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INTRODUC TIOR

The obligation to render adequate sorvice at reasonable and
nondisoriminatory rates has long been recognized as e duty of 811 enter=
prises affecting public interests This dootrins, established early ae a
principle of cormon law, has ite effect on the oentral heating end powsr
plant of the Virginia Polyteehnic Institute. The recent expansion of the
plent hes made the informetion available for budget estimmtes and depart-
mental billings valueless and created the need for more pertinent data.

At present there is no universally acoepted method for arriving
at cost of power or the other services in question, for each system
pregents its own intricete problem and requires individual attention.
Sinoe the Institute would be forced to buy electriocal energy from a publie
utility, were it without facilities for generating eleotric energy, it
seemed logical to base thcae service charges on that of purchased eleotriocal
energye

With more construotion still in the offing, it was deemed
advisable to make the estimats of future service charges for the fisoal
year 1940-1941, prior to whioh ell the proposed additions under construe-
tion m;m t;) be emiplafaabd-r

The basis for the estimate of servioce charges for the year
1940«1941 wasg the 91&1& records for the ournspmdlng period of 1938
1939, to whioch the proposed additionsl services were added and from
which the caloulations for ﬁxvo year were made., IFrom these data, and

the tremd of ourves developed, a service oharg# &utmﬁe was derived,
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REVIEW OF LITSRATUREG

The most somplete work relating to the topic of power plamt
service costs investigated by the authors was "Notes on the Design of
Steam Power Plants", by Os A+ leuiweiler, Professor of Meohanioal
ingineering Design, University of Illimoise From this treatise the
authors obtained informaticm on both the teohnical and eoonomie side
of their problems This book, published in February, 1938, delves into
the investuent oost percentages of & number of Auerissn stesm power
stations, giving high, low, and aversge values pertaining to lamd,
structures, stean gensrators, slecirie E'Mﬁw:,m misoellansous
equipwente A very valuable table for checking cost estimmtes is
alsc inoluded.

Singe the cost of elestirical energy delivered at the switoh=
board is a standard of judging the design of stwam power stations,
Professor Leutwsiler dissusses et length all the terms and items
entering into the problem of determining the cost of power, giving
averaze values of percentages iu wany instencess This ismapplemented
by tables of data gathered from representative steam power plants in
the United Statese

In previous years, two theses have been written by Powar
and Fuel Fellows on topios similar to that being presented in this
thesis. Bleolkman snd Luts wrote "Cost Distribution at the Ve Ps Is
Central Heating and Power Plant for the Year 1937-1938", and
Cunningham, Geddie, and Saunders wrote "A Cost Study of the Ve P. I,
Powser Plant for the Calendar Year 1934"¢ These two theees varied

in many respects from this thesis.
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First, « completely itemised inventory for the power plant
is included for the first timee Second, smd the major variation, is
that previous studies were based on the heat energy per pound of steam,
whereas this study presents service charges based on purchased cost of
eleotrical energys Third, the other studies investigated service charge
for a period already in the past, whereas this study attempts to determine
cost for a future pericd based on past data and caloulated edditions.

"Eleotrical Power Equipment" by Tarboux, published in 1932 was
helpful from two standpoints: namely, regarding presentation of date
in & graphioal form and as sn sathority on the economic aspsst of the
thesise

Chapter III of Tarboux discusses the signifioance of load graphs
and fsotors pertinent to their comstruotion, and the last chapbter goes
vory thoroughly into such items as the prinoiple of rate making,
evaluation of property, depreeiation, somparison of performance between
different types of stations, snd rates and methods of selling services.

"Eng ineering Eoonomics” by Grant was oonsulted frequently as
an authority for figuring most of the cost datas

Supplomentary te the foregoing references were two bulletins
prepared by the Federal Power Commissiones The first of these was
entitled, "Rates for Electric Service to Commercial and Industrial
Customers"s The other was entitled "Cost of Distribution of Elestrieity”.
From these the authors obteined an idea of how the Federal Power
Commigsion attacked problems similar to their owne
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POWSR PLANT

VIRGINIA POLYTECHNIC INSTITUTE

1938-1939

The cost of operating the Vs, Ps I, power plant for the fiseal

year 1938-1939;

General Expenditures $70,063.79
Interdepartmental “xpenditures - 1,366424
Depreoiation 4+ Average Interest -19,678.24

Total $91,088427

Charge for sleetriosl energy for the fiseal year 1938-1939,
if purchased from the Appalachian Eleotric Pomwer Company under pute
schedule Le Pe 3

4,014,060 Kwhs. 68,050069

sstimated charge for steam generated:
301,879,000 pounds 83,037.58

Total $91,088427

Steam was gencrated at the estimated rate of 9108 pounds

per dollar, or 10,98 esnis por thousand pounds,
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BSTIVA D BXPERDI TURSS

Department of Heat and Power
1940-1941

S818rioBessvsessssenenscsceconenrsesncccnnes
TiaOBesensssssvssnesnscsvssensvsenassossannas
General Repaira (special Iubor)..uu"..u
m“liﬂGQ‘lnlbonwtacontcpenoouotnoltlaoawo
Transportationessessrsvcrccsssosnconvsscnse
OmtmQ.QQQ’ROGO'QQOQQQQQOQ!QQOCCQQ
Other BXPINSOBsecescccscssssscenvonrascases

Hard (looal) comlaseencocenssenssnnsonce

Sof't M‘QQOQOQQ!oﬂotatﬁatﬂoavmtﬁumoﬁic
0ffi0o8 SUPPlieBecsesncevessrcsccrcccnncnnce
Nedical and Laboratoryesecscsescsccccccccocs
Lawndry, Cleaning, Disinfeotingesecsccscces
Other SupplieSecevecsssesecaseccovoscesenes
Other MaterinlSesccensescoscscsorsconnvonse
Office SquUipmentecsecsseecrecrsnssccesesens
Othey Wm‘htnan""nnuuuouﬁu-n

Interdepartiental “xpenditures:

Genoral RopairSeeeseseveccrvcecssevssenseonne
Other ExpensesSesssseveessecsnvsserororsvese
Offioe 3“”11990;01*00ctavnono¢-vttav;wuu
Other SupplioSecesnrersssesssesvsevessnesas
Othor Materinlseserrevsonsecosessrrrrsvvves
Other Bquipmentecesscsssssesssssnvecsserces

$ 4,800400
14,600,400
600400
200 400
175400
110,00
125,00

6,&’.&
Is.m.w
75400
25400
110,00
2,700400
s,ooo.oo

_g,soo.oo

8112,6380%

$ 1,750400
10.00
20400
10,00

175400
150400

iy

Grand Total |

$114,753.50
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AC TUAL EXPENDITURES

mwhﬁnt of Heat and Power
1938«1939

80)arieBesescescesncorsvecessocrsssnscsnnce
WageSeseasenassencssssnnssccntsscncenanene
Geoneral Repairs (lp’@i‘l 1‘b0¥) erssssencs
ITravelingececssssccenssscvessssscnsesssane
Transportationesssesecsssssscevnevccesvees
Commmicationesesssvecsnessscssssennssnnses
Other EXponseSecessssssssssvssencocsessnes
Fuel 3&9?1&’3;gq'.:pot&.un.ﬁo.;;.lﬁ:oauqtp
Offiaﬁ‘3“ppliél§»o«&¢tottQvtﬁyt-uoccoocnu'
lisdioal and Laboratory SupplieSesecssseevss
1&“&ﬂ?¥'ﬁﬂﬂ 3&8!ﬂf@0%&nﬁ ﬁﬂppliﬁﬂu.‘Oonﬂaa
Other Suppliessessessesssersaressssssrencs
Other Matorialfeesssvssessccsnsesecoscesee
Offioce igquipmontecesessrssepessonsenenrase
Other gquipMQBthwt¢oavouu0-¢¢tu¢¢tentot¢¢

Interdepertmental Rxpenditures:

Goeperal ROpairSececessvcecscecessscecvence
Other IXpPONBOBescesssssssssscssasssosscrss
Office SupplieBessscsscrsccccvessccnvecsee
Other Suppliesesssssscecsessscecssvesesses
Other Materialsesssevessceccccscssccnecsse
Other Gquiprenteeseescsssssceecsncenssonne

$ 4,248,3%4
13 ,M¢Qﬂ
127.66
196,82
172448
10763
102,06
41,7635,87
76256
16420
103401
2,681473
4,768,82
65450
2,509.44

TI5,555.79

1.686064
2400
18400
4,60
155400
142,00

@ iggggﬂgz

Grand Total

71,410,083
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ANNUAL DSPRUCTIATION AND INVUNTORY COST SHEET

The straight line method of depreciation caloulation wes used
in this thesise This wethod hes the epproval of the United States
Treasury Department with respect to income tax retwrns end involves
fewer difficultiss of ocaloulation than the fixed percentage or sinking
fund methodse o

Averegs interest was used begause of its simplioity and its
adaptebility to the present problem,

1t will bs noted ‘in the annual oost sheet that there has
apparently been no provision made for salvage value, Machinery such
as used in the power plent has a salvage value of approximately
§ por cent of the initiel coste Removal cost will also run about
6 per cente Then since the amount to be depreciated each year is
dapmeintioix plus removal cost minus salvege value divided dy the
1life of the equipment in years, both salvege value and removal costs

are included in the calenlations,



ANNUAL DEPRICTIATION AND INT:RIST CHARGHS

Sample Caloulations

Page 1, Item 1 of Table XVIII

1 Harrisburg Unaflow Steanm Engine « 150 hp

Present valus » e¢ost » number of years in service x
yearly depresiation. '

$0.00 = $4,566450 - (20 = $227.77) epproximate

Yearly bepresiation ® cost / mumber of ostimated
years of servioce.

