® or "T" t=gs -~re filled
out ~nd pleced wherever oper2tion would end=nger the
workmen, The "T" or Tronsmission line togs =re ﬁsed on
-----8. The t-gs #nd togging rules informotion wes received from

¥r., Willi~m Butler, Chief Fower Fl=nt Engineer, Dov Chemicnl

Co., Ludington, lichigen.
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the switchbosrd only. The "E" or Ecuipment t=gs =re
used on 211 other equipment.

2. No red t~g is ever to be removed or the ecuipment
oper2ted which is under the protection of 2 red teg
without ~uthorized permission from the person so des-
ignated on the t-g.
2. Mo vmnlve or switch is ever to be operated with 2
red t2g in place. The proper m~n must first remove it.
4, A1l togs must be ohtaired from the forem~n. All red
t~gs ere numbered =nd 2 record of their loc~tions is
kept by the firemrr. Mo red tegs mey be placed except
by permission from the supervisor. ¥o mesintenance work
m~y be started without first obt=ining written cle=r=-
ance from the supervisor. The red teg properly filled
out and pleced constitutes this written clearsnce.
5. Any red teg mcy be removed =2fter working hours only
by a superior to the m?ﬁ who pleced it =~fter a cereful
investigotion has been m~de,
6. The responsibility of seeing th»t togs ~re properly
placed to protect m~rintenmnce crews rests solely with
the firemrn, M~intensnce men should assure themselves
thet they ~re properly protected before starting work.
LOCKS & CHAINS

It should be born in mind th~t in some d=rk locetions
o red tog is 1little or no protection because it may
not be re=2dily seen. Locks snd chcins =re sometimes

used in such locations,
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Problems
Operstion procedure problems 2re a2s follows:
1, Trrined personnel.
2. Changing of procedures.
3. Secrificing economy for relisbility.

Troined Personnel®

As ecoromy 2nd relicbility of the plant rest with the ex-
perience of the oper~ting personnel, it is very important that
these men are highly trained. With trained men desir=ble pro=-
cedures become a habit, thus, relisbility =nd ecoﬁbmy incresse.
Therefore, trasining programs a2nd correct wages =re very essen-
ti2l in the well organized plent.. |

Chrnging of Procedures

From time to time it becomes necess=ary to choaage opers=-
tion=2l procedures. This mey be due to new 2nd better methods
or replacirg of obsolete ecuipment. Consequentially, operation
mernuels 2nd trriring must be kept up to dote to zvoid result-
ing confusion.

Sacrificing Ecoromy for Reliqbility

There 2re times thot it is very difficult to decide which
hos preference over the other, economy or reli=sbility. This is
s, supervision problem 2nd c»n only be s2nswered by knowing the
existing condition of ecuipment and the lepse of time th-t
standby eguipment m~y be put irto service.

To solve such problems it is well to weigh the cost of run-
ning extra eoquipment 2grinst the value of relirbility. Follow-

9. David Moffat Myers, Reducing Industri~l Power Cost, New

York, McGrow-Hill Book Comp=ny, Inc., 1926, prge 16,



ing »re a few suggestions in solving this problem:
1, Xeeping records of runnirg time of ecuirment be-
tweer outrges.,
2, Keeping records of krown mainten~nce work to be
done on ecuipment when it is out of service,
2, Pro~ctice preventive mminten=nce.
OFERATING COXDITIONS
Due to verying we=ther conditionrs, workirg =nd school
hours, and humer h~bits, stesm dem~nd is » v~ri=ble. This de-
m~nd v2ries from d~y to d=y ~na se~son to sesson rs8 tne n~c=-
companying gi2pus ~na ch-rts show, Therefore, it is well to
discuss summer snd winter oper~tions.

Winter Operation

Winter operatior is considered the period when clesses
vegin in lote September till the beginning of June. This is
the period when he=ating processing =2nd electric losds =re the
maximum s shown in the ~ccompanying graphs (Figs. 10 snd 11,
peges 34 end 325).

Boiler Lo-ds

With the opening of school in late September throughout
October week d~y pe=k loads of 150,000 1lbs. steam per hour
m~ry be expected. These perks 2re usu2lly for periods of =2bout
6 hours during the d=2y. On S~turdeys the pe=k losd is about
130,000 while the Sunday pesk is only a2bout 110,000,

Consecquentislly, durirg the week two boilers ~re opernted.
Thile on Fridry night one boiler m~y be secured ~ud 1lit off
ngrin on Monday morning. This me=ns that for 2 period of = few

hours on S=2turdsy some electric=1 power will h~ve to be pur=-
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chosed to keep the boiler within its oper~rting limit.

Hovever; the electric~l tie-in with the city of Lensing
is only r~ted ~t 2590 kw, Thus, when the eleétrical lo=d is
beyond the safe oper=ting cepacity of one boiler, both boilers
will hove to operrte over the week-ends. This is also true
when the hertirg lo=d is too high to be supplied by turbine
extraction for a given electricsl lo=ad.

With the coming of YNovember, week day boiler loads may be
expecte& of 190,000 1bs. per hour a2nd week-end lo=ds of 140,000,
So, two boilers must be operated continuously. '

From the first of December until the lest of l~rch, pez=k
loads of 220,000 lbs. per hour or more mry be expected. It is
a system policy to operate both plesnts for economy 2nd relir-
bility. The north campus plent is to furnish stesm for the
smerll turbines end the 100 1lb. henting 2nd process system while
the south cempus plant furnishes steam for the large turbines
and their sccompanying 100 1b, »nd 5 1b. extractions,

During Christmes vacrtion (2 period of 2 weeks) the stesom
pesrk will decrerse to ~bout 160,000 1lbs. per hour. Therefore,
one boiler in e~ch plant m»y be operated. E~ch boiler m~y h-ve
a week of outnge for qecesé“ry boiler reprirs »t this time.

Then, in March between school terms (2nother tvo weeks)
loads pe~ks of 150,000 1bs, per hour or lover mey be utilized
for boiler repairs.

From the period of April through li~ry load penks decre~se.
Therefore, the south cempus plant operrtes two boilers while

the north c~mpus plpnf is secured.