Average Interest = (ﬂ»,-*-g;) 3 (cost)

96486 ® B U
$36+ (20+1) <O . 4,665.50

Total snnual ocost # yearly deprecistion + aversge
interest
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CO0 T 08 COAL
Explanation

From test date and experience the evaporation of Steam Gemrator
i0e 4, using hard coal, may be taken as seven pouhda of steam per pound of
coalse Thon, knowing the number of pounds of coal fired in 1938-1939,
the number of pounds oi‘ steam generated during that year was determined.

The summetion of all sb&um gé@rator mau!n'r readings during f&e
year gave the total immber of pounds of éﬁum gonéro.tsd at “éha plent,
Subtrecting the number of pounds of steam genorated by the hard coal
fron. this total leaves the numbsr of pounds of steam generated by sof't
coalse This valus divided by the total soft coal used during the year
zives the average evaporation from soft coal for the year.

Gwvaporation for Steam Generator Noe 5 will approximate 106 pounds
of steam per pound of coal as shown by the experiments of DeBusk and
Diamond conducted during the winter of 1939-1940. It is therefore safe
S0 assume that 1042 pounds of water per pound of steanm will be a conserva-
tive estimate for the over-all average evaporation from soft coal during
the year 1940-1941,

Since Steam Generator Noe 4 is the only unit burning hard coel,
and it is in continuous use, then it can be expscted to burn approximately
the sare number of pounds of coel in 1940«1941 as it did in 19381939, It
follows thet the steem generated from hard eéal in 1940~1941 will equal
the epproximate number of pounds of hard coal used in 1938~1939 multiplied
by the average evaporation of the steam generator. |

The totel steanm from soft corsl is equal to the estimated steanm

for the year 1940-1941 (as calculated in another section of this thesis)
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minus the steam from hard coale Then the stean from soft coal divided
by the eveporation of steam multiplied by 2000 gives the total number of
tong of coale

The cost of hard coal was taken at $1400 per ton including the
trucking charge, and the cost of soft coal at $4.,10s These figures
represent current prioces,

The total cost of ccal is finally found by adding the cost of
hard and soft coel ms shown in the following sheet of saleulations.
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LSTINATION OF COST OF COAL

FISCAL YGAR
 1940-1941

Year 1938-1939

Steam from hard soals
Locel ocoal in tons from Iable XII x 2000 x eveporation
per pound of o@i’
6,595,895 x 2000x 7 ® 92,342,650 pounds
Steam from‘aatt coels ‘ ‘ ;
'rotal‘ stéa.:ﬁ from Table V minus steam from ht.'ré‘ooal
801,875,000 = 92,342,530 = 209,036,470 pounds
Pounds of steam per pound of soft coals
Totel steam from soft coal divided by the number of
tons of soft ooal from Table XII x 2000
209,036,470 / 2,048,570 ® 1042 pounds per

pound of soft coele

Yoar 1940-1941

Steam to be generated by herd ocoal:
Hard oocal evaporation x approximete number of tons
of hard coal used in 1938~1839 x 2000
7 x 6000 x 2000 = 84,000,000 pounds
Total steam from soft coal
stimeted steam for year = steam from hard cosl

469,963,068 = 84,000,000 = 375,963,068 pounds
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lotal soft coaly
Steam from soft ooal divided by the product of the

evaporation o sisam pesr pound of soft coal x 2000

W = 15,429 tonse
Oed %

Total cost of coal 1940-1941;
Tons of hard coal x 6ovet per ton -+ tons of soft
‘ooal x cost per ton
6000 x 21,00 + 18,420 x 24,10 = 581,558,980
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EXPLANATION OF EXPENDITURES

FISCAL YLAR
1940-1941

It will be seen from the comparisom of the 19401941 expense
sheet with that from 1938=-1939, which was supplied by the tressurer's
office, that the major change is in cost of fwels This was based
on the following points:

There has been no change in the plant persommel,
Repairs to the latest additional wnit will be & minimume
Repairs to the old units will be substantially less.
8ince fuel cost waries considerably, a detailed explanation
of this item is included in Estimation of Cost of Coml for I'isosl Yoar

1940=1541.
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SSIIVALED TLOCTRICAL CHARGHES ARD PRODUCTION
FISCAL Y:AR

18401941

The elvctrioal load for the fisoal ysar 1940-1941 was ostimated
by the use of a kilowett hour trend ourve, Figure 1. Date for this
curve covering the period from Noveuber, 1934, through 1939 was taken
from the deily plent reports and represents a tabulation of all reliable
informe tion since the orgenization of the report systems Deta for
the comtinuation of the curve through September, 1942, was cbtained
by adding the expected abnormal load due to the addition of new
bu.ildinga to the normal increase from the tl;ond ourve,

The accuracy of this estimate depends upon the diversity
factor of the mew buildings and whether or not the recent expansion
has meterially affected the trend of electrical productione The
authors believe thﬁt after this year normel growth will be restored
both in the eleotricel load and steem consumptione

Poak load estimates wers made on the basis of probable increase
in electrical cooking and lighting loads as based on informtion as te
enrollment and new building projectses It was found that thore are
several factors contributing to electrical peaks and that previous
records cannot be uged as an indication of further conditionse
This point is covered under recommsndations for electrio service.

The charges for electric energy were taken from the rate L. P

of the Appalachisn Electric Power Company. Other .rates were
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investigeted but for the type of load and ioading oconditions enoountered
at the V. Py I. power plant the rato L. . proved to be the most
economicales Thus with the cost of eleptrical snergy established at the
bus bers, it is possible to werk back through the verious units and

obtair the cost of stesn.
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AC TUAL CHARGE FOR POWER

1038-1959

Appalachian “lectrie Power Company
Rate Le Pe
(Large power)

Yonth Peak (kw Load (kwehrs) Charge

July eecesseecse 760 | essnsseevsresesae ’258,160 sesecesree $38§1a60
AUZUSE sesesssee 712 esescvencsssessce 269,880 esecesesss 3798489
Septembersesesess 880 sessvscscsscsscenss 298,560 sevseececes 4396460
OCtODOT secesese 980  sessesescsssesnse 527,660 cesesscens 4811460
Hovember eseeses 1060 seccssvcesscsssns U39,700 wesevecnee 5032,00
Decemberessesees 1060 vesnassvsesnsccese BD2,300  eevssvesssee 5158,00
January eeecesees 980 sesvecscssssesvee 080,400 eesnseerce 5339,00
FObruary seesees 1020/ vsssesssccscscene 354,700 sevssesnse 5132,00
YArch eseeeeseas 1000  svcoescecessocsns 379,500 osevevseese 5359,00
APril ecescscsse 980  esesccsrcrcscsces 366,000 sveccrcnss 5195400
MBY evssescssese 1020 sesessssnsrvecscee 383,000 oececcsccce 5415-00

June ssnesesess 900 Serreesscnsssosny 513.800 essessvsse 4573400

$58,050469



Yonth

July esseceveees
August ecovcennse
SepterbeXr eeecee
Uotober sevessse
Tovember eeecece
Docomber ceeeese
January eessesse
February seeeess
Yarch eseescenes
April eeececcoce
NBY seeecccvsose

JUNG sesevsecsse

22w

ESTIVATHED CHARGH FOR POWIR

1840-1541

from

Appelachisan ©Glectric Power Compeny

Peak Ssz

1100

1100

1300

1400

1600

1700

1700

1700

1600

1400

1300

1100

Rate Le Pe
(Large power)
Loed (kwehrs)