Reliability
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The operatinrg objective is the procduction of ste-m for
he~ting while electric~l povwer is 2 by-product. The renson for
this is that electricel power mry be purchnsed while heating
steam is uneveileoble on the mrrket. Therefore, wianter produc-
tion must be ~decurte 2nd reliable 2t all times to meet #his
herting dem~nd.
To insure reliability, economy mry h~ove to be s=crificed.
This may be explesined by referring to the monthly loasd sheet
for February (Fig. 12, poge %8). From this sheet the highest
south cempus perk lo2d w~s 170,000 1lbs. per hour, the lowest
132,000, while the ~ver=ge lo~rd wrs 165,000, The north cesmpus
plant aver~ge lo~d wrs 40,000 ~nd the system perk w-s 219,000,
The south c~mpus plent could possibly have hradled the
entire lo~d 2t 11 times throughout the month. Since, this
would hsve been m”ximum lo=d on e~ch boiler lerving no leewny
in cese of p=rtisl outeges, to insure a cortiruous stesm sup-
ply to 211 corsumers 2n »dditioral boiler wns opersted =2ad
economy v~s s~rcrificed for reliabvility.
Relinbility problems are as follows:
l., Trarined personnel,
2. Electricelly oper-ted auxiliories.
2. Dependency on north crmpus plent.
4, One source of electrical power.,
5. o auxilisry lighting circuit.
6. Need of larger electricnl tie-in,
7. Depend~ble conal system.
The first item w~s covered under personrel. The next three

items are 21l relarted. They m~y be explained »s follows.
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Month of FEBRUARY
Fig. 12
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- 7ith loss of the electric circuit vhich feed the plent
or the complete loss of 211 campus circuits the plant is
sutomrtic~1lly secured because ?11 auxilisries except one boil-
er feed water pump ~re electricelly drivean.

Also, if the north campus house circuitv rails, the plent
is without = source of feed woter since all water pumps (both
feed woter booster and r-w water) sre in the nérth csmpus
plant. The only south c2mpus feed woter reserve is-» 50,000
lb. storsge tank which is 2 half hour supply at the most.

It must 21s0 be kept in mind thot while the turbines moy
be out of service the he=ating load is still in dem=2nd. This m=y
couse a serious condition sas this demernd for heating steam
mry draw the boiler pressures down to the danger point before
electrical supply is resumed.

It is recommended theat a2 non-condensing house turbogeners-
tor be installed in the south c2mpus plent to remedy this con-
dition. Another possible solution could be sn electricel tie=
in with the Consumers Power Company.

At the s=2me time.a raw woater pump should be ianstelled
from the new reservoir on our electric circuit for use =8 #n
emergency feed water supply.

. As for i?em number 5, 2t the present time there is no
guxiliery lighting circuit. The 2uthor feels thet if plant
cesuelties in darkness are to be handled in minimum time it is
necessary to instell this lighting system immedintely.

Item number 6 (Meed of larger electrical tie-in) is very
importent. Mot orly will it incresse plant reliability but
will incresse plent economy by being sble to buy when lo=d
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pesks of short durstion mesns two-boiler operation,

Also, when the plaﬁt is operatirg two boilers =t near pesnk
lo2d end 2 partinl outage tokes place due to stoker troubles
a lerger tie=in would handle the electrical lozd thus reless-
ing this steem for heating until necessary stoker repe=irs -re
made,

The lost item is ecovered under coal (page 53) and may be

referred to under th~t he~ding.
Summer Operation

Summer oper~tion covers the period from the first of June
until school starts late in September., This is the period
when heating, processing, »nd electrical losds are a minimum,
Therefore, during this period =211 1large sc2le plant maintenance
should be =2ceomplished.

Summer Loads

The highest loads during this period m2y be expected the
first two weeks in Jure. By referring to Fig. 13, page 41, it
moy be seen that a week day perk of 113,000 lbs. per hour was
obtained., While during the later part of the month daily pesak
loads were only 94,000, while deily aver=sge pesks were 75,000
and the minimum pesks were 68,000, This is comparsble to dsily
loads durirg July a2nd August.

. This calls for one-boiler operation. Therefore, summer
mointenance is completed on the secured boiler, then the boil-
ers ore reversed and the other bvoilers' maintenance is com-
pleted.

From the first of September until school starts, when

compus activities are the lenst, the stesrm pesk is 75,000 1lbs.
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per hour. The electrical peak lo=ds are 3500 kw.

During this period the south cempus plant is secured for
plant merintenance which cannot be completed when a boiler is
on the line. Consequentinlly, two boilers must be opersted in
the north crmpus plant to meet the necess~ry ste~m dem=nd.

Reliability

During summer operation the sterm dem~nd perks for hest-
ing and processing renge from 25,000 to 35,000 1bs. per hour,
while maximum electrical demand is 4800 kw. Thus, for partial
boiler outages electric~l power must be purchssed.

Summer relisbility is somewhat sacrificed for economy to
complete necessary plant m~intenance. Also, the possibility
of outeges is gre-tly reduced by decressed losds 2nd well main-
tained boilers,

Problems

Besides the problems listed under reliability the follow-
ing operationsl problems exist.

1. During summer operation the steam extraction load is
very small compared to the existing electrical load. Also,
during extremely dry periods corderser cooling water not being
asvailable in sufficient quantities and at semperatures under
80°F. is 2 problem. Consecuentially, to meet the electrical de-
mond peaks either eleetricsl power must be purchased or steam
must be vented to the atmosphere.

2. In winter operation stesm extroctiors from turbines,
while running only south‘campus plant,mry not be sufficient for
existing heating loads, Therefore, there are times when » re-

dueing station (from 200 to 100 psi) 2nd the desuperhe=ter must
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be usqg.

The first problem is being investigeted in a thesis by
Michael Delich and Dougles Lee, whose problem is to determine
if it would be practicel to operate during the summer sesson
with Diesel generators a2and a smrll packege boiler for stesm
generstion., If this solution shoulc prove teecsible besides
solving the summer operational problem, it would meke it pos-
sible to overhaul the complete plent each summer.

2lso, Prother aid to better summer operation, if the col-
lege continues to expand, is to investigote the possibilities
of evaporator condensers for future generators.

A possible solution for the secord problem is the addi-
tion of either a 7500 kw or 5000 kw turbogener=tor with double
extrgetion, This machine would reduce the present necessary
use of the reduction station considerabdvly.

OPERATION RECORDS10

Records are a continuous history of the plant. Therefore,
the records should be adequate and c?mplete. They ~re used for
reference, determining future demnnds, need of boiler merinten-
ance, boiler control, plant efficiencies, etc..

Needs of Records

So grest is the amount of information needed to properly
operate a power plant that no one group of persons can quickly
produce the necessery inform~tion from memory, thus, records
sre necesssry. Some records sre recuired by l2w, others by in-

10. Frederick T. Morse, Power Plent Engineering snd Design,

New York, D. V2n Nostr~nd Co., Inc., 1942, poge 672.
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surance comprnies, while still others are needed to obtain
plant production information.