PeQeBBOOIOBINBSION

460,000

scssssvsnssnccee 450,000

*sevBBOBRGERIIROS

(IXTEXREI ISR E

PRGssBOIRVOISPOIOIES

([ EZ X RS R AT XY 2R X2

COSEDEDIRIVIRSOIQNNSY

(I TSI RY Y YY )

EEPOGSIQIBRGIOSIND

*SeBQOsBNNOIGCRIOGDS

QSONOSEVOPIOINSECITILS

S0ss0ssPsestone

540,000

530,000

560,000

670,000

530,000

570,000

570,000

670,000

490,000

shoecsgosopocse

ShesORICSBESIO e

(32122222 12X 2

Shevapesagase

sphoseafonsegoce

[ Z2 XTI XYY R YY)

AR XA R R X 2]

(A2 2 XXX R X2 2]

toscOROIBIORQLS

2690908680000

[ ZAAF IR Y XY ]

Total

6,436

7,440

7,596

8,006

8,100

7,720

7,976

7,726

6,585

287,550



APPALACHIAN ELECTRIC POWiK COMPANY

Tariff Large Power

Availability of Ssrvios:
“Avallable to power users contraciting for a definite amount of electrical eepecity

but not less then 50 kilowatts.

Hate:
Prinary Portion: For each kilommtt of intsgrated monthly maximum dewend,
$1425 per killowatt to which will be added

Seeondary Portions First 10,000 kwehrs used in eny month 2.0 cents/w-hr
Next 30,000 kw-hrs weed in any momth 1.5 eents/kwehr
Next 60,000 kw-hrs used in eny month l.1 esnts/kw-hr
Next 400,000 kwehrs used in any menth 1.0 cents/kw-hr
Next 500,000 kwehrs used in any month 96 ocents/kwehr
Next 600,000 kw-hrs used in any month 86 cents/Rw-hr
All over 1,500,000 kwehrs used in sny month +80 cents/kw-hr

ug z.
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CO. PARISON OF RA{: SCusDUL .S

Sample Celoulstions

Appalachian Zlsotric Power Company

Tariff CeSe
(Commorcial Service)
500,000 Kwehrse.
Kilowatt hours equal to sixty times the kilowatts of wmonthly

billing demand

1700 x 05 S § 85,00 (Peak)

1000 x (08 = 30,00

2000 x 02 = 40400
495,300 x +016 = 7429,00

Notes See rate schedule for detailed informatiom

Tariff LePe
(Large power)
500,000 Kwehrs.
For each kilowatt of integrated 16 minute maximum demand
$1425 per kilowmmtt |
1700 x 51425 - $2125,00
10000 x 0,02 = 200,00
30000 x 0,016 = 450,00
60000 = 04011 = 860,00
400000 x 04010 = 4000400
%ﬂ%s.w
liotes A 'detailed rete schedule for this rate is included
in this thesise This was the most eoonomical rate found,
Rates Investigated
Tariff Ce Se Tariff CeLePe

Tariff L. Pe Tariff Ce Po
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BXPECTsD WeATH-R CONDITIONS

In & perusal of the United States Department of Agriculture
Keathor Bureau Heports for Blacksburg, Virginia, it wes found that
the year 19381939 was slightly warmer than the norﬁl year since
1890, but an everage for the past ten yesrs showed 1038-1939 te
approxinete the normsl for that periode Table III shows the
oondensad weather report for 1938.1939 and figure 4 depicts its
relationship to the normal year. The authors belisve that
this year had & typiocal heating seascn.

From theee records, it was reslized that seldom are there
heating seasons that vary groatly from the normales The heating
season of 1959=1540 was unusual so it was ressonable to expeot
that the 1940-1941 would approsch the noruale
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STEAY G :NZRATION FOR 1940-1941

In makin: estimmtes for the amount of steam generated during the
fiscal ysar 1940-1941, the authors took plant records for a similar
veriod during 19381939, and sdded to the totals for that yoar the
amounts of steam needed to supply additional steam demand on tho Virginis
Folytechnic Institute campus and to the turbines at the Ve ¥« Ie power
plant due to inoreased electricel loade | |

For the fisoal year 1988=-1833, the monthly steam totals for each
sbteam gensretor wers t&bulaud; along with the total mt of steam
genareted by all four steam gensrators in Teble Ve Using thig total es
e bese figure to which could be sdded the steam required by additional
aquipment in the power pleant and new buildings on the campus, the next
step wae to caloulate the additionsl steam requirements.

In wouluting the amount of additional steam necessary to
supply the incressed demand on the V. Pe Is plant for eh§&1m1 energy,
the trend ourve for past and future monthly kilowett-hour totals was
used as a base, Taking ‘the mumber of kilowatbtehours per month in
19281939 and the smount of steam used by the turbines in supplying
that load, a relationship m derived which was used to calculate the
amount of steam necessary for shpplm the projeéhd alc@&iul demand
for the fisoal yoar 1940-1941s In view of the faot that another turboe
gensrator has been added since 1938-1939, its water rate had to be
considered in relation to those machines previously installed in order

to arrive at e reliable method for csloulating steam requiremsnts. From



2w

a previous thesis, water retes at different conditions of loed and
vacuunm for the iestinghouse turboegenerator were obtainede When compared
under expected operating conditions of load with results from the

latest turbo-generator unit, in its present condition, ﬁae difference 41n
water rates is sc suall that a& correction factor is of litih nluo; In
view of this, it was deocided to comnsider water rate on thg latest @t
the same as the previous condensing unite |

Caloulating t:hé stean demand for July; 1940, we have rrom pmgo 22

an estimated 460,000 kilmtt«hours for that periode For July. 1938,
the kilomttc»hcurl totaled 268,160, page 21, and the corresponding
amount of stean for thut electrical genaution was ?,304,,570 pounds-
Now, since the m‘aar rutos are ¢lose enough under puaont oondiﬁionc
to use the same for the condansing unitc, ' etuigh‘b proporticmnty
to figura the new steam demand ror tho eatmw olaetrioal load can
Lbts& uaod- v ‘

In the sams manner, steam quantities for all /ths months aner |
oonsideration are oalcula*aad and totaled as shown on page 34, This tm;@l
represents the number of pounds of stum nscessery for elootrical gensration
during the fiscel year 194.0-1941.

To this figure must be added the stanm fcr hoa.tlng, whioh hn'
been caloulated as the total heating steam used in 1938-1939, plus
the steam necessary for the added radiation in thebf‘orm of rew buildingse
In order to differentiate oclearly between old buildings and ‘tha‘at Just
recently added to the physical plant of the college, the authors hnw
prepared & cempus map which is included in the attached pocket on the

back cover of this thesise All buildings as of ¥ay 1, 1940, were shown
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&5 oilthor old radiation or new with the looation of connecting steam
liness In 19358«1989 the total uumbor. of pounds of stesn for heating was
divided by the number of square feet of radiation to otbiain a fasctor for
celculating steam consumptiom of the new buildingss Table XI shows the
buildings, numbered eecording o our campus map, with their respectiw
radiations as is recorded by iiley and Wilsem, Consulting ingineerss .
Calculation and addition of these two items showsd e total steam require-
ment for heating of 226,276,664 pounds per year. It was sstimated that
60,000,000 pounds of this heating steam would be supplied by the baske
pressure and bleeding turbines, leaving 166,275,654 pounds to be supplied
diresctly by the steam generatcrss

The next item added to stesm generetiom requirements was that for
plant auxiliariess 7To the total auxiliery stean for 193841989 was added
the steanm required by the lluveyor ash eonveyor systems A test wes rum on
this ;pMm to determine steanm demand, and., es shown on page 35, 1%
revealed an average consumption in operation ef 30680 pounds per hours
fhis apparatus is in use an average of four hours per day throughout the
year, shown on page 36, making a total stesm cemsumptiion of 8,786,280 pounds
per year, Adding this to the 198581838 suxiliary figure gives 32,897,960
pounds steam psr year chargeeble to suxilieries.

The last item inoluded in the steam generetion requiremsnts was
that for the college laundry and pressing shope Sinse the moter on that
line was not in operation during the 15381939 period, it was necegsary
50 estimate the qmntityv of steam for that psriod, as well as the psriod
of 1940~1v4le By taking the latest reliable data available and using the
total number of resident students during the three perioeds as an index to
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stean consumpiion, the value 7,459,000 pounds was derived for 1936-193¢,
and 8,082,000 pounds for 19401941

lotaling those four items, & figure of 413,966,761 pounds of stean
was obtained to which must be added 45,996,307 pounds, or llall por cent
for neter errors and losses as determined in the year 18381839, giving a
grend totel of 466,965,068 pounds of steam to be goemerated in 1940-1941.