Following is a 1list of various needs for records:
l., To mrintain proper boiler control.
2. To plot various dats sheets such 28 deily pe=ks,
monthly peaks, service time, etc..
2. To pr2ctice preventive maintenance.
4, To determine future lord trends.,
5. Value of trained personnel.
6. Future need for ecuipment 2nd possible plant expan-
sion,

Types of Records

Some of the various types of records used ere s follows:
1, Metering cherts, such es steam-2ir flow, flue g=s
temperatures, CO,, steam pressure, etc..
2, Deily, weekly, monthly, etc., production control
records, See Figs., 14 and 15, pages 45 2nd 46.
3, Efficiency test date records. See Fig. 16, p=ge 47.
4, Machinery runrning time records.

Evalusting Records

Records should not be made and then just tiled away for
future reference. ‘t'hey should be studied very carefully for
wzys end me2ns of incre=2sing plant reliability, economy, 2nd
efficiency.

Below is a2 list of seversl iiems th~t m~y be used as =
guide in evelusting records:

1. Checking flue g=s temperatures charts for indications

of le=2ky baffles.
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POWER PLANT

DAILY OPERATING SHEET
SUMMARY

DATE: 6/29/50

COAL Q7.4 TONS
195,490 1BS

STEAM 1,720,000 LBS

EVAP.RATE 8.80

AVER, OUTSIDE

TEMP . 6047 DEG. F

MAKEUP 15.41 %
265,212 LBS

ELECT.LOAD

MAX, 4709 K.W.

MIN. 2491 K.W.

STEAM LOAD

MAX. 90,009 LBS/HR

MIN, 52,000 LBS/HR

(6360)

Fig. 15
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2. Cheecxkirg log sheets tor trulty operation.
2e Checking log sheets, ch~rts, or other d=t= for
feulty ecuipment.
4. Studying records for weys and me~ng of incres~sirg
‘* plent relisbility, economy, and efficiency.
Problems

After very tﬁorough examination of operation records the
following problems are evideni:

1., Need of cualified personnel.
2. Keeping records up to date.
2., Need of new record forms,

At the present time » receptionisti who is not trained
hondles the processing of records. This is a fill-in job, there-
fore, records cennot be kept up to date or evelu~rted ~nd pro-
cessed correctly.

Thus, if a full time curlified person w=s »ssigned this
Job 2 net sevings from increased plant efficiency and economy
might more then pry his weges ns explained urder the evalusation
of records.

COAL

The proper fuel, fuel hondling, testirg, and storrge rre
the l1ifeline of the plant. Therefore, » considable emount of
expense and time 2re spent in the proper hpﬁdling of co-l.

¥Folloving is a coal 2nelysis which wrs taken from the

boiler efficiency gu~rantee:

Moisture 3.6%
Volatile M-tter 24,0%
Fixea Carbon 55.4%

Ash 7.0%
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Sulphur 1.5%
BTU per lb., s fixed 13,500
Ash Fusion Temper=ture 2,5000F.

Co~l H~ndling

The co=1 is dumped into = hopper outside the building
either directly from the co~1l cers or by cr~ne frum the skock
piie. ¥rom here it is fed to the co2l crusher vhere it is
.ground to » mximum size of 1 inch. Also, 2 crusher by-pzss
h»s been provided for eoals of 14 inch top size or under.

A Redler conveyor system then 1lifts the coal from the
crusher to overbunker conveyor which distributes the corl to
the vorious bunkers, heving = totzl cepacity ot 750 tons. Co=sl
then m~ry be drawn from =ny of the bunkers that 2re not directly
above scrles and fed to either boiler by the use of a Stock
Engineering underbunker conveyor directly to the co=1l sc-le,
See Fig. 17, page 50.

The co0=1 is then directea to various stoker feeder hop-
prers through 2 Stock Engineering non-segregrting co~l spout,
whose cepaeity is 3 ton of c¢o=21 which is ~2bout 2 healf hours
supply efter the co2l frilure 2l~rm rings.

.Coerl Stock Pilirg

P=st experience h~s shown th~t 2 stock pile of 20,000
tons of co=1l shoula be mrint~ined through the winter months.
This pile is built up during the summer for cosl emergencies
during the henrting se~son.

The building of this stock pilell is done in the follow-
----- 11. Irterview with lir. Fronk J. L~ke, Corl Ergineer of the

Ohio Co=1l Associ~stion; concerring correct method of stock pil=-

ing co~1,
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Fig. 17

Co~1l scale floor showing: A-underbunker conveyor, B-cos=sl

bunkers, C-co=2l sceale, 2nd D=co=l eleveotor.



Fig. 18

Constructing the 20,000 ton stock pile. At present time

stock pile contains a2bout 10,000 tons,

ing mernner. Coal is unloaded from the c2rs by crsne to the
stock pile, while 2 bulldozer continuously pscks =2nd greodes
the pile in convex layers of approximstely 6 inches. Sece Fig.
18, above.

This pile must be carefully built to =2void fires becsuse
co~l mry not be removed from the pile for a period of years.
Thus, thermocouples =2re installed 2t various‘points to deter-
mine when the pile becomes overhescted =2nd the resulting hot

spots must be removed. This stock pile is located =2bout 1200
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feet from the plant.

Alongside the plant 2 storoge pile of about 7,000 tons
m~y be kept. Here, however, coal is constently removed or add-
ed, therefore, c=reful building of this pile is very diffi=-
cult to mrintain, The pile is completely removed once = yesr
so th=t no o0ld co2l is left on the bottom from one ye~r to
the next. This reduces the possihility of corl fires consider=-
>bly.

Co2l Tests

For 211 new corls th-t the purch-sing egent mry order,
coal performrnce tests sre mnde »nd 2 resulting report is sent
to him concerning 2dvisability of continuing purchese of said.
conl,

The tests 2re run for periods of 48 to 60 hours depending
on operating conditions. During these tests, drt= for two or
three different steady lo~ds for periods of 8 hours or more ~re
obtained besides the overall 24 hour periods.

Some of the d=2t» recorded 2nd noted are firing cherocter-
istics 2t vorious loads, sleging effect, ~mount of ash, evep=
orstion r~te, fuel bed thickness, coal analysis, and cost of
coal per thoussnd 1lvs. of steam. With this ?nform?tion and
comp~rison between different co=1ls the purchssing =2gent end
power superintendent can chose the proper cosl to be used.

Below is the chemical a2n»lysis of two typical coe2ls in
use 2t the present time, .

Co=1l A Coesl B

Moisture 1.76 1.51
rtah 10,03 8.82
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Co=1l A Co=21 B
Volatile M~tter X7.27 34,82
Fixed Carbon 50.99 54.85
Sulphur 2.80 1.26
BTU per 1lb. =28 fixed 12,948 13,326

Co2l Problems

At the present there 2re three outstanding problems per-
taining to co2l., They e2re 28 follows:
1. Coal handling system.
2. Excessive fly =2sh and sulphur gsses.
3. Possibility of dust explosions in bunker room.