With a heating system o:i' thin size, the metor errors and logses
are approximately ten por cent of the generated gteams If ten per oont
of the generated stoam was not metered in 1938-—1959, thon.; T 069 ®=1lell
por cent had to be added to the estirmted metored stear in 1940-1541 to
get the estimaied gensratied shaqz:ao »

In order to find the sieam reguired for heating during 1938-1939,
it was necessary to go through a series of caloulations as well es add
the y@ar'é monthly totels, as is tabulated on pages 37,35, and 39 By
taking izhé total steam gen:rated, page 37, and subtracting ten per cont
for reter srrors and losses & value of 271,241,100 pounds of stoan per
year was obteineds This was the corrected metered steam for 1938«1930.
adding che yoarly totals of the estinghouse turbine, the Allig-Chalmers
Gurbine, the suxillaries, and the laundry and pressing shop resulted in
a grand total of 166,665,740 pounds per year for purposes othor than
healinge This subtracted from 271,241,100, the ocorreoted metered stean,
notted 104,586,360 pounds per annum, supplied for heating by the steam
generatorse

£ toan amounting to 60,337,000 pounds went through the building
hoating reter but 2,036,000 pounds of this was supplied by high pressure
slear into the exhaust hoeting headere ‘his left §7,701,000 pounds per

ey supplied by the exhaust of the turbines and suxiliaricse the
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addition of' the high prossure stean for heating end the exhaust steam
“for heeuing resulted in 162,286,360 pounds per ysar for all heating
purposes.

To find the st:;uxz condensed or exhausted to the atmosphere by the
turbines, it was first necessary to imow the steam required for heating
the foedwatore Average inlet and outlet fesdwatsr temperatures were
knovm as well as the amount of water heated so a relation, as is shown
in the semple calculations, was set up and a value, 21,170,037 pounds
per year, was computede The total of all the steax into the exhsust
heating header minus all the wetered steam leaving gawe the stsam
condensed or exhausted to the atmosphore. "mu, in 1938-1939, was

68,960,403 pounds.
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STuAYN GUNEDRATION

Sample Caloulations

Taking the ratio consisting of the estimated kilowatt~hours for
July, 1940, divided by the actual kilowattehours for July, 1938, and
multiplying that by the stoﬁ used for the kilowattmhours generated in

July, 1938, the result is the emount of steam reéuired for July, 1940,

5500990 x 7,304,670 = 12,732,696 pounds of steam for July, 1040
»

To obtain the number of pounds of steam uﬁodvpné square foot of
radiation in 1936-1939, divide the total number of pounds of heating

stean by the number of square feet of ra@iating_nurfuce‘

5§§§§§§?§§9 = 884.998 pounds steam per square foot
»

of radiation
For 1940-1941, multiply total square feet of radiation by
radiation factor to get totel heating steams

265,679 x 884,998 = 226,275,554 pounds steam for heat
during 19401941

Auxiliary steam for 1940-1941 equals 1938=1939 value plus
average pounds per hour for ash ejector multiplied by the hours per
day in use and the days per years

27,112,700 (3960 x 4 x 365) = 32,879,950 pounds auxe

stean for
1940-1941
Laundry and Pressing shop steam consumption. lultiply pounds

of steam per year for last year showing reliable data by the ratio
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of the number of students (resident) en the campus in 1938-1939 or

estimated to be on the campus during 1940-1041 divided by the number

of students during the year from vhioh‘ the data were taken,
1937=1938 cseccrcconssoccssasces 2578 students

1038-1939 cscocscsnsescocsesceee 2780 students
1040-1941 (estimated)ecescscsnces 5180 students

19381989 &880'820 x 8780 . 7,459,000 pounds steanm

19401941 Q‘iﬂoﬁ 2 3% , g,532,000 pounds stean

The figure 6,380,520 is ths total amount of steam in pounds
metered out to the laundry snd pressing shop during the fiscal year
1987-1938,
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August

September

Oc tober

Kovenber

Dacerber

January

February

Yarch

April

N

wRYy

June

;}Bt.
Fw-hre

450,000
450,000
450,000
540,000

530,000

660,000

670,000
630,000
570,000
570,000

70,000

490,000
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STEAM G- NERATION

1940-1941

1938«1939 Steam

Wost,

7,304,570
7,026,500
6,589, 960
5,695,590
6,764,310
7,876,660
8,162,730
2,184,300
7,516,470
6,951,410
7,266,700

5,761,190

Allis C,

767,100
2,901,420
5,181,930
4,782,010
4,644,660
5,318,300
5,348,150
5,488,670
5,310,170
4,734,210

$,798,930

Total
Stean

7,304,670

7,795,600

9,491,380
10,877,880
11,566,320
ié,azo,szo
13,476,080
12,477,290
12,756,140
12,261,480
11,999,910

9,660,120

132,084,040 1b
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January

Pebruary
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June
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CALCULATD POUSILY STRAL TUALS

450,000
TEEI60
450,000
65,380

45C, 000

§§
g
M

1940~19541

7,304,670

7,793,600

5,491,380

10,877,880
11,566,838
12,520, 520

13,476,030

12,477,290
12,766,140
112,261,480

11,999, 910

9,560,120

Total

1"

L]

T " tt

1"

-

12,732,596 pounds

13,494,618
;4;305,408
17,926,746
18,045,784
is,eoi,oaé
120,192,483

18,643,567

. 19,137,812
15,094,802

206,261,257

pounds
pougéa
pounds
pounds
PO“AQG
pounas
pounds
pounds
pousds
pounds

pounds

pounds
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STLAL, CONSUMPTION OF ASH REMOVAL SYOUTLI

Caloulation
Stean Generator Juantit Time

(poxde (¥ine and Sec.)

Noe 4 400 6 = 256

Yoe B 700 ' ’ 9 - 28

Yoe 3 ' 300 4 « 40

1400 20 - 30

Previous to test 400 6 = 4B

1800 27 - 15

1800 pounds steam divided by 27:25 minutes

equals 66 pounds steam per minute of operation,

66 x 60 minutes ® 3960 pounds steam per howr

Noe 4 averaged 6<.5 pounds per minute = 3750 per hour

Noe 5 averaged 7249 pounds per minute 4374 per hour

Noe 3 averaged 65.2 pounds per minute = 3912 per hour
1Z,0%

Dividing 12,036 by three for an aversge, the result is 4,012

pounds per hour which checks very closely the above figure.

3960 x 4 x 365 = 5,785,250 pounds steam per year to
ash ejector

4 hours per 24 hour day uversge use, and 365 days per years
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IEATING SYSTEL

Sample Calculations

Total steam generateGecessscescnsssessssscosessssncrsnrocore

301,379,000 1b

Moter errors and losses (ten per cent) sesecoessecccsssssvers =30,137,900

Corrected motered STOAM ssesrsssecsvecercannccscssnsensstney

Steam used Yy: : , :
Westinghouse turbine esessvessevseessencevovensosnsssanses
AlliseChalmers turbin® secvessssensesscncnsscscscrnsscosonses
Auxlliaries sessseecesccnssencpssrsncosnccnsnnsensedndrsnee

Laundry and Preasing Shop GO0 ISLOIIINEINEVENEPERIGUERIINS

271,241,100

83,868,690
48,215,450
37,882,700

7,459,000

Total steam for purposes other than heatingeeeesssvesccscace

Corrected moterod 2LOBM evvvssvvsveonsecsvsnsssessvsrsvensnne

166,665,740

271,241,100

Total steun [for purposes other than heating QQ.Q.QO".'!0006-166’655'740

High prossure hoating steRm sssssesvessscssssssccrssvsssonse

Exhaust stean for heuting GOERENESSISEETINORNRPIOIOENIRNRTOOESEDOS

104,585, 360

57,701,000

Total steam required for heating PUrpOBCBessscsssonsvevsnces

Steam required for heating feedwater:
tyn ¥ 147° F3 toug = 219% F; heat available = 953 DBtu
Feodwater to be heated = 301,379,000 1b

(301,379,000 = X) ( 219 - 147) = 953 X
Steam required for feedwater heating = X = 21,170,037 1lb
Steam supplied by auxiliary oxhaustesecssescsssscocensssel?,l