Coal H2andling '

At the present time the plant is dependent on one cosl
elevotor system and reli2bility of this system is very doubt-
ful. In fact, we have h~d on one occasion to construct a tem-
porary system to 2void 2 forced outage. (See Figs. 19 and 20,
peges 54 and 55). On sever2l other occasions employees have
to work long hours,

To rectify this condition, it is recommended to install
a bucket type corl elevator immediately. Then, eventually, when
finances zre svailable to install »n incline belt conveyor.
This conveyor would:

l. Allow the unloading ~2nd storesge of coal some dis-
tance from the plant,

2, Increase reliability.

2. Decrense maintenance.

4., Improve plant appearance.

Excessive Fly Ash and Sulphur Goses

With our present low stacks and the forced draft fans

taking their eir supply from east side of the building csasuses



Fig. 19
Emergency method used to ele-
vate co2l to co=l scales. Coal is
fed to the temporary hopper by

crone. Also, see Fig. 20, pg. 55.

)
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the gmses and fly ash to sweep toward the ground before they
become defused. This mrkes very unple=~sant =tmospheric condi=-
tions in the surrounding =re-=,

A 250 ft. stack will soon be built at the north end of the
building to overcome this condition. This would meke it pos-
sible to burn cheaper co2l1ls of higher sulphur content,

.The fly ash problem is partially solved by removing the
fly esh from the precipitator hopper by use of the =2sh system
insterd of re-injection. This decreases the =zmount of =sh re-
circulating through the boiler considerably, consequentially,
reduces the amount of ash thrown to the stmosphere,

Possibility of Dust Explosion in Bunker Room

At the present time the coal bunkers sre opeﬁ et the top
and the surrounding room becomes filled with dust from falling
coal =2s bunkers sre filled.

Shortly 2 ventilating system will be installed. It will
drew 2,000 c.f.m. continuously from the bunker room and dis-
charge this 2ir to the boiler secondary air system., In fact,
the f2n used will be the small second=ry air fan. Also, 3 dem-
per ~rrangement will be used where outside 2ir or building air
or 2 combination of both m~y be fed to the bunker room. When
the new conveying system is installed 2 floor will be built a=
bove the bunkers, therefore, reducing the smount of dust con-
sidersbly. ‘

BOILER FEED WATER

Today, with the incre~se of technical improvements our

feed water tresting system is considered a fzirly well design-

ed plent. The desire to obtein the water treatment objectives
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(prevention of sc-~le, corrosion, carryover, ~nd caustic en-
brittlement)1l? 2re steadily:
1. Increasing the dependrbility of boiler service.
2. Decreasing rep~ir costs of feed water lines, boiler
tubes, heating éystem lines and auxilisries, =and con-
densate return lines,
2, Increasing the length of time a boiler can be on the
line between extensive boiler clesning periods.
However, it is to be kept in mind that eorrect design is
only half the problem. The system must be operated correctly if
the desired results are to be obtained. This may be accomplish-
ed by:
1., A complete understanding ot iwne feed water system.
2. Proper check-ups and control at various key points
in the system,
Feed Woter System

The system cornsists of 80 percent return condens=te and
20 percent meke-up. The mrke-up feed is s blended hydrogen,
sodium zeolite softened water. The blending is such as to pro-
duce a neutrel water (P.H. 7.0).

After softening, the make-up is degesified and is mixed
with the returning condensate in the deserator hester. From here
it goes to the boilers where chemicrl additions are made (so-
dium sulphite to reduce dissolved oxygen and disodium phos-
Phate to reduce sccle forming salts). A schematic feed water

12, E.W, Feller, "Fundomentcl of Feed Water Trentment”,

Power Mrgozine, December, 1947,
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system disgrem is provided for a more complete picture. See

Fig. 21, prge 59.

Below is s chemic?l enalysis before and sfter softening:l3
Report Units Before After Softening
Sof tening Blended Woter
Ph Value Hydrogenion 7.4 70
Silica S1i0o Ppm 12 16
Oxides FeoO3 " 1l 1
Calcium Ca " 84 1
Sodium Ne . 1 . 15
Magnesium Mg " 30 2
Bicarbonate HCO4 " 382 41
Chloride Cl " 3 3
Sulphate SO " 15 20
Hardness Caéoz " 333 4
Dissolved - " 390 675
Solids

Boiler Weter Control

The interpal condition of the boilers depends on a ridged
control of the feed woter #nd continuous blowdown of operetion
boilers., This is done s follows:

l. Daily chemicerl en=lysis of =211 oper=sting boilers.
See Fig. 22, page 60.

2. Daily chemical analysis of boiler feed water.

3., Frequent check on each softener.

4, Correct balancing of Hydrogen to Sodium wrter.

5. Correct inyerpretation of 811l chemical snelysis.
6. Controling of the continuous blowdown from esch
operating boiler,

With the correct correlation of the 2bove drt~ =2rd proper
control the boilers when secured for summer repecirs were found
in very good condition (See Fig. 2%, page 61). In fact, it w-s

13, Chemical 2an~lysis supplied by H21ll L=aborestories,

M~rch 22, 1949,
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m

Fig. 23

Internsl view of resr steam drum =fter 9 months service

before cle=aning.

recommended by the water consultantl4 to only wash the boilers
down. Thus, by proper feed water control =2 large economicsl
and time savings mey be 2ccomplished.

Feed Weter Problems

Following is a list of existing feed woter problems:
1, D2ily water control. A
2. Inadequate Hydrogen softened w=ter supply.
3. Lack of water sampling connections in condénaate re-

turn line.

4. In~degustely trained personnel.

14, Mr, Jones of H~21ll I~ bhor~tories.
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5. Individual continuous blowdown control,

D2ily Water Control

At the present time water samples ~re token =nd tested on=
ly during the week. Thus, Seturdsy, Sunday, =and holidey control
is lacking. Much c2n hrppen during these periods such =8, loss
of chemical control, sceling of boilers, low or high alkalinity,
etc.. All which m~y well t~ke » week to get b=ck to proper con-
trol,

Therefore, for proper control, thus, =2n economieal s=vings,
a daily test snd interpret=tion should be tzken. However, this
would mesn another cualified w2ter technician.

In=dequste Hydrogen Softened Woter

At the present time, number 1 and 2 Hydrogen softeners c=n-
not produce their rated supply of softened wzter (18,000 grls.).
This is due to ~ttrition losses throughout the ye2rs. Conse=
guenti=lly, 2t times of heavy demend the hydrogen soften wnter
supply will not meet the demand.