Steam required for feedwater heatingessessssscesescsess =21,1

162,286, 360

12,700 1b

70,037

Steam supplied by auxilieries to lieatlngessscecrsocessnss 5,942,663

Steam supplied by makewup line for heatingessssessssssece 2,6

36,000

Steam for heating not supplied by turbinesecessesssveesses 8,5

78,663 1b
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Steam supplied to exhaust heating headereesesece

Stean for heating not supplied by turbinogecees

Steam supplied by turbins exhaustesecscescsecsss

Steam nupplied t0 turbincBesccccvcesnvescencses

Steam exhausted into h:ating systeMissessssesse

Steanm oondensed or exhausted to atmospherecseces

74,712,300 1b

8,678,663

66,153,887

132,084,040
- 66,188,087

66,960,408 1b
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STHAM TOTALS

1958-1939 ; 1940-1941

Stesm for Heating ' 168,286,360 226,275,584
ixhaust Steam used for Heating 67,701,000 - 60,000,000
Steam from Steam Generator

to Heating Systen 104,585,860 166,276,564
Steam to Laundry 7,469,000 8,632,000
Steam to Mbp-fgqnarttcr 152,084,040 206,261,257
Steam for Auxiliaries 27,112,700 32,897,960
Total 271,241,100 413,966,761
Add 11,11% for Meter
Brrors end Losses = 30,137,200 46,996,307

Grand Totals 301,379,000 1b 459,963,068 1b



SOFT WATIR

In this thesis there has been no separate oonsiderstiom
of the esost of supplying soft water to the plant and cempus. Depre=~
ciation charges on the eguipment used An the process are inoluded in
the “Annual Depreciaticm and Inventory" sheet, while i:ho salt and
chemicals are included under genoral expenditures is the ":stimated
Gxpenditures 19401941" sheets

The steam used in heating the seft water is acoounted for
in the stean exhausted by the turbines end suxiliaries, Power
required for pumping is inoluded in mmx electrical oharges.

Soft water is supplied for the power plaut steam gemerators,
laundry, and other domestio services on the oampuss

This service has its cost absorbed by the other services
because of the diversity of ite utilitye
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RECOMMINDATIONS FOR sLHCTRIC SURVICE

Two=thirds of the electrical energy gensrated at the power plant
goes to supply Ve Pe Is and the remaining third supplies the town of
Blacksburge This giﬁl & very peouliar load ourve as a result of the
following points:

Prectioally sll the eleotriecal load is lighting and/or
oooking, whioh has a very high power faotore

Feak loads et 12 Il and 6 FK frem oookings

Rapid changes in load from the Dinipg Halle

Hoavy loading from leboratories during certain seasons
of the years

To ald operating oonditions, the following is suggested:

Firsts A ptudy of exiasting laboratory schedules with
the idee of shifting heavy eleetrical leads to fall or spring gquarters
and soheduling courses between le4 PN,

~ Seconds Formmletion of pules govwerning the Hime end
method of eonnecting the Dining Hell loads:

Third: A study of the trends of electriocal pesks in
order to determine their origin and duration.

Fourth: 4 determination of the cost of electrical
distribution to insure that all rete schedules are paying their way.

Fifths The offering of a low rate for power or water
heating in the early morning hours so as to £ill in the daily loed

curve and give a more constant load.
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RICOMMINDATIONS FOR STIAM SERVICE

As s result of this survey covering services supplied by
the Central ieeting and Power Plant, the following recommsndations
relative to siean generation and distribution are made:
le All meters on both 250 pound pressure and 1656 pound
pressure steam linee should be kept ian a state of repair such that the
readings that they show will be an accurats record of the steam
generated and distributed,

2¢ All steam lines should be metered in order that a

check may be kept of distributed steam ageainst generated steam. This
nethod is the only positive way of checking excessive loss dwe to
leaks and other irregularities of operation.

3¢ Condensed steam should be measured by condensate
me ters or some other competent method in order that a relationship
may be cmloculated betwesn the steam exhausted to the atmosphere and

that condensed.
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Table T

HEATING REQUIREMENTS

19%8-1939 1038-1939 Added Added Total 1038-1939 ~ Added
No. Bullding Radiation Line Loss Radiatlon Line Loss Radlatlion Steam Flow Steam Flow
sq ft EDR sq ft EDR sq ft EDR sq ft EDR sq ft EDR 1b 1b
1 | Power Plant 12 112 99,120
& P BB Club 534 106 640 566,399
3 | Utilities Bldg. 3,000 600 3,600 3,185,093
5 | M. E. Laboratory 1,000 200 1,200 1,061,998
Mining Building 3u5 6Q 414 366,339
2 Pressing Shop 475 95 570 504,450 |
7 | Pipe Shov Bldg. 409 32 §91 I3l 53e
8 | Barracks No. 7 4,755 950 5,705 5,048,919
Q | Barracks No. 4 1,704 340 2,044 1,808,940
10 | Barracks No. 2 1,704 340 2,044 1,808,940
11 | Barracks No. 1 2 604 520 3,124 2,764,740
12 | First Academic 2,428 485 2,913 2,578,005
13 | Military Garage 1,200 240 1,440 1,274,400
14 | Commandant's Home 500 100 600 531,000
15 | 01d Mess Hall 2,002 400 2,492 2,205,420
16 | Mr. Owen's House 202 60 362 320,370
17 | Infirmary : 2.379 475 2,854 2,525,790
13 | Barracks No. 6 5,045 769 4 614 4, 083, 38Y4
190 | Barracks No. 5 2,144 428 2,572 2,276,220
20 | Barracks No. 3 1,712 340 2,052 1,816,020
21 | Military Bullding 1,74p 350 2,092 1,851,420
22 | Second Academic 2,989 507 3586 3'173.610
2% | Library 5,000 1,250 6,250 5,531,250
24 | Student Activ}tyl 12,000 1,800 13,800 12,212,968
25 | Faculty Apts, 6,600 1,650 8,250 7,301,250 :
26 | Dining Hall - 24,200 6,050 20,250 27,682,197
27 | East Dormitory ol 953 5,560 1,640 12,965 4,216,915 7,256,984
28 | War Memcrial Bldg. 13,000 3 500 16,500 14602 . 50D
20 | West Dormitory 4,588 147 3,600 990 10,685 5,075, 464 4,380,740
30 | New Agricu're Bldg. 7200 1,800 9.000 7,96k, 982
31 | Natural Sclence 4,400 800 5200 4501989
32 | Extension Division A8 7 B0 Muo 2,200 1,947,000
33 | Agricultural Hall 8152 533 6,665 5,808,525
3% | Greennouse 1,500 32 1575 1,650,375
35 | Agr. Engr. lab. 8,000 2,000 10,000 8,845,980
36 | Dalry Husbandry 4 812 1,203 01 5,32% 262
37 | Girls Dwrmitﬂrf 4,620 1185 5.775 5,110,863
38 | Davidson Hal 15,326 3,831 19197 0)3 906 '
0 | M®Bryde Build%ng 4,044 800 ‘ ¢ L, 3Ly z 236,030
0 | Mineral Ind. Bldg. 6,58 15750 7,399 6,990,5
41 | Patton Hall 8.196 2,049 % 10,245 9,066,754 . -
42 | 01d Admm. Bldg. 1,240 313 14555 1,374,401
43 | T and A Bullding 16,000 4,000 20,000 17,699,910
TOTALS 148,965 34,390 Blsoen 138,751 255,679 162,286,360 63,988,894
GRAND TOTAL FOR 19040-1941 255,679 226,275,55

1. Cookers in terms of rediation.
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LOW PRESSURE STEAM - Lbs.

Month

Bullding
Heating

Water
Heating

Total

Dec.

3 343 000
-~
2,176,000

W
T
N
el
o
=
O

3 624,000

/e \C

i

b

584,400

1,345,200

e — AN
® Y ?.v‘»l’U

3,927,400
3,608,800
4,176,400

%24, 600

.