Thus, it is recommended that the present zeolite be re-
placed with new or that 2 new 36,000 gal., unit be installeq in
the nerr future.

Lack of V~ter Sempling Connections in Condens~te Return

Lines

The m=in soﬁrces of wrter cont~mination is from the con-
dens~te returns from hot water he~ters, As there »re severrl
hundred such herters inst~lled on the cempus, merny of which ere
twenty or more ye~rs old, it is 2lmost impossible to semple

each hecter for r~w woter contrminrtion.
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Accordingly, » woter s~mpling connection should be in-
st~2lled »t the outlet of ench building before the junction to
the condenscte return line., By ssmpling here only the one
buildings' woter he~ters would heove to be checked, thus, re=-
ducing the ~mount of time involved considersbly znd grertly
reducing the possibility of forming scale in the boilers.

Inrdecu~tely Troined Personnel

At the present time only one adecustely treined techni=-
ci>n hendles the feed woter system, If he is sick, on vace=
tion, etc., there is no tr~ined person to ¢=rry on. Therefore,
wve need to trein = substitute for this job. Also, with two
treined men we could have s~mples t-ken =2nd run d-ily.

In the ne~r future = suit~ble person should be tresined
for this position. This man would more th~n psy his wrges in
plent relisbility »nd resulting economy.

Individu=l Continuous Blowdown Control

Under normcl operation (two boilers) at the preseat time
the continuous. blowdown from each boiler is connected to one
heat exchenger. Thus, one boiler bucks the other. That is, if
one boiler hrs s slightly higher lo~d, thus 2 higher pressure,
it tends to reduce the flow from the other boiler. This in turn
m~kes it very h-rd to properly coantrol the ~mount of blowdown
necess2ry for proper boiler wroter regulation.

It is recommended in the near future a second heat ex-
changer be instrlled. This would m-~ke possible one he~t ex-
changer for each boiller continuous blowdown. In the system the
coolent (feedw-ter) should be connected in series (see Fig. 24,

pege 64). In the writters' opinion this would give the most
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sntisfactory result, bececruse in the p=rellel system the cool-
ent outlet of one or the other heat excnenger would have to be

throttled as it would be very difficult to obtrin the same re-

sistance in e~ch exch~nger.
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PART III
PLANT MAINTENANCE
From the day of initiel oper2tion the keeping of the
plent in good oper~ting condition is 2 problem. Therefore,
preventive merintenance ~2nd effective m=intenance procedures
must always be practiced if the ultimerte plent objective is
to be m~intained.
MAINTENANCE PERSON-EL
The 1life snd operaztional reliability of the plant end
its equipment psrtially depend on the mrintenance personael.
Therefore, great core should be tsken in picking this person-
nel, Consecguentieslly, it is felt that cualified men must hove
the following prereguisites 2nd be properly treined:
1, Practice good house-keeping habits.
2. H2ve mechonicel abilities,
3, Like to repair old ecquipment.
4. Be » power plant operator.
5., Be sble to think,.
MAINTENANCE PROCEDURES
Proper meintenance procedures tend to reduce operntion
outeges, operation costs, =nd incressing overall plent effi-
ciencies and reliability. Thus, objectives of the maintenance
progrem ~re:15
1. To keep ecuipment in serviceable condition.
2. To reduce emergency outages to an economic minimunm.
-----15. E.R. Spencer, Maintenance of Pumping Station Equip-
ment, page 240, Mount Vernon, Ohio: The Cooper-Bessemer Corpo-

ration.
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3, To keep the cost of such morintenance within rea-

son=ble economic limits,
Mrjor Repair Periods
Becruse the plant must operzte at or ne~rr full produetion
from October through M-y, it is necessary to inspect snd over=-
haul the entire plant during the summer months., As this is a
relatively short period it is well to make mointenance prepsra-
tions well in sdvance.
Therefore, it is necess=ry to:
1. Make 21l possible repairs or changes during the
heating season,
2. Practice preventive maintenance to the maximum eco-
nomical extent, .
3. Heve adequate amount of spare parts and materiels
on hend.
4, Keep records of previous work done,
5., Keep records of work to be done,
6. Estimate smount of hours needed per job.
7. Estimate emount of time each piece of major equip-
ment must be out of service,
A complete explenation of the above items may be found un-
der other headings in this chepter.

Building Mainten=nce

Besides the initial buildiné investment, the plant's repu-
tation is grestly effected by its gener=1 spperrance. So, the
building must be marintained internslly and externslly. Thus,

building maintenance precedures should contein the following

items:
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1, Prectice preventive merintenence.
2, Prectice cleanliness and orderliness,
Przctice Preventive M~intenance

Suse—

Often if a sm~ll repair is made in time it m~y save much

larger snd costlier repairs, Therefore, it is necessary to
1nspéct the building periodieally and meke necessary repairs
as soon o8 pessible, That is, if by periodieal inspection a
small plumbing leak is found, it should be fixed. If the lesk
is neglected it may become larger, =2llowing water to stain eor
destroy furnishings whose cost of repair or replescement is
much grester then the cost of inspections and immediste re-
peairs,

Praectice Cleanliness 2nd Orderliness

Besides improving the genersl spperrance of the building,
eleanliness and orderliness may reduce building maintenance
costs, improve s=fety conditions, »nd reduce overell operstion
cests,

Thet is, if floors, steps, mechinery, etc.,, 2re kept clean
srbrosive wear will decresse and feulty items are easier to lo-
cate, Also, keeping tools, ladders, 2nd other equipment in
designated plerces will decrecse main@enance time and accidents,
Broken windows, electric light bulbs should be immediately re-
pleced and p2int work kept in good condition. Consequently,
the results 2re economicnl s~2vings and increased plant eppear=-
snces (see Fig. 25, prge 69).

Mpintenance Room

It is in this room th=t s large s2mount of the repeir work

is performed. Therefore, it should be =adecuste, clean, orderly,
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Fig. 25

View of basement showing cleanliness and orderliness.
L3
Note painted a2lley ways.

and conveniently available for the majority of repa=ir jobs.

See Fig. 26, page 70.