96,200
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Jable

HIGH PRESSURE STEAM DISTRIBUTION

| 9 38= 17239
Mech. Mess McBryde Hi Press. Low Press. Westing- Allis- :

Month Aux. Lab. Hall Bldg. Lines 1-2 Mgkeup house Chalmers Total
July 1,179,300 8,960 428,160 312,250 1,076,000 7,304,570 10,309, 240
Aug. 1,280.600 5,210 321,750 392,220 926,000 7,026,500 767,100 10,658,380
Sept 1.806,400 | 15,130 413 440 448,970 1,874,000 6,589,960 2,901,420 14,049,320
Oct. 2 301,000 | 11,700 779,300 425,400 3,834,000 2,000 5,695,950 5,181,930 18,231,280
Nov. 2.5%0,000 4,500 71?;000 522,200 | 5,670,000 6,000 6,784,310 4,782,018 21,020,028
Dec. 2,526,300 300 887,400 579, 800 7,804,000 298, 000 7,875,660 u,6&u.660 4,454 120 -
Jan 2,743,100 7,500 386, 800 29,300 7.832,000 644, 000 8,162,730 5. 31%,%00 26,218,730
Feb, 2,640.000 6, 800 390.900 514,400 6,875,000 460, 000 7,134,140 5,34%,150 23,864,390
March 2,745 000 | 37,800 )18,300 534,400 6,486,000 1,154,C00 7,316,470 5,438,670 24,631,640
April 2,438,000 | 15,000 307, 360 415,400 5,294,000 72,000 6,951,410 , 310,070 21,303, 140
May 2,475,000 | 8,900 | 666.300 | 404,800 | 2,886,000 7,265,700 | 4,734,210 18,441,410
June 2,428,000 3.200 434 0 254,900 1,326,000 5,761,190 3,798,930 14,006,220




 Table X1 @

HEATING CHARGES FOk 1940-1941
Total Steam Per Cent Building
Building Rad'n Flow Rediation (Charges.
1. Power Plant 112 99,120 « 0438 $11.09
2., B. T. U, Clud 640 566,399 2503 63. 38
S. Utilities Eldg. 3,600 3,185,993 1.4080 356,61
4. M. E. Laboratory 1,200 1,061,998 « 4698 118.84
S. Mining Building 414 = 366,369 .1619 41.00
6. Pressing Shop 570 504,450 . 2229 56.45
7. Pipe Shop Bldg. 491 434,535 1920 48.62
8. Barracks No. 7 5,705 5,048,919 2eR313 564.97
9, Barrecks No. 4 2,044 1,808,940 . 7995 202,42
10. Barracks No. 10 2,044 1,808,940 . 7995 202.42
1l. Barrascks No. 1 3,124 2,764,740 1.2218 309,35
12, FPirst Academic 2,913 2,578,005 1.1393 288, 46
13, Wilitary Garage 1,44C 1,274,400 « 5632 142.60
l4. Commandant's Home 600 531,000 . 2347 59.42
15. 0ld Mess Hall 2,492 2,205,420 « 9747 246.79
16. Mr. Owen's Home 362 320,370 .1416 35.85
17, Infirmary 2,854 2,525,790 l.1162 282.61
18. Barracks No. 6 4,614 4,083,364 1.8046 456,91
19, Barracks No. 5 2,872 2,876,220 1.0060 257.24
20, Barracks No. 3 2,052 1,816,020 8026 203,21
2l. Military Building 8,0021 1,881,420 = <BLE8 - 207.16
22. Second Academic 3,586 3,173,610 1.4025 355.10
23. Library : 6,250 5,531,250 2.4445 618,93
24. Student ictivity 13,800 12,212,968 5.3874) 1,366.60
25. Faculty apts. 8,250 7,801,250 3.2267 816,98
26. Lining Hall 30,250] 27,682,737 12.2321 3,097.70
27. Zast Dormitory 12,965 11,473,899 5.0708}| 1,283.90
28. VWar Memorial Gldg. 16,500 |- 14,602,40C 6.4534 1,633.97
29, West Dormitory 10,685 9,456,204 4.1791 1,058.13
30. New Agricu're Bldg. 9,000 7,964,982 3.5200 - 891,45
3l. Natural Science 5,200 4,601,959 2.C373 515.83
.92« DLxtension Division 2,200 1,947,000 . 8605 217.87
33. Agriculfural Hall 6,665 5,898,525 2.6068 660, 03
54. Greenhouse 1,875 3,669,375 7333 185.66
35. Ag. Engr. Hall 1G,000 8,849,980 3. 9118 990.30
36. Dairy Husbandry 8,016 5,323,262 2.3526 595.66
37. Girl's Jormitory 8,775 5,110,863 2,2587 571,89
38. Davidson Hall 19,157 16,953,906 7.4916 1,896.84
39. ilcBryde Building 4,844 4,286,930 1.8946 479,40
4C. HMineral Ind. Bldg. 7,899 6,990,599 3.0894 762,22
4l. Patton Hall 10,245 2,066,754 4,C07¢ 1,014.55
42. 0ld Admin, Bldg. 1,583 1,374,401 . 6074 153.79
43, T, and A. Bldg. ' 20,000 17,699,310 7.8817 1,980.42
TOTALS 255,679 | 226,275,554 | 100, 0000 [§25,322.82
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——
: V. P. I. POWER PLANT 4
INVENTORY .

Annual Deprecilation and Interest Charges

»
7 Ny % o

LA R\ Total
Purchase Purchase Present Yearly Average Annual
Date Price Life Age Value Deprec. Interest Cost
; Juey 1,198
1. Harrisburg Unit 5 e

1. Harrisburg Unaflow Engine 150 hp 920 $4,555.50 20 20 $0,000.00 $227.77 $95.66 $373.43
1. General Electric d.c. exciter 72A-125V 1920
1. General Electric a. c. Generator 120 kw . 7-1920
1. Force feed lubricator 1920
1. General Electric d.c. ammeter (0-100) 1920
1. General Electric d.c. voltmeter (0-150) 1920 .
1. General Electric rheostat 1920
1. Three pole switch (200A-250V) 1920
1. Voltage jack receptacle 1520 :
1. Thomson Ammeter 50-50 1920 > 2,800,000 20 . 89 0,000.00 1%40.00 58.80 198.80
1. Thomson Ammeter (0-80 1920
1. Thomson indicating wattmeter (0-200) 1920 '
1. Voltage jack receptacle 1920

1. Synchronizing jack receptacle 1920

1. Voltage control rheostat 1920

1. General Electric field switch (200A-250V) 1520

1. Current jack - three receptacles 1920

1l General Electric type HA-2 o0il circult breaker 1920

1 Governor speed control swlbich 1920 L v

1 Type DS-6 wattmeter (General Electric 50A-2200V)192Q/

1 General Electric frequency meter 1939 90.00 10 1 81.00 9.00 1.98 10.93

; sElI;~DG
2. Westinghouse Unit i ~

1 Westinghouse 620 kw turbo-generator (Bleeding) 1928

1 Westinghouse ¢ondensate pump 5 hp-1750 rpm 1028 7

1 Westinghouse circulating water pump 25 hp 1928

1 Worthington auxiliary steam oil pum 1028

1 Griscom Russell oil cooler size 10 1928

1 Westinghouse 2 stage air ejector 1928

1 Westinghouse exciter 1028 -

% g;;ggggnizngenser %ggg > 20,937.00 20 8 12,562.20 1,046.85 439.68 1,486.53

& 928

2 Rheostats (handz 1928

1 Two-pole switch (200A-250V) 1928

1 Westinghouse temperature control gage (0-200°C) 1928

4 Push-button starting boxes with lamps 1928

1 Tycos vacuum gage 0-31) inches of mercury 1078

1 General Electric ammeter (0-150) d.c. 1492

1 General Electric voltmeter (0-150) 1928

1 General Electric rheostat . 1928

1 Three-pole switch (200A-250V)-~ 1928

1 General Electric ammeter 0—250; a.c. 1928

1 General Electric ammeter (0-150) d.c. 1928 > G. E. Contract

1 Polyphase wattmeter (0-1200) 1928

1 Synchronizing receptacle 19283

1 Voltage receptacle 1928

1 Current receptacle 1928/

1 Temperature indicator 1923

1 Current jack 1928

1 HA-2 0il circuit breaker 1928 : :

1 General Electric = DPS-6 wattmeter 1928 1y S Wil s

2 American Gages (30-180°F) 1928

1 Brown flowmeter (steam) 1928 %00.00 20 8 240.00 20,00 8.%0 28.40

1 Integrating recording permochart 19272

3, Allis-Chalmers Unit ' =

1 1000 kw turbo-generator - 3600 rpm 1035

1 Exciter 120A - 125V 3600 rpm 1035

1 01l cooler (pump and motor) 1935

1 Air cooler (pump and motor) ; 1935

1 Jennings auxiliary oil pump (5 gpm) 1935

1 Westinghouse motor 1/2 hp 1935

1 Heat exchanger 1935

1 General Electric ammeter Eo-uoog a.c. 1935

1 General Electric ammeter (0-150 1935

1 Kilowatt-meter a.c. 1935 w1 . 11,850,00 - 20, 15 6,750.00 562.50 236.25 798.75

1 Leeds and Northrup type k potentiometer 1935 :

1 Voltage jack receptacle 1935

1 Synchronizing receptacle 1935

1 Frequency regulator 1935

1 Leeds and Northrup temperature control 1935

1 Cuarrent receptacle 1935

1 General Electric two-pole switch 1935

1 Type HA-2 01l circuit breaker 1935

1 Wattmeter type DS-19 193?/ &

1 Jennings gland water pump (10 gpm) 1934 76.95 20 6 53.90 3.85 1.61 5.46

4, General Electric Unit ¢

1 2000 kw turbo-generator 1939 14,685.00 20 1 13,950.75 T34 .25 308.38 1,042.63 -