Equipment
The maintenance room should be large enough to contsin =211

neee;aary repeir ecuipment. For safety, emple working space

and convenience of cleaning of mechinery, lothes, grinders,

welders, drill presses, etc., should not be crowded together,
Also, portable hond tools such as pipe wrenches, electric

hand drills, special wrenches, etc., should have a definite lo=
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Fig. 26

View of plant maninten~nce room. Repairmen on the left is
taking spere parts inventory while workmen at toble is repsir-

ing 2 valve,

cetion in the shop a2nd should be returned to this location when
not in use, This serves two purposes:l6
l., Gives a2 check on the equipment.
2., Elimin~tes the time wested in looking for equip-
ment when the next man storts = job.
Fig. 27, p2ge 71, shows a picture of =2 tool cabinet used

16, H.,E. Rumpf, "Effective Mrintenance Procedure", Nation-

21l Engineer, vol. 54 (September, 1950), page 23,
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Fig. 27
Hend tool cabinet. Also, note repazirmsn checking part

list inventory records.

in the south e2mpus plent,

Stor-ge

Adeguate storage space for spore parts 2nd m=terizls should
be conveniently located, in, or nesr the msintenance room, 2nd
be kept in 2n orderly fashion. Pipe should be ne~tly kept on
pipe racks, =2nd pipefittings, nipples, velves, bolts 2and nuts,
peckings should be stored in suitable bins. It is well to have
211 bins mrrked with size snd item which it contains,

Along with the stornge of sprre perts an inventory record

of 211 such perts be kept. This.record should contain the
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location of storcsge. kor the convenience of orderihg perts,
it should show 2mount on hernd, »nd the m~ximum and minimum
number normrlly corried in stock. Such 2 file in use is
shown in Fig. 27, p=ge 71.

The necessity in stocking sp~re psrts is obvious if con-
tinuity of service is to be mrinterined. Therefore, the follow-
ing factors may help in determining the cuentiiy of repeir
parts to be kept on hond: 17

1., Cost of out of service time,

2. Distence from source of materisl and mrnufscture's
ebility to supply.

3e Different types of ecuipment,

4, Frecuency of certain failures.

5. Advant~ges in querntity purchesses,

Preventive Morintenance

Preventive mrintenance is the proctice of frequent peri-
odical inspections 2nd check-ups of the plant end its equip-
ments followed by the repair of all froulty ecuipment at this
time,

In the well orgonized plant the "fix it when it quits"
method is obsolete. Thus, it hms been proven that periodic in=-
spections, 2djustments, and reprirs a2re the most economical.

In the south c2mpus plant the following preventive prac-
tices 2re used:

l. Scheduled m~jor m~intensnce inspection and overhrul
-----17. E.R. Spencer, Mrintenance of Pumping Stotion Equip-

ment, prge 241. Mount Vernon, Ohio: The Cooper-Bessemer Corpo=-

retion.
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periods.
2. Gre~rsing and oiling check off system.
2. Weekly building sand equipment inspections,
MAINTENANCE RECORDS

The mrintenance record is =2 written life history of =11
mejor eouipment. Its objective is to increrse the relis=bility,
economy, ~nd efficiency of the plent. By continuously study-
ing these records:

l. Forced out~ges m~y be reduced by proper preventive
m~intens~nce.

2., Increrse in economy m-ry be re~lized by finding means
to reduce frequent port replacements,

X, Efficiencies my be incrersed by scheduled periodi-
c2l inspectiuns and overhsuls.

Essentislly, these records should include the date of ori-
gin~1 instelletion, =11 detsils on which informetion moy be
wanted st eny time, 2nd » subsequent record of 211 labor znd
m~terisls spent on the piece of equipment in question.

Value of M~inten=ance Records

To receive full value of mrintenance records taney must be
used., They should not just be filed ~woy for future reference.
By cerefully pnaiyzing these records, they will be helpful in
determining the following items:

1, Maintenance cost of equipment.

2, To estimrte length of time and m~n hours needed for
overhoul periods.
2, To estimrte plant budget.

4, To determine the necess~ry work to be performed dur-
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ing overhrul periods.,
5. To plen operation time ian hours between necessary
equipment inspections and overhrul periods.
6. To determine which workman mnde necessary repsairs,
7. The planning of plant troining programs.
8. To determine dotes when mrjor ch-nges or extensive
overhauls were performed.
9. To determine when repairs ~re excessive and p~rts
or equipment should be repl=ced.
10, Used =8 a guide for m~nufecturers in designing new
ecuipment.
11, To determine when chenges in operstion procedures
mry reduce maintensnce.
12, To determine the rumber of maintenance men required.
132, To prove the advantages of practicing preveative
mzintenance.

Mainten~nce Forms 2nd Records

To give full value, mainten=nce forms must contsin accu-
rate and complete informetion, be up to date, be simple in
form &nd repdily accessible, They should cont=in the following
types of forms:

1. Mrchinery history forms.
2, Mrintenance record forms.
3« Repair ecards.

4, Inventory cards,

5. Port list cords.

Machinery History Forms

This form or forms should include the d-te of origin-l
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install~tion, by whom inst~lled, =nd ~11 essential detsils of
the mrchinery, driver unit, snd drive control unit. Exsmples
of such forms m~y be found inside the bsck cover.

M~inten2nce Record Forms .

It is this form which should include all necessesry re-
pairs for the sbove m~chinery history forms. It should include
equipment, nemes, d~te, workm~ns' name, =nd the work done. Al-
so, prefer~ble, but not 2bsolutely necess=ry, the smount of
hours neede to perform the necess-ry rep=2irs. Such 2 form may
be found inside the bsck cover,

Rep=2ir Cards

When it becomes evident that equipment needs repzir this
fact should be written down slthough it may be quite sometime
before repairs may be mrde., Thus, some form of = repair c-rd
should be used. Such » cerd should include ecuipment neme, dote,
deécription of work needed, actu~l work performed, parts or
mrterials used, 2nd rep2irm-ns' signature, Then, after the job
is completed, this c2rd m~y then Ye used to complete the machi-
nery history record. An example c¢»rd is shown in Fig. 28, p=ge
76,

Inventory Cards

As it is ne?essary to keep a complete record of spare ports
on hand some conventional form should be used. Such a form must
contein equipment nome, part snd pert number, meximum snd mini-
mum number to be on hernd, the amount on hand, 2nd where it is
kept. Fig. 29, p~ge 76, shows an exrmple of the c~rd used in

the south campus plent,
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Fig. 28

REPAIR CARD

Equip. Name: Tew Level Conveyor
Date Issued: 8/11/50 When Work is to be done:

| Date Completed: 8/14/50
Description of Work: Install new shaft, new hearings, ...

.._._ ..... new. sproeket. Alsa. eheck drive end for we:-r.

___VWorkman's Remarks: coppleted above work. Found drive and ..

leweedn good eondition. Alse found coal chain hedly wern,...

' Workman's Signature: I,, Hamilten
| List parts or materials used on reverse side.