1 Ingersoll-Rand condensate pump-190 gpm 1939 203.00 20 1 192.85 10.15 L .26 1% .41

1 Two stage air ejectop - Ingersoll Rand 1959 3,201.50 20 1 3,041.43 160.07 67.23 227.30

1 Single pass surface condenser 1959 1,50L.25 20U + 1,803.19 98.06 41.18 132-24

1 'General Electric air leakage meter 1939 - 35.00 10 1 &l .50 3:50 01T 27

1 Magnetic switch 1030 14.08 20 1 13.38 0.70 0.29 0.99

1 Sttuctural steel foundation 1939 790.00 20 1 750.50 30.50 16.59 56.09

1 Cooling water pump and motor 60 hp 1039 875.00 20 1 831.25 43 .75 18.37 62.12

1 Cooling water pump motop starter 1939 635.903 20 1 604 .14 31.79 13.35 45,14

1 Atmospheric relief line and valve 1939 Contract 20 1 :

1 Brown Flowmeter 1939 251.00 10 1 225.00 25.30 S50 30.62
Single lead conductors }228 BSE.gg 28 % 3;%.3? l?.gg g.gg 2;.?8
Qtuds 1€ . LIS . - .

1 Thomson ammeter (0-800) a.c. 1030 10 1

1 Thomson ammeter (0-1505 d.c. 1939 10 1

1 Wattmeter (0-3500) 1039 10 1

1 General Electric thermometer gage (20-120°C) 1039 i

1 General Electric two pole switch (200A-250V) 1955 -

1 Voltage receptacle 13%9 :

1 Synchronizing receptacle %428 T

% ggggzigtreceptacle 1930 >~ G. E. Contract 4

1 General Electric HA-2 oil circuit breaker 5039 %

1 Synchronizer ' 1939 .

1 General Electric wattmeter - type DS-6 1939 ;

1 General Electric ammeter (0-100) d.c. 1039 :

1 General Electric voltmeter (0-150) 1939 ?

1 General Electric rheostat 1939 T

1 Voltage receptacle 1039 1

1 Three pole switch (200A-250V) 1939/

—23,063.00
B Builgt?%ding . PR 0 1928 4 420.00 20 12 1,7b§.00 221.00 92.82 313.83
Welding outtit 1939 145‘33 ig - 131'%8 ;.gg %.gﬁ "lg.gk
l iy\'o' O A o= r-_' 4 2

R % oo Fs B f . bi S ek g3

2 Four drawer filing cabinets iggg ‘§.88' ig ﬁ 22:82 é:§9 1:36 ?:55

A et e s i 1028 =1, 78100 . 30—~ 12 31,0%8.48 1,724.36 1,065.65 2,799.01
N e 1028 "= 4EE%g T 30 " Y0 3,213.36 178.52 11033 SRR
Fectrtoal wiring. mh A RERE Ll e e e 7388
ki e _ . 1028 14,344 .00 30 12 3,006.3 o ' z
st inevus fugn ook - efler pucn Tl R e e

—90,529.582
S - b ol ulpment (old A £ 567.
; 3811228 ipdcggeypHedgeg Bozlers (165#) 1920 7,992.00 20 . 20 $, 008 8 399.60 L S
o2 Combustion Fngineering type E Single retort : 15 16
SRR s e s %232 3’345'82 20 12 3.978.00 497.25 208.8Y4 706.09
edges Bollers 28 ,045.00 ,978.
g ;ggtgg-%%zgger sinerheaters 1028 2T 00 29 12 },225.20 %35.6? Eg.gg ;gg.ii
1 Detroit type U underfeed stoker 1034 2,300.28 18 6 1,380.15 53.35 . -
4L Balley boller meters type T-26. %O
2 Balley multipoint draft gages type P}F io
2 Bailey multipoint draft gages type P4F : e 1
2 Batley multipoint draft gages type POF 1029 125.00 10
1 Tag Mono Duplex COo recording indicator

Continuous blowdown for Nes.
Hays automatic 002 gnd draft recorder

1,2,3,4 boilers




Annual Depreciation and Interest Charges

V. P. I. POWER PLANT
_ INVENTORY

% Purchase
| Dage
Ash and coal handling system - - 192
1 Reciprocating plate meter 1628
1 Bucket elevator 1028
1 Weigh larry (1 ton) 1928
1 Scraper conveyor 1928
1 Coal bunker (350 tons) . 1928
Hays combustion control system (for units 3-4) 1928
1 Brown recording pyrometer 1028
1 General Electric motor for feedwater pump 1928
2 Soot blowers (for units 1 and 2 1928
2 Soot blowers (for units 3 and 4 1028
2 Domestic Heaters 1929
1 Jennings circulating water pump and G.E. motor
35 gallons per minute - 3 horse power * 1929
1l Jennings circulating water pump and G. E. motor
35 gallons per minute - 1 horse power 1029
Quartzite water treatment for domestic heater 1029
1l Jenrings condensate pump - 1 hp G.E. motor 1929
Trisodium rhosphate feeder to boi]er msekeup 1029
2 Zeolite water softeners - 7'-0" taLKs, ,b,OOOgal 19296
1 Ingersoll-Rand Alr compressor for comb. control 1934
1 Blount wood lathe ‘ 1034
1 Wcodward size 21 rotary pump 1 hp G.E. motor 1934
1 Johnson ailr comvresscr - 1 hp Emerson motor 1934
2 Ailr recelvers for heating control svstem 1034
1 'Metal hotwell 1934
1 Jennings hotwell pump - 100 gpm, S hp mﬂtﬂr 1034
1 Jennings hotwell pump - 50 gpm, 5 hp motor 1034
1 Worthington steam pump - 6" x 5 x/é" 6" 1954
1 Sims hest exchanger for continuous blowdown 1034
2 Dayton-Dowd feedwater pumps 110 gpm 1034
1 Steam turbine driven feedwater pump 35 hp 1934
1 %estinghouse steam turbine 3" hp 1028
11 Westinghouse motor 20 hp 1028
1 Clarage single inlet forced draft fan No. 2 1/2 1928
1 Double suction inlet fan 1028
Speclal tile for Diamond soot blowers 1928
Brown Instrument Co. electric clock 1935
American quality pressure gages (0-2001b)} 6" 1939
American quality pressure gage (0-2501b) 6" 1939
American quality pressure gage (0-30 1lb) 6" 1939
American quality pressure gage (0O- 250’b§ p 1939
American quality pressure gage (0-15 1b) I27 1939 |
Foxboro recording pressure gage O-?OOlb 1930
Foxboro recording pressure gage zO-l% 1b 1939

American recording temperature gage

Bailey fluld meters type FRR (0-201b
Balley fluld meter type FRR 0-301b
Bailey fluid meter type FRR 0-121b

Integrators for Balley fluld meters

Simplex Heating Specialty Co. automatic steam
regulating system

Werren Telechron Co. master clock

Ashcroft Pressure gage (0-2001b) 12"

Brown flow meter (0-1601b)
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7. Electrical Switch Board Equipment
Auxiliary panel

Polyphase wattmeters 100A-220V
Folyphase wattmeter 15A-220V
Polyphase wattmeter 150A-220V
Fuslnk switch boxes " ADA-250V
Fuslck switch boxes 60A-250V
Fuslck switch boxes 100A-250V

Fuslok switch boxes (200A-250V)
Federal Gage Co. mercury switches 110V
General Electric push-pull starting boxes
4_point vibrating voltage regulator
Electrical Control Panel in Engine Room
1 Swinging bracket
2 Thomson G.E. voltmeters (0-3500)
‘1 General Flectric Synchronoscope type M-3
Voltage Regulator Panel
1 General Flectric voltage reg. for 1000 kw
Allis-Chalmers turbine
1 General Flectric voltage reg. for 650 kw
Westinghouse turbilne
1 General Flectric voltage reg. for 2000 kw
Gerers! Flectric turbine
Station Panel
Frequency meter (55 - 65) cycles
General Electric Power Factor meter
Current recentacle