(6002)

Fig. 29

Part Stoker Grate Barx.... No.,43R26Z32.. .. MID 8

Date 3/12/49.. . Rec'd, _=== . Used === ... Onhand 12 .. .
5/.1/49 4] e 18
5/27/49 ek 8 12
1/.6/49 ase é o)
7/20/49 12 ass= 1R

10/11/49 o 2 16
2/.2/50 o= 2 14
5/ _1/50 6 oo 20
6/21/50 ana 8 r
8/ 1/50 “va 10 2
8/21/59 16 s 1s
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Part List Cards

A complete p=rt list for e~ch piece of equipment should
be kept. This c~rd should include psrt name and number, cats=
log number, units per machine, cost per unit, s#nd where to
order the pert,

Procedure of Mrintenance Record System

"By the pract;ce of preventive mainten=nce it is found
that » generzl inspection is needed for, let us sezy, number 3
Boiler Feed Pump, A repsir card is m~de out st=2ting ssme and
given to the maintenance forem~n who:

1, Checks the inventory list for sll =vesilasble perts.
2, Receives necess~ry informstion for ordering perts
from the port list 2and machinery history files,
3. When sll necess=ry m~terials 2re on hond he then
2gsigns job 2nd e~rd to rep2irm~n,

This repz2irm>n who performs necesszry work then:
1, Checks off all parts used from inventory 1list.
2, Writes perts and m~terirls on repair cerd.
3. Writes all other necessary information on repeir
card when the job is completed, signs, 2nd lists =211
men who heve worked on job,
4. Returns ¢~rd to me~intenance forem~n.

The marinten~nce foremsn then:
1. Checks work,
2. Checks inventory record agerinst parts used.
Xe Hos card informertion 2dded to the mnintensnce re-
cord, »fter which the c~rd is then destroyed.

Thus, it is seen how the mrinten~nce record system msy be
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ﬁeed to »2n edvont-ge over mentsl noting of wh~t needs mnin-
tenznce or wh~t meintensnce hrs been complete&.

MAINTENANCE PROBLEMS
Mrintenance problems m2y be reduced by zdequete mainten=-
ance personnel, proper mcrintenance schedules, proper records,
end being provided with s well designed merintenance room.

Adecuate M-~intenance Fersonnel

When the plent labor budget is in~dequ=te, it is usus=1ly
the mrninten=nce personnel thet is reduced. Therefore, it should
be shown by properly kept records the smount of personnel
needed to sdequrtely maintein the plant, if reliesbility, effi-
eiency »nd economy is not to be s=crificed.

Proper Maintenence Schedules

As production is incressed 2nd the plant tends to reach
its meximum crprcity, merintenance schedules bhecome 2 problem.
Therefore, it is recommended thrt ~dequate records =re kept
showing need 2nd saving m~de by proper schedules versus buy-
ing power during these rep~ir periods. It is the writers' o-
pinion under no conditions should the prerctice of preventive
mainten2nce be neglected.

_Mpinten~nce Room

The m2intensnce room in the south eampus plent is not =de=-
ouate, It is not large enough, properly vented or lighted. The
»>s8h hoppers form one side of the room. Therefore, when the
boilers are oper~rting the room is too hot in which to comfor-
t2bly work.

For these re-sons it is recommended, if = plant =ddition is
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ever built that provisions be m~de for » well ~d~pted mainten-
ance room »~nd connecting stor~ge fecilities,

Records

From time to time due to lackAof.edequate personael, it
is a grert temptntion to neglect the records,.,*This is 2 mis=-
teke 28 the velue of records is unlimited. Therefore, under no

conditions should record keeping be neglected,
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MAINTENANCE RECORD

Equip. Neme _ Number 1 Stoker

DATE Workman Work Done
| 7/27/49 | Hemilton| Checked and replaced 72 twyeres in stokerx.
Cauked and cemented in twyeres.,
.8/.5/49. | Fink. . . | Inspected grates, grate chains, and grate chain. .
pins. Replaced 1 grate. Found otherwise in goed....
condition,

| 8/10/49.! Detroit | Put new seals in stoker and _lined up fly ash re- |

Stoker .| . turns.
. 8/17/49 | Leunie .. .|.. Inspected ard renewed fly ash returns._as._neeese...
#oTY.. JAdned Up 81X N0Zzle®a ..o
9/22/49 | Vilmont | Welded lesk in fly ash return from north Dpre=.. . .

c¢ipator hopper.

9/26/49 | Green Changed couplings both sides #2 stoker.
9/26/49 | Green Found coal distribution dusting nut sheared. Put.

in new pin.

10/31/49 Green Tighte-ed up chains snd _went._over stoker. Fourd. . .:

in good shape,

11/10/49 | Hamilton| Put new front air sesls in stoker. 0ld ones. were. .

Detroit | raised too high.and lost seal. Detroit Stoker. . ...
Stoker put_old a2nd new ones in.
11/11/49 | Rysl Raised south air hester fly ash return line and...|

J1/11/49.. | Ryal ... . | _Raised reaves drive,
11/15/49. | Hemilton | Changed around 2 grate guides and.chengad.X
ether grate guides.

11/15/%. | Green . | Inepected piv urits. Chenge piteh chain dn. ...
northside of motor unit,Tightered other chains,

(6001)



NEW POWER PLANT

INDUCED DRAFT FAN NO# 1
FAN RECORD

NAME INDUCED DRAFT FAN NO# 1

LOCATION NORTHIRN..CORNER,... 0P ELOOR,.. ON No# 1 BOILER

MANUFACTURER CLARAGE FAN COMPANY

TYPE OF FAN TYPE OF DRIVE MOTOR

TYPE NO. * SIZR 12

FIG NO. MODEL NO.

C.F.M, MAX. DESIGN 89,300

SPEED 1180/580 SERTAL NO. 15184F

OTHER DATA:

ASSEMBLY SECTION DWG. NO. U=4724=1 (BOILER INSTRUCTION BOCK)

SPARE PARTS BULLETIN NO.

TYPE OF COUPLING FAQT. COUPLING

NO. OF COUPLING BUSHINGS/SET .. NQNE

SIZE OF COUPLING BOLTS NONE

RECOMMENDED PACKING NONE

NO, RINGS INSIDE IANTERN GLANDS NOXE

0. D. OF SHAFT AT SLEEVE 7 3/4 IN,

INBOARD BEARING NO,

0. D. OF JOURNAL 2293705

TYPE OF BEARING SLEREVE

TYPE OF LUBRICATION OIL

KIND OF LUBRICANT STANDARD OIL No# 51




NEW POWER PLANT

NO#1 COAL SCALES

METER RECORD-COAL SCALES

MAKE ....SH..CO. AUTONATIC..COAL. SCALESINSTALLED .. ... 1948
RANGE .. .200LBS TO 8 TONS PER HR, BEAM RATIO

TYPE AUTOMATIC MODEL 46

SERIAL NO. 1017A GUARANTEED ACCURACY WITHIN 2 TLBS

LOCATION . . SECOND. JEVEL. JN_FRONT. OF. XNOX. BOILER

REMARKS: _ SCATLE. GRELS STAN OIL FACTO LUB 2

WIRING.DIAGRAM.NO.D. 1298

INSTRUCTION. . BOOK. . PARTS. LIST. OF. .SF..CO. AUTONMATIC. COAL. SCALES.