= N NAN WU N = N

General Electric wattmeter (0-1400
Recording wattmeter type DS-6

Circuit Panel

Ammeter a.c. (0-50)

General Flectric time limited overiload .
relays

Current receptacle

011 circuit bresker type HA-2
Recording wattmeter type DS- 6

Barracks Circuit Panel

A4,
]

el o MH%HHHHH&—J
ct

1 Ammeter a.c. (0-50)

2 Genersl klectric time limited overload
relays type PQ-3

1 Current receptacle.

1 011 circult breaker type HA-2

1 Recording wattmeter type DS-6

Campus Clrcuit Panel No. 1
1 Ammeter a.c. (0-100)
2 General Electric time limlted overload
relays type PO-3
1 Current receptacle
1 O0il circuit bresker type HA-2
1 Recording wattmeter type DS-6
Series Lighting Panel
2 Ammeters a.c. (0-10)
2 Variable transformer taps
1 Circult breaker
1 Single Phase wattmeter type DS-4
Campus Circuit Panel No. 2
1 General Flectric ammeter a.c. (0-125)
2 General uleotric inverse time limlt over-
current relays type PQ-3
1 Current receptacle _
1 011 circuit breaker type HA-2
1 Polyphase recording watt- hour meter DS-19
Town Feeder Circuit Panel No. 1
1 General Electric Ammeter a.c. (O 125)

100-300°F) 1939

American recording temperature gages §?50-600°F3 1039
American recording temperature gage (10 _240°F) 1939

<3959
1939
1939
1939

g

1939,
1920
1929
1929

1928)

1928
1928
1028
1028
1098
1028
1928

1928 )

1928 .

1928

1928

1035
1928
1939

General Flectric recording voltmetir (1000-3000)

1928

1928
1628
1928

1926
1028 )

1028
1628
1028

2 General Electric overcurrent relays type PQ-3 1028

1 Current receptacle

1 011 circult breaker type HA 2

4 rolyphase recording watt-hour meter DS-19
Town Feeder Circuit Penel No. 2

1 General Electric ammeter a.c. (0-12%)

2 General Electric Overcurrent relays type PAC 1030

1 OCurrent receptacle with jack

1l 011 circuit breaker type HA-2

1 Polyrvhase recording watt-hour meter DS-19
Campus circult panel No. 3.

1 . Gensral Electrlc smmster aié. (0-200)

2. General Electric time }limited overcurrent

relays tyve PAC

1 OCurrent receptacle

1 Type HA-2 o0ll circult breaker '

1 Polyphase recording wattmeter type DS-10

3. New (50 000 1b/hr unit) Steam Generator {193G)

Keeler 500 boller hp type P specisl steam
generator .
Structural steel in boller room

2 Worthington $eedwater pumps 100 gpm and
one each Moore 46 hp steam turbine and
Westinghouse 35 hp motcr

- Cochrane feédwn*er heater type S0-2005-38

1 Cochrane fiash tank type S0-606-3Q T-A

1938
1939
1959

«

i

29.00

1,291.00

700.00

1,300.00
1,100.00
1,641.00

700.00

700.00

700.00

- 550.00

550.00

550.00

550.00

550.00

S;, ;;5; -GO

17,840.36
4, 448,00

3,239.00
1,950.00

Purchase

Price . Life

20

20

20

$113790.00 50

20

20

2,583.00 10

10

G.E. contract

: 75° 00 15

132.00 15
1,815 00 20 -

15

15

155.00 15

0.00 18

5, 5 5.00 15

256,75 15

G.E. contract
1,216.00

1,167.00

20
15

5

10

20

G.E. Contract

20
20
20

20

20

20

20

20

20

20

20 '

20
30

.
Present Yearly
Age Value Deprec.
T Yuny 14
12 e
12 :
%S $4,716.00 $589.50
12 o
12
12 0,000.00
32
12 146.40 48.80
12 226.38 75 .46
11 816.75 90.75
31
11
il 43 .3 10.33
11 45,30 131455
11 1,489.32 372 .33
2 214,02 23.78
6
6
6
6
(e
6
6
6
6
6
13 486.40 60.30
o8
) 233 L0 77.80
12
12 5.79 1.93
1 _
1
i,
2}
S
1
;
e b 1,161.90 129.10
11
12 280.00 %5.00
5 975.00 65.00
12 4%40.00 55.00
i & 1,558.95 82.05
12 280.00 25.00
12 280.00 <5 .00
32 280.00 35,00
12 220.00 27.50
12 220.00 27.50
12 220.od 27.50
1 522,50 27.50
y 522.50 27 .50
2 1,605.61 802.01
2 4,151.48 148,26
2 2,807.14 215,93
1 1,852,580 97.50

Average

Interest

- $247.59

15051

U 4‘-"0\;\)
NO O 0

—
[
~J OO\N\N

,_25.54
L. 74
0.61

28.40

14.70

27.30
23,10
zh 46

1%.70

1%.70

14.70

11.55

11.55

3355

1355

374 .64
oL

\O
p—t

68.66
40.05

Total
Annual
Cost.

$837.09

%35
9
12% 86

13.61
1L .0%
490 72

36.34
402 54
2.5k

15750

T R9.70

92.30
78.10
116.51

49.70

49.70

49.70
39.05

39.05

29.05

39.05

1,266.65

239.89

N
w (D
=

I

O

£
N
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'Wéstinghouse continuous ash discharge underfeed 1930

stoker - 5 retort and 25 hp fan motor
Clarage fan type W, size 2

Cochrane deaerating feedwater heater, 85,000

pounds per hour

Hays Eye-Hi water level gage
Nuveyor ash disposal system

Steel frames

Bailey flowmeter

American thermometer

Alr leskage meter

Steam traps

Water level warning whistles
Rockwood standard drive base

High Pressure gage glass and gaskets
ieat exchanger for continuous blowdown
Foster Wheeler cooling towers

Foster Wheeler cooling towers
General Electric feedwater pump

Deyton-Dowd pump 155 gpm

Piping in Plent

Piping in 1028
Water pip%ng iIn boller room
250 1b/1n° steam line in 1030

~ Power plant Piping and apparatus

Cooling tower piping
Alr cooler piping

New cooling tower pipe
Control system piping

V. P. I. POWER PLANT
INVENTORY

Annual Depreciation and Interest Charges

Purchase Purchase
Date Price Life Age
$9,943.00 15 1
1938 850.00 T
1938 ,320.00 15 2
1@%9 ; 250.00 10 1
10897 8,926.00 15 S
1939 - 146.00 30 1
1939 219,00 10 1
1039 132°8h 10 1
1039 164 .50 10 1
1939 38.60 10 B
1039 5.52 10 i
1939 29.00 10 B
1939 15.94 10 i
1039 250.00 15 3
1038 3,240,00 15 g
1939 3,240.00 e 1
1038 976.00 15 2
1028 k86,00 15 1
68,520.96
1928 41,000.00 20 e
1828 1,668.00 20 12
1939 302.00 20 i
1933 i2,524.00 20 2
1038 103.48 - 20 2
1938 436'1§ 29 2
1038 21.5 :
18%% 48.22 20 2
56,1035.39

Present
Velue

. $9,280.14

736.68

2,877.34
00

275,

8,206.27
141.1%4
2075

148.05

3, Th
4,97

26.10
1&.32
233.3
3,024, 00
2,808.00
845.88
2,807.66

11,2/1.00
03.14
32~58
379.
43, k0

10
122.26

Yearly
Deprec.

$662.86
56.66

el
25.00
599.73
4 .86
31.90
13.28
16.45
3.86

SR o P 1

2.98
L5
16.66
216.00
216.00

65.06
200.54

2,050.00

83.40
15.10
©26.20
5.17
1.80
21.07
2.41

$17,156.54

Average
Interest

$210.79
18.02

.38
5.50
.72
07
.02
.08
.62
.85
1o
.64
'3
.68
68.68
20.69
63. 17

bt
D i=]
owmo

O\ OO OOWMN—I\NW

(o)}

861.00
35.03

Total
Annual
Cost

$873.65
74 .68

201.71
%0.50
790.45
5.93
38,92
16.56
20.07 -
B, 73
0.61
3.5
1.94
- 21.96
284,68
284 .68
85.75
264 .31

2,911.00

21.44
889.20
7.34
2.56
29.92
3.42

$07,2DT.20
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