COAL SCALE DUMP COUNTER

FATIONAL ACME CO

SERIAL NO, R.,A. 1956

VOLTS 110 AMPS 2.5

CYCLES 60




NEW POWER PLANT

METER RECORD CO» RECORDERS

CLOCK TYPE11l0 V. 60C LOCATION

INSTALLED ..RANGE 0=19 CHART NO. ....10063

PANEL TYPE MODEL SERIAL NO.

RECORDER TYPE MODEL SERIAL NO. ... GCDER.100847S....

INDICATOR TYPE MODEL SERIAL NO,

SIZE, LENCTH AND KIND OF CONNECTING PIPE _ COPPER TUBING 92 FT..l/8n

LOCATION AND KIND OF SAMPLING TUBE ... SQOT . EILTER...(..CARBORUNDIM)

LOCATED. AT. BEGINNIIG. OF PREHEATER..NO.. 525

ELECTRIC. .POWER. SUPPLY YOLTS..110.CYCLE.. 60

INSTRUMENT. REQUIREMENTS " " " "

AN TRUMENT.. TRANSEQRMER.. NO.. NONE




MISCELLANEOUS EQUIPMENT RECORD

NAME, AIR. COMPRESSOR..NO#1

LOCATION NORTH..END..OF. BASTME!NT. . ON. . ELAST.BIDE

SERVICE AIR FOR COI'TROL

MANUFACTURER WORTHINGTON PUNP AID MACHINERY. .CORP.ei

INSTALLED BY INSTALLATION DATE .1/15/49

PARTS BULLETIN NO. +1=620-F29 DWG. NO,

INSTRUCTION BULLETIN §O. NONE

NAME PLATE DATA:

SIZE 6. 2 1/2 x 2:3/4 2 CYCLIRDERS (227)

CAT. NO. .. ... AIRKING SER. NNO. CAPACITY

OTHER DAT ATR..COMPRESSOR..QIL,. SHELL...AIR..COMPRESS.OR

MODEL 15.T 276

RUNNING TIME. 1 MINUTE.QL,..2. MINUIES. OFF..5/26/49

PRESSURE SWITCH

STYLE.BU..J

e B UBNAL.. BLECTRIC.. COMPANY.

BATAYIA,..ILL.




NEW POWER PLANT

MOTOR CONTROL RECORD

CONTROLLED UNIT NO#1 AIR COMPRESSOR MOTOR

CONTROL APPARATUS

TYPE 110 .VOLTS 60 CYCLE TYPE NO.

MANF. T e ta H S

VOLTS AMPS .

PHASES L ..CYCLES

CAT. NO_, ..SERTIAL NO.

COIL CAT. NO. 222D=)1126=G=2 Ay e i fe)

THERMAL O. L. 8h=D=257 O. L. HEATER NO. __ 8l1=D=257

WIRING DIAG. NO.

INSTRUCTION BULLETIN NO.

PARTS BULLETIN NO.

OTHER DATA ... SQUARE..[D)...MAG.. STABTER.. QL. COMP. CIASS CL

TYPE.SA.TA .&. . UA. COIT# CILASS..1707S1==T26A 440V.

DISCONNECTING DEVICE G.E., COMBINATION STARTER

TYPE OF SWITCH Golie TYPE NO

MANUFACTURER Galie

VOLTS 600 AMPS

¥0. POLES 2 . FUSE SIZE

CAT. NO.

FED FROM TRANSECRMER

OTHER DATA




NEW POWER PLANT

MOTOR RECORD

NAME NO#2 BOILFR FEED PUMC MOTOR

LOCATION ... thbe BB R ... R ... EUME.. FROM. . SOUTH.. END...OF.. PUMP.. BAY.......
MANUFACTURER GENERAL. BLECTRIC

SERVICE DRIVE YNO#3 FEED PUMP

TYPRCOR MOTOR . o TRBHCTLO N o i . TYED K.CODE.F

FORM ... MODEL 5. K1405 A . ©

STYLE

K.W.

M/S.

AMPS .

.SPEED

CYCLES 60 PHASES z

SERIAL NO. TR.6709229 WINDING DELTA

DUTY CONTINUOUS

OTHER DATA:

CONNECTION GEAR..COUPLING.

BEARING NO. 6.966156=1

TYPE OF BEARING SIEEVE

TYPE OF LUBRICATION OIL

KIND OF LUBRICANT STAN..0IL. .25

SHAFT SIZE 1,875

INSTRUCTION BULLETIN NO.

SPARE PARTS BULLETIN NO.




NEW POWER PLANT

PUMP RECORD

NAME LOCATION

MANUFACTURER MAIN FLOOR,..THIRD. PUMP. FROM.SOUTH.END..OF. PUMP. . BAY

TYPE OF PUMP_DE_LAVAL STEAM TUR, CO. TYPE OF DRIVE MOTOR

TYPE NO. 60 .M 3P3/..2.1/2 SIZE . A 4 4

FIG. NO. MODEL NO.

1 LT, HEAD 205

2550 SERIAL NO. 250140

OTHER DATA DIGCHARGE. PRESS,..291. . PSI1G.. . SUCTION. PRESS...16.6PSI1G

ASSEMBLEY SECTION DWG. NO. 5..15000

SPARE PARTS BULLETIN NO. INSIRUCTION. BOOK. DRG.. . NQ...F. 15000

TYPE OF COUPLING WALDRON. . STAYDARD..GEAR..SIZE..2A '11/4 PINT.OF. OIL

NO., Or COUPLING BUSHINGS FER SET NONE

SIZE OF COUPLING BUSHINGS 0.D. NONE._ I.D.

SIZE OF COUPLING BOLTS ...l BY 3/8

RECOMMENDLED PACKING ANCHOR 317

SIZE PACKING 3/8

NO, RINGS INSIDE LANTERN GLAND 2 o OUTSIDE 3

O0.D. OF SHAFT AT SIEEVE 2201

INBOARD BEARING NO. 563 OUTBOARD BEARING NO. 563

0.D. OF JOURNAL 1496

TYPE OF BEARING STEEVE

TYPE OF LUBRICATION OLL

KIND OF LUBRICANT STAN, OIL # 25

SUCTION VALVE CHAPMAN.GATE.DIA.. 2" IX

DISCHARGE VALVE CHAPMAN GATE DIA, 2 1/2

CHECK VALVE CHARNAN.GATE.DIA...2..1/2

(6157)
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